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I-3 thru 2. I-4 . .16 July 69
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I-6 ......... 16 July 69

"2.3-1 thru 2.3-4 .... 15 Jan 70
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2. 3-6 ....... _ . .16July 69

2. 3-7 .......... Basic

_2. 3-8 thru Z. 3-11. . 15 Jan 70
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"2.3-35 thru 2. 3-36 . . 15 Jan 70
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*2. 2-9 thru 2.2-18 . 15 Jan 70
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*2. 2-23 ........ 15 Jan 70

2. 2-24 ........ 16 July 69

*2.2.-25 ........ 15 Jan 70

2.2-26 thru 2.2-28 . .16 July 69
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Z. 4-13 ........ 15 Oct 69

2.4-14 ........ 16 July 69
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_-'2.7.-3 thru 2.7-7 .... 15 Jan 70
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Z. 7-14 thru 2.7-15 . . 15 Oct 69

2.7-16 thru 2[ 7-24 ..... Basic

• 2. 7-25 thru 2.7-26 . . 15 Jan 70

2.7-27 thru 2.7-30 . . 15 Oct 69

2.7-31 thru 2.7-34 ..... Basic

-_2.8-I thru 2.8-2 .... 15 Jan 70

2.8-3 ........... Basic

_2.8-4 .......... 15 Jan 70

2.8-5 . . ....... . .Basic

• 2.8-6 thru 2.8-7 .... 15 Jan 70

2.8-8 thru 2, 8-i [ ..... Basic

•2.8-12 ........ [5 Jan 70

2.8-13 thru 2. 8-16 ..... Basic

_-'2.8-17 ........ 15 Jan 70

2. 8-18 .......... Baslc

_2.8-19 ......... 15 Jan 70

2.8-20 ......... -.Basic

• 2.8-21 ........ 15 Jan 70

2.8-22 ........... Basic

• 2.8-23 ..... . . . 15 Jan 70

2.8-24 ........ . .Baslc

_2.8-24A thru 2.8-24B. 15 Jan 70

2. 8-25 ........ 15 Oct 69

2..8-26 thru 2. 8-28 ..... Basic

_"2.8-29 thru 2.8-30 . . . 15 Jan 70

2.8-31 .......... Basic

#2.8-32 thru 2.8-34 . . 15 Jan 70

Page

2.8-35

_-2.8-42

2.8-45

"2.8-50

2.8-51

*2. 8-56

2. 8-58
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thru 2.8-44 , . 15 Jan 70

thru 2.8-49 . . .Basic

......... 15 Jan 70

thru 2.8-55 ..... Basic

thru 2.8-57 . . . 15 /an 70

thru 2.8-59 ..... Basic

2.8-60 thru 2.8-62 . . 15 Oc£ 69

2.9-I thru 2.9-2 ...... Basic

2.9-3 .......... 15 Oct 69

2.9-4 thru 2.9-8 ...... Basic

*2.9-9 thru 2.9-I0 . 15 Jan 70

2.9-[I ....... . . .Basic

2.9-12 thru 2.9-13 . . 15 Oct 69

2.9-14 thru 2.9-20 ..... Basic

2.9-21 thru 2.9-26 . . 15 Oct 69

2.9-27 .......... Basic

_2. 9-28 ........ 15 Jan 70

2.9-29 thru 2.9-31 ..... Basic

2.9-32 ........ 15 Oct 69

2.9-33 thru 2. 9-34 ..... Baslc

2. 9-35 ......... 15 Oct 69

2.9-36 thru 2.9-37 ..... Baslc

2.9-38 ....... . 15 Oct 69

2.9-39 tl_ru 2.9-50 . . . .Basic

2.9-51 thru 2.9-52 . . 15 Oct 69

2.9-53 .......... Baslc

_2.9-54 ........ 15 Jan 70

2.9-55 thru 2.9-70 .... Basic
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2. 10-6 ........ 16 July 69

_2. 10-7 thru 2. [0-I0 . 15 Jan 70

2. Ii-i ..... ..... Basic
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42. [2-9 ........ 15 Jan 70

2. [2-10 thru 2.12-11 .... Basic

2. 12-12 ........ 15 Oct 69

2. 12-12A thru 2. 12-12B. 15 Oct 69

2. 12-13 ........ 15 Oct 69
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2, 12-16 thru 2. 12-20. . 15 Oct 69

_:2. 12-21 ........ 15 Jan 70

2. 12-22 ........ 16 July 69

2. 12-23 ......... 15 Oct 69

2. 12-24 ........ 16 July 69

_-2. 12-25 thru 2:12-26 . . 15 Jan 70

2. 12-27 .......... Basic

_2. 12-28 ........ 15 Jan 70

2. 12-29 thru 2. 12-30 . . 15 Oct 69

2, 12-30A thru 2. 12-30B. 15 Oct 69

2. 12-31 .......... Basic

_2. 12-32 ........ 15 Jan 70

2, 12-33 ......... 15 Oct 69

_2. 12-34 ........ 15 Jan 70

Z. [2-35 . ......... Basic

2. 12-36 ........ 15 Oct 69

2. 12-37 ........ 16 July 69

2,.12-38 thru 2. 12-40 . . 15 Oct 69

2. 13-41 thru 2. 12-43 . .16 July 69

2. 12-44 ...... . . 15 Oct 69

2, 12-45 thru 2. [2-47 . .16 July 69

2. 12_48 thru 2. 12-54 . . Basic

2. 12-55 ........ 15 Oct 69

2. 12-56 .......... Basic

2. 12-57 ........ 16 July 69

2. 12-58 ......... .Basic

2. 12-59 ..... , . 15 Oct 69

2. [2-60 thru 2. 12-62 . .16 J_Iy 69

_:2.12-62A thru 2. 12-62B. 15 Jan 70

#2. 12-63 thru 2. 12-70 . . 15 Jan 70

_2. 12!70A thru 2, 12-70B. 15 Jan 70

;:_2.12-71 thru 2. 12-72 . 15 Jan 70

2. 12-7ZA thru 2, [2-72D. 15 Oc_ 69

2. 12-73 thru 2. [2-74 . 15 Oct 69

;_2. 12-74A thru 2. 12-74B. 15 Jan 70

2. 12-75 .......... Basic

2. 12-76 ........ 16 July 69

_-'2.12-77 thru 2. 12-78 o . 15 Jan 70

*2. 12-78A thru 2. 12-78C, 15 Jan 70

2. 12-78/9 ....... 15 Oct 69

;_2.12-79 thr_ 2. 12-80 . 15 Jan 70

2. 12-80A ....... 15 Oct 69

_2. 12-80B ....... 15 Jan 70

$'2.12-81 ........ 15 Jan 70

2. 12-82 thru 2. 12-83 . .Basic

_-'2.12,84 thru 2. 12-87 . 15 Jan 70

2. 12-88 ........ 15 Oct 69

2. 12-89 thru 2. 12-92 . .Basic

2. 12-93 ........ 15 Oct 69

2. 12-94 thru 2. 12-97 . .Basic

2. 12-98 ........ 16 July 69

2.12-99 ......... 15 Oct 69

;:_2.IZ-100 ....... 15 Jan 70

2. 12-101 ...... . . .Basic

;_2.12-102 thru 2. 12-106 . 15 Jan 70

2. 12-107 thru 2. 12-108 . .Basic

_-'2.13-i thru 2. [3-36 . 15 /an 70

3-i thru 3-II ....... Basic

3-!2 ......... 15 Oct 69

°

*The asterisk indicates pages changed, 2dded, of deleted by the current ch_mge.

Manuals w|ll be d_stributed as directed by the NASA Apollo Project Office. All requests For

,,_. manua'ls should be d_rected _'o the NASA Apollo Spacecraft Project Office at Houston, Texas.
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- , " o .
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thru 3_158 . . .- . . .Basic

thru 3-160 . . 15 Jan 70

#3-139

3-147

"3-151

3-155

"3-159

3-161 thru 3-179 ..... Basic

"3-180 .......... 15 Jan 70

3-181 thru 3-182 .... . .Basic

3-i_6 .... 15 Jan 70

3-200 ...... Basic

3-202 .... 15 Ion 70

3-204 ...... Basic

3-206 .... 15 Jan 70

3-210 ...... Basic

3-222 .... [5 Jan 70

"3-183 thru

3-187thru

"3-201 thru

3-203 thru

• 3-205 thru

3-207thru

_3-211 thru

3-223 thru 3-225 ...... Basic

3-226 ......... 15 Oct 69

3-227 thru 3-232 ...... Basic

#3-233 ........ 15 San 70

3-234 thru 3-235 ...... Basic
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3-27_5 .......... 15 Oct 69
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_3-299 thru 3-306 . . 15 Jan 70

A-I thru A-8 ....... Basic

_I-I thru I-3 ...... i5 Jan 70

1-4 .......... 16 July 69

:_I-5 ............ 15 Jan 70

I-6 ............. Basic

*!-7 tb,ru 1-14 ..... . . 15 Jan 70

1-15 thru 1-16 ........ Basic

','-'1-17_hru 1-22 .... " . 15 Jan 70

°The aster_k _ndica:e_ page_ _ Changed, added, or dele_:ed, by the current change.

Manuals w|ll be dlstrlbuted as d_rected by the NASA Apollo Project" Office. All requests,[or

n_-huals should be directed to the NASA Apollo Spocecraft Project Office at Houston, Texas.
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CHANGE INFORMA TION

This handbook.is suhject to continuous change or revision, on a priority .

basis to reflect current engineering-or-spacecraft cohfigurati0n changes.; for *

to improve content or arrangement. The content and changes are accounted

for by the above List of Effective Pages, and by the follo.wing means:

Record of Publication. The publication date-of the basic issue and each change
issue is listed on page i as a record of all editions.

Page Change Date. Each page in this handbook has space for entering a change

date. The latest publication date will be entered in this space each time a page
is changed from the basic issue.

*The asrerlsk indicates pages changed, added, or deleted by the current change.

Manuals wU] be dhtr75uted as directed by the NASA Apollo Project Office. All requests For
manuals should be d_rected to the NASA Apollo Spacecraft Project Office at Houston, Texas.
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RECORD OF PUBLICATION

This issue of the Apollo Operations Handbook, Block II,

Volume I, dated 15 April 1969, constitutes a basic issue of the

handbook - Volume i. Subsequent changes maybe issued to

maintain information current _vith the spacecmaft configuration

through completion of its mission. This record ,,vill reflect the

publication date of any released changes.

Basic Date

15 April 1969

Change Date

16 July1969
15 Oct 1969

15 Jan 1970
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FOREWORD

f

Volume 1 of the Apollo Operations Handbook constitutes

the description of all command service module systems.

Volume 2 is separately bound, and contains performance data

and crew operational procedures.

This document has been derived from the most current

available Apollo Block II information, and its contents are

restricted to the specific requirements of Block II vehicles

SC 106 and subs unless otherwise noted.

Effectivity Designations (Volume I).

Information pertaining to all Block II spacecraft has no

de signafiion.

Information pertaining to a specific spacecraft is desig-

nated by SC number.

NASA comments or suggested changes, to this handbook

should be addressed to the Spacecraft Systems Branch, CFSD,

Office Code CFZ2, Telephone HU3-4371.

(
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1. I.I

SECTION I

SPACECRAFT

APOLLO SPAC EC RAFT C ONFIGURATI ON.

The Apollo spacecraft consists of a launch escape assembly (LEA),

command mod_tle (CM), service module (SIV£), the spacecraft lunar module

adapter (SLA), and the lunar module (LM). The reference system and

stations are shown in figure I-I.

LAUNCII ESCAPE ASSEMBLY.

Ff----

I.I.2

The LF__ (figure I-2) provides the means for separating the CM

from the launch vehicle during pad or first-stage booster operation. This

assembly consists of a Q-ball instrumentation assembly (nose cone),

ballast compartment, canard surfaces, pitch control motor, tower jettison

motor, launch escape motor, a structural skirt, an open-frame tower,

and a boost protective cover (BPC). The structural skirt at the base of

the housing, which encloses the launch escape rocket motors, is secured

to the forward portion of the tower. The BPC (figure I-3} is attached to

the aft end of the tower to protect the CM from heat during boost, and

from exhaus5 damage by the launch escape and tower jettison motors.

Explosive nuts, one in each tower leg well, secure the tower to the CM

structure. (For additional information, refer to the sequential systems

in section Z, subsection 2.9.) .....

C O N{_%iAN D MODULE.

i. I.2. I

/
\.

1

{

The CM (figure i-4), the spacecraft control center, contains neces-

sary automatic and manual equipment to control and monitor the space-

craft systems; it also contains the required equipment for safety and

comfort of the flight crew. The module is an irregular-shaped, primary

structure encompassed by three heat shields (coated with ablative material

and joined or fastened to the primary structure) forming a truncated, conic

structure. The CM consists of a forward compartment, a crew compart-

ment, and an aft compartment for equipment. (See figure 1-5. )

The command module is conical shaped, 11 feet I. 5 inches long, and

IZ feet 6. 5 inches in diameter without the ablative material. The ablative

material is non-symmetrical and adds approximately 4 inches to the height
and 5 inches to the diameter.

Forward Compartment.

The forwa_rd compartment (figure I-5) is the area otztside the for-

ward access tunnel, forward of the crew compartment forward bulkhead

and covered by the forward heat shield. Four 90,-degree segments around

the perimeter of the tunnel contain the recovery equipment, two negative-

pitch reaction control syster__=engines, and the forward heat shield release

mechanism. Most of the equipment in the forward compartment consists

of earth landing (recovery) system (ELS) components.

F BLOCK II SPACECRAFT CONFIGURATION

Mission
Basic Date 15 April 1969 •Change Date [5 Jan 1970 Page.. I-t

" " " - ............. "........ "......... . - : _ ' . ; ,' ; H 7; {_';[ti'_ 'P,_,_t_[_T!'[I_;;'r': %"_'J "_ F' ,", {_ ' -,_ -, .m/,/vr-Tr2 -_-,'- -_:-......



P 4

_w 1

$1V_ZA-03-BLOCK II-(1)

APOLLO OPERATION S HANDBOOK

SPACE CR__F T

L

=.

_0 $ C

/
/

Figure I- I. Block II Spacecraft Reference Stations

BLOCK II SPACECRIAFT CONFIGUI_ATION

- - Mission. Basic Date 15 April 1969 Change Date 15 Jan 1970 Page
i-2

F ; -

L" " -4 ' ! ..!;.d, i. _ /_'_i?''l' :,' _,.''_' ',,%%_T_,,_'t ..... ..... ,)_ i _!!_.... ,'-, t''_ _Jl _" _ i_:_h:__' ' _'_ __ _' _ !_':!_ ']: , .... t" ,.. ,1_,,._ / _'t_,t_ "_,"t:._: ,' _.,t ,. I-_ ,'l,,._,t. , .t _ , !_ . r



7

/,.. " " . ..
- . , , ,

SMZA-0S-BLOCK Z-(!)

APOLLO OPERATIONS H_ANDBOOK ' " - " ;'" - " I_ •

SPACE CR__F T

Q-BALL (NOSE CONE)

CANARDS_

i/PITCH CONTROLMOTOR

._k_ JETTISON MOTOR
8 r i

I

z _

LAUNCH ESCAPE MOTOR

"TOWER ATTACHMENT (4) i

- .

_o_P_O_E_,_ _ ,

ECS RADIATO _

j LAUNC_ES_P_A_SE_L_
,_ STRUCTO_LS_,R_

i_ LA_c._PETOWER

!_ _ _CM-SM_A,R,NG

SERVICE MODULE

SPACECRAFT LM

ADAPTER (SLA)

NOTE: LM IS NOT UTILIZED ON

_ SOME MISSIONS

./ SPS ENGINE EXPANSION NOZZLE

i

I

I

,)

_SLA PANEL JUNCTION(BETWEEN FWD AND AFT

PANELS)

_S-IVB INSTRUMENT UNIT
(SHOWN AS REFERENCE)

Figure I-2. Block II Spacecraft Configuration

SM-2A- 1273A

p

BLOCK 7.I SPACECRAFT CONFIGURATION

Mission Basic Date 15 April 1969 ,Change Date 15 Jan 1970 Page 1-3

• "......-_ " - .... " .... ' ; "" " I_ ' )t ' i ' ,, '_-, ,,
:-::__ '_!',/ _l,'_!'I "_wI'_\!fl'_'

_::_,',ii i) }}t. _.,li ._,/'. _',,:l L_{/h i_ i _.i '( t i,'i iiil'._i'!, t, _,_ _
r



=. _ . = .

SI%¢2A-03-BLOCK II-(1)

APOLLO OPERATIONS I-LANDBOOK

SPACECRAFT

/

" FIBERGLASS RING

HARD COVER SEAL

ACCESS DOOR

RCS PITCH ENGINE PORS

_' DIA WINDOW.

TEFLON IMPREGNATED

ROS ROLL

ENGINE PORTS

PORTS

I

STE/b_ VENT STATIC

AIR VENT

RCS PITCH ENGINE PORTS
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\
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Figure i-3. Boost Protective Cover

The forward heat shield is made of brazed stainless steel honey-

comb covered with ablative material. It contains four recessed fittings

which permit the- launch escape tower to be" attached to the CM inner

struct_fre. Jettison thrusters separate the forward heat shield from the

CM after entry or after the LEA is separated during an abort.

Aft Compartment.

The aft compartment (figure I-5) is the area encompassed by _he

aft portion of the crew compartment heat shield, aft heat shield, and aft

portion of the primary structure. This compartment contains ten reaction

Control engines, impact attenuation structure, instrumentation, and

Mission
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ST-266A

IcmTRAINING

Figure 1-5. CIVI External Compartments

storage tanks for water, fuel, oxidizer, and gaseous helium. Four crush-

able ribs, along the spacecraft +Z axis, are provided as part of the impact

att@nuation structure to absorb energy during impact.

The aft heat shield, which encloses the large end of the CIV[, is a

shallow, spherically contoured assembly. It is made of the same type of

materials as the forward heat shield. However, the ablative material on

this heat shield has a greater thickness for the dissipation of heat during

entr_. External provisions are made on this heat shield for connecting

the CM_ to the SIVL.

C
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1.1.2.3

1.1.2.3.1

1.1.2.3.2

Crew Compartrnent.

The crew compartment or inner struct-are (figure 1-6) is a sealed

cabin with pressurization maintained by the environmental control system

(ECS). The compartment, protected by a heat shield, contains controls

and displays for operation of the spacecraft and spacecraft systems, crew

couches and restraint harness assemblies, hatch covers, windo.w shades,

etc., and is provided with crew equipment, food and water, waste manage-

ment provisions, and survival equipment. Access hatches, observation •

windows, and equipment bays are attached as part of the compartment

structure. The interior volume is 366 cubic feet. However, the lower,

right, and left equipment bays, lockers, couches, and crewman occupy

156 cubic feet, leaving a usable volume of 210 cubic feet.

The crew compartment heat shield (figure i-4), like the forward

heat shield, is made of brazed stainless-steel honeycomb and covered

with ablative material. This heat shield; or outer structure, contains the

SC umbilical connector outlet, ablative plugs, a cop•per heat sink for the

optical sighting ports in the lower equipment bay, two side observation

-windows, two forward viewing windows, and the side access hatch.

Crew Compartment and Equipment Bays.

Each crewmemher has personal and accessor.y equipmen t provided

for his use in the crew compartment. Major items of personal equipment

consist of a spacesuit assembly with attaching hose and umbilical, a

communications assembly, biomedical sensors, and radiation dosimeters.

Major items of accessory equipment shared by the crew consist of an

in-flight tool set and a medical kit. For a detailed list of crew equip-

mane, refer to section 2.12. General items contained in the CM equipment

and stowage bays are listed in figures 1-25 and 1-26.

Protection Panels.

The protection panels prevent loose equipment (tools, etc.) and

debris from getting into the various nooks and crevices in the crew com-

partment. They also suppress fire by closing out the equipment bays with

covers around the aft bulkhead, and protect the ECS tubing from the zero g

activities of the crew and the prelaunch activities of ground personnel.

The location and configuration of the protection panels are illustrated in

figure I-7.

The protection panels (also referred to as close-out panels) are a

series of aluminum panels and covers that fair the irregular structure to

t/le equiprn, ent bays and wire troughs and covers. The panels vary in

_hickness and are attached to secondary structures by captivated fas-

teners. Access panels and penetrations are located at or over equipment

and connectors needed for the mission.
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Loose Equipment Stowage.

The stowage of numerous items of personal and systemsi0ose equip-

ment is in compartments and lockers (figure I-8). Compartments are part

of the crew compartment structure. Equipment is placed in "cushions"

and inserted into the compartments. The aluminum lockers are packed

with equipment in an assembly building and are quickly attached to the aft

b_ilkhead and equipment bays a short time before launch. This allows aft

bulkhead access during spacecraft ground processing. The compartment

and locker doors have squeeze-type latches and can be opened and closed

with one hand.

SC Controls and Displays.

The controls and displays (panels, switches, gages, valve handles,

etc.)for operation of the spacecraft and its systems are located through-

out the crew compartment. The location, nomenclature, function, and

power source of the controls and displays are provided in section 3 ()f this

handbook. The panel numbers indicate the equipment bay and area of loca-

tion. The panel numbering system is sho_n in figure 1-9. For instance,

the 100 to 199 series will be located in the lower equipment bay (LEB).

The LEB is divided into panel areas such as 100-119 in the upper left,

120-139 in the upper center, etc. The advantage of this system is (given

a panel number and knowing the numbered areas) to enable the crew to

pinpoint the area and locate the panel very quickly.

Figure i.-8. Stowage Compartments and Lockers
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1.1.2.5.1

Crew Couches.

The primary function of the couches is to support the crew during

accelerations/decelerations up to 30 g forward and aft (±X), 18 g up and

down (±Z), and 15 g laterally (±Y). Because the critical g-load is during

landing, an at6enuation system is used to reduce the deceleration load on

the crew. There are two attenuation •subsystems, external and internal.

Secondary function of the crew couches is to position crew at duty stations

and provide support for the translation and rotation hand controls, lights,

and other equipment.

The couches are designated (structurally) as left, center, and right;

by crew position they are (left to right) Command (CDP_), CSIVi Pilot

(CMP), and LIVi Pilot (LIViP).

CM Impact Attenuation System.

During a water impact, the CM deceleration force will vary from

12 to 40 g, depending on wave shape and horizontal velocity at impact.

The impact attenuation system reduces the impact forces on the crew to a

value within their tolerance level.. A major portion of the energy (V5 to

90 percent) is absorbed by the impact surface (water) and the deforma-

tion of the CM structure. The impact system is divided into two subsys-

tems: external and internal, which are described in the following

para _raphs.

External Attenuation. The external attenuation subsystem consists

of four crushable ribs installed in the aft compartment (.figure i-iO). The

ribs, located between the inner and outer structure in the vicinity of the

+Z axis, are constructed of bonded laminations of corrugated aluminum.

The CM is suspended, during atmospheric descent, at a Z7.5-degree

angle (hang angle) by the parachute subsystem. Because of the hang angle,

the first point of contact at impact is in the area of the crushable ribs.

Internal Attenuation. Eight attenuation struts are provided for con-

necting the crew couches to the CM inner structure. Each strut is

capable of absorbing energy at a predetermined rate through "cyclic

s ...... The cyclic strut utilizes cyclic _ -- ima_e_a_ deformation concept of

energy absorption by rolling-ductile metal _orus elements (bracelets) in

friction between a concentric rod and cylinder. ]7he force applied to the

struts causes the bracelets to roll, absorbing energy (figure i-II).

Two Y-Y axis struts are located at the outer extremities of the

couch assembly at the hip beam. The cylinder end of each strut is firmly

at_ached to the unitized couch while the piston end, containing a flat circu-

lar foot, reacts against a flat bearing plate (attenuation panel) attached to

the structure. _ -L_

• f

Mission
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Figure [-9. Controls and Displays Panel Numbering System
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Figure i-II. Internal Attenuation System

Two Z-Z axis struts are attached to the side stabilizer beams and

the aft bulkhead of the structure, just below the side access hatch.

Four X-X axis Struts are attached to the forward CIVI structure and

the beam extremities of the couch. These struts, except for the addition

u_ a _ocko_u nuechan_sm, are basically the same as hhe Z-Z axis struts.

Alockout mechanism" is provided on each X-X strut tO prevent an]/ strut

attenuation prior to landing (during normal mission flight loads). After

deployment of the main parachute, the "lockouts" are manually unlocked.

After deployment of the main chutes and prior to landing, the

:_lockouts" are manually unlocked.

Foldable Couch Structure (Figure 1-12).

The foldable couches are supported similarly to the Unitized couch

structure, but the individual couches differ. The hack pan angle to the

Y-Z plane (horizont_l) has been increased to 4 degrees 30 minu_es.

BLOCK II SPACECRAFT CONFZGUR_A_TION

.Miss ion Basic Date 15 April 1969 Change Date 15 Jan i970 Page 1-13

jr



ri ,f -.

FX

, - ._o

D

0
Cl

I--t
I--I

ul

Cl

C_

)
" " " • " .- _ ::.i ¸.-_,:.,C. ....

FOOT STRUT HOOK ASSY

SIDE STABILIZER

s"

FOOT

HEEL BEAM

KNEE PIVOT

i

X

+Z _ +Y

CHARACTER I STICS

• ALL COUCHES FOLD AND DISCONNECT
AT HiP Y-Y BEAM

• COUCH STRUCTURE DISCONNECTS FROM

FOOT STRUTS FOR EVA POSITION

LEG PAN

EAT PAN

PAN

REST

\

SEAT P

\ .EVA.
STABILIZER

STRUT

)
/

kD BEAM

SHOULDER PIVOT

SHOULDER BEAM COUCH BODY SUPPORT
CS-2200A

TRAINING

Figure 1-12. Apollo Foldable Crew Couch Structure

>

0

N
©
©
N



SPACECRAFT

/

I-
/

Description. The couch structure utilizes two strong side stabilizer

beams for attachment of the foot XX and ZZ attenuator struts and a cross-

member head beam for attachment of the head iX attenuator struts. The

left, center, and right couches are attached to the head beam by a hinge/

pip pin and are attached to the side stabilizer beam by a large Marmon-

type clamp (figure I-IZ).

Each couch consists of a headrest, body support with backpan, seat-

pan, legpan, and footpan. The left couch has £-_vocontroller supports/

armrests, inboard and outboard. The right couch has only the inboard,

or left, armrest. Support for the body is accomplished by a web or Arm-

alon (multiple layers of fiberglass beta cloth, impregnated and covered

with Teflon) over the support frame frozr_ the headrest to the footpan

(figure 1-13).

l

The headrest is sheet steel with Teflon pad. To adjust it for crew-

man torso length, the headrest has 6-I/2 inches of longitudinal adjust-

ment headward or footward in I/4-inch increments. Adjustment is

accomplished by the gearshift-type handle alongside of the headrest.

The body support, or backpan, consists of a steel rectangular-tube

frame with a shoulder beam and a hip Y-Y beam. The hip beams of the

outboard couches house the Y-Y attenuator struts on the outboard side.

The Marmon clamps that attach to the side stabilizer are part of the

hip Y-Y beam. The body support frame will rotate around its attach

point on the head beam and can fold at the shoulder beam. The shoulder

straps of the restraint harness and one-half of the lap belts are solidly
attached to the shoulder beam.

Controller supports/armrests rotate and are attached to the body

support tubes in the area of the crewrnants elbow and have various posi-

tions. The left couch outboard armrest has 65-, 90-, 120-, and

180ldegree positions, measured from the backpan, and supports the

translation control (figure 1-14). The other two armrests have 65-, 90-,

125-, and 180-degree positions. The armrests are held in position by a

spring-loaded wedge into a slotted cam. The wedge is lifted by a bell

crank actuated by a pistol grip handle/trigger attached to the armrest.

To rotate the armrest, the pistol grip handle is squeezed, the wedge p_lled

out of the cam, and the armrest rotated to the desired position. The sleeve

can extend 3.5 inches from the armrest and is locked by- a serrated nut.

The nut unlocks the sleeve when turned CCW, and locks the sleeve when

turned CV/. The rotational and translation controls are locked on a dove-

tail by extending a pin; however, the controlling button extends into the

center couch area. There is a danger of the center crewman bumping the

control lock button and retracting the pin; therefore, a lock is on the shaft

to prevent the button from being actuated accidentally.

The control support (with dovetail) pitches up and down, and is

locked and unlocked at its pivot by a cam lever. The control support

pivots to allow the correct positioning of the translation or rotation con-

trol during docking and the normal mission phases.

BLOCK II SPACECRAFT CONFIGURAT,ION
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The seatpan (seat) angles are 9, 85, 170, and 270 degrees. The

9-degree position is held by a detent, the 85- and 170-degree positions

are lockable, and the seat travel is stopped at 270 degrees. The seatpan

controls are:located on the body supports at each side of the hips. The

seat locked position _s with the lever footward; the unlocked position is

with the lever headward. -One-half of the lap belt is attached to the seat-

pan frame.

The seatpan is connected to the legpan frame at the knee beam in a

78-degree angle. The knee control on each side of the couch locks and

unlocks the seatpan to legpan angle. Unlocked, the seatpan-to-legpan

angl@ will go to 15 degrees (folded), and to 180 degrees (flat).

The footp_n has two positions, 95 degree:s and folded (0 degrees).

There are mechanical stops at each position. The footpan has two cleats

and clamps which restrain the boots when properly engaged.

Seatpan, Legpan, Armrest, and Footpan Mission Positions. During

the mission phases, there is a need to place the couch components into

"various positions. The following chart indicates the positions of the couch

components during launch, boost, entry, and landing; egress-ingress to

center couch to LEB and tunnel activities; EVA ingress or egress; and

docking,

Mission Phases

or Tasks

(Figure 1-14)

Seatpan angle

Legpan angle

Foo_pan angle

Armrest angle outboard

left couch

Armrest angle inboard

left couch

Armrest angle inboard

right couch

Contro ! support pitch

angle

Foot X-X struts

EVA stabili_z'er strut

Mis sion

Egress,

Sleeping

Launch, Boost, and

Entry and Tunnel

Landing Activities

85 ° " 170 °

78 ° 78 °

95 ° 95 o
/

120 ° 1'20 °

ano,_ _-I:_°to_ 180 °

90 ° 125 ° to 180 °

0 o 0 o

Connected Connected

Stowed Stowed

BLOCK H SPACECRAFT

EVA Ingress or

Egress

85°, 1i ° (cntr couch) I
I

78 °, 15 ° (cntr couch)

95 °, 0 ° (cntr couch)

120 °

125 °

125 °

0 o

Disconnected

Connected

Do.cking

85 °

78 °

95 °

65 °

65 °

65°.

_25 <,

Canne cted

Stowed

C ONFIGUR_ATION

Basic Date.15 April 1969 Change Date 15 Jan 1970 " Page 1-18
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Foldable Couch Adjustments. _ The couch has many adjustments that

can be performed during the mission. The following chart gives a step

by step procedure for making the adjustments, beginning with the head-

rest and progressing to the footrest. Because the couches are actuated in

training during 1 g, the l-g procedures are given also.

A.

B.

BI.

Task

Headrest adjustment,

headward - footward

movement of 6.5 in.

(figure 1-15)

Procedure

Armrest adjustments

Armrest rotation or

pitching _

(Armrests lock in

65 °, 90 °, 120 ° (L)

and 125 ° (1%)

positions)

(figure 1-16)

B2. Armrest extension

(0-3.50 in. )

(figure 1-16)

NOTE

• Directions are for

person lying on Couch.

• Inboard/outhoard

movements - relative

to c ouch.

i. Lift control knob (gearshift)

toward head.

2. Hold gearshift knob in

unlocked position and slide

headrest to desired

po s ition.

3. Release gearshift knob.

I. Squeeze armrest handle/

trigger.

2. Rotate (pitch) armrest to

desired position. (Vfedge

will engage at next slot

unless handle is squeezed

c ontinually._ )

i. Rotate armrest extension

lock nut CCW.

Z. Extend control to desired

position.

3. Lock into pbsition by

rotating lock nut CW.

Re suits/P_emarks

I. Disengages lock.

2. Lock is spring-loaded to

locked position.

3. Engages lock.

i. Disengages wedge from

slotted cam.

2. Wedge is spring-loaded

to locked position.

NOTE

when rotating the out-

board armrest of the

left couch, caution

should be exercised to

prevent the rotational

control cable from hit-

ring the stowed O g hose

as damage may result

to either object.

I. Approximately 1/4 turn

will unlock sleeve.

2. Pulls sleeve out of

bar r el.

3. Cam will loci< barrel tO

sleeve.

BLOCK II SPACECRAFT CONFIGURATION
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B3,
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" SM2A-03-BLOCK _II-(1)
Y

- -, APOLLO .OPERAT [O_-S __£ANDBOOK
.. .{

L "

SPACE CR_ET

Control support

pitching

(Translation control

pitch = 0°-55 °)

(P_otationa! control

pitch : 0°-Z5 °)

(figure 1-16)

C.

CI.

- CZ.

Control attachment

and locking,

unlocking

(figure 1-16)

Seat-pan adjustment

Zero g seatpan

adjustment, mid-

mission application

(Seat-pan locks in

ii °, 85 °, 170°/stops

at 270 °. )

(figure 1-15)

Mission

_.<.-_;i.'.7:==-_

One g or greater

s eatpan adjus truant,

training, preflight,

test, launch and

entry appiication.

(During one g, stand

at LEB to adjust

sea_an. )

(figure I - 15)

Pr oc edure Re sults/_ernarks

i. Move end of control sup-

port cam lever.

2. Holding control or handle,

pitch it to desired angle.

3. Move end of cam lever

down and outboard.

i. Unlocks control

supp or t,

3. Locks control support.

i. Press control lock button

down and swing lock hook

away.

2. Press control lock button

inboard.

30 Slide control onto support

dovetail.

4. Press control lock button

outboard.

5. Swing lock hook to button

and hook on shaft (inboard

armrests only).

i. Place both seatpan handles

in unlocked position

(he a dwa r d ).

2. Move seatpan to desired

position.

3. Place one handle in locked

position (footward).

I. Support seatpan (with hands

or feet) and place both

seatpan handles in unlocked

position (headwar d).

• Move sea,pan to desired

position, maintain support.

3. Place both seatpan handles

in locked position

(footward).

1. Unlocks button so shaft

can slide.

Z. Retracts control lock

pin.

3. Attaches control to

Support.
4. Extends control lock

pin, locking control

onto support.

5. Prevents control lock

button from sliding to

unlocked position.

i.

3•

I •

3.

Disengages seatpan

latches. Seatpan free

to move.

One lock is sufficient in

zero g.

Damage may result tO

mechanisms if seatpan

is allowed to drop to

next position.

Same as i.

In one g or greater,

both latches may be

lock4d to reduce strain

on mechanisms.

BLOCK II SPACECRAFT CONFIOUR__TION
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Task

Legpan to seat-oan

adjustment (15 ° , 78 °)

(During zero g, use

one control. During

one g or greater, use

both controls and

support legpan during

movement. )

(figure 1-17)

E. Foo_an adjustrnent

El.

SPACECRAFT

Procedure

I. Pull knee control_out and

up to unlocked position.

2 Position legpan to desired

position.

3. •Pull knee control out and

do_-n _o locked position.

i. Swing foot-pan to desired

Result / em =ks •

I. l<etract knee control

pin from slotted cam.

3. Extends knee control

pin, and locks.

1. Mechanical stops at 0 °
(0°-95°)

(figure 1-17)

Engaging -dis engaging

foot restraints

(figure 1-17)

position.

1. Place both spacesuit boots

or entry boots on footpan

with heels together.

2. Move boots outboard while

heels slide on foot'pan.

3. To disengage, move boots

inboard while heels slide

on foot-pan.

9 5o .

i. Pre positioning boots.

2. Footpan cleats will

engage boot heels.

3. Cleats will disengage

from boot heel.

Foldable Couch Mission Operations. During the mission, there are

tasks into which the couches are integrated. The following table indicates

some of those tasks and gives a step by step procedure. Figures are
also referenced.

Task A, Preparing Couches for EVA, describes the folding of the

L-shaped PGA stowage bag and the removing and stowing of the center

couch in preparation for EVA. -The removal and stowage of the cen_er

couch can also be performed when the center aisle needs to he cleared for

intravehicular maneuvering purposes. In addition to clearing the center

aisle for EVA, the whole couch structure (couches plus side beams and

head beam) have to be stabilized when the foot X-X struts are discon-

nected. This operation is described in task B.

/
\,

g-

7r
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Task Procedure &e suits /Remmrks

A. Preparing couches

for EVA

AI. Stow L PGA bag on

aft bulkhead

A2. Remove center couch

to aft bulkhead

(Crewman standing in

LEB) (figure 1-18)

NOTE

If the center couch is

to be removed during

one g conditions, Lhe

outboard (left and right)

couches should not be

occupied. Otherwis e,

extreme difficulty will

be experienced during

the removal.

I. Remove PGA helmet

shield and stow in helmet

bag.

2. Unstrap bag hip straps and

detach couch clips.

3. Fold lower half of bag

flat, tucking sides.

4. Fold top half of bag flat,

tucking sides.

5. Attach bag top straps to

aft bulkhead fittings.

1. Fold foot-pan to 0 °, lock

legpan to 15°, and lock

seatpan to 11 o

(figure 1-19)

Z. Pull center couch hip

clamp knobs down Z in.

(toward aft bulkhead).

3. Using knob, unscrew shaft

(CC%% T) until it is flush

wihh trunnion.

4. Swing knob towards LEB

opening clamp.

5. Retract one Y-Y strut.

(figure l-Z0)

6a. During zero g, force

center couch toward aft

bulkhead and disengage

couch from claml5 plates.

6b. During one g, place

clamps in intermediate

position as a caution, Hold

center couch backpan

firmly while forcing couch

toward aft bulkhead Until

couch disengages. Fully

open clamps and lower hip

end of couch to aft

bulkhead.

i. Empties PGA bag.

2. Detaches forward

top of bag from

couch.

4. Bag now flat on aft

bulkhead.

5. Bag now lashed to aft

bulkhead.

i. Preparing couch.

Z. Knob engages shaft.

3. Trunnion will be free

to rotate.

5. Relieves pressure on

clamp plate.

6a. Frees footward end of

couch from clamps.

(Couch structure may

have to be shaken. )

6b. Clamps in intermediate

position will support

couch if it slips. Out-

board couches may

have to be lifted _o take

pressure off center

couch clamp plates.
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Task

A3. Stow center couch

under left couch

B. Preparing couch

structure for EVA.

(figure I-2 I)

BI. Connect EVA stabi-

lizer strut to couch.

Procedure- Results/,Remarks

7. Move headrest footward.

(figure 1 - 15)

8. Pull head beam pip pins

(2). (figure 1-15)

. Lower couch to aft bulk-

head on top of PGA bag.

i. Obtain lower (3.5 ft x

2 in,) and upper (4 ft x

2 in.) restrainer straps

from stowage locker.

2. Thread lower strap hooks

(Z) through center couch

hip holes from inside.

3. Wrap upper strap around

center couch headrest

support b_irs and attach

snap to ring.

4. Verify left couch headrest

fully headwar d.

5. Position center couch

%inder left couch.

7. Prep for strapping

under left couch.

8. Disconnects headward

end of couch from

head beam

9. Couch is now ready to

stow.

2. Preparing center

conch to strap to left

c ouch.

5. Head-t0-head, hip-to-

6. Attach LOWER strap

hooks to left couch

D-rings.

7. Unsnap UPPER strap

hip, and piggy back.

.

7.

i-/ipends of-couches

now secured.

Head ends of couches

hook, resnap after wrap-

ping around left couch

headi_est support bars.

Unstow EVA stabilizer

strut by squeezing latch

and pulling toward couch.

Connect EVA stabilizer

strut to couch structure

at aft end of right head

strut. Engage stabilizer

strut and press toward

aft bulkhead.

now secured.

With EVA stabilizer

strut engaged, couch

structure will be sta-

bilized when foot

struts ar e

dis c onne c ted.
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B2. Discor_nect foot

attenuator struts and

attach to forward

equipment bays.

Task Procedure Re sults /P_emarks

I.

3.

4.

Grasp the quick-

disconnect hook assembly,

pull lock pin actuator

toward lower equipment

. bay.

Pull lower end of foot _

attenuator strut (quick-

dis c onne ct hook a s s embly)

firmly toward LEB until

it disengages.

Repeat for other foot X-X

attenuator strut.

Swing attenuator struts

along side of forward

equipment bay, and strap.

Holding lock pin actuator

in disengages lock pin.

Holds attenuator struts out

of the way for increased

mobility in LEB.

£

/

\
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_/_'_ 1.1.2..6 • . Tl.uCM Mechanical Co__Lrols.

Mechanfcal controls are provided in the crew compartment for

manual operation of the side access hatch and the forward access (fiunnel)

hatch. Tools for emergency opening or securing the.hatches are in the

toolse_ pouch in a locker on the aft buLb<head.

II.2.6.1 Side Access Hatch.

Side access to the crew compartment is through an outward-opening

shagle-integrated hatch assembly and adapter frame (figure l-Z2). The

hatch provides for primary structure pressure loads and supports the

hatch thermal protection system. It includes a primary flexible thermal

seal, hinges, and a latch and linkage mechanism. Provisions for a

scientific airlock, window, or closeout adapter, a pressure dump valve,

and a GSE cabin purge port are also incorporated. A secondary thermal

seal is attached to the heat shield ablator around the hatch opening and

bears against the inner structure. The adapter frame, which closes out

the area between the inner and outer structure, provides the structural

continuity for transmitting primary structure loads around the hatch

opening without transmitting the tension or compression loads to the

hatch. The inner structure adapter frame contaim.s a single primary

pressure seal.

Hatch opening is accomplished by a manually driven mechanism

which operates the latch and linkage mechanism. The latch and linkage

mechanism provides a hatch lock for pressure loads and for pressure

sealing of the crew compartment. (It does not provide shell continuity

_'--_-_for hook tension or compression loads. ) The door deployment mechanism

is driven by a single handle with a ratchet mechanism. The internal

lever operation is normal to the hatch with the inboard stroke driving the

latches closed while the outboard stroke drives the latches open. The

hatch will open i00 degrees minimum to provide clearance for the crew-

man past the scientific airlock when mounted on the hatch. A cot_nter-

balance system is provided to assist in opening the hatch in both normal

and emergency conditions and attenuate t/!e opening and closing velocity

of the hatch (figure 1-23).

The hatch is normally latched and unlatched manually from the

inside by an actuating handle permanently attached to the gear box

(figuPe 1-22). Prior to handle actuation, the two control levers are

positioned to the LATCH or UNLATCH positions as shown in view E

and G. Both selectors are placed in identical positiorls when
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operating the latches. Next, the shear pin release lever is placed in

the UNLOCK position. This will extend the orange-yellow shear pin

permitting free rotation of the gear box. When the latches are fully

engaged, or the release lever is placed in the LOCKED position, the

orange-yellow pin will retract, locking the gear box. The shear pin

may be sheared during an emergency opening of the hatch. A

sheared condition is indicated by the protruding red pin, v_ithin the

orange-yellovz pin, as indicated in view E.
.

After the preceding steps have been performed, the handle is

unstowed. This is accomplished by gripping the handle (which

depresses the trip bar) and pumping approximately five 60-degree

strokes. This will fully engage or disengage the latches.

External operations are accomplished by using GSE or the in-

flight tool through the penetration on the outside of the hatch. (See

figure 1-24. )

The crew hatch should not be closed from the outside of the CM

with the handle control knob in the LATCH position (view G). Always

set the pawI control knob in the NEUTRAL or UNLATCH position.

Located around the outer periphery are 1S mechanically actuated

latches that engage the inner structure adapter. In the event of a

linkage jam or if the hatch will not hold in the closed position, auxil-

iary devices are utilized to provide thermal protection and structural

continuity during entry, and render the CM in a water-tight condition

for limited flotation capability.

A manually operated vent valve is located in the hatch. The

valve is capable of venting the cabin from 5 to 0. 1 psig in one minute.

The valve may be operated from the inside or Outside by a suited

crewman. A tool interface on the hatch exterior is provided for pre-

flight, space flight, and postflight operation.

The hatch has provisions for installation of a window assembly

or scientific airlock. Depending on the mission, or spacecraft, the

windbw or airlock may be attachedusing the appropriate adapter.

Thehatch mechanism operates the boost protective cover (BPC)

mechanism for normal and emergency modes, and is sequenced to

ensure release of the BPC" hatch prior to unlocking the CM hatch.

\
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1.1.2.6.2

The BPC is hinged and retained with a tethering device when the

combined unified and BPC hatch are opened. A permanent release

handle (D-rihg) is utilized on the outside of the BPC to manually

unlatch the drive mechanism (figure 1-Z4).

The counterbalance assembly is a stored energy device capable

of opening the unlatched CM and BPC hatches in a one g environ-

ment. It is mounted adjacent to the CM hatch and connected t-othe

hatch deployment mechanism. Figure 1-23 illustrates schematically

the mechanization of the counterbalance assembly. To pressurize

the system for normal p_d operation, the number one bottle dia-

phragm is punctured utilizing a blade screwdriver. The charging

and discharging handle is actuated and the gas bleeds into the

cylinder. The high-pressure gas provides an opening force that will

open the hatch when the latches are released. The cylinder must be

vented after launch to adjust the system for zero g operation.

The counterbalance maintains an outward force on the hatch

to balance the weight, overcome sea! drag, and assist in opening

the hatch _vhen the latches are actuated. The ground crew can

easily close the hatch by pushing it closed and recompressing the

gas (nitrogen). In this manner the nitrogen is not vented. Addi-

tional nitrogen is introduced only if the cylinder pressure has:

decayed. A pressure indicator permits monitoring the system

pressure.

The number two bottle may be punctured after landing by

ratcheting the ratchet handle until the diaphragm is pierced. This

bottle should not be punctured until ready to open the hatch.

Forward Access Hatch (Figure 1-25).

The spacecraft utilizes a combined tunnel (forward) hatch.

This single hatch serves as a pressure and thermal hatch. The

hatch latching mechanism consists of six separate jointed latches

whose linkage is driven by a pump handle from within the crew

compartment. The latch operation from the inside is a 60-degree

Compression stroke selected by rotating the handle to the latch or

•unlatch position. A sealed drive is provided through the hatch,

making the mechanism operable from the outside. A pressure

equalization valve is provided to equalize pressure in the tunnel

and LM prior to hatch remo#al.

Mis sion

BI_OCK TT SPACECRAFT CONFIGURATION

Basic Date 15 April 1969 Change Date 15 Jan 1970 pag e
1-37

:_ _ • ,.- .... , -•i j . • . •. "_ . . . _ -

" : ": I :',"_! :' ',_ ' i_"_,.b'ii',_:, .P._'.','_'_ }H '_:,_ !I;_ _'}'.i."' , i _i '• _HL' 1,| _!'_ " "
• .. ' .... _ ..... " " " _5 ' _ '' "%' _ _'_ i _ "" f ' ' '_ ,- ' _ " " " ' ' t "



.._ • L:_ .'_'" i<- .....? <". - '_SIV£ZA-03-BI_3CK Ii-(1) " -

./:_L". ...." . . . . . - : APOLLO OPERATIONS __LANDBOOK

" "" 7"'/ ....' ' SPACECRAFT

SEAL

SEAL

-. t
- ....:_.._,

\ ".M _'_'_-" " /
4/, - " i /

/

Id

DETAIL

" ACTUATOR

RELEASE // . .

°o,o
DETA_Ik

ACTUATOR

HA ND LE

LOCK

(CHROME TA_)

LATCH

ASSEMBLY

@

I _NO_ _
_R 80X S_LSCtOR
DISCONNECT

SOCKET (B-TOO L)

Figure 1-25. CM Forward Access Hatch

I.

b
BLOCK II SPACECRAFT CONFIGURATION

Mission,.. -Basic Date 15 April 1.969 --Change Date 15_fan 1970 Page 1-38

k: _ ............ = ............. . : ..... .<-<'-_--': _--; ' _ ':, .... " ,' _, v__ _ ',"_ ,._,_'__' ;v_, _'t] r' '_,_ ;','. '," _"'<' _' " l"_ ; "

.'" ,'- . . " " _ ' '.';'_ _l',_='.H",ll_',Ll'_tii',<lb•t\tli.llll_tl flt.iiL_'_i'll!/l,'l'i_,lfihl,lfll:li_ II!ll'lil %list fill ill D ;i'i],+'2q If 7"!1, ht/l!lt{ ,_ i,:'_,i {.l.:
p,



" SMZA,03-BT.OCK H-(i)

APOLLO OPE_TIONS HANDBOOK

SPACECRAFT

. ..

r.

1.1.2.6.3

1.1.2.7

l.l.Z. 7.1

l-

z

I.I.Z. 7. Z

._%

t

Windows and Shades.

Five windows are provided through the inner structure and heat

shield of the CM; two forward viewing and two side observation windows

and a hatch window. (See figure 1-4.) During orbital flight, photographs

of external objects will be taken through the viewing and observation

windows. The inner windows are made of tempered silica glass with

0.Z5-inch-thick double panes, separated by 0.1 inch of space, &nd have a

softening temperature point of 2000_F. The outer windows are made of

amorphous-fused silicon with a single 0.7-inch-thick pane. Each pane

contains an anti-reflecting coating on the external surface, and has a

blue-red reflective coating on the inner surface for filtering out most

infrared and all ultraviolet rays. The glass has a softening temperature

point of Z800°F, and a melting point of 3110°F.

Shades are provided for controlling external light entering the CIv[.

These shades, individually designed for each window configuration, are

made of aluminum sheet. The shades are opaque for zero-light trans-

mittal, have a nonreflective inner surface, and are held in place by

"wing" levers.

Crew Stations.

The place of crew activity, the objects of crew activities, and crew

activity requiren]ents are referred to as "crew stations." Generally,

the term "crew stations_' includes anything that supports the flight crew

and is synonymous with crew systems and equipment; thus, t/%e terms are

generally interchangeable. A major distinction is that crew stations

include controls and displays requirements, certain aspects of the

environmental control system, and crew couches, whereas in crew sys-

tems and equipment they are not usually included.

This section .does not describe crew activities but briefly relates

the scope of crew systems and equipment by grouping. For a comprehen-

sive description, refer to section 2.12.

Space suit.

The spacesuit acts as a _exible environmental chamber in which the

crewman is supplied a flow of pressurized oxygen. It includes underg.ar-

ments, ventilation ducts, and the communication system. There are

many accessories such as the oxygen hose, communication cables,

couplings, screen caps, connector plugs, and maintenance kits.

l_e straints.

Crew restraints range from the restraint harness to re_train the

crew in the couches to the zero g restraints, such as the sleep station

BLOCK II SPACECRAFT CONFIGUIKATION
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1.1.2.7.6

1.1.2.7.7

1.1.2.7.8

1.1.2.7.9

restraints, hand-holds, and EVA guards. Equipment restraints include :

a number of snaps and Velcro patches on the c_re%v compartment structure

and utility straps which clasp to the snaps.

Internal Sighting Aids.

Internal sighting aids are objects that assist the crew in controlling

light or sighting. These include shades, mirrors, crewman optical align-

ment sight, lunar module active docking target, and window markings.

External Illumination Aids.

The external illumination aids are lights or objects on the exterior

of the Apollo spacecraft. They include the docking spotlight, running

lights, radio-lumine scent dis cs, the EVA floodlight, and rendezvous

beacon.

Mission Operational Aids.

Objects or devices that issist the crew in the mission and the oper-

ation of the spacecraft are operational aids. The aids are the flight-data

file, tool set, cameras, and miscellaneous accessories.

Crew Life Support.

Items included are drinking and food reconstitution water de#ices,

food, waste management, and personal hygiene. Waste management con-

sists of equipment for collecting, disinfecting, and storing the feces, and

expelling urine overboard.

Medical Equipment.

The medical requirements are filled by the bioinstrumentatibn

harness that transmits the respiration and pulse of the crew to the com-

munications system, and a medical kit that contains medication for

contemplated c ontingencie s.

l_adiation Monitoring Equipment.

The crew wears passive and active dosimeters for recording

dosages. For measuring the radiation present in the crew compartment,

a radiation survey meter and a Van Allen Belt dosimeter are stowed.

Postlanding Recovery Aids.

Upon landing, the crew will deploy the dye marker for daytime

signaling, or turn on the recovery beacon for night signaling, connect

cloth ducts for air, deploy a grappling hook to snag a sea anchor line,

and, if needed, use a seawater pump to acquire sea water for desalinize-

tion. In the event the crew would be forced to abandon the command

module, the survival kit would be used for flotation and signaling.

~

L?
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1.1.3

Stowage and Internal Configuration.

In the crew compartment, numerous items of equipment are stowed in

lockers or compartments designed to withstand the landing impact. The

interior configuration of the crew compaztment is shown in figures 1-26 and

1-27. The illustrations also show the equipment bays and spacecraft axes.

SERVICE MODULE. (Figure 1,28)

The service module is a cylindrical structure formed by l-inch-

thick aluminum honeycomb panels. Radial beams, from milled aluminum

alloy plates, separate the structure interior into six unequal sectors

around_a circular center section. Equipment contained within the service

tAt)IAL SEAM

SERVICE MODULE ITEMS

+Z +y

"Y_z

1 I
] A_D • ARE 50-DEGREE SECTORS

2 ANO 5 _R£ 70-DEGREE S_CTO_$

3 ANO 6 ARE 60-£_EG_£E S_CTO_$

Sec_oe I

_a'apcy HA.SA equ_gme_t

Seceoe

Znwi_e_tal system space rad_o:

Servic_ _opaL,_ ,y._em

Reactioa co_aZ _y,_m package (+Y-_i_

_:_ce pr_ul._on ,ys_em _d_zer ,_p tank

Sector Lfi

Ser_rice propu2_oa _s_em

Reactto_ control lya_em p_ckage {+Z-_is)

_-nv_o_enta_ _ystem sp_ce ra_La_or

Sector IV

Fuel _ell po_ plant (three}

Hel_ _e_ic_ng panel

Scper-Cr_i_al Oxyge. _a=k (two}

Steer-critical _drogen _a_k (t_'o_

Reac ioa coacrol lyscem _nt_oi un/t

_le_t._1 p_e_ ,y_em p_'er control relay box: "

_rr_ce mod_e jettison controller sequencer (t_-o)

• - Reaction co_ol s_s_e_ package (-y _s)

E_ro_mental con_ro_ sy,_e_ _ace rad_a_0_

Service p_opuZa_oa.,ystem _el s:orage _ank

Centee Se¢_oa

Service propul,_oa ,_stem he1_m _k [t_-_)

Service propuls_oa sTs_em e.g_ne

_'_ect_ca_ po_er ,ystem ,_e rad_a_o_ _, (e_ghtl

Figure 1-28. Service Module
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module is accessible through maintenance doors located around the

exterior surface of the module. Specific items, such as propulsion sys-

tems (SIPS and RCS] fuel cells, and most of the SC 0nboard consumables

(and storage tanks) contained in the S_vi compartments, are listed in

figure 1-28. The service module is 12 feet ii inches long (high) and

12 feet I0 inches in diameter.

Radial beam trusses on the forward portion of the Slvl structure

provide a means for securing the CM to the SM. Alternate beams, one,

three, and five, have compression pads for supporting the Ck<. Beams

_wo, four, and six, have shear-compression pads and tensio.n ties. A flat

center section in each tension tie incorporates redundant explosive charges

for SIV_-CM separation. These beams and separation devices are enclosed

v_t/_in a fairing (Z6 inches high and 13 feet in diameter) between t_le CIA/[and

SM.

SPACECR_AFT LM ADAPTER.

The spacecraft LM adapter (SLA_ (figure 1-29) is a large truncated

cone which connects the CSM and S-IVB on the launch vehicle. It houses

_he lunar module (LM), the nozzle of the service propulsion system, and

the high-gain antenna in the stowed position. The adapter, constructed of

eight 2-inch-thick aluminum panels is 154 inches in diamiter at the for-

ward end (C_vl interface) and 260 inches at the aft end. Separation of the

CSIV[ from the SLA is accomplished by means of explosive charges which

disengage the four SLA for_vard panels from the aft portion. The individ-

ual panels are restrained to the aft SLA by hinges and accelerated in

rotation by pyrotechnic-actuated thrusters. W-hen reaching an angle of

45 degrees measured from the vehicles X-axis, spring thrusters (two per

panel) jettison the panels. The panel jettison velocity and direction of

travel is such as to minimize the possibility of recon_act _vith the space-
craft or launch vehicie.

[
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Systems data include description of operations, component description

and design data, and operational limitations and restrictions. Subsection Z.I

describes the Qveral _ Spacecraft navigation, guidance, and control require-

men, is and the resultant systems interface. Subsections 2.2 through Z; i0

present data grouped by spacecraft sys'tems, arranged in the following

order: guidance and navigation, stabilization and control, service pro-

pulsion, reaction control, electrical power, environmental control,

telecommunications, sequential, and caution and warnings. Subsection Z. 11

deals with rniseellaneous systems data. Subsection 2. 12 deals with crew

personal equipment. Subsection Z. 13 deals with docking and crew •transfer.
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Z.I.I

GUtDA_,ICE AND CONTROL

f_. _ • -[ "

N

GUIDANCE AND CONTROL SYSTEMS INTERFACE.

_ " The Apollo guidande and control functions are performed hy the pri-"

mary guidance, navigation, and control system (PGNCS), and stabilization

and control system (SCS). The PGNCS and SCS systems contain rotational

and translational attitude and rate sensors which provide discrete input

information to contr_ol electronics .which, in h_rn, integrate and cont}it%on-

the information into control commands to the spacecraft propulsion sys-

tem-s. Spacecraft attitude control is provided by commands to the reaction

control system (RCS). Major .velocity changes are provided by commands

to the service propulsion system (SPS). Guidance and control provides the

folloming basic functions:

i \

2. I.2

• Attitude reference

• Attitude control

• Thrust and thrust vector control.

The basic guidance and control functions may be performed automat-

ically, with primary control furnished by the command module computer

(CMC) or manually , with primary control furnished by the flight crew. The

subsequent paragraphs provide a general description of the basic functions.

ATTITUDE REFERENCE.

f--

/

The attitude reference function (figure Z.l-l) provides display of,the

spacecraft attitude with reference to an established inertial reference.

The display is provided by two flight director attitude indicators (FD_AII)

located on the main display console, panelS 1 ant} Z'. The displayed infor-

mation consists of total attitude, attitude errors, and angular rates. The

total attitude is-displayed by the FDAI. ball. Attitude errors are displayed

by threeneedles across scales on the top, right, and bottom of the appar-

ent peripher Y of the ball. Angular rates are displayed by needles across

the top right, and bottom of the FDAI face.

Total attitude information is derived from the IMU stable platform or

the gyro display coupler (GDC). The IMU provides total attitude by-main-

-raining a gimbaled, gyro-stabilized platform to an inertial reference

orientation. The GDC provides total att-itude by updating attitude informa-

tion with angular rate inputs from gyro assembly 1 or 2.

I

GUIDANCE AND CONTROL
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Attitude error information is derived from three sources. The first

source is from the IIVIU through the coupling data unit (CDU) which corn- • ' "

pares IMU gimbal angles with CMG commanded angles set ir_to the CDU.

Any angular difference between the IMU gimbals and the CDU angles is sent

to the FDAI for display on the attitude error needles. The second source

is from tyro assembly 1 which contains three (one for each of the X, 7f,

and.Z axes) single-degree-of-freedom attitude gyros. Any spacecraft rota-

tion about an axis will offset the case of a gyro from the float. This rotation

is sensed as a displacement off null, and a signal is picked off which is

representative of the magnitude and direction of rotation. This signal is

sent to the FDAI for display on the attitude error needles. The third source

is from the CrDC which develops attitude errors by comparing angular rate

inputs from gyro assembly l or Z %_ith an internally stored orientation.

This data is sen't to the FDA! for disp_lay on the attitude error needles.

Angular rates are derived from either gyro assembly 1 or Z. l_or-

real!y, the No. 2 assembly is used; however, gyro assembly I may be

switched to a hackup rate mode if desired. For developing rate informa-

tion, the gyros are torqued to null when displaced; thus, they will produce

an output only when the spacecraft is being rotated. The output signals are

sent to the _'DAI for display on the rate needles and to the GDC to enable

updating of the spacecraft attitude.

ATTITUDE CONTROL.

The attitude control function is ill_/strated in figure 7.I-Z. The con-

trol may be to maintain a specific orientation, or to command small

rotations or translations. To maintain a specific orientation, the attitude

error signals, described in the preceding paragraph , are also routed to the

control reaction jet on-off as sembly. These signals are conditioned and

applied to the proper reaction jet which fires in the direction necessary to

return the spacecraft to the desired attitude. The attitude is maintained

wi_n specified deadband limits. The deadband is limited within both a

rate and attitude limit to hold the spacecraft excursions from exceeding

either an attitude limit or angular rate limit. To maneuver the spacecraft,

the reaction jets are fired automatically under command of the CMC or

manually by flight crew us_e 9f the rotation control. In either case, the

attitude control fzinction is inhibited until the maneuver is completed.

Translations of small magnitude are performed along the +X axis

for fuel settling of SPS propellants prior to burns, or for a backup,

de orbit by manual commands of the translation control. An additional

control is afforded by enabling the minimum impulse control at the

lower equipment bay, The minimum impulse control produces one

directional •pulse of small magnitude each time it is moved from

detent. These small pulses are used to position the spacecraft for
navigational sightings.

<_.%.
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The guidance and control system provides control of two thrust

functions (figure 2.1-3). The first is control of the SImS engine on-off time

to control the total magniDade of thrust applied to the spacecraft. Primary

control of thrust is through the CMC. The thrust-on time, magnitude of

thrust desired, and thrust-off signal are preset by the flight crew, and

performed in: conjunction with the CMC. The value of velocity change

attained from the thrust is derived by monitoring adcelerometer outputs

from the IIVIU. V_en the desired velocity chai_ge has been achieved, the

CMC removes the thrust-on signal. Secondary thrust control is afforded

by the velocity counter portion of the entry monitor subsystem. The counter

is set to the value of desired thrust prior to the engine on signal. Velocity

Change is sensed by a. +X axis accelerometer which produces out_ut signals

representative of the velocity change. These signals drive the velocity

counter to zero which terminates the engine on signal. In either case, the

actual initiation of thrust is performed by the flight crew. There is a

switch for manual override of the engine on and off signals.

Thrust vector Control is required because of center-of-gravity shifts

caused bY depletion of propellants in the SPS tanks. Thrust vector control

is accomplished by electromechanical actuators to position the gimbal-

mounted SPS: engine. Automatic thrust vector control (T_C) commands may

originate in the PGNC$ or SCS systems. In either case, the pitch and y_%v

attitude error signals are removed from the RCS system and applied to the

SPS engine gimbals, iVfanual TVC is provided to enable takeover of the

TVC function if necessary. The IV[TVO is enabled by twisting the transla-

•tio_ cont]_ol to inhibit the automatic system, and enables the rotation control

which provides command signals for pitch and ya_v axes to be applied to the

gimbals. The initial girnbal setting is accomplished prior to the burn by

positioning thumbwheels on the fuel pressure and gimbal position display.

i -

/

GUIDANCE AND CONTROL

Mission Basi_ Date 15 April 1969 Change Date Page,. Z .I-5



'% .

_ ,_" • .

{R

{/)

C)

t_

h>

u

?

)

_Immm_B_ "_m _m m m m _mm m ,*,,,..,.mm_ mmmB m

r -I VELOC _Tv INCREMENTS | • i DISPLAYS' INERTIAL " =I COMMAND ]

| MEASUREMENT I " I ' - iGIMBAL ANGLES _I MODULE L crew INPUTS

/ I I ,NERT,At I' . ' -I comPuTEr I"UNIT (IMU) •TOTALAII'ITUDE_I COUPLING I ATTITUDEERRORSI (cram TVOCOMMANDS

...... -I DATA UNIT I¢ I I

i (ICDU) I I COUPLING

• (OCDU)

__
I SPS THRUSTON

I ENTRYMONITOR

I SYSTEM(EMSI

I
I ,,, r

I GYROASSEMBLY

I NO. !,(GAI)

I
I GYRO

ASSEMBLY

I NO. 2
(GA2)

I
I
I TRANSLATIONCONTROL

I (TC)

I
I SWITCHINGLOGIC

, " I_[....

, OPTICAL •

GN TVCCOMMANDS

DISPLAY I

KEYBOARD "
(DSKY)

SCS AUTO THRUSTOFF

I REACTION I

I JETENGINE I
" _:| ON'OFF

I CONTROL I
"ROLLATTITUDECONTROL _L ASSEMBLY (RJEC)I

I

ATTITUDECMDS

THRUST ON-OFF

RATE OR

ATI'ITUDEERROR

SCS AUTO TVC COMMANDS i
ELECTRONIC _ THRUST

] CONTROL MIVC COMMANDS _ VECTOR
_'I MANUAL GIMBAL TRim SERVO

J (ECAJ SPS GIMBAL POSITION AMPLIFIER" (TVSAI

PoNcs

REACTION

CONTROL

SYSTEM
(RCS)

i,,,,

ROTATION
• CQNTROLS

(RCI,RC2)

IIVC COMMANDS

J
MANUALGIMBAL TRIM

GIMJ*L

POSITION/
FUEL
PRESSURE
INDICATOR

' (GPI)-

I [ ELECTRONIC

GIMBAL POSITION DISPLAY
ASSEMBLY
(EDA)

I
SWITCHINO

I
I
I
I

i_ACTUATOR VELOCITYi | I

I m I SERVICE i°
A ' _ _" SYSTEM " I

• _ CTUATIR POSITION (SPS) I
.SPS

I PROPULSION SYSTEMI-" ___I
I

-DISPLAY .
CONSOLE

(MDC)

.............. _cs._j

Figure 2.1-3. G&C 'Thrus_ Vector Contrql



} } }



SMZA-03-BLOCK II-(l )

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

.....

- .q.. ,

%._

SECTION 2

SUBSECTION 2.2

GUIDANCE AND NAVIGATION SYSTEM (G&N)

/

/F- -r_.,,

f_

2.2.1 INTI_ODUC TION.

The primary guidance, navigation, and control system (PGNCS)
provides the following functions:

• Inertial velocity and position (state vector) computation

• Optical and inertial navigation measurements

• Spacecraft attitude measurement and control

• Generation of guidance commands during CSM powered flight and
CM atmospheric entry

The PGNCS system consists of three subsystems:

• Inertial subsystem (iSS)

• •Optical subsystem (OSS)

• Computer subsystem (CSS)

They are located in the command module lower equipment bay

(figure 2. 2-i). S/stem circuit breakers, caution and warning indicators,

and one of the display and keyboard panels (DSKY) are located on the

main display console.

PGNCS DATA FLOW.

Inertial Subsystem. -

The inertial subsystem (ISS) is composed of an inertial measurement

unit (IIVIU), part of the power and servo assembly (PSA), part of the con-

trois and displays and three coupling data unit (CDU) channels. The T_V[U

provides an inertial reference with a gimbaled, three-degree-of-freedom,

gyro-stabilized platform. The alignment of the stable platform

(figure 2.2-1A) is accomplished, by the command module computer (CIVIC)

providing a-digital pulse train an_ control commands to the CDU, The

CDU converts the_ pulse train to a_nalog signals which drive the IIViU to the

desired orientation. Attitude change sensing is accomplished by monitor-

ing the spacecraftattitude with reference to the stable platform_ i_esolv-

ors are mounted at the gimbal axes to provide signals representative

-of the gimbal angles. The CDU converts these analog Signals to

digital pulses for the CMC. The CMC compares these angles

l%iiss ion
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w i_l the CiVfC desired angles, ind if the angles differ, error signals are

generated. The error signals can he used as steering commands to the

SIVB guidance system , attitude error display rsignals, or RCS on-off

commands to the stabilization and control system _SCS).

Mounted on the stable platform ire the ptllsed integrating pendulous

accelerometers (pilDAs), which sense changes in spacecraft velocity. An

acceleration or deceleration results in output signals which are represent

ative of the magnitud e and direction of the velocity change. The output

signals are applied to the CMC, which uses the Lnformafiion to update
spacecraft velocity data.

Also applied to the CMC are discrete signals reflecting the status

(caEtion and v_arrring information) of the Ik_U and CDU.

Optics Subsystem.

The optics subsystem is composed of a scanning telescope (SCT),

sextant (SXT), drive motors for positioning the SCT and SXT, parts of

the PSA, part of the controls and displays, and two CDU channels. The

SCT and SXT are used to determine the spacecraft position and attitude

with relation to stars and landmarks or horizon.

The optics- are positioned by drive motors commanded by the

optics hand controller (located on the optics control panel, lower equip-

ment bay) or by a digital pulse train from the CMC. The digital pulse

train is converted to an analog drive signal in the CDU.

%Vhen the navigator is satisfied with the image position, he issues

a mark command to the CIVIC. The position of the' optics fs provided by

resolvers mounted on the optics. The CDU converts the analog resolver

signal to digital pulses representative of the optics angles. The CIVIC

reads these angles, I1_fU angles, and time of mark command. From this

information the Cl_C computes the spacecraft position.

The minimum impulse commands from the minimum impulse con-.

troller (on the optics control panel in lower equipment bay) are discrete

inputs to the CMC. The CMC provides on-off commands to the.SCS for

firing of the RCS jets to maintain attitude during sightings with the optics.

The channels of the CDU used to position the optics are also used

.to convert the digital pulse train from the CI_C to a d-c signa] to the SCS

as guidance cornrnands (TVC) during CSM powered flight.

Also applied to the CMC are discrete signals reflecting the status

(caution and warning information) of the CDU optics channels.

$

Mission

GUIDANCE AND NAVIG'ATION SYSTEM

Basic Date i5 April 1969 Change Date 15 Ion 1970 Page 2. Z-4

........... :_;,,. _II,_!tj!,! _ !.!j_:-.';i,_'_ [_i ,,, _ l.f., .i-.":_--=
!..................:'_ _"'{_{:,'_i;l.;'_,_J_ ,, _._ ) _. ._ _ ' _ ,_ ), ._ " _ _I 'i"!i _i '



;-_., _," ,. .. :, : 7 ¸

ui

SMZA-O 3-BLOCK H- (I)

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

2.2.2, 3 Computer Subsystem.

The comptlter subsystem (CSS) consists of the command module

computer (CIVIC) and two display and keyboard panels (DSKYs) which are

part of the controls and displays.

The CMC provides automatic execution of computer programs,

automatic control of ISS and (958 modes, and in conjunction With the

DSKYs, manual control of ISS and OSS modes and computer displays. The

CMC contains a two-part memory which consists of a large nonerasable

(fixed) section and a smaller erasable section. Nonerasable memory

contains mission and system programs, and other predetermined data

which are wired in during assembly. Data readout from this section is

nondestructive and caflnot be changed during operation. The erasable

section of memory provides for data storage, retrieval, and operations

upon measured data and telemetered information. Data readout from this

section is destructive, permitting changes in stored data to be made as_

desired. Information within, the memory n_ay be called up fc)r display on

the two DSKYs. The DSKYs enable the flight crew to enter data on instruc-

tions into the CMC, request display of data from CMC memory, and offer

an interrupt control of CMC operation.

/

The CMC performs guidance functions by executing internal pro-

grams using predetermined trajectory parameters, attitude angles from

the inertial channels of the CDU, velocity changes from the PIPAs, and

commands from the DSKYs (crew) to generate control commands. The

navigation function is performed by using stored star-landmark or star-

horizon data, optics angles from the optics channels of the CDU, and

velocity changes from the PIPAs in the execution of navigation programs.

i
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2.2.3

2.2.3.1

Z. 2.3.'I.I

2.2.3.1.2

MAJOR C OMPONENT/SUBS YST F_ DESCRIPTION.

Inertial Subsystem .... _. -

The function of the inertial subsysfiem is to provide a space-

stabilized inertial reference from which velocity changes and attitude

changes canbe sensed. It is composed of the navigation base (NB), the

inertial measurement unit (LA/U), parts of the power and servo assembly

(PSA), pa'rts of the con£ro! and display panels, and three couplin__ data
units (CDUs).

Navigation Base. .

The navigation base Ci_B) is the rigid, supporting structure which

mounts the I/X/iUand optical instruments. The NB is manufactured and

installed to close tolerances £6 provide accurate alignment of the

equipment mounted on it. It also provides shock-mounting for the IMU
ahd optics.

Inertial Measurement Unit.

The inertial measurement unit (II%IU) is the main unit of the

inertial subsystem. It is a three-degree-of-freedom-stabilized platform

assembly, containing three inertial rate integrating gyros (IR!Gs), and

three pulsed-integrating pendulous accelerometers (PIPAs). The stable

member itself is machined from a solid block of beryllium with holes
bored for mounting the P!PAs and IRIGs.

The stable platform attitude is maintained by the IRIGs, stabili-

zation loop electronics, and gimbal torque motors. Any displacement

of the stable platform or gimbal angles is sensed by the IRIGs which

generate error signals. /.RIG error signals are resolved, amplified,

and applied to stabilization loop electronics. The resultant signal is

conditioned and applied to the gimbal torque motors, which restore the
desired attitude.

The stable platform provides a space-referenced mount for three

PIPAs, which sense velocity changes. The PIPAs are mounted orthog-

onally to sense the velocity changes along all three axes. Any trans-

lational force experienced by the spacecraft causes an acceleration or

deceieration which is sensed by one or more PlPAs. Each PIPA

generates an output signal proportional to the magnitude and direction of

velocity change. This signal, in the_/0r m of a pulse train, is applied to

t1%e CMC. The CMC will use th'e signal to update the velocity informa-

tion, and will also generate signals to,enable the torquing of each PIPA
ducosyn back to null.

k.
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2.2.3.1.3

The temperature control System is a thermostatic system that

maintains the ll:(IG and PIPA temperatures within thlir required limits

during both h-x/U standby and operate modes. Heat is applied by end-

mount heaters on the inertial components, stable member heaters, e.nd

a temperature control anticipatory heater. I-Ieat is removed by con-

vection, conductiQn, and radiation. The natural convection used during

IMU standby modes is changed to blower-controlled, forced convection

during I/A_U operating modes. IIVIU internal pressure is normally

bet_veen 3.5 and 15 psia enabling the required forced convection. To

aid in removing heat, a water-glycolsolution passes through coolant

passages in the IMU support gimbal. Therefore, heat flov_is from the

stable member to the case and coolant. The temperature control sys-

tem consists of the temperature control circuit, the blower controi

circuit, and the temperature:alarm circuit. A separate external

temperature control system is also provided for test configurations but
will not be discussed in this manual.

Coupling Data Unit.

The CDU, an all electronic device, is used as an interface

element between the ISS and CSS, the OSS and CSS, and the CSS and

various controls and displays. It functions primarily as an analog-to-

digital (A/D) or digital-to-analog (D/A) converter° There are five,

almost identical, loops, one each for the inner, middle, and outer

LAiN gimbals, and one each for the shaft and trunnion optical axes.

The ISS portion of the CDU performs the following functions:

a. Converts IMU gimbal angles from analog-to-digital form, and
supplies the C_IC with£his information.

b. Converts digital signals from the CMC to either 800-cps or
d-c signals.

c. Controls the moding of the ISS through logical manipulation of
computer discretes.

The analog signal from the IX and 16X resolvers, located on the

IMU gimbals, is transmitted to the CDU. This angular information,

proportional to the sine and cosine of the gimbal angle , is converted to

digital form with one pulse to the CMC equivalent £o 40 arc-seconds of

gimbal movement.

During coarse align, attitude error display, and Saturn takeover

modes, the ISS channels of the CDU provide the digital to analog con-

version of the CMC output to generate an a-c or d-c output. The a-c

output is applied to the servo amplifiers of the PSA to drive the gimbals

to the desire'd angle, and is also applied to the FDAI for deflection of

the attitude error needles. The d-c signal is applied to the Saturn

Flight Control Computer whic/% will gimbal the Saturn engine or pro-

vide commands to the Saturn attitude control system.

Mission
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Power and Servo Assembly. • ....

The purpose of the power and servo assemb!y (PSA) is to provide

a central mounting point for the majority of the G&N system power

supplies, amplifiers, and other modular electronic components.

The PSA is located on the lower D&C panel rack d_rectly below

the LTVfU. It consists of 42 modules mounted to a header assembly.

Connectors and harnessing are integral to the construction of the

header •assembly, and G&N harness branches are brought out from the

PSA header, i thin cover plate is mounted on the PSA, providing a

hermetic seal for the interior. During flight, this permits pressuriza-

tion of the PSA to remain at 15 psi. Connectors are available at the

PSA for measuring signals at various system test points.

Computer Subsystem.

The computer subsystem (css) consists of the command module

computer (CMC), and two display an d keyboard panels (DSKYs). The

CMC and one DSKY are located in the lower equipment bay. The other-

DSKY is located on the main display console.

C ommand Module Computer.

The CMC is a core memory, digital computer with two types of

memory, fixed and erasable. The fixed memory permanently stores

navigation tables, trajectory parameters, programs, and constants.

The erasable memory stores intermediate information.

The CIVIC processes data and issues discrete control signals,

both for the PGNCS and the Other spacecraft systems. It is a control

computer with many of the features of a general purpose computer. As

a control computer, the CMC aligns the stable platform of the inertial

measurement unit (IIV[U) in the inertial subsystem, positions the optical

unit in the optical subsystem, and issues control commands to the

spacecraft. As a general purpose computer, the CMC solves guidance•

problems required for the spacecraft mission. In addition, the CMC

monitors the operation of the PGNCS and other spacecraft systems.

The CMC stores data pertinent to the flight profile that the

spacec_raft must assume in order to complete its mission. This data,

consisting of position, velocity, and trajectory information, is used by

the CMC to solve the various flight equations.. The results of various

equations can be used to determine the required magnitude and direction

of thrust required. Corrections to be made are established by the CMC.

The spacecraft engines are turned on at the correct time, and steering

- £
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signals are controlled by the C/V_C to reorient the spacecraft to a ne_v

trajectory, if required. The inertial subsystem senses acceleration

and supplies velocity changes to the CMC for calculating the total

velocity. Drive signals are supplied from the CMC to coupling data

unit (CDU) and stabilization gyros in the inertial subsystem to align the

gimba! angles in the LA/IU. Error signals are also supplied to the CDU

rioprovide steering capabilities for the spacecraft. CDU position

signals are fed to the CMC to indicate changes in gimbal angl'es, which

are used by the C_C to keep cognizant of the gimbal positions. The

CI%{C receives mode indications and an_lar informa%ion from the optical

subsystem during optical sightings. This information is used by the

CMC to calculate present position and orientation, and is used to refine

trajectory information. Optical subsystem components can also be

positioned by dri_-e signals supplied from the CMC.

CMC Organization. The CMC is functionally divided into seven
blocks: (See figure 2.2-3).

i. Timer 5. Priority control

2. Sequence generator 6. Input-output

3. Central processor 7. Power.

4. Memory

Timer. The timer generates all the necessary synchronization

pulses to ensure a logical data flov¢ from one area to another within the

CMC. It also generates timing waveforms which are used by (I) the

CMC's alarm circuitry, and (2) other areas of the spacecraft for control

and synchronization purposes.

The master clock frequency is generated by .an oscillator and is

applied to the clock divider logic. The divider logic divides the master

clock input into gating and timing pulses at the basic clock rate of the

computer. Several outputs are available from the pulses at the basic

clock rate of the computer. Several outputs are available from the

scaler, which further divides the divider logic output into output pulses

and signals used for gating, to generate rate signal outputs and for the

accumulation of time. Outputs from the divider logic also drive the time

pulse generatOr ._/hich produces a recurring set of time pulses. This

set of time pulses defines a specific interval (memory cycle time) in

%vhich access to memory and word flow take place v_ithin the computer.

The start-stop logic senses the status of the power supplies and

specific alarm conditions in the computer, and generates a stop signal

which is applied to the time pulse generator to inhibit v_ord flow.

Sirnultaneously, a fresh-start signal is generated which is applied to

- /-
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all functional areas in the computer. The start-stop !ogic, and s.ub-

sequently v#ord flow in the computer, can also-be con,trolled by inputs

from the computer test set (CTS) during pre-installation systems and

subsystem tests.

Sequence Generator. The. sequence generator directs the

execution of machine instructions. It does this by generating control

pulses which logically sequence data throughout the C.MC. The control

pulses are formed by combining the order code of an instruction word

with synchronization pulses from the timer.

The sequence generator contains the order code processor,

command generator, and control pulse generator. The sequence

generator executes the instructions stored in memory by producing con-

trol pulses which regulate the data flow of the computer. The manner

•in which the data flow is regulated among the vario_as functional areas

of the computer and between the elements of the central processor

causes the data to be processed according to the specifications of each

machine instruction.

The order code processor receives signals from the central

processor, priority control, and peripheral equipment (test equipment).

The order code signals are stored in the order code processor and con-

verted to coded signals for the command generator.. The command

generator decodes these signals and produces instruction commands.

The instruction commands are sent to the control pulse generator to

produce a particular sequence of control pulses, depending on the in-

struction being executed. At the completion of each instruction, new

order code signals are sent to the order code processor to continue the

execution of the program.

Central Processor. The central processor performs all arith-

metic operations required of the CMC, buffers all information coming

from and going to memory, checks for correct pari%y_on all words

coming from memory, and generates a parity bit for all words written

into memory.

The central processor consists of the _ip-_op registers, the

write, clear, and read control logic, write ampli_ers, memory buffer

register, memory address register and decoder, _-nd the parity logic.

All data and arithmetic manipulations within the C_IC take place in the

central processor.

Primarily, the central processor performs operations indicated

by the basic instructions of the program stored in memory. Communi-

cation within the central processor is accomplished through the write

t'_kamplifiers. Data flows from m_nory to the flip-_op registers or vice

iV_ission

GUIDANCE AND NAVIGATION SYSTEM,

15 April 1969 Change Date 15 /[_ 1970 2. Z-10Basic Date Page

._i" ! -_:" ' ' '[!.,.... [_._!.r_r'#_iI"'[,I_;'F_ r_:_"_ '....II ':_'__' _ "_ _ _" _"

",} :_.., .: i:! /, :_ t .', :,_:F _,"gi:_'I_:'i!:_Df';| i':l: _ ! '_ _"' C.. '_'J_ '[._:' '_._ _i .'_i_! _ ,,_ D



i': ": :i •

SM2A-03-BLOCK II- (i)

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

versa, between individual flip-flop registers, or into the central

processor from external sources. In all instances, data is placed on

the write lines and routed to specific register, or to another functional

area under control of the write, clear, rand read logic. This logic

section accepts control pulses from the sequence generator and

generates signals to read the content of a register onto the write lines,

and write this content into another register of the central processor or

to another functional area of the CIVIC. The particular memory location

is specified by the content of the memory addre-ss register. The

address is fed from the write lines into this register, the output of

whichis decoded by the address decoder logic. Data is subsequently

transferred from memory to the memory buffer register. °The decoded

address outputs are also used as gating functions within the CMC.

i

/

The memory buffer register buffers all information read out or

written intomemory. During read out, parity is checked by the

parity logic and an alarm is generated in case of incorrect parity.

During write-in, the parity logic generates a parity bit for information

being written into memory. The flip-Hop registers are used to accom-

plish the data manipulations and arithmetic operations. Each register

is 16. bits or one computer word in length. Data flows into and out of

each register as dictated by control pulses associated with each register.

The control pulses are generated by the write, clear, and read control

logic.

External inputs through the write amplifiers include the content

of both the erasable and fixed memory bank registers, all interrupt

addresses from priority control, control pulses which are associated

with specific arithmetic operations, and the start address for an initial

start condition. Information from the input and output channels is

placed on the write lines and routed to specific destinations either

within or external to the central processor. The CTS inputs allow a

word to be placed on the write lines during system and subsystem tests.

(

Registers. Registers A, L, Q, Z, and B consist of 16 hit

-positions each. These are numbered 16 through i reading from left to

right. Register E BANK consists of three bit positions numbered Ii

through 9o Register S consists of 12 bit positions numbered 12 through

I. Register SQ consists of seven bit positions, SQ, EXT, 16 and 14

through I0. Registers X and Y comprise the adder and each register

consists of 16 bit positions. The 16 outpytt gates of the adder are called

register U; note, however, that U is not a register in the senseof_he

flip-flop r_egisters comprising the central processor. Register U and

the write amplifiers each consists of 1 6 bit positions numbered 16

through I_ All registers mentioned so far may contain addresses, a

code, etc. They do not, however, contain a parity bit. Whenever a

number is contained in these registers, the lowest order bit is stored

t
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in bit position 1 and the highest order bit is stored in bit position 14.

The sign bit is stored in bit position 16. A zero in this bit position

signifies a positive number and a one sigr/fies a _egative number. Bit

position 15 is used for storing either the overflo_ or underflow bit.

Register G serves as a buffer between the central processor and

memory. It-consists of 16 bit positions numbered 16 through i. Any

parity bit received from memory is transferred _o the parity block but

not to the central processor register. The 16 izlp_ats to the parity bloek

are numbered 16 and 14 through 0. No provision is made for ehtering

an Overflow bit into the parity block.

Register A is called the "accumulator. " It contains the results

of arithmetic operations.

Register L is called the "lower order acc_ulator. " It contains

the least sigr/ficant bits of the product or quotiem_t after a multiplication

or division process.

Register B is called the "buffer register. _ It also provides a

means of complementing since its res-et side ca_ _Iso be interrogated.

The reset side is sometimes called "register C. _:

The Z register is the program counter. It contains the address

of. the next instruction word in the program. As each instruction is

executed, this register is incremented by one hec_ause the instruction

words usually are stored sequentially in memory.

The Q register is named the "return address register." When

the CMC transfers control to another program or routine, the contents

of the Z register are stored in register Q. When the CMC returns to

the original program, register Q contains the address of the appropriate
instruction.

The write amplifiers provide the current driving capabilities for

the registers. These amplifiers in no way store information; they
simply route information,

Register S contains the address of the word to be called out from

memory. Register E BANK is also used when erasable memory is

addressed. Register F BANI_I is used when f_i_ed memory is addressed.

Memory. Memory provides the storage for the CMC and is

divided into two sections: erasable memory and _xed memory.

Erasable memory can be written into' or read fromi its readout is

destructive. Fixed memory cannot be written into and its readout is
nondes truc tire.

• ?

k.
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The CMC has erasable and fix@d memories. The erasable

memory can be written into and read out of; fixed memory can only be

read out of. Erasable memory stores intermediate results of com-

putations, auxiliary program information, and variable data supplied

by external inputs from the PGNCS and other systems of the spacecraft.

Fixe d memory stores programs, constants, and tables. There is a

total of 38, •912, sixteen bit word storage locations in fixed and erasable

memories. It should be noted that the majority of the memory capacity

is in fixed memory (36, 864 word locations). B'oth memories are

magnetic core storage devices; however, the cores are used differently

in each type of memory. It is assumed that the reader is familiar with

the basic magnetic properties of a fertile core as described by a square

hysteresis curve. A core is a static storage device having two stable

states. It can be magnetized in one or two directions by passing a

sufficient current, I, through a wire which pierces the core. The

direction of current determines the direction of magnetization. The

core will retain its magnetization indefinitely until an opposing current

switches the core in the opposite direction. Wires carrying current

through the same core are algebraically additive. Sense wires which

pierce a switched core will carry an induced pulse.

®

Priority Control. Priority control establishes a processing

priority of operations which must be performed by the CMC. These

operations are aresu!t of conditions which occur both internally and

externally to the CMC. Priority control consists of counter priority

control and interrupt priority control. Counter priority control initiates

actions which update counters in erasable memory. Interrupt priority

control transfers control of the CMC to one of several interrupt sub-

routines stored in fixed memory.

The start instruction dontrol restarts the computer following a

hardware or program failure. The counter instruction control updates

the various counters in erasable memory upon reception of certain

incremental pulses. The counter instruction control is also used during

test functions to implement the display and load requests provided by

the computer test set. The interrupt instruction control forces the

execution of the interrupt instruction (I_UI='TOR) to interrupt the current

operation of the computer in favor of a programmed operation of a

higher priority.

Input-Output. The input-output section routes and conditions

signals between the CMC and other areas of the spacecraft. In addition

to the counter interrupt and the program interrupts previously described,

the CMC has a number of other inputs derived from its interfacing

hardware. These inputs are a result of the functioning of the hardware,

Mission
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or an action by the operator of the spacecraft. The counter interrupts,

in most cases, enable the CMC to process inputs representative of data

parameters such as changes in velocity. The program interrupt inputs

to the ClvfC are used to initiate processing of functions which must be

processed a relatively short time after a particular function is present.

The other inputs to the CMC, in general ' enable the CMC to be cognizant

of "conditions" which exist in its environment. These inputs are-routed

to CMC and are available to the CMCs programs through the input
channels.

The outputs of the CMC fall in one of the following categories:

data, control, or condition indications. Some of these outputs are con-

trollable through the CMC program while others are present as a

function of the CMC circuitry. All of the outputs which are controlled

by the CMC programs are developed throug h the CMC output Channels.

Channel 01 is the L register.

Channel 02 is the Q register.

Channel 03 the b/gh-order scaler channel.

Channel 04 the low-order scaler channel.

Output Channel 05 h_s eight bit positions and is associated with

the reaction control system jets.

Outnut Channel 06 has eight bit positions and is also associated

with the reaction control system jets. A logic one in any of the bit

positions _vill cause the appropriate reaction control jets to be fired.

The outputs of this channel control the jets used for Z and Y transla-

tions, and the roll rotation. The logic is the san%e as for output

channel 05. Assume that it was desired to perform a pure roll

maneuver. One of the ways this could be implemented would be to have

logic ones in bit positions I and 3 while all other bit positions contained

logic zero. There are other methods, of course, but these will not

be detailed.

Channel 07 is the F EXT register. It is associated with the

selection of word locations in fixed memory. This channel has three

bit positions.

Output Channel 10 routes information contained in this channel to

the DSI_Ys. The different configurations light various displays on the
DSKYs.

Output Channel ii routes information contained in bits I through 7

of this channel to the DSKYs. Bit 13 is routed to the SCS system.

_k
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Output Channel 12 consists of 15 bit positions, 14 of which are

presently used. The outbits are d-c signals sent to the spacecraft and
lDGNCS.

Output Channel 13 associates the first four bits of this channel

with t_e VHF ranging. Bit positions 12 through 14 have been •covered

under program interrupt priority control.

Output Channel 14 associates bit positions II through 15 with the

CDU drive control. This control generates the following pulse trains

which are sent to the CDUs: CDUXDP (X CDU positive d:-ive pulse),

CDUXDM (X CDU negative drive pulse), CDUYDID, CDUYDM, CDUZDP,

CDUZDM, TRN]Dp , T-I<NDIV[, S.HAFTDP (shaft CDU posiive drive

pulse), and SH_A_FTDM. The CDU drive control also enters the following

d-c signals into the counter priority control to "request the execution of

a DINC instruction: X IMU, CDU, Y IMU, CDU, Z IMU CDU, SOP
CDU and T OP CDU.

Signal X IMU CDU is generated when bit position 15 contains a

logic one. Signal Y LA/IU CDU is generated when bit position 14 con-

tains a logic one, signal Z IMU CDU when bit position 13 contains a

logic one, signal T O1D CDU when bit position 12 contains a lo_ic one,

and signal SOP CDU when bit position II contains a logic one. More

than one of these signals can be generated simultaneously.

Once a desired quantity, e.g., -432, has been entered into a CDU

counter, e.g., erasable memory address 0050, and output channel 14

has been properly set (logic I in bit position 15), the CDU drive control

generates signal X IMU CDU which sets a flip-flop in counter priority

control and commands the sequence generator to execute a DINC

instruction. As the instruction is executed, the counter control is

diminished by one to -431. The CDU drive control then generates a

CDUXDM pulse and routes it to the X CDU. Since the priority flip-flop

is still set, another DINC instruction is requested. This is repeated

until the counter content has diminished to zero. Once the counter con-

tains zero and a DINC instruction is executed, a signal is generated

which clears bit position 15 of output channel 14, resets the priority

cell, and stops the transmission of pulses.

- The gyro drive control selects a gyro to be torque d positively or

negatively, and then applies a 3200-cps pulse train to the appropriate

gyr0 to accomplish this function. There are six signals associated

with selection of the gyro and the direction in which it will be torqued:

GYXlD (drive gyro x positive), GYXM (drive AFro x negative), GYYID,

GYYM, GYZID, and GYZM. The Appropriate signal is determined by

GUIDANCE AND NAVIGATION SYSTEM
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the bit configurationof bits 7 through 9 of output channel 14. If bit

:positions 6 and I0 are a logic one, a 3200-Cps pulse train is routed to

the gyro electronics specified by bit positions 7 through 9, and a d-c

signal is entered into the counter priority control which commands the

sequence generator to perform a DiNC instruction.

Assume that it is desired to torque the X-g_ro in the negative

direction by 123 pulses. The .GYROS counter in counter priority con-

trol would be set to 123. Bit positions 7 through 9 would be i01

respectively, and bit positions 6 and I0 would belogic one. Each time

a pulse is sent to the gyro, the GYROS counter is DINCed. The d-c

signal to counter priority will remain until the- GYROS counter goes to

zero which will terminate the torquing.

Input Channel 15. This channel consists of five bit positions.

When a key on the maLn panel DSKY is pressed, a unique five-bit code

is entered into this channel. The RUPT 5 interrupt routine is also

developed whenever a key on the main panel DSI<IY is pressed.

Input Channel 16. This channel consists of seven bit positions.

If the MA_RK pushbutton has been pressed, a logic one is entered into

bit position 6.. This would cause a KEYIIUPT Z (RUPT 6) interrupt
routine.

If the MA_RK REJECT pushbutton has been pressed, a logic one

is entered into bit position 7 of this channel. This will also cause a

KEYRUPT 2 interrupt routine to be performed. _Vhen a key on the

navigation panel DSKY is pressed, a unique five-bit code is entered into

bit positions 1 through 5. The insertion of this code into input channel

16initiates a KEYRUPT 2 interrupt routine.

Input Channels 17 through 27 are spares.

/

Input Channel 30. This channel consists of 15 bit positions. The

inputs to these positions are inverted and utilized as follows:

a. Bit Position 1 (ULLAGE THRUST PRESENT). This input is

generated by the S-IVB instrumentation unit. If this input is a logic

zero, it signifies that the action has occurred or has been commanded
to occur.

h. Bit Position 2 (SIV[ SEPARATE). This input originates in the

mission sequencer and is a logic.0 when the service module is separated
from the command module.

c. Bit Position 3 (SPS READY). A logic zero in this bit position

indicates that the pilot has completed the SPS engine start checklist.

d. Bit Position 4 and 5 (S-IVB SEPARATE" - ABORT, LIFT OFF).

These inputs are generated in the.S-IVB instrumentation unit. They

indicate that the appropriate actions have occurred or have been
commanded to occur.
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. e. Bit Position 7 (OCDU FAIL). This input is generated in the

OS.Sand is a logic zero when a failure has occurred in one of the optical
CDUs. . • - .

f. Bit Position 9 (LA/U OPERATE). Abinary zero in this bit

position indicates that the IMU is turned on and is operating with no
ma!functions.

g. Bi* Position I0 (SC CONTROL OF SATURN). A logic zero in

this bit position indicates that the SC has control over the S_A_TUI_N

stage.

h. Bit Position ii (LA/[U CAGE). A logic zero in this bitposition •

indicates that the //VZU gimbals are at their null position.

"i. Bi£ Position 12 (IMU CDU FAIL). A logic zero in this bit

position indicates that a failure has occurred in one of the inertial CDUs.

j. Bit Position 13 (I/viU FAIL). A logic zero in this bit position

indicates that a malfunction has occurred in the IMU stab loops.

k. Bit Position 14 (ISS TURN ON REQUEST). A logic zero is

inserted into this bit position when the ISS has been turned on, or
commanded to be turned on.

. I. Bit Position 15 (TEMP IN LIMITS). A logic one is inserted into

this bit position if the stable member temperature has not exceeded its

design limits. If the limit has been exceeded, a logic zero will be
stored.

Input Channel 31. This channel consists of 15 bit positions. Bit

positions I through 6 receive their inputs from the rotational hand con-

troller. A logic zero in any one of these bit positions is associated

_vith roll, pitch, or yaw comrrLands. Bit positions 7 through 12 receive

their inputs from the translational hand controller. A logic zero in

any one of these bit positions is associated with the X, Y, or Z trans-
lation commands.

A logic zero in bit position 13 indicates that the present SC

attitude is being held and the hand controller is not being used. A logi:c

zero in 5it position 14 indicates that the SC is drifting freely, and that

the CIVfC is not receiving inputs from the hand controller or minimum

impulse controller. A logic zero in bit position 15 indicates that the

CMC is controlling the present SC attitude and the hand controller is not

commanding an attitude change. All inputs to this channel are inverted.

Input Channel 32 The first six bit positions of this channel receive

their inputs from the minimum impulse controller. A logic zero in any

of these bit positions is associated with the pitch, yaw, or roll motion

commanded by the minimum impulse controller. Bit position ii con-

tains a logic zero while fihe LM is attached to the CSM. All inputs to
this channel are inverted.

Mi s sion
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_ input Channel 33. Inputs to this channel are generated in the

CMC and optics, i logic zero in bit position 2 indicates that the VHF

Digital Ranging information is good. Bit positions 4 and 5 receive d-c

signals from the optics control panel. The d-c signals are generated

by switch and relay closures. A logic zero appe__rs in bit position i0

if the BLOCK UPLIN-I< switch is thrown to the BLOCK position. Bit

positions II or 12 contain a logic zero if the uplinI< or downlink telemetry

rates are too high. Bit position 13 contains a logic zero if a failure

occ/urs in the accelerometer loops. All inputs to t_his channel are
inverted.

Output Channels 34 and 35 pro_ide 16 bit words including a parity

bit .for dov_link telemetry .trans mis sion.

Power. This section provides voltage levels necessary for the

proper operation of the CMC.

CMC power is furnished by two switching-regulator power

supplies: a +4-volt and a +14-volt power supp%y v_hich are energized

by fuel cells in the electrical power system.

Input voltage from the electrical power system is chopped at a

variable duty cycle and then filtered to produce the required voltages.

Chopping is accomplished by varying the pulse width of a signal having

a fixed repetition rate and known amplitude.

Source voltage, +28 vdc, is supplied from the electrical power

system through the power switch Lo the control mod_3/e. The control

module, essentially a puls e generator, detects the difference between

the primary feedback output of the power supply and a reference voltage.

(i secondary feedback path is connected to the CTS for marginal-voltage

test operations. ) i differentia] ampli{ier detects any change in the out-

put voltage from the desired level. The output of the differential

amplifier and a-51.2-ki!ocycle sync pulse from the timer drive a one-

shot multiv-ibratOr in the control module. The differential amplifier

output determines the multivibrator pulse width. The resultant +14-volt

pulse is supplied to the power switch.

The power switch filters the control module output to produce the

desired d-c voltage. Additional filtering action protects the electrical

power system from thewide-load variations caused by the-chopping

action of the power supply. The power switch also contains a tempera-

ture-sensing circuit. Because of load requirements, the +4-volt power

supply requires two power switches.
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The power supply outputs are moritored by a _failure detector

consisk-ing of four differential amplifiers. There are two amplifiers

for each power supply, one for overvoltage and one for _ndervoltage

detection. If an overvoltage condition exists, a relay closure signal

indicating a power failure is supplied to the spacecraft.

Display and Keyboard.

The DSKYs facilitate intercommunication between the flight crecy

and the CMC. The DSKYs operate in parallel, with the main display

console DSKY providing CMC display and control v<hile the crecy are in

their couches. (See figure 2.2-2. )

UPLINKAcTY 1 l TEMP

1 NOATT I l GIIMBALLOCK

I _'_II ..oo
KEY REL I [ RESTART

OPR ERR I lLRACKER

[ t[
l 11

/
1
l
I
1

# #

Z g =
D=b.= =

=##=h=n =##=#

]

GNC-33C

/ Figure 2. 2-2. Display and Keyboard
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:The exchange of data between the flight crew and the CMC is

usually initiated by crew action; however, it can also be initiated by

internal computer programs. The exchanged information is processed

hy the DSKY program. This program allows the follo_ving five different

modes of operation:

• Display of Internal Data. Both a one-shot display and

periodically updating dispiay (called monitor) are provided.

• Loading External Data. As each numerical character is

entered, it is displayed in the appropriate display panel location.

• Program Calling and Control. The DSKY is used to initiate a

class of routines which are concerned with neither loading nor

display. Certain routines require instructions from the operator

to determine whether to stop or continue at a given point.

• Changing Major Mode. The initiation of large scale mission

phases canbe commanded by the operator.

Display of PGNCS Caution and Status. The DSKY is used to

display the status of the ISS, OSS, and CMC and to provide an

indication of hard,rare and sol,rare cautions.

Displays. The displays consist of eleven status and caution

indicafiors, three decimal displays and three decimal or octal registers.

The function of the indicators and displays is as follows:

Indicator/Display Function

UPLINK ACTY ligh_

NO ATT light

STB Y light

On when the CMC has received a com-

plete 16 bit digital uplink message or

during the rendezvous navigation pro-

gram the global angle changes are

greater than i0 degrees to align the

CSM to the desired tracking attitude and

the astronaut has disabled the automatic

tracking.

Lighted when the ISS is in a coarse

align mode.

On when the CMC is in the standby

mode.

Mission.,_
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Indicator/Dis play

KEY REL light

OPR E1AR light

TEMP light

GIMBAL LOCK Hght

PROG light

RESTART light

TRAC KER light

COMP ACTY light

PROG display

VERB display

Function

Lighted when an internal display.desires

the usa of the DSKY and the astronaut is

using the IDSKY or the astronaut presses

a key (exceptions: PRO, RSET alld

ENTR) when an internal flashing dis-

play is currently on the DSKY or the

astronaut presses a key (exceptions):

PRO, RSET and ENTR) on top of his

Monitor Verb display.

On when the operator oerforms an

improper sequence of key depressions.

Lighted when the CMC receives a signal

from the IMU temperature control that

the stable member is outside of the

temperature range of 126.3 to 134.3°F.

On When the middle gimhal angle

exceeds ±700 from its zero position.

Lighted when the internal program

detects computational difficulty.

On when the CMC detects a temporary

hardware or software failure.

Lighted when the CMC receives a

signal from the OCDU indicating a

failure or the rendezvous navigation

program reads VHF range information

but the Data Good discrete is missing.

On when the CMC is occupied with an

internal sequence.

Provides a decimal display of the

current mission program in sequence.

Provides a decimal display of the verb

(action) being performed.

(
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indica to r /DiS play

NOUN display

i'

P_EGISTER i, 2 and 3

-' i::t,/ :.
. . • "r .

-Function

Provides a decimal display of the noun

(location or register) where the action

(verb) is being performed.

Provides a display of the contents of

registers or memory locmtzons.

The keyboard consists of ten numerical keys (pushbuttons) labeled

0 through 9, two sign keys (+ or -) and seven instruction keys: _YEP_B,

NOUN CLR (clear), PRO (proceed), KEY REL (key release), ENTR

(enter), and RSET (res.et).

Whenever a key is pressed, +14 vdc is applied to a diode encoder

which generates a unique five-bit code as sociated with that key. There

is, however, no five-bit code associated with the PRO key. If a key

on the main panel DSI<Y is pressed, the fiveibit code associated with

that key is entered into bit positions ! through 5 of input channel 15 of

the CMC. Note that this input will cause a request for the KEYRUPT 1

program interrupt. If a key on the navigation panel DSKY is pressed,

the five-bit code associated with that key is entered into bit position 1

throug h 5 of input channel 16 of the CMC. Note that this input will

cause a request for the KEYRUPT 2 program interrupt. The function
of the keys is as follows-

Pushbutton

0 through 9 pushbuttons

Function

Enters numerical data, noun codes,

verb codes into the CMC.

and

+ and - pushbuttons Informs the CMC that the following

numerical data is decimal and indicates

the sign of fihe data,

NOUN pushhutton
Conditions the CMC to interpret the

next two numerical characters as a

noun code and causes the noun display
to be blanked.

C LR pushbutton
Clears data contained in the data displays.

Pressing this key clears the data display

currently being used. Successive

depressions clear the other two data

di splays.

- ¥
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Pushbuflton

PRO .pushbutton

Function

Commands the CMC to the standby mode

if power down program has been run.

An additional depression commands the

CMC to resume regular operation. If

power down program has not been run,

a depression commands CMC to

proceed without data.

KEY REL pushbutton Releases the DSKY displays initiated

by keyboard action so that information

supplied by the CMC program may be

elisp!aye d.

ENTR pushbutton Informs the CMC that the assembled

data is complete and the requested

function is to be executed.

RSET pushbutton

VERB pushbutton

Extinguishes the DSKY caution indica-

tors. (OPR ERR, PROG, RESTART,

STBY and UPLINK ACTY).

Conditions the CMC to interpret the

next two numerical characters as a

verb code and causes the verb display
to be blanked.

Verb-Noun Formats. A noun may refer to a device, a group of

computer registers or a group of counter registers, or it may simply

serve to convey information without referring to any particular computer

register. The noun is made up of I, Z, or 3 components, each compo-

nent being entered separately as requested by the verb cede. As each

component is keyed, it is displayed on the display panel with component

1 displayed in REGISTER i, component 2 in REGISTER 2, and

component 3 in REGISTER 3. There are two classes of nouns: normal

and mixed. Normal nouns (codes 0! through 39) are those whose

component men_bars refer to computer registers which have consecutive

addresses and use the same scale factor when converted to decimal.

IWiixed nouns (codes 40 through 99) are those whose component members

refer to nonconsecutive addresses or whose component members

require different scale factors when converted to decimal, or both.
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A verb code indicates what action is to be taken. It also determines

which component member of the noun group is to be acted upon. For

example, there are five different load verbs. Verb 21 is required for

•loading the first component of the selected noun; verb 22 loads the second

component; verb 23 loads the third component; verb 24 loads the first and

second component; and verb Z5 loads all three components. A similar

component formafi is used in the display ahd monitor verbs. There are

two general classes of verbs: regular and extended. The r_gular verbs

(codes 0l through 39) deal mainly with loading, displaying , and monitoring

data. The extended verbs (codes 40 through 99) are principally concerned

with calling up internal programs whose function is system testing and

operation.

whenever data is to be loaded by the operator, the VERB and NOUN

lights flash, the appropriate data display register is blanked, and the

internal computer storage register is cleared in anticipation of data load-

ing. As each numerical character is keyed in, it iS displayed in the

proper display register. Each data display register can handle only five

numerical characters at a time (not including sign ). If an attempt is made

to key in more than five numerical characters at a time, the sixth and

subsequent characters are simply rejected but they do appear in the display
register.

T_he + and - keys are accepted prior to inserting the first numerical

Character of REGISTER i, REGISTER 2, or REGISTER 3; if keyed in

at any other time, the signs are rejected. If the 8 or 9 key is actuated at

any time other than while loading a data word preceded by a + or - sign,

it is rejected and the OPt ERR light gOeS on.

The normal use of the flash is with a load verb, However, there

are two special cases when the flash is used with verbs other than load
verbs.

o Machine Address to be Specified. There is a class of nouns

available to allow any machine address to be used; these are

called "machine address to be specified" nouns. When the

'JENTR, " which causes the ...._ ...... combination to be _..... +=_

- senses a noun of this type the flash is immediately turned on.

The verb code is left unchanged. The operator should load the

complete machine address of interest (five-character octal).

This is displayed in REGISTEI_ 3 aS it is keyed in. If an error

is made in loading the address, the CLR key may be used to

remove it. Press'ing the _.NTR key ca-uses-ex-ecuti-on0f_he ....
verb to continue.
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Change Major Mode. To change major mode, the seque_nce is

VERB 37 ENTR. This causes the noun display register to be

blanked and the verb code to be flashed. The two-character

octal major mode code should then be loaded. For verification

purposes, it is displayed as it is loaded in the noun display

register. The entry causes the flash to be turned off, a request

for the new major mode to be entered, and new major mode code

to be displayed in the PROG display register.

The flash is turned off by any of the following-events:

• Final entry of a load sequence.

• Entry of verb 'proceed without data" (33) or depression of PRO pb.
.• Entry of verb "terminate" (34).

It is important to conclude every load verb by one of the aforemen-

tioned three, especially if the load was initiated by program action within

the computer. If an internally initiated load is not corfcluded validly, the

program that initiated [t may never be recalled. The "proceed without

data" verb is used to indicate that the operator is unable to, or does not

wish to, supply the data requested, but wants the initiating program to

continue as best it can with old data. The "terminate" verb is used to

indicate that the operator chooses not to load the requested data and also

wants to terminate the requesting routine.

Keyboard Operation.

The standard procedure for the execution of keyboard operations

consists of a sequence of seven key depressions:

VERB VZ v I NOUN N 2 N 1 ENTR

Pressing the VERB key blanks the two verb lights on the DSKY and clears

the verb code register in the CMC. The next two numerical inputs are

interpreted as the verb code. Each of these characters is displayed by

the verb lights as it is inserted. The NOUN key operates similarly with

the DSKY noun lights and CI%{C noun code register. Pressing the ENTR

key initiates the program indicated by the verb-noun combination displayed

on the DSKY. Thus, iris not necessary to follow a standard procedure

in keying verb-noun codes into the DSKY. It can be done in reverse order,

if desired, or a previously inserted verb or noun can be used without re-

keying it. No action is taken by the CMC in initiating the verb-noun-

defined program until the ENTR key is actuated. If an error is noticed

in either the verb code or noun code, prior to actuation of the ENTR key,

it can be corrected simply by pressing the corresponding -VERB or NOUN

key and inserting the proper code. The ENTR key should not be actuated

until it has been verified that the correct verb and noun codes are displayed.
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If the Selected verb-noun combination requires data to be loaded by

the operatoz, the VERB and NOUN lights start flashing on and off (about

once per second) after the ENTR key is pressed. Data is loaded in five-

character words and, as it is keyed in; it is displayed character-by-

character in one of the five-position data display registers; REGISTER I,

REGISTER Z, o.r REGISTER 3. Numerical data is assumed to be octal

unless the five-character+data word is preceded by a plus or minus sign,

in which case it is considered to be decimal. Decimal data muse be loaded

in full five-numeral character words (no zeros may be left out); octal data

may be loaded with high-order zeros left out. If a decimal is used for

any component of a multicomponent load verb, it must be used for all com-

ponents of that verb. In other words, no mixing of •octal and decimal data

is permitted for different components of the same load verb. The ENTR

key must be pressed after each data word. This tells the program that

the numerical word being keyed in is complete. The on-off flashing of

the VERB-NOUN lights terminates after the last ENTR key actuator of a

loading sequence.

The CLR key is used to remove errors in loading data as it is

displayed in REGISTER [, REGISTER 2, or REGISTER 3. It does

nothing to the PROG, NOUN or VERB lights. (The NOUN lights are

blanked by the NOUN key, the VERB lights by the VERB key. ) For

single-component load verbs or "machine address to be specified" nouns,

the CLR key depression performs the clearing function on the partiezilar

register being loaded, provided that the CLR key is depressed before the

ENTR key. Once the ENTR key is depressed, the CLR key does nothing.

The only way to correct an error after the data is entered for a single-

component load verb is to begin the load verb again. For two- or three-

component load verbs, there is a CLR backing-up feature. The first

depression of the CLR key clears whichever register is being loaded.

(The CLR key may be pressed after any character, but before its entry.)

Consecutive CLR key actuations clear the data display register above the

current one until REGISTER 1 is cleared. Any attempt to back up (clear)

beyond REGISTER 1 is simply ignored. The CLR backing up function

operates only on data pertinent to the load verb which initiated the loading

sequence. For example, if the initiating load verb were a "write second

component into _' type only, no backing up action would be possible.

The numerical keys, the CLR key, and the sign keys are rejected

if depressed after completion (final entry) ofa data display or data load

verb. At such time, only the VERB, NOUN, ENTR, RSET, or KEY

REL inputs are accepted. Thus, the data keys are accepted only after

the control keys have instructed the program to accept them. Similarly,

the +and - keys are accepted only before the first numerical character

of REGISTER I, REGISTER 2, and REGISTER 3.is keyed in, and

at no other time. The 8 or 9 key is accepted only while loading a data

word which is preceded by a + o-z_ - sign. - -++

f_
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The DSKY can also be used by internal computed programs for sub=

routines. However, any operator keyboard action (except RSET) inhibits

DS!alY use byinternal routines. The operator retains control of the DSKY

until he wishes to release it. Thus, he is assured that the data he wishes

to observe will not be replaced b F internally initiated data displays. In

general, it is recommended thatthe operator release the DSKY for

in£ernal use when he has temporarily finished with it; this is done by

pressing the KEY REL key.

Optical Sub system.

The optical subsystem is used for taking precise optical sightings

on celestial bodies and for taking fixes on landmarks. These sightings

are used_for •aligning the _LN/[U and for determining _he position of the space-

craft. The system includes the navigational base, two of the five CDUs,

jparts of the power and servo assembly, controls and displays, and the

optics, which include the scanning telescope (SCT) and the sextant (SXT).

Optic s.

The optics consist of the SCT and the SXT mounted in two pro-

truding tubular sections of the optical base assembly. The SCT andSXT

shaft axes are aligned parallel to each other and afford a common line-of-

sight (LOS) to selected targets. The trunnion axes may be. parallel or the

SCT axis may be offset, depending upon the mode of operation.

The sextant is a highly accurate optical instrument capable of

measuring the included angle betvzeen two targets. Angular sightings of

two targets are made through a fixed beam splitter and a movable mirror

located in the sextant head. The sextant lens provides i. 8-degree true

field-of-view with 28X magnification. The movable mirror is capable of

sighting a target to 50 degrees LOS from the .shaft axis. The mechanical

accuracy of the trunnion axis is twice that of the LOS requirement because

of mirror reflection which doubles any angular displacement in trunnion
axis.

The scanning telescope is similar to a theodolite in its ability to

accurately measure elevation and azimuth angles of a single target using

an established reference. The lenses provide 60-degree true field-of-

view at IX magnification. The telescope allowable LOS errors are one

minute of arc'-rms in elevation _vith maximum repeatability of 15 arc-

seconds and approximately 40 arc-seconds in shaft axis.

C ouplir_g Data Unit.

The identical coupling data unit (GDU) used in the ISS is also used-

_:as part of the OSS. Two channels of the CDU are used, one for the SXT

- k
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shaft ax/s and one for the SXT trunnion axis. These CDU channels repeat

the SXT shaft and trunnion angles and transmit an_ular change information

to the CMC in digital form. The angular data transmission in the trunnion

channel is mechanized to generate one pulse to the CMC for 5 arc-seconds

of movement of the SXT trunnion which is equivalent to l0 arc-seconds of

SLOS movement. The shaft CDU channel issues one pulse for each 40

arc,seconds of shaft movement. The location of the SXT shaft and

trunnion axes are transmitted to the CDUs through 16X and 64X resolvers,

located on the SXT shaft and trunnion axes, respec%ively_ This angular

information is transmitted to the CDUs in the form of electrical signals

proportional to the sine and cosine of 16X shaft angle and 64X trunnion

angle. During the computer mode of operation, the CDU provides digital-

to-analog conversion of the CMC output to generate an a-c input to the

SXT shaft and trunnion servos. This analog input to the SXT axes will

drive the SLOS to some desired position. In addition, the OSS channels

of the CDU perform a second function on a time-sharing basis. During a

thrust vector control function, these channels provide digital-to-analog

conversion between the CMC and the service propulsion system (SPS)

gimbals.,

OPEP,-AT IONA_L MODES.

The PGNCS has two systems, six inertial subsystem (ISS), and

three optical subsystem (OSS) modes. The system naodesare listed as

follows :

Saturn takeover

Thrust vector control.

The ISS modes are listed as follows:

i IMU turn-on

• LMU cage

• Coarse align

• Fine alig n

• Attitude error

• Inertial reference.

The OSS modes are listed as follows:

-- • Zero optics

• Manual control

• Computer control.

r_ - _c -- ." _-- c : .......... -- ....................

The moding of the system and ISS is controlled by the CDU with the

exception of one mode, a cage switch on the main display and control

panel. All other modes must_be commanded by the CMC through the

issuance of discrete moding commands to the CDU.

[W
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' " The modes of operation for the OSS are selected by the astronaut

using controls located on the indicator control panel.

S-IVB Takeover.

E
The S-IVB takeover capability provides steering signals to the

Saturn instrument unit autopi!ot. There are two modes of operation, auto-

matic and manual. The automatic mode provides the backup capability of

issuing steering commands to the IU during the boost phase. This mode

is initiated by positioning the LAUNCH VEHICLE GUIDANCE switch on

the main display and control panel to CMC during the boost monitor

program only. This switch arms the S-IVB takeover relay _-ith 28 _dc

and.issnes .a diacr..eteoto the CIVIC. T.he CM.C, on recognition of this input

dis'crete, switches to a control routine which generates an S-IVB takeover

discrete. The S-IVB takeover discrete allows the relay in the mode

module (CDU) to energize, closing the interface between the DAC and the

S-IVB instrument unit.

Normally the boost monitor program monitor's the CDUs, computes

the difference between the desired attitude (determined by a stored poly-

nominal) and the actual attitude, and displays the error on the EDAI.

During the takeover mode the commands are computed by taking the error

(difference between poly-nominal and actual attitude) at takeover and storing

as a bias. This value is subtracted from the actual error computed on

succeeding cycles and is used to issue steering commands that attempt to

maintain a constant error equal to that existing at takeover.

The manual mode provides the capability of issuing rotation control

commands, through the CMC, to the instrument unit. The manual mode

is initiated by placing the LAUNCH VEHICLE GUIDANCE switch to the

CMC position and enabling the Saturn digital autopilot with an extend ed verb.

The switch arms the S-IVB takeover relay wifh 28 vdc and issues a dis-

crete to the computer. The CMC, on recognition of this discrete and the

Saturn digital autopilot enabled, generates the S-I'VB takeover discrete.

/

/
i

if either rotation control is placed to a pitch, yaw, or roll breakout

position, the GMC issues an error-counter-enable discrete to the CDU.

The error-counter-enable discrete is buffered in the moding module,

modified by the digital mode module finally allowing the error counters to

5e enabled. The CIVIC then generates a ±% pulse train to the appropriate

error counter where it is accumulated and converted to a ±d-c output

signal by the DAC. The ±d-c signal is applied to the S-IVB IU as a

_-0,5°/sec roll or ±0.3o/sec pitch or yaw rate command.

i
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When the rotation control is returned to the null position, the CMC

inhibits the error-counter-enable discrete to the CDU which causes the

error counter to reset. This results in a 0-vdc o_tput signal from the

DAC which is applied to the S-IVB IU as a 0°/sec roll, pStch, or yaw

rate command.

!

Thrust Vector Control.

This system mode is initiated,by CIVIC program control.

The CMC qommands a TVC discrete which energizes the TVC relay

closing the interface between the CDU DAC and the SPS gimbal servo

a,mplifi er s.

The computer also issues an OSS error-counter enable and an ISS

error-counter enable. The computer, when all operating requirements

are met, issues an SPS engine-on command.

The ISS read counters are repeating the gimbal angle changes indi-

cating to the Civic the present spacecraft attitude. The accelerometers

pro_/de the program with _V inputs. These data are used to compute

an attitude er'ror and a SPS steering signal.

The attitude error is converted to a pulse train which is used to

increment the CDU ISS error counters. The contents of these counters

are converted to analog and displayed as they were in the attitude error

display mode. The read counter input to the error counter is inhibited,

allowing the error counter to be incremented or decremented only by

CMC commands.

The OSS error counters are incremented by a A8 command propor-

tional to the steering signals required to steer the spacecraft on the proper

trajectory. The error counter can operate completely independen£ of the

read counter circuitry so the condition of the OSS is immaterial to this

operation. The error counter contents •are converted to analog 800 cps

and then to a +d-c voltage in the CDU OSS DAC. The pitch or yaw

steering signal is routed through the TVC relay in the mode module to the

SPS gimbal servo amplifiers. The TVC mode is complete when• the space-

craft reaches the required velocity and the engine-off discrete is issued

by the CkiC. Each A@ c pulse from the CMC changes the SPS gimbals by
85 arc-seconds.

tMU Turn-On Mode.

The purpose of the IMU turn-on mode is to initialize the ISS by

driving the I/_¢IU gimbals to zero, and clearing and inhibiting thd)CDU

read counters and error counters. The IMU turn-on mode is initiated

i"
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by applying IlvfU operate power to the subsystem. The computer issues

two CDU discretes required for this mode, CDU zero and coarse align.

The computer also issues the turn-on delay complete discrete to the ISS
after 90 seconds.

When IMU operate power is applied to the subsystem, the computer

receives an ISS power-on discrete and a turn-on delay request. The

computer responds to the turn-on delay request by issuing the CDU zero

and coarse align discretes to the CDU. To prevent PIPA torquing for

90 seconds during the IMU turn-on mode, an inhibit is applied to _he

pulse torque power supply. This same inhibit is present .when a com-

puter warning has been issued. The CDU zero discrete clears and

inkibits -the read coun_e.rs and error counters. The ISS operate power

(+28 vdc) is routed through the de-energized contacts of the auto cage

control relay to energize the cage relay. A 0-vdc signal, through the

energized contacts of the cage relay, energizes the coarse-align relay.

The energized contacts of the coarse-align relay switch the gimbal servo

amplifier demodulator reference from 32_0 cps to 800 cps, and close the

II_viU cage loop through the energized contacts of the cage relay. The

coarse-align relay is held energized by the CDU coarse-align discretes

and the energized contacts of the cage relay. The I_[U gimbals will

dzive to the zero reference position using the sine output of the IX gimbal
reso!vers (sin @).

After 90 seconds, the computer issues the ISS turn-on delay com-

plete discrete which energizes the ISS turn-on control relay. The auto

cag e control relay is energized by the ISS turn-on control relay. The

ISS turn-on control relay then locks up through the energized contacts of

the auto cage control relay. Energizing the auto cage control relay also

removes the turn-on delay request and de-energizes the cage relay. This

removes the sin 0 signal and applies the coarse-align output to the gimbal

servo amplifier. Energizing the ISS turn-on control relay removes the

pulse torque power supply inhibit. The 90-second delay enables the gyro

wheels time to reach their operating speed-prior to closing the stabiliza-

tion loops. The pulse torque power supply inhibit prevents accelerometer
torquing during the 90 seconds.

IMU Cage Mode.

The IlVfU cage mode is an emergency mode which (I) allows the

astronaut to reco/zer a tumbling IMU by setting the gimbals £o zero, and

(2) to establish an inertial reference. The IMU cage mode can also be

used to establish an inertial reference when the CSS is not activated.

The IMU cage mode is manually initiated by closing the spring-

loaded cage switch on the main display and control panel for sufficient

time to allow the IMU gimbals to settle at the zero position (5 seconds

maximum). The IMU gimbal zeroing can be observed on the FDAI.

E
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If the mode is commanded to recover a tumbling IMU after the

IMU turn-on mode is completed, Closing the IMU •cage switch will cause

the LNiU gimbals to drive to zero. When the switch is released, the ISS
will enter the inertial reference mode.

If the IMU cage mode is commanded to establish an inertial refer-

ence with the CSS in standby or off, the closing of the IIWiU cage switch

will cause the l!ViU gimbals to drive to zero. When the switch is released,

the inertial reference mode will be established.

Closing the IMU cage switch energizes the cage and coarse-aKg n

relays, which apply the sin @ signals to the gimbal servo amplifier, and

sends an I/V[U cage discrete to the computer, l_eleasing the switch causes

the cage and coarse-align relays to de-energize. }V-hen the coarse-align

relay is de-energized, the stabilization loops are closed. The computer,

upon receiving the INIU cage signal, discontinues sending all of the

following discretes and control signals:

[

• Error-counter enable (OSS)

• Error-counter enable (ISS)

• Coarse-align enable

• TVC enable

• SPS engine on (CSM only)

• Gyro-command enable (torquing)

• ±X and/or +Y optics CDU - D/A

• _-X (outer), -_Y (inner), ±Z (middle) IIV[U CDU - D/A

• :hX, +y, 4-Z gyro select

• Gyr 0 set pulses.

The !MU cage mode should not be used indiscriminately. It is

intended only as an emergency recovery function for a tumbling IMU.

During the IMU cage mode, IMU gimbal rates are sufficient to cause the

gyros to be driven into their rotational and radial stops because of no

CDU rate limiting. This action causes both temporary and permanent

(if gyro torquing was in process during cage) bias shifts on the order of "

several MERU (Milli Earth Rate Unit).

2. Z. 4.5 IMU Coarse Align.

The coarse-align mode of operation is mechar/zed to allow the com-

puter to rapidly align the IMU to a desired position with a limited degree

of accuracy. The computer issues two discretes to'the CDU in this mode,
coarse-align and error-counter enable.

The coarse-align discrete is routed through the moding module

-where it is buffered. One buffered output provides aground path t0 the

Coarse-align relay energizing the relay. The energized relay opens the
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gyro preamp output, replaces the normal 3Z00-cps demodulator reference

with an 800-cps reference, and routes the 800-cps coarse-align output

from the DAC into the gimbal servo amplifier demodulator, thereby

allowing any 800-cps signal generated within the DAC to drive the gimbal

until the DAC output is zero vrms. - "

The bulfered coarse-align discrete and error-counter-enable dis-

crete are routed from the moding module to the digital mode module for

logicalmanipulations. The discretes at 0-vdc level are accepted .by the

error counter and logi c module as moding commands enabling the error

counter, and allowing the transfer of AS angles from the read counter to

the error counter, g

After the logic circuitry has been set up to accept commands from

the computer, the CIVIC will begin transmitting -+_N9c pulse trains at

3200 pps. These.pulses, each equivalent to a change in girnbal ahgle:of

160 arc-seconds, are accumulated in the error counter. The nine stages

of the error counter are used solely to control ladder switches in the

digital-to-analog converter module.

The A@ c pulse train is routed through a buffer stage in the DAC.

The first _D c pulse arriving at the EC _L logic will determine the direction

the counter is to count, and will also provide a DAC-polarity control to

the DAC. The polarity control provides an in-phase or an out-of-phase

reference to the resistive ladder network through switches selected by

the nine-bit error counter. An 800-cps analog signal will be generated

at the ladder, the amplitude of which is dependent on the error counter

content and the phase on the polarity of the input command _8 .
C

The ladder output is mixed with the coarse- and fine-resolver

errors, after hulling, from the coarse module and the main summing

amplifier module, respectively. These errors are out of phase with the

ladder output and will act as a degenerative feedback providing rate

limiting to the coarse-align loop drive rates. "

The 800-cps mixing amplifier output of the DAC is routed through

the coarse-align relay into the gimbal servo amplifier, causing the gimbal

to drive in the direction commanded by the CMC.

The changing gimbal angles are recognized by the error-detection

circuits in the coarse module and the main summing amplifier. These

detected errors, recognized by the error counter logic circuitry, allow

the @4 pulse train at 6400 pps to increment the read counter. The incre-

menting read counter will close attenuation switches in the coarse,

quadrant select, the main summing amplifier modules hulling.the sine

and cosine voltage inputs from IX and 16X resolver into the error-detect

circuits.

..)'
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As the read counter is being incremented, the output of the first

stage is routed through logic in the EC&L module, througha buffer in the

DAC, and out to the CMC as an increase in gimbal angle of 40 arc-

seconds. The 0u_put of the third stage of the coun@er, at 160 arc-seconds

per pulse, is recognized in the EC&L logic as an incremental value to be

entered into the error counter in the opposite direction to the commanded

_@. If A0 is positive, th e error counter is counted up and the A@g from
the read Counter decrements the counter. For each read counter pulse

into the error counter, the total content will decrease the DAC out-put

and the rate of drive. When the number of digital feedback pulses equal

the commanded pulse number, the error counter will be empty and the

DAC output should be zero.

The limited read counter incrementing rate, and the fact that the

fine error input to the DAC increases in proportion to 8 - ,_ as the drive

rate exceeds the range controlled by the fine systelrl, limits the gimbals

rate of drive to a maximum of 35 degrees per second.

IMU ° Fine Align.

The fine-align mode of operation allows the computer to accurately

align the IMU to a predetermined gimbal angle within seconds of arc.

The computer does not command any CDU discrekes during this mode of

operation; therefore, the read counter circuitry w_ll repeat the changing

gimbal angles exactly as was done in the coarse-align mode. The com-

puter will keep track of the gimbal angle to within 40 arc-seconds.

The commanding signals for the fine-align mode are generated in

the time-shared, fine-align electronics. The computer first issues a

torque-enable discrete which applies 28 vdc and 120 vdc to the binary

current switch and the differential amplifier precision voltage reference

circuit, allowing the circuit to become operative. The circuit switch is

reset £o allow a dummy current, which is equal to the torquing currenz,

to-flow. This allows the current to settle to a constant value prior to

its being used for gyro torquing. A gyro is then selected for either plus

or minus torquing. After the preceding discretes have been issued, the

comp_fter then sends set commands or fine-align commands to the set

side of the current switch. The pulse turns oi/ the selec.ted plus or minus

torque current to the gyro, causing the float to move. The resulting

signal generator output causes the platform to be driventhrough an angle

equal to the commanded angle. The CMC will receive inputs from the

CDU read counter indicating thechange in gimbal angle.

The number of torquing pulses sent from the CMC to the torquing

el_ctrm_ics-is comp_ted,-based on the angle of the gimbal at an instant

of time and a desired alignment.angle. The difference is converted into

the numSe-r 6f pulses iaecessary':_0 drive-the gimh-a! through the difference

/
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angle. Each pulse sent is equivalent to 0i 615 arc-second of gimbal dis-

placement. The required number of fine-align pulses is computed only

once and is not reeomputed based on the gimbal angle after the desired

number of pulses have been sent. The fine-align loop operation is open.

loop as far as the computer is concerned.

The fine-align pulses generated by the CMC are issued in bursts

at a bit rate of 3200 pulses per second. The fine-align electronics will

allo_v the torquing current to be on in the direction chosen by computer

log$c for the duration of the pulse burst.

2.2.4.7 Attitude Error Display Mode.

The attitude error displa F mode of the inertial subsystem allows the

computer to display to the operator, in analog fashion, an attitude error.

In this mode of operation, only the CDU error-counter-enable discrete

is generated by the computer. In this mode of operation, the computer

is again informed of the gimbal angle and any changes to it through the

read dounter and the analog-to-digital conversion associated with it. The

read counter 20 arc-second output is routed through logic in the EC&L

module tllrough the DAC buffer to the CIVIC.

J

The Computer is then aware of the present attitude of the spacecraft.

The digital autopilot program has a computed desired attitude associated

with the present time and position of the spacecraft. Any difference

between the desired and actual is an attitude error. The attitude error is

converted to _@c pulses, each pulse being equivalent to 160 arc-seconds

of error, which are sent to the error counter at a rate of 3200 pps. The

error counter is incremented to contain the number of pulses commanded.

The contents of the error counter are converted to an 800-cps error signal

by fihe DAC. The phase of the DAC output is determined by logic in the

EC&L module, based on whether the input command was a plus or minus

zk8. The 800 cps with a maximum amplitude of 5 vrms zero or pi-phase is

displayed on the attitude error needles of the FDAI as an attitude error.

The digital feedback from the read counter to the error counter is disabled

during this mode of operation allowing only the CMC-generated _8 com_

mands to incre_ent or decre._._ent the error counter.

2.2.4.8

The spacecraft attitude can also be displayed on the FDAI. This

information is taken from the IX gimbal angle resolver sine and cosine

windings. Pitch, ya_v, and roll can be displayed from the inner, middle,

and outer gimbals, respectively.

Inertial Reference Mode.

_ The inertial reference mode of operation is a mode of operation in

=_ which no computer discretes are being issued by the computer to any part

f"

(
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of the iSS. This mode is used as a means of obtaining an inertial refer-

ence only. This reference is taken from the IX gimhal angle resolver

sine and cosine windings. The reference can be displayed on the FDAI

or used as an input to the attitude set relays of the SCS.

In this mode of operation, the 25 IRIGs hold the stable platform

inertially referenced. The CDU read counter will continuously monitor

the changing gimbal angles because of spacecraft motion and indicate to

the CMC the changing angles. The error counter and the DAC are not

used in this mode of operation.

Zero Optics Mode.

During the zero optics mode, the shaft and trunnion axes of the SXT

are driven to their zero positions by taking the outputs of the transmitting

resolvers (IX and 641< in trunnion and I/ZX and 16X in shaft) and feeding

them through the two-speed (ZX) switches to the motor drive amplifier

(MDA). The MDA in turn drives loops to null positions as indicated by

zero output from the resolvers. The SCT shaft and trunnion axes follow

to a zero position. After 15 seconds, the computer will issue a CDU

zero discrete, and will initialize the shaft and trunnion counters in prepa-

ration for receiving new data from the CDU.

The zero optics mode is selected by the flight crew. Placing the

ZEI_O switch to ZERO position will energize a relay in the PSA via a

relay driver, which, in turn, will energize the two-speed switch. The

computer is notified of the zero optics mode by a signal from the zero

switch when the change from off to zero position occurs.

Manual Mode Operation.

The manual mode can be selected to operate under either direct

hand control or resolved hand control. Independent control of the SCT

trunnion is possible in both of these mode v_riations.

Manual Direct Operation.

W-hen in this mode, the hand controller outputs are applied directly

to the SXT shaft and trunnion motor drive amplifiers. Forward and back

motion of the hand controller commands increasing and decreasing trun-

nion angles, and right and left motion of the hand controller commands

increasing and decreasing Shaft angles, respectively. The target image

-motion is in the-R-M coordinate system, the position o_ which is depend-

ent upon the position of the SXT shaft.

The apparent speed of the image motion can be regulated by the

flight, crew by Selecting either low, medium, or high controller speed on
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the indicator control panel. This regulates the voltage applied tO the

motor drive amplifier, A_ and i_; therefore, the shaft and trunnion drive

rates. The maximum rates are approximately 20 degrees per second for

the shaft and I0 degrees per second for the trunnion.

Slave Telescope Modes. .......

The slave telescope modes provide for alternate operation of the

telescope trunnion while the SXT is being operated manually. The alter-

nate modes are selected by the TELTI<UN switch or_ the mode control

panel. There are three possible selections, SLAVE to SXT, 0 °, and

25 °. With this switch in the SLAVE to SXT position, the SCT trunnion

.axis is slaved to- the SXT t_runnion; this is the no.final operating position

for the SCT. _Vith the switch in the 0 ° position, the SCT trunnion is

locked in a zero position by the application of a fixed voltage to the SCT

trunnion IX receiving resolver. This will cause this position lo0p to null

in a zero orientation. Therefore, the centerline of the SCT 60-degree

field-of-view is held parallel to the LLOS of the SXT.

With the switch in the 25 o position, an external voltage is applied

to the same IX receiving resolver which will cause the SCT trunnion

position loop to null out so that the centerline of the 60-degree field-of-

view is offset 25 degrees (A t of SCT at 12.5 degrees) from the LLOS of

the SET. This position of the SCT trunnion will allow the landmark to

remain in the 60-degree field-of-v/ew while still providing a total pos-

sihle field-of-view of Ii0 degrees if the SCT shaft is swept through 360
degrees.

Manual Res olved Operation.

When in this mode, .the hand controller outputs are put through a

matrix transformation prior to being directed to the shaft and trunnion

motor drive amplifiers. The matrix transformation makes the image

motion correspond directly to the hand controller motion. This is up,

dOWn,, right, and left motions of the hand controller command; the target

image moves up, down, right, and left respectively, in the field of vie_.

In other words, the image motion is in the X-Y spacecraft coordinate

system. The matrix transformation takes place in two steps. The out-

puts of the hand controller are routed to the IX resolver on the SXT shaft.

Here the drive signals, A_ and A6, are transformed by the sine and

cosine functions of the shaft angle (A s). One of the two outputs of the IX

resolver is sent to the SXT trunnion motor drive amplifier. The second

output is _hen resolved through the SLOS angle (ALOS) so that the target

image motion will be independent of SLOS angle. This is accomplished

by the cosecant computing amplifier (CSC) and the 2X computing resolver

located On the SXT trunnion axis. The net result is that the shaft drive

rate, i., is inversely proportional to the sine of the SLOS angle. The
S

speed controller is also operational in this mode.

.m,
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Optics-Computer Mark Logic.

[ . [: .

The MARK and MARK REJECT buttons on the indicator control

panel are utilized to instruct the computer that a navigational fix has taken

place, and tha% SXT shaft and trunnion position and the time Should either

be recorded or rejected. The mark command is generated manually 5y

the flight crew which energizes the mark relay. The mark relay trans-

mits a mark command to tke computer. If an erroneous mark is made,

the mark reject button is depressed; this will generate a !'mark reject"

command to the computer.

E

I:.,,

2. 2.4. 10.5 Computer Mode Operation.

The c°mputer-c°ntr°lled operation is selected by placing the rnoding

switch in computer position. The mechanization of this loop is chosen by

the computer program that has been selected by the flight crew. The

operation of the SXT under computer control is accomplished by com-

pleting the circuit from the CDU digital-to-analog converters (DAC) to

the shaft and trunnion motor drive amplifier. The computer can then

provide inputs to these amplifiers via a digital input to the CDU, which

are converted in the DAC to an 800-cycle signal that can be used by the

MDA. This mode is used when it is desired to look at a specific star for

which the computer has the corresponding star coordinates. The computer

will. also know the attitude of the spacecraft from the position of the IMU

gimbals and will, therefore, be able to calculate the position of the SXT

axes required to acquire the star. The computer can then drive the shaft

and trunnion of the SXT to the desired position via the DAC.

2.2.5 POWER DISTRIBUTION.

The guidance and navigation circuit breakers (panel 5) supply a-c

and d-c power to switches on panels 5 and 100 and directly to the PSA

and CMG. The panel 5 switch (G/N PWR) supplies ACI or AC2 power

to the PSA (figure Z. 2-4) where it is routed to the dirnn_e'r power supply.

The output of the dimmer power supply is provided ta the following:

o Caution and warning lamp on LEB panel 1ZZ

Star acquired lamp on LEB panel 1-22 -

TPAC readout on LEB panel 122

Optics (SCT and SIT) reticles

The ganel I00 switches (G/N POWER IMU and OPTICS). supply the

¢I_c power to the i_SA for power to-the -ISS, OPTICS and CDU power

supplies. The IMU HTR and C'OIV[PUTER circuit breakers supply

power to the ISS temperature control circuits and the CMC power

supplies. :i_

#,
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Circuit breakers on panel 226 supply a-c po_'er to dimmer controls

on panels 8 and !00 for lighting on the DSKYs, E_S, SCS displays and

controls (FDAI 1 and Z, ASCI m and GP/FPl), and LEB panel 1ZZ. The

circuit breakers (L_.A(_Dc-AcI and LEB _CZ) supply the a-c power to

variable transformers in pa_nels 8 and i00 and to isolation transformers

(figure 2. 2-5) for control of intensity of the status and key integral lamps

on the DSKYs and Lntegral-lamps on the ElVfS, SC5 displays and controls,

and LEB panel 122. The intensity of the electro-luminescent displays on

the DSKYs are controlled by rheostats on panels 8 and I00.
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SUBSECTION 2 . 3

STABILIZATION Ab,TD CONTROL SYSTE_I (SCS

(SC 106 AND SUBS UNLESS OTHERWISE NOTED)

INT R'O I] UC TION.

The stabilization and control system (SCS) provides a capability

for controlling rotation, translation, SPS thrust vector, and displays

necessary for man in the loop control functions.

The SCS is divided into three basic subsystems: attitude reference,

attitude control, and thrust vector control. These subsystems contain

the elements which provide selectahle fui_ctions for display, automatic

and manual attitude control, and thrust vector control. All control func-

tions are a backup to the primary guidance navigation and control system

(PGNCS). The SCS provides two assemblies for interface with the pro-

pulsion subsystem; these are common to SCS and PGNCS for all control

functions. The main display and control panel contains the switches used

in selecting the desired display and control configurations.

O

The SCS interfaces with the following spacecraft systems:

Telecommunications System---Receives all down-lini< telemetering
from SCS.

• Electrical Po_ver System--Provides primary power for SCS

operation.

• Environmental Control System--Transfers heat from SCS

electronics.

Q
Sequential Events Control System--Provides abort switching and

separation enabling of SCS reaction control drivers and receives

manual abort switch closure from the SCS_

Orbital Rate Drive Electronics for Apollo and LM--Interfaces with

the .pitch axis of the FDAI ball to give a local vertical referenced

display.

• Guidance Navigation and Control System:

Provides roll, pitch, and yaw total attitude and attitude error

inputs for display.

Provides RCS on-off commands to the SCS interface assembly

for attitude control.

STABILIZATION AND CONTROL SYSTEM
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2.3.2.1

Provides TVC servo commands to the SCS interface assembiy
for automatic thrust vector control

Provides automatic SImS on-off command to SCS interface

assembly for _V control

l_eceives switch closure s,ignals from the SCS translation and
rotation controls.

• Entry Monitor System: the EM S provides SPS enabling/disabling

discretes to the SCS thrust on-off logic for the SPS.

• Propulsion System:

The service propulsion system receives thrust vector direction

commands_ and thrust on-off commands from the SCS that can

originate in tb_e PGNCS or the SCS.

The reaction control system receives thrust on-off commands

from the SCS that can originate in the PGNCS or the SCS.

DeLailed descriptions of the scs hardware, attitude reference sub-

system, attitude control subsystem, and thrust vector control subsystem

are contained in the following paragraphs.

CONTROLS, SENSOI_S, ANI9 DISPLAYS.

As an introduction to the stabilization and control system (SCS) a

brief description is given to the hardware comprising one complete

system. A more detailed discussion follows for the hand controls, dis-

plays, and gyro assemblies. The configurations within the SCS resulting

from panel 1 switch positions are also presented.

SCS Hardware.

The function of the SCS hardware shown in figure 2.3-1 is as follows:

• lr_ns£atlon _ . ___ _ r_r_,-,_
_on_ro± _±_j - Provides a means of exercising manual

control over rectilinear motion of the spacecraft in both directions

along the three spacecraft axes. It also provides the capabiliLy for

manual aborr_ initiatiof_ during launch by ccw rotation. Transfer of

SC control from PGNCS to SCS is accomplished by cw rotation.

• Rotation Controls (P_C) (2) - Provides a means of exercising manual

control of spacecraft rotation in either direction about each axis.

Also the RC may be used for manual thrust vector control. It p_lo-

rides the capability to control spacecraft communications with a

push-to-talk trigger switch.

7

L

l_i s Sion
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Gimbal Position and Fuel Pressure Indicator (GP/FPI) - Provides a

redundant display of the SPS pitch and yaw gimha ! angles and a

means of manually trimming the SPS before thrusting. The indica-

tor has the alternate capability of providing a display of launch

vehicle (S-II and S-IVB) propellant tank ullage pressures.

Attitude Set Control Panel (ASCP) - Interfaces with either of the

total attitude sources to enable manual alignment of the SCS total

attitude. Provides an attitude error for display.

Flight Director Attitude Indicator (FDAI) (Z Only) - Provides to the

crew a display of spacecraft attitude, attitude error, and angular
rate information from the PGNCS or SCS.

Gyro Assemblies (GA) (2) - Each gyro assembly contains three

body-mounted attitude gyros (BIXiAG) together with the electronics

necessary to provide output signals proportional to either angular

rate or to angular displacement.

Gyro Display Coupler (GDC) - Provides the interface between the

body rate sensors and displays to give an accurate readout of space-

craft attitude relative to a given reference coordinate system.

Electronic Display Assembly (EDA) - Provides the interface between

the signal sources to be displayed and the FDAIs and GPI. The EDA

also provides signal conditioning for telemetry of display signals.

Electronic Control Assembly (ECA) - Contains the circuit elements

required for summing, shaping, and switching of the rate and atti-

tude error signals and manual input signals necessary for stabiliza-

tion and control of the thrust vector and the spacecraft attitude.

2.3.2.3

• Thrust Vector Servoamplifier (TVSA) - Provides the electrical

interface between the command electronics and the gimbal actuator

for positioning the SPS engine.

• Reaction Jet and Engine ON-OFF Control (RJ-/EC) - Contains ±he

solenoid drivers and logic circuits necessary to control both the

RCS automatic solenoid coils and SPS solenoid control valves.

Controls and Displays.

The SCS controls and displays consist of the following assemblies:

• Rotation control (RC) - 2 units

• Translation control (TV)

• Attitude set control panel (ASCP)

• Gimbal position and fuel pressure indicator (GP/FPI)

• Flight director attitude indicator (FDAI) - 2 assemblies

STABILIZATION AND CONTROL SYSTEM
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_a-re co_ected in parallelso thatthe_:-operate in a redundant fashion with-

!_!out sw-itching." '"Pitch cornman'ds arecommanded about a palm-centered

axis, yaw commands about, the grip 101i_itudinal axis, while roll commands

result from a left-right rn:otioi .(figure 2.3-2). Within the RC there are

three command sources p e.r axis:.

a. Brelk0ut,• _ .. -.Switche.s [_BO}.- A switch closure occurs whenever the

lq.C is moved I. 5 degrees fron_ its n_tll position. Separate switches are

provided in. each axis ahd for each direction of rotation. These six break-

out switches are .used to provide _. command signals to the command

module computer (C.IX/IC),.SCS minimum impulses, acceleration commands,

BIViA_G cage signals, '!and_prop_brtiozial rate command enabling.

b. Transducers,. _ Transducers produce a-c signals proportional to

the rotation control hliSplacen%ent.fro, m the null position. These signals

are used to command spacecraft rotation rates during SCS proportional

rate control and :to command SPS engine gimbal position during ms.nual

thr_ust vector control (MTVC)._. One, two, or all three transducers can be

used simultaneously _"gener&,ti_ig corresponding command signals.

c. Direct Switches - Redundant direct switches will close whenever

the controi is_m6vea a nOn, ha1 i I_ degrees from its null position (hard-

stops limit control movement to.i+-l].5 degrees front null in all axes).

Separate switches are provided {_neach _axis and for each direction of rota-

tion. Direct switch closure wi!l produce acceleration commands through

the R.C-S direct.folenoids, i:_.

_he rotation_c_ntrol .is provided with a tapered female dovetail on

each _ncl df_the__ousing. This dovetail mates with mounting brackets on

the couch armrests. When_iattached to the armrests, the input axes are

approximatelypar_liel witN,:spacecraft body axes. Figure 2.3-12 illus-

trates control motions about its axis and the resulting commands to the

RCS, PGNCS, or SCS. A t_i/gger-typ@,-push-to-talk switch is also

located in the c ontr@[_grip,:_Redunda_t locking devices are provided on

each conzrol. -- _ ..... l -- -

Translation C onZr ol.i- :_-
%-- %

Th_transiat{on_ ...control provide-s, a means of accelerating along one

or morefdf the spacecraft axes. The control is mounted •with its axes

approxirnately-parall&l to those-of the-Spacecraft. The spacecraft will

accelerate along theX-axfs, with a pus_-pull motion, along the Y-axis by

a left-right motion, and along t.he Z-axis by an up-down command

(figure-......2; 3-3)P:Redundant,_. _ .switches close for each direction of control

displa_en_ent. These swifChes supply discrete commands to the CMC and

the R$/EC.-.,: ...A_fnedhanicall06k.. . is provided to inhibit these commands. In

addition:.the T-_andle may be_.otated about the longitudinal axis,,:

a. h:'__Ti%e"rledundant clockwis:e (C W) switches will transfer spacec raft

contro_ from C.MC to SCS " It ri%ay also transfer control between certain

submo_J_ __tAn tSe SCS. -....

I

STIA-ttlL!ZA_TIONT. A:IND CONTROL SYSTEM

M{ssib/_- ' --BasicDate 15 April 1969 Chang e Date 15 Oct 1969 Page 2.3-5



Lf _"

) )
z

[/l

g

¢i1

url

ml

,.D

O_

£1
I:I"

ill

u

O_

,4

1--.,

,.,D

,,D

la

v-]
b>
b0
l.it

I--t

N
b>

0

E1
0

v3

oq

Zc
PITCH PIVOT +YAW

(PAL/_ / YC

CENTERED)_ | //_+I;ITCH

• t
,ROLLAND ,,' _ " I!/

YAW PIVOT" _ '

LOCKING HANDLES
i n ii i i . _

CONTROLLERLOCK TO ARM BY 50° DISPLACEMENr

LOCKI NG

HANDLES

ROTATION CONTROL PARAMETERS
i ii i

BREAKOUT SWITCH ACTUATION
SOFT STOP

DIRECT SWITCH ACTUATION

HARD STOP

D IS PLACEMENT

1.5 ± 0.5°

10 + 1°

11°

11.5 ± 0.5 °

Figure 2.3-2. Rotation Control

I

SCS-2002D
liil'l& I 'LflGISTIOSI
L_Olil TRAININ_



• k

--.._, .. . ,

-:-LJ_-%L _

i

5'

kn

h>

F=,

,.o
o-,
,.O

C}
:=r

oq
(_

'o
0q
.(p

b_

_" rm

(1) F._
L"
_q
p>
F-t

0

(3

o

ul

N

I

-M

-)

[ ,

0

\i/' v

CW & CCW CONTROL MOTION LIMITS

HARD STOP, DETENT& SWITCH CLOSURE
FORCE INTO DETENT

OUT OF DETENT

17°±2_

15:J:5.0LB INCHES

6 LB INCHES MIN

TRANSLATION CONTROL MOTION LIMITS (+ OR - COMMANDS)

MECI-IANICAL STOP - 0. 5 + 0.07.5 'ARC INCHES
SWITCH CLOSURE - 0.375 +0.025 ARC INCHES ..

-0.075
FORCE - 1.5 + 0.33 POUNDS

Figure 2.3-3. Translation Control

SCS-2003A :

,>

O



- . . .

_, . . . .

,] .

o

"_'" m

SM2AI05- BEOCE II-( i)7:

APOLLO OPERATIONs KANDBOOK __

SYS_TE_Is_:D_TA :k

2.3.2.2.3

2.3.2.2.4

5/ The redtuidant counterclockwide (CCW) switches provide for a

manual abor_ initiation during the:latmch phase. -"A"discrete signal from

switch closure is fed to the master events se'quence-_contro_ller (Ikd]ESC)
which initiates other abort fmnctioi/s. • % . ,;"' <!. k:'//- _ % ,-t j:::{_7_ IC:I<{

Neither the GaY or CC_V functions are inhibited by the locking switch

on the. front of the controller.. The q_-handle -will remain in the C_/ or

CCVI detent position without b6ing Held, .0nce it is rotated past approxi-

mately plus or minus iZ degrees_ .'.'¢:;.%1.-.i:- ':_. "_i_L.i:£-,["-f-<_.

Gimbal Positio.n and Fuel Pressure Indicator (GP/FPL}'.":I '/"_:'i

The GP/FPI (figure 2.3-4) contains redundant ind{cators for-both

the. pitch and yaw channels. During the h0ost phases,.the indicators dis-

pla_r S-If and S-IVB propellant tank ullage pressures. S-II..fuel pressure

-(or S-IVB oxidizer -pressure depending on the lau_nch vehicie configuration)

is on the firs-t and second indlcators, while S-IVB-fuelpressure. is on the

third, andfourth indicators. The gimbal position indicator'consists of

two dual servometric meter .movements, mou.r_ted withi_[a co_mon

hermetically sealed case. Scale'illumination uses electroluminescent

!ighting panels .... "..... -

For an SCS delta V mode, manual SPS engine gimbal trim capability

is provided. Desired giKnbal _rim angles are set in with the pitch,and yaw

trim thumbwheels. The indicator displaysi. SPS engine position relative to

actuator null and not body axes. Th_'.range of the engine pitclQand yaw

girnbal displays are 4-4.5 degrees, i_his r_nge is graduated with marks

at each 0.5 degree and =efe_:ence nummeral.it'each Z-degree division. The

range of the fuel pressu're scale- is 0-60 50-psi-with graduations at each

5-psi division, and reference nume_i-ls at:da_h10-psi division, i func-

tional description of the GPI display circuitry:which shows the redundancy

is in paragraph 2.3.5.31 c? ....:_ _--

_7_: _ <_)iliL

Attitude Set Control Panel (_G_!_[! i*_:_: "_'_

The ASCP (figure2.3:_>-pro_i_s, throug_t_n_wheels, a means
of positioning differential resolvers for each of the three axes. The

r esolvers are mechanically iinL_d _vlth indicators_t5 provide a readout of

the dialed angles. The inpuh sigf_al@[.i[o these attitude set resolvers are

from either the IMU or the GDC- The inertial {]Eu'l_r) attitude, error out-

put signals are sine functions of..:th_ d_ifference angles betw_en the desired

attitude, set by the thumbwheelsj Zi/_<the i_put att/_hde fr6m the GDC or

IMU. The GDG Euler output cari"be :used to e{_her_lign the GDC or to

provide ffyLto indications on the-EIJA-I attitude;error needles

Characteristics of the:countdrs .are: _:_ .-2,F.:;-

a. Indicates resolver anglesj_lfi:aegrees-frorhil-6ctrical zero, and

allows continuous rotation from-'000 t[/rough.__359c'_6....__ 000. without reversing
the direction of rot_{tion. !>_ ,_i__> !-_

I

i
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b. Graduation i-harks every 0.2 degree on the units digit.

c. Pitch and roll are marked continuously between 0 and 359.8

degrees. Yaw is marked continuously from 0 to 90 degrees and from

270 to 359.8 degrees.

d. Readings increase for an upward rotation of the thurnbwheels.

One revolution of the 'Irjlumbwheel produces a Z0-degree change in the

resolver angle and a corresponding Z0-degree change in the counter

reading.

The counter readouts are floodlighted and the nomenclature (ROLL;

PITCH, and YA_V) is backlighted by electroluminescent lighting.

Flight Director Attitude Indicator (FDAI).

The FDAIs provide displays to the crew of angular velocity (rate),

attitude error, and total attitude (figure 2.3-6). The body rate (roll, yaw,

or pitch) displayed on eit_her or both FDAIs is derived from the BI_iAGs in

either gyro assembly I or 2. Positive angular rates are indicated by a

downward displacement of the pitch rate needle and by leftward displace-

ment of the yaw and roll rate needles. The angT_lar rate displacements

are "fly-to" indications as related to rotation control direction of motion

required to reduce the indicated rates to zero. The angular rate scales

are marked with graduations at null and ±full range, and at ±1/5, +2/5,

±3/5, and ±4/5 of full range. Full-scale deflection ranges are obtained

with the FDAi SCALE switch and are:

• Pitch rate:

• Yaw rate:

• Roll rate;

±I deg per sec, ±5 deg per sec, 4-10 deg per sec

±I deg per sec, ±5 deg per sec, ±i0 deg per sec

±I deg per sec, ±5 deg per sec, ±50 deg per sec

Servometric meter movements are used for the three rate indicator

needles.

The FDAI attitude error needles indicate the difference between the

actual and desired spacecraft attitude. The attitude error signal can be

derived from several sources: The uncaged B_Gs from G_A-1, the CDUs

(PGNCS), or the ASCP-GDC/IMU (figure 2. 3-]0), Positive attitude error

is indicated by a downward displacement of the pitch erro r needle, and by

a ]°_+w_'__ ,_ lacement of the yaw =_^J-_roll error _==u_=s. _= =_Lz_uu=

error needle displacements are "fly&to ''indications as related to rotation

control direction of motion, required to reduce the error to zero. The

ranges of the error needles are 4-5 degrees or =h50 degrees for full-scale

roll error, and ±5 degrees or 4-15 degrees for pitch and yaw error. The

error scale factors are selecte d by the FDAI SCALE switch that also

establishes the rate scales. The pitch and yaw attitude error scales con-

tain graduation marks at null and 4-full scale, and at 4-i/3 and 4-2/3 of full

scale. The roll attitude scale contains marks at null, _-I/2, and ±full

scale. The attitude error indfcators utilize servometric meter '_ovements.
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Spacecraft orientation, with respect to a selected inertial reference

frame, is also displayed on the FDAI ball. This display contains three

servo control loops that are used to rotate the h_!l about three independent

axes. These axes correspond to inertial pitch, yaw, and roll The control

loops can accept inputs from either the IIV[U gimhal resolvers or the GDC

resolvers. Selecting the source is covered in p_ragraph Z. 3. 2.3.

The control loops are proportional s ervos; therefore, the angles of

rotation of the ball must correspond to the resoiver angles of the source.

The FDAI, illustrated in figure 2. 3-6, has the following markings:

a. Pitch attitude is represented on the ballby great semicircles. The

semicircle (as interpolated), displayed under the FDAI inverted wing

symbol, is the inertial pitch at the time of reado_%. The two semicircles

that make up a great circle correspond to pitch_ttitudes of @ and @+180

degrees.

b. Yaw attitude is represented by minor circles. The display readout

is similar to the pitch readout. Yaw attitude circles are restricted to the

intervals - 270 to 360 degrees (0 °) and 0 (360 _) to 90 degrees.

_c. Roll attitude is the angle between the wing symbol and the pitc h

attitude circle. The roll attitude is more accu.ra'tely displayed on a scale

attached to the FDAi mounting, under a pointer m{tached to the roll (ball)

axis.

d. The last digits of the circle markings are omitted. Thus, for

example, 3 corresponds to 30, and 33 correspomds to 330.

e. The ball is symmetrically marked (increment wise) about the

0-degree yaw and 0/180-degree pitch circles. The following comments

provide clarification for areas of the ball not shown in figure 2.3-6.

i. Marks at 1-degree increments are provided along the entire

yaw 0-degree circle•

2. The pitch 180-degree semicircles h_s the same marking incre-

ments as the 0-degree semicircle.

3. Numerals along the 300- and 60-degree yaw circles are spaced

60-pitch degrees apart. Note that numerals along the 30-degree yaw

circle are spaced 30-pitch degrees apart.

f. The red areas of the ball, indicating gimSal lock, are defined by

ZT0 < yaw < Z85 degrees and 75 < yaw < 90 degrees.

F__nctiona! Switching Conc e pt,

The Block II SCS utilizes functional switching concepts as opposed to

"mode select _' switching mechanized in the Block I system.

Functional switching requires manual s_vitching of numerous inde-

pendent panel switches in order to configure the SCS for various mission

functions (e.g., midcourse, 5Vs, entry, etc. ). Mode switching would, for

example, employ one switch labeled "midcourse _' to automatically accom-

plish all the necessary system gain changes, etc., for that missio_ phase.

Thus mode selection simplifies the crew tasks involved, but limits system

flexibility between various mode configurations_

STABILIZATION AND CONTROL SYSTEM
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/A_. Function seiect switching, on the other hand, requires more crecy

: _tasks, but offers flexibility to select various gains, display scale factors,

etc., a s independent system capabilities. Function select switching also

allows flexibility to ':switch out '_part of a failed signal path without

" affecting the total signal source (e. g. , SCS in control of the vehicle with

C,-N_ displays still presented to the crew). ..-

Z. 3.2.3.1 Di splay. Switching into r face s ..

The FDAI switches determine the source of display data, the FDAI

selected, and-the full-scale deflections of the attitude error and rate

needles. The source of rate information for display will always be from

BNiAG 2 unless BIVIAG I is put into a backup rate configuration. Other

switches also modify the data displayed and these willbe pointed out as

they are discussed. Both FDAIs.are also assumed to be properly ener-

gized from the power switching panel.

2.3. Z. 3. 2 Spacecraft Control Switching Interfaces.

D

2.3.3

There are two sources of vehicle controls selectable from the SC

main display console: SCS or CMC. CMC is the primary method of con-

trol and the SCS provides backup control. The vehicle attitude control is

obtained from the reaction control engines and the thrust vector contro_

from the service propulsion engine.

ATTITUDE ItEFERENCE SUBSYSTEM.

The attitude reference subsystem provides displays of spacecraft

inertial attitude, attitude error, and body rates (figure 2.3-7). This

information may be selected for display on one or both FDAIs by appro-

priate panel switching. The attitude and attitude error information for

display can _e selected either from the PGNCS or the SCS sources. The

rate display is always supplied from the SCS BM_AGs.

Z.3.3.1

The SCS source of inertial (totali-attitude is generated by the GDC.

Since the GDC supplies a short term attitude reference it mus_ be aligned
prior to thrusting and entry modes.

Gyro Display Co6pler (GDC).

there are four GDC configurations that are selectable by panel
_ s>vitching : ........

• Euler mode

-o_ Entry (0.05G)mode :

• Align mode

" • _'qon-Euler mode _-':'
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Z.3.3.1.i Euler Mode.

In the Euler mode the GDC is configured to compute roll, pitch,

and yaw inertial angles that define the total attitude of the spacecraft

with respect to the chosen inertial reference frame.

The inputs to the GDC in this mode are d-c rate signals from the

Bh/_A_Gs (figure Z. 3.7A). The rate inputs are supplied from either the

GAI or GAZ BMAGs as selected by the BI_{AG MODE switches. The

body rates from the B_fAGs are modulated, amplified, and converted to

Euler (inertial) rates by a pair of forward transformation resolvers.

These transformation resolvers mechanize the transformation equations

which relate the body rates (q, r, p) to the rates about the inertial

reference axes (8, ¢ and$).

The Euler rates are then demodulated, converted to pulses, and

fed to stepper motors which drive the pitch, yaw', and roll transmitter-

resolvers. The electrical outputs of these resolvers define the total

attitude Of the spacecraft. The forward transformation roll and .yaw

computational-resolver shafts are also driven by the stepper motors.

That is, their shafts are mechanically connected to their respective

transmitter -resolver s.

The GDC transmitter-resolver electrical outputs can be displayed

on an FDAI via panel switch selection (figure Z.3-8).

With the GDC configured for the Euler mode (CMC ATT - IMU,

• 05 G - OFF, GDC ALIGN - not depressed) inertial error signals can be

generated by placing the ATT SET switch to the GDC position. Now the

GDC transmitter-resolver outputs are fed to the ASCP differential-

resolvers. The ASCP resolver outputs are proportional to the sine of

the difference between the GDC angles and the selected ASCP angles.

These inertial errors (£xe , AO, Ac_) are converted to the body (space 7

craft) coordinate system by reverse transformation before they are

routed via panel switching to an FDAI (figure Z.3-8). To mechanize the

reverse transformation another set of yaw and roll computational-

resolvers are utilized. Here again the yaw and roll computational-

resoiver shafts are in common with the transmitter-resoiver shafts.

Both transformations are continuously updated with the existing yaw and

roll inertial angles.

Gimbal lock is mechanized in the GDC forward transformation by a

secant amplifier. The amplifier has feedback which will cause it to go

unstable if the inertial yaw angle (_{) becomes larger than ±90 degrees.

After passing through gimbal lock, the GDC pitch and roll channels are

driven by the unstable secant amplifier. If the GDC is driven through

gimbal lock, it must be realigned, r"
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Figure 2.3-8. FDAI Attitude Select Logic

Entry Mode.

During entry into the earth atmosphere, the command module

rolls about th_ stability roll axis, which is offset by an angle ( _ ) from

the spacecraft x-axis.

In the entry configuration (CMC ATT - IMU, .05 G - up) the GDC

computes the roll rate ( _s ) about the Stability axis by combining the

spacecraft body roll and yaw rates (p, r) which are sensed about the

spacecraft x and z axes. Both the GDC yaw and roll channels compute

the stability roll rate using separate transformations.

I

Each channel can be configured so that it receives the rate input

signals from different BMAGs. The GDC roll channel can only be

supplied by the GAI yaw and roll BMAGs, but the GDC yaw channel can

be supplied from GA2 (BMAG MODE - RATE'2 or ATT i _ATE 2) or

GAI (BiX/LA_G MODE -R_ATE I).

e"

k.

Mission.
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2.3.3.1..3

The GDC yaw axis supplies the integrated stability roll rate

(stability roll attitude) to the roll Stability indicator (RSI), which is on

the entry monitor system (EMS). The other entry switch (EMS ROLL)

must be tlp to provide the signal path from the GDC to the RSI.

The GDC roll axis drives either FDAI ball with stability roll atti-

tude information. The FDAI that is driven by the GDC will be active

only in the roll axis.

Align Mode. _

Since the GDC provides accurate info-_mation only during relatively

short peri;0ds, it must he aiigned to the desired reference periodically

and is always aligned before thrusting maneuvers and prior to entry.

The align error signal is the ASCP-GDC difference signal which is

created by feeding the GDC transmitter-resolver outputs into their corre-

sponding ASCP resolvers (ATT SET - GDC). The ASCP thumbwheels

must be dialed to the correct roll, pitch, and yaw inertial angles which

are usually taken from the IMU. With the ASCP set to the desired angles,

the error signals will drive the GDC transmitter-resolvers to the ASCP

angles when the GDC ALIGN button is pushed and held.

A convenient means of setting up the ASCP prior to aligning the GDC

is obtained by feeding the IMU gir_bal angles to the ASCP resolvers (ATT

SET - IMU). The ASCP resolvers are then dialed to the IMU angles,

where the correct settings exist when the FDAI needles are at null. In

this case, the error needle indications are inertial errors, sothat if only

the pitch thumbwheel is dialed, then only the pitch error needle will

deflect.

In order to have the ASCP-IMU errors displayed on FDAI I, the

panel switches must be positioned as follows: FDAI SELECT - I, FDAI

souRcE -ATT SET, ahd ATT SET - IMU (figure Z. 3-8). Once the

errors are hulled, the ASCP has stored the IMU gimhal angles. Switching

ATT SET to GDC will generate the error signals which will, when GDC

ALIGN is pushed, update the GDC to the IMU. As the errors drive the

GDC output to agree with the ASCP angles, the FDAI error needles will

return to null again.

Prior to entry the RSI can be rep°siti°ned" if desired, by driving it

with the align error signal. All that is required is that a difference exists

between the GDC yaw transmitter-resolver angle and the _ASCP resolver

setting. This error signal will drive the RSI as long as the EMS ROLL

switch is up, the ATT SET switch is in the GDC position, and the GDC

ALIGN button is depressed. Once properly positioned, the RSI is

deactivated by placing the EMS I_OLL to OFF.

When .05 G is sensed during entry the crew places both ENTRY

switches up. At this time both the P_SI and the EDAI will rotate in the

same direction-whenever the spacecraft rolls about the stability roll

axi s.

; Mission -
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Non-Euler Mode.

Although a switching capability exists which will configure the GDC

to the non-Euler mode, the CIVIC is not programmed to utilize digital body

rates from the CrDC. Therefore, this mode is not used during flight. If

the CMC ATT sv/itch is placed to the GDC position, the FDAI ball motor

power is removed so that neither FDAI ball will move when the spacecraft

attitude changes. In addition, the ASCP error signals cannot be displayed.

If the CMC ATT switch is placed to the GDC position, there is no

effect on either the CMC or the IMU. However, the GDC may require

alignment if the spacecraft attitude changes before returning the CMC ATT

switch to the !MU position. This is because the forward transformation

in the GD.C is by-pa_ss.e:d in the-non-Euler mode. in this case the G DC

transmitter-resolvers are driven by b0dy-referenced attitude and not

inertially-referenced attitude signals. Recall, too, that there is no dis-

play of either the GDC or IMU angles on the FDAIs when in the non-Euler

mode.

(Deleted)

2.3.3.3 FDAI Display Sources.

..f.M_

f

f

2.3.3..3.1

The two FDAIs display total attitude and attitude errors that may

originate within the SOS or PGNCS. They also display angular rate from

the SCS. The flight crew establishes the FDAi sources by panel s_vitch

selection. (See figures 2.3-9 and 2.3-10. )

Total Attitude and Error Display Souz:ces.

The tota i _attitude and attitude error display selections result from

combinations of panel switch positions (figure 2.3-8). _fhen both FDAIs

are selected, the platform gimbal angles will always be displayed on

FDAI 1 while GDC Euier angles will be displayed on FDAI 2. In order to

select the source of attitude display to a particular FDAI, that FDA! and

source (G&N or SCS) must be selected (figure 2.3-10). The other FDAI

will be inactive. It should be noted that any time total attitude is to be

displayed on either _'DAI, the CMC ATT switch must be in the IMU

position.

The FDAI attitude display maybe modified by a NASA-supplied

Orbital P_ate Display-Earth and Lunar (ORDEAL) unit. The ORDEAL unit

is inserted electrically in the pitch channel between the electronic display

assembly and _'DAI to provide a local vertical display in the pitch axis of

either (or both) FDAIs. Controls on the unit permit selection of earth or

lunar crrbi£s and orbital altitude adjustment.

The FDAI attitude error display source can be either the SCS or the

G&N, with two sources per system. The attitude error sources are as

lollow s : _

a. The BMAG 1 error display is an indication of gimba[ precession

about i_fisnull point, assuming the gyro is uncaged, and may only be
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Figure 2, 3-9. FDAI Rate Select Logic

displayed when the SOURCE switch is in the GDC position or when the

FDAI SELECT switch is in the I/2 position.

b. Euler angles from the GDC interface with the ASCP to provide an

Euler angle error (GDC-attitude set difference signal) which is then trans-

formed to body angle errors for display on either FDAI. This display

source facilitates manual maneuvering of the spacecraft to a new inertial

attitude that was dialed in on the attitude set thumbwheels.

c. Inertial girnbal angles from the IIVILT interface with the ASCP to

generate inertial error (llViU-attitude set difference signal) which may be

displayed on either FDAI. Thus, if the error needles were hulled using

the thumbwheels on the ASCP, the ASCP indicators would then ind_:'cate the

same inertial reference as the platform.

d. The CMC generates attitude errors that are a function of the pro-

gram. These will be displayed when the SOURCE switch is in the CIVIC

position, or when the FDAI SELECT switch is inthe I/2 position. i

?
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Rate Display Sources.

The rate display sources (figure 2.3-9 and2.3-10) will always be

from either of the two gyro assemblies on a per-axis basis. The normal

source for rate display willbe the BMAG 2 gyros, and is selected by

haying the BMAG MODE switches in the ATT I/R_ATE 2 or the RATE 2

position_ The backup source is selected when the BMAG MODE s_dtch is

in the RATE l position. Thi-s _411 rate cage the BMAG I gyros and

switch their output s to the FOAl rate needles. When the ENTRY ' .05 G

switch i_ -placed up, .the roll ra_e'-gyr 0 output is modified by the tangent

21"degrees "and surnmed with the yaw rate. This summation results in a

cancellation of the ,yaw rate sensed due to the CM .rolling about the sta-

bility axis. Since this is a summation of a-c rate signals ahd since the

gyro assemblies are supplied from separate a-c buses, seiecting backup

rate (Bk4AG i) in yaw will automatically select the backup rage gyro

(BM_AG i) in roll and vice versa. This prevents any phase difference

from the two buses from affectir_g the summation of the two rate signals.

ATTITUDE CONTROL SUBSYSTEM (ACS).

2.3.4.1 Introduction.

/

The SCS hardware used in controlling the spacecraft.attitude and

translation maneuvers include the gyro assemblies, rotation and transla_

tion controls, and two electronic- assemblies. The electronic control

assembly (ECA) provides commands as a function of both gyro and manual

control (RC and TC) inputs to fire the RCS via t/_e reaction jet/engine con-

trol assembly (RJEC). Alternate spacecraft attitude control configurations

provide several means of both manually and automatically controlling

angular rates andTdisplacements, about spacecraft axes. Accelerations

along spaCecraft axes are provided via th4 TC- The crew uses this

control for both docking and delta V maneuvers.

/

\

f-
/

(

2.3.4.2

2.3.4;2.1

Hardware Function (ACS).

While a description of each SCS component was given in para-

graph 2.3.2. l, this description considers those functions and interfaces
used in the ACS.

Gyro Assembly'- 1 (GA-I).

GA-I contains three BMAGs that can provide pitch, yaw, and roll

attitude error signals. These error signals are used when SCS automatic

attitude hold is desired. " The signals interface vcith the electronics con-

trol_As_sembly (ECA). The BMAGs can be rate caged independently by

control panel switching to provide backup rate information, or heid in

standby. The GA-I BMAGs can be uncaged independently (by. axis) during

SCS attitude hold if the MA-NUAL ATTITUDE switch is in RATE CMD,

the BMAG MODE switch in A%&_ 1 RATE 2, the ENTITY-.05 G switch is

OFF and no RC breakout switch is closed (figure 2.3-11).

Mission
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Figure 2.3-Ii. BN_G Logic and Outputs

Z. 3.4_. 2.2 Gyro Assembly - 2 (CA-2).

.+

2.3.4.2.3

CA-2 contains three B___A_Gs that are always rate ca_ed. These

BiV[AGs normally provide pitch, yaw, and roll rite damping for SCS auto-

matic control configuration and proportional rate maneuvering. The rate

signals interface with the ECA. When backup rate by axis is selected

(RATE i), the CA-2 signal(s) is not used.

Rotational Controllers (RC-I and RC-2).

.i--+

f

The RCs provides the capability of controlling the spacecraft attitude

" simultaneously in three axes._ Either controller provides the fz%nctions

listed below for each axis (pitch, ya_v, roll) and for each direction of

rotation (plus or minus).
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+

IViissi0n
Basic Date 15 April 1969 Change Date Page 2.3-Zl

.... ,... . ...... "

- _ '/ : :", _:' ' 7 l_+'_:+?[i !F/'[]:;'_: +':!!//'f+'7_."/;'. " :'+ +:" (:_:I "; ' i+iT: .... :.....
, .... • <+ ., <+ • - . ..... :- ,+ ]. r.+ v_ ++.+ +_-+_l _Ch+i_lJ !:_ ' :;: l'+ti': ' J.h ', '+ +'+ " , ++/.

i 'i .... t# + ++J! i i ++ !*tt_'+;'i'h"Jl+_i/,+l'rJ_,'diU+L";+'P'_+_;+ +'' +' t )+'-'+ '+'i ' " _ _" '

• ' q':+" J i+"}!+'1' _ + _+__.:}+<+J++ [ 't'l 'L+ + '+ + {( " '+ ' + "+J+ +,'+'I' : +:i I ] |'
..... ' .......... -,.,_.._,,.:.,.+.+ +- :+£t,,z _+ +tJ 161 _ [- + l+llti+[+Z+,-it,t'li+i, |_,#.]-Zhi]_.+ , J.]+.-i ..

F



SMZA-O3-BLOCK II-(1) .

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA .... " : "

Withinthe RC are six breakou_ switches, three transducers, and

twelve direct switches. (See figure 2.3-12.)

Breakout Switches. A breakout switch, closed at a nominal 1.5-

degree I<C deflection, routes a 28-vdc logic signal to both the PGNCS and
the SCS for _ittit_de control inputs as follows: "

a. Rotat{on Command to CMC. If the spacecraft is under CMC con-

trol, the signal commands rotations through the_CMC input to the I_J/EC.

b. Acceleration Command. The signal is sent to the KJ/EC and

commands rotational acceleration whether in CI%IC or SCS control.

c. Minimum_lrnpulse Command. If the spacecraft is under scs con-

trol, the logic signal goes to the ECA which _provides, a single minimum

impulse command to the RJ/EC each time that a breakout switch is closed.

d. Proportional Rate Enable. T}ie logic signal is used in the ECA to

enable the manual proportional rate capability and to rate cage the BMAGs
in OA-1. " "

Transducer. The transducer is used fo_" proportional rate maneu-

vePs. It provides a signal to the EC2_ that is proportional to the stick

deflection. The signal is summed in the ECA with the rate BMAG signal

in such a way that the final spacecraft rate is proportional to the stick
(RC) deflection.

2.3.4.2.4

Direct Switches. At iI degrees of controller deflection a direc_

switch closes. If direct power is enabled, the direct switches route 28vdc

to the direct coils on the appropriate RCS engines and disable the auto coil
solenoid drivers in that axis (or axes).

Translation C ontroll e r.

The translation controller provides the capability of manually com-

manding simultaneous-accelerations along the spacecraft X-, Y-, and

Z-axes. (See figure_2.3-13.) It is also used to initiate several transfer

commands. These functions are descrloed'_ below.

Translation C Ommand,_..

a. CMC Control. If the spicecraft is under CMC control, a transla-

tion command results in a logic signal (28 vdc) being sent to the CMC.

The CMC would provide a trans[ationcommand to the RJ/]EC.

b. SCS Control. If the spacecraft is under SCS control, the transla-
tion command is sent to the RJ/EC.

Clockwise Switches (CW). A clockwise rotation of the T-handle _vill

disable CMC inpnts to the RJ/EC. A logic signal (C---_)is sent to the CMC
when the T-handle is at null.

;%.
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Figure 2.3-13.
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MAN 'ABORT _\ I
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TO RJ/EC

[- RJIEC

. o[:gj
TO PGNCS

_]TO_ SECS

TranSlation Control Interfaces

SCS-2401H

[C_ _ LOGISTICSI

_I¥I TRAINING I

I

Counterclockwise Switch (CC!_/). A counterclockwise rotation of the

T-handle, during launch, will close switches which route 28 vdc (battery)

power) to the MESC. The MESC, in turn, may enable the RCS auto coil

solenoid drivers in the RJIEC. -,-

2.3.4.2.5

2:3.4. Z. 6

Electronics Control Assembly (ECA).

The ECA contains the electronics used for SCS automatic attitude

hol_d, proportional rate, and minimum imoulse capabilities. It also con-

tains the attitude B_/IAG(s) uncage logic. It receives control inputs from

the gyro assemblies and the rotati0naI controller-transducers and breakout

switches (MIN lhzlP). The ECA provides rotational control commands to

the RCS logic in the RJ/EC.

Reaction Jet Engine Control (RJ/EC).

The RJIEC contains the auto RCS logic and the solenoid drivers (16)

_ that provide commands to the I__-CSautomatic coils. The auto RCS logic

receives control signals from the CIVIC, ECA, RC, and TC. The RCS

solenoid drivers receive enabling logic power from the AUTO RCS SELECT

switches on MDC-8. The MESC supplies the Z8 vdc to the AUTO RCS

SELECT switches (figure 2.3-15). b
STABILIZATION AND CONTROL SYSTEM
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Reaction Control System Interface.

General.

The RCS provides the rotation control torques and translation thrusts

for all ACS functions. Prior to CM/SIV[ separation, the SM RCS engines

are used for attitude control. The CM I_CS is used after separation for

control during entry (figures 2.3-14 and 2.3-15). The CM has only 12 P_CS

engines and does not have translational capabi_ty via the TC. After'_

CM/SM Separation, the A/C ROLL AUTO RCS SELECT switcheshave no

function, as the 12 CM engine's need only 12 AUTO RCS SELECT switches

(fig/re 2.3-15).

B

An RCS engin, e is fired by applying excitation to a pair (fuel and

oxidizer) of solenoid coils; the pair will be referred to in the singular as

a solenoid coil. Each engine has two solenoid coils. One coil is referred

to as the automatic cofl, the other as the direct coil. Only the automatic

coils receive commands from the RJ/EC. The directcommands are routed

directly from the RC direct switches (or other switches). The automatic

and direct commands are discussed in the following paragraphs.

2.3.4.3. 2 Automatic C oil Commands.

i/"
Power. The automatic (auto) coils are supplied 28-vdc power via

one set---o_contacts of the AUTO RGS SELECT switches (figure 2.3-15).

The solenoid is operated by switching a ground to the coil through the

appropriate solenoid driver in the RJ/EC. The auto coil power is obtained

from the STABILIZATION/CONTROL SYSTEM A/C ROLL, B/D ROLL,

PITCH and YA%'V circuit breakers on panel 8. The 28 vdc lines to the auto

coils on SM engines (jets) exceptAl, AZ, C I, and C Z are switched at

CM/SM transfer to CM coils. The wires from the A/C ROLL AUTO RCS

SELECT switches to SM engines AI, A2, CI, and C 2 are open-ended after

transfer. These switches have no function for the CM configuration.

Enabling power for the RCS solenoid drivers is supplied to the second set

of contacts of the AUTO RCS SELECT switches through the MESC (A and

B) from theSCS CONTR/AUTO MNA and MNB circuit breakers (MDC-8).

The CM jets are supplied from two separate propellant systems,

1 and 2. The jets are designatedby'the propellal%t system. Each propel-

lant system supplies half the CM jets] distributed such that one jet for

each direction (plus and minus) and for each axis (pitch, yaw, and roll) is

supplied from the 1 system and the other from the 2 system. When the

RCS TRI_!_R switch is placed from SM to CM, motor switch contacts trans-

fer auto coil power from SM engines to CM engines. Each motor switch

contact transfers six engines.

f-

f
\

Auto'RCS Logic. Commands to the RCS engines are initiated by

switching a ground, through the solenoid driver, to the low voltage side of

the auto coils. The solenoid drivers receive Commands from the auto RCS

Mis sion
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/

logic circuitry contained in the RJ/EC. The auto IACS logic performs two

functions:

a. Enables the command •source selected based on logic signals

received from the control panel-or manual controls.

h. Cornma_nds those solenoid drivers necessary toperform the desired

maneuver.

The logic receives I<CS commands _from the following sources:

e CMC (provides r6tational and translational commands).

i ECA (plrovides rotational corr_nands for either automatic attitude hold,

proportional rate, or minimum impulse control).

• RC-I and/or RC-2 (breakout switches [BO] pr0vide continuous

rotational acceleration).

• TC (provides translational acceleration cgmmands).

The ACS provides the following commands, listed in order of

descending priority:

Direct Coil Commands. At the initiation of direct coil commands,

all command input channels to the auto I<CS logic module(s) in that axis

(axes) are inhibited. Pitch and yaw auto commands are inhibited during

SPS tl_rusting (IGN I). This pre_ents auto coil Commands from firing the

RCS during SImS thrusting°_

ACCEL CMD Selection. If a _ANUAL ATTITUDE switch(es) is

placed in the ACCEL CIViD position, the CMC and ECA inputs to the auto

RCS logic module(s) in that axis (axes) are inhibited. Commands to fire

auto coils are enabled from the RC breakout switches. (See bottom "and"

.gates in figure 2.3-17.)

MIN IMP Selection. The ECA inputs to the auto RCS logic modules

(_gure 2.3-14) provide both the minimum impulse commands, as well as

automatic attitude hold,. /utomatic rate damping, and proportional rate

command. When MIN /2vIP is selected on a k'iANUAL ATTITUDE s_vitch,

the ECA is configured to accept RC breakout commands and supplyoutput

pulses. All other outputs of the ECA are inhibited in the ECA.

//"

I
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2.3,4.3.3 " Direct-Coil Commands,

• :

The RCS engines can be operated by applying 28 vdc to the direct

coils, as the other side of the direct coils is hard wired to ground. The

coils receive commands from the sources described in the following para-

graphs (shown in figure 2.3-18),

Direct l_otation_l Control. The direct switches in the rotation con-

trollers (l_CsJ are enabled wh@n the ROT CONTI_ PV/R-DII_-ECT i & 2

switches on MDC-I are up or down. The RCS commands are initiated

when the RC is deflected a nominal 11 degrees about one or more of its

axes. At this displacement a switch (direct) closure occurs, rouing

.Z8 v dc to the app,ro,pziate direct.coils and tp the auto RCS logic (para-

graph Z. 3.4.3. Z). The signal to the auto RCS logic disables the solenoid

drivers in the channel(s) under direct control.

Direct Ullage. An ullage is performed prior to an'SPS thrust

maneuver. Direct ullage is a backup to TC +X £ranslation. Pressing the

DIRECT ULLAGE pushbutton routes 28 vdc to the S_i direct coils on the

pitch and yaw RCS engines used for +X translations. (See table on fig-

ure 2.3-14. ) A signal (28 vdc) is sent to the auto RCS logic that disables

the pitch and yaw solenoid drivers. The ullage signal is also sent to the

SPS ignition logic in the RJ/EC. (Refer to paragraph Z o3.5.5. )

...........At CM-SM separation the lines from'the RC direct switches-are

transferred from SM direct coils to CM direct coils. This is similar to

the automatic coil transfer described in paragrapK Z. 3/4.3.2, except that

either of the two transfer motors transfers power to all CM direct coils.

_- _ ..... The l_nes fQ1" diregt_or 9e_arat_on ullage (st_ps b_ and c), a_re open ended

at CM-SM separation.

STABILIZATION KIND CONTROL SYSTEM
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Z. 3.4.4

Z.3.4".4.1

2.3.4.4.2

Attitude C 0nfigurations.

General.

The SCS hardware can he placed in various configurations for atti-

tude control. These configurations, described briefly in the preceding

paragraphs, are categorized as automatic and manual configurations. The

automaic control capabilities are described in paragraph Z. 3.4.4. Z and

the manual capabilities in paragraph Z. 3.4.4._3.

_utomatic C ontr oi.

The automatic capabilities of the ACS are rate _mping and attitude

hold. The rate damping configuration provides the capability of reducing

large spacecraft rates to v¢ithin small limits (rate deadband) and holding

the rate within these limits. The attitude hold configuration provides the

capability of keeping angular deviations about the body axes to within cer-

tain limits (attitude deadband). If attitude hold is selected in pitch, yaw,

and roll, the contro'l can be defined as maintaining a fixed inertial refer-

ence. The rate damping function is used together with the attitude hold

configuration; therefore, the description of the rate control loop is

included in the following attitude hold discussion.

Attitude held uses the control signals provided by the rate and atti-

tude BkdAGs which are summed in the ECA. (See figure 2.3-!9. ) The

control loops are summed at the input to a switching amplifier which pro-

vides the on-off engine commands to the auto RCS logic. Each of the three

switching amplifiers (pitch, ya_v, and roll) has two outputs that provide

Clockwise and counterclock_vise rotation commands. The polarity of Lhe

d-c input voltages to the switching amplifiers determines the commanded

direction of _rotation.

If the switching amplifier input signal is smaller than a specific

value, neither output is obtained. This input threshold required to obtain

an output is t1_e switching amplifier deadband. Manually-selectable gain

authority pi'ovides flexibilit F in the selection of the attitude hold deadband

width, the rate damping sensitivity and proportional rate command

authority. The RATE switch controls both the rate damping threshold

and the proportional rate c0mmand authority, which is discussed in para-

graphs to follow. Since the attitude hold configuration utilizes the attitude

and rate loops, the switching amplifiers will switch on when the summa-

Zion of attitude error and rate signals equals the voltage deadband. Atti-

tude error signals are scaled (20:I) as a function of the RATE switch.

In addition, a deadband limiter circuit may be switched into the. attitude

error_loops. -This is accomplished by having the ATT DEADBAND switch

in MAX, which, in effect, blocks the first four degrees of attitude error.

__'The rate and attitude error deadbands are summarized in the follov#ing

table.

iMiission
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RATE

Sw Position

LO_V

HiGH

Rate

deadband

(°/Sec)

±0.2

±2

ATT DEADBAND- .. - :: : .

Sw Po sition --

MIN

:h.2 deg

±4 deg

MAX

/ -

r

{

i

[

2.3.4.4.3

During attitude hold it is desirable to maintain minimum rotation

rates _to conserve propellants. This capability is provided by the pseudo-

rate circuit. Psetcdo-rate feedback around the switching amplifier is

enabled vfa the LL_/I!T CYCLE switch. Placing the LLN{IT CYCLE up

causes the switching amplifier otttput to puls_ off and on when the input

level app roaches the threshold.

W'hen the pseudo-rate mode is used, the pulse duration from the switch- |

ing amplifier may be insufficient to insure proper operation of the solenoid

valves in the P<CS. This applies for operation near the deadband limits.

To insure a sufficfently-long pulse to the solenoids, a one-shot circult is

connected do_vnstream from the switching amplifier. The one shot pro-

vides a single minimum-impulse command (on-time) for each switching

amplifier output pulse. When the switching amplifier pulse width exceeds

the one shot on-time, the longer RCS court, and is initiated. The output

pulse width of the one shot is a function of the d-c bus voltage; the pulse

width increases as the-bus voltage decreases. This is because the sole-

noid valve picku p fiime increases as the bus voltage decreases; therefore,

a longer P_CS "on" command is required. Thus, the one-shot circuit pro-

v-ides compensatio_% for bus voltage variations: the pulse width varies

approximately fron__ 13 msec to 17 msec over a bus voltage range of 30 to

Z5 vdc. The one-shot circuit is also used in m,znual minimum impulse

control. This configuration is described in the next paragraph.

_An additional rate control loop is used for the yav¢ axis only. This

loop is enabled during entry, after . 05 G, and is used to cancel _tnvcanted

yaw rate B_XiAG signals. The uliwanted yaw BI%tAG signals are those

signals resulting from roll maneuvers about _he stability X-axis. The I

Zl-degree offset between this axis and the X-axis causes the yaw BMAG I
to sense a compor_ent of the entry roll rate.

Manual Control.

Following are the manual attitude control capabilities.

• D II_EC T ...............

• ACCELERATION CMD

• MINIIV[UM IMPULSE

• PROPORTIONAL RATE_

Mi ss ion
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The commands listed are ini'tiated bY manual inputs to either rotation con-

troller. W-ith the exception of direct, the _C commands rotations through

the RCS auto coils.

The manual rotation control capabilities are discussed further in the.

following paragraphs.

Proportional Rate. Proportional rate provides the capability tO

command spacecra£t rates that are proportional to. the RC deflection. The

RC transducer output is summed (by axis) through the breakout switch

logic path (figure 2.3-19) with the rate signal from the BiVIAG. Initially,

£he RC output'(commanded rate) will be larger than the B_A_AG output

(actual rate) so that the summed signals Will be greater than the switching

amplifier threshold. The RCS engines wiil fire _Intil the summation of the

rate and commanded rates are within the switching amplifier deadband.

When the RCS engines stop firing, the spacecraft will continue to rotate

at a constant rate until a new rate is commanded.

Since the MANUAL ATTITUDE switch must be' in RATE CMD for

proportional rate, the spacecraft will be under automatic control when the

RG is released.

z

The rate commanded by a constant stick deflection is a function of

the ratio of the control loop gains. The ratio has two possible values

which are selected by the RATE switch. The nominal rate-commanded at

m_ximum stick deflection (soft stop), for both rate switch positions, are

shown in the following list.

RAT E Switch

P o sition

LOW

HIGH

Maximum Prop. Rate CMD

(By Axis)

Pitch & Yaw

0.7 deg/sec

7 deg/sec

Roll

0.7 deg/sec

20 deg/sec

f

\

.j-

/-

The switching chart shows the LIMIT CYCLE switch in the OFF

position. Performing a proportional rate maneuver with pseudo-rate

enabled (s%vitch-on), required more RCS fuel than the saFne maneuver

without pseudo-rate feedback.

Minimum Impulse. Minimum impulse provides the capability of

making small changes in the spacecraft rate. V/hen minimum impulse is

enabled, the switching amplifier output is inhibited. Thus, the spacecraft

(attitude) is in free drift in the axis where minimnm impulse is enabled,

if direct control is not being used.

Mi s s ion
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Minimum impulse Control is commanded by the RC breakout switch.

This switch provides a 28-vdc logic signal to the one-shot circuit in the

ECA. The one shot (paragraph Z. 3.4.4.2) provides a command to the auto

RCS logic for a nominal 15 ms. Additional minimum impulse commands

are obtained each time a breakout switch is closed (by repeated opening.

and closing of the breakout switch).

Acceleration Command. _hen acceleration command is enabled and

a breakout switch is closed, continuous commands are sent to the appro-

priate RCS auto _coils. The SC COAT switch has no function in enabling the

acceleration command capability, which is second in priority only to direct

coil operations. (Refer to paragraph 2.3.4.3.2. )

Direct. Direct control is similar to acceleration command excepn

that _he direct RCS coils are used. Also, instead of a breakout switch

providing the firing command, the RC dir:ect switch is used to provide

28 vdc straight to the direct coils •(figure 2.3-19). Power to the RC direct

switches is controlledhy the two ROT CONTR P_fR DIRECT switches on

IV[DC-I, one switch controlling the 28 vdc for each RC. (See figure 2.3-26.)

During direct control in an axis, all auto coil commands in that axis are

inhibited in the auto RCS logic (figure 2. 3-17).

Translation Control.

When power is supplied to the translation control (TC), a maLnual

translational command fires auto coils to give acceleration(s) along an

axis (or axes). The TRANS COINTR P_VR switch on i_viDC-I supplies 28vdc

to the TC translational switches (figure 2.3-26).

TC inputs are routed as logic inputs to the auto RCS logic when the

spacecraft is under SCS control. However, during CMC control, TC

commands arrive at the auto RCS logic via the CMG. (See figure 2.3-i7, )

Since the TC uses only SIV[ RCS engines, after CM/SM separation the TC
has no translation function.

Other translational control is possible from inputs other than the TC.

These are direct ullage, CS/Vf//LV separation ullag-e, an_ CM/SM minus --X

translation (SM JETT CONT). These translation commands utilize direct

coils. (See figure 2.3-18.)

Certain panel switch combinations are necessary for eachACS capa-

bility that has been discussed. For a summary, see figure 2.3-20.

THRUST VECTOR CONTROL (TVC).

Introduction.

._ Lj.

The spacecraft attitu4e is controlled during a delta V by pbsitioning

the engine gimbals (TVC) for pitch and yaw control while maintaining roll

z
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attitude with the attitude control subsystem. The SCS electronics c_n be

configured to accept attitude sensor inputs for automatic control (SCS auto

TVC) or rotational controller (RC) inputs for [manual thrust vector control

(I_TVC). l_lanual TVC can be selected to utilize vehicle rate feedback

signals summed with the manual fnputs; this comprises the i%.ITVC/RATE

C/VID configuration. Selecting MTVC without rate feedback describes the

MTVC/ACCEL CMD configuration, i different configuration can be

selected for each axis; for exan%ple, one axis can be controlled manually

while the other is controlled automatically.

THe follo_ving paragraphs present the characteristic s of the SCS/TVC

configurations. A switching table, specifying the panel switching and logic

signals required for enabling each configuration , is included. The opera-

tion of the engine ignition/thrust on-off logic is also described.

Z. 3.5.2 TVC Panel Configurations.

On the simplified TVC signal flow diagram shown in figure Z. 3-21

functional enabling s_vitches are used for reference. The TVC s_-itching

table (figure 2.3-22) relates the functional switching and panel switching to

the TVC configuration desired. Both figures are applicable to either the

pitch or yaw TVC channel.

[n general, it is possible to enable _ functional switch through several

(alternate) panel configurations. The alternate confSgurations usually

require the CV/ logic signal which is obtained from a clockwise rotation of

the translation controller (TC) T-handle. This provides a convenient

means of transferring from one TVC configuration to another during the

thrusting maneuver. The CV_ signal will also e_ble" transfer from servo

No. 1 to servo No. Z (figure 2.3-ZZ) under certain conditions; Thus, it is

possible to transfer £o a completely redundant configuration by using the

TC clockwise switch.

The gimbal servo control loop consists of a servoamp that drives two

...... magnetic clutch coils; one coil extends.the act_tor; the other retracts the

actuator. Gimba] rate and position transducers provide feedback for

closed loop control. Two servo control chan_els are provided in each

axis, pitch and yaw. The active channel is selected through functional

L switch servo 2 enable (figure Z.3-Zi). Primmrycontrol utilizes servo

Nori,. Servo No. 2, in an axis, can be engage([ either by selecting 2 posi-

tion on the TVC GMBL DR switch or by automatic transfer. Automatic

transfer will occur, if the TVC GMBL DI_ s_vi__h is in the AUTO posit_on

and-either the FS (fail Sense) or CV_ logic signal is present. The CV_ logic

will-er_mble transfer to servo No. Z [n both axes, whereas, the FS logic

will enable transfer only_in the axis where it is present. The fail sense

sign_71 is generated in the motor excitationcirc__i£ry of servoactuator No. I,

occurring when an overcurrent is sensed. The transfer logic described is

incluied in _he switching-tabie (figure Z. 3-2Z), - _ _

L
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GPi Signal Flow.

The gimbal position display- (figure 2. 3-5) is used as a monitor Of

SPS pitch-and yaw gimbal deflections from actuator null during CMC and

SCS control ofa AV. Prior to mn SCS AV, the SPS engine must be posi-

tioned with the trim thumbwheels on the GPI. Ln this case, the GPI will

disp-lay the trim gimbal angles that are set with _he dxumbwheels.

Since there is only one display panel of gimhal position, there are

redundant indicators, servometrfc n_eter drivers, and power supplies

associated _vith both the pitch and yaw position displays. (See fig-

ure 2.3-23. ) When servo channel No. I is controlling the SPS actuator,

the position input to both GPI indicators (pitdh and yaw) is supplied from

the No. ! position transducer. If actuator control is transferred to the

No. 2 serv.o_ .then the IN-o. 2 position transducer drives both indicators in

that axis. If the EDAI/GPI POWEI% s_v_itch is in BOTH positron then all

four indicators are powered. _Vith the switch in position I, the first and

third indicators are enabled. The second and fourth indicators are

energized with the switch in position 2.

SCS Auto TVC.

In order to configure tile SCS electronics for an SOS auto TVC,

certain panel switches must be positioned. In addition, other manual or

automatic logic switching will affect the control signals and servo loops.

Since SCS auto TVC requires attitude error signals from GA-I, the

gyro uncage logic must he satisfied (_gure 2.3-II). This requires that the

BIVLAG IVfODE s_vitches be in ATT i IRATE Z, the ENTRY-. 05 G switch be

OFE, and that the SPS ignition signal (ION 2) be present. Eor attitude

hold (paragraph Z. 3.4. Z. I), the ION 2 logic was not needed as GA-I can

be uncaged by placing the IM_ANITAL ATTITUDE switches to B_ATE CA4D

while having no breakout switch input.

Th_ attitude error signal (in pitch and y_w) is summed with the SPS

gimbal position and GPI trim at the input to am integrator (figure Z. 3-ZZ).

The integrator output is summed with attitude error and tale, filtered for

body-bending, and then applied as an input to the servo amplifiers (pri-

mary and secondary). During a delta V _he integrator output insures that

the thrust vector stays iner_ially fixed even though the cg shifts as the

propellants are consumed. The signal path req__ires that the delta V is

under SCS control with the SCS TVC switch in AUTO.

Though the control signal is applied to both servo amplifiers, only

one will be positioning the SBS gimbal actuators. Selection logic control-

ling which servo atm_plifier is energized is represented by the S]£RVO Z

ENABLE functional switch. TP_e TVC GIIVIBAL DI{IVE switches on MDC-I

have AUTO positions which provide an automatic transfer from servo I to

servo 2 if either a TC-CZ£ switch is closed or an over-current logic

Miss ion
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signal is sent from the S. _. Positioning the TVC GLA4BAL DRIVE switches

tO 1 or 2 selects the desired servo loop, but overrides the TC--CV/ or

over-current transfer. . •

Pre-thrust gimbal trim is accomplished by manually turning the trim
. ,_-:_¢_

wheels on the gimbal position indicator (GPI) to obtain the desired indicator _;_:._readout. The trim wheel in each axis is mechanically connected to two

potenti0meters. As shown in figure 2.3-21, one potentiometer is asso-

ciated v¢itl/servo No. i and the second with servo No.- 2. It is desirable

to pretrim before an SCS delta V, to minimize the transient duration |

and the accompanying quadrature accelerations. It is als0 desirable to

set the trim wheels properly before a CMC delta V if the SCS AUTO con-

figuration is to serve as a backup. This will enable the SCS to relocate the

desired thrust direction if a transfer is required after engine ignition.

2.3.5.5 Manual Thrust Vector Control.

Manual control of the thrust vector utilizes crew commands via the

RC to position the gimbaled SPS. There are two types of MTVC: MTVC

with rate damping (rate command) and MTVC without rate damping

(acceleration command). Either mode of MTVC is selectable by panel

switching. In addition, TC-CVg logic provides efther an automatic trans-

fer from a PGNCS-controlled delta V or from an SCS auto delta V. (See

figure 2.3-22. )

In order to provide ease of manual control, a proportional plus

integral amplifier is incorporated in the MTVC signal flow path. The

operation of this circuit can be described by considering the response to a

step input; the output will initially assume a value determined by the pro-

portional gain and the input amplitude. It will then irlcrease, from this

value, as a straight-line function of time. The slope of the line is a func-

tion of the input amplitude and the integrator, constant. _-hen the input is

removed, the output will then drop by the initial value. With no additional

inputs the output will theoretically remain constant (in practice, itwill

slowly decay). The circuit (integrator) pr0_vides the following capabilities:

a. Maintain a gimbal deflection after returning the RC to rest.

b. Make corrections with the Re about its rest position, rather than

holding a large displacement.

c. V_rith r_o manual inputs, SC rate is damped out in the RATE CMD

configuration.

The selection between the RATE CMD and ACCEL CMD configura-

tions is made by enabling rate signals in the R_A_TE CMD mode with the

IGN Z logic signal present (thrust on). This enables rate BMAG signals to

be summed with Re inputs. The position of the BMAG MODE switch deter-

mines which rate source (BMAG I or Z) is summed, through its associated

functional switch. Placing thee_ SCS TVC switch in the ACCEL CMD position

disables the rate command mode.

Mi s sion
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- The RATE CiViD configuration is analogous to the proportiorial rate

capability described in the ACS (paragraph 2.3.4) except there fs no

deadband. _%rith no manual input, the thrdst vector is under rate B_I_G

control. If ther is an initial gimbal cg misalignrnent, an angular accel-

eration will develop. The rate BIXq_AG, through the proportional gain,

will drive the gimbal in the direction necessary to cancel this accelera-

tion.i Vfith no integrator, a steady-s_ate rate _vould be required to hold

the nece-ssary gimbal deflection (through c_). However, due to the inte-

• .-grator_ the rate is driven to zero. V_rhen an P_C input {manual) is present,

a steady-state vehicle rate.will be established so that the integrator input

- goes to zero When the output value is Sufficient to place the thrust vector

through the cg. V/hen the manual input is removed_the rate is driven to

zero.

V/hen rate feedback< is inhibited by selecting ACCEL CIVID, the RC

input must be properly trimmed to position the •thrust vector through the

cg, However, positioning the thrust vector through the cg 0nly drives

the rotational acceleration to zero. Additional adjustments (IKC trimming)

are necessary to cancel residual rates and obtain the desired attitude and

positioning vector.

Attitude Control and Thrust Vector Control Summary.
2.3.5.5A

The detailed diagram of the SCS attitude and thrust vector control

subsystems (figure Z.3-24) illustrates the follo%ving:

• Discrete and analog telemetry signals

• Amplifier bias and demodulator reference ACI or ACZ bus

SOUrces _"

• Boolean expressions that satisfy cor_trol.signal paths.

Engine Ignition, Thrust On-Off Logics.

This section describes the configurations available for ignitif3n

on-off control. Panel switch positiqns and/orlogic signals necessary

for a particular configuration are considered. The functions of output
(logic) signals are given.

• Redundant d-c power is supplied to redundant SPS coils and sole-

noid drivers (as shown in figure Z. 3-.25) via the _V THIKUST (A and B)
switches.

:i
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With the switch positions shown in figure 2.3-2 5, engine ignition

is commanded by placing a ground on the low side of SPS coil INo_ I.

Thrust-off is commanded when the ground is removed. The ground

switching can be accomplished in two basic ways. One method is to

position the SPS THP_UST switch from the NORM_A_L to the DII_ECT ON

position for engine turn-on, and later placing the AV THI_UST A and B

from NOKkiAL to OFF to terminate thrust. The second method is to

s_itch the ground through the solenoid driver as commanded by the

thrust on-off logic.

Engine ignition will be commanded by the thrust on-off Iogi c when

any one of the thrust-on logic equations show-_ in figure Z.3-Z5 is

sa_is_fied. The CMC commands fihrust-on (e.q_aation i) by supplying a

logic 0 to the thrust on-0ff logic when the SC CONT switch is in the

CMC position and the translation controller (T,_.) is not clockwise (CW).

When the C_[C changes the logic signal frcm a 0. to a [, thrust-offis

command ed.

For the SCS control configuration the SC _CONT_ sw must in the SCS

position or the TC handle clockwise (C'W). A _rust-on enabling signal

is obtained from the EMS/AV display. Thrtlst-.._n is then commanded by

y

F-

/
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[
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commanding a +X-axis acceleration and pressing the TI-//tUST ON push-

button. When the ground to the SPS ceil has been sensed by the ignition

sense logic, the THRUST O1_-and +X-axis commands can be removed and

engine ignition ?rill be maintained by the SPS latch up signal. When the

AV counter on the entry monitor system (EIV[S) display reads zero, the

EMS enabling sigflal is removed and thrust-off is commanded.

If TVC control is transferred from the CMC to the SCS (by SC CONT

switch toSCS or TC to CPf) after engine ignition, thrusting will he main-

- rained by the presence of the SCS latch up signal. Thrust-off will be

commanded as in a normal SCS control configuration, i backup thrust-off

command, for any control configuration, is obtained by placing the AV

THRUST (A and B) switches to the OFf _ position.

_ T,

The +X logic signal which is necessary _o enable thrust-on in the

SCS configuration, can be obtained from either the DIRECT ULLAGE

pushbutton or the TC +X contacts. The difference between the two

commands are:

a. Direct u/lage uses the direct coils and inhibits the pitch and yaw

solenoid drivers; thus, attitude hold cannot be maintained in these axes.

Ullage-ignition overlap time is completely under manual control.

b. %%then commanding A+X with the TC, attitude hold can be main-

tained. Ullage-ignition overlap time is automatically limited to one second.

The circuitry provides several output functions. A ground is pro-

vided for the SPS THRUST lamp on the EMS display. The ground is also

sensed by the ignition sense logic, which generates signals for both

disabling the RCS pitch and yaw auto commands and als o for configuring

the SCS electronics for thrust vector control.

The RCS disabling signal, :GN 1 on figure 2.3-25, is not present

until one second after engine ignition and is not removed until one second

after engine turn-off. This provides adequate time for engine thrust

buildup and decay. The IGN Z logic signal is required in the logic for the

functional switches in the SCS-TVC signal flow paths. There are separate

IGN Z signals generated for SCS auto TVC and for MTVC. These signals

are generate d at the same time the ground is switched to the SPS coil, bu_

are not removed until one second after the ground is removed. The

delayed OFF enables the TVC electronics to maintain spacecraft control

during thrust decay.

2.3.6 POWER DISTRIBUTION.

The SCS circuit breakers (panel 8) supply electrical power to

both 'panels 1 and 7 power switches and also to the SCS panel 1

sxvitches for logic signals. The panel 7 SCS switches distribute, a-c

and d-c power to the SCS hardware (figure 2.3-26) and route the

SCS logic bus power to panel 1 switches. (See figure Z. 3-26.)

The power switching for the two rotation hand controllers and

the transl_tion h&nd controller is on panel I. (See figure 2.3-26. )
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The SCS performance data is included in the CS_N4 Spacecraft Opera-

tional Data Book (SNA-8-D-2?), For the SCS op,erational limitations and

restrictions refer to AOI-I, Volume 2, including the Malfunction Procedures.

Z.3.7 ENTRY MONITOB_ SYSTEM.

The Enti-y IA:lonitor System (EMS) provides a visual monitor of auto-

matic Primary Guidance Navigation and Control System (PGNCS) entries

and delta velocity maneuvers. The EIVIS also provides sufficient display

data to permit manual entries in the event of PGNCS malfunctions together

with a command sent to the SCS for SPS engine cutoff. The delta velocity

display can also be used as the cue to initiate manual thrust-off commands

if the automatic-off comas.hal •malfunctions. During rendezvous the E_

provides a display of VHF ranging information.

Self-test provisions are provided by a function switch for the three

operational modes (entry, delta V, and VHF ranging) to provide maximum

system confidence prior to actual use.

Z.3.7.I

The E_IS performance data is included in the CSIVI Spacecraft Opera-

tional Data Book (SNA-8-D-ZT). For the EMS operational limitations and

restrictions refer to AOPI, Volume Z, including the MalfunctionProcedures.

Entry Functions.

The EMS provides five displays and/or indications that are used to

monitor an automatic entry or to aid in performing a manual entry.

2.3.7.1.I Threshold Indicator (.05 G).

Z.3.7. I.Z

The threshold indicator, labeled .05 G, illuminates when the atmos-

pheric deceleration is sensed. The altitude at v_hich this indicator is

illuminated is a function of the entry angle (velocity vector _vith respect to

local horizontal), the magnitude of the velocity vector, geographic location

and heading, and atmospheric conditions. Bias comparator circuits

(ilgure Z.3-28) are used to initiate this indicator. The signa_l used

.....to illuminate the indicator is also used internal to the EMS to start the

corridor evaluation timer, scroll velocity drive, and range-to-do circuits.

Roll Stability Indicator.

The roll stability indicator (RSI)provides an indication of lift vector

pQ.sition throughout entry. V/ith the ATT SET s_vitch in the GDC position,

the RSI will be aligned prior to 0. 05G by rotating the yaw thumbwheel on

the attitude set control panel with the EMS ROLL s_vitch in the entry position

-_ _vhLle pressing the GDC ALIGN button. During entry, stability a_-_s roll

attitude will be supplied to the _SI by the gyro display coupler. There are

no degree markings on the display, but the equivalent readout will be zero

when the I_SI points toward the top of the control panel. During the entry

_ KS!to_tares in the opposite direction to the spacecraft roll.

k,,
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Corridor Verification Indicators.

THe corridor verification indicators are located above and below the

RSI. They consist of two lights which indicate the necessity for lift vector

up or down for a controlled entry. The indicators will be valid only for

vehicles which enter with lunar-return velocities (approximately

36,000 FPS). The corridor comparison test is performed approxi-

mately i0 seconds after the .05 G indicator is illuminated. The lift vector

up light (top of RSI) indicates "G" greater than approximately 0.Z6ZG. The

liftvector downlight (bottom of RSI} indicates "G" less than approximately

0. 262G. Figure 2.3-29 is a typical example of the corridor evaluation

function. An entryangle is the angular displacement of theCM velocity

vector with respect to local horizontal at 0.05G. The magnitude of the

entry angles thai determines the capture and undershoot boundaries will be

a function of CM lift-to-drag (L/D) ratio. The angles shown are for a L/D

of 0.3 to 0.4. The EMS positive lift overshoot boundary is that entry angle

that produces approximately 0. 262G at approximately i0 seconds after the

.05 G indicator is illuminated. An entry angle greater than the EIV[S posi-

tive lift overshoot boundary will cause the upper corridor verification light

to be illuminated. Conversely, an entry angle less than the positive over-

shoot boundary will light the lower corridor light. Entry angles less than

the capture boundary will result in noncapture regardless of lift orientation.

Noncapture would result in an ellintical orbit which will re-enter when

perigee is again approached. The critical nature of this would depend on

CM consumables: power, control propellant, life support, etc. The

command module and crew will undergo excessive Gs (greater than 10G)

with an entry angle greater than the undershoot boundary, regardless of

lift orientation.

Delta V/Range-To-Go Indicator.

The delta V/range-to-go indicator is an electronic numeric readout

which has three functions. During entry the inertial flight path distance in

nautical miles to predicted splashdown after 0.05G is displayed. The pre-

¢licted range will be obtained from the PGNCS or ground stations and

knserted into thehr_nge display during EMS range set prior to entry. For

a- delta V the display will indicate the AV (ft/sec) remaining. For rendez-

Vous the display will indicate the dista.nce to the LIV[.

Scr oli A s s embly. -

z

The scroll assembly provides a scribed trace of G versus inerti&l

velocity during eft_try. The mylar scroll has printed guidelines which pro-

vid_ monitor (or c_ntrol) information during aerodynamic entry. The entry

trace is generatec_ by driving a scribe in a vertical direction as a function

o-_ G level, while the mylar scroll is driven fnom right to left proportional

.__6 the--CM inertial-v_i-ocity--dhange. Monitor ani control information for

h

F
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safe entry and range potential can be observed by comparing the slope of

the entry trace to the slope of the nearest guidelines (G onset, G offset

and range potential).

Delta Velocity Functions.

In addition to entry functions, the EMS provide s outputs related to

delta velocity maneuvers during SPS or RCS thrusting along the CSM X-

axis. Both the "SPS THRUST" lamp and the AV numeric counter display

information during a zXV. In addition, an automatic thrust-off command

signal is supplied tothe SCS when the AV counter reaches zero.

2.3.7. Z. I SPS Thrust-On Indicator.

The SPS thrust-on indicator will he illuminated any time a ground is

present on the low side of either of the SPS bipropellant solenoid control

valves if either of the EMS circuit breakers on panel 8 are set. None of

the EMS or MDC switches will inhibit this circuit.

2.3.7. 2.2 Delta Velocity Indicator.

2.3.7.2.3

The electro-luminescent (EL) numeric readout displays the delta

velocity remaining along the CSM X-axis. The numeric display has the

capability of displaying a maximum of 14, 000.0 fps down to a -1000.0 fps.

The readout is to I/i0 foot per second. The _V/EMS SET rocker switch

will be used to set in the desired delta (A) V for all SPS thrusting maneu-

vers. The AV display will count up or down with the EMS MODE switch in

the NOKIAd_A_L position. The display counts down with SPS or I_CS thrusting

along the CSIVI +X-axis or up with l<CS thrusting along the CSlvl -X-axis.

The BACKUP/VHF I<NG position of the MODE switch permits only a

decreasing readout during thrusting.

SPS Thrust-Off Command.

During SCS-controlled SPS thrusting a thrust-off command is supplied

by the E_iS. This thrust-off logic signal is supplied to the SPS engine on-

off circuit when the AV display reads minus values of AV. Consequerltly,

the TI-/I<UST O1_ button will not turn on f/_.eSPS engine unless the AV display

reads zero or greater.

2.3.7.3 EMS Switches. =

There are four s_vitches to activate and select the desired function in

the EMS.- They are MODE switcl_,- F?JNCTION switch, _V/EMS SET switch,
and GTA switch. -- -

[
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2.3.7.3.2

MODE S_vitch.

-TheMODE switch has three positions: NORIM2kL, STBY, and

BACKUP/VHF RNG. The STBY position applies power to the EMS cir-

cuits; it inhibits system operation but does not inhibit set functions. The

NORIM_AL position.permits the self-tests to function. It also is the normal

position for operations when the FUNCTION switch is in the ENTRY and

AV positions. The BACKUP/VHF KiN'G position is -used as a backuo in the

entry and delta V operations and is the propel- position during VHF ranging.

The BACKUP/VHF RNG position will be used as a backup to initiate the

scroll velocity drive and the range d/splay countdown in the event of failure

of the .05 G circuits. The BACKUP/VHFRNG position energizes the .05 O

light, but does not act.irate the corridor verification circuits for a display.

FUNCTION Switch.

The FUNCTION switch is a 12_position switch which is used to select

the desired function in the EMS. Three positions are used for delta V

operations. Eight positions are used for entry, entry set and self-test.

The remaining position if OFF. One position is used for VHF ranging.

Switch Po sition Function

OFF Deactivates the EMS except the SPS THRUST

ON light and the roll stability indicator.

EMS test I Tests lower trip point of 0.05 G - threshold

comparator and enables slewing of the scroll.

EMS test 2 Tests the high trip point of the . 05 G -

threshold comparator.

EMS test 3 Tests lower trip point of the corridor verifi-

cation comparator and enables slewing of the

AV/RANGE display for EMS test 4 operations.

EMS test 4 Te sis the range-to-go integrator circuits,

G servo circuits, G-V plotter and range-to-

go circuits.

EMS test 5 Tests high trip point of corridor verification

comparator and enables slewing of scroll.

RNG SET Establishes circuitry for slewing the _V/

RANGE display.

Vo SET Estaablishes circuitry for slewing the s.croll

to the predicted inertial velocity at 0.05G.

Mission

%)" i
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Func t-ion

.+ • +

ENTRY Operational position for imonitoring the CM

earth atmosphere entry mode.

AV TEST

z_V SET/VHF RNG

operational position for self-test of delta V

circ_iits.

Establishes circuitry for slewing the _V/

RANGE display. En_h]Les VHF ranging

display. - •

_V Operational position for accelerometer to

drive the _V/RANGE display for X-axis

accelerations.

2-. 3.7.3.3 AV/EMS SET Switch.

2.3.7.3.4

2.3.7.4

The AV/EI<<S SET switch, a five-position rocker switch, is used to

drive either the &V/R_ANGE display or the EIV[S scroll. With the FUNC-

TION switch in the AV SET/VHF RNG, RNG SET, and EMS TEST 3,

depressing the AV/EMS SET switch from null to a soft stop (either II_CR or

DECR) will change the display readout at 0. Z5 unit per second. Depressing

the £_V/E_viS SET switch through a soft stop to a hard stop results in a

change of IZ7.5 units per second. With the FUNCTION switch in the Vo

SET, EMS TEST i, and TEST 5 position, depressimg the AV/EMS SET

switch results in driving the EMS scroll. Depress_g the £_V/EMS SET

switch to the soft stop drives the scroll at approximately 0. 0164 inch per

second (30 fps per second). Depressing through to _he hard stop drives the

scroll at approximately 0. Z63 inch per second (480 fps per second). The

scroll mechanism puts a constraint on the reverse slewing of the scroll

(AV/EMS SET switch INCR). The scroli may be s][ewed only one inch to

the right after scroll slewings to the left-of at least three inches.

---q- .+.

GTA Switch. ....

+_

The GTA switch provides a_ ground test capability. With the cover-

plate removed, the GTA switch willhe placed up to simulate 0G in the

vertical stack configuration of the SC. An adjustment pot is available to

calibrate 0G when the GTA switch is on and the EiV_ is operating. For the

coverplate to he closed, the GTA switch must be off which removes the

simulated 0G function for ground test__

Entry Scroll.

The EMS mylar scroll, contained in the EI_S scroll assembly, con_

rains four entry patterns together_volt h entry in-flight test patterns and the

•instructions for entry, delta V and VHF ranging. {See figure 2. 3-30. )
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There are four sets of AV,and VHF ranging instructions that are alternated

with .four entry in-flight self-test patterns. (See figure 2.3-3-I.) Follo_ing

the fourth in-flight selfi£est pattern s on the scroll is the first set of entry

instructions. ]Entry instructions precede each of the four entry patterns.

Lunar-return non-exit entry pattei-ns are alternated with lunar-return

3500 N_[ exit patterns, a non-exit pattern appearing first on the scroll,

-Each entry pattern (figures 2.3-32 and Z.3-33) has velocity incre-

.cents from 38,500 to 4,000 fps, together with entry guideliies which start

at 37,000 fps. These lines are called G on-set, G off-set, and range

potential guidelines. The G on-set and G off-set lines are solid lines-and

the range potential lines are broken.

The G on-set lines slope downward, while the G off-set lines ray

upward and terminate at Z4,000 fps just to the right of the vertical line at

25,500 fps (minimum velocity for earth orbit). Below Z4,000 fps the G

on:set lines slope downward from the full-lift profile line which represents

the stea,dy-state minimurn-G entry profile. During entry the scribe trace

should not become parallel to either the nearest G on-set or G off-set line.

If the slope of the entry trace becomes more negative than the nearest G

on-set line, the CM should be oriented such that a positive lift vector

orientation (lift vector up) exists in order to prevent excessive G buildup.

I-_owever, if the entry trace slope becomes more positive than the nearest

G off-set line then the CM should he oriented to produce negative lift (lift

vector down) for entry.

The G on-set and G off-set lines are designed to allowa 2-sec0nd

crew response.time with a single system l_CS/SCS.180-degr.ee roll maneu-

vet should the entry trace become parallel to the tange_nt of the nearest

guideline.

Points along the range potential lines, shown in hundreds of nautical

miles, indicate the distance that the CIV[ will travel if a constant G force

is maintained until drogue chute deployment. The crew will compare the

range displayed by the range-to-go counter with the range potential indi-

cated by the entry trace. The slope and position of the entry trace relative

to a desired ranging line indicates the need for lift vector up or down.

I}
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2.3.7.5.4

EMS Functional Data Flow.

The following functional discussion of the EMS relates system

mechanization to the EN<S operation. (See figure 2.3-34. )

_A_CCeler or_ete r.

The accelerometer, which is aligned to within ±2 degrees of the SC

X-axis_ is the only sensor in %he EMS. It has three outputs: low level G

to threshold and corridor circuits, high level C to the flight monitor Cr

axis during entry, and an output to the A/D converter which is used to

drive the &-V/R_ANGE display and mylar scroll. The difference in the low

and high level G ou%puts is scale factor.

Threshold and Corridor Verification Circuits.

The threshold and corridor verification circuits use the accelerom-

eter low level G output. The . 05G comparator will trigger and illuminate

the threshold light (. 05 O) if a G level of 0.05G + 0. 005G is present for

14-0.5 seconds. If the G level drops to 0.02G 4- 0. 005G, the light will he

extinguished. The corridor evaluation will occur 10.0534-0. 025 seconds

after the . 05 G threshold lamp is illuminated. The liftvector up light will

illuminate if the G force is greater than approximately O. 26Z+0. 009G. The

lilt vector dow_ light will be illuminated if the G force is less than approxi-

mately 0. Z6Z_-0. 009Cx. There will be only one corridor verification light

turned ON for corridor evaluation. The corridor lights willhe turned off

when the flight monitor G axis drive passes the ZG level.

Scroll Assembly G Axis Drive Circuits.

The scroll assembly G axis drive circuits receive the accelerometer

high O level output signal and position the G axis scribe in vertically.

The scrihe drive is a normal closed-loop servo circuit with velocity and

position feedback. The loop is biased from zero hy the magnitude of the

accelerorneter input.

Scroll Assembly Velocity Axis Drive Circuits.

The scroll assembly velocity axis drive circuits use the accelerom-

eter A/D converter output to drive the scroll from right to left. The A/D

converter output is about one pulse for each 0. I fps of velocity change.

The motor control circuits and stepper motor cause the scroll to move

from right to left with the existing inertial velocity shown under the index

line. Before entry the scroll is initialized to the inertial velocity by

setting the FUNCTION switch to the Vo SET position and using the AV/EMS

SET switch to slew the scroll to the predicted-inertial velocity value at

0.05G. _-'

E

STABILIZATION AND CONTROL SYSTEM

Mission Basic Date 15 April 1969 Change Date..15 Jan 1970 Page z.3-63/z.3-64

....... :_ . .t. , ,! Id ,!,: J,_ t,!h_ 1.._ ,,_,_!_, ,, th ..... F



p

m

SM2A- 03- B LOCK II- (1)

A!>OLLO OPERATIONS HANDBOOK

SYSTE M_S DATA

X-AXIS ACC_ERAT)04-- "--1

i i

¥ -
!

I .=_t

.__.7] J 2

i f 1 '
I 'V cT, .

l o._-!
L_'j

_OUNO .TEST

£S S_V3LY (GTA)

.

r _ ST_Y_

• __,_ow_

c m_

} SEE

TitLE:P_..Ay

im

I S_C

r'-----Z'_.S _S_ I-_--'---T,

•' _4TRY---------_ T

• J • ,_£NT,R_y_____j

6

U_ 3 ISC._

L l NVER,U_GICER _x --<t<tx_ _}_I_/zS_C_UP ','i-6 R%;--._V SET'A-_.Ft'_ UP _ISCRZT,E _.x

[ _._l_j_ _..... INT I FBA CKUP;VHF '_G--"W $<'T' ;g_ ' _C' q

i llj

10"1 _tGIT

| _Y

II

_---_sc.._.-'--7____I -
•-_:RA'_ C,E Pb_.%$

"b

\

SCRf_E ',__OCITYFE3_ACK

: ,, ,m

• I I ,, ;-I I
E ] " " CIROJR

-R_ SEI.-m----_

*._V PULSES3 VOSLE?_

J _,OWN (}I SCR[-I_.

l

L_ OtSC_ETE

q

&

_S TEST L 4, _

_'_-+r .C5C,

[
Vo SET_

---ENI.$ TEST I.4, 5'-'_

RE,'ERS£< I"-_M, .f:_,:

I'RAI%

1, _Z/'. 27 FFS. IMCa

RJEC-SCS

0"_C'_tO j

-L2LJ
_%',-_3C-_J

1M"E'_P.._.
ACZ

4,A Lm.;C-X_

AC_ ,.I,,

scRc__,_J ............av
RSI L t'_._.lh_'_ TEST

oi5-)G L--_v s_ wF R_G--J

C._3C-D

©V--
0"!L_/ I _ : "" h

N_ eS_:l

Fi_u_- e _ 3 ,-34 EMS F:mnc__on__l Bloc.-. Diag_, an=

.................... 1

=-.... C'__SY STE _

,.v,, a _.i C'T. • Da ! tit "> 3 ':'"; 3 ""



- _ . - • - SM2A-03-BLOCK iI-(1)

" • " :. ..... " .... .- APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

/_ __ 2". 3.7.5.5 AV/R_&NGE Display Circuits.

, ... .. :-

k

The AV/RANGE electronics directly controls the numeric display

value except during VHF ranging operations. The display will be initial-

ized by a combination of the FUNCTION switch and AV/EiVIS SET switch

except during VHF ranging operations. During AV operations, the accel- _,._:,_.

erometer A/D converter output pulses are used to increment or decrement __>
the display value. When the display decreases to a value of -0.i fps, a

signal is supplied to th4 SCS for an automatic SPS OFF command. For |

entry, the display will read range to go, being decremented by the range

integrator. The output of the range integrator will decrease as a function

of the inertial velocitbr stored in it at any time. The rangeintegrator is

decremented so that it contains the CM present inertial range-to-go if I

properly initialized. The pulse scaler sends pulses to the flight monitor |
velocity axis drive in order to drive the scroll from right to left %fter

0.05G is sensed. If the 0.050 function should fail, placing the MODE

switch to the BACKUP/VHF RNG position will initiat% the pulse scaler l

operation to decrement the range-to-go display and to drive monitor !
scroll from right to left as a function of G level.

2.3.7.5.6 Roll Stability Indicator Drive.

/

The RSI drive function, controlled by the yaw axis of the GDC in the

SCS, requires the correct positive of the two ENTRY switches (.05G and

EMR ROLL) for its correct operation during entry. This function is

described as a normal GDC function in paragraph Z. 3.3.2.

Z. 3.7.5.7" Thrust-Off Function.

The thrast-off function will provide a logic function four a SCS thrust-

off command any time the _V/R_ANGE counter goes to -0.1 fps. During a

delta V mode operation, a relay energizes and provides a ground to the

SCS. This function operates in conjunction with the AV and AV/YEST

positions of±he FUNCTION switch.

(

/

%_
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SECTION 2

SUBSECTION 2.4

SERVICE PROPULSION SYSTEM (SPS)

(CSIVi'I06 and Subs)

2.4_ 1 i_UNCTIONAL DESCI<IPTIO N.

The service propulsion subsystem provides the impulse for all

X-axis velocity changes (AVs) throughout a mission and the SPS abort

capability after the launch escape tower is jettisoned_ The SPS consists

of a helium pressurization system, a propellant feed system, a propellant

gauging and utilization system, and a rocket engine. The oxidizer is

inhibited nitrogen tetroxide and the fuel is a blended hydrazine (approxi-

mately 50 percent unsymmetrical dimethylhydrazine and 50 percent

anhydrous hydrazine). The pressurizing gas is helium. The system

incorporates displays and sensing devices to permit earth-based stations

and the crew to monitor its operation. (See figures Z. 4-I and Z. 4-2.)

The helium pressure is directed to the helium pressurizing valves

which isolate the helium during nonthrusting periods, or allow the helium

to pressurize the fuel and oxidizer tanks during thrusting .periods. The

helium pressure is reduced at the pressure regulators to a desired _vork-

ing pressure. The regulated helium pressure is directed through check

valves that permit heliulrl flow in the downstream direction when the pres-

surizing valves are open, and prevent a reverse flow of propellants during

nonthrusting periods. The heat exchangers transfer heat from the propel-

lants to the helium gas to reduce any pressure excursions that may result

from a temperature differential between the helium gas and propellants in

the tanks. The relief v_Ives maintain the structural integrity of the pro-

pellant tank systems if an excessive pressure rise occurs.

The total propellant supply is contained within four similar tanks; an

oxidizer storage tank, oxidizer sump tank, fuel storage tank, and fuel

sump tank (figures 2. 4-1, 2.4-Z, and Z. 4-3). The storage and sump tanks

for each propellant system are connected in series bya single transfer

line. The regulated helium enters the fuel and oxidizer storage tank,

pressurizing the storage tank propellants, and forces the propellant to an

outlet in the s_orage tank which is directed through a transfer line into the

respective sump tank standpipe pressurizing the propellants in the sump

tank. The propellant in the sump tank is directed to the exit end into a

propellant retention reservoir. Sufficient propellants are retained in the

p_

/
\.
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retention reservoir and at the tank outlets to per__nit engine restart

capability in a 0-g condition when the SPS propellant quantity remaining

is greater than 22,300 pounds (56. zi%_0)without conducting _n SiX/ I_CS

ullage maneuver prior to an SPS engine thrusting period. An ull_e

maneu%_er is mandatory prior to any SPS thrusting period when the SIPS

propellant quantity remaining is at or less than Z2,300 pounds (56, 470).

An ullage maneuver is also mandatory prior to any SPS thr_usting,period

following all docked LM DPS 5urns even though the SPS propellant quantity

is at or greater than 22,300 pounds (56.4_70). The pr0pellants- exit fronl -

the respective surnp tanks into a single line to the heat exchanger.

A propellant utilization valve is installed in the oxidizer line, The

p-_epella_nt,u£ilization valve is/pow.ered only during SPS thrusting periods.

The propellant utilization valve aids in achieving simultaneous propellant

depletion. The propellant supply is connected from the sump tanks to

the engine interface flange.

The propellants flow from the propellant surnp tank, through their

respective plumbing, to the main propellant orifices and filters, to the

bipropellant valve. The hipropellant valve assembly contains pneumat-

ically controlled main propellant valves that distribute the propellants to

the engine injector.

The thrust chamber consists of an engine injector, combustion

chamber, and exhaust nozzle extension. The engine injector distributes

the propellants through orifices in the injector face wliere the fuel and

oxidizer impinge, atomize, and ignite. The combustion %hamber is

ablatively cooled. The exhaust nozzle extension is radiation cooled.

The engine assembly is mounted to the structure of the SM. It is

gimbaled to permit thrust vector alignment through'the center of mass

prior £o thrust initiation and thrust vector control during a thrusting

period.

7"

Propellant quantity is measured by two separate sensing systems-

primary and auxiliary. The sensing SyStems are 13Qwered only during

thrust-on periods because of the capacitance and point sensor measuring

techniques. The capacitance and point sensor-iinearity_ would not provide

accurate indications during the 0-g nonSPS-thrusting periods.

The control of the subsystem is automatic with provisions for

m_nual backup.

Mission
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Figure 2.4-3. Service Module Sectors

MAJOR C OMPONENT / SUB SYSTE M DESCRIPTIO N.

Pressurization Subsystem.

The pressurization subsystem consists of two helium tanks, two

helium pressurizing valves, two dual pressure regulato/- assemblies,

two dual check valve a:ssemblies, two pressure relief valves, and two

heat exchangers. The critical components are redundant to increase

re liab iliiy.

P-5(B8

t
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2.4.2/1.1

2.4:2.1.2

2,4.2.1,3

:HeIium Tanks. - "

The two helium supply spherical pressure vessels are located in the

center section of the SM.

Helium Pressurizing Valves.

The helium valves are continuous-duty solenoid-operated. The

valves are energized open and spring-loaded closed. The SPS He V/_V

Switches on MDC-3 permit automatic or manual control of the valves.

With the switches in t1_e AUTO position,, the v_Ives are automatically con-

trolled by a thrust ON-OFF signal. The valves are controlled manually

by placing the switches to the ON (valve open) and OFF (valve closed)

positions.

Each valve contains a position switch which controls a position •

(talk-hack) indicator above each switch. When the valves are closed, the

position switch is open and the indicator is barber pole (diagonal lines-),

the .indication during nonSPS thrusting periods. When the valves are open,

the position switch is closed and the indicator is powered to gray (same

colol_ as the panel) indicating the valve is open, the indication during SPS

thrusting periods.

Pressure Regulator Assemblies.

Pressure regulation is accomplished by a pressure-regulating

assembly downstream of each helium pressurizing valve. Each assembly

contains a primary and secondary regulator in series, and a pressure

surg e damper and filter installed on the inlet to each regulating unit.

The primary regulator is normally the controlling regulator. The

secondary regulator is normally open during a dynamic flow condition.

The secondary regulator will not become the controlling regulator until

the primary regulator allows a higher pressure than normal and allows the

secondary regulator to function. All regulator pressures are in reference

to a bellows assembly that is vented to ambient.

Only one of the parallei regulator assemblies regulates helium pres-

sure ur_der dynamic conditions. The downstream pressure causes the

second assembly to lock up (close). When the regulated pressure

decreases below the lockup pressure of the nonoperating assembly, that

assembly becomes operational.

E

g

k.
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Z. 4.2.1.4

2.4.2.1<.5

2.4.2.1.6

2.4.2.2

Check Valve Assemblies.

Each assembly contains four independent check valves connected ia

a series-parallel configuration for added red_mdancy. The check valves

provide a positive checking action against a rew'erse flow of propellant

liquid and/or vapor, and permit helium pressure to be directed to the

propellant tanks. Filters are incorporated im the inlet to each check valve

assembly and each test port (figures 2, 4-1 mad 2.4-Z).

Helium Pressure Relief Valves. - ....

The pressure relief valves consist of _ relief valve, a burst

diaphragm, and a filter.

In the event excessive helium and/or propellant vapor ruptures the

burst diaphragm, the relief valve opens and veals the applicable system.

The relief valve will close and reseal after the excessive pressure has

returned to the operating level. The burst diaphragm provides a more

positive seal of helium than a relief valve. The filter prevents any frag-

ments from the (nonfragmentation type) diaphragm from entering onto the

relief valve seat.

A pressure bleed device is incorporated between the burst dia-

phragm and relief valve. The bleed valve yeats the cavity between the

burst diaphragm and relief valve in the event of any leakage from the

diaphragm. The bleed device is normally opera and will close when the

pressure increases to a predetermined pressure.

A protective cover is installed over the relief valve vent port and

bleed valve cavity port to prevent moisture _.cc_rnulation and foreign

matter entrance. The covers are left in place _t lift-off.

Heat Exchanger's.

Each unit is a line-mounted, counterflo_v heat exchanger consisting

of the helium pressurization line coiled helically within an enlarggd sec-

tion of the propellant supply line. The heliumn Zas, flowing through the

coiled line, approaches the temperature of the propellant prior to entry

into the respective storage tanks i thus reducing pressure excursions to a

minimum.

PrOpellant Subsystem.

This subsystem consists of two fuel tamks (storage and sump), two

oxidizer tanks (storage and sump), and propeUant feed lines.

f- .

£
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,2_ 4.Z. 2. ! Propellant Tanks.

The propellant supply is contained in four hemispherical-domed

cylindrical tanks within the service module (figures 2. 4-I, Z. 4-2, and

2.4-3). The storage tanks are pressurized by the helium supply. An out-

let transfers the propellant and/or helium gas from the storage tanks

throughtheir respective transfer lines to the sump tanks_ A standpipe in

the sump tanks allows the propellant and/or helium gas from the storage

tanks to pressurize fihe.Sump tanks. The propellants in the sump taiiks

are directed-into retention reservoirs, to the outlet, and to the engine.

" The umbrella retention reservoir, can, and-screens are installed in

the exit end of the sump tanks, The reservoir retains a •quantity of pro-

pellants at tl%e exit end of the sump tanks and the engine plumbing during

0-g condition. The reservoir permits engine ignition when the SPS

propellant quantity remaining is greater than 22, 300 pounds (56.4_0) with-

out an ullage maneuver. An ullage maneuver is also required prior to

any SPS thrusting period following all docked LM DPS burns even if the

SPS propellant quantity remaining is at or greater than Z2,300 pounds

(56.4%). When the SPS propellant quantity remaining is at 22,300 pounds

(56.4_0) or less, an ullage maneuver is performed prior to an SPS engine

thrusting period to ensure that gas is not retained aft of the screens.

2.4.2.2.2 Tank Propellant Feed Lines.

The propellant feed lines have flexible bellows assemblies installed

to permit alignment of the tank feed plumbing to the engine interface

plumbing.

2.4.2.3 Bipropellant Valve Assembly.

/

The bipropellant valve assembly consists of two gaseous nitrogen

(GN2) pressure vessels, two injector prevalves, two GN Z regtllators, two

GN 2 relief valves, four solenoid control valves, four actuators, and eight

bipropellant ball valves.

2.4.2. 3. I Gaseous Nitrogen (GN2) Pressure Vessels.

Two GN 2 tanks are mounted on the bipropellant valve assembly to

-supply pressure to the injector prevalves. One GN2 tank is in the primary

pneumatic control system A and the remaining GN Z tank is in the second-

ary pneumatic control system B.

k.
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The injector prevalves are two-positive solenoid-operated valves,

one for each pneumatic control system, and are identified as A and B_ The

valve is energized open and spring-loaded closed. The injector prevalves

are controlled hy the AV THI<UST NORMAL Switches on MDC-I. When

switch A is placed to NOR_tAL , injector prevalve A is energized open. If

switch B is placed to NORMAL, injector prevalve B is energized open.

The injector prevalves, when energized open, allow GN 2 supply tank pres-

sure to. be directed through an orifice, into a regulator, reliefvalve, and

to a pair of solenoid control valves. The solenoid conirol valves are con-

trolled by the SPS thrust ON-OFF commands. The OFF position of the

AV T_RUST switches de.-ene,zgizes the injector prevalves and springloads

closed.

The AV THRUST NORMAL switch A receives power from SPS HE

VALVE A circuit breaker onMDC-8 for control of the injector prevalveA.

The £V THRUST NORMAL switch B receives power from SPS HE

VALVE B circuit breaker on MDC-8 for control of th'e injector prevalve B

(figures 2.4-I and 2.4-2).

The £_V THRUST NORMAL switches, A _nd/or B, also provide

enabling power for the thrust ON-OFF logic circuitry.

2.4.2.3.3 GN2 Filters (CSM 108 and Subs).

A filter is installed between each GN2 pressure vessel and injector

prevalve (figures 2.4-I and 2.4,-2_. A filter is als'o installed on each GN 2

regulator outlet test port.

2.4. 2. 3.4 GN 2 Pressure Regulators.

. • j.. ,

A single-stage regulator is installed in each pneumatic control sys-

tem between the injector prevalves and the solenoid control valves. The

regulator reduces the supply GN 2 pressure to a desired working pressure.

2.4, 2.3. 5 GN 2 Relief Valves.,

A pressure relief valve is installed in each pneumatic control sys-

tem downstream of the GN 2 pressure regulators. This limits the pres-

sure applied to the solenoid control valves in the event a GN 2 pressure

regulator malfunctioned open.

Y

F
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The Orifice between the injector prevalve and regulator is installed

to restrict the flow of GN 2 and allow the relief valve to relieve the pres-

sure overboard in the event the regulator malfunctions open, preyenting

damage to the solenoid control valves and/or actuators.

2.4.2.3.7

i" "

_j:/ - .

GN 2 Solenoid Control Valves.

Four Solenoid-operated three-way two-positio n control valves are

utilized for actuator control. Two Solenoid control valves are located

downstream of the ON 2 regulators in each pneumatic control system• The

solenoid control valves [n the primary system are identified as 1 and Z

and the two in the seconclary system are identified as 3 and 4. The

solenoid control valves in the primary system control actuator _ind ball

.valves 1 and 2. The two solenoid control valves in the secondary system

control actuator and ball valves 3 and 4. The SPS thrust ON-OFF com-

mand controls the energizing or de-energizing of the solenoid control

valves. Solenoid control valves 1 and 2 are energized by the SPS thrust

ON-OFF command if _V THRUST NOI_MAL switch A is placed to A.

Solenoid control valves 3 and 4 are energized by the SPS thrust CN-OFF

command if AV THRUST NORMAL switch B is placed to B.

2. 4.2. 3.8 GN 2 Ball Valve Actuators.

Four piston-type, pneumatically operated actuators are utilized to

control the eight propellant ball valves• Each actuator piston is mechani-

cally connected to a pair of propellant ball valves, one fuel and one

oxidizer. When the solenoid control valves are opened, pneumatic pres-

sure is applied to the opening side of the actuators. The spring pressure

on the closing side is overcome and the actuator piston moves• Utilizing

a rack and pinion gear, linear motion of the actuator connecting arm is

converted into rotary motion, which opens the propellant ball valves.

When the engine firing signal is removed from the solenoid control valves,

the solenoid control valves close, removing the pneumatic pressure

source from the opening side of the actuators. The actuator closing side

spring pressure now forces the actuator piston to move in the opposite

direction, causing the propellant ball valves to close. The piston move-

ment forces the rerrfaining GN2, on the opening side of the actuator, back

through the solenoid control valves where it is vented overboard.

Each actuator incorporates a pair of linear position transducers.

One supplies ball valve position information to the SPS ENGINE

[NJECTOI_ VALVES indicators on MDC-3. The output of the second

transducer supplies ball valve position information to telemetry•

Mis mien
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Bipropel!ant Bali Valves..
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The eight propellant ball valves are used to distribute fuel and

Oxidizer to the engin e injector assembly. Each pair, of four linked pairs,

consists of one fuel and one oxidizer ball valve that is controlled by a

single actuator. The four linked pairs are arranged in a series-parallel

configuration, figures 2.4-1 and 2. 4-2. The parallel redundancy ensures

engine ignition; the series redundancy ensures t/qrust termination. _hen

GN Z pressure is applied to the actuators, •each propellant ball valve is

rotated, aligning the hall to a position that allows propellants to flow _o

the engine injector assembly. The_mechanical arrangement is such that

the •oxidlzerball valves maintain an 8-degree lead over the:fue-I ball

valves upon opening, which results in smoother engine starting transients.
i

E
Bipropellant Valve Ass embly Check Valves.

Check valves are installed in the vent port outlet of each of the four

solenoid control valves, spring pressure vent port of the four actuators,

and the ambient vent port of the two GN 2 press_.re regulator as sernblies.

Thus, the seals of the components are protected from a hard vacuum in

space.

Engine Propellant Lines.

Integral propellant lines are utilized on the engine to route each

propellant from the interface points, in the gimbal plane area, to the

bipropellant valve assembly. The plumbing consists of flexible bellows

that permit propellant line flexibility for engine gimbaling, orifices for

adjustment of oxidizer/fuel ratio, and screens tO prevent particle con-

taminants from entering the engine.

Engine Injector.

The injector is bolted to the ablative thrust chamber attach pad.

Propellant distribution through the injector is accomplished through con-

centric annuli machined orifices in the face of the injector assembly and

covered by concentric closeout rings. Propellant distribution to the

annuli is accomplished through alternate radial manifolds welded to the

backside of the injector body, The injector is baffled to provide com-

bustion stability, The fuel and oxidizer orifices impinge _ atomize, and

ignite because of hypergolic reaction.

Ablative Combustion Chamber.

The ablative combustion chamber material extends from the injec-

tor attach pad to the nozzle extension attach pad, The ablative material

consists of a liner, a layer of insulation, and _ntegral metal attach

flanges for mounting the injector.
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Nozzle Extension. " '
- ( -

The bfell-contoured nozzle extension is bolted to the ablative thrust

chamber exit area. The nozzle extension _is radiant-cooled and contains

an external stiffener to provide additional strength.

SPS Electrical Heaters.

There are six electrical heaters installed on the tank feed lines

from the respective sump tank outlets to the interface flange, on the

respective engine f.eed lines from the interface flange to the bipropellant

Valve assembly and on the bottom side of the bipropellant valve assembly

(figures 2.4-4 and 2.4-5). Each he_ter contains a redundant element.

These electrical heaters provide heat to the tank feed lines, engine feed

lines and bipropellant valve assembly, thus to the propellants. The

heaters are controlled as a normal manual function of the crew on MDC-3

(figure 2.4-6) utilizin_ the SPS LINE I-ITRS switch. When the switch is

placed to position A/B, power is supplied to 12 elements. _¥hen the

switch is placed to position A, power is supplied to 6 elements. The

switch is placed to position A/B or A when the SPS PRPLNT TANKS

TEMPindicator on MDC-3 reads +45 °F. Temperature is derived from

the engine fuel line temperature sensor (figure Z. 4-!). The switch is

placed to OFF when the indicator reads +75°F. The red-line markings

on the indicator are +27°F and +I00°F, respectively.

The engine oxidizer feed-line temperature (figures 2.4-1 and

2.4-2) may be utilized as a back-up to the SPS PRPLNT TANKS TEMP

indicator on MDC-3. The engine oxidizer feed-line temperature may be

monitored on MDC-101 (figure 2.4-7).

Thrust Mount As s emblie s.

The thrust mount assembly consists of a gimbal ring, engine-to-

vehicle mounting pads, and gimbal ring-to-combustion chamber assembly

support struts. The thrust structure is capable of providing :hl0 degrees

inclination about the Z-axis and i6 degrees about the Y-axis.

Gimb al Actuator.

Thrust vector control of the service propulsion engine is achieved

by dual, servo, electr0mechanical actuators. The gimbal actuators are

c_pable of providing control around the Z-Z _ axis (yaw) of 14. 5 (+0.5,

-0.0) degrees in either direction from a +l-degree null offset during SPS

thrusting periods (0-degree null offset during non SPS thrusting periods),

af_d ir6und the Y-Y axis (-pit,k) of +4. 5 (+0.5/ -0f0) degrees fn either

direction from a +Z-degree null offset during SPS thrusting periods

(+I. 5-degree null offset during non SPS thrusting periods).

SERVICE PI<OPULSION SYSTEM
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ACTUATOR

ALUMINIZED MYLAR INSULATION,
INSTALLED OVER FEED LINES

FROM BIPROFELLANT VALVE TO

SUMP TANK DOORS

I

VIEW' O
SUMP

TANK

- i

i

OXIDIZER

STORAGE TANK

S31HRI7

OXIDIZER /
SUMP TANK

L STORAGE

K

P-510zIA

Figure Z. 4-4. SPS Heater Installation, Tank Feed Lines

The reason for the +I-degree null offset to the.+Y axis and

+Z-degree offset to the +Z axis during SPS thrusting periods, is the offset

center of mass. The reason for the change in the null offset positions

from an SPS non-thrusting period to an SImS thrusting period is dLze to the

structural and engine deflections that occur when thrust-on is provided to

the SPS engine;

Each actuator assembly (figure 2. 4-8) consists Of four electro-

magnetic .particle clutches,._ two d-c motors, a hull gear, jack-screw and

ram, ball nut, two linear position transducers, anti'two velocity gener-

ators. The actuator assembly is a sealed unit and encloses those portions

protruding from the main housing,

One motor and a pair of clutches (extend mrLd retract) are identified

as system No. 1, the remaining motor and pair of clutches (extend and

retract) are identified as system No. 2 within the specific actuator.

/

T
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SYSTEMS DATA

HEATERS

SIDE

BIPROPELLANT

$31HR18

$3.1HR16

INIZED MYLAR

INSULATION INSTAU_D
OVER FEED'LINES FROM

BIPROPELLANT VALVE -

TO SUMP TANK DOORS

OXIDIZER

Figure 2.4-5. SPS Heater Installation, Engine Feed Lines

An overcurrent monitor circuit is employed for eac h primary and

secondary g[mbal motor. Each gimbal motor and overcurrent monitor

circuit is controlled by its own SPS GIMBAL MOTORS switch on MDC-I.

There are four SPS GIMBAL MOTORS switches, PITCH 1 and 2 and

YAW 1 and 2. Figure 2.4-9 illustrates the yaw actuator as an example.

When the SPS GIMBAL _/_oToRs YAW ! (prirnary) switch is positioned to

START, power is applied from the battery bus to the motor-driven switch.

The motor-driven switch closes a contact that allows power from the main

bus to the girnbal motors. Thus, the gimbal motor is started. When the

SPS GIMBAL MOTORS YAW 1 switch is released, it springs back to the

center position. The center position activates the overcurrent monitor

sensing circuitry. The SPS GIMBAL MOTORS YAW 2 (secondary) switch

is tken positigned to START. The SPS GIMBAL MOTORS YAW 2 switch

activates yaw 2 motor-driven switch. The motor-driven switch of

YAW 2 functions as with YAW !. The SPS GIMBAL MOTORS YAW 2

switch released from START, spring loads to center. The center posi-

tion activates the overcurrent monitor circuit of yaw 2.

! :

D

r"

k.
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MN BUS A

A MDC 229 )_

" SWITCH MDC 3
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B MDC 229

"o'_ IA/B
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9..4W 9.4W
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BIPROPELLANT VALVE
OXIDIZER SIDE
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OXIDIZER SUMP TANK
FEEDLINETO
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BIPROPELLANI VALVE
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15VV 15W:
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18.8W 18.8WI
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• . .: -. - j ..- . _ , .
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$31HR].3
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INTERFACEFLANGE
S31HRI4

FUEL ENGINE FEED

LINE FROM INTERFACE
FLANGE TO
BIPROPELLANT VALVE

$31HR15

P-5103B

<

Figure 2.4-6. SPS Electrical Heaters

The overcurrent monitor circuits of the primary and secondary

system are utilized to monitor the current to the gimbal motors. This is

because of the variable current flow during the initialgimbal motor start,

normal operation for the main d-c bus, and girnbal motor protection.

Using the No. I yaw system as an example, identify the upper motor

and clutches in figures Z.4-8 and 2.4-9 as system No. i. When the

overcurrent monitoring senses an overcurrent on gimbal motor No. I,

thefollowing funciions occur. The overcurrent monitor circuitry drives

the motor-driven switch. This removes power from gimbal motor No. I,

rendering itinoperative. Simultaneously, a signal is sent to illuminate

S

\
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APOLLO OPERATIONS HANDBOOK

SYSTEMS ,DATA

[:,_

NINA

28 VDC

MNB
28 VDC

MDC i01

"OFFo _ oXPDNR O_F 1 XPDNR SYSTEMS

1o ___L __ _°° l °. TEST
__'_,_ 5, o" ROTARY

2° _I:6- 3o_5 6 SWITCHJ, SYSTEMS

A_oo D ROTARY

GRD 37 B C 44_

T MTLM

ESS INSTR _ _ CONDITIONER I

"_r'M DC 5 .{

MNB S POO49TSPS
ESS INSTR OX ENGINE FEED

LINE TEMP

- P-5097B

Mission

x.

Figure Z. 4-7. SPS Oxidizer Engine Feed-Line

Temperature Monitoring

the YAW GMBL DR i caution and warning light on MDC-Z. This informs

tH_ crew the YAW gin6bai motor No. I has failed due to overcurrent.

Simultaneously, a fail sense signal is-sent from a contact on the mortar-

driven switch. The-fail sense signal is sent through an O1_ and AND gate

to a__s_o_lid-stateswitch. This switch provides a ground for relay coils

A41<4, A41(5, A41f6 and A41K8. These relays are energ$zed if the TVC

GMBL DRIVE YAW s_itch on MDC-I is in AUTO and the SCS TVC

SERV0 POWER switch 2 on MDC-7 is in AC2/MNB or ACI/MNA. This

allow_the upper relay-contacts of A4K4 and A4K8 to open and removes

the power input to the No. 1 clutches.
% i :_
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Basic Date 15 April 1969 Change Date , Page 2.4-18

l

: • " , _ _ 1 _,lt # ..... / ,

I ' i" _; .' J '_t_t,, '' _J I_ I}%i17'/_, __' 'i _ ' ! • # I"._ _ _,_ I

[.



.:
•

--.

J

+
'

+
.

:,
.!/

.
•

+
+

•
.

+
,

S
M
2
A
-
0
3
-
B
L
O
C
K

Ii-C
1)

m

A
P
O
L
L
O

O
P
E
R
A
T
I
O
N
S

H
A
N
D
B
O
O
K

•
,
+

i
,
-
i

.
.
.
.

S
Y
S
T
E
M
S

D
A
T
A

-
/

.
+

.
+

,
.

.
..+

.
.

+

OOO_
0_
0

<

/r

S
E
R
V
I
C
E

P
R
O
P
U
L
S
I
O
N

S
Y
S
T
E
M

"
M
i
s
s
i
o
n

B
a
s
i
c

D
a
t
e

1
5
A
p
r
i
l

1
9
6
9

C
h
a
n
g
e

D
a
t
e

P
a
g
e

2
.
4
-
1
9



' ' • --" 7
-SMZA-03-BLOCK H-(1)

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

\

Simultaneously, the lower relay contacts of A4K5 and A41f8 close.

This applies power inputs to the No. 2 clutches within the same actuator.

Simultaneously, the upper contacts of AdK4, A4!f5, and idlf6 open and

the lower contacts close, allowing thrust vector control monitoring. The

SPS GIMBAL MOTORS YAP/ 1 switch on MDC-I is then positioned to

OFF. NorrnalIy, the OFF position is used to shut down the gimbal motor

.upon completion of a thrusting period.

Using No. 2 yaw system as an example, identify the lower motor

and clutches in figure Z. 4-8 and Z. 4-9 as system No. Z. When the over-

current monitoring senses an overcurrent on gimbal motor No. Z, the

following functions occur. The over.current monitor circuitry will drive

the motor-driven switch. This removes power from gimbal motor No. Z,

rendering it inoperative. Simultaneously, a signal is sent to illuminate

the YAW GIVfBL DR Z caution and warning light on MDC-Z. This informs

the crew the YAW gimbal motor No. Z has failed due to overcurrent.

There is no fail sense signal sent to control relay coils A4K4, AdK5,

AdK6, and A41<8. If the No. 2 gimba] motor has failed as well as No. 1

gimba! motor, that specific actuator is inoperative. The SPS GIIV[BAL

MOTORS YAW Z switch on MDC-I is then positioned to OFF. Normally,

the OFF position is used to shut down the girnbal motor upon completion

of a thrusting period.

The LV/SPS IND switch on MDC-i when positioned to GPI

de-energizes relay coils AIIK3, AIIK4, AIIK5, and AIIK6 (figureZ.4-9}.

This allows the relay contact points of AIIK3, AIIK4, AIIKS, and AIIK6

to move to the down position. The. actuator position transducer is then

allowed to transmit girnbal position information to the SPS GPl on MDC- I.

L

The TVG GMBL DRIVE YAW switch on MDC-I will also control

through the OR and AND gate the solid-state switch (figure 2.4-9). The

solid-state switch will provide the ground for relay coils AdK4, A4K5,

A4K6, and A4K8. The power input to these relays is provided by posi-

tioning the TVC SERVO POWER switch g on MDC-7 to ACZ/MNB or

ACI/MNA. When the TVC GMBL DRIVE YAW switch is in AUTO, the

primary gimhal motor overcurrent monitor circuitry_ controls the solid-

state-switch. If overcurrent on the primary gimbal motor is sensed, the

CMC, SCS or MTVC inputs are switched automaticaily from the primary

to the secondary clutches.

If the TVC GMBL DI<IVE YAW switch on MDC- 1 is in position I,

the CMC, SCS, or MTVC inputs are locked into the prinnary clutches. If

overcurrenfi is sensed on gimbal motor No. l, or if the translation con-

trol is rotated clockwise, there is no automatic switchover from the

primary to secondary clutches. The TVC GMBL DP_IVE YAW switch

positioned to 1 could be utilized to check out gimbal motor No. i, the

primary clutches, and the primary servo loop system.
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Figure 2.4-9. SPS Yaw Girnbal Actuator Motor and Clutch Control
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-- If the Tvc GMBL DRIVE YAW switch on MDC-1 is in position 2

arid the TVC SERVO- POWER switch Z on MDC-7 is in AC2/MNB o.r

ACI/MNA position. The CMC, SCS or MTVC inputs are locked into the

secondary clutches. This position could be utilized to check out gimbal

motor No. 2 the secondary .clutches, and the secondary servo loop

system. ="

If the TVC GMBL DItlV'E YAW switch on MDC-I is in AUTO and

TVC SERVO POWER switch Z on _LDC-7 is in ACZ/MNB or ACI/MNA

position. The SOS or MTVC inputs are removed from the primary

clutche_ and switched to the secondary clutches when the translation con-

£r01 is rotated clockwise:

The pitch gimb_l actuator operation and contro'l function in the

same manner as yaw. The pitch gimbal actuator control circuits has its

own PITCH GIMBAL MOTOI_ switches on MDC-I and its own TVC GMBL

DR PITCH switch on MDC-I. The TVC SERVO PO\VER switches on

MDC-7 will supply power to the pitch clutches as in the case of the yaw

clutches. The LV/SPS IND switch to GPl on MDC-LalIows pitch gimbal

position to the GPI. The relay coils, however, will have different

numbers in the pitch actuator.

It is noted that the primary yaw and pitch gimbal motor receive

power from MN BUS A. The primary pitch arid yaw motor-driven switches

receive power from ]BAT BUS A. The secondary yaw and pitch gimbal

motors receive power from iA/LN BUS Bo The secondary pitch andyaw

motor-driven switches receive power from BAT BUS A.

The clutches are of a magnetic-particle type. The gimbal motor

drive gear meshes with the gear on the clutch housing. The gears on

each clutch housing mesh and as a result, the clutch housings counter

rotate. The current input is applied to the electromagnet mounted to the

rotating clutch housing from the SCS, CMC, or MTVC. A quiescent cur-

rent may be applied to the electromagnet of the extend and retract

clutches when the TVC SEP_VO POWEI_ switches, on MDC-7, are in

ACI/MNA or AC2/MNB, preventing any movement of the engine during

the boost phase of the mission with the gimbal motors OFF. The gimbal

rnotors will be turned ON prior to jettisoning the launch escape tower to

support the $PS abort after the launch escape tower has been jettisoned

and willbe turned OFF as soon as possible to reduce the heat that occurs

due to th e gimbal motor driving the clutch housing with quiescent cur-

rent applied to the clutch. The friction force in the clutch housing

creates heat which if allowed to increase to a high temperature, the

electromagnet would loose its magnetism capability, thus rendering that

set of clutches inoperative.

./
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Prior to any SCS _% thrusting period or in MTVC (manual thrust

vector control), the thurnb,vheels on MDC-1 will be Used to position the

engine. The thurnbwheels nay be positioned prior to any CMC AV thrust-

ing period but cannot posit on the engine. In any thrusting mode, the cur-

rent input required for a g .-nbal angle chang e (to maintain the engine

thrust veczor through the c :nter of mass) to the clutches will increase

above the quiescent curren . This increases the current into the electro-

magnets that are rotating v ith the clutch housings. The dry powder mag-

netic particles have the ab- ity to become magnetized very readily, as

well as demagnetized just _ 3 readily. The magnetic particles increase

the friction force between _ .e rotating housing and the flywheel , causing

the flywheel to rotate. Th: fly_heel arrangement is attached to the clutch

output shaft allowing the c 7 £ch output shaft to drive the bull gear. The

bLill gear drives a ball nut - hich drives the actuator jackshaft.to an

extend or retract position, :epending upon which clutch housing electro-

magnet the current input is _upplied to. The larger the excitation cur-

rent, the higher the clutch - haft rotation rate.

Meshed with the ball it pinion gear are two rate transducers. The

transducers are a tachome -_ r type. When the ball nut is rotated, the rate

transducer supplies a feedh ckinto the summing network of the thrust

vector control logic to cont _I the driving rates of the jackscrew (acting

as a dynamic brake to prey: tt over- or under-correcting). There is one

rate transducer for each sy-_;em.

The jackscrew contai two position transducers, all arranged for

linear motion and all conne- ed to a single }-oke. The position trans-

ducers are used to provide feedback to the summing network and the

visual display on MDC-I. _e operating system provides feedback into

the summing network reduci.-g the output current to the clutch resulting in

proportional rate change _o e desired gimbal angle position and returns

,to a quiescent current in ad_ zion to providing a signal to the vlsual dis-

play on MDC-i.

The remaining positio:

redundant summing networ!<

clutches in addition to the vi

tern is the operating System

The spacecraft desire_.

control (MTVC), engine noz

position display indicator, a.

figures 2.4-I0 and Z. 4-ii.

transducer provides a feedback to the

[the thrust vector logic for the redundant

_al display on MDC-I if the secondary sys-

notion, thumbwheel positioning, rotation

' position, thrust vector position, gimbal

actuator ram movement is identified in

A snubbing device prov es a hard stop for an additional one-degree

travel beyond the normal gi_ iI limits.

k.
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" _X AXIS

P01NT

_T_ STRO_

• _// -"T'+_ s_,B_ . -

/ P,Tc,THRUSTON

+Z

+i: NULL
-4._: SMOKE / *_ SMOKE

-.5 _ TOLERANCE / / / +,_ TOLERANCE

+X_ _ 7 YAW TH_USI ON

-Z_

-4. 5_---.._

I

÷x_

+7°_<

/" : :

_i-/S

- i

+Z /

. .

+6.t1_

YAW THRUST OFF

•.6.0_

THE ENGINE ,MOUNTING PADS IN THE SERVICE h'IODULE ARE CANED 4° ITHRUST VECTOR} TO TIIE _Y AXIS OF THE SPACECRAFL

HOWEVER THE ACTUATOR NULL AIL'USTMENTS ARE AS FQLLOWS:

PITCH YAW

TI.'EI_ITCH ACTUATOR NULL POSITION IS *2_ THRUST VECTOR TO TI_ TIIEYAW ACTUATOR NULL POSITION IS +-I° THRUST VECTOR TOTHE

÷Z. E_GINE NOZZLE -2°'TO TIE -Z DURING AN SPS ENGINE FIRING. +Y, ENGIN_ NOZZLE IS -i° TO THE -Y DURING AN SPS ENGINE

NULL POSITION IS +i. 5; THRUST VECTOR TO THE +Z. ENGINE FIRING. THE NULL POSITION IS 0° THRUST VECTOR TO THE Y.

NOZZLE -L3 ° TO THE -Z DURING SPS NON-THRUSTING PERIODS. TIE ENGINE NOZZLE IS 0_ TO TI_ Y AXIS DURING SPS NON-THRUSTING

THUMB WIIEEL ON MDC I & GP,IBAL :'OSITION INDICATOR/FUEL PERIODS. TI_ THUMB ','.i'F_EILON MIX: I & OIMBAL POSITION

PRESSURE IIIDICATOR ON h'd)O L WILL BE 0-0 =. INDICATOR/FUEl. PRESSURE INDICATOR ON Nil)(:1 WILL BE 0.0_

THE REASON FOR THE DIFFERENCE BE_','EEN A NON SPS ENGINE FIRING VERSUS AN SPS ENGINE FIRING IS DUE TO DEFLECTIONS

OF ENGINE AND VEHICLE STRUCTURE. P-_]73F

2.4,2.9

2.4.2.9.1

Figure 2.4-I0. SPS Angles Pitch and Yaw

Propellant Utilization and Gauging Subsystem (PUGS).

The subsystem consists of a primary and auxiliary sensing system,

a propellant utilization valve, a control unit, and a display unit (fig-

ures 2.4- 12 and 2.4- 13).

Quantity Sensing, Computing, and Indicating System.

Propellant quantity is measured by two separate sensing systems,

primary and auxiliary. The primary quantity sensors are cylindric_l

capacitance probes, mounted axially in each tank. In the oxidizer tanks,

SERVICE PROPULSION SYSTEM
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% PITCH PITC_

) . _ }-',_ __ " .m,,:isAl.u_ ' - +

PITCH Yl%'_

_Y YAW

GIMSAL£1NG _ .

-XI V _ \
_y

!

&INC
VOLTAC_ IHOICA/IO_, lOlAlIO,'i

Cg_iTROL

_. + I -PITCH
I _FOR_YARD]

i *PliCZ_

- (_1-1

÷ ., =Y
fccwi
÷
{C_I

SPAC_ CR_T Pbi_ _ _NGI.E ACTUATOR 5_lGli_ I_ _CTOR £_NGIN6
CRA_7 ,'_OSE W_L R_ _A_{i tHRUST S_IRT
AXIS _g_TION TRAVEl. C]D_"_,_ ' T_S. TRA¥_.

_ND _E£iroR
f i

PITCH I_]OWNI _NU_E_AL _X_D -Z *Z ¸

jl) i _E_ACT
i i

.RAL EXIE_O _Y

IR_HTI I I-_RAL _ETRAC_ -_ +y

P-SU!

Figure 2. 4- i I. SPS Gimbaling

the probes consist of a pair of concentric electrodes with oxidizer used as

the dielectric. In the fuel tanks, a pyrex glass probe, coated with silver

on the inside, [s used as one conductor of the ca_pacitor. Fuel on the out-

side of the probe is the other conductor. The pyrex glass itself forms- the

dielectric. The auxiliary system utilizes point sensors mounted at

intervals along the primary probes to provide a step function impedance

change when the liquid level passes their location centerline.

_.Primary propellant measurement is accomplished by the probes

capacitance, being a linear- function of propellant height.

Auxiliary propell_nt measurement is accomplished by locating the

pzopellan£ level with point sensors, seven in the storage tanks and eight in

_;he sump tanks. Each point sensor consists of concentric metal rings.

The rings present a variable impedance depending on whether they are

covered or uncovered bY the propellants. V/hen the propellants are

between point sensors, the propellants remaining _re integrated by a rate

flow _enerator which integrates the servos at a rate proportional to the

nominal flow rate of the fuel and oxidizer; A mode selector senses when

SERVICE PROPULSION SYSTEM
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the propellanL crosses a sensor and changes the auxiliary Servos from the

flow rate generator mode to the position mode, the system moves to the

location specified by tke digital-to-analogconverter for 0.9 seconds to

correct for any difference. The system then returns to the flow rate

generator mode until the next poin£ sensor is reached. Figures 2.4-14

and 2.4-15 identify the point sensor locations. The non-sequential pattern

detector functions to detect false or faulty sensor signals. If a sensor has

failed, the information from that sensor is blocked from the system,

preventing disruption of system computation.

W-hen a THRUST-ON signal is provided with the PUG MODE switch

in the PRIMAR.Y or NORMAL position, the crew display digital readouts

and unbalance display will not change for 4+I seconds to allo_v for pro.

pellant settling. However, TL_i will receive the sam e signal as upon

completion of the last firing after approximately one second of SPS
THRUST-ON.

_r__

r., '_

OXIDIZER POINT SENSOR LOCATIONS

NUMBER

WEIGHT POUNDS

15
14
13

12
11
10

9

8

7
6

5
4

3
2

-: 1

TEMP 70°F "

PRESS. 176:60 PSIA

1,58& O1

PERCENT MAXIMUM

70°F

176.6.0 PSIA

6.5
3, 172. 02

4, 758. O3
6, 344. O4

7, 930. 05
9, 516. 06

II, 102. 07

12,688. 08
14, 274. 09
15,860. I0
17,446. 11

19,032. 13
20, 618. 14
22, 204. 15

23, 790. 16

13.0

!9'5

26.0

3Z 5

39. 0

45.5

52. 0
57.8
64. 3

.7o 8
77.3
83. 8

90. 3
96.8

OX ! D!ZER
_. SUMP

I TANK

NO. 2

i •

I OXIDIZER

"_ STORAGE

TANK
L NO. 1

Figure 2.4-14. SPS Oxidizer Point Sensor Location

INCHES _:

25. 36

4L34

57. 25
72.07

86, 89
10k 72

116.54

13I. 60
10. 50

30.57
• 49. 55

68. 54
87. 52

106. 51

125. 49

P-5093E
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{

N UMB-ER

/ 15

14

13

• 12

II
I0

9
8

7

6

5

4

3

2

'i

TEMP

PRESS.

FUEL POINT SENSOR LOCATIONS
WEIGHT POUNDS

70°F

176.60' PS IA

9.92.O8

19°o4.16,

PERCENT MAX IMUM
70OF ....

176,60/P S IA

6.5

13L0

INCHES

25.36
I41. 

2976. 24
3968. 32
4960, 40

5952. 48
6944. 56
7936. 64

8928. 72
9920. 80

10912.8s
11904. 96

12897.04

13889. 12
14881. 20

19.5

26.0

32. 5

39.0

45.5

52.0
57.8

64. 3

70. 8

77.3
83. 8

90. 3

96.8

FUEL "

. SUMP
TANK

NO. 2

i
,.d

FUEL

STORAGE

TANK

l NO, i

57.25
72.07

86.89

I01.72

1!6.54
•131.60

I0. 48

30. 55

49.54

68. 52-

87.51
106.49

125.48

P-5094F

Figure 2.4-!5. SPS Fuel Point Sensor Location

When the THRUST-ON signal is provided with the PUG MODE switch

in AUXILIARY position, the crew display digital readouts, unbalance

display, and TLM will receive a change in information immediately, which

is generated from a flow rate integrator that simulates the nominal flow

rate and transmits this as quantity information to the crew displays and

TLM. The crew,digital readouts unbalance display and T LM will not be

updated to the propellant from a point sensor for 6.5_hI.0 seconds after

THRUST-ON. When the THRUST-ON signal is provided plus ,6.511.0

•seconds, if a point sensor is uncovered, the crew digital readouts,

unbalance display, and TLM will be updated to the propellant rel}naining

at that point sensor. The time delay of 6.5:£1.0 seconds is to the point

sensor system and not to the auxiliary fuel and oxidizer servos, and is to

allow for propellant settling.

Mi s szon
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Any deviation from the nominal oxidizer to_fuel_ratio(l. 6:lby mass)

iS displayecl by the UNBALANCE indicator in pounds. The upper half of

the indicator is marked INC and the lower half is marked DEC to identify

tile required change in oxidizer flow rate to correct any unbalance con-

dition. The marked or shaded area is a normal unbalance range area.

The crew can determine if a true unbalance of propellant remaining

exists. With the PUG mode s_vitch in PI%IM or NORIVl, the,crew display

percentag e readouts would not indicate the same percentage value arid the

unbalance •meter wQuld indicate the. amount of unbaiance in pounds. To

verify if a true unbalance condition exists, the PUG mode switch would be

positioned to AUX. If the crew display percentage readouts and the

[

.f

i

--q

Figure Z. 4- 16. Deleted

SERVICE PROPULSION SYSTEM
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unbalance meter now read similar to the readouts when in PRIRi, a true

-unbalance condition exists.

The crew can determine in the case of a malfunction as to what has

malfunctioned within the quantity and indicating systems by utilization Of the

TEST switch. To test the PRIM gauging system, the PUG mode switch

must be in PRIM, and to test the AUX gauging system, the PUG mode

switch must be in AUX.

By observing the response of each system in conjunction with the test

switch on MDC-3, the crew can recognize the malfunctionor determine if

.there is a true unbalance existing.

The crew display readouts and unbalance meter.should not he con-

sidered accurate until the SPS engine is thrusting for at least 25 seconds.

This is to allow complete propellant settling in the SPS tanks before the

gauging system is within its design accuracy.

2

2.4.2.9.2

When the THRUST-OFF signal is provided, regardless of the PUG

MODE switch position, the visual display fuel and oxidizer percentage

readouts and the unbalance meter display will lock at the reading s dis-

played. TLIX/[ will not receive any propellant quantity information during

THI_US T-OFF conditions.

Quaxltity Computing and Indicating System Test.

A test of the sensing systems, excluding the point sensor and

probes, can be implemented during THRUST-ON or OFF periods. With

the PUG MODE switch in PRIM and the TEST switch in TEST I (up)

position, the test stimuli is applied to the primary system tank servo-

amplifiers (4) after a time delay of 4+1 seconds. At this time, the test

stimuli will drive the crew display fuel and oxldize-r readouts to an

increase reading at different rates. This results in an unbalance and is

so indicated on the unbalance meter crew display as an INC (clockwise

rotation). TLM would receive an increase in propellant quantity from

tlfe primary system tank servoamplifiers TLIV[ potentiometers. When

the T_]ST switch is released from TEST I (up) position, the TEST switch

spring loads to the center position. This removes the test stimuli,

and the crew displays will lock at the re,dings that they had been

driven to. TLM would not receive a/_y propellant quantity information.

-With the PUG MODE switch in PRIM and positioning the TEST

switch to the TEST 2 (down) position. The test stimuli is applied to the

primary system tank servoamplifiers (4) after a time delay of 4+1

seconds. At this time, the test stimuli drives the crew display fuel and
,7

/i_
/
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oxidizer readouts to a decrease reading at different rates. This returns

the crew displays close to the reading displayed prior to TEST 1 (up).

Simultaneously TLM would receive the same information. The crew dis-

plays would lock at the new readings if the TEST switch is released to

center (spring loaded). TLM wouldnot receive any propellant quantity

information at this time. If the TEST switch is positioned again to

TEST Z (down), followed by a time delay of Zi÷lseconds, the fuel and

oxidizer crew display readouts would drive to a decrease reading a_

different rates. This results in an unbalance-cOndition and is so indi-

cated on the unbalance meter display as a DEC (counterclockwise

rotation). TLM would receive a decrease in propellant quantity at this

time. l_eleasing the TEST s_-itch to the center position removes the test

stimuli and loc_s the displays at the new reading. TLM would not receive

any propellant quantity information at-this time. To return to the read-

ing displayed prior to the second TEST Z (down) the TEST switch is

positioned to TEST I (up). After a time delay of 4+1 seconds, the crew

displays would drive to an increase reading at different rates. This

returns the crew displays close to the reading displayed prior to the

second TEST Z (down). At this time, TLM receives the same informa-

tion.

To TEST the auxiliary system, the PUG MODE switch is positioned

to AUX and the TEST switch set to TEST I (up) and TEST Z (down)

positions. There are no time delays involved with the auxiliary system.

With the PUG MODE switch in AUX, and positfoning the TEST

switch in the TEST 1 (up) position, the test stimuli is provided to the

auxiliary fuel and oxidizer servoamplifiers (Z). This drives the fuel and

oxidizer displays to an increase reading at approximately the same rates.

This results in no or a very small unbalance and is so indicated on the

unbalance meter. At this time TLM would receive an increase in pro-

pellant quantity from the auxiliary system TLM potentiometers. Re)eas-

ing the TEST switch to center, removes the test stimuli. The crew dis-

plays lock at whatever readings they had been driven to. TEN[ would not

receive any information of propellant quantity at this time.

With the PUG MODE switch in AUK and positioning the TEST

switch in the TEST Z (down) position, the test stimuli is provided to the

auxiliary fuel and oxidizer integrators. This drives the fuel and oxidizer

displays to a decrease reading at the same rates. This returns the crew

displays close to the readings displayed prior to TEST 1 (up). The result

is no or very little unbalance and is so indicated on the unbalance meter

crew display. At this time TLM would receive the same information.

Releasing the TEST switch to center, the test stimuli is removed. This

locks the crew displays, and TLM would not receive any propellant

E
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2.4.2.9.3

quantity information. If the TEST switch is positioned again to TEST g

(down), the rue! and oxidizer crew displays would drive to a decrease

reading at the salne rates resulting in no or very little unbalance. TLM

would receive a decrease in propellant quantity at the time. Releasing

the TEST switch to center %rill lock the displays to the readings that they •

had been driven tO. TLM wouldnot receive any propellant quantit Y

information at this time. To return to the re_ding displayed prior to the

second TEST 2 (down), the TEST switch is positioned to TEST 1 (up).

The crew displays would drive to an increase reading at approximately

the same rates. This retu$'ns the crew displays close to the reading

displayed prior to the second TEST 2 (down). TLIV[ would receive the

same information at+this time. Releasing the TEST switch to center

will lock the displays at the readings they liad been driven to. TLM

would receive no information at this time.

Propellant Utilization Valve.

If an unbalance condition exists, which is determined from the

INCR, DECR readings on the unbalance meter on M_DC-3, the crew may

use the propellant utilization valve to return the remaining propellants to

a balanced condition. The propellant utilization is not powered until a

THRUST-ON command is provided to the propellant utilization gauging

control unit (figures g. 4- 12 and 2.4- 13). The propellant utilization valve

housing contains two sliding gat e valves within one housing. One of the

sliding gate valves is the primary, and the remaining valve is the sec-

ondary. Stops are provided within the valve housing for the full increase

or decrease positions. There are separate stops for the primary and

secondary sliding gate valves. The secondary propellant utilization

valve has twice the travel of the primary prop_llant utilization valve.

This is to compensate for the primary propellant utilization valve failure

in any position.

The propellant utilization valve controls are located on MDC-3.

The OXID FLOW PRIM, SEC switch, selects the primary or secondary

propellant utilization valve for operation. The normal position of the

OXID FLOW VALVE select switch is PRIM. The OXID FLOW VALVE

select switch will not be moved to SEC unless a problem is encountered

with the primary valve. The OXID FLOW VALVE INCR, NORM, DECR

switch is utilized to position the selected primary or secoiadary propel-

lant utilization valve. When the OXID FLOW VALVE switch is in

NORM and the OXID FLOW VALVE select switch is in PRIM, the

sliding gate valves are in a nominal flow position. The upper and lower

OXID FLOW VALVE position indicators are gray. _grhen the unbalance

meter informs the crew of IINCR, the OXID FLOW VALVE switch is

positioned to INCR and the OX!D FLO_ r VALVE select switch is in

.+ .....
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PRIM. The primary sliding gate valve then moves to the increase flow

position. The valve movement will take approximately 3. 5 seconds tO

reach the ful] increase position. The upper OXID FLOW VALVE

position indicator would then indicate M_A_X and the lower indicator would

remain gray. The OXID FLOW VALVE would then be left inthe INCR

oxidizer flow position. This will increase the oxidizer flow approxi-

mately 3 percent above the nominal oxidizer flow. l&_hen the unbalance

meter informs the crew of approximately 0 unbalance, the OXID FLOW

VALVE switch is then positioned to NORM. The primary sliding gate

valve would then return to the nominal flow position. The valve move-

ment will take approximately 3.5 seconds to reach the nominal flow

position. The OXID FLOW VALVE upper indicator would then return

to gray. The lower indicator would remain gray.

When the unbalance me_er informs the crew to DECR the oxidizer

flow, the OXID FLOW VALVE switch is then positioned to DECR with

the OXID FLOW VALVE select switch in imRIi_v£. The primary sliding

gate valve then moves to the decrease flow position. The valve move-

ment will take approximately 3.5 seconds to reach the decrease flow

position. This will decrease the oxidizer flow approximately 3-1/Z

percent below that of the nominal oxidizer flow. When the primary gate
valve reaches the DECI_ position, the upper OX!D FLOW VALVE

position indicator remains gray and the Iower indicator would indicate

MIN. The OXID FLOW VALVE would then be left in the DECI_ position.

When the unbalance meter informs the crew of approximately 0 unbalance.

the OXID FLO_V VALVE switch is then positioned to NOR_I. The

primary sliding gate valve would then return to the nominal flow position.

The valve movement will take approximately 3.5 seconds to reach the

nominal flow position. The OXID FLOW VALVE upper indicator would

then return to gray. The lower indicator would remain gray.

The secondary propellant utilization valve is selected by position-

ing the OXID FLOW VALVE select switch from PRIM to SEC. The

SEC position would be selected in the event of a problem with the PRIM.

The secondary sliding gate valve would then be controlled and operated

by the OXID FLOW VALVE INCR, NORM, DECR switch in the same

manner as the primary valve. The position indicators would then operate

in the same manner as in the prirp_ary, however, now indicating second-
ary valve positron.

The primary and/or secondary sliding gate valves cannot be posi-

tioned to block or close off the oxidizer flow completely. This is because

the mechanical stops within the sliding gate valves. i_!!

I-_
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....2.4.2.10 Engine Thrust ON-OFF Control.

L_f . • .

Figures 2.4-I and 2.4-2 illustrate the THRUST ON,OFF logic in

the command module computer (CMC), the stabilization control subsys-

tem (SCS) and the manual SPS THP_UST DIRECT ON AV mode.

The SCS ci$'cuit breakers on MDC-8 supplypowe r to selected

switches on M/DC-7 and MDC-I. The MDC-7 switches distribute a-c and

d-c power to the SCS hardware ind d-c logic power to selected switches

on MDC-I. The GgaN (Guidance and Navigation) IMU (Inertial Measure-

ment Unit) Circuit breakers on M_DC-5 supply power to the G/N power

switch on MDC- I00. When the G/N power- switch is positioned to IMU,

power is supplied to the SC CONT switch on IVIDC-I. V/hen the SC CONT

switch is positioned to CMC, a discrete event signal is supplied to the

translation control. With the translation control not clockwise (neutral),
this allows the discrete event enable zo the CMIC.

The SPS PILOT VALVE circuit breakers MNA and MNB on MDC-8

supply power to the respective AV THRUST NORMAL A and B switches oa

MDC-I. The AV THRUST NORMAL A and B switches on MDC-1 supply

arming power to the SPS relays and solenoid control valves. These

switches also provide power to the FCSM SPS i and B switches on

MDC-I (for CSM 106 through CSM iii, figure 2.4-I). The FCSM SPS

A and B switches are positioned and locked to the RJESET/OVEI_RIDE

position (for CSM i06 through CSM Iii, figure 2.4-Z). The FCSM SPS

A and B switches provide enabi-ing power to the THi_UST ON-OFF logic

(for CSM 106 through CSM Iii, figure 2.4-i). The FCSM switch nomen-

clatures are covered with a blank decal on CSM 106 through CSM iii.

The FCSM switches are removed on CSM 112 and subs (figure 2.4-2).

The SPS engine THP_UST-ON command is provided by the THRUST

ON-OFF logic in the CMC or SCS AV modes. The THRUST ON-OFF

logic commands the SPS DI<IVERS 1 and/or Z..The SPS DRIVERS pro-

vide a ground in THI_UST ON to the low side of the SPS solenoids and

relays. The SPS DRIVEI_S provide the removal of the ground in

THRUST-OFF conditions to the SPS solenoids and relays. DRIVER 1

provides a ground for the SPS solenoids No. 1 and No. 2 and SPS relays

S31A3KI and S31A3K3. DRIVER g provides a ground for SPS solenoids

No. 3 andNo, 4 and SPS relays S31A31f/ and S31A3K4. The SPS relays

when energized provide power to the SPS quantity gauging system and

SPS He VLV [ and 2. The SPS He VLV switches on MDC-3 must

be in AUTO and the SImS gauging switch on MDC-4 in ACI or AC2.

The solenoid control valves when energized allow GN 2 pressure to be

supplied to the respective bipropellant valve (ball valve) actuators. The

(
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respective ball valves when opened, allow propellants to flow into the

injector and atomize and ignite (hypergolic).

The SPS THRUST DIRECT ON swi_tch on b4/DC-] provides an

alternate backup mode to the CMC and/or SCS AV modes. When the

SPS THRUST DIRECT ON switch is positioned to SPS THRUST DIRECT

ON, a ground is provided to the low side of the SPS relays and solenoid

control valves. The engine is commanded ON (providing the AV THRUST

NOR}viAL switches are in A and/or B) regardless of the SPS THRUST
ON- OFF logic.

The SPS DRIVERS No. 1 and/or No. 2 will remove the ground on

the low side of the SPS relays and solenoid control valves, when-com-

manded by the THRUST-OFF logic in the CMC or SCS AV modes. The

THRUST-OFF command allows the SPS relays a_d solenoid control

valves to de-energize. This allows the solenoid control valves to dump

overboard the GN 2 pressure within the actuator. The actuator spring

pressure drives the ball valves closed, thus shutting the engine down.

In the SPS THRUST DIRECT ON mode, the ground on the low side

of the SPS relays and solenoid control Valves is removed by positioning

the SPS THRUST DIRECT ON switch to NORMAL. This allows the

solenoid control valves and relays to de-energize and Shut the engine
down in the same manner as the SPS DRIVERS.

The AV THRUST NORkfAL A switch positioned to A enables the

(A bank) logic circuitry, arms the (A bank) SPS relays and solenoid

control valves and energizes injector prevalve A. The injector prevalve

then allows GN 2 pressure to solenoid control va/ves No. 1 and No. Z.

The AV THRUST NORMAL B switch positioned to B enables the (B bank)

logic circuitry, arms the (B bank) SPS relays and solenoid control valves

and energizes injector prevalve B. The injector prevalve-then allows

GN Z pressure to solenoid control valves No. 3 and No. 4.

The CMC commands THRUST-ON in the CMC AV mode by supply-

ing a logic 0 to the THI%UST ON-OFF logic. This is providing that

the SC CONT switch is in the CMC position and translation control not

clockwise (neutral), The SPS DRIVERS then provide the ground to the

SPS relays and solenoid control valves. The AV THRUST NOi_A<AL A

switch is positioned to A for single-bank operation. If double-bank

operation is desired, 5 seconds or later after SPS THRUST-ON, the

AV THRUST NOR/VIA/_ switch B is positioned to B. When the CMC

changes the logic signal from a 0 to a i, THRUST-OFF is commanded.

The AV THRUST NORMAL switch A and/or B are then positioned to
OFF.

Mission
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The SCS £_V mode is obtained by positioning the sC CONT switch

to SCS. A thrust enable signal is obtained from the Ek__S//x.V. display

counter if at or above00000.0. THRUST ONiscommandedby a+Xtransla- |

tion and by depressing the THRUST-ON pushbutton (M/gC-I). The +X

command signal is necessary to enable the THRUST-ON logic. The +X

command function may be obtained by depressing the DIRECT ULLAGE

pushbutton on IV[DC-i, or positioning the translation control to +X, or

positioning the translation control counterclockwise (SPS abort mode).

The difference between the commands is that the DIRECT ULLAGE or

SPS ABORT commands initiate an SMRCS engine direct coil firing and

inhibits the Sk4__CS engine auto (coil) pitch and yaw solenoid drivers,

IGNITION 1 (IGN-i). The translation control positioned to +X utilizes

the SM RCS engine auto coils; thus, attitude hold may be obtained. The

SM RCS engine auto coils (pitch and yaw) are then inhibited automatically

I second after SPS engine THRUST ON by the IGN-I command..iV/hen

the ground to the SPS solenoids and relays are provided by the SPS

DRIVER or DRIVERS, the THRUST ON pushbutton may be released and

the +X command terminated. The SPS engine firing is maintained by the

SCS lock-in circuit. The AV THRUST NORk4AL A switch is positioned

to A for single-bank operation. If double-bank operation is desired,

g seconds or later after SPS THRUST ON, the AV THRUST NORI_IAL

B switch is positioned to B. The +X command function and the THRUST

ON pushbutton depressed must be initiated again to supply THRUST-ON

to the B bank and B SCS logic. When the Ek/IS/Z_.V. counter reads -. I, the

EMS/AV counter enable signal is removed and THI_UST-OFF is com-

manded. The _.V. THRUST I_ORi_IAL i and/or B switch are then posi-
tioned to OFF.

The SPS THRUST ON-OFF logic may be switched from the CMC

to the SCS /xV mode during an SPS engine thrusting period. The trans-

lation control may he rotated to the clockwise position or the SC CONT

switch to SCS. In either case the THRUST ON-OFF logic is transferred

to the SCS A-V" mode. The SPS engine would continue thrusting (providing

the EIV[S/AV counter is at or above 00000.0) by the presence of the SCS

lock-in circuit. THRUST OFF will be commanded as in the normal SCS

_.V.mode.

If the manual SPS THRUST DIRECT ON mode is desired, the

AV THRUST NORMAL A switch is positioned to A (for single-bank

operation) and the SPS THRUST DIRECT switch is positioned to SPS

THRUST DIRECT ON. The SPS THRUST DIRECT ON switch posi-

tioned to S!mS THRUST DIRECT ON provides a ground to the SPS relays

and solenoid control valves. If double-bank of operation is desired,

- -5seco[ncls (or later) after SPS thrust ON, the A.V.THRUST NORMAL B

switch is positioned to B. To terminate thrust in the SPS THRUST

_VlissiBn -
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DIRECT O1_ mode, the SPS THRUST DIR/_CT ON switch is positioned

to NOR_N__!L. Under certain conditions the SImS THRUST DIRECT ON

switch positioned _0 NORIAA_AL will not shut the engine down. The con-

ditions are: with the SCS LOGIC BUS PV/R switch on ik/DC-7 positioned

to Z/3, and with the SC CONT switch in Ik_DC-I in SOS or SC CONT

switchin CMC and translation control clockwise and AV counter above

0. In the aforementioned condition the SCS AV mode has inadvertently

paralleled the SPS THRUST DIRECT ON mode. With the SPS THRUST

DIRECT ON switch in NORMAL, the EMS/AV counter reaching -. 1

would provide THRUST OFF as in the normal SCS AV model If the

SImS THRUST DIRECT ON switch was positioned to NOR-X4-_L when the

EIViS/AV counter was below-, i, the Sims THRUST DIRECT ON switch

r -_ to NORMAL would shut the engine down.

A manual back-up THI%UST- O E1 _ cgmmand for the CIVIC, SCS or

SPS THRusT DIRECT ON mode is Obtained by the AV THRUST

NORM_AL A and B switches. If single_bank operation _as used, posi-

tioning the applicable AV THRUST NORNiAL switch to OFF would shut

the engine down. If double-bank operation was used, positioning A V

THRUST NORMAL switches A and B to OFF would shut the engine down.

Positioning the /xV THRUST NORMAL switches A and B to OFF removes

the arming power from the SPS relays and solenoid control valves.

The SPS THRUST-ON_OFF logic circuitry also provides several

output functions. A ground is provided for the illumination of the

THRUST-ON lamp on the EMS display. The ground is sensed by SPS

ignition logic. It is noted on figures 2 4-I and 2.4-2 tha_ as long as the

EMS MN A and/or MN B circuit breakers on MDC-8 are closed, with

the AV THRUST NOP_IV_AL switches A and B on MDC-I in the OipF

position and the FCSM SPS i and B switches on MDC-I positioned and

locked in the RESET/OVERRIDE position on CSM 106 through CSIVi Iii

(figure 2.4-I), the SPS THI_UST ON light o n the EMS MDC-1 _ill not be

illuminated. The FCSM SPS A and B switches are removed on CSIVI 112

and subs (figure 2.4-2). The SPS THRUST ON light on the EMS wiil

illuminate when a ground is provided through the logic circuit 'driver No. 1

and/or No. 2 or when the SPS THRUST DIRECT ON switch on IVZDC_ 1

is positioned to SPS THRUST DIRECT ON.

The SM RCS auto pitch and yaw RCS disabling signal IGN-1 is not

present until one second after SImS ignition in the SCZ AV mode, and is

not removed until one second after SPS THRUSTLOFF in the SCS AV

mode. IGN-2 logic signal is required for the SCS-TVC and MTVC logic.

The IGN-2 [ogic signal is generated at the same time the SPS solenoids

are grounded when in the SCS /kV mode, but.is not removed until one

second after ground is removed to maintain SC control during SPS
t}irus t- off decay.

L_
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The SPS ROUGH ECO caution and warning light on MDC-2 for

CSM 106 through CSM 1ii is covered with a blank decal. The flight

combustion stability monitor system is rendered inoperative on CSM 106

through CSIvi Ill by stowing the power input wires to the FCSM,

figure 2.4-1. The FCS_I SPS A and SPS B switch nomenclatures are

covered by a-blank decal on CSM 106 through CSM iii. The FCSM SPS A

and SPS B switches are positioned and guarded to the RESET/OVERR/DE

position on CSM 106 through CSM iii (figure 2.4-I). The SPS ROUGH

ECO caution and warning light, the FCSM SPS A and SPS B switches, the

SPS READY signal to the CMC and the FCSM components are physically
removed on CSM 112 and subs (figure 2.4-2).

PEI_FORMANCE AND D_ESIGN DATA.

Design Data.

The following list contains s-pecific data on the components in fihe
SPS:

E

i_-_ - .

1

Helium Tanks (Z)

Regulator Units (2)

Check Valves -

Filters

3600±50_ psia nominal fill pressure, 4400-maximum

operating pressure. Capacity 19.4 cubic ft each,

inside diameter 40 in., and a wall thickness of

0.46 in. _Veight 393 ibs. each.

Working regulator, primary 18614 psig, secondary

1914-4 psig. Primary lockup 195 psig. Secondary

lockup 200 psig. Inlet filter I0 microns nominal,

25 microns absolute. Normally locked-up (closed)

regulators, primary 181+4 psig, secondary 1914-4

psig. Primary lockup 195 psig. Secondary lockup
205 psig.

Inlet port 40-micron nominal, _74-micron absolute.

Test ports 50-micron nominal-and 74-micron

absolute. One at inlet to check vaTve asselr_bly; one
at each test port.

Pressure

Transducers (2)

Propellant

Utilization Valve

Control (2)

Fuel and oxidizer underpress_re setting (SPS PRESS

light, MDC-2), 157 psia. Fuel and oxidizer over-

pressure setting (SPS PRESS light ]v[DC-2),
200 psia. ..

Increase position, approximately 3_0 more than
nominal flow.

Normal position, nominal flow.

Decrease position, approximately 3. 5_0 less t_an
the nominal flow. _

Respons@ time, normal to increase or vice versa,

or normal to decrease or vice versa, is 3. 5 seconds.
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Quantity Sensing

System Accuracy

Helium Relief

Valve (2)

Oxidizer Storage

Tank # 1

Indicators - Difference between actual quantity and

total indicated quantit_ for each propellant shall not

exceed 10.35% of full tank plus +0.35% of propellant

remaining separately to total fuel and oxidizer

separately.

TLM - Difference between actual quantity in each

tank and that represented to TL_k{ be within +0.35%

of full tank plus +0.35% of propellant remaining.

Diaphragm rupture, 219±6 psig. Filter, i0 microns

nominal, 25 microns absolute . Relief valve relieves

at 212 minimum to 225 psig maximum, reseats at

208 psig minimum. Flow capacity 3 Ibs/minute

maximum at 60 ° F and 225 psig. Bleed device closes

when increasing pressure reaches no greater than

150 psig in cavity, and reopens when decreasing

pressure has reached no less than 20 psig.

Total tank capacity 11284. 69 ibs.

Fill pressure II0 psia.

Height 154.47 in.

Inside diameter 45 in., wall thickness 0. 054 in.
128.52 cubic feet

()xidiz er Surnp

Tank #2
Total tank capacity 13923.72 ibs = 57.0%.

Fill pressure II0 psia.

Height 153.8 in., diameter 51 in., wall thickness
0. 054 in.

161.48 cubic feet

Fuel Storage

Tank # 1
Total tank capacity 7058.36 Ibs.

Fill pressure II0 psia.

Height 154.47 in., diameter 45 in.

0.054 in. 128.52 cubic feet

, wall thickness

Fuel Sump Tank #2 Total tank capacity 8708. I0 ibs. = 57.0%.

Fill pressure II0 psia.

Height 153 8 in. diameter 51 in., wall ...." • _nlci_ne s s

0. 054 in. 161.48 cubic feet

Total Propellant

(In Tanks)
Total oxidizer 25208.41 Ibs = 103.4%.

Total fuel 15766.46 ibs = 103.4%.

99.9% oxidizer gaugeable 24389. I0 Ibs.

99.9% fuel gaugeable 15252.70 Ibs.

!
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" All Propellant

Tanks

--q .

Interface Flange

Filter (2)

Pressurized to 10+5 psig of helium wheri empty to

prevent collapsing of tanks (negative pressure of

0.5 psig will collapse tanks).

500 microns absolute.

GN 2 _Biprope llant

Valve Control

Systems (g)

-GNT_ storage vessel pressure 2500±50 psi at 68°F,

2900 psi at 130°F. Support 43 valve actuations.

120-cubic inch capacity, each. Inside diameter

4. 65 in. , length 9.6 in.

Regulator - single stage, dynamic 187 psig

minimum. Lockup pressure 195 to 225 psig-

Relief valve relievers at 350i15 psi, reseats, at

not less than Z50 psi.

*ON 2 filters, one between each GN2 supply tank

and injector prevalve, 5 microns nominal and

18 microns absolute. One at each GiN z regular-or

outlet test port , 5 microns nominal and 18 microns

ab solute.

Y

(

Engine (I)
750-second service life. Support 36 restarts

minimum.

Expansion ratio = 6 to 1 at ablative chamber exit

area

= 62. 5 to 1 at nozzle extension

exit area.

Chamber cooling, ablation and film cooled.

Nozzle extension, radiation cooled.

Injector type, baffled, unlike impingement.

Oxidizer lead 8 degrees

Length 159. 944 in. maximum

Nozzle extension exit diameter 98.4 in. inside

di ame _e r

Weight approximately 650 ibs.

Injector flange temperature, illuminates SPS

FLANGE TEMP HI caution and warning light on

MDC-2 at 480°F. (Light dis¢_onnected a-nd covered

with decal on CSM 108 and subs.)

SPS Pc transducer, Pc displayed on MDC-1 through

SPS Pc _ switch to SPS Pc _ indicator on IV!DC-i.

Green range on indicator is 65 to 125% (psia).

Normal 95 to 105% (psia).

*CSM 108 and subs.

--: : !-"

/
f
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Heaters (6)

t

t !

Gimbal Actuators

2.4.3.2

GimbaI Motor

Overcurrent

i_e lays (4)

Performance Data.
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6 heaters_ 2 elements on each heater, 3 elements

in series on the fuel side rated at 15 watts,

9.4 watts, and 18.8 watts, 3 elements in series on

the oxidizer side rated a.t 15 watts, 9.4 watts, and

18_8 watts. SPS heater switch positioni/B on

MDC-3 supplies 28'vdc to IZ elements. SPS heater

switch position A on MDC-3 supplies 28 vdc to
6 elements.

<

Structural mounting pad offset 4 deg to +Y. About

Z-Z axis _=4.5 (÷0.5, -0.0) deg with additional

i deg for snubbing (yaw), null 1 deg to +Y (thrust

vector) during SPS thrusting periods, 0 degree

during non SPS thrusting periods.. About Y-y axis

±4.5 (+0.5, -0.0) de.g with additional 1 deg for

snubbing (pitch), null 2 deg to +Z (thrust vector)

during SPS thrusting periods, +1.5 to +Z during

non SPS thrusting periods. Clutch quiescent

current of 60 milliamps _-I0 percent. Pressurized

to 3 to 5 psi of dry air. Deflection rate 0.1Z radians

per second (low side, 6.87 = per second) to

0.132 radians per second (high side, 7.56 ° per
second).

Overcur,rent dependent upon temperature during
start transient and steady state.

Refer to CSM/LM Spacecraft Operational Data Book SNA-8-D-027
CSM (SD 68-447).

2.4.3.3 t

SPS Electrical Power,dDistribution.

2.4.4

See figures 2.4-17 and 2.4-18 for electrical power distribution.

OPER-_TIONAL LIMITATIONS AND RESTRICTIONS.

a. -Propellantquantity gauging subsystem is operational only during

engine thrusting peric>ds. A 4±l-second SPS thrusting period is required

before the primary capacitance system provides updated information to

telemetry and crew displays with the PUG MODE switch in PRIM or

NOR/V_. In addition, with the PUG mode switch in PRhX/i, NORM, or

AUK position, the crew display readouts and unbalance meter shouldnot

be considered accurate until the SPS engine is thrusting for at least

25 seconds. The delays plus the previous statement are to allow the

propellant to settle and stabilize _]ithin the SPS tanks before the gauging
system is within its accuracy.

M ,
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b. Pitch and yaw gimbal actuator limitations:

I. Allowone-half second between actuation of the GMBL NIOTOR

switches on MDC-I to minimize power transients.

2. The secondary gimbal motors should be in operation in the

pitch and yaw gimbal actuator for any SPS engine firing for hack-up

modes of operation.

3. The TVC SEP_VO P_Vi< switch i on MDC-? should not be posi-

tioned to ACi/MiWA and TVC SEP_VO PWR switch 2 on MDC-7 posi-

.tioned to ACZ/_£NB or switch i to ACZ/MNB and switch 2 to ACI/MNA

in excess of one hour prior to an SPS engine firing. This would result

in some preheating of the ,pitch and yaw gimbal actuator clutches whicl_

could result in+ a degradation of actuator clutch performance.

4. Do not operate _he pitch and yaw gimbal actuator motors _vith-

out applying power to the thrust vector control servo amplifiers as

the pitch and yaw girnbal actuators have a natural tendency to extend

or retrace (depending on altitude and pressure) and may drive the

SPS engine from snub to snub resulting in vehicle motion.

5. The pitch and yaw gimbal actuator operating time should he

held to a minimum. The pitch and yaw gimba ! actuator clutches with

ogirnbal motors operating are capable of holding the SPS engine at a

given position during the boost phase Of the mission (820 seconds)

followed by a 100-second SPS engine abort firing without degradation.

If no SPS abort firing is required the gimbal motors are shut down at

earth orbit acquisition. The gimbal motors are placed into operation

I minute prior to S-IVB translunar injection with clutches holding the

SPS engine at a given position, followed by a 5-1/Z-minute S-IVB

firing (£ranslunar injection), followed with CS_[ separation from the

S-IVB, followed by a 614-second SPS engine firing, and followed by a

l-minute idle post fire before gimSal motors are turned off and the

clutches not degraded.

c. Engine design minimum impulse control limit is 0.4 second;

however, mission minimum impulse may be longer.

d. For other operational limitations and restrictions, refer to

Volume 2 of the AOH SPS malfunction procedures.

\
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Figure 2.4-17. Electrical Power Distribution

(CSM 106 Through CSM III)
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SECTION Z

SUBSECTION 2. 5

REACTION CONTROL SYSTEIV[ (RCS)

(CS_v[ 106 and subs)

The Apollocommand service module includes two separate reaction

c0ntrol systems compleLely independent designated SIVi RCS and CIVi RCS.

The S_¢i RCS is utilized to control S/C rates a.nd rotation in all three axis

in addition to any minor translation requirements including CSIV[-S-17_B

separation, SPS ullage and C_vi-SM separation maneuvers. The Cz_vi RCS

is utilized to control Clvi rates and rotation in all three axis after C/Vi-SI%i

separation and during entry. The CM RCS does not have automatic trans-

lation capabilities.

Both the SM and CIV[ RCS may be controlled either automatically or

manually from the command module. Physical location of the RCS engines

is shown in figure 2.5-I. Engine firing sequence for specific maneuvers

and individual engine circuit breaker porter control is sho_vn in

figures 2.5-2 through 2.5-6.

f_

/

(

2.5.1 SM RCS FUNCTIONAL DESCRIPTION.

The SlY[ RCS consists of four individual, functionally identical

packages, located 90 degrees apart around the forward portion (+X axis)

of the Ski periphery, and offset from the S/C Y and Z axis by 7 degrees

15 minutes. Each package, configuration, called a "quad," is such that

the reaction engines are mounted on the outer surface of the panel and the

remaining components are inside. Propellant distribution lines are routed

through the panel skin to facilitate propellarlt transfer to the reaction

•engine combustion chambers. The engine combustion chambers are canted

approximately i0 degrees avcay from the panel structure toreduce the

effects of exhaust gas on the service module skin. The two rollengines

on each quad are offset-mounted to accommodate plumbing in the engine

mounting structure.

Each RCS package incorporates a presst_re-f@d, positive-expulsion,

pulse-modulated, bipropellant system to produce the reaction thrust

required to perform the various SM RCS control functions. Acceptable

package operating temperature is maintained by internally mounted,

thermostatically- controlled electric heaters. The SlVl RCS propellants

consist of inhibited nitrogen tetroxide (NZ04) , used as the oxidizer, and

monomethylhydrazine (IViki[-I),used as the fuel. Pressurized helium gas

is the propellant transferring _gent.

19[is sion

REACTION CONTROL SYSTEIV[

Basic Date 15 April 1969 Change Date 16 July 1969 Page_ ....2, 5-I
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ODD NUMBER

ENGINES = +ROTATION.MANEUVER 1, 3, 5

' EVEN NUMBER

ENGINES = -ROTATION MANEUVER 2, 4, 0

I ' 1 I f 1

• _'P; ' I rCWkR21 i ._"_. !";Z CCW'RI2 .

ROTATION /ROTATIONCCW-R.

\ . CW+R " o", .

CCW-R22__ i _ ---"_:'_ I." I I " " '+YB3.,¢,BI_ _ ' DEFLECTION

.!.y. \ 16 _, _ !--.'../ __1 // CCW___ )

, i _ i "Y040 " , . :

D3+Y CW/

'+Z +YAW rw_ -_v. " _> +R \

C2 _ " \ --

M = CM SUBSYSTEM l
1:::::3= CM SUBSYSTEM 2

A" SM RCS QUAD A SPS _YAW
B- SM RCS QUAD B GIMBAL

C= SM RCS QUAD C DEFLI_CTION

D- SM RCS QUAD b

ODD NUMBER

ENGINES = +ROTATION MANEUVER I, :3

EVEN NUMBER

ENGINES= -ROTATIONMANEUVER 2,4
P-4032B

Figure Z. 5-1. C1V[-SM Engine Locations
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i.J.

t_

r.A.

C_

c-P
(b

Ln

O

p_

0

U rn

CO r._

N

_J
Ill

N

I

AUTORCS
SELECT

BUS '_lRCUI T BREAKER SWITCHES

• POWER MDC 8 MOC ,_

1
PITCH _ ÷)_13

MNA SOS MNA PITCH FITCH A4 +)_N

l PITCH ,,kl -XZ3

J _ ' 'PITCH C4 -X24

I
1 '. PITCH C3 +XI3

I_ ' _HCfl A4 +XI4

MNB SOS MNB PITCH _ITCH A3

, PITCH C4 -X24
]

YAW R3 +X25

YAW B4 +X26
MNA SCS MNA YAW

YAW B3 -_(IS

i !(AW 04-X[6

YF_W D3 +X 25

MNB 5C$ MN8 YAW YAW 64 +X26

YAW B3 -Xl5

YAW D4 -X'_B

810 ROLL 81 +XJI

,_NA SC5 MNA BID ROLl 8/0 ROLL D2 +Z22

BID ROLL Ol "ZZI

BID ROLL B2 -Z_

)I
8/O ROLL 8I +XII

! 1 , 810 ROLL D2 +Z23

MNR _csMN8_;oR0_

: ! I' I, R,OROLLO_-Z_,, _ . BID ROLL R? -ZIZ

i AIC ROLL AI +'V

'All ROLL 02 t'y

MNA 5C$ MNA All.ROLl All ROLL C_ -Y

AiC ROLL t_2 -y

All'ROLL AI _Y

AIC ROLL C? +Y

MNB SOS MN9 AIC ROLl
All ROLL CI -Y

All ROLL A2 -Y

SM ENGINE " "

SOS PROP

QUA_ ANEUVER NO. I NO." ,

i C ! +P C3 SDA3B)

A -P A4 SIgAIB]

, h +P A) $IRAIBI

C -P C4 _A_BI

C _P C) $19A383

k ' -P A4 SIRAIB)

k " +P A3 SIqAIBI

C -p C4 SIRA3BI

O +Y D3 519A4BI

6 "Y B4 , SIgA?RI

B +Y B3 $I9R?B3

_Y b4 SI9A4B}

• ......,_ I Se{NO,NOUT_LIZA_IO,_ORI
• _'" _"_" JTRAN_LATIONMAN_UVE_ TRANSFER

.] I I ' gP' :Y I  oToR
l *P ]3 CI9B/ C3 1 SL "

I "P 14 CIqBII , A4 '" ' SI

._ +P 2_ " Ct_8 A3 52

-p . 24 ClqRI2 C4 " 52

1 +P I3 " C]9B/ 03 ,' Sl

I _P 14 CIRB|l A4 "Sl

2 +P _2} Cl9OB A) 52

2 "P 24 CIRRI2 C4 52

2 _y 25 CIVBIO 0Z SZ

2 :Y 26 C]982 B4 52

I _Y D CIRR9 R'3 ' • 51

I "Y 16 CI9BI _4 . Sl

O ]y P3 SIRA4B] 2

B , -Y ^84 SDA2RI , 2

D .ty _) S19A?B3 I

D "Y D4 SDA4B) l

' B CW+R Ell SIRA2B2 ]

O CCW-R 02 SlRAae4 2

O CW+R 01 SIRA482 2
} .,

B CCW:R R? SIRA2B4 |

R , CW+R R] SI9A_BZ I I

iO ! SI_A4R4 2ccw-R _ l
i O _ CW+R 01 51gA4O2 2

B CCW'R R2 SI9AZB4 I

A , CW_'R 'AI SIVA]B4

C CCW-N C2 S ]9A3B?

C CW_R CI SI9A3B4

A C_-R A2 SI9AIB?

- A; CW+R AI SIgAIB4

C CC_V-R C2 S}9A382

C " CW+R CI 519A]B4

A CCW'R A2 SIRAIR?

Figure 2.5-3.

+Y • 2_ CIqBIO 03 $2

"Y 26 'COB2 B4 : S2

*Y 15 .CIRBg B3 j S!

-Y . 16 ClRel IN 5I

CW_R lL CIqB5 B] Sl

CCW-R 22 Cl9R4 0Z 52

CW_R 21 CIRB6 0] S?

CCW;R IZ CIRB]

' ' t ""

CW*R Lt CI_R5

CCW'R 72 C19B4 "

C_R 2] CI9B6 ]

CCW'R 12 CI9B3

._ ,,, ,

gRAD FAC£B AT

CM SM SEPARATION

AND LE$ ABORTS

e_ SI

BI 51

OZ S?

OI .- " 52

B? 5l

f-- I -'I. f .....

k_ " '

CZ

Cl

AZ

• M'

i -ic_
A2

p-6056B

CM-SM RCS Engine Power Supplies (AutomaLic)
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BUSi CIRCUIT BREAKER , DIRECT I i ROTATtON

POWER 'MDC-B , SWITCH MDC ]I CONTROL
!

MN/_ OONTRIDIRECTRCS' IA' MN,_)MNB R,C. I I+P

MN B CONTRIOTRECTRCS IB MNAtMNBR, C, | I÷P

" MNA R.C. ! ! Itp
MN

%q, CONTRIOIRECTRC S IA MNA R,C. | } I*P

MN _ C()NTRIOIRECTR£S IA -MNA;_NB R,C. _ I-P

MN B CONTR/DIRECTRCS IB MNA/MNB RJC, 1 I'P

•MNA R.C, l , I-P
MN A}, CONTRIOIRECTRCS IA MNA R.C. I I-P
• J

MNA CONTR/D1RECTRCS IA MNA/MNB R,C. i I_-Y

f/INB CONTR/DIRECTRCB IB • _',NAIMNB R.C. I I_-Y

I _NA R.'C, ). i *Y
MN A CONTR/DIRECTRCS ]A

MNA R,G, ! ,l I_'Y

MN _ CONTRtDIRECTR_S |A MNNMNB R.C, ] I-Y

MN B CQNTR D RECTRC5 IB MNA/MNB R, C, ! I-Y:

MN A CONTRIBIRECTRCS IA MNA R,C, ] _ I'Y

• j . MNA R.C. ]. , I-Y'

' _ I' i _
MN/( CONTRIOIRECTRCS EA MNHMNB R.C, ] " I*R

MNHMNB R.C. i _÷R
i

MN B= CONTR/DIRECTRC5 |B MNA/MNB R.C, 1 I+R

i MNA/MNB R. C, ] l*R

i i

MNA R,C. ] , I÷R

MNA R.C, I i I_R

MNA R,C. I I_R

MNA R.C, 'I I+R

MNHMNB R,'C, l I-R

_ANAIMNB R.C, [ |-R

MNAI_NB R,C, 'l I'R

MNAIMNB ILC. l' |-R

MNAR, C. | .' I-R

MNA R.C. I , hR

MNA R.C. I I -R
I-R

MNA R.C. l !

MN A CONTR/DIRECTRCS IA _I

!

MN AI CONTRIDIRECTRCS IA

MN B i CONTRIBIRECTRCS IB

MN A, CONTRIDIRECTRCS |A

I

' s_ENo,.E' ',
QUAO MANEDVER 50S NO. PROP NO.

C _P C3 SIgA3'B3

A *P . A3 .S_OA_BI

C ÷P C3' BOA]B3

A +P A3 SIQAIB]

A ' _ -P A4 SIOAIB3

C -P C4 S19A3BI

A -_ ' "A_' S19AIB3

C -P C4 SIgA)BI

B +Y B} S]OA2B]

D l +Y D_ SIOA4BI

B +Y B_ S_9A283

D *Y 03 - S19A4BI

D -Y O4 S19A4B_

CM ENGINE I. A SER
,, TR N

SYSTEM MANEUVER 5CS NO,.-PROP NO. MOTOR

i
, l _P B CIOB/ 32 & Sl

r 2 _P ?3 CI9BB 5] & S2

1 *P 13 CIOB/ 52 & $1

.., *P _ c!_.. sl&s_
1 -P 14 'CI9BII S2& S[

2" -p Z4 CIgBI_ S1 & $2

1 -p 14 CIQBll $2 & SI

2 .p _4 C19B12 SI & S2

l +Y _5 CIOB9 S2& SI

? +Y 25 CI9BIO SI &.S2

} ÷Y 15 CIOB9 ' S2.& S]

2 +Y 25 CIgBIO SI & 52

"Y 16 CI9BI $2 & Sl

B "Y • B4 SDA2BI 2 -Y 26 CLqB2 S| & $2

D -Y D4 519A4B] t -Y 16 CLqBL $2 & S_

B -Y B4 .SIgA2B! 2 -Y 26 " C]9B2 51 & S2

C CW*R Cl SIOA3B4 ! 1 CW*R I ll I CI9B5 $2 & S$

A CW*R AI SIOAIB4 9EABFACED AT CM SM SEPARATION

AND LES ABORTS

2 CW+R 21 CI9B6

BD Cw_RCWtR BIDI 519A2B2SIOA4B_DEADFACED AT CM SM SEPARATION S] & $2
ANO LE5 ABORTS

,, . , i i' I ' J I
C CW_R C_ S_ABB4 I CW +R E_ I C_9B_

A , CW+R AI SIOAIB4 BEABFACED AT CM SM SEPARAtiON 52 & Sl

,' ' AND /ES ABORTS

2 CW_R 21 CIQB6
D CW*R Ol S19A482 DEABFACED AT CM SM SEPARATION . 5l & $2"

B CW÷R BI ,S_9AZB2 AND LES ABORTS

| I CCW-R"I'|2 } ClgB]

C CCW-R C2 SI9A3B2 DEADFACEDATCMSMSEPARAT)ON S2&SI

A CCW-R A2 SIOAIB2 .ANDLESABORTS

2 CCW-R 2_ C19B4 • '
CCW-R D2 SIOA4B4 bEADFACEDATCMSMSEPARATION SI&SB

B CCW-R B? SIOA2B_ ANDLESABORTS

I I I

A CCW-R A2" SI9AIB2 DEADFACED AT CM SM SEPARATION
AND LES ABORTS

D CCW-R .D2 SIgA4B4 2 CCW-R 22 C_9B4 '
B CCW-R B2 519A2B4 DEADFACEB AT CM SM SEPARATION S| & 52

AND LES ABORTS -

Figure 2, 5-5. SM-_CM RCS Engine Power Supplies (Direct) Rotation Control No.
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BUS CIRCUIT BREAKER , DIRECT 2 ROTATION

POWER MOC-B . SWITCH MDC ! CONTROL,

MN B CONTR/DIRECTRCS 2B MNAIMNB R.C, 2 2@

,' MN A . CONTRIDIRECTRC_ 2A MNAIMNB R,.C,.B D:P

MNB R.C. 2 2"P

MN B CONTRIDIRECTRCS 2B MNB R.C. 2 2+P

MN'B CONTRIDIRECTRCS 2B MNHMNB R,C. Z 2-P

MN A CONTRID|RECTRCS 2k MNAIMNB R,C, 2 2-P

'MNB R,C, 2 2-P

MN B CONTR/DIRECTRCS 2B MNB R.C. B 2"P

MN B CONTRIDIRECTRCS 2B MNAIMNB R.C, 2 2+Y

MN A CONTRIDIRECTRCS ?A MNAIMNB R.C. 2 .2+Y

MN R CONTRIDIRECT:RCS 2B MNB R,C, 2 2*Y
MNB R.C. 2 2+Y

MN B CONTRIDIREC'TRCS 2B MNA/MNB R,C, 2 ;?'Y

MN A CONTR/DIRECTRC5 2A MNHMNB R,C, 2 2-Y

MNR R,C, 2 2"Y

MN B. CONTRIDIRECTRCS 2B MNB R.C, 2 2"Y

MN B CO_ITR/D{RECTRCS 2B

MN A CONTR/DIRECTRCS.BA

MN B CONTR/DIRECIRCS 2B

MN B CONTRIDIRECTRCS 2B

MN A CONTR/D1RECTRCS 2A

MN B CONTRIDIRECTRCS 2B

MNNMNB R.C, 2 .2"_R

MNNMNB R,C, 2 Z'R

MNAIMNB R,C, 2 2"_R

MNAIMNB R,C, 2 2*R

MNB R.C.' Z B+R

MNB R,C, ? 2+R

MNB R,C. 2 2._R

MNB R.C, 2 ?_R

MNA/MNB R,C, 2 2"R

MNA/MNB R,C, ? 2"R

MNAIMNB R.C, 2 2-R

MNNMNB R,C, 2 ' 2-R

MNR R,C, 2 2-R

MNB R,C. 2 2-R

?-R
MNB R,C, 2 2-R
MNB R.C,

SM ENGINE

QOAD MANEUVER SCS NO. I PROP NO, SYSTEM

C ÷P C_ SIQA_B3 !

A +P A3 S|gAIBI .2

C _'P C) S]9A3B3 I

A *P A3 SIgAIB| B

A -P A4 S_gAIB_ I

C "P C4 519A3B! 2

A -P A4 SI9AIB3 I

C -P C4 BIgA3B). 2

B +Y B3 S19A2BI 1

O +Y D3 SI9A4BI 2
.... r
B *Y B] [ SI.gA_B3 t

O _Y D_ 519A4BI

B -Y D4 5igA4R]

B -Y B4 519ABBI

D -Y D4 SlgMB]

B -Y B4 SI9ABBI

C CW+R C1 519A3B4

,A CW*R AI 5lgAIB4

I) CW:R Ol S19A4B2

B CW;-R BI .519ABB2

C CW'_R CI , SDA3B4

A CWtR AI • 519AIB4

O CW*R ' Ot SIgA4B2

B CW_'R BI 519A,?.B2

i

C CCW-R C2 SIgA3B2

A CCW-R A_ 519AIB?

b CCW-R D? SI9A4B4

B CCW-R B2 SIgA2B4

C CCW'R CB SI9A3B2

A .CCW'R A2 SIgAIB2

O CCW'R D2 5i9A4R4

B CCW'R B2 SlgABB4 i

CMENOINE TRANSFER

MANEUVER t.SCS NO. PROP NO, MOTOR

+P , 13 CIgB/ S2,& SI

_P 23, CI9BB SI & $2

_P 13 CIgB/ $2 & SI

*P 23 CI9B8 51 & $2
" ' .I .

-P t4 CIgBH $2 & SI

-P 24 CIQBI2 SI & 52

-P 14 CIgBll 52 & S_

_P 24 C19BI_ Sl & $2

÷Y 15 C19B9. , S2& SI

'_Y 2_ CIgBlO 51"&.S2

÷Y _S C_959 SZ & ST

2 +Y 2_ CI9BIO S1 & $2
. i ." , | , ,

l "Y 16 _ cIgBl $2 & S1

. 2 -Y 26 C19B2 S!'&Sg

I "Y : 16 cl9el $2 & 5.I

2 -y 26 C19B2 • SI r& $2

I I CW _R l 1| C19B5 ':

DEADEACEB AT Ch_'SM SEPARATION S? & B1 .

AND LES ABORTS"

Z CW÷R _L c19R6

DEADFACED AT CM SM SEPARATION SI & $2"
AND I._S ABORTS

_EAO_ACEOAECMS_SEPARATION
AND L£S ABORTS

2 CW4R 21 . Cl9D6

DEADFACED AT CMSMSEPARATION SI& S2

ANDLESABORTS :.

'_ I" ccw-RI_. I c,_,_ _B_DEADfACEOATC_BMSEPARAT,ON
AND,ESABOR_S
2 CCW-R 22 C 19B4
_EAbEACED AT CM S_ SEPARATION S] &'S2

AND LES ABORTS .

DEAOEACED AT CM BM SEPARATION
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The reaction engines may be pulse-fired, producing short-thrus_

impulses or continuously fired, producing a steady-state thrust level. The

s_ort-pulse firing permits attitude-hold modes of operation and extremely

accurate attitude alignment maneuvers du_ring navigational sightings. CSM

attitude control is normally maintained by utilizing the applicable pi_ch,

yaw, and roll engines on all four quads. However, in the event of a mal-

function or in order to conserve propellants , complete attitude control can

be maintained width only two adjacent quads operating.

/k functional flow diagram for a SM RCS quad is shown in figure 2.5-7.

The helium storage vessel supplies helium to two solenoid-operated helium

isolation valves that are normally open throughout the mission. This allows

allows helium p=essure to ,_he regulators, downstream of each helium

isolation valve, reducing the high-pressure helium to a desired working

pressure.

Regulated helium pressure is directed throughseries-parallel check

valves. The check valves permit helium pressure to the fuel and oxidizer

tanks, and prevent reverse flow of propellant vapors or liquid. A pres-

sure relief valve is installed in the pressure lines between the check

valves and propellant tanks to protect the propellant tanks from any

excessive pressures.

Helium entering the propellant tanks creates a pressure buildup

around the positive expulsion bladders forcing the propellants in the tank

to be expelled into the propellant distribution lines. Propellants from the

primary fuel and oxidizer tanks flow through the primary propellant isola-

tion valves. Propellants from the secondary fuel and oxidizer tanks flow

through the secondary propellant isolation valves. The secondary pro-

pellant fuel pressure isolation valve will be opened when the secondary

propellant fuel pressure transd-ucer (located downstream of the primary

fuel tank) senses a drop in pressure. The drop in pressure indicates the

primary fuel tank is at propellant depletion. Opening the secondary

propellant fuel pressure valve at this time allows regulated helium pres-

sure to the secondary fuel tank. It has been determined that due to the

O/_-" ratio the fuel tank will deplete ahead of the oxidizer tanks, thus

accounting for the secondary propellant fuel pressure isolation valwe

installation in the helium pressurization path to the secondary fuel tank

only.

Oxidizer and fuel is distributed to the four engines by a parallel feed

system. The fuel valve on each engine opens approximately two milli-

seconds prior :to the oxidizer valve, to provide proper engine operation.

Each valve assembly contains orifices which meter the propellant flow to

obtain a nominal 2:1 oxidizer/fuel ratio by weight. The oxidizer and fuel

r
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bustion chamber. The injector valves are controlled automatically by the

reaction jet engine ON-OFF control assembly. _lanual direct control is

provided for rotational maneuvers and direct ullag e only. The engine

injector valves are spring-loaded closed. This system configuration

maintains propellants under constant pressure, at the engine injector

valves, providing rapid consistent response rates to thrust ON-OFF
commands.

SM RCS MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

The SM RCS is composed of four separate, individualquads, each

quad containing the following four major subsystems:

and are ignited bY hypergolic reaction within the corn- ..

!

• Pressurization

• Propellant - primary/secondary

• Rocket engine

• Temperature control system

2.5.2.1 Pressurization Subsystem.

f/---.L

2.5.2.1.1

The pressurization subsystem regulates and distributes helium to the

propellant tanks (figure 2.5-7). It consists of a helium storage tank,

isolation valves, pressure regulators, and lines necessary for filling,

draining, and distribution of the helium.

Helium Supply Tank.

The total high-pressure helium supply is contained within a single-
spherical storage tank.

2.5.2. I. 2 Helium Isolation Valve.

%

The helium isolation Valves between the helium tank and pressure

regulators contain two solenoids: one solenoid is energized momentarily

to magnetically latch the valve open; the remaining solenoid is energized

momentarily to unlatch the valve, and spring pressure and helium pressure

forces the valve closed. The helium isolation valves in each quad are

_individually controlled by their own individual SM RCS HELIUM switch on

_vlDC-Z. The momentary OPEN position energizes the valve into the

magnetic latch (open). The momentary CLOSE position energizes the

valve £o unlatch the magnetic latch (closed). The center position removes

electrical power from either solenoid. The valves are normally open in

respect to system pressure.

t

k.

Mission

REACTION CONTROL SYSTEM

Basic Date 15 April 1969 Change Date

T-•- . _ .....

15fan 1970 Page 2.5-II



• " 4-

APOLLO OPERATIONS HANDBOOK

• : SYSTEMS DATA :

-_ position switcl_ contained.within each valve cQntrols a position

indicator above each switch on _IDC-2. _V__en the valve is 0pen, the

position switch is open and the indicator on IV[DC-Z is gray (san__e color as

the panel), indicating the valve is in its normal position. "@_hen the valve

is closed, the position switch is closed and the indicator on MDC-Z is

barber pole (diagonal lines), indicating the valve is in its abnormal

position.

Z. 5.2. I. 3

The valve is closed in the event of a pressure regulator unit problem

and during ground servicing.

Pressure Regulator Assemblies.

Helium pressure regulation is accomplished by two regulator assem-

blies connected in parallel, with one assembly located downstream of each

helium isolation valve. Each assembly incorporates two (primary and

secondary) regulators connected in series and a filter at the inlet to each

regulator. The secondary regulator remains open as the primary regulator

functions properly. _ in the event of the primary regulator failing open, the

secondary regulator, Ln series, will maintain slightly higher but accept-
able pressures.

2_ 5.2.1.4 hC _eck Valve Assemblies.

2.5.2.1.5

Two check valve assen__blies, one assembly located upstream of the

oxidizer tanks and the other upstream of the fuel tanks, permit helium

flow in the downstream direction only. This prevents propellant and/or

propellant vapor reverse flow into the pressurization system if seepage

or failure occurs in the propellant tank bladders. Filters are incorporated

in the inlet to each check valve assembly and each test port.

Pressure Relief Valves.

The helium relief valve contains a burst diaphragm, filter, a bleed

device, and the relief valve. The burst diaphragm is installed'to provide

a more positive seal against helium than that of the actual relief valve.

The burst diaphragm.ruptures at a predetermined pressure. The burst

diaphragm is of the nonfragmentation type, but _. the event of any frag-

mentation, the filter retains any fragmentation and prevents particles

from flowing onto the relief valve seat. The relief valve will relieve at a

pressc_re slightly higher than that of the burst diaphragm rupture pressure

and relieve the excessive pressure overboard protecting the fuel and

oxidizer tanks. The relief valve will reseat at a predetermined pressure.

f
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Z. 5.2. I. 6

Z. 5.2. I. 7

2.5.2.2

A pressure bleed device is incorporated between the burst diaphragm

and relief valve. The bleed valve vents the cavity between the burst dia-

phragm and relief valve in the event of any leakage across _t/_ediaphragm:

or vents the cavity upon completion of performing a checkout of the relief

valve from the vent port on the relief valve. The bleed device is normally

open and will close when the pressure increases up to a predetermined

pressure. The bleed device auto:_o_atically opens vchen the pressure

decreases to the bleed valve Opening pressure.

A protective cover is installed over the relief valve vent port and

bleed valve cavity port to prevent moisture accumulation and foreign

matter entrance. The covers are left in place at lift-off.

Distribution Plumbing.

Brazed joint tubing is used to distribute regulated helium in each

RCS quad from the helium storage vessels to the propellant tanks.

Secondary Propellant Fuel Pressure Isolation Valve.

The secondary propellant fuel pressure isolation valve in the

pressurization line to the secondary fuel tank contains two solenoids:

one solenoid is energized momentarily to magnetically latch the valve

open; the remaining solenoid is energized momentarily to unl_tch the

valve, and spring pressure and helium pressure forces the valve closed.

The secondary propellant fuel pressure isolation valve in each quad is:

controlled individually by its own individual SIN/[IICS SEC PRPLNT FUEL

PRESS switch on MDC-2. The momentary OPEN position energizes the

valve into_ the magnetic latch (open); the momentary CLOSE _osz_zon

energizes the valve to unlatch the magnetic latch (closed). The center

position removes electrical power from either solenoid. Thelvalve is
i

normally closed in respect tO system pressure. ]
!

There is no position indicator talkback of the Valve posi[ion to the

MDC.

The valve will be opened when the secondary propellant fuel pressure

_decreases, indicating the primary fuel tank is depleted.

Propellant Subsystem.

This subsystem consists of two oxidizer tanks, two fuel tanks, two

65_iclizer and two fuel is01ation valves, a fuel and oxidizer inline filter;

uxzdzzer balance line, and associated distribution plumbing.
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-Primary and Secondary Oxidizer Tanks.

The oxidizer supply is contained in two titanium ailoy, hemispher-

ically domed cylindrical tanks. The tanks are mounted to the RCS panel.

Each tank contains a diffuser tube assembly and a teflon bladder for posi-

tive expulsion of the oxidizer. The bladder is attached to the diffuser

tube at each end of each tank. The diffuser tube acts as the propellant
outlet.

1

. - • r•

When the tanks are pressurized, the helium surrounds the entire

bladder, exerting a force which causes the bladder to collapse about the

propellant, forcing the oxidizer into the diffuser tuhe assembly and on out

of the tank outlet into the manifold_ providing expulsion durmg zero g's.

An oxidizer fluid balance line is incorporated on the oxidizer tank

side of the propellant isolation valves between the primary and secondary

oxidizer tanks (figure 2.5-7). In prelaunch, prior to lift-off, the helium

and four propellant isolation valves are opened. The primary oxidizer

tank will flow oxidizer to the secondary tank because the primary tank is

located above the secondary tank. This displaces the ullage ar>ea in the

secondary tank to the primary and fills the secondary full of oxidizer. If

the launch continues normally, this creates no problem. However, if a

long hold period occurs, the four propellant isolation valves will be closed

and the fluid in the secondary tank will expand because of thern_al growth..

The fluid balance line allows the oxidizer to bleed from the secondary to

the primary tank preventing possible rupture of the secondary tank.

The fuel tanks could have a similar problem excep_ that the second-

ary propellant fuel pressure valve is closed prior to the opening of the

four propellant isolation valves. This prevents transfer of fuel from one
tank to the other.

2.5.2. 2. 2 Primary and Secondary Fuel Tanks.

2.5.2.2.3

The fuel supply is contained in two tanks that are similar in material,

construction, and operation to that of the oxidizer tanks.

Propellant Is olation Shutoff Valve.

Each propellant isolation valve contains two solenoids: one that is

energized momentarily to magnetically latch the valve open; and the

remaining solenoid is energized momentarily to unlatch the magnetic

latch, and spring pressure and propellant pressure closes the valve. The

propellant isolation valves located in the primary fuel and oxidizer lines,

as well as the secondary fuel and oxidizer lines in each quad, areall

controlled by a single SIV[ I<CS propellant switch on MDC-2. The SM RCS

g

k.

Mi ss ion

REACTION CONTROL SYSTEM

.... Basic Date 15 April 1969 Change Date Page 2. 5-14

[



SM2A-03-BLOCK Hi(i)

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA . - 4

2.5.2.2.4

t-

?

2.5.2.2.5

propellant switch on MDC-2 for each quad placed to OPEN momentarily

energizes the two primary and secondary fuel and oxidizer, isolation valves

into the magnetic latch (open); the CLOSE momentary position energizes

the valve to unlatch the magnetic latch (closed). The center position

removes electrical power from either solenoid.

•Each quad, primary fuel, and oxidizer t_-nk isolation valve contains

a position switch that is in parallel to one PRh-h/i PRPLNT position indi-

cator above the SM RCS prbpellant switch on MDC,2. When the position

indicator switch in each valve is actuated open, the PR-IM PRPLNT indi_-

cator on IVIDC-2 is gray (same color as the panel) indicating both valves

are open with respect to the fluid flow. Each quad, secondary tank fuel

and oxidizer isolation valve contains a position switch that is. in series to

one SEC PRPLNT position indicator below the SIVi RCS propellant switch

on MDC-2. When the position indicator switch in each valve is actuated

closed, the SEC PRPLNT indicator on MDC-2 is gray (same color as the

panel) indicating the valves are open to the fluid flow. Wl_en the position

indicator switch in either primary fuel or oxidizer isolation valve is actu-

ated closed, the PRL-%I PRPLNT position indicator on IVIDC-2 is barber

pole (diagonal lines) indicating that either valve or both Valves are closed

in respect to the fluid flow. When the position indicator switch in either

secondary fuel or oxidizer isolation valve is actuated open, the SEC

PRPLNT position indicator on MDC-2 is barber pole (diagonal lines)

indicating that either valve or both valves kre closed in respect to the
fluid flow.

The primary and secondary fuel and oxidizer isolation valves of each

quad are normally open to the fluid flow.

The primary and secohdary fuel and oxidizer isolation valves of a

quad are closed to the fluid flow in the event of a failure downstream of

the propellant isolation valves such as line rupture, runaway thruster, etc.

Dis tribution Plumbing.

Propellant distribution plumbing within each quad is functionally

identical. Each quad contains separate similar oxidizer and fuel

plumbing networks. Propellants, within their respective networks, are

directed from the supply tanks through manifolds for distribution to the

four engines in the clusters.

Propellant, In-Line Filters.

-- - In-line filters are installed in the fuel and oxidizer lines downstream

of the propellant shutoff valves and prior to the engine manifold contained

within the engine housing. " -_:
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The in-line filters are installed to prevent any particles from flowing

into the engine injector valves and engine injector.

Engine As semblies.

The service module reaction control system engines are radiation

cooled, pressure fed, bipropellant thrust generators which can be operated

in either the pulse or steady state mode. (These modes are defined as a

fi:ring duration of less than one second, and one second or more,

respectively. )

Each engine has a fuel and oxidizer injector solenoid control valve.

The injector solenoid control valves control the flo%v of propellants by

responding to electrical commands (automatic or manual) generated by

the reaction jet engine ON-OFF control assembly or direct P_CS respec-

tively. Each engi.ne contains an injector head assembly which directs the

flow of each propellant from the injector solenoid control valves to the

combustion chamber where the propellants atomize and ignite by hyper-

golic reaction, producin_g thrust. A filter is incorporated at the inlet of

each fuel and oxidizer solenoid injector valve. _ orifice is installed in

_l%einlet of each fuel and oxidizer solenoid injector valve that meters the

prol_ellant flow to obtain a nominal 2:1 oxidizer-fuel ratio by %veight.

Propellant Solenoid Injector Control Valves (Fuel and Oxidizer).

The propellant solenoid injector valves utilize two coaxially wound

coils, one for automatic and one for direct manual operation. The auto-

matic coil is used when the thrust command originates from the reactiorijet

engine ON-OFF control assembly which is the electronic circuitry that

selects the required automatic coils to be energized for a given maneuver. The

direct manual coils are used when the thrust command o_-iginates at the

rotation control (direct mode), direct ullage pushbutton, SPS abort or the

SM jettison controller (figure Z.5-7).

The solenoid valves are spring-loaded closed and energized open.

The reaction time of the valves are illustrated in figures Z.5-8 and
2_. 5-9.

. + .

Figure 2.5-8 illustrates a thrusting duration of 15 seconds (steady

state). The electrical on signal is received Within either the automatic

(nc_rmal)-or manual direct coils of the engine injector valves. At

14 seconds after the receipt of the thrust on signal, the automatic or

" -manual direct coils are deenergized and the injector valves spring-load

_ closed. However, due to the valve lag and residual propellant flow down-

stream of the injector valves, thrust output continues until the residuals

lhave burned which establishes th_ cutoff transient. _

+
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Figure Z.5-8, SM RCS Steady State Operation - Typical
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Figure Z. 5-9 illustrates the minimum pulse width electrical signal

thaL can be provided to the automatic coils of the injector valves from the

reaction jet engine O_-OFF control gssembly. Sequence of operation is

described in the subsequent steps:

a. A time of 12 to 18 milliseconds will elapse before the reaction jet

engine ON-OFF control assembly can electrically provide a command off

signal to the automatic coils of injector valves on the engine.

b. W'hen the automatic coils of injector valves receive the electrical on

signal, injector valves are energized to open position.

c. The fuel injector valve automatic coil energizes to the fully open

position in approximately 7 milliseconds, and the oxidizer injector valve

automatic Coil energizes to the fully open position in approximately•

9 milliseconds, establishing an approximate Z-millisecond fuel lead.

This is accomplished by varying the resistance of the automatic coils in

the fuel and oxidizer injector valve.

d. The propellants start to flow from the injector valves as soon as

they start to open to the premix igniter; however, the fuel will lead the

oxidizer by Z milliseconds.

e. The propellants flow into the premix fgniter and the combustion

chamber which creates some pressure, gas velocity, and thrust in the

combustion chamber even though it is very small because the engine is

operating in a space environment.

f. The pressure, gas velocity, and thrust continue to increase slightly

until the valves reach the full open position.

g. At approximately IZ-I/Z milliseconds, the propellants ignite pro-

ducing a spike of thrust. At IZ milliseconds minimum, the electrical

signal is removed from the automatic coils of the injector valves.

h. .The engine thrust continues very erratic until the valves become

deenergized and _pring-load closed.

i. At approximately 7 milliseconds after the electrical off signal, on

the fuel valve and approximately 8 milliseconds on %he oxidizer valve, the

injector valves are fully closed.

j. The residual propellants, downstream of the injector valves, "con-

tinue to flow into the combustion chamber, decreasing until complete

thrust decay of 0 pounds occurs at approximately 65 milliseconds.

k. In order to determine the total impulse for this time span of opera-

tion (figure Z. 5-9), everything under the entire thrust curve must be

int e gr _ited.

The automatic coils are electrically connected in parallel from the

reaction jet engine ON-OFF control assembly.

The direct manual coils in the fuel and oxidizer injector valves

provid e a direct backup to the automatic mode of operation. The direct

manual coils of the injector valves are electrically connected in series.

The reason for the series connection of the manual coils are as follows:

a. To insure a fuel lead if any heat-soaked back into the direct manual

_:coil %yindings, which would change the coil resistance and result in an

oxidizer lead if the coils were connected in parallel.

:r ,
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b. The series connection from the fuel direct manual coil is positive

to negative and to the oxidizer direct manual coil is negative to positive,

then to ground. The reverse polarity on the oxidizer coil increases the

arc suppression, reducing the arc at the rotation control in the direct I_CS

mode of operation. The direct manual coil opening time for the fuel

injector valve is Z6 milliseconds and the oxidizer is approximately

36 milliseconds. Closing time for the fuel and oxidizer direct manual

coils is 551Z5 milliseconds.

Injector,

The main chamber portion of the injector will allow 8 fuel sti-eams

to 'impinge upon 8 oxidizer streams (unlike impingement) for main chamber "

ignition. There are 8 fuel holes around the outer periphery of the injector F,-_<_,

which provide film cooling to the combustion chamber vcalls. There are _

8 fuel holes around the premix chamber providing cooling to the premix _Pi]#_:-

chamber walls.

The injector contains a premix igniter, and the premix chamber

contains a fuel and an oxidizer passage that impinge upon each other

(unlike impingement) within the premix igniter chamber. The premix

igniter chamber, along with the approximate Z-millisecond fuel lead,

provides a smoother start transient primarily in the pulse mode of oper-

ation and especially in the area of minimum impulse,

Combustion Chamber.

The combustiorf chamber is constructed of unalloyed molybdenum

which is coated with molybdenum disilicide to prevent oxidation of the

b_se metal. Cooling of the chamber is by radiation and film cooling.

Nozzle Extension.

The nozzle extension is attached to the chamber by a waspolloy nut.

The nozzle extension is machined from a cobalt base alloy (stainless

steel). The stiffener rings are machined.

P_CS Electrical Heaters.

Each of the I<CS engine housings contains two electrical strip

heaters. E_ch heater contains t_vo electrical elements. Each heater

element is controlled by a No. 2 therm-o-switclq (figure Z. 5-7). When the

SM I_CS HEATERS switch on IV[DC-Z for that q_ad is placed to PRI, Z8 vde

is supplied to the No. Z therm-o-switch. The therm-o-switch is set at a

predetermined range and will automatically gpen or close because of the

temperature range of the thera i-o-switch and will control one element in

each heater. W-hen the SM RCS HEATERS switch on IVIDC-Z for that quad

REACTION CONTROL SYSTEM
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is placed to SEC, 28 vdc is supplied to the redundant No. 2 therm-o-

swit =h.

The SM RCS HEATERS switches will normally be pl_aced to PRI at earth

orbit acquisition and the SEC position is utilized as a backup.

l

The OFF position of the SM RCS HEATERS switch on MDC-Z

removes power from the SM RCS heaters.

The SM RCS package temperature indicator 6n MDC-Z may be

utilized to monitor the package temperature of any one of the four SM RCS

qu_ds by utilizing the SM positions A, B, C or D of the RCS INDICATORS

select switch on MDC-Z. The SM RCS package temperature transducers

will also illuminate the S_X/[RCS A, B, C or D caution and warning lights

on MDC-2 if the package temperature becomes too low or too high.

Pressure Versus Temperature Measuring System.

The helium tank supply pressure and temperature for each quad is

monitored by a pressure/temperature ratio transducer (figure 2.5-7).

The pressure/temperature ratio transducer for each quad provides

a signal to the RCS indicator select switch on MDC-Z. When the I_CS

indicator select s_vitch on MDC-Z is positioned to a given SM RCS quad,

the pressure/temperature ratio signal is transmitted to the propellant

quantity gauge on MDC-2, and the propellant quantity remaining for that

quad is indicated in percent.

The helium tank temperature for each quad is monitored by a helium

tank temperature transducer. The helium tank temperature is monitored

by TLM. The helium tank temperature can be monitored on IV[DC-2. The

SM RCS He TK TEMP/PRPLNT QTY switch and the SM positions A, B,

C, or D of the RCS indicators select switch on MDC-2 provides the crew

with the capability to monitor either the helium tank temperature/pressure

ratio as a percent quantity remaining, or helium tank temperature which

can be compared against the helium supply pressure readout on MDC-2.

With the use of a nomogram the propellant quantity remaining could be

determined in percent through comparison of helium tank temperature and

helium supply pres sure.

Engine Thrusting Logic.

In the SM RCS, the main bus can_not supply electrical power to one

leg of the AUTO RCS SELECT switches on MDC-8 and reaction jet engine

ON-OFF control assembly until the contacts of the RCS latching relay are

k.
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- . :.... closed (figure Z. 5-7).. Closing of these contacts for SIVI RCS control may

be energized (closed) by the. following operational modes, referred co as

SPS abort or normal CSM/LV SEP:

SPS Abort lviode.

With the liunch escape tower jettisoned, and rotating the translation

control counterclockwise, the following sequence of events occurs:

a. Informs the CMC of an SPS abort initiation. The CMC does

not utilize this signal.

b. Shuts down the applicable booster.

c. Inhibits the pitch and yaw automatic coils of the SiA/[RCS engine

within the reaction jet engine ON-OFF control assembly and provides

a signal to the SCS-SPS thrust ON-OFF logic.

d. Initiates an ullage maneuver signal to the required SM RCS

engine direct manual coils, as long as the translation control is

counterclockwise. The ullage maneuver isterminated when the trans-

lation control is returned to the neutral detent.

e. Initiates adapter separation 3 seconds after the SPS abort

sequence was initiated. In the event automatic adapter separation did

not occur, the CSM/LV SEP pushbutton on _DC-I could be depressed

as a backup.

f. Energize the arm coils of the RCS latching relay 3. 8 seconds

after the SPS abort was initiated. The reaction jet engine ON-OFF

control assembly is now enabled, thus, the SM RCS engine automatic

coils. If the automatic energizing of the RCS latching relay did not

occur, the arm coils could be energized by positioning the RCS CMD

switch on MDC-2 to RCS CMD, providing a backup. In addition, if

the CSM/LV SEPpushbutton on k_iDC-I is depressed and held approxi-

mately 1 second, the arm coils of the P_CS latching relays are energized.

The above mentioned sequences may also be utilized as a normal separation

sequence from the S-_/B.

Normal CSIVi/LV Separation Mode.

as

The normal separation of the CSIV[ from the S-IVB may be initiated

follow s :

a. Position the RCS CMD switch on IViDC-Z to the RCS CIViD posi-

ition. This energizes the arm coils of the RCS latching relays. The

reaction jet engine ON-OFF control assembly is now enabled, thus, the

SIVi RCS engine automatic coils.

b. The translation control positioned to ÷X provides commands to

the reaction jet engine ON-OFF control assembly, thus, the required

Slvf RCS engine iX automatic coils. The DIRECT ULLAGE pushbutton

on IV[DC-I depressed could be utilized as a backup.

c. The CSkl/LVSEPpushbutton on lviDC-I depressed initiates

adapter separation. The CSIVi/LV SEP pushbutton depressed would also

energize the arm coils of th=e RCS latching relays if held for 1 second.

d. After CSIVi/LV SEI m the translation control may be returned to

neutral and the CSIVf/LV SEP pushbutton released.

REACTION CONTROL SYSTEIVi
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.Inthe event the translation control is unable to provide an ullage

maneuver, Lhe DII_ECT ULLAGE pushbutton, on MDC-I, when pressed

and held, provides the direct ullage signal to the direct manual coils of

the required SM RCS engines providing a +X translation..This provides

a manual direct backup to the translation control for the ullage maneuver.

The ullage maneuver is terminated upon release of the DIRECT ULLAGE

pushbutton.

2.5.3

In the event the reaction jet engine ON--OFF control assembly is

unable to control to the automatic coils of the SM RCS engines, a backup

method is provided. This method consists of two ROT COUNT PWI_

DIRECT RCS switches on MDC-I and the two rotation controllers. The

ROT CONT PWR DIRECT RCS I switch supplies power only to rotation

control 1. W-hen the ROT CONT PV/R DIRECT RCS i Switch, is posi-

tioned to MI_A/MNB, main buses A and B supply power only• to rotation

control i. When the ROT CONT PWR DIRECT RCS 1 switch is posi-

tioned to MNA, main bus A supplies power only to rotation control i.

The ROT CONT PWR DIRECT RCS 2 switch supplies power only to

rotation control Z. When the ROT CONT PWR DIRECT RCS Z switch

i_ positioned to MNA/MNB, main buses A and B supply power only t6 rota-

tion control 2. -_Vhen the ROT CONT PWR DIRECY RCS Z s_itch is

positioned to MNB, main bus B supplies power only to rotation control 2.

When the rotation control is positioned fully to its stops in any .direc-

tion, 5he rotation control will energize the required direct manual coils

for £he desired maneuver and provide an inhibit signal to the SM RCS

automatic coils.

If the reaction jet engine ON-OFF control assembly is unable to

control the SM RCS engine automatic coils, the automatic translation con-

trol of the CSIv[ is disabled. The SM RCS direct ullage (+X translation)

capability is s till opera tional.

SM RCS PERFORMANCE AND DESIGN DATA.

i_i?....

2.5.3.1 Design Data.

The following list is the design data on the SM RCS components.

Helium Tanks (4)

l_e gulato r Units 8)

41504-50 psig at 70±5°F during servicing.

After servicing 70+10 °F, capacity

1.35 lb. Internal volume of 910±5 cubic

inches. %Vall thickness, 0. 135 inch.

V/eight 11.5 Ib, diameter 12.37 in.

Primary 181±4 psig with a normal lockup

of 183±5 psig.

Secondarylockup of 187±5 psig. From

10cku p pressure 185_-4 psig. Filter

Z5 microns nominal, 40 micror_s absolute

at inlet of each regulator unit,

P

/
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Secondary Fuel Pressure

Transducers (4)

check Valve-Filters

Helium Relief Valves (8)

Primary Fuel Tank (4)

Primary Oxidizer Tank (4)

Illuminate caution and warning light on

MDC-Z (SM RCS A, B, C, or D):

Underpressure 145 psia nominal.

Overpressure 215 psia nominal.

40 microns nominal, 74 microns absolute.

One at inlet to check Val_-e assembly, one

at each test port.

Diaphragm rupture at ZZ8_8 psfg, filter

i0 microns nominal, Z5 microns absolute.

Relief valve relieves at 236.5±11.5 psig,

reseats a£ not less than ZZ0 psig. Flow

capacity 0.3 ib/rninute a_ 248 psig at 60°F.

Bleed device closes when increasing

pressure reaches no more than 179 psig

in the cavity and a helium flow of less than

Z0 standard cubic centimeters per hour

across the bleed device and relief valve

assembly combined. The bleed device

reopens when decreasing pressure has

reached no less than 20 psig.

Combined propellant and ullage_volume of

69.1 Ib, initially at 65°F at 150 psig,

resulting in a tank pressure of no more

than 215 psia when heated to 85°F.

Outside diameter 12.6Z in. maximum.

Length Z3. 717 (+0. 060, -0. 000) in.

_Vall thickness 0. 017 to 0.0ZZ in.

Helium inlet port I/4 in. ; fill and drain

port I/Z in.

Combined propellant and ullage volume of

137.0 Ib, initially at 65°F at 150 psig,

resulting in a tank pressure of no more

than ZI5 psia when heated to 85°F. Out-

side diameter 12.62 in. maximum, length

28. 558 (+0. 060, -0. 000) in.

Wall thickness 0. 017 to 0.0ZZ in.

/
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Secondary Fuel Pressure

Transducers (4)

Check Valve-Filters

Helium l_elief Valves (8)

Primary Fuel Tank (4)

Primary Oxidizer Tank (4)

Illuminate caution and warning light on

MDC-2 (SM RCS A, B, C, or D):

Underpressure IZi5 psia nominal.

Overpressure ZI5 psia nominal.

40 microns nominal, 74 microns absolute.

One at inlet to Check Valve assembly, one

at each test port.

Diaphragm rupture at 228±8 psig, filter

i0 microns nominal, 25 microns absolute.

l_elief valve relieves at 236.5_-II. 5 psig,

reseats at not less than ZZ0 psig. Flow

capacity 0.3 ib/minute at Z48 psig at 60OF.

Bleed device closes v_hen increasing

pressure reaches no more than 179 psig

in the cavity and a helium flow of less than

20 standard cubic centimeters per hour

across the bleed device and relief Valve

assembly combined. The bleed device

reopens _vhen decreasing pressure has

reached no less than 20 psig.

Combined propellant and ullage volume of

69.1 ib, initially at 65°F at 150 psig,

resulting in a tank pressure of no more

than 215 psia when heated to 85°F ..

Outside diameter 12.62 in. maximum.

Length Z3.717 (+0.060, -0.000) in.

Ws_ll thickness 0. 017 to 0. 022 in.

Helium inlet port 1/4 in. ; fill and drain

port IEZ in.

Combined propellant and ullage volume of

137.0 ib, initially at 65°F at 150 psig,

resulting in a tank pressure of no more

than ZI5 psia when heated to 85°F. Out-

side diameter !Z. 62 in. maximum, length

Z8.558 (+0.060, -0.000) in.

Wall thickness 0. 017 to 0. 022 in.

/,- .
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Secondary Fuel Tank (4) Combined propellant andullage volume of

45.2 ib, initially at 65°F at 150 psig,

resulting in a tank pressure of no more

than 205 psia when heated to 105°F. Out-

side diameter IZ. 62 in. maximum, length

17. 329 (+0. 040, -0. 000) in. Wall thick-

ness 0.022 to 0.027 in.

Secondary Oxidizer Tank (4) Combined propellant and ullage volume of

89.2 ib, initially at 65°F at 150 psig,

resulting in a tank pressure of no more

than 205 psia when heated to 105°F. Out-

side diameter !Z. 65 in. maximum, length

19. 907 (÷0. 040, -0. 000) in. Wall thick-

ness 0. 022 to 0. 027 in.

Inline Filters (8) 5 microns nominal, 15 microns absolute.

Engine (!6) 1000-second service life, 750 seconds

continuous, capable of I0,000 operational

cycles. Expansion ratio 40 _o i at nozzle

exit. Cooling-film and radiation, injector-

type premix ignitor, one on one unlike

impingement, 8 fuel annulus for film

cooling of premix ignitor, main chamber

8 on 8 unlike impingement, 8 fuel for film

cooling of combustion chamber wall.

Nozzle exit diameter - 5.6 inches

Fuel lead

Automatic coils- connected in parallel

Manual coils - connected in series

Weight - 4.99 Ib

Length- 13.400 in. maximum

Filters - each injector

valve inlet

I00 microns nominal, Z50 microns

absolute

Package Temperature

Transducer (4)

Illuminate caution and warning light on

MDC-Z (SM RCS A, B, C, or D]:

:-_Below temperature of 75 °F nomifial.

Above temperature of 205°F nominal.

[/::

E

L
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2.5.3.2

Z.5.3.3--

3.5.4

2.5.5

Heater Therm-O-Switch #Z

-- - Close at IIb°F

Open at 134°F

IV[inimum spread 9°F

36±3.6 watts per element nominal two per

quad.

Performance Data.

Refer to CSIVi/LM Spacecraft Operational Data Book SNA-8-B-027

CSM (SD 68-447).

SM RCS Electrical Power Distribution.

See figure Z. 5-10 for electrical power distribution.

SM RCS OPERATIONAL LINiITATIONS AND RESTRICTIONS.

Refer to Volume 2, AOH malfunction procedures.

ChJi RCS FUNCTIONAL DESCRIPTION.

The command module reaction control subsystems provide the

impulses required for controlling spacecraft rates and attitude during the

terminal phase of a mission.

The subsystems may be activated by the " " _-_I_4 SEPARATION

switches on MDC-2 placed to CM-SM SEPARATT' _ position, or by placing

the CM RCS PRESSURIZE switch on MDC-2 to the CIV[ RCS PRESS

position, The subsystems are activated automatically in the event of an

abort fromthe pad uP to launch escape tower jettison. Separation of the

two modules occurs prior to entry (normal mode), or during an abort

from the pad up to launch escape tower jettison.

_ The CM RCS consists of two similar and independent subsystems,

identified as subsystem 1 and subsystem Z. Both subsystems are

pressurized simultaneously. In the event a malfunction develops in one

subsystem, the remaining subsystem has tl0e capability of providing the

impulserequired to perform necessary pre-entry and entry maneuvers.

The CIVi RCS is contained entirely within the CIVI and each reaction engine

nozzle is ported through the CIVi skin. The propellants consist of inhibited

nitrogen tetroxide (NzO4) used as the oxidizer and monomethylhydrazine

(MMH) used as fuel. Pressuriked helium gas is the propellanttrans-

letting a'ient.

F

k.
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The reaction jets may be pulse-fired, producing short thrust

impulses or continuously fired, producing a steady state thrust level.

CI_ attitude control is maintained by utilizing the applicable pitch, yaw

and roll engines of subsystems 1 and 2. However, complete attitude

control can he maintained with only one subsystem.

A functional flo_v diagram of CM RCS subsystems 1 and 2 is shown

in figure 2.5-11. The helium storage vessel of each subsystem supplies

pressure to two helium isolation squib valves that are closed throughout

the mission until either the CM S_vi Separation switch on MDC-2, or

CM RCS PI_ESS sv/itch on MDC-2 is activated. V/hen the helium isolation

squib Va/ves in a subsystem are initiated open, the helium tank source

pressure is supplied to the pressure regulators. The regulators reduce

the high-pressure helium to a desired working pressure.

Regulated helium pressure is directed through series-parallel check

valves. The check valves permit helium pressure to the fuel and oxidizer

tanks and prevent reverse flow of propellant vapors or liquids. A pressure

relief valve is installed in the pressure lines between the check valves and

propellant tanks to protect the propellant tanks from any excessive

pressure.

_'_7+ 2.U:,

Helium entering the propellant tanks creates a pressure buildup

around the propellant positive expulsion bladders, forcing the propellants

to be expelled into the propellant distribution lines. Propellants then flow

to valve isolation burst diaphragms, which rupture due to the pressuriza-

tion, and then through the propellant isolation valves. Each subsystem

Supplies fuel and oxidizer to six engines.

Oxidizer and fuel is distributed to the 12 engines by a parallel feed

system. The fuel and oxidizer engine injector valves, on each engine,

contain orifices which meter the propellant flow to obtain a nominal 2.1

oxidizer/fuel ratio by _veight. The oxidizer and fuel ignite due to the

hypergolic reaction. The engine injector valves are controlled auto-

matically by the reaction jet engine ON-OFF control assembly. _vfanual

direct control is provided for rotational maneuvers, and the engine

injector valves are spring-loaded closed.

CM RCS engine preheating may be necessary before initiating pres-

surization due to possih!e freezing of the oxidizer (+II. 8°F) upon contact

with the engine in_ector valves. The crew will monitor the engine temper-

atures and determine if preheating is required by utilizing the engine

injector valve solenoids direct manual coils for preheat unti ! acceptable

engine temperatures are obtained. The CM I_CS HTRS switch, on

MDC-101, will be utilized to apply power to the engine injector valve

direct manual coils for engine preheating.

i
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Since the presence of hypergolic propellants can be hazardousupon

CM impact, the remaining propellants are burned or dumped and purged

with helium in addition to depleting the helium source pressure prior to
CM impact. :

In the event of an abort from the pad up to T + 4Z seconds after lift-

off, provisions have been incorporated to automatically dump the oxidizer

and fuel supply overboard. Then, followed by a helium purge of the fuel

and oxidizer systems in addition to depleting the helium source pressure.

CM RCS MAJOR "COMPONENTS/SUBSYSTEMS DESCRIPTION.Z.5.6

The CM RCS is composed of _wo separate, normally independent

subsystems, designated<subsystem I and subsystem 2. The subsystems

are identical in operation, each containing the following four major
subsystems :

• Pressurization

• Propellant

• Rocket engine

• Temperature control system heaters.

f

Z.5.6.1 Pressurization Subsystem.

This subsystem consists of a helium supply tank, two dual pressure

regulator assemblies, two check valve assemblies, two pressure relief

valve assemblies, and associated distribution pip_robing.

Z. 5.6.1.1 Helium Supply Tank.

2.5.6.1.2

The total high-pressure helium is contained within a single spherical

storage tank for each subsystem. Initial fill pressure is 4150±50 psig.

Helium Isolation (Squib-Operated) Valve.

2.5.6..1.3

The two squib-operated helium isolation valves are installed in the

plumbing from each helium tank to confine the helium inte as small an

area as possible. This reduces helium leakage during the period the

system is not in use. Two squib valves are employed in each system to

assure pressurization. The valves are opened by closure of the CM RCS

PRESS switch on MDC-2 to CM RCS PRESS, or by placing the CM/SM

SEP switches on MDC-Z to CM/SM SEP, or upon the receipt of an abort

signal from the pad up t0 the launch escape to_ver jettison.

Helium Pre s sure Re gulator As sembly.

/
/

The pressure regulators:_used in the CM RCS subsystems 4. and 2

are similar in type, operation, and function to those used in the SIV[ RCS.
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The difference is that the regulators in the CM P_CS are set at a

higher pressure than those of the SIV[ P_GS.

Z. 5.6. I. 4 Helium Check Valve Assembly.

The check valve assemblies used in CM KCS subsystenis 1 and

are identical in type, operation, and fur_ction to those used in the SM I_CS.

2.5.6.1.5 Helium Relief Valve.

The helium relief valves used in the CM RCS subsystems 1 and 2

ars similar in type, operation, and function to those used in the SM I_CS.

2.5.6.1.6

The difference being the. rupture pressure of the burst diaphragm

in the CM l_C__ is higher than that of the SM RCS arid the relief valve

relieves at a higher pressure in the GM RCS than that of the SM I_CS.

Distribution Plumbing.

Brazed joint tubing is used to distribute regulated helium in each

subsystem from the helium storage vessels to the propellant tanks.

2.5.6.2 Propellant Subsystem.

Each subsystem consists of one oxidizer tank, one fuel tank,

oxidizer and fuel isolation valves, oxidizer and fuel burst diaphragm

isolation valves, and as sociated distribution plumbing.

2.5.6. Z. i Oxidizer Tank.

The oxidizer supply is contained in a single titanium alloy,

hemispherical-domed cylindrical tank in each subsystem. Each tank con-

tains a diffuser tube assembly and a teflon bladder for positive expulsion

of the oxidizer similar to that of the SM RCS secondary tank assemblies.

The bladder is attached to the diffuser tube at each end of the tank. The

diffuser tube acts as the propellant outlet.

When the tank is pressurized, the helium gas surrounds the entire

bladder, exerting a force which causes the bladder to collapse about the

propellant, forcing the oxidizer into the diffuser tube assembly and on out

of the tank outlet into the manifold.

2.5.6.2.2 Fuel Tank.

The fuel supply is contained in a single titanium alloy, hemispherical-

domed cylindrical tank in each subsystem that is similar in material

construction and operation to that of the SM I_CS secondary fuel t&nks.

r -
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Diaphragm Burst Isolation Valve.

_ -... ,

The burst diaphragms, downstream from each tank are installed to

confine the propellants into as small an area as possible throughout the

mission. This is to prevent loss of propellants in the event of line rupture

downstream of the burst diaphragm of engine injector valve leakage.

2.5.6.2;4

When the helium isolation squib valves are initiated ope n, regulated

helium pressure pressurizes the propellant tanks creating the positive

expulsion olf propellants into the respective manifolds to the burst

diaphragms which rupture and allow the propellants to flow on through the

burst diaphragm and the propellant isolation valves to the injector valves

on each engine. The diaphragm is of the nonfragmentation type, but in the

event of any fragmentation, a filter is incorporated to prevent any frag-

ments from entering the engine injector valves.

Propellant Isolation Shutoff Valves.

When the burst diaphragm isolationv_lves are ruptured, the propel-

lants flow to the propellant isolation'valves.

J

The fuel and oxidizer isolation valves in the SYS I fuel and oxidizer

lines are both controlled by the CM RCS PRPLNT 1 switch on IVIDC-2.

The fuel and oxidizer isolation valves in the SYS 2 fuel and oxidizer lines

are both controlled by the CM RCS PRPLNT Z switch on MDC-2. Each

propellant isolation valve contains two solenoids, one that is energized

momentarily to magnetically latch the valve Open, and the remaining

solenoid is energized momentarily to unlatch the magnetic latch and

spring pressure and propellant pressure close the valve. The ClVI I<CS

PRGPELLANT switch on MDC-Z is placed to ON energizing the valve into

the magnetic latch (open), the OFF position energizes the valve to unlatch

the magnetic latch (closed). The center position removes electrical

power from either solenoid. The valves are normally open in respect _o

the fluid flow.

Each valve contains a position switch which is in parallel to one

position indicator above the switch on MDC-2 that controls both valves.

.w_r ,-- .

(

Z.5.6.Z. 5

When the position switch in each valve is open, the indicanor on

MDC-2 is gray (same color as the panel) indicating that the valves are

in the normal position, providing a positive open valve indication. When

the position switch in either valve is closed, the indicator on MDC-2 is

barber pole (diagonal lines) indicating that either valve, or both valves,

are closed.

The valves are closed in the event of a failure downstream of the

valves, line rupture, run away thruster, etc.

Distribution Plumbing.

Brazed joint tubing is used to distribute regulatedhelium to the pro-

pellant positive expulsion tanks in subsystems 1 and Z. The distribution

REACTION CONTROL SYSTEM
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2.5.6.3

2.5.6.3.1

lines contain 16 explosive-operated (squib) valves which permit changlng

the helium and propellant distributibn configuration to accomplish various

functions within the CM RCS. Each squib valve is actuated hy an explosive

charge, detonated hy an electrical hot-_vire ignitor. After ignition of the

explosive device, the vzlve remains open permanently. Two squib valves

are utilized in each subsystem to isolate the high-pressure helium supply

until RCS pressurization is initiated. Two squib valves are utilized to

interconnect subsystems I and Z regulated helium supply which ensures

pressurization of both subsystems during dump-burn and helium purge

operations. _F%vo squib valves in each subsystem permit helium gas to

bypass the propellant tanks which _allow helium purging of the propellant

subsystem and depletion of the helium source pressure. One squib valve

in the oxidizer system permits both oxidizer systems to become corrurnon.

One squib in the fuel .system permits both fuel systems to become common.

Two squib valves in the oxidizer system, and two {n the fu@l system are

utilized to dump the respective propellant in the event of an abort from the

pad up to T +42 seconds.

Engine As s embl y.

The command module reaction control subsystem engines are

ablative-cooled, hi-propellant thrust generators which can be operated in

either the pulse mode or the steady-state mode.

Each engine has a fuel and oxidizer injector solenoid valve. The

injector solenoid control valves control the flow of propellants by respond-

in_ to electrical commands generated by the reaction jet engine ON-OFF

control assembly or by the direct manual mode. Each engine contains an

injector head assembly _vhich directs the flow of each propellant from the

engine injector valves to the combustion chamber _vhere the propellants

atomize and ignite by hypergolic reaction, producing _thrust. Estimated

engine thrust rise and decay is shown in figure Z. 5-12.

Propellant Solenoid Injector Control Valves (Fuel and Oxidizer).

The injector valves utilize two coaxially wound coils, one for auto-

matic and one for direct manual control. The automatic coil is used when

the_ thrust command originates from the reaction jet engine ON-OFF

control ass embly.

The direct manual coils are used when the thrust command originates

at the rotation control (direct RCS).

open.

The engine injector valves are spring-loaded closed and energized

The reaction time of the 9_Ives, pulse mode of operation, reason for

pulse mode, and thrust curve generated by the engine is similar to the

SM RCS engines.

i<
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Figure Z. 5-12,
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CM RCS Engine ThrustRise and Decay Time

The automatic coils in the fuel and oxidizer injector valves are con-

nected in parallel from the reaction jet engine ON-OFF control assembly.

The direct manual coils in the fuel and ox_, - injector valves

provide a direct backup to the automatic system ..... direct manual coils

are connected in parallel from the rotation controls.

The engine injector valve automatic coil opening rimeis 8=hl/Z

milliseconds, and dosing is 6±1/2 milliseconds. The engine injector .valve

direct manual coil opening time is 16±3 milliseconds and closing time is

7=_3 milliseconds.

Inj ector.

The injector contains 16 fuel and 16 oxidizer passages that impinge

(unlike impingement) upon a splash plate within the combustion chamber.

Therefore, the injector pattern is referred to as an unlike impingement ..

splash-plate injector.

i
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Thrust Chamber As sembly.

The thrust chamber assembly is fabricated in four segment s , the

combustion chamber ablative sleeve, throat insert, ablative material,

asbestos and a fiberglass wrap. The engine is ablative-cooled.

Nozzle Extension.

J

• The CM RCS engines are mounted Within the structure of the CM.

The nozzle extensions are required to transmit the gasses from the engine

out through the structure of the CM, The nozzle extensions are fabricated

of ablative material.

Engine Solenoid Injector Temperature-Control System.

A temperature-control system of the CM RCS engine is employed

by energizing the manual direct coils on each engine (figure 2.5-11).

Temperature sensors are mounted on 6 of the [Z engine injectors.

A temperature sensor is installed on the subsystem I counterclockwise

roll-_engine injector, negative yaw-engine injector, negative pitch-engine

injector, and on subsystem 2 positive yaw-engine injector, negative pitch-

engine injector, and clockwise roll-engine injector.

The temperature transducers have a range from -50 ° to +50°F. The

temperature transducers from the three subsystems 1 and 2 engine

injectors provide inputs to the two rotary switches on MDC-!01, which

are located in the lower equipment(hay of the command module. _Vith the

rotary switches positioned as illustrated in figure Z.5-11, the specific

engine inject_)r temperature is monitored as d-c voltage on the 0- to 5-vdc

voltmeter on MDC-101. The 0vdc is equivalent to -50°F and 5 vdc is

equivalent to +50 °F.

A CM RCS HEATER switch located on MDC-101 (figure 2.5-ii)is

placed to the CM RCS HTR position when any one of the instrumented

engines are below +Z8°F (3.9 vdc). The CM RCS LOGIC switch, on

MDC-I; must be positioned to CM RCS LOGIC to provide electrical

power to the CM RCS HTR switch on MDC-[01. When the CM RCS HTR

switch is positioned to CM RCS HTRS, relays are energized, which allow

electrical power to be provided from the CM HEATERS circuit breakers

1 MNAand Z MNB on MDC-8, to the direct injector solenoid control

valves of the IZ Clvl RCS engines. The fuel and oxidizer injector solenoid

control valve direct coils (of all 12 CM RCS engines) are energized open

prior to the pressurization of CM RCS subsystems 1 and Z. A Z0-minute

maximum heat-u P time assures engine injector temperature is at -10°F

minimum. At the end of 20 minutes, the CM RCS HTR switch or_ MDC-101

_s positioned to OFF, allowing the injector solenoid control valve direct

REACTION CONTROL SYSTEM
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coils to de-energize, and the injector solenoid control valves spring-load

closed. This will prevent the oxidizer from.freezing at the engine injector

valves Upon pressurization of subsyszems 1 and 2 and the Z0-minute time

factor ensures that the warmer engines will not he overheated.

The CM RCS HEATER switch must be placed to OFF prior to CM

RCS pressurization.

The operation of the CM RCS HEATER s_vitch in conjunction with

the d-c voltmeter and/or heating time insures all other engine valves

reach the acceptable temperature levels.

If the CM RCS HEATER switch on MDC-101 fails to energize the

direct toils for the CM RCS preheat, the follo%ving backup procedure may

be utilized:

a. Place CM RCS HEATER switch on MDC-101 co OFF.

b. Place ROTATION CONTROL POWER DIRECT RCS switch 1 and 2

on MDC-I to OFF.

c. Place RCS TRANSFER switch on MDC-2 to CM.

d. Place SC CONT switch on MDC-I to SCS.

e. Place MANUAL ATTITUDE PITCH, YAW, and ROLL switches on

MDC-I to ACCEL CMD.

f. Place A/C ROLL AUTO RCS SELECT switches on MDC-8 to OFF.

g. Place ROTATION HAND CONTROLS to soft stops for 10 minutes.

h. If a CM RCS engine temperature that is monitored on MDC-101

fails to increase because of a CM RCS engine direct coils [allure, follow

above steps a through f, and then place ROTATION HAND CONTP_OL(S)

to soft stop(s) of affected engine for I0 minutes.

Engine Thrust ON-OFF Logic.

All •automatic thrust commands for CM attitude are generated from

within the reaction jet engine ON-OFF control assembly. These commands |

may originate at-

• The rotation controls

• The stabilization and control subsystem

e The command module computer.

In the event the reaction jet engine ON-OFF control _ssembly is

unable to control the automatic coils of the CiV[ RCS engines, a backup

method is provided The backup method consists of two ROT CONT

PVv-R DIRECT RCS switches on MDC-1 and the two rotation controllers +.

The ROT C_f)NT PWR DIRECT RCS i switch supplies power only to

rotation control i. W-hen the ROT CONT PWI_ DIRECT RCS 1 switch,

is positioned to MNA/MNB, main buses A and B supply power only to

rotation control i. V[hen the _ROT CONT PWR DIRECT RCS i switch

f

/
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is positioned to MNA, main bus A supplies power only to rotation

control I. The ROT CONT PWR DIRECT RCS Z switch supplies power

only to rotation control 2. W'hen the ROT GONT PWR DIRECT RCS Z

switch is positioned to L_c[NA/_XA[B, main buses A and B supply power only

to rotation control Z. W_en the ROT CONT PWR DIR__CT RCS Z switch

is positioned to MNB, main bus B supplies power only to rotation

control Z. When the rotation control is positioned fully to its stops in any

direction, the required direct manual coils are energized for the desired

maneuve r.

When the CM/SM SEP switches on MDC-2 are placed to CM SM

SEP position, the switches automatically •energize relays in the RCS

control box (figure Z. 5-7) (providing the CM RCS LOGIC switch on MDC,I

is at CM RCS LOGIC) that transfer the reaction jet engine ON-OFF control

assembly, and direct manual inputs from the SM RCS engine to.the CM

RCS engines automatically. These same functions occur automatically on

any LES ABORT also, providing the CM RCS LOGIC switch on MDC-I

is at CM RCS LOGIC.

The transfer motors in the RCS control box are redundant to each

other in that they ensure the direct manual inputs are transferred from

the SM RCS engines to the CM RCS engines, in addition to providing a

positive deadface.

The RCS transfer motors may also be activated by the RCS

TRNFR switch placed to CM position on MDC-2 which provides a

manual backup to the automatic transfer. The CM RCS LOGIC switch

on MDC-I does not have to be on for the manual backup transfer function.

As an example, in the case of the direct manual inputs only to the

RCS engines: If the electrical A l_CS transfer motor failed to transfer

automatically at CM/SM SEP (providing the CM RCS LOGIC switch on

MDC-1 is at CM RCS LOGIC); or by use of the manual RCS transfer

switch on MDC-Z, the electrical B F_CS transfer motor would transfer

the direct manual inputs from the SM RCS engines to the CM I_CS engines

in addition to a positive deadfacing to the SM RCS engines.

The CM I<CS subsystems I and 2 may be checked out prior to CM/SM

separation by utilization of the RCS transfer switch on MDC-2. Placing

the I_CS TRANSFER switch to the CM position, the reaction jet engine

ON-OFF control assembly and direct manual inpttts are transferred to the

CM permitting a CM RCS checkout prior to CM/SM Separation.

r_
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-_ Z.5.6.4 Propellant Jettison.

There are two sequences of propellant jettison. One sequence [s

employed in the event of an abort while the vehicle is on the launch pad

and through the first 42 seconds of flight. The second sequence is

employed for all other conditions, whether it be a normal entry or an SPS

abort mode of operation.

The sequence of events before and dtlring a r_ormal entry is as

follows :

a. The CM RCS is pressurized by placing the CM/SM SEP switches

on MDC-Z to CM/SM SEP position or by placing the CM RCS PRESS

switch on MDC-Z to the CM RCS PRESS position prior to initiating CM-

SM separation. ThTe CM RCS PRESS switch or the CM-SM SEP switches

initiate the helium isolation squib valves in CM RCS subsystems I and 2,

thus pressurizing both subsystems (figures Z.5-11 and 2.5-13). The CM

RCS LOGIC switch on IViDC-I must be placed to CM I_CS LOGIC prior

to initiating CM/SM separation to provide the automatic RCS transfer

function.

h. The CM RCS provides attitude control during entry. At approx-

imately Z4, 000 feet, a barometric switch is activated unlatching the I<[CS

latching relay. This inhibits any further colnmands from the reaction

jet engine ON-OFF control assembly (providing the ELS LOGIC switch on

MDC-I is in AUTO) (figure Z.5-7). The RCS CMD switch MDC-Z,

positioned to OFF momentarily provides a manual backup to the

Z4, 000 feet barometric switches.

c. At approximately main parachute line stretch as a normal manual

function, the CM RCS PRPLNT-DUMP switch on MDC-I is placed to

the DUMP position. This function initiates the follo_ving simultaneously;

(CM RCS LOGIC switch on MDC-I must he placed to CM RCS LOGIC

electrical power to the DUMP switch). (See figures Z.5-11 andto provide

2.5-13.)

I.

2.

3.

4.

Initiates the two helium interconnect squib valves.

Initiat e s the fuel inter connect squib valve s.

Initiates the oxidizer interconnect squib valve.

The fuel and oxidizer injector valve direct manual coils are

energized on all of the CM P_CS engines excluding the _wo + pitch

engines. The propellants are jettisoned by burning the propellants

remaining through I0 of the IZ engines. The lengt h of time to burn

the remaining propellants will vary, depending upon the amount of

propellants remaining in the fuel and oxidizer tanks at 74, 000 feet.

If an entire propellant load remained, as an example, a nominal burn

time would be 88 seconds through I0 of the IZ engines. In the worst

case of only 5 of the IZ engines (direct manual coils energized), a

nominal burn time would-be 155 seconds.

.i

k.

Mission.

REACTION CONTROL SYSTEM

Basic Date 15 April 1969 Change Date 15 Jan 1970 Page 2:, 5-39/2. 5-40

, , , . ', : ,I : !_ _,_":I/i_ t:: ,_"J_ '_, _l_,r!f i" if:<.."/ {_ ,, u '.' _. { '_1 /



SMZA-0 3-BLOCK If-(i)

APOLLO OPERATIONS H3k.NDBOOK

._ _I c_=_v_.T.Lu_J_T_ _L; H M_CSMNA " _ | / / " BATT£AI_$ 0 CNARGE | _ - I

] SEQ EVE._;TS CONTROL SYSTEM .k SZP l 4 - _ T ...- _ TI-= BAT A/C | l

. _"_'i1TCH .'_C_ .M.,C 2 ' - ' " "' ' - # - "SAt= ' LE$ . •

i : ! NTRS¢,ITrH _ = _ ' - ] ",_ " I i ,•P _ ] v - - .... Ou, PS_'. TC_

• c: P_n I x_ i\ a_t_ t J_ ! ,, s rrc_
i .,I. -I_ i _. " t I _ I I I ,MESC t / mOC t I 9 t _ k J _ 1 i t :

' _ -"-"- _ : I _'_ " "_ _ _ _ _ "_ - ......T ...... : ..... _ L J. ]

_o,I I ? t $ $ _ L__J L__J L__J 1 1 _l i l --1 I? -? ? ,

|'P I _ f
t f / _------_ • , ---------- --- _------ ----------- _------_-------- ....... ,

250 / & T A NEGT I I 1
l o__ PAneL 2S0 6 BAT _ 1 I

i K__ PYRO , T .... ,SOL I
" " ARM _ ; AT 3-'YS 1 JL..--__ ._ _.___.j O . S BUSATO _

'.,k-_ - . y, _,Y,RO_us moc_ 1
cO,_TRO[L._R ._ S TIE PANEL 250 SM R_ HEAT-Z_._ 1

SYSTEMS DATA

" .......... T .... _ _ ........ 7 l --" L L _: " I J _J_l

Z16 _'t _ BA"/ B_S B t ..... "I I I"- -- ----_ , --',_ _ -- --"

__ _ ....... _ . , I_,5_; --O_y RE._YS ] TO EP_ -- ---i

I/ '1 _'_sz_ voc ! l ..... T I Z16KZ Z18K1 | MQTOF& ,.r =,.,,,_, /
,_ , M_C.8 ,,b ___ _, I Z2OKI / Z2CK2 P" _ _ _ TO SPS ABORT OIRECT --A r-- PL_C]:4G | BAT B I P,'K_TOa

"% _,DC8SEQEVENTSCONTSY$ _L$ K MDC-3MN8 "'_ i J I ' ..... = i_TTE._IE$ O. CHAqGE I SWITCH !

rr_ TRANSFER MDC 2
..... L _ CMS._ / I--T___ _$__ ...... ____! CM & j ," ._ | BATTERIESONMAIN 8U$ I

| SEa EVEntS CONTROLSYSTEM] kS,P ' " - T o:o _t ,-,,c, I
" .......... ' LES ..o.m I ' " ........ -- ' " '(_RMAL , ---''''i'- '

_E_/ ___ ABO_, _ CM .r_ 9_ I I t .... _ t AUTO- -- I

) T I - I u=-_-q_ 9 1 _______ ,______j_._____ ' / _ I.,', .... ----"" " '- i k"MDC t0_
DROPOUT Z23 MDCI K14 MOTOR/ ¢ 1 CM PRPLt_T I ' . Xl ,

I I 1 I \ t secono 4 o d o _ ! f OUMPS','.,Tc, 1 . ; "-_ _-----ll----Is_ ).___c.
, "I" MOTOR _ / '1 :[, _ t ,CONT_O'..L_n OFFo/9 I'- , --"I"-- --_ .......

' t
- z7 z_ z_ z_ ...... I

2 K_ ) I(I K.2. _I I(2 OFF $2 02 I:)10 Kt2 TO6 _e

Io.Y 2 ( _ _ ? p i T ] I ?"* _=._._._r-

CONTROL .K4 ._.. _ _ t:m

..... '0 _ _ T _ " " " " I _

°:> °> °>10_A I{)0A 10QA : I K 10 6 K 12 FROM LEAD

EXCLUDING "( SYS A DISCONNECTED :

_ _ ] 1 } ....... . I I I _ :

BUS

) _NTRY & POST
O (NORMALLY OPE.N) CLOSE ]

r---- ..... --1 L__-____ d _at _uss to sYs_ I

CI._-_I (NORMALLY OPE,) _ :.:YA - _ .... l M_Z,C _ "IFY_o BUS M_C8 : ]

" : :I I I I..... ____ C''" ' ; CONTRO_L..." -- T!' P_,,',','.250 _" "C_ H EAT,,$ 7 ..... ]
MNA RCS _C3_A2 ...... (NORMALLY OPEN) A MNB -- -- --.L,

RCS C,..,NT_OL _OX TO PITCH BOX 1¢,7 t¢.1 %' ]<,13 MN B RCS

., w. i BUSC19A1 CONTROL I._ ..__. __ __ ._J CONTROL K8
.MOTOR RCS :OnTROL BOX l'O _}_CH BOX - ; _ : _3_

M E SC _ !L%CAPE
? ....... :- _ 1

'" o,..., T ' 1-:--- ..... -- ..... --
"_ ; .... " " ....... I °

_,Z%,, .,,_p,_._ _ ...... --
- SY$ ARM =__T B _ _ O

DUMP INTER P 'J L RYP,_,SS yp

Im'_ I l _'r'` o ! _o. l _._,_!__,,i l ,...uuml

• sou,s I i cONneCT I_.&L'.-_,_._-t i sau_ I I sau,_ / s_u_
c_-_ _ c_.,_ ,_,_,-'_--" ' - : I

c .s_ c_ c_sc-_ c-.,_m__.I c:_mo c_s_'_ I o_ _ " i __ _, 1

.... C19_Qt C19505 Cl_O 12 C;_Q -_ ' ,'-,

'. _ ,,,- _'S S "-'i'-"--_ O---- ......... _-'

! I,L

C I _b_.2

Fcst,_: =I-_:-., ,-:

Figure _ 5-13. CM ZCS " "bcu'-b \;a'_ve Po_,ver Con:rol Di_ gram..

Z TI .T CO?<T S%--



SMZA-03- BLOCK if-(i)

APOLLO OPERATIONS HANDBOOK. • , .

SYSTEMS DATA .:-•r i , • •

f
\

d. Upon completion of propellant burn, the CM PRPLNT PURGE

switch on MDC-! is placed to the PURGE position as a normal manual

function (the CM PRPLNT-DUM! m switch supplies electrical power when

placed to DUMP position to the PURGE switch). When the PURGE switch

is place d to PURGE, the switch initiates the four helium bypass squib

valves. This allows the regulated helium pressure to bTy-pass each fuel and

oxidizer tan_k, purging the lines and manifolds out through I0 of the IZ

engines, as well as depleting the helium source pressure. Purging

requires approximately 15 seconds (until helium depletion).

e. Inthe event of a CM RCS LOGIC s_itcl% and/or CM PRPLNT

DUi_vlP switch failure on MDC,I, the remaining propellants may be burned

by placing ROT CONT PV/R DIRECT RCS s_itch 1 on MDC-I, to either

MNA/MNB Or IVINA, and/or ROT CONT Pg%rR DIRECT RCS switch Z on

MDC-!, to either MNA/MNB or MNB. Then positioning the two rotation

controllers to CC_V, CW, -Y, +Y and -P (excluding +P) position. This

will energize the direct fuel and oxidizer injector solenoid valve coils of

ten of the twelve CM RCS engines and burn the remaining propellants.

At the completion of propellant burn the CM RCS HELIUIvl DUMP push-

button on IviDC-i _zould be pressed initiating the four bypass squib valves.

This allows the regulated helium pressure to bypass each fuel and oxidizer

tank. This purges the lines and manifolds out through ten of the twelve

engines as well as depleting the helium source pressure providing the two

rotation controllers are positioned to CCV/, C_¥, -Y, and -P (excluding

+P).
f. In the event the CM I_CS LOGIC and Clvl PRPLNT DUMP switches

on MDC-I function correctly and the PUI_GE switch fails, th_ CM P_CS

HELIUM DUMP pushbutton on MDC-I would be pressed, initiating the

four helium bypass squib valves, allowing the regulated helium pressure

to bypass around each fuel and oxidizer tank, purgir_g the lines and mani-

folds out through 10 of the 12 engines as well as depleting the helium

source pressure.

g,: Upon completion of purging, the direct manual coils of the CM RCS

engine injector valves will be de-energized by placing the CM RCS LOGIC

switch on MDC-I to OFF, or by placing the CM PR_PLNT DUMP switch

on MDC,I to OFF. _ The CM RCS 1 and Z PRPLNT switches on IviDC-Z

will also be placed to the OFF position momentarily closing the fuel and

oxidizer propellant isolation valves. These functions will be accomplished

prior to impact. _

The sequerlce of events involving an abort from the pad up to

4Z seconds are as follows:

a. The ABORT SYSTEM PRPLNT DUMP AUTO switch on MDC-2

is placed to the PR_PLNT DUMP AUTO position (figures Z. 5-7 and Z. 5-13)

and the CM RCS LOGIC switch on MDC-I is placed to the CM RCS LOGIC

position at sometime in the countdown prior to T + 0.

REACTION CONTROL SYSTEM
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b. The following events occur simultaneously upon the receipt of the

abort signal. The command may be geherated automatically by the

sequential events control system or by manually rotating the translation

control counterclockwise :

I. %Vlaen the abort signal is received° the two squib-operated

Helium isolation valves in each subsystem are initiated open, pres-

surizing subsystems 1 and Z. Manual backup would be the CM RCS

press switch on MDC-Z,

Z. The squib-operated helium interconnect valve for the oxidizer

and fuel tanks are initiated open. If 0nly one of the two squib helium

isolation valves was initiated open, both subsystems are pressurized

as a result of the helium interconnect squib valve interconnect.

3. The solenoid-operated fuel and oxidizer isolation shutoff valves

are closed. This prevents fuel and oxidizer from flowing to the thrust

chamber as semblies.

4. The squib-operated fuel and oxidizer interconnect valves are

initiated open. If only one of the two oxidizer or fuel overboard dump

squib valves was initiated open_ the oxidizer and fuel manifolds of each

respective system are common as a result of the oxidizer and fuel

interconnect squib valve.

5. The squib-operated oxidizer overboard dump valves are

initiated open directing the oxidizer to an oxidizer blowout plug, in

the aft heat shield of the CIV[. The pressure buildup causes the Din in

the blowout plug to shear, thus blowing the plug and dumping the oxidizer

overboard. The entire oxidizer supply is dumped in approximately

_13 seconds.

6. The RCS latching relay will not energize in the event of an

abort from 0 to +42 seconds because of the position of the PRPLNT

DUINIP AUTO switch (figures 2.5-7 and 2.5-13). Thus, the reaction

jet engine ON-OFF control assembly is not enabled.

7. The CM-SM RCS transfer motor-driven switches are auto-

matically driven upon receipt of the abort signal, transferring the

logic circuitry from SM RCS engines to CM RCS engines.

8. Five seconds after abort initiation, the squib-operated fuel

overboard dump valves are initiated open and route the fuel to a fuel

blowout plug in the aft heat shield of the CM. The pressure buildup

causes the pin in the blowout plug to shear, _thus blowing the plug and

dumping the fuel overboard. The entire fuel supply is dumped in

approximately 13 seconds.

9. Thirteen seconds after the fuel dump sequence was started

the fuel and oxidizer bypass squib valves subsystems 1 and 2 are

initiated open. This purges the fuel and oxidizer systems out through

the fuel and oxidizer overboard dumps, respectively, and depleting the

helium source pressure.

Mis sion
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During the prelaunch period the MAIN BUS TIE switches on MDC-5

are in the AUTO position. In the event of a pad abort, electrical power

is automatically applied to the main buses. Just prior to lift-off the elec-

trical power is applied to the main buses by manually placing the two MAIN

BUS TIE switches on MDC-5 to BAT A/C and BAT B/C positions.

The sequence of events if an abort is initiated after 42 seconds up to

launch escape tower jettison are as follows:

a. At 4Z seconds after lift-off, as a normal manual function the

PRPLNT DUMP AUTO s%vitch on MDC-Z is placed to the auto RCS _ CIV[D

position. This safes the oxidizer, fuel dump, and purge circuitry

{figures Z. 5-7 and 2.5-13) and sets up the circuitry for the RCS latching

relay.

b. The CM RCS LOGIC switch MDC-I was placed to CM RCS LOGIC

prior to T + 0.

c. _ Initiate both helium isolation squib valves in the CM RCS sub-

systems 1 and 2. Manual backup would be the CM RCS PRESS switch

on MDC-Z; thus, pressurizing CM I_CS subsystems i and Z.

d. Automatically drives the CM SM eransfer motors from SM RCS

engines to CM RCS engines. Manual backup would be the RCS transfer

switch on MDC-Z to CM position.

e. Energize the RCS latching relay one second after receipt of the

abort signal. This allo_vs the reaction jet engine ON-OFF control

assembly to control the automatic coils of the CM RCS. Manual backup

would be the RCS CMD sv_itch on MDC-2.

f. Dependent upon the altitude of abort initiation, the launch escape

tower canards orient the CM for descent or the CM RCS orients the CM

for descent.

g. At 24, 000 ft, the barometric switch energizes the RCS latching

relay _roviding the ELS LOGIC switch on MDC-I is in AUTO). This

removes electrical power from the reaction jet engine ON-OFF control

assembly, thus the CM RCS engines. Manual backUp would be the RCS

CMD switch on MDC-2,

h. At main parachute line stretch, as a normal manual function the

CI_i PRPLNT DUMP switch on MDC-I is placed to DUMP initiating the
following functions :

I. Same as in a normal entry sequence.

CM RCS PERFORMANCE AND DESIGN DATA.

Design Data.

The follow-ing list contains data on the CM RCS components:

Helium Tanks (Z) 4150±50 psig at 70 ° ±5°F during servicing;

after servicing 70 ° ±I0°F. Capacity

_,--0.57 ib, inside diameter 8.84 in.._ wall

Mis s_on
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thickness 0. 105 in. , internal volume of

365±5 cubic inches at 4150±50 psig, and

weight 5. Z5 lb.

Helium is olation Squib

Valve Filter

Removes 98 percent of all particles whose

two smallest dimensions are greater than

40 microns. Removes i00 percent of all

particles whose tv$o smallest dimensions

are greater than 74 microns.

M

I Regulator Units (4)

Check Valve Filters

Primary 291±6 psi g. Lockup pressure

maximum of 302 psig.

Secondary Z93.5±8.5 psig, lockup 308 psig

maximum. Filter 35-microns nominal,

40 microns absolute at inlet of each

regrulator unit.

40 microns nominal, 74 microns absolute.

One at each inlet to check valve assembly,

one at each test port.

Helium Relief Valves (4) Diaphragm rupture at 340±8 psi. !_ilter

I0 microns nominal, 25 microns absolute.

Relieve at 346+14 psig.

Reseat at no less than 3Z7 psig.

Flow capacity 0.3 Ib/minute at 60 °F and

346±14 psig.

He-lium Manif_Jld Pres sure

Transducer (4)

Bleed device closes when increasing pres-

sure has reached no more than 179 psig in

the cavity, and a helium flow of less than

20 standard cubic centimeters per hour

across the bleed device and relief valve

assembly combined. The bleed device

reopens when decreasing pressure has

reached no less than 20 psig.

Illuminates caution and w_rning lighfis on

MDC-Z (CM RCS 1 or Z).

After helium isolation squib valve actuation:

Underpressure 260 psia.

_:%_Over.pressure 330 psia .......

b

g

Miss ion

f
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Fuel Tanks (Z) See SM P_CS secondary fuel tanks

Oxidizer Tank. (Z) See Sly[ RCS secondary oxidizer tanks.

Valve Isolation Burst

Diaphragm (4)

Rupture at 241±14 psig within 2 seconds

a_fter rupture pressure is reached at any

temperature between 40 ° to 105°F.

Filter. 75 microns nominal, I00 microns

ab s olut e.

Engine g00-second service life, 30_00 operational

cycles

Nominal thrust 93 pounds

Expansion ratio 9 to i

C o oling Ablation

Injector type 16 on 16 splash plate

f

i_" _'.---/_

Combustion chamber-refrasil ablative

sleeve and graphite base throat insert.

Automatic and manual coils connected in

parallel.

Weight 8.3 ib

Length 11.65 in. maximum

Nozzle exit diameter Z. 13 in.

Nozzle extensions ablative refrasil

Oxidizer Blowout Plug Pin shears at approximately 200 psi

Fuel Blowout Plug Pin shears at approximately ZOO psi

2.5.7.2 Performance Data.

.'. ._

Refer to CSM/LM Spacecraft Operational Data Book SNA-8-D-0Z7

CSIV[ (SD 68-447).

/,-

/

_T
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Z.5.8

CM RCS 'Electrical Power Distribution. . -.:

See figure 2.5-14 for electrical power distribution.

CM RCS OPERATION LIMITATIONS AND RESTRICTIONS.

Refer to AOH, Volume Z, Malfunction Procedures. L

i

E

=

_i •.

t_.-_

2

Mission

REACTION CONTROL SYSTEM

Basi c Date 15 Aprkl 1969 Change Date Page 2.5-48

' "- ,_ _'r ' _ """ _ .' ' /' f" 'k' 'r " i ' "

.... : ''" " 'D' ", "'-."_' " '_),ql_l_'_'l)',, ' _ _[t$/ _!?_t;[_)!) ", " ,' _' V' " ' r



SMZA-03 -BLOCK If- (1)

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

. ;, I-. _

/

i

f
t

s_iscs

H_;ESS

s_a

-.&
cLos_

VALVES

.... GQ
i VALVE _V_NT .

JNmCATORS
EM t

'%-

REACTION CONTROL SYSTEM

Mis sion " Basic Date. I5 April 1969 Change Date - Page 2..5,-49/2.5-50



)

JELECTRICAL PWR SYSTEMI!



--%

APOLLO OPERATIONS HANDBOOK

S YS TEM_S DATA

SECTION Z

SUBSECTION Z. 6

• L• .

ELECTRICAL POWER SYSTEM

(CSM 106 and Subs)
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_TRODUCTION.

The electrical power subsystem (EPS) consists of the equipment

and reactants required to supply the electrical energy sources, power

generation _and controls, power conversion and conditioning, and power

distribution to the electrical buses (figure 2.6-I). Electrical power dis-

tribution and conditioning equipment beyond the buses is not considered a

part of this subsystem. Power is supplied to fulfill all corrlrnand and

service module (CSM) requirements, as well as to the lunar module (Llvf)

for operation of heater circuits _ufter transposition and docking.

The EPS can be functionally divided into four major categories:

• Energy storage: Cryogenics storage, entry and postlanding bat-

teries, pyrotechnic batteries.

• Power generation: Fuel cell power plants.

• Power conversion: Solid state inverters, battery charger.

• Power distribution: D-C and a-c power buses, d-c and a-c

sensing circuits, controls and displays.

In general, the system operates in three modes: peak, average,

and minimum mission loads. Peak loads occur during performance of

major delta V maneuvers, including boost. These are of relatively short

duration with d-c power being supplied by three fuel cell power plants

supplemented by two of three entry batteries. A-C power is supplied by

two of three inverters.

The second mode is that part of the mission when power demands

vary about the average. During these periods d-c power is supplied by

three fuel cell power plants and a-c power by one or two inverters.

f During drifting flight when power requirements are at a mlnimum

level, d-c power is supplied by three fuel cell powerplants. A-C power is

-silpplied by one or two inverters. In all cases, operation of one or two

inverters is dependent on the total cryogen available. Two-inverter

operation results in a slight increase of cryogenic usage because of a

small reduction in inverter efficiency due to the lesser loads on"each

inverter. However, t-_o inverter operation precludes complete loss of ac
in the event-of an inverter failure.

Mi s sion
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2.6.2

2.6.2.1

!

2.6.2.2

FUNC TIONAL DESC RIPTION.

Energy Storage.

The primary source of energy is the cryogenic gas storage system _

that provides fuel (I-IZ) and oxidizer (O2) to the power generating systern.
__oJny_dr_ogeri_a_d_L__o oxygen_tanks_, with th_a_ss-ociated-c-on-tr-o-ls_nd .......

plumbing, are located in the service module. Storage of reactants is

accomplished under controlled cryogenic temperatures and pressures;

automatic a_nd manual pressure control is provided. Automaticheating

of the reactants for repressurization is dependent on ener, gy demand by

the power generating and/or environmental control subsystems. Manual

control can be used when required.

A secondary source of energy storage, is provided by five silver

oxide-zinc batteries located in the CiV[. Three rechargeable entry and

postlanding batteries supply sequencer logic power at all times, supple-

mental d-c power for pea k loads, all operating power required for entry

and postlanding, and can be connected to power either or both pyro cir-

cuits. Two pyro batteries provide energy for activation of pyro devices

throughout all phases of a mission.

Power Generation.

Three Bacon-type fuel cell power plants, generating power through

electrochemical reaction of 1-12and OZ, supply primary d-c power to

spacecraft systems until CSM separation. Each power plant is capable of

normally supplying from 400 to 1420 watts at 31 to 27 vdc (at fuel cell

terminals) to the power distribution system. During normal operation all

three power plants generate power, but two are adequate to complete the

mission. Should two of the three malfunction, one power plant will insure

successful mission termination; however, spacecraft loads must be

reduced to operate within the limits of a single powerplant.

Normal fuel cell connection to the distribution system is: Fuel

cell 1 to main d,c bus A; fuel cell Z to main d-c bus A and B; and fuel

cell 3 to main d-c bus B. Manual switch control is provided for power

plant connection to the distribution system, and manual and/or automatic

controi for power plant isolation in case of a malfunction.

: During the CSM separation maneuver the power plants supply power

through the SM buses to two Sly[ jettison control sequencers. The sequen-

cers sustain SM RCS retrofire during CSM separation and fire the SM

positive roll RCS engines two seconds after separation to stabilize the SM

during entry, l_all engine firing is terminated 7.5 seconds artier separa-

tion. The power plants and SM buses are isolated from the umbilical

through a SM deadface. The sequencers are connected to the SM buses

when the CM/SM SEP switch (MDC-Z) is activated; separation oc-curs

i00 milliseconds after switch activation.

Mission
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2.6.2.3 Power Conversion.

Primary d-c power is converted into a-c by solid state static

inverters that provide ll5/P00-voit 400-cps 3-phase a-c power up to

12.50 vo].t-amperes each. A-C power is connected by motor switch

controls to two a-c buses for distribution to the a-c loads. One inverter

has the capability of supplying all spacecr/ft primary a-c power. One

inverter can power both buses while the two remaining inverters act as

:redundant sources. However, throughout the flight, each bus is powered

by a separate inverter. Provisions are made for inverter isolation in the

event of malfunctions. Inverter outputs cannot be phase synchronized,

therefore interlocked motorized switching circuits are incorporated to

prevent the connection of two inverteTs to the same bus.

A second conversio.n unit, the battery charger, assures keeping the

three entry and postlanding batteries in a fully charged state. It is a

solid state devic_ utilizing d-c from the fuel cells and ac from the inver-

ter to develop charging voltage.

Z. 6. Z. 4 Power Distribution.

=--'--4

/
_J

Distribution of d-c power is accomplished via two redundant d-c

buses in the service module which are connected to two redundant buses

in the command module through a SM deadface, the CSM umbilical, arid

a CM deadface. Additional buses provided are: two d-c buses for serv-

icing non-essential loads; a flight bus for servicing inflight telecommuni-

cations equipment; two battery buses for .distributing power to sequencers,

gimbal motor controls, and servicing the battery relay bus for power

distribution switching; and a flight and postlanding bus for servicing some

communications equipment and the postlanding loads.

Three phase ac is distributed via two redundant a-c buses, pro-

viding bus selection through switches in the a-c operated component

circuits.

/

Power to the lunar module is provided through two umbilicals which

are manually Connected after completion of transposition and docking. An

average of 81 watts dc is provided to continuous heaters in the abort

sensor assembly (ASA), and cycling heaters in the landing radar, rendez-

vous radar, S-band antenna and inertial measurement unit (IMU). Power

consumption with all heaters operating simultaneously is approximately

309 watts. LM floodlighting is also powered throug.h the-umbilical for use

during manned lunar module operation while docked with the CSM.

A d-c sensing circuit monitors voltage on each main d-c bus

and an a-c sensing circuit monitors voltage on each a-c bus. The

d-c sensors provide an indic a.tion of an undervoltage by illuminating

a warning light. The a-c sensors illuminate a warning light when

high- or 10w-voltage limits are exceeded. In _ddition, the a-c

J
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Z. 6.3. I

sensors activate an automatic .,disconnect of the inverter from the-a-c

bus during an overvoltage condition. A-C overioad conditions are dis-

played by illumination of an overload warning light and are accompanied

by a low voltage light. Additional sensors monitor fuel cell o%_erload and

reverse current conditions, providing an autome,£ic disconnect, together

with visual indications of the disconnect whenever either condition is

exceeded.

Switches_ meters, lights, and talk-back indicators are provided _or

controlling and monitoring all functions of the EPS.

MAJOR COMPONENT/SUBSYSTEM DESCRIPTION.

The subsequent paragraphs describe the cryogenic storage subsy{-

tern, and each,of the various EPS components.

Cryogenic Storage.

The cryogenic storage subsystem (figures 2, 6-2 and 2.6-3) supplies

hyclrogen to the EPS, and oxygen to the EPS, ECS, and for initial LM

pressurization. The two tanks in the hydrogen and oxygen systems are of

sufficient size to provide a safe return from the furthest point of the mis-

Sion on the fluid remaining in any one tank. The physical data of the

cryogenic storage subsystem are as follows:

We ight

of Usable

Cryogenics

(ib/t_nk)

O z 320 (Pin)

H Z 28 (Pin)

Design

StOrage

Pressure

(psia)

900_35

z45 (+15,

-z0)

Minimum

Allowable

Ope rating

Pressure

(psia)

150

i00

Approximate

Flow Rate

at Min dq/dm

(+ 145 °F envir onment )

(!b/hr-2 tanks)

1.71

0. i40

Approximate

Quantities at

Minimum He at e r

& Fan Cycling

" (per tank)

(Pin dq/dm)

45 to 25%

53 to 33%

E

Initial pressurization from fill to operating pressures is accom-

plished by GSE. After attaining operating pressures, the cryogenic fluids

are in a single-phase condition: therefore completely homogeneous. This

avoids sloshing which could cause sudden pressure fluctuations, possible

damage to internal components, and prevents positive mass quantity

gauging. The single-phase expulsion process continues at nearly constant

pressure and increasing temperature above the Z-phase region.

D
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mm n I n m ' ' -- dmmllmll

HYDROGEN FILLVENT (GSE)(HV-I)

HYDROGE',,FILLVALVE (GSE)(HF-I)
.ii

TO CAUTION & WARNING
SYSTEm4& CRYO PRESS LIGHT (MDC-2)

,. HYDROGEN RELIEF

t.t2
/ -

10A

_SM MAI

#

VENT (FLYAWAY UhIBtLICAL) (HR)
.... ± mmm i

L. ,

__. _ ............ H2 .,,--- H2

I .. i _ .......................i

- I I H2

FAN : -- :i

RUPTURE RELIEF

CRYOGENIC TANKSQUANrrITY i _ ! DIS_e.C VALVE jJj- !

SC0(!)IQ F SCC644T" _ _, SC00_ P

!....H2 2 OU_H 2 T:,,,PH2 :CRYOGENICTANKS RESS"L

i ^ -_' ' O _ M,",TANK NO. 2 QTY' , TANK NO. :_ PRESSURE TANK NO.2
A,_4PL2 _ "r=,_ 2 350 PS!A

-_ , 0110_ _AC2 C3 _K.__C . HYDROGEX .,. ,,. )O'F _ l!i! H2 i {1300

- I( (RHEB-226, IA _,;_R OTY
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Two parallel d-c heaters in each tank supply the heat necessary to

m_intain design pressures. Two parallel 3-pha@e a-c circulating fans

circulate the fluid over the heating elements to maintain a uniform density

and decrease the probability of stratification, i typical heater and fan

installation is shown in figure 2.6-4. Relief valves provide overpressure

relief, check valves provide tard< isolation, and individual fuel cell shutoff

valves provid e isolation of malfunctioning power plants. Filters extract

particles from the flowing fluid to protect the ECS and EPS components.

The pressure transducers and temperatureprobes indicate the thermody-

namic state of the fluid, i capacitive quantity probe indicates quantity of

fluid remaining in the tanks.

EAN & MOTOR

[NCAS.ED

CAPACITIVE

PROBE-'--'-'--"

EP-m68

Figure 2. 6-4. Cryogenic Pressurization and Quantity

Measurement Devices

n"
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P,epressurization of the systems can be automatically or manu_!!y

controlled by switch selection_ The automatic mode is designed to

give a single-phase reactant flow into the feed lines at design pres-

sures. The heaters and fans are automatically controlled through a

pressure switch-motor switch arrangement. As pressure in the tanks

decreases, the pressure switch in each tank closes to energize the motor

switch, closing contacts in the heater and fan circuits. Both tanks _ave

to decrease in pressure before heater and f_n circuits are energized.

-VVhen either tank reaches th e upper operating pressure limit, that respec-

tive pressure switch opens to again energize the motor switch, thus

opening the heater and fan circuits to both tanks. The O g circuits

are energized at 865 psia minimum and de-energized at 935 psia maxi-

mum. The H Z circuits energize at Z25 psia minimum andde-energize at

Z60 psia maximum. The most accurate quantity readout will be acquired

S}iortly after the fans have stopped. "During all other periods partial

straification may degrade quantity readout accuracy.

When the systems reach the point where heater and fan cycling £s at

a minimum (due to a reduced heat requirement), heat leak of the tank

is sufficient to maintain design pressures provided flow is within the

mizL dq/dm values shown in the preceding tabulation. This realm of oper-

ation is referred to as the rain dq/dm region. The minimum heat require-

ment region for oxygen starts at approximately 45 percent quantity and

terminates at approximately 25 percent quantity. Between these

tank quantities, minimum heater and fan cycling %rill occur under normal

usage. The amount of heat required for repressurization at quantities

below Z5 percent starts to increase until below the 3 percent level

practically continuous heater and fan operation is required. In the hydro-

gen system, the quantity levels for minimum heater and fan cycling are

between approximately 53 and 33 percent, with continuous operation

occurring at approximately the 5 percent level.

Assuming a constant level flow from each tank (O 2 - 1 Ib/hr,

H Z - 0.09 Ib/hr) each successive repressurization period is of longer

duration. The periods between repressurizations lengthen as quantity

decreases from full to the minimum dq/drn level, and become shorter as

quantity decreases from the minimum dq/dm level to the residual level.

Approximate repressurization periods are shown in the following cha'rt,

;vhich also sho-_s tlie maximum flow" rate in po'_u-_ds per hour from a single

tank with the repressurization circuits maintaining minimum design

pressure.

The maximum continuous flow that each cyrogenic tank can provide

at minimum design pressure is dependent on the quantity level and the

heat required to maintain that pressure. The heat required to maintain a

constant pressure decreases as quantity decreases from full to the mini-

mum dq/dm point. As quantity decreases beyond the minimum dq/drn

region, the heat required to maintain a constant pressure incrsises.

Mi s s ion
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As fluid is withdrawn, a specific amount of heat is withdrawn. Wqaen the

withdrawal rate exceeds the heat that can be supplied by the heaters, fan

motors, and heat leak, there is a resultant pressure decrease below the

minimum design operating level.

The ability to sustain pressure and flow is a factor of the amount of

heat required versus the heat provided by heaters, fan motors, and heat

leak. Since heat leak characteristics of each tank vary slightly, the flow _

each tank can provide will also vary to a small degree. Heat input from

heaters, fan motors, arid heat leak into an O z tank is 595.87 Btu/hour

(113.88 watt heaters supply 389.67 Btu, 52.8 v/att fan motors supply

180.2 Btu, and heat leak supplies Z6 Btu). Heat input from similar

sources into a H 2 tank is 94. 6 Btu/hr (18.6 watt heaters supply

63.48 Btu, 7 _vattfan motors supply 23.89 Btu, and heat leak supplies

7.24 Btu). These figures take irltoconsideration the line loss between I

the power source and the operating component. !

Quantity

(percent)

i00

95

9O

85

8O

75

7O

65

6O

55

5O

45

4O

35

3O

25

20

15

i0

7.5

5

Oxygen-

Repre ssuriz ation

Time (Minutes)

(865 to 935 psia)

4.0

4.3

4.6

5.0

5.4

5.7

6.5

7.4

8.7

9.6

10.8

11.5

IZ.4

12.6

13.0

13. I

13.2

14.5

17.8

21.4

24.0
, /

Flow at

865 psia

3.

3.

4.

5.

6.

7.

7.94

9.01

I0.80

12.54

14. 19

15.69

17.01

17.56

17.56

16.55

15.48

12.28

8.76

7.09

5.37

56

97

55
27

02

O1

Hydrogen

!_epr essurizafiion

Time (Minutes)

(ZZ5 to Z60 ps!a)

20.0

21.0

22.0

23.0

24.5

26.5

28.5

31.0

33.5

36.0

39.0

41.0

41_0

41.0

40.5

40.5

42.0

47.0

58.0

71.0

Continuous

F10w at

225 psia

0.38

0.42

0.46

0.49

0.52

0.65

0.76

0,80

0.87

0.93

0.97

0.98

0.97

0.94

0.91

0.83

0.71

0.54

0.37

O. 23
0.16

,f---

/
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To avoid excessive_temperatures, which could be realized during

continuous tea-tar and fan operation at extremely low quantity levels, a

thermal sensitive interlock device is in series with each heater element.

The device automatically opens the heater circuits when internal tank

shell temperatures reach +90°F, and closes the circuits at +70°F.

Assuming normal consumption, oxygen temperature will he approximately

-157°F at mission termination, while hydrogen temperature will be

approximately -385 °F,

The manual mode of operation bypasses the pressure switches, and

supplies power directly to_the heaters and/oi- fans through the individual

control switches. It can be used in case of automatic control failure,

heater failure, or fan failure.

Tank pressures and quantities are monitored on meters located on

MDC-Z. The caution and warning system (CRYO I°IIESS) will alarm when

oxygen pressure in either tank exceeds 950 psia or falls below 800 psia.

The hydrogen system alarms above 270 psia and below 220 psiao Since a

co.Fnmon lamp is provided, reference must be made to the individual pres-

sure and quantity meters (_DC-Z) to determine the malfunctioning tank.

Tank pressures, quantities, and reactant temperatures of each tank are

telemetered to MSFN.

Oxygen relief valves vent at a pressure between 983 and i010 psig

and reseat at 965 psig minimum. Hydrogen relief valves vent at a pres-

sure between Z73 and Z85 psig, and reseat at Z68 psig minimum. Full

flow venting occurs approximately 2 pounds above relief valve opening

pressure.

I

All the reactant tanks have vac-ion pumps to maintain the integrity

of the vacuum between the inner and outer shell, thus maintaining heat

leak at or below the desig n level. SM main d-c bus A distributes power

to the I-IZ tank I pump and bus B to the H 2 tank 2 pump. Fuses provide

power source protection. These fuses are removed during prelaunch to

disable the circuit for flight. Circuit breakers, O Z VAC IOIN PUIV[PS -

MNA MNB (I%HEB-ZZ9), provide power source protection for tke CIVi

main buses, which distribute power to the O Z v_c-ion Pumps. The circuit

breakers allow use of the O Z vac-ion pump circuits throughout flight, and

provide a means of disabling circuit if necessary. The 02 circuit breakers

are opened on the launch pad, and closed at 90 percent tank quantity.

The most likely period of overpresstlrization in the cryogenic sys-

tem will occur during operation in the minimum dq/dm region. The

possibillty of overpressurization is predicated on the assumption of a

vacuum breakdown, resulting in an increase in heat leak. Also, under

certain conditions, i.e., extremely low power levels and/or a
l

k.
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2.6.3.2

depressurized cabin, demand may be lower than the minimum dq/dm flow

necessary. Any of the preceding conditions would result in an increase of

pressure within a tank.

In the case of hydrogen tank overpressurization, prior to reaching

relief valve cracking pressure, tank pressure can be decreased by per-

forming an unscheduled fuel cell hydrogen purge. A second method for

relieving overpressure is to increase electrical loads, thus increasing

fuel cell demand. However, in using this method, consideration must be

given to the fact that there will be an inc'_ease in oxygen consumption,

which may not be desirable.

Several procedures can be used to correct an overpressure condi-

tion in the oxygen system. One is to perform an unscheduled fuel cell

purge. A second is to increase oxygen flow into the command module by

opening the ECS DIRECT O Z valve. The third is to increase electrical

loads, which may not be desirable because this method will also increase

hydrogen consumption.

A requirement for an overpressure correction in both reactant sys-

tems simultaneously is remote, since both reactant systems do not reach

the minimum dq/dm region in parallel.

During all missions, to retain a single tank return capability, there

is a requirement to maintain a balance between the two tanks in each of

the reactant systems. V/hen a 2 to 4 percent difference is indicated on the

oxygen quantity meters (M/DC-Z), the 0 2 HEATERS switch (MDC-2) of the

lesser tank is positioned to OFF until tank quantities equalize. A 3 per-

cent difference in the hydrogen quantity meters (MDC-2) will require

positioning the HZ HEATERS switch (MDC-Z) of the lesser tank to OFF

until tank quantities equalize. This procedure retains the automatic

operation of the repressurization circuits, and provides for operation of

the fan motors during repressurization to retain af% accurate quantity

readout in all tanks. The necessity for balancing should be determined

shortly after a repressurization cycle, since quantity readouts will be

most accurate at this time.

Batteries.

Five silver oxide-zinc storage batteries are incorporated in the

EIDS, These batteries are located in the CIv[ lower equipment bay.

- ELECTIIICAL POWEI_ SYSTEM
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Three rechargeable entry and postlanding batteries (A, B, and C)

power the CM systems after CSM separation and during postlanding.

Prior to CSM separation, the batteries provide a secondary source of

po%ver while the fuel cells are the primary source. The entry batteries

are used for the following purposes:

• Provide Ck4 power after CSIVI separation

• Supplement fuel cell power during peak load periods [Delta V
maneuvers )

• Provide power during emergency operations (failure of two fuel
cells )

• Provide power for EPS control circuitry (relays, indicators ,
etc. )

• Provide sequencer logic power

• Provide power for recovery aids during postlanding

• Batteries A, B, or C can power pyro circuits by selection.

Each entry and postlanding battery is mounted in a vented plastic

case and consists of 20 silver oxide-zinc cells connected in series. The

cells are individually encased in plastic containers whick contain relief

valves that open at 35_+.5 psig, venting during an overpressure into the

battery case. The three cases can be vented overboard through a com-

mon manifold, the BATTERY VENT valve (RZ-ZEB-Z5Z), and the ECS

_vaste water dump line.

Since the BATTERY VENT is closed prior to lift-off, the interior

of the battery cases is at a pressure of one atmosphere. The pressure is

relieved after earth orbit insertion and completion of cabin purge by

positioning the control to VEldT for 5 seconds. After completion the con-

trol is closed, and pressure as read out on position 4A of the System Test

Meter (LEB-101) should remain at zero unless there is battery outgassing.

Outgassing can be caused by an internal battery failure, an abnormal

high-rate discharge, or by overcharging. If a pressure increase is noted

on the system test meter, the BATTERY VENT is positioned to VENT

for 5 seconds, and reclosed. Normal battery charging procedures require

a check of the battery manifold after completion of each recharge.

Since the batteryvent line is connected tO the waste water dump line,

it provides a means of monitoring waste water dump line plugging, _vhich

would be indicated by a pressure rise in the battery manifold line when

the BATTERY VENT control is positioned to VENT. Corrective pro-

cedures for dump line plugging are found in section 2] IZ.

Mi s s ion
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Each battery is rated at 40-ampere hours (Af-I) minimuno._ and w_ill

deliver tl_s at a current ou,_ufi of 35 amps for 30 .__inufies and a subse-

quent output of Z amps for the remainder of the rating.

At Apollo mission loads each battery is capable of providing 45 AM

and will provide this amount after each complete recharge cycle. How-

ever, 40 AM is used in mission planning for i_-_ght capability, and 45 AI-I

for postlanding capability of a fully charged battery.

Open circuit voltage is 37. 2 volts. Sustained battery loads are

extremely light (2 to 3 watts); therefore i battery bus voltage of approxi-

mately 34 vdc _vill be indicated on the spacecraft voltmeter, except _vhen

the main bus tie s__tches have been activated to tie the battery outputs to

the main d-c buses, h-ormally only batteries A and B will be connected

to the.main d-c buses. Battery C is isolated during prelaunch by opening

the MAIN A-BAT C and MAiN B-BAT C circuit breakers (RHEB-275).

Battery C will therefore provide a backup for main d-c bus po_ver in case

of failure of battery A or B or during the time Battery A or B is being

recharged. The t_vo-battery configuration provides more efficient use of

fuel cell power during peak po_ver loads and decreases overall battery

recharge time, The M_A_IN A- and MAIN B-BAT C circuit breakers

are closed prior to CSM separation or as required during recharge of

battery A or B.

BatteryC, through circuit breakers BAT C to BAT BUS A and

BAT C to BAT BUS B (RHEB-250), provides backup po_ver to the

respective battery bus in the event of failure of entry battery A or B.

These circuit breakers are normally open until a failure of battery A or

B occurs. This circuit can also be used to recharge battery A or B in

the event of a failure in the normal charging circuit.

The two pyrotechnic batteries supply power to initiate ordnance

devices in the SC.. The pyrotechnic batteries are isolated from the rest

of the EPS to prevent the high-po_ver surges in tie pyrotechn/c system

from affecting the EPS, and to ensure source power vzhen required.

These batteries are not to be recharged in flight. Entry and postlandirfg

batteryA, B, or C can be used as a redundant source of power for

......................initiating pyro circuits_in_the Kespec£ive_A or B pyro system, if either

//-_)

_ "

pyro battery _--'_-•_=. This can be - -_ - ^_Fe_o_ m_ by proper manipulation of the

circuit breakers on I%HEB-250. Caution must be exercised to isolate the

failed pyro battery by opening the PYRO A (B) SEQ A (B) circuit breaker, |

prior to closing-the--yellov_ colored- BAT BUS A (B) to PYRO BUS TIE Icircuit breaker.

/

Cx
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Performance characteristics of each SC battery are as follows:

Battery

Entry and

Postlanding,

A, B, and

C (3)

Pyro A and

B (2)

i_ated

Capacity

per

Battery

40 amp-hrs

(25 ampere

rate)

0.75 amp-

hrs (75

amps for

36 seconds)

NOTE

Open

Circuit

Voltage

(max.)

37.8 vdc max.

(37.2 vdc in

f:ight)

37.8 Vdc max.

(37.2 vdc in

flight)

?

Ambient

Minimum B attery

Voltage Temperature

27 vdc 50 ° to II0°F

(35 amps load) ,,

60* to II0°F

Nominal

Voltage

29 vdc

(35 amps load)

23 vdc

(75 amps load)

20 vdc

(75 amps load)

(32 vdc open

circuit)

Pyro battery load voltage is not measurable in the SC due to the extremely

short time they power pyro loads.

3•:,-!:

2.6.3.3 Fuel ,Cell Power Plants.

Each of the three Bacon-type fuel cell power plants is individually

coupled tO a heat rejection (radiator) system, the hydrogen and oxygen

cyrogenic storage systems, a water storage system, and a power distri-

bution system, i typical power plant schematic is shown in figure Z. 6-5.

The power plants generate d-c power on demand through an exo-

thermic chemical reaction. The by-product water is fed to a potable

water storage tank in the CM where it is used for astronaut consumption

and for cooling purposes in the ECS. The amount olwater produced is

equivalent to the power produced which is relative to the reactant
consumed.

REACTANT CONSUMPTION AND WATER PRODUCTION

Load

(amps)

0.5"

1

2

3

4

02 ib/hr

__ 0.0102

- O. _3204

0. 0408

O. 0612

O. 0816

H 2 ib/hr

0..001285

0.002570

0.005140

0.007710

0.010280

H20

Ib/hr cc/hr

0:011_9 5.zi

0.02297 10.42

0.04594 20.84

:__9._068_9_I_ 21.26_

0.09188 41.68

Miss ion
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Load

' (amps)

5

7

8

9

I0

15

20

25

30

35

4O

45

5O

55

60

65

70

75

80

85

90

95

!00

_CtEACTANT CONSU_X_PTION AND

WATER PRODUCTION (Cont)

oz lb/hr

O. 1020 "

0. 1224

• o. 1428

O. 1632

O. 1836

o. 2.040

0.3060

O. 4080

O. 5100

O. 6120

0. 7140

0.8160

0. 9180

I.0200

I. 1220

I.2240

I. 3260

1.4280

1.53O0 ]

i.6320

I.7340

I.8360

I. 9380

2:040.0

EORMULAS:

O 2 = 2.04 x i0-2 1

H z = 2.57 x Io -3 z

H 2 Ib/hr

O. 012850

0. 015420

O. 017990

0.020560

0. 023130

O. 025700

0. 038550

0. 051400

0. 064250

0. 077100

0. O89950

0. 10280

0. 11565

o. 1>-85o

O. 14135

0. 15420

O. 16705

O. 1799o

O. 19275

O. 20560

O. 21845

0. 23130

0. 24415

0. 25700

. H20

lh/hr

t

0.11485

0.13782

0.16079

0.18376

0.20673

0.2297

0.34455

0.45940

0.57425

0.68910

0.80395

O. 91880

i.03365

I.1485

I.26335

I.3782

1.49305

1.6079

1.722v 

1.83760

1.95245

2.06730

Z. 18215

r,

2.2970

cc/hr

52.!0

62. 52

72.94

83.36

931 78

104.20

156.30

208.40

260.50

312.60

364.70

41•6.8O

468.90

521.00

573.10

625.20

677.30

729.40

781.50

833.'60

885.70

937.90

989.00

1042.00

HzO = I0.42 cc/amp/hr

H20 = 2.297 x i0-2 Ib/amp/hr

/

v
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- : FUEL CELL 2 FUEL CELL'2 H 2 PURGE

/ - J, From.AC BUS 2 (3¢) -- - " o " - - LINE HTR

F_: AcBus1(3_) _ • , ff / " . PURG_.HEBZ26_ PU,_GESW _ _

t BUS - T
_./_ _t / /CORRE_,ONI .M_CBUSA _: _-_ L_°,_°0 _E_ OFF
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Z, 6.3.3.1 Component Description.

Each power plant consists of 31 single cells connected in series and

enclosed in a metal pressure jacket. The water separation, reactant

control, and heat transfer components are mounted in a compact accessory

section attached directly above the pressure jacket.

Power plant temperatur e is controlled by the primary (hydrogen) and

secondary (glycol) loops. The hydrogen pump, providing continuous c ir-

cu/ation of hydrogen in the primary loop, withdraws water vapor and heat

from the stack of cells. The primary bypass valve regulates flow through-

the hydrogen regenerator to impart exhaust heat to the incoming hydrogen

gas. Flow is regulated in accordance with skin temperature. The exhaust

_gas flows to the condenser where waste heat is transferred to the glycol;

the resultant temperature decrease liquifying some of the water vapor.

The motor-driven centrifugal water separator extracts the liquid and feeds

it to the potable water tank in the CM. The cool gas is then pumped back

to the fuel cell through the primary regenerator by a motor-driven vane

pump, which also compensates for pressure losses due to water extraction

arid cooling. Waste heat, transferred to the glycol in the condenser, is

transported to the radiators located on the fairing between the C!VI and SM,

where it is radiated into space. Individual controls (EUEL CELL

RADIATORS, INIDC-3), can bypass 3/8 of the total radiator area for each

power plant. Radiator area is _aried dependent on power plant condenser

exhaust and radiator exit temperatures which are relevknt to loads and

space environment. Internal fuel cell coolant temperature is controlled

by acondenser exhaust sensor, which regulates flow through a secondar F

regenerator to maintain condenser exhaust within desired limits. When

either condenser exhaust or radiator exit temperature falls below toler-

ance limits (150 ° and -30°F respectively), the respective FUEL CELL

R_DIATORS switch is positioned to E_'viERG BYPASS to decrease the

radiator areainuse, thus decreasing the amount of heat being radiated.

Since the three power plants are relatively- close in load sharing and

temperature operating regimes, the affection the other power plants must

be monitored. Generally simultaneous control over all three power plants

will be required. Use of the bypass should be minimal because of power-

plant design to retain heat at low loads and expel more heat at higher loads.

The bypass is primarily intended for use after failure of two powerplants.

Pleat radiation effects on the single powerplant require continuous use of

the bypass for the one remaining powerplant.

Reactant valves provide the interface between the power plants and

cryogenic system. They are opened during pre-launch and closed only

after a power plant malfunction necessitating its permanent isolation from

the d-c system. Prior to launch, the FC REACS VALVES switch [IVfDC-3) is

placed to the LATCH position. This applies a holding voltage to the open

solenoids of the i Z and O Z reactant valves of the three power plants.

l_i s s ion
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This voltage is required only during boost to prevent [nadyertent closure

due to the effects of high vibration. The reactant valves cannot be closed

by use of the REACTANTS switches <MDC-3) with the holding voltage

applied. The FC REACS VALVES switch is positioned to NORRdAL after

earth orbit insertion. During prelaunch, after Power plant activation, the

the three FC I_EACS circuit breakers (KPIEB-Z26) are opened to prevent

valve closure throt_gh inadvertent REACTANTS switch activation.

N z gas is individually stored in each power plant at 1500 psia and

regulated to a pressure of 53:53 psia. Output of the regulator pressurizes

the electrolyte in each cell, the coolant loop through an accumulator, and

is coupled to the 02 and H g regulators as a reference pressure,

Cryogenic oxygen, supplied to the power plants at 900±35 psia,

ahsorbs heat in the lines, absorbs additional heat in the preheater, and

reaches the oxygen regulator in a gaseous form at temperatures above

100°F. The differentia] regulator reduces oxygen pressure to 9.5 psia

above the N 2 reference, thus supplying it to the fuel cell stack at 62. 5±2 p;sia.

Within the porous oxygen electrodes, the O Z reacts with the HZO in the

electrolyte and the electrons provided by the external circuit to produce

hydroxyl ions (02 + ZH20 + 4e = 4OH-).

Cryogenic hydrogen, supplied to the power plants at 245 (+15, -20)

psia, is heated in the same manner as the oxygen. The differential hydro-

gen regulator reduces the pressure to 8.5 psia above the reference NZ,

thus supplying it in a gaseous form to the fuel cells at 61.5+2 psia. The

hydrogen reacts in the porous hydrogen electrodes with the hydroxyl ions

in the electrolyte to produce electrons, water vapor, and heat

(2 HZ +4OH- = 4HzO+4e +heat). The nickel electrodes act as a catalyst in

the reaction. The water vapor and heat is withdrawn by the circulation of

hydrogen gas in the primary loop and the electrons are supplied to the load.

Each of the 31 cells comprising a power plant contains electrolyte

which on initial fill consists of 83 percent potassium hydroxide (KOH) and

17 percent water by weight. The power plant is i_itially conditioned to

increase the water ratio, and during normal operation, water content all

vary. between 23 and 28 percent. At this ratio, the electrolyte has a

critical temperature of 300°F (figure 2.6-6). It solidifies at an approxi-

mate temperature of 220°F. Power plant electrochemical reaction

becomes effective at the critical temperature. Bringing power plants to

critical temperature is performed by GSE and cannot be performed from_

SC power sources-. Placing a load on the power plant will maintain it above

the critical temperature. The automatic in-line heater circuit will main-

tain power plant temperature-at 385°F wfth no additional loads applied.

....: -_Purging is a function of power demand and gas purity. O 2

purging requires 2 minutes and H 2 purging 80 seconds. A hydrogen

ELECTR/CAL POWER SYSTEM
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Figure 2.6-6. KOH HzO Phase Diagram

SM-2A-883B

purge is preceded by activation of the H Z PURGE L_IE HTR s_vitch

(_vIDC-3) 20 minutes prior to the purge. The purge cycle is determined

by the mission power profile and gas purity as sampled after spacecraft

tank fill. Figures 2.6-7 and 2. 6-8 can be used to calculate the purge

cycles, dependent on gas purity and load. A degradation purge can be

performed if power plant current output decreases approximately 3 to

5 arnps during sustained operation. The 02 purge has more effect during

this type of purge, although it would be followed by an PIZ purge if

recovery to normal was not realized after performing an 02 purge. If

the pH talk back indicator (IvfDC-3) is activated, a hydrogen purge "will not

be performed on the fuel cell with the high pH. This prevents the possi-
bility of_clogging the hydrogen Vent line.

2.6.3.3.2
Fuel Cell Loading.

The application and removal of fuel cell loads causes the terminal

voltage to decrease and increase, respectively ` A decrease in terminal

voltage, resulting from an increased load, is followed by a gradual

increase in fuel cell skin temperature which causes an zncrease in

terminal voltage. Conversely, an increase in terminal voltageS]:_resulting

ELECTRICAL POWER SYSTEM
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from a decreased load, is followed by a:gradua! decrease in fuel cell skin

temperature which causes a decrease in.terrains/voltage.

The range in which the terminal voltage is i_rmitte d to vary is

determined by the high and low voltage input desi_m limits of the compo-

nents being powered. For most components the }L%_wr!itsare 30 volts dc

and 25 volts dc. To remain vzithin these desigr_ i_i_its, the d-c bus

voltage must be maintained between 3 I. 0 and 26.2 volts de. To compen-

sate for cyclicloads, [t is recommended susfiain_m-_ bus voltage be main-

_a[ned between 26. 5 and 30.0 vdc, Bus voltage is _mnaintained within

prescribed limits by the application of entry and im_:stlanding batteries

during load increases (power up). Load increase or decrease falls well

within the limits of power suppl Z capability and, _m_ler normal conditions ,

should not require other than normal checklist procedures.

Power Up. Powering up spacecraft systems Ss performed in one

continuous sequence providing the main bus volta_.m does nor decrease

below 26. 5 volts. If bus voltage decreases to this _evel, the power up

sequence can be interrupted for the time required for fuel cell tempera-

flutes to increase with the resultant voltage incre_zsa or the batteries can

be connected to the main buses thus reducing the i_ael cell load. In most

cases, powering up can be performed in one con__nous sequence; how-

ever, when starting from an extremely low spacec_raft load, it is probable

that a power up interruption or earlier battery ca._2)ling may be required.

The greatest load increase occurs while power_ yap for a delta V

xl'laneuve r.

Power Down. Powering down spacecraft s_tems is performed in

one continuous sequence providing the main bus w__tage does not increase

above 31.0 volts. Po_vering clown from relatively- _%igh spacecraft load

levels_ i.e. , following a delta V, the sequence nma V have to be interrupted

for the time required for fuel cell temperature, mm_ as a result, bus

voltage to decrease. To expedite power down, o zr_ fuel cell can be dis-

connected from the buses increasing the [oads orn b_ae remaining fuel cells

and decreasing bus voltage, thus allowing cont[_i_on of the power down

sequence.

Fuel Cell Disconnect. If the requirement ari_eg to maintain a

powerplant on open circuit, temperature decay w_d Occur at an average

rate of approximately 6°/hr. , with the automatic _-line heater circuit

activating at a skin temperature of 385°F and ma/m@_ining powerplant

temperature at 385°F. In-line heater activation _ be confirmed by a

4, 5 to 6 amp indication as observed on the d-c amp_ meter (MDC-3) with

the d-c indicator switch positioned to the open cir_ited fuel cell position.

Reactant valves remain open. Fuel cell pumps c_}be turned off until the

in-line heater circuit activates, at which time th_nust be on.

_L
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Closing of reactant valves during a power plant disc0r_nect is

dependen_ on the failure experienced. If power plant failure is such as to

allo_-_future use, i.e. , shutdown due to partially degraded output, it is

recommended the reactant valves remain open to provide a positive

reactant pressure. The valves should be closed after power-plant skin

temDerathre decays below 300°F. The reactant valves are closed during

initial shutdown, if the failure is a reactant leak, an abnormally l_igh

regulator output pressure, or complete power-plant failure. |

Prior to disconnecting a fuel ceil, if a single inverter is being used,

each of the remaining power plants is connected to both main d-c buses to

enhance !oad sharing since bus loads are unbalanced. If two inverters are

being used, main d-c bus loads are relatively equal; therefore, each of the

remaining power plants is connected to a separate main d-c bus for bus

isolation, if one power plant had been placed on open circuit for an

extended period of time, prior to powering up to a configuration requiring

three power plants, reconnecting is accomplished prior to the time of

heavy load demands. This permits proper conditioning of the power plant

which has been on open circuit. The time required for proper conditioning

is a function of skin temperature increase and the load applied to the

power plant.

Inverters.

Each inverter (figure 2.6-9) is composed of an oscillator, an eight-

stage digital countdown section, a d-c line filter, two silicon-controlled

rectifiers, a magnetic amplifier, a buck-boost amplifier, a demodulator,

_w-o d-c filters, an eight-stage power inversion section, a harmonic

neutralization transformer, an a-c output filter, current sensing trans-

formers, a Zener diode reference bridge, a low-voltage control, and an

overcurrent -trip circuit. The inverter normally uses a 6.4-kHz square

wave synchronizing signal from the central timing equipment (CTE) which

maintains inverter output at 400 Hz. If this external signal is completely

lost, the free running oscillator within the inverter will provide pulses

___that will maintain inverter __output _withi n ±7 l-lz. The internal oscillator is

normally synchronized by the external pulse. The subsequent paragraphs

describe the function of the--various-stages of the inverte/-. --

The 6.4-kHz square wave provided by the CTE is app-li_d through

- - - the internal oscillator to the eight-stage digital countdown section. The

oscillator has two divider circuits which provide a 1600-Hz signal to the

magnetic amplifier.

The eight-stage digital countdown section, triggere d by the 6.4-kHz

signal, produces eight #i00-Hz square _vaves, each mutually displaced one

pulse-time from thepreceding and following wave. One pulse-time is

156 microseconds and represents 22 5 electrical degrees. The eight

square waves are applied to the eight-stage power inversion section.

Mission
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The eighf-stage power inversion section, fed a controlled voltage

from the buck-boost amplifier, amplifies the eight 400-_ square waves

produced by the eight-stage digital countdo_,n section. The amplified

square waves, still mutually displaced 22.5 electrical degrees, are next
applied to the harmonic neutralization transformer.

s

•.._z_ •

The harmonic neutralization section consists of 31 transformer

windings on one core. This Section accepts the 4,00-Hz square-wave out-

put of the eight-stage po_ver inversion section and transforms it into a

3-phase 400-Hz ll5-volt signal. The manner in which these transformers

are wound on a single core produces flux cancell_tion which eliminates all

harmonics up to and including the f{fteenth of the fundamental frequency.

The 2Z. 5-degree displacement of the square waves provides a means of

electrically rotating the square wave excited primary _vindings around the

3-phase, wye-connected secondary windings, thus producing the 3_phase _001

Hz sine wave output. This 115- volt signal is then applied to the a- c output filter.

The a-c output filter eliminates the remaining higher harmonics.

SlUice the lower harmonics were eliminated by the harmonic neutral trans-

former, the size and weight of this output filter was reduced. Circuitry

in this filter also produces a rectified signal which is applied to the Zener

diode reference bridge for voltage regulation. The amplitude of this sig-

nal is a function of the amplitude of a-c output voltage. After filtering,

the 3-phase ll5-volt a-c 400-1-1z sine wave is applied to the a-c buses

throtlgh individual phase current- Sensing transfor_lers.

The current-sensing transformers produce a rectified signal, the

amplitude of which is a direct function of inverter output current magni-

tude. This d-c signal is applied to the zener diode referencebridg e to

regulate inverter current output; it is also paralleled to an overcurrent
sensing circuit.

<

U-

The Zener diode reference bridge receives a rectified d-c signal,

representing voltage output, from the circuitry in the a-c output filter.

A variance in voltage output unbalances •the bridge, providing an error

signal of proper polarity and magnitude to the buck-boost amplifier via

the magnetic amplifier. The buck-boost amplifier, through its bias

voltage output, compensates for voltage variations. V/hen inverter cur-

rent output reaches 200 to Z50 percent of rated current, the rectified

signal applied to the bridge from the current sensing transformers is of

sufficient magnitude to provide an error signal causing the buck-boost

amplifier to operate in the same manner as during an overvoltage condi-

tion. The bias output of the buck-boost amplifier, controlled by the

error signal, will be varied to correct for any variation in inverter

voltage or a beyond tolerance increase in current output. _Vhen inverter

current output exceeds 250 percent of rated current, the overcurrent

sensing circuit is aitivated. L _j,
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The overcurrent sensing circuit monitors a rectified d-c signal

representing current output. When total inverter current outputexceeds

250 percent of rated current, this circuit %rill illuminate an overload

lamp in 15±5 seconds. If current output of any single phase exceeds

300 percent of rated current, this circuit v_ill i]/uminate the overload

lamp in 5±I seconds. The AC BUS 10VEi_LOAD and AC BUS 2

OVERLOAD lamps are in the caution�warning matrix on MDC-2.

D-C power to the inverter is supplied from the main d-c buses

through the d-c line filter. The filter reduces the high frequency ripple

rectifiersinthe input,, s-nd the 25 to 30 volts dc is applied to two silicon-controlled

The silicon-controlled rectifiers are alternately set by the 1600-I-Iz

signal from the magnetic amplifier to produce a d-c square wave with an

on-time of greater than 90 degrees from each rectifier. This is filtered

and supplied to the buck-b0ost amplifier where it is transformer-coupled

with the amplified 1600-I-Zz output of the magnetic axnplifier, to develop

a filtered 35 volts dc which is used for amplification in the power inver-
sion stages.

The buck-boost amplifier also provides a variable bias voltage to the

eight-stage power inversion section. The amplitude of this bias voltage is

controlled by the amplitude and polarity of the feedback signal from the

Zener diode reference bridg e which is referenced to output voltage and

current. This bias signal is varied by the error signal to regulate

inverter voltage and maintain current output within tolerance.

The demodulator circuit compensates for any low-frequency ripple

(10 to 1000 I-Iz) in the d-c input to th e inverter. The high_frequenc F

ripple is attenuated by the input filters. The dernodula_or senses the

35-volt d-c output of the buck-boost amplifier and the current input to the

buck-boost amplifier. An input d-c voltage drop or increase will be

reflected in a drop or increase in the 35-volt d-c Output of the buck-boost

amplifier, as well as a drop or increase in current input to the buck-boost

amplifier. A sensed decrease in the buck-boost amplifier vol_age output

ia compensated for by a demodulator output, coupled through the magnetic

amplifier to the silicon-controlled rectifiers. The demodulator output

causes the SCRs to conduct for a longer time, thus increasing their

filtered d-c output. A sensed increase in buck-boost amplifier volta.ge

output, caused by an increase in d-c input to the inverter

for by a demodulator output coupled through the magnetic' is compensated
amplifier to the

silicon-controlled rectifiers causing them to conduct for shorter periods;

thus producing a lov_er filtered d-¢ output to the buck-boost amplifier. In

this manner_ the 35-volt d-c input to the power inversion section is main-

rain@61 at a relatively constant level irrespective of the fluctuations in d-c
i=put  ?}eagetotheinvei:ter.

"U'-
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The lo_v-voltage control circuit sarnples the input voltage to the

inverter and can terminate inverter operation. _ince the buck-boost

amplifier provides a boost action during a decrease in input voltage to the

inverter, in an attempt to maintain a constant 35 volts dc to the power

inversion section and a regulated l lb-volt inverter output, the high boost

required during a low-voltage input Would tend _o overheat the solid state

buck-boost amplifier. As a precautionary meas_re, the low-voltage con-

tro[ will terminate inverter operation by discQn_ecting ooeratinc; volfa_
to the magnetic amnlifier and th _ _;--_ - - _ =' =e

._ _ _- ' , _ _*_u power I/_v_rslon stK e-when " • :
voi_age clecreases to between 16 and 19 volts tic. g znput

A temperature sensor with a range of +3Z = to +248°F is installed in -

each inverter and provides an input to the C&V_rS which will illuminate a

l'ight at an inverter overternperature Of 190°i_. Inverter temperature is
telemetered to _XSFN.

Battery Charger.

A cons rant voltage, solid- state battery charger (figure 2.6-10),

located in the CM lower equipment bay, is incorporated into the EPS. The

BATTERy CI-_RGER selector switch (MDC-3) controls power input to the

charger_ as well as connecting the charger ou_tp_t to the selected battery

(figure 2.6-14). When the BATTERY C_iA.ROEi _ selector switch is

positioned to entry battery A, B, or C, a rela_y {i_[l) is activated complet-

ing circuits from a-c and d-c power sources to _ebattery charger . Bat-

tery charger output is also connected to the selec_ted battery to be charged

through contacts of the I__A!N BUS TIE motor s_-itch. Positioning the

_IAIIq BUS TIE switch (A/C or B/C) to OFF for .battery A or B, and both

switches to OFF for battery C will disconnect _ain bus loads from the

respective batteries and also complete the circ_,_it from the charger to th=
battery.

The battery charger is provided 25 to 3G volts from both main d-c

buses and 115 volts 400-Hr. 3-phase from either of the a-c buses. All

three phases of ac are used to boost the 25 to 30-volt d-c input and produce

40 volts dc for charging. In addition, phase PL of the ac is used to supply

"power for the charger circuitry. The logic ne_ork in the _hargerj which

consists of a two-stage differential amplifier (cornparator), Schmitt

trigger, current sensing resistor, and a voltage amplifier, sets up the

initial condition for operation. The first stage of the comparator is in the

on mode, with the second stage off, thus setting lhe Schmitt trigger first

stage to on with the second stage off. _Vlaximwsa base drive is provided to

the current amplifier which _turns the switching transistor to the on mode.

"W-ith the switching transistor on, current flows from the transformer

rectifier through the switching transistor, ,current sensing resistor, and

switch choke to the battery being charged. C1_-rrent lags voltage due to

switching choke action. As current flow increases, the voltage_Zdrop •across

the sensing resistor increases, and at a specific level sets the first stage

Mission
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• w- I

I
I
I

I SW,TCHING
D, ODE

._..J

I
J

i

! CURRENT I
i AMPLIFIER l
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Figure 3.6-10. Battery Charger Block Diagram
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of the comparator to off and the Second stage to on. The voltage amplifier

is set off tO reverse the Schmitt trigger to first stage off and secomd stage

on. This sets the current amplifier off, which in turn sets the switching

transistor off. The switching transistor in the off mode terminates power

from the source, causing the field in the choke to continue collapsing,

discharging into the battery, then through the s_/iflching didde and the

current Sensing resistor to the opposite side of the choke. As the EMF

in the choke decreases, current through the sensing resistor decreases,

reducing the voltage drop across-the resistor. At some. point, the

decrease in voltage drop across the sensing resistor reverses the com-

parator circuit, setting up the initial condition arid completing one cycle

of operation. The output load current, due to the choke action, remains

relatively constant except for the small variation througli the sensing

resistor. This variation is required to set and reset the switching tran-

sistor and Schmitt trigger through the action of the cornpal'ator.

Battery charger output is regulated by the sensing resistor until

b_ttery voltage reaches approximately 37 volts. At this point, the biased

voltage sensor circuit is unbiased, and in conjunction with the sensing

resistor provides a signal for cycling the battery charger. As battery

voltage increases, the internal impedance of the battery increases,

decreasing current flow from the charger. At 39.8 volts, the battery is

fully charged and current flow becomes negligible. Recharging the

batteries until battery amp hour input equates amp hours previously dis-

charged from the battery assures sufficient battery capacity for mission

completion. The MSFN will monitor fihis function. If there is no con-

tact with the MSFN, battery charging is terminated when the voltmeter

indicates 39.5 vdc with the DC INDICATORS switch set to the BAT

C I-!ARGER position.

Charger voltage is monitored on the DC VOLTS METER (MDC-3).

Current output is monitored on the inner scale of the DC AMPS meter

(MDC-3) by placing the DC INDICATORS. switch (MDC-3) to the BAT

C_A_I<GER position. Battery charger current output is telemetered to

the MSFN.

!

W-hen charging battery A or B, the respective BAT RLY BUS-

BAT A or B circuit breaker (MDC-5) is opened to expedite recharge.

During this period, 0nly one battery will be powering the battery relay

bus. Relay bus voltage can be monitored by selecting positions 4 andB_

on the Systems Test Meter (LEB-101) and fromthe couches by the Fuel

Cell-Main Bus B-I and Fuel Cell - Main Bus A-3 talk back indicators

(MDC-3) which will be barber-poled.. If powe-r is lost to the relaybus,

these indicators will revert to the gray condition indicating loss of power

to the relay bus and requiring remedial action.

Rechkrge of a battery immediately after it is exposed to any appre-

ciable loads requires less time _ than recharge of a battery commencing

k.
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Figure E.6-11. Deleted

30 minutes or more after it is disconnected from these loads. Therefore,

it is advantageous to connect batteries to the charger as soon as possible

after they are disconnected from the main buses since this decreases

overall recharge'time.

Power Distribution.

D-C and a-c power distribution to components of the EPS is pro-

vided by two redundant buses in each system. A single-point ground on

the spacedr_ft structure is used to eliminate ground loop effects. Sensing

and Gontrol circuits are provided for monitoring and protection of each
system.

Distribution of d-c power (figure 2.6=12) is accomplished vcith a

two-wire system and a series of interconnected buses, switches, circuit

breakers, and isolation diodes. The d-c nega£ive buses are connected to

the vehicleground point (VGP). The buses consist of the following:

• Two main d-c buses (A and B), powered by the three fuel cells

and/or entry and postlanding batteries A, B, and C.

_D

Two battery buses (A a_d B), each powered by its respective

entry and postlanding battery A and B. Battery C can pov_er

either or both buses if batteries A and/or B fail.

ELECTRICAL POWER SYSTEM
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INTEP.RUPTER AND SM DC BUS A CS LINES )

BATTERY BUS A

,_ ENTRy BATTERY C

FLIGHT/POSTLANDING SUE

NONESSENTIAL BUS $W

ERE SENSOR

SIGNAL-MNA (MDC-5)

..z..
SA 0C SENSING JNIT &0cIN01CATO SW MAINBUS 

• | __VOLT_T_ IMDC-5)

SATTERY CHARGER

INVERTERNO. I POWER

INVERTER NO+ 3 POWER

0 2 & H 2 PURGE - FUEL CELL NO. 1 & H2 PURGE LINE HTR

0 2 & H2 PURGE - RUEL'CELL NO. 2 & H 2 PURGE LiNE HTR

0 2 & H 2 PURGE - RUEL CELL NO. 3

CRYOGENICS O 2 TANK I HEATER

CRYOGENICS H2 TANK I HEATER

02 TK 1 VAC [ON CONVERTER & PUMP

CAUT &WARN. DETECTION UNtl

_e VALVE

DOCK PROBE

SCS LOGIC 1/2

SOS LOGIC 3/4

_ INTERRUPTER AND SM DC BUS B (R UNE_

BATTERY BUS B

ENTRY AND POST LANDING BATTERY C

FLIOHT/POSTLANDING BUS

NONESSENTIAL BUS S'W

_ EPS SENSOR . -

_ SIGNAL-MN B (MDC-5)

_} ,.,z,,
:_ 5A DC SENSING UNIT &

DC IND[CATOP_ _ (MAIN RUS R)

_:_ l & VOLTMETER (MDC-3 -- ,_

_, BATTERY CHARGER

INVERTER NO. 2 POWER

_ INVERTER NO. 3 POWER

_ ESSENTIAL INSTRUMENTATION

"_@ 0 2 & H 2 PURGE - FUEL CELL NO. I & H 2 PURGE LINE HTE

0 2 & H R PURGE - FUEL CELL NO. 2 & H 2 PURGE LINE=HTR

0 2 & H 2 PURGE - RUEL CELL NO. 3

CRYOGENICS 0 2 TANK 2 HEATER

_:_:_-----'--_'_ CRYOGENICS H2 TANK 2 HEATER

_---_ os TKRVACIONCONVa_TER&PUMP
"_ . CAUT & WARN. DETECTION UNIT

!_ SPS LINE HTRS

SCS A/C ROLL

SPS GAUGING

SPS He VALVE

DOCK PROSE

EMS

SOS S./O ROLL

"" SCS YAW

ECS 'LOGIC }/4

SM RCS HEATERS A

4EATERS 1

I," SCS DIRECT ULL

ECS PRESS XDUCER (GROUP

(GROUP 1)

ECS H2_ ACCUM (SYS i)

LOOP XDUCERS

(PSI 2)

(SEe)

POTABLE H_D HEATER

URINE DUMP LiNE HEATE_ A

ECE QTY XDUCERS WASTE & POTABLE H20

ECS TEMP XDUCE_S

IMU-CDU O&N

POWER SERVO ASSEMBLY

IMU HEATERS G&N

OPTICS G&N

POWER SERVO ASEEMSLY

COMPUTER G&N

FLIGHT BUS

CENTRAL TIMING EQUIPMENT -

TUNNEL, LCOAS &RNDZ LIGHTS

INTERIOR PLOODLIGH_ NG

M

F
P

SM RCS HEATERS C

SCS CO'NTR/AUTO

SCS LOGIC 2/3

RCS PROPELLANT ISOLATION "

SCS PITCH

_ RES LOGIC

SCS CONTR,'DIRE_T 1 & 2

CM t_CS HEATERS 2

SPS PILOT VALVE B

ECS DIRECT ULL

_ _N TIMER & EVENT'TIMERS

_ ECS PRESS XDUCER (GROUP E)

_ ECS PRESS XDUCER CGSOUP 1)

_ _S HEO ACCUM I_S 2)

_ EC$ SEC COOLANT LOOP XDUC_S-

• ECS RADIATOR 2 FLOW CONTROL

_ EES RADIATOR HTR CONTEOL(PRI 1)

_ POTABLE H2 O HEATER

_ ECS _STE HEO DUMP HTR E
ECS STEAM DUCT HEATERS S

-"_ URINE DUMP LINE HEATER B

_ EES QIY XDUCERS WASTE & POTAELE HEO

_ ECS TEMP XDUCERS

--_ IMU-CDU G&N
POWER SERVO _SSEMSLY

_ IMU HEATERS G&N

"_ OPTICS G&N
POWER SERVO ASSEMBLY

_ COMPUTER O&N

_ FLIGHT BUS

_ CENTRAL TIMING EQUIPMENT

_ TUNNEL, R COAS & _d_TERIOR SPOT LIGI_S

_ INTERIOR FLOODLIGHTING

DC OUTPUT BATTERy BUS A

DC OUTPUT BATTERy BUS R

DC OUTPUT CM DC MAIN SUE A

DYE MARKER, RECOVERY BCN

VENT & FAN

(COMMANDER) & VHF BCN

PILOT MIKE BACKUP

(LM PILOT]

CMDR MIKE BACKUP

(CM PILOT) &.VHP AM

LM PILOT MIKE BACKUP

FLOODLIGHTS (CO_V_AND ER)

CM DCMAIN BUS A

_M OC MAIN BUS B

S-BAND PAl & _M XPONDER

S-BAND PA2 & PM XPONDER

UP-DATA LINK

DATA STORAGE & S-RAND XMTR

DATA LINK

ENTRY/_OSTLANDING BATTERY A

i"---- ENTRY/_OSTLANDING BA1_ERYC

CM DC MAIN BUS A

ENTRY/POSTLANDING BATTERY E 1

OUTPUT - FUEL CELL NO. 2

CM DE: MAIN BUR B DC OUTPUT - FUEL CELL NO. 3

BA'nERyCHAR_ER-i,
EAT S CHG (MDC 5) :_ " PET I PAD HTRS PWR

M_ I) ._ (E/C) SWITCH (MDC'5_ :PRIMARY PITCH)

BA ,_E CHARGER SELECTOR J ?RhV_.RY YAW);Wl _ (BAT B) (MDC-3)

DC it, CATORS SW (BAT BUS R) J

& VOLTMETER (MDC-3) _ _ 0/AC ION FUSES OPENED ON PRELAUNCH)

IO. 2 UPRIGHTING SYSTEM ISEQ B)

SECS .LOGIC (SEQ S)
IBA

ELS LOGIC B I:

SEES ARM & EDS _.BORT ENABLE- B

DC OUTPUT - FUEL CELL NO" 1

DC OUTPUT - FUEL CELL NO, 2
"ONTROL-PITCH 2

DC OUTPUT - FUEL CELL NO. 3
2

SMJC "B" & "A"

IpA

CM DC MAIN BUS a
TRS OVLD SNSRS

ECS PR! 2 RAD HTRS I_VR

E_ SEC SAD HTR PWR

R', SPS GIMEAL MOTOR PWR [SEC PITCH}

RC ] PAD VALVE

FC 2 PAD VALVE SPS GIMEAL MOTOR PWR (SEC YAW)

FC 3 PAD VALVE H E TANK 2 VAC ION CONVERTER & PUMP

PRELAUEICH]

RUEL CELL ] -

BUS CONT (RHER 2261

/_N BUS A & B SELECT SW 10A H2 AUTO PRESS CONTROL MOTOR SW POWER

FUEL CELL NO. 1 {MDC-3)

REACTANT SHUTOFF VALVES - FUEL CELL NO. 1

AND FC I & 2. HOLDING VOLTAGE

REACTANT SHUTOFF VALVES - FUEL CELL NO. 2 SYSTEM _ CM DO MAIN BUS A OR S

REACTANT SHUTOFF VALVES- FUEL CELL NO. 3 _LEEET_ ER

AND HOLDING VOLTAGE

DE UNDERVOE-AGE SENSING UNIT - MN EUS

NOT USED

INVERTER NO. J CONTROL (OC & AC BUS 1)

DC UNDERVQLTAGE SENSING UNIT - MN BUS S

---_ ELIG_,'_OSTLAND'NGsus

BA_'ERY CHARGER -

BAT A CHG (MDC 5) " (DCVOLT.AGE) INVERTER NO._3 CONTROL (AC BUS 2)

MAIN BUS TIE (A/C} SWITCH _ INVERTER NO.'2 CONTROL (OC & AC BUS ]) •

_--'_" (MDC-5) _0/+45 VDE/ INVERTER NO. I CONTROL (AC BUS 2)

_. _ INVERTER NO. _ CONTROL (DO & AC BUS I)

10A BATTERY CHARGER SELECTOR (AC BUS 2)

SWITCH (BAT A) (MDC-3), _ AC OVER-UNDERVOLTAOE SENSING UNIT (BUS I)

OC INDICATORS SW (BAT BUS A) J

] & VOLTMETER (MDC-3) _ AC OVER-UND_VOLTAGE SENSING UNIT _-UE 2)

'------"CM DC MAIN BUS A OR B,12EA PYRO A

SEQ A (RHEB-_50I 1Q_

PYRO _'_ _ l=ll_--_'_ SPECIAL EQUIP BAY,NO. I
BATTERY A'-*_ LUNAR DOCKING EVENTS CONTROLLER A

BAT A PWR-ENTRY _ =u_ _ ]_ rvE_RO_LAND,NG_ BUST_E_RH_-?__!_| i_!
ELSBATA - (RHE_250)_I _._" J_ l_J-----_ SPECIAL_QUIP EAYNO. 2

BAT C TO BAT _)__ (PYRO EAT A) & VOLTMETER

SECS A,_,_ & EDS ABORT ENARLE A BUSA CB .O, I 12.5A (MDC-3)
(RHEB 2,_) I E_---..-_ SPECIAL EQUIP HATCH

EDS_BUS NO. , " (N.O.) PYPO, ]

SPS PRIMAP, Y GI_AL CONTROL_ITCH }

))- ERE PRIMARy GIA_,AL CONTROL-YAW I

>-
_ COMF'RESSOR NO, ] UPRIGHTING SYSTEM

SEQ B (RHEB-._0)

PYRO ..-k IE_ _
. • RBA

(TO SECS S PYRO CIRCUITS)
BAT B RWR-ENTRY BAT BUS B TO PY_O

•,- _ RATTRRY SELAY BUS POSTL'kNDING CE BUS TIE (RH NOTE: I. [] DENOTES SIGNAL

CONDITIONER

]______'__ "_---_'- (PYRO BA, BI & VOL,MET_E 2. -_ DENOTES OVERLOAD

BATBusCB(:3TO(RHEBBAT2.%_ BAT SUE B N.O (MOO-3) SENSOR SM-2A-I I I_.C-

(N .O .)

©
Mi s s ion

Figure Z.6-1Z. D-C Power Distribution
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Flight and postlanding bus, powered through both main d-c buses

and diodes, or directly by the three entry and postlaridin_ bat-

teries, A, B, and C, through dual diodes.

• Flight bus, powered through both main d-c buses and isolation

diodes.

• Nonessential bus, powered through either d-c matin bus A or B.

• Battery relay bus, powered by entry and postlanding hatte!ries

through the individual battery buses and isolation diodes.

Pyro buses, isolated from the main electrical power system when

powe,red by the pyro batteries. A capability is provided to con-

nect either entry battery to the A or B pyro system in case of

loss of a pyro battery,

/

(

!

_v/_,,_ • --

S_A/ljettison controllers, completely isolated from the main

electrical power system until activated during CSM separation,

after which they are powered by the fue]_ oells.

Power from the fuel cell power plants can be connected to the main

d-c buses through six motor switches (part of overload/reverse current

circuits in the S-_i) which are controlled by switches in the CM located on

I_[DC-3. Fuel cell power can be selected to either or both of the main

d-c bilses. Six talk back indicators show gray when fuel cell output is

connected and striped when disconnected. When an overload condition

occurs, the overload-reverse current circuits in the SM automatically

disconnect the fuel cell power plants from the overloaded bus and provide

visual displays (tali<-back indicator and caution and warning lamp illumi-

nation) (FC BUS DISCONNECT) for isolation of the trouble. A reverse

current condition will disconnect the malfunctioning power plant from the

d-c system. D-C undervoltage sensing circuits (figure 2. 6-13) are pro-

vided_to indicate bus low-voltage conditions. If voltage drops below

26.25 volts d-c, the applicable d-c undervoltage light on the caution and

warning panel (IV[DC-2) will illuminate. Since each bus is capable of

handling all EPS loads, an undervoltage condition should no_ occur except

4__ an isolated instance; if too many electrical units are placed on the bus

simultaneously or if a malfunction exists in the EPS. A voltmeter

(MDC-3) is provided to monitor voltage of each main d-c bus, thebattery

charger, and each of the five batteries. An ammeter is provided (MDC-3)

to monitor current output of fuel cells I, 2, 3, batteries A, B, C, and

the battery charger.

During high power demand or emergencies, supplemental power to

the main d-c buses can be supplied from batteries A and B via the battery

buses and directly from batte__y C (figure 2.6-14). During entry, space-

craft power is provided by the_three entry and postlanding batteries which

I

EI
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NOTE_ AC BUS NO. I

1, K20 and K21 contacts are
located in inverters No, I,

2, and 3 control circuits,
2. TGMA - Tone Generator &

Master Alarm

EPS SENSOR SIGNAL ACI (MDC-5) A 3 C ol lfl G F E

_,_----_° .__ ;

(MDC-3)

(i_A TO TLM)

EPSSENSOR SIGNAL AC2 (MDC_5)

/ -_.'_------e_iA¢ _us NO. _

AC INDICATORS &
AC VOLTMETER

(MDC-3)

(9_A TO TLM)
SM-2A- I186C

Figure 2.6-13. D-C and A-C Voltage Sensing
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_are connected to the main d-c buses prior to CSIV£ separation; placing the

_vLAIN Bus TIE switches (MDC-5) to BAT A/C and BAT B/C provides

this function after closing the ik_IIN A-BAT C and MAIN B-BAT C cir-

cuit breakers (RHEB-Z75). The switches are manually placed to OFF

after completion of RCS purge and closing the FLIGHT AND POST LDG-

BAT BUS A, BAT BUS B, and BAT C circuit breakers (RHEB-275)

during main chute descent. The AUTO position provides an automatic

connection of the entry batteries to the main d-c buses at CSZv[ separation.

The auto function is used only on the launch pad after the spacecraft is

configured for a LES pad abort.

"A nonessential bus, as shown on figure 2.6-12 permits isolating

nonessential equipment during a shortage of power (two fuel cell power

plants out). The flight bus distributes power to in-flight telecommunica-

tions equipment. The flight and postl_nding bus distributes power to some

of the in-flight telecommunications equipment, float bag No. 3 controls,

the ECS postlanding vent and blower control, and postland_ng con_-nunica-

tions and lighting equipment. In flight, the postlanding bus receives

power from the fuel cells and�or entry and postlanding batteries through

the main d-c buses. After completion of RCS purg e during main chute

descent, the entry batteries supply po_ver to the postlanding bus directly

through individual circuit breakers. These circuit breakers (FLIGHT &

POST LANDING-BAT BUS A, BAT BUS B, and BAT C--lgHEB-Z75)

are normally open in flight and closed during main chute descent just

prior to positioning the I%/A/_N BUS TIE switches to OFF.

Motor switch contacts which close when the MAIN BUS TIE

switches are placed to ON, complete the circuit between the entry and

postlanding batteries and the main d-c buses, and open the connection

from the battery charger to the batteries. The battery relay bus provides

d-c power to-the a-c sensing units, the fuel cell and inverter control cir-

cuits, fuel. cell reactant and radiator valves and the fuel cell-main BUS A

and B talk-back indicators on IVIDC-3. The pyrotechnic batteries supply

power to ordnance devices for separation of the LES, S-IVB, forward

heat shield, SiX/ from CIV_, and for deployment and release of the drogue

and main parachutes during a pad abort, high-altitude abort, or normal

mission progression. The three fuel cell power plants supply power to

the SIV[ jettison controllers for the SIV[ separation maneuver.

Distribution of a-c power (figure 2. 6- 15) is accomplished with a

four-wire system via two redundant buses, a-c bus I and a-c bus '2. The

a-c neutral bus is connected to the vehicle ground point. A-C power is

provided by one or two of the solid-state ll5/Z00-volt 400-Hz 3-phase

inverters. D-C power is routed to the Inverters through the main d-c

buses, inverter No. 1 is powered through_d-c main bus A, inverter

No. 2 through d-c main bus B, and inverter No. 3 through either d-c

main bus A or B by switch selection. Each of these circuits has a sep-

arate circuit breaker and a power control motor switch. SwitChes for

F
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G&N AC POWER (_B)

Figure 2.6-15. A-C

1INVERTER NO. I
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INVERTER NO. 3 j ANY ONE TIME
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i I c | INDICATORS SW

_o_6 C ,, J (VOLTMETER)

2A

PUMP MOTORS - FUEL CELL 1

pH SENSOR (q_A)
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applying power to the motor switches are located on MDC-3. All th=ee

inverters are identical and are provided with overtemperature circuitry.

light indicator, in the caution/warning group on MDC-2, illuminates at

190 ° to indicate an overtemperature situation. Inverter output is routed

through a series of control motor switches to the a-c buses. Six switches

(MDC_3) control motor switches which operate contacts to connect or dis-

connect the inv_rters from the a-c buses. Inverter priority is I over 2,

2 over 3, and 3 over 1 on any one a-c bus. This indicates that inverter

two cannot be connected to the bus until the inverter 1 s_vitch is posi-

tioned to OFF. Also, when inverter 3 switch is positioned to ON, it will

disconnect inverter 1 from _/le bus before the inverter 3 connection will

be performed. The motor switch circuits are designed to prevent con-

necting two inverters to the same a-c bus at the same time. A-C loads

receive power from either a-c bus through bus selector switches. In

some instances, a sirlgle phase is used for operation of equipment and in

others all three. Over-undervoltage and overload sensing circuits

(figure 2.6-13) are provided for each bus. An automatic inverter discon-

nect is affected during an overvoltage. A-C bus voltage fail and overload

lights in the caution/warning group (MDC-2) provide a visual indication of

voltage or overload malfunctions, lVionitoring voltage of each phase on

each bus is accomplished by selection with the AC /-iNDICATORS switch

(MDC-3). Readings are displayed on the AC VOLTS meter (MDC-3).

Phase i voltage of each bus is telemetered to MSFN stations.

Several precautions should be tal_en during any inverter switching.

The first precaution is to completely disconnect the inverter being taken

out of the circuit whether due to inverter transfer or malfunction] The

second precaution is to insure that no more than one switch on AC BUS 1

or AC BUS 2 (IViDC.3) is in the up pasition at the same time. These pre-

•cautions are necessary to assure positive power transfer since power to

any one inverter control motor switch is routed in series through the

switch of another inverter. A third precaution must be exercised to

preclude a motor switch lockout when d-c power to inverter 3 is being

transferred from d-c main bus A to d-c main bus B, or vice versa. The

AC INVERTER 3 switch (N_DC-3) should be held in the OFF position for

one second when performing a power transfer operation from one main
d-c bus to the other.

PERFORMANCE AND DESIGN DATA.

AC and DC Data.

AC

AC and dc performance and design data for the EPS is as follows:

Phases _.. 3

Displacement 120±2 degrees

ELECTRICAL POWER SYSTEM
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Steady- state voltage

Transient Voltage

115..5 (+I, -1.5)vac (average

3 phases)

115 (+35, -65) vac

Recovery To l15±10v _vithin 15 ms, steady
state within 50 ms

Unh alanc e

Frequency limits

Normal (synchronized to

central timing equipment)

Z vac (worst phase from average)

400±3 Hz

Emergency (loss of

central timing equipment)

400±7 Hz

Wave characteristics

(sine wave)

Maximum distortion

Highest harmonic

Crest factor

5 percent

4 percent

1o414±10 percent

Rating 1250 va

DC

Steady-state voltage limits
Normal Z9±Z. 0 vdc

Minimum CM bus

Min Precautionary CM bus

Maximum CM bus

Max Precautionary CM bus

26. 2 vdc

26. 5 vdc (alLows for cyclic loads)

31. 0 vdc

30. 0 vdc (allows for cyclic loads)

During postlanding and

preflight checkout periods

27 to 30vdc

Ripple voltage Iv peak to pea/<

OPERATION__L L-IIVilTATIONS AND RESTRICTIONS.

Fuel Cell Power Plants.

Fuel cell power plants are designed to function under atmospheric

and high-vacuum conditions. Each must be able to maintain itself at

sustaining temperatures and minimum electrical loads at both --

-?

_vlis s ion

-
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environment extremes. To function properly, fuel cells must operate

under t_he following limitations and restrictions:

External nonoperating

temperature

-20 ° to +I40°F

Operating temperature
inside SIV[

+30 ° to 14=5°F

External nonoperating

pressure

Atmosphe tic

Normal voltage 27 to 3 1 vdc

Minimum operating voltage

a£ terminals

Emergency operation 20.5 vdc at 2295 watts (gross

power level)

Normal operation 27 vdc

Maximum operating voltage

at terminals

3 i. 5 vdc

Fuel cell disconnect

overload
75 amperes no trip, 112 amperes

disconnect after 25 to 300 seconds

Maximum reverse current 1 second minimum before

dis connect

Minimum sustaining power/

fuel cell power plant

(with in-line heater OFF)

420 watts

In-line heater power (sus-

tain F/C skin temp above

3850F rain)

160 watts

(5 to 6 amps)

Maximum gross power

under emergency

conditions

2295 watts at 20.5 vdc rain.

Nitrogen pressure 50.2 to 57.5 psia (53 psiao nominal)

Reactant pressure

Oxygen

Hydrogen

58.4 to 68.45 psia (62.5 psia,

nominal)

57.3 to 67.0 psia (61. 5 psia,

nominal)

ELECTRICAL POWER SYSTEM

Mission Basic Date 15 April 1969 Change Date Page 2.6-47
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Reactant consumption/fuel

cell power plant

Hydrogen

Oxygen

PPH = An%ps x (Z. 57 x 10 -3 )

ImPI-I = _imps x (2. 04 x i0 _2)

iimum skin temperature +385°F

for self-sustaining operation

IViinimum skin temperature

for recovery in flight

+360°F

Maximum skin temperature +500°F

Approximate external

environment temperature

range outside SC (for

radiation)

-260 ° to +400°F

Fuel cell power plant

normal operating tempera-

ttlre range

+385 ° to +450°F

Condenser exhaust normal

ope rating temperature

+150° to +175°F

Purging nominal frequency Dependent on mission load

profile and reactant purity

after tank fill.

02 purge dura_on

H 2 purge duration

Z minutes

80 seconds

---Additional flow rate _vhile

purging

Oz

HZ
Up to O.6 ib/hr
Up to 0. 75 Ib/hr (nominal

0. 67 ib/hr)

Cryogenic Storage S_bsystem.

The cryogenic storage subsystem must be able to meet the follow-

ing requirements for proper operation of the fuel cell po_ver plants and

the ECS :

Minimum usable quantitz -_

Oxygen

Hydrogen

320 Ibs each tank (min)

28 Ibs each tank (rain)

E

r" .,

x,.

IVlission
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Temperature at time of fill

Oxygen

Hydrogen

-Z97°F (approx..)

-423°F (approx.)

Operating pressure range

Oxygen

Norton/

Mi_imum_

Hydro gen

Normal

Minimum

Temperature probe range

Oxygen

Hydrogen

865 to 935 psia

150 psia

225 to 260 psia

i00 psia

-325 ° to +80°F

-425 ° to-200°F

l_a_ximurn allowable difference

in quantity balance between

tanks

Oxygen tanks No. 1 and 2

Hydrogen tanks No. 1 and 2

2 to 4%

3%

Pressure relief valve

operation

Crack pressure

Oxygen o_

Hydrogen

Reseat pressure

Oxygen

Hydrogen

Full flow, maximum relief

Oxygen

Hydrogen

Additional Data.

983 psig rain.

273 psig rain.

965 psig rain.

268 psig rain.

i010 psig max.

285 psig max.

Additional data about limitations and restrictions may be found in the

the CS2vl/LiVI Spacecraft Operationa/ Data Book SNA-8-D-027, Vol I,

(CS _vl SD68-447).

SYSTEM_ TEST hdETER.

The SYSTEMS TEST meter and the alphabetical and numerical

switches, located on panel 101 in the CM LEB, provide a means of moni-

toring various measureme'nts within the SC, and verifying certain param-

eters displayed only by event indicators. The following can be measured

using the SYSTEMS TEST meter, the respective switch posi%ions, and

the range of each sensor. Normal operating parameters of measurable

items are covered in the telemetry listing.

l_lission
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Systems Test +

Indication (Telemetry Identity

and Code No. ) .

N g pressure , psia

F/C ! SC Z060P

F/C 2 SC Z061P

.F/C 3 SC Z06ZP

O z pressure, psia

F/C 1 SC 2066P

F/C Z SG Z067P

F/C 3 SC Z068P

H Z pressure, psia

: F/C 1 SC Z'069P

F/CZ SC Z0V0P

F/C 3 SC Z071P

EPS radiator outlet temperature

F/C 1 SC Z087T

F/C Z SC 2088T

F/C 3 SC Z089T

Battery manifold

pressure, ps[a

Batt relay bus CC023ZV

LM power

SPS oxidizer line.temperature

SP 0049T

CM-RCS oxidizer valve temperature

-P engine., sys A CR ZI00T

+Y engine, svs B CR Z 116T

-P engine_ sys B CR 2110T.

CW engine, sys B CR 2119T

CCWengine, sys A CR ZII4T

-Y engine, Sys-A CR 2103T
L

"Pwr output

. .. _ -[ - . •

" ' Switch_____Positions : " .' " '
J.

Numerical

• . Select

:[

Alphahe tic al

.. Select:

I •

1 •

1

1

Z

2

2

Z

3

3

3

3

4

4

5

4

6

5 ""

5 '

6

6

6

XPNDR

A '

B

C

n ',

A

B

+

D

A

B

C

D

A

B.

D

A

B

D

C

D

A

C

A

%

Senso r Range

0 to 75 psia

!

0 to 75 psia

1

]

0 to 75 psia

-50 ° to +300°E"

0 to Z0psia

0 to +45 vdc

0 to +I0 arnps

0 to +200°F

_50° to +50°F

! •

>l. 0 vde (nomin a

,+/(

h

Mi ss ion
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Systems Test

Indication (Telemetry Identity

and Code IN0. )
• ,, k r

f_

AGC signal

Phase !ockup .....

Switch Po sitions

Numerical

Select

XPNDR

XPNDR

I Alphabetical

Select

B

C - /

L

Sensor Range

Test >I, 0 vdc

Operate 0.0 to

4.5 vdc

Locked >4.0 vdc
Unlocked <0.8 vd,

NOTE

Position 7 on the numerical selector switch

is an off position.

Z. 6.7

Conversion of the previously listed measurements to the SYSTEMS

TEST meter indications are listed in the following chart. The X-PNDR

measurements are direct readouts and do not require conversion.

COMkdAND MODULE h-NTERIOR LIGHTEqG.

The command module interior lighting system (figure Z. 6-16)

furnishes illumination for activities in the couch, lower equSpment bay

and tunnel areas, and back-lighted panel lighting to read nomenclature,

indicators, and switch positions. Tunnel lighting is provided on SC which

will be concerned with LM activity.

Floodlighting for illumination of work areas is provided by use of

fluorescent lamps. Integral panel and numerics lighting is provided by

elec£roluminescent materials. Tunnel [ights are incandescent. Pen

flashlights are provided for illtfminating work areas which cannot be

illuminated by the normal spacecraft systems, such as under the couches.

Electroluminescence (EL) is the phenomena whereby light is

emft_fi_6FnYh_y_-t_ p-hospblor (ZNS) placed-_sa thin layer between

two closely spaced electrodes of an electrical capacitor. One of the

electrodes is a transparent material. The light output varies with volt-

age and frequencyand.occurs as light pulses, which are in-phase with

the input frequency. Advantageous characteristics of EL for spacecraft

use are an "after-glow _ of less than one second, low power consumption,

a,nd__e_ligible. heatdis sipation .......

f

-k

7

F _
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N2' O2' }{2

Pressure

(PSIA)

iI _ i Ii

..
' 21

27
3O

I

63
66

75

I

d.

.-, _r jl

Radiator Oxidizer

Outlet Valve

T ernpe r at r e T empe r atur e

(°F)

-50 ,

36

:22 , 42

-8 -38

+6 ' -34

30
+34

+_8 :26
22

+62 -18
+76 -14

+90 -Io

+118 -4

+132 0 ,

+146 +4

+160 +i0

+174

+188

+202

+216

+230

+258

+272
+286

+300

+14

+18

+22

+26

+34

+38

+42
+46

+50

128

136

144

152

160

176

184

192

200

12.80

13.60

14. 40

15.20

16.00

17. 60

18.40

19.20

20. O0

28,8

30.6

32.4

34.2

36.0

39.6

41.4

43.2

45.0
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f

2.6.7..1

,_._ l ___'___ _"_GR,AL AND NUMERICS {PANEL"YLIGHTS)

EP-ZO0

Figure 2.6-16. CM Interior Lighting

Floodlight System.

The interior floodlight system consists of six floodlight fixture

assemblies and three control panels (figure Z. 6-17). Each fixture assem-

bly contains two fluorescent lamps (one primary and one secondary) and

converters. The lamps are powered by 28 vdc from main d-c buses i

and B (figure 7.6-18). This assures a power source for lights in all

areas in the event either bus fails. The converter in each floodlight fix-

ture converts 28 vdc to a high voltage pulsating d-c for operation of the

fluor e s cent lamps.

Floodlights are used to illuminate three specific areas: the left

main display console, the right main display console, and the lower

equipment bay. Switches on MDC-8 provide control of lighting of the left

main display console area. Switches on MDC-5 provide control of lighting

of the right main display console area. Sv_itches for control of lighting of

the lower equipment bay area are located on LEB-100. Protection for the

floodlight circuits is provided by the LIGHTING - MN i and MN B circuit

breakers on RHEB-Z26.

.__;

Missi_h
~

f
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LIGHT

COUCH LIGHT
ASSEMBLI ES

RHEB226
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I

MDC-B

CO,'VIPONENTS

6 LIGHT ASSEMBLIES
3 CONTROL PANELS

LH SIDE DISPLAY,MDC-8
RH SIDE DISPLAY MDC-5
LEB 100

3 CIRCUIT BREAKERS
RHEB 226

DEWALLLIGHT
ASSEMBLIES

EP-Z01B

Figure Z. 6-17. C_M. Floodlight Configuration

Each control panel has a dimming (DIM-l-Z) toggle switch control,

a rheostat (FLOOD-OFF-BRT) control, and an on/off (FIXED-OFF) tog-

gle switch control. The DI_{-i position provides variable intensity con-

trol of the primary flood lamps through the FLOOD-OFF-BlOT rheostat,

- and on-off cont'ro_: of th6 secondary iamps-th/'ough the FIXED-OFF switch.

The DI/_-2 position provides variable intensity control of the secondary

lamps through.the_ELOOD---OEF-BRT rheostat, and on-off control of the

primary lamps thro__ughthe FIXED-OEF switch. When operating the pri-

mary lamps under vkriable intensity cofltgol (DLIV[-I position), turn on of

the lamps is acquired after the FLOOD-OFF-BRT rheostat is moved past

the _-nid point. In transferring variabi_e intensity control to the secondary

lamps, the FLOOJ-OFF-BRT rheostat should first be rotated to the

OFF position before placing the DIM s_vitch to the DIM-2 position. The

rheostat is ther_ _ved to the full bright setting and should remain in this

--position unless dimming is desired. Dimming of the secondary flood

lamps should not be used unless dimming control of the primary flood-

- lights is not available. Dim n_ing of the secondary lamps results in

approximately a 90-percentjreduction in lamp life. The range of

L'intensity_v_riation is greater for the primary than the secondary

- _floodlights..... _:_ __. -- ......

_V[ission
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The commander's control panel (_k<DC-8) has a POST LAND!NGa

OFF-FIXED switch which connects the flight and post landing busto his

floodlights (figure Z. 6-18). The POST LANDING position provides single

intensity lighting to the conlrnander's primary or secondary lamps as

selected by the DL'vi-I or DIM-Z position respectively. It is for us =_ dur-

ing the latter stages of descent after main d-c bus power is disconnected,

and during post landing.

2.6.7. Z Integral Lighting System.

/

Z. 6. 7. 3

The integral lighting system controls the EL lamps behind the

nomenclature and instrurnen_ dial faces on all IVIDC pane!s, and on

specific panels in the lower equipment bay, left hand equipment bay and

right hand equipment bay (figures 2.6-19 and 2.6-20). The controls (fig-

ure Z. 6-19) are rotary switches controlling variable transformers

powered through the appropriate a-c bus. Each rotary control switch has

a mechanical stop which prevents the s%vitch being positioned to OFF.

Disabling of a circuit because of malfunctions is performed by opening the

appropriate circuit breaker on RI-IEB-226. The INTEGRAL switch on

IVIDC-8 controls the lighting of panels viewed by the commander, MDC-I,

7, 8, 9, 15, and the left half of 2. The EqTEGP_<L switch on MDC-5 con-

trols the lighting of panels viewed by the LM pilot, MDC-3, 4, 5 and 6, 16,

RHEB-2Z9 and 275, and the right half of iA/l)C-2. The INTEGRAL switch

on LEB-100 controls the lighting oflh/iDC-10, LEB-100, I01, 122 and the

DSKY lights on 140, RI-IEB-Z25, 226 and LHEB 306. Intensity of the

lighting can be individually controlled in each of the three areas.

Numerics Lighting System.

2.6.7.4

Numerics lighting control is provided over all electroluminescent

digital readouts. The NUMERICS rotary switch on IV!DC-8 controls the

off/intensity of numerals on the DSKY and Mission Timer on IV!DC-Z, and

the range and delta V indicators of the Entry Monitor System of MDC-I.

The switch on LEB-100 controls the off/intensity of the numerals on the

LEB-140 DSKY and the Mission Timer on LHEB-306. Protection for the

integral and numerics circuits is provided by the LIGHTING-NU/VIERICS/

INTEGRAL-LEB AC Z, L MDC AC I, and R MDC AC i circuit

breakers on RHEB-226. These circuit breakers are used to disable a

circuit in case of a malfunction. The L _IDC AC 1 circuit breakers also

feed the EMS roll attitude and scroll incandescent lamps.

Tunnel Lighting.

The six light fixtures in the CM tunnel provide illumination for

tunnel activity during docking and undocking. Each of the fixtures, con-

taining two incandescent lamps, is provided 28 vdc through a TUNNEL-

LIGHTS-OFF switch on MDC-2 (figure 2.6-21). Main d-c bus A

distributes power to one lamp in each fixture, and main d-c bus B to the

other lamp. Protection is provided by the LIGI-ITING/COAS/TUNNEL/

RNDZ/SPOT MN A and MN B circuit breakers on RHEB-226.

ELECTRICAL PO_VER SYSTEM

Mission
Basic Date 15 April 1969 Change Date Page. 2.6-56
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2.7.1

SECTION 2

SUBSECTION 2.7

ENViI%ONMENTAL CONTROL SYSTEM (EGS)

INTI%ODUCTION.

The environmental control system (ECS) is designed to provide the

flight crew with a conditioned environrnent that.is both life- supporting,

and as comfortable as possible. The ECS is aided in the accompl{shrnent

Of this task through an interface v,ith the electrical power system, which

supplies oxygen and potable water. The ECS also interfaces with the

electronic equipment of the several Apollo systems, for which the ECS

provides thermal control, with the lunar module (LM) for pressurizing the

LI_, and withthe waste management system to the extent that the water and

the urine dump lines can be interconnected.

The ECS is operated continuously throughout all Apollo mission

phases. During this operating period the system provides the following
three major functions for the crew:

• Spacecraft atmosphere control

• Water management

• Thermal control.

Control of the spacecraft atmosphere comsi:sts of regulating the

pressure and temperature of the cabin and suit gases; maintaining the

desired humidity by removing excess water from the suit and cabin gases;

controlling the level of contamination of the gases by removing CO2,

o3dors, and particulate matter; and ventilating the cabin after landing.

There are provisions for pressurizing the lunar module during docking

and subsequent CSIVf/LIV[ operations. (Refer to subsection 2.13 for a

description of the docking procedures. ]

Water management consists of collecting, sterilizing, and storing

the potable _vater produced in the fuel cells, end delivering chilled and

heated water to the crew for metabolic consumption, and disposing of the

excess potable water by either transferring it to the waste water system

or by dumping it overboard. Provisions are also made for the collection

and storage of waste water (extracted in the process of controlling

humidity), delivering it to the glycol evaporators for supplemental cooling,

and dumping the excess waste water overboard.

.k_

Mis sion
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2.7.2

Thermal control consists of removing the excess heat generated by-

the crew- and the spacecraft equipment, transporting it to the cab heat

exchanger (if required), and rejecting the unwanted heafi to space, either

by radiation from the space radiators, or in the form of steam by boiling
water in the glycol evaporators.

Five subsystems operating in conjunction with each other provide
the required functions:

• O_ygen subsystem

• Pressure suit circuit (PSC)

• _Vater subsystem

• Water-glycol subsystem

• Post-landing ventilation (PLV) subsystem.

The oxygen subsystem controls the flow of oxygenwithin the com-

mand module (CM); stores a reserve supply of oxygen for use during entry

and emergencies; regulates the pressure of oxygen supplied to the sub-

system and PSC components; controls cabin pressure in normal and

emergency (high flow-rate) modes; controls pressure in the water tanks

and glycol reservoir; and provides for PSC purge via the DII_ECT 0 2
valve.

The pressure suit circuit provides the crew with a continuously

conditioned atmosphere. It autom_tically controls suit gas circulation,

pressure, and temperature; and removes debris, excess moisture, odors,

and carbon dioxide from both the suiL and cabin gases.

The water subsystem (potable section) collects and stores potable

water; delivers hot and cold water .to the crew for metabolic purposes;

and augments the waste water supply for evaporative cooling. The waste

water section collects and stores water extracted from the suit heat

exchanger, and distributes it to the water inflow control valves of the

evaporators, for evaporative cooling.

The water-glycol subsystem provides cooling for the PSC, the

potable water chiller, and the spacecraft equipment; and heating or cooling
for the cabin atmosphere.

The postlanding ventilation subsystem provides a means for circu-

lating ambient air through the command module cabin after landing.

FUNCTIONAL DESCRIPTION.

The environmental control system operates continuously throughout

all mission phases. Cbntrol begins during preparation for launch and

Mission.

ENVII<ONMENTAL CONTROL SYSTEM
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continues through recovery. The following paragraphs describe the oper-

ating modes and ,the operational characteristic of tke ECS from the time

of crew insertion to recovery.

Spacecraft Atmosphere Control.

During prelaunch operations the SUIT CII<CUIT RETURN VALVE is

closed; and the DIRECT 0 2 valve is opened sligl/tly (approximately

0.2 pound per hour flowrate) to provide an oxygen purge of the IDSC. Just

before prime crew insertion the 0 2 flowrate is increased to 0. 6 pound per

hour. This flow is in excess of that required for metabolic consumption

and suit leakage. This excess flow causes the PSC to be pressurized

slightly above the CM cabin. The slight overpressure maintains the purity

of the PSC gas system by preventing the cabin gases from entering the PSC.

Any changes made in the pressure or composition of the cabin gas

during the prelaunch period is controlled by the ground support equipment

through the purge port in the CM side hatch.

As soon as the crew connects into the PSC, the suit gas becomes

contaminated by CO2, odors, moisture, and is heated. The gases are

circulated by the suit compressor through the CO Z and odor absorber

assembly where a portion of the CO Z and odors are removed; then through

the heat exchanger, where they are cooled and the excess moisture is

removed. Any debris that might get into the PSC is trapped by the debris

trap or on felt pads on the upstream side of each LiOH cartridge.

During the ascent, the cabin remains at sea level pressure until the

ambient pressure decreases a nominal 6 psi. At that point the CABIN

PRESSURE RELIEF valve vents the excess gas overboard, maintaining

cabin pressure at 6 psi above ambient. As the cabin pressure decreases,

a relief valve in the O Z DEMAND REGULATOR vents, suit gases into the

cabin to mai_ztain the suit pressure slightly above cabin pressure.

Sometime after attaining orbit it will be necessary to close the

DIRECT 0 2 valve to conserve oxygen. (Refer to Volume Z, Apollo Oper-

ations Handbook for the procedure. ) After the DIRECT 0 2 valve is closed,

make-up oxygen for the PSC is supplied by the DEMAND REGULATOR

when the SUIT CIRCUIT RETURN VALVE is closed or from the cabin via

the cabin pressure regulator when the suIT CIRCUIT RETURN VALVE is

open.

Before changing from a suited to a shirtsleeve environment it is

necessary to open the SUIT CIRCUIT RETURN VALVE, for the following

reasons. When a suit is vented (by removing helmet, gloves, etc. ) some

of the PSC gases flow into the cabin, which results in contaminating the

cabin gas, and in lowering suit pressure relative to cabin pressure. Open-

ing the SUIT CIRCUIT RETURN VALVE allows cabin gas to circulate

through the PSC for Scrubbing, and tends to equalize the pressure differ-

ential between the PSC and cabin. If the valve is not opened, the resultant

pressure differential will cause the suit DEMAND REG to dump Oxygen

into the PSC at a flowrate that will turn on the O Z FLOW HI warning light.

Opening the SUIT CIRCUIT RETURN VALVE will correct this situation.

ENVIRONMENTAL CONTROL SYSTEM
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2.7.2.2

Du_'ing normal space operations, the cabin pressure is maintained

at a nominal 5 psia bythe cabin pressure regulator, at flowrates up to

I. 4 pounds of oxygen per hour. In the event a high leak rate develops, the

EIV[ERGENCY CABIN PRESSURE regulator will supply oxygen a_ high-flow

rates to maintain the cabin pressure above 3.5 psia for more than 5 min-

utes, providing the leak is effectively no larger than a f/Z-inch hole.

When perforlrling depressurized operations the suit circuit pressure

is maintained above 3.5 psia by the 02 DEMAND REGULATOR; 'the cabin

pressure regulator shuts off automatically to prevent wasting oxygen.

Prior to entry SUIT CIRCUIT I_ETURN VALVE is closed, isolating

the suit circuit from the cabin;_the 02 DE_N4_AND REGULATOR then con-

trols sui_ pressure. Cabin pressure is maintained during the desc.ent b F

the cabin pressure regul&tor until the ambient pressure rises to a maxi-

mum of 0.9 psi above cabin pressure. Atthat point the cabin relief valve

will open, allowing ambient air to flow into the cabin. As the cabin pres-

sure •increases, the O2 DEk_AND REGULATOR admits oxygen into the

suit circuit to maintain the suit pressure slightly below the cabin, as

measured at the suit compressor inlet manifold.

After spacecraft landing, the cabin is ventilated with ambient air by

postlanding ventilation fan and valves. _Vhen the Ck/[ is floating upright in

the water, the POST LANDING VENT switch is olaced in the HIGH (day)

or LOW (night) position. Either of these positions will supply power to

open both vent valves and start the fan. In the HIGH position, the fan will

circulate 150 cubic feet per minute (cfm)i LOV/, I00 cfm. An attitude

sensing device automatically closes both valves and removes power from

the fan motor when the CiX/[X axis rotates more than 60 ° from vertical.

Once the device is triggered it will remain locked up until the CM is

upright, and the POST LANDING VENT switch is placed in the OFF posi-

tion. This action resets the control circuit for normal system operation.

The PLVC switch on panel 376 provides an override control for opening

the PLV valves and turning on the fan in case the attitude sensor is locked

up and cannot be reset; or when the CM is inverted and egress must be

-made through the tunnel hatch. In either case the POST LANDING VENT

switch must be in the LOW or HIGH position.

Water- Management.

In preparing the spacecraft for the mission the potable and waste

water tanks are partially filled to ensure an adequate supply for the early

stages of the mission. From the time the fuel cells are placed in opera-

tion until CSM separation, the fuel cells replenish the potable water

ENVIRONMENTAL CONTROL SYSTEM

Mission Basic Date 15 April 1969 Change Date 15 Jan 1970 Page 2.7-4
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supply. A portion of the water is chilled and made available to the creW

through the drinking fLxture and the food preparation unit. The rezriainder

is heated, and is delivered through a separate valve on the food prepara-

tion unit.

Fr'om the Lime the crew connects into the suit circuit until entry, the

water accumulator pumps are extracting water from the suit heat exchanger

and pumping it into the waste water system. The Water is delivered to the

glycol evaporators through individual water control valves. Provision is

made for dumping excess waste water manually _vhen the tank is full.

A syringe injection system is incorporated to provide for periodic

injection of bactericide to kill bacteria in the potable water system.

\

2.7.2.3 Thermal Control.

Thermal control is provided by two wa_er-glycol coolant loops

(primary and secondary). During prelaunch operations ground_servicing

equipment cools the water-glycol and pumps it through the primary loop,

providing cooling for the electrical and electronic equipment, and the suit

and cabin heat exchangers. The cold water-glycol is also circulated

through the reservoir to make available a larger quantity of coolant for

use as a heat sink during the ascent. Additional heat sink capability is

obtained by selecting maximum cooling on the CABIN TEMP selec=or, and

placing both cabin fans in operation. This cold soaks the C_vI interior

structure and equipment. Shortly before launch, one of the primary pumps

is placed in operation, the pump in the ground servicing unit is stopped,

and the unit is isolated from the spacecraft system.

During the ascent the radiators will be heated by aerodynamic

friction. To prevent this heat from being added to the Cl_ thermaflokd,

the Pl_ilVfAl_Y GLYCOL TO RADIATORS valve is placed in the PULL TO

BYPASS position at approximately 75 seconds before launch. The coolant

then circulates _vithin the CM portion of the 10op.

The heat that is generated in the CM, from the time that the ground

servicing unit is isolated until the spacecraft reaches IIOK feet, is

absorbed by the coolant and the prechilled struc£nre. Above IIOK feet it

is possible to reject the excess heat by evaporating water in the primary

glycol evaporator.

After attaining orbit the reservoir is isolated from the loop to main-

rain a reserve quantity of coolant for refilling the primary loop in case of

ENV!I_ONIv[ENTAL CONTROL SYSTEIv[
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loss of fluid by leakage. The PRIMARY GLYCOL TO RADIATORS valve

is placed in the position (control pushed in) to allow circulation through

the radiators and the radiator outlet temperature sensors. If the radiators

have cooled sufficiently (radSator outlet temperature is less than the inlet)

theywill be kept on-stream; if not, they will be bypasse_d until sufficient

cooling has taken place. After the radiators have been placed on-stream,

the glycol temperature control is activated (GLYCOL EVAP TEMP IN

switch in AUTO); and the CABIN TEIvIP selector is positioned as desired.

The primary loop provides thermal control throughout the mission

unless a degradation of system performance requires the use of the

secondary loop.

Several hours before CM-SM separation the system valves are posi-

tioned so that the primary loop provides cooling for the cabin heat

exchanger, the entire cold plate network, and the suit heat exchanger. The

CABIN TEMP control valve is placed in the _M_AX COOL position, and both

cabin fans are turned on to cold-soak in the CM interior structure.

Prior to separation the PRLX4ARY GLYCOL TO R-ADIA]:ORS, and

the GLYCOL TO RADIATORS SEC valves are placed in the BYPASS

position to prevent loss of coolant when the CSM umbilical is cut. From

that time (until approximately I IOK feet spacecraft altitude) cooling is
provided by water evaporation.

2.7.3 OXYGEN SUBSYSTEM.

The oxygen subsystem shares the oxygen supply with the electrical

power system. Approximately 640 pounds of oxygen is stored in two

cryogenic tan_ks located in the service module. Heaters within the tanks

pressurize the oxygen to 900 psig for distribution to the using equipment.

Oxygen is delivered to the command module through two separate

supply lines, each of which is connected to an oxygen inlet restrictor

assembly. Each assembly contains a filter, a capillary line, and a

spring-loaded check valve. The filters provide final filtration of gas

entering the CM. The capillaries which are wound around the hot glycol

line, serve two purposes; they restrict the total 02 flow rare to a maxi-

mum of 9.0 pounds per hour, and they heat the oxygen enteririg the CM.

The check valves serve to isolate the two supply lines.

Downstream of the inlet check valves the two lines tee together and

a single line is routed to the OXYGEN-S/M SUPPLY valve on panel 326.

This valve is used in flight as a shutoff valve to back up the inlet check

valves during entry. It is closed prior to CM-SM separation.

ENVIRONMENTAL CONTROL SYSTEM
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• " :- The outlet of the S/MSUPPLY valve is connected in parallel to the

OXYGEN-SURGE TANK valve (panel:326) and to a check valve on the

OXYGEN CONTROL PANEL (panel 351). The SURGE TANK valve is

normally open during flight, and is closed only ",vhen it is necessary t-o

isolate the surge tank from the system. The surge tank stores approxi-

mately 3.7 pounds of oxygen at 900 psig for use during entry, and for

augmenting the SM supply when the operational demand exceeds the flow

capacity of the inlet restrictors. The OXYGEN SURGE TANK PRESSURE

RELIEF and shutoff valve on panel 375 prevents overpressurization of the

surge tank. and provides a means for shuttin.g off the flow in case of relief

valve failure. The relief valve operates at 1045+Zbpsid. A pressure

transducer puns out a signal proportional to surge tank pressure, for

telemetry and for display to the crew. This signal shares the indicator

used for displaying O Z CRYOGENIC TANK #i PRESSURE. The signal

source is selected by the OZ PRESS IND switch, which is located beneath

the indicator on panel 2. The outlet of the check valve (on the OXYGEN

CONTROL PANEL) is connected to both the OXYGEN-PLSS valve on

panel 326, and the k£AIN REGULATOR on panel 351.

The REPRESS PKG valve is used for controlling the flo_v of oxygen |

to and from the cabin repressurization package. The package consists of

three one-pound capacity oxygen tanks connected in parallel; a toggle-type

fast acting REPRESS O 2 valve on panel 601 for dumping oxygen into the

cabin at very high flowrates; a toggle valve and regulator on panel 600 for E
supplying oxygen to the emergency OZ face masks; a relief and shut-off

valve on panel 602 to protect the package against overpressurization; and

a direct-reading pressure gauge on panel 602 for. monitoring package and

pressure when the REPRESS PKG valve is closed. (More accurate pres- .|

sure indication can be had by placing the REPRESS PKG galve in the FILL I
position and monitoring SURGE TANK pressure.) Opening the REPRESS

O 2 valve, with the REPRESS PKG valve in the FILL position, will.dump |

both the package tanks and the surge tanks at a rate that will pressurize the

command module from 0 to 3 psia in one minute. When the REPRESS PKG |

-valve is in the ON position, the package tanks augment the surge tank

supply for entry and emergencies. The package tanks are filled by placing

the REPRESS PKG valve to-the FILL position, the O Z PRESS IND switch |

(IVfDC-2) to the SURGE TANK position, and monitoring surge tank pressure

on the CRYOGENIC TANI<S PRESSURE O Z ! indicator. V_rhen the indicator

reads 900±35 psi, both the surge tank and package tanks are full.

The MAIN REGULATOR reduces the supply pressure to 85-[I0 psig

for use by the subsystem components. The regulator assembly is a dual

unit which is normally operated in parallel. Two toggle valves at the inlet

to the assembly provide a means of isolating either of the units in case of

failure, or for shutting them both off. integral relief valves limit the

}
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downstream pressure to 140 psig maximum. The outpnt_of the _iAiN

REGULATOR passes through a -qowrneter, then is delivered to the WATER

& GLYCOL TANKS PRESSURE regulator, the cabin pressure regulator,

EMERGENCY CABIN PRESSURE regulator (all on panel 351), the 02

DEI_AND REGULATOP_ (panel 380), the DIRECT O Z valve (panel 7), and

hhe WATER ACCUMULATOR valves (panel 382).

"L "

The output of the flo<vmeter is displayed on the 02 FLOW indicator

(panel 2), which has a range of 0¢.2 to 1.0 pound per hour. Nominal flow

for metabolic consumption and cabin leakage is approximately 0.43 pound

per hour. Flow rates of 1 pound per hour or more with a duration of

16.5_i .5 seconds will illuminate the 02 FLOW HI light on the caution and

warning panel (panel g). The warning is intended to alert the crew to the

fact that _he oxygen flow rate is greater £han is normally, required. !t

does not necessarily mean that a malfunction has occurred, since there are

a number of flight operations in which a high-oxygen flow rate is normal.

These cases will be noted, when applicable, in the descriptions that follow.

A pressure transducer at £he outlet of the MAIN REGULATOR provides
data for telemetry only.

z

ci_•,

The WATER & GLYCOL TANKS PRESSURE regulator assembly

(panel 351) is a dual unit, normally operating in paralleI, which reduces

the 100-psi oxygen to 20_2 psig (relative to cabin) for pressurizing the

positive expulsion bladders in the waste and potable water tanks, and in the

glycol reservoir. Integral relief valves limit the downstream pressure to

25+2 psi above cabin pressure. INLET and OUTLET SELECTOR _alves

are provided for selecting either or both regulators and relief valves, or

for shutting the unit off. V/hen changing the position of the selector valves

for the purpose of isolating a malfunctioning unit, it is necessary to place

both selector valves in the same position in order to eliminate the possi-

bility of cross-feeding oxygen through the outlet selector valve if it is left

in the normal position. If a cToss-selection is made (inlet selector to i;

outlet selector to 2, or vice versa), flow through the assembly is blocked.

The cabin pressure regulator controls the flow of oxygen into the

cabin to make up for depletion of'the gas due to metabolic consumption,

normal leakage, or for repressurization. The assembly consists of two

absolute pressure regulators operating in parallel, and a manually operated

CABIN REPRESS valve. - The regulator is designed £o maintain cabin pres-

sure at-5±0.2 psia at flow rates up to 1.4 pounds per hour. (O 2 FLOV/ I-If

light on.) Losses in excess of this value will result in a continual decrease

in cabin pressure. When cabin pressure falls to 3.5 psia minimum, the

regulator will automatically shut off to prevent wasting the oxygen supply.

Following depressurization, the cabin can be repressurized by manually

opening the CABIN REPRESS valve. The CABIN REPRESS valve will flow

a minimum of 6 pounds per hour. The 02 FLOW HI light will be on.

.... ENVIRONMENTAL CONTROL S¥S]_Ei_i--
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The EMERGENCY CABIN PRESSURE regulator provides emergency

protection for the crew in the event of a severe leak in the cabin. The

assembly consists of two absolute pressure regulators, either of which can

handle the maximum flow rate, and a selector valve for selecting either or

both of the regulators, or for shutting the unit Off. The regulator valve

starts to open when cabin pressure decreases to 4.6 psia; and at 4.2 psia

the valve is full-open, flooding the cabin with oxygen. The regulator can

supply oxygen to the cabin at a flow _ate of 0.67 pound per minute minimum

(OZ FLOW HI light on), to prevenL rapid decompression in case of cabin

puncture. The regulator is capable of providing flow rates which will :

maintain cabin pressure above 3.5 psia for a period 'of 5 minutes,• against

a leakage rate equivalent to 1/Z-inch-diameter cabin puncture. The regu-

lator is normally used during shirt-sleeve operations, and is intended to

provide time for donning pressure suits before cabin pressure drops below

3.5 psia. During pressure suit operations, the regulator is shut off to

prevent unnecessary loss of oxygen in case of unplanned cabin

depr es suriza tion.

The 02 DE_ND REGULATOR (figure 2.7-i) supplie s oxygen to the

suit circuit whenever the suit circuit is isolated from the cabin (return air

SHUTOFF VALVE closed), and during depressurized operations. It also

relieves excess gas to prevent overpressurizing the suits. The assembly

contains redundant regulators; a single relief -valve for venting excess suit

pressure; an inlet selector valve for selecting either or both regulators;

and a SUIT TEST valve for performing suit integrity tests.

Each regulato r section consists of an aneroid control, and a differ-

ential diaphragm housed in a reference chamber. The diaphragm pushes

against a rod connected to the demand valve; the demand valve will be

opened whenever a pressure differential is semsed across the diaphragm.

In operation, t}/ere is a constant bleed flow of oxygen from the supply into

_/%e reference chamber, around the aneroid, and out through the control

port into the cabin. As long as the cabin pressure is greater than

3.75 psia (nominal), the flow of oxygen through the control port is virtu-

ally unrestricted, so that the pressure within%he reference chamber is

essentially that of the cabin. This pressure acts on the upper side of the

diaphragm, while suit pressure is applied to the underside of the dia-

phragm through the suit sense port. The diap>,_ragm can be made to open

the demand valve by either increasing the reference chamber pressure,

or by decreasing the sensed suit pressure.

The increased pressure mode occurs during depressurized opera-

tions. As the cabin pressure decreases, the aneroid expands. At 3.7 psia

the aneroid will have expanded sufficiently to restrict rite outflow of oxygen

through the control port, thus increasing the reference chamber pressure.

When the pressure rises approximately 3-incI_ HzO pressure above the

sensed suit pressure, the demand valve will be opened.

F
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ECS-415

Figure 2o 7-I. 0 2 Demand Regulator

Decreased pressure mode occurs whenever the suit circuit is isolated

from the cabin, and cabin pressure is above 5 psia. In the process of

respiration, the crew will exhale.carbon dioxide and water vapor. In

circulating the suit gases through the COp. and odor absorber, and the suit

heat exchanger, the CO Z and water are removed. The removal reduces

the pressure in the suit circuit, which is sensed by the regulator on the

underside of the diaphragm. W-hen the pressure drops approximately

3-inch HzO pressure below cabin, the diaphragm will open the demand
valve.

The regulator assembly contains a poppet-type relief vilve which is

integral with the suit pressure sense port. During operations where the

cabin pressure is above 3.75 psia, the relief valve is loaded by a coil

spring which allo_vs excess suit gas to be vented whenever suit pressure

rises to 2- to 9-inch I-IzO above cabin pressure. V_hen the cabin pressure

decreases to 3.75 psia, the reference chamber pressure is increased by

the throttling effect of the expanding aneroid. The reference chamber

pressure is applied, through ducts, to two relief valve loading chambers

which are arranged in tandem above the relief valve poppet. The pressure

)
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in the loading chambers acts on tandem diaphragms which are forced

against the relief valve poppet. The relief value of the valve is thus

increased to 3.75 psia plus 2- to 9-inch HzO.

The SUIT TEST valve provides a means for pressurizing and depres-

surizing the suit circuit, at controlled rates, for performing suit integrity

tests. Placing the SUIT TEST valve in the PB.ESS position supplies oxygen

through a restrictor to pressurize the suit circuit to a nominal 4 psi above

cabin, in not less than 75 seconds. The maximum time required for pres-

suz'izing or depressurizing the suits depends upon the density Of the suit

and cabin gases at the time the test is performed. It will take a longer

time to perform the pressurizing or depressuriz_ing during prelaunch than

in orbit because of the higher density of the gas at sea level pressure.

Placing the SUIT TEST valve in the DEPRESS position will depressurize

the suits in not less than 75 seconds. Moving the SUIT TEST valve from

the PRESS position to OFF will dump the suit pressure immediately: Also,

if any one of the three suits is vented to cabin, while the SUIT TEST valve

is in the PRESS position, all three suits will collapse immediately. This

is°due to the restrictor in the pressurizing port, which prevents the O Z

DEMAND REGULATOR from supplying the high oxygen flow rate required

for maintaining.the pres sure in the other two suits.

The DIRECT 02 valve on panel 7 is a screw-actuated poppet valve

capable of metering oxygen into the suit circuit of flow rates from 0 to

0.67 pound per minute (at 85 psig inlet pressure). The control end of the

poppet valve is connected to a bellows assembly° which prowides both the

internal seal and the force required for closing the valve. When the knob

is rotated counterclockwise, the screw mechanism moves inward contacting

a follower on the bellows assembly forcing the poppet Valve Off its •seat,

thus opening the valve. When the knob is rotated clockwise the screw

moves outward, allowing the bellows assembly to close the valve. Because

there is no mechanical connection between the screw and the bellows

assembly, the valve will actually be closed before the screw mechanism

has been rotated to the extreme clockwise position. Under average operat-

ing conditions, it will require approximately 30-degree rotation counter-

clockwise from the extreme clockwise position to crack the valve opeh.

PRESSURE SUIT CIRCUIT.

The pressure suit circuit (PSC) is a circulating gas loop which pro-

vides the crew with a continuously conditioned atmosphere throughout the

mission. The gas is circulated through the PSC by two centrifugal com-

pressors, which are controlled by individual switches on panel 4. Normally

only one of the compressors is operated at a time; however, the individual

switches provide a means for connecting either or both of the compressors
to either a-c bus.

\
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A differential press_ire transducer connected bet_veen the compressor

inlet and outlet manifolds provides a signal to the SUIT COMPR AF indi-

cator (MDC-2); to telemetry; and to the caution and warning system, which

will illuminate the SUIT COMPI<ESSOR light at a _P of 0.22 psig or less.

Another differential-pressure transducer coru!ected between the compressor

inlet manifold and the c_bin, provides a signal to the SUI'T-CAB AP indica-

tor (MDC-Z); and to telemetry. An absolute pressure transducer connected

to the compressor_inlet manifold provides a signal _o the PRESS SUiT

indicator (MDC-2); and .£o telemetry_

The gas leaving the compressor flows through the CO 2 and odor

absorber assembly. The assembly is a dual unit containing two absorber.

elements in separate compartments with inlet and outlet manifolds common

to both. i diverter valve in the inlet manifold provides a means of isolating

one compartment or the other (without interrupting the gas flow) for the

purpose of replacing a spent absorber. _ An interlock mechanism between

the diverter valve handle and the cover handles is intended to prevent

opening both compartments at the same time. A pressure interlock device

on each canister cover extends a pin into a slot in the cover handle when-

ever the internal pressure is one psi above cabin pressure. A manual

bleed valve on each canister cover provides a means of bleeding down the

canister pressure so the cover can be opened in a depressurized cabin.

The absorber elements contain lithium hydroxide and activated charcoal

for removing carbon dioxide and odors from the suit gases. Orlon pads

on the inlet and outlet sides trap small particles and prevent absorbent

materials from entering the gas stream.

_iV[is sion

From the filter the ga s flo_vs through the suit heat exchanger where

the gases are cooled and the excess moisture is removed. The heat

exchanger assembly is made up of two sets of broad flat tubes through

which the coolant from the primary and secondary loops can be circulated.

The coolant flow/bypass is controlled by two valves located on the coolan_

control panel (38Z). The SUIT HT EXCH PRIh4_ARY GLYCOL valve is a

motor-driven valve with manual override; the motor is controlled by the

SUIT CIRCUIT-HEAT EXCH switch on MDC-2. The SUIT HT EXCH

SECONDARY GLYCOL valve must be position eel rnanually. The space

between the tubes forms Passages through which the suit gases flow. The

c6olant flowing 6hrough the tubes absorbs some of the heat from the suit

g&ses: _ AS the gases are cooled to ibout 55°F, the excess moisture

cdridenses out and is removed from the heat exchanger by one or both of a

piir of water accumulator pumps.
1

%"he water accumulators are piston-type pumps, ,which are actuated

by oxygen pressure (100 psi) on the discharge stroke, and by a return

springfor the suction stroke. The oxygen flow is controlled by the two

WATER ACCUMULATOR selector valve assemblies located on the

_" COOLANT CONTROL PANEL (3_82). Each valve assembly conta°{ns a

selector valve, a solenoid valve, and an integral bypass. When the
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selector valve is in the R_'viTE position, oxygen _ow is controlled by the

solenoid valve; When in the l%IAi_position, the oxygen flows through the

bypass directly to the pump. The solenoid valve can be controlled auto-

matically by signals from the central timing eq_ipment by placing the

SUIT CIRCLqT-H 20 ACCUM switch (panel 2) in either AUTO 1 or AUTO 2.

in the automatic mode the central timing equipment signal will cause one

of the accumulators to complete a cycle every ten minutes. If it becomes

necessary to cycle the accumulators at more frequent intervals the sole-

noid valve can be controlled manually by placing the AUTO switch in the

OFF POsition, and placing the adjacent H20 ACCITM switch to the ON

position for either No. I or 2 accumulator. W-hen exercising manual

control, either by means of the switch or the selector valve, it is neces-

sary to hold that particular control on for I0 seconds then return it to the

OlZF position.

The cool gas (55 °F nominal) flows from the heat exchanger through

the suit flow limiters and the flow control val_es, into the suits. The suit

temperature is measured at the heat exchanger outlet, and is displayed on

the SUIT TEMP indicator (panel 2) and telemetered.

/S _-..

A suit flow limiter is installed in each suit supply duct to restrict the

gas flow rate through any one suit. The flow lii_iter is a tube with a

Venturi section, sized to limit flow to 0.7 pound per minnie. The limiter

offers maximum resistance to gas flow through a torn suit, when cabin

pressure is near zero psia. The O Z demand regulator will supply oxygen

at flow rates up to 0.67 pound per minute (for at 'least 5 minutes) to main-

tain pressure in the circuit while the torn suit is being repaired:.

The flow control valves (panels 300, 301, 3_02) are part of the suit

hose connector assembly. These valves -provide a means for adjusting the

gas flow through each suit individually, and are fully modulating from OFF

to the FULL FLOV/ position. When opera'ting im :a shirtsleeve environment

with the inlet hose disconnected from the suit, p1_cing the flow control

valve in the CABIN FLOV/ position will allow approximately 12 cubic feet

of suit gas per minute to flow into the cabin.

A suit flow relief valve is installed between the suit heat exchanger

outlet and the compressor inlet_ and is intended to maintain a relatively

constant pressure mt the inlets to the three suits by relieving transient

pressure surges. The SUIT FLOW I_ELIEI z valve control (panel 382)

provides a means for manually closing the valve by placing the control in

the OFT position. Placing the control in AUTO removes the restraint and

allows the valve to operate as a relief valve. There is no provision for

manually opening the valve. It is planned to place the control in the OFF

position for the duration of the mission to ansi_re maximum flow through
the SUIT CIRCUIT.

_ \
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- The gaS leaving the suits flows-through the debris trap assembly,

into the suit compressor. The debris trap is a mechanical filter for

screening out solid matter that might otherwise cl0g or damage the suit

compressors. The trap consists of a stainless steel screen designed to

block particles larger than 0.040 inch, and a bypass valve which will open

at differential pressure of 0.5 inch l-IzO in the event the screen becomes

clogged.

The SUIT CIRCUIT P_ETURN VALVE (panel 381) is installed on the

debris trap upstream of .the screen. The valve permits cabin gases to

enter the suit circuit for scrubbing. The valve consists of two flapper-

type check valves, and a manual shutoff valve, all in series. The manual

VALVE provides a means for isolating the suit circuit from the cabin

manually by maans of a remote control located on panel 381. This is clone

to prevent inducting cabin gases into the suit circuit, in the event the cabin

gases become contaminated

The SUIT CIRCUIT RETURN VALVE is located at the suit compres-

sor inlet manifold, which is normally I to Z inches of water pressure below

cabin pressure. The differential pressure causes cabin gases to flow into

the suit circuit when the manual valve is open. The reconditioned cabin

gases are recirculated through the suits and/or cabin. During emergency

operation, the check valve prevents gases from flowing into the depres-

surized cabin from the suit circuit.

A CO 2 sensor is connected between the suit inlet and return manifold.

The output signal is delivered to the PART PI<ESS CO 2 indicator (panel 2);

to telemetry; and to the caution and warning system. At a CO Z partial

pressure of 7.6 mm hg, the CO Z PP HI light on panel Z will he illuminated.

WATER SUBSYSTEM.

The water subsystem consists of two individual fluid management

networks which control the collection storage, and distribution of potable

and waste water. The potable water is used primarily for metabolic pur-

poses. The waste water is used solely as the evaporant in the primary and

secondary glycol evaporators. Although the two networks operate and are

controlled independently, they are interconnected in a manner which allows

potable water to flow into the waste system under certain conditions

described below.

Potable water produced in the fuel cells is pumped into the CM at a

flow rate of approximately i. 5 pounds per hour. The water flow through

the hydrogen separator to a check valve, on the WATER CONTROL PANEL

(352), and to the inlet ports of the POTABLE TANK INLET and V/ASTE

TANK INLET valves (panel 352). The hydrogen separator consists of a

.__series of tubes (made of 25 percent silver and 75 percent palladia) through

which the water flows, encased in a can which is vented to space. Hydrogen,

)

)
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in both the dissolved and free scares, passes through the walls of the tubing

into the can and flows overboard. The separator is installed in the right-

hand equipment bay behind the waste managememt panell and is connected

into the system through flexible hoses and quicI<-disc6rinects, which are

accessible throug h a door at the bottom of panel 252. The check valve at

the inlet prevents loss of potable water after C_v[-SM separation.

The POTABLE TANK INLET is a manual shutoff valve used for

preventing the flow of fuel cell Water into the potable system in the event

the fuel cell water becomes contaminated. Tke pH HI talkback (panel 3)

shows a "barberpole" when the water pH factor exceeds a value of 9.

The _ASTE TAn'IrK INLET is an in-line relief valve, with an integral

shutoff valve. The relief valve allows potable _w_ter to flow into the waste

water tank whenever the potable water pressure is 6 psi above waste water

pressure. This pressure differential will occur when the fuel cells are

pumping water, and either the potable water taD/_ is full, or the POTABL_

TANK INLET valve is closed; or when the waste water tank is completely

empty and the glycol evaporators are demanding water for cooling. In the

latter case, the water flow is only that quantity-_vhich is demanded. The

shutoff valve provides a means of blocking flow in case the relief valve

fails. If such a failure occurs, potable water can flow through the valve

(provided the potable %rater pressure is higher than the waste), until the

two pressures are equal. Reverse flow is pre_ented by a check valve

downstream of the %_TASTE TANK LNLET valve.

In the event that both water tanks are full at the_time the fuel cells

are pumping, the excess potable water will be d_mped overboard through

the PRESSURE RELIEI ? valve on panel 352. However, automatic dumping

through the relief valve is not desirable because the pumps in both the

potable and waste water systems discharge w_ter intermittently; rather

than. in a steady stream. Dumping water throu_ the relief valve in spurts

results in some flash-freezing, which could resmlt in a temporary blockage

of the dump line. To preclude this the PRV.SSUI<E F_ELIEF valve has been

modified by removing the poppet of one of the t_o relief valves, so that it

can be used as a dump valve, to dump water in a steady stream. During

flight the waste water tank quantity will be n_aimtained below 75 percen% by

.-manually dumping the excess water. This mea_as that normally an ullage

will be n_intained to receive the potable wa_er, instead of dumping it

_.ov.e rb oar d.

- - VCater flows from the control panel to the potable water tank, the

FOOD PREPAR_A-TION V/ATER unit (panel 305)., and the water chiller.

Chilled water is delivered to the FOOD PREPA/<ATION WATER unit; and

-to the drinking water dispenser through the DI_IINKING WATER SUPPLY

valve (panel 30z_).

The water chiller cools and stores 0.5 poland of potable water for

crew consumption. The water chiller is designed to supply 6 o_ces of

50°F water every 24 minutes. The unit consists of an internally bafi_ed

re§ervoir containing a coiled tube assembly which is used as the coolant

ENVIRONMENTAL CONTROL SYSTEM
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conduit. The baffles are used to pr.event the incoming hot water frorr_

mixing with and raising the tempera±ure of the previous!y chilled water.

The FOOD PREPARATION Vv_ATER unit heats potable water for use

by the crew, and allows manual selection of hot or c01d potable water. The

cold potable water is supplied by the water chiller, The unit consists of an

electrically heated water reservoir and two manually operated valves,

which meter wa_er in l-ounce increments. The insulated reservoir has a

capacity of I. 9 pounds of water. Thermostatically controlled heating

eIements in the reservoir heat the water and maintain it at 154°F nominal.

Two metering valves dispense either hot or cold water, in l-ounce incre-

ments, through a common nozzle. The hot water delivery rate is

approximately 10 ounces every 30 minutes.

The DRI_NKING }VATER SUPPLY valve on panel 304 provides a

means for shut_ng off the flo_v of water to the drinking water dispenser

(water pistol), in case of a leak in the flex hose.

The waste water and potable water is stored in positive expulsion

tanks, which with the exception of capacity, are identical in function,

operation, and design. The positive expulsion feature is obtained by an

integrally supported bladder, installed Iongitudin_lly in the tank. Vfater

collector channels, integral with the tank walls, prevent water from being

trapped within the tank by the expanding bladder. Quantity transducers

provide signals to the I-IzO QUANTITY indicator on panel 2. The signal

source is selected by the HzO QTY IND switch located below and to the

left of the indicator on panel Z.

Waste water extracted from the suit heat exchanger is pumped into

the waste water tank, and is delivered to the EVA! m _VATEI_ CONTP_OL-

PR_V[ARY and -SECONDARY valves on panel 382. V_hen the tank is full,

excess waste water is dumped overboard through the water PI_ESSUI_E

RELIEF valve. The EVAP _VATER CONTROL valves consist of m

manually operated inlet valve and a solenoid valve. W-ken the inlet valves

are in AUTO, the solenoid valves control water flow to the evaporators.

The PRLA/_ARY solenoid valve is controlled automatically when tile GLYCOL

EVAP-H20 I_LO_V switch (panel 2) is in AUTO, and manually when the

sv_t¢h is ON. The SECOITDAI_Y solenoid valve is controlled automatically

when the SEC COOLANT LOOP EVAP switch is in EVAP. There is no

manual control provided.

WATER-GLYCOL COOLANT SUBSYSTEM.

The water-glycol coolant subsystem consists of two independently

operated closed coolant loops. The primary loop is operated_c0ntinuously

£hroughout the mission, unless damage to the equipment necessitates shut-

down. The secondary loop is operated at the discretion of the crew, and

. provides a backup for the primary loop. Both loops pro_ride cool&ng for the

suit and cabin atmospheres, the electronic equipment, and a portion of the -

potable water supply. The primary loop also serves as a source of heat for

the cabin atmosphere when required.
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Coolant Flow.

The coolant is circulated through the loops by pumping unit consisting

of two pumps, a full-flow filter, and an accumulator for the primary loop;

and a singie pump, filter, and accumulator for the secondary loop. The

purpose of the accumulators is to maintain a positive pressure at the pump

inlets by accepting volumetric changes due to changes in coolant tempera-

_ure. If the primary accumulator leaks, it can be isolated from the loop

by means of the PRIM GLY ACCU_ (panel 378). Then the reservoir must

be placed in the loop to act as an accumulator. Accumulator qtiaatity is

displayed on the ACCUM PR_IiA/I/SEC indicator on panel 2. (The signal

source is selected by the ECS INDICATORS rouary switch on panel 2. ) The

primary pumps are controlled by the ECS GLYCOL PUMPS rotary switch

on panel 4, which permits either of the pumps to be connected to either a-c

bus. The secondary pump is controlled by a three-position toggle switch

SEC COOLANT LOOP-PUMP on panel 2, which allows the pump to be
connected to either a-c bus.

The output of the primary pump flows through a passage in the evap-

orator steam pressure control %_alve to de-ice the valve throat. The

coolant next flows throu==h the GLYCOL TO RADIATOI_S-PP_L%/ valve

(panel 377), through the radiators, and returns to the CM. The GLYCOL

TO R_ADLZITOI<S-PP_IM valve is placed in the BYPASS position; prior to

launch to isolate the radiators from the loop, and prior to CM-SM separa-

t-ion to prevent loss of coolant when the CSM umbilical is cut. During

space operations the valve is in the NORMAL position.

Coolant returning to the CM flows to the GLYCOL P_ESEP_VOII_

valves (panel 326). From prelaunch until after orbit insertion, the reser-

voir INLET and OUTLET.valves are open and the bypass valve is closed,

allowing coolant to circul_ate through the reservoir. This provides a

quantity of cold coolant to be used as a heat sink during the early stage of

launch. After orbit insertion, the reservoir is isolated from the primary

loop (by opening the BYPASS valve, and closing the INLET and OUTLET

valves) to provide a reserve supply of coolant for refiliing the loop in the

event a leak occurs, l_efilling is accomplished by means of the PI_IM

ACCUMI_ FILL valve (panel 379). Prior to entry, the reservoir is again

placed in the loop.

The coolant flow from the evaporator divides into two branches.

One branch carries a flow of 33 pounds per hour to the inertial measure-

ment unit (INiU), and into the coldplate network. The other branch carries

a flow of 167 pounds per hour to the water chiller, then through the SUIT

HI EXCH PRIRIARY GLYCOL valve (panel 382) and the suit heat exchanger

to the PI_IIViAIIY CABIN TEIViP control valve •(panel 303).

The PRIMARY CABIN _TEMP control valve routes the coolant to

either the. cabin heat exchanger or £o the coldp!ate network. The valve is

positioned automatically by the cabin temperature control, or manually by
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means of an override control on the face of the valve. The valve is so

constructed that in the cabin full cooling mode, the flow of coolant from

+the suit heat exchanger. (167 pounds per hour) is routed first through the

cabin heat exchanger and then throughthe therm_ coldplates where it

joins with the flow (33 pounds per hour) from+the IIV_U. In the cabin full

heating mode, the total flow (200 pounds per hour) is routed through the

thermal coldplates first, where the water-glycol absorbs heat; from there

it flows through the cabin heat exchanger. In the intermediate valve

positions, the quantity of cool or warm water-glycol flowing through the

heat exchanger is reduced in proportion to the denqand for cooling or

heating. Although the amount of water-glycol flov.-ing througl% the cabin

heat exchanger will vary, the total flow through the thermal coldplates will

always be total system flow. An orifice restrictor is installed between the

c_bin temperature controlvalve and the inlet to the coldplates. Its purpose

is to maintain a constant flow rate through the c oldplates by reducing the

heating mode flow rate to that of the cooling mode flow rate. Another

orifice restrictor, located in the coolant line from the lIA/iU, maintains a

constant flow rate through this componen_ regardless of system flow

fluctuations. The total flow leaving the PR/dviAI_Y CABIN TEMP valve

enters the primary pump and is recirculated.

The out-put of the secondary pump flows t_hrough a passage in the

secondary evaporator steam pressure control valve for de-icing the valve

throat. The coolant next flows through the GLYCOL TO R_ADIATORS-SEC

valve (panel 377), through the radiators, and returns to the CM. The

GLYCOL TO R_ADIATORS-SEC valve is placed in _he b?-pass position,

prior to C_-SM separation to prevent loss ofcoo!ant when the CSM umbil-

ical is severed. A_fter returning to the Clvl the coolant flows through the

secondary evaporator, the SUIT HT EXCH SECONDAIIY GLYCOL valve,

and the suit heat exchanger to the SECONDARY CABIN TEMP control

valve {panel 303). The SECONDARY CABIN TEMP contr'ol valve regulates

the quantity of coolant flowing through the cabin heat exchanger in the

cooling mode (there is no heating capability in the secondary loop). The

coolant from the secondary cabin temp control valve and/or the cabin heat

exchanger then flows through redundant passages im the coldplates for the

flight critical equipment and returns to the secondary pump •inlet.

Glycol Temperature Control.

The heat absorbed by the coolant in the primary loop is transported

to the radiators where_a portion is rejected to sp_ce. If the quantity of

heat rejected by the radiators is excessive, the temperature of the coolant

returning to the CIV[ will be lower than desired (45°_2-_nominal). If the

temperature of _he coolant entering evapbrator drops below a nominal

43°F, the mixing mode of temperature control is initiatei. The automatic

control (GLYCOL EVAI°-TEMP IN switch, AUTO position)opens the

:pRIMARY GLYCOL EVAP INLET TEIV[P valve (panel 382), whicll allows

a sufficient quantity of hot coolant from the pump to mix with the coolant

returning from the radiators, to produce a mixed temperature at the inlet

Mi s s ion
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to the evaporator between 43 ° and 48 °F. There is no mixing mode in the

secondary loop. If the temperature of the coolant returning from the

secondary radiator is lower than 45 °_" nominal, the secondary radiator

inlet heater will be turned on to maintain the outlet temperature between

420 and 48 °F.

If the radiators fail to radiate a sufficient quantity of heat, the

coolant returning to the Clv[ v/ill be above the desired temperature. When

the temperature of the coolant entering the evaporator rises to 48 ° _o

50.5°]: ", the evaporator mode of cooling is initiated. The glycol temper a -

Lure control (GLYCOL EVA/P-STEAM PRESS switch, AUTO position)

opens the steam pressure valve allo_q_ng the water in the evaporator wicks

to evaporate, using some of the heat contained in the coolant for the heat

of vaporization. A glycol temperature sensor at the outlet of the evapora-

tor controls the position of the sueam pressure v_lve to establish a rate of

evaporation that wi_ll result in a coolant outlet temperature between 38 ° to

45°F (an evaporator outlet temperature range of .41.5_:5 °F is acceptable

for a period of one hour follo_ving a transition from the mLxing mode of

glycol temperature control to the evaporative mode). The evaporator

wicks are maintained in a wet condition by the wetness control (GLYCOL

EVAP-HzO FLOW switch, AUTO position), which uses the wick _empera-

ture as an indication of water content. As the wicks become dryer, the

_-ick temperature increases and the water control valve is opened. As the

wicks become wetter, the wick temperature decreases and the water valve

closes. The evaporative mode of cooling is the same for both loops,

except that there is backup control for the primary loop only. The

PR/_M_ARY GLYCOL EVAP IN-LET TEl'riP valve can be positioned manually

when the TEMP IN switch is in the __IAN position. The steam pressure

valve can be controlled remotely by placing the STEAM PRESS switch to

the MAN position, and using the INCR/DECR switch to position the valve.

The water control valve can be opened remotely by placing the H20 FLOV/

switch to ON. The secondary evaporator is controlled automatically when

the SEC COOLANT LOOP switch is in the EVAP position; placing the

switch in I_ESET causes the control to Close the secondary steam pressure

valve. The OFF position removes power from the control.

ECS Radiator Control.

Each coolant loop includes a radiator circuit (figure Z.7-Z). The

primary radiator circuit consists basically of _wo radiator panels, in

parallel with a flow-proportioning control for dividing the flow between

them, and a heater control for adding heat to the loop. The secondary

circuit consists of a series loop utilizing some of the area of both panels,

and _ heater control for adding heat to the 10op.

ENVIi_ONMENTAL CONTROL SYSTEM
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The radiator panels are an integral part of the S_i skin and are.

located on opposite sides of the Sly[ (panel 1 in bays Z and 3; panel Z in

hays 5 and 6). V/i_h the radiators being diametrically opposite, it is

possible that one primary panel may "see" deep space while the other

"sees" the sun, earth, or moon. These extremes in envlronments, pro-

vide for large differences in panel efficiencies and outlet tempera__ures.

The panel seeing deep space can reject more heat than the panel receiving

external radiation; tl_erefore, the overall efficiency of the subsystem can

be improved by increasing the flo%v to the cold panel. The higher flow rate

reduces the transit time of the coolant through the radiator, which

decreases the quantity of heat radiated.

Flow through the radiators is controlled by a dual flow--proportioning

valve assembly, four r_diator isolation valves, and a solid-state electronic

controller. The flovT-proportioning vaive assembly (figure Z.7-3) consists

of _vo vane-type proportioning valves each driven by an individually con-

trolled torque motor. The assembly has a common inlet port, and each of

the valves has two outlet ports, one going to the supply lines for radiaLor

panel No. I, and the other going to panel 2. A radiator isolation valve is

installed between each of the valve outlet ports and the supply line for each

i

INLET

TORQUE

MOTORS -...._S - "_

( / _

N_ _ NO. 2 RAD

VALV£S 145%1

INLET

BAYS2 &3 OUT

NO. 2 RAD

ECS-430,

E

/
J Figure 2.7-3. Space Radiators Flow Proportioning Valve
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of the radiator panels. The controller not only contair_s the circuits for

controlling the position of the flow-proportioning valves, it also contains

radiator isolation valve selection logic, a failure-sensing logiC, and

redundant power supplies.

Power is supplied to the controller through the two FLO%V CONT

switches in-the ECS RADIATORS switch group on panel 2. Placing the

PWI_-MAN SEL MODE switch in the PVII< position, routes d-c power to

the AUTO-I-Z switch, which is used for selecting the operating mode of

the controller. When the A UTO-I-Z switch is placed in the AUTO position,

and the PV/R-MAN SEL MODE switch is in P%_/P_, Z8 vdc is applied to the

No. 1 power supply of the controller through the i_ternal automatic trans-

fer circuit. The output of the p_wer supply goes to the i%o. 1 operational

amplifier which controls the No. ] flow-proportioaling valve; the failure

sensing logic circuit, which controls the electrical state of the auto trans-

fer circuit; and to the control circuit for the four radiator isolation valves,

which will position the valves for operation on the No. I flow-proportioning

system. Three temperature sensors are located in the o_tlet line from

each. of the primary radiator _ panels. The first pair of sensors are con-

nected to the temperature bridge of the No. 1 operational amplifier, the

second pair to the No. 2 amplifier, and the third p_ir to the failure-

sensing logic amplifier.

During operation, if a difference in radiator panel outlet temperature

occurs, the flow-proportioning valve will be positioned to increase &he

coolant flow to the cooler radiator panel. At a ternperature differential of

10oF the flow-proportioning valve will be "hard over, ' diverting approxi-

mately 95 percent of the flow to the cold radiator. The failure-sensing

logic is monitoring radiator panel outlet temperature s and the magnitude

and polarity of the flow-proportioning valve torque monor current. If a

temperature differential of 15°F occurs, and the torque motor current is

less than 90 percent of maximum or of the wrong polarity, the failure-

sensing logic will trigger the automatic transfer circuit. The transfer

from the No. 1 to the No. Z system is affected by removing the input power

from the No. I power supply and applying power to the No. Z power supply.

The output of the No. Z power supply then causes [he radiator isolation

valves to be positioned for operation with the No. Z flow-proportioning

valve_,-and applies power to the No. Z operational amplifier. The failure-

sensing logic does not operate with the No. Z system.

: When the AUTO-I-Z switch is in the I or 2 po]sftion, power is applied

to the corresponding power supply, which will set _ap the system for oper-

ation as described previously, except for the failure sensing and transfer

circuits. Transfer in this case is by means of the AUTO-I-Z switch.
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In situations where the radiator inlet temperature is low and the

panels have a favorable environ/nent for heat rejection , the _:adiator out-

.let temperature starts to decrease and thus the bypass (flow through the

PRIMARY GLYCOL EVAP INLET TEMP valve) ratio starts to increase.

As more flow is bypassed, the radiator outlet temperature decreases until

the -20 °F minimum desired temperature would be exceeded. To prevent

this from occurring, an in-line heater upstream of the radiator is auto-

tactically turned on when radiator mixed outlet temperature drops to

-15_I °F and remains on until -I0 °_-0.5 _F is reached. The controller pro-

rides only on/off heater control which results in a nominal 450 watts being

added to the coolant each time the heater is energized. Power for the

controller comes from the ECS RADIATORS HEATER switch in the

Pl_llv[ 1 or PRIM Z position. Switching to the redundant heater system is

accomplis,hed by the crew, if the .temperature decreases to -Z0 °F.

If the radiatOr outlet temperature falls below the desired minimum,

the effective radiator surface temperature will be controlled passively by

the selective stagnation method. The two primary circuits are identical,

each consisting of five tubes in parallel and one downstream series tube.

The two panels, as explained in the flow proportioning control system, are

in parallel with respect to each other. The five parallel tubes of each

panel have manifolds sized precisely to provide specific flow-rate ratios

in the tubes, numbered 1 through 5. Tube 5 has a lower rate than tube 4,

and so on, through tube I which has the higher flow. It follows, that for

equal fin areas the babe with the lower flow rate will have a lower coolant

temperature. Therefore, during minimum C_i heat loads, stagnation

begins to occur in tube 5 as its temperature decreases; for as its tempera-

ture decreases, the fluid resistance increases, and the flow rate

decreases. As the fin area around tube 5 gets colder, it draws heat from

tube 4 and the same process occurs with tube 4. In a fully stagnated con-

dition, there is essentially no flow in tubes 3, 4, and5, and some flow in

tubes 1 and Z, with most of it in tube i.

When the CM heat load increases and the radiator inlet starts to

increase, the temperature intube I increases and more heat is transferred

through the fin towards tube 2. At the same time, the PRLM_ARY GLYCOL

EVAP INLET TEMP valve starts to close and force more coolant to the

radiators, thus helping to thaw the stagnant portion of the panels. As

tube 2 starts to get warmer and receives more flow, it in turn starts to

thaw tube 3, etc. This combination of higher inlet temperatures and

higher flow rates quickly thaws out the panel. The panels automatically

provide a high effectiveness (completely thawed panels operating at a high-

average fin =emperature) at high-heat loads, and a lov_ effectiveness

(stagnated panels operating at a low-average fin temperature) at low-heat

loads.
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Tke secondary radiator c.onsists of four tubes which are an [ntegr_l

part of the ECS radiator panel structure. Each tube is purposely placid

close to the hottest primary radiator tubes <i.e.., the number 1 and the

downstream series tube on each panel) to keep the Water-glycol in the

secondary tubes from freezing while the secondary circuit is inoperative.

The "selective stagnation" principle is not utilized in the secondary

radiator.because of the 'Tnarrower" heat load range requirements. This is

also the reason the secondary radiator is a series loop. Because of the

lack of this passive control mechanism, the secondary ECS circuit is

dependent on the heater control system at low-heat loads and the evaporator

at high-heat loads for control of the water-glycol _emperature;

The secondary heater control receives power through the ECS

RADIATORS HEATER switch in the SEC position. The secondary heaters

differ from the primary in that they can be operated simultaneously. When

the secondary outlet temperature reaches 45°F tlte I_o. 1 heater comes on,

and at 42°F the NO. 2 heater comes on; a_ 44°_ No. 2 goes off, and at

45°F No. 1 goes off.

+..

Z.7.7 ELECTRICAL POWER DISTRIBUTION.

The electrical power required for the operation of the environmental

control system is 28 volts dc and 115/200 volts 400+ cycles 3-phase ac.

(See figures 2.7-4 and Z.7-5.) The larger motors of the system utilize

g00-volt 3-phase power, whereas the smaller motors and control circuits

operate from a single phase of the ac at 115 volts. Except for the post-

landing ventilation system, those componerlts using 28 volts dc will receive

power from the fuel cells before CSM separation and from batteries after

separation. The postlanding ventilation system will operate from batteries,

exclusively.

2+7.8 ECS PEI<FOR_ANCE AND DESIGN DATA.

The following table provides performance and design data for system

components that operate automatically without direct control. Components

tha_ operate in response to crew control are described in AOH, Volume I,

section 3. Components are identified by the AiResearch item number and

nomenclatur e.
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Item

Numb er

I. I0

)

Nomenclature Location

Debris trap

(

Type _ Function

Suit

compres sor

ECU

1.29 Suit heat

exchange r

1,31 Suit flow
limite r

2.6 primary

(Z. 7) (secondary)

• glycol

evaporators

Ecu

ECU

LHFEB

ECU

L '

Mechanical filter

with integral

bypass

' i

Centrifugal

blower (2)

2 pass, suit gas

to water-glycol

heat exchanger,

and ware r

separator

Venturi tube (3)

, j _ •

Evaporative heat

exchanger (2)

..... i • . ,

Prevents debris

from ente ring
the' suit

compressors.

Circulates gases

tl!rough the suit
circuit.

Cools suit ga s and

removes excess

water to control

humidity.

Limit the flow of ,

gas, to any one suit
in case a suit

I
becomes torn in a

' i
depres surized

cabin.

Cools water-glycol

by evaporation of

waste water into

low-pressure
steam with mini-

mum watercarry-
over into steam

duct.

)

Performance

Cl_aracteristics

Filtration - 0, 04 in.

Pressure drop = 0.25 in. -.

H20 maN.
BFpass valve cracks at

O. 5 in. HzO max. "

Normal •Operation = 35

cfm wi,th 0.38 psi
pressure rise at 5 psia;

33.6 cfm with 0. 27 psi ,

pressure rise at 3.5 psia,

.Cooling = Z100 Btu/hr total

minimum.

Choked fl0w = 0.7 lb/minute

O 2 max. at 3.5 psia and
70*F.

Heat transfe r = 7620 Btu/hr,
Steam wa'ter content =

1 percent max,

,. ' ,

I

1

'_ k"

o
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Item

Number

2.20

2.29

Nomenclahire

Space radiator

isolation

va lyes

Glycol

i reservoir

I _ I

i Bac_kpressure
I valve

_ocation ,

s/M

!

' 2.39

t
• I

: 2.48

<

LHEB

[ 1 '•I I

Type

......... j, , J , ;

• , • _ .

• Performance

Function " ,Characteristics .

Electrically

actuated, rotary
shut-off valve

(4)

Tank with

oxygen- "

pressurized

bladder for

W/G expulsion

at zero G

Controlled by flow-

proportioning

controller, or by
flow. control

switches to

isolate space

radiators.

Actuation time = 17 sec

max. for full rotational
<stroke.

Power req ....8 va max. at•

115 Vl i_, 400 cps.

"j

Capacity = 8.2 lb W/G at
70_F,,

Actuation time = 58 sec"' ,

max. full closed to full -

open* • .. " : •

Power req. = 8 va (0,07a)

• at 115 V. ....

..... [ _

• . • " 1.

Contains reserve [
sapply of W/G;
substitutes for I

failed accumulator.

Cohtrols "steam!'

' pressure in W/G

evaporator.

: Electrically

' actuated pinch
valve

Circulates W/G Inlet press= 7.5psig. PumP:

I

Centrifugal .

! impeller motor

i driven, through

magnetic cou-

pling (two

primary,' one

secondary)

through the

primary and/or

s econdary coolant

loops.

<

O
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O
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Item

Number Nomenclature

3. Z8

4.Z5

4.35

5.10

, i¸'

.5.14

Cabin heat

exchanger

Cabin

pressure

regulator

<

Hi press

O Z check

0 2 filter

Potable

water tank

Water chiller

Location

LHFEB

LHEB

351

LHEB,

LHEB

Aft

Compart-
ment

ECU

)

( )

J

Type

Plate fin, sand-

wich construc-

tion, cabin gas-

to-water glycol

heat exchanger

Two flow-

limited,

absolute pres-

sure regulators

with integral

repres surization

valve

Spring-loaded

umbrella

Mechanical

Cylindrical tank

with pressurized

bladder

Heat exchanger

Pe rio rmanc e

Function

Used to control

cabin gas

temperature.

Maintain Cabin at

normal pressure

(nonemergency)

and shut-off

during depres-

surized cabin

.(emergency).
u,

Allows 02 flow in

one direction

only.

Provides filtering

for OZ supply to

water accumu-

lators and demand

regulator.

Stores drinking

water.

Utilizes 45° W/G

to cool drinking

water.

) !:

Charac te ris tic s

Heat transfer rate:

Primary heating = 2.36 Btu/l_r0

Primary- cooling = 892 Btu/hr.

Secondary cooling = l13Z '

Btu/hr.

Hi pressure lock-Up- 5, Z

psia nominai,

Control range = 5.2 to 4.8.

Total range = 5.2 to 3.5 psia.

Demand floW = 0.7 lb/hr each.
)

Flow = 0.75 tb/min at 5 psid;

10 microns nOminal.

25 microns absolu6e.

Capacity. = 36 + 3, -0 ib

H20 at 150,F.

W/G flow = 167 lb/hr._ _

W/G temp 45°F

Water in ='150°F. '

Water out = 55=F max. •

With above inlet conditions

and 6 fl'oz HzO withdrawn

in i0 sec. max. at Z4 rain

intervals.
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Item

• Number

5.15

5.Z9

kI . " :....•_/-' _ . . "

. "• .. • )

5.33 •

t

Morn enc latu r e

Waste water

tank

Evaporator
water control

valve s

(primary and

s ec ondary)

Water filter

(prlmary and

secondary)

I
,i

! •

Location

LHEB

38Z

, LHEB ECU

Type

cylindricaltank

with pressurized

bladder

Normally closed
solenoid valve in

series with two-

way selector
valve

Filter cartridge

plus bypass

valve that opens

Function

Stores water •for

evaporative

cooling.

Controls water

flow to_primary

and secondary

W/G evaporators.

Filters waste

water at inlet to

primary and

for clogged

cartridge

secondary W/G

evaporators,

k . .

Performance

Cha ract e rl s ti c s

Capaclty =.56 + 3, -0 Ib :'
HzO at 150°F. -

Flow capacity 24 lb/hr

, HzO at 0.5psid
Power requi_rement = 6 va ' "

at Z8 .ydc. •

• ' . -, ,

Filtration = I0 microns "

absolute . ....

Bypass relief = 3 psid

• <

.'_,..

• • ' ,

• /: ..... • . . .
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SUBSECTION Z. 8

Z.8.1

TELEC OlViMU_ICATION SYS TEIV[

(CSM io6 a subs)

I_T I_ODU C T ION.

The communications subsystem is the only link between the space-

craft and the manned space flight network (MSFN). In this capacity, the

communications subsystem provides the _SFN flight controllers with data

through the pulse code modulated (PCM) telemetry system for monitoring

spacecraft parameters, subsystem status, crew biomedical data, event

occurrence, and scientific data. As a voice link, the corn-naunications

subsystem gives the crew the added capability of comparing and evaluating

data with MSiPN cornputations. The communications subsystem, through

its MSFN link, serves as a primary means for the determination of space-

craft position in space and ra_e of change in poaition. CM-LM rendezvous

is facilitated by a ranging transponder and an active ranging system. Through

the ase of the television camera, crew observations and public information

can be transmitted in real time to IX{SFN. i means by which CM and LM

telemetry and v_oice can be stored in the spacecraft for later playback, to

avoid loss because of an interrupted communications link, is provided by

the communications subsystem in the form of the data storage equipment

(DSE). Direction finding aids are provided for postlanding location and

rescue by ground personnel.

The following list summarizes the general telecornrn functions:

Provide voice communication between

%

• Astronauts via the Sntercom

• CSIVZ and i'viSEN via the unified S-band equipment (USBE)

and in orbital and recovery phases via the VHF/AIVi

• CSM and extravehicular astronaut (EVA) via VHF/AIVI

• CSIVi and LIVi via VPI_'/AIV£

• CSIVI and launch control center (LCC) via PAD COIVZ,IVi

• CS_i and recovery force swimmers via swimmers umbilical

Astronauts and the voice log via intercomm to the data

storage equipment

/

/,

r_

Mis sion
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Provide data to the _ZSFN of

• CS!N{ system status

iP Astronaut biomedical status

+ -A.s_ronaut activity via television

i EVA personallife support system (PLSS) and biomed status

• LM system status recorded on CSM[ data storage equipment

Provide update reception and processing of

• + Digital information for the cornrnand module computer (C1V[C)

• Digital time-referencing data for the central timing

equipment (CTE)

• P.eal time commands to remotely, perform switching functions

in three C_v[ systems

Facilitate ranging between

• MSFN and CSM via the USBE transponder

• LIV[ and CSM via the rendezvous radar transponder (I_I_T)

• CS_Vf and LM via the VI-IF/AIV[ ranging system

Provide recovery aid

....... • -VI-IF_beacon for- location

--Pro vid_-A fi_ie reference-[Or all time.dependent spacecraft sub-

s ystems except the gui-danc e and-navigation subsys_em.

FUNCTIONAL DESCRIPTION. -

The fun_c_tional descrip£ion_ of the telecornrnunihations system is

divided, into four parts: intercommunications equipment, dafa equipment,

radio frequency equipment, and antenna equipment. All of these functional

groups of equipment interface with each other to perform the system tasks.

In the functional descriptions of these parts, such interfaces will be

apparent. The equipment that falls into each group is shown in

_ figure 2.8-I .................

Mis si0n

.k..

TELEC OMMUNICATION S YS TEM
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2.8.2.1

2.8.2.1.1

2.8.2.1.2

Inter c ornrnunic ations Equipment.

General.

The functions performed by the intercommunications equipment can

be summarized as providing the means for each astronaut to interface or

isolate himself to or from the

• Intercornm for astronaut-to-astronaut communications

• Pad communications for astronmut_to-launch control center

c ornrnunications .

• VHF/AIVi for astronaut-to-iViSFN, EVA, or L_h/fcommunications

• USBE for astronaut-to-lvfSFIA[ communications

• Data storage equipment for a voice log (via intercomm)

• Swhnrners umbilical during recovery (via intercornrn).

Equipment.

The equipment that falls into the intercommunications grouping is

listed as follows:

e Personal communications assembly

• T-adapter cable

• Communications cable

• AUdiO control panels (Iv[DC-6, -9, -i0)

• , Audio center

• Swimmers umbilical cable.

Data Equipment.

General.

The functions of the data equipment can be summarized as providing

• Inforn/ation gathering and telemetering of critical spacecraft and

astronaut parameters

)

)

Mi s sion

TE LEC O_hdUNICATION SYSTEM
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2.8.2.2.2

• Conditioning of instrumentation _-iputs for c ompatibilit# with the

telemetry equipment

• Storage and playback capabilities of CSIV[ and L_k/[telemetering data,

voice log, and scientific parameters

• Decoding and distributing of up-data to the proper switching or

information receiving systems

• Frequency and/or time code signals to other Spacecraft equipment

Equipment.

The equipment that falls under the data grouping is as follows:

• Central timing equipment (CTE)

• Signal conditioning equipment (SCE)

• Pulse code modulation (PCI_f) telemetering equipment

• Television (TV) camera

• Data Storage Equipment

• Up-data link (UDL) equipment.

Radio Frequency Equipment.

General.

The functions performed by the RF equipment can be summarized as

the transmission and reception of

• Voice information bet_veen

C_vf and IV[SFN

CIVI and LIV[

CM and EVA

CIV[ and recovery forces

• Telemetering data

Between Cl_f and IVISFN

From LI_f to CIV[ to h/ISFN

From EVA to CIV[ to IV[SFN

• Television from CIV[ to I__SFN

TELECOM/_UNICATION SYS TEIV[

Mission Basic Date 15 April 1969 Change Date pag e 2. 8-5
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2.8.2.3. Z

2.8.2.4

2.8.3

Ranging and beacon (BC_ _) information

Pseudo-random noise ranging signals from /vfSI?N to CIv[ to

MSFN

Double doppler ranging signals _from _iSFN to C_i to Ik45FN

X-band radar signals from Livl to Glvi to LM

VHF ranging signals from CM to Lk_f to CIV_

VHF beacon signals from C_[ to recovery forces.

Equipment.

As shown in figure 2.8-I, the equipment that falls h_to the radio

frequency grouping is

• VHF./AM transceivers A _ B

• Digital ranging generator

• Unified S-band equipment (primary and secondar_r xponders and FIV[

xmitter)

• S-band power amplifiers (primary and secondary)

e vHF beacon

• X-band xponder (rendezvous radar)

• Premodulafiion processor.

Antenna Equipment.

-- _ Th_e antenna equipment can be divided into three groups: VHF

antennas and ancillary equipment, S-band antennas and ancillary equip-

ment, and beacon antenna. Their overall function is to propagate and

receive RF signals from and to the RF equipmer_t. The ancillary equip-

ment includes tw.o RF switches, 2 triplexers, and the servo-drive system

for the high-gain antenna (figure 2.8-2).

MAJOR COMPONENT/SUBSYSTEIV_ DESCRIPTION,

The following descriptions will follow the functional divisions

es_tablished in the previous section. In many __nstances, however, when

an operational mode is being explained, interfacing equipment of another

division will be discussed to present a complete picture.

Mi s sion

TELEC OM_A/UNICA TION S YS TEM

Basic Date 15 April 1969 Change Date 15 Jan 1970 Page 2.8-6
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Figure 2.8-2. Antenna Equipment Switching

Z. 8.3.1

Z. 8.3.1. i

Interc Omrnunication Equipment.

Personal Communications Assembly (Comm Carrier).

As shown in figure 2.8-3 the personal communications assembly

(coma carrier) contains redundant earphones and microphones. The

cornrn c_rrier can be worn with the space suit, flight coveralls, or con-

stant wear garment. When used w-ith the space suit, the cornrn carrier is

interfaced with an integral wiring harness in the suit. A T-adapter cable

is required when the cornrn carrier is worn with the flight coveralls or

just the constant wear garment to interface the headset with the coma

cable.

• . . ..

k.
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Figure 2. 8-3. Personal Communications Assembly

Three lightweight headsets are also available for use in the CM.

They have a single earphone and microphone with a lightweigh t head
clamp and connecting cable.

. ", . .

..... r•_ ...

2.8. 3. i. 2 T-Adapter Cable (Figure Z. 8-4).

The. T-adapter cable is used when th e astronaut is wearing his

flight coveralls or just his constant wear garment to connect the personal

communications assembly and biomed preamplifiers to the comm cable.

An integral cable assembly performs this function when the astronaut is

in his space suit so no T-adapter is necessary. Besides handling the

audio signals to and from the cornrn carrier, the T-adapter must handle

16.-8 volts needed by the microphone preaznps and biomed preamps.

The Output of the biomed preamps is also routed to the cornm cable.

r_

k.

Miss ion
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Basic Daze 15 April 1969 Change Date_ Page 2. 8-8

i,_,_'Jl_,"f"_tY'' _.l!I:'i liH_._";'l,'i _ _ , ' .._'l:i!'HiI_I • ; /



-z

-_C-_; -_
-=;,,.L.- -

_.L,_ _;.

:_ :T_ =.,._*_.

b:l

('1

U

i>o _'1

,--.,

_ 0

_J

CONSTANT
WEAR

TO HEADSET

)

\

COMMUNICATIONS
ASSEMBLY

"-ADAPTER CABLE

PREAMPS

TO BIOMED PREAMPS

Figure 2.8-4. Communications Cable

ELECTRI CAL'

UMBILICAL ASSY

LEFT HAND

FORWARD

EQUI PMENT BAY

C/1

0

U'-"

0
0



<

o

SMZA-0 3-BLOCK II-(i)

APOLLO OPERATIONS HANDBOOK

SYS TEllS DATA

Z. 8.3. 1.3 Cornrnunicgtions Cable {Electrical Ur_bilical Assembly).

- . . . • . , ..

The cornm cable has several functions not t_heleast of which is pro-

riding the path'for audio signals to and from the coma carrier. It also

provides the necessary path for the 16.8 volts required by the microphone

preamps in the comm carrier and the biomed preamps. The output from

the biomed preamps also is carried by-the corn__ cable.

Separate from, but related to, the audio signals from the conLrn

carrier are the control functions of the cornrn cable control head. This

control head contains a self-centering rocker switch which, when

depressed on one side or the other, initiates specific functions in the

intercommunications equipment. The I'COiVi side of the rocker switch is

depressed when the intercornr_unications equipment is configured in the

manual (PTT) mode of operation and communications over just the inter-

com is desired. The XMIT side of the rocker switch can he used for two

different functions. Norr__ally it is used to enable corn/_unications over

the intercom and RF equipment in any of the three operational modes of

the interconlrnunications equipment. The XiViIT side of the rocker switch

can also be used as a sending key in the S-band key mode of operation.

Figure 2.8-4 shows the cornm cables interface _-ith the connectors

on the left-hand forward equipment bay (below panel 301)and the T-adapter

cable.

Z. 8. 3. 1.4 Audio Cent e r Equipment.

The audio center equipment accomplishes the necessary audio signal

amplification and switching to provide the capability of the following:

• Intercommunication between the three astronauts

Communication between one or more astronauts and extravehicular

personnel in conjunction with any or all of three associated radio

frequency links, or two external intercom hardlines

• Recording of audio signals in conjunction with tape recording

equipment

• Relaying of audio signals.

T_he audio center equipment consists of three electrically identical

sets of circuitry which provide parallel selection, isolation, gain control,

and amplification of all voice communications. Each set of circuitry

contains the follo_ing components (figure 2.8-5):

• Isolation pad, diode switch,- and gain control for each receiver

input, and intercom channel.

Iviiss ion
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• Isolation pad and diode switch for each transmitter modulation

output and intercom channel.

i An earphone amplifier and a microphone amplifier.

• Voice-operated relay (VOX) circuit#y with externally controlled

s ens itivity.

The equipmen_ operates with three remote control panels to form

three audio stations, each providing an astronau_ with independent control

of all common functions. Each station has the capability of accommo-

dating a second astronaut for emergency operation. Provision is made in

each station to enable voice transmission over any or all transr_.itters by

means of a voice-operated relay- (VOX) circuit or push-to-talk (PTT}

circuit. A :thor mike" is so i/ncorporated as to maintain coritinuous inter-

crew conLrnunication using the INTEP_COM/PTT mode, and to require

PTT operation for eternal transmission. Enabling a TR_NS_IT function

also enables the corresponding RECEIVE function. Sidetone is provided

ir_ all transmit modes.

Audio sig-nals are provided to and from the VHF/AM transmitter-

receiver equipment. USBE (via the PiVlP), the PAD CO_Vi, and intercom

bus. The PAD CO}_A/, intercom bus, and all transmitter-receiver equip-

ments are- com_rnon to all three stations.

Inputs and outputs are controlled by the VHF/AM, S-BAND, PAD

COMIV[, and INTERCOM switches on the audio control panels. Each of

these switches has three positions: T/R, OFF, and I%CV. Setting any of

the switches to T/I_ permits transmission and reception of voice signals

over its respective equipment, RCV permits reception only, and OFF

disables the input and the output. The POWER switch of each station, in

either AUDIO/TONE or AUDIO, energizes the earphone amplifier to

permit monitoring. The AUDIO/TONE position also enables the audible

crew alarm to be heard, if triggered, at the respective SC station. Each

SC station can be isolated from the alarm b F selecting the AUDIO or OFF

position. The operation of the microphone amplifier in each station is

controlled by the VOX keying circuit or the PTT pushbutton on the comm

cable or on the rotation controller. The VOX circuit is energized by the

VOX position of the MODE switch on each audio control panel. Vlhen

energized, the VOX circuit wil] enable both the intercom and accessed

transmitter keying circuits. The INTERCOIV[/PTT position permits acti-

vation of the PAD COMM, VHF/AIVi, and S-band voice transmission

circuits by the PTT key while the intercom is on continuously. The PTT

position permits manual activation of the intercom or intercom and _rans-

mitrer keying circuits by depression of the I'COM or XlViIT side of the

communication cable switch, respectively.

/-

Mission.
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Six potentiometer controls are provided on ea-ch audio control panel:

VOX SENS, PAD CO_XdM, S-BAND, LNTERCOiV[, VHF/AM and IM.ASTER

VOLUNiE. The VOX SENS control is used to adjust the sensitivity of the

VOX circuitry, determining the amplitude of the voice signal necessary :o

trigger the VOX ke?]ing circuit. The PAD COOl,i, S-BAND, VHF/AM,

and INTERCOM volume controls are used to control the signal levels from

the respective units to the input of the earphone amplifier. The _M_ASTER

VOLUME controls the level of tl/e amplified signal going to the earphones.

The intercom bus connects to the recovery interphone (swimmer

umbilical), and the premodulation processor which in _urn routes the

signal to the data storage equipment for recording.

An AUDIO SELECT switch on each audio control panel allows the

astronaut tO access himself to the normal audio center circuits for that

station, or through a selection of the BACKUP position, access himself

to the audio control panel and audio center of another station. In the

BACKUP position the commander is accessed to the L_I pilot's panel

and audio center, while BACKUP for the CM pilot accesses him to the

commander's panel and audio center. The LM pilot is accessed to the

CIV[ pilot's panel and audio center if he selects the BACKUP mode.

\

A SUIT POW'ER switch on each panel controls application of power

to the respective astronauts personal communications assembly micro-

phone preamplifiers and the biomed preamplifiers contained in his con-

stant v_ear garment.

It is important to note that most signal processing done by the audio

center is of preparatory nature. In order for any audio signal to be trans-

mitted or received, the RF equipment must be in the proper operatibnal

mode.

2. 8. 3. I. 5 Swimmers Umbilical Cable.

The swimmers umbilical cable is deployed with the dye marker in

the recovery phase of the mission. It provides a hard-line connection to

the spacecraft intercom bus for the recovery force swimmers. Actual

dep!0}urnent is accon_p!ished by activating the guarded DYE _IARKER

switch on I_iDC-8 which provides Z8 vdc to a pyrotechnic actuator.

{

2.8. 3. Z Intercommunication System Interfaces.

Figure 2.8-6 illustrates the interfaces between the intercommuni-

cations group and the other telecommunications equipment. One interface

shown that is not readily apparent is the signal path used in the relay mode

of operation. This mode of operation ties the VHF AM and S-band equip-

ment together to provide a threeLway conference capability between the

/
[
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_7ISFN, CM and LM, or EVA.. The interconn_rnunicati6ns equipment enters

this process when the received _ISFN voice si_nal= (S-band. or voice) is

routed to the microphone i_pu_ of the C_f pilot. Then, through proper

switching, .this signal is routed to:the VHF AM transmitter for r.elaying

to the LM or EVA-. In the rela F mode, the C_f pilot's microphone is no_

usable. The return relay is accomplished by adding the VHF/A_I received

voice to the normal S-Band clown voice channel.

Another function not too obvious is voice log recordir_g and playback.

The intercomm.bus, of the audio center is connected through the premodu-

lationprocessor to the data storage equipment (DSE). Any t_me the DSE

is recording, the conversation on the intercomm bus will be recorded as

well, in some instances, as the received voice from the VHF/AM equip-

men_. There are no provisions to monitor this recorded voice in the SC.

..:-

/

Data Equipment.

Instrumentation Equipment Group.

The SC instrumentation equipment consists of various _ypes of

sensors and transducers for providing environmental, operational status,

ancl performance measurements of the SC structure, operational sFste_ns,

and experimental equipment. The outputs from these sensors and trans-

ducers are conditioned into signals suitable for utilization by the SC

displays, presentation to the IDC_i TLk4 equ]'_pnlent, or both. In addition,

various digital signals are presented to the PCIk,i TL_{ equipment, includ-

ing event information, guidance and navigation data, and a time signal

from the CTE.

.

2.8.3.3.2

i
/

Many of the signals emanating from the instrumentation sensors are

of forms or levels which are unsuitable for use by the SC displays or

PCM TLM equipment. Signal conditioners kre used to convert these

signals to forms and lekYels which can be utilized. Some signals are

conditioned at or near the sensor by individual conditioners located

throughout the SC. Other signals are fed to the signal conditioning equip-

ment (SCE), a single electronic package located in the lower equipluent

bay. (Refer to paragraph Z-8. 3. 3.5 for signal conditioning equipn_ent.)

in addition to conditioning n-_any of the signals, the SCE also supplies

5-volt d-c excitation power to some sensors. The SCE can be turned on

or off with the POWER-SCE switch on MDC-3. This is the only control

that the crew can exercise over instrumentation equipment for operational

and flight qualification measurements. These two instru_r_entation groups

are discussed in paragraphs Z. 8. 3. 3. 2 and 2.8.3. 3. 3

Operational and Flight Qualification Instrumentation.

Operational measurements are those which are norznally rcquircd

for a routine mission and include th-ree categories" in-flight _rlana_e_rlent

r"_

Mission
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of the SC, mission evaluation and system performance, and preflight

J checkout of the SC. The operational instrumentation sensors and trans-

ducers are capable of making the following types of measurements:

pressure, temperature, flow, rs:te, quantity, angular position, current,

voltage, frequency, RF power, and "o_l-off" type events.

Flight qualification measurements may vary •between SC, depending

on mission• objectives and state of hardware development. These meas-

urements will be pulse-code modulated'along with the operational

measurements and transmitted to the i_[SFN.

2.8.3.3. 3 Data Equipment Interfaces.

Figure 2.8-7 illustrates the major interfaces between the units that

make up the data equipment and their interfaces with the RE equipment

group.

2. 8. 3. 3.4 Central Timing Equipment (CTE).

The CTE provides precision square-wave _-iming pulses of several

frequencies to time-correlate alISC time-sensitive functions, it also

generates and stores the real-time day, hour, minute, and second mission

elapse time (MET), in binary-coded decimal (BCD) format for trans-

mission to the MSFN. (See figure 2.8-8,)

In the p_imary or normal mode of operation, the command module

computer (C_viC) provides a i024-kc sync pulse to the CTE, This auto-

matically synchronizes the CTE with the CIVIC and provides a stability of

+2 x 10 -6 parts in 14 days+_ In the event of sync pulse failure, the CTE _

automatically switches to the secondary mode of operation with no time

lapse and operates using its own-crystal oscillator at a stability reduced

-_o-+2.2 x 10-6 parts in 5 days.

The CTE r equir6-s_proximatel F 20 watts of Z8-vdc power for its

_._zoredundant power supplies. Each one is supplied from a different.

_pewer source and through separate circuit breakers. These circuit

breakers, CENTR_AL TIMING SYS-/V!N A and - IViN B on MDC-2Z5, pro-

vide the only external means of control for the CTE. The two power

s_upp!ies provide paralleled 6-volt d-c outputs, ei£her one of which is

sufficient to power the C-TE.

+$

,Q..+-:....
",.. •
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+. " .: " . The tin_ing Signals generated by the CTE, and.their applications, are

• : - listed in the CTE outputs charts. .

CTE OUTPUTS

Signal Des tinati on Purp os e

512-kc s q way e

51Z-kc sq wave

6.4-kc sq wave

10-cps sq wave

PCM

P_

EPS

inverter s (3)

Digital event

timer and

mission timer

SYNC of internal clock

IVlodulating signal for

S-band emergencykey

transmission and sub-

car rier development.

Sync of 400-cycle a-c

p o_ve r

.Pulse digital clock

l-cps sq wave PCM

1 pulse per ECS

10 minute s

25-bit parallel

time code output

PCM

Serial time code

output (3)

Scientific data

equip

PCM frame sFnc

Discharge water from

astronaut suit

TLme correlation of

PCM data

Time correlation of

data

2. 8. 3. 3.5 Signal Conditioning Equipment (SCE).

The signal conditioning equipment (SCE) is contained in a single

electronics package located in the LEB. (See figure Z. 8-9. ) Its functions

are to convert various kinds of unconditioned Signals from the instrumen-

tation equipment into compatible 0- to 5-volt d-c analog signals, and to

provide excitation voltages to some of the instrumentation sensors and

trans duc ers.

The SCE contains the following modules:

• DC differential amplifier ass •ably

• DC differential bridge amplifier assemblies

• AC to DC converter assembly

• DC active attentuator assenibly

• Power supply +20 vdc, '-20 vdc, +10 vdc, '+5 vdc

o Redundant power supply - +20 vdc, -20 vdc, +i0 vdc, +5 vdc.
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_s vOLTS/

SENSOR
I SIGNAL CONDITIONER } UTILIZATION

I 0 TO 250 MVDC
250 TO 7 VDC

1.4CKTS

0 TO 150VAC2 CKTS

O TO 50 V DC17CKTS

_ TEMP SENSORS
_55 TO 5700

IICKTS

H
H
H

[ _CE
NOR_

AU_

I
DC DIFF AMPLIFIER I 0 TO 5 VDC

-01 & 02 I
AC (AM) TO DC CONVERTER I 0 TO 5 VDC

qO I
DC ACTIVE AT[ENUATOR I OTO 5 VDC

I-40

DIFF BRIDGE AMPLIFIERS I

-03, -05, -06, -07 I

POWER SUPPLY IREDUNDANT POWER SUPPLY

POS SUPPLY ]

0 TO5 VDC
0 TO 5 VDC _1

.l'

CD_2045C

PCM

CIW

DISPLAY

Figure Z. 8-9. Signal Conditioning Equipment

The only external control for the SCE is the 3-position SCE switch on

]V£DC-3. The NOI_k_AL position energizes the primary• power supply and

an error detection circuit. If the primary power supply voltages go out o_

tolerance, the error detection circuit automatically switches the SCE to

the redundant power supply. The SCE will not automatically switch back

to the primary once it has switched to the redundant unless power is

interrupted.

The.AUX position provides for manual switching between the power

supplies. This is accomplished by repeated selection of the AUX posifiion.

.... - _ z

The SCE requires Z8-volt d-c power input and consumes about

LC35watts. _ - "_ : ..... -

Mi s s ion
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Figure 2.8-9 shows graphically the input and outputs of the SCE and

its redundant power supply.

2.8.3.3.6
Pulse-Code Modulation Telemetry (PCM TLM) Equipment.

The function of the PCM TLM equipment (figure 2.8-10) is to con-

vert TLM data inputs from various sources into one serial digital output

signal. This single-output signal is routed to the PMP for transmission

to the MSFNor to the DSE for storage. The PCM TLM equipment is

located in the lower equipment bay. Input signals to the PCIV[ TLM equip-

ment are of three general types: high-level analog, parallel digital, and

serial digital.

Two modes of operation are possible: the high (normal) bit-rate

mode of 51, 2 kilobits per second (kbps) and the low (reduced) hit-rate

mode of I. 6 (kbps). Operational mode is selected by placing the TLM

INPUTS-PCM switch on /v[DC-3 toHIGH or LOW, as applicable. When the

switch is in the LOW position; the high-PCM bit-rate can be commanded

by the MSFN via the UDL equipment. The PCM requires about Z1 watts of

3-phase llb/200-volt 400-cps a-c power. Internal signal flow of the PCM

is shown in figure 2.8-I0.

f_
\ r:

The analog multiplexer can handle 365 high-level analog inputs in

the high-bit-rate mode. Four of these signals, 22AI-4, are sampled

at 200 SPS; 16 signals, 12AI-16, are sampled at I00 SPS; 15 signals,

51AI-15, are sampled at 50 SPS; 180 signals, IIAI-180, are sampled

at 10 SPS; and 150 signals, 10AI-150, are sampled at 1 SPS.

These analog signals are gated through the multiplexer, the high-

speed gates, and are then fed to the coder. In the coder, the 0- to 5-volt

analog signal is converted• to an 8-bit binary digital representation of the

sample value. This 8-bit word is parallel-transferred into the digital

multiplexer where it is combined with 38 external 8-bit digital parallel

inputs, and 5 internal ones, to form the majority of the output format.

f-.

J

The external digital parallel inputs fall into three groups. The first

group contains two 8-bit word inputs sampled at 200 s/s at the high-bit

rate only. The second group contains a single 8-bit word input sampled at

50 S/S at the high bit rate and 10 S/S at the low bit rate. The third, and

largest, group contains 35 eight-bit word ihputs sampled at 10 S/S at the

high-bit rate and one S/S at the low-bit rate. The remaining inputs to the

digital multiplexer are internal and come from the coder, sync format,

and programmer of the PCM.

This digital parallel information is parallel-transferred into the

output register where it is combined with the command module computer

digital serial input, and then d_inped serially into the data trans:fer

buffer. From here the information is passed on to the premodulation

processor for preparation for _ransmission over _/le l_l_ equipment.

TE LEC OM_MUNICATION SYSTEM
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The PCM receives 512-kc and l-cps timing signals from the central

timing equipment. If this source fails, the PCM programmer uses an

internal timing reference. The timing source being used is telemetered.

Two calibration voltages are also telemetered as a confidence check of the

PCMs overall 0peration.

2.8.3.3,7

The PCM requires about 21 watts of 3-phase 400-cycle power for its

redundant power supplies.

Television (TV) Equipment.

The black and white TV equipment consists of a small, portable

black and white TV camera that can be hand-held, or mountdd in the

lo_cations shown in figure 2.8-11. Its function is to acquire real-time

video information for transmission to the MS_FN. Tke camera is con-

nected to a i2-foot cable for use throughout the CM. The cable is

connected £o the power connector J395 and coax connector J122 on the

aft side of the right-hand foward equipment bay. See figure 2.8-1Z for

physical dimensions.

The camera is controlled by an ON/OFF switch on the camera handle

and an automatic light control switch on the back. Power is supplied to

the cameras ON/OFF switch through CBI3 located on RHE!_-ZZ5 when the

S-BAND AUX TAPE/VOICE B4 switch (MDC-3) is in the OFF position

and the S-BAND AUX TV/SCI switch (MDC-3)is in the TV position.

Power required by the camera is 6.75 watts at Z8 volts dc.

The composite video signal is sent from the camera to the premodu-

lation processor, where it is then sent to the S-band _ transmitter and its

associated power amplifier for transmission to the MSFN and to the SM

umbilical for hardline communications before lift-off.

The color TV equipment consists of a small, portable Color TV

camera that can be hand-held, or mounted in the locations shown in figure

2.8-12A. One of the camera functions is to acquire real-time color video

information for transmission to the MSFN. The camera's primary function

is its use during rendezvous and docking operations. During this period of

operation it will be mounted at the right-hand rendezvous window. A TV

monitor is used with the color TV camera for astronaut viewing of TV

operations. See figure 2.8-12B for details of camera and monitor. The

color TV camera is compatible with the present black andwhite TV system

in relation to power connections and switch controls.

k.

TELECOMMUNICATION SYSTEM

Mission Basic Date 15 April 1969 Change Date 15 Jan 1970. Page Z. 8-23

,-- " _/,_ ,/_: i'f ,:_" _'_}7,_F _I!_U_ _ _' 'I, ?_'_=-_ /i'_"_"'f'_/ _'_'(_ _'( '_-' _ _ _ __°

.................. --_'-_",,',,;_)_.,_,:-_. _ __!_. _ _ _ _,_'-_"_'; _(.".',L ._,-',_|..'|.,,,', .



r.<.._

r

---\=:.-LZ

-j-':-rF.-='_'_-.;

-_z=-<.-]"::

?.-::?_-f=

..... .2_

8"

_o

F)

C_

>

l.a,

O_
_0

_O

O0

I

I%

~.

.I

I=l
0
0

I
c_
>

Z
rm

m

)

+X

C,I):2012C

Figure 2.8-II. Teievlsion Camera Locations

Z



. ,. - .

" [L _ •

"....-</. . SM2A-03-BLOCK II-(i) - -..... .<.. •./

APOLLO OPERATIONS HANDBOOK "

SYST EMS -DATA

- 2.8.3.3.8 Data Storage Equipment (Figure 2.8-13).

The data storage equipment provides for the storage of data for

delayed playback and/or recovery with the spacecraft. Information is

recorded during powered flight phases, and when out of communication, is

then played back (dumped) when over selected S-band stations.

e Location: lower equipment bay.

Electrical Power Requirements.

• Voltage input: ll5-vac 3-phase 400-cps and 28-vdc

• Power input: 40 watts nominal, 70 watts maximum (3 seconds).

Tape Transport Chara4zteristics.

• Tape stSeeds: 3. 75, 15, and IZ0 ips

• Operational stability: Stable in less than 5 seconds

I_. 7.00

b

{'[Yp)

/

I

7

f

[

e \e

Figure 2.8-12.
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J
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/

Television Camera
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AUTOMATIC
LIGHT CONTROL
SWITCH

II
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-- - Figure 2.8-12A. Color TV and-Monit0r Locations

;. .
E ..........

• Single directional: A rewind mode is provided.

CD-2L:O

• Automatic selection: Tape speed determined by data rate.

• Remote control: Complete remote operation possible via

- Up Data Link

• 2250 feet of ta:pe giving record times of 2 hours at 3-3/4 ips

and 30 minutes at 15 ips
:

Channels. Fourteen parallel tracks: four CM PCM digital data,

and one of digital clock, one LIVI-PC_vf-data,__p_ng..._CM_-LM voice, three

scientific data, and four spare tracks.

"Mission
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Figure 2. 8-13. Data Storage Equipment

Digital Channels.

a. Input parameters, serial to parallel conversion of the digital

input is performed by the data storage equipment electronics:

• Single serial IATI%Z, 5i. 2 kbs data train, and one 5i. Z-kc digital

timing signal, recorded speed at 15 inches per second

• Single serial NI<Z, I. 6 kbs data train, and one I. 6-kc digital time

signal, recorded at 3.75 inches per second

b. Output parameters, parallel to serial conversion of the digital

output is performed by the data storage equipment electronics.

c. The playback rate of Clk4 IDCM is 51.2 kbs for data recorded at

3.75 ips or 15 ips. Playback speeds are 120 ips and 15 ips respectively.

The various operational capabilities and attendant switching posi-

tions are shown in the following list.

I%11ss ion
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MDC-3 Styli ches

S-BAND AUX TAPE

S-BAND AUX TV

vH_/A_ a

VH_/A_ RCV only

TAPE RECORDER/

PCM/ANLG

TAPE RECORDER/

RECORD

TAPE RECORDER/

_C%VD

TLM INPUT/PCM

RECORD

CSM LM/CS M

LM PCM 3-SCIs I_CM Voice

Normally Normally Normally Normally

off off off off

N/A Off or TV N/A N/A

Norrhally Normally Normally Normally

SLMPLEX SIMPLEX SIMPLEX SIMPLEX

B DATA N/A N/A ....... Off .......

N/A N/A N/A N/A.

RECORD RECORD RECORD RECORD

FWD FWD FWD

N/A N/2_ High or

low

F_FD

N/A

• • k . • | . •

P !-_z'B A CK R EWINDI
LM PCM

TAI_E' .

Tape sw

override

N/A

N/A

Lm PCM

PLAY

F%¥D after

REWIND

N/A

3-SCIs PCM Voice

TAPE TAPE TAPE

.i
Tape s_ Tape sw

override override

N/A ! N/A

l

•N/A N/A

FCM/A_LG I_M/ANLG

PLAY P/LAY

F%qD after F%FD after

REWL'qD REWL_D

N/A N/A

Tape sw

override

N/A

N/A
• .i

IzCM/AN LG i

pLAy

E%9"D after

RE%FLND

N/A

CSM LM/CSM

"No finally

off

N/A

N/A

.Br)A

N/A

Normally

off

R E W EqD

N/A

.Operational Switching _F_igure 2.8- 14).

External +28 vdc from the FLT BUS is applied to the TAPE

RECORDER - FOR-WARD/REVfIND switch. With this switch in the

REWIND position, the tape transport will reverse .at 120 ips. The

FORWARD position of this switch will also run the tape transport in the

forward direction at 120 ips if PLAY or RECOI_D is not selected. The

FORWARD position of the TAPE RECORDER - ]FORWARD/REWIND

switch supplies the excitation to the RECORD/PI._&Y switch in the

FORWARD position. In the RECORD position, the record and erase

circuitry is enabled and power is applied £o the PCM-HIGH/LOW switch.

The recording speed in the HiGH position is [5 ips and in the LOW

position the speed is 3.75 ips. In the PLAY position, the reproduce

circuitry is enabled and power is applied to the PCM/ANLG/LM PCIV[

switch. The play speed in the PCM/ANLG position is internally

selected_ whereas the play speed in the LM PCM position is only at

12-0 ips.

- All of the Preceding switching functions may be accomplished by the

use of real-time commands from the MSFN through the up-data (UDL)

equipment.

.=_
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I
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Figure Z. 8-14. DSE Simplified Switching Circuits

2.8.3.3.9 Up-Data Link (UDL) Equipment.

Mission

The function of the UDL equipment is to receive, verify, anddistrib-

-ute digital updating information sent to the SC by the _AdSFN at various

times throughout the mission to update or change the status of operational

systems. The UDL (figure_Z. 8-15) consists of detecting and decoding

circuitry, a buffer storage unit, output relay- drivers, and a power supply.

The UDL provides the means for MSFN to update the CIVIC, the CTE, and

to select certain vehicle functions. Up-data information is transmitted to

the SC as part of the Z-kn%c S-band signal. When this signal is received

bz USBE receiver, the 70-kc subcarrier containing the up-data informa-

tion is extracted and sent to the up-data discriminator in the PMP. The

resulting composite audio frequency signal is routed to t/fie sub£b{t hletec-

for in the UDL which converts it to a serial digital signal. The digital

TELEC OMMUNICA TION S YS TEM
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Figure 2.8-15. Up-Data Link Equipment

output from the sub-bit detector is fed to the remaining UDL circuitry,

which checks and stores the digital data, determines the proper destina-

tion of the data, and transfers .it to the appropriate SC system or equip-

ment. The UDL has four controls, two are on IVIDC-3 under the UP-TLM

bracket, -the third on IV[DC-Z, and the fourth is on panel 12Z. The first,

a two-position switch, is the DATA-VOICE BU switch, in the DATA

position, the 70-kc subcarrier information is routed to the UDL equip=

men[ for normal processing. The VOICE BU position routes the 70-kc

subcarrier information to the UDL equipment and audio centers, thus

provid{n-g in alternate paCh for voice informatiorl to be sent in case of

failure of the 30-kc subcarrier discriminator.
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The second switch,is the CMD RESET/NORMAL/OFF switch. The

center, NORMAL, position applies power to the UDL and permits normal

operation. The upward position performs a real-time command reset

function and keeps power applied to the power supply. This resets all RTC

relays except those relays affecting the system A abort light and the crew

alarm, so the affected equipment will resume the operational mode dictated

by their control switches on the MDC-3. The OFF position removes the

power from the UDL equipment. The UDL consumes about iZ watts of

Z8-vdc power.

The third control, on I"viDC- g by the DSKY, is labeled UP-TLM

ACCEPT-BLOCK. This two-p0sition switch blocks or routes the UDL

message in the command module computer.

Tb.e_fourth control, on panel 122, is labeled UP-TLM ACCEPT-

BLOCK. This two-position switch is in series with the UP-TLM ACCEPT-

BLOCK switch on panel Z and performs the same function.

The following list gives the real-time commands and their functions.

Some functions require two separate commands.

BLOCK II UDL REAL-TIME COkKIV[ANDS

Real-Time Cornmands Functions

01

00

07

06

05

04

02,

03,

03,

0Z,

2Z,

23

17

ig

13

16

27

22, 26

32, 37

33, 37

32, _ 36

42, 47

43, 46

43, 4Z

42, 46

5Z, 57

53

-bZ, 56

62, 67

63, 66

Abort Light (System A) On

Abort Light (System A) Off

Abort Light (System B) On

Abort Light (System B) Off

Crew Alarm On

CrewAlarm Off .

Spare

Spare

Spare

_Spare

S-Band Ranging On

S.Band Ranging Off

_As tronaut C ontrol (S- Band Rangin g)

S-Band PCM Mode On

S-Band PCI_ l_fode Off

SAstronaut Control (S-Band PCM Mode

S-Band P.A. High On

S-Band By-Pass Mode

S-Band P.A. Low On

_Astronaut Control (S-Band P.A. Mode)

Tape Playback PCM/Analog Mode

Tape Playback LlVl/PC/V[ Mode

•Astronaut Control (Tape Playback Mode)

._.Tape Recorder - Record Mode _.

-Tape Recorder - Off Mode

-_Resets

control
previously set relays so that equipment returns to mode shown on

panels.

Mis sion

TELEC O_iUNICATION SYSTEM

Basic Date 15 April 1969 Change Date 15 Jan 1970 Page 2.8-30



:.+ -

+ ,

SMZA-03- BLOCK H- (i)

APOLLO OPERATIONS HANDBOOK

SYSTEMS DATA

- • + : -+- ++ _. - ,+ , +

m
+, +

/

\

"-__j

2,8.3.4

2.8.3.4.1

"z

Real-Time C orrurnands Functions

63, 67

62, 66

72, 77

73, 76

73, 77

72, 76

65

64, 71

64, 7O

41, 45

41, 44

40, 51

40, 50

75

74

Tape Recorder - Playback Mode

*Astronaut Control (Tape Recorder

Playback�Record Selection)

Tape Recorder - Transport Forward

Tape Recorder - Power Off

Tape Recorder - Transport Rewind

*Astronaut Control (Tape Transport)

PCM Data Rate Low

PCi_v[ Data Rate High

*Astronaut Control (PCM Data Rate)

S-Band Tape Mode

S-Band Tape Off

S-Band Beck-Up Down Voice

*Astronaut Control (S-Band)

D Ol_-NI Antenna ON

Astronaut Control (S-Band Antenna)

*Resets previously set relays so that equipment returns to mode shown on

control panels.

RF Electronics Equipment Oroup.

The RF electronic s equipment group includes all T/C equipment

which funcfllons as RF transmitters or receivers. The antennas tlsed by

this equipment are mentioned only briefly in this paragraph. Refer to

paragraph 2.8. 3.5 for more information on the antennas.

VHF/AM Transmitter-Receiver Equipment (Figure 2.8- 16).

The VHF/AIV[ transmitter-receiver equipment provides the

capability for the followlng:

• Two-way voice communications with MSFN, I__k_, EVA, and

recovery forces.

• Relay of two-way voice from either LM or EVA to iv[SFN (via

S-band/MSFN link)

• Ranging with the LM

• Reception of PCM data from LM

• Reception of biomed from EVA.
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Figure 2.8-16. VHF-AM BlockDiagram

The equipment is contained in a single enclosure consisting of I I sub-

assemblies, Z coax relays, and Z bandpass filters mounted within a three-

piece hermetically sealed case in the lower equipment bay.

The equipment group provides two independent VHF/AM trans-

mitters and two independent VHF/AIv[ receivers. One transmitter and

receiver will provide for transmission and reception of voice communica-

tions on a preassigned frequency of 296.8 inc. One transmitter and

receiver will provide for transmission of voice communications or

reception of voice communications and data on a preassigned frequency of

259.7 rn_d. Complete isolation of the ]receiver circuits up to the final-

common outputs is provided. A short or open on any output will _ot

degrade the other outputs.
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Various modes of operation are possible in both the simplex and

duplex configurations:

• Simplex A - Transmit and receive on 296.8 mc for voice only

• Simplex B - Transmit and receive on 259.7 mc for voice only

Duplex A - Transmit on 296.8 mc and receive on 259.7 mc for

voice and biomed data

/

Duplex B - Transmit on 259.7 mc and receive on 296.8 mc for

voice and ranging

• Receive A - Receive on 296.8 mc only

• Receive B - Receive LiA/ data on 259.7 mc only

• Relay - Interfaces with S-band system for relay to I_SFN.

These modes may also be used as a backup VHF recovery beacon

transmitting on 296.8 or 259.7 mc.

The VHF/AM transmitter-receiver is controlled by the VHF-AM

controls on panel No. 3 of the main display console (S43, $44, and $71).

The DUPLEX-off-SLA/PLEX switches activate the receivers and trans-

mitters by applying 28-volt d-c power. About 6 watts of power are

required in these modes with the transmitter inCstandby and about 36 watts

when keyed. In the OFF position, no power will be supplied to the equip-

ment. The RCV ONLY B DATA/OFF/A switch activates the receivers

only. When the A position is selected, about 2 watts of 28-volt d-c power

are supplied to the 296. 8-mc receiver. W-hen the B DATA positio_ is

selected, about 2 watts of 28-volt d-c power are supplied to the 259.7-mc

receiver and the LM data amplifier.

After being selected, the VHF/AM transmitters can be enabled

either by voice-operated relay (VOX) or hy manually depressing the XMIT

switch on the conlm cable or rotational controller. The squelch control

varies the level of squelch sensitivity and is located on panel 3 of the

= main display console .........

-- The transmitters and receivers interface with the main display

console (power control), the audio center (audio inputs, outputs and PTT

functions), and the triplexer (RF inputs and outputs). The equipment is

t connected through the triplexer and antenna control switch to either of

the VHF ornniantennas in the service module or the VHF recovery antenna
No. 1 in the command module.
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2.8. 3.47 2 Digital Ranging Generator (VHF Ranging).

!
The function of the VHF ranging system is to aid lunar rendezvous

of the CSM with the LIV[. This is a backup system and will be needed

if the LIVi radar fails, or the LM propulsion system would prove incapable

of effecting rendezvous. This system uses the existing VHF/AIVi equip-

ment, and incorporates the use of a digital ranging generator (DKG).

t LoCation: Lower Equipment Bay

Electrical Power Requirements

Voltage input: 28 vdc

,Power input: 25 •watts

• Mechanical Characteristics

2.8.3.4.3

Weight: 7. 0 pounds

Volume: 200 cubic inches (approximately)

The DRG generates a tone for transmission over the VHF/AIX/i

Z59.7-mc transmitter, and receives the turn-around range tone from the

LM via the VHF/AM 296.8-mc receiver. A range tracker, in the DRG,

will compute the range by comparing the difference between the trans-

mitted and received tone, and display this range, real-time, on the entry

monitoring system (E_iS). In addition, the range data will also be sent to

the corn_rnand module computer (CitrIC), at a rate of once a minute,

initiated by a command from the CiX/fC. This information will be displayed

on the DSKY. Both displays will be shown in units of 1/100-nautical mile.

This system is activated by turning on the VHF RANGII_G switch,

on _iDC-3. This switch applies +Z8-vdc power to the DRG, as well as

-applying a ground to the keying cir_cuit to key the VHF/AM 2_59. 7-mc

transmitter,, for ranging tone transmission. If the TRACKER alarm light

on the DSKY comes O1_$, this indicates that the data on the DSKY is

incorrect. At the same time th@display on the EiX/fS Will be reset to read

zero..... T_o .restart ranging, the VHF RANGLNG--RESET-NORM_AL switch,

_ on the commander's audio center panel, is put to RESET, Zthe acquisition
--phase-is-.-started, and tracking will be established.

Unified S-Band Equipment (USBE). _--__.__.... --

The USBE (figure 2.8-rZ_-cbhsists of two transpohders, an FM

transmitter, and power supply contained in ass-in-gle electronic package

in the lower equipment bay. The USBE will be used for voice corn_rnunica-

tions, tracking and xanging,, transmission of PC_i data, and reception of

: up-data. The USBE also providis--the sole-means for transmission of TV.
7

i
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The USBE tracking method employed is the two-way or double a

doppler method. In this technique, a stable carrier of known frequency

is transmitted to the SC where it is received by the phase-locked receiver,

multiplied by a known ratio, and then re-transmitted to the MSFN for

comparison. Because of this capability, the USBE is also referred t0 as

the S-band transponder.

"-.• .

7

For determining SC range, the MSFN phase-modulates the trans, "

mitt ed carrier with a pseudo-random noise (PRN) binary ranging code.

This code is detected by the SC USBE receiver and used to phase-modulate

the carrier transmitted to the MSFN. The MSFN receives t.he-carrier and

measures the amount of time delay beLween transmission of the code and

reception of the same code, thereby obtaining an accurate measurement of

range. Once established, this range can be continually updated by the -

double-doppler measurements discussed earlier. The MSFN can also

transmit up-daLa commands and voice signals to the SC USBE by means of

two subcarriers: 70 kc for up-data .and 30 kc for up-voice.

The U SBE transponder is a double-superheterodyne phase-lock loop

receiver that accepts a 2106.4-mc, phase-modulated RF signal containing

the u,p-data and up-voice subcarriers, and a pseudo-random noise (PRN)

code when ranging is desired. This signal is supplied to th_ receiver

(figure 2.8-18) via the triplexer in the S-band power amplifier equipment

and presented to three separate detectors: the narrow band loop phase

detector, the narrow band coherent amplitude detector, and the wide band

phase detector, In the wide hand phase detector, the 9. 531-mc IF is

detected; and Lhe 70-kc up-data and 30-kc up-voice subcarriers are

extracted, amplified, and routed to the up-data and Up-voice discrimina-

tors in the PMP equipment. Also, when operating in a ranging mode, the

PRN ranging signal is detected, filtered, and routed 'to the USBE £rans-

mitrer as a signal input to the phase modulator. In the loop-phase

detector, the 9. 531-mc iF signal is filtered and detectedby comparing it

with the loop reference frequency. The resulting d-c output is used to

control the frequency of the 19. 0625-mc voltage-controlled oscillator

(VCO). The output of the VCO is used as the reference frequency for

receiver circuits as well as for the transmitter.

The coherent amplitude detector (CAD) provides the automatic gain

control (AGC) for receiver sensitivity control. In addition, it detects the

amplitude modulation of the c.arrier introduced by the high-gain antenna

system. This detected output is returned to the antenna control system

to point the high-gain antenna to the earth station. An additional function

of the CAD is to select the auxiliary oscillator to provide a stable carrier

for the transmiLter, whenever the receiver loses lock. The AGC circuitry

also supplies a signal to the S-BAND ANT S-meter located on the lower

right on MDC-Z. A received relative signal strength is indicated by this
meter. _:"

E

N
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Figure 2.8-18. S-Band Receiver

f

f

The USBE transponders are capable of transmitting a 2287.5-mc

phase-modulated signal. The initial transmitter frequenc Y is obtained

from one of two sources: the VCO in the phase-locked USBE receiver or

the auxiliary oscillator in the transmitter. Selection of the excitation is

controlled by the CAD. If ranging has been selected, the up-link informa-

tion is routed from the receiver wide band detector to the phase modulator

in the transponder transmitter (figure Z. 8-19). The phase modulator also

can receive premodulated CSIV[ voice and PCM d_ta from the PIV_P in a

normal mode or backup voice in event of a malfunction. The phase modu-

lator signal is amplified to 3 watts by a power amplifier and sent into a

X30 varimctor multiplier, where much of this power is dissipated. The

final power output tllrough the _ower combiner is about 250 row..About

Z0 watts of 3-phase 400-cycle a-c power and Z watts of 28-vdc po{ver are

required by each transponder.

Mission

f
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Figure 2.8-19. S-Band PM Transmitter

The USBE also contains a separate FM transmitter which operates

at 2272.5 mc (figure 2.8-20). This separate S-band transmitter permits

time-shared scientific, television, or playback data to be sent to the

_vfSF2q while voice, reai-time data, and ranging are being sent simultane-

ously via the transponder. The transmitter VCO receives modulation

from the FM mixer or TV output of the PMP. The frequency modulator

signal passes through two stages of amplification and then is sent through

three multipliers, X2, X3, and X5 respectively. A ferrite circulator is

usecl on the output of the final multiplier to preclude reflected power from

feeding back and degrading the signal. The output power is approximately

100 row. The USBE FM transmitter requires about 8 watts of 3-phase

400-cycle a-c power and 1 war, of 28-vdc power. 4,

F w..
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/
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2.8.3.4.4

Operational configurations of the USBE are controlled by the S-band

switches on MDC-3. individual functions are described in the Controls

and Displays, section 3, while control circuits involved with the USBE are

Shown in Figure Z. 8-21.

S-Band Power Amplifier Equipment.

The S-band power amplifier (PA) equipment (figure 2.8-22) is used

to amplify the RF output from the USBE transmitters when additional

signal strength is required for adequate reception of the S-band signal by

MSFN. The amplifier equipment consists of a triplexer, two traveling-

wave tubes for amplification, ,power supplies, and the necessary switching

relays and control circuitry. °:The S-band PA is contained in single elec-

tronics package located in the lower equipment bay. Each power amplifier

TELECOMMUNICATION SYSTEM
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Figure 2.8-21.- Unified S-Band Switching

requires about 15 watts of warm-up, 45 watts at low-power and _ 90 watts

at high-power of 3-phase 400-cycle a-c power and about 2.5 watts of

Z8-vdc power. --

All received and transmitted S-bend signals pass through the S-band

PA triplexer. The 2106.4-mc S-band carrier, received by the SC, enters

the S-band PA triplexer from the S-band antenna equipment. The tri-

plexer passes the signal straight through to the [IS]BE receiver. The

2287.5-mc otltput signa] from [he USBE transponder _nters the S-b_nd IDA

where it is either_bypassed directly to the triplexer and out to the S-band

antenna equipment, or amplified first and then fed to the triplexer. There

are _two power amplifier modes o£ operation: low power and high powei'.

The-high-power mode is automatically chosen for the power ampiffier

connected tothe FM transmitter.
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Figure 2.8-2Z. S-Band Power Amplifier Control and Power Switching

Power for the power amplifier comes from the telecomm group

circuit breakers i and 2. Separate 3-phase ll5-volt 400-cps power

sources are employed to drive each traveling wave tube and its attendant

power supply. Figure 2.8-22 shows the controlling circuits involved with

power distribution to the power amplifier.

Pr emodulation proc es sot Equipment.

The premodulation processor (PMP) equipment provides the Lnter-

face Connection between the airborne data-gathering equipment and the RF

electronics. The P_I m accomplishes signal modulation and demodulation,

signal mixing, and the proper switching of signals so that the .correct

intelligence corresponding to a given mode of operation is transmitted.

F
:-t.....
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These modes, which are listed ir_ this section, are shown on the S-band

operational spectrum (figure 2.8-25). The PR£P uses a maximum power

of 12.5-watt at 28-volt d-c.

Voice

Command IViodule Normal S-Band Down Voice. The input voice signal

from the audio center equipment is pre-emphasized, clipped, and fre-

qucnc F modulates the 1250-kc voice VCO. The vQice subcarrier may he

_ransmitted with the IDCM/PM 1024-kc s'ubcarrier for PIVI transmission

via the USBE (unified S-band equipment).

Voice Conference Between LM or EVA/CSM/MSFN]

The received VI-IE/AM L_[ or EVA voice is amplified and mixed (time-

shared) with the real-_ime C SM voice for frequency modulating the

1250-kc voice VCO. The received S-band up-voice 30-kc subcarrier is

demodulated and parallel outputs are provided for input to the audio center

equipment and for the CIV[ pilot mike input to the CM pilot audio center.

_Vi_h the C l'vlpilot _udio control panel positioned for VHF/AM VOX _rans-

mission to EVA or L_i, the relay of IVfSFN voice may be accomplished.

The above provisions give a conference capability between L.hl or EVA,

CSIVi, and _ViSFN.

Command Riodule Backup S-Band Down Voice. The input voice signal

from ghe audio cen_er equipment is pre-emphasized and clipped. The

voice signal is then routed directly to the USBE, bypassing the voice

modulator, for base band phase-modulation (Plk_i) on the S-band carrier

_ransmission to I_I_FN.

_orde4 CSM Lnter¢om/LIVi Voice. An AGC circuit is provided to proc-

es_s Llv[ voice which is mixed with the input voice signal from the

C$1Vi intercom bus. An isolation _rnplifier is _sed at the CSIV[ IlqTERCOM/

LIV_ voice output for recording in _he DSE (data storage equipment).

_IZFN to CSIV[ S-Band No_rnaI Up-Voice. The IV[SEN up-voice is P_/IFM

voice via S-band. The received, fr_equency-modulate4 30-kc subcarrier

from the USDE is bandpass-filtered and de mo@ulated in the PlViP. The

output voice signal is low-pass filter_g and routed to the _udio center

equip_men t i_pu_.

_viSFN to ClVi S-Band Backup Up_-Voice. The l_iSFN backup up-voice is

P/__/Flvl voice via S-band. The IViSFN voice is switched from the 50-kc

s,_bcarrier to the 70-kc subcarrier and Irlixed wit/_ the up-data. This

_7passes the up-voice detector in the PI%iP.

k.
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CSM h-NTERCOM/LM'Voice Playback. The playback-to-recOrd ratio may

be either 32:1 or I:I dependent upon the CSM PCMf recorded bit rate, The

input signal from the DSE is limited, filtered, and mixed with the three |

scientific subcarriers and stored PCM data on the 10Z4-kc subcarrier for

FM transmission via the USBE.

Command Modale Television. The CSM television camera input signal is

a direct output signal to the USBE for FM base hand transmission. An |

additional isolation amplifier attenuator circuit is provided for an output !

to t_he spacecraft umbilical.

Real-Time Telemetry.

Command Module PCM Data. The CSM PCM data input signal biphase

modulates the 10Z4-kc subcarrier. The subcarrier is filtered and mLxed

with the voice 1250-kc subcarrier. The output signal phase-modulates

(PM) the carrier for transmission via the USBE.

EVA Biomedical Data •Relay Via S-Band. The relay of EVA biomed will

be accomplished simultaneously with CSM or EVA voice in the same

manner as described in the voice conference mode.

MSFN to CSM S-Band Up-Data. The up-data signal is processed the same

as up-voice except the subcarrier center frequency is 70 kc and the output

is routed to the up-data link decoder.

Scientific Analog Data. Three real-time scientific analog telemetry inputs

frequency-modulate three subcarrier oscillators. The three real-time

subcarrier signals are mixed and the composite signal frequency-

modulates the S-band carrier for FM transmission via the USBE.

Recorded Telemetry.

CM PCM Stored Data. The CSM stored PCM TLM data biphase modu-

lates the auxiliary 10Z4-kc sine wave subcarrier. This subcarrier is

mixed with the playback of scientific data and LM/INTERCOM voice for

modulation of the S-band FM modulator and transmission to MSFN.

, .

'vf-

LMStored Data. The LM stored data is played back at 32:1, linearly

attenuated and directly modulate_, base band, on the S-band FM carrier.

Scientific Stored Analog Data. The stored scientific analog data frequency-

modulates three subcarrier oscillators (SCO). The SCOs are frequency-

multiplexed with the stored PCM/TLM 10Z4-kc subcarrier and the LM/

INTERCOh< voice playback signal. The composite signal frequency-

modulates the S-band equipment. :_
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CM rioMSFN Emergency Key. T 9 provide a keyed output for emergency"

key communications, the 512-kc CTE cloak Lnput may be keyed' by

depressing the XI_IIT side of the rocker switch located on the astronaut's

cornm cable. The key closure controls a gated amplifier from which the

keyed signal is routed to the USBE. i 400-cps sidetone is also keyed by

the PTT, This signal is mixed into the PMP up-voice output circuitry and

routed through the audio center to the earphones. The S-BAND-T/R

switch on the audi'o control panel is set to T/R or REC.

Redundanc y.

CM Backup S-Band Down Voice. The CM" voice input is pre-emph_sized,

Clipped, and routed directly to the S-band for PM trahsmission, bypassing
the PMP voice modulator.

CM Auxiliary PCM TelemetrySubcarrier Modulator. The real-time PCM

Tiz_i input may be switched by $54 (AUX position) to the auxiliary biphase

modulator with the output being switched to the PMP PM MIXER output

for S-band P_N< transmission and to the FIVi mixer output for S-hand !_'M
ta'ansmis sion.

MSFN to CM S-Band Backup Up-Voice. The i_iSFN voice is placed on the

70-kc up-data subcarrier. This enables the use of the 70-kc subcarrier

for time-shared voice and data.

Auxiliary Power Supply. The PMP has redundant switchable regulator

power supplies to provide power toall PMP circuitry, When switch $54

is in the AUK position, the auxiliary +18-volt d.-c regulator is in use.

Also the auxiliary I. 024-mc biphase modulator which normally handles

stored CM PCM data is switched to handle real-tirne CM PCM data.

PMP Operational _iodes and Output Levels. Output signals are provided

in combinations and levels as described in the following. Control pane]

switches, used to achieve the various modes are illustrated in the block

diagram (figure 2.8-23). -

Primary Power Control. When S54 switch is in the NORMAL position_

power is supplied to all PMP circuitry from the normal 618-_7olt regu-

I=_.,__._.V/hen =w_c_:_u $54 is in AUX position, auxiliary +18-volt regulator

isused. Also the auxiliary I. 024-mc biphase modulator which normally

handles stored CM/PCM data is switched to handle real-time CM/PCM
dah%.

Scientific Data Output to DSE. The three I_/T scientific analog data

signals are supplied to the DSE through the PMP except when switch $37
is in the SCI position ......

k.
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BI- PHASE MODULATOR:

I I. 46V

3.4oV

OFF

PANEL 3:

_ 1024KC
PCM. TO

PM MIXER

S-BAND NORMAL

I

VOI-CE

$33

RELAY

.... MODE

I

,i S-BAND AUX
TAPE

OFF _ $36

DN VOICE BU

/

I. (LOW BIT RATE WICM VOICE)
$33 : VOICE, $36 : OFF,APE, $55 : LOW

2. (LOW BIT RATE W/DN VOICE BU, OR HIGH BIT
RATE WlCM OR RELAY VOI CE)

S33 :X, $36: IDN VOICE BU, $55 :LOW; OR
$33 : VOICE/RELAY, $36 : OFFITAPE, $55 : HIGH

3. (NO VOICE CALLED FOR)

$33 : OFF, $36 : OFF/TAPE, $55 : X

r----TLM I NPUTS
PCM
HIGH

$55

LOW

CD-20.54D

r_
/

£

Figure Z. 8-23. PMP Data Modulation Levels

When $37 is in the SCI position, the three R/T scientific analog data

signals are applied directly to the Fk/[ mixer in the PIV[P for transmission

via the S-band FM transmitter.

lnter com,/LiVl Voice Output to DSE. The intercom and LM voice output is

supplied for DSE recording at all times power is applied to the PMP.

Up-Voice and Up-Data Output. When switch $38 is in the DATA position,

the up-voice signal from the 30-kc demodulator is supplied• as an outpu_ to

the audio center. The 70-kc demodulator supplies an up-data output to the

up-data link decoder.

-Mission
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" When switch $38 is placed in the BU VOICE position, the 70-kc

demodulator output is switched to the up-voice output terminals, as an

output to the audio center.

Television Signal Out?ut. The television signal input is provided as a

direct output. Coaxial terminals having 100-ohm ±5 percent impedance

are used. This channel will pass frequencies from dc to 500 kcwith no

more than 0.5-dh attenuation.

A TV umbilical output is also provided throug h an isolation ampli-

fier. Output voltage is no greater than the TV input signal and is no less

than one volt peak-to-peak, for a i. 9-volt peak-to-peak input signal at

i000 cps. Frequency response in the band from 10 cps to 500 kc is no

more than 3 db below the .peak response. This output is protected against

open or short circuit conditions.

FM Output. Signals supplied to the FIV[ terminals for transmission on

USBE are:

• Real-time scientific data

• Stored CM LIV[ voice

• Stored LM PCi'V[

• Stored scientific data •

• Stored Clv[ PCM data

• Television

• Auxiliary real-time CM PCM data.

These signals are selected by appropriate combinations of switches

$36, $37, and $49.

PM Output. Subcarriers are selected by suitable configurations of

switches. Subcarriers selected for phase modulation of the USBE are:

• I. 024-mc biphase modulated by real-time CM PCIV[ data

I [. Z5-rnc VCO frequency modulated by:

CIV[ voice, or

CIV[ voice and LIV!/EVA voice and biomedical data

• 512-kc emergency key signal.

These signals are selected by appropriate combinations of switches

$33, $34, $36, and $44. Switch positions and the output level of each sub-

carrier are shown on figure Z. 8-Z3.

The overall functions of the PM_P are summarized in figur_ Z. 8-24.

" Mission
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VHF RECOVERY

ANTENNA _IO.i

V
i i VHF RECOVERYBACON. ._

t +I t t " , I
CRYS+ALI I +_2VDC+ mmmT I ....
OSCm.ATORI "I • I " " _

stmc I I' A_I,_oI - I r --
I POWER I 11 KC +24 VDC _ VCLTAGE

I I I L L, o.
• ..,T I. --

I 2sEc-3sECI I
i INTERRUPTION I I MULTIVIBRATOR ]

"I T,MER I I - I .

,%IDC-225 MDC-3

[_ CR_V STATION RECOVERY I J

FLIGHT _ AUDIO CmO V._-RrN,

AND POST- ;-.k, ON :
LANDING
BUS OFT" " J -

CB-20_C

Figure 2.8-26. VHF 2ecovery Beacon Equipment

2.8. 3_ 4. 6 VI-IF Recovery Beacon Equipment.

[

The VHF recovery beacon equipment (figure 2.8-2.6) provides line-

of-sight direction-finding capabilities to aid in locating the SC during the

recovery phase of the mission. The 3-watt beacon signal emitted is an

interrupted 243-mc carrier, modulated by a 1000-cps square wave. The

signal is transmitted for 2 seconds, then interrupted for 3 seconds.

Manual control of the equipment is provided by the RECOVERY--

VHF-BCN, two-position ON/OFF switch on MDC-3. The beacon requires

a maximum of 10-watt of Z$--wdc power.

/
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Figure 2.8-27. RI_T Block Diagram

CD"Z_ID

[]

2.8.3.4.7

The output of the VHF recovery beacon equipment is fed to VHF

recovery antenna No. 2, which is deployed automatically when the main
--L...L _ .3 _ -- 1
_.zz_e= are u_ployeu.

Rendezvous Radar Transponder.

The transponder (figure 2.8-27) is located in the command an4

service module (CSM) and performs the function of receiving the LM

rendezvous radar (RR) X-band CV/ signal, and retransmitting (back to the

LM) a phase-coherent signal.

The 240-milliwatt return signal is offset in fundamental carrier

"= frequency from the received signals and contains the same modulation

components phase-related with respect to the received signal.

TELECOMMUNICATION SYSTEM
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The transponder is a part of the LM radar Subsystem which consists

of a rendezvous radar in the LM, the transponder in the CSM, and a

'- landing radar mounted in the descent stage of the LIV[. The landing radar

and the descent stage are left on the lunar surface when the lunar explora-

tion is completed.

-During the descent to the lunar surface, the LM and CSk/i maintain

continuous radar contact through tile rendezvous radar-transponder link.

During the latter part of the descent phas,e, the landing radar measures the

altitude and velocity of the'LM with respect to the _ lunar surface.

At the end of the lunar stay, the rendezvous radar in the LM is used

to track the transponder in the orbiting CS_f to obtain orbital parameters,

which are used to calculate the launching of the LM into a rendezvous

trajectory.

In the rendezvous phase, the LM and CSM again maintain radar con-

tact to obtain information needed for midcourse correction, rendezvous,

and docking operations. By accepting the weak rendezvous radar trans-

mitted signal, as discussed in preceding paragraphs, and'by retransmitting

(back to the Llvl) the phase-coherent return signal, the range capabilities

are greatly increased.

f-,v_.

Performance Characteristic.

Range. Operates with the rendezvous radar (P.R} in a closed loop track-

ing system at LOS range between 50 feet and 400 NIVi.

Range Accuracy. The transponder will retransmit each of the range tones

received from the rendezvous radar at the following maximum

phase shifts:

Tone Frequency- Max. Deg. Phase Shift

200 cps ±0.69 °

6.4 kcs ±i.0 °

Z04.8 kcs ±3 °

Range Rate Accuracy. i/4 percent or 1 foot per second (whichever is

greater) based on an LGC sampling period of i00 milliseconds.

Angular Coverage. Angular coverage over a solid angle of 160 ° by 105 °

Acquisition. Acquires the rendezvous radar with a detection grobability

of 98 percent in a period of I. 3 seconds with a signal equal _o

or greater than -123 dbm at the transponder antenna.

/ I
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Mode Activation.

Signal Search Mode. The transponder will be in the signal search mode at

all times that the transponder is in an ON- condition and no signal

is being received from the rendezvous radar.

Transponder Mode. The transponder will he in its transponder mode at

all times that a signal is being received from the rendezvous

radar. Signals equal to or greater than -123 dbm which fall

within the transponder frequency range are automatically detected

and' acquired by the transponder t " -

Self-Test Mode. The transponder will be in the self-test mode when the

self-test enable signal is applied to the transponder assembly.

Standby i_[ode. The transponder will be in standby mode when the heater

position is selected for the 24 minutes i£ takes to warm the filters

to 160°±1 °F.

Antenna Characteristics.

Coverage. Gain is maintained over a solid angle of 160 ° x 105 °

Polarization. Linear with cross-polarized components 20 db down from

the main component.

Transmit Energy Characteristics.

Power. Greater than 240 milliwatts.

Frequencies. Signal search, 9792.0 mc ±25 kcs and swept ±104 kc
minimum.

Transponder mode equal to the received frequency times 240/241.

Received Signal Characteristics.

Frequency. 9832.8 mc ±30 kc offset by a doppler frequency within the

range of ±49 kc with maximum rate of change of 500 cps 2.

Signal Level. At antenna terminals, -123 dbm to -t8 dbm.

Self Test.

Self-Test Oscillator. Provides 40.8 mc for receiver testing and is

coupled into the receiver preamplifier.
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Se1_-Test Enable; From cor_trol/display +lZ vdc ±!0 percent and current

of 20 ma ±i0 percent ....

Self-Test Enable Supply. From transponder to the control/display

assembly self-test switch +25 volts 4-10 percent.

Receiver Self-Test Output. From transponder to the control/display

monitor meter, panel I01. _....

IV[onitor outputs to the control�display panel: -:

0 to 4.5 vol£s

04-0.4 volts.tic

AGC monitor

Frequency lockup

s earch

Transponder mode 4.5 volts dc ±I0 percent

Transmitter Power. Z. 5±0.4 volts dc for specified minimum power

(5 volts dc maximum).

Electrical Requirements.

Operating voltage

Emergency periods not

exceeding 5 seconds

Transients limits not

exceeding 5 minutes

Normal-Z5 to 31.5 volts

+20 to _-Z5 volts dc

+31.5 to +32 volts dc

+50 volts for i0 usec at i0 pps

r epetition rate.

-100 volts for 10 usec at i0 pps

r epetition rate.•

Power Requirements.

Maximum input power

excluding heater

60 watts at +Z8 vdc

Antenna Equipment Group.

The antenna equipment group contains all the SC antennas and

ancillary equipment used in the T/C system. For the antenna locations,

see figure 2.8-28.

VHF Omniantenna Equipment.

The VHF omniantennas and ancillary equipment consist of two VHF

scimitar antennas, a VHF triplexer, a VHF antenna switch, and'the

necessary signal and control circuits. The function of this equipment is

to provide capabilities for radiation and pickup of RF signals in the VH_

Mission
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Figure 2.8-28. Antenna Locations

spectrum. The VHF/AM transceivers, which work through this equip-

ment, operate at Z96. 8 mc and 259.7 mc. Provisions are also made for

the checkout of the PLSS communication equipment through this equipment.

The VHF triplexer is a passive, three-channel filtering device which

enables three items of VHF transmitting and receiving equipmen_ to utilize

one VHF antenna simultaneously. The three-channel filters are composed

of two tuned cavities each, which function as bandpass filters. No power

is required by the device and there are no external controls.

The VHF scimitar antennas, shown in figure Z. 8-Z9, are ornni-

antennas with approximately hemispherical radiation patterns. Because of

'--its characteristic shape, this ty_. of VHF antenna is called a scimitar.

Mission ,,
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Figure 2.8-29. Scimitar An£enna

(
2.8.3.5.2

These two VHF antennas are located on opposite sides of the service

module. One is located near the +Y axis and is called the right VHF

antenna; the other is located near the -Y axis and is ca/led the left VHF

antenna. Because of their approximate hemispherical radiation patterns,

full omnidirectional capabilities can be obtained only by switching from

one antenna to the other. This is accomplished with the VHF ANTENNA

remote control switch on MDC-3 for VHF communications.

S -Band High- Gain Antenna.

The high-gain antenna is provided for use with the unified S-band

equipment to provide sufficient gain for _wo-wa?- communications at lunar

distances. To accomplish this, the antenna can be oriented manually or

automatically toward the LNISFN stations for maximum operational

efficiency.
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The antenna also has three modes of operation for transmission and

two for reception. The nominal gain and beam widths of these modes are

listed as follows:

Mode Gain Beam Width

Vfid e -T r an smifi

Wide - Receive

Medium- Transmit

Medium- Receive

Narrow - Transmit

Narrow - Receive

8.0 db - 40 °

3. I db 40 °

18.0 db (Specification deleted)

2Zo 5 dh 4.5 °

Z5.7 db 3.9 °

Z3.0 db 4. 5 =

Figure Z. 8-30 shows the antenna in both the deployed and nondeployed

state. Actual deployment takes place during transposition and docking

phase of the mission when the SLA panels are opened. After deployment,

%
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/
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-Z

STjEXD___, SM __+X +y_]Ty_ _2;,2_

AFTBULKHEADS/M

\
MECHANISMSHOWN IN '%
STOWEDPOSITION

\
\
\

\
\
\
\ ST-155OA

Figure 2.8-30. High Gain Antenna
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the positioning circuitry is enabled. Manual controls, position readouts,

and .a signal.-strength meter are provided on MDC-2 rio allow normal

positioning of the antenna for initial signal acquisition. After acquisition,

the antenna is capable of automatically tracking the RF signal within the

travel limits of its gimbaling system. The propagation and reception mode

is selectable on the same panel.

- The antenna itself is made up of afour-parabolic dish array Whose

attendant feed horns are offset I0 degrees for the desired propagation

pattern and a clu_ter of four feed horns enclosed in the center enclosure.

In the wide mode, the center feed horns are used for transmission and

reception of signals. In the medium mode, one of the parabolic dish-

reflector antennas is used for transmission and all four of the dish antennas

are used for reception of S-band signals. The narrow mode employs the

four parabolic dish antenn_as for. transmission and reception of S-band

• signals.

Z. 8. 3. 5. 3 S-Band Ornniantennas.

The function of the four S-band omniantennas is to transmit and

receive all S-band signals during the near-earth operational phase, with

a backup capability to support the high-gain S-band antenna in the lunar

sequence. Locations are shown in figure Z. 8-28 at X c = Z0. 766 and

45 degrees off the +Z, -Y, -Z and +Y axis.

The antennas are flush-mounted, right-hand polarized helical, and

in a loaded cavity. They are rated at 15 watts cw at 2100 to 2300 mc.

VHF Recovery Antenna Equipment.Z. 8.3.5.4

There are two VHF recovery antennas, No. 1 and No. 2, stowed in

the forward compartment of the SC. Each antenna consists of a quarter-

wave stub, 1 ] inches long, and a ground plane. They are automatically

deployed 8 seconds after main parachute deployment, during the-descent

phase of the mission. (See figures 2.8-31 and 2.8-32.)

VHF recovery antenna No. 2 is connected to the VHF recovery

beacon equipment. VHF recovery antenna No. [ is to be used with the

VT-T_-'IA_[ transmitter-receiver .... -;.... _ and _ ,':,n,.,'_'_'_ to the V T-T_"

antenna switch with a coaxial cable. An access hatch is provided to allow

either of the VHF recovery antennas to be used with the GFE survival

transceiver. This requires that the coaxial cable from one of the antennas

......5e manually disconnected at _he triplexer and reconnected to the survival

transceiver.

-F
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GUSSEITNO. 4
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/
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i"

/-
./

,/

CD2117A

@

Figure 2.8-31. VHF Recovery Antenna No. I

Electrical Power Distribution.

Electrical power distribution for the intercommunication, data,

instrumentation, RF and antenna equipment is summarized on

figure 2, 8-33. In most cases, the power circuit for each piece of equip-

ment was covered in the respective functional description. The majority

Of the circuit breakers for the telecommunication system are located on

MDC-2Z5.

OPERATIONAL Lh'VilTATIONS AND RESTRICTIONS.

VHF -AM.
/

a. Simultaneous selection of DUPLEX A and B gives the same opera-

tion as selection of SIMPLEX A and B.

b. Only LM PCM telemetering data can be received only on RCV B

DATA.
.7- • i

÷=

=

• , . .
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Figure 2.8-32. VHF Recovery Antenna No. 2

l

2.8.4.2 PMP.

- a. When UP TLM/VOICE BU is chosen, the outpu_ of the data dis-

criminator is sent to both the audio center and the up-data link equipment.
b, Low-bit rate PCM data can be transmitted with down VOICE BU.

If only VOICE transmission is desired, the PCM switch must be a_ OFF

and the TLM INPUT PCM switch must be at HIGH for the best circuit

margins.

c. Selection of the AUX PlVIP power supply precludes the transmission

of recorded data from the data storage equipment. Real-time PCIV[ is

available for transmission over both the S-band transponder and FM trans-

mitter in this mode.

d. To transmit real-time PCM over the EIVf transmitter, S-BAND

AUK TAPE and PIV[P AUK POWER should be selected.

/
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2.8.4.4

DSE. " .

a. Selection of the record speed in the DSE is made by the PCM HIGH-

LOW switch, if IDCM HIGH is selected, the record speed with be 15 ips..

A PCM LOW selection changes the record speed to 3-3//4 ips.

b. Selection of the DUMP speed is automatically made by the DSE

electronics through monitoring of the bit rate on the recorded CM PCM

CLOCK track. High-bit rate PCM is dumped at 15 ips (I:I) while low-bit

rate PCM is dumped at iZ0 ips (32:1). A failure of the speed select

electronics causes automatic dumping at 120 ips.

c. The DUMP speed of recorded L/v[ PCM is always IZ0 ips. If the

I__ PCM was recorded with LBR CM PCM, it can be dumped at a 3Z:I

ratio. An 8:1 dump ratio is used-if- I/V[ PCM was recorded with HBI% CM

PCM.

USBE.

The S-BAND NORk4AL - XPONDER switch, when switched between

PRI and SEC, shouid be held momentarily in the center,, off, position to

allow the internal power relay to follow the desired configuration change.

)

%

)

¢" . . .
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2.9.1

2.9. t.1

SEC T ION -Z -

SUBSECTION 2.9

SEQUENTIAL SYSTEMS

hNTRODUC TION. ........

Se'quential systems include certain detection and control subsystems

of the launch vehicle (LV) and the Apollo spacecraft (SC). They are uti-

lizedduring launch preparations, ascent, and entry portions of a mission,

preorhi,tal aboxts, early mis_sion terminations, docking maneuvers, and

SC separation sequences. Requirements of the sequential systems are

achieved by integrating several subsystems. Figure Z. 9-I illustrates the

sequential events control subsystem (SECS) which is the nucleus of sequen-

tial systems and its interface with the following subsystems and structures:

• Displays and controls

• Emergency detection (EDS)

• Electrical power (EPS)

• Stabilization and control (SCS)

• Reaction control (RCS)

• Docking (DS)

• Telecommunications (T/C)

• Earth landing (ELS)

• Launch escape (LES)

• Structural

Sequential Events Control Subsystem.

The SECS is an integrated subsystem consisting of t_elve controllers

which may be categorized in seven classifications listed as follows:

master events sequence controllers (MESC)

service module jettison controllers (SMJC)

reaction control system controller (RGSC)

lunar module (LM) separation sequence controllers (LSSC)

lunar docking events controllers (LDEC)

earth landing sequence controllers (ELSC)

pyro continuity verification box (PCVB)

• Two

• Two

• One

• Two

• Two

• Two

• One

The relationship of these controllers and their sources of electrical

power are illustrated in figure 2.9-Z. Five batteries and three fuel cells

are the source of electrical power. The SMJC is powered by fuel cells;

however, battery power is used for the start signal. The I_CSC Ss powered

_:_ by the fuel cells and batteries." ) The remaining controllers of the-sEcs are

powered by batteries exclusively.

SEQUENTIAL SYSTEMS
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Figure 2.9-1. SECS Interface

SEQ-5OOD

2.9.1.2

2.9.1.3

2.9.1.4

Z.9.1.5

MESC, ELSC, LDEC, and PCVB Locations.

Four controllers of the SECS are located in the right-hand equipment

bay (RHEB) of the CM. (See figure 2.9-3. )

SMJC Location.

....... _ installation of the redundant controllers on the forward bulkhead of

-t/Re S_41 in sector 2 is illustrated in figure 2.9-4. The fuel cells, which

supply power for the SMJC, are also located in the SM.

RCSC Location.

The location of the R CSC_ i_n the aft equipment bay of the CM is

illustrated in figure Z. 9-5.

_.. [

LSSC Location.

l_edundant controllers are located in the spacecraft LM adapter
(_SLA) just forward of th_e L V in s_trumentation unit (IU); this location is

D
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Figure. 2. 9-2. SECS Controllers
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SEQ-SCB

2.9.1.6

Figure 2.9-4. SMJC Location

near the attachment point of the LM to the IU. For missions that require

dual launchings, the LSSC will be installed on the_LV which is utilized to

launch the LM. Figure 2.9-6 illustrates the location between the hinge

line of the SLA and the _a_,hmen___ plane of the TTTJ.%2.

Origin of Signals.

The SECS receives manual and/or automatic signals and performs

control functions for normal mission events or aborts. The manual sig-

nals are the result of manipulating switches on the main display console

(MDC) or rotating the Commander's translation hand control counter-

clockwise, which is the prime control for a manual abort. Automatic

"=_"abort signals are relayed by £h_*"emergency detection system (ED_).

" Mission _

t" '-
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2.9.2. 1

SEQ-5_8

Figure 2.9-5. RCSC Location

GENERAL DESCRIPTION.

In several instances, normal mission events are initiated manually

with no provisions for automatic control. In other instances, automatic

control is provided wiih manual control included for backup or override.

In addition to the control functions, the sequential systems incorporate

- visual displays which allow the flight crew to monitor parameters asso-
ciated with the LV.-

Launch Escape Tower Assembly.

The apex section of the boost protective cover (BPC) (figure 2. 9-7)

is attached to the LET legs and also to another section of the BIkC which is

described in Section i, Spacecraft. The LET is fabricated from welded

SEQUENTIAL SYSTEMS
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Figure 2.9l6. LSSC Location

X

titanium tubing which is-insulated against heat of rocket motor plumes.

Two Saturn V dampers, -one of which cannot be illustrated in this perspec-

tive, interface with a tower arm of the mobile launcher. Switches in the

tower arm are tripped-by the dampers, and clamps are mechanized to

secure the LET legs to prevent sway caused by wind loads.

Circuits of the _ECS integrate the MESC, ELSC, and LDEC pro-

riding manual and/or aut0ma[ed controls for initiating ordnance devices

which are utilized in the foll@_ng: _ -

a. Breaking frangible nuts which retain the LET legs to the CM
T

structur e. --

b. Igniting the launch escape, m0_tor (LEM), tower jettison motor

(TJM), and pitch control motor (PCM) as required for nocninal mission

or abort maneuvers.

D

°•.
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t"

c. Deployment of the canards as required to orient the launch escape

Vehicle (LEV] with the aft heat shield forward during LES aborts. This

orientation contributes to efficient parachute deployment.

A Q-ball, which is a customer-furnished item, interfaces with the

sequential systems to monitor LV angle of attack at or near the MAX Q

region during ascent.

Ballast is installed to control the_ CG location of the LEV. The

amount of ballast required is contingent on individ_aal LEV weight and

balance da t,9_.

Probe Passive Tension Tie.

A:passive tension tie is incorporated on SC that are equipped with a

docking probe. The tension tie is illustrated in figure 2._ 9-8, and attaches

the docking probe to the apex section of the boost protective cover. During

LES_aborts the LET is automatically jettisoned and ordnance which sepa-

rates the docking ring from the CM is initiated by relay logic of the MESC

and LDEC, therefore, in this sequence the docking probe is jettisoned with

the LET because of the tension tie. When the LET is _efitisoned during a

nominal ascent the docking ring ordnance is not initiated and the tension

tie is snapped from the docking probe by thrust from the TJ-M.

i Xc "81

" _ BOOST COVER

BUMPER (FOAM) _ _ .

SEQ-548A

)

/-

Figure 2.9-8. Probe Passive Tension Tie
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2.9.2.-3 Docking Probe Re traction.

" " 7 ".', i :'

2.9.2.4

On SC so.equipped,docking probe reLraction requires pyro

power from the SECS. Burst diaphragms are used to contain

nitrogen in four high-pressure cylinders which are included within the

docking probe. The nitrogen is used to retract the probe, and the

diaphragms are ruptured by plungers which are actiyated by ordnance

devices. Mechanization and <ontrol of the docking probe is included in

•Section 2.13, Docking and Crew Transfer.

S-IVB/LM Separation. - - - . _ " -

" After transposition and docking, the crew will connect the umbil-

icals which will-mate _he CIV[ and t/le L_I electrical circuits, section 2.!3.

This electrical interface will enable the utilization of the integrated

LDEC and-LSSC for S-IVB/LM separation. The LM legs are secured to

the SLA by clamps which are unlatched by ordnance devices.

2.9.2.5 Separation of the CSM From the LV.

El--- k

/
r

When the command service module (CSM) is to be separated from the

LV, either for nominal mlssion or abort requirements, the MESCandLDEC

are utilized (figure 2.9-9). Manually controlled or automated cir-cuits,

SEQ-542C

Figure 2.9-9. Normal CSM/LV Separation
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whichever are utilized, wiI1 initiate explosive.trains that will sever .and

jetl;ison the ST,A. panels (figure 2.9-i0),

CM-S_N/[ Separation and SM Jettison.

Prior to the entry phase of a nominal mission, the IVfESC and LDEC

will be utilized to separate the ClV[ from the SM and the Sh_/C will

automate jettisoning the S iA/[(figure 2; 9- ii).

Forward Heat Shield (Apex Cover).

Section I includes a description of the forward heat shield structure;

automated and manually controlled circuits for jetti'soning this heat shield

are included in the integrated IV[ESC, ELSC, and LDEC. IViechanization

of apex cover jettison is accomplished 5]/ the use of thrusters and a

drag parachute. Figure 2.9-12 illustrates pressure cartridges installed

in a breech. V_qlen gas pressure is generated by the pressure car-

tridges, two pistons will be forced apart and a tension tie will be broken.

The lower piston will be forced against a stop and the tipper piston will 7De

forced out of its cylinder. The piston rod ends are fastened to foTw_ard

heat shield fittings and the apex cover is forced a_vay from the CIVi. Only

i _UPPORT

I _ %_ _._I -"_-SPRING

,<1
! ,N "" _;( ' HINGE

-SPRINGITYP8 PLAOEs)THRUSTERI__..._/.______%_/_IiF--4]-/--r%- I " " XA 983.20----__."UPPER HINGE

ELECTR4CAL_--_-// "_--"'_\ I n_ _LOWER HINGE

;IU_LoA:NA_.T[_;/" _OH;DUNSATE_c_) AFTERPANEl.DEPLOYMENT

ffYP 8 PLACES-) ffYP 4 PLACESl STARTOF JETTISON
ST-3_.SG

-Figure 2_9-I0. SLA Panel Jettison

........................................... ---7 .......
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Figure 2.9-11. Normal CIVI-SM Separation and SM Jettison
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_o of the thruster assemblies have breeches and pressure cartridges

installed and plumbing connects the breeches to thrusters mounted on

diametrically opposite CIVi structural memhers_ this constitutes

redundancy.

Figure 2.9-13 illustrates the forward heat shield separation augmen-

tation system. The mortar deployed drag parachute, as the name implies,

is used to drag the apex cover out of an area of negative air pressure

following the Civf and will prevent recontact of the apex cover with the CM_

Lanyard-actuated switches are used to initiate mortar pressure cartridges.
- . P .

A lanyard-actuated electrical dlsconnect will deadface the electrical

c_rcuitry involved after the drag parachute has been deployed.

2.9, 2.8 ELS Equipment.

The apex cover must be jettisoned before the ELS equipment may he

utilized. Figure 2.9-14 illustrates how the ELS equipment is installed

beneath the forward heat shield. All parachutes are mortar-deployed to

insure that they _re ejected beyond boundary la_ers and turbulent air .

around and following the CM. An RCS engine protector prevents damage

to CM RCS rocket engines by parachute risers. Parachute risers are

also protected from damage by parachute riser protectors, which are

spring-loaded covers over the LET attachment studs. The LES tower

electrical receptacles are used to connect LET interface wiring, and the

malng parts of the receptacles are pulled apart when the LET is jetti-

soned. A sea recovery sling will be removed from stowage by members

of the recovery team. Three uprighting flotation bags are installed under

the main parachutes. A switch is provided for the crew to deploy the sea

dye marker and swimmer umbilical any time after landing.

[

2.9.2.9

2.9.2.10

ELS Parachutes.

Eight parachutes are usedintheELS parachute system (figure 2.9-15).

The drogue and main parachut_ s are deployed in a reefed condition to

prevent damage from transient loads during inflation. The ELSC will

automate the deployment of these parachutes when activated by relay logic

in the MESC. Switches are provided for the flight crew to disable the

automation and deploy the parachutes by dirent manual control.

Reefing System. ---

The drogue and main parachutes are reefed with lines rove through

reefing rings, which are sewn to-the inside of the parachute skirts and

reefing line cutters (figure 2.9-16]. _---

V/hen the suspension- lines stre[ch, a [al%yard will pull the sear

release from the reefing line c_gter, and bur_ning of a time-delay _

compound will be starteed-(fig_re 2.91_17).-_ _ When the Compound has _-burned,

a propellant will be ignited and a cutter will be driven through the reefing
line .....
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Forward Heat Shield Separation Augmentation System
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DROGUE CHUTES (2!

CON|CAL RIBBON TYPE

MORTAR DEPLOYED

(REEFEDFOR 10SEC)

16.5FT DIAMETER

13.0FT NOMINAL

INFLATEDD|A_,IETER

\

\

PILOTCHUTES 61

RING SLOT

MORTAR DEPLOYED

7.2 Fr DIAMETER

6.O FTNOM INAL

INFLATEDDI_ETER

MAIN CHUTES 8)
1443._'

RING BAIL \

DEPLOYED BY PILOTCHUTES \

(REEFEDIN ? STAGES FOR 10SEC}

" _..5FT DI_MLqER

/7.0FT NOMINAL

INFLATEDDIA_ETER

Figure 2.9-15. ELS Parachutes

:., . . .

REEFING

REEFINGLINECUTTER

SUSPENSION
L

SEQ-75

---Figur-e 2.9-16. Reefing Line Cutter Installation
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EXPANS ION CHANIBER_ .

BODY CRIMP

FIRING PIN

PR IM ER
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RETAINER

SEAR RELEASE
SEQ-8E

,,r

Figure 2.9-17. Reefing Line Cutter

Each of the drogue parachutes has two reefing lines with two cutters

per line to prevent disreefing in case any one reefing line cutter should

fail prematurely because a single reefing line cut in one place will disreef

a parachute. Each of the three main parachutes has three reefing lines

with two cutters per line. The time delay of four of the cutters on each

main parachute (two lines) is 6 seconds. At this time the main parachutes

will be allowed to open slightly wider than when deployed: The time delay

of the remaining two cutters on each main parachute is I0 seconds. At

this time the parachutes will be allowed to inflate fully.

Reefing line cutters are also utilized in the deployment of two very

high frequency (VHF) antennas and one flashing beacon light during descent.

These recovery devices are r_tained by spring-loaded devices _hich are

secured with parachute rigging cord. The cord is rove through reefing

line cutters and the sear releases are pulled by lanyards secured to the

main parachute risers.
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2;9.2. 12

2.9.3

2.9.3.1

Design Criteria. -,- -

Dual redundancy with manual backup has been employed in the design

of the sequential system critical circuits. This ensures that in all cases

the effects of a component failure, in the prime failure mode, will not:

a. Prevent system operation when required

b. Cause inadvertent system operation.

Circuit Concept. .,-

7

In most Apollo applications, premature operation of an ordnance

system is hazardous to the crew and could cause loss of mission objectives.

Identification and correction of singl e points of failure, therefore, are

prime objectives in the SECS circuit concept. Elimination of single fail-

ures is accomplished by the addition of s.eries contacts (dual) in each firing

circuit. The probability of premature operation of an ordnance device

has been greatly reduced by the utilization of series elements. On the

other hand, the reliability of the firing network to operate has been

reduc_ed. The overall firing circuit reliability is enhanced by the use of

redundant firing circuits. Each circuit is independent of the other with

each output controlling its own ordnance component. Each of these redun-

dant circuits is contained in independent systems which are designated

systems A and B. F_gure 2.9-18 illustrates one of the redundant systems

of a typical firing network. This illustrationalso shows that some control

circuits for sequential events utilize the same circuit concept.

FUNC TIONAL DESCRIPTION.

The origin of signals and functions of the sequential systems are

illustrated in figure 2.9-19. Launch escape System (LES) aborts may be

executed from the launch pad, or duzing ascent, until launch escape tower

(LET) jettison. Prior to lift-off, LES abort signals are initiated by manual

control only because the automatic abort circuits of the EDS are activated

at lift-off. Thereafter LES aborts may be initiated by manual control or

by automatic control during the period that the EDS automatic abort Circuits

are active. LES aborts are categorized as modes IN, IB, and !C aborts.

Service propulsion system (SPS) aborts are categorized as modes. 2, 3,

and 4 aborts and may be initiated after the LET has been jettisoned. No

provisions are made to initiate SPS aborts automatically.

Normal Mission Functions_

In addition to control for aborts, the sequential systems provide for

the monitoring of vital LV parameters and control for other essential

mission functions as follows:

_:_ a. Sensing and displaying LV_.status: 7,

_ I. Thrust OK lights fo.r all booster engines

.s
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Figure 2.9-18. Circuit Concept
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Figure Z. 9-19. Sequential Systems Functional Block Diagram
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Z. Angular rates excessive

3. IU guidance failure

4. S-Ii stage second plane separation (S-V launch vehicles only)

5. LV propellant tank pressures

6. Angle of attack. " ...... :

..... b. Receiving and displaying abort requests from ground stations.

c. Jettisoning of the LET:

:.... ' [. Initiate ordnance devices that separate the LET from the CIV[

Z. Ignite T/IV£. "

d. Separation of the CSIV[ from the S-IVB stage:

i. " Enable controller reaction jet on/off assembly Which provides

automatic control of SM RCS engines. (Enable SM RCS/SCS. )

Z. Initiate ordnance devices that separate the SLA:

(a) Initiate cutting and deployment of SLA panels

(5) Separate SC/LV umbilical

(c) Separate L_/GSE umbilical.

e. LM docking probe retraction on SC so equipped.

° f. Separation of L]v[ from S-IVB stage:

I. Initfate ordnance devices that separate the LM legs from

the SLA

2. Deadface LM pyro separation power

3. Initiate SLA/L_v[ umbilical guillotine.

g. Separation of the Ll_i docking ring on SC so equipped.

h. Separation of the C]V[ from the Slkd.

I. Start S_h/[JC:

(a) Lock up fuel cell power to SlV[/C

(5) Start -X jets of SIV[ I_CS

(c) Start +roll jets of SM I_CS

(d) Stop +roll jets of Sly[ I_CS.

Z. Deadface CIV[-SM umbilical power.

3. Pressurize C]v[ RCS

4. Transfer electrical power from S_¢[ RCS engines to CIV[ I_CS

engines and deadface S_¢[$C start signal

__fi_____Transfer .... entryand p ostla_nding b a__er.y power t_omain d-c
buses (main bus fie)

6. Initiate separation ordnance devices:

: (a)- C}_-S_A/[-tension ties

(5)- CM-SM umbilical guillotine

7.- Deadface CM-SM separation pyro power (pyro cutout).

i. Deployrn- ent of ELS parachutes:

i. Activate ELSC

Z. Disable controller reaction jet on/off assembly which inhibits

automat{c- control of CM RCS engines (Disable CM RCS/SCS)

3. Je_/ison apex cover

4. -_ Deployment of apex cover drag parachute

5. De-plo_nent of drogue parachutes _L

6. l_eiease of drogue parachutes

7. Deployment of pilot parachutes of the main parachutes.

)

b

. 7

_r
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Deployment of recovery devices :

I. Two VHF antennas ......

2. One flashing beacon light.

Burning of C_v[ RCS propellants and pressurant.

Postlanding functions ;

I. Release of main parachutes.

/

.... ,J

',,..

2.9.3.2 Mode IA Abort. . •

The functions of a mode IA abort are: " :

a. Relay booster engine cutoff (BECO) signal to the IU

b. Reset and start the commander's event timer

c. Separation of the CM from the SM.

i. Deadface CM-SM umbilical po_ver

2. Pressurize CM RCS

3. Transfer electrical control from SM RCS engines to CM RCS

engines

4. Transfer entry and postlanding battery power to main d-c buses

(main bus tie)

5. Initiate separation ordnance devices:

(a) CM-SM tension ties

(b) CM-SM umbilical guillotine.

6. Fire LEM and PCM

7. Start automated rapid propellant dump (CM RCS propellant and

pres surant jettison):

(a) Initiate oxidizer dump

(b) Initiate interconnect of A and B fluid systems

(c) Close propellant shutoff valves

(d) Initiate fuel dump

(e) Initiate helium dump (purge).

d. Deploy canards

e. Deployment of ELS parachutes:

I. Activate ELSC

2. Disable controller reaction jet on/off assembly which inhibits

automatic control of CM RCS engines (Disable CM RCS/SCS)

3.

4.

5.

6.

7.

8. "

9.

f.

Jettison LET

Separate LM docking ring on spacecraft so equipped

Setfiison apex cover

Deployment of apex cover drag parachute

Deployment of drogue parachutes

Release of drogue parachutes

Deployment of pilot parachutes of the main parachutes.

Deployment of recovery devices:

I. T_o _ antem-_as

Z. One flashing beacon light.

Po stlanding functions.'.

I. Release of main parachutes.

g,
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Modes IB and IC Aborts.

The functions of the modes IB and IC aborts are the same as those.

for a mode Ii abort with the following exceptions:

a. Firing of the PCM is inhibited

b. Automated rapid propellant jettisoning is inb/bited. Propellants

and pressurant of the CM RCS are disposed of as in a nominal entry and

landing procedure.

c. Enable controller reaction jet on/off assembly which provides

automatic control of CM RCS engines (Enable CM !_CS/SCS).

Modes 2, 3, and 4Aborts.

The functions of the sequential systems portion of an SPS abort are:

a. Relay BECO signal to the IU

b. Reset and start commander's event timer

c. Initiate CSM direct ullage (+X translation)

d._ Relay signal to SCS to inhibit pitch and yaw rate stabilization

e. Separate CSM from the LV:

i. Initiate ordnance devices that separate SEA:

(a) Initiate severance and deployment of SLA panels

(b) Separate SC/LVurnbilical

(c) Separate I2vl/GSE umbilical.

f. Enable controller reaction jet.on/off assembly which provides auto-

matic control of SM I_CS engines (Enable SKi I_CS/SCS).

OPERATIONAL DESCRIPTION.

Figure 2.9-Z0 illustrates the operation and functions of the integrated

sequential systems and zone references to this illustration are used in

subsequent paragraph s. This is an operational/functional diagram and

should not-be miscanstrued as an electrical schematic since many details

of_the electrical system are not included, i. e. , ground returns arenot

shown except for the clarification of unique circuits. Also, initiator

firing circuits are not complete in.the operational/functional diagram.

Figure Z. 9-18 illustrates that normally closed contacts of firing relays are

utilized to short the initfator to ground and that all initiator firing circuits

are protected with fusistors. All initiators are grounded by relay logic and

fusistors are incorporated even though the operational/functi0nal diagram

does not illustrate this feature. Generally, only one of the redundant sys i "

terns is illustrated, which in this instance is system A; however, the

redundant system is included when the two are not identical. NumeroUs

cros_sbver networks are illustrated where krital fu_.ctions are concerned; in

these instances, systems A or B components will activate and/or inilate

the discrete requirements. Interface with other systems is limited to the

.<effect the interfacing system has _Qn sequential systems, f'_
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2.9.4. i

Z.9.4.1.I

2.9.4.2

2.9.4. Z.I

Logic Power. (Zones 43-A and -B)

The source of logic power for the sequential systems is entry and

postianding batteries A, B and C which are descrihed in Section 2.6,

Electrical Power. Utilization of the circuit breakers in these power

circuits is also described in the electrical power section.

Arming Sequential Systems Logic Circuits. (Zones 38 and 39-C and D)

Three circuit breakers are utilized in the system A sequential

systems logic arming circuits, and their counterparts (not illustrated) are

utilized in the system B circuits. The system A circuit breakers are ELS

BAT A (CB 45), SEQ EVENTS CONT SYS LOGIC A BAT A (CB 3), and

SEQ EVENTS CONT SYS AI%M A BAT i (CB i). The SEQ EVENTS

CONT SYSTEM LOGIC switches 1 and Z (SII and S15) are two pole

lever-lock switches and their function is SECS logic arming. When

either of these switches is closed, the MESC LOGIC AI_M relays will

be energized in systems A and B and the MESC logic buses of both

systems will be armed if the breakers of systems A and B have been
closed.

iZh/ro Power. (Zones 38 through 43-E and -F)

Normally the source of pyro power is pyro batteries A and B;

however, entry and postianding batteries may be used as backup sources

ofpyro power. Closure of SEQ A or B circuit breaker s,(CB 16 or 17),

zone 41-E, will complete battery power circuits to pyro system A or B.

The condition of the pyro batteries may be determined by the use of a

d-c voltmeter (IVil0) and selector switch (SZT), zones 40, 41-E, and -F.

if the voltage of either of the pyro batteries should be too low for crew

safety, entry battery power may be utilized. Opening the appropriate

PYRO/SEQ circuit breaker and closing the appropriate BAT BUS TO

PYP_O TIE circuit breaker (CB 18 or 19), zones 41-D and -E, will

execute the selection of backup power.

Arming Pyro Buses. (Zones 38 and 39-E and -F)

The system A SECS pyro buses are armed v_t_h a motor sv¢itch in

the LDEC primarily for power conservation. When the motor is driven

to either position, power is not required to hold the switch contacts in

the selected position. The PYI_O AlUM switch (SI0), zone 38-C, is

used to control the LDEC motor switch (KI), zones 39, 40-E; and -F.

Contacts of the motor switch control power to the LDEC, RCSC, and

MESC pyro buses. Pyro power for the ELSC is derived from the MESC

pyro bus.

f

/

I
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SYSTEMS DATA

SiVB/LM Separation. (Zone 39-F)

2.9.4.2.3

Two circuit breakers are incorporated in the pyr0 power,systems

that are required to separate the LM from the SIVB stage. V/hen

mission requirements include this function, it wili be necessary to

close the SIVB/LZVI SEP, PYRO. A, and/or PYRO B circuit breakers

(CB 3 or CB 4).

Main Parachute Release. (Zone 37-E)

Tv¢o circuit breakers are incorporated in the pyro power systems

that are required to release the main parachutes from the CM. This is

a design change to eliminate the hazard of main parachute release

during descent. Closure of MAIN RELEASE, PYRO i and/or PYRO B

circuit breakers (CB 48 or CB 49), should be accomplished as a post-

landing 0pera£ion only.

2.9.4.3 EDS Bus Changeover. (Zones 36, 37-A, and -B)

Battery C provides an alternate power source to the MESC voting

logic, zone 31-A, and the T_VR JETT switches, zone Z7-F. These

circuits are normally powered by batteries A and B. This is accom-

plished by the EDS bus changeover circuits in each MESC. Closure of

the EDS POWER switch (SI), zones 37-A and -B, energizes EDS

CHANGEOVER relays. W_nen these relays are energized, battery A is

coupled to system i and battery B is coupled to system B. In the event

of a power failure in either system A or B, the relay logic will remove

t/le existing battery and couple battery C to the system which had a

power failure.

2.9.4.4 _ Lift-Off.

The lift-off •originated in the IU, zones 34-A and -C, is the result

_ of two L/V events:

a. Thrust commit activates lift-off enable circuitry when the first

stage LV engines are produch%g the required level of thrust.

" -h. Disconnection of the IU umbilical will drop out lift-off holding

-cincu/ts, which, in turn will switch the lift-off signal power to the CSM.

....The umbilical will be disconnected at the instant of actu_.l lift-off.

.... If the appropriate circuit breakers and switches are in the configu-

ration intended for a nominal launch the lift-off signal will initiate five

ever_ts,- zones 29 through 32-C and -D:

a_ Reset and start event and mission timers (two each).

:_ : b$ St_r-t the automatic PROPELLANT DUMP AND PURGE DISABLE

_ fi_l"I"le__ : - -

f

k.
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2.9.4.5

2.9.4.5.1

2.9.4.5.2

c. Illuminate the white LIFT OFF light

d. Provide power to illuminate the red NO AUTO ABORT light in the

event the MESC automatic abort circuits are not enabled

e. Enable the MESC automatic abort circuits by energizing the AUTO

ABORT ENABLE relays.

Emergency Detection System.

The LV EDS monitors critical parameters associated with LV

powered flight. Emergency conditions associated with these parameters

are displayed to the crew on the IV[DC to indicate necessity for abort action.

An additional provision of this system is the initiation of an automatic abort

in the event of certain extreme time critical conditions, listed as follows:

a. Loss of thrust on two or more engines on the first stage of the LV.

b. Excessive vehicle angular rates in any of the pitch, yaw, or roll

plane s.

Concurrent with abort initiation (either manual or automatic), the

system provides BECO action except for the first 30 seconds of flight in

the case of a S-V LV. Range safety requirements impose the time

restrictions.

EDS Automatic Abort Activation and Deactivation. (Zones 35 and 36-C

through -E)

The EDS automatic abort circuits in the CSIV[ are activated automati-

cally at lift-off and deactivated automatically at LET jettison. Switches are

provided on the MDC to deactivate the entire automatic abort capability or

the TV_O ENGIi_ES OUT and EXCESSIVE RATES portions of the system

independently. Deactivation of the two automatic abort parameters are

also accomplished automatically in the IU just prior to inboard engine

cutoff (IECO) as a backup to the manual deactivation by the flight crecy.

Launch Vehicle Status.

The electrical circuits that provide illumination power and control

the LV status lights are in the IU. The LV RATE light, zones 24 and 25,

will illuminate when LV roll, pitch, or yaw rates are in excess of pre-

determined limits. To indicate loss of attitude reference in the 173 guidance

unit, the red LV GUID and the LV RATE lights illuminate during first stage

boost, then only LV OUID will illuminate. The yellow LV ENOINES lights

illuminate when a respective LV operating engine is developing less than

the required thrust output. The engine lights provide f0_r cues: (I) igni-

tion, (Z) cutoff, (3) engine below thrust, and (4) physical stage seoaration.

A red SII SEP light will illuminate at SII first-plane separation and is

extinguished at second-place _separation on vehicles launched with an S-V

booster. Each of these status lights has an A and B redundant circuit

operation with separate lamps in each circuit.
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2.9.4,5.3

a.9.4.5.4

2.9.4.6

2.9.4.7

Abort Request Light. (Zone 31-E)

The ABOI<T light, is a red lamp assembly containing four bulbs

that provide high-intensity illumination. Two bulbs are in system A,

and _vo are in system B. The ABORT light is illuminated if an abort is

requested by launch control center for a pad abort or an abort during

lift-off via up-data link (UDL). The ABORT light can be illuminated after

lift-off by the range safety officer transmitting a DESTRUCT ARM

COM_M_AND, zone 33-E. An abort may also be requested via UDL from

the manned space flight network (MSFN). The ABORT lamps, systems A

and/or B may be extinguished by UDL reset commands; however,, tl_e - "

flight crew can extinguish the lamps in system B only with th_ UP

TELEIXdETRY COMMAND switch ($39), zones Z7 through 30-E and -F.

Launch Vehicle Tank Pressure Ivlonitor.

A time-shared display is used to indicate LV propellant tank

pressures and SPS gimhal position, zones 30 and 31-E and -F. The

LV/_SPS IND selector switch ($53), zone 3Z-F, is used to select the

parameters to be displayed. Meter movement selector switches and

operational povzer circuits are included in section Z. 3.

LV Auto Abort Logic.

The EDS will automatically initiate an abort signal when two or

more first stage engines are out, zone 34-D, or when LV excessive

rates are sensed by gyros in the IU, zones 34-C and -D. These abort

signals will energize an ABOI<T BUS which will energize AUTO ABOI_T

INITIATE relays, zones 33-C and -D. When the AUTO ABORT

INITIATE relays in the IU are energized, the auto abort voting relays

in the IX/IESC are deenergized, paragraph Z.9.4.7. Three matrices of

relay contacts, each of which constitutes Z of 3 voting logic, are in the

abort s{gnals to the ABO_P_T BUS and the functions of these relays are

automati:c abort deactivate, paragraph 2.9.4.5. I, zones 34-(3 and -D.

The source of power to energize the AUTO ABOI_T DEACTIVATE

relays is in the IU, zones 36-C, -D and -E, and may be controlled by

switches in the CIh£. If the 2 ENO OUT switch ($64), zone 36-E, is

placed in the OFF position, the Z ENG OUT AUTO ABOI<T DE_kCTIVATE

relays will be energized and the Z engines out signal from the first

stage will be inhibited from initiating an automatic abort. If the LV

BATES switch ($65), zone 36-D, is placed in the OFF position, _he

EXCESSIVE RATES AUTO ABOI%T DEACTIVATE relays will be

energized and the abort signals from the IU gyros will be inhil_ited

from initiating an automatic abort.

MESC AUtO Abort Vohing Logic.- ....

-VTl/en the EDS bus change()ver Circuits a-r-e energized (para i

graph 2.9.4.3), three hot wire loops are established between the CM

.f _ L.

_- i .L
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2.9.4.7.1

and LV. Power from the EDS buses I, 2, and 3 energize the EDS

ABORT relays i, 2, and 3 in the ZiflESC, zones 31 and 32-A and -B.

The Lhree legs of EDS bus power are through three matrices of relay

contacts of the AUTO ABORT IiNqTIATE relays (paragraph Z. 9.4.6),

zones 33-A through -D. When an automatic abort is initiated in the IU

the EDS ABORT relays in the _ESC are de-energized, this constitutes

three abort votes in the MESC. The IVa_ESC i Z of 3 voting logic is

illustrated with matrices of EDS ABORT relay contacts, zones 30 and

31-i. The automatic abort signal through this voting logic is described

in paragraph Z. 9.4._ 14.

Launch Escape Tower Physically Attached.

2.9.4.7.2

One of the requirements for the automatic abort circuits to be

enabled is to have the LET physically attached to the CM (figure Z. 9-7).

Another requirement is logic power to the circuits associated with

tower attachment. The power may be from the EDS bus changeover

circuits (paragraph 2.9- 4.3) or from the _/ESC LOGIC bus (para-

graph Z. 9.4. i. I). The LET PHYSICAL SEPARATION MONITOR

relays, zone 25-F, have ground wires routed through the tower legs.

One pair of contacts of these relays is in the holding circuit to the

AUTO ABORT ENABLE relays (paragraph Z. 9;4.7. Z), zone 31-D.

An automatic abort is impossible after the tower has been jettisoned

because the AUTO ABORT ENABLE relays will have been de-energized.

Auto Abort Enable.

<

/

The last requirement for an abort initiate signal to be automated

is to have the MESC automatic abort circt_its enabled. If the EDS

switch ($67), zone Z9-D, is in the AUTO position, a lift-off signal

(paragraph 2.9.4.4) from the IU will enable these circuits. Relay

logic in the automatic abort enable circuits are designed to establish

holding circuits on battery bus power. These holding circuits are

required to maintain the automatic abort circuits in an enabled state

since the lift-off signals are discontinued from the IU at IECO. For

the holding circuits to be established, power must be made available

from the SECS LOGIC CB3 (paragraph Z.9.4.1.I), and the LET must

be physically attached and electrically mated (paragraph 2.9.4.7. l).

Normally closed contacts of the system B AUTO ABORT ENABLE

relays are installed in the negative return of the red NO AUTO ABORT

light. Therefore, when the automatic abort circuits are enabled, the

red NO AUTO ABORT light will not be illuminated. The LIFT OFF

and NO AUTO ABORT lights are combined in an illuminated pushbutton

(IPB) which is the only illuminated switch in this group. Illumination

of the red light would be the indication that complete enabling of both

systems had not been established. If the white LIFT OFF light should

not illuminate at lift-off, the _ost probable cause would be a fa{l_ere of

both lift-off signals in the IU. In this even_, the limB should be depressed
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momentarily tD allow the automatic abort circuits to be enabled from the

alternate battery bus power source; neither of the lights would be

ill_'ninated in this instance.

Z. 9.4.8 Normal Ascent.

Figure 2.9-21 illustrates the normal ascent for S-V launch vehicles.

A T ÷ 42 seconds, tl_e ABORT SYSTEN[ PRPLNT switch ($63), zone

20-B, will be changed from the DU1vlP AUTO position to the RCS CMD

position. The DUMP AUTO contacts of the switch are in series with con-

tacts of the PROPELLANT DUMP AND PURGE DISABLE timer which

was started at lift,off (.paragraph 2.9.4.4). Additional information relative

to this time delay and procedural switc.hing is included in section 2.5, RCS

ancl paragraph 2.9.4.14.5.

2.9.4.8.1 Angle of Attack Monitor. (Zones 35 through 37-E and -F)
-L

A Q-ball (figure 2.9-22) mounted above the LES motors, provides

an electrical signal input to the IJV AOA/Sps_Pc in_dicator and an electrical

signal input to ground control via telemetry. The Q-ball has eight static

ports for measuring _P which is a function 0Y angle of attack. The pitch

and yaw _P signals are electronically vector-suzr_ned in the Q-ball and

displayed on the indicator. The indicator is monitored for the LV AOA
ORBIT
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Figure 2.9-21. Event Profile, Normal Ascent S-V LV
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5EQ-748

Figure 2.9-22. EDS Q Ball

Z. 9.4, 8.2

function during ascent when the LV is at or near the max O region. This

is a time-shared instrument with the service propulsion system (SPS),

and the 150-percent graduation is because of SPS start transients. Use

of the scale during the LV AOA period Will be as a trend indicator only

with abort limits established in mission rules.

EDS Automatic Abort Deactivate.

The entire automatic abort capability or a portion of the circuits

may be deactivated by the flight crecy prior to staging (paragrapk2.9.4.5.1)%

If the EDS switch ($67), zone 29-D, is switched to the OFF position, the

entire EDS automatic abort capability will be deactivated (para-

graph 2.9.4.7.2). If the 2 ENG OUT switch ($64) and/or LV RATES

switch ($65) are switched to the OFF position, the appropriate automatic

abort parameter will be deactivated (paragraph 2.9.4. 6). Automated

switching in the IN SV_ITCH SELECTOR, zone 35-E, will also deactivate

the two automatic parameters as a part of the staging sequence.

Z. 9.4.8_L3 Extinguish LIFT OFF and N0_AUTO ABORT Lights. _

f_

Just before IECO, the LIFT OFF ENABLE INHIBIT relay contacts

in the IU are opened, zones 34-A and -C. This interrupts EDS bus power

SEQUENTIAL SYSTEMS
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which is =equired to illuminate the lamps of the LIFT OFF and NO AUTO

ABORT displays. If the EDS switch ($67) is used to deactivate the EDS

automatic abort circuits (paragraph Z. 9.4.8.2), the NO AUTO ABORT

lamps will have been illuminated and will be extinguished at this time.

When the EDS bus power is interrupted by this IU relay logic, the mission

and event timers, which were started at lift-off, will continue %0 operate

because of internal holding circuits in these units.

Launch Escape Tower Jettison

After staging, the LET is jettisoned (figure 2.9-Z3). Normally, both

of the TWI< JI_TT switches ($66 and $96), zone Z6-F, will be used to

initiate this function; however, either one of the switches will initiate

systems A and B tower jettison circuits. Each of these switches, No. 1

and 2, are double pole switches and System A logic or EDS change-

over power will enable one of the poles of each switch. Moreover, one

pole of each switch will activate the circuits of system A and the other

pole system B. The frangible nuts which attach the tower legs to the CM

are illustrat4d in figure Z. 9-24. Each nut assembly includes two detona-

tors, one initiated by system A circuits, and the other by system B. The

tower jettison circuits will also ignite the TJIV[. The cue which the flight

crew will use when initiating LET jettison is the S-II SEP light. Utilization

of the event timer in conjunction with the visual light cue will enable the

crew to jettison the LET at the correct time. If the TJik4 should fail to

/

Figure 2.9-23. Normal Tower Jettison

SEQ-_ID

t
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Figure 2. 9-24. Tower Separation System
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SEQ-519A

2.9.4.9

[

2.9.4.9.1

ignite, an alternate method may be used to jettison the LET. The LES

MOTOR FII<E switch ($31), zone 19-C, will ignite the LEM _vhich is

-flight-qualified to jettison the LET. If this alternative shauld be necessary,

it is vital that the detonators of the frangible nuts shall have been initiated

he fore the LES MOTOR FIRE switch is depressed. The TWR JETT

switches are the only controls that will initiate the detonators of the

frangible nuts.

Separation of the Spacecraft From the Launch Vehicle.

_ The next m_aneuv.er -that the se-quentia! systems will be utii{zed-to

perform is CSM/LV separation (figure 2.9-25). Closing the CSM/LV SEP

switch ($35}_ zone 10-B, will energize the CSM/LV SEPAI__ATEzrelays ,

which will fire initiators of the explosive trains that sever and jettison

-the 8LA panels. The same explosive train will separate the CS_vi/LV and

LM /GSE umbilic al s.

Enable-Automated Control of the SM I_CS.
................. - - . 1"- .-- -

--E T _ _

T-he CSM-LY SEPARAT=_ relay will, in a.ddition to initiat£_g the

exp-iosive-train, energize the RCS EI_ABLE ARM relays, zone 8-A,
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Figure 2.9-25. Adapter Separation System

which, in turn, will energize the latching coils of the RCS ENABLE

relays, zone 7-A. This relay logic will enable the controller reaction

jet on/off assembly which couples the SCS jet selection logic and SM RCS,

sectio_ 2.5, RCS.

Docking Probe Retraction.

This system is designed for two retractions with backup for each.

Since there are four retraction cylinders, however, four retractions are

possible under ideal circumstances. - -

The DOCK PROBE RETRACT PRIM and/or SEC switches ($2 and

S'3), zones 13-E and -F, are armed when four conditions are satisfied.

These are:

a. The appropriate buses are energized and the appropriate circuit

breakers are closed, zones 15-E and -F.

h. The EXTEND/REL switch (SI), zones 14-E and -F, is in the

RETRACT position.

c. The latch indicating swit_"nes in the docking ring latches a_ closed

(systemA and/or B as required).

Mission
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d. The capture latches sensing switches are closed (probe head

latched in LM drogue).

W-hen these conditions are satisfied, the DOCK PROBE RETR.A_CT switches

may be utilized to energize the LM DOCKING PROBE RETR_ACT No. 1

and 2 relays as required. COntacts of these relays will fire the initiators

and retraction will be executed.

Separation of LM From S-IVB.

Pyro power circuits to the LSSC include a circuit breaker which is

described in paragraph Z. 9.4. Z.Z. The S-IVB/LM SEP PYRO A circuit

breaker (CB3), zone 39-F, must be closed to complete the systemA LSSC

pyro circuit. The LDEC is also required in this automation.

Closing the S-IVB/LM SEP switch (SI08), zone 18-E, will start the

following sequence:

a. The LM/SL/k SEP (LM LEGS) :re'lays of the LSSC, will be ener-

gized and their contacts will fire the initiators of the frangible links which

retain the LM legs.

b. The non!arching relay and the latching coils of the latching relay of

the LM/SLA SEP INITLATE relays in the LSSC will be energized after a

time delay of 30 milliseconds.

c. The LM/S/__ SEP (GUILLOTINE) relays of the LSSC, will be

energized after a time delay of 30 milliseconds.

Contacts of the LM/SLA SEP INITIATE relays will deadface LSSC

pyro power which was utilized to fire the frangible links of the LM leg s.

Contacts 0f the system B LM/SLA SEP EXTITIATE relays are in the

system A deadfacing dfrc_/ts forseries/parallel redundancy; system A

contacts are utilize_ in system B (not illustrated) for the same reason.

LDEC pyro power fires the umbilical guillotine through contacts of

the LM/SLA SEP INITIATE relays in the LDEC and the LM/SLA SEP

(GUILLOTINE) relays in the LSSC. Deadfacing of LDEC pyro power is

accomplished when the switch is allowed to return to its maintain position

and the relay coils are de-energized. The contacts of the nonl_tching

relays will return to their initial state but the contacts of the latching relay

will not revert to their initial positions.

LM Docking Ring Separation.

Logic power through the momentary contacts of either of the

CSM/LM FINAL SEP switches (SI09 or SI12), zone Z6-D, will energize

the LM DOCKING RING FINAL SEPARATION relays in the LDEC. These

are the firing relays for the ordnance which severs the docking ring from

the CM tunnel.

¢
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Nominal Pre-entry and Descent.

Arming the SECS is the first requirement of the sequential systems

preparatory to a nominal entry and descent (paragraphs Z. 9.4.1 and

2.9.4. Z). Ifmission rules require a checkout of the CM P_CS prior to

CM/SM separation, it is vital that electrical control of the Iq.CS be

placed in the SM RCS configuration prior to initiaing the separation

(paragraph 2.9.4.13.2). Figure 2.9-26 illustrates a nominal pre-entry

and descent profile.

CM/SlVl Separation Control.

When either of the CM/SIVi SEP switches (SII0 or SIll), zones 24-C

and -D are closed, logic power will start the automated sequence of

CM/SM separation. Each of these switches, No. 1 and 2, is a double-

pole switch with one pole controlling system A components and the other

pole controlling system B components. W-hen either or both of t_hese

1 234

I.

2.

3.
&

+.i" I.

10.
1L
12.
B.
14.
15.

t6.
17.
18.

19.

ARM SECS
TRANS RCS CONTROLTO CNI
PRESS. CM RCS
TRANS RCS CONTROLTO SM
INITIATE CM-SM SEP
CM-SM UMB DEADFACED
RCS CONTROLTRANS TO CM

CM-SM SEPARATED
CM-SM SEP PYRO CUTQFF
ARM ELS-
BARO LOCK-IN (ELSC ACT.)

CM RCSISCS DISABLED
APEX COVER ]E-FTISONED
DROGUECHUTESDEPLOYED
DROGUECHUTESRELEASED& PILOT
CHUTESDEPLOYED
BURN RCS PROPELLANTS
PURGECM RCS
RELEASEMAIN CHUTES

SAFE SECS

-fiLM)

(TLM)
(TLM)

(TLAA)

-(TLM)

: - h

I0

_24K'----_,IIi 12
.4

-- 13
L6"
-- 14

1OK' 15

16

17

SPLASH DOWN 18,19

SEQ-532J

Figure 2.9-26. Event Profile, NominalPre-Entry and Descent
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switches are Utilized for CM/S_i separation, th4y should be held closed

for approximately 0. i of a second to alio_v the time-delay relay logic to
function properly (paragraphZ. 9.4. 13.5).

Jettisoning the SM. (Zones 19 through 22-E and -F)

. -.-.

2.9..4.13.3

A manually initiated CM/SM separation signal will start the SMJC

with logic battery power through contacts of the RCSC motor switch {SI),

zone 23-E. The motor switch must be in the SM controlposition for the

start signal to activate the SMJC (paragraph 2.9.4. [3). Latching relays

are utilized to couple fuel cell electrical power to the SMJC and to

energize the manual coils of the SM RCS -X engines. Fuel cell power

to the SMiC is through contacts of motor switches, zones 23-E and LF,

which are described in Section 2.6, Elec_rical Power. The control

circuits in the SMJ-C constitute a crossover network; either system i

or B will energize the manual coils of both of the SM RCS redundant

engine systems. The +roll engines will be started Z. 0 seconds after

the SMJC is started and will operate for 5.5 seconds. The -X transla-

ion engines will continue to burn until the propellants are depleted or

the fuel cells are expended,-whichever occurs first.

Deadfacing the CM-SM Umbilical.

Closure of either of the CM/SM SEP switches will energize the

CM/SM DEADFACE relays to the MESC, zone 23-C. These relays are

utilized to initiate the ordnance devices of the CM-SM electrical circuit

interrupter (figure 2.9-27) and the SM circuit interrupter (figure 2.9-28),

These relays may be considered as pilot relays to the automation of other

CM-SM separation functions which includes interface _vith the CM-KCS.

2.9.4.13.4 Separation of the CM From the SM.

When the CM-SM SEPARATE relays in the MESC are energized

after a time delay of 0.i secon.d, ordnance devices required for C[_I-SM

separation are initiated. These are the guillotine blades of the CM-SIvl

umbilical assembly (figure 2.9-29) and three tension ties between the

CM and SM structures (figure Z. 9-30). The time delay is required in

this circuit so that the guillotine blades will cut wires which were

deadfaced (paragraph 2.9.4.13.3).

/_r---.k

!

.i--

2.9.4.13.5 Pyr o Cutout.

The pyro cutout circuits are incorporated tO eliminate the possi-

bility of draining pyro power through wiring which may have one or two

strands shorted by umbilical blades, or any other high resistance short.

Fusistors afford protection against "dead shorts" (figure 2.9-18 and

._- paragraph 2.9.4). The PYRC'_UTOUT relays, zone 20-B, ar'_

energized i. 7 seconds after th-_ CM-SM SEPARATE relays. Contacts
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zYMZ,

R_SE ASSSMBLY

PL_IE

CAH FORK

\C_,t FORK

\PISTON

BREECH

h

Z. 9.4.13.6

Figure Z. 9-27. CIV[-SIV[ Electrical Circuit Interrupter

of the PYRO CUTOUT relays are in the logic circuits to the CM-SM

DEADFACE relays, zone 23-D. Contacts of the PYRO CUTOUT relays

are also in the pyro circuits to the initiators that are expended in the

separation sequence, zones 20 through 23-C and -D. This relay logic
)

is an arc suppresslon system since electrical energy is removed from

initiator firing relay contacts at the time they return to their normal

state. When the CM/SM SEP switch is released it will retx1rn to its

normally open state and all relays in this logic, including the PYRO

CUTOUT relays, _vill he de-energized.

Cl_ I%CS Interface.

Any time a CM-SIV[ separation signal is initiated in the MESC, a

s_nal is automated for the initiatiQn of two CM RCS functions. These are:
a. Fluid systems pressur!zatlon, zones 21 through 23-A and -B3

The system 1 CM-I_CS PRESS relay logic provides firing circuits to

I_i ss ion

g
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Figure 2.9-Z8. SM Circuit Interrupter
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Figure 2.9-30. CM-SM Separation System
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2.9.4.13.7

2.9.4.13.8

2.9.4.13.9

2.9.4.13. I0

one of the HELIUM SQUIB ISOLATION valves in each of the redundant

fluid systems of the CM I_CS (Section Z. 5, RCS).

b. Transfer electrical control frorr_ the SM I_CS to the CM I_CS,

zones 18 _hrough 20-A and -B. I_CS CM-SM TRANSFER relay logic in

the RCSC will drive the transfer motor switch to the SKi position.

Moreover, contacts of the motor switch are utilized to deadface the

SMJC start signal, zone 23-E. There is a time delay of approximately

50 milliseconds in this deadfacing function which is explained as the time

it t_kes the motor switch contacts to change state.

Main Bus Tie.

l_elay logic of the I<CSC, zones ii through 13-C and -D, will couple

ENTRY AND POSTLANDING batteries A, B and C to the main buses pro-

riding certain c_rcuit breakers and s%vitches of the electrical power

system (Section g. 6) are in the correct position for this automation.

Arm ELSC.

Closure of the ELS LOGIC switch ($44), zone 10-D, will complete

logic power circuits to redundant transistorized switches in the IM__SC.

These solid state switches function as a pair of AND gates, each of

which requires two inputs to emit. One of the inputs is satisfied when

the logic power circuits are completed.

Activate ELSC.

Logic power circuits to the ELSC, including ground returns for the

components in this controller, are not completed until the ELSC

ACTIVATE relays in the A_ESC are energized, zone 8-C. The solid

state switches (paragraph 2.9.4.13.8) control the logic power required

to energize these relays. Assuming that the ELS switch (S63), zone 8-E,

is in the AUTO position, closure of the 24,000 FT BARO S_VITCIiES will

satisfy t_,e second input to the solid state switches. Logic power in this

instance is derived from a point between the ELS LCK]IC switch and the

solid state switches. It is wired, through a resistor, to a point between

the redundant baro switches. Both baro switches will be closedat the

same time, and the reduced logic power, because of the resistor, will

be sufficient to trigger the solid state switches; however, the reduced

logic power is not sufficient to energize relay coils of the ELSC. When

Lhe ELSC ACTIVATE relays are energized, another crossover new,york

is established; system B relay logic will establish holding circuits to the

system A relays; moreover, system B relay logic can energize system A
relays.

Z4,000 ft Baro Switch Lock Up.

In addition to activatihg the ELSC (paragraph 2 .9. 4.13. 9) ,_closure

of the 24,000 FT BAI_O SWITCHES will energize the 24,000 F T Lock

k.
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UP relay in the ELSC, zone 7-D. This relay io together with the

system B counterpart, will establish logic power holding circuits which

bypass the 24, 000 FT BARO SWITCHES.

Disable CM I<CS/SCS.

A signal is relayed to the unlatching (disable) coils of the P_CS/

SCS ENABLE relay, zone 7-A, when the ELSC is activated (para-

graph Z. 9.4.13.9). This relay logic disables the controller reaction jet

on/off assembly (Secti0n,Z. 5, RCS).

Apex Cover Jettison;

_Vhen the ELSC has been activated (paragraph 2.9.4.13.9), the

first function that will be automated is apex cover jettison (figure 2.9-31).

• /
ORO_E OROGU_k 7

CHUTES CHUTES _
REEFED DI SREEFED . _":_

L APEX COVER JETTISONED AT 24,(_0 FT
. +.4 SEC

2. DROGUE CHUTES DEPLOYED REEFED

AT 2% 000 FT +2 SEC

3. DROGUE CHUTE SINGLE STAGE DISR.EEF

10 SEC

4. MAIN CHUTE DEPLOYED REEFED VIA

PILOT CHUTES AND DROGUE CHUTES

RELEASED AT 10,000 FT

5. MAIN CHUTE INITIAL INFLATION

& MAIN CHUTE FIRST STAGE DISREEF

6 SEC

I. V_ RECOVERY ANTENNAS AND FLASHING

BEACON DEPLOYED B SEC

8. MAIN CHUTE SECOND STAGE DISREEF

1O SEC

9. MAIN CHUTES RELEASED

®

k_

(TIM)

SPLASH DO?IN VELOCITIES:

3 CHUTES - 32 FT/SEC

2 CHUTES - 36 FT/SEC(TIM)

" MAIN

CHUTES

DISREEFED

®®

®
SEQ-BMD

Figure 2.9-31. Earth Landing System, Normal Sequence

r

k.
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The APEX COVER JETTISON relays in the MESC are energized after a

lime delay of 0.4 second, zones 5 and 6-E. The holding circuits of these

firing relays are one ofthe numerous crossover net_vorks described in

paragraph 2.9.4. The ordnance devices which are initiated in this

function are described in paragraph 2.9.Z.7. In addition to initiating the

ordnance devices, this relay logic will also arm lanyard-actuated

switches, zone 5-F, which are used to deploy the apex cover drag para-

chute. The lanyard pulls holding pins from the switches which, because

of spring loading, _ill close circuits. Closure of these switches will

energize the DRAG PAR__CHUTE DEPLOY relays in the MESC which

initiate the drag parachute mortar.

Deploymen_ of Drogue Parachutes.

The DROGUE IGNITER relays in the ELSC and PCVB, zones 4 and

5-D, are energized by ELSC ACTIVATE relay logic (paragraph 2.9.4.13.9)

after a time delay of 2 seconds. Another crossover is established in

_his relay logic wherein the systems A and B PCVB relays cross-couple

each other with holding circuits. Moreover, each system initiates

ordnance devices of both systems.

M

•4.13. 14 Deployment of Main Parachutes and Release of Drogues.

Closure of the i0,000 FT BARO SWITCHES, zone 6-C, will energize

the PILOT CHUTES AND DROGUE RELEASE relays in the ELSC and

the PCVB. The PCVB relays in this logic are again cross-coupled,

systems A and B, into crossover holding circuits. _he ordnance initiator

circuits are also arranged into a crossover network.

2.9.4.1,3. 15 Burning of the CM RCS Propellants.

Switches in the CM RCS, zones 40-C and -D, are used to energize

the direct coils of ten CM P_CS jets, zones 15 and 16-A. The correct

utilization of these switches is described in Section 2.5, RCS.

2.9.4.13.16 Release of Main Parachutes.

./"

2.9.4.14

Closure of the M A__r_, RELEASE swifich ($71), zones 4 and 5'-C, will

energize the M_Ah-N CHUTE RELEASE relays in the PCVB. :These:relays

are used to initiate o_'dnance which will drive cutter chisels through the

main parachute risers (figure 2.9-32).

Abor is.

Abort signals may be initiated manually by rotating the com-

mander's translation hand control counterclockwise into a detent. Two

cam-operated micro switches, >zone 31-B, are included in the control.

Bart. power through these switches will energize the BOOSTER CUTOFF

AND LES OR SPS ABORT START RELAYS in the MESC, zone 29-A.

SEQUENTIAL SYSTEMS
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Figure 2.9-32. Parachute Disconnect (Flower Pot)

These relays may also be energized by an EDS automatic abort signal

(paragraph 2.9.4.7) through 30-millisecond time delays, the reason for

the time delays is to insure against spurious signals initiating an abort.

EDSbus changeover power (paragraph 2.9.4.3) is utilized to energize the

BOOSTER CUTOFF AND LES OR SPS ABOIKT START relays in the

event of an EDS automatic abort. Any abort signal will automate two

functions which are common to all abort sequences. These are:

a. BECO, zones 27 and 28-A and -B, is inhibited by II7 relay logic

until T + 30 seconds in the S-V LV configuration because of range safety

requirements.

b. Reset and start the commander's event timer, zone 27-D. It is

necessary for the EVENT TL_vlER START switch ($56), zone 32-C, to be

in the CENTER ON position for tiiis function to be automated.

)

l_iis sion

f"
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2. .4.14.2

/
I

Abort Start. (Zones 27 and Z8-C and -D)

Two pairs of LET PHYSICAL SEPARATION MONITOR relay

contacts (paragraph 2.9.4_7. I) are in the abort star£ relay logic. One

pair i,s normally closed and the other is normally open. The state of

these contacts at the time an abort is initiated will determine whether

an LES or SPS abort is automated in the sequential systems. When the

BOOSTER CUTOFF AND LES OR SPS ABORT STAP_T relays are

energized(paragraph 2.9.4. 141, the LES ABORT relays may or mj_y

not be energized; if they are energized, an LES abort Will be started

if not, an SPS abort will be started.

LES Abort Start.

Initially Lhe sequential events of all LES aborts are identical. In

addition to the functions that are common to all aborts (para-

graph Z. 9.4.14), separation of the CM from the SM is automated. The

automated C_'i/SIAd separation sequence is the same as the manually

initiated separation sequence described under nominal pre-entry, entry,

and descent (paragraphs Z. 9.4. 13 through 2.9,4. 13.7) with two excep-

tions which are:

a. The SM_[C is not started when the separation sequence is started

by a LES abort signal, zone Z4-D.

b. In an LES ABORT the CM/S__¢i separation sequence includes the

firing of the LEVI, zones 14 through 21-C.

!viode IA Abort.

A mode IA abort (figure 2.9-33) is initiated prior to the expiration

of the PROPELLANT DUMP AND PURGE DISABLE TIMER (TDI) in

the RCSC, zone 18-B. This time-delay relay logic is started at lift-off

(paragraph Z.9.4.4) providing two conditions are satisfied. These are:

a. The RCSC motor switch (Sl), zone 19-A, must be in the SM RCS

control position (as illustrated).

b. The Cl%i RCS LCX31C switch ($46), zone 40-D, must be in the

CM RCS LOGIC position.

A pair of latching contacts, which are closed when the timer is

reset by GSE, are in series with the PRPLNT DUMP AUTO contacts

of the ABORT SYSTEM PRPLNT switch ($63), zone 20:B. When this

switch is in the PRPLNT DUMP .AUTO position, and before the timer

contacts are opened, the requirements peculiar to a mode IA abor_ may
be automated. These are:

a. The PCM is fired by the same relay logic that ignites the LEM,

zone 19-D. Logic power for energizing the PCM firing relays is derived

through the closed contacts of the PROPELLANT DUIViP AND PURGE

DISABLE timer, zone 19-BJ

u
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& STARTED

4. C_2A-SMUMB DEADFACED

5. CM RCS PRESS. (IBM)

& RCS CONTROL TRANS TO CM
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" 9. CM-SM. SEPARATED (TIM)
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17. TOWER AND DOCKING RING
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21. DROGUE CHUTES RELEASED

& PILOT CHUTES DEPLOYED (ILM)
22. RELEASE,_IAINCHUTES rrbM)

23. SAFE SECS

Figure 2.9-33. Event Profile, IV[ode IA Abort

SEQ-533E

b. The OXIDIZER DUMP RELAYS, zone IT-B, are energized

immediately with an abort initiate signal resulting in four C_ RCS func-

tions: (I) closure of the PROPELLANT SHUTOFF valves, zone 14-A;

(2) energization of the INTERCONNECT AND PROPELLANT BURN

relays, zones 16 and 17-A; (3) initiation of the OXID PUi_iP squib valves,

zone 13-B; (4) initiation of the HELIUM and OXID IIN-TERCOIWNECT squib

valves, zones 13 and 14-A. The FUEL INTERCONNECT squib valve is

initiated by the B system relay logic of the SECS.

c. Five seconds after the abort initiate signal, the FUEL DUMP squib

valve, zone 14-B, is initiated by time-delay relay logic in the RCSC,

zone 16-B.

d. Thirteen seconds later, or i8 seconds after the abort initiate

signal, the FUEL AND OXID BYPASS REI.JkYS are energized, zone 15-B.

This tirrze-delay relay initiates the squib valves which _-iI! purge the CM

RCS fluid systems in addition to depleting the pressurant, zone 13-A.

2.9.4. 14.4 Canard Deploy and ELSC Arm.

Eleven seconds after the initiation of any LES ABORT, canard

deployment is automated, zones 25 and 26-C and -D. This relay lo_ic

will also arm the ELSC, zone 10-D. Contacts of the CAI_ARD DEPLOY

SEQUENTIAL SYSTEMS
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Z. 4.14.5

relay are incorporated parallel to the ELS LCX3IC s_vitch (54_4) which

must be in the OFF position during the launch and ascent phases of a

mission. When arming of the ELSC is automated, through 3.0-second

time delays, the same functions which are described in para-

graph Z. 9.4.13.8 will result.

ELSC Operation.

Functions of the ELSC may be initiated by baro switches time-

delay relay logic or direct manual control. Baro Switches are opened

and closed by aneroid cells and are calibrated to close at approximately

24,000 and i0,000 feet during a nominal entry. During a_nominal launch

and ascent the 10,000-foot baro s_itches will open at approximately

18,000 feet and the 24,000-foot baro switches will open at approximately

40,000 feet. This is the result of several variables which include spa_e-

craft veloci.h/, attitude+ and atmospheric conditions. During a mode IA

abort, for example, closure of CANARD DEPLOY relay contacts,

zone 10-D, will not only arm the ELSC but will also activate it because

the Z4,000-foot baro switches will be closed in this instance. When the

ELS ACTIVATE relays, zone 8-C, are energized, a signal will be

relayed from a point starting at zone 7-D to the LET JETTISON AND

FRANGIBLE NUTS relays, zone 26-F. This results in automatic LET

jettison and, if the spacecraft is equipped with a docking probe, LM

docking ring separation, zones 24 through Z6-D and - E. Also, when

the ELS ACTIVATE relays are energized, a signal will be relayed

from a point starting at zone 7-E to the unlatching coils of the Iq.CS

ENABLE-DISABLE RJELAYS, zone 7-A. This disables automatic con-

trol of the CM I_CS. Time-delay relay logic is incorporated in the

integrated IVfESC and ELSC, zones 6-C through -E, rioautomate the

required functions at the lower altitudes before the baro switches are

opened. The APEX COVEI_ JETTISON relays, zone 5-E, will be

energized 0.4 second after the ELSC is activated. DI_OGUE IGNITEI_

relays, zones 4 and 5-D, will be energized g.0 seconds after the ELSC

is activated, or 1.6 seconds after the apex cover is jettisoned. PILOT

CHUTES _ DP_(Df3UE RELEASE relays, zone 5-B, will be energized

14.0 seconds after the ELSC is activated, or 1Z.0 seconds after the

drogue parachutes are deployed. If the ELS switch ($63), zone 8-E,

is placed in the _IAN position , the automated functions of the integrated

Ad_ESC and ELSC will be disabled. This switching inhibits the solid

state switches (paragraph Z. 9.4.13.8) which prevents activation of the

ELSC. In the event of a worse case abort, automatic deployment of

parachutes could result in landing in an unsafe area and direct manual

control of ELS functions would be required. The direct-manual

switches, zones 6-B through -E, may be used to jettison the apex cover,

deploy drogue parachutes, release drogue parachutes, and deploy the

pilot parachutes of the main parachutes.

+ •
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2.9.4. 14. 6 LES Abort Mode Switchover.

A configuration change is made in a portion of the SECS when the

ABORT SYSTEM PI_PLI_T switch ($63), zone 20-B, is placed in the

I_CS CM/D position. Normally this switching is concurrent with the

expiration of the PROPEL!__I_T DUMP AND PUI<GE DISABLE timer

(paragraph 2.9.4.8). Requirements peculiar to a mode Ii abort (para-

graph 2.9.4. 14.3) are inhibited at this time and the requirements of any

Other mode abort, or a nominal mission, will be automated as a part of

/the C_I/SM separation sequence. %_q%en the latching coils of the I_CS

'EiXTABLE-DISABLE relays are energized, zone 7-A, the controller jet

on/off assemb!y_s enabled. This makes automatic control of the CM RCS

possible (section 2.5, RCS).

.7 Mode IB _A_borts.

Mode lib aborts may be categorized according to the altitude at

which the abort is initiated. Figure 2.9-34 illustrates the profile of an

abor{ initiated after abort mode switchover (paragraph 2.9.4.14. 5) and

before reaching an altitude of approximately 30, 000 feet. Figure 2.9-35

illustrates hhe profile of an abort initiated between the approximate alti-

tudes of 30, 000 and 100, 000 feet. Part of the ELSC functions (items 12

through 17, figure 2.9-34) are automated by time-delay relay logic (para-

graph 2.9.4. 14.5) during mode IB aborts initiated at the lo_ver altitudes.

2.9.4.1,

I THRU 9

-F-
+.i"

+L 7"
_l

20.

2L

c22.
23.

L INITIATE ABORT (TIM)
2. BECO

3. C_ADRS EVENT TIMER RESET

& STARTED

4. CM-SM UMB DEADFACED

5. CM RCS PRESS. (TI_M)
6. RCS CONTROL TRANS TO CIV1

7. BATS. TIED TO MAIN DC BUSES

8. C_-SM SEPARATED (TI._)
9. LE MOTOR IGNITED

10. CM RCSISCS ENABLED ITI.A4)
11. CM-SM SEP PYRO CUTOFF

12. CANARDS DEPLOYED

13. ELS ARMED

14. BARO LOCK-IN (ELSC ACT.)

15. CM RCS/SCS DISABLED
16. TOWER AND DOCKING RING

JETTISONED

17. APEX COVER JETFISONED (l'iM)
18. DROGUE CHUTES DEPLOYED (TLM]
19. DROGUE CHUTES RELEASED &

PILOT CHUTES DEPLOYED (TLM)

BURN RCS PROPELLANTS
PURGE CM RCS

RELEASE MAIN CHUTES ",-_,(TIM)
SAFE SECS

SEQ-534F

B
14

15
_ 16 17 18

10 11

20

21

SPLASHDOWN 22,23

Figure 2.9-34. Event Profile, Mode lib Abort

T + 42 Sec to = 30, 000 Feet
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Figure 2.9-35. Event Profile, _[ode lib Abor_

= 30, 000 Feet to I00, 000 Feet

" ••..7

,.

(TLM)

SEQ-95F

TRAINING _

2.9.4.14.8

All of the ELSC fu_nctions are automated by normal baro switch operation

(items 13 through 18, figure 2.9-35) during mode IB aborts initiated at

the higher altitudes. IVlanual!y initiatedrequirements during descent and

postlanding functions of mode IB aborts are the same as during a nominal.

descent (paragraphs 2.9.4. 13.15 and 2.9.4. 13. 16). ,

Mode IC Abort.

{

K:<

Mode iC aborts (figure Z.9-36) are initiated at a time when the

velocity of the LV is higher than the trim point of the canards. This is

between an approximate altitude of i00,000 feet and normal LET jettison.

The crew has the preroga_.ive of jettisoning the LET shortly after the

abort is initiated and utilizing the CM &CS for orientation similar to

nominal entry maneuvers; or allowing the canards to orient the LEV

when the free fall velocity is reduced to the trim point. If the latter

option is elected there is a slight probability of an apex forward capture

and violen_ rotational ra_es when the canards become effective aerody-

namically. This slight probability can be avoided by imparting energy

to the falling LEV. The CM P_CS may he utilized to maintain a ÷lJitch

rate and this should be in excess of 5 °/sec. There is no upper limit
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Figure 2.9-36. ]Event Profile, Mode IC Abort

of rates since the CM RCS is limited under these flight conditions.

Automation of ]ELSC functions during parachute descent and postlanding

functions are the same as a nominal descent.

2.9.4.14.9 SPS Abort.

Sequential systems functions during an SPS abort are designed to

separate the CSM from the LV with automation conducive to utilization

of the SPS as required. _iring the SIPS is not a function of the sequential

systems. The way this propulsion system is utilized, or if it is utilized,

is contingent on time into the r_ission, and maneuvering requirements

for a safe recovery. Sequential systems automation is the same in all

SPS aborts, figure 2.9-37. This type abort may be initiated any time

after the LET is jettisoned until the CSIV[ is separated frorr± the LV. All

)
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Figure 2.9-37. Event Profile, SImS Abort

SEQ-537E

SPS aborts must be initiated manually because the EDS automatic abort

capability is lost when the LET is jettisoned (paragraph 2.9. z=.8.4).

Moreover, jettisoning of the LET results in configuration change in the

abort s_z.rt circuiL_ (par&grAph 2.9._. 14.1). ULLAGE relays in the

MESC, zone II-B, are energized _vhen the abort is iz_itJ&t,:d and the +X

translation engines of the SM RCS are fired, The same signal that fires

the engines also inhibits pitch and yaw rate stabilization in the SCS.

CSIvi-LV SEPARATE relays, zone 9-B, are energized after a ti_n%e delay

of 3.0 seconds and the SC will be separated from the LV (paragraph Z.9.4.9).

RCS EI_ABLE ARIX/[ relays, zone 8-A, are energized after a time delay of

0.8 second and automated control of the S_A/fRCS will be enabled (para-

graph Z. 9.4.9. i). If the SC is equipped with a docking probe it will be

necessary to separate the LIk< docking ring (paragraph 2.9.4. IZ) at some

time conducive to the situation. Ck/i/Sk/[ separation and descent opera-

tions are the same as during a nominal entry (paragraphs Z. 9.4.13. 1

through 2.9.4. 13.16).
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PERFORMANCE AND DESIGN DATA.

The need is apparent in the sequential systems for one-shot, high-

energy, quick-response systems for rocket motor ignition, physical

separations, and deployment of earth recovery devices. To support these

needs, an electrical hot-wire initiator was selected as the standard

activation medium for the high-order ordnance systems required to satisfy

vehicle requirements. P_ange safety requirements dictate that electrically

activated ordnance components be capable of withstanding one watt and

one ampere for 5 minutes at the electrical-explosive interface withou_

firing or without degradation of initiator performance.

Apollo Standard Initiator.

The hot bridge-wire initiator, hereinafter referred to as the

single bridgewire Apollo standard initiator (SBASI), is illustrated in

figure 2.9_38. This device has a primary ignition charge that is ignited

by electrically heating a one-ohm bridgewire. Theprimary charge

ignites the main charge of the initiator, which, in ti_rn, generates high-

temperature gasses sufficient to initiate the main charge of specialized

explosive devices. The SBASI is designed to comply with the range safety

requirements recapitulated [n paragraph 2.9.5. A curren_ of 3.5 amperes

on the bridgewire will cause the SBASI to ignite in I0 milliseconds or

less when subjected to a temperature range of -65 to 300 °F. A current

of 5.0 amperes on the bridgewire will cause the SIBASI to ignite in

15 milliseconds or less from -260 to -65°F.

2.9.5.2
_Compliance _Vith Design Requirements.

2.9.5.3

The basic electrical design criteria for initiators are rigidly spec-

ified in the Air Force Eastern Test Range _danual, Range Safety Mamual,

AYE TRIVII27-1 (I November 1966). In addition to the design criteria

specified in this manual, the following Apollo requirements have been
satisfied:

a. The electroexplosive devices are electrically shorted until they

are fired to prevent inadvertent ignition (figure 2.9-18, paragraph 2.9.4).

b. At least two individually operated switching circuits are incor-

porated between the initiators and their pyrotechnic battery terminals.

These are _ar_ning" switches and "firing" switches which are illustrated
in figure 2.9-20.

c. Logic control circuits of ordnance firing " '
clrcuzts recelve operating

power from a source other than pyrotechnic batteries.

d. All logic and pyrotechnic firing circuits are at least dual redundant.

e. All logic timing circuits will fail in the T = co mode.

Component Selection and Installation.

A portion of the high reliability achievement of the sequential sys-

tems is because basic rules in component design, asserribly and testing
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Figure 2.9-38. Single Bridgewire Apollo Standard Initiator

are closely follo_zed. Carefully prepared specifications for components

include the expected maxima of shock, vibration, acceleration, tempera-

tures, margins, etc., not only at the time and interval of use, but

throughout the whole flight. Relay contact environment has been con-

trolled by hermetically sealed cases and potting. Components are

screened i00 percent; _hat is, each relay is izfdividually tested through

repeated cycl_ng prior _o acceptance. In the imple_nen_ation Of the series

contact circuits, the physical relays are mounted orthogonal to each other

to ensure the abnormal vibration or acceleration forces, which may be of

sufficient magnitude to prematurely close a given set of contacts, _vill not

be reflected into the same actuation plane of the other relay of the same

firing circuit. Verification of cSrcuit integrity is important to ensure

that all circuit elements have been properly assembled and ins_ailed.

Miss ion

t
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Resistance measurements can v_lidate that circuit continuity is _vithin

acceptable limits in order _dlat the required current values to the SBASI

can be guaranteed.

Firii%g Circuit Protection.

Fusistors are located in series with the output contacts of the firing

relays (figure 2.9-18_. Thus individual protection of each pyrotechnic

firing circuit v/ill prevent a current leakage path on an}- given firing line.

A continual discharge of pyrotechnic battery power is impossible in this

circuit design. These fusistors are specially designed to withstand high

acceleration and v_bration !evels. The resistance value of these devices

is 0.95 to I. 10 ohn%s at 25°C. The time-current operating characteristics

are reflected in the following tabulation:

Ampere s

20.0

i0.0

8.0

7.0

Sec onds

0.03 :o 0.17

0.20 to 1.20

0.30 to 8.00

0.40 to Z0.00

Induced Current Protection.

Consideration was given to the susceptibili_ of the firing circuit

wiring toother energy sources. Unprotected, the circuits leading to the

SBASI could act as receiving antennas, thus funneling more energy to

the SBA.SI than it could pick up by itself. To minimize I<F pickup, the

electrical leads from the firing relay contacts are twisted (20 twists per

12 inches) and are shielded with the shield grounded at the firing relay

interface and at the case of the SBASI. Full 360-degree shielding is

provided between the shield and the SBASI case.

Pyro Arm Switch Lock.

k

The Range Safety _TVlanual requires that a positive mechanical lock

be used in the AR_i/SAFE actuation device to prevent movement from

the safe to the armed position. A device developed for this purpose is

illustrated in figure 2. 9-39. Removal of the lock is accomplished by the

insertion of a key that is provided to the astronaut during the final pre-

launch preparations.

Tower Jettison Ik/[otor.

The TJM (figure 2. 9-40) is intended to provide thrust capability,

under normal mission operation, to effect adequate separation of t_he

LES from the Cl_f, while the latter is undergoing acceleration by the

second stage booster; and, under abort conditions, to achieve adequate

.m
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Figure 2.9-39. Pyro Arm Switch Guard
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Figure 2.9-40. Tower Jettison Motor
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separation of the LES from the CM after LEM burn out. The propellant

charge of the TJIVi consists of a case-bonded, star grain employing a
polysulfide ammonium perchlorate formulation.

Thrust of TJM ....

The average resultant thrust over the burning time when measured

at sea level is reflected in the following tabulation:

_fotor Temperature

(Degrees Fa/_r en/zeit)

140

70

20

Thrust Range

(Pounds Force)

31, 200 _o 36, 000

29, 400 to 33, 900

28, 000 to 32, 400

Total Impulse of TIM.

The resultant impulse at sea level (calculated) over the action time

is reflected in the following tabulation:

Motor Temperature

(Degrees Fahrenheit)

140

7O

2O

Total Impulse' l<ange

(Pounds -Seconds )

35, 900 _o 37, 700

35, 800 to 37, 600

35, 700 to 37, 500

Thrust l<ise Time of TJM.

The thrust rise time over a temperature range of 20 minimum to

140 maximum degrees Fahrer_heit is between 75 and 150 milliseconds.

Thrust Vector Alignment of TJ_I.

The resultant _hrust vector is in the pitch plane in the +Z direction

within :h30 minutes of yaw. It makes an angle of 3 to 4. 5 degrees to the

motor geometrical centerline.

Us eful Life of TJl_i.

The TJM is designed for a storage life of 5 years in a temperature
environment from 25 to 105°F.

Launch Escape Motor.

2

The LEM (figure 2.9-41) in conjunction with the PCM, is intended

to provide capability for the_ safe removal of the crew, inside the CM,

from a malfunctioning LV at any time from access arm retraction until

• l_i S sion.
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Figure 2.9-41. Launch Escape Motor

f

2.9.5.8.1

2.9.5.8. 2

successful completion of second-stage ignition. The propellant of the

LEM consists of a case-bonded, eight-point star grain employing a

polysulfide ammonium perchlorate formulation.

rhr-ust of LEM.

l_esultant thrust of the LEM will fall within the following limits

when corrected to a temperature of 70°F and sea-level barometric

pressure:

a. Thrust will not be greater than 177,000 pounds force (Ibf). (This

is equal to ZOO, 00Qlbf at IZ0°F in a vacuum.)

b. Thrust between 0.2 and 2.0 seconds after firing, current applica-

tion will not be less than 135, 000 Ibf. (This is equivalent to 121,000 ibf

at 20°F and sea-level barometric pressure. )

Total Impulse of LEM.

The minimum delivered total impulse of the LEM is 515, 000 pound-

seconds. The minimum delivered total impulse between 0.1Z and Z. 00

seconds is 233,064 pound-seconds.
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The thrust rise time from the time of firing current application to

the time thafi the thrust reaches 90 percent of ignition thrust is between

50 and 120 milliseconds. These limits apply regardless whether one or

two igniter cartridges are used,

Thrust Vector Alignment of LEM.

The centerline of each nozzle forms an angle of 35 degrees ±15 min-

utes with the mean geometric motor centerline. The nozzles located in

the pitch plane have off-sized throats to give a resultant thrust vector

oriented Z degrees 45 minutes to the mean geometric motor centerline in

the -Z direction. The maximum angu!ar deviation o:f thrust from the

nominal _hrust centerlfne during the first 0.20 second,of burning is

_-15 minutes. During _his same time period, the awe rage roll moment

induced by nozzle alignment, internal ballistics, or any other cause will

not exceed Z00 pound-feet.

Useful Life of LEM.

2,9.5.9

2,9,5.9,1

The LEM is designed for a storage life of 5 years in a temperature
environment from 25 to 105°F.

Pitch Control Motor.

The PCM (figure 2.9-42) in conjunction with the LEM, is employed

to place the LEV in the correct flight attitude for a successful escape

during mode IA aborts. The propellant of the PCM consists of a case-

bonded, 14-point star grain employing a polysulfide ammonium
perch/orate formulation.

Thrust of PCM.

Resultant thrust of the PCM will not exceed 35.50 ibf at 70°F and

sea-level barometric pressure. This is equivalent to 4000 Ibf at 140°F
in a vacuum.

2, 9, 5.9.2 Total Impulse of PCM.

Z. 9.5.9.3

The total delivered impulse of the PCM _ill be 1750 pound-seconds

=%3 percent at 70°F and sea-level barometric pressure.

Thrust Rise Time of PCM.

The thrust rise time from, time of firing current application to the

time at which the thrust reaches _80 percent of maximurr__ wil! be between
60 and lZ0 milliseconds at 70°F,

Mission
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Figure 2.9-42. PitCh Control Motor

Thrust Vector Alignment of PCM.

The PCM is designed so tha_ the resultant thrust vector coincides

with the centerline of the motor chamber mounting surfaces v,'ithin

±30 minutes.

Useful Life of PCM.

The PClk_ is designed for a storage life of 5 years in a temperature

environment from 25 to 105°F.

LES Igniter.

Two initiators are installed in each LES igniter (figure 2.9-43).

Boron pellets are ignited and they in turn ignite the main charge of

Pyrogen .which spears flame into the grain of the rocket motor.

Squib Valves

Hot gas pressure generated by the SBASI actuates the squib valve

(figure Z. 9-44). The spool shears the ends of inlet and outlet plumbing

which is sealed initially. Sixteen valves of this configuration are

incorporated in the fluid systems of the CIVf I<CS (section Z. 5, I_CS).
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Detonators.

One of the specialized explosive devices used in some of the Apollo

ordnance systems is the detonator cartridge (figure 2.9-45). The SBASI

is used in this application to ignite additional explosive charges which are

usually composed of lead azide and RDX.

LET Frangible Nuts.

In one application, the high-energy concussion of detonators is used

to break frangible nuts (figure 2.9-24). Two detonators are installed in

each nut and connected to firing circuits A and B. Normally both detona-

tors of each. nut will fire and the nut will be broken into two parts; howe_er,

ifone detonator should fail, the nut will be spread enough for thread

clearance.

SLA Separation Ordnance System.

Confined detonating fuse is _zsed to transmit detonation from detona-

tors to detonating cord which is installed along cutting planes of the SLA

(lignite 2.9-25). Two detonators are utilized in this explosive train for

redundancy. One detonator is initiated by system A fi_ing circuits and the

other by system B. Either of the detonators will activate the entire ord-

nance system. Umbilical separation disconnect plug assemblies are blown

r_

#

DETONATOR CARTRIDGE

APPROX. "f.55" ASSEMBLY ME 453-0011

..1

CROSS SECTION

HW INI TIATOR--_

CERAMIC HEADER__

MAIN

EXPLOSIVE

CHARGE _

RDX 

I _......._ POTTING

_" PRIMARY

EXPLOSIVE

_.. CHARGE

'_'_"_--- SPACE R

_"_ LEAD AZtDE

ST-9050C

Figure Z.9-45. Detonator Cartridge Assembly
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apart disconnecting the electrical wiring between the LV and CSIVI. An

umbilical disconnect swing arm is activated, which is the interface

between the LM and the GSE flyaway umbilical on one of the SLA panels.

Eight panel thrusters are also activated to Start deployment of the SLA

panels.

LZVf Separation System.

Frangible links retain the clamps which are used to sec=ure the LM

legs to the SLA. Detonators are used to break the links and spring-loading

opens the clamps (figure 2.9-46). Either of the detonators will break the

frangible link. i pair of detonators is also utilized to activate guillotine

blade,s of the lower umbilical; these detonators are not sympathetic and

either guillotine blade will cut the wire bundle. Deadfacing in this instance

is accomplished by relay logic (paragraph 2, 9.4. II).

• ....._---

POLYURETHANE GUILLOTINE/

\\

'\ "\

_D_ONATOR

ADJUSTMENT

ST-3OSOA

•Figure 2.9-46. LM Separation System

(
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2.9.N. 13

Z. 9. 5.13.1

Redundant linear-shaped charges are used to cut three tension tie

straps which constitute the physical bond of the CM and Slvi(figure 2.9-30).

A detonator is used to explode each linear-shaped charge which is sym-

pathetic to the other. Either of thelinear-shaped _harges will cut the

tension tie strap it is mounted on; therefore, the sympathetic nature is not

required to meet mini_num reliability requirements. The electrical-

explosive interface wiring to each detonator is also cut by the lin&ar-

shaped charges.

Pressure Cartridge Assemblies.

Solid propellant pressure cartridges (figure 2.9-47) have several

applications in Apollo ordnance systems. The SBASI is used to initiate a

propellant charge. The size of the main charge required is contingent on

pressure requirements.

Electrical Circuit Interrupters.

2.9.5.13.2

Two types of circuit interrupters are actuated when the CM and SM

are deadfaced during the separation sequence. Two CM-SM circuit inter-

rupters (figure 2.9-27) are mechanized by cams. Gas pressure forces a

piston to move into a locked position and the piston is connected to cam

forks, inclined planes on the cam forks forces lift plates up which sepa-

rate the mating parts of electrical receptacles. Two SM circuit inter-

rupters will deadface battery power, together with ground returns, to the

SM main buses (figure 2.9-28). Gas pressure forces pistons against stops

and the pins of the electrical receptacles are pulled from the mating part.

The piston assemblies include the contact pins.

C anar d Actuator s.

Two gas pressure cartridges are used to actuate canard deployment

(figure 2.9-48)o Hot gas on one side of a piston will cause the actuator

shaft to retract, i closed hydraulic system on the opposite side of the

piston dampens transient loads, and check valves in the fluid systems will

maintain the piston in its actuated position. The actuator shaft also

incorporates a mechanical lock in the actuated position.

/

t

2.9.5.13.3 Parachute Mortars.

Two drogue parachutes, three pilot parachutes of the main para-

chutes, and one drag parachute of the apex cover augmentation system are

deployed by mortar assemblies (figure Z. 9-49). Two sympathetically

initiated pressure cartridges are mounted on {he breech assembly of each

mortar. A sabot, which is effectively a fiberglass piston, is incorporated

to protect the parachute fabric from hot gas. The covers of £he mortars
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Figure 2.9-47, Pressure Cartridge Assembly
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Figure 2.9-48. Canard Actuator
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Figure 2.9-49. Parachute Mortar Assemblies

are riveted and, when the gas pressure causes the rivets toshear, the

parachutes are ejected with considerable force.

2.9.5.13.4

2.9.5.14

Parachute Disconnect.

Five chisels are used to cut the risers of the drogue and main para-

chutes (figure 2.9-32). Gas-pressure cartridges are used to drive the

chisels through the risers immediately above the point where they are

swaged. Two initiators are used on each ga s pressure cartridge.

Reefing Line Cutters.

f

\

!

Reefing line cutters (figure 2.9-17) are designed to sever any core-

less nylon cord with a breaking strength of 2000 pounds or less. The unit

is mechanically initiated and provides a time elapse between initiation and

the severing of the cord. The primer, time-delay train, and output charge

are hermetically sealed. A storage life of 3 yea_s in a temperature

environment from 20 ° _o 140°E is designed into the cutter. These cutters

will not ignite or fire when subjected to a temperature of Z75 °F for one

hour; however, a cutter is not required to perform after having been

exposed to this temperature. --

_ii S S ion
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_J5.15 Parachute Subsystem.

The parachute subsysterr_ will provide the means to decelerate and

safely lanclthe C/V[, _ri£h a 13,000-pound recovery weight, following entry

from terrestrial orbit, lunar flight, or mission abort conditions. Deploy-

ment of the drogue parachutes will reduce the CIVi attitude to an oscilla-

tory, or stable, aft heat shield forward condition and will reduce velocity

to a point that will assure proper deployment and operation of the main

landing parachutes within .the operational envelope illustrated in

figure 2.9-50.
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Figure 2.9-50.
Parachute Design Envelope
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OPERATIONAL LLkilTAT!ONS AND RESTRICTIONS.

Since-the sequential systems include numerous controls for manual

backup and/or intervention of automated functions, and since several of

the functions are time-critical, certain precautions should be observed.

Moreover, considerable Versatility has been designed into the systems,

such as alternate electrical power selection. Serious damage could result

if correct procedures are not followed.

Alternate Selection of Logic Power.

It would be possible to couple a defective battery to a good one, and

serious damage to the electrical power supply could result if the circuit

breakers, desuribed in paragraph Z. 9.4. I, are not utilized properly. The

BAT C TO BAT BUS A and B circuit breakers(CB15andCB24), zone4Z-]q.

are included.in the system to enable the utilization of ENTRY AND POST

LA2qDLNG BATTERY C in _he event of a power failure in either of the

ENTRY AND POST LANDING BATTERIES A or B. If the contigeney

of alternate power utilization should occur, the defective battery should

be isolated before the appropriate BAT C TO BAT BUS A or B circuit

breaker is closed. Additional information on this subject is included in

section 2.6, Electrical Power.

Alternate Selection of Pyro Power.

If the circuit breakers described in paragraph Z. 9.4.2 are not uti-

lizedproperly, serious damage to the electrical supply could result. The

potential hazard is the same as described in paragraph Z.9.6. 1 except in

this instance the electrical power of the PYRO Systems, zones 41 through

43-D and -E, is concerned. The BAT BUS A and B TO PYRO BUS TIE

circuit breakers (CBI8 and CBIg) are included in the system to be used in

the event of a failure of PYRO BATTERY A or B. If such a power failure

should occur, the appropriate SEQ A or B circuit breaker (CBI6 or CBIT)

should be opened before coupling the appropriate ENTRY AND POST

LANDING battery to the PYRO power system.

Control for Arming Pyro Systems.

Battery power is required to arm or safe PYRO buses (para-

graph 2.9.4.3). It is therefore necessary to close the SECS ARM BAT A

cirtuit breakers (CBI), and/or its counterpart in system B, zone 39-C,

before the motor switch (KI) in the LDEC, zones 39 and 40-E and -F, can

be operated to energize or de-energize the PYRO buses. This feature is

designed into the system for power conservation during a mission when

the docking probe is being used. The procedures for the utilization of

battery power for control of PYRO power will consequently differ some-

what during the various phases of a mission.

• • -,.:- . .
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Status of Logic and Pyro Buses.

2. 9.6.5

2.9.6. I

[
]

2.9.617

It will be necessary for the flight crew to verify the status of LOGIC

and PYRO buses, i.e. , armed or safe, through the MSFN. Displays for
this status are not included in the CM.

UtiliZation of Controls for CSM/LV Separation.

v/hen the CSM/LV SEP switch is used (paragraph 2.9.4.9), it should

i be held closed for approximately one second (0.8 second minimum) for the

time-delay-relay logic to perform as it was designed.-

Utilization of Controls for CM/SM Separation.

When the CM/SM SEP switches are used, they must be held closed

for 0.1 of a second for the time-delay-relay logic to perform as it was

designed (paragraph 2.9.4. 13. I).

MaDual Control of ELSC Functions.

Under certain entry conditions, erratic aerodynamic damping

coefficients, wind gusts, and shears, the CM may become unstable. If

this should occur, the apex cover and drogue parachutes may be manually

deployed early. This will stabilize and keep the CM in the proper descend-

ing attitude. See figure 2.9-50 for the drogue deployment design envelope.
The following precautions should be observed:

a. Manual initiation of drogue parachute deployment should never be

accomplished above 40, 000 feet during entry.

b. The CM RCS must be turned off prior to apex cover jettison.

c. IVianual initiation of apex cover jettison must not be-executed with
the LET attached.

d. Manual initiation of drogue parachute deployment must not be

executed with the apex cover on the vehicle.

e. iV[anual initiation of main parachute deployment must not be
executed prior to drogue deployment.

f. Manual initiation of main parachute deployment must be accom-
plished above 2500 feet.

g. Two circuit breakers are incorporated in MESC PRYO circuits to

the main parachute release ordnance devices. These circuit breakers

should not be closed until after the CM has landed (paragraph 2.9.3.4.2.3).

h. It is impossible to release the main parachutes with the ELS switch

in the MAN position. This switch must be in the AUTO position and the

14-second time delays in the ELSC (TD 3 and TD 4), zone 6-C, expired
before the A/AID RELEASE switch is armed.

SEQUENTIAL SYSTEMS
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SECTION Z

SUBSECTION 2. i0

• _ CAUTION AND WARNING SYSTEM

INTRODUCTION.

The caution and Warning system (C&WS) monitors critical parameters

/ of most of the systems in the CM and SM. _Vhen a malfunction Or out-of-

tolerance condition occurs in any of these systems, the crew is in-_mediately

alerted in order that corrective action may he taken.

FUNCTIONAL DESC/ztiPTION.

Upon receipt of malfunction or out-of-tolerance signals, the C&WS

simultaneously identifies the abnormal condition and alerts the crew to its

existence. Each signal will activate the appropriate systems status indi-

cator and a master alarm circuit. The master alarm circuit visually and

aurally attracts the crew's attention by alarm indicators on the iviDC and

by an audio tone in the headsets. Crew acknowledgment of an abnormal

condition consists of resetting the master alarm circuit, while retaining

t_e particular systems status malfunction indication. The capability exists

for tl%e crew to select several modes of observing system_s status and

mas_er alarm indicators and of monitoring CiNi or SM systems.

MAJOR COMPONENT ./SUBSYSTEM DESCRIPTION.

The C &WS consists of one major component, the detection unit. It

is located behindMDC-3, and therefore is neither visible nor accessible

to the crew during the mission. The balance of the system is made up of

visual indicators, aural alerting and associated circuits, and those

switches required to, control the various system functions. Visual indica-

tors i,nclude the two uppermost fuel cell electromechanical event devices

on MDC-3, as well as all systems status and master alarm lights.

The detection unit circuits consist of comparators, logic, lamp

drivers, and a master alarm and tone generator. Also incorporated are

two redundant power supplies, a regulated +12 and a -12 vdc for the

electronics,

Inputs to the detection unit consist of both analog and event-type

signals. The az%alog signals are in the 0 to 5 vdc range. Alarm limits

for these signals trigger voltage _omparators, which, in turn, activate

logic and lamp-driver circuits, thus causing activation of the master

alarm circuit and tone generator, illumination of applicable systen_s

=-status lights on IV_DC-2, and for certain measurements, activation of

CAUTION AND WAI%NING SYSTEM
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applicable electromechanical event indicators on MDC-3. Several event

inputs are monitored by the C&WS detection unit. These signals originate

from solid state and mechanical switch closures in malfunction sensing

devices. These signals will directly illuminate applicable system status

lights and, through logi c circuitry, activate the master alarm lights and

tone generator. One event signal, originating, within the detection unit,

directly illuminates the C/V/ light, but activates only the MASTER ALARM

swi£chlights o_ the master alar_ circuit. One event signal, "CI_EW

ALERT, "originates from MSEN stations through the UDL portion of the

communications system: This system status light can only be extinguished

by a second signal originating from the MSFN.

The master alarm circuit alerts crewmembers whenever abnormal

conditions are detected. This is accomplished visu_lly by illumination of

remote MASTER ALAR_i switch-lights on MDC-I, MDC-3, and LEB-122.

An audio alarm tone, sent to the three headsets, aurally alerts the crew.

The output signal of the tone generator is a square wave that is alternately

750 and 2000 cps, modulated at Z. 5 times per second. Although the tone

is audible above the conversation level, it does not render normal conver_-

sation indistinct or garbled. When the crew has noted the abnormal condi-

tion, the master alarm lights and the tone generator are deactivated and

reset by depressing any one of the three MASTER ALARIX/i switch-lights.

This action leaves the systems status_ lights illuminated and resets the

master alarm circuit for alerting the crew if another abnormal condition

should occur. The individual systems status lights will remain illuminated

until the malfunction or out-of-tolerance condition is corrected, or the

N_O!q_MAL-BOOST-ACI< switch (MDC-3) is positioned to ACK.

The C g_%VS po_ver supplies include sensing and switching circuitry

that ensure unit self-protection should high-input current, or high- or

low-output voltage occur. Any of these fault conditions will cause the

illumination of the master alarm lights and the C/%V sys.tern status light.

The tone generator, however, will not be activated because it requires

the 12 vdc output from the malfunctioned power supply for its operation.

The crew must manually select the redundant power supply to return the

C_WS to operation. This is accomplished by repositioning the CAUTION, /

V_AR_ING-PO%VER switch on MDC-2. In so doing, the C/Vv- status light

is extinguished, but the master alarm circuit remains activated, requiring

it to be reset.

Ir

Incorporated into the C&V/S is the capability to test the lamps o.f

systems status and master alarm lights. Positionl of the CAUTIOIW/

.VIA_RNING-LA_NIP TEST switch tests the illumination of the left-hand

group of status lights on lViDC-2 and the MASTER ALAIR_IN/[ switch-light

on E4DC-I. Position Z tests the IVIASTEI< ALAI_M switch-light on IVIDC-3

and the right-hand group of stat_s lights on IViDC-2. The third M_STER

ALARM light, located on LEB-I22, is tested by placing the CONDITION

LAIViPS sw_itch on LEB-122 to TEST.

)
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The position of the CAUTION/_'ARNING- CSM-CM switch (MDC-2)

establishes the systems to be monitored. Before CM-SM separation,

systems in both the CM and Sl_i are monitored for malfunction or out-of-

tolerance conditions with this switch in the CSM position. Positioning the

switch to CM deactivates systems Status lights and event indicators

associated wi{h SM systems.

The CAUTION/WAR_ING - NORmAL-BOOST :ACK switch (MDC-2)

permits variable modes of status and alarm light illumination. For" most | i

of the mission, the switch is set to the NOR_h<AL position to give normal

C_VS operation; that is, upon receipt of abnormal conditionsignals, all

systems status lights and master alarm lights are capable of illumination.

During the ascent phase, the switch is set to the BOOST position, which I

prevents the MASTER ALARM switch-light on MDC-I from illuminating. !
This prevents possible confusion on MDC -I between the red IviASTER

ALAI<I_i light and the adjacent red ABORT light. The ACK switch position

is selected when the crew desires to adapt their eyes to darkness, or if a

continuously illuminated systems status light is u_desirahle. V/bile in this

mode, incoming signals will activate only the master alarm lights and the

tone generator. To determine the abnormal condition, the crew must

depress either MASTE-R ALAR__ switch-light on MDC-I or -3. This |

illuminates the applicable systems status light, and deactivates and resets

the master alarm circuit. The systems status light will remain illL%rninated

as long as the switch-light is depressed. However, it may be re-called as |

long as the abnormal condition exists by again pressing either switch-light.

A stowable tone booster is added to the caution and warning system

to allow all three a_tronauts to sleep simultaneously with the headsets

removed. Stowage of this unit during non-use periods is under iocker A3. _

f

2.10.3.1

The unit consists of a power plug, tone booster, and a photo-sensitive

device which can be used on the left or right side of the command module.

The power connection is made to the UTILITY receptacle on MDC-15 or 16.

The tone booster, which provides an audible signal, is mounted by velero

pad to the left-hand or right-hand girth shelf. The photo-sensitive device

is mounted by velcro over the MDC-I or MDC-3 IviASTER ALAR_h_ lamp.

Since the MASTER ALAR_N{ is triggered by any caution/warning

monitored symptom, it will activate the tone booster until the MASTER

ALA/[M is extinguished by a manual reset. In the event of a caution/.

warning system power supply failure, this unit will provide the audio

alarm.

=

Electrical Power Distribution.

The C&WS receives power f!om the MNA & MNB buses. (See I

figure 2. I0-I.) Two circuit brea_<ers, located onMDC-5, provide circuit ]
protection. Closure of either circuit breaker will allow normal system

operation.

CAUTION AND WARNING SYSTEM
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Figure Z. i0-i. C&W5 Power Distribution Diagram
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OPER_A_TIONAL LIMITATIONS AND RESTRICTIONS.
r

C Z_%VS General Data.

• - With the CAUTION/W-ARNING - NORA4AL-BOOST-ACK switch in

theBOOST position during ascent, the _iASTER ALA__N/[ switch-light on

MDC-I will not illuminate should a malfunction occur. The master alarm

circuit reset capability of the light, is also disabled during this time. This

requires the I_£ASTELR ALARA/[ switch-light on MDC-3 to be used exclusively

for monitoring and resetting functions during boost. Several peculiarities

should be noted in regard to the CAUTION/%VARNING - POWER sw/tch.

]&_henever this switch is moved from or through the OFF position to either

power supply position, the master alarm circuit is activated, requiring it

be reset. Also, switching from one power supply to another (when there

is no power supply failure) may cause the C/W system status light to

flicker as the switch passes through the OFE position.

Should both power supplies fail, the C&WS is degraded to the extent

that the complete master alarm circuit, as well as those system status

lights that illuminate as the result of analog-type input signals, are ren-

dered inoperative. This leaves only those status lights operative that

require event-type input signals. They include the follovzing SM and CIV[

lights: CMG, ISS, B_iAG i TEMP, BM_AG Z TE_IP, SPS I_OUGH EGO,

PITCH GIVlBL I, PITCH GMBL 2, YA}V GMBL l_, YAW GMBL Z, O Z FLO%V

ILl, FC BUS DISCONNECT, AC BUS l, AC BUS I OVERLOAD, AC BUS 2,

AC BUS 2 OVERLOAD, IviN BUS A UNDERVOLT, MN BUS B UNDERVOLT,

and CREW ALE_tT. The C/_V light will be operative only while the

CAUTION/WA_R.NING - POWER switch is in position 1 or Z.

l

The CAUTION/WARNING - CSM-GM switch must be in the CSM

position in order to conduct a lamp test of those system status lights

associated with SM systems. The status lights of CM systems maybe

tested with the switch in either position. Circuit design permits a com-

plete lamp• test to be conducted with the CAUTION/WAI%NING switch in

the NORMAL or ACK position only. In the BOOST position, all lamps

except the MASTER ALARM light on IviDC-I may be tested.

Normally, each abnormal condition signal will activate the C&V/S

master alarm circuit and tone generator, and illuminate th e applicable

systems status light. However, after initial activation of any status light

that monitors several parameters, and reset of the MASTER ALARM,

any additional out-of-tolerance condition or malfunction associated with

the same system status light will not activate the MASTER ALARM until

the first condition has been corrected, thus extinguishing the status light.

Mi s sion
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Each crewmembers audio control panel has a power switch which

will allow or inhibit the tone signal from entering his headset. The AUDIO-

TONE position allows the signal to pass on to theheadset, while the AUDIO

position inhibits the signal.

System Stitus Light Data.

The following list provides the lamp trigger values and associated

information for all system status lights on MDC-2. _ _ . _ _:_:

{

/
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S YS TEMS DA TA

B_M.AG Z

CO Z PP HI
•S/: . i ' '

PITCH G_X_,BL {

i '

}

/
YAW GMBL 1

f
PITCH G_[BL Z

| CRYO. P_ESS

!

GLYCO TEI_LP LOW

I

I CM RCS [

CM RCS Z

SM RCS A

Trigger Values '

2.. Any B_IAG >ITZ°F

Same as BNIAG 1 ..

At 7.6 mm PIg :

• .. _ •

Overcur r ent conditibns

depend 9nt on' time and

Lemperatur e. .l

Same as PITCH G_f]_L I None

4

. . , . .

SM RCS B

SM RCS C

i̧ •• ",

Other indications " or

(Lights, Gauges, _{eters, etC.) S_[ Remarks

NorLe - C_£ If ahtivatedl the B_'VIAG

' " ". ..... . Po%irER s%v_tc-i h should be,

" " - " " " "left in WAR_f Up until,

. . . : , light is extinguished.
i

PART PRESS CO 2 meter (MDdr2) CM

• . , . ".
None , ' SM

OvercurrenL conditions

• dependent on time and

tempe ratur e.

Same as PIT.C_I Gk4_L Z

I. -Tank i O Z <800 psia

Z. Tank I O z >950 psia

3. Tank Z Og _ Same as

tank [ 0 2

4. Tank i H 2 <ZZ0 ps!a

5. Tank I H Z >Z70 psia

6, Tank 2 I-!5' -Same as

tank I H Z-

At -30°F

1. He manf press <260 psia

2. Fie manf press >330 psia

Same as C_{ P_CS I

I. imkg Leap <75°F

Z. Pkg ternp >Z05°F

3. Sec fue'l press <145 psia

4. Sec fuelpress >Zi5 psia

Same as SlvI RCS A

Same as 5M RCS A

None SIV[

_one

CRYOGENIC TAN-KS -

PRESSURE-O Z- i meter (N[DC-Z)

CRYOGENIC TANKS.-

PRESSURE-Oz-2 meter (MDC-2)

CRYOGENIC TANKS -

PRESSUP, E -H2-1 meter (MDC-2)

SM

CRYOGENIC TA_q<S-

PRESSUKE-HZ-Z meter (NiDC-Z)

ECS RADIATOR TEMP - PRDVl-

OUTLET meter (MDC-2}

C_i RCS - PRESS-_,LANF meters

(MDC-Z)

CM ,

CM

SM RCS - TEMP PKG meter

(MDC-Z)

SM

S_[ RCS - PRESS-SEC-FUEL

meter (MDC-2)"

/

indication is for primary

water glycol systerri

only.

Light functional only

when CAUTION/

%VARNING - CSM-C_I

switch is Lu CM position

h

)
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F

!
FC. l -_ s/

i / .

i. .I

/

/-
FC z

... ,-_-. FC 3
,f

L"CV I TEk'LP HI

AN'V 2 TE}_[P HI

h-_'V 3 TENIP HI

SPS PRESS

{ .,

AC BUS !

b

]• ..

• " . .... : ,, i , Other IndicaZions ,
[ Trigger Values " (Lights, Gauges, Meters, etc.)

• , . .
-L . •

Same as S_A/[ I_CS A . "

I. H 2 flow >0.16 lh/hr

, z. ozflow>naTm/_r '

, t 3. Skin tamp <360°F

-' 4.. Skin termo _t75°F.

5, Cond e>d% <155°F

• 6. Cond e_-_% >175°F

7. 'At p£-I factor of 9

8. K__d out temp below -30=F

Same as FC I

Same a s FC [

At >Ig0°F

Same as LNV 1 TF2v[P Hi

Same as LN-V I TEMP HI

I. Fuel tk lie press <157 psia

Z. •Fuel tk He press >iO 0 psia

3. "Ox tk lie press - Slu'ne as

f_el tank He press

I; At 95±3 vac <

Z. At 130±2 vac >

Same as AC BUS 1

I. For_-ard current >75

amps

g. Reverse current >4

amps for l to i0

seconds

r

indicator (_LDC.-3)-

FUEL CELL _ MODULE.TE_[P-

SKIIW indicator (_IDC-3) ,

FUEL CELL - MODULE TEMP-

COND EXH indicator (_[DC-3)

pli HT event indicator (l_IDC-3)

!C RiD TE:v[P LO_/ event

inaic_tor {_IDC-3)

None

SPS PRPLNT TANKS - PRESS-

PUEL meter (_[DC-3)

-SPS PRPLNT TANKS - PRESS- /

oxID meter (_fDC-3)

AC VOLTS meter (_viDC-3)

DC INDICATORS -

FC 1, 2 _ 3 (MDC-3)

.... . 1o

CM ' "

or . . "

SM Remarks

I '

SM (Deleted) " •

CM

SM

CM

SlY[

AC BUS Z

FC ]BUS DISCONNECZ

Event indicators [elec/

mech) pH HI, and FG

RAD TEMP LOW are

activat@d at lamp trigger

value s.

Overvoltage disconnecIs

inverter from b_s.

DC AMPS meter

(MDC-3)

. 4:::÷¢

CAUTION AND WARNING SYSTEIV[

"i Mission Basic Date 15 April 1969 ,Change Date_ 15 Ean 1970 Page Z. 10-7
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SYSTEMS DATA -
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. i • • •

t,
,_ys tern

Sfa_us Lights "

AC BU_ L OVERLOAD

r I

I [

I
l

AC B_sz OVERLOA_

C_c i
I

1

i i

#

if
• t

!

CREW ALERT

IvIN BUS A

UNDERV OLT

MN B US B

UNDEI_/OLT _'c

'. Trigger Values

I. 3_ at Z7 arnps for

15±5 seconds

2°

i •

, ' . Other Indi_a_ons

• (Lights, Gauges, Meters j etc. )

AC VOLTS meter (A_Dc-3)

g. i_ at II amps for

5-_I seconds ,.

Same as AC BU S i ". .

OVEI% L OA-D - "

I. Loss of prime power CMC light illuraina_ed

• _ : ,(LEB-122)

• ,l_ TARZ:S T '& PGNS lighta illurni-Scale= fall - _ scaler

stage 17 fails _o produce
pulses

3. Counter fail - continuous

requests or fads to
happen following incr e -_

merit request

4, _SC_DBL - 100 pps scaler

s_.ge >200 pps

5. Parity,fa_l - accessed

word, whose _ddress is

0ct_Ll I0 or greater, con-

rain s even number of ones

, 6. Interrupt too long or

infrequent - '140 to 300 ms

7. TC tr_p - too manyTC_ or

TCF instructions, or TCF

instrucL-ions too infrequef_t

8. Night watchn_ n - computer

fads to access address 67

within 64 to 1.9Z seconds

9. V fall- 4v s_pply >4Av.

&v supply <3.6v

14v supply >16.0v

14y supply <12.5v

ZSv supply,<ZZ.6v

i0. If oscilla_or stops

II. Stand by

Activated by real-time

command from ground stations

through the UDL

At Z6.ZS_0.1 vdc

Same as A BUS A

[IN DE RV OL T

CAUTION

hatedif restart and standby exist

in CMC

I_ToIle

D C VOLTS meter (MDC-3)

AND WARNING SYSTEM

! CM

I °rSM •

CM

!CM

C_

. . .•.

Remarks

Inverter should be

manually disconnected

Items S through ll-will
cause restart in the

CMC.

N/A Extinguished by ground

command only..

Mission

F
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"'-" APOLLO OPERATIONS HANDBOOK _ L " '': _:: / ] " " - - " "

- ' / _: _ ;SYSTEMS DATA - " •

/- Svste_r_ " '. " " "

_.Vas- Ligh_:s Trlgger Values •
j ,,

• • . • .

" CM . .
• " Other /=diqa_.ons or . . ,
fLights:, Gauges, Meters, etc. ) SM " • Kenaarks •

iSS ligh_ illuminated _ CM I/_iU fai ! signal inhibi._ed

L i

i

i J

! •i_

i

ClW

OZ FLOW I_II

: _. IG servo-error >Z.9 mr

' for 2 second_

: . , . / b. MG servo error

>Z.9.mr'_or Z seconds

o. OC- servo error >Z.9 mr

for Z seconds

d. 3Z00 cps <50% " ,

• ( e. S00 whee_ suppb'<50%

- Z- P_PA _:ail . " ' -
a. No pulse' d-_u'i_g•

312.5-ms period I

b_ Ifho_h + and -9uises
occur during-BiZ.5-ms -

per_0d

e. If no + and - pulses

• OCCU_ hei'%veen 1.28 to

3.84 Seconds

5. CDU fail

a. _DU fine error >l.0v

r_qs

b_ CDU coarse error >_.Sv

rrns

c, Kead counter lirni_

>160 cps

d. Cos (e - '-b)<Z.0v
e. +14 dc supply <50%

i. At +11.7 or -ii.7 vdc

Z. At +13.9 or -13.9 vdc

1.0 Ib/hr for 16 sec

AID across inlet and outlet

<0,ZZ ,psla

(LEB-IZZ) by GMG when k_ coarse

' ' align mode.

I : .....

i •
< • ,

PIPA fail will also i_luminate P[PA fail signal inhibited

PGNC lights and Pi_O(3RA/%i light hs: G_[C except during

on DSKY ' . , CI_£C controlled transla-

_io_ or thrusting.

_o_le CM Headset alarm _one

inoperative. |

O Z FLOW meter (MDC-Z) CM

SUIT COMPP_ AP meter (MDC-Z) CM

IvfiSsion

CAUTION AND WARNING •SYSTEM

Basic Date 15 April 1969 Change Date 15 Jan 1970 Page Z.10-9/2.10-10
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2.11.4

SE cTIOiN- Z

SUBSECTION Z.l I

MIscELLANEOUS SYSTEMS DATA

iNTI_ODUCTION.

Miscellaneous systems data pertain to items tha6 are not covered in

other systems. These items consist of timers, accelerometers (G-meter),

and uprighting system.

TIMEI<S.

Two mission timers (electrical)and two event timers (electrical/

mechanical) are provided for the crew in the command module. One mis-

sion timer is located on panel 2 of the MDC and the other on panel 306 in

hhe left-hand forward equipment bay. Each missior_ timer has provisions

for manually setting the readout (hours, minutes, and se_conds), and the

capability of starting, stopping, and resetting to zero. The numerical

elements are electroluminescent lamps and the intensity is controlled by

the NU_iEI<ICS light control on panels _iDC-8 and LEB-100. The event

timers are located on IVIDC-I and -306 in the left-hand forward equipment

bay, and provide the cre%v with a means of monitoring and timing events.

All timers reset and start automatically when lift-off occurs, and the

timer located on _IDC-I will be automatically reset and restarted if an

abort occurs. The event timers are integrally illuminated by an internal

electroluminescent lamp and controlled by the INTEGRAL light controls

located on IA/IDC-8 and LEB-100. (For further information, refer to section 3.)

ACCELEP_OINdE TER (G-METER) .

The accelerometer or G-meter (N_IDC-l) provides thecrew with a

visual indication of spacecraft positive and negative O-loads. This meter

is illuminated by an internal electroluminescent lamp and controlled by the

IIWTEOR-_L light control on _A/[DC-8. For additional information, refer to

section 3.

COMMAND MODULE UPRIGI-ITING SYSTEM.

The CM uprighting system is manually controlled and operated after

the CIVi has assumed a stable, inverted floating attitude. The system con-

sists of three inflatable air bags, two relays, three solenoid-control

valves, i-wo air compressors, control switches, and air lines. The inflat-

able bags are located in the CM forward compartmen_ and the air compres-

sors in the aft compartment. The control switches and circuit breakers

are located in the crew comparJ_i_nent. The switches control relays which

are powered by the postlanding bus and the relays control power to the

compressors which are powered by battery buses i and B. (See fig-

ure Z. Ii-i.)

MISCELLANEOUS SYSTEMS DATA

Mission Basic Date 15 April 1969 Change Date Page 2. ! i-i
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FILL

F_ FLO_T

BAG

rl t,I
OUTLET

!
I
I
I-
I
I
I
I
I

L.

)

T

FLTIPL

e _ _us

'_ COMPR I

BAI A

FLOAT BAG CFR

CTR bVlOC'8) SWITCHES

FILL ....... VENT

7 ....TO_ FLOAT

BAG

I-lt --

I

LL.

NORM CLOSED
t..._

CONTROLVALV_

NO, ] *Z BAG

I

Z

_ T

| ,_,.^ '_ | COMPRESSOR

I_') I _o.l

'T"

BUS 9

EPS BAT

_ Bus 6'

IRI-IEB-229)

FLOAT BAG R

BAT B
tMDG'8)

FLOAT BA'0

R IMDC -8)

f iLL ........ --_ VENT

YI 
'°"_°A'I I

I ,t.

I '

il .o_ cLosE_,
i

NO, _ +Y BAG

" I COMPRESSOR CONTROL

SZ 2--'-' MOTdR SWlTC:'IES

_ IRHEB-2_I

T _ T

NO. 2

A-SEQ'6_A

_ " -

1,
UPRIGHT SY5

COMPR 22_ /, BAT B

(RHEB-298|

Figure 2.. II-I, SequenLial Systems Operational/Functional Diagram
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Functional De s c ription.

FLOAT BAG IL switch controls inflation of the air bag on -Y axis,

switch 2R controls inflation of the air bag on the +Y axis, and switch

3 CTR controls inflation of the air bag on the +Z axis of the CIV[. (See

figure 2. ll-l.) Two of the bags are 45 inches in diameter; the

other bag is 24 inches in diameter. If the CM becomes inverted

after landing, the crewmember at s-ration ! initiates filling of the three

bags by setting the FLOAT BAG IL, 2R, and 3 CTR switches to FILL.

When the CM is u prighted, the"three FLOAT _BAG switches _vill be set tO

OFF. A 4. 25±0. 25-psi relief valve is located in the inlet of e_c h bag.

Backup relief valves set at 13.5 psi are located in. the outlet of each

compressor.

f..

MISCELLANEOUS SYSTEMS DATA

IV[ission Basic Date 15 April 1969 Change Date 15 Jan 1970 Page-2.11--3/2. 11-4
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2.12.1

!:

F- [

I

f

• , . . _

" '" ,.: _. SECTION 2 .....

_, .

SUBSECTION 2.12

CRE-_V PERSONAL. EQUIPMENT

INTRODUCTION. " _ -. "_'- -. . ''-_ _ :' _:"_ .'

This section contains the description and 0peration:of Contractor-

and NAS/i-furnished crew personal equipment and miscellaneous stowed

equipment _hat is not des_cribed in ot_er sections of the handbook. All

major items are identified as Contractor-furnished equipment (CFE) or

Government-furnished (NASA) property (GFP - synonymons with GFE).

i

The crew equipment will be presented in the general order of opera-

_ional usage. A brief outline is as follows-

Spacesuits (paragraph 2.12.2)

[. Intravehicular Spacesuit Assembly

(a) Biomedical Harness and Belt

(h) Constant %_ear Garment (CV/G)

(c) Flight Coveralls

(d) Pressure Garment Assembly (l°O._)

(_) Associated Umbilicals, Adapters, and Equipment

2. E_travehicular Spacesuit Assembly

(a) Liquid-Cooled Garment (LCG)

(b) PGA with Integrated Thermal Me[eroid Garment (!TIVIG)

(c) Associated Equipment

I

B. G-Load Restraints (paragraph 2.12.3)

i. Crewman i_estraint Harness

2. Interior Handhold and Straps

3. Hand Bar

C. Zero-g Restraints (paragraph 2.12.3)

i. Rest Stations

2. Veicro and Snap Restraint Areas

3. Straps

D. Internal Sighting and Illumination Aids (paragraph 2.12.4)
i. Window Shades

2. Mirror s

3. Crewman Optical Alignment Sight (CONS)

4. LM Active Docking Target

5. V¢ind ow Markings
6. IViiscellane ous Aids :_

I"

-_._..-

. GR.EW PEP_SONAL EQUIPMENT

. . Mission Basic Date 15 April 1969 Change Date 16 July 1969 Page 2.12-I
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External SightLng and Illumination .Aids

1 . Exterior Spotlight

Z. Running Lights

3. EVA F.loodlight

4. EVA Handles wi¢h RL Disks

5. Rendezvous Beacon

Mission Operational Aids (paragraph Z.l Z.5)

I. Flight Data File ::_

g. Inflight Toolset .... :

3, Cameras . ,

4. Access ories _/ Misce!laneous

: ,, .-.(a)
(b)

(c)

(d)

(e)

(f)

Waste Bags

Pilot's Preference Kits (PPKs)

Fire Extinguishers

Oxygen Masks

Utility Outlets

Scientific Instrumentation Outlets

G. Crew Life Support (paragraph 2.12.6)

1. Water

Z. Food

3. The Galley System

4. _Vaste Management System

5. Personal Hygiene

H. Medical Supplies and Equipment (paragraph Z. 12.7)

I. Radiation Monitoring and Measuring Equipment (paragraph 2.12.8)

J. Post Landing Recovery Aids (paragraph 2.12.9)

i. Postlanding Ventilation Ducts

2. Swimmer Umbilical and Dye Marker

3. Recovery Beacon

4. Snagging Line

5. Seawater Pump

6. Survival Kit

K. Equipment Stowage (paragraph 2.12.10)

On the following pages is an alphabetical listing of the stowable

Apollo crew personal and miscellaneous equipment that will be described

in this section. Miscellaneous spacecraft equipment that is mounted on

spacecraft structure internally or externally is described in this section

hut is not listed in the following chart.

)
....<:

f

i

• : ; Mi s sion

."Z._:_(- :.j:)_,(::.'. :% ,: ,t'(i: ilL:., _:"/':Z
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_- S-=

L -L L'

:...: ,. Dimensions"

Q_).:.% ILl ...... r W

." Total ?Wt: ::, " . L'"
" WtEach. :.", .. _

H" (Lb). (Lb) [Paragraph

: 1 ' ,.-. x

2.12-.2.,.' " ' I

2.12.6

2.12.6..".

: • • {

. - f " .. . . , . -

• Adapter, CWG-'. ¢* ,. . I.." .... . "
b......... ,,--. : ,electrical, wag _ . :.

iAd " _ '. : ..:" :. apter, contingency., ..iX : l , : . - .

, i.feeding-. . | -._ ., " [ _.".
" 'I a ; a sep" X I 1 5" I;: _ " ' ;, Ad:pter, g s

_ ', " .. ,.drying '! I l ::"

[ Adapter, urine hose " • • X ] *.l .5 .... I"D
[

"to UCTA • - 'I *' ' , • ' : -

"B_g, accessory . [ ' .[ X[' 3 " " 0.60

X 3 • 0.99

.--4

!

|• . . . • |

t 32" 18" 2"

1 7" 4" 1 5"

i Bag, helmet stowage
!.I

ag, PGA stowage X,

Bag, gas separator X

Bags, temp stowage• X " 3 36" 13" l" 5.1

Bag, tunnel hatch X l 28"D

0.20 2.12_5

0.33 2.12,2

4.3 2.12.2 "

2.12.6

1.7 2.12..5

2.i2.3

Battery, voice X 5 2.0" 1.8" 0.65" 2.12.5
recorder

Bracket, 16mm DAC X 1 7" " 0.7 0.7 2.12.5

Brush, vac cleaning • X 2 1.63" 1.8"D 2,12.5

Cable, aux dump X l ,10B" 0.2 2.12.6
nozzle htr

• Cable, grounding X I. 2.]2.5

I

Camera, 7Omm X 1 5" 4'I 5L''
electric Hasselblad

Camera, 16 _n data X l 7" 2'"
acquisition with
power cable

Cap, hose screen,

w bag .

Cap, gas sep nozzle

cap, aux dump. nozzle

pressure

X

,'.L

X

I

X l

1.00

CRE%V PERSONAL EQUTI_MENT

4.04 2.12.5

l.93 2.]2.5

0.20 2.12.2

2,12.6

0.20 --2.]2.6

. Mission Basic Date 15 /kprll 1969 Cha_nge Date 15 Oct 1969 Page 2.12.-3
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_t....

• - ...

... , .... ,

w bag . • _•

Container, decontami- X l
• nation, CU cam

cassette

Container, decontami- X 1
nation, LSR

Container., decontami- X 1

nation, LSR (rock

box), ]arge

Container, decontami- X lnation, 70 _m Hblad

mag

X

" • • " I"

Dimensions ....I Total 'Wt
' Wt iiach

I W . H
J

•(Lb) ILb) Paragraph

0.03 -O.O1 2.12.2
I T "

" 2.12.6 .
• • . , .

"2.12.6, -" "

2.12.2

'l _ 8.4 4.2 2.12.2

• 2.12.2

l.] 0.2 2.12.2

2.12.5

2.12.5

2.12.5

I

2.12.5

Container, Frozen 1 [Food 2.12.6
!

3"D 2.1 2.4

2.12.3

Cover, meter X 2

Cover, PGA elec X 3

conn protective

Coveralls, inflight X 3 " 9.7 3.2. 2.12.2,

Diaphragm, w cover X 3 3" 3"D 2.12.6
I

.| Dishes X 3 6" 5" 2.12.6

*Refer to_ spacecraft stowage list

CR, EV/ PERSONAL EQUIPMENT
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TM .........

++

r_h

i 4_.

_ bag

i 'b ' '
Ea_tu e, universal •

i_erciser, inflight

,i 1

#yepatch •
Fecal collection assy X

.Fecal containment
sys tern

Filter, red (Hblad

cam)

Filter, high density
SUn

• . .+ :-

i.... I,,i
i Item . Qty

D)cking target, LM X 1
a:tive. ...

)simeters, passive

DOS imeters, persona l
• • : • , •

lucts, postlandi ng

yentilation (PLV) "

-]..

X: 3
i.

X -I

Filter, Photar

.(HECcam) "

Filter, QD gas & liq X

Fire extinguisher X

" : APOLLO OPER.A.T1ONS HANDBOOK . " . . . +-+

SYSTEMS DATA = .

Dimensions ,,"Total

Wt

L W ;i (Lb)

8" "" 8"
v

X 9 . i " 0.18

+ -X 3 , ."I , 1.14

-i11, "ii o.6o.
! . ,. | • , ,

o.oa O.ol

1.22

X 1 •

Wt .'
Each • ' ' " ',..

(Lb) Paragraph

•1.8 ' 2.1214,

0.02 2.12.8
i

0.38 - 2.'12.8
"[ °: ."%

0.10 2..12.9

2.12.2

2.12.5

2.12.4

30 8" 3" l;' 4.20 0.14 2.12.6

X 3 1.50 0.50 2.12.2

X l 0.05 2.12.5

X 2

X l

2.8 1.4 2.12.4

0.05 2.12.5

2 I 1.0 0.5 2.!2.6

1 8.5" 5"O 7.5 2.1.2.5

Flight data file X .X
with locker RI2

20.0 2.12.5

Food set ^_ 1 40.0 2.12.6

Food set, w hygiene X 1 . 30.8 2.12.6
items

_+ _ Food warmer X 1 10 6 7

Garment, constant X 6 Folded 6" 2" 5.6 0.8
wear (CWG) 12"

*Refer to spacecraft stowage list

+

2.12.6 I

2.12.2

: CREW PERSONAL EQUIPMIENT
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I ' . '.. '-. . - ' Dimensions • " Tota !

item ............ _ Wt
• " • CFE ,GFP Qty L ,, _ . H (Lb)

, , . . . .

_rment, llquld • X 2 ' " 8.]8
_0oled " '' " "

S,a JM0 ' . ,....re d C . X " 3 ' "

(,lareshieid, .i. - ] i X .; 2 " " ' I " . •

• .. i1oo.d_!ghtw.bag_, i.,.". : i,.. _ :_ ." '- I:"- " --" " : '
- i_loves, IV (pr) ' . :.: 'i I .X,,. i..l " .:; " " .." ": " " "

.i_a_dholds . X .2

Handbar) X i.l. 1

H_d straps X 8
I

Harness, crewman X 3
restraint

/_..'- : , . -.

Wt ..
Each

(Lb) Paragraph

4.13 2,1z.2

2,12.4

• ., '2.12.4 .

2.12.2 1
1

2.]2.3

' 2..12.3

2.12.3

2.12.3

Harness assy, bio-
instrumentation

Headrest, pad

Headset, lightweight

Heel restraint, pr

Helmet, shield

Hook, snagging line
w bag

Hose, vac cleaning

Hose assy, oxygen

Hot pad

Hygiene, oral

assembly

Intervalometer

K_t, EHU maintenance

Kit, medical

X

X. 3

X 3

X 3

X 3

X I

1

l

2
1

.I

X. 1

]

X 1

X l

X l

4" 3.5

41.5"

72"
i19"

9" 4"

7" 5"

l i|

J

11

3.3

3.0

0.9

3.3

1.7

10.6
8.2

1.0

1 .I 2.12.7

1.0 2.12.5

0.3, 2.12.2

1.0 2.12.5

0.79 2.12.2

1.5 2.]2.9

2.12.5

5.3 2.12.2

8.2 2.1_2.2

2.12.6

0,3 2.12.6

0.25 2.12.5

0.38 2.12.2

3.0 2.12.7
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QO, aux dump nozzle X
I

QQ, water (waste) X
pane l

Restraint, sleep X [
station

3

Ring sight X 1 1.26"

Rol.lon cuff assembly

• Ropes, sleep
restraint tiedown

Scissors (large)

Separator, gas

Shades, rendezvous
window

Shade, side hatch

Shades, side viewing
window

Sight, crew optical
alignment (COAS)
w filter

Spacesuit, intra-

vehicular ..

1.2" 0.64"

X 3

X 5 10' O.3"D

X 3 8" 2"

X 2 6"

X 2 13" 8"

X 1 10"D

X 2. 13" 13"

X i 1 8" 2_'D

X l

-1.60

0.20

0.30

I 2.l-2.5

•

.2.12.2.1' "

2.12.Z_ " ..

2.12.2 .

2.12.6

2.12.9

2.12.6

2.12.6

10.8 3.6 2.12.3

0.08

3.5 0.7

2.12.5

2.12.6

2.12.3

1.62 0.53 2.12.2

2.12.6

2.4 1.2 2.12.4

1.4 2.12.4

].7 2.!2.4

1.5 2.12.4

3.4

35.61 2.12.2
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:. Spacesuit, extra-. .' ..... X "
._ ,., : vehicular

Spotmeter, automatic " X

_St_aps,/"utility - •

Strap,/center couch "

" " " DP_ burn : ;
/

Straps.,cenge:rcouch

St_W ' . '

' St raps, control• X
- c_ble

x : Fi3.:..

. . • • . <.

,X

Qt_ Dimensions " ! Total Wt
• " .... ": _ ' Wt Each

, . "L W. [ H i (Lb) (Lb)

i • .94.72 47.36

F . 4" 0.94l ,7

" l,ri2,, .:i ; .o.39 0.03

I. 2 " . ' : .

4 11"

I •
3

Si:raps,drog.uestow X
t

Straps, glareshade . X 5.5"

/

Straps, probe stowage X , 2

Straps, cable routing 'X 3

Sunglasses with X 3
pouch

_.5 II

0.6 0.2

Survival rucksack 1 X I I 18" 6;'
Survival rucksack 2 X l }

Tape cassette, X 5 3.9" 25"
voice recorder

Tape (roll) Z l 6"D

Timer, two speed X 1

Tissue dispensers X 7 8" 4"
',[

Toolset, inflight X - l

Towels, utility (pack) X 3

Urine collection & X 3
transfer assembly

-Urine hose 1 120" I"D

! " . . . •

Paragraph .

2_.12.12 '. ' _ I

2. ]2.5

2.12,3 '
' [ -

2.12.3 ..

2.12.3

2.12.3

•2.12.3

2..12.3

2.12.3

2.12.3

2.12.2

34.9 2.12.9
6"

18.8 2.12.9

0.4" 0.5 O.1 2.12.5

0.4
' 3.9

0.88 2.12.5

0.4 2.12.5

1.42 2.12.6

4.6. 2.12.5

0.83 2.12.6

0.43 2.12.2

_

2.49

1.29

X I 1.30 1.30 2.12.6
[
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" l)icerec°rder --
_ttch with watchband

4ater meter] ng
d'! spenser

1.2 1.2 '2.12.5

0.45 0".15 2.12.2
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SPACESUITS (Figure 2.12-i). .

A Spacesuit is an enclosed unit tha:t provides a crewman with a life

Supporting atmosphere and protective apparel in a space environment. It

will be considered in two conditions: intrairehicular and extravehicular.

I.

I

i [

/
!

In the intravehicular condition, the apparel is called the intravehic-

ular spacesuit and consists of t_he bioinstrumentation harness assembly, a

constant wear garment (CVV-G), a pressure garment assembly (PGA) with

intravehicular cover (IC), and associated equipment (contained on or -a_ithin

the spacesuit)2 The adapters and umbilical hoses that connect the space-

- Suit to die spacecraft systems are also described in this subsection.

i " In the extravehicular condition, the apparel is called the extravehic-

ular mobility unit (E_IU)and consists of a fecal containment system, a
urine collection and transfer as tsembly (UCTA), the bioinstrurnentation

barnes s assembly, a liquid-cooled garment (LCG), communications s oft

hat, an extravehicular spacesuit_ a portable life support system (PLSS),

oxygen purge system (OPS), integrated thermal micrometeoroid garment

(ITMG), an extravehicular visor as sembly (EV visor), and associated

equipment contained on or within the E_IU. The PLSS and OPS will not be

described in-this handbook.

2.12.2. I Spacesuit Assembly (Intravehicular).

i
The intravehicu!ar spacesuit is depicted in figure 2.,12-i. The intra-

vehicular condition has two subconditions, unsuited and suited. In the

unsuited condition or "shirtsleeve environment," the crewman breathes

the oxygen in the spacecraft cabin and wears a hioins_rumentation harness,

a communication soft hat for communication, a constant wear garment

(C-WG) for comfor.t, flight coveralls for warmth, andbooties f.or zero-g

restraint. A CV/G adapter is used to connect the communications soft hat

(CSH) and the bioinstrurnentation harness signals to the communications

cable. The coma cable attaches to connectors between panels 300 and

301 tp complete the signal flow to the audio center.

In the suited condition, the crewman wears his bioinstrumentation

harness, a communication soft hat, a CVIG, a pressure garment assembly

(PGA) with IC, and breathes oxygen within the garment. An oxygen hose

assembly delivers the oxygen to the suit and returns it to the ECS. The

coma cable connects directly to the PGA for telecommunications signal

flow. In this condition there are two ECS modes of operation, ventilated

and pressurized.

CR.EVf- P ZI<SONAL EQUIPMENT
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Bioinstrumentation Harness and Biomed Belt (Figure 2.12-2), ' '

• The purpose of the bioinstrumentati0n harness is to furnish .the

biomedical signals to.m0nitor theLcrexvs physical condition, and. consists

of sensors, signal conditioners, a_biomed belt, and wire signal carriers.

For a complete description, refer to paragraph Z.IZ.7.

Each crewman will have sensors attached to his skin for the entire

-mission. These sensors have wire leads encased in plastic with a small

connector at the oilier end. The connectors are inserted through the CV¢O

and connected tothe signal conditioners in the biomed belt. The biomed

belt is cloth, has Iour pockets, and snaps in the corners to at_ch to the

CWG.

f]

/

.i " .+
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:,"_(_.:i$,_/;7. '_: " " :: i" '.;_ i There are tier.ca signal_ conditioners_ one for ECO, one for _.he

i ] - pockets on the biomed belt, located around the abdomen. The signal con-

. ditioners are interconnected by a wire harness which has a 9-socket

• _.- 2 Fecal Contaiment System (Figure 2.12-i).

k The fecal containment system (FCS) is a chemically treated under-

4 [ i "

• " i

pant worn under the LCG during periods of extravehicular activity ('EVA).

In the event of an uncontrolled bowel movement , the chemicals in the

_Iderpant will neutralize the feces. At launch and entry, the fecal con-
tainmen_ systems are stowed. , . .

Urine Collection and Transfer Assembly (Figure 2.1Z-1) and

UCD Clamps

The urine collection and transfer assembly (UCTA) functions to

transfer the urine from the suited crevnnan to the suit during emergency

urinations. This condition could occur during a "hold" on the launch pad
or EVA.

i

.... /

2.12.2.i.4

The UCTA consists of a belt, shaped bladder, roll-on (externml

catheter), and a tube leading to the spacesuit urine collection QD.

The UCTA is donned over the fecal containment system. When

doffing the UCTA, the UCD clamps are usedto seal urine in the tube to

prevent leakage into the crew compartment. The urine in the UCTA can be

drained while it is in the sPacesuit or after it is removed. For the pro-
cedure, refer to section 2.1Z.6.

Constant Wear Garment (CWG) (Figure 2.12-2).

The constant wear garment (CWG) is used as an undergarment for

the PGA and provides warmth for the crewman while unsuited in the shirt-

sleeve environment. As an additianal purpose, this garment provides an
attach point for the biomed belt.

The CWG is a porous cloth, one-piece garment similar to long

underwear. It has a zipper from the waist to the neck for donning and

doffing_ An opening in front is for urination and one in the rear for

defecation, without CV/G removal. There are snaps a_ the mid-sectionto

attach the_biomed belt with signal conditioners, and pockets for film

packet passive dosimeters at the ankles, thighs, and chest. It also has

integral socks.

/
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The CWG can he worn for 6 to 7 days before a change is required.

Three C'_%rGs will be worn aboard by the crew with three being stowed irl a

-locker, allowing one C_VG change each. " ..... - -,

Fli_ht Coveralls (Figure 2.1Z-2). )_:

The flight coveralls help keep the C_/G clean, provide additional

crewman warmth, and provide stowagef0r miscellaneous per s onal equip-

ment while in a shirtsleeve environment. It is a two-piece garment and is

stowed at launch and entry. Accessories include a pair of booties with

Velcro patches on the soles for restraint.

.Corn_rnumic.a_tion Soft Hat, Lightweight Headset, and Eartube

(Figure Z.IZ-2).

The communication soft hat is worn at all times, in or out of the

PGA, for the purpose of communications. Alternate names for it is

communications carrier (co_ carrier) or "Snoopy" helmet.

voice

cloth

s trap

right

cable

The coma soft hat has two earphones and two microphones, With

tubes on two mounts that fit over the ears. The hat or helmet is

and has lacing to adjust the fit to the individual crewman. A chin

secures the hat to the head. A small pocket on the inside near the

temple will hold a passive dosimeter film packet. An electrical

with a Zl-socket connector will connect to the C_VG adapter or PGA.

The lightweight headset is a single microphone and earpiece held on

t-he head by a head hand. It can be used in place of the comm carrier

while in a shirtsleeve environment.

The universal ear tube attaches to the lightweight headset earphone.

The ear tube is a short length of plastic tube with an ear fitting that con-

ducts sound from the earphone to the ear. It is sto_ved in a pocket of the

in-flight c overall.

2.12.2.1.7 Constant Wear Garment (CWG) "T" Adapter (Figure 2.12-2).

Cornrnunications and bioinstrumentation signals are transmitted to

the communications cable b F the CWG T-Adapter; it is used when in the

shir tsleeve environment.

The CWG T-Adapter has a 61-socket connector pull in the middle,

and two pigtails, one with a 9-pin connector and one with a Zl-pin

conne c for.

. i-_.. There are three CWG "T" Adapters which are stowed when not in

use plus a spare.

_ f-, y
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2. I. 8 Cornmnunications Cable Wih_h Control Head. " . "

- )

The communications cable, or coma cable, transmits, voice

communications and bioinstruznentation signals from the adapters ,and_

crew to the spacecraft bulkhead connectors. It also carries electrical

power and the caution warning (C/W) system audible alarm signal.

'2_= .

• The cornm cable consists of a control head and a cable: The control

head has a 61-pin connector, a rocker s_itch and a 37-pin connector,

The cable has a 37-pin connector at one end and a 37-pin connector with a

lanyard pull at the spacecraft bulkhead end. The cables for the Commander

and el%! Pilot are 74 inches long. The LM Pilot's cable i's 121 inches in

length, which allows it to be used for crew Lransfer through the tunnel into

the "L_A2I. One spare' control head and cable (121 inches) is carried in the

event of a malfunction.

-For further information anduse of the comm cable, refer to AOI-i

section 2.8.

Z. IZ. 2.1.9 Pressure Garment Assembly (PGA) •(Figure 2.12-3).

/

The major component of the spacesui_ is the pressure garment

assembly (PGA). The A7L pressure garment assembly (PGA) provides a

mobile life support chamber that can be pressurized separate_Iy from the

cabin inner structure in ease of a leak or puncture. The PGA consists of

a helmet, gloves, and torso and limb assembly. It requires an oxygen

hose,for oxygen and electrical cable for telecommunications.

The blue torso has a neck ring for securing the helmet and wrist

rings for securing the gloves. It is constructed of Beta cloth (a fiberglass-

type material), i double zipper runs from the crotch area along the back

to the neck ring for donning and doffing. 'Snaps are located on the upper

chest for securing the life vest. The right wrist area has a pressure gage

with a range of 2 to 5 psia. Two cables run laterally from the chest,

around the biceps, to the spine as an anti-ballooning device, and are

a_ached and detached at the chest. Two adjustment straps restraining

the neck ring are located in the front (sternal area) and rear (spinal area).

On the right chest area is a 61-pin telecommunications connector.

-W-hen not in use and during stowage, the connector is protec{ed by a 15GA |....

electrical connector protective cover. The inside telecommunications |
harness splits to a 9-pin connector (bioinstrumentation) and a Zl-pin

connector (cornnlunications), On the left chest area is a connector for the

PISS liquid system. Inside, it has a supply hose and a return hose with

connectors that connect to the liquid cooled garment (LCG) when worn in _-_,_:_
place of the CWG. _

._. J}.

.: - . .
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COVER IIC;'

CS-IO04B

TRAINING I

Figure 2.12-3. intravehicular Spacesuit

Two sets of oxygen hose connectors are located on the left- and

right-lower rib cage area. A set consists of a blue supply connector and

red return connector. The left connector set is normally for the PLSS

hoses and the right set for the CM ECS hoses, but the oxygen hose con-

nectors _vill fit either set. To prevent an alien object from entering and

damaging a spacesuit O Z hose connector, a PGA gas connector plug

(figure 2.1Z-3) is inserted when an 0 2 Connector is not in use. The gas

connector plugs are color coded red and blue to match the O Z connectors.

To inser£, fit the plug into the connector and press until it clicks. [t

__mechanically locks in place. To remove, unlock the plug by pressing the

_:_'
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gold lock-pin, then lift the locking h/bs, rotate the locking ring, and pull

the plug. The intravehicular PGA or spacesuit has only, one set of

hose connectors on the right side as there is no extravehicular or PLSS

re quirement.

j

Leg pockets are •pieced in accordance with the defined locations.

These are used to contain the numerous personal items. Additional pocEe'_ts

are strapped on the legs to hold other miscellaneous items. The boots are

integral to the torso and the soles have Velcro patches for restraint. The

.....bo0-t_free! s-h_-ve Va_ti_l _ t_e_-pl_ te-s to wedge i_ the cou-clr fool-gain cl-ea-tsTo-r- -

restraining t_he feast. The gl<_veS secure to the wrist ring with a slide lock

and rotate by means of a ball bearing, race.

The intravehicu!ar cover (IC) is for added wear protection of the

torso. It is also Beta cloth, %_ith external teflon patches at maximum wear

points. The cover \_ilI be laced over the torso and limbs for operational

use and intravehicular (IV) gloves v<ill be worn to protect the PGA gloves

when performing rough handling tasks. The PGA with the intravehicular

cover is commonly called an intravehicular spacesuit. The PGA _,ith the

integrated thermal micrometeoroid garment (ITIVlG) is termed the extra-

vehicular spacesuit. For mission or operational purposes, the spacesuit
includes the PGA and the IC or !T__v£G.

The helmet is a plastic bubble. It secures to the torso neck ring

withe slide lock. A slot channel at the rear of the neck ring receives

oxygen from the torso ventilation duct and directs it to a one-half-inch-

thick foam plastic manifold. The manifold lays on the aft quarter of

helmet, terminating at the top. Numerous slits in the manifold direct the

oxygen across the face, purging the helmet of carbon dioxide. On the left

side, near the mouth, is a feed port and a feed port cover. A contingency

feeding valve adapter is provided with the food set and will attach rio the

feed port to provide a mefihod of emergency nourishment. Only drinks wi/ll

pass through. The helmet shield (I-IS)(figure 2. 12-3) is a plastic cover to

be used during intravehicular activities (remove/replace probe or tunnel

hatch) to prevent damage to the PGA helmet. Only one shield is provided

per spacecraft.

Additional subassemblies or accessories are donning lanyards for

doffing/donning, aneckdam for restricting water during post recovery

CM egress, and strap-on leg pockets for scissors, checklists, and data

lists.

"%
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'-" :- After attaining e arthorbit, the PGA is stowed in two parts: torso

(*wiLh gloves) and the helme_. The torso (With gloves) fits into an L-shaped,

expandable bag (3 PGA capacity), and is attached to the aft bulkhead and

the center couch bY hooks. (See figure 21 12-4). The helmet shield and

inflight coveralls are alsostowed in the PGA stowage bag.

The PGA helmet stowage bag is made of Beta cloth. The "dome" end

is closed, and the open end has a draw String for closure. Four straps with

snaps and Velcro are attached for restraints (figtire Z. 17-5). At launch, the

helmet bags are collapsed and stowed. When the .helmet is doffed it is
t

placed in a helmet bag, the draw strings are tied and attached to the righ:t-

-- and left-hand equipment bays by the snaps on the straps. Forentry, the

helmet bags are again collapsed and stowed after the helmet is donned or

left on the-.stovced helmet irl the event of an unsuited entry.

PGA Donning-and Doffing. In the event the command module inner

structure loses pressure, the ]DCS can maintain a pressure of 3.5 psia for

15 minutes to allow the crewmen to don their PGAs.

To don the PGA, clear the legs and arms of obstructions, and verify

the zippers are run to the neck ring with lanyards attached and oxygen

hoses are connected. Place the legs in the boots and legs of the torso and

connect the bioinstrumenta_ion and communication harness. Place arms

/_.._._i"_:_'7i ---_t,_ \ s_PS l:; I_ :'q_ _1_,,acm/

L-.- - 1r3_, # ' I_L.....--_¢ _-_;_._..,__. : t/. P6A HEIJMET STOW BAG (3} -

, ...i_... _ _,-_-,____. .....
i _ __ ] ]_ _ 3. USI_ HOOKS ON UPPER CORNERS

| -J. _ _.,_X_"._.I _ OF BAG, HOOK TO THE RINGS

! , _ ,. -_t ///3.1"x_ o,_LocK_s®.

-" / it ii 1\ =R. Rs
- __j_i "/ , ,, ,, ,,, _s_. s,'_Ps

HOOK STO'_VAGE! . "
STOWED (HELMET INSIDE) ' "

_J

_.->- ....<.H_oxSTO_R_.GS,r "_z---__. ,' _c"-.._e_.

U _. fl -'_'_-_-/_,_k..-'_ ---_ _.._ 0
[ t /I_."_ / - " _ PGA BAG :"

! L/i// f / _ MISSION CONFIGURATION

_,.-L_ REF= V36-_IOIOB II08-I121

AUG 69 HOOKS V36-601510 (I]_'115A) CS-121GC

Fig_/re 2. IZ-4. PGA and Helmet S_owage Bags
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in torso arms and the head through neck ring. I Pulithe!anyard corm'acted

to the inner zipper and outer zipper to crotch, closing the.stress relieving

and pressure seals. Connect and lock shou/der cables.
. . .-

...... : ...... . , . . , • =. ,- : . ..... .

- - ...... DOn the helmet by connecting"it to torso neck •ring and rotate the neck

ring lock. Complete _he donning by putting the gloves on and locking.

Adjust the ECS suit flow regulator.

j'

• To doff thePGA, remove the gloves and helmet_ unzip from the

cro_ch to the neck ring, and withdraw neck and arms. Disconnect the

bioinstrurnentation and communication harness, and remove legs from the
torso. _ " ' " " "

Operational Modes. In [he suited condition, there are two modes:

the normal or "ventilated" and "pressurized. " In both cases, the helmet

is on and locked. " " " " -

In the ventilated mode sometimes referred to as "vented, ']the cabin

is.pressurized at 5 psi and the suit is 5.072 psi, or a positive pressure

differential of 2 inches of water in the suit. This state allows comfort and

maximum mobility for the crewman. The flow rate through the suit will

be approximately 7 to 11 cubic reat per minute.

The oxygen is delivered by the oxygen supply hose, routed _o the

helmet and midsection to be purged to the extremities, and returned via

ventilation tubes to the midsection return connector and oxygen hose.

in the event the cabin pressure decreases to 3.5 psia or lower, the

ECS _ill maintain 3.7 psia in the PGA. This mode is "pressurized, " and

the flow rate will be more than 12.33 pounds per hour and !as s than

17 pound s per hour. The crewmen will have to overcome the pressurized

balloon effect and mobility will be more restr%cted than the vented mode.

l%iscellaneous Personal Equipment. Personal items of equipment

that are used many times and must be immediately accessible are stowed

in spacesuits, pockets or attachable pockets. These items must also be

transferred to the flight coveralls after doffing the spacesuit. The

following is the nomenclature and description of these items.

• Penlight - Small, two-cell unit used for portable lighting

• Sunglasses with pouch

• Personal Radiation Dosimeter - A cigarette package shaped unit,

battery powered dosimeter which indicates accumulated dosage

(fads) by its register readout

CREW PEIKSONAL EQUIPMENT _
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• C_ronograph With Vfatchband "Accutron Astronaut" watch featuring

sweep second hand, stopwatch control, and Changeable time zone
dial

• .Marker Pen .-Felt-tip pen used for marking sanitation bag assem-

hlies, refuse bags, and Log Book

• . Pencil -

• Data Recording Pehs - Pressurized ball point pens for writing

• Scissor§ - SurgiciI scissors, used for cutting food bags, pouches,
etc.

Life Vest - Attached to PG_a_ during boost and entry; stows on the

PGA stowkge bag during the remainder of the mission

Slide Rule - Standard slide rule, 6 inches long, aluminum.

• Motion Sickness Bag - A plastic emesis bag in a small wrapper.

i_ DUAL LIFE VEST

i! PE C'LATA RECORDING PEN

_ ENLI_HT ARKE PEN

CHRONOGRAPH W/WATCHBAND•

SCISSORS__

SCISSORS

POCKET

MAY 69 CHECKLIST POCKET CHECKLIST POCKET

Figure 2.12-5. Personal Equipment

_'_hS_1005

' LOGISTICS[CSM._,.,.ol
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The oxygen hose assembly conducts oxygen to the PGA under pres-

sure from the ECS, and returns contaminated oxygen from the suit rio the

ECS. A secondary use is to deliver oxyge.n from the ECS to the cabin

atmosphere.

The oxygen hoses are flexible silicon rubber hoses with a convo-

luted wire reinforcement and l.Zb-incli inside diameter. Each assembly

has two hoses, a double ':D" section and connector at the ECS end, and

two separate nozzles at tl_e suit end (supply and/or return). The supply

nozzle is blue whereas the return nozzle is red to match the spacesuit

oxygen hose connector colors. The assembly is covered with beta cloth

and the hoses are fastened together with keepers every iZ inches. Also,

At iZ-inch intervals along the hose, cloth straps wilth fasteners for

securing the coma cable are provided. V/hen coupled together as a unit,

the hose and cable is referred to as an umbilical assembly.

The hoses for the left and center crewman are 72 inches Long and

the right crewuuuan's hose is 1.19 inches in length.

!

OXYGENHOSE COUPLING
_N 69 MF.273-0076

OXYGENHOSE (ME271-0_5}
IS FLEXIBLE SILICON RUBBER
WITH A BETACLOTH COVER,

SECTIONA-A

V36-60207

SUPPLY

RETURN
HOSE LENGTHS

LEFT- 72 IN.

CENTER - 72 IN. _
RIGHT- 119 IN.

COMM CABLE (REF)

l

STRAP

(EVERY 12 IN.)

\

/

CS-1406C

LOGISTICS

[

t_
%
-.

Figure 2. 12-6. Oxygen_ose Assembly and Accessories
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.J When the oxygen-hose is not Connected to the PGA, the ECS end will

remain attached £o the valve at the left-hand forward equipment beyand

;" %i _ the .oxygen hose will be stowed. Straps on the CM structure will aid in

:........... roLlting the hoses across, the forward bulkhead and right-hand forward

- ___ - equipment bay. ................._-.-:....:=.-_ ?_=-_:-=_ ................:....- . ...........

2. IZ. Z. Z. Z Oxygen Hose Coupling (Figure 2. 12,6). . .
" _- :" ; ". "J. '." :. ' _ _ _-_ ' ""-_"_ ,- o;:

"}'=...../'; _ To:prevent fresh oxygen from returning through the exhaust or return

,:i,._ /, end of the O Z hose while the suit circuit return valve is Open, a coupling is ,

1] ...._....placed over the returnend. It is a 5-inch aluminumtube with a web seal

' 'in the middIe and hose connectors at each end. During an EVA, both
f

-[ " nozzle_ "(suppl_ and l-et(rrr_) are p!_:gged into the coup,ling connectors, thus

sealing both nozzles. -....

2. 12'. . Z. 3 Oxygen Hose Screen Caps (Figure 2.12-6).

In the shirts!eeve environment, the crew compartment oxygen

returns to the ECS suit loop through the suit circuit return valve which

has a screen cover functioning as a preliminary debris trap. The screen

has to be cleaned periodically but the task is difficult because of obstruc -

t-ions. By placing the screen caps on the oxygen return nozzles (red),

placing the flow control valves on panels 300, 301, and 30Z in the

CABIN FLO%V position, the return oxygen is spli t between the oxygen

hoses and the suit.circuit return valve, The oxygen is screened for

debris at the cap screens, which is accessible and easy to clean but also

greatly reduces the flow. Therefore, the oxygen hose screen caps are

used to delay the cleaning of the suit circuit return valve. A screen cap

.on an oxygen return hose nozzle (red) can also be used for vacuuming

debris in the crew compartment.

The screen cap is a fluorel tube with a monel screen (#30 mesh)

.at one end and an internal ridge at the other. It slides over the return

nozzle and engages a groove to retain it. There are three Screen caps

per spacecraft-.

.W-hen the screen cap becomes clogged with debris, it can be cleaned

by using a small piece of utility tape £o blot the screen. The tape can be

inserted in a utility bag, food bag, or waste bag for disposal.

Z. IZ. 2. Z, 4 EiVIU Maintenance Kit.

, . -.-

In the event the spacesuit PGA is damaged, it can be repaired by

use of the EIViU maintenance kit. The kit is approximately 8 x 6 x i. 5

inches and weighs 0.38 pound. There is one kit aboard the CM, stowed

in a locker on the aft bull<head.

5"

"=_.)
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" Z.12.2;3 -Extravehicular Spacesuit (Figure 2.12_I). .- [,.:,..,, .. -_ .

-'-= The extravehicular spacesuit is identical to the intravehicular space-

_"_- suit with the exception of the oxygen connectors ,.the cover, and the .......

substitutionof the" LCG for the CWG. -There are two sets of oxygen con-

. _ , hectors, on. the left chest and on the right chest of the extravehicular space-

r ..... .::s_ait PGA. These are necessary because the commander (CDR) and lunar

module pilot (.L_[P) transfer to the LM ECS while CM oxygen hoses are

_J

i<

2.12 .3.1

r

attached to their spacesuit.

The cover, or integrated thermal micrometeoroid cover (ITIV[G), is

similar to the IC but is thicker and heavier. It consists of an outer pro-

tective !ayer with scuff patches at the knees and elbows, seven alternating

layers o-f'beta clothfelt (micrometeoroid pro_ection) and silverized mylar

(thermal protection), and a liner. The iTMG is also laced on the PGA for

the mission.

Liquid Cooled Garment (LCG) (Figure 2.12-1).

The LCG is worn in place Of Lhe CWG when the CDR and LMP trans-

fers to the LM or performs EVA. The LCG contains small plastic tubes

(0.125-inch diameter) sewn to a netting that covers the crewman's body

through which water circulates, absorbing body heat. The water is trans-

ported to the PLSS where the sublimator expells the heat. The LCG has a

thin cloth lining that prevents the hands and feet from entangling the plastic

tubes when donning.

Two LCGs are vacuum packed and stowed in a louker on the aft bulk-

head. They are fully charged with water and, when donning, must be

connected to the EV spacesuit multiple water connector. V/hen the CDR

and LMP return to the CSIV[ after L_%f or extravehicular activiies, the LCG

must be disconnected, doffed, folded, and stowed in a locker.

Z. 12.2.4 Extravehicular Mobility Unit (EMU).

\

For clarity, the EMU will be briefly described. Most of the compo-

nents, other than the EV spacesuit, are stowed aboard the LM. As stated

in section 2.12..2, the EMU consists of a FCS, UCTA, bioinstrumentation

harness assembly, LCG, EV spacesuit, a PLSS, ops, EVVA, EV gloves,

and a pair of lunar overshoes (LO):

The portable life support system (PLSS) is a "backpack" unit that

furnishes oxygen for breathing, cooled water for the LCG, and communica-

tions while the crew is on the lunar surface or performing EVA. I_ has a

4-hour oxygen supply and can be recharged from the laA/l. One of its LiOH

• : CREW PERSONAL. EQUIPMENT
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• canisters will be returned in the CM for •analyzing. The PLSS water

s_bsystem is part of the heat exchanging system. The heat is lost by

sublimation. The communications system allows the lunar_explorer to

" communicate to the LM or CSM which w-ill relay to earth.

Two PLSSs are stowed in the LM at launch. They _vill be donned

and checked out prior to EVA. One or both PLSSs Will be left on the lunar

surface to lighten the LM ascent vehicle or left in the LM.

k . .

The oxyge n purge system (OPS) is a small oxygen unit that furnishes

emergency oxygen to the crewman during EVA. It is about the size of a

2-pound loaf of bread and has a 30-minute oxygen supply. It attaches to

the top of the P.LSS or in the stomach.area by straps. Oxygen is delivered

/ through a hose into the PGA oxygen connector, purges the helmet with

oxygen, and exits through the suit outlet connector and purge valve.

Two OPSs are stowed aboard the LM at launch and both will be

returned to the LM from lunar exploration. If not needed for extravehic-

ular transfer, they will be left on the Ll'vl. If used for EVA transfer, the

OPS _ilI be jettisoned.

° . Z. 12.3

The extravehicular visor assembly (EVVA) is a double-shelled visor

that fits over the PQA helmet and is used for EVA. The outer shell is

vacuum deposited gold plated. The EVVA is stowed aboard the LM at

launch and left aboard the L_Tvi in lunar orbit or jettisoned.

The EV gloves and lunar overshoes (LO) are used for EVA and lunar

exploration. They are aboard the LM at launch and are left aboard the LM

in lunar orbit or jettisoned.

CREWMAN RESTRAINTS.

_'g" Load Restraints.

Crewman Restrain Harness (Figure 2.IZ-7).

i

There are three restraint harnesses per spacecraft, one for each

crewman. The harnesses are attached to the crew couches. The restraint

harness consists of a lap belt and two shoulder straps interfacing the lap

belt at the buckle. The lap belt straps are connected to the seat pan and

back pan. This configuration provides adequate hip support. The shoulder

straps are connected to shoulder beam of the couch.

The lap belt buckle is a lever-operated, three-point release mecha-

nism. By pulling a lever, the shoulder straps and right-lap belt strap v_ili

CREW PERSONAL EQUIPMENT

- Mission. Basic Date 15 April 1969 Change Date 16 Suly 1969 Page 2.12-24 .

" :._ . b' UI":.-,.I..9' : _ .:..._!_ .: ,.:-; -: ,/, i !% ,}_,':"-'S,£:i?" ',,/.j,i'.%,'!.P-i,_' :. ,>_/",.'.i, .:..."-:, ,!,._'_ _ ,,.<. "i._" ":" '-.. , i,',,,)' _: ',,":,- .'" -• :: [



g

-c

_J

Figure 2.1Z-7.

\
H5%DR£ST & PADS

Crewman Restraint Harness Subsystem Vfith Heel Restraints

be released. The strap ends are equipped with snaps which may be

fastened to mating snaps on the couch and struts when not in use. The

restraint harness buckle can be restrained when not in use by attaching it

to the translation or rotation controls with stow straps (figure Z. i2-7).

This also prevents the buckles and attachments from floating free during

zero-g and striking a crewman or equipment.

:. ....,,, 2.12.3. [.Z0

Operation. The harness will be on and locked during all maneuvers

when g-loads are expected such as launch, delta V, docking, entry, and

landing. The harness can be tightened and loosened readily by adjusting

the length of the strap. Pull on the hand grip to tighten. To loosen,

rotate the adjuster, allowing it to unlock and the strap can be lengthened.

Handholds (Figure 2.12-9).

The function of the handholds is to aid in the maneuverability of the

crew. The handholds are aluminum handles bolted to the longerons.

There are two handholds, one on each longeron by the side windows,

located close to the MDC.

/t
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2.12.3.1.3

2.12.3.1.4

Figure 2. 12-8. To be supplied at a later date.

Hand Bar (Figure Z.IZ-9).

Thehand bar is located on the MDC near the side hatch and has two

positions, stowed and extended. A lever at one end releases the detent

for moving from one position to the other. The hand bar furnishes a place

to hold when ingressing or egressing from the C M side hatch. It will

support the weight of a suited astronaut in I g. In zero g during extrave-

hicular activity or transfer, the hand bar can also be used for ingressing

or egressing through the side hatch.

Heel Restraints.

During the CM landing, the legs and feet of the crewman may jostle

about unless restrained to the couch footpan. If in the spacesuit, the boot

heels and couch footpan interconnect and restrain the feet and legs. How-

ever, if entry and landing is in shirtsleeves, or inflight coveralls, the feet

are held to the couch footpans by h_ei restraints.
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HAND HOLE
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2.12.3.2
/

_. 2.12.3.2.1

EGS HANDSTRAP

HANDHOLDS

HANDHOLD

C.S-231_B

Figure 2.12-9. Handholds, Hand Straps and Hand Bar

The heel restraints are hollow aluminum blocks that attach to the

heels of the crewman's booties by means of straps andVelcro. The

restraints connect to the footpan in the same manner as the spacesuit

bootie s.

Zero-g Ke strai_t.

Hand Straps (Figure 2.12-9).

The hand straps serve as a maneuvering aid during a g-load or

zero-g condition.

CREW PEI_SONAL EQUIPMENT
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-. The.hand. straps are of fluorel covered cloth and are _ttached by ......

brackets at each end. There are five h-and straps behind h_e MDC and one : -

on the left-hand equipment bay over the ECS filter access panel and one

each on the foot X-X struts, These straps lie flat against the s_ructure:,,:' ._/
when not in use. " :

Guidance and Navigation Station iKestraint.

1 . - . :.

' :Two positions may be utilized at the Gg_N station: standing position

or center couch G&N position. The astronaut will restrain himself in the

standing position by fastening his booties or boots to the aft bulkhead and
using the. handholds on the G&N console.

The astronaut w-ill restrain himself in the center couch at the G&N

station by positionin Z the couch to a 170-degree hip an=_le and restraining
his feet in the couch footpans.

Sleep Station Restraints (Figure 2.12-10).

The crevvn%an's sleeping positions will be in the right couch and

under the left and right couch with the head to,yard the hatch. He _vill be

restrained in position by the cre_vman sleep station restraint.

VENTILATION _LES __

FEATURES

IN CWG. ASTRO SLEEPS IN BAG

IN pGA ASTRO SLEEPS ON BAG

AND USES STRAPS FOR RESTRAINT

UNSUITED ENTRY STOWAGE __

L PLACE ONE H_I£T EACH IN FOOD STOWAGE BI & L3

2. PLACE I_XA.PC@, WITH HELMET ATTAGHED, FULL LENGTH INTO - // ; _

SLEEP RESTRAINT AN0 LASH AS SHOWN __

3- STOW !_NO EVA PGA'S IN PGA STOWAGE BAGANDLASHSECI_RE)_y. _k

l
REf-V36-601012.

FLIGHT

"',: CS-23_IC

• . '-, _. :

M/s sion.

Figure 2.12-I0. Sleep Station IKestraints
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The three restraints are beta fabric, lightweight sleeping bags

64 inches long, with zipper openings for the torso and 7-inch-diameter

neck openings. The two sleep restraints %under the couches are

Supported by t_vo longitudinal straps that attach to the CO 2 absorber
_towage boxes on one end (LEB), and to the CM inner structure at the

other end. To restrain the foot end, an additional strap on each side

attaches to the CO Z absorber stowage box brackets. The third

restraint, for the right couch is just the sleeping bag withno straps.

During the mission and shirtsleeve environment, a crewman can

unzip fihe restraint and slide inwith his flight coveralls oh. However,

_f an emergency exists, and the crew are in their spacesuits, the Z will

be too large to enter the sleep restraint. In that case, the crewman

will lle on top of the restraint and h01d himself in place by the strap

around the middle of the sleep restraint.

The sleep restraints will be rolled and strapped against the side

wall and aft bulkhead at launch. _/hen needed, they will be unrolled

and attached to the CO 2 absorber stowage boxes near the LEB or placed

in the right couch. During preparation for entry, two sleep restraints.

will be stowed in its stowed position against the side wall. The other

sleep restraint will be detached from the side wall and placed in the

center aisle, head end to%yard the LEB. Three spacesuits will be

stowed lengthwise in the restraint, alternating the head-boot directions.

The upper (or forward) spacesuit will be stowed with the heln_et on and

protruding from the restraint neckring. The spacesuits and the sleep

restraint will be lashed to the aft bulkhead using 5 ropes and brackets

on the aft bulkheads and lockers.

2,3.2.5 Flight Data Restraints (Figure 2. 12-ii)

The purpose of the flight data restraint, or b_ngee system, is to

position and retain the flight data charts, maps. and manuals so the crew

can view them during the mission. The system includes long and short

data-retention snap assemblies (bungees), long and short data-retention

hook assemblies (bungees), Calfax adapter plates, data card clips, food

door clips, data book spring clips, temporary stowage pouches, and a

debris closeout with pockets.

'h

The bungees (retention snap and hook assemblies) are 0. Z5-inch-

diameter steel springs, the "short" being 4 inches long and the _'long"

being 8 inches long. The short bungees wil] stretch to 14 inches, and the

long will stretch £o 34 inches for use. Attached at each end ofthe bungee

spring is a 3-inch length of Beta cloth with a female snap or clip and a

snap. The snap-type bungee attaches to bonded male sn_ps (stud_} on the

panels or closeouts so they lie parallel and close to the panel. The hook-

type bungees hook on doors or switch wickets, whichever is the most

useful. The manuals or charts are slid between the bungee spring and the

panel and will stay in place.

_ - . , , . ,
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There are four Calfax adapter plates that attach to Calfa_x fittings

adjacent to the Gg_N panel 122 with the use of the E tool. Each adapter

plate has two male snaps to which the snap-type bungees will connect.

A dais card clip is a small, Steel clip with a female snap on the rear.

It attaches to a,male stud onfihe panels or closeouts and will hold data

cards.

The food door clips fasten to the B1 or L3 compartment door. Bungees

can be attached to and stretched between the clips for retention of flight

data. " :-. : : ,

A female snap on.the data book spring clips fastens to any one of

numerous male studs on the panels. The spring clip allows a rapid

:exchange of manuals or data.

The

The number of restraints may vary from spacecraft to spacecraft.

following list is approximate:

Snap bungees, short 6

Snap bungees, long ............... 6

Hook bungees, short ............. 2

Hook bungees, long .............. 2

Calfax adapter plate, left ........... Z

Ca]fax adapter plate, right ........... 2

Data card clip ................ 8

Food door clip. 6

Data book sp ring clip ........... 8

To verify the numher, refer to the applicable spacecraft "ApolloStowage

List (NASA document_. "

Small, temporary stowage pouches (Z), 15 inches in length and have

female snaps that attach to studs, in the crew compartment, are made of

Beta cloth with a bungee-type closure, and have small plastic viewing

windows. The bungees, clips, and adapter plates are stowed in the

pouches prior to use and during entry.

The debris closeout with pockets has two purposes: to restrict debris

from entering the gaps after the hlnar return containers (rock boxes)

replace the LiOH canisters in B5 and B6, and is the flight data temporary

stowage position after removing _he data from the compartment. The

closeout is 42 inches long, has four pockets, is Beta cloth, and attaches

to the LEB with snaps. VC-hen removing LiQH boxes and installing the

rock boxes, remove only half of the closeout. When the temporary

stowage pouches are not being used, they can he stowed in the closeout

pockets with the flight data.
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Figure 2. 12-ii, Flight Data Restraints
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' _ 2.12.3.Z.6 Restraint Straps. " "' " " - " " " " '" ' .... ' '_" :" .... " ' ' " :

:- - -!}2 .There are a number of straps used for restraint purposes during

• ": . " zero g. The c0uch probe drogue , glare shield control cable, and cable

..... routing straps have specific uses, whereas the utility straps have numerous

:"< .......... "-uses. 1V[ost of the straps are made of beta cloth and use. snaps as a

restraining method. The snaps have a male (stud) and female (socket)

- :. . _ component.

': • " : :_ Control Cable Straps (Figure 2.12-12). The rotation control cables "_

" exitf/_e juncti0n box on the aft bulkhead and are routed along the ZZ attenu-

ator struts to the couch side stabilizer beams. The control cables are

held to the 2Z struts by the control Cable straps, t-_voon each strut. The

straps are 1 inch wide and ii inches long. Each has four snaps, a pair to

snap around the StrUt and a pair to hold the cable.

s
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GLARE SHIELD

RESTRAINT _RAP

CS-2_74

Figure 2.12-12. Special Straps

Center Cbuch DPS Burn Straps (Figure Z.IZ-13). The center couch

has to be stowed for a Li'v{ DPS burn and EVA. For a LIVi DPS burn, the

seat and legpan is lowered to the aft bulkhead while the body support stays

hinged at the headbearn. The folded seat-legpan must be restrained to the

aft bulkhead by the DI°S burn strap. The couch DPS burn strap is 29 inches

long, with one snap (stud) at one end and 6 snap sockets at the other end.

It attaches to a "D" ring on fihe A1 stowage locker and around the knee

control handle. When not in use, the strap is stov#ed ihla locker.

/r -

\

_ CR.EW PEI%SONAL EQUIPIVIENT"

Mission Basic Date 15 April 1969 Change Date Page 2.12-31

F



•:: ....
</]

' - "i

, "r:7. '

,_.• ,_,:i O

.,-.,.

i'(."

_7_?....

...... i N

cl

z-.:-_:_ (icl M

b_

--:-Z_-_ i-]

(D

_ .

_-'LZ

I

,i

V_6 601160

DETAIL_ 4ff'-46"
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DETAIL

3. FASTEN RESTRAINT STRAP,

LH CREW COUCH (CDR) ..

CENTER CREWCOUCH IN
/._ " STOWED

POSITION

(_COUCH RESTRAINT STRAP (UPPER)

V36-601348

BEFCR E ATTACHING RESTRAINT STRAP_

ADJUST CENTER.& LH COUCH

HEADRESTS IN OPPOSITE DIRECTIONS

TO TH_ klMIT OF TRAVEL AS SHOWN

O CAREFULLY PLACE.CENTER

COUCH IN POSITION _

Figure Z.1Z-13, Center Couch _estraint Straps
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Center Couch Stow Straps (_'igGe 2.!2ri3). During the preparation

for EVA, the center couch is removed from its center position and stowed

under £he left couch. The center couch is restrained to left couch by the

two center couch stow straps.

-.?

The "upper" center couch stow strap routes around the headrest
I

support bars and connetts _o itself. It is 24 inches long, has a "D" ring at

one end, a center flat rubber bungee section, and a snap-hook at the other

end. : " , .. . - . .. --

The ."lower" center couch stow strap routes through two holes in the

center couch body support at the seatpan. It is 43 inches long, has a

IZ-inch bungee section, a_nd a hook at each end which attac_hes to "D" rin_s

.on.the left couch.bo.d.y Supp0rt near the sea_tpan. %%'hen not in use, the

straps are stowed.

Cable Retainer Straps {Figure Z.IZ-iZ). The cable retainer strap is

5.5 inches long with a hack-to-back socket and stud at one end and a socket

at the other end. The socket/stud will attach to studs bonded on the struc-

ture and when the socket is attached to the strap stud/socket, it forms a

10op. This facilitates routing the TV camera cable and the translation

Control cable. When not in use, the straps are left attached to a wall stud.

/

Drogue Stow Straps (Figure 2.12-14). W-hen required, the probe is

stowed under the seatpan and the drogue under the backpan of the right couch.

The two drogue stow straps are attached to the right body support by one

strap each. "W-hen not in use, the free end of the straps are attached to the

couch also.

The outboard strap is 38 inches long with a 6-inch bungee section

also and a snap hook on the free end. _/q%en stowing the drogue, the strap

is threaded through the remaining two handles and the hook is snapped to a

'[D" ring attached to the hip beam by another strap.

-

f_

\

- . -. - i:_=

Probe Stow Straps (Figure Z.12-14). The two probe stow straps are

identical. They are 26 inches long with a snap hook at one end, a right

angle hook at the other, and a 6-inch bungee section. To stow the probe,

position it under the seaL-pan with the probe pointing outboard. Attach the

right angle hook around the lap belt connector on the seat-pan by pressing

the hook lever. Route the straps around the ends of the probe and snap the

hook end to.the "D" rings.on the right couch. V/hen not in use, the probe

straps are stowed.

Mission Page
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STOWEDPOSITION

NOV 69

REF:V36-781509

I
!

HATCH

kGE

V36- 601339

COUCH
LOWERSTOWAGE
STRAPV36-601349

I
t
I

/

"PROBEINSTOWED POSITION.
POSITIONCOU_H SEATPAN AT
170°WITH LEG & FOOT PANS
FOLDEDUNDER BEFORESTOWING
PROBE.

CS-2370B

I[:SMTRA NING

8igure 2.12-14. Probe and Drogue Stowage Straps

Utility Straps (Figure Z.12-15). The utility straps are named for

their versatility. They are used for holding looped straps and cables in

stowage lockers or compartments and for restraining other equipment to

the structure during the mission.

The utility straps are 12.5 inches long with two studs and two sockets

positioned so as to form two loops when snapped. One loop will wrap

around a piece of equipment and the other loop around structure or will

attach to structure by the snap.

CREW PEP_SONAL ]EQUIPMENT
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UTILITYSTRAP

(CABLERETENTIONSTRAP)
NICKNAME: BANDAID

FORSTRAPSTOWAGE

/I

REF:V36-781_6(USAGE)
F01-100.506{STOWAGE)

,N

FOR CABLESTOWAGE

CS.-23T_

Figure 2.12-15. Utility Straps

/

2.12.3.2.7

2.1213.2.8

MDC Glareshade Straps (Figure 2.12-12).

The MDC glareshade straps retain the MDC glareshades in their i_4

stowage compartment. The straps are 5 inches long with sockets at both

ends EEat snap onto shads bonded to the structure. One end of the strap
al_,vays stays attached.

Velcro and Snaps l_tetainer Locations

There are numerous l-inch square patches of Velcro located in the

-:,. crew compartment. They are bbnded to the structure and control panels Ln

--._. _
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2. lZ. 3. Z.9

Z.IZ.

I
3.12. i0 Sleep _testraint Tiedo_n _ope§

!

i-

accordance with crew and crew Support requirements. Each CM has a .

"_elcro and Snaps Map" designating the location of all retainers. The :_

drawing number is V36-6300XX, the XX being the C}V[ numerical designa- .

tion plus 4. Example, the "Velcro and Snaps Map'! for CM i12 is .-

V36-630016. •.... " i '.......... -..:

Tunnel Hatch Stow Bag (Figure _Z.i2-13).

, The _nel hatch must also be stowed when required. However, due

_to some remotely flammable materlals, the hatch must be stowed in a beta

} cloth bag with a circumferential zipper. The bag is lashed under the left

couch by straps and remains there. W_%en the center couch is stowed under

the left couch, the stow bag is collapsed between the couches.

During entry preparation for an unsuited entry, the spacesuits are

stowed in a sleep restraint and lashed down in the center aisle by ropes

A rope is a PBI (polybenzimidazole) fiher, 10-feet long, and has

plastic ferrules on the ends to prevent fraying. There are five ropes

stowed. Miscellaneous restraints are shown in figure Z.IZ-16.

(To be supplied at a later date.)

Mission

Figure 2.12-16. Miscellaneous l_estraints
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SIGHTING AND ILLUMINATION AIDS.

2.12 4.1.1

,/

Sighing and illunuination aids are those devices, lights, or. visual.

.... " systems _ataid the crew in the accomplishment of their operational

mission. This hahdbook describes the internal sighting aids first and the

external second. The crew compartment floodlights and panel lighting is

described in the electrical power system section 2.6 of this handbook.

Internal Sighting and Illumination Aids (Figure 2.12-17).

internal sighting and illumination aids include v_ndow shades for

¢omtroll_ng incoming light, internal viev_/ng mirrors, the crewman

opticai alignment &ight for docking and aiming the data acquisition

camera, a _ active docking target for LIV[ to CM docking, window

markings for monitoring entry, a n_onocular for lunar survey, and

some miscellaneous items such as floodlight glareshields, _v[DC

glareshades, and an eyepatch.

Window S"nades (Figure 2.12-18).

/

{ 7

/+-_v-_
_. r_

The CSM has five windows: two triangular-shaped rendezvous windows,

_vvo square-shaped side windows, and a hatch window. Periodically, the

light coming through these windows has to be restricted. This is accom-

plislied by window shades (figure 2.1Z-18).

O I

// ("ff ,Y_I_,-_-'_ v_':i_'" IN,I i-f i'_

_,'k'_k II 1t _/]...2 CREW'NAN OPTICAL

,aL {My ENT SIGHT

t Figure 2.12-i7

CS'-2400A

Internal Sighting and Illumination Aids
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2-SIDE WINDOW
SHADES V36-770024

VIEW _ i_.: ,.....

______GAS KET
_::::_::f:::i_ (ALL AROUND)

CROSS SECTION
A-A

2-RENDEZVOUSWINDOW

SHADES V36-770036,

VIEW _

1 - HATCH WINDOW
SHADEV36-770032

VIEW _)
JUNE

Irigure 2,.12-18,
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-..,

_VAGE

 R.A, :ii

• INTERNALVIEWING MIRROR
= CENTERV16-501471

VIEW _

LATCH TYPICAL SHADE CROSS SECTION

'_ ,250.INCH SKY BLUE ALUMINUM SHADE '" '

GASKET.O(Y) INCH "

REFLECTIVESURFACE' CS-2405
- Pel_l LOGISTICS I

I,_01¥I TRAINING|

Window Shades and Mirrors

" - -"5
> .
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..... j! . ... The window shades are aluminum sheets held on by."wing" Iatc_es. "

:/ " The-shades. are 0.020-inch thick with a frame of 0.250 inch. Tl{eks_hade -

has a gasket on the "light'.' side which seats,a,gainst thewindow.-Each'win-

dow frame has three wing latches,, or two latches and a clip, that restrain

the shade on the window. The shades are stowed in _ stowag.e:ba I in the

uppe r equipment.bay..- -.. "

Z. IZ. 4. I. 2 Internal Vie_ving Mirrors (Fizure Z. IZ-!9).

/ _ W-hen the astronaut, iS in a pressurized spacesuit on the couch,
=

/: his field of vision is very limited. He can see only to the lower edge

of the main display c0.nsole (MDC)_, thus "blanking out _' his stomach

I _irea where his restr'aint harness buckling and adjustment takes place.

[ The function of the intlernal viewing n__irrors is to aid the astronaut

_ in buckling an d a.djustment of _he restraint harness, locating couch

-'_ controls and spacesuit connectors. By positioning all the mirrors to |

.._ view the _{DC from the LE]B, the CMP can periodically monitor the I• - . instruments while in lunar orbit.

' There are three mirrors, one for each couch position. The mirrors

for the left and right astronaut are mounted on the side of the lighting and

audio control console above the side viewing window and fold. The center

astronaut's mirror is mounted on the right X-X head attenuator strut.

,. -_. • : % r

--} ".2 _ _' _ /" '

. i

= ..,{

i

(To be supplied at a later date.)

Figurez. z- 19.
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.....i i - " - The mirror assembly consists ofa mounting base, a two-segmented

i

arm, and a mirror. The mirror is rectangular (4.25 by 3.5 inches), flat,

and steel x_ith an aluminized surface. The two-segmented arm allows a

reach of approximately 2Z inches from the mount. The arms have swivel

joints with a friction adjustment to position the mirrors in the desired :_

angles. The friction is adjusted W_th tool R, a torque set driver. The

mirrors are locked in posi_i.on by a clamp during boost and entry.

Crewman Optical Alignment Sight (COAS) (Figure 2. 12-20).

The primary.function of the crewman optical alignment sight (COAS)

is to provide range and range rate to the CM or LIV[ pilot during the docking

maneuver. The closing maneuver, from 150 feet to contact, is an ocular

kinesthetic coordination of the astronaut controlling the CM with economy

of fuel and time.

A secondary function of the sight is to provide the crewman a fixed

line-of-sight attitude reference image which, when viewed through the

rendezvous window, appears to be the same distance away as the target.

This image is boresighted (by means of a sight mount) parallel to the

centerline (X-axis of the CM) and perpendicular to the Y-Z plane.

COAS Description. The crewman optical alignment sight (COAS) is

a collimator device, similar to the aircraft gunsight; weighing approxi-

mately I-i/2 pounds, is 8 inches long and requires a 28-vdc power source.

The COAS consists of a lamp with an intensity control, reticle, barrel-

shaped housing, mount, combiner assembly, filter, and a power receptacle.

The reticle consists of a 10-degree circle (figure 2. IZ-20), vertical and

horizontal cross hairs with l-degree marks, and an elevation scale, (on

the side) of -I0 to +31.5 degrees. The elevation scale is seen through an

opening or windo .w.

The COAS .is stowed in a mount by the left side window at launch and

entry, and other periods as the mission requires. Two spare lamps are

stowed in U3, The COAS can be mounted on the right or left rendezvous

window.

COAS Operation. The receptacle is de-energized by placing switch

on panel 16 (right) or 15 (left) to the OFF position. If sighting at extremely

bright sunlight, the filter is unstowed, and installed between the barrel

and combiner by looping tether around the barrel, positioning the filter

approximately parallel with the combiner, and pressing onto barrel by

engaging clips. Do not slide filter on combiner frame or damage may

result to clips. Install COAS on the window mount and energize circuit

by placing switch to ON.

-_ For the left window 0peratio_S, the barrel index is matched wi_/_ LWbF

unlocking the barrel lock and rotating the barrel until the detent seats. For

CREW PERSONAL EQUIPMENT
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• ' . right window, operations, use the RW index mark. There may be a little,J

r

.l

ii

2.12.4.1.4

playwhen the detent seats. To duplicate the boresighted conditien, the

barrel must be snugged or rotated against the detent. The direction of

rotation is on the sidewall near each COAS mount.

To turn lamp on, turn intensity control clockwise until the reticle

appears on the combiner glass at the required brightness. The actual

usage and visual presentations will be discussed in paragraph 2.13.

7kdditional Uses. While photographing activities or scenes outside

the spacecraft wihh the 16 toni data acquisition camera , the CQAS is used to

• orient the spacecraft and aim the camera. The camera will be mounted in

the right _indow at a 90-degree angle to the X-axis, and will be shooting

out th_ right rendezvous window, via a right angle mirror assembly.

A constant angle on a star during a differential velocity maneuver

(MTVC) can be rnaintained by use of the elevation scale. The barrel lock

is lifted and turned so the barrel can be rotated, and will h01d in an inter-

mediate position by friction. The elevation will be read on the elevation

scale using the horizontal "line" of the reticle as the index.

LM Active Docking Target (Figure 2.12-ZI).

After lunar rendezvous and acquisition, the LIVi approaches the CM

from the forward end. At 50 feet, the L_I pitches 90 degrees for the final

approach, during which the L/Vf Commander will sight through the overhead

window, using the LM COAS for alignment. The LM overhead v_J_ndow will

align on the CM right rendezvous window. The LM docking target will be

placed in the C_l right rendezvous window to function as a guide to the LM
Commander.

The LMactive docking target is a collapsible target of similar con-

figuration as the LM docking target but approximately half the size. The

base is 8 inches in diameter with green electroluminescent (EL) lamps

and a black stripe pattern on the front. The airplane, or stand,off cross,

is lit by a red incandescent lamp and its support strut folds for stowing.

When folding the strut, failure to slide the nut more than 1/2 inch from

the "pivot point may result in damage to the face of the target. The

adapter support strut is removable, fit'sinto-the base slotted stud, and is

secured by a 1-inch nut that should be hand tightened only. When assem-

bling the adapter support strut to the base, align the white indices on

the base and adapter.

The base has a power cord for connection to panel 16 near the

right-side viewing window. It operates on ac, and is powered from the

LIGHTING I<UN/EVA/TGT-AC2 right CB on auxiliary CB panel Z26.

The light is controlled by the DOCKING TAI_GET sv#itch on M_DC-16

and has three positions: OFF, DIM, and BRIGHT.

.. CREW PERSONAL EQUIPMENT
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Operation. Remove the target from the I13 locker, extend the

strut, and lock in place with locknut. Remove the adapter support strut

from U3 and attach to the base. Verify right LIGHTING R1/N/EV.I/

TGT-.IC2 CB on panel 226 is closed and the DOCKING TARGET switch

on MDC-2 is OFF. Insert target mount strut slide into CO-IS mount

until it seats fully. W-hen fully seated, the power connector will be
mated.

To activate target, turn DOCKING TARGET switch to requested
brightness, DIM or BRIGHT. To deactivate target , turn switch to OFF.

To remove target and stow, reverse the installation procedure.

/ CREW PERSON.IL V.QUIIDMENT
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.4. o5 Window Markings (Figure 2.12-22).

The left rendezvous, right rendezvous, and hatch windows have

_I markings to aid the crew in monitoring the entry maneuver and also

Ii function, as a visual reference for orientation during a manually _ontrolled
I entry. After SM separation, the Clt_ will be oriented to a "bottom" forward

J

!

i

entry attitude with the crew's heads and Z-axis pointing "down." The

X-axis will:make an angle of approximately 31.7 degrees with the '!aft"

horizon during most of the entry, so as the commander views the horizon

through the left rendezvous window, it will appear 31.7 degrees from the

X-axis. During the entry roll program, the actual roll can be approxi-

mated by markings on the window periphery that have been precalculated

by computers.

Being a method that requires a fixed-eye position to avoid parallax,

the 80th-percentile crewman eye position is,used - his eyes are 15 inches

aft of the 31.7-degree mark on the inner rendezvous windows. If a crew-

man is other than the 80th percentile, he will have to adjust his head/eye

position.

Left l_endezvous Window Markings. The commander, viewing

through the left rendezvous window, has window marks that are yellow

epoxy ink applied externally on t_leeglass. The index marks are every

5 degrees from -5 degrees to 4-35 degrees.

NOT_ _,_RKINGS BASED ON

EYE POSITION FOR 80T:I /Y \A._FER_NTILE ASTRONAUT HATCH WINDOW

_ • /.E.J ..7_ RIGHT RENDEZVOUSl.£Fr RF.NDEZVOUS
_Z

Figure 2.12-22.
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4.

Center (Hatch) Window Frame Markings. Entry begins at

400,000 feet (75 miles). When .05 g is sensed, _he GiN system computes

the entry path to land at a certain location_ The entry involves rolling the

eommand module to cont_:ol the lift vector. The CMP in the center couch

can monitor the entry roll program. At 400,000 feet, the horizon will

appear across the 0 ° ROLL marks. As the CM is rolled, there are 55 °

R&L, 90 = R&L roll marks to compare to the horizon and estimate roll.

The black roll marks are on the hatch window frame.

P.ight Rendezvous W-indow Frame Markings. The LMP will also

monitor the entry but in a limited degree. The right rendezvous window

frame only has the 5 ° and 35 ° markings in black.

i. 6 Monocular (Figure Z. 12-Z3).

The monocular is used during lunar orbit to identify lunar points of

interest. It is one half of a I0 x 40 (8 power) binocular and consists of the

right barrel and the focusing mechanism. The monocular is 5.56 inches

long and weighs 0.75 pound.

f

Z.12.4.1.7

2. IZ.4.1.8

Couch Floodlight Glareshield (Figure Z. 12-23A).

The glareshields are used to diffuse the light from the two couch

floodlights when they are required for operations. They fold open for

stowage and are held around the floodlights by snaps. The glareshields

are bronze screen coated with flourel and have tape hinges.

MDC Glareshades (Figure Z. 12-Z3A).

In the event the crew does not use the window shades to black out the ._

light, the MDC glareshades are used to shade selected vital displays on the

MDC panels 1 and 2.

The glareshades have a molded fiberglass base with sponge flourel

rubber panel sides. A Velcro hook is bonded on the base flanges as a

method of restraint. The shades are labeled If)SKY, MISSION TL_viER, and
EMS ]3ELTA V.

Shortly after entering earth orbit, the glareshades are removed

from stowage and placed over the display keyboard (DSKY- panel 2),

mission timer (MISSION TIMER- panel Z), and the entry monitor system

display delta V/ranging (EMS DELTA V - panel i), The displays have

Velcro pile for restraint. They are left emplaced the remainder of the

mission.
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Figure 2. 12-23. iX/liscellaneous Internal Sighting and illumination Aids

_ ' \ L: '_-:- ../q_;_- X_!t I.;_2/
/ "_:_,-_,TL._'-z .',._L_ ' " ..:_ _o_ SHieLdS(_l
,t ' / _"_IK - _ +_ ..... " -_--' l_Tg - t (SEB 3n0_Sl

". , " , i " !,.._y"g_...-uGHT ....

. LIGHT ,._× %/11%,i I-

" mETERcover . .,_ -'4_-t .- "
DSKY GL_RESHA {SEB :_'loeo67-:_0U K _,\- ,._tt' . L
iwe7_7oi • _\< _ 7_::;_ . ':_-: :-'¢

11
_. _ ,, _ o__tAv ;_.-,._'.....".__.'

MAR 69 (SEB7310DO6]_-50Z} CS-Z420

Figure 2. IZ-Z3A. IViiscellaneous Internal Sighting and Illumination Aids
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:' : . 2.12.4.1.9 Eyepatch (Figure 2.12-23). : _
_7i; ! ,.. " - ' :'

: ]During the preparation to use the sextant or telescope, L11e LMP or

ogller crev_uuan must condition his-eye for "night vision'.' when he anticipates.

viewing the darkness., He will wear an eyepatch that will shut out ambient

light. .

2. 'Z.4. I.i0 Tale.scope Sun Filters (Figure Z-IZ-Z3)-

W-hen sighting the G_I_ r telescope toward the s_In, the sun rays are

attenuated h2{ the use of the telescope su n filters. There are two sun filter

_ assemblies, one that is used on the long eyepiece for suited operations,

and one that is used on the standa/_d (short) eyepiece for unsuited or shirt-

, -sleeve oper.e_.ions. " - .

. - .

The standard eyepiece sunfilter is 3 inches in diameter, 0.6 inch

, _ thick, and has an eyeguard or eyecup. The long eyepiece sun filter is

3.5 inches in diameter and 0.9 inch thick. Both filters have simile.r

mechanisms for attachment. They are rocker-arm levers 180 degrees

apart, that seat a shoe in a grove on the eyepiece.

To install the standard eyepiece sun filter, the eyepiece eyeguard

must be removed by unscrewing and stowing. Then, align the filter to the

T eyepiece , press the levers, slide on eyepiece, release levers, and seat
J

the shoes. The long eyepiece filter installs directly on the long eyepiece

_-_. in the same manner.

-;i;_i_i;_

: • . , ._ .

2.12.4.1. ii Meter Covers (Altimeter and Accelerometer) (Figure 2. 12-23A).

Reflected light from meters is another annoying occurrence to the

crew. To limit the reflection from the altimeter and accelerometer

(MDC-l)whichare inactive most of the mission, the crewplaces covers

over them.

2.12.4.2

The covers are flat, circular, sheet metal_ 3 inches and 4 inches in

diameter for the accelerometer and altimeter, respectively. They have a

ring on one side for handling and a patch of Velcro hook on the other side

for testraint.

External Sighting and Illumination Aids (Figure Z.IZ-Z4).

.,.

External illumination aids are those devices or lights located on the

exterior surface of the CSM that furnish the visual environment to perform

operational activities. The aids will be described in the order of their

operational usage during a normal mission as follows: external spotlight
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EVAHANDLES

VIEVV,_

oSEEN BY EYE AT 60MI VIEW

OR IZLESCOPEAT i_ MI RUNNING LIGHTS

•ONE FLASH'PER SECOND

,\ -

CS-:5508

Figure 2.12-24. External Illumination Aids

used during transposition and docking, running lights for CSM gross

attit-t_de determination during lunar rendezvous, EVA handles and radiolu-

minesceri£ (l_tL) disks for lunar rendezvous CSIvi forward end iden£ification

and EVA activities, EVA floodlight used during EVA and retrieval of

exterior paint samples, and the rendezvous beacon for backup to the

rendezvous radar _-ransponder (RI_T).

.-.. :." :. ,. , .

<.
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D oclCing SpotlightFigure Z. 12-Z5.
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2.12.4.2.2

_ / .

.]

;2

I.

from an actuator. To deploy the spotlight/door, on iVIDC-2 (upper left)

place the EXTERIOR LIGHTS-RNDZ sPOT switch in the SPOT posiion_

The spotlight door inilator/actuator re:ceives 28 vdc, its pin-retention

wire melts, pulling Kh e spring-loaded pin and releases the door. The

sping-loaded door swings to the deployed position and is held there by a

hinge-brace. As the switch is placed in the SPOT position, it simultane-

ous:Iy applies 115 vac to the spotlight, turning it on. •

When docking has been completed and th e spotlight is no longer

needed, the. switch is placed iff the OFF position, remo__ng power from the

spotlight. The compartment door remains open, or deployed, for the

remainder of the mission. If the spotlight is required again, place the
switch in the SPOT position.

The circuit breakers for the spotlight are on panel 226. The a-c

circuit breaker is labeled RUN/EVA/TGT-AC2 and the d-c circuit breaker

is labeled COAS/TiFNNEL/RNDZ/SPOT_MNB.

.....-_: ::,.(:(i!-,::"/::,:/. _ -. SMZA-03:BLOCK.H-ii)' ).5-). " ;: ' - - i !:; " J:_!_i;, :.-
'. :t)-- )(,.::'.,;_.''/_._0LL0 oPER_TIONS HANDBOOK .

)

Running Lights (Figure 2.12-26).

The lunar rendezvous and docking phase, or simulation, requires a

"gross attitude" determination by the Llbl crew after CSi'v[ acquisition at a

distance of approximately 200.0 feet. This is achieved by viewing fihe CSM
running lights.

The running lights consist of eight lights on the service module

exterior: two red, £wo green, and four amber. Four of the lights are on

the fairing, just forward of the SM forward bulkhead, and approximately

halfway between the axes. The remaining four are on the aft end of the SM,

6 inches forward of the aft bulkhead and also halfway between the axes.

The two lights on the upper right quadrant are green, the two lights on the

upper-left quadrant are red, and the four lights on the lower quadrants are

amber. The light fixtures contain four or sLx colored lamps and are wired

in series-parallel for redundancy.

When required or requested, the CM pilot can turn on the running

lights by placing the EXTERIOR LIGHTS-P_.UN/EVA switch on MDC-Z

(upper left) in the RUN/EVA position. A-C power is applied to the lights

via a transformer, stepping the power down to 3.6 volts. The lights are

turned off by placing the switch to the OFF position.

The circuit breakers for the running and EVA lights are on panel 226

and labeled LIGHTING-RUN/EVA/TGT_AC i and AC 2. The EVA flood-

light and docking target are also powered by AC 1 and AC 2.
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2. 12.4.2.3

EVA LIGHT (i)

CS-563

Figure 2.12-26. Running Lights

EVA Handles With P.L Disks (Figure 2.12-27).

-During the lunar rendezvous and docking phase, or simulation, after

the "gross attitude" has been determined by viewing the running lights,

the LM must approach the CSM from the forward end of the CSM which is

accomplished by viewing the radiolurninescenfi (I_L) disks in the ring

handle, I<L disks are also located in other EVA handles.

The EVA handles consist of a ring handle, an extendable handle, a

hatch handle, and four fixed handles. The ring handle is a circular hollow i_i=)_

tube around the docking ring at station X c = 108. There are eight supports,

/

. \-

.-__i"

Mi s s ion
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RING HANDLE
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/

EVA HANDLE

/

ESSUREEQUALIZATION
(DUMP)VALVE

©0

LEGEND:

- RL DISKS

DETAIL_

Figure 2.1Z-27. EVA Handles With I_L Disks

located every 45 degrees, starting at any axis. Each support has an RL

disk on the forward side. An additional use of the ring handle during EVA,

in a docked configuration, is a handhold by the crew.

The remainder of the handles are on the hatch side of the CM

exterior. From forward to aft, on the forward heat shield is an extendable

(pop-up) handle that is collapsed until the boost protective cover is jetti-

soned %vith the launch escape tower. Fixed handles are located along-side

the right rendezvous window, hatch, and positive pitch CM RCS engines.

u% _- .
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The fixed handles are aluminum, oval-shaped tubes 12 inches long with a

support fitting at each end. The handles are used for EVA maneuvering.

The hatch has a smaller fixed handle near the latch mechanism that is

used for opening the hatch. All the handle supports are bolted into fiber-

glass inserts into"the ablative material. They may or may not burn off on
entry . --

The handle supports have a small bar to which the EVA tether can be

attached. The handle supports also contain the RL disks f0rillumination.

The disks are approximately 5/8 inch in diameter. They are mounted in

0.730-inch,diameter retainers which are held in the handle supports by

spring clips. TheRL disks are slightly radioactive and light (gl0w) in the
dark.

There are RL disks mounted in the hatch ab!ative material: bvo

adjacent to the latch drive and Your adjacent to the pressure equalization

(dump) valve. These function go locate the latch and valve in the dark.

: 2.12L4.2.4 EVA Floodlight (Figure 2.12-28).

L !

During EVA, while the hatch area is dark, additional light is avail-

able from the E_A floodlight. It is boom-mounted and is located on the

SM fairing aft of the C_i right-side viewing window. The cork-covered

boom is deployed as the boost protective cover jettisons %vith the launch

escape system, pulling a pin that holds the boom in its stowed position.

The light fixture is similar to the running lights; the exception is six white

lamps wired in series - parallel.

The EVA floodlight is on the running lights circuit and is turned on

by the EXTERIOR LIGHTS-RUIN/EVA switch on MDC-2 (upper left). The

circuit breaker is located on panel 226 and labeled LiGHTING-RUN/EVA/
TGT-AC 1 and AC 2.

Z. lZ.4.2.5 Rendezvous Beacon (Figure 2.12-29).

In the event the LM rendezvous radar or the CSM rendezvous radar

transponder malfunctions during the lunar rendezvous, visual tracking is

required as a backup. For night (lunar darkness) tracking, the LM crew

will use the alignment optical telescope (AOT) to view the CM rendezvous
beacon.

The beacon is mounted on the CSM fairing approximately i0 inches

from the CSM umbilical fairing (+Z) in the -Y direction. The beacon beam

is canted forward so the center of the 120-degree beam is at an angle of

60 degrees froxr_ the X (longitudinal) axis. The light has the brightness of a

third magnitude star, c_pable of being seen at 160-nautical miles by tele-

scope or 60-nautical miles by the unaided eye. W3nen turned on/_the

rendezvous beacon will flash at a rate of 1 flash per second.
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Figure 2.12-28. EVA Floodlight

The light is controlled from the MDC-2 (upper left} EXTER.IOL_

LIGHTS-RNDZ/SPOT switch. The switch is placed in the P_IqDZ position

when the beacon is needed. The circuit breaker is located on panel 226-
and is marked LIGHTINO-COAS/TUN-bIEL/RNDZ/SPOT - MNB.
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MiS_siON 0PEiR_A.TIONAL AIDS (_igure 2.iz-30): - " ',. _- -

Mission operational aids are those stowed devices, apparatus, and

_paraphernalia the crew utilizes to perform the required mission. Normal

backup, and emergency requirements are accomplished by these items.

Miscellaneous items that are not related tO other spacecraft systems or

subsystems are also included and described in this category.
i

Z. I2-.5. I Flight Data File (Figure 2.12-31).

. .. • . . .....

The flight da.ta file is a mission reference data .file that is available

to the crewmen _thin the command module. The file contains checklists,

manuals, •charts, a data cardkit, and LMP data file. It weighs approxi-
mate.ty ZO pounds.. _

CAMERAS

FIREEXTINGUISHER

FLIGHT
DATA FILE

TEMPORARY
STOW BAGS

TOOLSET

PERSONAL
PREFERENCE
KITS

SPECIALKITS

Figure 2.12-30. Mission Operational Aids
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Figure 2.12-31. Flight Data File

LM Pilot's Flight Data File.

The LM pilot's data file is an aluminum container and is stowed in

compartment 1<3 in the I_HFEB at launch and entry. The data file contains

a crew log, charts and graphs, systems data, and malfunction procedures.

It is attached on the right girth shelf near the LM pilot's right shoulder

_fter orbit for accessibility.
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Z.12.5.ii.2

2.11 2
2. 2.1

Data File Clip.

The data file clip function is to attach the handbooks to the structure

for accessibility. It is a metal clamp (clipboard type) with a patch of

Velcro on one side

Cre_Tnan Toolset (Figure 2.12-32).

General.

. .

;

/

The crewman toolset provides multipurpose tools and/or attachments

for mechanical actuations and valve adjustments. The toolset contains the

following items: a pouch, an emergency wrench, an adapter handle, an

adjustable end .wrench, a U-joint driver, a torque set driver, a CPC

driver, 3 jack scre_vs, and a 20-inch tether. Each t0ol has a tether ring

and is designated with a letter of the alphabet. All tools are capable of

heing used with a PGA gloved hand.

2.12.5.2.Z

The adapter handle (tool E) is most often used. Therefore, if the

tool required is other than tool E, a placard will indicate the correct tool

and the direction of rotation. For specific tool usage, refer to tool usage

chart. During February 1969, a group of tools associated _vith the probe

were added.

Toolset Description and Use.

Tools B, E, and V have small 5/32-inch and large 7/16-inch hex

drives similar to allen-head Wrenches. The small drive is primarily used

for mechanical fastener and ECS valve operation. The large drive is used

for large torque requirements and connecting to drivers. Drivers, such

as tools L, R, and V, have 7/16-inch hex sockets that receive the large

drives.

Toolset Pouch. The toolset pouch is a tool retention device made of

beta cloth. The pouch has pockets _vith retention flaps and Velcro tabs.

For zero-g sto_vage, it has Velcro hook patches so it can be attached to the

CM structure. For launch and entry sto_vage, it rolls and fits into a

stowage locker on the aftbulkhead. The pouch will stow all of the tools.

However, some crewman may elect to stow the adapter handle E in the

spacesuit, or in a more accessible compartment.

Tool B - Emergency Wrench. The emergency wrench is 6.25-inches

long with a 4.25-inch drive shaft. The drive shaft has a large drive only.

The wrench is capable of applying a torque of 1475-inch pounds, and has a

ball-lock device to lock it in a sock@t. It is essentially a modified allen-

head L-wrench. An additional tool B is aboard the LM.
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.... _ Crewman Tooiset Usage Chart

I

= Emergency, or Backup, Tool Usage

= Primary.Tool Usage " " " "_

/ ' Func 0n "

i . . , .

Tool De ignat0r

Environmental Control System " X

i. Open/cl0se ECS valves on oxygen, water,

coolant control, girth shelf ECS,-and

LHEB EC.S panels. _"

Z. i Operate secondary cabin temperature valve X

(LHFEB).

3. OperateCM/tunne! LM PRESSURE

EQUALIZATION valve (fro m LBJ[ side).

4. Unlatch/latch fasteners of access panels to X

filter and coolant controls (LHEB).

5. Unlatch/latch fasteners of access panel to !X

cabin atmosphere r.ecirc system (LHFEB).

6. Position PRIM ACCUM FILL valve X

OPEN/CLOSE.

7. Open hatch dump valve (from outside EVA).

" 8. Unlatch/latch fasteners of access panel to_

waste water line filter.

B. Guidance and Control System

i. R/R G&N handles (2) on G&N panel (LEB). X

2. Adjust scanning telescope shaft and trunnion X

axis (emergency mode) (LEB Panel 121).

3. Open/close =2viS pot u;±_-_'_^ cover and .... X=ujus

EMS pot on MDC-I during prelaunch -

checklist by backup crew.

C. Mechanical Systems - Inside CM

I. Install/remove survival beacon connector X

• (5/8) hex.

Z. Any drive screw or fastener with a 5/3Z". X

internal hex.

3. Adjust mirror U-joints.

4. R/l< sea water access tube plug (LHEB). X

E

p

A.

4.a

"_ _ _ u_ _ _ Ol [-_

BIE RV I z

X P

XP

P

P

P

P

P

P

P

E E

P

P

P

P P

P
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Crewman ToolSet Usage Chart

: " ,. , ..... _ . . . . ..

• i Bkckup, Tooi Usage= Emergency, or
If
/ P = Primary:Tool Usage

• : . • ] " ,

i

j ; Function , _ "

l
To_l Designator . - ' " " '

5- Tighten/10osen sea water tellon guide ,

i plug (3/4" he_x). • :R/l% stowage lockers.

Manually remove forward tunnel hatch

latch pivot pin.

_8. Tighten lightweight headset nlic boom.

9. Adjust window shade latches.

I0. Backup for "R" to01.

11. Manually release docking ring latches.

D. IVlechar/cal Systems - Unified Hatch

i. R/l% hell crank.

• Z. Operate unified hatch la_ch drive (from

1 imside).

3. Isolate latch linkage.

4. Actuate latches (backup adjustment 11/16

fiats ).
5. Disconnect/remove hinges.

Probe and Tunnel Equipment

I. l%emove nuts and bolts from ends of shock

struts (emergency probe collapse and

removal).

2. l%emove fairings from docking ring latches

(prior to manual release of docking ring

latches ).

E.

[ !

!B Fil%VW'l 'a

PJ

x, Ip

X ,E •

X E
'i

x E

XLE

El E E

E E

E E

E

E

E E

E

E E E

E E E

!
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r Tool E - Adapter Handle. The adapter handles are approximately

3.5-inches long and 1,5-inches in diameter. Each has a large and small

drive and fits all drivers. A ball detent will assist in maintaining cozlt_ct

with the drivers. It is used similar to a screwdriver.

Tool F - End Wrench. There is one adjustable end wrench per tool 2

set, a 10-inch crescent wrench. The end wrench is used to install and

remove the survival beacon connector and emergency activation of the hatch
latche s.

Tool L = Cold Plate Clamp Driver. The CLP driver is 5 inches long

with a 7/32-inch i_ex at one end and the 7/16-inch socket at the other. It is

used tO remove the waste water servicing plug on the water panel (35Z) in

preparation for partial dump of waste water tank.

Tool R - Torque Set Driver. The torque set driver is 4 inches long

wit/% a 7/16-inch socket at one end, a shaft in the center, and a No. i0

torque set screwdriver at the other end. I£ is used Primarily to adjust the

mirror universal joints that may come out of adjustmentduring vibration

loads.

Tool V - U-Joint Dri#er. The U-joint driver has a 7/16-inch driver

socket at one end and a universal joint with a small and a large hex drive

at the other end. The U-joint driver _ill rotate up to an angle of 30 ° It

is used to gain access to the "hard to get at" fasteners•

NOTE

The follovling five tools (_V, i, Z, 3, 4) are

referred to as "docking probe tools" but their

capability is greater than emergency probe

disassembly• The tools are all modified

SNAP ON tools and have Velcro patches for

restraint. The attachment tools have i/4-inch

drive sockets.

Tool Vf - Midget Ratchet V/rench. The midget ratchet wrench is

6.6Z iriches in!ength, has a I/4-inch drive with an R/L ratchet con-

trolled by a pawl on one end, and a l-inch cylindrical handle on the

other. The handle has a 2-1/2-inchlength of velcro hook for restraint.

Its function is to drive attachment tools l, Z, 3, and-4.

Tool 1 - 3/8-1nch Socket. Tool I is 2 inches long, has a i/4-inch

drive socket on one end, and a 3/8-inch lZ-point socket on the other. It

is used to remove the nuts from the bolts that retain the shock strut to

the probe supports.

f_7
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Tool 2- Screw Driver. A i/4-inch flat screw driver Z. 8 inches

long is tool n-_mber 2. It is used to torque any slotted screws or bolts

and those listed in the tool usage chart.

Tools 3 and 4 - Number 8 and I0 Torque Set Drivers. The

torque set drivers are i. 6 inches long. The numbers 8 and I0 indicate

the number 8 and i0 torque set tips. They are used to remove number

8 and. [0 torque set screws (some of which are listed in the tool usage

chart) and as a backup for tool R, the 5-inch torque set driver.

Tether. The tether isa strap 14 inches long with a snap hook at

one end and a loop at the other. The hooks can be snapped into the tool

tether ring to secure it to the crewman when moving about the CM.

Jackscrew. The jackscrew is approximately 4.inches long with a

wing nut on one end. The opposite end has a trunnion, about which a

lever rotates, and through which a hook shaft slides. _vVhen the wing nut

is turned clockwise, it dra%x>s the hook shaft into the barrel.

In-the event the side hatch is deformed and the hatch latch

mechanism will not engage the batchframe, the jackscrew is used £o

draw the hatch to the position the laich mechanism will engage. If the

latch will not engage, the screwjacks will hold the hatch closed so that

it will withstand the thermal load of entry. However, it may not be

p res sure -tight.

To use, engage the lever into the three catches on the hatch frame

(two on right, one on left). Next, engage the hook-into the three catches

on the hatch and screw the wing nut clockwise, taking care to tighten

evenly in increments. That is, a couple of turns on one jackscrew, then

a couple of turns on the next jackscrew (next clock_ise position), etc. ,

until .the hatch is snug.

Too1 H - 10-inch Driver. The 10-inch driver has a 7/16-inch driver

socket at one end and a 9-inch shaft with a 5/3Z-inchhex drive (small tip).

It is used to disconnect and connect the fasteners holding the food freezer

in its stowage position.

/

E

Mi s sion
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Cameras.

TwO basic types of operational cameras and associated accessories

are furnished to facilitate in-flight photography: a 16 mm cine/pulse

camera and a 70 mm still camera. Photography assignments _ary from

mission, to mission and hardware requirements vary accordingly. Space-

craft crew equipment stony-age lists reflec_ camera equipment configura-

tion. Typical mission photography task assignments include the following:

synoptic terrain and weather Studies, LM docking, crew operations, crew

E.VA, and targets of opportunity, Later manned flights will provide for

specific scientific experiments and will require specialized equipment.

A brief description of the two basic operational cameras and their

acces sorie-s -fo.llows. "

[6 mm Data Acquisition Camera (Figure 2.12-33).

The data acquisition camera is a modified movie camera and is an

improved version of the earlier Geminl-type 16 n_m sequence camera

equipped with new-type external film magazines which greatly enhance the

photographic capabilities. Primary use of the camera will be _o obtain

sequential photographic data during manned flights. It will be used for

documentary photography of crew activity Within the CM and for recording

scenes exterior zo the spacecraft. Bracketryinstallations at each rendez-

vous window facilitate use of the camera for CSM-LNI docking photography

to recording engineering data• Camera modes of operation(frame rates) |

are variable as follows: Time, 1 frame per second (fps), 6 fps, 12 fps,

and Z4 fps. Shutter speeds are independent of frame rate and include

1/60 second, i-/125 second, 1/250 second, 1/500 second and i/I000 second.

Camera power is obtained from spacecraft electrical system via panel-

mounted Z8-vdc utility receptacles. Camera operation is manually con-

trolled by an ONuOFF switch located on the front of the camera. Camera

weight, less film magazine, is i. 8 pounds. When mounted at either |

spacecraft rendezvous window, the camera line of sight is parallel

(±Z degrees) to _rehicle X-axis. Camera accessories include a power

cable, film magazines, lenses, right angle mzrror, and a ring sight,

which are described in the following paragraphs. The remote control |

cable; described with the 70 mm electric Hasselblad camera accessories, Ican also be used with the 16 mm data 2_cquisition camera.

/
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Power Cable. The power cable provides t_he necessary connection

between the spacecraft electrical power system and the 16 mm camera.

The cable is approximately i08 inches long and weighs approximately

0.2 3 pound.

Utility receptacles, Z8 vdc, are located on spacecraft panels 15,

16, and i00.

16 mm Film Magazine. Film for each mission is supplied in pre-

loaded film magazines that may be easily installed and/or removed from

the camera by a gloved crew member. Film capacity is 130 feefi of thin

base film. Total weight of magazine with film is approximately one pound.

_iagazine run time versus frame rate is from 87 minutes at one frame per

second to 3.6 minutes at Z4 frames per second, Each magazine has a

"film remaining _ indicator plus an "end of film" red indicator light.

Future plans include film magazines of 400-foot capacity. Quantity and

type of film supplied is determined by mission requirements.

Lenses. Four lenses of different focal length, which are provided for
use on the !6 mm camera, are described herewith.

5 mm f/Z -- an extreme wide-angle lens designed for wide-angle

photography. Primary use viii be for close interior photography of crew

activity within the spacecraft and for E_\A photography. Viewing angle of

80 degrees (vertical) by i!7 degrees (horizontal) on a 16 mm format.

V/eight of lens with protective cover is approximately 0.69 pound.

I0 mm -- (SEB 33100010) a medium wide-angle lens, the field of view

being 41.1 degrees x 54.9 degrees. It will be used for internal crew

activities and equipment when details are required. Focus is from 6 inches

tO infinity with aperture opening's from f 1.8 _o 22. It is similar in size to

the 5 mm lens and has two spike-like handles for setting f stop and distance

with the gloved hands.

18 rum T/2 -- (SEB 33100023) a lens of slightly wide-angle design

and high optical quality. Primary use is for vehicle-to-vehicle photography

while bracket-mounted at left or right rendezvous window. It is also the

widest angle lens that may be used with the right-angle mirror. This lens

is usually stowed on the camera. Viewing angle of 24 degrees x 32 degrees

and weight is approximately 0.57 pound.

18 mm Kern -- (SEB 33100018) the newest 18 mm lens model for

general photography of intravehicular and extravehicular activities. It is

slightly larger and longer than the former lens and is distinguished by its

two spike-like handles for setting the f stop and distance with the gloved

hand. This improved lens has larger numbers for reading while in the EV

spacesuit.
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75 mm f/Z. 5 -- (SEB 33100078) a medium telephoto lens des{gn_th

excellent optical properties. Primary use is for photography of distant

objects and gzound terrain. Usually used on fihe bracket-mounted camera.

Viewing angle of 6 degrees x 8 degrees, weSght is approximately

0.53 pound.

75 mm Kern -- (SEB 33100019) the newest 75.am lens model for

DiG telephotos, This lens is similar in appearance to the new 18 mm

lens, having two handles for f stop and distance gloved hand settings and

larger printe d numbers. It also has a sun shade.

Right Angle _lirror. This accessory, when attached to the bracket-

mour_ted 16 mum ca-me,ra and lens, facilitates photography through the

spacecraft •rendezvous windows along a line of sight parallel to vehicle

X-axis with a minimum of interference to the crewmen. It adapts to the

18 mm, 75 am, and Z00 mm lenses by means of bayonet fittings.

Ring Sight. An accessor F used on _d%e 16 mm camera as an aiming

aid when the camera is hand-held. The concentric light and dark circular

rings, as seen superh-nposed on the view, aid the user in determining the

angular field of view of the sight. It is attached to the camera by its shoe

sliding into a C rail. It is also used on the 70 mm camera.

Data Acquisition Camera MoUnt. This de_ice facilitates in-_ight

mounting of the 16 mm camera at spacecraft left or right rendezvous

windows during zero "g". The mount is a quick-disconnect hand-grip

thit may be attached to a dovetail adapter at either rendezvous window.

The camera a£taches to the mount by means of a sliding rail and a friction

lock screwed against the camera by a knob. Two marked locating stops

are provided for correct positioning of the camera at a window, one for

the 18 mm lens ind one for the 75 mm lens. Mount alignment [s such

that installed camera/lens line of sight is parallel r_o spacecraft X-axis,

±i degree.

16 mm Camera Operation. Remove camera mount (grip) from

stowage and attach it to dovetail at appropriate rendezvous window.

Unsto%v 16 mm camera and accessories as required. Attach selected lens.

Install right-angle mirror on lens (optional). Install ring sight on camera

for hand-hold use (optional). Install film magazine on camera. Determine

correct exposure. Set lens aperture and focus. Set camera mode (frame

rate) and shutter speed. Install power cable on camera. Install camera

in the mount (optional) at window. On spacecraft MDC panels 15 and 16,
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verify UTILITY POWER receptacle switch is in OFF position. IViage

camera power cable to appropriate receptacle. Place switch to PO%VER

position. Filming operation canbe started by pressing the operate

button (switch) on front of camera. To stop, press operate button again.

The DAC camera equipment and mount should be stowed at launch and

entry. Failure to stow may result in equipment damage and/or personnel

injury because of overstressing the mount.

70 mm Hasselblad Electric Camerk and Accessories (Figure 2.12,34).

The 70 mm camera is primarily used for high resolution still phot0g !-

raphy, and is hand-held or bracket mounted and manually operated.

Camera features include interchangeable lenses and film magazines. The

standard lens is an 80 rnrn f/2. 8, a 250 mm f/4 and 500 mm f/8 telephoto

lens is provided for photography of distant objects. Two types of 70 mm

film magazinls are provided, one for standard-base films, the other for

thin-base films. Camera accessories include filters and a ring sight.

Some specific uses of the camera are as follows:

• Verify landmark tracking

• Lunar landmark and mapping

• l_ecord Saturn IVB separation :

• Pho_ogr!ph disturbed w-ead%eT regions (hurricanes, typhoons, etc.),

debris collection on the spacecraft windows, SL__ separation, LI_

during rendezvous and docking, terrain of geological and oceano-

graphic interests, and other space equipment in orbi[

• Act as a backup to the 16 mm sequence ckmera

• Record in.-cockpit operation, e.g., normal positions of suited

crewmen.

The 70 mm Hasselblad camera is electrically operated. The

increased ease of operation and improved photographic quality distinguish

this camera from the earlier model still camera. A built-in 6.25-vdc

batte.ry-powered, electric-motor-driven mechanism advances the film and

cocks the shutter whenever the actuation button is pressed. An accessory

connector permits remote camera operation and shutter operation indica-

tion for time correlation. All accessories for the earlier model camera,

except film magazines, may be used on the electric camera. Weight of

the camera, with 80 num. lens and 2 batteries, without film magazine, is

4.04 pounds. The camera accessories are herewith described.

I

I
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Figure 2, 12-34. 70 mm Hasselblad Electric Camera

and Accessories

80 mm f/2.8 Lens. Standard or normal lens for the 70 mm camera

with 2-I/4 x Z-I/4-inch film format. Used for general still photography

when a wide angle or telephoto view is not required. Focuses from 3 feet

to infinity. Has built-in shutter with speeds from i second to 1/500 second.

Field of view, each side, is approximately 38 degrees x 38 degrees.

250 mm f/5.6 Lens. A telephoto lens that is primarily used for

photography of terrain and distant objects. It produces a 3X magnification

over• the standard 80 rnm lens. The relatively narrow view of this lens

necessitates careful aiming of the camera to insure the desired scene is
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photographed. A mount is available for mounting the camera and lens at

the right rendezvous window to view parallel to vehicle X-axis. The lens

focuses from 8. 5 feet to infinity, and has built-in shutter with speeds from

I second to 1/500 second. Field of view, each side, is approximately

i3 degrees x 13 degrees. Weight of lens is 2. 06 pounds.
i .....

500 mm f/8 Lens. (Figure 2. 12-34) The 500 mmlens is used for

telephotography such as lunar landscape, lunar mapping, and targets of

opportunity. It produces a 6X magnification over the standard 80 rru-n lens

and its field of view is 7 x 7 degrees. The 500 mm lens focuses from

28 feet to infinity but because of mounting limitations in the crew compart-

ment and lens travel toward the window during focusing, it'smounted

focusing capability is approximately 100 feet to infinity. The lens has a

built in shutter with speeds from I second to 1/500th of a second.

Photar ZA Filter. (SEB 33100050-206) The Photar filter replaces

the haze filter for l-lasselblad Electric Camera and is used with color film

to produce good color rendition and improved Contrast in photographs of

the earth. It can be used with the 80 rrn-n and Zb0 mm lens.

Remote Control Cable. (Figure Z. IZ-34) The function of the remote

control cable is to actuate the shutter from the left couch while sighting

targets through the COAS in the left rendezvous window. The cable is

48 inches long with a handle and button at one end and a connector at the

other. The cable is also used for remote control of the 16 mm DAC.

70 mm Film Magazines. Two types of fih_n magazines are used, one

for standard-base film, the other for ihin-base film. Either film magazine

attaches to rear of camera and is locked in place by clever-actuated

clamp. The type [00 film magazine is for standard-base film and capacity

is I00 2-1/4 x 2-I/4 inch frames. The type 200 film magazine is for thin-

base film and capacity is ZOO Z-I/4 x 2-I/4 inch frames. Each film maga-

zine contains gross-film indicators for frame count.

Lunar Surface 70 mm Filrp_ Magazine. The lunar surface 70 rrurn

film magazines are standard 70 znmmagazines that have a thermal pro-

tective coating. They are stowed in the 70 rrun magazine LM transfer

70 mm Magazine LM Transfer Bag. The 70 mm magazine LM

transfer bag is beta cloth, has a capacity of 3 magazines, and a flap cover

to restrain them. The magazine bag with exposed 70 mm magazines is

transferred from the LM to the CM for entry and retrieval.

70 mm Camera Mount for 80 and 250 mm Lens. For the purpose of _'_"_:
photographing parallel to the X-axis, the camera mount is used. It .is [_,:!

T-shaped, the stem being 7 inches long and the bar 6 inches. The stem

inserts into a socket mount along the right or left side of the hatch frame,

marked EPIC MOUNT ATTACH (80 MM/Z50MM LENS, approximately
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7 inches from the TV socket mount, The T bar portion has two quick "

couplings (lower and upper) that attaches to the camera.• The lower quick

coupling is for use of the camera with the 250 rnrn lens and will align the

camera parallel with the X-axis. The upper quick coupling is for use of

the camera with the 80 mm lens and is pitched upward 12±2 ° from.the

X-axis during prelaunch alignment to give the camera an unobstructed

view. The couplings are labeled on the back of the mount.

To use the mount_ the 70 mm camera is assembled, adjusted, and

set. The camera can be attache4 to the appropriate mount quick coupling

by sliding it to the stop and locking by rotating die (flag) lever 90 degrees,

Failure to position the camera all the way to the stop before locking may

result in the window aperture obstructing the camera view. The stem is

inserted :into the _socket mount near the hatch frame until the latches snap

in. (Caution should be exercised because of the close proximity of the lens

to the window. ) The intervalometer cable is then attached. The camera

is sighted by using the COAS and orienting the CS_Mi X-axis toward the

target. _To use the 80 mm lens, the CONS elevation scale is set to

+12 degrees. The camera can be momentarily displaced (swung out of

the way)by pressing the latch levers and rotating until the latches reseat.

70 mm Camera Ivfount for 500 rnm Lens. (Figure 2. 12-34) The

camera mount is L-shaped with a quick coupling on one end and a round

stem with a latch at .the other. The mount stem .will inser_ in the socket

marked EHC MOUNT ATTACH (500 MM LENS) adjacent to the right side

of the hatch frame on the girth ring. "_Vhen installed with the camera, the

500 mm lens centerline will be aligned i0 ±I degrees off the X-axis toward

the -Z direction and is so marked on the side of Lhe mount.

For 70 mm camera operations using the 500 mm lens, the lens is

attached to the camera and the settings are adjusted. The camera is

attached to the mount. The quick coupling is similar to the 80./250 mm

lens mount type. In addition, it has a positive latch with a button that

must be depressed to remove the camera from the mount. The right

couch headrest is adjusted to the footward position when the mount is

attached to the girth ring socket.

To Sight the camera using the CONS, the COAS barrel is rotated

to +I0 degrees on the elevation scale. The CONS centerline is then

aligned parallel.with the camera and lens centerline.

Intervalome=er. The intervalometer is a remote control device for

taking sequential pictures. It is extremely useful for making a strip map

(vertical stereo strip from rendezvous window, oblique stereo strip from

side windows, etc. ). Its control box is 2.5 x 2.5 x 1 inches and has an

ON/OFF switch. A 120-inch cable connects it to the camera accessory

connector. The intervalome_er Is preset at 20-second intervals and is

powered from the [-Iasselblad Eiectric Camera battery pack.

i.__f
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Automatic Spotrneter (Figure 2. 12-35).

This meter replaces the earlier model spotmeter and greatly

enhances the crewman's ability to obtain accurate exposure information

with a minimum of expended time and effort. The unit is a completely

automatic CdS reflectance light meter with a very narrow angie of accept-

ance (one degree). The meter scales are automatically rotated to indicate

the correct camera shutter speed/lens a:perture values for the selected

photographic subject. Brightness range is from 0.32 to 5000 foot-lamberts,

with an extended range to 20,000 £oot-lamberts by use of accessor_neutral

density filter. ASA range is from 3 to 25,000 and the wei0ght of meter is

1.9 pounds.

LENS

OPERATE

BUTTON

EYEPI ECE

ASA
KNOB

BATTERY

COMPARTMENT

SEPT '69

AUTOMAT IC

SPOTME-rER
(SEB 33100104)

Figure 2. IZ-35. Spotrneters

CS-3603B

F

: y

CREW PERSONAL EQUIPMENT

Mission Basic Da_e 15 April 1969 Change D_l:e 15 Jan 1970 Page Z. IZ-70A/Z. IZ-70I

_',_. •.... -_-.-.-:<--.v-c-<- -- ::_c :--......... :'I r i _ T. _! iI'], _ :t_'_I q_"li;:[_]_ TV_VIf x'lli'f_'{_]l' _iY ?.]'i.H fi:_']nT,,:u_%_,'_]r_[_,_'Yt _[ i"F_rF;[ _:_ r ; :_-; " : -
-' - ..... ' " . .'. ,'" :". '. i.]::!.' _i: tT_}I']:_' _j,,Lt._t?,_St.i_,'_i{._'_i,},,./_,_.l!] ,Ifl,' ,?',j',Vfi'_i',ik,'_,_,i i_i]_'_i',i.,#ttltii ,t_.!l_'_ i _ -



. _/F L

"
_14 m

_7

2- 12 i5-4

2.12 15.4.1

" ,.. , - " ':_%.. ' :-7:. : . : /- " " ;-:::' ' :i.. " /"

- - SMZA-03-BLOCK II- (I) ....

APOLLO OPERATIONS HANDBOOK _

SYSTEMS DATA , , _:/
z.

Accessories and Miscellaneous Equipment

Temporary Stowage Bag s (Figure 2. 12-36, Sheet I)

I- The temporary sto_vage bags are used for temporary stowage of small

items and permanent stowage of dry refuse or "trash."

The waste bag, nicknamed the "V_% r_' bag, is a tw0-pocket_unit. _.The

outer pocket is deep, about 3 feet by 1 foot by 3 inches and is held shut by

bar spring. The inner pocket is flat, about 1 by 1 foot and is held shut

by a rubber bungee. The bags are attached to the girth shelf and LEB by

snaps.

The outer hag is for dry uncontaminated waste matter and the inne.r

bag serves as temporary stowage for small items.

There are three waste bags, one for each crewman. The Com-

mander's bag attaches to the left girth shelf, the L_i pilot's to the right

girth shelf, and the CM pilot's, the LEB. They are stowed in a stowage

locker at launch and entry.

2. 12.5.4.2 Pilot's Preference Kits (Figure 2. 12-36, Sheet 3)

The pilot's preference kits are small beta cloth containers

7 x 4 x 2 inches, and weigh 0.5 of a pound. Each crewman will pack it

with personal equipment or equipment of his choice.

Fire Extinguisher (Figure 2.12-36, Sheet I)

A fire in the cabiri, or behind the closeout or protection panels, is

extinguished by a small fire extinguisher. One fire extinguisher', on

locker A3 near the LEB, is provided.

The extinguisher weighs 8 pounds and is about i0 inches high with

a 7-inch nozzle and handle. The tank body is a cylinder with a dome, and

is made of stainless steel. The extinguishing agent is an aqueous gas

(hydroxymethyl cellulose) which expells 2 cubic feet of foam for approxi-

mately 30 seconds under 250 psi at 140 °F. The expulsion agent is Freon

and is separated from the gel by a polyethylene bellows. The nozzle,

handle, and actuator button are insulated against sparking. As a safety

measure against overheating, a disk will rupture between 350 and 400 psi,

allowing the gel to expel. A temperature indicating "tamp-plate" near the

label has four dots that turn black at temperatures of II0, 120_ 130, and

140 degrees F respectively for the purpose of evaluating usability prior

to flight.

To operate, pull the safe_ pin in the handle, point at the fire or

insert in a FIRE PORT, and press the button.

• z
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Z. t2.5.4.4 Oxygen Masks (Figure 2.12-36, Sheet 1)

In the event of smoke, toxic gas, or hostile atmosphere in the Cabin

during the shirtsleeve environment, three oxygen masks are provided for

emergency breathing.

The mask is a modified commercial type (GYP) with headstraps to

hold it on. A utility strap is attached to the mask muzzle for inflight

stowage. The oxygen is supplied at i00 psi through a flexible hose from

the emergency oxygen/repressurization unit on the upper equipment bay by

actuating the emergency oxygen valve handle on panel 600. The mas!_ has

a demand regulator that supplies oxygen when the crewman in_hales.

The three masks are stowed in a beta cloth bag on the aft bulkhead

below and aft of the emergency oxygen/repressurization unit. The masks

are removed by pulling the center tape loop handle to disengage• the snap

fasteners restraining the cover. For inflight accessibility, the oxygen

masks are stowed along the girth ring near the side hatch by attaching its
utility strap snap socket to a stud.

2.12.5.4.5

2.12.5.4.6

Inflight Exerciser (Figure 2, 12-36, Sheet Z)

An inf!ight exerciser, similar to the "Exergenie, " is provided for

daily exercise. It will be stowed in a small beta cloth container inside a

stowage locker on the aft bulkhead.

Tape i_olI (Figure 2. IZ-36, Sheet 3)

A 6-inch diameter roll of l-inch wide tape is provided for utility
purposes.

!

2.12.5.4.7 Two-Speed Timer (•Figure 2, 12-36, Sheet 3)

The two-speed timer is a _wo-mode kitchen timer. It is used by the

crew to Dime short period events such as fuel cell purge. The face

markings are 0 to 6. The two modes are 6 minutes and 60 minutes and

are set by positioning a lever on the face to X1 or XI0. To operate, set

t-h.emode, Darn _he pointer to the desired t_nae setting, and an alarm bell

will ring when the time elapses.

2.12.5.4.8
Accessory Bag (Figure 2. 12-36, Sheet 2)

There are three accessory bags stowed in the PGA helmet bags at

launch. They will be used for utility purposes. The bags are beta cloth,

flat (15 x i0 inches) and the open end has a drawstring closure.
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During an unsuited entry, the crew will need pads on the couch head-

rest to ease landing impact to the head and to raise the head to the helmeted

eye position. Therefore, there are three headrest pads stowed at launch.

that are attached to the couch headrests at entry.

The headrest pads are 5 x 13 x 2 inches and are a black fluorel

sponge. Theyhave pockets on the ends to slip over the headrests and

restrain them.

.5.4.10 Grounding Cable (Figure 2. 12-36_ Sheet 2)

Static electricity is generated by crew activity in the crew compart-

ment. The CO Z canisters must be grounded when removing them from the

stowage locker or compartment to the ECS filter. The canisters have a

jack in the center to receive a plug when removing and replacing the
canisters.

|2.12.5.4.11

The grounding cable is sixty inches long with a plug at each end. It

is stowed at launch. When using, ground it by inserting one plug in a jack

on locker A3. The opposite end inserts into the CO2 canister jack.

Voice Recorder, Cassettes, and Battery Packs (Figure 2. 12-36, Sheet 3)

The voice recorder is a small (5 x 4 inches) battery-powered unit

used to record data pertinent to the crew log. The recording element

is a tape cassette, it is stov_ed with a battery and a cassette installed,

ready for operation. For the number of batteries and cassettes aboard

the spacecraft, refer to the stowage list or drawing.

2.12.5.4. 12 Decontamination Bags (Figure 2. 12-36, Sheet 4)

When returning items and equipment from the moon, precautions are

taken to minimize lunar connamination to the CM and earth. The items

are vacuumed, placed in decontamination bags (containers) aboard the

LM, and the outer surface of the bags vacuumed. The items with decontami-

nation bags are then transferred.

The items requiring decontamination bags are the two lunar sample

return containers (LSRC), the contingency lunar sample return container

(CLSRC), 70 mm magazine container, and the lunar close-up camera

cassette. The RGA bag will be used for the CDR and L_A/[Im space suit

return container as it can be readily attached and detached from the CM

aft bulkhead.

The decontamination bags are Beta cloth with zipper closures and

fit snuggly over the item and its container.
.x

The decontamination bags are stowed in a CM aft bulkhead locker

and transferred into the LM after lunar rendezvous.
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4. 12AVacuum Cleaning Hose and Brushes (Figure 2. 12-36, Sheet 4)

The.vacuum cleaning hoseand two brushes are stowed on an aft

bulkhead locker of the Cl_ at launch. The hose and one brush are trans-

ferred-to the LIv[ after lunar rendezvous to vacuum the return items, The

brush functions as a vacuum head and the hose is connected to the Lk_ ECS

return hose during vacuuming. The vacuumed lunar dust and particles are

trapped in the LlX/f ECS LiO[-I canister. The brush and hose are left in the

LIly[ at separation.

_. The VaCUUm cleaning hos e is similar to the oxygen hoses, 41.5 inches•

in length, and covered with a Beta cloth sleeve. It has a90-degree elbow

at the brkish end.- The brushes fit on the elbow" and have a screen filter on

theinside. One brush is left aboard the CM for utility vacuuming as
needed.

Flag Kit (Figure 2. 12-36, Sheet 2)

The flag kit is a Beta cloth hag containing the American flag, which
is returned from the LIVi.

Containers (Figixre 2. 12-36, Sheet 3)

Containers are located inside stowage lockers and compartments.

The aluminum type are usually boxes with a door entry for containment

of stowable items. The cloth or soft type, are Beta cloth, and have flap

closures held by snaps or Velcro.

k

C REW PERS ONTA/_ EQUIPMENT

Mission Basic Datel5 April 1969 Change Date 15 Jan 1970 Page 2. 12-74A/2. 12-74B



Z. •2.5.6

Utility Outlets (Figure 2.12-37). " i

The crew compartment has three electrical utility outlets of 28 volts

dc. The outlets are disbursed for accessibility and are located near the

left side window (MDC 15), the right side window (MDC 16), and on the

lower equipment bay panel i00. Each outlet or receptacle has an adjacent

/UTILITY switch with a POW-ER and OFF position. The circuit breakers

for _}ie utility outlets are on panel Z29 and marked UTILITY R/L STA for

MDC 15 and 16, and UTILITY LEB for panel I00.

. c

Scient_ic instrumentation Outlets (Figure 2.12-37).

For supplying 28 vde to scientific experiments, there are receptacles

onpanels 162 and 163 of the LEB and panel 227 on the right girth shelf.

Each outlet has an adjacent switch with a POWER and OFF position_ The

circuit breaker for the receptacles are on panel 5 and marked INSTRU-

MENTS/SGI EQUIP/NONESS/SEB-2 for panels 16Z and 163. The CB for

panel 227 is on I_[DC 5 and marked NONESS/HATCH. The nonessential

bus 2 must be powered by the switch on iVlDC 5 marked NOIN'ESS BUS

MNA - OFF - NiNB.

Panels 162 and 163 are behind the LEB closeout panels and compart-

ment B5, respectively. If fihe mission does not indicate usage, tile switch

will be safety/ wired to the OFF position.

[
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C rew %Vater.

Drinking Water Subsystem (Figure 2. 12-38). o

The source of cold water for drinking and food preparation is the

water chiller. The line is routed to the cold water valve of the FOOD

PREPARATION:%VATER tank; and has a maximum pressure of 48 psi, a

minimum pressure of 18 psig, and a nominal working pressure of 22 to

27 psig. The crewman drinking water line isteed off, and routed through

a shutoff valve to the water dispenser located beneath the main display

panel structure;

./

f_,--

FOOD PREPARATION WATER

H_ 1QTCAPACitY

GLYCOL m.___

WATER /
CH ILLER

18 -27 PSI .._

f , . ,OXYGEN [I-_

CM INNER .till

STRUCTURE ____I

FUEL CELL WATER

CM AFT EQU IP COM

" SERVICE MODULE

The water dispenser assembly consists of an aluminum mounting

bracket, a coiled viton rubber hose with a QD, and a water dispenser in

the form of a lever-actuated pistol. The water pistol delivers approxi-

mately 8 milliliters of water per second (ml/s) when actuated. It has a

QD, a_ the bottom of the handle for connecting to the coiled hose. The

CLAMP

• .,,,.. \. \

.OSE I,o22Qo /_
{.,_/'- / _ E>(}TNGuISHER

QD _ VALVE "

GAS SEPARATOR

CARTR IDGE SEB-39104914 ,_I.1 _

" - -4105B

-;_ LOGISTICSNov69 ICSM.=_,.,._I

Figure 2. 12-38. Drinking Water Subsystem

CREW PERSONAL EQUIPMEI_T

Mission Basic Date 15 Aoril 1969 Change Date 15 Jan 1970 Page Z. 12-77

- !

.......... :......... _:," :f. _'." _<s _ r_],:j_ f l' _:r,(_lUiI.;t.t_I' , _7'I.r.7!;/','{'/t:f-fV_'(i'i'i-7'y"_'/{_'_rcrfk'_l,[IYlL}_i%f_-_ff][;l'__ 1''Ii9_ _[!-<w -
""_'<_ ........ " . -;'f; t;f ll'l i_' 'A 'l_iI .... t'{'._ulM'lfj]i[{] _b}.', II7'it_l_t"7:_{.>t'_¢t..ti'll'ilq'A,/II '<'7'/'

...... 'l 'l"" IV". _' _h' t'?,I )_ _!',_' {t_' :m"I:i'_,,$_t'Tr_4'_/t"t-Vd'=_.b'_ '_ '<uH" 1" ._ "
" . ..... { i!i,'__tl_ ,"i {= #! i i_l',,r[i '. • _!j'Vi __ >fq s'f, .(l ]iHI , t _[ '_ = -



I /

SM2A-03-BLOCK It-(1) ' " - -_ .... ": _ -,:: ,.-'.:". <._-,: ......

APOLLO OPERATIONS HANDBOOK " ' " : " ' " "

SYSTEMS DATA " - - - " " 9
handle contains a fire extinguishing valve that delivers water aft the rate

of 38 ml/s in a 60 degree cone when actuated. The pistol is identical to

the LM water pistol.

The uncoiled hose will reach 72 inches, and when the pistol is

returned to the mount, the hose will re-coil into the housing. The pistol

is stowed in the mounting bracket and is held in place by a retainer lever

or attached to the crew compartment structure.
• J- .

Operational Use. The shutoff valve on panel 304 is opened during

the countdown to activate the system. This is accomplished with the

valve h_ndle. The shutoff valve will be open for the entire mission unless

the pistol _dispenser assembly) develops a leak or malfunctions.

After translunar insertion , before using the water pistol, a gas

separator cartridge is attached to the barrel and clamped on. The pistol

with the gas separator is placed in the mouth and the actuator lever

pressed.

After landing, the potable water supply will be used for drinking

until depleted. Then, the sea water can be converted to potable water

by a device in the survival kit.

Food Preparation Vfater (Figure 2. IZ-39).

The food preparation water is metered from the FOOD PREPARA-

TION WATER supply on the LHFEB (panel 305), and is used to recon-

stitute the food. It meters cold water at 50°F and hot water at 154°F to

1-ounce aliquots.

There are two syringeztype valves, and a water nozzle with a

protective cover and lanyard. The hot water tank capacity is 38 ounces

(slightly more than a quart) •and is heated by Z5- and 20-watt cali:0d

heaters controlled by three thermostats. The thermostats are powere d

through the POT H20 HTR, R<NA and MNB circuit breakers on IV[DC-5.

4

| Z. iZ. 6..i. 3

To operate, remove nozzle protective cover by pulling and attach

gas separator slowly, engaging the bayonet fittings. Secure food bag and

cut protective cover from the food bag valve. Push food bag valve on the

sepkrator nozzle, verifying the food bag valve is open. Pull the syringe

handles and release (I cycle) as many times for as many ounces of water

needed. Do not overfill as backpressure may cause the gas separator to

leak. When finished, pull the food bag valve off nozzle and replace cover.

Gas Separator Cartridge (Figure Z.IZ-39A)

The swallowing of'water with excessive gas is uncomfortable.

During the production of water by the fuel cells, hydrogen is in solution

and under a pressure of 64 ps$_which is partially removed by the hydrogen

gas separator prior to enterin_ the potable water tank. As the pressure

is reduced to 25 psi in the potable water tank, the hydrogen and oxygen
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gases increase in volume and migrates through the bladder. Further

reduction of pressure at the water pistol outlet to 5 psi frees more of the

hydrogen and oxygen from solution. The function of the gas separator

cartridge is to separate the hydrogen and oxygen from the drinking water

and food preparation water and vent it into the crew compartment. Two

gas separator cartridges with an inlet plug and outlet cap, and a stowage

.-bag are provided. The water pistol gas separator cartridge has a Clamp

to hold it on the pistol barrel.

The gas separator cartridge is a cylinder 6 inches long with a female

(inlet) fitting at one end and a nozzle (outlet) at the other end. The inlet

fitting has a bayonet key and will fit and lock to the food preparation water

nozzle on panel 305 or the clamp on the water pistol barrel. The separa-

tor outlet nozzle will interface with a food bag or can be inserted in the

mouth for drinking. The inlet plug and outlet cap seals the separator

during stowage and are tethered to the separator cartridge.
I
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Waterfrom the pistol or food preparation water unit enters the :

inner chamber and is routed through holes in the upper end into the outer

chamber. The water flows along a teflon hydrophobic membrane that |

allows gas to permeate the membrane and pass through slots in the

cylinder wall. At the outlet en d the water passes through a hydrophilic

stainless steel fine mesh screen chemically treated to transmit water

readily. The water then flows through the outlet nozzle.

Operation.. The separator membrane has to be pre-wet before

using. Slide the clamp on the water pistol barrel, open the clamp jaws

hypressing the pads, and clamp the jaws on the handle. Attach a

separaLor cartridge to the water pistol barrel by rotating andpushing

:slowly , engaging the studs on the clamp and locking. Caution should be

exercised when handling the separator as getting the outside surface of

the membrane wet will cause it to leak and lose its effectiveness as a

gas @eparator. W-hen seated, the water pistol actuator is triggered in

Short bursts until water is observed at the outlet nozzle. Ten minutes

for membrane wetting is allowed. The gas separator is carefully removed

from the water pistol by twisting and pulling. The food preparation water

nozzle cover is removed and the pre-wet separator is slid onto the nozzle.

The bayonet key is engaged to the nozzle studs and turned, to lock on the

separator. The food preparation water unit is then ready for use. Care

must-be taken when filling a food bag, to ensure the bag is not folded or

the sides stuck together and from excessive filling as a slight backpressure

will result in water breakthrough of the membrane and destroy its effec-

tiveness as a gas separator. After each use, water on the exterior of

_he separator should be dried with a tis sue (handy wipe).

For the water pistol separator cartridge, the pre-wetting procedure

is. repeated before use. The water pistol gas separator cartridge is

removed and stowed before each SPS firing.

Before entry, the gas separator cartridges are removed and placed

in the stowage bag and stowed.

{

->.,.,,
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The Galley System (Figure Z. 12-40).

The galley system provides for cold or ambient stowage, heating,

and serving food. tt consists of food, a frozen food container (freezer),

a f0od warmer (hotplate), a hot food holder (hot pad), stowage compart-

ments and. locker.s.

Food.

The food furnishes a balanced diet of approximately 2500 calories

per dk}- to each crew member and is- contained in food sets or separate

pac.kages. The food sets are stowed in two prepacked food boxes for

compar_ents B'l and L3. Or-a!'hygiene .assemblies for brushing the

teeth and spoons for eating are also included. Miscellaneous food packages

are stowed in aft bulkhead lockers and the freezer.

There are several forms of food such as freeze-dried food in bags,

wet packs, frozen<food packs, dried fruit packs, beverages in bags, bread

packs, and canned food.

Wet packs are frankfurters or a mea_ and gravy combination suqh

as ham, turkey, and beef. They are p.ackaged in aluminum dishes with a

peel-away cover and are eaten _ith a spoon.

The frozen food packs are of the TV dinner type with a limited

selection of breakfast, lunch, and dinner. They are also pack_ged in

aluminum dishes with a peel-away cover and eaten with a spoon.

Standard dried •fruits are vacuum-packed in plastic bags for cutting

open and eating.

Freeze-dried beverages and fruit juices are packaged in the same

type of plastic bags as the freeze-dried food. They can be used for

supplementary liquid meals in emergencies.

Bread is vacuum-packed in plastic bags and are spread with ham,

chicken, or tuna salad from cans which have plastic, snap off lids.

uomu_no.,,un dish. soup, orThe freeze-dried food is usually a n-Lear _ _-= _=_

combination salad and is vacuum-packed in plastic bags. The food. bag

has a one-way poppet valve through which the food preparation water

supply or gas separator nozzle is inserted. The bag has a second valve

through which the food passes into the mouth. Approximately one-half

of the food is packaged in Kel F plastic b0_gs to make one meal for each

astronaut. There are meal bags for breakfast, lunch, and dinner.

Cleansing cloths are also included for each meal. The meal bags have

red, white, • and blue patches to identify them for the individual crewman.

?
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The freeze-dry food is reconstituted by adding hot or cold water

through the one way Valve on the food bag neck. It is then kneaded by hand

for approximately 3 to 5 n-_inutes. When reconstituted, the neck is cut off

with scissors and placed in the mouth. A squeeze on the bag forces food

into the mouth. W-hen finished, a germicide tablet, attached to the bag, is

slipped through the mouthpiece to prevent fermentation and ga s. The bag

is then rolled as small as possible, taped, and returned rio the food stowage

compartment.

Frozen, Food Container. " _

The function of the frozen food- container (freezer) _s to maintain

frozen food p_.cks at a temperature of -100°F to +I50F for IZ days,

opening a maximum of once a day for Z reinures.

The freezer is esse_ntiall y a large vacuum bottle. The capacity is

one cubic foot and will hold 24 food packs weighing a total of 18 pounds.

It is an oval shaped cylinder 18. 6 inches wide and 18 inches long and weighs

approximately 5Z pounds (including 15 pounds of refrigerant) without food.

It has a 6-inch opening at one end and 4 attachment fittings (Calfax) on the

underside. The freezer [s stowed on the aft bulkhead for launch and

entry, adjacent to lockers A4 and A5 on the +Z centerline. The freezer

is removed and replaced with the use of tools E and H.

IZ. 6. 2.3

During the mission, the freezer is stowed in the upper equipment bay

(right) adjacent to locker U3 with two straps, the access door forward,

Once a day, the crew withdraws the desired frozen food packages and heats

them by placing them in the food warmer.

Food YCarmer (Figure Z. 12-40)

Another unit of the galley system is the food warmer, or hotplate.

Its function is to warm foods from a frozen state to 130+!0°F in Z0 minutes

or less. It is stowed in locker A5 for launch and entry.

The food warmer consists of an enclosed electrical power unit,

three dishes, and a power cable. The oven unit is 9. 3 x 6.8 x 5.8 inches,

weighs 8.5 pounds, has a control panel, cover, and requires BOO watts to

operate. The warmer cover is spring-loaded open and when closed,

presses on the food and warming dish to maintain contacts in the dish well.

An interlock switch deactivates the heating circuit when the cover is open.

A moat around the edge of the dish well will collect moisture from cooking

food packs. The warmer control panel has two lights, two switches, and

a receptacle. The receptacle receives the power cable connector/ The

HEATING CYCLE switch has a LONG position to be used when warm,ing

_r

l
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frozen food packs (Z0 minutes) and a SHORT position for wet and dry-f0od

packs (I0 minutes).. The RESET switch is momentary and starts the timer

and the warming cycle. The indicator lights are marked COMPLETED

and HEATING. A thermal switch provides automatic shutoff _o prevent

the dish from overheating in addition to a timer shutoff, A s_rap with

snaps is attached to restrain the warmer in its using position on the right

side- of panel 10 in the tunnel area.

<

"7

zf ___

The warmer dishes are insulated steel bowls about 6 x 5 x 1 inches

with internal heating elements and external contacts, weigh 0.8 pound

each, and h°ld frozen, we_, or dry food packs. V%rhen not in use, the

food warmer dishes are stowed in the food compartment L3. After heat-

ing , they may he used. to contain the opened food pack during eating. The

frozen _food p__ck is designed so its cover may be peeled back as the meal

is eaten to contain the uneaten portion.

Food Warmer Operation. The warmer, dish, power cable, and

holder are removed from stLowage. The warmer is mounted to the right of

par%el I0 bY its strap and snaps. The FOOD %fARMER switch on panel Z01

should be OFF, and the power cable connectors attached to the receptacles

on the warmer and panel 201. The CABIN FAN Z switch on panel 2

should be OFF as simultaneous operation may trip the CABIN FAN Z

AC 2 circuit breakers (2 amps) on panel 5.

../

L

The food pack _o be heated is procured and placed in the warmer

dish; the cover is closed, and latched. The FOOD %_fARMER switch on

panel Z01 is set to O_'; the warmer HEATING CYCLE mode switch is set

to the applicable LONG or SHORT position; the warmer RESET switch is

momentarily set to RESET. The HEATING light should be on to indicate

the cycle has begun. The HEATING light will turn on and off 48 times as

the power is applied to the dish (power is applied intermittently to prevent

scorching the food). The dish and food will be warmed when the COM-

PLETED light turns on. The warmer dish and food pack are removed

using the holder. The moisture is wiped from the warmer dish well and

moat.

.[L

.k." " "

Ln the event the warmer dish gets soiled, a tissue is dampened and

the dish is wiped clean and dried 'with a utility towel°

During preparation for entry-, the food warmer, dish, holder, and

power cable are disassembled and stowed.

The power cable is 34 inches long with a connector at each end.

The 90-degree elbow end connects to the warmer receptacle and the

-straight end to the panel 17 receptacle for electrical power.
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Hot Food Holder (Fig-are 2. 12-40)

To handle frozen and hot food packs, a hot food holder (hot pad) is

provided. It is 9 inches long, fabricated of Beta cloth, insulated with

Beta felt, and fits either hand. It is stowed with the food warmer when
not in us e.

Stowage (Figure 2.12-40)

Food is stowed in two areas: the food stowage compartment

(2125 cubic inches) in the lower equipment bay (LEB), and the food stowage

compartment (2947 cubic inches) in the !eft-hand equipment bay (LHEB).

Combiz_ed, they offer approximately 5072 cubic inches of food storage

volume, which is sufficient for a 10.6-day mission.

The LEB compartment door is held closed _ith a "dog ear" latch

(squeeze latch). The door is held by a slide and bell-crank detent, and

a_cts as a food shelf. _vVhen opened, the door inner surface has patches of

Velcro hook. The food box, located inside, is fiberglass with an open end,

covered with Beta cloth held on by snaps. The cloth is detached to gain

access to the food packages.

The LHEB food compartment (L3) has two doors. Each door has a

squeeze latch and is hinged at the top. The food box is similar to the LEB
food box.

Contingency Feeding System.

In the event t}le cabin is depressurized, the crew will be in their

spacesuits and pressurized. Feeding will therefore have to be through

the helmet feed port with use of the contingency feeding adapter. However,

the backpressure frozen the spacesuit into the food bag may rupture the bag

so it must have a protective cover--the food restraint pouch. Only fluids,

primarily fruit drinks and punches will be drunk under these conditions as

the solid food is too large to pass through the adapter. This condition

could last five or less days.

The contingency feeding adapter and food restraint pouch are in a

Kel F package and stowed in the LEB food compartment BI.

Food Restraint Pouch. The food restraint pouch is a strong nylon

bag that fits over the food bag and prevents its rupture. While it contains

the food bag, it can be compressed, forcing drinks from the bag, through

the adapter into the mouth of the crewman.

y

Contingency Feeding Ad_pter. Nicknamed the "pon" tube, the contin-

gency feeding adapter is a tube like device that inserts into, a_-!_opens, the

food bag valve. It also inserts through the PGA helmet feed-t_irough port
and into the crewman' s mouth.
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Waste Management System and Supplies.

The function of the Waste Management System (WMS) is to control

and/or dispose of crew waste solids, liquids, andwaste stowage gases.

The major portion of the system is located in the RHEB. The basic

requirements of the syste m are ease of operation, accessible supplies,

collection and stowage of feces, urine collection and over,board dump,

removal of urine from the PGA, urination while in the couches, venting of

waste stowage gases, and _acuurning _waste liquids overboard. The WlvIS
f

contalns a urine, fecal, waste stowag e vent, and vacuum subsystem with

their associated supplies and equipment.

General Description (Figure 2.12-41).

The WiM.S contains a urine transfer system (UTS), or urine recep-

tacle, urine hose, a vacuum fitting, a fecal collection device, fecal stowage

compartment, a VIMS panel w4_th two QD's, a control valve, a urine dump

line with a special dunT_p nozzle and an atuxiliary dump nozzle. Opening the

contrbl valve on the _#-_iS panel subjects the system to a 5-psi differentia/

pressure, crew compartment to space. The dump nozzle contains an exit

orifice of 0.055 inch that restricts gas flow to a maximum of 0.4 cfm and

liquid flow to 1 pound per minute. The gas flow is limited to prevent

excessive loss of cabin oxygen during system usage. To prevent the forma-

tion of ice at the dump nozzle, which could block flow, the dump nozzle

contains two 5.7-watt heaters controlled from panel 101 (LEB). A s.witch

selects the dump nozzle heater to be enabled. Two Z-watt heaters are on

the urine line just inboard of hhe nozzle and are operating continuously.

)

The battery vent/waste water dump subsystem parallels the urine

dump line. It routes outgassing and emergency relief of fluids from the

batteries to the V_IS panel (252), through the battery vent valve to the ECS

water panel 352 where the waste water vent line T's into it. From

panel 352, it is routed through a Zl5-micron filter on the aft bulkhead,

through a penetration fitting in the sidewall, to the waste water dump

nozzle. The temperatures of both dump nozzles (0 to I00 degrees F) are

telemetered to earth to provide an indication of impending nozzle freezing.

in th.e _. ant that either dump nozzle freezes or clogs, the dump lines can

be interconnected. To interconnect, open hhe door below panel 252,

exposing a flex line connected to a stowage QD. Disconnect the flex line

and connect to the QD 2 inches to the right marked TO WASTE WATEI_

NOZZLE. The interconnecting allows fluids to flow out the "open"

(unrestricted) dump nozzle.

The battery vent line contains a pressure transducer that has a_read-

out on the SYSTEMS TEST meter (position 4A) on panel I01 (LEB). A

periodic check of the battery vent line pressure w_ill indicate freezing or

CP_EW PEI_SONAL EQUIPMENT
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clogging of the waste water dump nozzle. (This is not likely to occur if

the waste water tank is drained periodically.) Place the BATTERY VENT

valve (panel 252) in the VENT position, thus sensing the battery vent and

waste water dump line. Plugging of the nozzle will be indicated by a rise

in pressure. If the waste water dump nozzle becomes plugged, intercon-

nect the urine dump line an d check the urine dump nozzle. Insert the

cabin nitrogen purge _(vacuum) fitting into the VCMS panel QD, pressurize

the lines (5 psi) by opening the OVBD DP_IN valve (to DUMP), closing

the valve, and monitor the battery vent line pressure. If the pressure-

drops to zero, the urine line and nozzle are clear. If the system remains

pressurized, both nozzles are plugged. The auxiliary dump system

should then be used and is described in subsequent paragraphs.

Urine Subsystem (Figure 2.1Z-42).

The urine subsystem must receive and transfer urine at a rate of

40 cc per second and have a total capacity of 1200 cc. The urine sub-

system has two urine collection devices under consideration for collecting

and _transferring urine, the Urine Transfer System (UTS) and the Urine

P_eceptacle Assembly (UR_A_) . The remainder of the urine subsystem is

a i30-inch flexible urine hose (capable of reaching a crewman in a couch),

and a filter.

Gemini Urine Transfer System (UTS). The components of the urine

transfer system (UTS) are a rollon,receiver,, valve with a manifold,

collection bag, and a 3/8-inch quick-disconnect (QD). The rollon is a

rubber tube that functions as an external catheter between the penis and

the receiver/valve. The rollon :s used approximately one day (5 to 6

Urinations) and th@n replaced. Ten additional rollons per crewman are

in a stowed rollon cuff assembly coded red, white, and blue. The rollon

a_.ches to the urine receiver. The receiver is a short tube that contains

a low-pressure differential check valve (0.038 psi), a low pressure differ-

ential bypass valve, and screws onto the valve manifold. The collection

valve has two positions, OPEN and CLOSED, and allows urine to flow

into the manifold. The other end of the valve manifold has a 3/8-inch

QD and the collection bag throat is teed into the manifold. The urine.

collection bag is rectangular in shape with a capacity of approximately

1200 ccs. Each cre-_-n:an will have his personal UTS for sanitary reasons.

Urine l<eceptacle Assembly (GFE). The urine receptacle assembly

(UR_&) is similar to a pilot relief tube with a QD at one end. The body

housing is a metal cylinder approximately 7 inches long and 2 1/Z inches

in diameter. The inlet end is lined with 1 inch of stainless steel screen

adjacent to a 6-inch core of honeycomb aluminum with the core cells

aligned longtitudinally. The outlet end has a female QD tha= connects to

the urine hose. The inlet end is sealed with a gas tight cover that has a
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Figure Z.IZ-4Z. Urine Subsystem Components

vent valve with markings CLOSED and VENT. The cover is att_ched to

the housing by a lanyard. There is one UR_A_ per spacecraft. The UR.A

is stowed in a beta cloth bag during launch and entry. During the mission,

itwill be stowed on the aft bulkhead cable way adjacent to V/MS panel ?-52

with the aid of a strap. It should be stowed withthe cover on and the

cover valve closed.
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Urine Hose and Filter. The urine hose is silicon rubber with a Beta

cloth cover which will withstand a 6-psi differential pressure and is flexible

tofacilitate easy routing and handling at zero g. Thespacesuit urine QD is

located approximately Z0 inches from the urine QD and is teed into the hose.

The panelQD end of the hose connects to a Zl5-rnicron (0. 009 inch) filter

with a (]]3 which mates with the waste management system (_Vk/fS) panel QD.

The urine is filtered to prevent clogging the 0.055-inch orifice in the urine

dump nozzle. In the event the OVBD (oven-board) ]3RAI_- valve leaks, the

panel QD can be disconnected to prevent loss of oxygen.

Operation. Urine is dumped in one of the following ways: urination

and dumping simultaneously, urination and dumping separately, or draining

(d_unping) the spacesuit urine collection and transfer assembly (UCTA).

There is also an auxiliary dump method which will be described later.

One of t,he two urine dump nozzle heaters should be on at all times

during the mission. The URINE DUIAiP HTR switch, on panel i01 of the

LEB, has three positions: HTR A, HTR B, and OFF. Select HTP_ A or

HTP_ B. The circuit breakers for this switch are the ECS STEAI_i/UI_II_E

DUCT HTI< IVih-A/A/iNB circuit breakers on IVIDC-5 (lower center).

Urine Transfer System, Urinating and Dummin g Simultaneously.

Connect the panel end of the urine hose (with filter) to the V/IN/ISpanel QD.

Connect the hose urine QD to the urine transfer system (UTS) QD. Next,

turn the OVBD DRAIN valve to DUMP. Attach the UTS to the penis by the

ro!lon. Turn the UTS valve handle to OPEN (it will cover the word

"OPEN") and urinate. The receiver low pressure differential check valve

(0.038 psi) is opened. During this operation, ZOO to 300 cc of urine will

flow into the urine hose and gradually fill the lines. When the flow
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decreases,- the UTS bag will _begin to fill. The 5-psi pressure differential

between cabin and space will cause gas and urine to dump overboard.

(With the penis connected, the bypass valve in the receiver prevents a

pressure differential on the penis). W-hen urination is complete, roll the

rollon back onto the receiver and remove the penis. Place the finger over

the bypass valve, thus sucking urine on the outside of the receiver into the

receiver flapper valve and preventing it from leaking into the cabin. Close

the UTS valve and allow the hag to completely vacuate. Then open the UTS

valve and allow a minutepurge to clear the urine hose, and then close the

valve. Disconnect the UTS QD and stow. Then the OVBD DR_A_IN valve to

OFF, remove the hose, _nd stow.

Urine Transfer System, Urinating and Dumping Separately. To uri-

nate and dump separately; unstow the UTS and attach to the penis by the

rollon. Turn the UTS valve to OPEN and urinate. The urine will pass

through the receiver low-pressure differential flapper valve, through the

valve, and into the bag. When urination is complete, remove the UTS by

rolling the rollon back to the receiver. A little urine may be clinging to

the receiver. Attach a filter to the collection bag QD and then attach the

UTS and filter to the W_X/[S panel QD. (This can be accomplished when con-

venient[) Open the OVBD DRAIN valve and the UTS valve. When the bag

is empty (flat), allow 30 seconds for purging before closing the UTS valve

and OVBD DRAIN valve. Disconnect UTS QD from the filter QD and stow.

Urine Receptacle Assembly, Urinating and Dumping Simultaneously.

The use of the UR_A necessitates urinating and dumping simultaneously as

it lacks the capacity for urine storage and it also depends on gas flew, To

use the UR_A, unstow, attach it to the urine hose by the QD, and open the

OVBD DR_A_IN valve by turning it to the DUMP position. A 5-psi differen-

tial pressure is in the UR_A_. Uncover the intake end of the UR_A_ by turning

the cover vent valve knob to VENT and removing. Gas flows through the

receptacle and overboard. Urinate into the URA from a close proximity,

making sure the urine stream is parallel to the housing axis. When uri-

nation is complete, if there is any excess urine it can be disposed of on

the screen. Leave UR_A uncovered until urine no longer exits from the

urine dump nozzle. The cover can then be placed on the URA and the

valve closed. Return the UR_A to its mission stowage position. The OVBD

DUMP valve closing is optional. For subsequent urination, simply unstow,

remove cover, and urinate.

Draining the UCTA While in the Spacesuit. To drain the spacesuit

urine collection /nd transfer assembly (UCTA) through the spacesuit urine

transfer QD, proceed as follows. Connect the UTS or urine receptacle to

the hose, and the hose to the panel QD. Then connect the hose spacesuit

urine QD to the spacesuit urine transfer QD. Position the OVBD DRAIN

valve to DUMP. The hose internal pressure is then zero and the spacesuit

pressure of 5 psi compresses the UCTA bladder, forcing the urine into

the urine hose and overboard dump line. When the bladder has been

emptied, open the UTS or urine receptacle valve for approximaJtely a

minute to purge the urine hose and line. After closing the UTS or urine

receptacle valve, disconnect the urine hose from the spacesuit and UTS

or urine receptacle and stow _.
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Draining the UCTA After Removal From Spacesuit.

e/rain the UCTA while it is attached to a stowed spacesuit.

It is difficult to

Therefore,

remove the UCTA from the suit by verifying the rollon is clamped and

disconnecting the UCTA QD. The urine hose to UCTA adapter is a small

tube with a urine hose QD on one end and a UCrA QD on the other. (The

UCTA adapter is a_tached to the urine hose for mission stowage by a strap.)

Connect the adapter to the UCTA and the hose spacesuit urineQD. Attach

the UTS or urine receptacle assembly to the urine hose, and open the

OVBD DRAIN valve and the UTS or receptacle valve. Gas will novc_flow

through,the urine hose. Gently compress the UCTA to force urine into the

urine }lose. When the UCTA is empty, allow 60 seconds purge before

closing the UTS or receptacle valve and OVBD DRAIN,valve. Disconnect

the UCTA from the a_apter and attach to the spacesuit.

In the event the cabin is depressurized, and emptying the UCTA is

mandatory the UCTA is connected to the urine hose by the UCTA adapter.

After opening the OVBD DRAIN valve, the UCTA is firmly compressed,

forcing the urine into the hose, lines, and overboard through the dump

nozzle.

Atuxiliary Dump System (Figure g. IZ-43). An alternate method of

dumping urine is thzough the atuxiliar v dump nozzle in the side hatch.

Before launch, the nitrogen purge fitting in the hatch is replaced with an

auxiliary urine dump nozzle. The nozzle body passes through the hatch,

protrudes slightly inside the hatch and has a pressure plug, electrical con-

nector, and a stowage cover. To prepare for use, remove the auxiliary

dump nozzle s_6wage cover with tool E (small tip). Carefully pull the wires

with the connector from inside the stowage cover. Remove the wires from

the slot enough to allow clearance for installation of the auxiliary dump

nozzle QD. V/ith tool E (small tip) remove the pressure plug (about Z0 inch-

pounds) and retain. Crew compartment oxygen begins flowing through the

dump nozzle. Immediately install the auxiliary dump nozzle QD and hand

tighten. Stow the pressure plug and connect the auxiliary du,-_o_p nozzle

power cable to the nozzle connector and to a utility connector on panels 15

or 16. Turn the UTILITY switch to POWER, applying 28 vdc to the two

5.7-watt heaters in the auxiliary dump nozzle. Allow 5 to I0 minutes for

the nozzle to warm. The UTS can be dumped by connecting a urine filter

to the UTS QD and then attaching it directly to the atuxiliar.y dump nozzle

QD. The 5-psi differential pressure will force urine from the UTS bag and

overboard through the heated nozzle. _hen the UTS bag is empty , open the

UTS valve for 10 to Z0 seconds to purge.

Urination and simultaneous dumping through the auxiliary dump nozzle

can be accomplished by connecting the urine hose with filter to the UTS or

urine receptacle assembly and the auxiliary urine dump nozzle QD. Apply

the rollon or diaphragm to the penis, open the UTS or receptacle valve, and

urinate. When corL_pleted, remove the penis and allow a I0- to 20-second

purge before closing the UTS or receptacle valve.

CREW PERSONAL EQUIPMENT

Mission.. Basic Datel5 April 1969 Change Date 15 Oct 1969 Page Z. IZ-88

|. J ,.l , ',J{(l ' _I_! _ I _" '-' . 't%_"l'} :_*_'* _1 |_ t '} i " " r



!:;:--:':!I"

..... ..._,

.. .,-..

b_

7,"

U1

l,.,a

..D

C_

0q

U

m

o_

Do

!

Do
..o

k

/

i

C_

rm

0

N

VIEW _[_

/

AL ,CiLiARY DUMP /

NOZZLE IHATCHI

.... J

/
AUX 0UMP'NO2ZL[

\ HTR CABLE

Figure 2.12-43. Auxiliary Dump Nozzle OperaLions



• .........,i_ !..]._....-- .:_!.,.,-: ::_- • . ! ]. _ :. " SMZA-O3-BLOCK IL-(L .... " " - - ' .....

- - " ' .... APOLLO OPERATIONS HANDBOOK

.... " .-/": -ii .:" _ " SYSTEMS DATA '" " " "_ : " " ' _: _ __" i

2.1Z.6.3.3 Fecal Subsystem (Figure 2.1Z-41). _.

...... The fecal subsystem consists of a fecal .collection assembly, tissue

dispensers, stowage compartment, arid a waste stowage compartment.

...... The fecal collection •assembly contains a Gemini fecal bag and an

outer fecal emisis (FE) bag bound together with a plastic wrapper. The

Gemini fecal bag is a plastic sack with a flange at the opening anda finger

tube in the center. The flange has a surface of stomaseal tape for adhering

_to the skin. There is a pocket on the outside of the lower end in which' is

stowed a wet cleansing cloth and a germicide pouch. The outer FE hag is

used for stowage of the used fecal bags and is transparent. It has internal

and external seals at-its mouth which makes it capable of containing a

differential 5-psi internal gas pressure.

The tissue dispensers contain tissue (Kleenex) for wiping, are

approximately 8 x 4 x 3 inches, and weigh approximately a half pound

a piece. Theyare stowed in an aft bulkhead locker, and one dispenser is

attached to the back of the center couch foot-pan so it will be available for

use.

The fecal collection assemblies are stowed in the P_HII_IB R I0 com-

partment in the aft stowage box. The stowage box is fiberglass and has an

end door for greater accessibility.

The entry to the waste stowage compartment is through the door I_ 9

in the R_I-IIEB. This compartment has a capacity of 1600 cubic inches and

is part of the Waste Stowage Vent System.

Operation. Retrieve a fecal collection assembly from stowage,

remove the wrapper, obtain the Gemini fecal bag, and remove protector

strips covering the stomaseal on the flanges. Press the flange to the

buttocks and defecate. The finger tube may be used to dislodge any feces

adhering to the buttocks. When finished, _emove the-fecal bag, wipe with

.eissue, clean with a wet cleansing cloth, remove germicide pouch outer

cover and place in the fecal bag. Gently force gas out of the bag, seal the

i_ange opening, locate and rupture the germicide pouch by squeezing.

Place the used Gemini fecal bag into the outer FE bag, remove the pr 9-

tective strip from the inner stomaseal surface, press gas from the FE bag

and seal. PSemove the protective strips from the outer stomaseal surfaces,

fold, seal, and knead thoroughly until the blue germicide permeates the

feces. I_olI into the smallest volume and place in the waste stowage com-

partment. A split membrane inside the WASTE DISPOSAL door will

prevent the fecal bags from "floating" back through the door opening when
released.

CREW PEi_SONAL EQUIPMENT
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Z.12.6.3.4 Waste S_ow-age Vent System (Figure 2.12-44).

In the event that several fecal bags rupture during the mission, the

waste stowage compartment could emit fecal odors. A-bladder has been

placed in the compartment with an overboard vent system consisting of a

215 micron filter, check-relief valve, and a vent valve to the urine over-

board dump line.

During boost the waste stowage vent valve is open to purge nitrogen

from the crew comparKnqent. However, the crew compartment pressure

decreases faster than the waste stowage compartment and at a differential

pressure of 2 psi, the check valve vents into the crew compartment.

During the mission, after the vent valve has been closed, if ruptured fecal

bags create an overpressure of 2 psi, the check valve vents, the crew will

smell fecal odor and can momentarily turn the waste stowage vent valve to

VENT, venting the odor overboard at periodic intervals. Each entry of a

c_

REF: V36-612_31

CHECK

215 r,AlCRON

CHARACTER ISTI CS

LAUNCH - STOW CO&IP DVERPRESS VENTED INTO

CREW COMP
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STOW COMP

TO URINE

OVERBOARD Ol

Figure 2.12-44.
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fresh fecal bag into the waste stowage compartment would be preceded by

an overboard vent action. The waste stowage door forms a pressure seal

when "closed." During entry, the crew compartment pressure increases

faster than the stowage compartment. A small poppet valve that opens

from 0.07Z _o 0.I psi is in the waste stoppage door and allows the pressure

to bleed into the waste s_owage compartment.-

Vacuum QD (Cabin Vent QD).

Inthe event waste liquids escape and pool on the aft bulkhead, they

can be "vacuumed" and dumped overboard by use of the vacuum QD and the

waste management system. The vacuum QD (V36-612547-II), also called

"cabin purge QD," is a Zlb-micron (0.0086 inch) filter with a QD and

90-degree elbow. The QD will mate to the urine hose.

To vacuum liquid, attach vacuum QD to the urine hose, open WMS

OVBD DI_AIN valve (panel 251) and use as vacuum cleaner.

The vacuum QD will be stowed when not in use.

Personal Hygiene (Figure 2.12-45).

Personal hygiene items consist of an oral hygiene assembly, utility

towels, and wet and dry cleansing cloths.

WHITE BLUE . .

RED \ / _ /2 _ ORAl. HYGIENE SET

UTILITY TOWELS TOOTHBRUSH INGESTABLE GUM PACK
(I EACH ASTRONAUT) CONSUMABLE

TOOTH PASTE
CS-5501E

Figure 2.12-45. Personal Hygiene Items

Mi s s ion.
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Oral Hygiene:Set.- Cleansing of Teeth, ..- . ..... ._

The maintenance of oral health in space, fi1_,nt requires aids which

will cleanse the mouth of food .debris and bacterial plagues, These aids

will be provided e&ch crewrnember on an individual basis according to his

needs. The oral hygiene set consists of a toothbrush and consumable tooth-

paste or inges%ible gum. The reouired set will be stored in the first day's
food s_owage compar_nent BI, to be used for the entire mission.

Wet Cleansing Cloth.

•Vlet cleansing cloths will be used for postrneal and postdefecation

hygiene. The •cloths ,are 4 by.4 inches, folded into a Z-inch square and

se'a{ed <i_pla-_ti_ . They are s_turated with a germicide and w-a_er.

The cloths for postmeal cleansing are stored, alongwith the dry

cleansing cloth, in the food containers for easy accessibility. The post-

defecation cloths are part of the fecal collection as.sernbly.

Dry Cleansing Cloth.

The dry cleansing cloths vrill be alternated with the wet cleansing

cloths for postmeal cleanup. They are the same size and texture; how-

ever, they do not contain _ater and a germicide. They are also packaged
with the food.

The wet and dry cleansing cloths will be placed in the food packages
and be part of the "FoodSet."

Utility Towels.

The towels are used for utility cleanup and use. They are 12 x 12

inches and similar to a washcloth, sterile, and packaged in plastic con-

tainers. The containers have Velcro patches and stow in an aft hullo_head
locker.

The tissue dispensers contain tissues (Kleenex) for utility-_vipe

and "clean-up purposes. The dispenser consists of a container and +_issues.

The container is Beta cloth, approximately 9 x 4 x Z inches, weighs

1.4 pounds .with tissues, and has Velcro patches for restraint during the

mission. Approximately seven dispensers are stowed in aft bulkhead

lockers at launch.

CREW PERSONAL EQUIP_vLENT
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MEDICAL SUPPLIES AND EQUIPIAiENT. "" ':- '- "

The medical equipment is used to monitor current physiological

condition of the crewmen, and to furnish medic a! supplies for treatment

of crewmen in-flight medical emergencies.

The medical equipment is subdivided into two functional types:

monitoring equipment and emergency medical equipment. The monitoring

eqzzipment consists of personal biomedical sensors assembly and a hio-

imedical signal conditioner instrument assembly, The emergency medical

'equipment is in the medical accessories kit. This kit also contains spares

for the bioinstrurnentation equipment and harnesses.

Bioinstrumentation Harness Assembly (Figure Z. IZ-46).

The current physical condition is of great importance to the mission

monitoring flight surgeon. The heartbeat, hy electrocardiograph (ECG)

arid the respiration, via impedance pneurnograph (ZP), are monitored

contfnually throughout the mis sion. The EGO and ZP are telemetered

continuously for all three crewmen simultaneously.

The bioinstrumentation harness is the crewman's personal harness

consisting of a sensors assembly and signal conditioner assemblies.

Personal Biomedical Sensors Instrument Assembly.

The personal biomedical, sensors instrument assembly consists of

four or more electrodes (silver chloride), signal wire, and accessories,

such as paste and application tape.

The sensors (electrodes) are attached to the body of the astronaut,

using paste ancl tape, at areas of sparse muscles (to reduce artifact level),

arid remain throughout the mission. The sensor assembly consists of two

harnesses, a sternal harness attached to the breastbone and anaxillary

harness attached to ribs near the armpits. The harnesses terminate in

connectors that attach to the signal conditioners.

/_xomedical Signal Conditioner As senubly.

Because of their weak signal level, the sensor signals have to be

amplified before being telemetered. Thus function is performed by the

signal conditioner s.

The signal conditioners are Z. 3 x 0.46 x i. 5 inches and weigh about

55 grams. They operate through a signal range of plus to minus 5 volts

and are powered by a dc-to-dc converter which requires 16.8 vdc. This

CREW PERSONAL EQUIPMENT
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Figure 2.1Z-46. Bioinstrumentation Harness

input power is supplied through the SUIT POWER switch on each of the

audio control panels (I%_DC 6, 9, i0). There are two signal conditioners

(ECG and ZP) and the dc _o dc converter.

The signal conditioners fit into pockets in the bioinstrumentation

belt which snaps on the CWG at the stomach. Wire leads connect to the

sensors, which act as an electrode for the ECG and ZP conditioners. The

difference of resistance between t_vo electrodes is measured. Muscle

activity (breathing) changes the skin resistance and this change is

amplified and transmitted to the telemetry system. Each signal condi-

tioner has an output connector that attaches to the harness leading to the

GWG adapter or spacesuit harness.
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Bioins trumentation Acce s s orie s Or Sp are s.

Spares will be located in the medical accessories kit. The kit has

spare electrodes, micropore discs, electrolyte p_ste, stomaseal disks,

and a sternal arid a.xillary harness.

Medical Accessories Kit (Figure 2.1Z-47).

The medicai supplies are oral drugs, injectable drugs, dressings,

topical agents, and eyedrops. The contents of the medical kit are as

follows : ....
. • • .j -

• Oral Drugs and Pills

fPain capstales

Stimulant

Antibiotic

Iv[orion s ickne s s

Diarrhea

Decongestant

Aspirin

• Injectable Drugs

Pain injectors

l_{otion sickness injectors

Dressings

Compress bandage

Band-Aids

• Eye Drops

• Nasal Emollient

• Sternal harness

• Alxil!ary harness

• Electrode Assemblies

• Thermometer

• Ph paper

• UCTA rollons

; f

Topical Agents

Skin cream

Antibiotic ointment

The kit is contained in a beta cloth bag with a cloth closure. Inside

are leaves with pockets and pouches in which the contents are stowe<l.

The medical accessorieskit is stowed in the P_z-IIEB in compartment 1%8.

"In the event the astronauts have to evacuate the command module

during the recovery phase, the medical kit will be removed from sto_vage

and carried overboard into the liferafts.

[

C1%EVf PE1%SONAL EQUIPIVIENT
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/ SEB 421CG082-202
/ -2_ iS SIMILAR

CONTENTS:

FAIN INJECTORS
_1OTIONSICKNESS INJECTORS
COMPRESS
BANDAIDS
SKIN CREAM

ANTIBIOTICOINTMENT
EYEDROPS

STIMULANT PILLS

ANTIBIOTICPILLS

MOTION S [CKNESSRILLS

DIARRHEA PILLS

DECONGESTANT PILLS

ASPIRIN

ELECTRODES

ELECTRODEPASE

MICROPORE DISCS

STOMASEAL DISCS

THEP_MOMETER

PH TEST PAPER

UCTA ROLL-ON CUFFS

#

• 7
FigL_re 2, 12-47. _!edical Accessories Kit

CS-6502A

/
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RADIATION MOIQITORING AND M/EASURING EQUIPMEi_T

(Fig_lre Z. IZ-48).

The system devices that measure the radiation accumulated dose

received by the cre%v are the passive dosimeters and the personal

radiation dosimeters, while the Van Allen Belt dosimeter and the radiation

survey meter monitor the ambient strength of the radiation field. In

addition, the nuclear particle detection system measures the particle flux

of the radiation field.

Passive Dosime ter s.

Four passive dosimeters (film packs) are worn by each crewman

in form film packs which are processed in the laboratory after recovery

to determine total dosage received. The dosimeters are located inside

the communication hat by the temple and in C_VG pockets on the chest, the

thigh, and the ankle. W-hen C_VGs are changed, the film packs must be

respectively switched (figure Z. IZ-48).

PERSONAL DOS IMETER

SEB 161(K1703

PASSIVE DOSIMETER

SEB 12100045

Figure Z. IZ-48.

VI_'_ _

Radiation Monitoring and Measuring Equipment

Mission

g

CREW PERSONAL EQUIPMENT

Basic Date 15 April 1969 Change Date 16 July 1969 Page " Z.IZ-98

F



APOLLO OPERATIONS HANDBOOK - :

, • ; .

.... ._ : " ....... SYSTEMS DATA , . _ : '. ".: !_ . .-._ . "

Personal Radiation Dosimeter (PRD). . . .

Each crewman will wear one personal radiation dosimeter which is

battery-powered arid the size of a package of cigarettes. The PRDs

register readout indicates the accumulated dosage received by the crew-

_nan during the mission. The PRD is worn on the PGA or flight coveralls

at all times.

Radiation Survey Meter (RSM).

The radiation survey meter is used to determine the magnitude of

the immediate radiation field. It is a flashlight-like, self-contained unit

about i0 inches long and 2 inches in diameter. The RSI_ has anON-OFF

switch, direct readout d{al celibrafied in rads/hz, and is battery powered

and manually operated.

The I_SM is clamped in a bracket mounted on the G&N signal condi-

tioning panel.

2. 12.8.4 Van Allen Belt Dosimeter (VABD).

The Van Allen Belt dosimeter is designed to measure dose rates to

the skin and to blood-forming organs (depth dose measurement) in the

command module. The VABD consists of two individual dosimeters

(skin and depth), which have ionization chambers as sensors. The d-c

voltage outputs of the VABD are telemetered to ground real time, and

these voltage outputs are calibrated to dose rates (rads/hr).

I

2.12. 8.5

The VABD and its filter module is mounted in the command module |

Ion the girth ring between longeron No. 4 (right side) and the hatch.

Nuclear 'Particle Detection System (NPDS).

{

The NPDS measures proton and alpha particle rates in seven differ-

ential energy bands and one integral energy band (8 channels: 4 proton,

3 alpha, and i integral proton). The instrument consists of a detector

assembly (DA), in the form of a telescope arrangement , and a signal

analyzer assembly (SA). The pulse rate from the DA at which particles

enter the various energy intervals are converted to d-c voltage levels by

ratemeters in the SA; the outputs of the ratemeters are then telemetered

to ground.

The NPDS is located in the adapter section between the command

module and the service module.

\

r_ i

Miss ion
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POSTLANDING RECOVERY AIDS. "

The postlanding recovery of the crew and CM may last 48 hours.

The recovery aids will ,assist the crew in signaling the recovery forces

and survival ......

Postlanding Ventilation (PLV) Ducts (Figure z. 12-49),

Shortiy after landing, the POST LDG VENT VALVE UNLOCK

handle in the upper center of MDC-Z is pulled, unlocking the PLV valves

on the forward bulkhead. Then the POSTLANDING - VENT HIGI-I switch

on IviDC-15 is positioned to VENT HIGH, forcing air into the CM cabin.

The PLV ducts are unsto_ved and distribnted. The crew installs the PLV

ducts on the PLV manifold. Each crewmember placesa head strap around

the hack of his head, and lies in his couch. The PLV ducts direct the flow

of incoming air to the crewmen. The right- and center-couch crew'n_en us'e

the short ducts and the !eft-couch crewman uses the long duct.

The ducts are 3.Z5 inches in diameter, 15 inches or 35 inches long,

and are made of cloth with stiffeners every 5 inches. One end has a head

strap and the other end an internal circumferential strip of Velcro for

attaching to the PLV manifold. The ducts compress, accordian ,style, into

small volumes that are stowed easily.

PLVS MANIFO_ !L---J\ _ -- _

Post
AIR ENTERS _REW CO,_,?ARTMENT /I/h/I/ 2- SHORT
THROUGHVALVE, FAN, AND DUCTS //_i_ _ - _nu

AND EXISTS THROUGH THE LH J.,_/ _ REF: V36-611818
STRUT MDC WELL (CUTOUD L/i "/_"

AND VALVE. I/_/ //' _ 7

VN-788021
_NOV 69 -_ CS-7106A

_'_3._LOGISTICSi
I,,i,,,_tll TRAIN NG i

Figure 2.12-49. Postlanding Ventilation Ducts
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2.

S_-_mmer Umhilica! and Dye. Marker (Figure 2.12-50).

For daylight visual acquisition during the recovery phase, dye

marker is deployed. The CN.I equipment consists of a dye marke_- and

swimmer umbilical deployment mechanism located on the forward bulk-

head and a power control.

The swimmer umbilical and dye marker, is spring-loaded and held

by a hot wire actuator pin. W-hen the crew determines that the dye marker

is required, the DYE _LAP_E__ switch is activated to the DYE MIAR_KER

position. The POSTLANDING switches are located on MDC-15. The DYE

_vfARI<ER switch is the center switch of the three POSTLANDING switches.

The circuit breaker is on IVIDC-8 and marked FLOAT ]BAG - 3 - FLT/PL.

The current melts the actuator hot wire, retracting the pin arid releasing

the dye marker umbilical. It falls inthe sea on the end of the I2-foot

swimmer umbilical; the dye colors i000 square feet of sea for 12 hours.

_9-hen the pararescue personnel arrive, they uncap the swimmer umbilical

and plug in a jack, connecting their headset-microphone to the audio center

intercornrn system, allowing them to communicate with the crew.

j=.,

2.9.3 Recovery Beacon (Figure Z. 12-51).

ir_the event that crew and CM recovery are not effected during

daylight, there is a visual acquisition method for night operations. The

CIV[ equipment consists of a flashing light (or beacon) located near the

tunnel that is turned on by the crew when needed.

Deployment of the beacon begins v/hen the main parachute deploys.

A lanyard, attached to the main chute risers, actuates two reefing line

cutters that sever a cord holding the recovery beacon arm in the stowed

position. A spring rotates the arm in an upmight (deployed) position and

a latch locks it in place.

\....

The CM has a dual mode recovery beaco,n and the d-c power source

is the SC flight and postlanding bus. The POSTLANDING switches are

located on MDC-15. Its circuit breaker is labeled FLOAT BAG 3 FLT/PL

and loc ated on MDC- 8.

For CM Visual acquisition, the BCN LT switch is placed in the LO

position. The beacon will flash with a high intensity once every 4 seconds

or 15 flashes per minute (FPM). In the low (LO) mode, the operating

time is two 1 Z-hour periods.

When the pararescue team is ready for deployment the request for

the high rate wi_ be made. The BCN LT switch is then placed in the HI

position. The beacon will flash with a low intensity twice every second

or IZ0 FPM. In the high (HI) mode, the operating time is 4 hours.

r_

-\
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Figure 2.12-50. Swimme,r Umbilical and Dye Marker
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Figure Z.12-51. Recovery Beacon

Snagging Line Hook (Figure 2. 12-5Z).

f

In the event the CtV[ lands beyond the recovery force helicopter

range, a recovery aircraft will drop an aircraft delivered drift reduction

system consisting of a recovery equipment package and a parachute at

each end of 840 feet of floating line. The crew will deploy a snagging line

hook Ehrou, gh the side hatch pressure equa!izadon valve port after rezmov-

ing the valve. The snagging line is restrained by a plate bolted to the

port. W-hen the CM drifts to the floating iine, the line will either slide

up the C}_i and catch around the upper deck or will move under the CM to

he snagged by the snagging line hook. Once the line is snagged the para-

chutes act as sea anchors, and the CM drift speed is retarded.

t
t
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2.i2.9.6 Survival Kit (Figure 2.12-54) -

The survival kits function is to provide the equlpment necessary for

48-hour crew survival in the water after landing. There are some items

that can be used inside the Clvi such as the water and desalter kits.

The survival kit is stowed inthe RHFEB structure in two rucksacks.

To remove, open the SUP_VIVAL KITS door and pull the rucksacks in-

board. The rucksacks will have an interconnecting mooring lanyard, and

a man-line lanyard.

Rucksack !.

The rucksacks are cloth bags with a zipper for opening, and a strap

for handling. Rucksack I contains the following equipment.

Beacon Transceiver. The UHF beacon/transceiver is a hand-held,

battery-powered radio, fixed-tuned to a VHF frequency of 243 mc and

manufactured by S_oerry Phoenix Company. The radio consists of a

receiver-transmitter assembly, a battery pack assembly, and quarterwave

antenna. The receiver-transmitter and battery PaCk assemblies mate to

"form a water-tight unit measuring 8 by 4-1/2 by 3 inches. The antenna is

an ll-i/2-inch-long tapered flexible steel tape, terminating in a coaxial

RF connector, and is normally stored in a retaining spool and clipped on

top of the radio um_it.
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Figure Z. IZ-53. To be supplied at a later date.

The radio is capable of line-of-sight operation in either of two modes

(beac_" or voice) through use of either its own anterm_a or a suitably

connected remote antenna. The transmitter output [s protected against

damage, while operating, due to accidental shorting of the antenna or sub-

mergence of the unit in salt _vater. In the beacon mode, the transmitter

operates unattended for periods up to Z4 hours', to transmit an interrupted

1000 cps tone_ amplitude-modulated Z5 percent on the Z43-mc P_F carrier.

In the voice mode, the radio provides t_vo-way AM voice communication

through use of an integral speaker-microphone and PUSH-TO-TALK
switch.

A spare battery and spacecraft connector cable is also included.
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Figure 2. IZ-54. Survival Kit

Survival Light Assemblies. The survival light is a three-units-in,

one device as it contains three compartments. The whole device is Water-

proof. The controls for the lights are on the bottom.

This first unit is a flashlight. The second unit is a strobe light for

night signaling. The third unit is a waterproof compartment containing a

fish hook and line, a sparky kit (striker and pith balls), needle and thread,

_d whistle. The top of the unit is a cornpass. On one side is a folding

signal mirror.

De salter Kits. The desalter kits contain a desalter process bag,

des_Iter tablets, and bag repair tape. The desalter bags are plastic with

a filter at the bottom. Approximately one pint of water is put into a bag

and one tablet added. After one hour, drinking water may be taken through

a valve on the bottom of the bag.

Machetes. The two machetes are protected with a cloth sheath. The

knives are very thin with razor edges. The back edge is a saw.

Sunglasses. For protection of the eyes against the sun and glare,

three sunglasses are included. They are a polarized plastic sheet with

Sierra Coat Iil, a gold coating that reflects heat and radio waves.

f
\
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Water Cans. For drinking water there are three aluminum •cans,

with drinking valve, each containing approximately 5 pounds o_ water.

Sun Lotion. Two containers of sun lotion are for protection of the

skin. - ........

RUcksack 2.

f

Rucksack 2 containS the flotation gear in the form of a three-man

life raft _vith an inflation assemb!yand CO Z cylinder. In addition, it

contains a sea anchor, •dye marker; lanyards, and a sunbonneh for each

C r e_z/l_l F_Io

EQUIPMENT ST(JWAGE.

The numerous activities of the crew make housekeeping very

necessary. All equipment must be stowed at launch and entry, and

provisions must be made to restrain loose equipment during the mission.

Patches of Velcro hook are conveniently located on the Civ[ interior

structure for stowage of loose equipment, which will also have patches of

Velcro pile. Mechanical fasteners (snaps, straps, etc.) _ill also be used

for mission restraint.

/
Movable or loose equipment is sto_ved in compartments and lockers

located in the equipment bays, on the crew couch, on the aft bulkhead, or

sidewa!Is_ The compartments have load bearing doors, internal foam

blocks, or boxes to hold and position equipment. On the aft bulkhead,

rigid aluminum boxes or reinforced bags are provided for st0_,vage.

Each spacecraft is stowed in accordance with its field install'ation

stowage drawing. Sto_vage differs from spacecraft to spacecraft because

of mission requirements and creav desires.

p_
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This section identifies the physical characteristics of the docking

system and the operations associated with docking and separation.

Docking Operational Sequence.

The following sequence of illustrations and text describe the general

functions that are performed during docking. These activities will vary

with the different docking modes.

After the spacecra£t and third stage have orbited the earth, possibly

up to three revolutions, the third stage is reignited to place the spacec]raft

on. a translunar flight.

Shortly after translunar injection, the spacecraft transposition and

docking phase takes place (figure 2.13-i). V_rhen the CSN[ is separated

from the third stage, docking is achieved by maneuvering the CSN<[ close

enough so that the extended probe (accomplished during earth orbit)

engages with the drogue in the LNi. When the probe engages the drogue

with the use of the capture latches, the probe retract system is activated

to pull the LM and CSM together.

Upon retracgion, the LM tunnel ring will activate the IZ automatic

docking ring latches on the CM and effect a pressure seal between the

modules through the two seals in the CM docking ring face. After the two

vehicles are docked, the pressure in the tunnel is equalized from the CM

through a pressure equalization valve. The CM forward hatch is removed

and the actuation of all 12 latches is verified. Any latches not automati-

cally actuated will be cocked and latched manually by the crewman. The

LM to CM electrical urnbilicals are retrieved from their stowage position

in the LM tunnel and connected to their respective connectors in the CM

docking ring.

E
[

The vehicle umbilicals supply the power to release the LM from the

SEA. Once the hold-down straps are severed, four large springs located

at each attachment point push the two vehicles apart, and the combined

CSM/LIVi continues towards the moon.

=

/

I

DOCKING AND CREW TRANSFER

_is slon .Basic Date 15 April 1969 Change Date 15 /an 1970 Page 2.13-i



o .

_./f.7'. ...... .

i

• ,u f._

}1

C3

o

>

0

bx_

TRANSLUNAR
INJECTION

CONFIGURATION

CSM-LM

SEPARATION

CSM
SEPARATION

)

FREE

FLY-AROUND

TRANSPOSITION & DOCKING
PHASE

DOCKING

" _'\ LUNARORBIT

"-I" RENDEZVOUS& DOCKING

Figure 2. 13-I. CSM/LM Docking Operational Phases

i •

LM SEPARATION
FROff_S-IVB

LUNAR
OPBIT

CONFIGURATION

LM
A BANDONED

ST-_IOOB



APOLLO OPERATIONS HA_NDBOOK - " •

SYSTEMS DATA . . • " _

_-_-_ " ....

J

/
\o

/

Once in lunar orbit the tunnel is repressurized. Tie probe assem-

bly and drogue assembly are removed from the tunnel and stowed in th6

CM. The pressure in the LIV[ is equalized through the Llk/1hatch valve.

_VifLh the pressure equalized, the LM hatch is opened and locked in the

open position to provide a passageway between the two modules.

After two crewmen transfer to theLM, fihe CM crewman retrieves

the drogue from its stowage location in the CM, passes it through the

tunnel, and helps to install and lock it in the tunnel. The drogue may be

installed and locked by the LM crewmen, if they choose. The probe

assembl?- is then retrieved from its stowage location in the CM and

installed and preloaded to take all the load between the modules. This

accomplished, the Lii hatch is closed hy the LM crewmen. The 12 dock-

ing latches are released and Cocked by the crewman in the CM so that the

latches are ready for the next docking operation. The CIV[ forward hatch

is reinstalled and checked to assure a tight seal. The modules are now

prepared for separation.

The probe EXTEND RELEASE/RETR_A-CT switch in the CM

(_IDC-2) is placed in the EXTEND position, energizing the probe extend

latch. The probe extends and during extension will activate a switch ener-

gizing an internal electrical motor to_ unlock the capture latches. After

the probe extends, the LM pulls a_ay from the CM and descends to the

lunar surface. If the switch is not held until the probe reaches full exten-

sion, the capture latches will re-engag e to hold the two vehicles together.

The switch would then have to be reactivated and separation performed

with the RCS.

After landing, it will be severalhours before the firs_ man steps

foot on the moon. The first few hours are spent checking the LIV[ ascent

stage and resting. This completed, the cabin is depressurized and One of

the crewmen descends to the lunar surface. Following a short period,

the second crewman descends-to the surface. Lunar surface activities

will vary for each mission.

Following completion of the lunar surface exploration the ascent

engine is fired using the depleted descent stage as a launch platform.

After rendezvous and docking in lunar orbit, the LiV_ crewmen

transfer back to the CM. After the CSM and LM pressures have equal,

ized, the LM crew opens the LM hatch while the CM pilot removes the

tunnel hatch. The drogue and probe are removed and stowed in the LM.

Lunar samples, film, and equipment to be returned to earth are trans-

ferred from the Lih/ito the CM. Equipment in the CM that is no longer

needed is put into the LM, and the LM hatch is closed, the CM hatch is

replaced, and the seal checked.

f
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iThe LM is thenreleased by firing the separation system (detonating

Cord) located around the circumference of the docking ring, thus severing

the ring and abandoning the LM (figure 2.13-I). This completed, the CM

SPS engine is fired placing the spacecraft in a re_urn trajectory toward

the earth.

FUNCTIONAL DESCRIPTION°

The dockin_ system-is a means Of connecting and disconnecting the -

l_M/CSiVl.-during a mission and is removable to pro_ide for intravehicular

transfer between the CSM and LM of the flight crew and transferrable

e quipme nt.

The crew transfer tunnel, or CSM/LM interlock area, is a pa_sage-

way between the C_I forward bulkl_ead and the LM upperhatch. The hatch

relationshi p with the docking hardware is shown in figure 2.13-2. (The

figure does not. show the installed positions.) For descriptive purposes

that portion of the interlock area above the C_i forward bulkhead to the

docking interface surface is referred to as the CM _unnel. • That portion

of the interlock outboard of the L_i upper hatch extending to the docking

interface surface is referred to as the LM tunnel. The CM tunnel incorpo-

rates the C_I forward hatch, probe assembly, docking ring and seals, and

the docking automatic latches. The LM tunnel contains a hinged pressure

hatch, drogue support fittings, drogue assembly, drogue locking

mechanism, and LM/C_I electrical umbilicals.
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COMPONENT DESCRIPTION =

CM Docking Ring.

The docking ring is mounted and bolted to the forward ring of the

CM tunnel. The docking •ring is qapable of withstanding all interface loads

and maintains the docked alignment of the modules.

The docking ring also serves as a support for the probe, 12 auto-

matic-docking latches, a pyrotechnic charge, passageway for the electri-

cal harness, and the two interface seals. A continuous wire passageway

and attachment covers are provided in the docking ring. The passageway

is covered by a protective cover with an opening to allow the individual

:harnesses to enter or exit .the passageway. The two concentric interface

seals will enable pressurization of the crew tunnel and vented spacesuit

operation within the tunnel. The docking seals are round and hollow; the

inner seal is vented to the crew compartment pressure, and the outer seal

is vented to-ambient pressu_re. The seals are of sufficient size to allow

for maximum warpage/waviness gap between the flanges. To remove the

docking ring and attached hardware during CSM/LM final separation, or

should an abort be initiated, a mild detonating fuse (MDF) is fired to

sever the docking ring. During an abort, the severed ring and attached

parts will be pulled away from the ClVl by the launch escape system (LES).

The charge is initiated by a switch on the main display console (iVIDC)

within the Ci'v[.

2.13.3.2 Docking Latches.

Twelve automatic locking latches (figure Z.13-3) are equally spaced

about the inner periphery of the docking ring. When latched, they provide

a means of effecting structural continuity and pressurization capability

between tl%e CSiV[ and Lik/[in the docked configuration. The docking latches

will automatically self-seek and engage the Likd docking _ange back surface•

upon activation of the latch trigger mechanism when making contact with

the LM docking flange. Should a latch be inadvertently triggered, the

latch components will not prevent a successful LI%/ and CM docking and

sealing operations. A red button will protrude out of the handle indicating

an unlocked condition. Any three latches located approximately 120 °

apart engaged and latched will hold the CSIX/I and LIV[ together with the

tunnel pressurized. The individually triggered latch may later be

rearmed and released manually by the crewman for CA][ to Llvi engage-

ment. The latch mechanism will exert a preload or hook pulling force of

Z700 pounds minimum. This preload force will retract the hook, seat the

hook on the back of the L_A/I docking flange, accommodate for flange

warpage/waviness, and compress the docking seals. Release of the latch

will be accomplished by the crewman pulling the individual latch handle

for a double throw. The release of the latch will also cock the latch for

the next docking engagement. Fairings are installed in the area between

the latches providing a smooth inner mold line.
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Figure 2.13-3. Automatic Docking Latches

Docking Probe Assembly.

The primary function of the docking probe assembly is to provide

initial vehicle CSM/LM coupling and attenuate impact energy imposed by

vehicl.e contact. The docking probe assembly (figure 2. 13-4) consists of

a central body, probe head and capture latches, pitch arms and tension

linkages, shock attenuators, ratchet assembly, Support structure, exten-

sion latch and preload torque shaft, probe retraction system, probe elec-

trical umbilicals, and the electrical circuitry necessary to accomplish

the functions described herein. The docking probe may be folded for

removal and stowage and is capable of being removed from either end of

,the crew transfer tunnel.
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Figure 2.1'3-4. Probe Assembly Docking System

ST-479G

Support Structure.

The probe is tripod-mounted to the docking ring by a support struc-

ture attached to the outer collar of the probe. The supports are designed

to collapse (fold) to allow removal of the probe from either module. (See

figure 2.13-5.) Coilapse of the probe consists of reducing the diameter

of the three mount legs to approximately 24-3/4 inches in diameter making

the probe small enough for passage. This is accomplished by unlatching

the collar with the ratchet handle and allowing the collar to slide aft

approximately 9-I/4 inches on the probe cylinder, Connected between _

each support leg and the probe cylinder is a semi-rigid shock strut assem-

bly. The strut assemblies contain Bellville washers which help in

attenuating the high lateral loads. The washers are concave in shape and

DOCKING AND CREW TRANSFER
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are arranged to provide a rigid strut in tension and a high rate of spring

action in compression. One of the support legs is marked yellow tO

correspond wit}f a matching color on the docking r.ing socket fairing. The

probe installation support strut is stowed on the yellow support beam,

whereas the other two support legs contain stowage receptacles for the

probe urnbilicals.

YELLOW INSTALLED

- PITCH ARM i3)
SI-'DCKSTRUT ASSEMBLY (3) /

/

COLLAPSED

/RATCHET HANDLS"RELEASE
/ (CM SIDE)

INCH

COLLAR RELEASE

HANDLE (LNtSIDE)\

EXTENDED RETRACTED

I
INCH

RATCHET

ASSEN_BLY

CAPTURE LATCH / EX_ND LATCH

RELEASE(LM SIDE) /" EXTEND LATCH
/

CAPTURE LATCHES (3) INDICATOR (REZ_

P-4 CONNECTOR(YELLOW

CONNECTOR

_yFILOW)

LATCH

RELEASEHANDLE

(CM SIDE)

"_ LATCH PRELOADHANDLE

CYLINDER "\

CONTROL YOKE (3] SUPPORT BEAM (3)

LINK (3)

•ATTENUATOR ASSEMBLY (3)

2.13.3.3.2

Mis sion

Figure 2. 13-5. Probe Operational Positions

DKG-O58E

Pitch Arms and Tension Linkages.

The pitch arms will make contact wifih the drogue surface during the

prob@ retraction cycle if the CM and LM tend to jackknife. The tension

links transmit the+ pitch arm loads and torque loads to the probe outer

DOCKING AND CP_EV/ TRANSFER
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cylinder during an axial displacement.. Together the pitch arms and

tension linkage induce the requiredlk.inematics causing compression of

the shock.attenuators, attenuating the loads necessary to meet the

docking requirements (figure 2. 13-6).

l

STE_ANITROGEN

STRUT ASS&_BLY

P.ATCH ET HANOI

ASSFJ,ABLY

HANDLE

DKG-0OIH

Figure 2. 13-6. Exploded View - Probe Assembly

2.13.3.3.3 Shock Attenuators.

The shock attenuators are pistgn , variable-orifice, fluid-

displacement type units (figure 2.13-7). The attenuators are attached to

the probe assembly so that all axial loads or side loads will be attenuated

to or below the required level for the docking mechanism, The attenuator

cylinders are filled with a Orinite 70 fluid at a temperature of 70±3-°F.

DOCKING AND CREW TRAaNSFER
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Figure 2.13-7. Docking Probe Attenuator Ikssernbly

V/ith the piston assembly extended a ri-iL_ztureof .argon and heliurn gas is

inserted through a plug 'located under the rod end. The gas is injected

with the aid of a hypordermic needle to a pressure of 30±3 psig at 70±5°F.

The purpose for pressurizing with gas is to provide an air spring and

pressure for attenuator extension. T_.is stored energy within the atten-

uators will c_use the collar assembly to move aft when the collar is

released, pulling the support structure from its mount.

Probe Body - Extension Latch 7[ssembly.

The probe body consists of an inner and outer cylinder, sized to

allow a 10-inch maximum travel of the inner cylinder (figure 2.13-5).

Attached to the probe body is an extension latc_ which will engage and

retain the probe in the fully retracted position (figure 2.13-8). The

large coil spring located within the inner cylinder will extend the probe

upon release of the extension latch.
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Mission .Basic Date 15 April 1969 Change Date 15 Jan 1970 Page 2.13-12

..... . " 7 =7'{ i_ li'.ll,./It*:',',.ll) '_t.l_,<U[h'<#!|I#",l/ _! bLl _ _ i _ t_ ' _i _', 7 LI,i_,'ti_ ,';°hlll'.; i,!'-. # ';. "+_.l'_ i: n"! , *I g_ Id tlfq I! I _i ,."!t'.Ifq'lq'lli',)t'_l[ t_7'[,,i':t',,,],'.:,'.' ..' l,';i,! '1 tl-!ll!!'i l![J t ! ='x-
" " ' .... : ..... < * .................. _,_ • _-; _.ff,L _ ,.'s } I'. :+_l < i..i_.. , ,> f i , ,,



¸

TORQUE

/

- ...." L SMZA-03-BLOCK If-(i)

- " " " APOLLO OPERATIONS I_L&NDBOOK
_ . .

SYSTER£S DATA

/EXTEND LATCH

_ INDICATOR . . . .

(RED}

+ : EXTENSION-LATCH

_AFT_ ASSEN_BLY

i rq

PRELOA D HANDLE/

LATCH

(UNLATCHED)_ {
• " C

INDICATOR

(FLUSH WHEN.._.F_V_

LATCHED)--_./

Z:I:2:Iz3T-=-__

(UNSTOWED) \

_ PRELOAD HANDLE

(STOWED)

ORANGEBAND

/
/

' I_OAD HANDLE

J < t f_L} DKG-OSgA
LOGISTICS

Figure Z.13-8. Extension Latch Assembly

;+,

Loc'ated within the preload torque shaft £s a spring allowing the

extend latch to be free-_qoating and self-locking. This assures automatic

capture of the probe piston by the extension latch when the probe retracts +.

An indicator is provided to indicate a fully engaged latch. The indicator

(red) protruding above the housing shows that the hook has not fully

engaged the roller on the probe piston. If this situation exists, the extend

latch assembly can be altered by applying........a CC-vV _'at:-he__.........torque e_tend_g

Khe latch assembly until the indicating pin retracts.

Prior to separation in lunar orbit the probe is pre-loaded with the

extend la_ch assembly to maintain tunnel pressurization while the [2 dock-

ing latches are released and cocked. To preload the probe the ratchet

selector is positioned on the preload handle so that the ratchet will rotate

clockwise. The handle is ratcheted until the load limiter releases.

-.i

IVlis s ion
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Probe Head -: Capture Latches. . . _:

The probe head is self-centering and is gimbal-mounted to the piston

of the probe assembly (figure Z. 13-9). It houses the capture latches and

is designed so that the probe head will deflect toward the drogue socket

through all:contact attitudes within the design parameters. The capture

latches.will automatically engage the drogue socket when the probe head

centers and bottoms in the drogue. The capture latches are capable of

remote and manual release from the. CM Side, and manual release from

the LM side. l<elease of the capture latches will permit withdrawal or

insertion-of the probe head assembly. Electrical release is accomplished

by switching power through probe urnbilicals to motors within the probe

body(figure Z. 13-6) causing the torque shaft to rotate and allow release

of the latches. IXdanual release of the capture latches from the CM side

is accomplished by a built-in release knob and handle on the CM side of

HEAD"

BEARING

Figure 2.13-9. Probe Capture Latch Assembly

DKG-OIOB
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the probe. (See figure Z. 13=10.) In. unlocking the capture latches '

(view D), the capture latch release knob and handle is pulled aft I/Z inch "|

and rotated 180 degrees C%V. This canbe accomplished only with the

probe piston in the retract position. When the probe is being collapsed,

the probe collar contacts the release handle, which in turn will telescope

and remain operable with the probe installed or folded. (See figure

Z.13-11.) The capture latch release handle must be rotated 150 ° CC%_- |

(orange indicating arrow) to make the capture latches "cocked." This !
means the capture latches will capture when all three latches have pene-

trated the drogue ring simultaneoUsl F. The handle should rotate CC_V an |

additional 30 ° . Release of the capture latches from the Lk/i side is !
accomplished by depressing the capture latch release plunger (figure

. Z. 13-9) approximately 5/16-inch below the probe head by using tool B of

the C_i-L_ tool set.
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\
\
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/,. •

/

/
/

i

PRELOAD HANDLE

[ 1
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YELLOW ARROW

T1 P YELLOW
l.i

VtEWO
YELLOW ARROW
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,_- '_ ,X k ON ELECT
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U NLOCK
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Figure g. 13-i0. Aft View Docking Probe
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Figure 2. 13-11. Capture Latch Release

If the retracted position is selected on the RETRACT EXTD/REL

switch located on MDC-2, capture latch engagement will close a switch

within the probe, setting up operacion of the retraction mechanism when

one of the RETRACT/PRIM or SIEC switches is placed in 1 or 2 position.

2.13.3.3.6 Ratchet As s embly,

The integrated ratchet assembly provides a handhold for handling

the probe, assists in installing and removing the probe assembly, and

performs the ratcheting operation that slides the collar forward or aft,

extending or collapsing the probe pitch and support arms (figure Z. 13-1Z)o

The ratchet assembly will lock/unlock the sliding collar by pivoting the
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handle away from the probe centerline ei_.J_er from the CM or LM side.

The lack handle is stowed and locked by a lug which engages the handle on

the CM side. A release button is provided on the CM handle and a trigger

release on the LM handle to unlock the ratchet assembly.

Figure 2.13-13 shows the various ratchet handle positions for probe

removal and installation. View A shows the jack handle and ratchet

assembly in the locked and stowed position.

View B shows the 30-degree stroke required to unlock the sliding <-

collar from the CM side. fro unlock the sliding collar from the C_I side,

grasp the jack handleat the CM end, depress the slide release button,

and pull the handle all the way aft. Secondly, push the handle forward to

the first detent and swing the handle out 3D degrees from the probe center-

line. In the last 5 degrees of pivoting, the pawls are lifted from the rack,

_e collar will slide aft, and the probe will collapse because of the

attenuators' stored energy.

View C shows the unlocking operation from the L_{ side. First,

depress the release button on the L_I side of the jack handle and push aft

to the first detent. Second, unstow the foldable lever by pulling on the

handle knob and rotate the lever upward against the stop. Third, rotate

the handle &ssemblyinboard until the collar is released. Again hold the
knob until the probe folds.

View D shows the 25-degree stroke used when installing the probe.

After the probe is locked in the drogue, unstow the support strut located

on the support beam, and position against the ledge on the tunnel hatch

seal ring. Pull the jack handle to its extreme aft position. Grasp the

support handle with the left hand and with the right hand jack the probe

collar forward ex_ending the support legs into the three support sockets

in the C.X/Idocking ring. W-hile Pumping the handle, maintain a thrust load

on the tunnel ring through the support strut. The maximum push force on

the handle should not exceed 60 pounds for the working stroke of Z5 degrees.

Installation is complete when the collar uncovers a cross-hatched area on
the prooe conduit.

To ensure £ne operator that the pawls are seated in the rack, a pawl

indicator is located on the ratchet mechanism. (See figure 2. 13-12.)

Operation is complete when the indicating button is flush with the housing.

With the probe.installed, stow the haadle by holding it parallel with the

centerline of the probe and by depressing the button release while thrust-

ing the handle toward the probe head. The socket of the handle will lock

on a lug and prevent further handle movement.
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Retraction System,

The retraction system consists of nitrogen gas stored in four her-

tactically sealed bottles located inside the probe body (figure 2. 13-14).

Gas pressure is released when the piercing piston punctures the seal on

the bottle. The pyrotechnic initiators are activated by a crewTnan within

the CMbZ placing the RETR_ACT/PRIM-SEC to position l or Z. Releasing

the nitrogen gas causes the probe piston to retract. The retraction force

issufficient to draw the modules _together, compress the interface seals,

and allow engagement of the automatic locking latches.

The residual gas will he bled off manually by the as_tronaut in order

not to re-strict probe movement during the next extension. Pressure

release is accomplished by a manual relief valve located as part of the

gas manifold. This valve is opened by depressing a red thumb button on

the aft end of the probe. The button and pyro components are protected

from handling damage by a protective cover.

Probe Umbilicals.

Two microdot connectors and harness assemblies are provided for

probe instrumentation and probe logic power. The connectors are

installed in the docking ring so they are visible and can be demated and

mated from either the C_I side or the LNI side of the combined vehicles

(figure 2. 13-15). The connectors utilize a notched handle that will

_k TO PROBE PIS_N
• CHM.A BER

VENI VALVE • ,,_ _',IA_AL VALVE IRELIEFI

PlSTO_I

'TO AMBIENT _ _ NITIATOR

" " ........ " __z_
F__ _ ......

Figure 2. 13-14. Probe Retraction System
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provide a positive grip for twist and pull action. Part of the connector

and the probe harness may protrude into the tunnel when the probe is

installed, but when the probe is removed the fixed portion 0f the connector

will he covered by a hinged protective cover. This provides a smooth

surface for crewman passage through the tunnel. When disconnecting or

reconnecting.the probe electrical connectors from the C_kl side, the

EXT/P_EL-OFF-P_ETR_A_CT switch should be in the OFF position, and

CBZ on panel 276 open, to assure thzt no instrumentation power exists.

Drogue Assembly.

The drogue assembly Consists of an internal conical surface facing

the CNi, a support structure and mounting provisions that interface with

three rnourits in the LM tttnnel. One of the tunnel mounts contains a lock-

ing mechanism to secure the drogue and prevent it from turning during the

docking maneuvers_ Unlocking &nd removing the drogue may be accom-

plished from either end of the cre_ transfer tunnel. To aid in the removal

and installation, three handles are provided on the L_i side (figure 2.13-16).

I -Y !
+Z _

(RE[)

=:_

+Z
_CSM AXIS)

UMBILICAL TUNNEL (REF}

+X--

PUSH & ROTATE
TO UNLOCK
(REQDFROM
LA_

DROGUE LATCH

P(N (REF)

(PULL & ROTATE

CCWTO UNLOCK)

,LATCH
HANDLE

(REF)

DKG-OI6E

Figure 2. 13-16. Drogue Assembly
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Vehicle Umbilicals. : . _ ....

Tv¢o electrical umbilicals, are installed in.the LM tunnel at launch.

One end is attached to the LM connectors, the other end routed and

attached to stowage connectors on the LM tunnel wall. These stowage

connectors are physically clear of the drogue supports and probe supports

-and pitch arms. The connectors are accessible from the CM tunnel

between the drogue periphery and the LM tunnel wall. In this manner

C_vi connections can be accomplished, after transposition and docking,

withou t requiring probe O r drogue removal ......

Forward Tunnel H_.tch.

.f -...

The forward hatGh in the CM tunnel enables crew access to the LM-

CiX_ interface and ri_ay be used for emergency egress after postlanding.

(See figure 2.13-17.) The hatch is removable only into the crew compare-

mont. The reinforced flange on the forward tunnel ring for the pressure

seal and latch engagement prevents an outward removal. The hatch is

retained at the forw_ard end of the CM tunnel by sixseparate jointed

latches whose linkage is driven by an actuating handle frorr, within the

crew compartment. A drive is provided on the L_i side (outside) opposite

the actuating handle drive, permitting hatch removal by using the B tool

of the in-flight tool-set. A pressure equalization valve, which can be

opened or closed from either side, is provided on the hatch. This valve

is used to equalize pressure in the tunnel and Li_i prior to hatch removal.

A single activating handle is provided to open or close the hatch.

This actuating handle is an integral part of the gear box and reqt_ires only

one hand for operation. Manipulating tile actuating handle will extend or

retract the sLx latches (figure 2.13-18). The operating distanceof the

handle is approximately 80 degrees. The working stroke to operate the

latches is only 60 degrees. The handle has a three-position selector

L-N-U (Latch-Neutral-Unlatch). A sturdy aluminum cover supporting

the insulation and covering the latches is provided _o minin_ize the possi-
bility of condensation and ice formation.

An auxiliary means of latching is provided to operate the latches

should the gear box or actuating handle fail. To use this means of latch-

ing, __he gp_---box is disconnected and the ring rotated to engage the

latches. To open hhe hatch from the outside (L_Vi side), the B tool is

inserted in the drive opposite the gear box and rotated CCV_ . Total rota-

........_., tional travel necessary to retract the latches is 167 degrees with the firs_

(_: 30 degrees disconnecting the gear box.
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Figure 2.13-17. Forward Pressure Hatch

LM Tunnel Hatch.

The LM hatch is riot remo_able but is hinged to open 75 degrees

into the LM crew compartment. (See figure 2. 13-2.) A hatch operating

handle is Drovided on each side of the hatch on a common shaft. The

hatch is opened by rotating the handle approximately 90 degrees clockwise

from the C_,X/fside, counterclockwise from the LM side. Handle rotation

in the opposite direction is required to re-engage the latching mechanism.

A pressure dump (equalization) valve, manually operable from either

side, is provided in the LM upper hatch. This valve is' basically required

for pressure dump capability from the LM cabin.
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Figure 2.13-18. Combined Tunnel Hatch Mechanism

Tunnel and LM Pressurization.

The pressurization system is necessary to equalize pressure

between the ClVl and LZvl after the two vehicles have docked. The controls

necessary to perform pressurization can be operated from either vehicle

by an unaided crewTnan. W-hen tunnel pressurization is initiated from the

CM, it will, also pressurize the L_N{. The system components for pressur-

izing the tunnel and LIV[ from the CN, the CM tunnel from the LM, and the

plumbing for tunnel venting, will be covered in the following paragraphs.

Figure 2. 13-19 shows the system components and their location.

E

F
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Pressure Equalization Valve.

A pressure equalization valve is installed in the center of the for-

Ward tunnel hatch to equalize pressure between the CM cabin and the L_I

tunnel. The valve mmTy- be operated from either side. A hand crank is

a_tached for opening the Valve from the CM side. The handle has a 45-

and 90-degree position. The handle placed in e_ther position unlocks the

valve. (See figure 2.13-Z0.) Approximately five turns retracts (opens)

or extends (closes) the v_Ive. The B tool is used from_the LM tool box

to open the valve from the Llvl side. An indicating pin is attached to the

valve showing the operator the valve position, i green and yellow color

painted on the Valve body coinciding _vith the pin indicates open or closed.

SHAFT ASSY

f_

ASSY

HANDLE

SPRING

CLOSE

]

PLUG "_

/
SPRING

SHAFT ASSY

¥

HANDLE

OPEN

. /"

•Figure 2. 13-Z0. Pressure Equalization _alve
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LM/Tunnei _vTent Valve.

The LM/tunnel vent valve is a four-way manually operated valve

located adjacent to the tunnel entry, (See figure 2.13-'19.) Tool E is

used to operate the _alve which is accessible to a crewman at the lower

equipment, bay. A differential pressure _a_e_ , together with the vent

valve, is capable of verifying pressure equalization between C_i cabin

and LM tunnel. Position I isolates the system. This position prevents

any airflo%v from the cabin to the L_i/Cl_i tunnel ring interface. (See

figure Z. 13-2i_) Position 2 opens the i/4Linch line to the LIX/I/CM ring

interface. _This position may be used as a backup to the pressure equali-

zation valve in the hatch. Placing the valve in position 3 opens the

i/4-inch l$ne to the L_{ tunnel and _P gage monitoring the pressure

differential between the CIh_ cabin and L_i tunnel. %%Then the valve is

PRESSURE
EQUALI ZATION

CM TUNNEl.

POSITION 2
LM PRESS

POSITION 3
L_CM AP

POSITION 4
LJ_ TUNNEL VENT

DKG-024

Figure 2.13-21. LM Tunnel Vent Valve
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in position 4 the LM tunnel will be vented to ambient. This position will

check and verify the sealing capabilities of the two hatches.. After venting,

a check to see that the tunnel remains evacuated may be made by placing

the valve back in position 3.

LM Cabin Dump Valve.

The primary purpose of the LM cabindump valve is to prevent

excessive cabin overpressure and £o permit deliberate cabin decompres-

sion. (See figure 2.13-19.) Theme are two of these valves located in the

LM cabin. One valve is located on-the forward ingress-egress hatch and

the other on the overhead docking hatch. Two manual handles are pro-

vided for operating the valve, one inside the vehicle and one externally

(figure 2. !3-2g). The internal handle is a _hree-position handle (DUMP-

AUTO-CLOSE) which is detent Iodked in all three selections. Vv'hen the

AUTO selectio_ is made (view A) operation of the valve is by means of

the external handle (view D) or the action of the servo valve.

Force exerted on the external handle is transmitted to the main

poppet and drives it off its seat regardless of the cabin differential at the

mount. The servo v_ive consists of a metering valve whose position is

controlled by the deflection of the servo valve diaphragm. One side of the

diaphragm is exposed to cabin pressure, while the spring side is vented

overboard to ambient. _?'hen the cabin-to-ambient pressure differential

reaches approximately 5.4 psid, the servo valve diaphragm will over-

come the servo spring and unseat the servo valve. This action will vent

the spring side of the main poppet to ambient, causing a pressure drop in

the chamber. As cabin pressure is still present on the bottom surface of

the main poppet, it will overcome the force of the main poppet spring.

Cabin pressure will now dump overboard reducing it to acceptable values.

Moving the internal handle to the DUMP position (view C) results in

a shaft motion which will pull the poppet off its seat. The CLOSE selec-

tion (view B) moves, the manual actuation rod toward the main poppet,

increasing the load on the manual close spring. This selection will be

used in isolating a leaky dump valve in flight.

In addition to positive pressure relief, the cabin dump valves will

relieve cabin negative pressure. If ambient pressures exceed cabin pres-

sure, the main poppet will open and equalize the pressure differential.

This condition could occur during docking when oxygen is supplied to the

LM from the CM ECS through the tunnel area.

Do cking Sys tern Electrical Mechanical Schematic.

Figure 2.13-23 shows schematically the overall electrical and

mechanical operation of the docking system hardware.
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PERFORMANCE AND DESIGN DATA.

Design Data. -_

Docking Latches.

Latch Description

Trigger setat 0. II0 in.

Latch reach 0. 165 in.

Minimum requirexhents 2700 ib

at 0.65 in.

_o-back engages 0 to 0. 007 in.

Latch stiffness 66,000 ib/in.

. . - .,

Notes

Clearance between the rings.

Greater the translation distance

the higher the load applied.

Governed by number of teeth on

the ratchet.

Linear stretch in the hook.

2. 13.4. l.g Docking Probe.

Probe Description

WeighJ

Notes

83 ib

Size (Length)

Installed Z4 in.

Extended 34 in.

Capture latch release handle to

probe head.

10-in. piston stroke.

Folded 31 in.

Internal Spring

Piston extended 70 ib

Piston retracted 130 ib

Collar slid all the way aft.

Spring force variance governed

by length of stroke. _

DOCKING AND CREW TRANSFER
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Strut As sernbly _

Piston extended 240 Ib

f

Piston retracted 8000 Ib

Art enuat o r s

Piston extended 60 lb

. . i

Bel!vi!!e washers (concave)

Force variance governed by

number of %rashers and how

they are stacked (static).

Fluid filled

Force variance governed by

stored gas pressure (static).

Piston retracted 300 Ib

.i.j,3
i

r

Probe Pressure System.

Pressure System Description

Manual Valve (Relief) &

Automatic Relief Valve

Not e s

Manually opened from back of

probe (red button)

Cracking pr e ssure 350 ,psig

Full flowpres sure 450 psig

l_eseat pressure • 300 psig

*Cracking pres sure could -occur

when two bottles are discharged

simultaneously.

Flow Passages 0. 093 minimum diameter

Primary Orifice Flow area 0. 005 diameter

Secon.dary Orifice Flow area 0. 013 diameter. This

area effective when bypass valve

is open.

Vent Valve
Open pressure

Closing pressure

15.0 psig

-15 to 20 psig

N 2 is vented into the probe

cylind e r.

i*

Mission.
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I Filter 5 micron (nominal)" -

N z Pressure .Vessel 5000 psi precharge

5.8 in.3I
i

Z. I_3.4. Z

I

:!-

2. I;3.5

I

- !

Performance Data.

Battles are checked by weight

Refer to CSM/LM Spacecraft Operational D.ata book SNA-.8-_D-027
CSM (SD 68-447).

OPERAT!ONL&L LLN/IITATIONS AND RESTRICTIONS.

Refer to Volume 2 of the AOH and its malfunction procedures.

_- i̧

Pages 2.13-37 _/%rough Z. 13-4Z deleted.
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SECTION 3

CONTROLS AND DISPLAYS

(Controls arid Displays Applicable to SC 106 and

Subs Unless Otherwise Noted)

r

{

-._..

I

f

y

I

INTRODUCTION.

This section identifies each control and display in the command

module, and lists panel and area location, item nomenclature, positions

and related fu_nctions, power source, and associated explanatory data.

Controls and displays are presented in a tabulated list in numerical order

by panel and area number. Panel numbers are those appearing on the

main display console drawing (figure 3-1). The area designations are

those alphabetical letters used for reference purposes only on the display

paneland, in most instances, designate a specific system. The following

is: a detailed explanation of the colurrunar data presented in the tabula£ed

list.

Loc ati on Gives the location of a particular control or dis-

play by panel number.

Area The larger panels are further divided into areas.

In most instances, the area correlates to a

specific spacecraft system. This breakdo_nn will

provide the user with a ready reference as to the

specific system contained on a given panel and

area.

Grid Panels 1 through 16 (figure 3-I) have grid refer-

ence numerical marks horizontally (abscissa),

and alphabetical reference marks vertically

(ordinate) on the drawing. These grid location

marks provide a means of specifically locating a

switch, circuit breaker, light, gauge, etc., on

the main display console. There are no grid

location reference marks on the panels in the

equipment bays.

Name and Position Gives the exact nomenclature of a particular con-

trol or display and the control positions, as

placarded on the panel.. In the absence of a

placard, a functional name ls assigned_and the

positions are described physically ("up, _' "down,"

etc).

CONTROLS AND DISPLAYS
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Function

Circuit Breaker

,'PoWer Source
f

Describes the function of each control in each

position.

Gives the name and location of the circuit

breaker(s) for circuit protection and for control-

ling the electrical power to each control and

display.

Identifies the .immediate bus or source supplying

power to a particular control or display.

CONTROLS/'D/SPLAYS LOCATOR ENDEX.

To aid in finding data witbin this section, .a locator index precedes

the tabulated list. The index is subdivided into spacecraft systems. Under

each system is listed, in alphabetical order, all controls and displays

associated with that particular system with cross reference to the panel on

which the control or display is located. %Vhere items, such as circuit

breakers, are associated with more than one system, such items are

repeated under each applicable system.

Panel, Area, and Grid Location

MDC

LEB

Main display console (panels 1 through !0, IZ, 13, 15, and 16)

Lower equipment bay {panels 100, I01, IZ0, IZI, IZ2, 1.40, 162,

163, and 180)

RHEB Right-hand equipment hay (panels 225, 226, 227, 229, 250, 251,

252, 275, 276, and Z78)

LHFEB Left.hand forward equipment bay (panels 300 through 306)

LHEB Left-hand equipment bay (panels 3Z5, 3Z6, 350, 351, 352, 375.

through 382)

UEB Upper equipment bay (panels 600, 601, and 602)

Mis sion

t)
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.The controls/displays locator index is subdivided as follows:

Guidance and Navigation System

Stabilization and Control System

Page

3-4 .

3-8

Service Propulsion System

Reaction Control System

ElectricalPower System

3-1-2

3-15

3-20

Environmental Control System 3-Z8

T elecommunica£ions
3-35

Sequential Systems (ELS, LES, EDS, SEGS)

Caution and Warning System

3-39

3-41

Misc e!laneous Systems 3 -43

Docking System 3 -47

j--_

CONTROLS AND DISPLAYS

,.-. Mission Basic Date 15 April 1969 Change Date Page

g.
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[Control�Display Nomenclature ,

I

ATTitUDE I_mULSE CONTROLLER

J
ATTI_TUDE I_ULSE CONTROLLER - MARK REJECT

UPLINK
I
i •

I " "

CONDITION LAMPS a 0N/OFF/TEST

I • . • =

DSK_ (No placard)

il/b•d•
:Key oar

! {CLR

' i

KEY RLSE

NOUN

....._. : : - SMZA.03-BLOCK II-(1) " _ .....

APOLLO OPERATIONS HANDBOOK " "" ' "" :"_"_" '"_

•.. i

GUIDANCE•.AND-NAVIGATION SYSTEM i "LoCATOR'INDEX/j: •/i •_" ' :/ _

F Panel Locator

RSET

PRO

VERB

+

0 through 9

Register

COMP ACTY

NOUN

PROG

REGISTER i

REGISTER, 2

REGISTER 3

VERB

GUIDANCE AND NAVIGATIOb

" Type

Control

Sw

Lt

Lt

Sw

Key

Key

Key

Key

Key

Key

Key

Key

Key

Keys

L_

122

122

2

122

l 122

2

2

2

2

2

2

2

2

2

2

2

Numb e r Area

A

C

C

C

C

C

C

C

C

C

C

i Gri_

LEB

LEB

C-32

LEB

LEB,

K-27

K-27
J

L-27

L-24

L-27

K-27

I
K-24

K-25

K-25

K-26

1-26

Lt & Display

Lt & Display

Disp] ay

Display

Display

*Lt & Display

2

2

2

2

2

, 2

SYSTEM - LOCATOR INDEX

C

C

C

C

C

C

IL27

1-27

J-26

J-26

J-26

1-26

Basic Date 15 April 1969 Change Date Page 3-4
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::-:_/,i_y, .- . _,.._ ._! - . • .- • :- -: . " .. _/SIvIZA-03-BLOCK II-(1) - . " -.. - . . .... .... .

L'" -" _ '"_- ":" " : """ APOLLO OPERATIONS HANDBOOK "

. " - - .- -. .. ::.
" [i " " ...... ' "_:_.... /: '"-:.-:_ " " " " ': GUIDANCE AND NAVIGATION SYSTEM - L.OCATOR INDEX .....

" .... " ' " " Panel Locafior " ,.. i_ • . ....... - .. • • . •

'_ .' Contrei/Display Nomenclature.

" : . • •

Status. Lights .... :

- GIMBAL LOCK - : Lt

• _ KEY KEL . . Lt

b },

;' " ' ' ' i. - _i .. Lt/...NO ATT , _
b _

" I

OPR ERR " i : , - • .. . _. " . -: Lt
• ,, , • . . •

/ PROG " _ Lt

• . . RESTART

J . • STBY

TENP

] " TRACKER

UPLINK ACTY

DSKY (No placard)

Keyboard

CLR

ENTR

it

Lt

Lt

Lt

Lt

KEY REL

NOUN

RSET

.STBY

VERB

0 through 9

Register

COMP ACTY

NOUN

Type

Key

Key

Key

Key

Key

Key

Key

Key

Key

Keys

Lt

Lt & Display

GUIDANCE AND NAVIGATION SYSTEM

Basic Date 15 April 1969 Change Date

Number

2

2

L2

2

2•

%re z Grid

# •

C !I-25

C 1-25

• C 1-25

C J-25 '

C " 1-25

J.25

C 1-25

C 1-25

C J-25

C 1-25

140

140

140

140

140

140

140

140

140

140

140

140

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LOCATOR INDEX

Page 3-5
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[ ,IOUtDANCE"Ai_-N_%VIGATION SYSTEM -.LOCATOR INDex[.. _ : . :. .....

-...: ..... bI_L_-OS-__I._(_)GK _]--(I_t . . :-_ k '-- i-:

APOLLO OPERATIONS I-IANDBOOK --

ii[¢ /...... " " " " -_i i "

FC: _

1 ""

:_'' i. Control/Display Nomenclature
t

•

PROG

. REGISTER 1

i REGISTER 2
I

REGISTER 3 "'

VERB

]

Type

iNO ATT
f

i OPR ERR

f
! PROG

RESTART

STBY

TEMP

TRACKER

UPL!NK ACTY

G&N-COMPUT ER-MNA

G&N-COMPUTER-MNB

G&N-IMU-MNA

G&N_ LM_.J_MNB-

G&N-IMU HTR-MNA

G&N-IMU HTR-MNB

G&N-OPTICS-MiqA

G&N-OPT ICS-MIqB

G&N-POWER-ACI

G&N-POWER-AC2

Lt & Display

Display

• • Display

• : . • ,. _ .. Disilayp
• . . r

Lt

Lt

Lt

Lt

Lt

Lt

Lt

Lt

Lt

Lt

CB

CB

CB

CB

CB

CB

CB

CB

:.CB

CB

Panel Locator

'N__n_her Area Grid

140 .. LEB .

140 LEB

140

140

140

140

140

140

• LEB

LEB

, " I

.... LEB

LEB

LEB

LEB ,

140 -. LEB

140 LEB

140 LEB

140 LEB

_140 _ LEB

140 LEB

140 LEB

5 D M-57

5 D M-57

5 D M-55

5 D " M-56

5 D M-57

5 D M-57

5 D M-58

5 D M-58

5 D M-55

5 D M-55

GUIDANCE AND NAVIGATION SYSTEM - LOCATOR INDEX

i

>

ff

Basic Date 15 April 1969 Change Date Page 3-6
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GUIDANCE AND NAVIGATION SYSTEM - LOCATOR•INDEX •

i :_ . , i T " " " "

Control/Display Nomenclature

-. , '' .

/NPo_ -_m/OFF

/N _we, - Ac IIOFFIAC
• !

' _/N POWER- 0PTICS/OFF Sw

" SwCAGE . .

Type

Sw

iss - "

i

_ss/

LV/GUID_NCE IU/_C '.

ii

: ......,- Lt

•_ Lt

i

OPtICS-CONTROLLER-SPEED - HI/MED/LO

OpTiCS-CO)_ROLLER-COUPLiNG - DIRECT/RSLV
I

OPTICS HA_ND COh_ROLLER (not placarded)

OPTICS-MODE - CMC/__N

OPTICS-STAR ACQ

PGN.S

RETICLE BRIGHTNESS

SCANNING TELESCOPE

SEXTA_N_f (Not placarded)

SHAFT

SHAFT ANGLE

TELTKUN-SLAVE TO SXT/0°/25 a

TRUNNION

TRUNNION ANGLE

UP TELEMETRY - ACCEPT/BLOCK

Sw

Sw

I

Basic Date

Sw

Control

Sw

' Lt

Lt

Thumbwheel

Telescope

Sext

Manual Drive

Indicator

Sw

Manual Drive

Indicator

Sw

100

5

i00

1

122

2

122

122

122

122

122

112

122

122

121

121

121

121

122

121

121

122

Panel Locator

Number _kre

B

E

B

•G

A

F

GUIDANCE AND NAVIGATION SYSTEM - LOCATOR INDEX

15 April 1969 Change Date Page

• Grid

LEB "

H-56

LEB

"P-!5

D-33

LEB

0-24

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

LEB

3-7



•" :i '

.i
m,

.i

. . . . .

/_•_ . ., . SMZA-03-BLOGK II-(1) ...... , ._ - "

" _ontrol/Display Nomenclature

li --i . APOLLO OPERATIONS __ANDBOOK • ..

i STABILIZATION AND CONTROT SYSTEMS LOCATOR INDEX

Y I _ : •

i. '. - ' Panel Locator
[

Type Number. Ar_ a

sw L

Sw

] Thumbwheel &

i Display•

Thumbwheel &.

Display

Thumbwheel &

D is play

Lt

Lt

Sw

Sw

S_

Sw

Sw

Sw

Sw

Sw

CB

CB

Sw

Sw

Sw

i •
ACCEL !/G

ALT /_ / "

ATT 21_BAND -- MAX/MIN

ATT SET - IMU/GDC

!
ATTI_XIDE SET - PITCH

ATTITUDE SET - ROLL

,

/
J

.ATTITUDE SET - YAW

BMAG I TEMP

BMAG 2 TE}IP

l

13

I

1

.i •

Grid

D Ii17

A C-7 __

D K-16

D J-17

D P-14

1 D. ' 0-14

1 D Q-14

2 A C-30

2 A C-30

l D N-14

I D N-13

7

7

i.

i

13

8

8

i

I

D N-!5

B . N'4

•B 0-4(

D 1-16

D M. 17

A C-5

K K-6 -

K K-7

H P-16

H P-16

B G-22

BMAG MODE-PITCH - RATE 2/ATT 1 RATE 2/

RATE I

BMAG MODEIROLL - _htTE 2/ATT i RATE 2/

RATE 1

_G MODE-YAW - RATE 2/ATT 1 RATE 2/

BMAG POWER-1 - OFF/WAI_M UP/ON

BMAG POWER-2 - OFF/WArM UP/ON

CMC ATT - IMU/GDC

CMC MODE - AUTO/HOLo/FREE

EARTH/LUNAR - EARTH/PWR OFF/LUNAR

EMS-_A

_MS-MNB

ENTRY EMS ROLL up/OFF

ENTRY .05 up/OFF

ENTRY MONITOR (no placard)

AV/EMS SET - INC/DECR

LOCATOR INDEX

3-8

STABILIZATION AND CONTROL SYSTEIvIS

Basic Date 15 April 1969 Change Date Page
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.... " _ SM_A-03-BL©CK II-( " -

APOLLO OPERATIONS HANDBOOK "" -

i'_ "" - STABILIZATION :AND CONTROL SYSTEMS.- LOCATOR INDEX

.... -< • ..

• -i

i . - .. , . ,7 . •. - ,

-! Control�Display Nomenclature .
i
I

t •

• _ _ BACKUP
IMODE--NORAML/STBY/_ R--NG

GTA
r
i ROLL ATTITUDE IhrDICATOR (no placard)
i

. RANGE/&V

_'SPS THRUST

!! FUNCTION/
i '

VELOCITY

ii
i "OSC

" _D_I"-- I- ORB RATE/INRTL

)i
_DAI 2 - ORB RATE/INRTL

FDAI (no placard)

FDAi (no placard)

FDAI/GPI POWER - OFF/I/2/BOTH

FDAI-SCALE.

FDAI-SELECT - 1/2-2-1

FDAI SOURCE - CMC/ATT SET/GDC

GDC ALIGN

GPI

LIGHTING - BRT/OFF/DIM

LIMIT CYCLE up/OFF

LOGIC POWER 2/3 - up/OFF

MANUAL ATTITUDE-PITCH - ACCEL _/RATE
CMD/MIN DIP

Type

Sw

Sw

Meter

_._ Display

Lt

Sw

• Indicato r

Lt

Sw

sw

Indicator

Indicator

Sw

Sw

Sw

Sw

Pushbutton

Indicator

Sw

.Sw

Sw

Sw

Sw

,L

Sw

MANUAL ATTITUDE-ROLL - ACCEL CMD/RATE

CMD/MIN I_

_IANUAL ATTITUDE-YAW - ACCEL CMD/RATE

CMD/MIN IMP

Panel Loh_atof > ,•

Number Area Grid

i

1

1

i

1

1

1

i

13

13

1

2

7

i

1

l

i

1

13

i

i

7

1

B' F-19 -'_

B E-22

B G-19,

• B. H.21

B G-21

B E-19

B . F-21 "

B G-20

A C-3

A C.4

D J-19

B F-26

B N-7

D J-15

D J-16

D J-17

D 0-15

E M-20

A D-3

D K-16

B 0-7

D K-15

D K-14

%-

K-15

STABILIZATION AND CONTROL SYSTEMS LOCATOR INDEX

Basic Date 15 April 1969 Change Date .Page
3-9

- :..i. " .... - f

°

.........: - ........ " :_))"I 'qI .,'+v_.iI. _,_:'I. ......:II_!._II_f.r,,°..I,l"_"i_Jr!':l', J' :"___"'t"_': <_) _'; )!:'_"I [)'_:_.....) ; [/" "



i

APOLLO OPERATIONS HANDBOOK

i STABILiZATION A_-O CONTROL SYSTEMS LOCATOR INDEX

I

ontro!/Drsplay INomenclaturef

10PR/SLOW l- HOLD/FASTMODE i

0RDEAJ' .AC2

ORDF_.A].-e_NB

ROT C0N_RP_a-_Im_CT 2-_A/_B-OFF-_B
/ '

ROT CONTR PWR-NORMAL-! AC/DC-OFF-AC .

I

ROT CONTR PWR-NOILMAL-2 AC/DC-OFF-AC

ROTATIONAL CONTROLLERS

(no placard)

SC CONT - CMC/SCS

SCS-AC 1

SCS-AC 2

SCS A/C ROLL - _VkNA

SC_ A/C ROLL - _NB

SCS B/D ROLL - MNA
i

" SCS B/D ROLL - MNB

SCS CONTR/AUTO-_fNA

SCS CONTR/AUTO-MNB

SOS CONTR/DIRECT-I-_NA

SCS CONTR/DIRECT-I-MNB

SCS CONTR/DIRECT-2-_'NA

SCS CONTR/DIRECT-2-MANB

SCS-DIRECT ULL-MNA

SCS-DIRECT ULL-MNB

Type

Sw

CB

CB

Sw

Sw

Sw

SW •

Control (2)

Sw

CB

CB

CB

CB

I

CB

CB

CR

CB

CB

CB

CB

CB

CB

CB

Panel Locator

'" Number

13"-

8

8 "

1

I

l

I

!

LH COUCH, RH

RE COUCH, LH

I

8

8

8

8

8

8

8

8

8

8

8

8

8

Area I

A

A

A "

D

STABILIZATION AND CONTROL SYSTEMS - LOCATOR INDEX

Or_d

I)-- 5"" .

J-2

J-2.:

K-17

D M-15

D M-15

D M-13

D M-14

ARMREST

A_MREST

D" M-'!6

A H-2

A H-3

A I-5

A 1-5

A 1-6

A 1-6

A J-3

A J-3

A 1-3

A 1-3

A I-4

A -1-4

A I-2

A I-2

Basic Date 15 April 1969 Change Date Page, 3-i0
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i_ Control/Display Nomenclature i" TypeSC i-E ITVC-AC2 •CB
!

E CTRON CS -OFFIECA/CDC/ECA[
!

$C_-LOGIC _US-_EqA i/2 ;' .| CB

• l " " " " '

SIS-LOGIC
BUS-_A 1/4 " I CB "

!

SdS-LOGIC BUS-_kNB 2/3 , ] ,CB

ScsipITCH-PSqA " " i , " I CB ,

SCSFPITCH"_kNB " " I " CB

SCS SYST_M-N_A " I CB

SCS SYS TEM-_NB _ . II CB

!
SCS-TVC-AC 1 " I CB

|
. SCS YAW-_SNA / CB

!

SCS YAW-MNB I CB '

I

i SCS TVC-PITCH - AUTO/RATE C_.mlACCEL CMD / Sw

I SCS TVC-YAW -AUTO/RA@E CMD/ACCEL CKD ! Sw

!

!
SIG CONDR/DRIVER BIAS PWR-P_R SUP I-ACI/ 1 Sw

: OFFIAC2 !

SIG CONDR/DRIVER BIAS PWR-PWR SUP 2-ACI/ I Sw -

OFF/AC2 _ I •

| Sw
SLEW - UP/DOWN .]

TRANS CONTR PWR/OFF " Sw

TRANSLATION CONTROLLER (TC) (no placard) Control

TVC SERVO POWER-I - ACI/MNA-OFF-AC21I_NB Sw

TVC SERVO POWIER-2 - ACI/MNA-OFF-AC2/MNB Sw

&VCG-LM/CSM-CSM " Sw

Basic Date

_• o

S_{3A-O3-BLOCK !I-(1) - _ ....

APOLLO OPERATION'S H-ANDBOOK

STABILIZATION AND CONTROL SYSTEMS - LOCATOR LNDEX

• " Panel Locator

".Nurnhe_ I Area I .Grid

" /

i " i D iKI7

LH COUCH, LH ARMREST .

I J 0-20

STABILIZATION AND CONTROL SYSTEMS

15 April 1969 Change Date

LOCATOR

Page

INDEX

3-11
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_" -',i " APOLLO OPERATIONS HANDBOOK :- " ' " .-

:_-:[i.]:_i, " '; .:: / :-: SERVICE PROPULSION SYSTEM - LOCATOR INDEx .[: ' " "

I.'• - "-

-{

t'q

_--- -: "- S__{ZA-03-BLOCK It-(1) " . .

•• Type

Sw

Sw : •

- t • :

"C ontr 01 / Disp lay Nomenc latur e

AVTHRUST-A - NORMAL/OFF - . '

" LI FF -_ ........ RUST- NOR  A 0

'LV _ISPS Pc . . - .:

LV TANK PR_iSS S-If FUEL -" S-IVB oxID

LV TANK._ PRESS S-IVB FUEL ....- . ' :i Meter

LV/SP_ IND - _/Pe ' .- . i _ -

LV/SP_iND Sil/SIVB/GPI

OX-ID 'LOW VALVE MAX/MIN INDICATORS

•

OXID FLOW VALVE .-INCR/NORM!DECR

!
OXID :FLOW VALVE - PRIM/SEC

PITCH GMBL 1

PITCH GMBL 2

PUG MODE - PRI/NOP_I/AUX

Meter

Meter • '

Sw
%." .

/

Sw

SPS ENGINE INJECTOR VALVES A-!

SPS ENGINE INJECTOR VALVES A-2

SPS ENGINE• INJECTOR VALVES B-3

SPS ENGINE INJECTOR VALVES B-4

SPS-GAUGING - ACI

SP S -GAUGING - AC 2

SPS GAUGING - MNA,

SPS GAUGING - MNB

SPS GAUGING - Aci/0FF/AC2

Indicator

Sw

Sw

Lt

Lt

Sw

Indicator

Indicator

Indicator

Indicator

• CB

CB

1 CB

-. CB

Sw.

I

- .......,.:....:..-:-

': Panel Locator

. .Number. Area Grid

I , :: E N.!7

i- E. N-18

1 E M-18.

1 " E M-19

1 ... E M-20.

1 : . E P'I7

1 E P-! 7

3 B K-42

3 B K_42

3 B K-43

2 A C-30

2 A C-30

3 B K-43

3 B H-42

3 B H-42
<

3 B H-43

3 B " Ii-43

8 D L'3

8 D L-3

8 D L-2

8 D L-3

4 A N-57

Basic Date

SERVICE PROPULSION SYSTEM - LOCATOR INDEX

15 April 1969 Change Date 15 Oct 1969 Page
• 3-1Z
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r C0ntrol/Display NomenclmtUre

SPS GIMBAL MOTORS-PITCH 1- START/

CENTER/OFF .......

SPS G!M]IAL MOTORS-PITCH 2 - START/CENTER/-

{OFF " .

I ' '
SPS G,iMBAL MOTORS-YAW 1 - START/CENTER/

S GIMBAL MOTORS-YAW 2- START/CEN_IER/

'OFF ' "
n B

SPS GIMBAL-PITCH

, L

SPS GlObAL-YAW

iSPS He VLV_I
I
SPS He VLV-I - AUTO/OFF/oN

SPS He VLV-2

SPS He VLV-2 " AUTO/OFF/ON

SPS Re VALVE-MNA

SPS He VALVE-MNB

SPS'LINE HTRS - A/B/OFF/A

SPS LINrE HTRS-MNA

SPS LINE RTKS-MI_B

SPS PILOT VLVS A P_NA

SPS PILOT VLVS B M_NB

SPS PITCH i - BAT A

SPS PITCH 2 - BAT B

SPS PRESS

SPS-PRESS IND - He/N2A/N2B

SPS PRPLNT TANKS-PRESS-FUEL

SPS PRPLNT TANKS-PRESS-He/N2

• .- .. .

' . ' '" P_el Locator

Type ' Number . %r(_a Grid

, ! .. ,

Sw 1 . E 0-18

Sw I E 0-18

v" : 10_19
Sw i E .

E ] 0-19
Sw i

Thumbwheel 1

Thumbwheel 1

Indicator • 3

Sw 3

Indicator 3

Sw 3

CB 8

CB 8

Sw I 3

CB I 229

CB 229

CB 8

CB .8

CB

CB

Lt

Sw

Meter

Meter

SERVICE PROPULSION SYSTEM

E N-19

E N-20

B L-42

B M-42

B L-42

B M-42

D L-4

D L-4

B M-43

G RIIEB

G RHEB

D L-6

D L-7

8

.8

2

3

3

3

LOCATOR INDEX

D L-5

D L.5

A C-33

B M-44

B F-43

B F-42

Basic Date 15 April 1969 Change Date Page 3-13
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APOLLO OPERATIONS HANDBOOK': '- :

'.4 PROPULSION _" " _ " _ " " = _ " ' > " ":- _ -. 7 ;SERVICE SYSTmM - -__OCA_OR INDEX , . .

S_{2A.-03IBLOCK II-(I) =....... ' " " " " " .......... _ :/-- : '

"'-• t:'L " • " " ": ; •

Control/Display Nomenclature

SPS LNT TANKS-PRESS'OXID ,'_

SPS

i_I_PLNT TANKS -TEMP

i
SPSiTHRUST - DIRECT ON/NOILMAL : •

I '

s_s iQu_rITY - OXID _NBAL •
J

SPS IQUANTITY -- % FUEL

I
ses iQu TI - z 0KID

SPSI QUANTITY-TEST-I /CENTER/2

SPS IYAW! 1 - BAT A

SP_ YAW 2 - BAT B _
r

THRUST ON

TVC GMBL DRIVE-PITCH - I/AUTO/2

TVC GMBL DRIVEiYAW - I/AUTO/2

YAW GMBL 1

YAW GMBL 2

" : " , : ,. •/.+

Type .. :

Met er

Meter

S_

Meter

Display

Display

Sw

CB

CB

Pushbutton

Sw

Sw

Lt

Lt

i

Number

3

I
1

3

3

3

8

8

1

1

2

-2

•Panel Locat0r

_kr _

B

t B

E

11

B

B

g

D

D

E

E

E

A

A

Grid "

F-43 .%':

F-42

N-15

•I
J-42.

1-43

1-43

J-43

L-6

L-6

0-16

P_-!8

P-18

C-30

C-30

L,

SERVICE PROPULSION SYSTEM - LOCATOR INDEX

Basic Date 15 April 1969 Change Date. 16 July 1969 Page 3-14
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:.- ',_' -_ S_iZA-03.BLOCK LI-(1). J-, . i:-- '(._i_:-:_

.... " APOLLO OPERATIONS -_IANDBOOK -_

"_,-/d" ' R-EACTION CONTROL -SYSTEM.- LOCATOR INDEX _ "- " "'"

"7

Control/Display Nomenclature " " '

'ABORT SYST_I-PRPLNT DLR_P AUTO/RCS CMD

AUTO RCS SELECT A/C ROLL-Ai-I,E_A/0FF/PkNB "

. /

AUTO RCS SELECT A/C ROLL-CI-_A/OFF/_E_B
• •J / •

AUTO RCS SELECT A/C ROLL.A2-_.kNA/OFF/M_B

/. /

AL]_20KCS SELECT A/C ROLL-C2-._A/OFF/_qB

ATITO-Rcs SELECTB/D

AIITO RCS SELECT B/D ROLL-DI-_SNA/OFF/_B

TO RCS SELECT B/D ROLL-B2-_A/OFF/MNB

UTO RCS SELECT B/D ROLL-D2-_A/0FF/_fiNB

AUTO RCS SELECT

AUTO RCS SELECT

AUTO RCS SELECT

AUTO RCS SELECT

PITCH-A3-_A/OFF/P_B

PITCH-C3-_A/OFF/5_B

PITCH-A4-_A/OFF/MNB

PITCH-C4-}_A/OFF/5_B

AUTO RC$ SELECT YAW-B3-}E_i./OFF/_P._B

AUTO RCS SELECT YAW-D3-_A/OFF/MNB

AUTO RCS SELECT YAW-B4-_TA/OFF/_kNB

AUTO RCS SELECT

BAT A PWR ENTRY

BAT B PWR ENTRY

YAW-D4-_A/OFF/_._B

& POST LANDING

& POST LANDING

CM RCS LOGIC - CM RCS LOGIC/OFF

CM PRPLNT - DUMP/OFF

CM PRPLNT - PURGE/OFF

CM RCS 1

" - Panel Locator

Type Number -_.r ea'

CM RCS 2

J

CM RCS He DUMP

Sw

Sw-

Sw

' Sw

[- iSw:

Sw

SW

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Sw

CB

CB

Sw

Sw

Sw

Lt

Lt

Pushbutton

REACTION CONTROL SYSTEM-

2

8

8

8

8 •

8

J H-4

• J _-4

J H-5

. - -a . H-5

J H-6

Grid

N-24

J H-6

J H-7

8 J H-7

8 J H-8

8 J H-%

8 J H-9

8 J H-9

8 J H-10

8 J H-10

8 J H-Ii

8 J H-If

250 B RHEB

250 B RHEB

i K 0-22

1 K 0-22

1 K 0-23

2 A C-30

2 A C-30

1 _ K N-23

LOCATOR INDEX

Basic Date 15 April 1969 Change Date Page 3-15
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i!!. _--• .l,_.. 4_-/ •:...

•Type

Mete r •

SwCM RCS HTRS - OFF

CM RC_-PRESS-He , " _. . Meter .-

CM RCS-PRESS MANF " . ._ ." Mete r •

CM RC'S _ PRESS/OFF " ' : _ _" " " Sw ' '

CM RCS'P_RPLNT-I -.i '.. - i' '- " " • Indicator

. CM RCS PRPL_-2 i " • " Indicator

CM RCS ,_RPLNT - I/CEN_ER/OFF Sw
!

CM R_S iPRPLNT - 2/CEN_fER/OFF Sw

i!
DIRE._T ULLAGE Pushbut ton

PYRO A-SE Q A CB

PYRO B-SEQ B CB

PYRO A-BAT BUS A TO PYKO BUS TIE CB

PYRO B-B_T BUS B TO PYRO BUS TIE CB -

RCS-LOGIC-_E_A CB

RCS-LOGIC-MNB CB

RCS-CMD - ON/CENTER/OFF Sw

RCS-CM HEATERS I - '._A CB

RCS-CM HEATERS 2 - F_B CB

RCS-SM HEATERS A CB

RCS-SM HEATERS B CB

RCS-SM HEATERS C CB

RCS-SM HEATERS. D CB

RCS INDICATORS-CM/SM Sw

RCS-PRPLNT ISOL-MNA CB_

Numb er

i01

2

2

2

2

2

2

2

1

250

250

k

25O

250 -

8

8

/ 2

8

8

8.

8 "

8

8

2

8

Grid

Hi28

LEB

H-28

}1-29,

1-29

i K-29

K-29

L-29

L-30

N-16

"RHEB.

RHEB

RHEB

RHEB

K-6

K-6

K-28

K-2

K-2

K-3

K-4

K-3

K-4

G-33

K-5

Panel Locator

Area

i

B

I

"'I

I

I

I

I

F

A

A

A

A.

C

C

I

_C

C

C

C

C

C

I

C-

REAC-TION CONTROL SYSTEM - LOCATOR INDEX

Basic Date 15 Apri] 1969 Change Date Page 3-16
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4__

f

..... " SMZA-03-BLOCKH-(1). ': • " - ::..... : " " :-:

APOLLO OPERATIONS HANDBOOK"
J

RF__CTION CONTROL SYSTEM .... LocAToRINDEX

f . .

i" C°ntr°I/Displa7 Nol-nenclature " '

. " " . '

/[CS-PRPLNT ]ISOL-_qB

/_CS-TRNFR . CM/CEN_fER/SM .
l

fSM RCS A " " " .i

SM RCSB

Type

CB
o

Sw

L.to

Lt

Panel Locator '

Number _.re a .Grid

2

2 •

2

C K-5 _

I K-29

A D-30

A D-30

_M RCS C

i "

RCS HEATERS A -PR!/OFF/SEC

SM RCS HEATERS-B - PRI/OFF/SEC
i

!
SM RCS HEATERS-C - PRI/OFF/SEC •

SM RCS HEATERS-D - PRI/0FF/SEC

SM RCS-HELIUM I-A

SM RCS-HELID_ I-A 0PEN/CENTER/CLOSE

SM RCS-HELIUM I-B

SM RCS-HELIUM! - B/OPEN/CENTER/CLOSE

SM RCS-HELIUM I-C

SM RCS-HELIUM i - C/OPEN/CENTER/CLOSE

SM RCS-HELIUM I-D

SM RCS-HELIUM i - D/OPEN/CENTER/CLOSE

SM RCS-HELIUM 2-A

•SM RCS-HELIUM 2 - A/OPEN/CEN_fER/CLOSE

SM RCS-HELIUM 2-B

SM RCS-HELIUM 2 -B/OPEN/CENTER/CLOSE

SM RCS-HELIUM 2-C

SM RCS-HELIUM 2 - C/0PEN/CEN_fER/CLOSE

SM RCS-HELIUM 2-D

REACTION CONTROL SYSTEM

Lt

Lt

Sw

Sw

Sw

Sw

Indicator

Sw

Indicator

Sw

IndiCator

Sw

Indicator

Sw

Indicator

Sw

Indicator

Sw

Indicator

Sw

Indicator

., 2

2

2

2

2

2

2

2

2

2

2

2

2

2

2

2 "

2

Z

2

LOCATOR INDEX

r, A- D-31

A D-31:

I J-28

I J-29

I J-29

I J-30

I F-30

I G-30

I F-31

I _ G-31

I F-31

I G-31

I F-31

I G-31

I H-30

I 1-30

I H-31

1 1-31

I H-31

I 1-31

" I H-31

-[

ii, • :.



ii 

-C,"......

.... - v"

Controt/DiSp " " i ' "
lay Nomenclature " Type

SM RCS-HELIUM 2 - D/OPEN/CENTER/CLOSE

SM RCS LND - HE'TK T_/PRPLN_2 QTY

SM Rcs-pRESS-He " •

SM RCS-PRESS_SEC FUEL

SM RCS P_RPLNT A OPEN/CENTER/CLOSE

SM RCS P LNT B - OPEN/CENTEP./CLOSE " -I

APOLLO OPER-_TIONS HANDBOOK " "

". . .

Panel L0cator • /:

Sw

Sw,

Meter

Meter

' Sw

i

Sw

Sw

Sw

Indicator

IndicatQ£

Indicator

Indicator

Indicator

Indicator

Indicator

Indicator

Meter-

Sw

Sw

SM RCS FRPLNT C - OPEN/CEN_ER/CLOSE

SM RCS ]'RPLNT D - OPLN/CENTER/CLOSE

SM RCS _RPLNT EVENT INDICATORS - PRIM
PRPLNT/A

SM RCSPRPLNT EVEN_ INDICATORS -.SEC

PRPLNT/A

SM RCS PRPLN_ EVENT INDICATORS - PRIM

PRPLNT/B

SM RCS PRPLNT EVENT Ih_ICATORS - SEC

PRPLN_/B

SM RCS PRPLNT EVENT INDICATORS - PRIM

PRPLN_/C

SM RCS PRPLNT EVENT INDICATORS - SEC

PRPLNT/C

SMRCS PRPLNT EVENT INDICATORS - PRIM

PRPLNT/D

SM RCS PRPLNT EVENT INDICATORS - SEC

PRPLNT/D

SM RCS-PRPLNT QTY- He/TK/TEMP "

SM RCS SEC PRPLNT FUEL PRESS - A/OPEN/

CENTER/CLOSE

SM RCS SEC PRPLNT FUEL PRESS - B/OPEN/

CENTER/CLOSE

2

•2/ •

<
2

2

2

2

2 _

2'

2

2
F

2•

2

2

2

2

2

2

2

REACTION CO_$TROL SYSTEIV[ -

Number.

LOCATOR INDEX

Basic Date 15 April 1969 Chang e Date P_ge

i "

_re_ ' Grid

I . .!-31

I 1-30

I. ,F-28 .

I F-29

I" J-30 •

I J-31

I J-31

I J-31

I 1-30

I K-30

I 1-31

I K-31

I 1-31

I K-31

I 1-31

I

/

I

I

K-31

F-29

L-30

L-31

)

3-18



_ 4• - .j

-u

r

/

APOLLO OPERATIoNs HANDBOOK ....

/. _. • -..,

REACTION :CONTROL SYSTENI

.f_ .C°ntr°I/Disp_ay- Nomenclature

S SEC PRPLNT PRESS C/OPEN/

SM RCS SEC PRPLNT F!TEL PRESS D/OPEN

:_ CENTER/CLOSE " "

S_{ __&-03-B LOCK II-(! )

SM RCS-T_IP PK G

:. . •

! •

. "

f
f
i
! ,

t

LOCATOR _INDEX -•

Panel Locator

[ Type Number lArea

Sw , 2 I

Sw 2 I

Meter 2 I _

Grid

_-31

L..31

F-28_ :

REACTION CONTROL SYSTEM - LOCATOR INDEX
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. :: '--_.- " -: ........ . . . SMZA,03-BLOCK iI-(1) " - ....

" " ' " " _APOLLO OPERATIONS HANDBOOK

i .• . . . • .

Control/Display _, Nomenclature

AC BUS i " "

: . . " .: , , "

AC BUS 2 ' ' ..... "

AC. BUS 1 OVERLOAD

:.
i [

AC INDICATOR- BUS 1/BUS 2
I Sw
I " '

AC LNVE _TER - AC BUS 1 RES.ET/CENT/_R/OFF Sw

AC INVE[TER - AC BUS 2 - RESET/cEN_ER/OFF Sw

AC Ih_FERTER-I - _A/OFF
: SW

AC RTER- AC SUS i - 1/OFF . Sw

AC INVERTER - AC BUS 2 - I/OFF Sw

. AC INVERTER-2 - _B/OFF Sw

AC INVERTER -AC BUS i - 2/OFF Sw

AC INVERTER- AC BUS 2 - 2/OFF Sw

AC INVERTER-3 - MNA/OFF/_NB Sw

AC INVERTER - AC BUS I - 3/OFF Sw

AC INVERTER - AC BUS 2 - 3/OFF Sw

AC VOLTS. Meter

BAT A PWR ENTRY/POST LANDING CB

BAT B PWR ENTRY/POST LANDING CB

BAT C P_R ENTRY/POST LANDING CB

BAT C TO BAT BUS A CB

BAT C TO BAT BUS B CB

BATTERY CHARGE - OFF/A/B/C Sw

BAT CHGI{ - ACI/AC2 Sw

BATTERY CRARGER-AC PWR CB

Basic Date

_: ELECTRICAL. PO_VER SYSTEM "T'-OCATOR INDEX

• Type

Lt

Lt -•

L_

Lt

. : " " Panel Locator . i

" : Number Area Grid

ELECTRICAL POWER SYSTEIV[ -

15 April 1969
Change Date

2. .,A .c-34

2 . A C-34

2 A

2 A

3 E

3 •E

3 • E

C-34

C'34

P-51

0-50.

P-50

3 . E i N-49

3' E 0-49

3 , E P-49

3 E N-49_:

3 E 0-49

3 E P-49

3 "E N-50

3 E O-50

3 E P-50

3 E 0-51

250 B RHEB

250 B RHEB

250 B RHEB

250 B RHEB

250 .• .B RHEB

3 E M-51

5 F H-58

5 F 1-63

LOCATOR INDEX

Page 3-20



J•'i

• t ,••

..... £

4 ....

z

% .-

/

• . " . '-_ .....:_,.: SM2A-03-BLOCK. LI-(1) _-- • : .• • -_i...• ....i•"
- APOLLO OPERATIONS I-LANDBOOK -

-. . . y

WE A O DEx ).... ELECTRICAL PO R SYSTE LOC T R IN : :

._ .- C0ntrol/Display Nomenclaflur e I- ¸ • Type•

CB "
• • _ ,..

-• CB/

" .,•'• CB•

• , , CB

' ' CB _ "

CB

• LI:: "

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

CB

-BATTERY _ CIiARGER-BAT B CH G

BATC BAT CHGR/EDS 2

• BATTERY CHARGER-I_NA

! / ..

BATTERY CHARGER-_XEqB

/
B_T RLY BUS-BAT A

BUS- ATB

] .

( _YOGENIC FAN MOTORS-TANK I-AC 1 ' ¢ A

RYOGENIC F/_N MOTORS-TANK I-AC ! - _ B

CRYOGENIC FAN MOTORS-TANK I-AC ! - ¢C

CRYOGENIC FAN MOTORS-TANK 2-AC 2 - CA

CRYOGENIC FAN MOTORS-TANK 2-AC 2 - CB

CRYOGENIC FAN MOTORS-T_NK 2-AC 2 - ¢C

CRYOGENIC-H2 HTR I-_A

CRYOGENIC-H2 HTR 2-_._6NB

CRYOGENIC-O2 HTR I-_kNA

CRYOGENIC-O2 HTR 2-_B

CRYOGENIC-QTY AMPL I-AC !

CRYOGENIC-QTY _MPL 2-AC 2

CRYOGENIC TANKS-PRESSURE H2-1 & 2

CRYOGENIC TANKS-PRESSURE 02-1 &2

CRYOGENIC TANKS-QUANTITY H2-1 & 2

CRYOGENIC TANKS-QUANTITY 02-1 & 2

• / •

CB

Meter

Meter

Meter

Meter .

Basic Date

• Panel Lo.cator . °

-Number i Are a • Grid

• .. _ . ., .

_i_ o.

5 F . 1-61

250 " B RKEB

5 F 1-61

5 ": F 1-62 l

5 . F H-62

5 , ' F. .H-63

2 .A c-31

226 A RHEB

226 A RHEB

226 A RHEB

226 A RHEB

•226 A RHEB

226 A RHEB

226 A RHEB

226 A RHEB

226 " A RIiEB

226 A PddEB

226 A RHEB

226 A RHEB

2 Q F-37

2 Q F-38

2 Q F-39

2 Q F-40

ELECTRICAL POWER SYSTEM - LOCATOR iNDEX

15 April 1969 Change Date Page 3-21
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:'. • : _ :_ i _ " :_ ! ':.::: •i- ._ •
_•], _:i••/_• :_; •,' ......._.LEC.TRICAL'POI_-ER SYSTEM

-t o trol/Df-splay Nomenclature. : Type - -
-- !

I). : . . ." "i" ;" :i-, • _. .

-APOLLO OPERATIONS I-iANDBOOK " .

LOCATOR-_ L'_/tDEX , - - - - " " -

'Panel Locat0r • ,

Nunub.er " Ar ___ Grid

Basic Date

,K

DC _MPS ' • • "

DC ][NDICATORS- FUEL CELLI_V_IN BUS/BAT • '
BUSIBAT CHARGER/BAT C/PYRO BAT 1

I

EPS_-B_T BUSA

i

• EPS_BAT BUS B

EPS_HN '_A-GROUP-1

EPS'-MI_ B-GROUP 1

EPS-MN A-GROUP 2

EP -_N B-GROUP 2

EPS.HN B-GROUP 3

EPS-MN A-GROUP 4

EPS-MN B-GROUP 4

EPS-MN A-GROUP 5

EPS-MN B-GROUP 5

EPS SENSOR SIGNAL-ACI

EPS SENSOR SIGNAL-AC2

EPS SENSOR SIGNAL-MNA

EPS SENSOR SIGNAL-I_NB

EPS SENSOR UNIT-AC BUS i

EPS SENSOR UNIT-AC BUS 2

EPS SENSOR UNIT-DC BUS A

EPS SENSOR UNIT-DC BUS B

Meter

SW.

.. : '"., .::- , • " Meter

[. •..... " : CB

. ( .... • _

CB

: "CB

CB

•CB

CB

CB

CB

'3 " E

3 E

3 _-

229

•229 ' . :F

• 229 A

229 _/A

229- C

229 C

229 D

229 D

CB 229 D

CB 229 D

CB 229 D

CB 229 D

CB 5 F

CB-

CB

/ _,

CB

CB •

CB

CB

CB

ELECTRICAL POWER SYSTEI_i - LOCATOR

15 April 1969 Change Date

5• F

5 F

5 F

5

5

5

5

INDEX

E

F I

F

F

F

F

J-49"i--

M-49

K,49

RHEB-

RHEB :_

RHEB

RREB

RHEB

RKEB

RBEB

RHEB

RHEB

RHEB

RHEB

RHEB

G-6I

G-62 -

8-59

G-60

}I-62

H-62

H-61

H-61

Page 3 -22
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_._ -. . :APOLLO OPEP_ATIONS HANDBOOK .... ' --

_-: - ,-ELECTRICAL POWER SYSTEM .- LOCArOR;_DEX.. " "

-< . • ! .

_-< ' " ' ' ' _ : " Panel L0cat0r '. -.

' Control/Display Nomerlclature " Type : - ' '' • - . Nttnlb e r Area Grid

" . FC,_- ... - _ ., _ . _ .. Lt . Z : • _ A-.. C'33.- _-
- . FC..2 .. " i . :.. .... ' ..:- _ L¢ 2 " t _ A C-34

FC.i3 " " : .. .. (. . ". i. Lt: " "' 2 " A C-34

" FC] BUS/DISCONNECT " " : :'. ' ' Lt " " " 2 A " C'33 '

:Fj_.D_ ' ' _ _ ' : _ " " " " " _ '
_. E. LOW " " " " " ' . " Indicator " 3 " . i " E G-46 "

F"/___cs V_VES N ' " " _ ( . . _ - t "
._ " ' - _OIL_/LATCH : SW ' 3 D P 42

_I • ', ' - " , • i " : " . --. GHT/POST LAINDING-BAT. BUS A. "_ " CB . 275 ' - " , ' i RHEB

F_IGHT/POST LANDING-EAT BUS B CB ' 275
RHEB

IGHT/POST _LA_NDING-BAT- C " CB - 275 " P_HEB

FLIGHT/POST LANDING-_IA!N A _r_ .4_ " -
..... _;9 r RH-EB

..... FLIGHT/POST LANDING-_!N B _ CB 275 . RifLE

""_ / FUEL CELL-FLOW-H2/02 Met'er 3 . . E F-44

_'_! ..... FUEL CELL HEATERS - 1/0FF S_ 3 E J-44

FUEL CELL HEATERS - 2/OFF Sw 3 E J-45

FUEL CELL HEATERS - 3/0FF " Sw 3 E J-45

" I

FUEL CELL INDICATOR - 1/2/3 Sw . I 3 E 1-47

•FUEL CEL L MAIN BUS A-! - ON/CENTER/OFF Sw 3 " E K-46

FUEL CELL_ MAIN BUS A-2 - ON/CENTER/OFF Sw " 3 " E K-46

FUEL CELL MAIN BUS A-3 - ON/CEN_fER/OFF Sw • 3 E K-47

FUEL CELL MAIN BUS A-RESET/CENTER/OFF Sw 3 " E K-48
[

FUEL CELL MAIN BUS A-I - Indicator 3 .E K-46

{i_ FUEL CELL MAIN BUS A-2 Indicator " 3 " E K-46

_--/ FUEL CELL MAIN BUS A-3 Indicator ] 3 E K-47

f

ELECTRICAL PO%VER SYSTEM - LOCATOR INDEX

• Basic Date 15 April 1969 Change Date Page 3-Z3
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• ,. ..... :SmZA-03.B[ocK-n-ii)
ilL;- . :i._ : : " " - _ ' " " . APOLLO OPERATIONS HANDBOOK " : : "

........ klCA PO VER" :ELECT/ • SYSTEM -

• _ontrol/Display Nomenclatur e

JEL L MAINBus oN/CE E /O  

' FUEL r
CELL MAIN BUS B-2 ON/CENTER/OFF
i - .

!

FUEL dELL MAIN BUS. B-3 ON/CENTER/OFF "

EL _ELL MAIN BUS B-RESET/CENTER/oFF ..

• FUEL CELL MAIN BUS B - 1

fi0CATO_ LNDEX . " " ' "

. ' Panel Locator

Number Ar,_a Grid

, FUEL CELL MAIN BUS B 2

i /
FUEL CELL MAIN BUS B - 3

,, i " • •.

Type

Sw •

Sw

Sw

Indicator

FUEL ICELL-MODULE TEMP-SKIN/COND EXH

FUEL iCEL_ PLOPS 1- ACI/OFF/AC2

FUEL ICELL PUMPS 2 ACI/OFF/AC2

FUEL CELL PUMPS 3 - ACI/OFF/AC2

FUEL CELL PURGE-I - H2/OFF/02

FUEL CELL PURGE-2 - H2/OFF/O2

FUEL CELL PURGE-3 - H2/0FF/02

FUEL CELL RADIATORS-! . NORMAL/E_R BYPASS

FUEL CELL KADIATORS-I

FUEL CELL RAD!ATORS-2 - NORMAL/_MER BYPASS•

FUEL CELL P_.D!ATORS-2

FUEL CELL RADIATORS-3 - NOR_LAL/EMER BYPASS

FUEL CELL RADIATORS-3

FUEL CELL REACTANTS-l/CENTER/OFF

FUEL CELL REACTANTS-I

FUEL CELL REACTANTS-2/CENTER/OFF

FUEL CELL REACTAh_S-2

Indicator

Indicator

Meter

Sw

Sw

Sw

Sw

Sw

Sw

Sw

Indicator

Sw

Indicator

Sw

Indicator "

Sw

Indicator

Sw

Indicator

Basic Date

•/u •

3 E M-46

E M-46

E M-47
.v- ..,

E M-48

E L-46

E -L-46

E L-47

k3

3 •.,

. • . •

3

3 _"

3¸

3

E F-45

A H-54

E 'K-44

E K-45

E K-45

E 1-44

E H-44

3

3

3

3

3

E 1-45

E H-45

E 1-45

E

E

E

E

E

ELECT!CAL POVIER SYSTEM - LOCATOR INDEX

15 April 1969 Change Date Page.

H-45

M-44

L--44

M-45

L-45
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,=/_ . -: ---:; .... APOLLO OPERATIONS HANDBOOK • • /-. ii/:: i .

.<.1 ._ :,:_ _ . t; '/ - . . -

,'., - <" ELECTRICAL POWEI{ .SYSTEM LocATOR INDEX...... .-:; :.. : _] .: • . . • ,
• .; . ..

. . -< . . • . ,- , •

{ ','_ , , ' . " . • " .' , : " " _ Panel L0cator

• " " Control�Display Nomenclature - Type Number Area. Grid

-- / I

7 [" " t FUEL CELL REACTANTS-3/CENTER/OFF . " Sw ' 3 E H-45

! REACANY ' - " In
< FUEL CELL T S-3 dicator 3 E L-d5

" L CO " 226 A RHEB
" ' " " • • ' l " •

FUEL CELL I-PUMPS-AC " " ; CB 226 ' A i RHEB

._ • . ' , - .:;. . . , ,

j FUEL CELL 1-PURGE " ...... CB " 226 'A RHEB

L 1-RAD " . ", " i : i "cCEL 226 A
t 7 ..... "
! #

/ FUEL CELL I-REACS' : " " " "CB " 226 A RHEB

i CELL2-BU CB 226

E CELL 2:-PIJ_IPS,- 22,6 A RHEB

, FOEL CELL 2-PB_RGE " . CB 226 A RHEB

FUEL CELL 2-RAD CB 226 A RHEB

._I/ FUEL CELL 2-REACS : CB 226 A RHEB

FUEL CELL 3-BUS CONT _ CB 226 A RHEB

FUEL CELL 3-PUMPS-AC . CB 226 A RHEB

FUEL CELL 3-PURGE " , CB 226 A RHEB

FUEL CELL 3-RAD " CB I 226 A RHEB

FUEL CELL 3-REACS . " CB 226 A RHEB

H2 HEATERS-I AUTO/0FF/ON " Sw 2 Q G-35

H2 HEATERS-2 AUT0/0FF/ON Sw , 2 Q G-35

H2 FANS-I - AUTO/0FF/ON ' Sw . 2 Q G-38

H2 FANS-2 - AUT0/OFF/ON Sw 2 Q G-39

/?__ H2 PURGE ' LINE HTR/OFF Sw 3 D P-42
t

<_" INVERTER CONTROL- i CB 5 F H-59

INVERTER CONTROL-2 • CB 5 F H-60

INVERTER CONTROL-3 " CB 5 F H-60

f

<. -_

ELECTRICAL POWER SYSTEM LOCATOR INDEX
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I •
i
!

, " . • , ķ " • .'<.. • : _ "_. • ...<: _ • _ .

" • ".... - " .., SMZA-03-BLOC_: U-(I)

- . .... .- APOLLO OPERATIONS HANDBOOK

[

ontr-ol/

•
INVERt, POWER-I - MAIN A

L

INVERI!:ER POWER-3 - MAIN A

J

IN'VERIER POWER-3 - Yu%IN B

• INV 2_-TEMP Hl

iNV S-'iE_ HI

LM PWRyCSM/OFF/RESET

l

LM PWR-2/I_B

MAIN A-BAT BUS A

MAIN A-BAT C

MAIN B-BAT C

MAIN B-BAT BUS B

MAIN BUS TIE-BAT A/C - AUTo/oFF

MAIN .BUS TIE-BAT B/C - AUTO/OFF

I_N BUS A UNDERVOLT

PEN BUS B UNDERVOLT

NONESS BUS - _A/OFF/_B

02 FANS-I - AUTO/OFF/ON

02 FANS-2 - AUTO/OFF/ON

02 HEATERS-! - AUTO/0FF/ON

'k

02 HEATERS-2 - AUTO�OFF�ON

. -L .

: . - .-• - . .

ELECTRICAL POWER SYSTEM - LOCATOR INDEX ""

I
Display Nomenclature • Type

• •CB ••

CB

:CB

Number

275

275

e_

" Lt

Sw

CB

CB

CB

GB

275

275

2

2

2

2

5

5

275

275

275

275

5

5

2

2

5

2

2

2

2

2

229

Panel Locator

Area

A .

A

A

L

F

F

F

F

A

A

F
.i

Q

Q

Q

Q

Q

_t

D

02 PRESS IND - TANK 1/SURGE TANK

02 VAC ION PUMPS -_kNA

CB

CB

CB

Sw

Sw

Lt

Lt

Sw

Sw

Sw

Sw

Sw

Sw

-CB

Grid

RIIEB "

RHEB

RHEB

RHEB

C-33

C-34

C-34

E-3i

G-63

i-1-63

PdiEB _

RHEB

P_REB

RHEB

H-57

H.57

D-34

D-34

H-58

G-39

G-40

G-36

G-37

G-37

RHEB

Basic Date

... -,. -_ . : ".- - .:.. ....

J.

ELECTRICAL POWER SYSTErA{ - LOCATOR INDEX

15 April 1969 Change Date_ Page 3-26
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• /"i Control�Display.. .• Nomenclature
• . T

i " " II.(I) ..... _S_{ZA-03-B LOG K

APOLLO OPERATIONS HANDBOOK

ELECTRICAL' :POWER sYsTEM, - LOCAIOR"_ "INDEX-T" _ . :

[ • . i._,': -. • Panel Locator -..

•Type . Number

0Z _VAC I0N PUMPS - 9_B

pH HI

L .•

{

/•
< •

sYSTEm.LSTEST
i :

•' { /
• SYSTEMS TEST

I /.

I

.,. S_Sr_4_S"-TEST

• I

/
!

C13 . •

Indicator

• Sw

Sw

Meter

•229 . ":

3

i01

I01

I01 "

%r_._a Grid

tY RKEB

E, H-44

A. ' LEB .

A LEB

A- LEB

ELECTRICAL POWER SYSTEM LOCATOR INDEX

Basic Date 15 April 1969
Change Date Page

• _"'-"_•_i',,_:_,_;i:,"_'_gI_r'._,_',_:,iii'_.i_i_i'_:,_i.:'.I'])ifl_!_l!_-'_:_{it_{_,'_'}_L,."_,_i'i_;il'_:l[,k,<_L'.U;i _-U_I"-."i
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I

/-..<_:';.. SMZA-03-BLOCK II-(1) . - " / _ _,:_).:.'.<: -

APOLLO •OPERATIONS HANDBOOK _ "! :

• , _MENTAL_coNT_oLSYSTEM - _0CA_O_iNDex ?: _ > _ _

CiSntr oI/Display Nomenclature

i/
ACC_ ,,I}I_/SEC- QUa_rI_ (GLYCOL) .

" BATTER:¢ VENT " 'VENT/CLOSED

CABIN _I_AN i - 1/OFF

CABIN _AN 2 - 2/OFF " ._

- ,., ,

CABIN _RESSURE RELIEF-CLOSE/NOI_MAL/

• BOOST ENTRY/DUMP " " "

CABIN._SS-OPEN/O_F " i "
I :

CABIN T_tP - AUTO •.

/
CABIN TEI_P - AUTO/M_N

• CHLORINE INJECT PORT

C/M PRESSURE DIFFERENTIAL

C02-ODOR ABSORBER A & B

CO2 PP HI

CREkq_IN ELECTRICAL b_!LICAL CONNECTOR - C

CRE_M_AN ELECTRICAL UMBILICAL CONNECTOR - L

CREWMAN ELECTRICAL UMBILICAL CO.N_ECT.OR - R

CRYOGENIO TANKS - PRESSURE-02 1 & 2

DIRECT 02 - OPEN

DRINq<ING WATER SUPPLY.- ON/OFF
k

• ECS-CABIN FAN I-ACI-¢A

ECS-CABIN FAN I-ACI-¢B

ECS-CABIN FAN I-ACI-_C

I • T_e

Meter

Valve

Sw.

V_lve

Valve

Thumb_heel

Sw

Fitting

Met er •

Valve and

canister

assemblies

Lt

Connector

Connector

Connector

Meter

Valve

Valve

CB.

CB

CB

Basic Date

ENVIRONMENTAL CONTROL SYSTEM

i5 April 1969 Change Date

Panel Locator

Number Area Grid

2 p J-37

252 RHEB

2 P G-34

I

2 " "P G-34

325 LHEB

351 LHEB

2 P K-40

2 P I<-38 "

352 LHEB

12 A P-29

350 L}{EB

2 A C-32

BETWEEN LHFEB

300 &

301

BETWEEN LHFEB

300 &

301

BETW_EEN LHFEB

300 &

301 "

2 Q F-38

7 C P-6

304 LHFEB

5 C K-61

5 C K-61

5 C K-61

LOCATOR INDEX

Page 3-28

)
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 iii!iii....../i /i< i

• ...... " " SM2_-03-BLOCK II-(1) - .- -

APOLLO OPER-AT!ONS HANDBOOK . _'" '

" ': 'ENVIRONMENTAL CONTROL. SYSTEM iLOCATOR INDEX" - '

7 "
\

-L

(Jontro!/Display Nomenclature I

/ . - . , - C2_-_A ' • CB

ECS-CABIN ]FAN 2_-AC2-_B '_ CB

ECS GLYCOL PUI',_S " " • " " ' Sw "

I ECS GLYCOL P_mS-ACI-_A " " - " ' • _ CB

ECS GLYCOL PUNPS-AcI-_B " ' CB "

] csG Y 0L  s-Acl- C
CS GLYCOL PUMPS-AC2-_A , CB '

/ECS GLYCOL PL_4PS-AC2-_B CB

ECS GLYCOL PUMPSLAC2-eC CB

ECS-H20 ACCUM-_NA CB

ECS-H2.0 ACCVMI_N B " CB

ECS INDICATORS - PRL\i/SEC Sw

-ECS-POT H20 HTR-MNA CB

ECS-POT H20 HTR._NB ' CB

ECS RADIATOR TEMP - PRIH/OUTLET Meter

ECS RADIATOR TE}_ - PRIM/SEC/INLET Meter

ECS RADIATOR TEhrP - SEC/OUTLET Meter

ECS RADIATORS Indicator

ECS RAD IATORS-CONT /HTRS__TA CB

ECS RADIATORS-CONT/HTRS-_NB " CB

ECS RAD IATORS-C ONTROLL ER-AC I CB

',ECS RADIATORS-CONTKOLLER-AC2 CB

ECS RADIATORS-FLOW CONT - AUTO/I/2 Sw

ECS _%DIATORS-FLOW CONT - PWR/CENTER/ Sw
MAN SEL MODE

Basic Date

!.

r..... -- ...........

Panel Loc ator

Type - NumBer Area. Grid

5 C K-62 "

5 C K-62

5 . C K.62

. ._&, _.
" "4 C 0-59

4 o C P-61

4 "C P-61

4 C " P-61

4 C 0-61

4 C 0-61

4 c 0-61

5 C. J-58

5 C J-58

2 P 1-33

5 C J-57

5 "C J-57

2 P 1-35

2 P 1-34

2 P 1-36

2 • P J-33

5 C I158

5 C 1-59

5 C 1-58

5 C 1-58

i

2 P J-33

2 _- P J-33

ENVIRONMENTAL CONTROL SYSTEM -

15 April 1969 Change Date

LOCATOR INDEX

Page

'_' v "tl 'Ol " I [ ' ":i;_._ _ : "r _ _ , ; _ - _ _ "
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._ - • ...

. .-: APOLLO OPERATIONS I-LA_-DBOOK

: ..... :i,i.. i . EN-v'_ONMENTAL CONTROL SYSTEm!. LOCATOR INDEX

-q" _ [:.... , ....... . .... .

m

mm

p

" ......Controi/Dispiay Nomenclature
Type

ECS RADIATORS-HEATER -PR_ I/CENTER/ • ' Sw

- PRLM 2 .,

ECS _-_DIATORS-HEATER - SEC/OFF " Sw

ECS RADIATORS-HTRS OVLD-BAT A ' CB

ECS RAD_ATORS-HTRS.. OVLD-BAT. B . "'.CB

ECS RADIIATORS-MAN SEL - PAD I/CENTER/RAD 2 i

ECS-SE ONDARY COOLANT LOOP-ACI ."

ECS-S];IONDARY COOLANT LOOP-AC2

ECS-SI_ONDARY COOLANT LOOP-PAD HTR MNA
!

ECS-S_CONDARY COOL_T LOOP-XDUCERS-_NA CB

ECS-SECONDARY COOLANT LOOP-XDUCERS-_NB CB

g

Sw

CB

CB

CB

......... 'i _:__i/:_"

P -;1 Lock,or "
Number Are a

ECS-TRANSDUCE_-PRESS GROUPS I-_A . CB

ECS-TRANSDUCER-PRESS GROUPS i-i_NB CB

ECS-TRANSDUCER-PRESSGROUPS 2-_NA CB

ECS-TRANSDUCER-PRESS GROUPS 2-_'_INB CB

ECS-TRANSDUCER-TE}_-_A CB

ECS-TRANSDUCER-TEMP-_ZB CB

ECS-TRANSDUCER-WASTE/POT H20-N_NA CB

ECS-TRANSDUCER-WASTE/POT H20-}E_B

ECS-WASTE H20/URIN_-DUMP HTR-M/_A

CB

CB

ECS-WASTE H20/UR!NE-DUMP HTR-MNB CB

_MERGENCY CABIN PRESSURE-OFF/I/BOTH/2

E_RGENCY CABIN PRESSURE - PRESS TO TEST

Valve

Valve

EMERGENCY CABIN PRESSURE - GSE TEST PORT

EMERGENCY O2-OPEN/CLOSE

Fitting

Valve

2 p

Grid

J-34

2 _

• 5 •

5

2
I

5

5

5

5

5

5

5

5

5

5

5

5

5

351

351

351

6O0

P J-35

c i-6o

C " 1-.60

P J-34

C L-54

'C L-55

C L-56

C L-57

C L-57

C J-6i

C J-61

C J-62

C J-62

C J-63

C J-63

C J-60

C J-60

C K-58

C K-58

LHEB

LHEB

LHEB

UEB

IND EXENV/-P_ONMENTAL CONTROL SYSTEM - LOCATOR

Basic Date . 15 April 1969 Change Date Page 3-30
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i
I

, I

.... " SMZA-O3-BLOCK If-(1)

APOLLO OPER-&T!ONS FL_INDBOOK

E_-VLRONMENTAL CONTROL SYSTEM _ i -,, .:i,. :[ . --.
LOCATOR L-_DEX

I
-- i •Control/Display Nomenclature

WATEi_ CONTROL-PRLMARY-AUTO/OFF

/_ w J " "YAP ATER -CON_rROL-SECONDARY_AUTO/OEF

ii_OOD PREPARATION WATER - COLD/HOT

ZLY DISCHLpRIM/SEC_PRES S : : •

i_LY .EVAP-H20 FT.OW_- A5_O/CENTER/ON
I

II;L_COL EVAgORA2OR-PRLM/SEC.STE_ PRESS

GLjYCOL EVAP-STE._M PRESS _- AUTO/_

GL/YCOL EVAP-STEd_M PRESS - INCR/C_ER/DECR
]

GLYCOL EVAP - T_-_ IN - AUTO/_D/{
i

GLYCOL EVAP - TLMP IN

GLYCOL EVAPOP_-TOR-TE_-PR_I/SEC-OUTLET

GLYCOL RESERVoIR-BYPASS-OPEN/CLOSE

GLYCOL RESERVOIR-IN%ET-OPEN/cLosE

GLYCOL RESERVOIR-OUTLET-OPEN/CLOSE

GLYCOL T_MP LOW

GLYCOL TO RAD!ATORS-SEC-NOI_M_L/BYPASS

H20-QUANTITY

H20 Q'fY lhD - POT/WASTE

LM/_ PRESSURE DIFFENTIAL - PSI

LMTUNNEL VENT OFF/LM PRESS/Lq-CM &P/LM
TUNNEL VENT

_AIN REGULATOR (Oxygen) - "A" OPEN

Type

Valve

Valv e

Valve

Meter

Sw

,Meter

S_

Sw

Sw

Valve

Meter

Valve

Valve

Valve

Lt

Valve

Meter

SW

Meter

Valve

_AIN REGULATOR (Oxygen) - "B" OPEN

)Z DEMAND REGULATOR-I/BOTH/2/OFF

Panel Locat

: Number .Are;

382 .

382

305 " r "

• i

2 p_

2 _" p
!

2 " , p

2 " " " " p

2 p.

2 p

382

2 p

326

326

326

2 A

377

2 p

2 p

12 A

12 A

)r

G_id

LHEZ

LEEB

LHFEB

1-38

K-38

1-37

K-37

K-37

K-36

LH=B

1-36.

LHEB

LHEB

LHEB

C-32

LHEB

J-37

K-36

P-29

0-29

Valve 351 LHEB

Valve 351 LHEB

Valve 380 LHEB

ENVIRONMENTAL CONTI_OL SYSTEM - LOCATOR INDEX

Basic Date 15 April 1969 Change Date Page 3-31
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}

f: / SMZA-03-BLOCK If-(1) . :.' .-

APOLLO OPERATIONS I-IANDBOOK
: _• .,.. . .

ENVIROIAIMENTAL CONTROL SYSTEM - LO.CATOR

Control/Display Nomenclature

02 FLOW

. ". "i .... " " ,' f "

02 FLOW HI

02 PRESSI IND - TANK I/SURGE TANK
i f
f

OXYGEN-_LS S/-_N/oFF/FILL

o ]
XYGEN REPRESS PRESSURE "

OXYGEN _EPREss PRESSURE RELIEF-AUTO/OFF

OXYGEN-I _/M SUPPLY-ON/OFF ' •

OXYGEN'].suRGE TA_NK-ON/OFF

PART PKESS C02

PGA PRESSURE INDICATOR

PLVC - NOP_MAL/OPEN

PL VENT FLT/PL

POST L_\_DING-VENT - HIGH/LOW/OFF

POT H20 HTR - }hNA/OFF/_'kNB

POTABLE TA_YK INLET-OPEN/CLOSE

PILESS-CAB IN

PRESS-SUIT

PRESSURE EQUALIZATION VALVE

PRESSURE RELIEF (Wa_er)-DUMP A/DUMP B/
OFF/2

PRIM ACCUM FILL-ON/OFF

PRIMARY CABIN TEMP H/C

PRIMARY GLYCOL TO RADIATORS-PULL TO

BYPASS

PRIM GLYCOL ACCUM-OPEN/CLOSE

h

PRIMARY GLYCOL EVAP INLET TEMP-MIN/MAX

Basic Date
i

"" 4 " - "o' '" .....

. Type

Meter . .

e_

Sw '
i :

Gage

" Valve

'" Valve

Valve

Meter

Mete r

Sw

CB

Sw

Sw

Valve

Meter

Meter

Valve

Valve

Valve

Valve

Valve

Valve

Valve

EIN-VIRONMENTAL CONTROL SYSTEM - LOCATOR

• t" . _ •

//qDEX

15 April 1969 Change Date

Panel Loc ator

Run, her Area Grid

2 S C-29

2 . A ' D-34

326

602

602 .

Q G-37.

.LHEB

UEB •

7

UEB

326 LHEB

326 LHEB

2 P 1-40

.LEFT ARM OF PRESSUIE SUIT

376 LHEB

8 F M-5.

15 C C-19

2 P K-32

352 LHEB

2 P 1-40

2 P 1-39

C/M TUNNEL _IATCH

352 LHEB

379 LHEB

303 LHFEB

325 LHEB

378 LHEB

382 LHEB

)

INDEX

Page 3-32



. :. :

!

"" • . " APOLLO OPERATIONS I-LCNDBOOK " "". .

..... CONT 0L YS: E LOC*TO 

./ : biVtZA-03,.BLOCK II-(t) .... . .... . . :

: Panel Locator

Type - " NurrI5 e r Area Grid

Valve
: 601 UEB

Sw 2 ...... P " K-35

Sw 2 - , .p K135

Valve :_ 303: LHFEB

• 2 o S C-28

2 , -P K-34

2 P I<-33

2 p

. : Con : -oi/Di.,pla:,,-Nome .=lature"
tf

• /I PRESS 02-OPEN/CLOSE , ....

I f " '

SEC COOLANT LOOP.- EVAP/CENTER/P_ESE T

SEC COOLANT LOOP=- PVMP AC !/CENTER/AC 2

. ! . . .

'- SECONDARY CABIN T_P-OFF/.COOL/MAX

'I SUIT/CABIN 6P : " .... Meter

i SUIT CIRCUIT-HEAT EXCH - ON/CENTER/BYPASS Sw
i / .....

SUIT CIRCUIT-H20 ACCL_M AUTO 1/CENTER/

/ AUTO 2 ' Sw

SUIT CIRCUIT-H20 ACCUM - 1 ON/CENTER/2 ON Swi " " " • -

.SUIT CIRCUIT RETUFaN-PuLL TO 0PEN/PUSH Valve
TO CLOSE

SUIT CO_£PR &P Meter

SUIT COMPRESSOR
Lt

SUIT COMPRESSOR-I ACI/OFF/AC2 Sw

SUIT COMPRESSOR-2 - ACI/0FF/AC2 Sw

SUIT COMPRESSORS-ACI- tA CB

SUIT COMPRESSORS-ACI- _B CB

SU IT COMPRES SORS-AC I- zC CB "

SUIT COMPRESSORS-AC2- ;A CB

SUIT COMPRESSORS-AC2- CB CB

SUIT COMPRES SORS-AC 2-¢,C CB

SUIT FLOW CONTROL
Valve

SUIT FLOW CONTROL Valve

"',SUIT FLOW CONTROL Valve
\

SUIT HT EXCH PRIMARY GLYCOL - FLOW/ Valve
BYPASS

r

ENVIRONNiENTAL CONTROL SYSTEM -

15 April 1969
Change Date

380

K-33

LHEB

3-33

LOCATOR

Page

INDEX

Basic Date

2 P J-36

2 A D-35

4 C O-60

4 C N-60

4 C P-60

4 C P-60

4 C P-60

4 C O-61

4 C 0-61

4 C 0-61

300 LHFEB

301 LHFEB
r

302 LHFEB

382 LHEB



•,<_r:_:_:[:!7 :>.

_ _i̧

, . J

SUIT HT EXCH SECONDARY GLYCOL-FLOW/
BYPASS

SURGE TJuNK PRESSURE RELIEF-0PEN/CLOSE

TEMP-CABIN / • v , '
, ! /

TEMP-SUIT _ " . _

TOOL STO_AGE " ° i

URINE DI

WASTE H,

WASTE 5_

/
WASTE TANqK

7

WASTE. TA_FK

-Basic Date

SM_!O3-BLOCK n-(i) -_ - [,:-i:•:.i_ .< ..: •• <

APOLLO OPERATION'S HANDBOOK

. . . .... :

. _.
ENVIRONIVlENTAL CONTROL SYSTEM _TLOCATOR:_DEX ,-. ' " '" . <., {{}_9

--_ ........ ...... " " - ' Panel Locator :: ' ": -

Control/Display Nomenclature ' Type Number A_,e _ Grid

Valve 382 " " _ LHEB: .... _

"' 1

_/_ HTR " HTR A/OFF/I_TR B
• [

O DLr_iPHTR HTPa/OFF/HTRB

NAGE_NT _- 0VBD DRAIN DUMP/OFF

IN_ET-AUTO/CLOSE

SERVICING-OPEN/CLOSE

WATER ACC_}F_LATOR-I-_LAN/OFF/_E

WATER AC CD%FJLATOR-2-MAN /OFF/p@_E "

WATER & GLYCOL TA_FKS PRESSURE-REGU%ATOR-

SELECTOR INLET-BOTH/I/O=F/2
' e

WATER & GLYCOL TANKS PRESSURE-RELIEF-

SELECTOR OUTLET-BOTH/I/OFF/2

Valve . 375 LHEB.

Meter 12 P 1-39

Meter 2 - " P 1-38

. Fitting 351 LHEB
• , . •

SW
!01 LEB

Sw 101 C LEB

Valve 251 RHEB

Valve 352 LHEB

Valve & Fitting 352 LHEB

Valve 382 LHEB

Valve 382 LHEB

Valve 351 LHEB

Valve 351 LHEB

LOCATOR INDEXENVIRONk_ElXfTAL CONTROL SYSTEM -

15 April 1969 Change Date
Page 3- 34
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/

:L. _ .:-... " Si%{ZA-03-BLOCKII_(1) : .-/- -

-APO I_LO, OPERATIO_-S H-_NDB O OK

TELEC O_fi'viUNICATIONq. - "_
+_ : CONTROLS/DISiDLAYS_ LocAToR_L._-DE X- : .

. t "

Controi/Display Nomenclature -.

AUDIO CONTROL - NOP_M/Ik_CKUP

AUDIO CONTROL - NOP_M/BACKUP

AUDIO CO_ROL - NOmM/BACKUP

CENTRAL TLMING EQUIP - MN A

GENTRAL T_ING EQUIP - _ B

LT BUS - _A

LT BUS - MNB

_IGH GAIN ANT - PO_ER/STEY/O.FF

Sw

Sw

Sw

CB

CB

CB

CB

Sw

Type

'HIGH GAIN AN_f - SERV0 ELEC - PRLM/SEC

HIGH GAIN ANTENNA - BEAM -
W!DE/MED/NARROW

HIGH GAIN ANTENNA FIT BUS

HIGH GAIN ANTENNA GROUP 2

HIGH GAIN ANTENNA - PITCH

HIGH GAIN ANTENNA - PITCH POSITION

HIGH GAIN ANTENNA/S-BAND ANTENNA

HIGH GAIN ANTENNA . TRACK -

AUTO A_m_NI_REACQ

HIGH GAIN ANTENNA - YAW

HIGH GAIN ANTENNA - YAW POSITION

INTERCOM-T/R/OFF/RCV/VOLUME

INTERCOM-T/R/OFF/RCV/VOLUME

INTERCOM-T/R/OFF/RCV/VOLUME

MASTER VOLUME

MASTER VOLUME

Sw

Sw

CB

CB

Meter

Sw

Meter

Sw

Meter

Sw

Sw/Thumbwheel

Sw/Thumb_heel

Sw/Thumbwheel

Thumbwheel

Thumbwheel

TELECOMMUNICATIONS _ CONTROl_S/DISPLAyS

Basic Date 15 April 1969 Change Date 16 July 1969

Panel Locator

NUmber

6

9

i0

225

225

225

225

225

225

2

2

2

2

2

2

6

9

i0

i0

6

Arf

A

A

- A

R

R

R

R

R

R

R

R

R

A

A

A

A

LOCATOR INDEX

Page

Grid

F-5 _i'-

E-10

Q-33

RHEB

Rt_B

RItEB

RtiEB

0-39

!

0-40

M-38

RHEB

RHEB

M-38

N-38

M-39

M-37

M-40

N-40

C-53

B-13

P-35

N-35

B-53

3-35

r f'i}" / .
'_U.;i

It,,.i! ,,



:_!i_i!<_i__::i/{<-: -: ..... " -! "---- " ' -SM2Aj03-BLOCK II-(i)

...:i_,,::-, • .. APOLLO OPERATIONS HANDBOOK

_:.:<)i'__I.:</'_: " " i, ]TELEGOMMUNICATIONS_- •CONTP_OLS/DISPLAYS - LOCATOR INDEX '_:

. J . • . : . =

L

_Ont rol/DisplaT Nomenclature ' "" -Type ,

I

MASTER VOLUME Thumbwhe el

MODE ]- tNTERCOM/PTT/OFF/VOX Sw

i
• MODE !.-INTERC0M/PTT/0FF/VOX • Sw

• ,f

• I " /MODE -. INTERCOM/F_T/OFF/VOX • • iSw. _

' r " " " " /

PAD COME T/R/OFF/RCV/VOLL_ME '_ "-' : Sw/Thumbwheel

PAD _O_hM - T/R/OFF/RCV/VOLUME . Sw/Thumhwheel

I / • •
PAD - COMM --T/R/OFF/RCV/VOLUME "

PCM ,BIT RATE-HIGH/LOW

PCM ITLt_I-GROUP 1 - "

2

PMP PO_ER FLT AUX BUS_

PMP POWER FLT PRIAM BUS

POWER - AUDIO/TONE/OFF/AUDI0

POWER - AUDIO/TONE/OFF/AUDI0

PO_TER - AUDIO/TONE/OFF/AUDIO

POWER.PMP - .NORM/AUX

POWER-SCE - NORM/AUX

PWR AMPL "

RNDZ XPNDR FLT BUS

RNDZ XPNDR -PWR/OFF/HEATER

RNDZ XPNDR - TEST/OPERATE

S BAND ANTENNA OM!_I/A/B/C

S BAND ANTENNA 0MNI/D/HI GAIN

S BAND AUX-TAPE/OFF/DN VOICE BU

Basic Date

- _ - k,

Sw/Thumbwheel •

Sw.

CB

CB

CB

CB

Sw

Sw

Sw

Sw

Sw

Indicator

CB

Sw

Sw

Sw

Sw

Sw

Number

9 " '

6

9

i0

6

9

I0

3 " "

225

225

225

225

6

9

I0

3

3

3

225

I00

i00

3

3

3

Panel Locator

Ar,:_

A .

A

A

A

A "

A •

A

C

J

A

A

A

C

C

C

A

C

C

C

Grid

A-13

B.51

A-12 •

N-31

C-51

B-II

P-31

P-47

_EB

_EB

_EB

R/fEB

B-53

A-14

N-35

P-47

P-46

N-48

RHEB

LEB

LEB

0-42

0-42

N-45

TE LE C OI_/VI uNI CA T IONS CONTROLS/DISPLAYS LQCAT OR INDEX

15 April 1969 Change Date Page 3-36



/

f

i

, i. • " Control/Display Narne ,i,),' :. Type Number .

" ,DCVK&2-I--U.O-_L, UL,_-,.. 3.._l.-!.!.) •-. . : .

- --, . _ - APOLLO OPEP,_A.TIONS HANI)BOOK '" " " - ...... :7 .

/
. S BAND AUX TV/OFF/SCI . : -.' . . Sw

S 3AND FM _TR-DATA STORAGE EQUIP-GROUP i CB

_MTR-DATA

s

S iBAND FM STORAGE EQUIP-FLT BUS CB

i
S
iBAND NORaMAL-PWR AMPL HIGH/0FF/LOWo I : Sw,
I

SIBAND NOP_MAL-PWR KMP L - PRIM/0FF/SEC Sw ,

V ic/o /RE AYS BAND NORMAL-MODE - O E FF L ' " Sw

i i , ....
S! B_ND NORaMAL-MODE RANGING/OFF. . Sw

Si BkaND NORMAL-MODE - PCM/OFF/KEY • " " Sw

i i D PWR AMPL/PHASE MOD XPNDR I-FLT BUS CB
!
S BAND PWR A}_?L/PHASE MOD XPNDR 2--FLT. BUS CB

S BAND PWR AMPL/PHASE MOD XPNDR I-GROUP i CB

S BAND PWR DaViaL/PHASE _IOD XPNDR 2-GROUP 2 CB

Sw •

1 Sw/Thumbwheel

S BAND SQUELCH-ENABLE/OFF (SC 108 & subs)

S BAND-T/R/OFF/RCV/VOLL_E

Sw/Thumbwh e eiS BAND-T/R/OFF/RCV/VOLD_E

Sw/Thumbwheel

Sw & Recps

S B&N_-T!R/OFF/RCV/VOLUME

SCIENTIFIC INSTRU_NTAT!ON (No placard)

CB

Sw

Sw

SIC £0ND FLT BUS

Sw

SUIT - POWER/OFF

SUIT - POWER/OFF

SUIT - POWER/OFF

Indicator

Sw

3

225

225

: 3

3

3

3

3

3

225

225

225

225

3

10.

6

9

164

225

6

9

10

3

3

3

. " Panel Locator

Area Grid
. .,' .

• , C " N-46

• . _ RHEB

,, RHEB

TAPE MOTION

TAPE RECORDER- FWD/OFF/REWIND

Sw

C N-43

• C N-42 *

C N-43

C N-44

•C N-44

C N-42

RHEB

RHEB

P_HEB

RHEB

C O-47

A Q-31

A D-52

A .c-n

I
LEB

RHEB

A E-54

A E-II

A " P-33

C 0-48

C P-46

C P-45TAPE RECORDER - PCM/AaNLG/LM PCM

TELECOMMUNICATIONS _ CONTROLS/DISPLAYS _ LOCATOR INDEX

Basic Date. 15 April 1969 Change Date 15 Jan 1970 Page 3-37
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-., <:-

--2
i ,

.:" -: ' : ._:k/j.L:,- - .- - .. " SMZA-03-BLOCiC II-(I}

- "" APOLLO OPERATIONS I-LANDBOOK

• _ "- TELECOMAiUNICATIONS - CONTROIIS./DiSPL_YS - LOCATOR I_-DEX .....:

"'-_" ..... " .... "; - " " • " Panel Loc_tor i:

• Control�Display Nomenclature • " " Type ..... Number

• . . • ••

TAPE RECORDER-RECORD/OFF/PLAy

TELCOM-GROUP i - ACI/OFF/AC2 ' ....

TELCOM-_ROUP 2 - ACI/OFF/AC 2
! /

UP TLM !- !U/ACCEPT/BLOCK
! / . .

UDL FLT BUS
i

UP TLM_CM-ACCEPT/BLOCK , .

uP TU_-G'_ - m_SET/_O_I/OFF
4

UP TL_: - DATA/UP VOICE BU

VlIF A " DUPLEX/OFF/SIMPLEX

VIIF AM-B - DUPLEX/0FF/SIMPLEX

VHF _%M-RCV ONLY - B DATA/OFF/A

VHF _M - SQUELCH .A •

VHF AM - SQUELCH B

VHF AM - T/R/OFF/RCV/VOLUME

VHF AM - T/R/OFF/RCV/VOLD%LE

VHF AM - T/R/OFF/RCV/VOLUME

VHF ANTENNA - SM/LEFT/RIGHT/REcY

"THF BCN - ON/OFF

VHF/CREW STATION AUDIO-L/CTR/R -
FLT/POST LDG BUS 3

VHF - RANGING/OFF

VHF RNG-RESET/NO_M

VOX SENS

VOX SENS

VOX SENS

Sw

Sw

S_4

S_4 " " ::

CB

Sw

Sw

Sw •

Sw

Sw

Sw

Thumbwheel

Thumbwheel

Sw/Thumbwheel

Sw/Thumbwheel

Sw/Thumbwheel

Sw

sw

CB

Sw

Sw

Thumbwheel

Thumbwheel

Thumbwheel

3

4 • •

4

2

225 •

2

3

3

3

3

3

3

3

i0

6

9

3

3

225

3

9

6

9

I0

TELECOMMUNICATIONS _ CONTP_OLS/DISPLAYS - LOCATOR INDEX

Basic Date 15 April 1969 Change Date Page

i Area Grid

C. P-45

B 0.58

B " N-58

J 1-29 "

RHEB

J 1-28

C N-47 "

C N-46

C - 0-45

C 0-45

C 0-46

C 0-43

C P-43

A Q-35

A D-54

A D-13

A D-42

C 0-46

RHEB

C 0-47

A E-12

A B-51

A A-12

A . N-32

3-38

)



/

SEQUENTIAL SYSTEMS - LOCATOR INDEX

]Basic Date 15 April 1969 Change Date Page 3-39

ABORT -

ABORT SYSTEM - LV RATES - AUTO/OFF

ABORT SYSTEM - TWR JETT I/OFF/AUTO

ABORT SYSTEM - TWR JETT 2/OFF/AUTO
i

ABO_f SYSTEM-2 ENG OUT - AUTO/OFF

AL_mTER "

APIX COVER JET.T

N_RD DEPLOY

CSM/I_M FINAL_SEP 1

CSM/LM FINAL SEP 2

CSM/LV SEP

CM/SM SEP - I

CM/SM SEP - 2

DROGUE DEPLOY

EDS - AUTO/OFF

EDS POllER/OFF

EDS-1-BAT A

" EDS-2-BAT C

EDS-3-BAT B

ELS - AUT0/MAN

ELS BAT A

ELS BAT B

ELS LOGIC

LAUNCH VEHICLE SII/SIVB-LV STAGE/OFF

M 0R

CB

CB

Sw

_ CB

CB

Lt

Sw

Sw

Sw

Sw

Sw

CB

Sw

Sw

Pushbutton

Type

Meter

Pushbutten

Pushbutton

Sw

Sw

Pushbutton

Sw

Sw

Pushbutton

Sw

Panel

i

2

2

2

2

I

i

I

2

2

i

2

2

i

2

7

8

8

8

1

8

8

I

2

I

Locator

I Area Grid

I " I 1-22

.. D . Ni25

D. N-26

.!

D N-26

D N-25

A C-22

I M-23

I N-22

D M-25

D M-25

I N-22

D M-26

D M-26

I M-23

D i M-24

A i M-9

B I L-3

B i L-3

B I L-4

I ' 0-21

B L-4

B L-4

I 0-21

D 0-24

I M-22

Control/Display Nomenclature-



k ::./ : " : :s m-o3- LOCK .... " "

- A.POILLO OPERATIONS HANDBOOK "

. . " !:. 1:. _1 :::: ....... : '[:" :::- !:SEQUEtNTI_L SYSTEMS : LOCATOR . : _- .

. [ - . - .

• . - . .

_ontrol/Display-Nomenclature Type Area Grid

I •

LIFT IOFF/NO AUTO ABORT .

LV ENGINES i through 5
J

f
LV GUID ,.

I
MAIN! DEPLOY

' !

MAIN! RELEASE
! • .

MAINI'EELEASE PYRO
:i/ A

MAIN RELEASE PYRO B
• i "

PYR - BAT A TO PYRO BUS TIE

PYR_ A - SEQ A

PYRO B - BAT B TO PYRO BUS TIE

PYRO B - SEQ B

S!I SEP

SIVB/LM SEP

SIVB/LM SEP-PYRO A

SIVB/LM SEP-PYRO B

SECS-AP@! A-BAT A

SECS-A_M B-BAT B

SECS-LOGiC A-BJf! A

SECS-LOGIC B-BAT B

SECS - LOGIC I/OFF

SECS - LOGIC 2/OFF

SECS - PYRO ARM A/SAFE

SECS- PYRO ARM B/SAFE

• • < • •

Lt.•

• • • < : Lt

< - _ : Pushbutton

. .;_ zi:- ' "" Sw

', .... - : CB

CB

Lt/pushbut ton

CB

CB

CB

CB

Lt

Sw

CB

CB j

CB

CB •

CB

CB

Sw

Sw

Sw

Sw

Panel Locator

Number

I I M-22

1 I K-22

1 I J-22

1 I J-22

1 I N-23

2 D P-24

229 D RHEB

i

229 D RHEB

250 A RHEB

250 A RHEB

250 A RHEB

250 A RHEB

i I J-22

2 D M-27

278 B RHEB

278 B RHEB

8 I L-If

8 I L-f1

8 I L-10

8 I L-10

8 I K-10

8 I K-10

8 I K-If

8 , I K-II

Basic Date

-; -i

SEQUENTIAL SYSTEMS

15 April 19 69 Change Date

L OC.A T OP,_ iNDEX

Page 3-40
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CAUTION AND WARNING SYSTEM - LOCATOI% INDEX

Basic Date 15 April 1969 Change Date 16 July 1969 Page 3-41

": ...., " ,'_:_-_-l-_7sv{ .U_ii,_.,l"_,!_,7,'__:_,_!7..'!_-_.1,_f_,!'_'_.,_:D_{l_,.' i'm_!',,_i',_'u._t_t"r_,_i-_._Tq_l' '_il.'I ! /'-

_,- .- .... •.... :_-, " :.,.': ",_ : _, L; ,!'l'i ;_i'_! '_it PIJ%_'_v'I(/._;I(_I ,i >,_), I_ ;b'_ _rl'D,' "*L""41')',_f_'Z'_'{ii_'"f "iG :_ '



. • . %- .: ..

- , L

< i..--

. _.: .=/ - _ . _/;-: i/..." ..-.... - .--. : • - . :.... _ . .._. . . . .-

- APOLLO OPERATIONS HANDBOOK " !_ " " " "

" : ..... _ : CAUT-!ON "AND WARNING SYSTEM - LOCATOR LNDEX " _: " : ..

MASTER_M

NASTER / ALAP4_I '

T

MASTEI_ ALARM

#
MN BUS A UNDERVOLT

I.
MN _US B :UNDERVOLT

02 !F_LJOW HI

1

i

I
t

t - i
INV t TEMP HI ,

INV '2 TEMP H!

INV _3 TEMP HI

PITCH G_L i

PITCH GMBL 2

Type

Lt

Lt

Lt

Lt

Lt/Sw

SM RCS A

I

SM RCS B

SM RCS C

SM RCS D

SPS PRESS

SUIT COMPRESSOR

YAW GMBL 1

YAW GMBL 2

.,<:

Lt/Sw

Lt

Lt

Lt

Lt

Lt

Lt

Lt

Lt

Lt

Lt

Lt

Lt

Lt
• i

Panel Locator

Nunab e r Area Grid •

2

2

.2

2

1

3

122 .

2

2

A C'33

!
A C-34

A C-34

A D-33 '

C " H-17

F J-46

LEB

A D-34

A D-34

2 A D-34

2 A C-30

2 A C-30

2 A D-30

2 A D-30

I 2 A n-3!

2 A D-31

2 A C-33

2 - A D-.35

2 A C-30

2 A C-30

CAUTION AND _-ARNtNG SYSTEM - LOCATOR "INDEx

Basic Date 15 April 1969 Change Date 15 Oct 1969 Page 3-42.
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7:F

L.

I

APO LLO)OPERATIONS _-IANDBOOK

i Type
: Valve

" Louvre

COAS POWER - COAS POWER/OFF' " • Sw

COA s POWEr'- COAS P0_R/OFF " S_

DIGITAL EVENT TIMER (no ?l_eard).
. Display

DO(:KING TARGET- BRiGHT/Di_[/OFF ,, Sw & Recp

,TIMER - MIN-TENS/CENTER/UNITs. " . Sw

E_NT. T!5_R - MIN-TENS/CENTER/UNITS Sw

_NT
I

EVENT

EVENT

EVENT

EVENT

EVENT

EVENT

TIMER F RESET/U P/DOWn{•

TI_R RESET/UP/DdW_

TIMER - SEC-TENS/CEN_ER/UNIT S

TIMER - SEC-TENS/CENTER/UNITS

TIMER - START/CENTER/STOP

TIMER - MIN/SEC

TIMER - START/CENTER/STOP •

EXTERIOR LIGHTS-RNDZ/OFF]SPOT

EXTERIOR LIGHTS-Rb_/EVA-OFF

FLOAT BAG IL - FILL/OFF/VENT

FLOAT BAG 1-BAT A

FLOAT BAG 2R - FILL/OFF/VENT

FLOAT BAG 2-BAT B

FLOAT BAG3 CTR - FILL/OFF/VENT

Sw

Sw

Sw

Sw

Sw

Indicator

Sw

Sw

s_

Sw

CB

Sw

CB

Sw

Panel Locator

Number Area Grid

252 " RHEB

303
LHFEB

IS A B-16

16 " A C-48

I I J-22

16. A ,. C-45 "

i . L P-22

306 LHFEB

1 L P-21

306 LHFEB

1 L P-23

306 LHFEB

1 L P-22

306 LHFEB

306 LHFEB

2 K E-30

2 K E-29

8 H K-8

8 /IH L-8

8 H K-9

8 H L-9

8 H K-9

MISCELLA_NEOUS - LOCATOR INDEX

" Basic Date 15 April 1969 Change Date Page -3-43



. _: . ::::_ . APOLLO OPERATIONS I-L_NDBOOK . _ _-i.... : " "

i

---_.- .. - , -: ,: " .... . . .'.. . .. .. .... 1Dmnel Locmtor _ :

': _ ' _ I " Control/Display Name •• . = _ Type _ • Number %r_ Grid

F I BAG 3-FLT/PL : / CB 8 II L-9
I

• FLOOI>-DLM - 1/2 " , Sw 8 H J-7
. "j •

FLOOD-DIM . 1/2 Sw 'i00 A

• ! " , " .. . . . •

:U•- FLOQD FIXED/OFF/POST LDG . " Sw 8 " H
..-- . •/

FLOOD . FIXED/oFF . i / :. ..Sw ii00 " • A,

FO0 WA_[ER " Sw & Recp 201

INSTRI/_IENT S-ESS -LXE_A • CB 5. B
i ;

. = i

INSIrI_UMENTS-ES S-_B " , CB 5 B

INSTRUMENTATION POWER CONTROL CB _ 276
OPE/ATIONAL-CB i

INS_TRUMENTATION POWER CONTROL CB 276

OPERATIONAL-CB2

INSTRLrbiFa_TATION POWER CONTROL CB 276
OPERATIONAL-CB 3

_. INSTRUMENTATION POWER CONTROL CB 276 RHEB

OPERATIONAL- CB 4

INSTRUMENTS-SCI EQUIP-HATCH CB 5 B K-56

INSTRUMENTS-SCI EQUIP-NON ESS CB 5 B K-55

INSTRUMENTS-SCI EQUIP-SEB 1 CB ' 5 B K-56

INSTRUMENTS-SCI EQUIP-SEB 2 CB 5 B K-56

INTERIOR LIGHTS-FLOOD/OFF/BRT Sw 5 B 1-55

INTERIOR LIGHTS-FL()OD/0FF/BRT Sw _ 8 H I-I0

INTERIOR LIGHTS-FLOOD - DIM 1/2 Sw 5 B !-56

INTERIOR LIGHTS-FLOOD - FIXED/OFF Sw 5 B 1-57

INTERIOR LIGHTS-INTEGIK_L /OFF/B RT Sw 5 B 1-54

INTERIOR LIGHTS-INTEGRAL /OFF /B RT Sw 8. H I-Ii

INTERIOR LIGHTS-NUMERICS /0FF/BRT _..Sw 8 H I-8

MISCELLANEOUS - LOCATOR INDEX

Basic Date 15 April 1969 15 Jan 1970
Change Date Page

" k

LEB.

J-7

LEB

RHFEB

K-54

K.54

RHEB

RHEB

RHEB

3 -44
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.APOLLO OPERATIONS HANDBOO K : : ....

MISCELLANEOUS - LOCATOR IINDEX . .- ;- " "

MISCELLANEOUS - LOCATOP_ INDEX

Basic Date 15 April 1969 - Change Date Page 3-45

,' . i...iJ ' z:-.i' ' _I' _z_'l_: ,i ll']l _1t"[? *_I,_'._ _,"_ U'.I"H"!__:f'_"__ '' ' _'t"

" • ..... ,.,._1.t .... } ' .1_t lf_*" t_ tJi' t " i f' '."{" i L' _ _ u_. _ " !!_

LEB LIGHTS-FLOOD/OFF/BRT

LEB LIGHTS-INTEGRAL/OFF/BRT

LEB LIGHTS-h_MERICS/OFF/BRT -=
!'" , "

LIGHT ING-FLOOD-FLT/PL . <_ ._

LIG_TING-FL00D-_TA _..". :.

. .

L HTING-FLOOD-_NB " - ' . ....

L HTING'hqfMERICS/iNTEGRAL/LEB-AC2 .

:HT_NG-N_mRICS/ INTEC_±/L-_C.AC Z

L GHTING-NX/MERICS/INTEGRAL/R-_C-AC!

L gHTING-RUN-EVA-TRGT-ACI

LIGHTING-RUN-EVA-TRGT-Ac2

L IGHT ING-COAS/TUNNEL/R_TDZ / S POT-_IA

LIGHTING-COAS/TUNNEL/mNDZ/SPOT-_B

}_SSION TI_R-HOURS/MIN/SEC

MISSION TI_R-HOURS/MIN/SEC

MISSION TIMER - HOURS-TENS/CENTER/uNITs

MISSION TIMER-HOURS-TENS/CENTER/UNITS

MISSION TIMER - MIN-TENS/CEh_/ER/UNITS

MISSION TIMER - MIN-TENS/CENTER/UNITS

MISSION TL_ER - SEC-TENS/CENTER/UNITS

MISSION TIMER.- SEC-TENS/CENTER/I_ITS

MISSION TIMER - START/STOP/RESET

MISSION TI_R START/STOP/RESET

POST LANDING - BCN LT HI/BCN LT LO

POST LANDING - DYE MARKER

I Sw•• . -

Sw

Sw

:,cB•. " .

CB

CB

CB

CB

CB

CB

CB

CB

CB

Indicator

Indicator

Sw

Sw

Sw

Sw

Sw

Sw

.Sw

Sw

Sw

-- Sw

" !- ' " , _. PanelLocator .

Type " " Number

z0o
". 'A "- LEB_

i00 A LEB

i00 A LEB

226 ' _ RHEB

226 B RHEB

226 B RHEB

226 'C RHES

226 C . RHEB

226 C RHEB

226 D. RHEB

226 D < RHEB

226 D RHEB

I
226 D _HEB

2 N E-34

306 LHFEB

2 N _ E-35

306 LHFEB

N E-36

306 LHFEB

2 N E-36

306• ' LHFEB

306 LHFEB

2 N F-36

15 " B BLI8

15 B B-18

i •

Grid

• ' i L " /

'- Con_.rol/Display Nomenclature



7

:-"/ : ' 7•-,:• _.i.•-,i¸ :-:•-: :
•_ :j_Control/Dispia_N_=e=_ature_." • .

l
.POST LANDING - VENT HI/LOW/0FF "

SC] I INST - PNR/OFF

SC_ INST - PO_ER/0FF I

S I : " ' "

CIIUTIL
POWER/OFF -;•

SUIT- FLOW RELIEF-AUTO/OFF
i

SUIT TEST-PRESS/DEPRESS/OFF

TIMERS__NA •

TIMERS-MNB "

i. f -

UP_I_HTING SYSTEM-COMPRESSOR I

t
UPRIGHTING SYSTEM-COMPRESSOR 2

URINE DUMP-HTR A/OFF/HTR B

"" " SM?-i-03-BLOCK II.(1) .... "

APOLLO OPERATIONS HANDBOOK ' " " "" :!_"/

M-ISCELLANEOUS - LOCA.TOR INDEX - . .i,:

Type

Sw :

Sw& Recp

Sw.& Recp

Valve

CB'

CB

Sw

CB

• Panel Locator '

.Number Area Grid

15 C B-19 ._
. 7

227 • RHEB

162 LEB

163 !LEB

1382 " LHEB

380 LHEB

229 B RHEB

229 B RHEB

UTILITY POWER - POWER/OFF

UTILITY POWER - POWER/OFF

UTILITY R/L STA

2 K E-3i

278 A RHEB

CB 278 A RHEB

Sw I01 C LEB

Sw & Recp 15 A B-17

Sw & Recp 16

CB

UTILITY LEB CB

UTILITY-POWER/OFF Sw & Recp

WASTE H20 DUMP-HTR A/OFF/HTR B " . Sw

WASTE STOWAGE VENT - CLOSED/VEN_ Valve

A C-47

229 E RKEB

229 E RHEB

i00 A LEB

101 C LEB

252 RHEB

)

Basic Date

MISCELLANEOUS _ LOCATOR INDEX

15 April 1969 Change Date
Page 3-46
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=1% i Control/Display Nomencl_tur e
J

J
] -

": / , , D_OCK PROBE-}hNA
J

t_OCK PROBE-_[NB

DOCKING PROBE INDICATOR A

_ ]

,_ _OCKING PROBE INDICATOR g

i

'- DOCKING PROBE-EXTD/REL/OFF/RETRACT

_OCKING PEOBE2RETRACT-P_!H~I ]CE_ER/2
i •

• t

DOCKING PROBE-RETKACT-SEC-I /CENTER/2

{,

: • SMZA,_03,BLOCK II-(l_)

" " ' " " " ' ' :: APOLLO OPERATIONS HANDBOOK

..... .-.. .... . DOCKLNG SYSTEM _-! :LOCATOR

Type

Panel

8

8

2

2

2

2

2

CB

CB

Ind

Ind

Sw

Sw

Sw

Number

r

Locator

Area Grid "

L K-7

L K-7

H D-28

H D-28

H E-28

H E-28

H E-29

i " DOCKING SYSTEM - LOCATOR INDEX

Basic Date 15 April 1969 Change Date Page 3-47/3-48



(

Location

t
i

Panel [ Area Grid
I

d

MDC- 1 ' i
/

1 A C-2Z

1 B

1 B G-22

1 B E-i9

Name and
Po sition ,

Altimeter

Entry Monitor System •

'(no placard)

&V/EMS sE;r switch

INCR

DEGR ,

FUNCTION switch

OFF"

EMS TEST

2

Function

lodicates presstlre altitude of

command module" up to

60,000 feet,

GUe markers at 10,000 feet

(MAIN CHUTE) and ;}4,000 feet

(APEX COVER)are .utilized dur-

•ing normal entry to e, nable crew

to monitor EIKS equipment.

a, ' Drives &V/RANGE display

in posii:ive [increasing)

direction,

b. Slews velocity scroll t/p to

I inch in positive (increas-

ing) direction,

(See &V/F_ANGE display and

FUNGTION switch.)

Used to slew VELOCITY s, croll

right to left, Drives &V/RANGE

display in negative direction

(decreasing).

Deactivates EMS except for SPS

TIIRUST ON llgt_t and roll

attitude indicator,

Tests EMS for de-acceleration

<.05 G. (No lamps illuminated,)

De-acceleration >.05 G. (.05 G
lamp should illuminate, )

.......................... •='(J;i.: ¸- 7.:_£.

")\

C ii-c-e-U'iX-'--

Breaker

N/A

, Sou,'ce "-_ ................. Remarks

• . . , ,

' I Altime[er is roonitored to verify
N/A

. -deploymc.nt,of drogue and main

parachutes at proper altitude, "

Adjustable reference marker on the

dlaI is set prior to laundh, Marker

is •used as reference for manual

deptozment of main parachu.tes during

low altitude LsES aborts.

DC main . The two cireult breakers both s{_pply
buses A _'B power to EMS They are separated

by c!iode s ;

.. • , . ,

• , - • .

. . ,

a. FUNGTION switch is used to ' :

s,e,lect de.sired EMS operating "

, function. '.

b; . MODE switch wilI be used
J

in ,

conjunction with FUNCTION

slwitch where _equired. "

• , " [ •

EMS-MNA

and MNB

(MDC.8) ,.,[[:

0

0 t_._Z 0

. O O

o'] _ "-"
O
O

" N



t_
fu

PJ

,, ?

:_f=_ _ 7-' _._

0_

7.--7-Y..Z-=_ o

-.,-.- , .
" .t -

Location

.... I iPaael [ Area Grid

MDC-I (Cont)

t } E-;L9

t

}

RNG SET

Vo SE_

ENTRY

Function

De-acceleration <.262 G

a. .05 G lamp illuminates

irnn_ediaiel y.

b. Ten Second_ later bottom

lamp on RS1 is ilhlL'nin_t_ed.

c. Enables slewing of

AV/RANG E display.

EMS systen_ test°

a. AV/RANGE displ..'_y drives

to zero _O.Z in I0 seconds,

b_, VELOCITY scroll drives

rigllt and left.

c. G scribe drives down to

9 g in 10 seconds,

d, .05 G lamp on.

De-acceleration >.262 G.

a. lllun]inatee .05 G lamp

immed!ately,

b. Ten seconds later _op larnp

on RSI is illuminated.

c. G scribe drive_ up to

O. 22:k0. I G.

d, ,lgnables slewing scroll tO

37,000 fps.

Enables slewing AV/R.ANGE

display to initial condition using

EMS/AVSET-switch. G _cribe

driw,'.4 ve,t'ticaliy to 0_0, 1 G.

Enables _Iewing VELOCITY

scroll to initial condition using

EMS/AV SET switch,

Operational position for EMS

entry display functions,

EMS- M NA

and MNB

(MDC-8)

• : ,. ,• . [..

.r,



,i

,L

..'_.

=--_'?-=-...2

•._,..-,-_

t_
P_

t3

t7

r=r
fb

('3
t_
P_

U
9_

g

_0
P_
0_
f_

tin

,O

_J

5q

O

O

0
t"

t"1

I

Z

Location

Panel I Area' [ Grid

MDC-I (Cost)

I I B E.19

I

I

I B F-22

I B F-19

i

Name and

Position Funct ion

_V TEST

AV SET

VHF RNG

ztv

GTA switch

On

Off

MODE switch

NORMAL

STBY

BACKUP

VHF RNG

Verifies correct operation of:

a. SPS THRUST lamp,

b, ZxV display (and countdown

electronics). (See AV SET

position, )

c. Thrust off command,

a. Enables use of EMS/AV

SET switch to slew

_V/RANGE display to

initial condition for AV

TEST and SPS thrust

monitoring,

b. Provides VHF ranging

information for AV/RANGE

display,

Correct position for SPS thrust

monitoring (AV display)°

Bias signal used in ground tests

to nullify Earth's gravitation.

Bias signal is removed.

Normal position for ENTRY,

AV, and TEST positions.

Inhibits operations in all but AV

SET, RNG SET, and Vo SET

)ositions of FUNCTION switch.

a_ A manual backup to auto-

matic . 05 G trigger circuits

that start scroll drive and

RANGE integrator display

drive circuits. ,Also backup

to TVC MODES for velocity

monitoring.

EMS- M NA

and MNB

(MDC-8)

C i r c.u i t ...... P b_v¢ ev

Breaker Source

DC main

buses A &-B

. I

Remarks , .'

L

• :i • . "'"

.•. ] k

• . , , ,.

EMS panel cover cannot be mounted

- _ when switch is in this position.

, • • , .

1
...:

O
(3 _,
O

O

.Z. _-_

'lJ _..

_ . .

• 0
0
N



t_

_J

Location

MDC-I (Cent)

i

1 "i B H-21

"0

C

1 B H-19

(3

t_
I
>

t_
t_

1 B G-Z1

!

7

NaxTl _ and

Posftion

AV/RANGE display

Roll stability indicatoi"

{no placard)

Pointer

Top light

Bottom light

SPS THRUST liglxt

Function

b. Does not permit negative

aecele ration spikes into

countdown circuits.

c, Enaifies VHF ranging

information to be displayed

on _V/RANGE display.

a. I_rovides ntnTlerieal readout

of either range tO _O or AV

renmining, dep_;nditlg on

position of I;'UNGTION

svziteh.

h. t_rovides thrust off command

to RJ'GG ON-O[;'F for SCS

configuration.

e, Provides readout of

LM-GSM ranging during

rendezvous,

Indicates roll attitude (lift

vector orientation). (Refer to

Remarks. )

•If lit, approximatelg l0 seconds

after, 05 G light conms on,

indicates de- aecele ration "

% . 262 G.

]f lit, approximatt.qy i0 seconds

after .05 G light comes on,

indicates de* acceleration

-. 262 G.

When lit, indicates ground on

low side of the SPS bipropellant

solenoid control valves and SPS

relays.

When not lit, indicates no ground

is provided to SPS solenoids ....

Circuit
Breaker

EMS- M NA

and M.N.B

(MDC- 8)

Pow e r

Source

DC main.

buses A & B

: Remarks

• • ,, .

• a. Drive eignat originates in 'EMS

' electr:0nies and logic.

• b. /_eadout imlts are nautical miles

(range) and feet per second (AV}.

• , . - .

• ,, ,

' " Dr.ive signal for RSi is obtained

' frolai yaw-GDC channe'l_. : Signal is

'. enabled when ENTRY-EMS switch
:is tip (not OFF).

a_ Poln_er on RSI should be (if not

presently) directed toward lamp

. that is lit.

b. Drive signal from corridor

verification circuitry in EMS

electronic.s.

RJEC ON-OFF. logic circuitry:
ndrmally supplies ground to SPS .

bipropellant solenoid control •valves

and SPS relays " '

...... IL _ : ......

•, -¢

• 0

o t"

qJ

O
O
N

- : •_: .• . /.'•L• I

.< .
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) .........................

1

--L

)
. -•%

( ,e:

=7-_ _.

:__5_

-.SL-_.'

_::.:2

t_

D
fn

g

7.

(3

p_

u
Iu

7.

al

Location

PanellArea I Grid

MDC-I (Cqnt!

i B G-21

1 B F-21

1 C H-17'

r

' t

!

I : D l- 17

I,••.

Name and

Po siti.on

,05 G light

.(G-V plotter)/

(no placard)

MASTER ALARM switch-light

AGCEL G meter

Function

Provides, when illuminated, an

indication of de-acceleration

greater than ,0 5 G,

Provides a display of accelera-

tion (G-scribe) yersus velocity

(VELOCITY scroll) during

entry,

I

Circuit

Breaker

EMS-MNA

and IviNB

(MDC-8)

Red Hght illumihales to alert C/W-MIqA

crewman in LII ,couch of a MNB

malfunction or out-of-tolerance (Mi)C-5)

condition, This is indicated

by illumination of applicable

_-'I_OW et_ ......

_OUrCO

DC !_fain

b_ses A h B

' . h ,..

Remarks

• / . '

MASTER ALARM lights on MDC-1,

-3, and LEB- 122. are •simultaneously

illuminated ,and an audio •alarm•tone

_s sent to each headset when any

G/W light illuminates, Disabled by
system status lights on MDC-_.

M_chanical device for rneasur-

_ng G-forces along the SC

X-axis.

N/A N/A

positioning GA.UTION / WARNING.,

.... NORMAL. BOOST-ACK sw /MDG-2)

" " to BOOST position,

" . CAUTION/WARNING switch (MDG-2)

ts set to BOOST during ascent phase

only, preventing this MASTER

ALAIIM switch-light from illumi-

, nating in order to avoid confusion

'with adjacent red ABORT light,

Switch-light loses its reset function

during this rims. ....

MASTER ALARM switch-light con.

rains an _ntegral pushh.utton switch, ,

Pr,essing-switch-light will reset

mast,er alarm clrcuiG extinguishing

MAST.ER ALARM lights :an d shutting

off audio alarm,

..:- .£j(. ...................

.}

; "apO

o



-a

]rJ

: i

•_2 _.

:7 .......

:;c......

U

_o

0

D

U

_q

o

_0

0

0

o

z

Location

MDC-I (Cont_

K-16

[

J-17

o|,,

Name and

Position

ATT DEADBAND switch

MAX

MIN

ATT SET switch

INIU

(

GDC

L

ATTITUDE SET control panel

ROLL

thumbwheel

and display

Function

Not wired, (Refer to Remarks,)

Switches (relays) the additional

(_'4 degrees) electrical deadband

out of ECA attitude control loop

in all three axes,

Total attit'ude signals £rom 1MU

are routed to resolvers in

ATTITUDE SET panel to

generate Euler errors. These

error signals can be displayed

on FDAI error needles if

selected. (See FDAI-SOURCE

and FI)AI-SELECT switches. )

a. Same concept as for IMU

position except total attitude

signals are obtained from

GDC and Euler errors are

transferred to body •errors

in GDC.

b, This position is necessary

for GDC and RSI alignment.

(See GDCALIGN pushhutton. )

Rotating thumbwheel positions

shaft of a resolver to electrical

equivalent of angle readout on

display adjacent to thumbwheel.-

Circuit

Breaker

SCS LOGIC

BUS 1/4-MNB

LOGIC BUS

/2-MNA

Scs LOGIC

BUS I/Z-MNA

LOGIC BUS

2/3-MNB

(MDC-8)

SCS LOGIC

BUS 3/4-MNA

LOGIC BUS

I/4-MNB

(MDC-8)

N/A N/A ' ""

Po, we r ..

Source Remark-,

DC main

buses A & B

l.

J

i

A±4-degree electrical deadband is "

normally part.of ECA attitude

' control l'oops. This deadband _e in

addition to,switching arr_plifier dead-

band and can be removed,. (See

MiN position this switch, )..

Logic power is routed directly from '.

MDC_8 circuit breakers to MDC-I .

switches,

Logic power 'is supplied to MDC-.I

switches from SCS LOGIC BUS

i " circuit breaker_ via LOGIC POWER

2/3 switch (MDC.7).

• Logic power is routed directl¥ fror_

'. MDC-8 circuit breakers to MDC-I '

: " switches, " " . :

.... : ,, • ..

ATTITUDE .SE T 'resolvers are used

for functions listed under AT T SET,.-

switch and GDC ALIGN pushbutto m

0
0
_d
H

0

_0

N

r_ N
0
0
N

, i". 7.

o

o
0

.,,..



)
%

Location

Panel[Area[Grid

MDC-I (C,ont_ ¢ :

1 D P-I_

i
i

1 D N-13

i • '

i

PITCH

thumbwheel

and display

YAW

thumbwheel

and display

Name and

Position

BMAG MODE switches

ROLL

RATE 2 a,

h.

a°

b.

Functio_t

N/A

Circuit ...... :

]3 re ake r

Powe_ ......

"--'-S_urc e ..... [ ......

ATT | /

RATE 2

Sends 28 vdc to signal

conditioner.

Rate cages BMAG in GA-I,

but rate otflput is not

utilized. Logic circuits in

ECA, EDA_ and GDC, select

rate signals from BivlAG in

GA-2 for' control, display,

and GDC drive.

Sends 28 v¢lc to aigaal

conditioner, "

Enables logic circuits in

ECA, EDA, and GDC so

that:

1. BMAGin GA-2 supplies

rate signals for coatro]

and display, and GDC

updat e .

2, BMAG in GA-I ear_

provide attitude error

signals for control and

display. (See FDAI-

SOURCE anti SELECT

switches. }

N/A

. . • . .

SCS LOGIC

BUS

l/2-MNA

I_.OG K; BUS

2/3-MNB

(MDC--_)

Remark_

Also used to align RSI.

DC main' Ldgic pOwer is supplied to MDC-I

bases A & B switches fron_ SCS LOGIC BUS

' circuit bre'£kers via LOGIC

POWDER 2/3 switch (MDC-7).

• I

I

" ,_



t_

U
g_

g

Urt

g,
,D

011

°u

I11

Location

!

Pane].IArea [ G_id

MDC-1 (Cent)

| i D ,N-L3

1 D N-14

i
i
i

i I
I

i

}

Name and

Position
Function

Circuit

Breaker

RATE l

ATT 1/
RATE 2

RATE 1

Rate cages (electt'ically) BMAG

in GA-,I 0nd enables logic

circuits in ECA, El)A, and GDC

so that this BMAG supplies rate

information for control and

display, and drives GDC,

a. Sends 28 vdc 'to signal

conditioner,

b. Rate ctaanges BMAG i_ GA-t I

but rate output is not

.utilized. Logl, c circtfits in -

ECA_ EDA, aad GDC select

rate signals from BMAG in

CA-2 for control, display,

and GDC dfiive,

a. sends 28 vdc to signal

conditioner,

b. l'.:nables logic circuits in

ECA, EDA, and GDC so

that:

i. BMAG in GA-2 supplies

rate signals for control

and display, and GDC

update.

2. BMAG in GA-I can

provide attitude error

signals for control and

display. (See FDAI-

SOURCi_ and SELL;_CT

switches on i',ADC- 1. }

Rate cages (dectrieally) BMAG

in GA-1, and enahles logic

circuits in ECA, EDA, and

GDC so that this BMAG supplies

rate information for control and

display, and drives GDC.

SCS LOGIC

BUS

1/4-MNB

LOGIC IYUS

I'/Z -MNA

(MDC-g)

SCS LOGIC

BUS

3/4-MNA

LOGIC BUS

2/3-MNB

{MDC-8)

SCS LOGIC

BUS

I:/4-MNB

LOGIC BUS

1/Z ,MNA

(MDC-8)

Power

Source

DC main

buses A & B

.' Remarks "

Logic-pbwer. is routed directly _rom.

MDC-8 circuit breakers to MDC, I

switches.

I¼ogic power is supplied to MDC-I

switches iron'* sCS LOGIC BUS

dircutt breakers via LOGIC

POWER 2/3 switch (MDC-7).

'. ; :. . , " _ "

• , . • ,

7 ' , ' . .

i..

Liogic power is routed directly from

MDC-8 circuit breakel, s to MDC_ 1 , :

switches. ' ' ' "

• • . . •

: , . %

• . . ,

• i /(i, ""

O:

_q t,

e0 '1

[-q c

> ;_ t_

•:- ._ ' -

50

50 tO

o
©
7q

.X



f

L°cati°n

MDC-1 (Cent _i

1 D N-15

/

N

I

Name and

Position

YAW

RATE 2

ATT 1 /

RATE ?

RATE 1

Functioa

a, Sends 28 vdc to signal

onditi one r.

b. 'Rate cages BMAG in GA-I

but rate output is not

utilized. "Logic circuits in

ECA, F2DA, and GDC'seleet

rate signals from 13MAC in

GA-2 for control, display, .

and GDC driw_,

a. Sends 28 vde to signal

conditioner.

b. Enables logic circuits in

ECA, Et)A, and GDC so

that;

l, BMAG in GA-Z supplies

.rate signals for e.ouirol

and display, 'and GDC

update,

2, BMAG in GA-2 cau

provide attitude el-roy

signals for eoutrol and

display, (See FDAI r

SOURCF and SELECT

switches on MDC-[.)

Rate cages (electrically) BMAG

in GA-I and enables logic

circuits in ECA, EDA, aed G13C

so that this BMAG supplies rate

information for control and

displag_ and drives GDC,

Breaker

SCS LOGIC

BUS 3/4-MNA

LOGIC BUS

2/3-MNB

(MDC-8)

SC8 LOGIC

BUS 1/4-MNB,

LOGIC BUS

l/_ .MNA i

•. (MDC:8)

- ,_ource .................... Remark_

DC main

buses A _ B'

Logic power i:" supplied to MDC- l

switches from SCS LOGIC BUS

circuit breakers via LOGIC

POWER _/3 switch (MDC-7),

!

(t

iI : •

Logic power ia routed directl) from

IMDC-8 circuit breaker_ to MDC-1 _

switches ::

• .: - , '. ,,

i : " :

_)f :•. 0n3
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Location

Panel[Area [ Grid

MDC-I (Cont)

1 [ D 1-16

1

/ I'

i

i

I D M-17

l D J-19

Name and

Position.

CMC ATT switch

IMU

GDC .

CMC MODE switch

AUTO

HOLD

FR EE

FDAI No. 1 (no placard)

•Rate Indicators

Top

Far right

Bottom

Attitude error

' indicators

Top (below roll

rate indicator)

Function

a, Required in logic that

enables body to Euler

transformation in GDC.

Enables motor excitations to

either or both FDAI balls, if

FDAI/GPI POWE:R switch is

not OlaF. (See FDAI/GPI

POWER switch on panel 7. )

Not wired,

Provides discretes to CMC,

No discretes to CMC.

Provides discretes to CMC.

Provides discretes to CMC,

Display of roll rate,

Display of pitch rate,

Display of yaw rate,

Display of roll error.

Circuit

Breaker

SCS LOGIC

3/4-MNA

I/2-MNA

and

i/4-MNI3
circuit

breakers

S un21_ed

through

di'odes.

Refer to

Remarks.

(MDC-8)

NDk

Refer to

Remarks,

Powe r,

_ower

Source

DC main

' buses A & B

[ ' , ',

CMC

AC bus I a.

DC mat'n

bus A

Remarks '

Switch has redundant poles and output
contacts, IMU position contacts are

tied together 'through isolation diodes.

SCS LOGIC BUS 4 supplies power to

one pole, The Other is supplied from

SCS LOGIC BUS I.

Inp, ut channel 3.1, bit 13,

Input channel 31_ bit 14.

Power

.l. Rate and erroi" meters are

_ervo-metric. Potrefer-

ence,voltages Comes from

EDA power supply, which

obtains" phase A power

from AC 1 circuit breaker

through FDAI/GPI switch,

2, Power' to motors is obtained

from EDA which obtains

a-c power from FDAI./GPI

switch supplied from AC l

cii'cuit breaker, ;'8 vdc,

bud A from SCS, 'SYSTEM

MNA circuit breaker is

also used.

•,,.

0

_) 0 >.:.•'

o
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Location

M DC- 1 ('Cont_

1 D J-19

Name and

Position

Right (left

of pitch rate

indicator)

Bottom (above

yaw rate

indicator)

Euler angle indicator

(ball) (Gimbal angle

repeater)

Great

semicircles

small circles

Roll bug and

scale

Function

Display of pitch error.

Display of yaw error.

Circuit

Breaker

Refer to

Remarks_

Power.

POwe r

Source

The great semicircle under

index indicates pitch Euler

attitude.

Small circle under index

indicates yaw Euler attitude.

Indicates roll Euler attitude

or, after .05 G, indicates roll

stability attitude "IF DRIVEN

BY OOC. u

Remarks ,

AC hus I b., Rate '''

DC main I. Ind'Icator consists of tri-

bus A - gngular marker with. scalo " "

.. marked at 0, _t/5, q'2/5,

, _3/5, *4/5, and full scale,

" ' Full-scale value depends on

' . pgsition of FDAI-SCALE :.

, switch,

• '.2, Drive signals .ai'e obtained

• from EDA which obtains rate

, information from BMAGs in

GA=2_ normally, 'BMAGs in

" - GA-1 will supply rate when

selected by BMAG MODE

switches. •

" 3. Indicators are fly-to displays.

c, Error ., -

" , • I. Indicator donaists of needle-

type pointer and scale .

n_arked as follows:

_ , (a) ROt1 scale marked at

,0, 4"1/2 and full ec.ale,

"'' (b) Pitch and yaw ma£ked

. at O, "_I/3, ±Z/3, and.

' " fuil scale,.'

(c) .Full scale value ,

' : depends on position of

: FDAI-SCALE switch.

'_. Drive signals are obtained O "

from EDA. Inpt_t (source)' O

' to EDA is selectable among [- .....

. the following: . ._.

, ' (a)'G&N CDUs :., :

" (b) BMAGs in GA-I .;. ,.-_ .

(c) ATTITUDE set , -.

' resoIVere. " ' !,

• . 3, .FDAI-SELECT, FDAI- :.

. SOURCE and/or ATT SET "

. swltches determine which . .....

source is selected, " . ...

.4. Indicators are fly-to

.! :" • displays. ':" ".. .

" 4- : 1-3 ' : "

" - O

¢3-" t _
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MDC- 1 (Cont)

1 D if-19

Name and

Po sitio a

FDAI switches

' 1 ' D i J-15 SCALE . "

ERR RATE

1

50/15 50/10

SELECT

)

Function

Refer to

Remarks,

Powe r,

Circuit Powe'r

-, A_ r_e_k_e_:__ ..... Source

AC hus 1.

DC main "

bus A

i

" Remarks -

d, Ball . . "

1• Signals to motor come from

. servoamp in EDA. Signal :

source is either IMU'or ,

GDC as selected by panel " :

switches. (See FDAI_

SELECT, .FDAI- SOuI{CE,

• and/or ATT SET switc _es. )

DC main• Logic power is _upplied to MDC-:I

buses A.& B swiLehes from SCS •LOGIC BUS

circuit breakers via LOGIC .

POWER 2/3switch (MDC-7); ',, " .

• /; i

• . . . / " .'

. , . - . .

, • . . • , f .

Logic power is obtained from SCS

logic power circuit breakers, -

• , o

i

Not wired. Full scale on

attitude error indicators (3) of

both FDAIs is 5 degrees. Full

scale on rate indicators is

1 deg per sec.

Logic signal to EDA that selects

signal flow gains so that full

scale on rate indicators (3) Of

both FDAIs is 5 deg per sec.

Logic signal to EDA that selects

gains so that full scale indica-

•tions on both FDAIs are:

a. Roll error - 50 deg

b. RolI rate - 50 deg per sec

e. Pitch and yaw error - 15 deg

d. Pitch and yaw rate - 10 deg

per sec.

LOGIC BUS

IZ-MNA

LOGIC BUS

2/3-MNB

(MBC- 8)

LOGIC BUS

3/4-MNA

LOGIC BUS

1/4-MNB

(MDC- 8)

:<%,
.,:. .

_7

f3.

_ , 0 0

,, • [1]

: ?
m t_.>-"

0
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Location

'Pane]IArea I Grid

M____DC- i (Cent)

i D J-16

i
i i

1 D J-17

i

Name and

Po sition Function

l/z Logic signal to EDA that selects

specific sources for both FDAIs.

_;7 ..................: .....:_

• C fFd_

i3reaker

SCS LOGIC
B US

........Po_v.e r

• Source

DC main.

buses A. & B

• . '. . • ,

Remarks

NOTE ..

SOURC E

CMC

<l'he sources for oacn I;'DA[ are:

a, FDAI No, I

I.MU- CDU- BlvlAGs in

GA-2. (See BMAG MODE

switcil, )

b, FDAI No, 2

GD.G - BMAGs in GA-l -

BMAGs in GA-2 (if BMAG

MODE swit_h(es) are in

ATT t/RATE 2 position).

Logic signal to GDA that inhihits

signals to FDAI No. 1. Signal

sources for iPDAI No. 2 depends

oh positipns of .FDAI-SOUItC1/]

and/or ATT SET switches,

excluding rate source. (See

BMAG MODE switch.)

Logic signal to EDA that inhibits

signals to FDAI No. Z. Signal

sources for FDAI No. [ depend

on positions of FDAI-SO[H1GE

and/or ATT SET switches,

excludihg rate source. (See

BMAG MODE switch. )

N O T 12

This switch tlas r,.o function

if FDAI-SELECT switch is

in the 1/2 position.

Logic signal to FDA that selects

IMU-attiLude and CDU-error for

display on that (I or Z) FDA1

switch selected. (Refer to note

applying to SOURCE switch. )

3t4ZMNA .

LOGIC BUS

I/4-MNB

(MDC-8)

SCS LOGIC

13 US

3/4_MNA

LOGIG BUS

Z/3-MNB

(MDG-8)

i

SCS LOGIG

. BUS

i Iz -MNA

LOGIC BUS

2/3-MNB

(MDG-8)

., FDAI-SOuRCE.switeh has no ,

I function when,thi_ posifion is :. i
selectedI

. ., ._

" i. •

• . " 5 . :, '- .-.

,. , ,, , , . ..

" ..L0gic.power _s supplied to MDc-I

• '. switches frolna SCS LOGIC BUS '

circuit breakers via LOGIC " :'

•, " '" POWER 2/3 switch (MDC-,7) ' -"

(applicable to switch poMtionS ,,

2 arid I). • ":

<

- ,q. ... . , ?

] .

•., '.

• Logic power is supplied to 1QIDC-'I

switches from SCS LOGIC BUS -

clrca.it breakers via LOGIC

POWER 2/3 switch'(MDC-7),

.:_:; _ .

, " .\

..... _+

_., , , . . .

/!.]

0
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Panel [ Area [ Grid

MDC- l (Cent)

1 D J-'17

1 D O-15

1 " D I(-16

1 D 1(-15

)

Name and

Po sition

ATT SET

Function

GDC

GDC ALIGN pushbutton

Normal

Depressed

LIMIT CYCLE switch

UP

OFF

MANUAL ATTITUDE switches

PITCH

ACC.EL CMD

Logic signal to EDA that selects

attitude set source for error
display on FDAI. Source for

total attitude {bail drive) i8

determined by position of A'rT

SET switch, (Refer to note

applying to SOURCE.switch. )

Logic signal to EDA that selects

GDC-attitude and BMAG-error

for display on that FDAI

selected. (Refer to note apply-

ing to SOURCE switch. )

Not wired.

Logic sign'al to GDC that enables

ATTITUDE SET output to drive

GDC. (.Refer to Remarks.) Also

used to align RSI.

Not wired. (Refer to Remarks.)

Inhibits pseud0-rate feedback

circuits in ECA,

a, Logi.c signal to RJEC

ON-OFF tt_at disables CMC

and]or ECA (SCS) control

of RCS.

b. Logic signal to pitch BMAO

(attitude) uncage logic in

ECA that inhibits uncaging

of BMAG if sPs engine is

not thrusting.

Circuit • P6wer

Breaker SqurCe

sCS LOGIC DC main

BUS buses A & B

3/4-MNA

LOGIC B0S

Z/3-MNB

(MDC-8)

SGS LOGIC'

BUS

3/4-MNA

LOGIC BUS.

1/4-MNB

(MDC-8)

SCS LOGIC

BUS

l/4-MNB

LOGIC BUS

/Z -MNA

(MDC-8)

r•

. Remarks . '

Logic"po,,_bris supplied to MDC- 1 "

Switches from.ScS LOGIC BUS

circuit, breakers via LOGIC " " :" -

POWER Z/3 switch (MDC-7).

• • , (

• / _ .... ".O

• DCmaia Logic Power is routed direc}iy'from

buses A h B MDC-8 circuit breakers to MDC-I I-]

switehe_ ...... ' (_) .,/:

• ': NOTE
b_

- .To obtain meaningful input to' "

GDC (when aligning), ATT SET . tD

• switch must:be in GDC position, "

DC main, , Logic powe,; is routed directly from

buses A & B MDC-8 circuit breakers to MDC-I . _'

switches, . " _,_

• [1)

• _

• " .. • :

• ,. ".i _ . _ . , ,

, • : , ''7 •

@_'L .

?

0

0 _

o C
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Location

i

MDC- i (Cont)

1 D K-14

1 D K-14

Name and'

Po sition

RATE CMD

MIN IMP

ROLL

ACCEL CMD

RATE CMD

MIN .IMP

YAW

ACCEL GMD

Function

Not wired.

Logic signal to ECA that:

a. Disables pitch switching

amplifier outputs.

b. Enables input to n_.inimum

impulse circtfits from pitch

. breakout switches in RC (2).

c. Inhibits uncaging of BMAG if

SPS engine is not thrusting.

a. Logic signal to RJEC

ON-OFF that disables CMC

and/or ECA (SCS) control

of RCS.

b. Logic signal to ROLl, BMAG

(attitude) uncage logic in

ECA that inhibits uncaging

of BMAG if SPS engine is

not thrusting,

Not wired.

Logic s:ignal to ECA that:

a. Disables roll.switching

amplifer outputs.

b, Enables input to minimum

impulse circuits from 1"oll

breakout switches in llC (Z).

c. Inhibits uncaging of BMAG

if SPS engine is not

thrusting.

a. ,Logic signal to i(JEG

ON-OFF that disables CMC

and/or ECA (SCS) control

of RCS.
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MDC-I {Cent)

1 D K-15
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I D K-17

2

Name and

Po sition

RATE CMD

MIN IMP

RATE switch

HIGH

LOW,

Function

b. Logic signal to YAW BMACI

(attitude) uncage logic in

EGA that inhibits uncaging

of BMAG if.SPS engine is

not thrusting.

Not wired,

Logic signal to ECA that:

a. Disables yaw switching

anaplifie r outputs.

b. Enables input to minimum

impulse (;ireuits from yaw

breakout switches in RC (2)r

! C. Inhibits uncaging of 13MAG

if S'PS engine is not thru.sting.

Logic signal to EGA that:

a, ,Selects low signal gains in

both rate and attitude

c:hannels'in all axes (rpll,

pitch, and yaw).

b. Selects higtmr signal gain

in roll manual control loop,

(Refer to Remarks, }

Not wired, (Refer to Remarks.)

Ci_,cult

Breaker

LOGIC BUS

I/4-MNB

I,OGIG BUS

t/2-MNA "

(MDC-g)

LOGIC .BUS

l/4-MNB

LOGIC BUS

I/2-MNA

(MDC-8)

Power

:Source,

DC main

buses A & B

.. • .

Remarks " "

Logic pow_"is routed directly from"

MDC-8 circuit breakers to MDG-I " "

switdhes,

DG main

buses A & --B:

. . . • "

. • , : :

• J ,t: _

a. Logic. power is routed directly. "

from MDC-8 circMt breakers,

"to MDC-I switches,

b, in HIGH •position ECA is "

configured for',

1. Switching amplifier dead.

band (all axes):

Rate :t/2 deg per see ' •

• Attitude +_t deg

2. Maximum proportional rate

command capability; "

Pitch and yaw _'7 deg

. per sec . :

Roll 4"20 deg per see.

In .LO W position ECd( is configured

for:

a, Switching amplifier deadband . .

(all axes):

. Rate 4"0, Z deg per aec

• Attitude 4"O,Z. deg " ; " " %

b, Maxin-_un_ proportional rate " " •

command capability (all axe_) "..,

±0,7 degper sec

:- • . ,

? • -

• : , %::.• • ,

0
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Location

Panel[ Area [ Gr_d

MDC-I {Coat}

D K-17

D k_- 13

]) M-14

)

( )

Name and

Position

TRANS CONTR

' PWR

" . OFF

ROT CONTR PWR

NORMAL- I

AC/.DC

OFF

AC

NORMAL-2

AC/DC

OFF

AC

Function

Applies 28 vdc, MNA and MNB to

eX, "_Y, ±Z translational control

switches th'rough CM-SM transfer

switches,

Retnoves 28 vdc fron_ traas-

lational control switeiles,

Applies 28 vdc MNA and MNB to

breakout.switches in number I

rotation control through armed/

locked switcl_, Applies 26v ACI

from the ECA to rotation control

transducer,

Removes dc and ac voltage to

switches and transducer,

Only AC1 applied to rotation

control transducer.

Same dc as NORMAL-t',

Applies 26v AC2, from _CA to

rotation control transducer,

See NORMAL-I OFF.

Only AC2 applied to rotation

control transducer.

Circuit

Breaker

SCS CONTR/

AUTO ,

MNA, MNB

(MDC-8)

SCS CONTR/

AUTO MNA,

MNB

(MDC-8)

S'I'AB

CONTR

S YS T [gM

AC 1

FCA/TVC

AC2

Power

$ource

DC main •

buses A & B

i

AC bus 1

AC bus 2

-' :_'.. :."<'i -:. ," " "

f •

l

Remarks

• [, • •

"1' J ! i" - "

• - , "

Enabled when SCS ELECTRONICS

PWR SW _$5) is in ECA or GDC/ECA'

posltion,

u •

/

," • ...

,. , , ." .. " , .

f • ; "
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Location

MDC-I (Cont)

] M-;I 5

i M-!s

I . A-t6

V

i . . " . .

Name and

Po sitioil

J

DIRECT- l

MNA/MNB

OFF

MNA

DIRECT-Z

MNA/MNB

.OFF

MNB

SO CONT switch

CMC

SCS

" Function

Applies 28 vdc, MNA and MNB

to direct _witches in rotation

control I.

"Removes 28 vdc from direct

switches. "

Applies 28 vdc, lvlNA, to direct

switches in rotation control 1,

Same as DIRECT-I, except for

rotation control Z.

Removes 28 vdc from direct

switches.

Applies 28 vdc, MNB, to direct

switches in rotation control 2.

a. Logic signal to ECA', !(JEC

ON-OFF, and SA/TVP logic

circuits. Inhihits SCS con.

trol functions, "IF TC IS

NOT CLOCKWISE (CW),"

b. Logic signal to normally

closed clockwise switch in

TC, Signal from TC to CMC

and PSA (28 vdc),

Logic signal (28 vdc) to ECA

and II3EC ON-OFF to enable

SCS functions, Disables CMC

functions in RJEG ON-OFF.

Circuit

Breaker

SCS CONTR/

DIRECT- i

MNA, MNB

(MDC- 8)

SCS CONTR/

DIR ECT- I

MNA

Power

Source

DC main

buses A & B

DC main. '

bus A

Remarks

(MDC-8)

SCS CONTR/

DIRECT-_

MNA, MNB

. (MDC- 8)

SCS CONTR/

D IR ECT- 2

MNB

(MDC- 8)

LOGIC BUS

l/2.MNA

LOGIC BUS

2/3-MNB

(MDC-8)

N/A

LOGIC BUS

3/4-MNA

LOGIC BUS

2/3-MNB

(MDC- 8)

DC main. ." . _ ..

buses A & B _ " ,

• , - . . .

DC main

bus B

D C main

buses A & B

i J

.I

,l

Logic power is supplied to MDc-I

switches from SCS LOGIC BUS.

circuit breakers via LOGIC

I_OWER 2/3 switch (MDC-7.).

, +28 vdc.discretes to CMC CH 31-15

' and PSA to enable TVC mode.

O•.

O
O

_] N

_ _ o
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Location

MDC- 1 (Cont) "

. _ O-16

O-17

• .,- )

Name and

Position

SCS TVC switches

PITCH

'AUTO

RATE CMD

ACCEL CMD

YAW

AUTO

RATE CMD

ACCEL CMD

Function

Logic signal (28 vdc) to ECA and

TVSA logic circuits. This

position must be selected if SCS

AUTO.TVC control in PITCH

is desired, either as backup to

CMC or as primary selection.

Logic signal to ECA that must

he present if MTVC-RATE CMD

TVC control is desired in

PITCH, either as backup to CMC

or as primary,selection,

Logic signal to ECA. Similar to

above functions hat ini_ibiis rata

(BMAG) signals.

LOGIC BUS

3/4.MNA

LOGIC BUS

Z/3-MNB

(MDC- 8)

Logic signal (28 vdc) to ECA

and TVSA logic circuits. This

position must be selected if

SCS AUTO TV control in YAW

is desired, either _s backup to

CMC or as primary selection.

Logic signal to ECA that must

be present if MTVC-RATE CMD

TV control is desired in YAW,

either as backup to CMC or as

primary Selection.

Logic signal to ECA. Similar

to above ftmctions but inhibits

rate (BMAG) signals.

C i r CUit ......... -'-'Pb-W e r ....

. Breaker Source

J ..... •

DC main

buses A & B

i

. . . - . • •

Remarks

Logic power is 'supplied to MDC-1

switches from SCS LOGIC BUS

circuit breakers via LOGIC

POWER Z/3 switch (MDC-7).

'. , • . ;

r

,I
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Location

Panel[Area I Grid

MDC-I (Cont)

1 E N-17

i

I E N- 18

!

I

Name and

Position

AV THRUST switches

AV THR UST-A

NORMAL

OFF

AV THRUST- B

NORMAL

Function

• Receives power frorn SPS pilot

valve MNA circuit breaker .and

appl'ies power for SPS ready

signal to CMC, enables power

through FCSM SPS A switch to

SPS thrust ON-OF.i;" logic, and

applies enabling power to SPS

relays and solenoid control

valves that are controlh'd by

SPS thrust ON-OFF logic A,

Receives power from SPS heliun_

Valve MNA circuit breaker, and

applies power to injector pre- .

_alve A.

Removes power from _"CSM SPS

A gwitcl_ and thrust ON-OFF

logicj front* SPS relays and

solenoid control valves, rdady

signal to CMC, and de-energizes

injector prevalve A.

Circuit

Breaker

SPS PILOT

VLVS-MNA

(M DC- 8)

Power

Source

I

DC main

bus A . "

' Receives power from SPS pilot

valve MNB circuit breaker, and

applies power for SPS z:eady

signal to CMC, enable power

through FCSM SPS B switch to

SPS thrust ON-OFF logic, and

applies enabling power to SPS

tretays and solenoid control

valves that are. controlled by

SPS thrust ON-OFF logic B.

SPS He

VALVE MNA '

(MDC- 8)

Remarke
(

Two-position toggle 'switch guarded "

to OFF position.

NOTE

FCSM SI_S A and FCSM SPS B

. /_witches are not used, each is

positioned and locked .to a

RESEAT/OVERRIDE position,

a decal is placed over.all nomen-

_clature of both switches, FCSM

power • supply wires are stowed:

SPS PILOT

VLVS-MNB

(MDC-8)

. . Provides backup thrust OFF com.'

mend to any" AV mode of operation ;

" by removing power from SPS relays,

solenoid control valve_ and thrust

ON_ OFt." iogic, : .

DC main

bus B
t

. /..

.. • . . ,, • ..:
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C_
O
Z

t"
[n

>

U

U

6"1

O

O

t_
O



; i!J
.-17 ':- f

'L=:..L!:"l

.. _.

.... TLL_.

U

U

g

0

Location

Panel[Area [ Grld

't ._

MDC-1 (Cent)

1 E N-t8

1

1 E O- 16

1 E • N-16

I
I
I

Name and
Pc sltion

OFF

Function
Ci_'c/fit ......

Breaker

THRUST ON pushbutton switch

SPS THRUST switch

DIRECT ON

Receives power from SPS hel.ium

valve circuit breaker MNB,'and

applie.s power to injector pre-

wflve B,

Removes power from I)'CSM SPS

B switch and thrust ON-OFF

logic, from SPS relays and

solenoid control valwls, _cady

signal to CMC, and do-energizes

injector prevalve t3.

Switch actuation applies SPS-

thrust-on command to SCS &g

modes throst-.onlogic, which

energizes SPS relays and

solenoid control valves, W[IOI1 '

)ressed, a lock-up circuit in

SCS logic locks command in,

thus pushbtitton is not depressed

thr0ughout SPS thrusting period.

When AV THRUST NOI/_MAL-A

and _V THRUST NOI/MAL,-B

arc, placed in NOP, MAL position,

applies power to TIIRUST

DIRPCT ON switch, The SPS

THRUST DIRECT ON switch

placed t:o DIRECT ON provides

aground to ene. rgize SPS relays

and soIenoid control vrdves of

SPS system A and grouod to

energize SPS relays and s0'lenold

control valves of SPS system B.

2:

S PS LIe

VAt V. i: MN B

(MDC-g)

SCS LOGIC

l[lS

/4-MNB

LOG/C BUS

l/_ -iVI NA

(NIl)C-S)

.N/A

z

,: . ,. ,)..

_-P_owe r Z. "- "
, i/,. .........i

Sou_',ce .... Remark_ =:

DC n_ain ".....

bus B " ., , ...

, Provides backap thrust OF}J" corn- '

'- man'd _o any. AV mode o1: operation

. by removing power fron'_ SPS relays,..

solenoid control valves, and.thrust '

ON-OFF logic, . ..

'' . ' • . . ..

DC mMn Pushbutton momentary contact-type

buses .A h B switch does not contain a light, Used

" m SCS _V,modes.

• Logic power ,is routed directly fron_

MDC-8 circuit .breakers to MDC. i

• switches. " "

'rwo-posltip_) toggle switch lever

locked in either position.

?

• ?

"i'}
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Location

Panel[ Area [ Grid

MDC_I (Cent)

1 E N-16

1 E P-17

i

I

1 E

i

1 E

Name and

Position

NORMAL

LV/SIJS IND •switch

Function

Removes groun d from SPS relays

_nd solenoid control valves,

C ircuit Power

Breaker- 'Source

N/A •

N/A

• r . , t • •

Remarks

rI_e_z_V,THRUST NORMAL-A and -B

_witeh to OFF provides thrust-off

sommand by removing power to SPS

relays _and solenoids,

two-position toggle switch Which

enable crew to select applicable

" . input to.LVa/SP S Pc indicator,, ....

, ., Switch .is placed in LVa position prior • •
ml

to l'ift-off0 and in the SPS Pc position

' at approximately I minute and

40 'seconds •after lift-off.

DG f_oni Indicator range} 0 ted50 percent O

• : Small changes in air pressure s are 8

• sensed }hrough eightholes in the - L-_

• f}-b_ll. The indicator:is monitored in

from 50 seconds to approximately •

l miuut_.and 40 seconds-after:lift-off,. ....

INSTI_U- .... ' ".
injector range _. 0 to 150 percent • "

MENTS ESS _vhich correlates with 0 to 150 psia

MNA_ & MNB shamber pressure _0

(Panel 5) . ' ",

,, " ..
UI

'EPS battery Two-position toggle switch which _

buses A & B allows'crew to monitor S-II]S-IVB ." "

' tank pressures or GPI, Placed in ; :'. -

SH/SIVB position prio'r to lift-off, ',

' Placed 'to GPI after sep_tratlon from"

S-IVB or earlier if desired. ,

¢

ill

Pc

M-18 LVo_/SPS Pc indicator

b,

Connects output of Q-ball to

LVa/SPS Pc indicator,

P-17 LV/SPS IND switch

i
i

Connects output of SPS engine

combustion chamber pressure

sensor to LVa/SPS Pc indicator,

Time-shared indicator with input

determined by position of

LV/SPS IND switch

a, LV input: the indicator

•displays a percentage of AP

measured by the _-ball which

is a function of pitch and yaw,

SPS Pc: the indicator dis-

plays SPS chamber pressure

in percent from chamber

pressure transducer oil

injector of engine.

Provides display and control of

S-II/S-IVB tank pressures or

SPS gimbal position,

INSTRU-

MENTATION

POWER

CONTROL

OPER.A-

TIONAL

C B3

(Panel 276)

EDS 1

BAT A and

EDS 3

BAT B

(MDC-S)

:o
.t_
0
o
"0
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O
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Location

PanelIArea ] Grid

i P-17

] M-19 LV

M-2i

Name and

.Po sition

SII/SIVB

GPI

TANK PRESS indicators

LV TANK PRESS

SII FUEL/SIVB

OXID, SIVB FUEL

SII FUEL/

SIVB OXID

SIVB FUEL

) i i_

Function

Applies power to relays allowing

S-Ii fuel tank pressure _o be dis-

displayed until •staging of S-II/

S-IVB, then S-IVB oxidizer tank

pressure until CSM separation

from S-IVB. S-1VB fuel tank

pressure is displayed continu-

Ously until CSM separation,

Removes power from relays

allowing SPS yaw and pitch gim-

hal position to be displayed on

redundant SPS gimhai position

rneters,

Indicates S-II fuel pressure on '

redundant readouts until staging

of S-II/S-IVB occurs, providing

LV/SPS IND switch on MDC-I is

in SI1/SIVB position, Indicates

S-IVB oxidlzer pressure on

redundant readouts at S-II/S-IVB

staging, providing LV/SPS IND

switch on MDC- 1 is in SII/SIVB

position, until CSM separates

from S-IVB,

:ndicates S-IVB fuel pressure on

redundant readouts at all tinms

until CSM separates from S-IVB,

providing LV/SPS IND switch on

MDC-I is in SII/SIVB position.

Circuit -

Breaker

EDS 1

BAT A and

EDS 3

BAT B

(MDC- 8)'

SCS ACt

aud AC2

(MOO-S)

.... Power

EPS battery

buses A & B

AC bus l,

or 2 3_

2

• Remarks

FDAI/GPl. POWER switch (MDC-7)

IT_ust he on for the display to respond

correctly; both positions make entire

• displays active.

• .SPS gimbal position will be displayed

if prope_" power and switches are

• positioned, "

r . •

• . . "•

O
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Location

' '[ [ . Nameand
Panel Area Grid Position

MDC-1 {Cont)

1 E M-Z0 SPS GIMBAL

;'" PITCH/YAW

I E N-Z0

';7

1 E 0-18

1 E O- 1.9

-)

SPS GIMBAL trim tbumbwheels

Function

indicates SPS engine timbal

position on redundant readouts

for pitch and yaw in respective

CSM pitch a'ad yaw (body) axes

respec_'iyely, providing LV/SPS

IND switch on MDC-1 is in GPI

position.

Pi'ovides display and manual

control of gimbaled SPS engine

thrust axis orieutatlon with

Circuit

Breaker

SCS AC1

and ACZ

(MDC-8)

SCS-TVC

ACI

AC2

Power

Source

AC bus 1

or 2 3_

AC bus 1
or 2 via ,

displag/ECA

: Romark_ "

Yaw and pitch indicators are cali=

brated-_i__0,5 ° increments from -4"

£o +4% Reading of 0 ° e.orresponds

to yaw timbal actuator positio_ null ..

off_et.of +12 to +g t_ 'ust vector dur-

ing SPS thrusting per%ods. Reading'

of 0 ° corresponds to pitch gimbal. .. ,

actuator p0s}tion null offset of +2 °

to bZ thrust vector during SPS , :

_hrusting periods

Yaw flmmhwheel is calibrated in 0, 5 0,

increments from.-4 ° to +4 °. Reading O."

of 0_ correspond_ to yaw gimbal

PITCH/YAW

thumbw _eels

(MDC'.8) and

TVC SERVO

POWER i

respect to SC bodyaxes when

in tbe SCS AV mode,

\

Provide manual yaw and pitch

EPS battery

buses A & B

, . actuator positign null offset of +1 " to

• .]:Y thrust vector during,SPS thrusting

: peiqod.s, " '

Pitch'iodicator and thumbwheel are

calibrated in 0.5 ° increments fgom

-4_4o +4% Reading of 0 ° corre-

sponds to pitch actuator position null'l

Offset of+2 ° to +Z thrust vector

during SPS thrusting periods,

Three-position toggle switch with ,

upper (START) position spring-

Ioade_t _o return switch to center .

position when released, PITCtt i

and YAW 1 switches control glmbal

' • actuator prima_;g drive motors, '

PITCH, E and YAW 2 switches Control

gln_hal actuator secondary drive .

motors,

, .,'

• " . . :(,)"

• . -, % -

i o
.:,:/.>"::,

SPS GIMBAL MOTORS switches

PITCH 11 PITCH 2,

YAW 1, YAW 2

input .co_ntnand_ tO respective

engine gitnbal position Servos

for alignment of SPS engine

thrust axis through SC CG,

prior to SPS thrusting in SCS

modes •only,

Four operationally identical

switches,

and 2

SPS

PITCH 1

BAT A

PITCH Z

BAT B

YAW 1

switches

BA T A

YAW 2'

BAT B

(MDC -8)

"/0. )"
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Location

Panel [ Area I Grid
i

MDC-1 (Cent)

1 E O-18

1 E O-19

Name and

Po sit]on

START

('!•

(No title

position

marked)

Function

Energizes motor switch in

applicable overcurrent relay,

which, in turn, applies .t-28 vde

to applicable gimbal actuator

drive motor.

Applies +28 vdc to overcurrent .

sensing circuitry in applicable

oyez'cur rent relay,

OFF Energizes motor switch in'

applicable overcurrent relay

which removes +2 8 vdc from

the current sensing circuitry

and ghnbal actuator drive motor.

.................. ..................... ............ ,, ,. • ..,....................... .

!

Circtiit ........

Breaker

SPS

PITCH l

BAT A -

PITCH 2

BAT. B

YAW 1

BAT A

YAW 2

BAT B,

(MUC -8)

_0 ure O

EPS battery :

buses A h,B.

i

I

Remarks

Ba£tery Bus A for YAW l'an d ....

PITCH 1 motor swfteh and overeat-

rent relay,.MN BUSA for gimbal '

motor's YAW 1 and PITCH 1.

Battery Bus B for YAW 2 and

PITCI-I 2 _vmtor switch and overeu,,-

eot relay MN BUs B.for gimbal .

motors YAW 2 and PITCH .2. ..

START position provides gimbal • '

motor sial, ring capability,.

Cen_er position provides for over-

curren_ sensing, During primary .

cbal%nel oper,ation_ an overcnrrent

will automatically "cause power t'o be

r.¢moved from primary; drive motor,

and..applicabte GMBL DR'FAIL status

indicator illuminates(MDC-2), With

'£VC GMBL I)R switches in AUTO,

clutch cmxtmands are switched to '

secondary,channel.

During ascent, wheri GIMBAL

MOTORS svcitches (4) are OFF, '

engine ,position.ing is maintained by

application, of quies.cent current

(60 :i-10, -5 ma) to'the electromagnets

of extend and re_ract clutches wlen ,

TVC 1 and TVC 2 POWER switches .

(MDC-.7) are in ACI']MNA or AG2/

MNB positions.

.... . q

During secondary operation, if'

overcurrent is sensed, automatically

power is .relnoved from secondary '

drive motor and applicable GMBI. DR

FAIL status indlcator illuminate_

(MDC-2).

i

.f , . ;•:.

.............• :,.-/.L.......

O

o
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Location

MDC-1 (Cent)

P- r8

t

-18

P

)

"Name and

Position Function

TVC GMBL DRIVE switches

PITCH

l

AUTO

YAW

, 2 ,

Two operationally identical

switches, one for controlling

)itch actuator .control and

one for yaw actuator c0ntl_ol.

Allows only clutch conan_ands to

be applied to primary channel of

gimbal actuator.

,Allows primary gimbal motor

overcurrent relay to control

clutch cornmafids to primary

oi" secondary chann,el. Allows

translation control, when

rotated clockwise, to switch

clutch contmands from primary

systen_ to secondary systelrl,

Allows only clutch commands to

be applied to secondary channel

of gimbal actuator.

Allows only clutch commands to

be applied to primary channel of

gimbal actuator.

Circuit

Breaker

N/A

SCS LOGIC

BUS

1/4-MNB "

LOGIC BUS

I I/2-MNA

(MDC-8)

SCS LOGIC

BUS

3/4-1viNA

LOGIC ]BUS

2/3-MNB

(MDC-8)

[

Source

/_

N/A

.! • . .

Power "

• Remarks

, , ,,,

Thrae-pos%tiPn toggle switch:. Allows

crew to select specific channel for

i'.VC control or allows automatic

c¢)ntr01'of T%(C Channels. •

Permits checkout of primary gimbal

motor and primary channel. If

overcurrent is sensed on primary , "

gimbal motor there is no awitchover

to secondary channel. If translation

zontrol is rotated Clockwise, "there is

no switchover to secondary channel.

Logic power is routed directly from

MDC-8 circuit breakers to MDC-I.

switches.:

.. • " ,

Permits checkout 'of secondary gimbal

, motor and se.condary channel. "

Logic pOwer:is supplied to MDG-I "

• switches from SCS LOGIC BUS

cir:cuit breakers via LOGIC

POWER Z/3 switch (MDC-7). •

Permits chec'kout of primary gimbaI

motor and primary channel, If over-

current is sensed on primar_r gimbal
motor, there is no switchover to

,,secondary channel. H traualatio." a

control is rotated cldckwise, there is

no switchovsr, to secondary channel.

DC main ..

buses A &,B

.)"

?• ,•. ....... .

O

• .:, .... [rJ _,i..

• O

J. :..
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Panel[ Area [ Grid
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Name and

Position

AUTO

' , , ,_

Function

Allows primary gimbal motor
overcUrrent relay to control
clutch commands to primary or '

secondary channel. Allows
translation control when

rotated clockwise to switch

CircuLt
Breaker

LOGIC ;BUS

I/4-MNB

LOGIC BUS

1/Z-MNA
(MDC- a)

Source Re_arks

• -. -, ,

DC main Logic power'is routed directly from .
buses A &.B MDC-8 circuit breakers to MDC-I

switches,

-. . " .

z

DIRECT ULLAGE pushbutton

clutch commands •from primary
system to secondary system,

Allows only clutch commands to

be applied to secondary channel
of gimbal actuator.

Provides backup capability for

initiatingullage (+X translation}

prior to SPS burns,

a. Energizes injector valve

direct coils of four +X SM

RCS engines,

b. Disables the.pitch and yaw

auto coil command so that

SCS Or G&N automatic hold

are disabled.

c. Provides enabling logic signal

to SCS/SPS on-off logic,

k

LOGIC BUS

3/4- MNA
LOGIC BUS

2/3-MNB

(:MDG- 8)

DIRECT
ULLAGE

MNA and
MNB

(MDC- 8)

LOGIC BiS

I/4,_MNB
LOGIC B US

I/Z-MNA

(MDC- 8)

'/'i .. • • -

, ( • J .

Permits checkout of the secondary

' gimbat\motor and secondary channel,

• , .

' :Logic power is supplied to MDC'- 1
' ' switches from.SGS LOGIC BUS

• '. circuit breakers via LOGIC' _ "

, POWER 2/3 switch (MDC-7).

Momentary-contact pushbutton

switch which must be held engaged
until ullage is completed.

Translation control provides ,normal

capability for initiating ullage.

I

Logic power is r.outeddirectly from

MDC-8 circuit breakers to MDC-I _:

DIRECT ULLAGE pushbutton.', ,_

,,,.'

[ , , .
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Locatior_

MDC-1 (Cent)

1 G P-IS

1 H P- 16

I•

Name and

Po sitioa

IMU CAGE switch

ENTRY switches

CAGE

OFF (down)

EMS ROLL

Up

Down

.05 G switch

Up

Function

P_'ovides SC power to cage

platf0 rm.

Cages plat{arm with all three

angles at 0 °.

Removes d-cpower from cage

relays,

Sends logic signal to GDC that

enable:s yaw channel to drive

RS[ on EMS display,

Not wired.

Provides logic signal (28 vdc)

to ECA and GDC logic circuits

to enable:

a, Roll rate to yaw rate

coupling in yaw control

electronics,

b. Electrical rate caging of
BMAGs in GA-2,

c. Summing r011 and yawrate

BMAG signals in GDC to

. obtain ro_l stability attitude

for display on RSI and FDAI,

d. Disabling of pifch input to

GDC and the yaw GDC

output and the body t.o

Euler transformation;

e. The functions in c and d will

not occur if GDC ALIGN

pushbutton is pressed.

Ch'cuit

• '_l_,_ako_---

Ilvl U

OP ERAT E

iLOGIC BUS
3/4-MNA

LOGIC BUS

1/4-MNB

(MDC- 8)

)', .//

• • , .

Power

....... $ogrce

/

•. Itemarks

•Guarded _.switch, • '

Energizes cage relays in power

"s ervo .as se,_bly, , ' .

' . • _', .

Logic power is routed directlyfrom

MDC-.8 circuit breaker_.to MDC-I
switches, • .

,. • •."

. i

:,!%

/
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Location

MDC-i (Cont)

1 H P- 16

I I ' 1-22

i , I i-2_

1 I K-22

l I K-22

i

/

)

\

•.% %.

Name and

Po sition

OFF

ABORT light

EVENT TIMER meter

EDS Annunciator As semb|y

(no placard)

LV RATE light

S-1I SEP light

Function

Sends logic signal to EDA to

inhibit roll and yaw rate BMAG

sm,nming in HDA yaw rate signal

flow.

SCS LOGIC

BUS 112%MNA

I_OGIC BUS

2/3-MNB

(r4DC-'8)

Illuminates red |o indicate that

abort has been requested by"ange

safety officer or grotthd coIltrOi.

Digital event timer provides crk_w

with means of monitoring and

timing events, l::veut filmier witl

start automatic.ally when lift-off

OCCUI'8.

Provides LV status.

EDS- l, -3

BAT A

BAT B

(MDC-8)

J_

• _ , • ,

Igreaker Source • . _"7 ................ Remark_ ,

DC main Logic power is supplied'to MDC--I
buses A &'B switches from SCS LOGIC BUS

cii'cuif breakers via LOGIC ,_.

" "" ]POWER 2/3 switci.(MDC-7). . ;" '

i ,

Light [serves to alert cvew of "

enaergency situation where abort is _ "

requi.red .immediately, Light is

EPS GROUP 4

MNA

MNB

T IM ERs

MNA

MNB

(M13C-229)

•EDS- 1, -3

BAT A

and B

.(M DQ- 8)

backtlp tovoice colnmtmications'

from g_'ound control. Redundant.'

bulb_ are controlled by redundant .'

commands thr.ough UDL, •real-time ,

conln_a_d " "system.

Timer located, on MDc-I will'reuet

and resta_,t automatically if any abol, t.

Occurs.

Group 4 MNA, .and time.rs_ MNA, •

circuit breakers in series, : , .

Group 4, MNB, and timers, MNB,"

circuit breakers 'in selqes,

When annunciator assembly lights .are

illuminated for extended periods,

temperatm, e in exce_8 af 150"F will[.
result, Avoid body contael:, " ?,

. . "_ ,' '

Indicates necessity for manually.

initiated M_ort when used in c.onjunc-

ties yeith, angle- of- attack display and

FDA1. " Illumir}ates when _n abort i8

inttia'ted autonaatlcally. -

• .. :'

Illuminates red when LV angular '
rates exceed predetermined

limits,

Hluminates red to indicate first-

_tag¢ jettison and extinguishes

when second-stage inte.rstago

skirt is jettisoned (_ecolld plm_c

separation)°

Battery

buses A & B

whe 0 EDS '

POWER .

switch is ON

f /

DC main "
buses A & B'

,r

Battery

buses A & B

when EDS

IaOWER

_w,itch is ON'

I

,,-":7--

f=-

• . .:

. - ] "

_1>. :

o _¸ _

?[' _O' O
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Location

MDC-I (Cent)

1 I K-22

i

1 I K-22

1 I L-21

)

Name and

Position Function

LV GUID light

LV ENGINES lights

I

LIFT-OFF and NO AUTO

ABORT switch-lights

LIFT- OFF

Illuminates red to indicate loss of

attitude reference in LV guidance

system.

lilumh_ates yellow to indicate

when No. I engine of any LV

stage ia operating below its

predeterr_ined level of thrust.

Illuminates yellow to indicate

when No. 2 engine of any LV

stage is operatingbelow its

predetermined level of thrust.

Illuminates yellow to indicate

when No, 3 engine of any-LV

stage is operating below its

predetermined level of thrust.

Illuminates yellow to indicate

when No. 4 engine Of any LV

stage is operating below its

predetermined level of thrust.

Illuminates yellow to indicate

when No. 5 engine of any LV

stage is Operating below its

predetermined level of thrust.

White light illuminates at lift-off

and will 5e extinguished at

commencement of first sir, go

staging during ascent phase.

i

, Circ_t Power

Breaker Source ................... -Ri_.i,n.ax k_-_,- _i

Battery

buses A & B

when EDS ' - .. .

POWER

switch is ON

F

I

I

Ligt_ts are monitored for possibility

of having to man_ally initiate abort '

after auto abort capability has been

• . inhibited, Staging sequence may

also .be monitored by.these lights,

• ., . •

'•r •.

• , , .

ILIFT OFF/NO AUTO ABORT

swltch-iight combination should be

. pressed if LIFT OFF light does not

. illuminate at lift-off. (Refer to

malfunction procedures in AOH,

volume 2. )

EDS- I, -3

BAT A

and B

(MDC-8)

\
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Location

[ [ 'Name and
Panel Area Grid Position

J .

MDC-i (Cont

K-E1 , NO AUTO ABORT

' M-21 LES MOTOR FIRE switch

N-Z1 CANARD DEPLOY switch

N-Zl CSM/LV SEP switch

] L-Z3 APEX COVER JETT switch

• Function

Switch-light will illuminate red

at lift-off if either of LV,-EDS

auto abort systems l_as. not been

automatically enabled,

a. Backup switch to jettison LES

'tower in event tower jettison

motor failed to ignite.

b. _Backup switch to fire launch

escape motor on LES ,abort.

Backup switch to deploy canard

when it does not deploy

automatically during abort.

• a. switch for norrnal CSM/LV

separation after ascent phase

of mission. (Refer to SLA

separation mechanism in

section Z. )

b. Backup switch for CSM/LV'

separation if it does not

separate auton,atically dur-

ing SPS abort. (Refer to

SPS abort procedures. )

Backup switch to jettison CM

apex cover°

I

C i96-dir-

Breaker

EDS- l) -3

BAT A

and B

(MDC.8)

SEQ

EVENTS

CON_? SYS A

ARM B

BAT A

BAT B

(MDC- 8)

....... Po w_ r

Source

Battery

buses A & B

when EDS '

POV/ER

switch is oN

Battery

buses A & .B

ELS A -

BAT A

ELS B -

BAT B

(MDC-8)

• ( /

...r

Remarks

Astronaut will press switch-light.'
which will electrically enable

LV-EDS automatic abort system.

If light still does not go out, it

indicates that one or both of dual

redundant EDS systems is not '

enabled. In this event crew must .

be prepared to initlate'a manual ...

abort, if necessary..

LES motor is normally (automati-,

eally).fired by MESC approximately

0, 1 second following abort initiation.

'it may be :used for backup for tower

jettison motor only after normal ....

means of LET jettison .has failed.,

This is assuming that LET separ_,.

ties nuts are fractured.

Push-type switch. Canard will '

normally (automatically} deploy ,

li seconds after LES abort

initiation.

Push-type switch to separate SLA

when SPS abort cannot be initiated

with Commander's trat%slation hand

control. SPS ullage.and firing would

be manual functions,

L

Push-type switch to jettison CM

apex cover if automatic system fails

during abort or earth landing aftsr

normal mission.

O_ i.i.'_:
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Location

Panel I Area I Grid

MDC-I (Cont)

1 I M-23

1 I IN-23

,t

i

I I o-21

i

{
{

i

Name and

Position

,
.,.,

DROGUP. DEPLOY switch

MAIN DEPLOY switch

OFF

ELS switches

LOGIC

AUTO

MAN

Function

Backup switch to dt:ploy drogue

parachutes.

Backup switch to deploy main

parachutes on normal desc6nt

phases. Switch for main

parachute deployment on

modu tA LGS aborts, if optional

usage is desired.

Provides battery volt,lye _o ELS N/A

logic arm circuitry, Circuitry

ts automatically armed during '1

LES abort if F2LS-AUTO/lvIAN

switch (MDC-2) is in AUTO

msition.

Rernoves battery voltage from

ELS logic circuit'ry.

a, Prepares ELS for automatic

activate during LES abort,

b. Allows ELS to function

automatically during descent

of CM.

ELS A -

BAT A

IF, I.,S B -

BAT 13

(MDG-8)

Disconnects logic arming

circuitry from ELS c0ntrolier.

Ch'cuit Power ,

13 r e.ake r So,u rce

Battery

buses A & B

L. .

(
7

• , Remarks " '

Push,type switch. Drogue para-

chutes will normally lautomatically)

deploy _ seconds after24,000-foot

bare switches close.

Pusl_-type switch. Main parachutes

will no'rmally (automatically) deploy

when 1O, OOO-foot baro switches ,close

d_ring descent. Switc_ may also be

used.to initiate manual deployment

of main parachutes subsequent to

aborts initiated prior to 42 seconds

after lift-off.

Logic switchis positioned9P during
entry or after SPS abort td arm ELS

logic circuitry.. This circuitry is

armed automatically on LES aborts.

ELS is cootrolled by baro,.switch

closure and tin'm-delay relays afte_

being arrned.

Switch should never be positioned up

during launch and ascent except as •

backup during LES abort. LES

tower, apex eo,/er, and parachutes

might be jettisoned,

Normal position of switch,

Switch may" be i_et to .MAN position
after drogue parachute deployment
during abort initiated pri0x_ to

42 seconds after lift. off. •Main para-

chutes rnust;lae deployed manualIy

with MAIN DEPLOY pushbutton

: .;_{
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Location

MDC-I (Cont)

I I 0-21

i
I

t J O-20 AV CO

l K 0-22

t_

7'

Name and.

Po sition

LM/CSM

CSM

CM RCS LOGIC

CM RCS LOGIC

(up)

Function
Circuit

Breaker

N]A

Enables body-bending filters in

SCS AUTO T'¢C control path.

Enables different filtering in

SC AUTO TVC control path.

Applies power to CM IaEPLNT

DUMP switch on IvIDC- 1,

Applies power to 0- to 4Z-'second

tinxe delays (from lift-off}. If

an abort is initiated during this

time, automatically initiates

rapid oxidizer dump. followed

5 seconds tater by rapid fuel

dump, and followed 13 seconds

later by purge.

Applies power to relay contact

xfints that are closed upon

receipt of an abort sigatfl. (from

0 to tower jettison} or on CM SM

separation which applies power

automatically to RCS transfer

lTIO_or S,

Applies power to the CM RCS

HTRS awi.teh (LEB-i0i),

SCS

LOGIC BUS.

3/4-MNA

2/3-MNA

RCS LOGIC

M NB

(MDC-8)

I

....... 1_ower .............
_ource

•,Battery
buses A &B

DC main

buses A & .B

Remarke

(MDC- I) after switch ie set to MAN

position.- If main parachutes are

deployed manually,. ELS 'switch muet

be set back to AUTO to allow main

[Jarachute 14-sec0nd time delays to

arm MAIN RI_LEASE switch.

Power to switch is enabledthrough

LOGIC 2/3 power switeh on panel 7,

Two-position toggle switch,

Switch muat be in Up position before

power is. a*zailable to the CM "

PRPLNT DUMP, PURGE, .and CM

RCS HTt_S switches, and cir.cuitry

controlling automatic transfer of '

engine firing commands, from.SM

RCS to CM RCS engin.es.
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Location

;ansi[Area I Grid

MDC-i (Cent)

• .i-i

K 0-22

F

K O-23

i

Name and

Position

OFF

CM PRPLNT switches

DUMP

DUMP (up)

OFF

PURGE

PURGE (up)

OFF

Function

Removes power from CM

PRPLNT DUMP and PURGE

switches and CM ,RCS HTRS

switch as well as RCS logic

circuitry for-automatic RCS

transfer.

Enabled by CM RCS LOGIC

switch,

Energizes relays to energize

10 CM RCS engine-injector

valves direct coils for propel-

'lant burn.

Initiates two helium interconnect

squib valves, one fuel inter-

connect squib valve, and one

oxidizer interconnect squib

valve,

Circuit ' Power

Breaker Source

i

RCS LOGIC DC main

lvINB buses A & B

(MDC-8)

RCS LOGIC

MNA and

MNB ' ,

(MDC-I) " '

• i

De-energizes relays removing

power from CM RCS engine-

injector valve direct coils

allowing valves to close.

Energizes relays required to

initiate the two fuel and two

oxidizer bypass squib valves

for purge.

De-energizes relays.

J

-., Remarke

/

.L

Guarded two-position toggle switch

(activates .e_plosive-operated valves).

During normal entry, switch is

placed to DUMp (up) position at main

parachute line stretch, Remaining

propeilants are then b_rned off

through 10 of the 12 RCS engines , •

(excluding +P). Dump switch not

utilized in 0 to42 second aborts

(from lift-off), except as a possible

backup to initiate interconnect squib

valve s,

Guarded two-position toggle switch,

Switch manually set to up position

after CM RCS propellant burn has

been completed (approximately

88 seconds •after activation of DUMP

switch, for 10-efigine burn .and

155 seconds for5-engine burn) to

deplete the helium source pressure

as well .as purge the s.ystem. (Purge

operation approximately 14 second s. )

CM RCS LOGIC and CM PRPLNT

DUMP switches must both be in up

position before purge operation can

be initiated, ' . :.
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Location

MDC- 1 (Cont)..

1 K 0-23

1 L P_.21

!

•1 L P-22

i

1 ' L i P-22

Name and

Position

CM RCS He DUMP switch

He DUMP

(pressed)

OFF (released)

.Function

Utilized as backup to CM

PRPLNT PURGE switch,

Energizes relaysrequired" to

initiate the two fuel and two

oxidizer bypass squib valves

for purge.

De_ energizes relays,

EVENT TIMER switches

RESET/DOWN

RESET

CENTER

DOWN

START/STOP

START

CENTER

STOP

MIN

ET win reset to zero and stop

counting.

ET will count tip when rmming

or slewing,

ET will count d0wn when running

or slewing, ,

Starts event timer,

No function.

Stc_pe event timer,

TENS

CENTER

UNITS

Runs MIN indicating drum in

tens,

No function.

Ruus MIN indicating drum in

units,

Circuit

Breaker

RCS LOGIC

MNA and

MNB

(MDC-8)

TIMERS

MNA

MNB

RHEB-229

Power

Source

DC main

buses A& B

Remarks

•Switch •will not be utilized in 0 to

4Z second aborts (from lift-off),

except as a possible backup to initiate

squib valves.

Pushbutton guarded switch which

provides backup capability for

initiating h_lium purge:operation

in event.of'CM PRPLNT PURGE .

switch failure (MDC- 1).

, /

Event timer starts automatically'

when lift-off occurs; Switch is

momentary on towards START
• [

position and maintained on in . • :

other-twopositions, Timer will '

reset and start counting up !f any

abort is initiated. :..
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Location

Panel[Area ]Grid

MDC-I (Cont)

1 I P_-23
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Name and

Po sition

SEC

TENS

CENTE'R

uNITs

Function

Rm_s SEC indicating drum in

tens,

No function.

Runs SEC indicating d_um in
units.

Circuit

B raCks-r---

TIMERS

MNA

MNB

(RHEB- 229)"

Powe r

.......... Souzcc. ......

DC main

buses A & B

...... • Remarks

Control switches provide means of '
running event timer to any desired

setting and are' spring-loaded to

center position, Indicates drums .

can be run up oI" dowrtj depending '

on positio'n of RESET/DOWN switch.

.)
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' Location

Panel[Area[Grid

MDC-2

LEFT PANEL

C-30

• _ C-30

I C-30

C-30

C-30

Name and

• Position

System Status Lights ,

(Caution and Warning)

SCS status lights

BMAG- 1 TEMP

BMAG- Z TEMP

SPS status lights

PITCH GMBL 1 or Z

YAW GMBL I or 2

RCS status lights

CM RCS I, Z

Function

Light illuminates when tempera-

ture of any gyro in (3A1 exceeds

limits o1 170"_Z%

L_ght •illuminates when tempera-

ture of any gyro in GAY exceeds

limits of 170°+Z°..

Indicates overcurrent.has

occurred in primary or secondary

drive motor of pitch g_nibal

actuator,

Indicates overcurrent has

occurred in printary or secondary

drive motor of yaw gimbal

actuator.

1 and Z ligilts are identical in

operation with their •respective

systems.

Indicates an underpressure con-

dition in regulator nlanifold prior

to pressurization of respective

system.

Indicates over or tinder pre,ssure

condition (below 260 psia dr above

330 psia nominal) in regulator

manifold of respective pre/suri-

zation system,

• , . i

Remarks

DC main ' Caution and •warning lightassemhlies

buses A h B on panel 2 should be limited to i0 .

minutes .of opera.tion.with all lamps

on fo av0id excessive heating of:lamp

assemblies.

Yellow lights, BMAG POWER l

switch must be in WARM UP or ON,

position for light to operate (MDC-7),

•BMAG POWER 2.switch must be in '_

: WARM UP or ON positior_ for light

: to operate (MDC-7). -

Yellow • lights. Overcur.rent cond.i-

tion dependenf_ on time and tempera-

ture. .

All lights are yellow, CM RCS, i '

and 'Z lights will not illuminate when

CAUTION/WARNING mode •switch is

in CSM position,. RCS INDICATORS..

select switch (MDC-Z)"will he utilized

in 'conjunction with the following meter

to determine malfunctions within .a "

system. '

CM RCs-PRESS_.MANF " "

17 ....... PSwe_

_ource

irJ •

Circuit

• Breaker

c/w
MNA

MNB "

(MI_C-_)

I

•'i

.J

•1

,.':, .

0

o.
"Z,: 0 _,

0 ',N ,

"2

0
0
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Location

Panel [ Area [ Grid

MDC-Z (Cent)

2 A D-30

I'D-31

i

2 A C-31

i

2 A C-32

i

i

)
{

Name and

Position

SM RCS Aj B, C, D

EPS status lights

CRYO PRESS

ECS status lights

CO 2 i°P HI

GLYCOL TEMP LOW

Function

A, B, C, or D lights are identical

in operation within their respec-
tive quads.

Indicates one of the following:
a. Package temperature below

75_F or above 205_F

(nominal}.

b. Secondary fuel pressure

(SEC FUEL} below 145 psia

or above 215 psia (nominal),

Indicates tank pressures as
follow s :

a. Hydrogen

2ZO psia or below

270 psia or above

b. Oxygen

800 psia or below

950 psia or above

Indicates when CO 2 partial pres-
sure reaches 7.6 mm Hg.

Indicates when water-glycol from
primary space radiator outlet
decreases to -30°F,

c/w
MNA

MNB

(MDC-5)

,Circuit Power
Breaker Source • ',

DC main

buses A & B

utilized in conjunction with the
following meters to determine real-

, functions within a particular RCS
quad:

SM RGS-TEMP PKG ..

SM RCS-PRESS-SEC FUEL

Remarks

Yellow..lights. • RCS INDICATORS

•select switch on MDC-Z Will be ,

o
Ct

o
b-_. •

O,
o
pl

• - r; .'

r . " . ,

• ' . :.. r

:W

'Yellow light will illuminate .ifeither

or both H2 tanks are above or below

proper pressure li_its_ Pressure in

H 2 tanks can be monitored by meters

on'MDC-Z. (CRYOGENIC TANKS-

PRESSURE_H 2 I and 2)

Yellow light will illuminate if either '

or both O z tanks ar.e above or below

proper pressure limits. Pressure in

oz tanks c_n he monitored by meters
•on MDC-2. (CRYOGENIC TANKS-

PRESSURE_O 2 1 and 2)

YelloWlight. Continuous partial ,

pressure is displayed by PART ...

PRESS - CO 2 indicator.(MDC.Z},

Yellow light. Continuous temperature

is displayed by ECS RADIATOR r

TEMP'PR'IM'OUT LET indicator
(MDC-2'),
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Name and
Position • Function

Location

Panel[Area[Grid

MDg-Z /Con_;1

i

RIGHT PANEL System Statue LigHts

{Caution and Warning}
G&'N status lights

Z D 33 ClyIC j

\

The CMC Status light will illumi-

nate if the foDowing occurs:

a, Loss of prime power.

h. Scaler fail - if sealer stage

17 fails to produce pulses.
o. Counter fail -continuous

requests or fail to happen

following increment request,
d. SCADBL - ,100 pps scaler

stage >200 pps,

e. Parity fail = accessed word,
whQse address is octal 10 or

greater, contains even• .
numher_ of ones,

f. Interrupt - too long or infre-

quent - 140 has to 300 ms.

g. TC trap = too many TC or
TCF instructions or TCF
instructions too infrequent.

h, Night watchman - computer
fails to access address 67

within 64 sec to 1. 92 sec.

i. V fail - 4v supply _4.4v

4v supply <3.6v

14v supp17 >16, 0v
, 14v supply <IZ, 5v

ZBv supply <ZZ. 6v

j. If Oscillator stops,
k. Standby,. -

Breaker

/ -'.'i

.........Po-vz_.V__ ,.
Source

• . .. ,

DC main, ' '
buses A & B ' ' ' "

• " -. , .

' "Red light,

Items e through k will cause restart '

in the CMC; .This will also illumi-.

nate the RESTART & PGNS lights

on LEBvI2Z,

The Ch4C light on LEB-IZZ will also

beactivated. " ' "

cIW .
/vI.NA

MNB

(MDC -5)

.I

, ". ,/

•. ' • ,:
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Location

Panel[ Area I Grid

MDC-2 (Cont)

A D-33

2 A C-33

A C-33

)

Function

Name and

Position

ISS

SPS status lights

SPS PRESS

Tile .ISS status light will illuminate

if the following occurs;

a, IMU fail:

1. IG servo error >2.9 mr

for 2 sec.

2. MG servo error '>2. 9 n_r

for 2 sac,

3. OG servo error >2.9 mr

for 2 sec.

4. 3200 cps <50%.

5. 800 wheel supply <50%.

b. PlPA fail:

I. No pulse during 312. 5

msec period.

2. If both 4- & - pulses occur

during 312_ 5 rnsec period,

3. H no + & - pulse_ Occur

between 1.28 to 3. 84 sec.

c. CDU fail;

1. CDU fine er_.or >1.0

YrllaS,

2. CDU.coarse error >2_5 "

vrnls.

3, Read counter limit >160

C_8,

4. Cos (0-_)<2.0v.
5, +14 dc suppl_' <50¢'/_,

Indicates oxidizer and/or fuel

ullage tank .pressures (regulated

helium pressures) are not within

proper operating range (1.57 to

200 psia nominal).

Circuit

Breaker

c/w
MNA

hAND

[MDC-5}

Power

Sourco

DC main

buses A h B

?

:

i' .

Remarka

Red light,

IMU fail signal inhibited by CMC

when in .coarse align mode.

ISS light.on LEB-122 also .

illuminated°

PIPA f_il 'signal. inhibited by CMC

except during CMC-contr0ned

translation or tixrusting.

PGNS and PROGRAM lighton DSKY

also illuminated.

CDU fail signal by CMC d.uring CDU

zero mode, _ •

/

•:_ . .

..j.

,L

Yellow light. Continuous pressures

are displayed by SPS PRPLNT

TANKS-PRESS-FUEL and OXID •

indicators .on MDC-3. : ' '

O
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N_

_ 'ii _

V



_. ,"! .....

D
O

Z

ix/

[ I

Location

Panel[Area [ Grid

MDC-2 (Cont')'_

' I

2 A C-34

•2 A C-34

i

2 A D-34

2 X D-34

Z A C -.33

Z A C-34

Z A C-34

i

I

(%

)

'\

Name and

Position

EPS status light8

AC BUS 1

AG BUS 2

AC BUS I OVERLOAD

AC BUS 2 OVERLOAD

FCI

FC2

FC3

Function

Cir cui't ......

Breaker

C/W
MNA

MNB

(_fDC -5)

Indicutes the following conditions

exist in any of the thr.ee phases

of the respective a-c bus:

a. Undervoltage (95 vac or below]

b. Overvoltage (I 30 vac or above

Indicates an overload (3_, Z7 amps
total for 15±5 seconds or 1¢,

llamps for 5el seconds) exists

on the respective a-c bus.

Indicates one of the following

conditions exist in the respective

fuel cell: "

a..H Z flow rate abow_ 0, 161 Ib

per hr.

b. O 2 flow rate above I, 276 ib

per hr,

c. ptI factor of 9 or o.ver,

d. FG skin tomperattwe below

360°F or el)eve 475°19.

e. FC condenser exhaust tem-

:perature below 150_F or

above 17-5 iF.

f. FC outlet radiator tempera-

lure below -30°F.

%.

1

........ - . , L ............ . _ ,
!

-_'_-q'oowe.r.,_.,_ r -

Source

f

DC main

buses A & B .

Remarks

• - . . .

. . . : . • ...

E

.... i . . ,

The yefl0w a-c bus fail lights will not
[llumlnate _vl_en affected a-c bus

reset switch is ih the .OFF iaosition,

Inverters will not be disconnected

from buse_ On U'ndervoltage condition

but will he 'disconnected from bus on

overv, oltage. Light rnustbe reset.

Time versus overload is 5±1 seconds

for short circuit of 300-per¢cnt-rated

current per phase anti 10 to 20 sec-

onds for shprt circuit of 250-pereent-

rated C uz r _:i{t.

Event indicators (elec/mech) PH HI

and F/C RAD TEMI o LOW (MDG-3)'

• are also activated.

FUEL CELL-FLOW-H2 and OZ and

FUEL CELL-MODULE TEMP-SKIN

and COND EXH meters on MDC-3

can be used to determine {nalfuncti0ns

in Fespecti_'e fuel cell. FUEL CELL

INDICATORS selector switch wdu'l,d

be utilized in conjunction With above.

L -
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Name and

Panel[Area[Grld ]Position

MDC-2 3

(Cont)

, G-3 FC BUS DISCONNECT

INV 1 TEMP HI

" INV 2:TEMP HI '

INV 3 TEMP HI

• MN BUS A

UNDERVOLT

MN BUS B

UNDERVOLT

ECS status lights

0 2 FLOW HI I

SUIT COMPRESSOR

CREW- ALERT status light

iVunctlnn

Indicates a fuel cell has been

automatically disconnected from

d-c main bus or d-c main buses,

Indicates overtemperature (190 ° F
or more) exists in respective
inverter,

hadlcates transient or sustained

d-c voltage drop below 26.25 vdc

on respective d-e main bus,

Indicates when total ECS oxygen

flow reaches 1 lb per hr for a

)criod of time exceeding 16.5

seconds.

:ndicates suit_.compressor differ-

ential pressure below O. 22 psia,

........ ........ _ .......

Yellow light illuminates when any

fuel cell is automaticaliy disconnected

Powe r • . .

......... So II r._..,e, .... , . Remarks " - "\'-

DC main

buses A _.B

from.SM d-c bus A and/or B, ' Over-

load and reverse current unit s on "

each fuel cell autornatlcal!y discon-

nect fuel cell 0utput from bus when

reverse current >4 "amps or forward

current >75 anapsis sensed, Lamp

will not illuminate when affected fuel

cell main bus switch is in off position,

Talk back indicators above FUEL

CELL-I,-2, and -3 MAIN BUS'A '"

and 1% switches indicate a striped

display and which fuel ceil is discon-

nected from which bus.

Yellow light. ' ,

Yellow m_in d-c bus 'undervoltag¢

lights will not illuminate when

affected main bus reset switch is in

off position,

Red lightilluminatesat criticalflow
rate which_ if continuous, indicates

cabin leakage or oxygen subsystem

leakage.

Continuous O 2 flow is displayed by

0 2 FLOW indicator (MDC-2). .

Red lighG ''

System status light must be extin-
guished by ground command.

Activated by real-time command

from ground station through

UDL.

c/w
MNA

MNB

(MDC-5)

/• ...L -

O
flo F

0
H

°'13 ._.
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Location

Panel [ Area [ Grid

MDC-2 (Conti"

B F-26

I

Name and

Po sition

C/W status light

FDAI No. 2 (no placard)

Rate indicators

Top

Far right

Bottom

Attitude error indicators

Top {below roll rate

indicator )

, Right (left of pitch

rate indicator)

Bottom {above yaw

rate indicator)

Euler,angle indicator {ball)

(gimbal angle repeater)

Great semicircles

Small circles

Roll bug and scale

Function

Indicates when power supply

voltage {positive,or negative) is

outside of II. 7 to'.13.9 volts

normal range.

Display of roll rate.

Display of pitch rate.

Display of yaw rate,

Display of roll error,

Display of pitch error,

Display of yaw error.

The great semicircle under index

indicates pitch Euler attitude.

The small circle under index

indicates yaw Euler attitude.

Indicates roll Euler attitude or,

after .05 G, indicates roll stability

attitude, if driven by GDC.

...... I.............__ I
~:.

Circuit

Breaker

c/w
MNA

MNB

(MDC-5)

Refer to

Remarks

column,

power.

Power

Source

DC main

buses A & B

ACbus Z

DC main

_us D

Remarks

J

Redlight. Switching to redundant

power sup will extinguish status light.

Audio portion of master alarm circuit

will.not operate, as 12-volt tone

generator power will be interrupted

by power supply failure. MASTER

ALARM ligl_t will illuminate, " "

a_ Power

1, Rate & error meters are

servometric. Thetpot refer-

ence voltages come from

EDA powcr supply, which '

obtains Phase A power from

ACZ circuit breaker through

SCS INDICATORS POWER

switch.

20 Power to the .motors is

obtained from the EDA which

'obtains a-c power from the

SCS INDICATORS POWER

switch supplied from AC2 .

circuit breaker. 28VDCbus B

from STABILIZATION •

CONTROL SYSTEM-SYSTEM

. IvINB circuit breaker is also

used. '

b. Rate

I. Indicator consists'of'.a tri-

angular marker with scale

marked at O, _1/5, ;h2/5', ±3/5,

_-4/5, and full scale. Full

.. scale _alue depends on posi-

tion of FDAI-SCALE switch."

Z. Drive.signals are .obtained

from EDA which obtains rate

information from BMAGs in

- GA-2, normally. BMAGs in "

• ' . GA-I will supply rate when

selected byBMAG MODE

" switches. " '

- 3. ' Indicators are fly-to displays,

' "- 4.
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Panel [ Area [ Grid . Position

MDC-2 (Cost)

.... F'z6

K-Z7 I CLP_

K-27 . ENTR

)

][,'unction

4

Pressing the clear button will

blank the register being loaded.

This informs the CMG that tile

assembled data is 'complete and/

or execute the desired function,

, i

Circuit

"---B'_h-i[k-ffr-" .....

Refer to

Remar ks

cOlull)12,

power.

N/A

Powe r

..... Soure.e__.._ ..........

AC bus 2

DC main

bus B

N/A

-u ..... l(edn_.r k s ..

C. Error

1. h_dicator consists of needle-"

type pointer and scale marked

as follows:

• -(a) Roll scale marked at

0, ±1/.2, aridfull scale.

(b} Pitch andyaw marked at.

O, '±1/3, ±Z/3, and full

_ scale,

" Full-scale value, depends on

i_osition of FDAI-SCALE '

sw_teh.

_, Drive Mgnils are obtained

• from EDA. The input (source)

to the EDA is selectable

among the following:

. (a) G&N CDUs

(b) BMAGs in GA-I ....

(c) ATTITUDE SET

, resolver s.

The FDAI-SELEQT, FDAi-

SOUI_CE, and/or the ATT

• • SET' switches determine

" which sour.ceis selected,

' ' 3, Indicators arc fly-todisplays,

d° Ball

• -1, Signals to motor come from

servoamp in EDA, The signal

source is either the IMU or

• GDC as selected by panel'

switches (see FDAI-SELECT,

,. FDAI-SOURCE) .and(or A.TT

SET switches).

_0
O

_O " O%3

_ 21 " •

0
0
IN

S _.. :,
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Location

Panel [ Area 'Grid

MDC-2 (Cent)

' 2 C L-Z7

Z G L-Z4

2 C L-27

2 C K-27

2 C K -24

Z G K-z5

z c K-Z5

2 C K-Z6

2 C 1-26

• Z C I-Z7

2 C 1-27

, i

I

Name and

Position

KEY REL

NOUN

RSET

PRO

VERB

0 fhrough 9

.REGISTER

COMP ACTY (light)

NOUN (light& display)

PROG (light & display)

Function

Releases the DSKY displays ini-

tiated bY keyboard action so that

information supplied by a GMC

program may he displayed.

Sets ten, purer to accept next two

digits as noun code.

Extinguishes the s.ta.tus lamps that

are controlled by the GMG.

Inforn]s routing requesting tile

operators response that the opel'-

ator wishes tile requesting routine

to proceed without furtlxe*" inputs

fron3 the Operator; or places tile

CMC in the standby mode when

pr.essed, upon request froltl the

GMG.

Sets-.conlputer to accept next tWO

digits as verb code.

Denotes data to follow has positive

decimal value.

Denotes data to follow has a nega-

tive decinaal value.

Switches 0 tO 9 used to enter data,

address codes, and action request

codes into the CMG.

CMG is engaged in computation,

A two-digit display, indicating
noun code selected. :

A two-digit display, indicating

number of the program (major

ntode) presently in progress.

• Pressing the noun button will initially

blank the noun window.
- . ,., /j..

In those areas where an error or

•malfunction exists, pressing tile. •

reset switch will not extinguish the

status lamps,
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Pane] [ Area I Grid /.

S I J-26

3 I .I-26

g /'I-26

l 1-25

; 1-25

; I I'z5

J

Name and

Pc oition

REGISTER 1 (display)

REGISTER 2 (display)

REGISTER 3 (display)

i

VERB (light _ display)

I
Function

Displays contents of selected

register 0r memory locat{om

First •component of extended-

length data word, if applicable.

Displays contents of selected

register or memory location.

Second component of extended

data word, if applicable.

DSKY Status Lights

GIMBAL LOCK

KEY-REL

' NO ATT

Displays contents of selected

register or memory location.

Third component of extended

data word, if applicable.

A two-digit display, indicating

verb code selected.

/

Gimbaled lock-light will illumi-

nate under computer control

whenever the middl e gimbaled

angle of the platform exceeds

70 degrees,

Internal CMC program needs

DSKY circuits to continue

progral_n.

a. A crew keystroke is made

when internal flashing

display is currently on DSHY

(exceptions: PRO, ENTtL,

RSET).

b. Crew makes a keystroke on

top of his selected monitor

verb,

Light will illuminate whenever

the inertial subsystem is not in a

mode .to provide an attitude

reference.

Circuit

Breaker

N/A

- Power

Source

N/A

I

" .... Remarks

Displays may be selected manually

or byCMC program,

?

. • • •

On-board data provido.s definition of

VERB digit s, . .

Illumination of lights warns of

pending.gimbaled look condition.

Request.for operator to press KEY

REL pushbutton.

, , ,. ", ,

Z

H
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Location

Panel I Area [Grid

IMDC- Z (Cent)

3 -25

1-25

J-25

1-25

1-25

J-25

l-Z5

N-25

/" " Name and

Position

OPR ERR

PROG

RESTART

.STBY

T EM P

TRACKER

UPLINK ACTY

ABORT SYSTEM switches

2 ENG OUT switch

AUTO

OFF

iPunctLon

IAght will 411uminate whc_n an

illegalke_,board entry i_ made

into the CMC,.

Light illuminates when additional

functions, operations, or infor-

Ination is requested hy colnpLlter

tO complete specific operation or

function,

Light will be illuminated when-

ever computer goes illto restart

progranl,

Light will be illuminated when-

ever computer _ubsystem is in

' stax_dby mode of 0peration.

Light will cilluminate whenever

temperature of stable l_latform

deviates more than '.kS°F from

nominal.

Light illuminates whenewn, there

is failure of one of optical CDU,

or data good discrete not l?rescnt

after reading range frorf_ VIII"

DATA LINK (SC 106 only).

CMC is receiving data link infor-

mation by up-telen'lctry.

Activa;tes EDS for a two-engine

out autonlatic abort capability by

de-energlzlng two-engine out auto

abort deactivate relays.

Deactivates EDS for a two-engine

out automatic abort capability by

energizing two-engine out auto

abort deactivate relays.

Circuit '

Breaker

N/A

4

I_o We 1" h_--

--'-ng_u r.ce --.

_/A

. l_emarKB ....

,., ,,

. | , • .

"I

Lv-iu

I batteries

The two-.engine out AUTO abort ,

capability is also shut off automati- :

tally by iU prior to sta'ging.,

"',£

o i
o o£

0 N

z _q

t_. _'_
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MDC-2 ICont)

] " N'-26 ,

I N-26

[ lVI-24

)

Name and

Po sitioa

LV RATES switch

AUTO

OFF

TWR 5ETT switches

1 and 2

OFF

AUTO

EDS switch

AUTO

OFF

Eunction

Activates EDS'forexcessive rates

automatic abort capability by

de:,encrgizing excessive rates

auto abort deactivate, relays,

Deactivates EDS for excessive

rates atttomatic abort capability

by energizing excessive rates

auto abort deactivate relays,

N/A

Either switch initiatDs noi'mal

jettison el' LES tuwor an_l arms

systems A and B of the SECS

abort circuitry for SPS abort.

Relnoves power to systellls A and

B SECS abort circuitry for LES

abort.

Provides for an automatic tower

jettison subsequent to any L]_S

Circuit

lh'ea t_r

ab9rt.

Prepares LV EDS auto abort

circuitry for automatic enabling

at lift-off.

All auto abort capabilities are

disabled.

, i

SEO EVENTS

CONT SYS

A LOGIC B

BAT A and B

{MDC-8)

EDS 1 & 3

BAT A h

BAT B

(MDC-8)

EDS 1 '&

EDS 3

(MDC-8)

Power

Source ' Remarks

LV-IU ..................

batteries . .

Excessive' rates auto.abort capability

is also shut off automatically by the
IU'prior to staging,

a. Battery Three-positlo n toggle s_vitch with a ,

buses A ,. njaintain position to AUTO and to

OFF a_d TWJL JETT position is :

momentarily being spring-loaded .to

"OFF position... After LES tower has

been manually jettisoned,' switch will

spring back to neutral OFF position.

, , -. .

(MDC.7) . " '

Battery Two-positiontoggle switch. Provides

buses A & B open or closed loop.operation of EDS

automatic abort enable circuitry.

,.i.-

and B

When the

SECS

LOG IC /

OFF

switches

are in the

LOGIC

position

-(MDC-8)

b. EDS

chang e-

over bus

when the

EDS

POWER

• switch is

ON

O

>

'. ,,_r]

U_

C_.. . .0

O _ o'1

,
mg

N

7[; -" , ,. "
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Name and

PanellArea I Grld :Position

MDC-Z (Cent)

1 M-27 S-IVB/LM SEP switch

• I M-Z5 CSM/LM FINAL SEP switches

Switches 1 and 2

I M-26 CM/SM SEP switches

Switches l.and 2

I- O-24 LAUNCH VEHICLE switches

• S-II/S-IVB

LV sTAGE

" OFF

Funct'ion

Initiates separation of LIv from

S-IVB stage.

Either switch initiates abandon-

ment of LM or jettisons the clock-

ing probe and ring gubsequent to

SPS abort, Backup to decking

probe and ring automatic jettison

during LES aborts.

Ei'ther switch activates systc, msA

and B to perforn) tile following

functions:

a. CM-S/vl deadface

b. CM-ItCS pressurize

c. CM-SM separation

d. CM-SM separation pyre

conti'ol cutou,t

e. tICS control transfers

(providing CM-RCS 'LOGIC

is in"CM-RCS I.,OGIC)

f. SM jettison controller start.

I

Initiates S-II to S-IVB staging

sequence of LV guidance pro-

gram, in case it is required on

S-V LV during S-iI boost.

No function.

Circuit

Breaker

SEQ EVENTS

CONT SY_

A ARM B

BAT A and B

(MDC-8}

N/A LV-IU

EDS buses

Switch guards are diagonally stripped

in yellow and black to caution against

inadvertent switch actuation

Switch has dual function: I_ the switch

is placed in th e LV STAGE position

anytime from S/C OEC0,+I. 4 seconds

to SII ECO, it will manually initiate

staging of the SII from th_ SIVB. , '.

Anytime after SII ECO +1.4 seconds "

to SIVB cutoff the i_witch will - :

manually initiate cutoff of the SIVB if'

put in the LV STAGEpositio n . :,

If switch is used to in[flare st_glng it' I

must be 're,_et to OFF in order that it

can be used later for SIVB cutoff.
. ._ ..
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Location

Panel Area Grid Functiolt

Releases main parachute from

COH31lland fnodule.

Enables circaitry to 0 to 4-2 eec-

'end timers, and if an abort is

initiated from 0 to T .F 42 seconds

CM RCS oxidizer is dumped

f.)l!owed 5 seconds later b y _M

RCS fuel dump, followed 13 sec-

ends later.by CM RCS purge of

fuel and oxidizer systems.

Disables attto oxidPzer dump

circuitry at T _ 42 seconds.

Allows RCS hitching relay to be,

controlled autonlat[cally _ipon

LES abort after T + 42 seconds

to tower jettison, or upon SPS

abort or CM/SM separation.

SEQ EVENT I Battery

CONT SYS- 5uses A & B

A LOGIC I3-

BAT A &

BAT B

(MDC-8)

Selects control o_ taunc'h vehicle

guidanc'e.

Normal position for this switch.

Allows Saturn guidance system to

function normally and control

/light.of spaceePaft.

Will initiate Saturn guidanct_ take-

over nlode of PGNCS,

MDC-Z (toni)

• P-Z4 MAIN RELEASE switch

N-24 PRPLNT DUMP AUTO switch

AUTO

RCS CMD

I

0-24 LAUNCH VEHICLE-GUIDANCE

switch ,

IU

CMG

0-26 _LAUNCtt VNHICLE-XLUNAII

. INJECT switch

:,' I NJ E C T

* SAFE "

Normal mission functio_ for TLI.

Blocks IU up data link discrete ,,

signal for TLI.

Circuit • Power . , _ '

Breaker , .Source ' . Remarks "

•-:........... _ ....... [

Switch is electrically enaJled when

10, 000-foot bare.switches close ..

during nee'real descent and will

• release parachutes when actuated.

Switch..should never ,be moved to up

(release) position until after splash _"

down. _ The switch'i.s spring-loaded

to tl{e down position.

T e 42-second timers, .enabled by.the

CM RCfi LOGIC switch (MDC-I);

" start at lift-off. Auto dump capabil-

ity.is disabled after.'T + 42 seconds

by crew placing switch to RCS CMD.

SEQ EVENT

CeNT - SYS

I.OGIC A

BAT A

LOGIC B

BAT B •

(M_)C -8)

G/N IMU

[{TR MNA &

MNB (MDC - 5',

_/ N POWt_'it
IMU SWITCH

_/A fu

-%• , = •'- %:

.... ¢_: -.[

o _

o
m g

:>

u (_ O
m _

O "_

o
m

DC lnaio

buses A & I3

28 vdc - IU

t

Switching to this position enables '.

mant_eA attitude control of SIVB

through use of rotation control Used

only during non-thrusting modes.

INJECT is normal position. "

-- . '

7•

_.._,...
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Name and

Position

DOCKING PROBE Switches

EXTD/REL/OFF/

RETRACT

EX'rD/REL

OFF

' RETRACT

RETRACT switches

PRIM

I

CENTER

2

SEC

I

CENTER

Z

Function

Applies d-c power to the probe .

extend latch release solenoid,

capture latch release motor
and indicators.

Removed d-c power.

Applies d-c power to the
DOCKING PROBE-RETRACT-

PRIM and SEC switches,

Controls d-c pox_er from .bus to

pyrotechnic initiator onNo. I

nitrogen bottle.

OFF position.

Controls d-c power from bus to

pyrotechnic initiator on No. 2
nitrogen bottle.

Controls d-c power from bus to

pyrotechnic initiator on No. 3

nitrogen bottle.

OFF position.

Controls d-c power froth bus 'to

pyrotechnic initiator on No. 4

nitrogen 'bottle.

Circuit

Breaker

DOCK

PROBE

MNA & MNB

(MDC-8)

Source

DCmaln

buses A& B

J,.. , ,.

Remarks

DC main .-

bus A •

- /

• Capture imtch sensing _witches '.

L located inprobe head will have to - C_ - .

•be closed to power LDEC, relays., ' _ ._ .,.:

+ •

+

?+•+ . + , • • .
, .:.'_,.

L.

DC main

bus B

o

++

t_
0

.. +

+ + .•i+

+

/.. L ,

+

++
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PanelIArea [ Grid Position

MDC-2 (Con_)

PROBE indicators

D-28 ' EXTD/RETR A

EXTD_RETR B

CM RCS indicators

' H-28 He TEMP.

H-28 PRESS-He

H-29 PRESS-MANY

L-29 CM RCS PRPLNT switches

) ,,. •/,.. -

Function

Striped-line display indicates

probe in n_otion. Gray display"

indicates completed movement.

Striped-line display indicates

probe in motion. Gray display

indicates/completed n'mvemenI:.

Indicates helimu tank temperature

of CM RCS syste:m l or 2, an

selected by RCS INDICATORS.

switch. (Meter;range: 0 ° to

300°l_.)

Indicates helium tank pressure of

CM RCS system I or 2, an

selected by RCS INDICATORS

switch. (Meter range: 0 to 5000

psia. )

indicates regulator manifold

pressm, e of CM RCS 1' or Z after

pressurization as selected by

RCS INDICATORS switch. (Meter

range: 0 to 400 psia.).

Two functionally identical

switches. Each switch controls

th_ opening or clos'ing of fuel'and

oxidizer propellant isolation valw_

within its respective propellant

system.

Circuit Power

Breaker . •Source

DOCK DC main

PROBE •buses A & t_

MNA

DOCK ' '.
PROBE

MNB

INSTRU-

MENTS i "

ESS

MNA & MNB' " .

(MDC-5)

RCS-PROP

ISOL

IViNA '_or

SYS 1 &

MNB for

SYS Z

(MDC-8)

Remarks

Probe indicating .switches Will open '

'at full •extend or retract positions,

,, , , . • ,

.1 •

Thr.ee indicators are i'dentlcal in

operation. Each one consists of

d'Arsonval-:type meter with fixed dial

and me.vable pointer. Pointer ,:aove-

men£ is vertical, as observed from

crew coucl_. Each indicator is

capable of _ecepting input signals.

.from CM or SM RCS. Displayed '

information is determined by position

.of RCS INDICATOI_S switch. '

Each switch is three-position toggle

switch spring-loaded, allowing it to

return to cente_ position after placing

it to ON or.OFF positions. Each

valve contains position niic.roswitch

which completes circuit for operating

valve position event indicator

mechanism.

• . ,,

o

o

• - _ o

o
o
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'Location

' I "l ' ' . Name and

Panel Area• Grid Position

MDC-Z (Conf}

L-29 1 & 2

I CENTER

OFF "

K-29 CM RCS I_RPLNT-1 & 2 event

indicators

K-28 RCS CMD sw.itch

' ' ON '

' CENTER

OFF

• , , , . , •

63 h_uit___ POwer

Breaker _"_ ................ Rcmark_Function

Energizes propellant isolation RCS DC mMn l_lace'tO ON prior to'lift-off; then to' ,

valve solenoids to open poMtion, ]PKPLNT buses A & .B CENTER. " "

magnetically latched Opt:n. • I$OL MNA [ " "

• ', . for SYS I [ • . , " . . - ,

Removes solenoid excitation; ]and MNB [ " ' -.

valves remain in last commanded for SYS 2 ' " . ' '

position. ('MDC-8) . ' . " , . .'

Energizes propellan_ isolation [ [ ] ' • " _ ,

valve solenoids to closed poMtion; [ ' [ .: [ : : ' . .

I I..... :
I I

Striped-line display indicates • [RCS SM I' ]'Each indicator is two-posit_on device

closed condition of valves con- • IttTRSB ] ' Iwith._tr[ped,_line display, controlled

trolled by switch located directly MNA for [ ' ' ' .. by powerapPliea_i0n and gray display

below event indicator. Gray ]SYS t and [ .: " [by power removed action. Both

display indicate.s open condition, RCSSM [ _, [valves must be open befo,re gray is

: I-ITRS A . [ ' ' .. :- [displayed; either or bothvalves "

IvlNB for [. [closed, di'splag.wiil show striped, '

• 'g'" _ t' i g "_ "y arm c " ' ,:',O _ - , _ ba t_ry , '. -position toggle switch, spring-Enet zzes lach n _el VEN h

applying power to enable control- CONT SYS- buses A &'B loaded to center position. SWitch

ler reaction jet on-off assembly ARM A allows manual enable-inhibit functions

through AUTO RCS SELECT BAT A , to controller reaction jet on-nff

switchds. ARM B ' assembly.,

BAT B • . " "

:Allows SECS to automatically (MDC-8) Inhibit-enable' functions provide

control latching relay, direc_ control or backup capability to

• . . SECS automatic control of RGS

' ' latching relay, ' " . ' :

De-energizes latching relay safe . If LES ab.ortoccurs after T + 42 '.

coil r.emovlng power from con- , seconds. SECS _utomatlcally-closea

trol.ler reaction jet on-off assem- " " relay 1 second after abort initiation.

bly and AUTO RCS SELECT , . If SPSabortoccurs. SECS auto- '

switches. : matically Closes relay 3.8 second_ .

after abort initiation. ELSC bare

• switch input autom_tieally causes

' " relay to open at approximately " .'.

24, 000 feet during CM descent. .

/

i/:,

L

, [,:
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Location

...... Name and

Panel[Area [ Grid ., Position

MDC-2 (Cont)

I : _33 RCS INDICATORS switch

CM selection

l&2

SM selection ,

' A, B, C, D

I
Z9 RCS TRNFR switch

CM

•CENTER

SM

)

FunctiOn

Selects inputs to propellant tern- "

perature, pressure gauges, CM
selections I and Z /unctions are

identical within their respective

systems. SM selections A, B,

C, and D functions are identical

within their _espegtive sTstems,

Connects CM I_CS system I (Z)

signal outputs from temperature

and pressure transducers to

appropriate indicating devices.

Connects SM RCS quad A (B: C,

and D) signal outputs from tern-

perature and pressure transducers

to appropriate indicating devices.

Energizes motor switch causing

the following;

a. Conne'cts CM RCS engines to

controller reaction jet on-off
assembly.

b. Removes power from transla-
tion control as far as transla-
tion l_laoeuvers are concerned.

Enables SECS automatic control

of motor switch,

Energizes motor _switch, causing

contacts to close which connect

SM RCS engines to the controller

reaction jet on-off assembly.

NIA

Circuit Power

Breaker Sourc_ ....

I............... I_

NIA

RCS- LOG IC DC main
MNA & MNB buses A & B

(MDC-8)

iI

Six-posltion rotary switch. Clvi

selection of Switch, positions'l and Z,

permit monitoring com*xtand module

propellant systems f_'and 2. SM

selection of switch, positions A, B,

C, and D pern]it n_tonitorlng service

n_odule propellant systems of quads

A_ 'B, 'C, and D.

• ' , • • .. :[. .•

Three-posltion switch, Sprlng-loaded.

to center position, Switch provides

manua} backup for automatic transfer'

function; or.allows transfer prior to

automatic separation sequence. :

Main bus A for RCS transfer motors i

and main bus' B for RCS transfer

motors 2.

Must be in this position to start SM

jett!so n cbntroller at CM-SM

0

o
H _

o

O
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Location

' /" Name and

Panel ] Area [ Grid Position

MDC-2 (Cq_t)

J-28 SM RCS HEATERS switches

A

PRIM

OFF

SEC

J-29 B

J: PR IM

OFF

• SEC

J-29 C

PRIM

OFF

SEC '

Fun¢:tion

Applies power from d-c main bus

B to a high-temperature thermo-

switch in ouad A which automati-

cally controls quad A temperature.

Removes power from thermo-

switch.

Applies power from d-c main bus

B to one high temperature theri_o-

switch which automatically con-

ireIs quad A temperature.

Applies power fro*_l d-c main bus

!A to a high-temperature thermo-

switch in quad, B which automati-

cally controls quad B temperature.

Removes power from thermo-

switches.

Applies power frorn d-c main bus

A to one high temperature therrflO-

switch in quad i_ temperature

Applies power from d-c main bus

B to a high-temperature thermo-

switch in quad C which automati- •

cally controls quad C temperature.

[{el]lOVeS power fronq thermo-

switches,

Applie's power frorxa d-c _atn bus

B to one high [emperatur,e thermo-

switch in quad C temperature,

Circuit ...... Power

Breaker _S-otrrce .....

RCS HTRS

A MNB

(MDC-8)

RCS HTRS

-B /vINA

(MDC-8)

RCS HTRS

C MNB

(MDC-8)

i-

DC main

hue B

DG main

bus A

DC main

bus B

r

....... . /

....... emarks

•Thermoswttch applies power to

heater at IIS"F and removes power "

from he.atei" at 134°F0

Controiled at same temperature an

tn quad A.

Controlled at same temperature as,

tn quad A.

,. ' . .

O

_q

t3

t3

C/}

o
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Location

' Name and

Panel [ Area [ Grid Position

MDC-Z (Con_)

/,-30 .. D

PRiM

' OFF

SEC

IG-30/ SM RCS HELIUM i switches
I

G-3t

A, B, C, D

' ON

CENTER

OFF

F-30/ SM RCS HELIUM 1 event

F31 indicators

A, B, C, D

Function

Applies power from d-c main bus

A to a high-temperature thermo-

switch in quad D which automati-

cally controls quad D temperatur_

Rernoves power from thermo-
switches,

Applies power from d-c main bus

A to one high tdmperature thermo-

switch in quad D temperature.

Four functionally identical

switches. Each switch controls'

one helium isolation valve in

HELIUM 1 half of parallel heliurn

pressurization sT_tcw., Each ef

four RCS. quads contains identical

systems,

]Energizes helium i_olation valve

solenoid to qpen position and is

magnetically latched open,

Removes solenoid excitation;

•valve remains in last commanded

position.

Energizes ilelium isolation valve •

solenoid to'closed position;

spring-loaded closed.

RCS HTRS

D MNA

(MDC-8)

Circuit Power

Breaker Source

DC main
bus A

RCS-PROP

ISOL MNA

for QUADS

B & D, MNB

for QUADS

A&C

(MnC-8)

'Striped-line display indicates

closed condition of •valve con-

trolled hy switch located directly

below event indicator, Gray

display indicates open condition.

SM RCS

HTRS B

M NA for

QUADS B &

D and SM

RCS" HTRS A

MNB for
I

OUADS A & Cl

(MDC-8)

Cont:rol!'ed at same temperature as
in quad A.-'='" .

DC main

buses A & B

Each switch is three-position toggle '

switch, spring.loaded, allowing it to .

return to center position after posi-.

tionlng to ON-or OFF.position,' Each

valve contains position mlcroswitch

Which complete_ circait for operating

valve position event indicator

nlechaniBli1 ' " ,

• . ,. -

bO

>

• Of)-.

. .. •

Each indicat'oris two-positiondevice
with striped-line display controlled

by power ,application and gray display

by power removal..

o ••i
O

o>

0
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Location

Panel[Area ] Grid

MDC-2 (Cent}
---T

1-30/
1-31

H-30/

H-31

J-30/
J-31

:t

Name and

Po sition

SM RCS HELIUM 2 switches

A, B,'C, D

ON

CENTER

OFF

SM RCS HELIUM Z event

indicators

A, B, C, D

SM RCS PROPELLANT switches

A, B, C, D.

OPEN

Function

Four functionally identical

switches'. Each switch controls

one helium isolation valve in

HELIUM Z half of parallel helium

pressurization system. Each of

four SM.RCS quads contain

identical systenrs.

Energizes helium isolation valve

solenoid to open position'and is

magnetically latched open.

Renmves solenoid excitation;

valve remains in last ten,mended

position.

Energizes helium isolation valve

solenoid to closed position;

spring-loaded closed,

Striped-line display indicates

closed condition of v_lve con-

trolled by switch located directly

belo w event indicator. Gray

display indicates open condition.

Four functionally identical

switches. Each switch controls

four isolation valves (two fuel &

two oxidizer) within each of

SM RCS quads.

Energizes two fuel and two oxidi-

zer propellant isolation valves to

open position and are magnetically

latched open.

RCS PROP

ISOL MNA

for QUADS

B & D, MNB

for QUADS

A&C

(MDC-8)

SM RCS

HTRS B

MNA for

QUADS B &

D and SM

RCS .HTRS A

MNB for

QUADS A & C

(MDC-8)

RCS PROP

ISOL MNA

for QUADS

B & D, k4NB

for QUADS

A&C

(M.DC-8)

. Source

DC main

buses A & I_

Each switcIt is tl_ree-position toggle

switch, spring-loaded, allowing it to

return to center position after placing

it to ON or OFF position. Each

valve contains position microswitch

wliichcbmpletes circuit for operating

valve.position event indicator ,

nleehanisn_.

I • :i

Each indicator is two-position devicq'

with strlped-line display controlled

by power application and gray display

by power removal. , i " _ ',

Each switch is three-position toggle ::

• switch, spring-loaded, allowing'it to

return to center position after placing

it to OPEN or CLOSE position. Each

valve •contains mic_-oswitch _vhich

comPletes circuit for operating •valve

position event indicator.

",' Open in prdlaunch.

o

.- . .. :

0
f3 ..... ,:

o
,_ 0

[q

->
m IN

0

.._



:i!f?
, !

: I

•"2 :'

_2:2. ."_ "

i:_--_=--2:

_L_2_27

_ "!

;0

f)

_J

g

o

(m [n

u

g
C

&

(

_J
fa

o

Location

Name and

Panel [ Area [ Grid Position

MDG-Z (Cent)

, .I J-30/ CENTER

J_31

" C LOSE

I 1-30/ SM RCS PROPELLANT event

' I- 31 indicator s "

PRIM PRPLNT

A, B, C, D

I K-30/ SEC PRPLNT "

K-.31 A, B, C, D

[ L-30/ SM RCS SEC PRPLNT FUEL

L-B1 PRESSURE switches

SEC PRPLNT FUEL

PRESS

A, B, C, D

' OPEN

{
.!

)

Function

Removes solenoid excitation;

valves remain in last commanded

position,

Energizes two fuel and two oxidi-

zer propellant isolation valves to

closed position and are spring-

loaded closed.

Striped llne display indicates

closed condition of two primary

propellant isolation valves con-

trolled by propellant switch

located directly below event

indicator. Gray indicates two

primary valves open.

Striped line display indicates

closed condition of'two secondary '

propellant isolation valves con-

trolled by propellant switch

located directly above event

indicator. Gray indicates two

secondary valves are open.

Four functionally identical

switches, Each switch controls

one secondary propellant fuel

pressure valve, which when

opened allows regulated helium

pressure to secondary fuel tank.

Each of four SM RCS quads con-

tain identical systen_s.

Energizes secondary propellant

fuel pressure valve solenoid to

open position and n%agnetlcally

latch open.

Circuit Power

RCS PROP DG main

ISOL MNA huses A h B

for QUADS

B h D, MNB

for _UADS

A&C

(MDG-8)

SM RCS

HTRS B MNA

for SM RCS ....

QUADS B &.

D, SM RCS

HTRS A MNB

for SM RCS

QUADS A & C

(MDG-8)

fiGS PRPLNT

ISOL MNA

£or QUADS

B & D, MNB

for QUADS

A& C

(MDC-8)

. [

• .].

• • ,:

Remarks

" • . L

. , •. :

Each indicator is two-position device

witl_ striped line display controlled by

power application and gray display by

power • removal 'from PRIM PRPLNT

indicators. SEC PRPLNT indicators

striped-line display is controlled by

power removal and gray display by

powey application. Both valves must

be open. before gray will be displayed

in case of PRIM PRPLNT and/or

SEC PRPLNT indicators; either or

both valves closed in case of striped i

PRIM PRPLNT and/or SEC PRPLNT

indicators.

• • , • ..

Open in prelaunch to pressurlze '

secondary,fuel }ank to system regu-

lated pressure, then closed. Will be

opened in fli, ght when primary propel-

lant fuel t_nk has expended its fuel "

supply allowing pressure in fuel

(conO

O
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o
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Location

PanellArea I Grid

MDC-2 (Coht)

I L-30/
L-31

\

I ; F'-Z8

I F-Z8

I F-Z9

.Name and

Position

SM RCS ifidicators

TEMP

PKG

PRESS

He

SEC FUEL

Function

Removes solenoid excitationl,

valve' remains in last commanded

position.

EnergizeB secondary propellant

C[rcuit ....P-f_,-e_
Breaker Source '

RCS PRPLNX DC main

ISOL MNA buses A & B

fuel pressure valve solenoid to

closed position; spring-loaded

closed.

for QUADS

B _ D, MNB

for QUADS

A&.C

(MDC-g)

Remark.

manifold to drop, triggering appiica-il

51e SM RCS A, B, C or D caution/

•CENTER

CLOSE

Indicates temperature or pres-

sure of SM RCS quad A, B, C, or

D, as selected by the RCS INDI-

'CATORS switch, (Meter range;

0* to 300°F. )

Indicates helium tank pressure of

SM RCS quad A, B, C, or D, as

selected by the RCS INDICATORS

switch. (Meter range: 0 to 5000

_sia. )

INSTRU-

MENTS-

ESS

MNA & MNB

(MDC-5)

warning light alot_g, with SEC PRPLNT

FUEL pressure readout on MDC-Z,

informing crew to open SEC'PRPLNT

FUEL PI%ESS valve.clio'wing tank to :

remain pressurized • for duration " "

Indicates the primary fuel tank of

the applicable SM RCS quad has

expended its propellant as selected

by the RCS INDICATORS select

switch and informs the crew to

open the applicable SM RCS quad

SEC PRPLNT _UEL PRESS valve

and return the SM RCS secondary

fuel tank to its normal regulated

pressure. (Meter range: 0 to _00

psia. )

.k .

Three indicators are identical in " ,

operation: Each one consistsof a .

d_Arsonval-type meter with a fixed. 'i.

dial and movable pointer. Pointer • >

movement i_ vertical° as observed
U

from crew couch. Each .indicator is

capable of accepting input signals

from the CM or SM RCS. Displayed

information is determined by tlie .

position of the RCS INDICATORS

switch. _4
' [n

This method is used to provide an

inflight update as to the amount of

propellant remaining in the applicable

SM RCS quad.

-< .
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Location •

P Grid

MDC-2 (Cent)

F-29

1-30

Name and

Po sit[on

PRPLNT QTY, Fie TK TEMP

PRPLNT QTY IND

HE q'K TEMP

SM RCS' IND He TK TEMP

PRPLNT QTY switch

SM RCS IND He TK .

TEMI ° up position

Function

Indicates propellant quantity

remaining in % from the helium

tank tenlperatuYe/pressutm retie

transducer o[ SM RCS quad A, B,

C, or D if RCS INDICATOR

select switch on NIDC-2 is posi-

tioned to SM A, 'I3, C, o*" D and

SM [].CS IND'He TK TEIvIP &

PIZPLNT" QTY switch on IvlDC-Z

is in PRPLNT QTY position.

(Meter range; '0 to IO0"F. )

hMic_,tes helium tank temperature

frorn helium temperature trans-

ducer of SM RCS quad A, t3, C, or

D if RCS INDICATOR selec_

switch on MDC-Z is positioned to

SM A, B, C, or D and SM RCS

IND Fie TK TEM.P & PRPLNT '

QTY switch on MDC-2 is in lie

TK TEMP position. A, pplical)le

SM RCS quad helium tank tem[)el_-

ataL'e is dctarn_ined as well as

hel[utn source pl'ess_lre and

[)lotted on. nonlogram.,

Percent of propellant quantity for

applicable quad can then be deter-

mined. This pray[ales alternate

mcthod of determining.prepellant

quantity .remaining in SM RCS

quads A, B, C, and D. (Meter

range: 0 to IO0°F. )

Allows heliunv-tapk temperature

transducer of each SM-,ILCS quad

(A, B_ C, and D) to transmit to.

RCS INDICATORS select switch

on MDC-2_
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MDC-Z (Co_9

V 1-29

1' ' 1128

I
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Name and

Po sition

PRPLNT QTY

down position

CM RCS PRESS switch

CM RCS PRESS

up position

down position

UP TLM s'witch (IU)

ACCEPT

BLOCK

UP TLM switch (CM)

ACCEPT

BLOCK

I
i

1

Function

Allows hclium tank temperature/

pressure ratio transducer of cacti

SM RCS quad (A, B, C, and D) to

transmit propellant quantity

remaining to RCS.INDICATOR

select switch on MDC-2.

Activates two each heliuni isola-

tion valves in both CM RCS

systems i and 2.

De-energizes relays rt_nlovh'_g

power from squib valves.

Enables decoded and accepted

UP TLM message from MSFN to

pass fron_ up'-data link equlprnent

to computer in instrumentation

unit. "

Blocks UP TLM message from

affecting the computer in

instr unaentation unit,

a. Enables decoded and accepted

UP TLM message from MSFN

to pass from up-data link

equipment to CMC,

b. Enables validation signal from

UDL equipment to go to

Circuit

Breakoi: ......

INSTRU-

MENTS- !

ESS I

MNA & MNB

(MDC-5)

SEQ EVENT

ISE_._ CONT

SYS - ARM A

BAT A CB

ARM B

BAT B CB

MDC-8)

_-_-c4o ur cih .i_

DC main

buses A & B

Ba,ttery '

base_ A & B

N/A

SEQ EVENT CONT SYS PVaO' ARI@,

A sw_tgh and PYRO ARM B swi.tch "

(MDC-8) for actual initiation of squib .

valves when relays _re energized by.

CM RCS PRESS placed to CM ll.GS -

PRESS. . "

N/A

.,, • •

IU supplies own source .of power. ""

For CMC input, CMC i_ source

power.

a,

b,

telemetering unit.

Blocks UP TLM n_essage

from affecting CIvIC,

Blocks validation signal from

UD.L, equipment to telemeter-

ing unit, -

. . •• [ • • .
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Name and

Position

EXTERIOR LIGHTS switches

RUN/EVA

OFF

RNDZ

OFF

SPOT

TUNNEL LIGHTSswitch

TUNNELLIGHTS

Function

Furnishes power to running lights

(external) and EVA floodlight,

Removes power,

Applies power to rendezvous

beacon.

Removes power.

Applies power to exterior spot-

light and exterior door release

actuator,

Circu'it

Breaker

LIGHTING

RUN/EV,A/

T_RGT

ACI & AC2

(RHEB-ZZ6)

LIGIITING

COAST
TUNNEL/

RNDZ/SPOT

MNA

LIGHT ING -

COAS/

OFF

'LM PWR

CSM

OFF

RESET

Applies power to light fixture

located tn CM tunnel,

Removes power.

Energizes relays in LM to connect

CM power and CM dc negative to

LM through two umbilicals and

disconnect LM •power from heater

circuits,

Disconnect power to LM,

Momentary position opens relays

in LM to disable CM circuit and

connect LM power to heater

circuits,

Power

Sonrce

AC buses

I &Z

DC main

bus A

Remarks .

Exterior light switch controls light

colored lights (4 amber° Z greenj -

and Z red)-located on exterior surface

of s_rvice module,

3-.position toggle switch; center is

OFF.

" " , ...

Six fixtures witi_ two .lamps each.. .:'

LM,

Controls power source for LM .

CONTINUOUS, " ". ; ,." " • . '

Doe•s" not Open controlling r_lays in

:%

TUNNEL/

RNDZ/SPOT

MNA & MNB

LM PWR - 2 DC main

MNA h LM bus B

PWR - I MNB

(MDC-5)

DO main

bu'ses A & B.

 :}iJ

O," O

o

;:7

o
©
N

- .. " ....

,,:; '?'i



.f ,.

• i

"..

.c._-Z.7=_.:

:L'Z__---_

m

_J

131

° I
m

°!

h;L

Location . .-"
" Name and

Panel[Area]Grid Position

_ _ _.MDC-2 (Cofi_:

MISSION TIMER

34 Indicator

I

E-35 HOURS switch

TENS

CENTER

UNITS

E-36 MIN switch

TENS

,- CENTER

UNITS

E-36 SEC switch

• TENS

CENTER

4¢*

Function

Has capabilities to count up '

mission elapsed tlme.

J,

Changes HOURS numerical read-

out intens and hundreds.

No function.

Changes HOURS numerical read-

out in units.

Changes MIN numerical readout

in tens,

No function,

Changes MIN numerical readout

in units.

__J

Changes SEC numerical readout

in tens.

No function.

Circult ....

Breaker

I

Group '4

MNA & MNB

Source ......... Remarks

DC main

buses A' & .B !

Timer provide_ provisions for manual

setting, count-up readout (hours,

mlnutes_ :and seconds}, and reset to

zero by remote control.

Internal timing pulse is provided in .

case timing slgnal is lost. Clock is

capable of timing from external or

. niernal timing source without losing

- nission time.

Group 41 M.NA, and TIMERS_ MNA,

• " circuit breakers in series. Group 4,

MNB,. and T'IivlERS_ MNB, circuit '

breakers in sequence.
. .t

• Mission timer can only slew'up to

" add time.

i

TIM.EI_S

MNA & MNB

(RHEB-ZZg)

O

_g
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Location

" •Name and

Panel .] Area ] Grid Position

MD__G-Z (Go__nt) ..

Z _ E-36 UNITS

2 I F-36 MISSION TIM]< R,

switch

START

STOP

RESF, T

CA UTION/WARNING system

switches

: , F-35 CSh//SM

CSM

. CM

: F-36 LAMP "rEST

' I .(up)

CENTER

Z (down)

Function

Changes SEE .numerical readout

in units.

Starts' mission timer.

Stops mission timer.

Resets mission timer.

Seiects .SC systems to be

monitored.

Before separation and entry,

systems in both CM and SM are

monitored for malfunction or

out-of-tolerance conditions with

this switch in GSM position,

After GSM separatlon, only _

systems in CM are monitored by

placing switch in GM position.

Provides capability to test lamps

of system status and MASTER

ALARM lights.

Tests illumination of left-hand

group of status lights on MDG-2

and MASTER ALARM switch-light

on MDG- I.

Normal operating posltlon.

Tests illumination of right-hand

group of status lights on MDG-Z

and MASTER ALARM switch-light

on MDG- 3.

• . . . • ,

Power "

Remarks " 'iSource

DG ma'in " .

buses A & B . '_ ........... :

Upon" receipt of liftloff signal, timer

will reset.to zero and start counting

" up with switch in START position.,

Timer .may be stopped at anytime by

selectingSTOP. To reset timer_ "

• momentarily hdld switch to RESET .

• po s ilion :.

• Repositioning switch'to CM.posltlon

also prevents SG status,lights and

• event indicators associated with SM

s_/stem from remaining activated after

separation. -

. " NOTE

MASTER ALARM light on

• LEB-IZZ'is tested by plating "

•' CONDITION .LAMPS switch 'on..

' . LEB- IZZ .to TEST. "

C_rcuit

Breaker

Group 4

MNA &. MNB

TIMERS

MNA & MNB

(ltIIEB-Zz9)

• • i .

i DC main

buses A & B

C/W MNB

C/W MNA

C/W' MNB

(MDG-5)

(J
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' Location

Panel[Area[Grid

MDC-Z (Con_)

) F-34

0

i _ F-35

i _ O-34

Name and

Po sitlon

NORMAL] BoosT/

ACK.

NORMAL

BOOST

AGK

POWER

!

OFF

2 .

CABIN FAN switches "

1

ON

Function
. . ........ ,,_

Permits three modes of status

and _larm light illumination.

For most of the mission, the

switch i's set to the NORMAL

position to give normal C_W light

operation, upon receipt of ahnor-

n_al condition signals_ to all

system status lights and MASTER

ALAIKM switch-light capable of

illumination,

During ttle ascent phase, flle

switch is set tothe BOOST posi-

tion so float altho6gh all other

C&W .lights operate normally, the

MASTER ALARM switch-light on

MDC-1 will not illuminate.

Breaks norn_al power path to

system status lights.

Selects C&W power supply No. 1

or No. _.

Selects G&W power supply No. 1.

Selects no power supply.

Selects G&W power supply'No. Z,

Applies a-c power to motor of

No. 1 cabin air fan, d}recting air-

flow through cabin heat exchanger.

CIW MNA
C/W MNB _

(MDC - 5)

Breaker Source

DC n]ain

buses A

EGS-CABIN

FAN 1

_A, _B, Oc

(MDG-5)

i.,/.

/

• Remarks "

\, '' ................ .

B

. • _ ..

This' prevents possible ¢onfu'sien on
•" _ '" i MDG-I between the red MASTER

' " , ALARM switch-l_ght and the adjacent

red ABORT light. "

. . • , .

.,, System Statuslcan be illuminated by

pressing MASTER ALARM switch-

" " " ' light, - ' " •

, L

AC bus 1 C_bin air fans No. 1 and NO. 2 are

operated simultaneously" to-obtain _ .

adequate cooling. .

Output of fan 'is as follows!
a. Prelaunchm_de - 171,_5 cfm, '
b. Normal'mode - 170.67 cfm. '

c. Emergency *node - 0 cfin (fan off).

? :'
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No. 2 cabin air fan, directing

airflow through cabin heat

exchanger.

Kemoves a-c power from motor

of No. Z cabin air fan.

Applies a-c power to cabin tem-

perature control unit to automat-

ically regulate temperature of

water-glycol flow through cabin

neat exchanger.

Removes a-c power from cabin

temperature control unit. per-

mitting manual override operation

of the CABIN TEMP control valve

(LHFEB-303} by.properly posi-

J

) ' ' 1

[ECS-CABIN AC bus 1

,FAN 1

_A, 0B, ¢c
(MDC-5)

ECS-CAB:IN .AC bus Z

FAN 2

(MDC-5) '

• . , . • • t,p]

ICircuit Power R, Br_ak_z .... Source -:marks ' . .'?"-

..... _:',_.:- ---:..L:..._.._
I " .<

In event of malfunction, fan No. I i_

turned off and far) do sure cover

manually positioned:over outlet to :,

prevent backflow.
• . ' , • . ..... ;.

Cabin air"fans No.>I and NO. 2 are '

operated simultaneously to obtain

adequate cooling°

Output of fan is as follows;

a, Prelaunch mode - 171.45 cfm.

b, Normal mod_ . 170.67 cfm.

c. Emergency mode - 0 cfm (fan off).

• '. ,

• In event "Of malfunction, fan No. Z iS "

shut down and fan closure cover is

manual,Iy positioned over outlet to

prevent bacldlow,

Temperature control unit sensor is

located .at inlet to cabin air fans; ales)

an anticipator (sensor) iS located at

outlet of cabin• air fans. •

Ca_)iri temperature control valve full.

travel.requlree 25 seconds (max)..

• ' Manual control of cabin temperatur,e

control valve is required .in event of

" failure of automat'ie.control untt,

• , There is a•de'finite time l_g in Cabin "

• temperature response following a

• manual adjustment; therefore, close

cOordinati0n between manual adjust-

" rnents and the TEMP-CABIN indicator

MDC-2) is not necessary. ,

ECS-CABIN

?AN z

¢c
MDC-5

Location
Name and

'" _._" PanellArea [ Position
Grid Function

MDC-Z (Cent)

'1 i ON !

m OFF

_ CABIN TEMP controle

- AUTO/MAN ewitch

AUTO h

_=_ MAN !

Ke*novee a-c power from motor

of No. 1 cabin air fan,

Applies a-c power to motor of

tionlng control knob.

• =!.

., . ':
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Location ......... ".j...............2......

Name and Circuit i Power

Panel [Area [ Grid" Position Function Breaker Source •

I I , ' . ,,

MDC-2 (Cent)

K-40 AUTO control None Non_

INC_ (upward) Thumbwheel permits manual .

adjustment of cabin temperature
automatic control unit. Higher •

• the number selected, greater the

proportional increase in cabin [

' temperature. , . .

• ...... I !1-33 EC$ INDICATORS switch

I
PRIM Selects primary ECS displays: .[ [

a. ECS RADIATOR TEMP INLET] i

b. GLYCOL EVAPORATOR l [
STEAM PRESS ] I " '

. c. OLYGOL_CI_ PRESS I I
_0 . ' d. GLYCOL ACCUM QUANTITY [ "

e. GLYCOL EVAPORATOR I [ "
OUTLET TEMPERATURE "

" / I
C_ SEC Selects secondary E, CS displays;, i [

a. GLYCOL EVAPORATOR i [

OUTLET TEMPERATURE [
b. ECS RADIATOR TEMP INLET [ -

[ c. GLYCOL EVAPORATOR [ "

STEAM PRESS ] "d GLYCOL DISCH PRESS [ '

' e. GLYCOL ACGUM QUANTITY - [

" Ecs TE P'   .SEC-. ' isplay :wator.g j:oltempera- IDC ain
INLET meter ture entering primary or sec- CeNT HTR [buses A.& B

ondary space radiators, dependent MNB, ' [
on position of ECS'INDICATORS 5A for " "

selector switch two positions primary

(PRIM SEC), sys.

ECS RAD
SEC HTK

MNA,
,.,. 5A for

secondary .

SyS,

Remarks '..

CaMn temperature can be selected
hetw'een 70 ° and 80°F. Numbers on

thurnbwheel do not correspond to any "

temperature,

Switches output of primary and

secondary transducers to shared ' ,

in_licators, . .. ' . . ,

Indicator range +60 _ to I20°F, .

Temperature sensor •transducer out-

put 0 to 5 vdc supplies power through

respective ECS RAD HTR con'trol

switches - pRII( OFF, and PRI Z, -

ECS RAD-SEC OFF and SEC. .

/., • . ( ,
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Location

' Name and

PanellArea [ Grid Position

MDC-Z (Cent)

1-35 ECS RAD TEMP PRIM-

OUTLET meter

1-36 ECS RAD'TEMP SEC-OUTLET

meter

ECS RADIATORS switches

2- 34 HEATER - PRIM

' PRIM 1

. OFF

PRIM g

35 HEATER-SEC

SEC

OFF

Displays signal output of space

radiator ternperature sensor,

prhnary.

Displa, ys the water-glycol

temperature a t tile OUTLET of

the secondary space radiators,

Selects primary heater control

No, i.

Disables heater controllers,

Selects primary heater control

No. 2,

Selects secondary heater

controller.

Disables secondary heater

controller.

Circuit - Power

Breaker Sotirce

ECS

XDUCER

TEMP

MNA

MNB

ECS RAD

SEC

ECS RAD

CONT/H.TR

MNB

ECS RAD

CONT/HTR

MNA

SECONDARY.

COOLANT

LOOP RAD

HTR

MNA

DC main

buses A & B

' : i

DC main

bus A

Remarks

Indicator range -50 ' to +I00"F_

Sensop-tvans_iucer output 0 to Z9.5

millivolts to indicator,. PCM and ._

caution and warning (GLY TEMP

LOW LAMP) at -30"F. Power supply

output to tranaducer ampilfier:

Excitation - Z.7% 300 cps

Supply- 184"I Vdc .

Bias - 0,54"0,2 vdc,

Indicator range 30 ° tO 70°F. "

.Temperature .sensor transducer

output 0to5 vdc. supply powerto

teml_erature sensing .and readout "

through ECS RAD HTRS selector ,

switch. OlaF.or SEC signal goes to

PCM.

CBT0 suppl{es•power to primary

inlet temperat'ure sensor through

HEATER-PRLM switch in all

positions.

• .:,.,,. •

0

o
U' N

E_ Z 0

m N
0
0

CB71 supplies power to secondary

radiator inlet, and otitlet, tempera-

: . ture sensors through HEATER-SEC

switch in both positions . ,,

• t '
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Location

Panel I Area I Grid

MDC-Z (Cant)

J-33

J-33

J-33

i , J-34

Name and

Po sltion

t

FLOW CeNT-AUTO

AUTO

FLOW CONT-PWR

PWR

OFF

MAN SEL MODE

ECS RADIATOR

INDICATOR (talk- back)'

GRAY

MAN SEL switch

RAD 1

CENTER

RAD 2

Function

Places radiato_ flow proportion-

ins control in AUTO mode.

Selects No. 1 flow prop6rtioning

control.

Selects No. Z flow proportioning

control.

Applies power to AUTO switch.

Applies •power to MAN SEL

switch,

h_dicates flow proportioning

control No. 1 is in operation,

If POWER switchis .in PWR

position, indicates flow propor-

tioning control .No. Z is in

operation.

Circuit

Breaker

IECS RAD

CONT/HTR

MNA & MNB

ECS RAD

CONT/HTR

M NA

Source

DCmain

buses A& B

Remarks

ECS RADIATOR CONTROLLER ACI

and ACZ ch'cuit breakers supply.a-c

power for, system operation.

• . ' • ' " .

Closes RAD 2 isolation valves,

Closes RAD I and RAD Z

isolation valves.

Closes RAD 1.isolation valves.

k

, , t

DCmain

bus A _

None •

• ,[ •. ,

0

>

, U

. • . ,

, , , • . ' _-

, ', ,,

DC main Circuit breakers ECS RADIATOR

buses A & B CONTROLLER ACI and ACZ supply

a-c power for valve operation.

, MAN-SEL switch controls four, d-c

operated sol!d-state switches for

: switching a-c power_to valve motors.

• . , •
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Location

..... Name and

Panel[Area [ Grid ._ Position

MDC-2 (Cent)

J-37 ACCUM PRHvI/SEC QUANTITY

meter

1-38 GLYCOL DISCH PRIM/SEC

PRESS meter

i K- GLYCOL EVAP switches38 H20 FLOW switch

AUTO .

OFF (center)

l_unction

Provides quantity indication of

water glycol in primary and

secondary accumulators.

Displays primary water-glycol

pumps output pressures and

secondary water-glycol pump

output pressures.

a. Applies a-c power to steam

press/wetness control unit.

h, Closes •circuit from control

unit to water control valve for

automatically regulating water

inflow to water-glycol

evapor,ator.

Removes one source of a-c power

from control unit and interrupts

d-c power to water control valve.

Circuit

Breaker

PRIMARY

ECS .XDUCER

GROUP 1

MNA'& MNB

SECONDARY

ECSREDUN-

DANT

xDuCER

MNA & MNB

PRIMARY

SYSTEM ECS

XDUCER

Group 1

MNA, 5A

MNB, 5A

SECONDARY

S YSTEM

REDUNDANT

XDUCER

MNA, 5A

MNB, ",5A •

ECS-

GLYCOL

PUMPS-

_CZ, CA

(MDC-4)

Powe r

Source

DC main

buses A & B

AC bus Z

Remarks

Indicator range 0 to 100% transducer

output.signal.0 to 5 vdc operating,

Operatingrange 0 to 25 psig signal

]o6_ to indicator through ECS indi-

cator selector switch and to PCM. •

Secondary transducer signal goes to

indicator through selector switch, no

PCM.

Indicator range 0 to 80 psia, primary

transducer PT-Z signal goes through

selector switch to indicator. Trans-

ducer.range 0 to 5 vdc.

Secondary transducer PT-I signal

goes through •selector switch to

indicator.

Water control valve is solenoid- -

, operated .

0

o
o
M o
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Name and ,
Po sition

oN

STEAM PRESS group

AUTO/MAN switch

AuTo

MAN

INCR/DECR switch

INCR

OFF (center)

Function

Manual b_ckup mode to apply d-c

power to solenoid-operated water

control valve, which opens valve

and perl:nitswater to enter water-

glycol evaporator,

a_ RemoVes a-c power from
GLYCOL EVAP_STEAM

FRESS-INCR/DECR switch

(MDC- 2 ).

b. Applies a-c power to steam

pressure/wetness control Unit.

c. Closes circuit from cqntrol
section to steam pressure

control valve to .automatically

regulate steam pressure in

evaporator,

a. Ren%ovcs one source Of a_C

power fron% steam pressur.e/

wetness control unit,

b, Opens circuit from control

section to steam pressure

control valve.

c. Applies a-c power to GLYCOL

EVAP-STEAM PI_ESS-INCR/

DECR switch.

, . , , ,

Applies a-c power to actuator of
steam pressure control valve,
which moves valve in closed direc-

tion and inCr, eases steam pressure.

Retrieves a-c power from valve

actuator. " .

----_-- r,, ...... ]

I
Circuit P_W'b-i" .......

Breaker Source

ECS-POT DC main

HzO HTR buses A &B

MNA & MNB

(MDC-5)

ECS- AC bus l

GLYCOL

PUMPS- • ,
ACI

(MDC-4)

Remarks

Switchpgsition is momentary. Close
coordination between switch actuation

and GLY EVAP-OUTLET TEMP .

indicator'(MDG-Z) is necessary to

obtain correct water-glycol tempera-
ture and/or to prevent flooding

evaporator. . - :

Steam pressure control, valve full "

travel required 58 seconds (max)_

• ['.

, . !

Switch po'sitionselects manual backup

mode, permitting manual operat_on'of.

steam pressure control valve actuator

in event ,of steam pressure control

s ection malfunction. " '

ECS-

GLYCOL . . •

PUMPS-

ACI OC

(MDC-4)

Switch position is momentary.' Until

motor-drlven steam pressure control

valve reaches it's maximum limit,,

short periods of switch activation
res3alt in proportional increases in

steam l_refssure, Valve full travel, •
requires 58 .'seconds (max),

. ,_._i

)•
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Location

Name and

Pane]lArea ] Grid Position ,

MDC-2 (Colt)

K-37 DECK

K-36 TEMP IN switch

AUTO

• MAN

GLY EVAP PRIM/SEC

1-37 STEAM PRESS meter

1-36 TEM P-OUTLET meter

....

Function

Applies a-c power to actuator of

steam pressure control valve,

which n_oves valve in open direc-

tion and decreases stean_

pressure_

Circuit

Breaker

ECS-

Applies a-e power to water-glycol

temperature control unit, which

automatically regulates tempera-
lure of coolant entering evaporator

by mixing hot and cold

water.glycol.

GLYCOL

PUMPS-

ACI ¢C

(MDC-4)

ECS-

GLYCOL

PUMPS-

.ACI CA

(MDC-4)

•Remarks

Switcll position is momentary. Until
motor-driven steam pressure control
valve reaches its maximum limit,

short period_ of switch activation

result in proportional decreases in
steam pressure, Valve full travel

requires 58 seconds (max).

Power

Source

AC bus 1 .

ECS

XDUCER

Renloves a-c power _ronl water-

glycol temperature control unit,

permitting manual override opera-

tion of GLYCOl. EVAP TEMP IN •

valve (LHEB- 38Z).

Providesindication of steam pres-

sure in water-glycol evaporator.

Provides temperature indication

of water-glycol at outlet of water-

glycol evaporator.

PRESS

IvINA, 5A

MNB, 5A

ECS TKANS-

DUCEI_

TEMP-

lvlNA & MNB

Temperature control unlt sensor is

located at ilalet-to water-glycol

evaporator.

• •Water-glycol evaporator temperature
coatrol valve full travel requires
37.5 secon}/s (max).

Manu_I control of water-glycolevap.

orati_r temperature contr61 valve is
required in event of.failure of auto-
matic control unit, Close coordination

between valve adjustments and GLY
EVAP-OUTLET TEMP and Ees RAD-

OUTLET TEMP indicators (MDC-Z)

is necessary to obtain correct water-

glycol temperature.

Normal steam pressure operating
range is 0.97 psi to 0.1,t5 pBia.

DG main

buses A & B

• ., . • _ • • •

• • • . . .. • •
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Location

.. / Name and

Panel I Area ] Grid Position Function,,,

MDC-2 (Conf)..

, t J-37 H20 QUANTITY meter Provides quantity indication to

waste water tank or potable water

tank as selected by HzO IND

switch.

, t K-36 H20 QT Y IND switch

POT Selects potable water tank quan-

tity signal for display on WATER-

QUANTITY indicator.

WASTE Selects waste water tank quantity

signal for display on WATER-

QUANTITY indicator,

_ 1-40 PART PRESS CO z meter Provieles partial pressure indicar

{ion of COE in suit circuit{

0 _:tmospher e.

]_ K-3Z POT HZQ HTR switch

" MNA Supplies 28 vdc to potable water

tank heaters from MNA.

OFF Removes 28 vdc power from

potable water tank he_ters,

' MNB Supplies _,8 vdc to potable water

tank heaters from MNB,

1. • - ]

B re ake r Source ...... _- R emark_

ECS-TRANS- DC re'sin Capacity ofpotable tank is 36 lbs.

DUCER huses A h B ]Capacity of waste tank_is 56 lbs,

WASTE/POT , Ilndlcator rangie 0 to 100%.

HzO- ' ' 1

MNA, 5A ' I "

MNB, 5A ' I

ECS.TR;_NS_I Ii
nuc_ I • I " . " ' . ,
WASTE/POT iWATEa-QUANTITY indicator is
H20" I . Ishared by two quantity signals.

MNA h IVlNB.I I ' ' ' "

,M,)c_5, " I

ECS-TRANS- DC main JCO z sensoris located between inlet

DUCEI(- bus A ]and Outlet l_anifolds of-suit circuit in

PRESS " ' / LHEB. "

Group Z ' / , " ,
MNA ' /C02 partial pressure normal meta-

(MDC-5) . . ./bolic operating range is 0.0 to 7.6

]mm Hg_ ,and the eznergenc'y metabolic

• ]operating rahge is 7,6 to 15, 0 mmHg,

]Both rangesIare for unlimited length

/of time. ' "

]

COg PP HI system status light

' i(MDC'Z) ilhminates at 7, 6 mm Hg, •

' " . ]This indicates CO z level has risen to

' upper end of normal operating range.

DC main Supplies power control to two heaters

buses A h B (Z0w & Z5w); the heaters are con-

POTABLE trolled by thermoswitches.

H20 HTR

MNA

POTABLE

H20 HTR . '

MNB

:i, _ ' :_!_.

I l

%- .- .,, [

_ N

0
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K-35

K-35

)

Name and

Position

PRESS indicators (meters)

SUIT

' CABIN

SEC COOLANT LOOP switches

PUMP

AC 1

OFF

Function

Provide-, pressur.e indication of

suit circuit atmosphere.

Provides pressure indication Of

cabin atmosphere.

Supplies Z00-vac 3¢ power to

secondary coolant toop pump from

a-c bus 1,

Removes power fron] pu13%p.

Circuit

Breaker

I ..........

ECS-TRANS-

. DUCER

PRESS

Group 1

MNA & MNB

(MDC-5},

ECSiTRANS-

DUCER

PRESS

Group Z

MNA & MNB

MDC-5)

ECS

;ECONDARY

COOLANT

LOOP - AC1

AC 2

EVAP

EVAP

OFF

Supplies Z00-vac 3¢ power to

secondary coolant loop pun_p 6ron_

a-c .bus 2;.

Supplies llS-vac 10 power to

secondary glycol evaporator

temperature control.

Re,sores pbwer from control.

ECS

_ECONDARY

COOLANT

LOOP- A.C2

ECS

SECONDARY

COOLANT

LOOP- ACI

Power.

Source

DC main

buses A & B

- . . -:

'. Remark.

Pr'essure measured at.the compressor

.inlet .... . "

Normal suit circuit operating range

indications are as follows: 14.7 psia

during prelaunch, 4.7 to 5.3 psia

duringnormal flight mode, and

3.7,5±0,25 psia during emergency "

flight mode.

Pressure transducer is located inside

LHFEB.

Normal cahin op.erating range indica-

tions are as follows: 14,7 psia during

prelaunch, 4.8 to 5.2 psia during

nora_al space flight, and 0.0 psi a

during emergency space flight.

.I

AC bus 1

AC bus 2

i

' k

. . <.:

. . . _.

AC bus 1

CA

, • . . . -

• . kL .

- : ' .' :
. . .

',, " !" "

o

o
o
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; P K-35

i P K-34

; P K-33

4 i

Name and

Function

Supplies ll5-vac 10 power to
motor of secondary glycol evapo-

rator ha_kprossure control valve
to drive valve closed.

Applies power to driv e the SUIT
HT EXCH PRIMARY GLYCOL

valve to the FLOW position,

allowing glycol to flow through

suit heat exchanger.

Off position,

Applies power to drive valve to

oppos'ite position, thereby

bypassing the glycol around the

heat exchanger,

a.

b,

Po sition

•RESET

SUIT CIRCUIT switches

HEAT EXCH "

ON

CENTER

B YPASS

HRO ACCUM

AUTO 1]AUTO Z

switch

AUTO l"

C enter

b,

Removes d-c power from

H20 ACCUM-I ON/Z ON
switch'(MDc-z).

Applies d-c power to No. 1

cyclic accumulator control
unit to automatically time and

actuate No, 1 cyclic accumu-

lator valve for I0 seconds

every I0 minutes.

Re,Doves d-c power from No. I ECS-H20

and No. 2 cyclic accumulator ACCUIVI-

contro I units. Applies d-e MNA h MNB

power to I ON/2 ON switch, (MDC-5)

Applies d-c power to H20

ACGUM-I ON/Z ON switch,

permitting manual control of

No. 1 or No. Z cyclic accurnu-

' lato.r valves, .,.:

Circuit
•Breaker

ECS

SECONDA_tY

COOLANT

LOOP - ACI

ECS
GLYCOL

PUMPS

ACI 0B

ECS-HzO
ACCUM-

MNA

(MDC-5)

Source

AC bus 1

0A

AC bus 1. ..

_B

DC main
bus A

DC main
buses A h B

I

/-

Remarks

i - :

4. n

• , ,.

' , • ,,

Vaive' ban he manually operated on ]

panel 382.

• • . .

, • '. " . . .

• , • ,,,

In automatlc.mode, 10-secon d pulse

signal for accumulator operation is

received from CTE,

/
_,

... • • '

Switch posit]_on selects manual backup

mode, permitting mar_ual cyclic
_ccumulator valve •actuation in event

both cyCHc_:accumulator automatic

control units should fa H.

>

Z
u
t_

S
_0

u_

..."

.., -• •,. :

o

o
o _
_0 a

o
o
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Name and

PanellArea I Grid , Position

MDC-2 (Cont)

K$33 AUTO 2

K-33 i ON/2ON switch

1 ON

OFF (center)

Z ON

b

I 1-38 TEMP indicators (meters)

SUIT

I 1-39 CABIN

Circuit Power -

Breaker --•"S6ti_ _....

........ I -................ 1.

ECS'- H20 DC main.

ACCUM- bus B

MNB

,(MDC-5)

ECS - HzO DO lnain

ACCUM- bus .A

ivlNA

(MDC-5) : .

ECS - H20 DC mat n '

A_CUM-: bus B
MNB

(MDC-5)

ECS TIIANS- DC 1Tlain

DUCER buses A _ B

TEMP

MNA & MNB

Function

a. Removes d-c power from

HzOACCUM-I ON/2 ON

.switch.

b. Applies d-c power to No. Z

cyclic accumulator control

unit to automatically time and

@ctuate No. 2 cyclic accumu-

lator valve for I0 seconds

every i0 n_inutes,

' Back Up switch position to apply

d-c power to solenoid valve of

No. I cyclic acc_mmlator,

manually controlling oxygen flow

to accumulator.

Removes power ft'Om both sole-

noid valves, shuttingoff oxygen

flow to either accumulator.

Back up switch position to apply•

d-c power .to solenoid valve of

I_o. Z cyclic accumulator.

naanually controlling oxygen flow

to accmnulator.

Provide s temperature indication

of suit 'circuit atmosphere,

Provides'average temperature

indication of cabin atmosphere.

(MDC-5)

Switch.position is momentary to pre;,

clud.e pbssibilitv of expending oxygen

needlessly, Switch may be operated

when convenient or when suit.circuit

humidity level becom, es uncomfortable,

This switch position is momentary to

preclude possibility of..expending '.

oxygen needlessly, Switch *nay be

operated when convenient ox when suil

circuit humidity level hecom¢_

uncomfortable.

Temperature sensor located in suit .

heat exchanger outlet duct. ..

•No_mal suit circuit operating range

indications are 45 ° to 55°F during "

prelaunch and in flight. ..'

Sensor located near inlet to cabin air

fans, .. . . ,

Normal cabinoperatlng range indica-

tions are 50" to 70°F during prelauncl_

and 707 .to 80°F in flight, . . "
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1= 5-36 SUIT COMPR _V meter Displays differential pressure ECSX'DUCERt " Indicator range 0-1 psi xDcR•range

between the compressor inlet Group 1 _ [ 0-25 in. HzO output signal to indies-

, and outlet manifolds° " MNBMNA 5A5A , I][ . . tar,system.PCM and• caution and warning. •

INSTR1J- ' [ DC n_ain Displays for H 2 and O 2 tanks No.' L 'CRYOGENIC TANKS indicators i

MENTATION [ buses A & B' arid Z _sperate prio_ to CSM separation'

' (meters) ' " POWER "'/ • " only. • "

C F-37 H 2 PRESSURE Group Display H 2 tanks No. 1 and No. Z CONTROL / " " ' " "

pressure and are used as £ollowsi OPEILA- [ • ' , Indicator function is contr011ed'by -

Indicators 1 and 2 " a. Determine tank heater TIONAL ] . " pressu_'e transducers located in H 2

performance. . • CB4 'rANK 1] , banks No. 1 and .No. Z outlet lines.

I ' ' b. Detect leaks., ' CB 3 TANK 2] • " • These transducers are also connected

(RHEB-276) [ ' ' " to C&WS_ op.eratihg the CRYO PRESS

/ • " lightonMDC-z and to T/M, H 2

[ • - operating range is 22'5 to 260 psia.

] ' _., Aiarmtrigge.r, values are 220.psia

] low and 270 p,sia high. • - .

O 2 PRESSURE Group l
Indicator i Displays pressure of O 2 tank | " With O 2 PRESS IND switch a_ TANK I,

' No 1 or ECS sur,ge tank as . . . ] . , ,: ' the indidator function is controlled by

• " selected by O2 PRESS IND switch " ' " " a pressure transducer located in'O2

i (MDC-Z) a_d.is Used as follows: ' ; " : tank No, 1 outlet line.• Transducer .

' ; .... a. Determine tank heater " .,"" also connected to C&WS, operating

performance. ' : " CRY.O PRESS light on MDC-2. O 2

h, Detect leaks.. ' • ' ,' _ , operating range is .865 to 935 psii.. '

' _ c. Verify surge tank pres.sure. /Alarm.trigger values are 800 psia low

• • - - ? /and 950 psia high. ,With O 2 PRESS,'

Indicator Z Displays 02 rank'No, 2 pressure " fIND switch at SURGE TANK p,osition,

' and is used as follows: , :indicator displays signal from ECS "

a. Deter, mine '_ank heater - "_ . '" " • surge tank pr'essure transducer.

per fo_!n_allc'e.

b. Detect I'e£ks. . ' Indicator function is eontrolledby

• c. Veri_y surge tank pressure, pressure transducer locatedin 0 2 -

. . , tank No. 2'outlet li!_e. ' .

" . ' " (

. . . • ,: .

) . , . . ' . .
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Cl •: " C' .i
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, ' Name and

Panel'[ ] Area [ Grid "' Position "Function

MDC-Z (Cent)

( F-39 , H 2 QUANTITY Group

Indicator I Displays quantity (% REMAINING)

of H 2 in tank No. I.

Indicator 2 Displays quantity (% REMAINING)

of H Z in tank No. 2.

i

{ F_40 ! " O z QUANTITY Group ..

" Indicator 1 _ Displays quantity (% B.EMAINING

of 02 in tank No, 1,

• Indicator 2 Displays quantity (% REMAINING)

of 0 2 in tank No, Z.

, G-38 H 2 FANS'switches

i I and Z " Controls a-c power to l:[2.tanks

'No. 1 and 2 fan motors,

respectively0

AUTO Applies a-c power to contacts on

motor switch which controls 3_

a-c power to Circulating fan

motors in H Z tanks No. I and 2,

' OFF i Disconnects 3_ a-c power .from

H Z tanks No. I and 2 circulating "

fan motors.

' ON Controls 3¢ a-c power directly

to ,circulating _an motors in HZ

tanks No.-l and Z.

'----C--ireuit---,

Br.e_ker Source

CRYOGENIC

SYST, EM - -

QTY AMPL

.1- ACI

(I_HEB-Z26 },

,I

CIiYOGENIC

SYSTEM -

QTY AMPL

2 - AC2

(RHEB-Z26)

AC bus I

_C

CRYOGENIC

OTY AMPL

- ACI

RIfEB-ZZ6)

CRYOGENIC

o'rY AMPL

2 - AC2

RHEB -ZZ6)

'0 2 QUANTITY display range is 0'to

A.C bus 1

AC bus 2

CRYOGENIC

]/'AN

MOTORS

TANK '1

ACi f CA,

TANK 2

ACZ -.¢A,

Os, ¢c

(RHEB-Z26)

Redundant fgnmotors in each H 2 tank _. " . O' :

require 7W total . .

Switch at AUTO .postt_on will apply ;-: ". " ": "

a-e ,)oltage to H z tanks No. I .and 2 : ::"

redundant fan motors when presstire . ', i, -. ,

switches in both ta_ks are in alow- , - : '),' "

pressure position at 225 psia.orlower, i/.

and will remove a-c voltage when "" :.,

either pressure switch is in a high- - ." _[

pressurepos:ition at260paia or higher. ' • " i":

Switch at ON (manual) position " . i' : '..

bypasse's the pressure switches:, ' '" " ,'

_pplying a-c power directly to the-" ' .) " ",,,' .'

same redundant I'Iz tank f_n motors " "

employed for automatic operation. • :
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Name and "

Po sition

H 2 HEATERS switches

1 and Z

' AUTO

" OFF

ON

02 FANS switches

I and

• AUTO,

OFF

ON

Function

Controls d-c power to HZ tanks

No. 1 and 2 heater elements,

respectively.

' Enables automatic pressure

switches to control d-c power to
H 2 tanks No. 1 and 2 heater
elements.

Disconnects d-c power fron_ H z
tanks No. I and 2 heater

elenlents.

Controls d-c power dil:ectlyto

H z tanks No. I and Z heater

elements°

Controls a-c power to 02 -tanks

No. ,1 and 2 fan motors,

respectively.

Applies a-c power to contacts on
motor switch which controls'3¢

a-c power to circulating fan

motors in 02 tanks No. I and Z.

Disconnects 3_ a-c power from

O B tanks No. 1 and 2 circulating
fan motors,

.,I Breaker
i ,

....... Powez .......

•Source

Controls 3¢ a-c power directly

to circulating fan motors in O Z
tanks No. 1 and Z.

DC main

bus A
CRYOGENIC

H 2 HTR
MNA

(RHEB-ZZ6)

CRYOGENIC DC main

H_ HTR bus B • ,
MNB

(RHEB-Z26) '

I

CRYOGENIC

TANK FAN

MOTORS

TANK I

ACt -.#A,

_B, #C

(KHEB-226)

CR YoGENIC

TANK FAN

MOTORS

TANK Z

AC2 - ¢)A,

(RHEB-226)

•. Remarks

Redundant heater elements in each H z

tank require,10 watts of power for
each element (ZOW total).

•' }

Switch at AUTO position will apply

d-c voltage to H z tanks No. 1 and 2
redundant heater elements when

pressure switches in both tanks are

in a low.pressure po_ition at 2Z5 psia.
or.lower, and reh]Oves d-c voltage "

when either pressure switch is in a
ifigh-pressure position at Z60 psia o r

higher, '

Switch at ON (n_anual) p'ositior_ . " "

bypasses the pressure switctles

applying d-c voltage directly to the "
same redundant _heater elements

employed fbr automatic operation..

Redundant fan motors in each 02 tank

AC bus I

AC bus Z

requir.e 41W total.

,._'>:.,

Switph at AIJTo position Will apply

a-c power to O 2 tanks No. 1 and B

redundant fan motors witen pressure
switches in both tanks are in a low.-

pressure position at 865 p.sia or lower,
and will ten,eve a-cvoltage when -

eitl_er pressur e switch is in a high-

pressure position at 935 psia or higher,

Switch'at ON (manual/position

bypasses the pressure switches,

applying a-c power directly to the

same redundant 0 B tank fan motors '

enaployed for automatic operation..

%

..,. •

:;-. ,

/,
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! G-37

)

Name and

Po sition

02 HEATERS switches

1 and Z

AUTO

OFF

' ON

02 :PRESS IND switch

' TANK 1

SURGE TANK

Function

Controls d-c power to O 2 tanks

No._l and Z heater clemonts,

respectively.

Enables automatic )ressure

s,,vitches _o control d-c power fo

O_ tanks No, 1 and 2 heater

elen_ent s.

Disconnects d-c power from OZ

tanks No. 1 and 2 heater

elements,

Controls d-c power directly to

O z tanks No. 1 and Z heater
eien%ent s.

Connects output o[ O z tank No. 1

pressure transducer to 02 tank

No, l TANK :PRESSURE indicator

(MDC-Z).

Connects output of ECS SURGE

TANK pressure transducer to O 2

tank No. 1 TANK PRESSURE

indicator.

V" :?

L

Circuit :Power ,

Breal_er Source P, ernark_

.... --2._. , .

Redunda'nt-heater elements in each ....

0 2 tank •require 77.5 watts of power

CRYOGENIC for each element (155W total).

02 HTR 1 _ ' . ' "

MNA DC main ' " " .

O_ HTR 2 bus A • ' -

MNB DC main Switch at AUTO position will apply :

(RHEI3-226) bus B : d-c voltagd _o 0 z tanks No. I and 2 '

redundant heater elements when

• pressure switches in both tanks are .

in a low-pressure position at 865 psia

• Or lower, and will remove d-c voltage

• when either pre.ssure switch is in a '.

l_igh:pres_ure position at 935 ps_a or

h_gher.

, , . . •

Switch at ON (manual) positi'on

bypasses pressure switches_ 'applying

d_'evoltage directly to same redun-

dant heater elements employed for

automa,tic operation.

INS'rRu- DC m_in .

lviENTATION buses A & B

P'OWER TANK :PR•ESSURE- I .Oi 'indicator is

CONTROL ' shared by two pressure signals. "

OPERA- i " , • ' '

TIONAL Normal position of switch .prior to

C_3 4 CSM separation except for periodic

(RHEB=276) surge tank readouts. .:

INSTRU .... Normal position of switch following ._

MENTS CSM s epara'tion.

ESS - MNA ' ' "

and IvINB

(MDC-_)

2
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,Mpc_-z£Co_) . .

IN:J_ M-37 HIGH GAIN ANTENNA TRACK

switch

' AUT() Antenna continues, to point

towards MSFN station automati-

cally, provided MSFN station is

• within _60 degrees of antennal i_,.t

":L:_-,'.L 1_._ " horesight axis, and is not pointing
beyond predetermined scan limits.

MAN In manual mode, antenna con- '

tinues to point to position estab-

lished by position angles set by
_(_ _ PITCH and YAW controls.

REACa . In atttornatic acquisition mode Of

operation, antenna will perform

'u

as in TRACK AUTO mode outsidescan limits and automatically

rD (internally) switch roMAN

IE (man_,al)mode upon o,_c.rrence

of scan linaits. Antenna will

ren]ain in Ix_anual n%ode until it

I-_ has arrived at indicated PITCH/

YAW position and signal is
present.

!_':'-_'_ With antenna positioned at nlan-

ually preset positions, and with_ signal present, mode o1 operation

..z_Zz_:2v 4 reverts automatically (internally)

to AUTO TRACK mode of opera-

tion.

HIGH GAIN'ANTENNA BEAM

switch

I

Breaker

HIGH GAIN

I ANTENNA

FLT BUS &

GROUP 2

(RHEI}-ZZS)

:Source

.Flight bus dc

AC bus 1 or
Z

E

HIGH GAIN

ANTENNA

FLT BUS

iLHEB-ZZS)

Remarks .

' . . . ,

• ' - , - .

. .L , _

• .]

i '

• "•( • .

" • • / I

• .. • • . .
-, • I

• . • .

! : ' •/.[

Z

. • , ' • •

•Flight bus

"%': • -O

• ,_ b,

-NO . O:b,I_ I

UI

z c

m bi
O
o

Three-position assenibly used to

change tracking modes. Initial acqui- [ " " "

sition:of primary ground station

always occurs in coarse trac.klng

rhode. Logic and autgngaHe switching

allows continued automatic tgaaking in " -

fine track, mode, whenever RF beam_

width selector switch is in medium or

narrow transmit beam position. With

(Cont)

: ?
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[ I Name and

Panell Area [ Grid Position " Function
1

MDG-Z (Cont) " '

. M-38

WIDE '

• MED

, • . •NARROW

' . M-38 HIGH GAIN ANTENNA 'PITCH

meter (Deg +90/0/-90)

+ M-39 HIGH GAIN ANTENNA S-BAND

ANT (TUNE FOR MAX) me_er

M-40 HIGH GAIN ANTENNA YAW

i_ nleter (Deg 0 through 360)

It N-39 PITCH-POSITION control switch

[ I N-40 YAW-POSITION control switch

I
I 0-39 HIGH GAIN ANT POWER switch

I

.Provides. readout of antenna in

PITCH degrees (relative to the

spacecraft).

Indicates S-band xponder receiver

AGC level of selected xponder.

Provides readout of antenna in

YAW degrees (relative to the

spacecraft).

Allows manual positioning of

ttlGH GAIN antenna in PITCH

piano (relatlw: to the spacecraft)

corresponding to settings ill

degrees Shown on panel.

Allows manual positioning of

HIGH GAIN antenna in YAW plane

(relative to the spacecraft)

corresponding to settings in

degrees shown on panel.

Circuit

l_.r cake r _

HIGH GAIN

ANTENNA

FLT BUS

(RHEB-225)

V 7 g

•'r

- '1

Power

Source Rema, rks

.................................. ,___ . , -.,-. : . .+

RF beamwidth selector switch in wide

transmit beam positidn, acquisition

• occur_ and tracking continues in ,

coarse track mode. The.three posi-

- tions are as follows:

Selects wide I_F beamwidth. . •

? _ ."

' Selects medium RF beamwidth.. ,

. - Selects narrow RF beamwidth+

Indicates AGC only in phase-locked .

condition using OMNI or high gala .

anten_ias. "

• _

. +

Flight bus de This three-position assembly pi'ovides

115 vdc, 400 Hz, and 28 vdc power to

' the antenna equipment, and provides

- the following functions: . .

Electrical power to antenna equipment

(Deleted) •

High gain
antenna

• electronics

S.-band.

xponder

High gain

antenna

clectl, onics
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Location

I I " Name and

l_snel Area [ Grid Position' -. ,

MDC-2_(Co_tA

] O -39 , . OFF .

] O-40 HIGH GAIN ANT sER.v ELEC

switch

PrUM

, SEC

• C-28 SUIT CAB Ap meter '

C-29 02, FLOW meter

I

' I

' C-36 POST LDG VENT VALVE

UNLOCK handle

• " :PULL .. "

Function

Displays difference in pressure

between suit circuit and cabin.

Provides total rate of flow indica-

tion of oxygen supplied to ECS

downstream of main regulator.

:Pulls safetywire from pos.tlanding

vent vaiv_.

Circuit " -' P_o._'e-_"

Breaker Source

., HIGH GAIN Flight bus dc

ANTENNA

FLT BUS

(RHEB-Z25)

INSTRU- DG main

MENTS ESS buses A _ B

MNA 15A

(MDC-5)

or

INSTItU-

MENTS lESS

MNB 1 5A

(Mr)C-5)
. and

[NSTKU-

MEN'£'ATION

POWER

CONTROL

OPERA-

3?IONA L 5A • .

(CSZ)
([iHEB- 276)

ECS TRANS-

.DUCER

PKESS

Groups 1

MNA & MNB

(MDC-5) ::

N/A N/A "'i

I

............. : . S ...

. . . _ . ,.

\

Remarks

, , : :'

Both a-c and d-c voitages are

rem0_ved from all HGA equipment.

Selects one of two redundant and

identical electronics servo assem-

blies. Bothare provided to increase

total relia.bility of electronics of

subsysteln. ' r '

Selects PRIMARY. electronlcs/servo

as sem.bly.

Sc].ects SECONDARY electronics/

servo assernbiy,

Indicator range +5.0 in. HzO to.

-5.0 in. H20 suit pressure relative

to cabin,

Indicator range 0.2 to I.O Ib/hr.i ':,

'Signal gocs to indicator, PCM, and '

_o eau-tion and warning lamps through

i6.5-_ec time delay relay, • .

. ' . - .

Safetywire keeps postl_nding vent " •

valve in.closed position during ' '

mission, Do n6t pu[luntil uprlghted.

-t-_ ¸ . .

,.',. .

:K

.r

C) . O ::

o

O
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[ Location

0 Panel A'rea Grid

MDC,- 3

li 3 A D,42

]

°i I
[ 3 [ B N-4e

ii

Name and

Po siti'on

VHF ANTENNA switch

R ECY

SM LEFT

SM RIGHT

OXID FLOW position indicators

Upper indicator

Lower indicator

OXID FLOW VALVE switch

INCR

i

NORM

DECR

41

!

• i " .t "u

Function

Cormects VHF recow._ry antenna

No. l with the T/C subsysien'u

ci;_.it
Breaker

Connects left SM-VHF antenna

into T/C subsystem,

Connects right SM-VHt" antvm_a

into T/C subsystem,

Max display indicates propellant

utilization valve is in tncre.ased

oxidizer flow rate position; gray

displayi 1¢ lcates it is not.

Min display indicales propellant

utilization valve is in decreas'ed .

oxidizer flow rat_ position; gray

display indicates i4 is not.

Applies increased signal to

propellanXt utilization valve

PRIM or SEC motor selected

by VALVE switcl_.

Supplies normal slgoal to

)ropeliant utilization vah, e

PRIM or SEC motor aelect_d

by VALVE switch.

Supplies decreased signal to

propellant utilization valw _,

PRIM or SEC motor/ sele'¢!tcd

by VALVE switc h ,

SPS

GAUGING

M NA and

MNB fur

d-e power

lvlDG- 8 ACI

or AC2

th rougl) SPS

GAUGING

switch

(MDC- 4)

• Romark_

.........__

Powo r

Source

, [ i

DC main

])uses A & B

AC bus

or 2

Two identical indicators, ••Each is :

a tworcondition device cont,,olled

by _erv o action, Who n propellant

utilization valve is in normal

oxidizer flow rate position, gray

display will appear in,both indicator

windows, ladicators are operative.

only during SPS THRUST-ON or

during SPS QTY TEST,

'Three-posit{ou toggle .switch used

as required t.o regu!ate oxidizer

flow rate to mainta!n propel'

propellant utilization, P.emaining

propellant SPS unbalanc$: may be

determined by monitoring

UNBALANCE motor or bY ,

calculations, utilizing in formation

displayed in percent--OXID and

pi_ r cc at- F.UE L quantity display .

windows,

• Ma×imum PU valve response time'

. ' ffi_rn increase to decrease, position

, i_ 3. 5 see'ends. Valve is operative

' " ' ,. " oniydt_ring SPS THRUST ON or

' , , !d._ringSPS QTY TEST.

(3
0

0

rU !
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Location

I I" ' Name and

Panel I Area [ Grid i Position " Function

MDC-3 (Cont'l'

K-43 OXID FLOW VALVE switch I

PRIM i Applies power to propellant

i utilization valve primary servo

- • amplifier.

' SEC ]Applies power to propellant

. ' utilization valve secondary

' : K-43 PUG MODE switch serve anal)lifter.

PRIM /Applies output fron'l primary

]propellant quantity sensing

system to prope|lant quantity

. !_ indicating and warning clcvices.

NORM Applies outputs from both pri-

mary and auxiliary sensing

systems to propellant quantity

warning devices and output front

[ [ primary propellant sensing

[ ' [ system to propellant quantity

[ ] indicating device,.
' I '

[ ' AUX I Applies output from auxiliary

[ propellant sensing system to

[ [ propellant quantity indicating

. . ] and warning devices.

[ H-4;_/ SPS ENGINE INJECTOR !

H-43 VALVES indicators AI and 2 Provides visual indication of

[ B3 and 4 SPS engine main propellant .

_ . valve's open or closed condition

[ I " (one oxidizer and one fuel valve; ,::,_

[ per pair and one indicator for '

. each pair of valves).

Breaker

CWc_t-- ........ Pawer

Source

SPS

GAUGING

MNA and

MNB for

d-c power

MDC- 8 AC l

or AC2

through SPS

GAUGING

switch

(MDC-4)

DC main

buses A & B

AC bus

lor2

INSTRU-

MENTS

ESS

MNA

MNB

(MDC- 5)

Remarks

I

DC main

buses,A & B

Two-posltion toggle switch which ,

provides manual selection of primary

or secon'darY gate_ in pi'opellant

utilization valve. Opec;alive only

durin'g.SPS THRUST ON or.during

SPS QTY TEST.

PU valve sedo/dary gate is capable

of adjusti,]g for increased,

decreased, or normal or oxidizer _

flow area regardless of primary -

gate failure in any position.

'.. _7.¸

o

..g.. o >

0

, Three-position toggle switch in
• NORM position during normal

operation, This switch, when used

in conjunction with TEST switch

(MDC-3), can be useful in isolating

malfunction in propellant quantity

sensing system.

Primary system display• will not

cl_augp for 4.0q-i.0 seconds after

SPS fire signal or during TEST i

or 2. ,,

Auxiliarysystem witl change displa_
upon receipt of SPS fire signal and"

during receipt of TEST lot 2.

Four identical indicators. Each is

needle-rriove.ment-type meter with

inputs supplied by position pete n-

tiometer located in valve actuator. , I : • , "-

" Left needle deflection indicates

CLOSE; right deflection indicates

OPE N .

-. :,

• L--
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Ioa

M144
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Name and

Position

... /

SPS He VLV I and 2

AUTO

OFF

ON

SPS He VLV event indicators

(two)

SPS- LINE HTRS

•" A/B

OFF

A

SPS- I_R ESS IND

He

Function

Two operationally identical

switches.

Provides for automatic applica-

tion and removal-of power from

heliurn isolation valve, solenoid.

Removes power from hcqiuna

isolation valve solenoid,

Applies power to helium isola-

tion valve solenoid.

Striped line display indicates

closed condition of valw:

controlled by switch located

directly below indicator, Gray

display indicates open condition

of valve.

Applies power to 6 SPS

(12 elements) tank feed line

and bipropellant vatw. _ heaters.

Removes power from all SPS

heats re.

Applies power to 6 SPS tank

feed line, engine feed line,

and bipropellant valve heaters.

Connects SPS helium storage

tan¢ prcssl/re ontput to lit:

'rANK PRESS indicator (MDC-3).

Circuit

Breaker

SPS- Fie

VALVE -

MNA foe

HELIUM 1

and MNB for

HELIUM 2

MDC-8)

SPS LINE

l-{'Yl_S MNA

and MNB

MDC-229)

INS'FR U-

M EN TS

ESS

MNA

I'dNB

(MDC- 5)

• ' • :7

_owe ]¢.

Source

DC main Each switch is a three-way toggle

buses A & B switch. With this switch in AUTO

• position, valve openYiig and closing
is c0ntroiled automatically by CMC •

, system Or .SCS or SPS THRUST

: DIRECT ON. Complete manual

control of .va!ve position can be

• : T_aintainedby utilizing ON-OFF

• switch:positlon_.

_ach switch controls helium flew'to

•. . . one of two redtmdant pressure

- regulator assemblies.

Two identical indicators, Each is a

two-condition device with gray

display cootrolled by solenoid action, .

'. and striped line display controlled '

. by permanent magne.t action,

Crew will determine from SPS

. propellant tanks temperature

- meter (MDC-3) as to when to :

'. _lace SPS heaters to A/B or A or

OFF.

Three-position _ toggle switchused

to select SPS :helium or nitrogen ,

tank prewsura input to He TANK

PRESS or N 2 PRESS indicator on'

MDC-3, .

( _

: Remar'ks

0

o
0
Ix

i'

W
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Location

MDC-3 (Cent) '

M-44

/

F-43

_ F-43

! ,i
c " F:42

i F-4Z

F-4Z

Name and
Po sition "

N2A

N2B

L

SPS PRPLNT TANKS meters

PRESS- FUEL

PRESS- OXID

PRESS-He

Function

Connects. SPS gaseous nitrogen

storage tank pressu_'e output of

engine control valve system A

to N2 A PRESS indicator (MDC-3).

Connects SPS gaseous nitrogen

storage tank pressure output of

engin_ control •valve system B

to.B PRESS indicator (MDC-3),

Provides constant xnonitoring of

SPS fuel. tank regulated helium

pressure.

Provides constant monitoring of

SPS oxidizer tank regulated

helium pt_e ssure,

Indicates SPS helium storage

tank pressure when SPS TANK

PRESS switch (MDC-3) is in

He position.

PRESS- N 2

TEMP

Indicates SPS gaseous nltrogen
storage tank pressure of engine

pneumatic valve control sys-

tem A or B when SPS TANK

PRESS switch (MDC-3) is in

N2 A or NZB position,
respectively.

Provide constant monitoring of

SPS propellant line temperature.

Cird_'R ....
Breaker

• •i • • .' ,. ,

• Remarks. "

DC main " . , _

buses A h B •

'Two .indicators are identical in

operation. Each consists of
• .: D'Ars0nval-type meter with fixed

" dial and movable pointer. ,Pointer .

- movement is vertical as observed
• . from crew couch. .

Each indicator is calibrated :in psia
with range of Oto 300 psia.

Identical in operation but differ in

calibration, eachindicator consists .

of d'Krs.onval-type mete*' with fixed
dial and movable pointer. Pointer

naovement is vertical as observed ,

from crew couqh_ :."

Pressure indicator display is in

psia, and range is 0 to 5000 psia. .

Temperature indicator display is

zn degrees Fahrenheit and range is
0 to Z00 °F. '_

, •L '

} v

r •

"<

INS.TRU-

M E NT S
ESS

MNA

MNB

(MDC- 5/

......Po w_.._
Source - .

I-q

E
>
z

t'£

_ '/ i_

tq o

/0
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Name and

PanellArea t Grid Position

MDC-3 (Cent)

3r42 SPS QU/kNTITY-OXID UNBAL

meter

1-43" SPS QUANTITY display

Percent FUEL

Percent OXtD

• J'-43- SPS QUANTITY-TEST switch

1 (up)

t_

' ; Cente r

2 (down)

Function

)

Indicates unbalance of renlaining

SPS propellants.

Digital counter display window

indicating total fuel tank quantity

remaining in percent.

Digital counter display window

indicating total oxidi_er tank

quantity remaining in percent.

Applies simulated input /o

propellant quantity gaugin F and

.utilization system control unit)

,causing digital display counters

and UNBALANCE indicator to

function for test check.

Normal operating position and

removes test stimuli.

Applies sin'mlatetl input for same

purposes as TEST (up) position.

except in rew;rse polarity.

Circuit Power

Breaker Source

SPS DC main •

GAUGING : b'uses A& B

MNA and AC I_ue

IvlNB for 1 or 2 , •

d-c power

(MDC-"8) •

7
• " ........ _. i......... : ..........

Indicator is graduated into _ix

major divisions_ each representing

200 potmds of propellant unbalance, .

Upper half indicates {ffcreased

oxidizer flow requi.red; lower half. , .

decreased flow.' Indicator needle at

0 (horizontal position) iadichtes ' ' : '

desir'ed propellant ratio. Shaded

area is considered normal unbalance.

,' , DigitM.displa¢ in oxidizer quantity C} 0

• (OXID) window and fue I quantity 0 _ _

, (FUEL) window.represent remain- _2_ 0 K
.H o

nag tank qUantities. . !_'-¢_ to
Since desired oxidizer/fuel ratio Is

' 1.6:l, digital display in both windows ,_1

• should be identical when propellant . .. _
_q

, ratio is correct. ._

Thrce-position toggle switch, spring- _
loaded to center position. _. TEST >

"'i _osition allow)J for visual check of ! tO !_

proper electrical and mechanical _:. W"operation Qf propellant indicating

devices. In addition to. indicator _

chccks, •TEST posi.tion may be used : O

to aid in isolating malfunction.in 0

. " . either primary or.auxiliary propel-:

1.ant quantity, sensing _yste.m.

. • . .
'rest of primary system will have to

. be held fo.r.:,,4.0±i.0 seconds before, ,.

change in display occurs. Test of '

attxiliary system will respouct

_mmediatel_.

• • ."
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MDC-3 (Cont) :

P-47

P_46

N-48

Name and

Po sition

POWER switches

PMP

NORM

SCE

OFF

AUX

NORM

OFF

AUX

POWER AMPL flag indicator

Function

i

Energizes primary power supply

of the"PMP (premodulation

processor).

Switches PMP off.

Energizes a,uxiliary power nfipply

of PMP,

Energizes SCE primary power

supply and an error de_ection

.circu{t which automatically

switches SCE to redundant

po_vcr supply if primary power

supply voltages go out of

tolerance.

Switches SCE off,

Provides manual switching.of

SGE power supplies by repeated

selection of this position.

Activated when S-hand power

amplifier s6iected for use with

xponder by PWR AMPL PRIM

SEC switch i_ _ctivated in its

high- or low-level power mode.

Ctrcuft ........ :

:Breaker

PMP

POWER

FGT BUS

(MDC-225)

t

SIG COND

FLT BUS

(MDC-225)

Source

Flight bus:

,Remarke

, , ;g,

• • • : .-:

AUX _e.!ects not 0sly auxiliary power

supply, :but also disc0fihects play- .,

back. CM/PCM.line' fro'm recorder

and connects rest time CM/PCM to

transponder transmitter and, if DSE

.... PCM/ANLGLLNi/PCM switch is in

PCM/ANLG, to FM transmitter.

Telecom. &

flight bus

%,

.,•,•

S-band

power

amptifie r

equipment -

. , •.- .

o
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• Location

PanellArea I Gr_d

MDC-3 {Cont)

i
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3 ; N- 5

Name and

Po sition

S-BAND ANTENNA

OMNI A, B, C

switches

A

B

OMNI

HIGH GAIN

S- BAND 'AUX switches

TAPE

Function

Selects omniantenna A which

is located between spacecraft

coordinates ÷Z and +Y_ when

S-BAND ANTENNA OMNI-D

switch is in OMNI position.

Select_ ornniantenna B which

is located between spacecraft

coordinates -Y and 4.Z, when

S-BAND ANTENNA OMNI-D

switch is in OMNI position.

Selects onmiantenna C which

is located between spacecraft

.c_ordiaates -.Z and -Y, when

S- BAND ANTENNA OMNI- D

switch is in OMNI position.

Provides power to S-BAND

AN_'ENNA OMNt A-B-C switch

to enable selection of onmi-

antenna Aj B, or C.

Selects omniantenna D which

is located between spacecraft

coordinates +Y and -Z.

Selects high gain antenna and

disables selection of OMN[

antennas A, B, and C.

Activates FM transmitter of

USBE and connects output to

PoWer an_plifler NOT selected

Circuit

Breaker

S-BAND

PWR AMPL

.PHASE

MODU-

LATED

XPNDR

RHEB-225

CB 17

RI-IEB-225

CB 19

Power

Sourc_

Flight bus"

PMP

equipment

Remarks

, , " "

.. • k

., . • - .

• • '. "

... • •

" • ' .

._ • " • ,,

Power i_ obtained through XPNDR-

••PRIM sec switch. . "i . '

% t

. [ . • )i . ....

I

0

>
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Location
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• !

MDC-3 (Cent)

| , N-45

N-46

] _ N-44

Name and

Po sit*on

OFF "

DN VOICE BU

TV

OFF

SCI

s-BAND NORMAL MOD1E

switches

PCM

OFF

LCunction

t

by S-BAND NORMAL PWf( AMPL

PRIM-SEC switch. Activates

power amplifier in high-level

mode. Connects tape playback

functions selected by TAPE

EECORDER DCM/ANI.G- LM

PCM _witch to FM trausmitter.

Selection of this mode will ow',r-

ride S-BAND AUX TV OFF SCI

switch. ]

Selects no nlodes.

Selects PM baseband voice

mode of transponder selected

by S-BAND NORMAL XDNDR

PRIM OFF SEC aw}tch.

Activates FM transmitter of

USBE and connects output to

power amplifier NOT selected

by S-BAND NORMAl, PWR. AMPL

PRrM-SEC switch. Activates

power amplifier in hlgh-level

*node, Connects output of TV to

E'M transmitter modulator.

Selects no *nodes.

As TV except, R/T SCI channels

on their SCOs.

Selects real time PCM biphase

aaodulator output for transmis-

sion via transponder selected

by S-BAND NORMAL XPNDR

PRIM-OFF-SF2C, swltch.

Selects no n]odes.

_!.

• . . ..

Breaker

I

N/A

3

_ource

laMP

equipment

N/A

1

Remarks

'1

7

' I , '. • ' :

Z,.;

• _ }(

U

q3

Ul

. 5
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Location

Pal_el [ Area ] Gr_d

: I N-44

)

Name and

Po sition

KEY

RANklING

OFF

VOIC E

OFF

RELAY

.Function

Selects output of emergency ke_(

subcarrier for transponder

selected by S-BAND NORMAL

XPND[_ PRIM-OI_]/'-SI_2C switch,

Retransmits received ranging

signal via transponder seiecfed

by S-B'AND NORIvlAL XPNDR

PRIM- OFF-SEC switch,

Selects no modes.

Selects voice mode subcarPiei"

output for transmission via

transponder selected by S-BAND

NORMAL :_PNI)R PK1M-OFI _"

SEC switch,

-• (

Selects no _'nodes.

Connects received VHF-AM voice

from LM or _oice plus data from

EVA to voice subcarrjer oscil-

lator, Selects voice subcarrier

output for transn%ssioo via

transponder selected by S-BAND

NOKMAL XPNDR PKIM-OIeF -

SEC switch. Alsoprcseots

outPut of up-voice subearrier

demodulat.or to audio center

No. 2 _x_icrophone input for

relay to LM or IilVA via

VHF- AM equipment,

Circuit

Breaker

N/A

Powe r

Source

PMp
equipment ,

S-band
equlprnent

Remarks

• . .;;

i.' ,.

" . Breaks "signal path between USBE ::

.. " ; wide,band _ece{ver.output and .

trarlsponder transmitter modulator,

I

\.

.:'./i . .
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• Name _nd

MDC-3 (Coht)_'

S-BAND NORMAL - PWR

AMPL switches

N- 43 HIG tt

OFF

LOW

N*'42 PRIM

• SEC

', N-42 S-BAND NORMAL - XPNDR

switch "

PRIM

OFF "

.SEC

Function

Selects high-level mode of opera-

lion of power amplifier selected

by S-BAND NORMAl, PWR AMPL
PRIM-SEC sw{tch.

Selects bypass rhode of operation

for thc transponder selected by
S-BAND NORMAL XPNDR
PRtM. O [;'F-S EC _witch. .i

SelecLs low-leveY mode of opera-

tion of power amplifier selected

by S-BAND NORMAL PWR AIvIPL

PRIM-SEC switch.

Selects No. i power amplifier of

S-BAND power amplifier equip-

rnent for operation with trans-

ponder _ele'cted by S-BAND

NORMAL XPNDR PRIM-OFF-

SEC switch.

Selects No, 2•power amplifier of

S-BAND power amplifier equip-

merit for operation with tr.ans-

ponder selected by S-BAND

NORMAL XPNDR PR1M-OiVF -

SEC switch.

Actuates No. l transponder of

unified S-BAND equipment

(USB_),

Switches both transponders off.

Actuates No. 2 transponder of

the USBE.

S-BAND

PWR AMPL/

Pt IASE MOD

XPNDR l

FLT Bids

(MDC-ZZ5)

Po_ve r

When switchir_g from PRIM to SEeTelecom

flight bus positions, operator should pause at

off position to preclude unwanted .

activation of both XPNDRS. , " '

' . i '/ ' :)"
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Location

Name and

MDC-3 (Cont)

O-48 TAPE MOTION flag indicator

TAPE RECORDER switches

P-46 FWD"

OFF

REWIND

P-45 PCM/ANLG

LM/PCM

P-45 RECORD

OFF

_ PLAY

Function

Activated whenever data storage

equipment tape is in naqtion.

Closes power circuit to tape
transport for operation in for-
ward direction.

Closes power circuit so that tape

transport will he in stationary

position. Closes power circuit

so that DSE electronics are

disabled.

Closes power circuit to tape

transport for operatioli il!

rewind mode at 120 ips.

(ANLG = Analog} Selects _lay-

back of recorded CS/vl PCM,
CSM, and LM voice, and three

analog chaanels of scientific
instrumentation.

Configures DSE foi" plan/hack of

recorded LM PCM at 120 ips.

Selects record mode.

Selecis no naodes.

Selects playback mode.

,.y

Ch'cuit

Breaker

N/A

S-BAND FM

XMTR, '
DATA

STORAGE
EQUIP

FLT BUS

{MDC-225)

Power

SOUrCe

Data storage

c q ul pme n:t

Telecom &

flightbus

,,' - Remarks

Forward speed is deteri'nined by DSE

.RECQRD-pLAY swltca, PGM IIIGH-

LOW switch, and data rate recorded
on.tape, RECORD in HIGH gives
[Sips, RECORD in LOW gives '

-3;75,ips." PLAY with.HBlt on,tap'e

gives 15 ips, PLAY with LBR on

.tape :gives i20 ips.

No record or play in this position, " .

DSE

equipment

Supplies power to PCM high-low

sw_tch which determines recording

speed."

Supplies power to PC'M/ANLG LM

PCM switch which determines
playh'aek speed, .

! .

.<
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Panel Area [ Grid

MDC-3 (Cont),_

P-47

N-47

N-46

i"

Name and

Po sition

PCM BIT RATE switch

nIGH

LOW

UP TLM switches

CMD RESET

NORMAL

,OFF

DATA

' UP-VOICE BU

1PUnction

Select_ normal PCM data mode

equipment, Selects normal

(15 ips) speed for recording on

DSE. .

Selects narrow hand TLM

(rnlnimum bit rate) rhode in
PCM equipment, Selects

slow (3-3/4 ips) speed for

recording on DSE.

Actuation resets all of real

time command relays exce.pt

bank '!A." Actuation does not

interrupt power to up-data link

(UDL) equipment.

Actuates power to UDL

equipment,.

Disables power to UDL

equipment.

Selects up-voice and up-data

demodulator for normal

ope ration.

Switches up-voice 30-kc sub-

carrier demodulator to output

of up-data 70-kc demodulator

and connects to both audio center

and up-data •link.

C h:_¢ujt Power

B r eake _-_......... -$5 t_y-me .......

PMP

POWER

FLT BUS

(MDC.22 5)

PCM '

equirm_ent '

Remarks

A . •

Telecom & . . :. : .

.flight bu_ ..'1, . •..., ,

- o.

PMP

equipment

- • , ( [,

"[

MSFNmust, in this mode of opera-

tion, time ahare up-data and voice

information on 70-kc aubcarrier,.

[ :
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Location

Panel Area [ Grid

MDC-3 (Cent)

C O_45

( 10-45

) ;46

.i

Name and

Position

VHF AM switctles

VHF AM-A

D UPL.I ",

OFF

SIMPLEX

VHF AM-B

DUPLEX

OFF

SIMPLEX

RCV ONLY

B DATA

OFF

• A

Function

)

Selects VHF-AM 296.8-me

transmitter and 259.7-rnc

receiver for voice and biomed

data communication.

Selects no modes,

Selects 296, g-mc transmitter

and receiver for voice only

COl'nmuaicatl on.

Selects VI-IF-AM 259.7-me

transmitter and 296.8-mc

receiv_er to receive Voice,

Selects no modes.

Selects VHF-AM 259.7-mc

transmitter and receiver for

voice communication.

Selects Vt!P-Alvl 259.7-mc

receive*' to receive low-bit

rate PCM.

Selects no modes,

Selects VHF-AM 296. g-*am

receiver only.

Circuit ,

[3 r Cako r

i

I

VHF/CREW

STATION

AUDIO- CTR

(M DC - 225 )

...... \:!

Power

Source : '. Remarks "

Providels for voice e0mmunieations

between CSM and EVA and reception

of voice and biomed data from EVA.,

Reception of voice from LM or voice

)l:us data from EVA for ,relay via .

CSM S=band equipment to MSFN.

Provides for voice oniy communica-

tions between MSFN and CSM and

between LM and CSM.

Provides for backup Voice communt.

catioos between CSM and EVA.

Provides fo_ backup voice communi-

cations between CSM and LM.

Provides for reception of low-,bit

.. rate PCM from LM, a_d channels

receiver output to PMP.. After

clipping and,amplifying. Pl_4P

provides LM PCM signal to DSE

only for recording.

Provides for monitoring during

• recovery phase. " •

Flight &

pos tlanding '

bus

VHF AM

equipment

. .._:v.),;

cl
o

Z

8
g
>
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Name and

Position Function

Thumbwheel controls 5-k poten-

tiometer assembly to adjust

minimum RF level ruquired to

override squelch ,'iction of

VtlF-AM 296.8-mc receiver.

Location

f,.,

Panel [ Area Gr'i'd '"

MDC-3 (Coat):

C O-43 SQUELCH A

thumbwheel

C ]P-43 SQUELCH B

t 11 urnb w h e e I

C 10-46 VHF BCN switChONoFF

C 10_'47 VHF RANGING switch

I RANGING

OFF

( 10-47 S-BAND SQUELCH switch

(SC I08 and subs)

•ENABLE

• OFF

D /P-42 FC REACS VALVES switch

/ NORM (up)

I + !_ '

Thumbwheel controls 5-k poten-

ti0meter assembly to adju:_t

nainimum RF level requirt_d to

override squelch actiou of

VIiF-AM 259.7-rnc rt_cciver.

Activates VHF beacon equipr_mnt.

Disables all powe r to VHF

beacon,

Activates digital ranging

generator,

Disables all power to digital

ranging generator.

Activates squelch circuit in

PMP up-link detector,

Disables squelch circuit,

Maintaining switch disconaects

holding voltage from reactant

valves' of all three fuel ceils.

Circuit .....

Breaker

N/A

VHF./CREW

.STATION

AUDIO. L

(MDC-225)

VItF/CREW

STATION

AUDIO- It

(MDC-225)

N/A

N/A

Flight and .

pos tlanding

bus

Powe.r: ..... _ .... __

-_-o_ r c e ........ Remarks

, .. I • .

i
+ i

,

' - ,i '

• ..' , ., ,

, , - , .. •

• . " ',

R.emovea unwanted noise from S-bandPMP

equipment up-link Mgnal,

• t_ '

Maintaining switch provides holding

voltage to open solenoid of FC

reactant valves to prevent inadvert-

ent cloning of valves during.latmch, "

ascent, and orbital insertion.

.?:

.z

O

o
Z 0 _o

::
N

.Z

0
N
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MDC-3 (Cost)
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Name and

Po sition

LATCH (down)

H2 PURGE LINE HTR switch

• OFF (down)

AC INDICATORS switch

BUS 1 . "

CA

CB "

• ¢C

Function

Maintaining switch applies hold-

ing voltage to open solenoid of

all FUEL CELL H2 and O 2

reactant valves.

Circuit

Breaker

FUEL

CELL I-

BUS

CONT

IRHEBJ

ZZ6)
FUEL

C ELL 3-

nuS
CONT

(R.H EB-

226)

• ,- i

Maintaining switch applies power

to hydrogen purge line heaters, .

Provides means of monitoring

voltage on AC buses,

Applies a-c phase A voltage

from a-c bus 1 to AC VOLTS

meter.

Applies a-e phase B voltage

from a-c bus l,to AG VOLTS

meter,

Applies sic phase C voltage

froln a-c bus [ to AC VOLTS

a, t_'U EL

CELL I-

PURGE

(RHEB-

Z26)

b. FUEL

CELL Z-

PURGE

{RHEB-

zz6).

EPS

SENSOR

SIGNAL -

AC 1

(MDC_ 5)

meter.

Power

• SoUrce

Battery •

relay bus

\

Remarks

a. FUEb CELL I-BUS CONT

circutt""braaker provides circuit "

protection and voltage for •FUEL

' , "[CELLq and2 a;eaetant valves,
• 7.'

b. FUEL CELL 3-BUS CONT

. _ ... ' circuit.ba'eakerprotectionand voltag%f0rpr°vid_s circuitFUEL

CELL 3 reactant valveS.

DC main Idaintaining switchprovides capa-

huses A & .B billty toap, ply voltage to redundant _

' hydrogen purgeline heater to

' /, prevent freezing during hydr0gen "

purge:

\

'2 ....

ACbus 1 Normal operating range for,,

phases A,-B, arid Cis115_:2 vac, --

)

.t

\L , "
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Location

P-51 BUS Z

0A

I , CB

¢c

AC INVERTER switches

N-49 Switch 1

MNA

Function "

Applies a-c phase A voltage

from a-c bus 2 to AC VOLTS

meter.

Applies a-c phase 'B voltage
from a-c bus 2 to AC VOLTS

meter.

Applies a-c phase C voltage

from a-c bus Z toAC VOLTS

n%eter,

Controls d-c power to a-c

inverter No. t by actuating

a motor-driven switch which

accomplishes actual switching

function,

Applies d-c power to a-c

inverter No. 1,

Disconnects d-c power from a-c

inverter No. 1 and disconnects

inverter 1 from a-c bus I and 2.

Controls d-c powe_' to a-c

inverter No, Z byactuating

a motor-driven switch which

accomplist_es actual switching

function.

Applies d-c power to a-c

inverter No. 2.

Disconnects d-c power from a-c

inverter No. 2 and disconnects

inverter 2 from a-c bus I and 2."

Circuit .

Breaker

EPS

SENSOR '

SIGNAL -

AC Z

(MDC- 5) "

I

INVERTER

CONTROL-I

(MDC-5)

INVERTER

CONTROL-2

(MDC-5)

Source -,

: . . .,.

Remarks

I

• I .... : '

Battery

relay bus

k

Circuit breake*" associated with

delivering power to AC INVERTER 1

from d-c main bus Ais INVERTER

POWER- l - MAIN A on main circuit

breaker panel (RHEB-.275),

Circuit breaker associated with

delivering powe.r to AC INVERTER 2

from d-c main bus B is INVERTER .

POWER-Z - MAIN B on z_ain circuit

breaker pa.nel (RHEB-275),

• -./ • I •

. J
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Panel ,] Area Grld.

MDC-3 (Cent) .
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-49

O-49

i

Name and

Po sition

Switch 3

MNA

on_

MNB

AC INVERTER

AC BUS ! group

• Switch 1,

ON

OFF

Switch 2

ON

OFF

Function

Controls d-c power to a-c
inverter NO, 3 by actuating
one of two motor-driven

switches depending 0n bus

selected.

Applies d-c power from main

bus A to a-c inverter No. 3.

Disconnects d-c power from a-c

inverter No. 3 and disconnects

inverter 3 from a-c hue ! and 2.

Applies d-c power from main

bus B to a-c _nverter No. 3.

Controls a-c output of inverter
NO. 1 to a-c bus 1,

Applies a-c output of inverter

No, I to a-'c bus I and dis=

connects inverter NO. 2 from

a-c bus I.

Disconnects _-c output o[

inverter No. I from a-c bus I

and aUows inverter No. 2 to he

connected_

Controls a-c output of inw_rter
No. 2 to a-c bus 1,

Applies a-c output of inverter
No. 2 to a,c bus I and dis-

connects inverter No, 3 from

a-c bus h

Disconnects a-e output of inverter
No. 2 from a-c bus I and allows

inver(er No. 3 to be connected,

I

Circuit ' Power

Breaker Source

i

IN VlP.RTER.

C ON T R OL _ 3

(MDC- 5)

INVERTER
CONTROL- 1

(MDC- 5)

INVERTER I

CONTROL-2

(MDC- 5)

• /

Remarks

Batte.ry !Inverter No, 3 c_n receive power .

relay bus from eithe_i"'d-e.main bus A 'or d-c :

r_ain bus B, •Associated circuit

breakers are INVERTER POWER-3 -
MAIN A,and MAIN B {RHEB-_75).

k

, Actuates a motor-driven switch

which accomplishes actual switching.
fu _ction,

Interlocking circuitry between AC

INVERTER 1, 2 and,3 - AC BUS 1'.
switcl_es (MDC-3) prevents .more ..

One inverter from':being'-than

connected to a-c bus l.at the same

tilne. " •

' • i/

r . .

1

' . o ";

- . : . ('- . " -...,' :',

,% .

• •.,
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J" Name and

Panel[ Area [ Grid Position

MDC-3 (CorOt)

- - - ] -]'O-50 Switch 3

ON

OFF

' , _ _ 0-50 RESET/OFF switch ,

RESET

CENTER

, OFF

"AC BUS 2 group

'_ P-4'9 Switch I

ON

Function

Controls a-c output of inverter

No, 3 to a-c bus I.

Applies a-c output.of inverter

No. 3 to a-c bus I and dis.

connects inverter No. I from

a-c bus l.

Disconnects a-c output of

inverter No, 3.to a_c bus I

and allows in.verter t to be

. Circuit ..... Power
Breaker •---Z-Sffti r e e .......

INVERTER Battery

CONTROL- 3 relay bus

(MDC-5) ,

connected,

, L , ,

Provides capability of rese, tting F:]PS

a-cbus I ov.er-undervoltage and SENSOR

overload sensing unit. Also UNIT AC

releases relay which re.connectS BUS I

the operating inverter to .a-c

bus I. if it had been tripped off

due to overv01tage.

Momentary position resets a-c

bus I over-undervoltage and

overload sensing unit.

Energizes a-c bus l'over-

undervoltage ,and eve rloac_

sensing unit,

Disconnects a-c bus l over-

undervoltage an_l overload

sensing unit from system,

Controls output of •inverter INVERTER

No. i to a-c bus _. CON.TROL-Z

(MDC- 5)

Applies output of inverter No. I

to a-c bus "2 and disconnec.ts

inverter No. 2 from a-c bus 2.

.. '."

/

/ •

• 'Remarks

. • . . .

• • , '.. . , ,

Resetting a-c bus I over-unde.rvoltage

and overload sensing unit also turns

AC BUS 1 and AC BUS 1 OVERLOAD

caution and warning lights (MDC-2)

off, Circuit breaker associated with

a_c reset on a-c bus 1 is ELqS .

SENSOR UNIT - AC BUS 1 ,(MDC-5).

• i

• . ¢,,

Actuates a motor-driven switch

which accomplishes actual switching

luncheon., ,

Interlocking circuitry between AC

INVERTER 1, 2, and 3 AC BUN _

0

z o

2_
u

O3

0
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'Location

MDC-3 (Cont)

I_ P-49

l_ P-g0
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Name and

Po sltion

Switch Z

OFF

ON

OFF

•Switch 3

ON

OFF

RESET/OFF switch

RESET

Function

Disconnects output of inverter

No. I from a-c bus 2 and aLlows

inverter No. 2 to b.e connected

Controls output of inverter

No, 2 to a-c bus 2.

Applies output of inverter No. 2

to a-c bus 2 and disconnects

inverter No. 3 from a-c bus 2. ,

Disconnects output of inverter

No. 2 from a-c bus .2 and allows

inverter No. 3 tO be connected.

Controls output of inverter

No. 3 to a-c bus 2,

Applies output of haverter No. 3 '

to a-c bus 2 and dis,connects

inverter No. 1 from a-c bus 2.

Disconnects output of inverter

No. 3 from a-c'bus 2 and allows

inverter No, 1 to be connected.

Provides capability of r_setting

,a-c bus 2 over-undervoltage and

overload sensing unit. Also

releases relay which reconnects

the operating inverter to a-c bus

No. 2 if it has been tripped off

due to overvoltage.

Resets a-c bus 2 over-

undervoltage and overload

sensing unit.

)

Circuit

Breaker

INVER'rER

CONTROL-2

[ {MDC-5)

! INVERTER

' CONTROL- 3

(MDC- 5)

INVERTER

CONTROL- 1

(MDC- 5)

EPS

SENSOR

UNIT - AC

BUS

(MDC- 5)

:f,-

• • • '',

Power

Sour',ce Rein,arks

. ,. , , ,

Bat.te'ry swit dlYe-s- -(MDC-'3 ) prevents.more :

relay bus than oneinvei'ter from being

eonne.cted to a-c'bus 2 at the same " '

t'ime,

• • • , • "

• I • . • r

• I ' •:- " "

• Resetting a-c bus 2 over-undervoltage

and overload sensing unit also turns '

A C _US 2 and AC BUS2 OVERLOAD

caution and warning lights (MDC-2)

OFF_ Circuit breaker associated

•with reset on a-c bus _ is EPS

SENSOR UNIT - AC BUS 2 (MDC-5).,

.+ ::!:
" , .'_."

r"

. ,.. ,,

• •.•
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Panel [ Area '[ Grid

MDC-3 (Cent] ,

: t E O-51

_" Name and

Do sition Function

Fnergizes a-c bus 2 evcr-

undervoltage and ovt)rluad

sensing unit.

Disconnects a-c bus 2 over-

undervoltage and 6verload

scnsing unit from the system.

Indicates•a-c voltage of

selected source and phase.

%

Circuit ......

Breaker

E PS

S IL'NS O R

UNIT- AC

B US 2

Power

Batter)}

' relay btis

Remarks

CENTER

OFF

AC .VOLTS meter

BATTERY CHARGE switch

• OFF

A

' C

Controls a-c and d-c power to

battery charger, and selects

battery to be charged.

Disconnects electrical power

from battery charger,

Controls a-c and d-c power to

battery charger and routes

output of battery charger to

entry battery A thru battery

bus A,

Controls a-c and d-c power to

battery charger and routes

output of battery charger to

entry battery B thru battery busB.

Controls a-c and d=c power

batterp" charger and routes

output of battery charger to

entry battery C.

_O

(MDC- 5) '

EPS

SENSOR

SIGNAL -

AC t, AC 2

(k4UC- 5)

BATTERY

CI.IARGEI{

Ivl NA,

MNB and

AC PWR

(MDC- 5)

As seh*cted

by AC ....

INDICATORS

switch

Meter functions in conjunction .with

AC INDICATORS switch,, AC

VO.LTS meter range is 90 to

[30 vac.

Switch actuates batter'y charger input

power control relay, routing a-c,and

d-c through relay contacts to battery

cha<ger.

MAIN BUS TiE switches (MDC-fi) far

selected battery must be off before'a

battery can be charged. AC power

for.the battery charger is selected

froma-c bus 1 or.a-c bus 2 by the

BAT CHGR ACI-AC2 switch

(MDC- 5},

BAT RLY BUS = BAT A CB

(MDC-b) should b e opened wben

charging entry battery A;

BATTERY

CHA I_G E.R

BAT.A CHG

(MDC-5)

DC main

buses A& B

AC bus

lor2

BATTER Y

CHARGER

BAT B GHG

(MDC -5)

"BAT C

BAT

CHG a / E os 2

IRHEB-250)

BAT RLY BUS - BAT B CB

(MDC-5) s.hould be opened when

charging .entry battery B,

,? . . q

!
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MDC-3 (Cont)

3 E' K-49

3 E J-49

3 E M-49
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i

(

[ ...........::ii_'
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Name and

Po sitioa

DC VOLTS meter

Function

DC AMPS meter'

DC INDICATORS •switch

FUEL CELL

1

3

MAIN BUS

A

Indicates d-c voltage of selected

source, tlrlit_ or bu_.

Indicates d-e current of selected

source, unitj or bUS,

Selects power Sotlrcc,_ ]3ttS_ or

unit to be _mnitored by DC

VOLTS and DC AMPS meters.

Applies output of fuel ce, ll No, 1
shunt to DC AMPS meter.

Applies output of fuel. ceil No, 2

shunt to I)C AMPS meier,

Applie_ output of fuel cell No, 3

shunt to DC AMPS meter,

Applies voltage of d-c main

bus A to DC VOL'I'S muter.

Applies voltage of d-c main

bus B to DC VOLTS meter.

Circuit

Breaker

Power

Source

As selected

by DC

INDICATORS

switch

I

" .. Fuel ce.ll

No, 1

.Fuel cell

No,

Fuel ceil

No, 3

..-a

EPS DC main

S Ii]NSOR bus A

SIGNAL -

MNA

(MDC- 5)

I;.I_S

SENSOR

SIGNAL -

MNB

MDC- 5)

DC main
bus B

:.- ,,,.. ,

-. Rem'ark_ • . .

MeteF_functions in COnjunction with

DC INDICATORS •switch_ • DC VOLTSI

meter range is 20 to 45 vdc.

Selectable sources are MAIN BUS

A and B, BAT BUS A and B, BAT

CI-IAttGER_ BAT C, and PYRO BAT

A and B.

,,,L

Meter _unetions in conjm_ction with

DC INDICATORS.switch, DC AMPS

meter range is 0 to 100 amperes,

0 to 5 anal)ares expanded scale is "

battery charger'output. Selectahle

_ources.are F/C 1, 2, 3, .BAT BUS

A and B, BAT CHAI;_GER_ and .

I3AT C.., " •

in some cases only current or volt*

age is indicated by DC VOLTS.and :

DC AMPS rneteri_. In oLher cases, '

both voltage and current are .

indicated. These are listed in the

ftuietion column associated with each

positiou, The DC VOLTS.meter will

read _slightl'y below i0 vdc when

not in use,. The DC AMPS n_eter .

will read zero amperes when not

connected to an input, i

3-

: • : • ( • .• -:. ,• • • ,.
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Location

MDC-3(Cant)
3 E M-49

I

Name and

Position

BAT BUS

A

B

BAT CHARGER

BAT C

I,_unctiou

PYRO BAT

A

B

3 E 1-47

]

FUEL cELL INDICATOR switch

Applies voltage of battery bus A

to DC VOLTS meter and output

of battery A shunt to DC AMPS

rnete r.

Applies voltage of battery bus B

to DG VOLTS mete.r and output

of battery B shunt to DC AMPS

n'leter.

Applies voltage output of

battery charger to I3C VOt.TS

meter and current output of

battery charger _/hunt to DC

AMPS meter (inner scale 0 to

5 amps ).

Applies both voltage and current

outputs of battery C to DG

VOLTS and DC AMPS meters.

Applies. output voltage of pyre

bus A to DC VOLTS meter.

Applies output voltage of pyre

bus B to DG VOLTS meter.

Selects de. sired fuel cell to be

monitored by the fuel cell

display indicators.

Applies selected outputs of fuel

ceil No. l to fuel cell display

indicators.

_-., z

- ,;%"

G_remt

Breaker

Battery

charger- i

BAT A -

CHG

(MDC- 5)

Battery

charger -

BA:I' B - "

&

Source- ...... :-'Remarks

. • . " .

Battery Listed circuit breaker controls d-c

bus A &" B voltage indication and measurement ,

• ". fo r telemetry.

Battei'y

bus" B •

CtlG

(MDC- 5)

BAT C

BAT CHGR/

EDS 2

(rU-tEB, 250)

Battery

charger

PYRO SEQ A

(RHEB-250)

PYROSEQB Pyre

(I_.I..IEB-250) batte.ry B ,

. a

• ." - . f

. , • . •

Charger cgrrent output will be

according to charge required by

._ battery (up to _, 5 stops).

' Chal'gcr ie disconnected _t an

ammeter,!ndieation of 0.4.amps. ?

Battery C- Listed circuit breaker controls d-c '

.yoltage indication and measurement

for telemetry.

Pyro Since pyro batteries are not normally

batteryA connected to,.a load, open.circuit, ,

' voltage will be indicated on voltmeter.

Dependent ini:licators associated with switch are..

on position as follows'.

a, FLOW indicators H Z'and O z

b, MODULE TEMP indicators ' -

SKIN and COND EXH .

c, pH 'HI

d. Fie RAD TEMP LOW.

" i

' 2. ,.
l

: !; :
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Location

MDC-3 (Cont)

1-47'

F-44

I

F-45

\

+

Name and

Position

' 2

3

FUEL CELL meters

FLOW group

HZ

O2

MODULE TEMP group

SKIN

Function

Applies selected outputs of fuel

cell No, 2 to fuel cell display

indicators.

Applies eelectcd outputs of fuel

cell No, 3 to fuel cell display

indicators.

, i

Indicates flow rate of H z into

selected fuel cell,

Indicates flow rate of O 2 into

selected fuel cell,

Indicates skin temperature of

selected fuel cell,

Circuit Power .

Breaker Source . . Remarks " .

, , , , , .

Dependent

on position " _ ..

• '. •

. . < . . , , . •

INSTRU- " ' '

IvI,ENTATION ' ' _

POWER

CONTROL ' • .. . . ". . . .

OPERA- Normal :operating range (indicator

TIONAL gre.en band) is 0,036 lb/hrto

CB 3 0, 163 lb/hr, Alarm limit to caution

(RHI_B-Z76) and Wai'ning system is 0. 16l lb/hr .

upper, Sensors for the indicator

are located in the F/C H 2 irilet lines,

Fuel cell to be monitoi-ed is selected

by .FUEL CELLIND1CATORS switch

I . ' ' IMDC-3)

Normal operating range (indicator '

. green band) is 0,288 lb/hr to

1.304 lb/hr, Alarn_ limit to caution

• , ,_nd wa.rnlng system is 1.276 Ib/hr

Upper. Sensors for the in¢licator

are located in the FUEI_ CELL 02

inlet lines. Fuel cell to be monitored

- is selected by FUEL cELL

INDICATORS switch (MDC-3).

SIG CONDR ' '-

FLT BUS

(RHEB-225) Normal indication is 385 ° to 450'F.

Alarm limits to caution and warning

system are 360°F lower,-475"F

upper. •Sensors for the indicator

are located in the pressurized por-

tion of the fuel ceils. Fuel cell to

be monitored is selected by FUEL

CELL INDICATORS switc h .(MDC- 3).

_i_......_il

ri '::'" "_

. . ,(

z.., oK-:
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MDC-3 (C o'tlt):

3 E F-45

3 E J-44

i 3 E J-45

O
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>
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3 E J-45

i

./-"

Name and
Po sition

COND EXH

FUEL CELL HEATERS switches I

I

UP

OFF

2

uP

OFF

OFF

Function

Indicates temperature of selected
fuel cell condenser exhaust.

Activate_ in-line heater circuit

for automatic operation.

Deactivates in-line heater
circuit,

' ' , i

Activates in-l'ine h¢:ater circuit

for automatic operation.

Deactivates in-line heater
circuit.

, .,,,

• .circuit.

Activates in-line heater circuit

for auton_atic ope ration.

Deactivates in-line heater .

Circ'u[t ......

Breaker

SIG COND

FLT BUS

(RHEB-225)

_--Px_W _ r ......
Source

Fuel cell
No. 1'

Fuel cell

No. 2

Fuel cell

No. 3

Remarks

Condenser exhaust o-_'erating range
is 150 _ to 175°F. Alarm limits to-

caution and warning System are
below 150 ° ov above 175°F. Sensors
for the indicator are located in the

exhaust nianifolda of the fuel cell
condensers. Fuel cell to he moni-

tored i_ selected by FUEL CELL

INDICATORS switch (MDC-3),

Allows in-line heater circuit to

function normally.

(Aut o on _ :385°±5_F)I

(Auto off - 390°%_°F)

Totally •disables in-line heater

circuit. • ,.

• /
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Location

Panel Area [ Grid

!

MDC- 3 (Cent)

E K-47

) E IK-48

Name and

Position

FUEL CELL group

MAIN BUS A

Switches 1, 2 and 3

ON

CENTER

OFF

RESET switch

RESET

CENTER

Circuit

Function Breaker

Controls fuel cells No. I. 2

and 3 electrical output to d-c

main bus A,

Momentary switch position

connects electrical output of

selccted fuel cell to d-c main

bus A.

Connects C&W alarm and FC z

BUS DISCONNECT indicator

light (MDC-2) to selected fuel

cell motor switch (normal

position of switch).

Disconnects electrical output of

selected fuel cell from d-c main

bus A and disconnect C&W aiarl"n.

Activates talkback indicatdr to

striped position.

Provides capability of resetting

d-c main bus A undervoltage

sensing circuit.

Mon_entary switch position resets

d-c main bus A undervoltage

sensing unit and extinguishes

DC undervoltage lanap.

Connects ]'AN BUS A UNDER-

VOLT warning light and battery

relay bus power to d-c bus'A

undervoltage scnsing circuit.

I_UEL

CELL 1 -

BUS CeNT

(RH E.BL 226)

1 FUEL

CELL2 -

BUS CeNT

(RHEB-ZZ6)

FUEL

C ELL 3 -

t3 US C ON T

(RHEB-226)

EPS

SENSOR

UNIT- DC

BUS A

(MDC-5)

Power

Source " Remarks. .''..

Battery ...........

relay bus ' " '

,,"' ,, When fuel cell main bus switches

are placed 'to 'ON position, power

is'appl.ied to'a motor-driv_n switch ."

• . . located in a power distribution box ,.

. in the S/M. This accomplishes , ,

..... , actual switching function required

. to apply output of selected fuel cell

to d-c main bus A. Only one F/C

BUS DISCONNECT status light '

. (MDC-2).for all three FCs.

: " I L

. " . . " "i . .

DC main bUS A undervoltage sensing

circuit energizes MN BUS A UNDER-

VOLT warning light (MDC-E) when

d-c voltagedrops below 26.25 vdc.

,I
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Location

Panel I Ar_ I Grid

MDC-3 (Cont)

K-48

• J-46

Name and
Position ]/'unction

OPF Disconnects MN BUS A UNDER-

VOLT warning light and battery

, relay bus power from d-c bus A

undervoltage sensing circuit.

Event Indicators 1,

2 and 3

Striped-line Indicates when selected F/C is

display " removed from d-c main hus A,

Gray display indicates•selected F/C is

connected to bus,

FUEL CELL • group

MAIN _US B

Switches 1, 2, and 3 Controls fuel cells No. l, _
and 3 electrical output to dzc

main bus B.

ON Momentary switch position
connects electrical output of

selected fuel cell to d-c main

bus B.

CENTER Connects C&W alarm and F/C

BUS DISCONNF.CT indicator "light

(M.DC-Z) to selected fue.I cell

motor switch (normal position of

switch),

• ', ,,,,,,

EPS

• , .

Source -_--_ ................ Remarks

Battery ,
S E NS OR •

UNIT- DC

BUS A

(M oc- 5)

FUEL

CELL i -

BUS CONT

(itH _l_- zz6)

FUEL

CELL 2 -

BUS CONT

(Rl'ili;B- 226)

FUEL

CELL 3 -

BUS CONT

(RHEB-226}

relay.bus ,

• ._ " •

(

k. . . •

Event indicators function to .- ;

conjm_ctioq with their respective i ' ..
switches located directly helow,

f:

When £uel cell main bus switches

are placed to ON position, power
_s applied to a mbtor-driven switch
located in h power distribution box •

in the SM, This accomplishes

actual switching hmction'required' .
to apply •output of selected fuel celt

FUEL

CELL I -

BUS CONT

(RHEB-226)

':. d-c main bus B. Onl_ on F/C BUS

• DISCONNECT status light (MDC-2)
for all th_,ee fucl cells.

• " • 5.,
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I_ Location
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Name and

Poaitioa

OFF

RESET _witeh

RESET

C ENT ER

OFF

Event Indicators 1_

2, and 3

StripedJline

display

Gray display

Function

Disconnects electrical output of

selected fuel cell from d-c main

bus B, disconuects C&W alarm

and activates talkback indicator

to striped position.

Circuit

Breaker

FUEL

CELL Z -

BUS .CENT

(RI-IEI3- 226)

F U EL

CELL 3 -

BUS CONT

(RIi.EB- 226)

Provides capability of re-setting

d-c maiu bus B ua_dervolta'ge

sensing circuit.

Momentary _witch position resets

d-c maio bus B undervoltage

sensing circuit. ,

Connects M'N BUS B UNDER-

VOLT warning light and battery

relay bus power to d-c bus B ,

undervoltage sensing circut.

Disconnects MN BUS B UNDER-"

VOLT warning and battery relay

bus power from d_c bus B

undervoltage sensing circuit,

Ihdicates when selected fuel cell

is removed from cl-c ma'tn bus B,

Indicates selected fuel ceil is

connected to bus.

EPS

SENSOR

UNIT- DC

IB US B

{MDC- 5)

FUEL

CELL 1 -

BUS CONT

(I{HF.lB..226)

FUEL

CELL 2-.

B US CONT

(RIIEB-226)

FUEL

CELL 3 -

BUS CeNT

(RHI_B- 226)
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Name and

Position

FUEL CELL PURGE switches

Switches l, 2, 'and 3

,H 2

OFF

07'

Function

'Accomplish purging of selected

fuel cell,

Opens purge valve on I'I 2 side

of selected fuel cell to purge

impurities from l-I2 electrodes.

Disconnects power .from selected

F/C 02 or H 2 .purge valve,

closing valve (normal switch

position).

FUEL CELL RADIATORS

switches

Opens purge valve on 02 side .

of selected fuel cell to purge

impurities from 02 electrodes, " .
, , i .. .i

Switches 1, 2, and 3

NORMAL

CENTER

EMER BYPASS

Control radiator area used by

fuel cell,

Momentary switch position

operates radiator vMve allowing

use of full radiator for respec-

tive fuel cell. De-energizes

talkback indicator,

Valves remain in last selected

position (normal switch position},

. i , .

Breaker Source

I

FUEL I DC main .'

CELL 1 _ '[ buses A.& B

PUI_.GE

(RHEB- 226) ..

FUEL

C ELL 2 - '

PURGE

(RIIEB-226)

FUEL

CELL 3 -
i

PURGE ' • .

(RIII,2B- 2_6)

FUEL .Battery

CELL 1 - relay bus

aAD .
(RHEB-226)

FIjPL

CELL 2 -

RAI)

(RflEB-226)

P U i."] L

CELL 3 -

RAD
(RHEB-226)

Momentary switct_ position

operates radiator valve to bypass

3/8 of radiator. Energizes

talk-hack indicator to striped

indication,

. , }.,

..................... Remarks

. .'-._L-- ....... L..

.. . . : .

When Durging the selected fuel cell,,

the C&Wa will i_larm if the reactants"

flow rate increases beyond the .

rnaxilnUri_ normal fl'ow rate. O 2

purge time (ewitch ON) is 2 min'utes

itnd H2 purge time (switch ON) is

80 seconds, O2 and H2 maximum

flow rates during purge at:e 0.6 and

. 0.67 lh/i_r above normal flow

rates) respectively, . ..'

<

: 4 ", •

. , .' ,

Three radiator panels on :tZ axis

are bypassed when it is desired

to retain heat in fuel cells ,

- . ' -,
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Location

Panel [ Area, [ Grid

MDC-3 (Cont)

3 E H745

3 E " G-46

3 E M-45

Name and

i°o sition

Event Indicators i/

2, and 3

Striped.- [ine

display

Gray display

FC RAD TEMP LOW event

indicator

Striped- Line

display

Gray display

FUEL CELL, REACTANTS

switches

Switches 1, 2, and 3

ON

CENTER

)

Function

Indicates EPS radiator .panels 6,

7, and 8 bypassed.

Indicates full EPS radiator panel

opt ra tlon,

Indicates selected fuel cell

glycol.temperature at radiator

outlet has dropped to -30"F or

less.

Indicates selected fuel cell

glycol temperature at radiator

outlet is above -30"F,

Provides ON - OFF control of

reactant flow (H 2 and 02) for

selected fuel ceils.

Momentary switch position

connects d-c po_ver to seh:cted

fuel cell 02 and H2 shutoff

valve ,actuators, driving valves

to open position.

Valves remain in last selected

_osition (nor,hal switch position).

Circuit

Breaker

FUEL

G[,,'LI_ I -

.RAD

(RHI_B2226)

FUEL

CELL 2 -

irA D '

(RHGB-226)

F" Ij E L

CELL 3 -

RAD

(RftI_B- 226)

C/W

MNA &

MNB

(MDC-5)

PUEL

CELL I -

I[EACS

(IIHEI3/226)

.FUI_ L,

CELL 2 -

REACS

.(RHEB-226)

FUI_,] L

CELL, 3 -

REACS

(RHI_B -226)

Power

Source " ' , Remart_s

Battery . • "

relay bus

• ... • .

L. ; .

, , ,-. ,, .

..... i.',i . ",

DG main Glycol operating range iis -500 to

buses A &.B =k300'ti'; Fuel cell.to be monitored

, is selected by FUEL.CELL ,

INDICATOP, S switch (MD C-3), 'The' $

FC RAD T_Mp LOW ereat indie'ato_'.

. is part of tt_e C&Ws. ,. .

.. , . , ..
., • . ' . •

Battery These switcl]es control _olenold

relay bus valves which accomplish control

of reactaat flow.

Eveat indicators, locateddirectly

• above their i'espectlve switches, .

display striped lines when both..'.

Iq 2 and 02 shutoff valves are in . ,

closed (abnormal) position•

WARNING

. . .> . ,
. Do aot inadvertentlYi_ositio a ..:

'REACTANT 'switches OFF.

Loss of fuel cell will result. "

: i

,.,:: ,,

: O " .:

n _ t_.o
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Location

I IPanel Area Grid

_,i
MDC-3 (C'ont}

i ]
3 E ! M-45

i

3 _ L-45

3 E H-44

I

i",!

Name and

Position

OFF

Event Indicators 1, '

2, and '3

Striped- line

display .

Gray display

_H HI event indicator

Striped-line

display

Gray display

Function

Momentary switch position

connects d-c power to.selected

fuel cell 0 2 and I_I 2 shutoff

valve actuators, driving valves

to closed position.

Indicates .when H 2 and 0 2 sh_itoff

valves are closed, on selected

fuel cell.

Indicates normal (open) position

of valves.

Indicates pH factor (alkalinity)

of water from selected fuel cell

IS OVer 9,

lndicates.pH factor of water from

selected fuel cell is below 9,

Circuit
Breaker

FUEL

CELLI -

REACS

q_HEB-_Z6)

FUEL

CELL 2 -

REACS

(RHEB-ZZ6)

]

FUEL .I

CELL 3 -

KEACS ,

(RHEB-ZZ6)

FUEL

CELL I -

BUS CONT

(RHEB-ZZ6)

FUEL

CELL 2 -

BUS CONT

(RHEB- ZZ6)

FUEL

CELL 3-

B'US CONT

(ilHEB-226)

FUEL

CELL 1, Z,

3 - PUMPS-

AC

(RHEB-226)

Source

.AG bus

I or 2 CA

,.. . .
!. , ,

Event indicatorsfunctionin
conjunctionwith theirrespective
switches locateddirectlybelow.

.. .., . . •

A pH factor of 7 designates 'pure
water '(water is potable with a pH

factor below 9). Fuel cell to be

monitored is selected by FUEL

CELLINDICJkTORS switch (MDC-3).

The pH HI e,vent indicator ,i's part

of the C&Ws," •

CA power supplied through FUEL i "

CELL PUMIPS switches (MDC-5)..
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Location

Panel [ Area '[ Grid

MDC-3 {Cont)

J-_5 MASTER

Name and
Po sition

ALARM switcfilight

Function

Red light illuminates to alert

crewman in RH couch of a

malfunction or out-._f-.tolerance

condltiun_ This is indicated by

illumination of applicable sys-

tem status lights on M.DC.2,

Circuit

Breakor

c/w
MNA
MNB

(MDC- 5}

Power

'Source.,

: DC main

bt!ses A &B

• . . Remarks

'MASTER ..ALARM lights on MDC- 1_

-3, and LEB 12-2 are simultaneously

:illuminated, and an audio alarm

tone is sent to each headset, .

• MAS'_ER ALA[_M switchiight con-

rain s:integral push- switch, Pressing.

' swltch-light, will reset master alarm

circuit, extinguishing all MASTER

ALARM lights, and shutting off audio •

ala rl_;i,

i

g.

0

0

rq

0
o
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O Panel Area Grid
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4 A N-5:

Name and
Po sltion

SPS GAUGING switch

AC i

OFF

AC2

Function

Applies a-c power to the

following:

a. Quantity gauging system

control unit self-test

circuitry.

b. Normally open contacts of

SPS engine ignition relays.

l_emoves all a-c power,

Applies a-c power to,fl_e

following: ,

a. •Quantity gauging system

control unit self-test

circuitry,

b. Normally open contacts of SPS

engine ignition tel aye.

(_ .

B 0-58

TELECOM switches

Group 1

ACI

OFF

AC2

Connects a.c bus 1 electrical

power into Group 1 circuit
breakers.

Disconnects a-c power from

Group 1 circuit breakers.

Connects a-c bus 2 electrical

power into Group I circuit

breakers.

%T

Breaker " Source

SPs-

GAUGING

ACI,

ACZ

(MDC-8)

N/A AC bus 1

AC bus

.t

AC" bus' l

AC bus Z.

_ .. .. .

'??

• u ..

Remarks

• . L .:

t - • .' ,• 'i

Three-position toggle switch which

controls application of a-c power to'

propellant quantity.utilization.and... "

gaug!ngs:ystem control unit. Power

.for control unit self-test circuitry: is

applied directly by switch. Power •

fo_ propellant quantity measuring .-_

circuitry is applied only wh'en engin 0
ignition relays are energized by

engine firing signal.

• • , - ?

• , • •,..

•, _!i_-- . _. ,

, .- . .

i) "

_,..:

,,\

:0' . t_ ,_

Z
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Location

.Grid

MDC-4 (Cont)

,N-58

( 0-59

Name and

Position '

Group 2

AC1

• OFF

AC2

ECS GLYCOL PUMPS

selector switch

PUMP l

AG2

ACI

, " " OFF

PUMP Z

• At1

Function

Connects a-c bus 1 electrical

power into Group Z breakers.

Disconnects power from Group Z

circuit breakers.

Connects a-c bus 2 electPical

power into Group Z circuit

breakers.

Applies a-c power to motor-of

No. I water-glycol pump from
bus No. Z,

Applies a-c power to motor of

No. 1 water-glycol pump from
bus No, I.

,P_emove8 a-c power _frozTt ITtotors

of water-giyco.[ pul_tps.

Applies a-c power to motor Of

No. Z. water-glycol pump from

bus No. I.

Circuit

Breaker •

Power

Source

N/A AC bus i

' AC bus 2.

ECS- AC.bus Z .

GLYCOL

PUMPS- ./ "
ACZ

_A

_B"

.,_C

(MDC-4)

ECS- AC bus 1

/G LY C OL

PUMPS-

ACI

_A

_B

¢C

(MDC-4)

Remarks

. .. ' .

Olfly one water-glycol pump •can be

operated at a time, with second

pump for standby redundancy.

• ) - • / •

• • ' , _./

;.L) ,t_.

0
0

,,oqJ
. ['q o

,_ . ._ _.-._

0
0
N



%" 1

_J

-.....

z2z '__---_

:ZT..c=_
:'<:Z<"._2_

...-TZ_>_

0_

U

)i II )

4.n

,,o

O

0D

O

Location

Nam.e and

/
\

ci-_ cuit ....... .-..._ow£r.. ....

• •, •

,j • . • ..

I'

O_

0

I

Panel I Area Grid

v_DC-4 (Cont t

C P-'Sl

; O-61

0 6O

Position •Breaker

'ECS- .

Source

AG bus 2

f
Remarks "

, - • ,

AC2

ECS GLYCOL PUMPS

circuit breakers

AC1

• 0A (2 amp)

OB (2 amp)

0C (2 amp)

AC2

#A (2 amp)

0B _Z amp)

¢C (Z amp)

SUIT COMPRESSOR

SUIT COMPRESSOR 1

switch

AC'I

Function

Applies a-c power to motor of

No. 2 water-glycol pump fro n

bus No. 2.

Protects wire circuit to

following:

OB - suit circuit heat exchanger.

#C - glycol primary evaporator

steata', pressure manual

control and INCR.-DECR

selection.

_A - glycol ten'_perature control

valve,

• _A, B and C to glycol pumps 1

and 2.

G LYC OL

PUMPS-

Ace

#A

¢B

¢C

(MDC-4)

AC bus 1

, /

/

Protects wiring circuit to

following:

_A - to automatic water-glycol

HzO flow and glycol evap-

orator eteagn pref_sure

controllers.

_A, B and C - to glycol pumps 1

and 2.

Applies a-c power to motor of

suit compressor No, 1 from bus

No. I.

•i

ECS- SUIT

COM-

PRESSORS

AG1

_B

¢C

(MDC-,t)

AC bus 2

• ., , •

• , ./

I i

._ . . -

AC bus 1 OutPut of each compressor is as

follows:

• " a. Prelaunch mode . 32.7 cfm and •

Ap of 0.7 to 0..9 psi. ' "'
b. Normal mode - 35 cfm _nd &P

-of 0,3 to 0.4 psi. /i::.

c. Emergency mode - 33.6 cfm

and P of 0.2 to 0.3 psi,

..... • .,.v.-•::,!

.k
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Location

Pane] [ Area [ Grid

MDC-4 (Cont)

- i 60

Name and

Position

OFF

AC2

SUIT COMPRESSOR ?.

switch

ACI

OFF

AC2

Function

Ren]oveB a-c power frop_ inotors

of suit compres.sors.,

Applies a-c power to motor of

suit compressor No, I /ron]

bus No, 2.

Applies a-c power to motor ef

suit compressor No. 2 fron)

bus No. 1,

Removes a-c power from motor

of suit compressor,

Applies a-c power to n]otor of

suit compressor No. 2 h'om

bus No. 2.

Circuit Power

Breaker Source

AC bus l

ECS-SUIT AC bus Z.
COM-

PRESSORS

AC2

CA
CB'

.¢C
(MDC-4) ,

ECS-SUIT AC buB [

COM-

PRESSORS , '

ACI

ca
¢ B ' '

¢C ... .
(MDC-4) ....

ECS-SUIT

COM-

PRESSORS

A C2 .

CA
¢ B
¢C

(MOC-4)

•. Remarks .

•-____2

r.

• k
• /

AC bus 2 . .... ,

'1

. ) ',

k

0
CI t _

0 ._
_--].

m i
> .. _. ,

_,.:... 0 Z

0
(3

I . •

.... ? .
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Location

MDC-4 {Coat)

L C P-60

4 C . 0-61

i

Name and

Position

SUIT COMPRESSOR

circuit breakers

ACI

_A{3amp)
_B (3a_p)
C (3 amp)

AC2

_A {3 amp)

_B (3 amp)

_G (3 amp)

Function

Protects wiring circuit to suit

compres_ora No. I and No. 2.

Protects wiring circuit to suit

compressors No. Z and No. 1,

c trdiiiF_-
Breaker

AC bus 2

.......Po w-e,r- ....

Sourc@

AC bus 1 "

, ' ,[t emi_.r k_ !}

L,. ,

%

[ i '

I

• • .',

• , . - • ., •

• .. , " "4• _

-.%,•,.

. ",_. •

O.
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.Z6

r_, 2'::':' , U3 "--"

o
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Lo c at ion

Panel [ Area Grid

MDC-5

5 A H-54

5 A H- 54'

)
.................. J . ......

Name and

Position

FUEL CELL PUMPS

Switch 1

ACI

OFF :'

AC2

Switch 2

OFF

ACZ

Function

Is capable of selecting a-c bus

No. I, a-c bus No. 2, or off for

fuel cell No. I pump motors and

pH sensor. Connec.ts power

factor correction box to a-c bus i

or a-c bus 2.

Controls 30 a-c power fr6m a-c

bus No, I to fuel cell No, I pump

motors and 0A to pH sensor.

Connectspower factor correction

box to a-c bus 1.

Disconnects a-c power from l)Urnl:

motors and pH sensor and power

factor correction box from all

a-c buses.

Controls 30 a-c power from a-c

bus No. 2 to fuel cell No. 1 purap

moto!,s and OA to pH sensor.

Connects power factor correction

box to a-c bus 2.

Is capable of selecting a-c bus

No. 1, a-c bus No. 2, or off. for

fuel celt No, 2 pump motors and

pH sensor. Connects power

factor correction box to a-c bus 1

or 2.

Controls 30 a-c power from a-c

bus No. I to fuel cell No, 2 pump

motors and OA to pH Sensor,

Gonnect_ power factor correction

box to a-c bus ,1.

Disconnects a-c power from pump

motors and pH sensor and power

factor correction box from all ac

buses.

Controls 3_ a-c po'w'er from a-c

bus No. Z to fuel cell No. 2 pump

motors and OA to pt{ sensor,

Connects power factor correction

box to a-c bus 2.

Circuit

Breaker

FUEL CELL

1 --PUMPS -

AC (RHEB-

226)

FUEL CELl,

Z_PUMPS

AC (RHEB-

ZZ6)

Power
Source

AC bus 1

AC bua

AC bus 1

AC bus 2

Remarks

Two parallel pump .motor.s a're

associated with each fuel cell. One

motor drives H E circulating :': andpump

water separ'ation centrifuge. Other

motor dr-ires glycol circulating pump.

Switches are lo_cated.between bus and

circuit' breakers

+ •...

." .-

'; ...

"i

.. ". -

/}"

O

O •

M•
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0
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Location

Panel[Area I Grid

MDC-5 (Cent)

5 A 55

i

@

5 B 1-55

l
5 B 1-56

Name and

Po sttion

Switch 3

ACI

OFF

AC2

INTERI Ol_ LIGHTS

FLOOD rheostat

OFF

BRIGHT

FLooD- DIM switch

1

.Z

Function /

Is capable of seleCLtng a-c bus

No. 1, a-c bus No, 2, or off for

fuel cell No. 3 pump motors and

pH sensor, Connects power

factor correction box to a-.c bus 1

or a-c bus 2.

Controls 3fl a-c power from a-c

bus No, I to fuel cell No. 3 pump

motors and _A to pH sensors.

Connects power factor correctlor

box to a-c bus 1.

Disconnects a-c power froITl pump

motors and pH sensor and power

factor correction box from a-c

bus 1 and 2.

Controls 3_ a-c•power from a-c

bus No, 2 to fuel cell No, 3 pump

motors and [_A to plI sen_or,

Connects power factor correction

box to a-c b_is 2,

Removes power from LM pilot's

floodlights.

Indicates maximum floodlight

brightness has been reached.

Applies rheostat control to LM

pilot's primary floodlight lamps

and on-off control to secondary

lamps..

Applies rheostat control to LM

filot's secondary floodlight lamps

and on-off control to primary

lamps.

Cir cuit ..... , Power ---7

Breaker -_"S5_fFc-e ..........

AC bus 1

FUEL CELL

3--PUMPS .

AC (RHE B-

226)

LIGHTING-

FLOOD

MNB

(ltHEB-226)

L[G H TING-

_ ,' "'

Remarks

............. _......... L .:.

AC bus Z"

DC main

bus B

DC main

FLOOD bus A

MNA

MNB

(RHEB-226)

! k

Rheostat control *nay be adjusted for

desired brightness of primary and/or

secondary lighting dependent on

position of DiM I-2 switches,

Provides crew capability, of shifting

primary or secondary lamps to

variable FLOODlight switch

•],

._..A

>

u

Lo

o>
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Location

Panel I At'ca [ Grid

] I-,5 7 i_

: 1-54

iK-56

i 1K-56

Name and

Position

FLOOD-FIXED switch

FIXED

OFF

INTEGRAL rheostat

OFF_

BRT

INSTRUMENTS circuit breakers

ESS.-MNA

(15 amp)

ESS-MNB

(15 amp)

NONESS

(15 amp)

SCI EQUIP

SEB 1

(7. 5 amp)

S:E B 2

(7. 5 amp)

Function

Turns ON lamps not controlled by

rheostat.

[{.emove s power,

Removes power from LM pilot"s

area panels,_ 3,4, 5, 6, 16, 275,

and 229, and right part of

panel 2.

Indicates maximum brightness

has been reached.

Applies d-c power from bus MNA

to the four operationalinstrumen-

ration breakers located on

panel 276.

Applies d_e power from bus MNB

to the four operational insLrul'_len-

tatlon breakers located on

pane[ 276.

Applies d-c power from noness
bus MNA or MNB to SEB circuit

breakers 1 and'Z and HATCH

circuit breakers,.

Applies d-c powe.r from noness
bus MNA or MNB to J5 outlet on

LEB-16Z.

Apptles d-c power from nonces

bus MNA or MNB to a switch and

outlet on LEB panels I6Z anti 163

Circuit

Breaker

LiGHTING-

FLOOD

MNA

(RHEB-226)

LIGIITING-

NUMERICS'/

iNTEGRAL

R-MDC-ACI

GB34

N/A

I

Power '

Source ".Remarks

DC inain Secondary when DlM.$wlteh on i.

bus A Primary _;}i_n..DiM switch on 2.

AC bus l" . Integral Lighting system controls EL

fiB [arnps behind nomenclature on . "
applicable panels.

< : ,

Mechanical stop prevents ,moving :

DC main

bus A

DC msin "

bus B

DC main

bus A or B

•switch to OFF.

L

• L_

• , , .

./

,..,

_0
0
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Location

Panel[Area[Grid

MDC-5 (Con t)

5 B K-56

5 C K-58

5 C K-61

5 c J-58

5 C J - 15 8

5 C " J-57

5 C J-57

c t-58

C 1-58

Name and

Position

HATCH

(7.5 amp)

ENVIRONMENTAL CONTROL

SYSTEM circuit breakers

CABIN FAN-I group

ACI

CA (2 amp)

CB (2 amp)

(_C (2 amp)

CABIN FAN-2 group

AC2

_A (2 a.mp)

_B (2 amp)

_C (2 aI_p)

H20 ACCUM.MN A

(5 an_p)

H20 ACGUM MNB.

(5 amp)

POT H20 HTFL MNA

(5 amp)

POT H20 I-ITK MNB

(5 amp)

ECS RADIATORS-

CONTROLLER-AC i

(2 amp)

ECS RADIATORS-

CONTROLLEK-ACZ

(2 amp)

Function

Applies d-c power from noness

bus MNA or MNB to left-hand

switch and left-hand outlet on

panel 227,

Protects wiring to 3._ cabin

blower No. 1.

Protects circuit to the following;

cabin 30 blower No. 2, and C(_ to

auto cabin telnpel, ature control,

Protects wiring to cyclic accumu-

lator control No. I.

Protects wiring c ircuft to cyclic

accumulator control No. 2,

Protects wiring to following
circuits; manual control to

glycol evaporator ti20 flow, and

potable water heater A_

Protects wiring _o following

circuits: manual control tO.

glycol evaporator 1-I20 flow, and

_otable water heater B,

Protects wiring to space

radiators flow proportioning

control system.

Protects wiring to space

radiators flow proportioning

control system.

Circuit......

N/A

CB28

CB29

Breaker

CBS0

/

CB51

Power

DC l_nain

bus A or B

AC bus i

I

AC bus 2

Remarks

DC main

bus A.

DC main

bus B

DC main

bus A

DC main

bus B

AC bus 1

¢c

AC bus 2
¢C

.- [ ,

, _ . .,

-% , • • •
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O

N
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1-58

1-59

i-6o'
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Name and

Po si'tion

ECS RADIAT ORS-

C ONT/I-tTRS-MNA

(5 amp)

ECS RADIATORS-

CONT/HTRS-MNB

(5 amp)

ECS RADIATORS

HTRS OVL, D-BAT "A

(10 amp) (SC 103 &

subs)

ECS RADIATORS-

HTRS OVLD-BAT B

(10 amp) ('SC 103 &

subs)

•ECS- SECONDARY

COOLANT LOOP

circuit breakers

ACI (2 amp)

ACZ (Z amp)

R,AD HTR MNA

(5 amp)

XDUCERS

MNA (g amp)

MNB {5 amp)

Protects wiring circuit to pri-

mary and secondary space

radiator and heater control

circuits.

Protects .wiring circuit to

primary and secondary space

radiator and heater control

circuits

' Circuit

,Function B.reaker

,t

CB51

Protects wiring circuit to

prima.ry 1 radiator heater over-

load logic circuit,

Protects wiring circuit to

primary g and secondary radiator

heater *overload logic circuit.

Protects circuit wiring to:

a, GLY PUMP SEC

b, GLYCOL EVAPORATOR-

TEMP (_A only).

Protects circuit wiring to the

RAD HTR0 ECS R_kDIATO[_,

TEMP-SEC-OUTLET ind, and

ECS RADIATOR TII'MP-PR.IM

SEC INLET ind.

Protects circuit wiring to the

following; Secondary water-

glycol pump output, secondary

evaporator steam output, secon-

dary glycol accumulator, quantit(

steam pressure sensor primary,

N/A

! .[

Remarks -
• • : 2-__

Power

Source

i ,

DC main _

bus A

DC main - . : ibus B . " , '

Batt0r.y .' , : , . .

bus A "i. '".. .' ' "

Battery -. :,'
bus B

AC bu's I Three-phase ganged-type circuit. :

AC bus 2 breaker single control reset,

Overload on any phase trips all three

• DC main

bus A

phases.

/

• , " ._

/

. . , . .

.- • • •

DG main i

• buses A and

B

,,\.

.O_ " O >
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Location

Panel[Area[Grid

5 C K-58

5 C J-61

5 C J-6Z i

!

5 C . 1-63

5 C l- 60

C'i

Name and

Position

WASTE H2 O/URINE- DUMP

HTR circuit breakers

MNA (5 amp)

MNB (5 amp)

ECS- TRANSDUCER-

PRESS GROUPS-I

MNA (5 amp)

MNB (5 amp)

ECS-TRANSDUCER- PRESS

GROUPS-E circuit breakers

MNA (5 amp)

MNB (5 amp)

ECS- TRANSDUCER- TEMP

MNA .(5 amp)

MNB (5 au_p)

ECS- TR.ANSDUCEK-

WASTE/POT HzO

MNA (5 amp)

MNB (5 amp)

Function

l_rotects circuit wiring to waste

water, urine dump and steam

duct heaters A.

Protects circuit wiring to waste

water, urine dump and steam

duct heater_ B,

Protects circuit wiring to the

[o[lowing:

a. GLY AGCUM-QUANTITY

b, GLY D[SCH PI_.ESS

c. SUIT COMPR AP

d, PRESS-SUIT inlet.

Pr.otects circuit wiring to tl_e

following sensors;

a. CABIN PRESSU[(E

b, GLYCOL EVAPORATOR-

STEAM PRESS

c. PART PRESS CO 2 ' "

d, Oz reg outlet (PCM only)

e. 0 2 1?'LOW

Protects following circuit wiring:

Temperature Xducer power

supply,• cabin temperature,

radiator temperature primary

outlet, suit inlet tempera!ure,

s_earn outle_ tenlpe_,a_ure (PC,M

only), and primary and secondary

EVAP TEMP OUT,

Protects circuit wiring to potable

and waste wa_er quantity.

Circuit

B re eke r

N/A

Source

DC mabt

bus A

DC .main "

bus B

DC main

buses A and

?

/

Remarks ......

- . , ..

%,

• ', .. .

• .. : ( .

. " , ...".
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Location

!
Panel I Area I Grid ,

MDC-5 (Cent) !

M-57

IM'_

)_

M-

Name and

Position

G UIDANCE / NAVIGATt ON

system circuit breakers

COMPUTER

MNA (5 e ,_)

MNB (5 amp)

IMU

MNA (Z5 amp)

MNB (Z5 amp)

IMU ItTR

MNA (7,5 amp}

MNB (7.5 amp)

Function

Provides d-c power from main

bus A and circuit protection to

energize the CMC.

Provides d-c power from main

bus B and circuit pL, otec_ion to

energize the CMC,

Provides power and protection

from d-c main bus A to the

inertial subsystem,

Provides power and protection

from d-c main bus" 13 to the

iner t ial subsystem.

Provides d-c power from main

bus A and circuit protection to

energize the standby thermal

control .system on "the IMU and

the excitation to the gyros and

accelerometer magnetic .output

aXiS suspension,

Provides d-e power [rorn main

bus B and circuit protection to

energize the standby thermal

control system on the IMU and

the excitation to the gyros and

acCelerometer .magnetic output

axis suspension.

N/A

Circuit

Breaker

Powe I'

,Source

DC me.in"

bus A

; • • • ,,

' Remarks " i

•DC main

bus !3

L• • •

./.-% _ _. •

, • , -. , , • • . -

•CAUTION

DC main These,bPeakers are not to be -

bus A energized unless the correspond&

• ing IMU HTI1. circuit breakers are

energi:zed, as dan_age to the plat-

DC main form may result.

bus B " "

CAUTION

DC main These breaker, s must alwa_rs be .

bus A energized or accuracy of the

platform may be impaired,

DC' main

bus B

-. . .:' •

.- ...,

o

0 •

V? :::,7
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Location

Panel]Area [ Grid

,MDC- 5 (Cont) "

r

5 D M-58

5 D M-55
i

G

5 .E H-56

l
!
i

i

5 F H-58

l

]Name and

Position

OPTICS

POWER

MNA (5 amp)

'MNB (5 amp)

ACI (2 amp)

ACZ (2 amp)

G/N PWR switch

ACI"

OFF

AC2 .

BAT CHGR switch

ACI

AC2

, Function

Provides d-c power from main

bus A and circuit protection _o

energize the optical subsystem,

Provides d-c power from main

hue B and circuit protection _o

energize the optical subsys.tem,

ACI supplies power and protec-

tion for the G&N lighting system

from a-c bus I.

AC2 supplies power and protec-

tion for the G&N lighting system

from a-e bus .2,

Supplies power for G&N lighting,

ACI selects a-c bus I to supply

power for G&N lighting,

R.emoves power from the G&N

Lighting system.

AC2 selects a-c bu_ 2 to supply

power for the G&N lighting

system.

Provides means of selection a-c

bus No. I or a-c bus No, 2 for

battery charger a-c power

Soilrce 0

Connects 30 a-c power from a-c.

bus No, I to battery charger

duri_ag battery charging operation,

Connects 3!3 a-c power from a-c

bus No° 2 to battery charger

during battery charging operation.

•diA-_q---
Breaker

e,

N/A

G/N POWER

ACI

G/N POWER

AC2

BATTERY

CHARGER-

AC PWR

(MDC -5)

Source

DC main

bu s A _

DC main

bus B

AC bu_ 1

AG bus 2

/_gmarks

, (

• _ . ..

AC .bus I

AG bus 2

AC bus I

AC bu_ 2

i

Switch works wi'th BATTERY .

•CHARGE selector switcl} (MDC-3) '

to enable batte, W charger Qperatlon.

; . . . . ,.

O

° o

> [._.

no:

W

m
O



4

fl

0

\ --.'.., I-,*

_ '" t.an

kZ. : •

o.,
. %, _..'-V ,,O

f_

.LL, .-_ZZ O0

..... ¢D

..:'a-_..aa _J

['--'_'2.

WZ?'_-2:

¢t.

ii:

Location

I panel I Area I Grid

MDC-5 (Cont)

1 [-6I

1 1-61

] 1-61

I [-63

Name and

Po siti0_

BATTERY CHARGER circuit

breakers

BAT A CHG

(10 amp)

BAT 13 CHG

(10 amp) l

MNA (5 amp)

MNB (5 amp) l

AC PWR (2 amp)

)

Function

Appliea d-c power from battery

bus A to MAIN BUS TIE - BAT

A/G _witch (MDC-5), to DC

INDICATORS switch (MDC-3),

and to telemetry, Connecta out-

put of BATTIi;RY CHARGE Switch

position A to battery bus A for

recharge of entry battery A,

Applies .d-c power from battery

bus B to MAIN BUS TIE - BAT

B/C switch {MDC-5), to DC

INDICATORS sWitCh (MDC-3),

and t.o telemetry. Connects out-

put of i%ATTEKY CI1AR(iE swi_gh

position B to battery bu_ }'l for

recharge Of entry battelry B.

Applies power from d-c'main bus

A, throughan isolation diode, to

i3A'PTERY CHARGIi: selector

switch (MDC-3) and d-c .coll_acts

of battery charge_" input-power

control relay.

Applies power from d-c main bus

B., through an inola_ioh diode, to

BATTERY CHARGE selector

switch (MDC-3) and d-c contacts

of battery charger input-power

control relay,

Applies power from _t-c bus

No. I or a-c bus No. Z to contact_

of battery charger input-power

control relay,

Circuit

Breaker

N/A

.Power -

Source

DC main
• bu_ .B

AC bus .1 3_

• Remarka

Battery

bus A

Battery : " "

' • . • j

bus B • . ..

. : .?: •. " ' , • .

, ' ' ' •'/:ii, ' .
busDC mainA.. : i." : ' ":

F

'. ". ] • .' , . '.

.'
. . ..

• - ' " h

• f . -

-q

"r

r ' " ' "

' , , . - .
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Location

']Pane] IArea [ Grid

.__DC-S(Cent2

5 F H-63

5 F G-59

5 F G-60

I

I

5 F G-61

5 F G-62

Name and

Position

BAT RLY BUS circuit

breakers

BAT A (15 a[np)

BAT B (15 amp)

EPS SENSOR SIGNAL

circuit breakers

DC group,

MNA (5 amp).

lviNB (5 amp)

'AC group

AC 1 .'(2 amp)

AC2 (2 amp)

Function

Applies d-c power from battery

bus A through an isolation diode

to battery relay bus,

Applies d-c power from battery

bus B through an isolation diode

to battery relay bus

Applies signal and operating

voltage from d-c main bus A to

d-c undervoltage sensing units,

DC INDICATORS switch and

telemetry.

Applies signal and operating

voltage from d-c main bus B to

d-c underQoltage sensing units,

DC INDICATORS switch and

telemetry.

Applies voltage from a-c'bus

No. 1 to a-c over-undervoltage

sensing unit and to AC .

INDICATORS switch (MDC-3).

Applies voltage frona a-c bus

No. Z to a-c over-undervoltage

sensing unit and to AC

INDICATORS switch (MDC-3).

Breaker

N/A

..... Powc,_: ..... '
Sourc_

Battery

• Remarks " ' " '' :

bus A

Battery

bus B ,

DC main

bus A "

. ' .

DC main " " .::

bus B .-

AC bus 1 30

AC ,bus Z 3_

(

[

r¸, '. • • . ,

CB opened when charging battery A.

CB opened when charging battery B,

" . '.. •

J

• • " :,_ , •4•:
. • • , ..•
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Location

[. Name and

Panel Area [ Grid Position
! d

MDC-5 (Cost)

EPS SENSOR UNIT circuit

breakers

DC BUS group

H-6_ A (5 amp)

B (5 anip)

AC BUS group

H-6Z l (5 amp)

H-6Z ' :_ (5 amp)

INVERTER CONTROL circuit

breakers

H-59 . l

(10 amp)

H-60 ' _10 amp}"

H[60 . _10 amp)

Function

Applies d'¢ power from battery

relay bus through MAIN BUS A-

B.ESET switch to d-c main bus A

undervoitage sensing unit,

Applies d-c power from battery

relay bus through MAIN BUS B-

RESET switch to d-c main bus B

unclervoltage sensing unit,

Applies d-c power from battery

relay bus through AC BUS I-

RESET switch to a-c bus No. 1

over-undervolt_ge sensing unit,

Applies d-c power from battery

relay bus through AC BUS Z-

RE, SET switch to a-c bus No. 2

ovcr-undervo[tage sensing unit,

Applies d-c power from battery

relay bus to AC INVV, RTER 1 dc

and ac-l, arid AC INVEI_.TEI_ 3

ac-Z swftches (MDC-3).

Applies d-c power from battery

relay bus to AC INVEt(TEI(2 dc

and at-l, and AC INVERTI_t_ 1

ac-Z switches (MDC-3),

Applies d-c. power from battery

relay bus to AC iNVER'rEIt 3 dc

and ac:l, ind AC INVER'i'I!:I( 2

ae-2 swikehes (MDC-3).

Circuit

Breaker

N/A

Power

Source

Battery

relay bus

.. Remarks

.,,'

Sensing unit is inoperative when AC

BUS t-'RESET switch is in the OFF

position,' .

Sensing unit ,is inoperative .when AC

BUS Z-RESET switch is in the OFF

position

)

.... .;,3•;

_'_t'_'_'
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Location

MDC-5 (Cont_,

5 F : H-57

i

I

5 F H-57

i

_" Name and

Position

MAIN BUS TIE switches

BAT A/C

AUTO

OFF

BAT B/C

AUTO

\ J

Functio n

Allows manual control of bus tie

motor switch to;

a. Connect battery bus A to d-c

main bus A and battery C to

d-c main bus B,

b, Disconnect BATTERY

CHARGE selector switch

pos_tionA (MDC-3) from

battery bus A and position C

from battery C.

Connect entry batte:ries A and C

to DC buses.

Allows manual control of motor

switches to;

a, Dis,connect battery bus A from

d-c main bus A and battery C
from d-c main bus B.

b. Connect BATTERY CHARGE

selector switch positionA

(MDC-3) to battery bus A and

peellion C to battery C,

Allows manual control of bus tie

motor switch to:

a. Connect battery bus 13 to d-c

main bus B and batte.ry C to

d-c main bus A.

b, Disconnects BAT'PERY

CHARGE selector switch

position B (MDC-3) from

battery bus B and position C

from battery C,

Connect entry batteries g and C

to d-c buses.

Circuit ..........

Break0r

BATTERy

CHARGER-

BAT A

CHG

(Mr)C-B)

. ' .

Power " __'-"--_-.. -_
Source ......... Remarks

Battery

bus A

? • ,

Actuates motor-drivpn switch Which

accomplishes actual switching
function.

Automatically connects entry

batteries A %nd C to the main' d-c

buses at CSM separation. (Used "

only during prelaunch.)

bus B

Battery Actuates motor-drlven switch which•

• Automatically connects entry

batteries B and C toth_ main d-c

buses at CSM separation, , (Used

only during prelaunch.) .... ... -

accomplishes actual switching

function.

• BATTERY

CHARGEll-

BAT B

CHG

(MDC-5)

0
_-_

0 t-'

XI

0J

o

.'£
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Location

..... Name and

Panel I Area I Grid Position

MDC-5 (Cent _) '

' H,.$7 OFF

5 " H-58 NONESS BUS switch

MNA

OFF

MNB

5 / _ G-63 LM PWR-I circuit breaker

t MNB (7.5 amp)

f / ? H-63 LM PWR-E clrcuitbreaker

• h4NB (7, 5 amp)

Caution and Warning system
circuit breakers

._ [ 3 G-62 .C/W-MNA

I (5 amp)

• i

Function

Allows manual control of motor "

switch to:

a. DiscOnnect battery bus 13

from cl-c main bus f3 and

battery C from d-c main

.bus A.

b. Connect BA'r'TEI%Y CHARGE

selector switch position B

(MDC-3) to battery bus B and

position C to battery C.

Connects nonessential bus No. 1

and No. 2 to d-c main bus A,

Disconnects nonessential buses

fron] d-c naaln buses,

Connects nonessential bus No. I

and No. 2 to d-c main bus B,

Protects circui_ to fh'st of two

umbilieals providlng'power to

LM through LM PWltsw

(MDC-2).

Protects circuit to second of two

urnbilieals providing power to

LM through LM PWI_. sw

(MDC-2).

Provides eh'euit protection and a

power path h'om d-c main bus A

thru a diode to the caution and

warning system•

Circuit Power

J_reaker Source '" Remarks

B/kTTEI_.Y Battery ' ......... " ' "; ' : "",

Cf ARGER- |)us B ........... . ' " ' -:':" ' ".'.".,:
3AT 13 " " • . • " - _ ". ,

CHG ¢ , • : .. . i_..' .,.,)

(lvlDC-5) " " ' ' . " .'/ _:: " '

: ' • switch iS: . ' . . ",' • ... 0 • :

INSTRU- DC main • " : , ._ " , '" ['_ 'rn .

MENTS bus A' a.' Special equipment bay " NON " £ ""'". _ '_

NONESS No. l , "_°S _ , • .v

(_Dc-_I . . b. Speci_t_qutpmentb_r " _?'S _ .. " O >.
• , No. : , o : 2 g

' 'c, Special'equipmenthatch . ' " _ _
• " DC main d Nonessential instru- NON ,u, h. _'

• _us_ mentation zss ,>,... _ _

N/A . " " " _7[j_j_

. . ,.<:. ._
' ' I "_ I ,. r.n :.. , _ ....'-"

N/A " • " : - " " ' " '0 "

N/A DC main • " "

bus A

x

.,.. , , , ", _ .
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Name and

Po sition

C/W-MNB

(5 amp)

Function

NIAProvides circuiL protection and a

power path from d-c main bus B

thru a •diode to the caution and

warning system,

-.......... Remarks

Circuit __

Breaker Source

DC main

bu_ B

" I .'

I .

<.

Cl

o

I-v

_J

'0
U'

>

Ul.

o

0
o

M _,

_b
r_

0
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Location

!

Panel I Area Grid
!

MDG-6

6 A c-53

• i

I

A

6 C-51

Name ,and
Position

INTERCOM switch

T/R

OFF

RCV

VOLUME thumhwheei

PAD COMM switch

T/R

OFF

RCV

VOLUME thumhwheel

/

Circuit

Funct ion B r a ake.r

Enables, by a circuit closure,
the headset to receive and trans-

mit over the intercom system.'

S_lects no modes',

Enables, by a circuit closure,
the headset to receive (only} the

output of the intercom systern_

A thun_bwbcel-type control which

operates a 500k ohm poLentlom-

eter is provided to adjust the

audio level from the intercom

bus to the earphone.amplifier,

I(HE B~2 2 5

Enables, by a cir'cuitclosure,
the headset to receive, and trans-

mit over a hardline intercomm to

launch operations.

Selects no modes,

Enables, by a circuit closure_

the headset to receive (only) the

output of the hardllne intercomn_

from launch operations.

A thumhwheel-type control which

operates a 500k ohm potent_om-

eter is provided tO adjust the
audio level from the hardline

intercomm to the earphone

amplifier. ,

Power

Source

Audio

center

equipment
I

- Remarks

L
?

O
o
z

o

,Z

u_

o

o

o>

h-_ .•

Z cl

!

o
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Location
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MDC-6.(Cont) i

6 A B-53

6 A B-51

• F"

6 A D-52

i

i

• i

>.

Name and

Po sltion

MASTER VOLUME thumbwheel

•MODE; switch

• . " PTT "

VOX

vex SENS thumbwheel'

S-BAND Switch

T/R

,, Oi_F

- RCV

•I

Function

A thumbwheel-type control which
operates a 2, 5k ohm potentiom-

eter ia provided to adjust the
audio level from the earphone

amplifier to the earphone°

/.. •

Applies power to audio center

modulo, .and.provides hot mike

operation and vex operation for
intercom and. PTT operation
for RF transmission.

Applies power to audio center

module and enables PTT operation
for intercom andl(F transmission,

Applies power to the audio (:enter
module and provides vex opera-
tion for both intei'com and

RI" transmission,
..

A thumbwheel-type contrnl wMch i

operates a 25kohm potentiom-
eter is provided to adjust the

sensitivity of the voice-operated

relay in the audio center
module,

Enables, by a circuit closure',

the headset to receive and trans-
mit over the S-band equiprnemt

operating in the VOICE mode,

Selects no nxodes,

Enables by a circuit closure,

the he'adset to receive (only) the
oul:put of the S-band equipment

operating in the VOICE mode.

)

Cir:cuit ..........

Breaker

N/A

VHF/CREW

STATION

AUDIO L

[."LT/POST

LDG B US

(MI)C-ZZS)

N/A

I
_pow e r

Audio

center

equipment

, , , • , q ,,

Flight arid

po s t - ,

landing
bus

Aud io
center '

equipment

Remarks

• [:, .'

J. ,_ • . " .,, ,

" Tht; VOICE mode includes not only

Lh_ ;¢OICE or RELAY mode
poaitioos, but also:the VOICE BU

positloia,a of the S-BAND AUX and
', UP TLM _ections, .all with their

attendant limitations,
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Location

MDC-6 (Cent)

D_52 VOLUME thumbwheel

D-54 VHF AM switch

T./R

• OFF

RCV

VOLUME thumbwheel

E-54 SUIT switch '

POWER

OFF

5"-54 AUDIO CONTROL switch

NORM

Function

A thumbwheel-type control which

operates a 500k ohm potentLom-

eter is provided to adjust th_

S-band receiver audio level to

the earphone an_piificr,

Enables° by circuit closure, _he

headset to receive and transmit '

over the VHI,' AM equLi:mlent.

Selects no modes,

Enables, by a circuit closure, .

£i_e headset to rec.eive (only) the

output of the VHF AM r'eceiver,

A thumbwheei-Lype coi_trol which

operates a 500k 6hm potentiom-

eter is provided _o adjust _he

audio level froInthe VHI;" AM ,

receiver to the earphone

amplifie r,

Applies power to the left and right

hand microphones and the biomed
preamplifiers in the suit associa-

ted with audio control panel NO. 6,

Removes power from the left and

right hand microphones and the

blomed preamplifiers in the sui_

associated with audio control

panel No, 6.

Routes LM pilot's audio signals

through audio control panel No. 6
and associated audio module.

C1/cuit
Breaker

N/A

N/A

VHF/CREW

STATION

AUDIO L &

CTR

FLT/pOST

LDG BUS

(MDC-ZZ5)

N/A

Power

_OUrC_'

Audio .....
center

equipment

Flight &
pos_landing
bus

Remarks

Audio

center

equipment

I

0
Z

r/l

:2

UI

_J
b"

_q

0

M
_J

Co v
0
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Location

nel Area Grid

MDC-6 (toni),"

.. F-54

_ B -53

, Name and

Position

BACKUP

POWER switch

AUDIO/TONE

OFF

AUDIO

• .... ' • • • • ,....,

• I[ " ' .i " +:

+

Function

Routes LM pilot's audio signals

through control panel No. IO and
associated audio center module.

Provides primary power, to tlle
audio center l]noanle and enables

the audible crew alarm signal _o

be heard at this astronaut station,

Removes ali power _o the audio
center module and disables tile

audible crew alarm for _his
astronaut s_ation.

Provides primary power to tl_e
audio cen_er module hut [eaves

the audible crew alarm circuit

disabled at this station,

+

+C ii:5_lr-: ...... P.ow.ex ......
•Breaker

VI-IF/C.R1EW

STATION
AUDIO L

_ource

Flight and

pos tlanding
bus

Remarks

Aliows LM and CSM pilots to share

same audio module and control panel
in case of malfunction,

F L T/. I_OS'T

LDG BUS _

(MDC-225)

I i + /

o
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Location
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M p-c -Z

A M-9

.

N-4

O-4

Name and

Position

EDS POWER switch

On

OFF

BMAG POWER-I switch

OFF

WARM UP

ON

BMAG POWER-2 switch

OFF ..

WARM UP

ON

. .: f
. . _ . .

• . • • •

[ Function

Suppl'i_es entry battery A, B, and

C power to the EDS buses l, 3,

and 2 in the iU:

Circuit

Breaker

EDS-I, 2, 3
BAT A

BAT C

a n d

BAT B

(MOC-8)

Removes power from EDS buses

1, 2, an d 3 in the IU.

No power supplied,

Supplies 28 .vdc to GA-I for
heaters and eleetronics.

D-C powerp same a_ in WAR.M
UP.

A-C power, supplies 3-phase

power tO GA-I.

No power supplied.

Supplies 28 vdc to GA-Z for'
heaters and electronics.

D-C power, same as in WARM
UP.

A-Cpower_ supplies 3-phase

power to GA-2.

STAB CONT

SYSTEM -
SYSTEM MNA

(M/_C-8)

STAB CeNT

SYSTEM

ACI

(MDC -8)

STAB CONT

SYSTEM -
SYSTEM MNB

(MDC-8)

STAB CeNT

SYSTFM

AC2

(MDc-8)

Power

Source I

Battery
• buses A, B,

anti entry

battery (;

DC main

bus A

AC bus I 3_

• , Remarks

Closing of the EDS POWER switch

provides power to the EDS d/splay

circuitry and also supplies power for
EDS auto abort initiatingcircuitry.

WARM UI a and ON poles of both
13MAG POWER sWitches are tied

together for "d-e power switching,

DG main

bus B

AC bus 2 30
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Location

Panel[Area[Grid

MDC-7 (Con_')

7 B N-_

I •

!

Name and

Position

.t

SCS-ELECTRONICS POWER

switch

OFF

ECA

GDC/ECA

Function

Not wired.

a, Supplies phase A bus 1 power

to ECA,

b. Supplies phase A bus 2 power

to ECA,

c. Supplies 28 vdc to ECA.

Circuit

Breakel, ,

t'a, Supplies phase A bus I to

GDC.

b. Supplies phase A bus 2 to

GDC.

3

STABILI-

ZATION/

cONTRoL

SYSTEM-

ACI

(MDC-8)

sTABILI-

ZATION/

CONTROL

SYST_M-

ECA/TVC_

AC2

(MDC-8)

STABILI- "

ZATION/

CONTROL

SYSTEM-

SYSTEM-

MNA and

MNB

(MDC-8)

• STABILI-

ZATION/

CONTROL

SYSTEM-

ACI

(MDC-8)

STABILI-

ZAT, ION/

CONTROL

SYSTEM-

ACZ

(MDC-8)

Power

Source

AC hus 1 CA

AC bus Z (_A

DC main hue

A and B

J

AC bus I 0A

AC bus Z _A

• J

Remarks
i

:7 •

A-C power to ECA is .not only used

for EC_; power supplies, demod ref.,

etc, It is alsorouted through trans-

formers (in EGA) to provide rotation

controller (RC) transducer reference.

AC_ goe s ,to RC-I and ACZ to RC-2.

L •
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Location

Panel I A'rea ] Grid

MDC-7 (Con_)

7 N--6

U3

Name and

Po sitior/

/-

FDAIiGPI POWER switch

OFF

Function

!
c, Supplies 28 vdc to GDC.

. d, Supplies phase A bus I power

_o ECA,

e, Supplies phase A bus 2 power.

to ECA,

f. Supplies 28 vdc to ECA.

Not wired.

Circuit

Breaker

_.'.,

STABILI-

ZATION/

CON'I'i(OL

SYSTEM-

SYSTEM-

MNA and

NIN B

(MDC-8)

S TA 13[ L I-

ZATION/

C ONTKOL

SYSTEM-

ACI

(ML_C-8)

S'/?_BtLI-
ZA'TION/

C ONT. K OL

S Y S T E M -

[{:CA/
'I',VC2AG2

MDC-8}

S"i'A B [ LI -

ZATION/

C ON T 1< OL

SYSTEM-

MNA and

MNB

MDC-8)

•Power

Source

DC main

bus A and B

AC bus I {]A

A.C bus 2 CA

t

DC main

bus A and B

' 1

Remarks

'i

O
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L

Location

Panel [ Area [ Grid

MDC-7 (Cent).

N-7

b'

' t N-8

)

t

.r.

Name and

Position

1

2

BOT_

TVC SERVe POWER 1 switch

AC1/MNA

OFF

a,

Function

Supplies 3-phase a-c power

to EDA.

b, Supplies 28 wlc to EDA.

a. Supplies 3-phase a-c power

to EDA.

b. Supplies 28 vdc to EDA,

Both functions for positions

I and 2 are provided,

a, Supplies a-c phase A to

both (pitch and yaw) primary

serve channels in TVSA,

b_ Supplies 28-vdc power

th'rough TVSA to both

(pitch and yaw) primary

clutches (through normally)

closed relay contacts),

Not wired.

Circuit ........

Breaker

S_£ABILI-

ZATION/

CONTROL

SYSTEM-

ALl

(_mc-8)

'STABILI-

ZATION/

CONTKOL

SY ST£Hvi -

SYSTEM-

MNA

(MDC-8}

STABILI-

ZATION/

CONTKOL '

SYSTEM -

AC2

(_mc-8)

S'I'ABILI-

----_I°-q-w.,e_£........
_ourc_

AC bus I

- " " Remarks

•Provides power to electronics that

drive indicators on FDAI No, 1,

Supplies (through EDA) power to

servometric potention_eters and .

,motor.s (ball) on FDAI No. I.

Provides power to operateGPI

meter movements, (PITGH 1 and

YAW 1)

DC m_£in

bus A

k

AC bus

ZATION/ bus B

CONTROL

SYSTEM -

MNB

(M DC-8}

STABILI-

ZATION!

CONTROL

SYSTFM-

TVC-ACI

(MDC-8)

STABILI -

ZATION/

CONTROL

SYSTEM -

MNA

{M DC-8) .

I

DC ynain

.!

AC bus 1 _A

DC 'main

bus A

Provides power to electronics that

drive indicators on FDAI No. 2.

Supplies (through EDA} power to

servometric potentiometers and

motors (ball) on FDAI No. 2.

Provides power tO operate the

redundant (pitch 2 and yaw 2) GI_I

meter movements.

Both FDAIs are active. •

Total GPI displays activ e,

/, •
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Location

MDC-7 (Cont)

7 B N-8

)

Name and

PositiOn

ACZ / MNB

TVC SERVO POWER Z switch

kC1/MNA

OFF

AGZ/MNB

Function

a, Supplies a-c phase A to both

(pitch and yaw) primary

servo channels in TVSA.

b,

a°

Supplies Z8-vdc power

through TVSA to both

'(pitch and yaw) primary

clutches (through normally

closed relay contacts),

'4 "' ' " .....

Supplies a-c phase A to both

(pitch and yaw) secondary "

servo channels in TVSA.

Do Supplies 28-vde power

tltrough TVSA (normally

open relay contacts)for

both secondar Y clutches°

Not wired,

S_pplies a-c'phase A to both

(pitch and yaw) secondary

s0rvo.channels in TVSA,

b° Supplies ZS-vdc power

through TVSA (normally .

open relay contacts} for both

secondary clutches,

Circuit

Breaker

STh_fiLi--r:--
ZATION/

CONTROL

SYSTE:M-

AC2

:(M DC-8)

STABILI-

ZATION/

CONTROL

SYSTEM-

MNB

(MDC-8),

S'rABILI -

z A'rlON /

CONTROL

SYSTEM -

AC1

(MDC-S)

STABILI-

ZATION/

CONTROL

SYSTEM-

M NA -

(MDC-8)

STABILI-

ZATION/

CONTROL

SYSTEM-

Ec_/
TVC-ACZ

(M DC-8)

STABILI-

ZATION/

CONTROL

SYSTEM-

MNB ,

t (M DC- 8)

l'Jo we r .

Source

---A-C-_e-_

DC main

hus B

AC bus I 0A

• DG main

bus A

AC bus Z 0A

DC main

bu s B

Remarks

O
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Location

MDC-7 (cont) '

7 B 0-7

B O- 6

B O-6

>/

Name and

Position

LOGIC POWEK Z/3

up

OFF

SIG CONDR/DRIVER BIAS PWR

PWR SUP l

AC1

OFF

ACZ

SIC CONDR/DRIVER BIAS PWR

PWR SUp Z

ACI

OFF

ACZ

Function

Enables SCS logic buses Z and 3

to MDC-1 switches.

Removes power to MDC-1

switches.

Enables analog signal con(lition-

ing power supply in EDA and

-4V No. I power supply in ItJEC.

Removes power.

Same as AC1 position.

Enables -4V No. Z power supply

and analog signal conditioning

power supply in the B.IEC.

Removes power.

Same as AC1 position.

Circuit

Breaker

.i

SCS LOGIc

.BUS

3/4 MNA

I/2 MNA

Z/3 MNA

SCS ACI

SCS AC2

SCS AC1

scs ACZ

,,. ' ,

Sourc_

AC bus I

AC bus 2

AC bus 1

AC bus 2,

Remarks

Reier to logic bus circuit breakers
for MDC-I switches that are enabled

'tom ,thi s switch,
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Location

Panel [ Area Grid

MDC-7 (Cont)

7 _Y 'P-fi

F:' :/!_

)

Name and

Po sition

DIRECT O 2 valve

OPEN (c cw)

Close (cw)

Function

Permits controlled flow of

oxygen directly into suit circuit.

Shuts off flow of oxygc n 51irectly

into suit circuit.

Circuit

Breaker , Remarks '

Valve has-a._haft rotation of i-3/4

t'_trrts•from OpEN to.close.

Permanent knob installed to provl,de

ready access.

Valve is opened in event of contam-

libation or inability of demand pres-

lJure regulator to maintain ftow_

I't may also be opened for ventilation

during descent, if necessary. In full

open position flow rate is 0.66 pound]
I minute for approximately 8 minutes.

' Normal position of valve is closed,

_JOwe r

Source

/

[

O

z _
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Location

Panel I Area Grid
I

MDC-8 '. C.

8 i A H-2

8 A H-3

.1

8 A i-2

( >

)

]

.; . • .

Name and

_o sition

STABILI ZA TION/C ONTROL
SYSTEM circuit breakers

AC 1

(2 amp - any phase}

DIRECT ULL circuit

breakers

MNA & MNB CB

(3 amp)

Function

Supplies :

a. 3-phase power to;

CircdiV--_

•Breaker

N/A

i Source

1, BMAG POWER-I switch

(ON position)
2. FDAI/GPI POWER switch

(1 and BOTH positions).
b. Phase A power to;

i. TVC SER.VO 'POWER-2

switch (ACI/MNA posltion),
2. SCS ELECTRONICS

POWER _witch (ECA.and

GDC/ECA po_ltions),
3. SIC CONDi_/DKIVI'.][{ t_iAS

PWR - PWK SUPI.
' I

Supplies ;

a. 3-phase power to:
1. BMAG POWER-2 switch

(ON position).
2. FDAI/GPI POWER switch

(2 and BOTH positions).

b. Phase A power to:
i, SCS ELECTIIONICS

POWEP_ switch (GDG/ECA

position),

2. TVC SERVe POWt']R 1

(switch AC2/MNB position},
3. SIC CONDI%/DRtVEil BIAS

PWR - PWR SUP2.

Applies 2'8 vdc, MNA and MNB,

to directullage pushhutton on
MDC-I.

Group 5
MNA & MNB

(MDC -.229)

• . , • • , ,

AC bus 1 30

4 I

• .. ".,,-

, -' ..

AC bus 2 3¢ " "" i'_

DC main bus
A&B

• • • . •

MNA to SM RGS _ngines B4 _hd D3"

when DIRECT ULLAGE depressed

MNB.t:o SM RCS engines A4 and C3

when DIFtECT ULLAGE depressed.
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Location

MDC-8 (Cost)

- - - : - 3' I
I-3 SCS CONTR/DIRECT-

circuit breakers

I MNA (10 amp)

MNB (5 amp}

1 I-4 SCS CONTR/DIRECT-2

circuit breakers

lviNA (5 amp)

MNB (10 amp)

!I . ,

[I I-'5 SCS A/C RO_NLAC:::Ultm_(|))ieakcrs

I

/ MNB (IS amp)

I I-6 SCS B/ID ROLL circuit breakers

MNA (15 amp)

V 7¸•9

Function

Supplies 28 vdc power to ROT
CONTR PWR-I switch MNA/

MNB and MNA positions.

Supplies 28 vdc power to ROT

CONTR PWR-I switch MNA/

MNB position.

Supplies 28 vde power to B.OT

CONTR PWR-2 switch MNA/

MNB position.

Supplies 28 vdc power to ROT

CONTR PWR-2 switch MNA/

MNB and MNB positions.

Supplies _8 vdc power to AUTO

RCS SELECT A/C ROLL

switches, MNA posidoas.

Same as above', except MNB

positions supplied 28 vdc.

Supplies 28 vdc power to AUTO

RCS SELECT B/D ROLL

switches, MNA positions.

'Circuit

•Breaker

...... I

Group 5

MNA

(MDC_,Z29)

Group 5

MNB

(MDC-229).

Group 5

MNA

(MDC-229)

G ro'up 5

MNB

Power

Source

DC main

bus A

DC main

bus B

DC re.sin

bus A

DC main.

bus B •

.Remarks

r''.

(MDC-229)

\

Group 4

i_,NA

(MDC-229)

Group 4

MNB

(MDC-229)

Group 2

MNA

(MDC-229)

DC' main

bus A

DG main "

bus B

DC main

bus A

• •• • . : .[

With'switches in position A, circuit

breaker supplies enabling voltage to

auto coils on A-I, C-2, C-I and

A-2, and serves no function after

CM-SM separation.

With switches in position B, circuit

breaker supplies enabling voltage to

auto cciils onA:l, C-2, C-I and

A-2, and serves no function after

CM-SM separation.

W{th switches in position A_. circuit

breaker supplies enabling vd_age to

auto coils on S M RCS B-I, D:_'2, D-l,

and B72, and when transferred to

CM RGS,auto coils II, 'J_ 21 and 22,

/
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Location

]Panel I Area I Grid

MDC-8 (C.ont)

Name and

Pa sit[on

MNB

(15 amp)

SCS PITCH circuit breakers

IvINA

(15 amp)

MNB

(15 amp)

SCS YAW circuit breakers

MNA

(15 amp)

MNB

( 15 amp)

Function

Same as MNA, except MNB

positions supplied Z8 vdc

Supplies Z8 vdc power to AUTO

RCS SELECT PITCH switches,

MNA positions.

Same as above, except MNB

positions supplied 28 vdc.

Supplies Z8 vdc power to AUTO

RCS SELECT YAW.switches,

MNA positions,

Same as above, except MNB

positions supplied Z8 vdc.

Breaker

Group Z

MNB

• (MDC-ZZg)

Group 1

MNA

(MDC -ZZ9)

Group 1

MNB

(MDC-229)

Group 3

MNA

(MDC-ZZ9)

Group 3 ...
MNB

(MDC-229)

Source

DCmain

bus B

DC. mai'n

bus A

DC main

bus B

DC main

bus A

DC main

bus B

.............. Remarks

-With switches in position B, circuit

breaker supplies enabling voltage to

auto coils on SM RCS B-l) D-Z1 D-I

and B-Z, and when transferred to

CM RCS,. auto coils II, IZ, Zi and

.ZZ.

With switches in position A, circuit

b.r.eaker supplies enabling voltage to

auto coils on C-3, A-4, A-3 and C-_,

and when tr.ans.fcrred to CM RCS,,

auto coils'. 13, 23, 14 and Z4, '

With.switches in position B, circuit

breaker supplies enabling voltage to

auto 9oils on.C-3, A-4, A-3 and C-4,

and when transferred to CM RCS,. :.

auto coils 13, 23, 14 and Z4. "

.With switches in position A, •circuit -

breaker supplies enabling voltage to

auto coils on D-3, B-4, B-3 and D-4_

and when .transferred to CM Rcs/

'auto coils 15, 25, 16 and 26.

With switches in positio n B, circuit "

breaker supplies enabling voltage to

auto coils on D-3, I_-4, B-3 and D_4,

and when transferred to CM RCS,

auto coils 15, 25, 16 and Z6.
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Location

PanellArea [ Grid

MDC-8 (Cont)

8 J_,3

B [-2.

B , H-I

B I J-Z'

)
.!

Name and

Position

SCS CONTR/AUTO circuit

breakers

MNA

(5 amp)

MNB

(5 anJp)

SCS-ECA/TVC.AC' 2

circuit breaker

(2 amp)

-SCS-TVC circuit breaker

AC 1

(Z amp) _'

ORDEAL circuit breakers

AC2 (Z amp)

MNB (5 amp)

Function

a, Supplies Z8 vdc power to ROT

CONTR PWR NORMAL _1 h

2 switches, AC/DC pos{tions.

b. Supplies 28vdc power to

TRANS CONTR PWR switch,

ON position.

c, Supplies Z8 vdc power to SECS

A for auto RCS driver enable

pQwer.

a. Same as above.

b. San_e as above.

c. San]e as above, except SECS

}3 supplied 28 vdc.

Supplies phase A to:

a, SCS ELECTRONICS POWER

switch (ECA and GDCTECA

positions).

b, TVC S]_]I_VO POWER-Z

switch (ACZ/MNB position).

SuppIies a- c phase A powe.r to

TVC SERVO POWE]_.-I switch

(ACI/MNA position).

Enabling voltages for ORDEAL

operation,

Circuit

}3reaker

Group 1

MNA

(MDC-Z29)

Group 1

M.NB

(MDC-229)

N/A

Power

Source

,DC main

bus A

DC main

bus B

AC bus Z CA'

N/A ( ac bus t CA

DC main

bus B

AC bus Z

Remarks

/
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Location

PanellArea I Grid

Iv!DC- 8 (Con[),

8 J-4

Name and

Po sition

SCS LOGIC BUS circuit

breakers

MNA I/Z CB'

(3 amp)

MNA 3/4 CB

(3 amp)

MNB 1/4 GB

(3 amp)

MNB 2/3 CB

(3 amp)

.Function

Supplies 28 vdc, MNA_ to SCS

logic bus I and logic bus 2

through the SCS LOGIC PWR 2/3

switch

c ircuqF--
Breaker

, , ,j .............. ,

I

1

Supplies 28 vdc_ MNA, to SCS

logic b,us 4 and logic bus 3

through the SCS LOGIC PWR 2/3

switch.

Supplies 28 vdc, MNB, to SCS

logic bus 1 and 4.

Supplies 28 vdc, MNB, t:o SCS

logl.c bus 2 and 3 through the

SCS LOGIC PWR.2/3 switch.

....... Po ,,ve_,v._....

Source

DC main '

bus A '

DC main

bus B

• • • J

Remarks

The respective logic buses suppIy the

following switches: - .: -

SCS LOGIC BUS NO, 1

SW NAME . " •

.CIVIC ATT ..

(IM0) , "

MANUAL ATT-

i,O L (MI IMP
MANUA L ATT-

PITCH ACCEL

MANUAL ATT- " CMD)

yAW a " '

(o_F) i. i
ATT .DEADBAND " -}, :

• (MIN) ......

RATE (HIGH) .

BMAG MODE -

ROLL (RATE 1) .'/.

BMAG MODE- " .

• PITCH (RATE 1)

BMAG MODE - . .

YAW (RATE 1)

DIRECT- ULLAGE

(LoGIc FUNCTION) / "

THRUST ON

' TVC G'lV_'BL DRIVE

PITC_-I (AUTO)

TVC GM'BL :DRIVE -

YAW (AUTO)

.@ • .

'i<

" .( :; d"

"•j

>
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Location

Paaec[Area [ Grid

- (Con_)r 5 '

D __
SCS LOGIC BUS (Cent)

Circuit

Breaker

)
.:: :' :.Ji

Funct}.on

. . ., ,

power

Source Remarks

SCS LOGIC BUS NO._ 2

SW NAME

FDAI SCALE (5- 5)

FDA[ SOURCE (CMC)- • '

ATT SET (IMU)

SO CONTROL (CMC)

BMAG MODE - ROLL

(ATT I/R#fTE g & RATE 2)

ENTRY .05g (.OFF}

C LOC K.WISE SWITCH

SCS LOGIC BUS NO. 3

SW NAME

FDAI SELECT (I &2)

FDAI SOURCE (ATT SET & GDc)

SC CONTI[OL (SOS)

- BMAG MODE'- PITCH (ATT 1/

RATE Z & .RATE Z)

BMAG MODE - YAW (ATT I/

RATE 2 & RATE Z)

TVC.GMBL DRIVE -,'PITCH (Z)

TVC GMBL DR.IVE-YAW (2) _.

SCS TVC - PITCH

SCS TVC -YAW

AVCG-(CSM & LM)

SCS LOGIC BUS NO. 4

SW NAME.

CMC ATT (IMU)

FDAI SCALE (50/15-'50/I0)

FDAI SELECT (BOTH)

A'rT SET (GDC)

.GDC ALIGN

ENTRY EMS ROLL (ON}

'ENTI{Y .05g (ON)

" (AUTO,

RATE .

. CMD &

ACCEL '

CMD)

,r

N _

r_ N
0
0



[2 ......

I Name and

PositiOn

SCS SYSTEM circuit breaker

MNA -(I5 amp)

MNB (15 amp)

EDS-I, 2, 3 circuit breakers

BAT A (5 amp)

BAT C (5 amp)

Function

B_T B (5 amp)

Supplies Z8 vdc to:

a,

b.

C,

d,

BMAG POWER-i switch

(WARMUP and ON posi_ions).
SCS ELECTRONICS POWER

switch (ECA and GDC/ECA

positions).

FDAI/GPi .POWER switch

(1 and BOTH positions}.
TVC SERVO POWER-i and

-2 switches (ACI/MNA

position),

a. BMAG POWER -2 switch

(WARMUP and ON positions).
b, SCS IP_LECTI.kON[GS POWER

switch (ECA and GDC

positions),

'i c..F'DAI/Gp[ power switch (2 and
BOTH positions),

d, TVG SERVO POWER -1 and

-2 switches (AGZ/MNB

positions).

Applies d-c power _from battery
bus A to EDS POWER switch

(MDC-7).

Applies d-c power from entry

battery C to EDS POWER switch
(MDC-7).

Applies d-c power from battery
bus B to EDS POWER switch

(MDC-7).

Circuit ......

Breaker "

/.

EPS BAT

_us
.(RHEB-229)

BAT C

BAT CHGI{/

EDS

(i{I.IE B-Z 50)

EPS BAT

BUS B

(RHEB-Z29)

Source

.b?

•DC main 1

bus A

DC main

bus g

Battery bus A!

i

Battery bus C:

Battery bus B

Remarks



-=--- --_" --Z2

UZ=_-7_--

7"7"'-"_sT-:=

)

b_
01

f3

t_

g

g,
,,D

Ila

0_

g

pa

f_

t'o

g

)

Location
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MDC-fl (Cont)

8 L-4

8 K-

Name and

Positioa

ELS-A_ B circuit breakers

BAT A (I0 amp)

BAT B (10 amp)

REACTION CONTROL SYSTEM

circuit breakers

RCS LOGIC

MNA (15 amp)

MNB (15 amp)

FunctLon

Applie_ d-c powerfrom battery

bus A to the following:

a, APEX COVER 3ETT switch

.(MDC-I),

b, DROGUE DEPLOY switch

(MDC- 1),

c. MAIN DEPLOY switch

(MDC- I).

Applies d-c power from battery

bus B to the following:

a, APEX COVER JETT switch

(MDC-I}.

b. DROGUE DEPLOY switcl_

(MDC- I),

e. MAIN DEPLOY switch "

{MDC-I),

Applies power from d-c main

bus A to _l_e following:

a. RCS TRNFR switch (MDG*Z).

b. CM RCS LOGIC switch

(MDC-I),
c, CM RCS HTRS switch

d. CM RCS He DUMP pushbutLon

on MDC- 1.

Applies power from d-c main

bus B to the following;

a. KCS TRNFIL switch (MDG-Z),

b. CM tICS LOGIC switch

(MDC- l).

c. CM RCS HTRS switch

(RHFEB).

d. CM RCS He DUMP pushbutton

on. MDC - I.

• ' , , . . •

" Circuit Power

Breaker Source "-

_ i . _

I

EPS BAT Battery bus A

BUS A

(RH EB-" 229)

! -

EPS BAT Battery bus B. .'
BUS B

(RHEB-229) -,

Group 5 DC main

MNA bus A

(MDC-229)

Group 5

MNB

(MDC-ZZ9)

+Z8 vdc

DC main

bus B

Remarks

' .' i

. . .. .

• . It J ,

• ,- L .. •,

Thermal, push-pull manual reset- .

type circuit •breakers with the

amperage rating of.each denoted by a

white placard,

. . , : ,•
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Location

_ane Area Grid

MDC-8 (Cent)

8 C K-3

C K-4

C K-3

C K-4

C K-2

. "!_!i_i_

Name and

Pc sition

SM HEATERS circuit

breakers

A MNB (7.5 amp)

B MNA (7.5 .amp)

C MNB (7,5 amp)

D MNA (7,5 amp)

CM HEATERS circuiL breakers

I-MNA (Z0 amp)

:_"unction

Applies power fron] d-c rnatn

bus B to the following:

a. SM P.CS HEATEKS s.witch,

quad A.

b SM RCS QUAD A & C heliunc

and propellant isolation valve

indicators .and CM RCS

system 2 propellant position

indicator and CM RCS SYS 2

propellant isolation valves on

a 0 _o T T 42 Second abort."

Applies power from d-c n_ain bus

A to the following:

a, SM RCS HEATERS switch,

quad B.

h. Slvl RCS QUAD A _ C helium

and propellant isolation valve

indicators and Cl_i I_.CS

systeIrI I propellant position

indicator and Clvi I{CS SYS I

propellant isolation valves on

a 0 _o T _ 4;' second anor_.

Applies power frozn d-c main

bus B co quad G tlEA'I'Ei/, switch.

Applies power from d-c main

bus A to quad D Hf'-;ATI;:-R switch,

Sup|?liea 28 vdc _o 12 CM RCS [

engine direct coils for CM KCS

heating.

EPS Group 3

MNB

(lvl DC-ZZ9)

, , , ,

Source

128 vdc

DC main

on_ n

EPSGroup 3 DG main

ivINA bus A

(MDG-Z29)

EPS Group 1

MNB

{MDG-2291

EPS Group 1

MNA

(MDC-229)

DG main

bus B

DC main

bus A

DC main

bus A

EPS Group 5

MNA

(ivlDC-229)

--_ ................... Remarks

Thermal push-pull manual reset-type

circuit breakers with _he amperage

rating of each denoted by a white

_laca_d

Provides power to 12 CM RGS'engines

system A providing GM RCS HTRS

switch placed to ON, on ._MDG-101,

GM RCS LOGIC s'witch _iaced tO

LOGIC on MDC-I and RCS LOGIG

breaker A on MDG-8 is in,

"' O

Z O
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Location

( K-2

E ( ( K_25

I

E I C K- I

B I [ L-4

I
9 I [ L-3

I

I [ L-3,

I

Name and

Position _

2-MNB (2_ amp)

PRPLNT ISOL group
circuit breakers

MNA (10 amp)

MNB (10 amp,) .

SPS circuit breakers

GA UGING

ACt (2 amp)

'AC_ (2 amp)

]?unction

Supplies 28 vdc to t2 CM EtCS 2

engine direct coils for CM ILCS

heating, '

t

Applies power from d-c main bus

A to the following:
a. SM RCS switch', for quads B

and D HELIUM 1, HELIUM 2,
PROPELLANT and SECOND-

ARY PROPELI..ANT FUEL

PRESS.

b, CM RCS-I PROPELLANT

switch.

Applies power from d-c main

bus B to the following;

a. SM RCS switches for quads A

and C HELIUM I, IIELIUIv[ 2,

PROPELLANT and SECOND-

ARY PROPELLANT FUEL

PRESS

b. CM RCS-2 PROPEI.LANT

switch.

Applies power from a-c bus No. 1
toACl of SPS GAUGING switch

(MDG-4).

Applies power from a-c bus No, 2
to AG2 of SPS GAUGING switch

(MDC -4).

Circuit

Breaker

Power

Source •.. Remarks

.......... ______ _

EPSGroup 5 DC main
MNB bus B

(MDC-229)

EPSGroup 1 DC main,
MNA bus A

(MDC-Z29)

EPSGroup 1 DC main
MN B bus B

(MDC-Z29) '

•Provides power to IZ CM RCS englne_

system 2 providing GM RCS HTRS

switch placed to ON, onMDC-101,

CM RCS LOGIC switch placed to GM'
RCS LOGIC on MDC- l-and B.CS

LOGIC breaker B on MDG-8 is in,

N/A

.Thermal, pushpull manual reset-type

circuit breakers with the amperage

ra'ting of each denoted by a:.iwhite
flacard.

ACbus 10C

e

AC bus 2 _C

.;y,

O
O t_

oZ '0 .

_ _ o

0
0
N'
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U
MDC-8 (Cont)

8 D L-2

8 D L-3

8 D L-5

8 D ;L-6

8 D L-6

8 D L-4

,, i

Name and

PO sition

MNA (3 amp)

MNB (3 amp)

PITCH

I - BAT A (15 amp)

2 - BAT 13 (15 amp)

YAW

1 -BAT A (15 amp)

2 - BAT B (15 amp)

He VALVE

MNA (7,5 amp)

Function

%

-i. •

Applies d-c power to the following

propellant utilization and gauging

subsystem control unit circuits:

a. Self-test.

b, Primary power supply only

when SPS engine ignition

driver relay is energized.

Applies d-c power Lo propellant

utilization and gauging subsystem

control unit when SPS engine

ignition driver relay i_ energized

Applies power from battsry bus

A to SIPS GIMBAL MOTOKS-

PITGH 1 switch (ivtDC-l),

Applies.power from battery bus

B to SPS GIMBAL MOTOI%S-

PITCH 2 switch (MDC-i).

Applies power from baetery bus

A to SPS GIMBAL MOTORS-

YAW 1 switch (MDC-i),

circuit ......

l_reaker

Group 4

MNA

(MDC-Z39)

Group 4

MNB

(MDC-ZZ9)

EPS BAT

BUS A

(MDC-229)

EPS BAT

BUS B

(NIDC-ZZ9)

Applies power from.battery bus

B to SPS GIIvlBAL MOTOKS.

YAW 2 switch (MDC-I).

Applies d-c power to the

following:

a. 1 SPS HELIUM switch

(MDC-3).

b. _V THR, UST-NOKNIAL-A

switch for injector pre-¥alve

A.

c. I SPS HELIUM talkback

indicator.

EPS BAT

BUS A

(MDC-229)

EPS BAT

BUS B

(MDC-229)

Gr oup.'4

MNA

Source

DC main

bus A

DC main

bus B

Battery bus

A

•Battery bus

B

, Battery bus

A

Battery bus

B

DC main

bus A

'Remark_

.......... ,_..: .......

0

o

Z
u
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0
0
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Location

Name and Circuit Power

'Pane]fArce I Grid Position

MDC-8 (Cont)

L-4 MNB (7,5 amp)

L-6 PILOT VLVS

A-MNA (10 amp)

L-7 B-MNB (10 amp)

M-5 PL VENT circuit breaker

'FLT/PL (5 amp)

FLOAT BAG circuit breakers

] L-8 I-BAT A (5 _mp)

] L-9 Z-BAT B (5 amp)

] L-9 . 3-FLT/PL (5 amp)

i'

Function

Applies d-c power to the

following :

a, 2 SPS HELIUM switch

(MDC-3),

b. _V THRUST-NOI_MAL-B

switch for injector pre-valve

B.

c. 2 SPS HELIUM talkhaek

indicator,

Supplies 28 vdc to AV TIIRUST

NORMAL switch A, Supplies

28 vdc Lo FCSM SPS A switch

which is positioned and locked to"

RI£SET/OVEI(I_IDE position,

Supplies 28 vdc to AV THRUST

NORMAL switch B. Supplies

28 vdc to FCSM SPS B _witch

which is positioned and locked tO

RESET/OVERRIDE position.

Protects circuit wiring to post-

lauding vent valves No. I and 2,

and PLV BLOWER.

Breaker

Group 4

MNB

Source

Group 5

MNA

(MDC-229)

Group 5
ivIN B

(MDG-Z29)

DG main

bus B

Remarks

DG main

bus A

N/A

Applies d-_ power from ba_: bus A EPS BAT

to float bag control valve No. 1. BUS-A

(Panel 229)

Applies d-e power from bat bus B EPS BAT

to float bag control valve No. 2. BUS-B

(Panel 229)

Applies d-c power from flight and

postlanding bus to float bag con-

trol valve No, 3.

DC main

bus B •

Fiight&

postianding

bus '

_V THRUST NORMAL switch placed

to.A, power provided to SPS A bank

thrust on-off logic, SPS relays, and

so[eno!d control valves.

AV THRUST NOI_MAL switch placed

to.B, power provided to SPS B bank

thrust 6n_off logic, SPS relays, and

solenoid control valves.

m
0

Z O

m

m bJ

,o

B_tt_rr
bus A

Battery

bus B

Flight &

pos tlanding

bUS

A ¸
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MDC-8 {Cont'__)

[ 8 H K-8

8 H K-9

8 H K-9

o

8 1l J-7

Name and

Position

FLOAT BAG switches

IL

FILL

OFF

VENT

21%

FILL

Function

Starts two compressors which

inflate bag No, I.

Neutral (off) position.

Disconnects 28 vdc from the tWO

cornpressors and opens vent line

to flotation hag No. I,

Starts two compressors which

inflate flotation bag No, Z.

Neutral (off) position.

Disconnects 28 vdc from' £1_e two

compressors and opens vent line

to t:lotation bag No, 2,

OFF

VENT

3 CTR

FILL

OF F

VENT

FLOOD lights switches

DIM

DIM l

Starts tWO compressors which

in£1ate flotation bag No, 3.

Neutral (off) position.

Disconnects 28vdc from the two

conapressors and opens vent line

to flotation bag No. 3.

Applies rheostat control to pri-

mary floodlights and on-off

control to secondary floodlights,

- CFFcxrtt----_

Breaker
o er "

SOurce _ ................ Remarks

Batte,ry Lever lock-type switch.

bus A . .

° ' Flotation bag No, I is located on -Y "

- axis in'forward compartment of CM.

• . ,S01enoid valve in "seal" mode. ' '

" Switch must r'emain in VENT

' position during launch and thr0flghout
: flight. ' -

13artery Lever lock-type switch. . •

bus B

• , : , Flotation bag No. ,2 is located on.. _he

+Y axis in the forward compartment

of the CM,

•Solenoid valve in "3eel" mode.

SwitCh must remain in _VENT pQsition

during launch and throughout flight.

Lever lock-type switch.

Flotation bag No. 3 is located on +Z

axis in forward compartment of CM.

Solenoid valve in "seal" mode,

Switch must remain inVENT position

during launch and throughout _Iight)

Provides cre w capability of shifting"

primary or secondary lamps to

variable FLOOD light switch.

FLOAT

BAG 1

BAT A

(MUG-8}

FLOAT

BAG Z

BAT B

(MDC -8)

FLOAT

BAG 3

FI.T/PL

(MDC -8)

LIGHTING

FLOOD

MNA and

MNB

RHEB-226)

Flight &

postlanding

]}us

DC main

buses A & B

0

z o

o
0

N

u_ t_
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Location

MDC-8 (Con_)

8 H' ,. J-7

i

8 H J-7
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8 H 1-11
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Name and

Po sition

D_MZ

FIXED

FIXED

OFt'

POST LDG

INTERIOR LIGHTS switches

INTEGRAL rheostat '

OFF

BRT

I;'unct[on

Applies rheostat control to see-

9ndary floodlights at_cl an-off

control to p_'trnary f_oodtights.

Turns on lamps not controlled by

rheostat.

Removes power.

Connects pos_landing Ims to "

commander*s lights

Removes power from cam:

mander's MDG-I, 7, 8, 9, and
left part of pa.nel 2,

Integral rheostat SC 103 & subs.

Removes power from com-

mander's MDC-I, 7, 8, 9, 15,

and le_t part of panel 2 (SC i03 &

subs).

Bright indicates maximum

brightness has been reached,

Ch'cuit
13 r e aker

Power

'_aurce

LIGHTING DC _a in

FLOOD buses A h B.

MNA and

MNB •

(RHEB-Z26)

LIGH'IqNG. DC l_lain

FI.OOD

MNB and

FI.T/PL bus

(RHEB-226)

LIGHTING

NUMERICS/

INTEGRAL

L MDC-AC-I

(R,/-IEB- 226)

bun, B & FKght

& postianding

AC bus 1 CA

%

Remarks

:.

,. '/".

• • • . j _.

On-off control of floodlights not on -

rheostat control.

Secondary when DIM switch.ls on 11

primary wh'en DIM switch is On 2,

Illuminates lamps located on LH ,

couch'arm and LH inner maid line.

(3

0

t_

U

_q

Integral lighting'system controls EL .

lamps behind nomenclature of

applicable panels,

Meghanical stop prevents positioniflg

switch to.OF'F. Control exercised by

use of circuit • breakers. :,

.i
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MDC-8 (Con0" ,"

8 H 1-10

8 H I-8

i

8 I
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Name and

Po sition

FLOOD rheostat

OFF

BRT

NUMERICS rheostat

OFF

BaT

K-10 SEQ EVENTS CONTROL

SYSTEM

LOGIC switches

Switches I and 2

Function

Re.n%oves power from com-

mand0rJs rheostat controlled

/loodlights.

Indicates maxln_um floodlight

brightness has been reached.

Removes power from numerals

in MDC-DSKY; EMS range and

delta V, and MDC mission timer

indicates maximum brightness

has been reached,

LOGIC

OFF

., • t

Either switch energizes relays in

both MESC which perform the

following:

a, Connects battery bus A to the

MESC Alogic bus A,

b. Connects 'battery bus B tO the

MESC B logic bus B. .

P.ernovcs battery voltage from

MESC logic buses A and B.

Circuit .......

Breaker

LIGHTING

FLOOD

MNA

(RH _13-_-26)

LIG HTING

NUMERICS/

INTEGILAL

L MDC-ACol

(RHEB-226

SEQ -

EVENTS

CONT SYS

A ARM B

BAT A and

BAT B

(MDC-8)

Source

Primary when DIM switch is on !;

secondary when'DIM sW-i-t'ch is on 2.

•DC main

bus A

AC bus I

Battery

buses A & B

Remarks

Numerics lighting system controls

numerics or flashing numbers on

DSKYS, EMS, and timers,

Mechanical stop prevents posi_loning

switch to OFF. Control exercised by

use of circuit breakers.

Lever lock-type switches.

i
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MDC-8 (Cent)
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Name and

Po sition

PYRO ARM switches

Switch A

PYRO ARM

SAFE

Switch B

PYRe ARM

SA FE

Function

Encrgiz.es motor switches in the

LDEC which perform .the

following:

a.. C.onnects pyre battery A to the

MESG pyre bus A.

b, Connects pyre battery A to the

RCSC pyre bus A.

c, Connects py-ro battery A LO the

ELSC pyre.bus A,

d. Connects pyre battery A to the

LDEC pyro bus A.

e. Connects pyro batLery A to

S-[VB/LM SEP PYRe A

eh'cuit breaker on RHiqB

panel 278.

f, Connects pyre battery A to

MAIN I(ELEASE I_YII.O A

circuit breaker, (RHEB-329)

Removes pyre battery power from

system A pyro buses,

a. Connects pyre battery I3 to the

MESC pyre bus B.

b. Connects pyre battery B Io the

RCSC pyre bus B.

c, Connects pyre bat_e'ry 13 t,_ _l_e

ELSC pyre bus i3,

d, Connects pyre battery B to Lhe

LDEC pyre bus 13,

e. Connects pyre battery B to

S-iVI3/LM SEP PYI/.O B

circuit breaker on RHEB

panel _78.

f, Connect.s pyre battery B to

MAIN II.Ii2LEASE PYP.O B

circuit breaker, (RHEB-ZZ9)

Removes pyro battery power from

system B pyre buses, "

Circuit
Breaker

SEe

EVENTS

CeNT SYS

ARM B ]

(MDC,8)

, , , . , ,

PoWer

Source • iRemarks

! " "

• Battery " Lever lock*type s_itches. -.

buses A & B '-_ ....... "

Lock and guard assembly is plac_d "

over switches in SAFE position prior

to pyrotechnic device hookup to pre-

vent inadve_-.ten_ arming ofpyro buses.

Lock and guard assemblymust be"

unlocked.with key prior to hatch

closeout and removed from CM '

du_qng launch countdown,. "

. • . . . ' ,

. . • . .

/.

.. • ...
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.MDC_S (Cost) %
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Name and

Position

SEQ E_VENTS CONT SYS

circuit breakers

ARM-A, B

BAT A (5 amp)

BAT B (5 amp)

C_

d.

e,

f.

g.

h.

I,

J.

Function

Applie's dic power from battery

bus A to the following switches:

a. SEQ EVENTS CONT SYS-

LOGIC switches 1 and 2

(MDC-8)

b. SEQ EVENTS CONT SYS-

PYi(O ARM sw.itches A and B

(MDC-B)

LES MOTOR FIRE switch

(MDC-I)

CANARD DEPLOY _witch

(MDC- 1)

CSM/LV SEP _wi_ch

(MDC-1)
CM RCS PRESS _witch

(MDC-2)

R CS- CMD/ON/OF]_" switch

(MDC-Z)
CM-SM SEP switches I and 2

(MDC-9)

CSM/LM IZ[NAL SF]P

switches l and 2 (MDC-2)

SIVB/LM SEP switch

(MDC-2)

Applies d-c power from battery.

bus B to the fol.towing switches;

a. SEQ EVENTS CONTB.OL

SYSTEM-LOGIC swltchen I

and 2 (MDC-8)

b. SEQ EVENTS CONT SYS-

PYRO ARM switches A and B

(MDG-8)

' Circuit-- ------l_owe_* .......

Breaker Source

EPS BAT'

BUS A

RHEB-229

EPS BAT

BUS B

RHEB-229

Battery bus A

Batl;ery bus B

Remarks

•. :_
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Location

Pane] [ Ai'ea I _rid

MDC-8 (Cont)

8 L-II

3 l / L-10

!

Name and

Position

LOGIC-A, B

BAT A (15 amp)

Function

c, LES MOTOR FIRE switch

(MDC- 1).

d. CANARD DEPLOY switch

.(MDC- i).

e, CSM/LV SEP switch {MDC-I).

f, CM RCS PRESS switch

(MDC-Z).

g. RCS-CMD/ON/OFF switch

(MDC-2),

h..CM/SM SEP switches 1 and Z

(MDC-9).

i. CSM/LM FINAL SEP

switches l.and _ (MDC-2).

j: SIVB/LM SEP swt_ch

(MDC-Z).

.a. Applies d-c power from

battery bus A to the logic A

bus in the master event

sequence eontroll.er when the

SEQ EVENTS CONTROL

SYSTEM _,witches I or 2

(MDC/8) are in the LOGIC

position. The logic bus in

turn provides power to the

ABORT SYSTEM-- TWK

JETT switches I and 2 and,

during LES abor_s, to the

ABORT SYSTEM--PI_PLNT

DUMP s witch.

b, Arm_ the abort switch in

commander'_ tranMation hand

'control,

c, Provides most of the power to

the LES and SPS abort

circuitry.

Circuit

Breaker

EPS BAT

BUS B

RHEB-22 9

EPS BAT

BUS A

(RHEB-229)

Power

. Sourco

Battery bu" A '

I

I

Battery bu_ A

Remarks .

. i , .

, , . • • .
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Name and

Position

BAT B (15 amp)

AUTO RCS SELECT switches

A/C ROLL-A I

MNA

OFF

MNB

Function

, J

a, Applies d-c pewee from bat-

tery bus B to logic B bus in

master event sequence con-

troller when SJ_.]Q _:VEN'I'S

CONTROL SYSTEM- LOGIC

switches l or 2 (IvIDC-8) are

in LOGIC position, Logic

bus in turn provides power to

ABORT S YSTENI--'FWR

5ETT switches I and 2, and

during LES aborts, p_'ovides

power to ABORT SYSTEM-

PKPLNT DUlvIP switch.

b. Arms abort switch in com-

manderls translation hand

control.

c. Provides most of power for

LES and SPS abort circui.trg,

Applies 28 vdc, MNA, to RCS

auto coils.

Applies 28 vdc , MNA, to enable

solenoid drlver_

Renaoves 28 vdc from attto coils

and solenoid dr.ivers,

Same as precedi.ng except MNB

to auto coils,

Cl, A2, C2

Same as preceding except MNB

to solenoid drivers.

Same as preceding,

Circuit .....

.Breaker

EPS BAT

BUS B

( RHEB- 229)

STAB CONT

SYSTEM A/C,

ROLL MNA

(MDC-8)

STAB CONT

S YS TI,2M

CONTP,/

AUTO MNA

(MDC_8)

STAB C ONT

SYSTEM

A/C RO'LL

MNB

(MDC -8)

STAB CONT

SYSTEM

C O N TR / •

AUTO MNB

(MDC-8)

_ Power

Battery bus B

Remarks

DC main

bus A

' • [i ,

' , :"

' ' • ' alpha nmnerics at top of.each switch

are SM engine numbers, Alpha..

. numerics below each switch represent

: first transl_tional capability.that may

:.i be obtained from each engine and

second! y numbers of engines on CM,

AIIA/C ROLL switche s serve an
• function after CSM separation,

DC main

bus B

:i4 • e .
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> >-

W _d
o_

> I
o_ 00

O

" L



)pj ) ....

t"

,_u;.2_ _ _

t_

f_

Location

Panel.[Area [ Grid

MDC-8 (Cont)

8 J ]H-6
IH. 7

8 J H-8

H-9

8 l H-10

H-ll

8 K K-6
i

' i

8 K K-7

8 L K-7

[:........._i!i

Name and

Po sition

B/D ROLL

B1, D1, B2, D2

PITCH

A3, C3, A4, C4

YAW

B3, D3, B4, D4

EMS circuit breakers

MNA

. (5 amp)

MNB

' (5 amp)

DOCK PROBE circuit

breakers

MNA (10 amp)

MNB (10 amp)

Function

Same as preceding except B/D

ROLL circuit breakers are

utilized.

Same £s preceding except PITCH

circuit breakers are utilized.

I

Circuit

Breaker

STAB C ONT

S yS TEM

B/D KOLI.

MNA and

MNB

(MDC-8)

STAB CON]?

S?STEM
PITCH

MNA and

MNB

(MDC..;-8)

I

STAB CONT

SYSTEM

YAW

MNA and

MNB

MDC-8)

EPS Group 3

MNA

(Panel 229)

EPS Gt:dup 3

MNB

(Panel 229)

DOC K

PROBE

MNA & MNB

Panel 8)

Same a.s preceding except YAW

circuit breakers ar_ utilized,'

Provides d-c power to EMS from

MNA and circuit protection for

EMS,

Provides d-c pOWer to'EMS from

MNB and circuit protection for

I_AMS.

laower to operate systems A.& B

capture latch motors, TBI and

t elT_p TLM,

Power

Source

DC main

buz.es A h B

; )

DE main

bus A .

De' main

bus B

DC main

buse_ A & 'B

Remarks

--...

A_so _up_iio, powor_oSvS rHR0SV,
ON light on EMS MDC_I, " .'

/
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Location

_ano_I.roe
MDC-9

9 A

9 'A

i

9 A

()

/" Name and

Grid Position

)

B-13 INTERCOM switch

T/it

OFF

RCV

VOLUME thumbwheel

B-I1 PAD C.OMM switch

TIR

OFF

RCV

VOLUME thumbwhed'

A-13 MASTER. VOLUME dmmbwheel

Function

Enables, by circuit closure,

headset to receive and transmit

over intercom systenl.

Selects no mode.

Enables, by circuit c[ouure,

headset to receive (only) output

of intercom sysgem.

Thurnbwheel-tgpe control, which

ope.rates a 500-k potentiometer,

is provided to adjust audio level

frol_l in£et*con'l bus tO earphone

amplifie r.

I t I

N/A

Circuit

t3 r e ak_ii'_'_

Enables, by circuit clo_ure, N/A

headset to receive and transmit

over hardiine intereolltlll to

launch operations.

Selects no modes.

Enables_ by circuit closure,

headset to receive (onIF)output

of hardlhm intercomm from

launch operations.

Thmnbwheel-tgpe control, wMch

operates a 500-1( potenth)meter,

_s provided to adjust attdlo level

from hardlin_ [ntereomm to

earphone amptifie r.

Thumbwheel-tgpe control, which N/A

operate_ a 2.5-k poten_iometerj

is pt'ovided to adjusk audio level

from earphone amplifier to

earphone,

Powo.t;--_

Audio center.

equipment

j •"

f
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/
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Location
" Name and

Panell'Area I G'rid Position

MDC-9 (Cent)

i_4-l 2 MODE switch

IN'TERCOM/PTT

PTT

VOX

VOX SENS thumbwheel

{' 1

i
' , C-ll i S BAND switch

T/R

OFF

RVC "

VOLUME thumbwheel

Circuit

Function Breaker

' VHF/CREW

• . s TA TIO N
Applies power to audxo center IAUDIO R.
module, and provides hot mike IFIaT/POST

operation and vex operation for ]LDG BUS

interconl and PTT operation for i(MDC-225)

[_.F .transnlls sion. l

l

to audio center iApplies power
*nodule and enables PTT opera-

]

glen for intercom and RI;' !

transmis sion. I

i

Appiies power to audio center i

module, and provides vex 0peFa- i

tier* for both intercon and I_.F ]

transmission, i

i
Thumbwhcel-type eontrot, which !

operates a 25-k potentiometer, i

is provided to adjust sensitivity i

of voicc-operated rdlay in attdio
center module,

Enables, by circuit closurs, N/A
he_.dset to receive a'nd.transmit

over S-band equipment operating

in VOICE mode.

Select_ no mode, '

Enables, by circuit closure, the

headset to receive (only) output '

of S-band equipment operating in
VOICE mode,

Thumbwheel-type control, which

operates a 500-k potentlometer,

is provided to adjust S-band

'receiver audio level to earphone

amplifier.

Power

Source ', Remarks

Flight and ......_

pea tlandlng .......

bus

. " , ,.

• " i [ . • : i /[.. -

Audio center VOICE mode includes not onlF VOICE

equipment or RELAY mode post*ions, but als0
• VOICE BU positions of S BAND AUX

and UP TLM sections, all with their

attendant limitations,

• r-- .

............ • ii

• ,._ '.
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z c
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'Location

Panel[Area[Grid

MDC-9 (Cent)-

9 A D-13

I

Name and

Position

VHF AN[ switch '

)

Function

i

Circuit
Breaker

N/A

• Power "
Source

Audio center

equipment

Remarks
$ •

-...

_•:!(;

9 A A-14

T/B.

OFF

'RCV

VOLUME thumbwheel

POWER switch

Enables, by circuit closures,
headset to receive and transmit

over VHF-AM eqnlpmen_.

Selects no n_odes.

Enables, by circ'u[t closure,

headset to receive (only) output

of VHF-Ak4 receiver.

Thumbwheel-type control, which

operates a 500-k potentiolnete'r,

is provided to 'adjust audio level

lyon! VHF-AM receiver to ear-

phone amplifier,

q

AUDIO/TONE

OFF

AUDIO

Provides primary power [o audio

center *nodule and enables audible

crew alarm signal to be heard at
this astronaut station.

Removes all power to audio
center module and disabtes
audible crew alarm for this

astronaut station.

Provides primary power to

audio center module but leaves
audible crew alarm circuit

disabled at this station.

VHF/CREW

STATION
AUDIO R

F L,,_,f/ POST
LDG _B US
(MDC-ZZ5)

Fligh_ and

postlanding •
bu_ .-"
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Location

' . moPanel tea ri Position

M pC:9 ' (Cent)

9 A E_.I1 SUIT switch

9 A E-10

9 A E-12

i
i

POWER

OFF

AUDIO CONTROL switch

NORM.

BACKUP

VHF RNG (ranging) switch

RESET

NORM

}

]function

Circuit
Breaker

Applies power to the h, ft and

right rnicrophone preamplifier

in h'eadset and biomed pre-.

amplifier in suit associated with

audio control panel No, 9.

Ren{oves power h'om left.and

right microphone preamplifiers

in h_adset and biomed pre-

amplifier in suit associated with

audio control panel No, 9.

Routes CMDR's audio signals

through audio control panel

No. 9 and associated audio

r_{odule.

Routes CMDR_s audio signals

through control panel No, 6
and associated audio module.

Initiatee an automatic tracking

phase,

Initiates an automatic tracking

phase. Switch is spring-loaded

to NORM position.

VtiF/CREW

STATION

AUDIO-R

FIT/POST

LDG BUS

(MDC -2Z5)

N/A

N/A

Power .

Source

Flight &

postlanding

bus

Audio center

e qu lp_zlent

Digital

ranging

genera_or

. • ( •

Remarks

Allows CMDR and LM pilot to share

same audio module and control pane
in case of malfunction.

Resets digital ranging generator,

Allows digital ranging generator to

develop ranging,
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Location

IPanel Area Grid

MDC-10
.!_

10 A P-35

I0 A P-35

1o A P-31

I0 A P-3Z

Name and

Po sition

INTERC OM switch

T/R

OFF

RCV

VOLUME thu*nbwheel,

PAD COMM switch

TIR

OFF

RCV

VOLUME thumbwheel

Function

Enables, bycircuit closure,

Breaker

'N/A

headse_ to receive and transmig

over inte.rcom system.

Selects no modes.

Enables, by circuit closure,

headset to receive (only) output

of intercom system,

Thumbwheel-type control, which

operates a •500-k potentiometer°

is provided to adjust audio level

from intercom bus to earphone

alnplifie r.

Enables, by Circuit closure,

headset to receive and transmit

over ha%'dline intercol/_m £o

launch operations.

N/A

Selects no modes.

Enables, by circuit closure,

headset to receive (only) output

of hardlhle inte'rco_nm fron_

launch operations.

' Thun_bwheel-type control, which

operates a 500-k potentiorneter,

is provided to adjust audio level

from hardline intercolnnl to

earphone anlplifie r.

Audio cente_

equipment

Remarks

't '

• ,. ' •
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Location

Panel ['Area [ Grid

MDC- I0 (Cent)

10 A N-3I

10 A N-3Z

10 A Q-31

Name and

l°os[tion

MASTER VOLUME

thumbwheel

MODE switch

INTERCOM/PTT

PTT

vex

vex SENS thumbwheel

Function

Thumbwheel-type control, which

operates 2.5-k potentiometer, is

provided to adjust audio level

from earphone amplifier to

earphone.

Applies power to audio center

module, and provides hot mike

operation and vex operation _or

intercom and PTT operation for

RF tr anslnis sion,

Applies power to audio center

module and enables PT'I? opera_

lion for intercom and ILF

transmission.

Applies power to audio center

module and provides vex opera-

tion for both intercom and RF

transmission,

Thumbwheei-type control, which

operate,s 25-k potentiometer, is

provided to adjust sensitivity of

voice-operated relay in audio

center module,

S BAND switch .

T/R

OFF "

RCV

Enables, by circuit closure,

headset to receive and transmit

over S-band equipment operating

in VOICE mode.

Selects no modes,

Enables, by circuit closure,

headset to receive (only) output

of S-band equipment operating in

VOICE mode.

Circuit

Breaker

" Power

: Source

N/A

VHF/C R EW

STATION

AUDIO CTR

FLT/POST

LDG BUS

(MDC-225)

Audh) center

equipment

Flight and

postlanding

bus

Audio center

equiprnen_

•1

Remarks

L.

. .., . .

.. • .

VOICE mode includes not only ,VOICE

or RELAY mode positions, bu_ also

VOICE .BU positions of S BAND AUX

an d UP TLM sections, aii with their'

attendant limitatlons _

o
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Location ,

[ [ Name and
Panel Area Grid Position

MDC-10 (toni) !

I0 A Q-32 VOLUME thumbwheel

10 . A N-35 POWER switch

10 A Q-35 VHF AM switch

10 A 0-34

i

i
I

I P
1,

Function

AUDIO/TONE

OF F

A UD IO

m/_

OFF

RCV

VOLUME thumbwheel

Thumbwheel-type control, which

operates 500-k potentlometer, is

provided to adjust S-hand

receiver audio level to earphone

amplifier.

Provides primary power to audio

center module and enables audible

crew alarm signal to be l_eard a_

this astronaut station°

Removes all power to audio

center module and disables

audible crew alarm for this

astronaut station,

Provides primary power to audio

center module hut leaves audible

crew alarm circuit disabled at

this station.

Enables_ by circuit closures,

headset to receive and transmit

over VHF-AM equipment. '

Selects no modes.

Enables, by circuit closure,

headset to receive (only) output of:

VHF-AM receiver.

Thumbwheel-tgpe control, wMc,h

operates a 500.k potentt.ometer

ts provided to adjust audio level

from VHF-AM receiver to I

earphone amplifier.

Circuit

Breaker

N/A

VHF/CREW

STATION

Power

Source

Audio center

equlpment

Flight and

posttanding

• •1i'

Remarks

. . <

/,

AUDIO-CTR bus

FLT/POST

LDG BUS

(MDC -ZZS)

N/A

/

Audio center

equipment i

J

• • • > •
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Location

MDC- 10 (Cont)

L{ _2-33

Name and

Po sltion

SUIT switch

POWER

OFF

AUDIO CONTROLswitch

NORM

BACKUP

Function

,Applies power to lef_- and righ_-

hand microphone preamplifiers

and the suit blomed pr_ampllfters

associated With audio control

panel No° 10.

Removes power from left- and

right-ha_d,mlc r ophone preampli-

fiers and the suit biomed pre-

amplifiers associated with audio

control panel No, t0.

Koutes CSM pilot's audio signals

through audio control panel

No. LO and associated attcl[O

module,

Circuit Power

Breaker Sourc_

YHF/CllEW [_'ltght and

STATION pos tlandlng

AUDIO-CTI( bus

and L

I_"L T / POST

I..DG BUS

(MI)C-ZZS)

N/A

Routes CSM pilot's audlo signals

through control panel No. 9 and

associated audio cen_er module.

Audio Center

equipment .

Remarkg .

A_low_ CSM pilot and cMDB. to share

same audio module and control panel-

_n case of malfunction,

k
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O
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Location

!

Pane) [ ._rea Grid
i

__DC-I__ • ',

A 0-29

! a P-z9

MDC-13

I

13 A C-3

I

I

Name and

Position

LM TUNNEL VENT valve

OFF

LM PRESS

LM./CM ,",P

FDAI switches

I

LM TUNNEL

VENT

LM/CM

PRI£SSURF

DIFFE.RENTI.AL

gauge

Function

All ports closed,

Connects CM cabin to LM tunnel.

Connects LM tunnel to AP gauge.

Connects LM tunnel to ambient.

indicates pressure differential

between LM tunnel and CM

cabin,

Enables FDAI I (MDC-I) to dis-

play total attitude with respect to

local horizontal in the pitch axis.

Interfaces ORDEAL with the total

attitude source on FDAI 1.

Cir.quit

Break_ _:'--:

N/A

N/A

ORB RATE

INRTL Enables FDAI I (MDC-I) to

display inertial" attitude in all

axes. ORDEAL is bypassed,

NIA

:Power

N/A

N/A

NIA

Manually controlled valve.

Backup for. prossurizing'LM. ApprOx

10,5 hr to pressurize LM from 0 to

5 psia.

Used to determine difference in

pressurehetween CM cabin and LM "

hlnne i. .

Used [or depressurizing LM tunnel

to check quality of CM forward hatch

pressure seal .,

Range - 1 ;0 to +4.0 pstd.

• ?i;

• During launch and entry phases

[ ORDEAL panel is stowed in UEB

(U3), FDAI I and E switches must ,

be 'in INRTL when OI_DEAL panel is .

I stowed.. "
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Location

Panel[ Area [ Grid

MDG-13 (Cont)

13 A C-5

13 A D-3

!
!

13 A D-5

V ....J

Name and

Po sition

2

ORB RATE

Function

Enables FDAI 2 (MDG-Z) to dis-

play total attitude with respect to

local horizontal in the pitch axis.

INB.TL

EARTH/LUNAR switch

EARTH

PWR OFF

LU NAR

LIGHTING switch

BRT, OFF, DIM

MODE switch

Interfaces ORDEAL with the total
attitude source on FDAI 2,

Enables FDAf 2 (MDC,-2) to

display inerLial attitude in all
axes. ORDEAL is bypassed.

N/A

• , , f ,

Circuit - Power

B._ ake r Souree
.......... [ ............. ,

N/A

OF'R/SLOW

HOLD/FAST

Establishes bat_ic orbital ra_
for Earth orbit,

Disables power to Ot<DEAL,

E_tablishcs•baslc orbital rate
for lunar orbit.

Provides.panels E-L back-
lighting.

Normal position when operating
ORDEAL. Permits slewing of

ORDEAL a£ slow rate ,(16X
orbital),

Hold_ ORDEAL output constant

except when setting up ORDEAL

initiallyvia fast.slew (256X

orbital),

ORDEAL-

AC2 and
MN B

(MDC-8)

ORDEAL

AC2,

MNB

(MDC-8)

ORDEAL-

AC2

(MDC-8)

N/A

• • I"

J
I

Remarks

' • ''. ' •

• . • , •

i

DC mail,. ' PWR Orl)_ position removes power

bus B from ORDEAL hut does not isolate

AC bus 2 FDAIs frdm ORDEA;[2s angular bias.

FDA[ 1 and 2 _witehes control inter-

face between oRDEAL and FDAIs,

.i

AC bus 2 " "

N/A
J

i
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fn
Location

Panel [ Area I,,Gr_id

Name and

Position

)

Function

_-'_" '%v

C i r _if£_...... Pewer_._
Breaker Source , Remarks

_g7"7_2

_q_2

O
D"

6Q

O

1 . D-.5

1 C-7

MDC-15

15 A B-16

15 A B-17

SLEW switch

UP

DOWN

ALT SET control

{i

COAS POWER switch

COAS POWER

OFF

UTILITY POWER receptacle

and switch

Receptacle

POWER

! OFF •

Provides increasing ,ORDEAL

outpu_ to FDAI (ball drives down)

at either 16X or 256X orbital

rate,

Provides decreasing OP_DEAL

output to FDAI (ball drives up) at

either 16X or 256X orbital rate.

Enables ORDEAL output to be

varied with attitude. Oil.DEAL

outputwill be function of both

EARTH/LUNAK switch and ALT

SET control,

Applies _8 vdc to receptacle

located on COAS mount on left

rendezvous window frame,

Removes power from left COAS

receptacle,

Utility power receptacle for

16rnm sequence calnera and

auxiliary urine dump nozzle.

Applies 28 vdc to utility

receptacle (panel 15),

Removes power from POWER

switch.

Panel Z26

COAS/TUN/,

RNDZ/SPOTI

MNA

Panel ZZ9

UTILITY

R/L STA

Panel 2Z9

UTILITY

I_/L STA

DC main
bus A

•i

..J

/

_":_

1

\ k

, )

g
>

£n
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[n
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t_
O
O
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Location

Pane] I Area.I Grid

MDC- 1 5 (Coot)

15 B B-IS

J

15 , B B-18

O
O

O
t_
t_
I

[*
15 c B-19

ul

]Name. and

Position

POST LANDING switches

Beacon ligbl ,'iwiteh

Function

BCN L 1 HI Applies d-e power.to flashing
beacon light for fast flash rate,

(off)

BeN LT LO

Dye marker switch

DYE MARKER

(off)

Vent switch

•VENT HI

LOW

•OFF

Removes power to flashing

beacon light,

Applies d-c power to flashing

beacon light for slow flash rate.

Applies d-c power to melting

wire of actuator that eaust's pin

to retract and jettisons (lye
lnarker overboard from for-

ward eonlpartment of CM after

splashdown.

Removes power from dye
marker circuitry,

Applies d-c power to open both
PL vent valves and drive fan at

high rate (150 elm).

Applies d-c power to open both
PL vent valw_s and drive fan at
low rate (I00 cfm).

Applies d-c power to close both

-DE vent valves and renloyt_s

3ow_r fronl fan rootor,

Circuit
Breaker

F L OA T

BAG 3
FLT/PL

(MDC- 81

i

PL VENT

FI,T/PL

(m DO.a)

Power

Source - " Remarks

Center position (not marked).

Flight &

postlanding '

bus

• • l

<

"\

• ,

• 2•

4 •

.• .- . •...

........ _.[.

o
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Location '

Panel 1 Area Grid
I

MDC-16

C-45

i • G-47

7

C-48

, ._. ,;<q

)
%

[

Name and

Position

DOCKING TARGET

switch & receptacle

BRIGHT

Function

Applies 115 vac to receptacle.

Circuit

Breaker

Panel 226

RUN/EVA/

Source

AC bus 2 ¢B

/ "

Remarks " '

Receptacle

DIM

OFF

UTILITY • POWER switch and

recepLacle

POWER

OFF

Receptacle

COAS POWER switch

POWER

OFF

Applies diminished vac to

receptacle.

Removes a-c power from

receptacle.

Power connection for LM active

docking target.

Applies 28 vdc to utility

receptacle (panel 16).

Removes power from POWER

switclL

Utility power connector for

[6 rnm sequence camera and

utility.

TGT AC 2

Applies 28 vdc to receptacle

located on COAS mount on right

rendezvous window frame.

"Removes power from right

COAS receptacle,

Panel 229

UTILITY

R/L STA

,, = • .

/

..,, .... , .• • ,

DC main

bus A

Panel 226"

COXS/TUN/'

RNDZ/SPOT

MNB .

D.C main

bus B

• .: . •

I '

-<

, • • , . ,_

<

- i

• • . . •

:...,..
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Location

!

Panel [ Area Grid

I

Name and

Position Function

I_EB- l00

A

B

uTILITY receptacle and switch

' Receptacle (J5)

FLOOD switches

DIM

l

OFF

.POWER

Receptacle for 16mm eequence

camera and utility.

Z

Re*noves power fron% adjacent

receptacle (J5),

Provides power to adjacent

receptacle (55).

Applies rheostat control to LEB

primary floodlights and on-off

control to secondary floodlights.

Applies rheostat control to LEB

secondary floodlights and on-off

control to primary floodlights.

FIXED

FIXED

OFF

G/N POWER switches

IMU

OFF

oPTICS

OFF

1

Turns on lamps not controlled by

Provides operating power to

inertial subsystenl.

Removes operating power from

tner tial subsystem,

Provides operatirig power to

optics subsystem.

Removes operating power from

Optics subsystem,

Circuit

Breaker

(Panel 229) '

UTILITY

LEB

LIGHTING

FLOOD

MNA &

MNB

RHEB

'PANEL ZZ6

LIGItTING

F LOOD

MNB

RHEB

PANEL ZZ6

G/N-IMU

MNA

MNB

(MDC- S)

Power "

Source •

DC main

bus g

DC main

buses A & B

DC main

bus B

G/N-OPTICS

MNA &-MNB

(MDC-5)

Remarks

Receptacle has seven jacke. .

' Provides crew capability el.shifting

)rimary or secondary lamps to

variable FLOODLIGHT switch for

LEB itrea illumination.

On-off control of floodlights not on

rheostat control.

Secondary when DIM switch is on 1;

primary.when DIM switch is on 2,

DC main

buses A & B

Switch canbe guarded in either IMU

or OFF position.

;_r.
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Location

Panel I Area I Grid

LEB-IO0 (Cent)
,--v_

C

i

A

i
i

I

i

/.-

Name and

Po sition

RNDZ XPNDR switch

PWI_

OFF

HEATER

LEB LIGHTS

NUMERICS rheostat

.OFF

BRT

FLOOD rheostat

OFF

Function

Provides power for rendezvous

transponder.

Removes power from rendezvous

transponder.

Provides heat to rendezvous

transponder for standby power.

Renaoves power from nunler_%Is on

)anel 140 G&N DSKY, and caution

& warning communicators and

panel 306 mission tirner.

Indicates maximurn brightness

has been reached.

Removes power from CM LEB

Cireui'/.......
Breaker

RNDZ

XPNDR

FLT BUS

LIGHTING

NUMERICS/

INTEGRAL

LEB AC-2

(RHEB ZZ6)

----':Power .......

Source

Flight bus

AO bus Z OA

Remarks

HEATERp0sition must provide

power, to warm tone filters •from

60°'.to 16Q°F. This requires Z4-

lx_inute + minimum warmup time,

LIGHTING

FLOOD

MNB

DC main "
bus B

Numerics lighting System controls

numerics Or flashing numbers on LEB

I)SKY, caution &, warning communi-

cators, and EL on pansl 306 mission

timer. Mechanical stop prevents

positioning switch to OFF. Control

exercised by circuit breakers,

Primary when DIM switch is on 1;

secondary when DIM switch is on 2.

BRT

INTEGRAl+ rheostat

OFF

BRT

rheostat controlled floodlig!lt.

Indicates maxirn_un floodlight

brigi_tness hus been reached.

Removes power to nomenclature

on panels I0, I00, I01_ IZZ, ZZ5,

ZZ6, _nd event timer on 306,

Indicates maxirn'um brightness

has been reached.

RHEB

PANEL ZZ6

LIGIITING

NUMERICS/

INTEGRAL

LEB AC+2

(RHEB

PANEL Z26)

AC bus 2 CA

Integral lighting system controls EL

tamps behind nomenclature of

respective panels, Mechanical 'stop

pre3_ents positioning switclx to OFF.'

Control exercise d by use of circuit.

breakers.

• " y .
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Location

Panel I Area Grid

LEB-101

A

)

Name and

Po sition

SYSTEMS TEST meter

SYSTEMS TEST switch

(alphabetical}

' C

SYSTEMS TEST switch

(numerical)

1 - B

I- ¢,

1 - D

Indicates d-c voltage of flelected

measurement poln_s

Circuit

Function Breaker

Selects A, B, C, or D sections

of test.

Connects SYSTEMS TEST switch

(numerical) and SYSTEMS TEST

meter to section A.

Connect_ SYSTEIvIS TEST switch

(numerical) and SYSTEMS TEST

meter to section 13.

Connects ,SYSTEMS TEST switch

(numerical) and SYSTEMS TEST

meter to section C.

Connects SYSTEMS TEST switch

(numerical) and SYSTEMS '['EST

meter to section D,

Selects four groups of seven

_neasurcments, depending on

position of SYSTEMS TEST

switch (alphabe tlcai).

N 2 pressure FC 1

N 2 pressure FC 2

N 2 pressure FC 3

0 2 pressure FC 1

0 2 pressure FC 2

0 2 .pr.essure FC 3

2-A

Z - B

Power

Source

.....I

Ins.tr umen-

tation signal

conditioners

Remarks

Meter functions-in conjunction with

two SYSTEMS TEST switches

(alphabetical and numerical) located

I dlrectly below meter. Meter range

is 0 to 5 vdc. ....

Two SYSTEMS TEST switches make

' possible measurement indications

for the SYSTEMS TEST meter.

c

N z regulator out pres'sure 0 to . .

75 psia.

0 2 regulator out pressure 0 to

75,psia...

O

o
z o

o

v

o
O
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Location

Panel [ Area [ Grid

LEB-101 (C_mt)

A

i

I

Name and

Po sition

2 - C

2 - D

3-A

3. B

3 - C

3 - D

4 - A

4-B

4-G

4 - D

5-A

5-B

5-C

5 - D

6-A

.6-B

6__C

6 - D

7-A.

7-B

Function

H2preseure FC I

H 2 pressure FG 2

HE pressure FC 3

R,ad outlet temperature t?G 1

t{ad outlet temperature _'C 2

Red outlet temperature FG 3

Battery pressure

Battery relay bus

LM power

SPS OX temperature

-P24

+Y25

CCW12

-P14

-YI6

CW21

N ONE

NONE

Circuit .... _Power ........

Breaker Source

r "

Remarks

Instrumen.

ration signal.

conditioners '

H 2 r.egulator out pres._re 0 to

75 psia,

FC I radiator outlet temperature

-50" to +300 °F,

Battery compartment manifald

pressure O to 20 pate.

0 to 45 vdc.

• No'connection,

0'to 10 stops.
i

0 ° to +200°F,

-50 ° to +50 -_F,

L

r

• Open contacts.

Open contacts,

.r

• ,/ .
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Location

PanelI'Area I Grid

LEB- 101 (Cent)

]

)
t

Function /

Power

Source

Name and

Position

7- C

7_ D

XPNDI%-A

XPNDR- B

XPNDR-C

XPNDR-D

RNDZ XPNDR

TEST

OPERATE

CM RCS .HTRS switch

CM RCS HTR$
(up)

OFF

NONE

NONE

XMTR power ou_ut

AGC

FREQ lockup

AGC

Activates self-test oscillator

within RRT.

Disables self-test oscillator.

Activates relays which apply
+28 vdc to dlrect,coils of all CM

RGS engine solenoid injector
valve direct coils.

Deactivates relays which remove

+28 vdc from the direct coils of

all CM RCS engine solenoid

injector valves.

Circuit

Breaker

RCS-

HEATERS

I MNA

Z MNB

(MDC-8)

Instrumen-

tation signal,
conditioners

DC main

buses A & ,B

•. Remarks

Open Qontacts.

Open contacts.

Self test.

Self tes_.

Self test. '

This is a momentarg position to

enable testing of RRT, (Not to be - '

used during, rendezvous,).

Allows' normal operation of RRT, :

(Spring-loaded to this position,)

"£_woLposition goggle switch, used to

preheat allCM RCS engine valves if

' required in order to preclude propel-;:
lent freezing. When system is

pressurized prior to/entry. Switch is

enabled by CM RGS LOGIC switch
(MDC-I) in the ON (up) position. .

. /' .
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Locatlon

Pauel I Area I _rid

LEB-101 (Cent)

LEB- 120

ii

)

]

URINE DUMP

Name and
Position

HTR A

OFF

HTR B

WS,STE HzO DUMP

HTR A

OFF

Function

Applies d-e power to water/urine

dump nozzle heater A (5,7w). "

De-energizes power to Water/

urine dump nozzle heaters.

Applies d-c power to water/urine

dump nozzle heater B (5.7w).

Applies d-c powe r to waste water

dump nozzle heater A (5,7w),

De-energizes power to waste

water dump nozzle heaters. '

Circuit

Breaker

ECS-
STEAM/,

URINE

DUCT

HTR-MNA

ECS-

STEAM /

URINE
D UCT

HTR-MNB

ECS-

WASTE •

H2 o
URINE

DUMP HTR

A

Blank panel

HTR B Applies d-c power to waste water"

dump noz'zle heater B (5.7w).

SXT and SCT eyepiece storage.

ECS-

WASTE

,H20 .
UR{NE

DUMP

HTR B

Power
Source

DC main
bus A

DC main
bus B

• - .

• Remarks ,

.... Heaters keep water/urine dump
nozzle'(aluminum) warm to prevent

urine,or water from freezing and :
Clogging nozzle when dumped • :
overboard._

Heaters kedp waste water •dump

nozzle (aluminum) warm to prevent

waste water from freezing and

clogging ._h'e nozzle when dumped
overboard.

L .

DC main

bus B

i
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Location

Panel I Area (;r
I

LEB-121

Circuit Power

Function Breaker Source

t

Optical instrument'used primarily G/N- DC main
for acquiring targets initially. OPTICS- buses A & B

MNA and

Name and

Po sition

Scanning Telescope (no placard)

Optical instrument utilized for
making fine angular
measurenxents.

MNB

Sextant (no placard)

SHAFT ANGLE display

Shaft Angle Manual Dri.ve

Access (no placard)

TRUNNION ANGLE display

Trunnion Angle Manual

Drive Access {no placard)

N/AProvides mechanLeal readout of

scanning telescope .shall angle.

Vacilitates use of universal £ooi

to position nlanually telescope

shaft.

Provides me.chanical readout of

scanning telescoi_e trunnion

angle.

Facilitates use of nniversal tool

to position manually telescope

trunnion.

N/A

/

V: 2

] / ' • _ • •,.

-,.;. /., -', •./( •6.,.'/2 •.

. Remarks" ' .

Power for sextant is routed from :

buses through G/N-OPTICS ON and

OFF switch, located on panel I00. •

The sextant has !.8-degree field of ,

view wlth magnification of 28

Scanning telescope has 60-degree

field of vlew and magnification of one.

in :event of power failure scanning

telescope may be manually positioned,

using universal to01. "

]Power for, sextant is routed from

buses through G/N-OPTICS ON and

OF1? swltch, located on panel I00.

Sex_ant has 1.8-degree field of view

with niagnlfiGation of 28,

While xaaanhal_y positioning scanning

telescope shaft, angle may be read

o_/t on shaft angle display. "'

While manually positioning scanning

telescope trunnion, angle may be read

out .on trunnion angle display.

.?

0
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lJocation

Panel [Area Grid

LEB- 122 '.i'

Name and

Position

Attitude impulse controller

switch

CONDITION LAMPS switch

ON

OFF

TEST

C_ution & warning lights

(noplacard)

cMc

/

\

FunctiOn

This 3-axis controller provides

navigator with capability of

spacecraft minimum impulse

Control through CMC.when

PGNCSis in free mode of

operation.

Provides means for checking out

,condiLion lamps and enabling

condition lamp circuitry.

Supplies power to lower equip-

n]en_ bay annunciator lan]ps. ,

[ten]eves power frorn annunciator

lamp circuit.

Lights navigation station master

warning and star acquired lamps.

.\

Circuit Power "

Breaker " Source

N/A

G&N AC 1

and AC2

(MDC -5)

CMC

iAC bus es, ,1

&Z

D C main

buses A & B

CMC status ligh_ will fllumlnate

if the follov_ing occurs:

a. Loss of prime power.

b. Scaler fail - if scaler stage 17

fails to produce pulses.

C, Counte_r fail - continuous

requests or fail _o happen

Eel[owing increl_aent request,

d. SCADBL - I00 pps scaler

stage 200 pps.

e. Parity fail - accessed word,

whose add l,ess is octal I0

or greater, contains even

number of ones.

f. Interrnpt too long or infre-

quent - 140 ms to 300 ms.

g. TC trap - too many TC or

TCF instructions or TCF

instructions tOO infrequent.

• i

C/y¢ IviNA
and IviNB

(MDC-.5)

Remarks

The controller is used to apply one -

orany combination of pitch, roll,•

or yaw m(inimum thrust impulse to

the spac, ecraft. One pulse is

' produc.ed each time the control is

moved from the center position.

% .

Items e through k Will: cause _estart

_n fl_e CMC. : .

• ' ,, •__

- . • • .
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Location

Name and

Position

ISS

Function

h. Night watchman - computer

fails to access address 67

wi.thin 64 seconds to l.PZ

seconds.

i. V fa_l - 4v supply 4.4v

4v _upply 3.6v

14V supply" 16.Or

14v suppl Y lZi5V

•Z8v supply 22.6v

j. Ig oscillator stops.

k. Standby.

The ISS.status light will illumi-

nate if the following occurs:

a. [MU fail:

i. IG servo error Z.9 mr for

Z sec.

2. MG servo error 2,9 mr f_r

•P sec.

3. OG servo error 2,9 mr for

2 sec.

4. 3_00 c,ps 50%.

5. 800. wheel supply 50%.

b, PIPA fail:

I. Nopulse during 312,5 ms

period.

2. if both + and - pulses

occur during 31Z.5 l_ns

period,

3. _f no -I- and --pulses cccur

between I ,28 to 3,84 sec,

c, CDU fail:

I. CDU fine erro_ 1,0v rrne,

2_ .CDU coarse error

3.5v rms.

3. Read c_unter limit 160 cps,

4. Cos (0- ¢) 2;0v.

5, +14dc supply 50%.

Circuit

Br.eaker

C/W' MNA

and MNB

(MDC-fi)

•_'_2_

Power

Source

DC main "

buses A h B

I , " '

IMU fail signal inhibited by GMC

When in coarse align mode.

PIPA fall signal inhibited by CMC"

except during CMC-Contr?Red

translation or thrusting. .....

. CDU fail signal by CMC during CDU
zeru mode.
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Location

LEB-122 (Cont)

I

1
-i

1
i
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i

Name and

Po sitiQn

MASTER ALAI_M

switch-lig'ht

PGNS

Function

Red light illuminates to alert
crewman of tnalfunction or out-

of-tolerance condition. 2'his is

indicated by illumination of

applicable system status lights
on MDC-2.

. PGNS status light will Dluminate

if the following occurs;

a. CMC restart d_rtng operation.
b. IMU temp lZ6.3°F.

c. IMU temp 134,3"F.

d, Middle glmbal angle greater
than 70 ° .

e. Program alarm. Caused by
variety of situations in each

l?r°g ram,

Mark pushbutton Signals computer Lo record N/A
SHAFT and TRUNNION angles
and time.

MARK REJECT pushbutton Signals CMC to reject last mark.

Optics hand controller Provides electrical commands to

(no placard) optics shaft and trunnion drive

motor,

OPTICS switches

C OUPLING

DIRECT

RSLV

Optics controller signals X and Y
drive shaft and trunnion .control

directly.

Optics controller signals X and Y
are resolved into X and Y motions
in tt_e field of view,

', . • ,

C ifcult Power

Breaker Source •

C/W MNA DC main

and MNB [bUses A h B

(MDC-:5) ..

. -_ ......... " Rm_aarks

• , , , ., ,

MASTER ALARM lights on MDc_I ,:

-3_ and LEB-I_2 are .simultaneously

illuminated , and an audio alarm tone
is sent to each headset.

..

MASTER A'LARM switch-light con-

tains integral push-switclr. Pressing
switch-light will reset master alarm

circuit, extinguishing the MASTER

AI_kRM lights and shutting off audio

alapnl '.

, , , r .

Under program control_ GMG inhibits

CMC

N/A

PROG alarm.for I0 sec after system

turn-on.

Used in conjunction with optical

slghtings.

, , • • ._

This is 5-posStion switch spring-

,loaded to center off position.
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Location

Lyn: i a:z (Cont_

)

Name and

Position

SPEED

•MODE

ZERO

HI

MED

LO

CMC

MAN

ZERO

OFF

STAR ACQ light

TELTRUN

SLAVE to SXT

0 o

•25 °

Function

Selects gain of optics controller

to line-of-sight metien.

Provides maximum drive rate of

line-of-sight in respect h) optics

controller dis p laqem'ent.

Provides medium drive rate of

line-of-sight in respect to optics

controller displacement.

Provides mh_imum drive rate of

line-of:sight in respect to optics

controller displacement.

Selects optics mode of operation,

Optics under computer program

control,

Optics under astronaut's manual

control using the optics

controller.

Optics driven to zero shaft and

t r ul%ulon.

Applies ground .to MODG switch,

removes 28 vde discrete from'

CMC, and remov.es ground from

PSA, disabling optics zeroing.

This light is not active.

Slave SCT trunnion axis to SXT

trunnion.

Drives SCT trunnion to zero

independent of sextant.

iDrives SCT trunnien to

25 degrees offset from shaft

axis,

Circuit

13reaker

NIA

Powe r

Source

N./A

ZERO

swi[ch in •

posltie _n 'OFF

.' , ..

"- Remarks "

CMG

N/A

Zero position is parallel to SXT shaft

axis,

This is a fixed 25-degree_independen_

of sextant trunnion position,

t_
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Location

Panel [ Area [ Grid

LEB-IZZ (Coht)

Name and

PO sition

RETICLE BRIGHTNESS

thumbwheel

)

LEB- i40

i

INCP(EASE

UP TELEMETRY switch

DSKY (no placard)

Keyboard

CLR

ENTR

KEY REI

NOUN

RSET )

PRO

ACCEPT

BLOCK

Function

, !

Adjusts brightness of sextant and

Scanning telescope reticles, and

telescope angle counters.

Computer accepte telemetry data.

Computer does not accept

up-telemetry data.

Depression of the clear button

will blank register being loaded.

Informs CMC thaiassembled

data is complete and/or to

execute desired i'tulctton.

Releases DSKY displays

initiated by keyboard .action so

that information _upplied by

CMC program may be displayed.

Sets computer to-accept next two

digits as noun code.

Extinguishes statue lamps that ,

are controlled by CMC.

Circuit

Breaker

G/N ACt

and ACZ

(MDG-5)

N/A

N/A

Source

AC buses [

&2

•.,CMC

-.k

There are two uprtelemetry switches ,

one on LEB-IE2 and the other on

MDc-2. These switches arewired

:in'series and either switch in BLOCK

position will block up-telemetry

infer'marion .into GMC.

PresMag noun bu_ton ;will iaitial!y

blank noun •window.

informs routine requesting

operator's response tbat operate:

.wishes requesting routine _o

)raceed witbou, furtber inputs

from the operacor_ or places the

CMC in standby _vtode when

pressed, upon request fromCMC

N/A

In those areas where e_.ror or

malfunction exists, pt'essing reset

switch will not extinguish status

lamps.
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Location

LEB- 140 (Cont)

Name and

Position

VERB

+

0 through 9

Registers

COMP ACTY (light)

NOUN (light & display}

PROG (light & display)

REGISTER I (display)

REGISTER Z (display)

REGISTER 3 (display)

VERB (light & display)

Function

Sets .computer to accept next two

digits as verb code.

Denotes data to follow has

positive decimal vaine,

Denotes data to h)llow ires

negative dechual value.

Switches 0 to 9 are used to enter

data, address code, and action

request codes into CMC,

CMC is energized in computation.

Two-digit dispkay indicating

noun code selected.

Two-Higit display indicating

number of program (maj.or-mode)

presently in progress.

Displays contents o£ selected

register or memory locatioa,

First component of extended data

word, if applicable.

Displays contents of selected

register or memory location,

Second component o£ extended

data word, if applieal_le,

Displays contents of selected

register or me*norylocation.

Third component of extended

data word,• if appllcable.

Two-digit' display indlcat'ing verb

code selected.

Circuit

I_reaker

Power

Source

..... L . ,

'?

N/A N/A

LIGHTING

NUMERICS/

INTEG RA L

LEB/AC2

(MDC.ZZ6)

AC bus Z

Pressing verb button Will initialiy

blank verb window,

• , • • " ' . . .

On-board data provides definitlon of

PROGRAMand NOUN digits.

Dis,plays may be commanded

mahually or by CMC.

On-board data provi'dcs definition o_

VERB digits.

('5
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Location

Panel [ Area ] Grid

LEB- 140 (Gent}.

)

%,.

Name and

1°o sitioa

Status lights

GIMBAL LOCK

'KEY REL

NO ATT

OPR ERR

PROG

RESTART

STBY

Function

Gimbaled lock-light will illumi-

nate under computer control

whenever middle gimbaled angle

of platform exceeds 70 degrees.

Internal CMC program needs

DSKY circuits to continue

program.

A crew keystroke is made when

internal flashing display is

currently on DSI':Y (exceptions; .

PRO, ENTR, RESET},

Crew makes keystroke on top of

his selected monitor verb.

Light will illuminate whenever

inertial subsystem is not in mode

to lfrovide attitude reference,

Light will illuminate when an

illegal keyboard entry ia made

into the CMC.

Light illuminates when additional

functions, operations, or [nfor-

mi'_ion is requested by computer

to complete specific operation.or

function.

Light will be illuminated wllen-

ever the computer goes hats

restart program.

Light will be illuminated when-

ever conlputer subsystem is in

standby'mode of operation..,

": • .. - .......

Circuit-.

' Breaker

LIGHTING

NUMERICS/

INTNGRAL

I..EB :AC2

MDC -226)

Power ........

AC bus 2 '

Remarks

lllumina_ion of'lights warns of

pending gimbaled lock condition:

Request for operator t'o press KEY

REL pushbutton,

,. •

• c. •
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Location

I fPanel Area Grid

LEB- 140 (Cent)

LEB-10Z

LEB-163

LEB- 164

• t!

Name and

Pe sition

TEMP

f

TRACKER

UPLINK ACTy

SCI INST POWER receptacle

and switch

Receptacle

POWER

OFF

SCI/UTIL-POWER receptacle

and switch

Receptacle

SCI Power switch

POWER

OFF

Light will illuminate whenever

temperature of stable platform

deviates more than ±5 "F from

nolllinal,

Light will illuminate whenever

there is failure of one of Lhe

optical CDU.

Data good discrete not present

after reading range from VI-II;"

DATA LINK.

GMC is receiving data link

it/formation by ap-telemetrg,

Power outlet.

Applie_ 28-vdc power to

receptacle on panel 162.

Removes power,

Power outlet.

Applies 28-vdc power to

receptacle on panel 163.

Removes power.

Supplies power from INSTRU-

MENTS NONESS bus

Ch'euit

Function 13 r e ake r

LIGHTING

NUMERICS/

IN'£EGRAL

I..EI_ AC_ ,

(MDC -226)

INSTRU -

MENTS

SCI EQUIP

SEB

(MDC-5)

INSTRU -

MENTS

SCI EQUIP

SEB 1

•(Panel 5)

)

Power

Soured ""

AC has 2

2 '
I

NON ESS

Bus Z '-
DC main . i

bus A.or B" [ ....

i I

I

DC main

buses A a B

Remarks

Indies th-s- out, of-role r ance tempera-

tare, plus or minue, on stable

pin tform.

L

i • ' • ;:i •¸

Switch not currently uttlized,i,_,_",,• .."

' F':

I ; • .
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Location

Panel ] Area Grid

I

LEB- 180 ....

t" LEB

D

g
,,D

N

>

N RHFEB-201

C
N
U

o

u

m
Z

t_

%0

!

N_me and

Position

(Deleted)

CB41 (on entry battery A case)

CB4Z (on entry battery" B case)

CB43 (on entry battery" d case)

FOOD WARMER

OFF

Rec ep_ac le

Function

Protects wiring from entry

battery A to circuit breaker BAT

A PWR ENTRY/POSTLANDING

Circuit Power "

Breaker Source

i

N/A Entry

; baftery A ..

Remarks '

i00-amp circuit breaker.'

(RHF.B-Z_O). _.

I_rotects wi.ring from entry

battery B to circuit breaker

BAT B D{VR ENTRY/POST-

I.AN DING (RHEB-250).

Protects wiring leone entry

battery C to circuit breaker

BAT C PWR ENTRY/POST-

LANDING {RHEB-250).

N/'A

N/A

.Entry ' 100:amp circuit breaker.

battery B

' I .

Entry 100-amp circuit breaker. , •

battery C ,.

. . . : • ..

Applies power to panel 201

receptacle.

Deletes power to p'anel Z01

receptacle.

AC power outlet.

ENVIRON-

MENTAL

CONTROL

:_YSTEM

SABIN FAN

_c

FOOD

WARMER

(Pa'nel 5)

./

AC bus Z Source of AC power .for food warmer

and Hgcon camera. (topographical

PhotograPhY)..

. .. <. •
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Location

Panel [ Area Grid

RHEB-225

,.

!

g
s

Name and

Position

i 7"

TELECOMMUNICATIONS

circuit breakers

CENTRAL TIMING EQUIP

group

MNA (5 amp)

MNB (5 amp)

VHF/CREW STATION

AUDIO--FLT ] POST

LDG BUS

L (5 amp)

CTR (5 amp)

R (5 amp)

FLT BUS group

MNA (20 amp)

, Function

Provides d-c power frm1_ main

bus A to CTE.

Provides d-c power from main

bus B to CTE,

Provides d-c power frorn flight

and postlanding bus to com-

nander's audio center and

n_icrophone a*_nplifier, the VI{I;'

recovery BCN, and emergency

power to CSM pilot"s microphone

amplifie r,

Provides d-c power fronx fiiglit

and postlanding 'bus to CSM

pilot's audio cenler and micro-

phone amplifier, the ¥[IP AM,

and mnergency power to LM

pilot's microphone amplifier,

Provides d-c 'power frorn flight

and postlanding bus to LM

_ilot's audio center and micro-

phone amplifier, digital ranging

generator andemergency powc.r

to Cornma'nder_s mic.rophohe

arnplifier.

F rovides power from main d-c

bus A to the flight bus,

Circuit

Breaker

N/A

Po W e r ' - .>:

Sou r.e e . Remarks

Main bus A

Main bus B . " .

..

Flight & ,

postlanding .... -

bus . ."

i

7-

Main bus A ' " "

, . " .i ..

- • Z-i:..:
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Location

PanellArea [ Grid

RHEB- 225 (Cent)

3

, Name and

• Po sitio_

MNB (20 amp)

HIGH GAIN ANTENNA

FLT BUS (5 a*_np)

GROUP 2 (2 amp)

PCM TLM group

GROUP ! (2 amp)

GROUP 2 (2 amp)

PMP POWER

FLT BUS'

PRIM (5 amp)

AUX (B amp)

RNDZ XPNDR

FLT BUS (5 amP)

Function

Provides pawer from main d-c

bus B to the flight bus.

Provides d-c power frozn the

flight bus to the high gain

antenna circuitry.

Provides a-c power from the

telecom group 2 bus to the high

gain antenna circuitry.

Provides power from the group 1

telecom a-c bus to the PCM,

Provides power from the group 2

telecom a-c bus to the PCM.

Provides d-c power to the PMP

primary power supply.

Provides d-c power to the PMP

auxiliary power supply.

Provides d-c power from the

flight bus to the RRT.

Circuit . Power

Breakqr Source

•Main .bus B

• .I

Flight hus

AC bus 1

or 2 38 .

I

Flight bus

I
I

• "%,

/.
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Location

Panel [ Area [__Grid

RHEB-225 (Coat)

'i

I

{ " .

Name and

Po sitioa

S-BAND FM XMTR DATA

STORAGE EQUIP group

FLT BUS (5 amp)

GROUP I (2 amp)

S-BAND PWR AMPL/

PHASE MOD XPNDR

1

FLT BUS-

(5 amp}

GROUP 1

(2 an_p)

2

FLT BUS

(5 amp)

GROUP Z

(2 amp)

SIG COND :

FLT BUS (5 amp}

UDL

FLT BUS (5 amp)

)

Function

Provides d-c power' from the

flight bus to the S-band FM

XMTR, the DSE, and the TV

C _lq_e r a°

Provides a-c power from the

Group I telecom a-c hue to the

DSE and the S-band FM XN'ITR,

t

P{'ovid_s d-c power from the

flight bus to the S-band No, I

transponder and No, | PA.

Provides a-c pow4.'r from thu

Group [ .telecolm bus to the

S-band p rila'larg and PA,

Provides d-c power l'ron'l the

flight bus to the S-band secondary

transpondcr and PA.

Provides a-c power from the

telecom Group 2 bus to the

S-band secondary trans.ponder

and PA,

Provides d-c power from the

flight bus to the SCE.

Provides d-c-power from the

flight bus to the UDL vquipmcnt.

Circuit

Breaker

POWe r

Source

Flight bus

• AC bus I

• or Z 3_

Flight bus

AC bus I

or a 30

Flight bas

Remarks

/ , . •

: . . • .
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Location

i Name andPanel Area Grid " , Position

RHEB-225

A

A

f0

A

Ji

-!

CRYOGENIC circuit; breakers

H 2 HTR .

1 MNA (5 amp)

2 MNB (5 amp)

o2 HTR

1 MNA (15 amp)

2 MNB (15 amp)

QTY AMPL

1 AC 1 (2 amp)

2 AC 2 (2 amp)

Function

Appliea power from d-e main

bus A to H 2 HEATERS 1 awitch

(MDC-2).

Applies power from d-c main

bus B to H2 HEATERS 2 switch

(MDC-2).

Applies power from d-c main

bus A to 0 2 ltEATERS l switch

(MDC-2),

Applies power .fr.om d-c main

bus 1% to 0 2 HEATERS 2 switch

(MDC- 2).

Applies power from a-e bus

No, l (_C) to H 2 and O2 No, i

tanks signal conditioning boxes,

Applies power from a-c bus

No. 2 (0C) to H2 and 0 2 No. 2

tanks signal conditioning boxes,
i

Circuit

Breaker

CRYOGENIC FAN MOTORS

circuit breakers

AC 1 group

_A (Z amp) Applies a-c _A power from a-c

bus No. 1 to;

a, H 2 FANS - 1 switch (MDC-2).

b. O_ FANS- l awltcb (MDC-2).

Pow_
i Sourco

" DC main bus

A_B

AC bus '1 .¢C

AC bus 1 0A

Rema-ksr

L

L•

• • . [. •,. :
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Location

PanellArea I Grid

RHEB- 226 (Coat)

Name and
Po sition

CB (2 amp)

,@C (2 amp)

AC Z group

CA (2 amp)

CB (2 amp)

($C (Z amp)

FUEL CELL 1 circuit breakers

PUMPS - AC

(Z amp)

Function

Applies a-c CB power from a-c [

bus No. I to:

a. H 2 FANS - I switch (M_DC-E).

b. 02 FANS'- 1 switch (MDC-Z).

Applies a-c @C power from a-c
bus No. I to:

a, H 2 FANS - 1 switch (MDC-Z)
b. 0 2 FANS - I switch (MDC-2).

Applies a-c _A power from a-c

bus .No. Z to:

a. H 2 FANS - Z switch (MDC-2)

b. 0 2 FANS - 2 switch (MDC-2),

Applies a-c OB power from a-c
bus No. 2 to:

a. H z FANS - 2 switch (MDC-Z)

b. 0 2 FANS - 2 switch (MDG-2).

Applies a-c ¢C power from a-c
bus No, 2 to:

a. H 2 FANS - 2 switch (MDC-2).
b. 0 2 FANS - 2 switch (MDC-2).

a. Applies 3_ power from a-c

bus No. 1 or 2 through FC
PUMPS-I switch to CB, and

to Hz/water separator and
glycol pump motors in fuel
cell I.

b. Provides CA power to FC 1

pH sensor probe.
c, Provides connection for FC i

power factor correction
circuit to either AC bus.

Circuit

Breaker

Power •

Source

AC bus I CB

AC bus I ¢C

AG bus Z #A

AC bus Z CB

ACbus Z ¢C i' ' ._"
i

.i •

.I

r I

Remarks "

r

• • .r "

-- ? ,:•r¸

• •L • ••" •
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Location

RHEB- 2"26 (Cent}

)

!{. 9 '

Name and

Po sition Function

REACS (10 amp) Applies d'-cpower from. battery

relay bus to FUEL CELL

REACTANTS 1 switch (MDC-3).'

BUS CeNT (10 amp) a. Applies .d-c power from

battery relay bus to FC 1

bus control through FUEL
CELL- MAIN BUS A-I and

MAIN BUS B-I switches

(MDC-3).

b. Provides power to FC 1
reactants 'event indicator.

c. Applies power to FC REACS

, VALVES switch (MDC-3).

d. Supplies input to SYSTEM

TEST METER (LEB 10),
BAT RLY BUS voltage

and to telemetry,

PURGE (5 amp) a, Applies power from d-c

main bus A to FC 1

purge valves through .
FUEL CELL PURGE I

switch .iMDC- 3),

b, Applie_ power to H Z PURGE
LINE H'I_R switch,

,,, , ,

RAD !5 i_mp) Applie_ pow, er to FUEL CE/_

RADIATORS_ l switch (MDC._),

FUEL CELL 2 circuit break'ers

• PUMPS - AG a; Applie_ power from a-c bus

(3 amp) No. 1 or 2 through FUEL
CELL PUMPS-2 switch to

CB, and to H 2.water sep and

glycol pump motors in fuel
cell 2.

b, Prov.ide _A power to FC 2

pH sensor probe.
• c. Provides connection of FC2

power factor correction
circuit to either AC bus.

Circuit

Breaker

..........• ........ ................... ........

Battery

relay bus

Power

Source : Remarks

, | , ,,

DC • main
buses A & B

Datter¥ '

relay bus

• • . . ,

• ._ . . •

NOTE ' ' . ..

A fuse (5 amp) protects MAIN

BUS B power to .the PURGE
VALVE •CONTROL switch.

• ,)- • • .
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Location

PanellArea I Grid

RHEB-Z26 (Cont)

UY)

)

Name and
Position

REACS (10 amp)

i

BUS CONT (I0 amp)

PURGE {5 amp)

RAD (5 amp)

FUEL CELL 3 circuit breakers

PUMPS - AC

(3 amp)

REACS (10 amp)

Function

Applies d-c power from battery

relay bus to FUEL CELL

REACTANTS-2 switch (MDC-3),

a. Applies d-c p6wer from

battery relay bus to FC 2

bus control through FUEL

CELL -,MAIN BUS A-2 and

MAIN • BUS B-2 switches

(MDC- 3.), •

b. •Provides power to reactants

event •indicator,

a, Applies power from d-c mahl

bus B to FC 2 purge valves

through FUEl, CELL

PUI:(GE-2 switch (MDC-3).

b. Applies power to H z PURGE

LINE HTR switch.

Applies power to FUEL CELL

RADIATORS-2 switch (MDC-3),

a. Applies power from a-c bus

No. 1 or 2 through FC

PUMP-3 switch to CB, and

.to Hg water sep and glycol

pump motors in fuel cell 3,

b, Provides (tA power to FC 3

pH sensor probe,

c, Provides connection for FC 3

power factor correction

circuit to either AC hus,

Applies d-c power from battery

relay bus to FUEL CELL 3 - .

REACTANTS switch (MDC-3),

KIJ

Circuit
Breaker

, ., ..

Power

Source .. Remark_

,, ! , t •

Battery,

relay bus

I

i

• • . , . • .

DC main"

bus B

Battery
relay bus .... "

AC bus 1

or

Battery
relay bus

• : NOTE ,

Fuse. ($A) proteet_ MAIN ,

BUS.A PWR to the PURGE

VALVE control switch.
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Location
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__H__B-n6t °_t_2

c: BUS CONT (10" amp)

A PURGE (5 amp)

_t RAD (5 ' amp)

LIGHTING circuit breakers

B LIGHTING-FLOOD group

circuit breakers

MNA" (15 an_p)

3 MNB (15 amp)

FLT/PL (5 amp)

_k

, 71

Function

a. Applies d-c power from

battery relay bus to FC 3

bus control through FUEL

CELL 3 MAIN BUS A and "

MAIN BUS B switches

(MDC-3),

b_ Provides power to reactants

event indicator.

c. Applies power to FC REACS

VALVES switch (MDC-3).

Applies power from d-c ,main

bus B to FC purge valves

through FUEL CELL PURGE-3

switch (MDC-3).

Applies power to FUEL CELL

RADIATORS-3 switch (MDC-3),

Connects power from DC BUS A

to FLOOD rheostat switches

(MDC-8), FLOOD FIXED switch

(MDC-5), and FLOOD rheostat

switch (LEB panel i00).

Connects power from DC BUS B

to FLOOD - FIXED/OFF/POST

LDG switch (MDC-8), FLOOD

rheostat switch (MDC-54 and

FLOOD - FIXED/OFF switch

(LEB panel I00).

Conn.ects power from postlanding

bus to FLOOD - FIXED�OFF�

POST LDG switch (MDC-8).

i

Battery

relay bus

Remarks

, y

• DC,.main, , "

bus, B

Battery "

relay bus

DC main

bus A

.NOTE ,' '.

Fuse :(5A) protects 'MAIN

BUS A.power to th6 PURGE "

" VALVE CONTROL switch,

" / •

.DC main

bus B

Postlandlng

batteries

/

• .;. <

./
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Location

Panel Area [ Grid

RHEB-226 (Cent)

(

i- r

)

Name and

Position

LIGHTING (NUMERICS/

•INTEGRAL) group circuit

breakers

LEB - AC 2 (Z amp)

L MDC - AC 1

(Z amp)

R MDC - AC 1

(2 amp)

•RUN/EVA/TRGT circuit

breakers

AC I (Z amp)

AC 2 (2 amp)

LIGHTING cOAs/TUNNEL/

RNDZ SPOT circuit

breakers

MNA (5 amp) .

MNB (5 amp)

Function

Connects AC BUS 2 to

INTEGRAL and NUMERICS

variable transformers (LEB

panel I00).

Connects AC BUS I to

INTEGRAL and NUMERICS

variable transformers (MDC-8).

Connects AC BUS I to

1NTEGRAL variable transformer

MDC-5).

Connects AC BUS 1 to

EXTERIOR LIGHTS - RUN/.EVA

switch on MDC,-2.

Connects AC'BUS 2 to

EXTERIOR LIGHTS - RUN/EVA

switch on MDC-2 and DOCKING

TARGET switch on MDC- 16.

Provides circuit protection for

COAS switches on MDC-15

and - 16; 'rUNNEL, RNDZ,

SPOT switches on lvIDC-2.

Provides circuit_p_otection for

COAS switches on MDC-15

and-16; TUNNEL, RNDZ,

SPOT switches on MDC-Z.

Circuit Power

Breaker _ Source

N/A

AC bus Z CA

AC bus I CA

AC bus I CB

AC bus [

AC bus ;_

DC main

bus A

DC main

: bus B

Remarks

x

• . , .

• c

i.
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Location

Name and
Panel Area Grid Position

RHEB-227

RHEB-229

A

SC INST switch and receptacle

PWR

OFF

EPS-MNA, M'NB - GROUP I

circuit breakers

MNA (30 amp)

A MNB (30 amp)

Function

Applies 28 vdc powe.; o

receptacle.

Removes power.

'Circuit .........

Breaker

HATCH

(CS Z5)
(MDC- 5)

Applies power to MDC-8 circuit

breakers:

a. STABILIZATION CONTROL

SYSTEM- PITCH-MNA.

b. REACTION CONTROL

SYSTEM - SM HEATERS -

MNA-D.

c, REACTION CONTI_.OL

SYSTEM - PRPLNT ISOL -

MNA.

d. SCS - LOGIC BUS 3/4 MNA.

e. SCS- CONTR/AUTO MNA. "l

Applies power to MDC-8 circuit

breakers :

a. STABILIZATION CONTROL

SYSTEM- PITCH-MNB.

b. REACTION CONTftOL

SYSTEM - SM HEATERS -

MNB-C.

6. REACTION CONTROL

SYSTEM - PRPLNT ISOL -

MNB.

d. SCS LOGIC BUS _/3 MNB.

e. SCS CONTR/AUTO MNB,

---_---l[_owo r

Source

NON-ESS ""

bus Z

DC main

buses A & B

DC main

bus A

DC main

bus B

Remarks
• • r ,

<
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Location

.. •Name and

Panel [ Area ] Grid Position

' i

RHEB-229 (Cent)

TIMERS MNA and MNB

circuit breakers

.MNA (5 amp}

' MNB (5 amp)

EPS - MNA, MNB - GROUP 2

circuit breakers

'MNA (30 amp}

• MNB (30 amp), "

1'
) ( mp)

- Function

Connects power from d-c main

bus A to event timers on

_anel 306 and MDC-I, and h_is-

siori timer on MDC-2.

Connects power from d-c rn_,in

bus B to event tin-tar.on MDC-I

and LHEB-306 and n'tlssion tinier

LHEB-J06.

Applies power to MDC-8 circuit

breakers:

a, STABILIZATION CONTROL, '

SYSTEM - SYSTEM MNA,

b. STABILIZATION CONTROL"

SYSTEM - AC ROLL MNA,

Applies power to MDC-8 circuit

breakers;

a. STABILIZATION CONTROL

SYSTEM - SYSTEM MNB.

b. STABILIZATION CONTROL

SYS(FEM-A/C ROLI._- M NB.

Applies power to MDC-8 circuit

br cake rs :

a. STABILIZATION CONTROL

SYSTEM- YAW - MNA.

b. REACTION CONTROL

SYSTEM-SM HEATERS- B

.MNA.

c, SCS LOGIC BIJS 1/2 MNA.

Circuit

Breake,r

Power

Source ', Remarks

J ]

f

DC main

bus A

DC main

bus B

DG main

bus A

DC main

bus B

DC main

bus A

,.. - - .
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Location

Panel [ Area "[ Grid

1

RHEB-2Z9 (Cont)

D

D

D

D

I

Name a_nd

Po siti on Function

MNB (30 amp)

EPS - MNA, MN_B - GROUP 4

circuit breakers

MNA (30 amp)

MNB (30 amp)

EPS - MNA, MNB - GROUP 5

circuit breakers

MNA '(30 amp)

/-

\

Applies power to MDC-8 circuit

breakers:
a, STABILIZATION CONTROl,

SYSTEM- YAW - MNB.

b. REACTION CONTROL

SYSTEM-SM HEATERS-A

MNB. "

c. SCS-LOGIC PWR-1/4 - MNB

d. OR DEAL-MNB.

Applies power to MDC-8 circuit
breakers:

a. STABILIZATION CONTROL

SYSTEM-B/D ROLL-MNA:

b. SERVICE PROPULSION

SYSTEM- GAUGING- IvlNA.

c. SERVICE Pi_OPULSION

SYSTEM-He VALVE-MNA.

d. EMs MNA.

e.. DOCK PROBE MNA.

A'pplies power to MDC-8 circuit

breakers :

a. SERVICE PROPULSION

SYSTEM-GAUGING- MNB.

b. STABILIATION CONTROL

SYSTEM- B/D ROLL-M NB.

c. EMS MNB.

d, SERVICE PP,.oPuLs1oN

SYSTEM_Ne VALVE-MNB.

e, DOCK PROBI,3 - MNB.

Applies power to.IvlDC-8 circuit

breakers :

a. REACTION CONTROL

SYSTEM- RCS LOGIC- MNA.

• Circuit

Breaker Source

DC main

bus B

1

DC main

R ema_k.s ,

bus A

DC main

bus B

DC main

bus A

,/
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Location

PaI1e] I Area I G rid

RHEB-229 (Color)

D ,,

• E
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Name and

Po sltion

MNA (30 amp)

MNB (30 amp)

OE VAC ION PUMPS circuit

breakers

MNA (5 amp)

MNB (5 amp)

MAIN RELEASE PYRO A and B

circuit breakers

PYRO A (5 amp)

PYRO B (5 amp)

Function

b, REACTION CONTROL

SYSTEM-CM HEATERS-I -

MNA.

c. SPS-PILOT VALVES-MNA,

d. SCS-CONTR/DIRECT-I MNA.

e, SCS-CONTP./DIRECT-Z MNA.

f, SCS-DIRECT ULL-K4NA,

Applies power to MDC-8 circuit

breakers:

a, REACTION CONTROL

SYSTEM-RCS LOGIC-MNB.

b, REACTION CONTROL

•SYSTEM-CM HEA'I'ERS-2-

MNB.

c. SPS-PILOT VLVS-MNB.

d. SCS-CONTR/DIRECT I MNB.

e. SCS-CONTR/DIRECT Z MNB.

f. SCS-DIRECT ULL MNB.

Connects power from d-c main

bus A to 0 2 tank I vac ion pump,

Connects power from d-c main

bits B to O 2 tank 2 vac iota pump.

Applies SECS pyre bus A power

to system A main chute release

pyre circuits,

Circuit
Breaker

Power

Sourco

DC main

bus A

DC main

Remarks

bus B

SEQ A

(RHEB-250)

• DC main

bun A

DC main

bus B .

Pyre

battery

• •L

Used to disable circuit when

necessary, " .

Normally open during flight.

Closed after .spla.shdown.

Applies SECS pyre bus B power SEQ B

to system B main chute release (RIIEB-250)

pyre circuits.

bus A

Pyro

battery

bus B'

• .., •
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Location

Panel[Area [ Grid

RHEB-229 (Cent)

Name and

Position

UTILITY •circuit breakers

R/L STA (2 amp)

LEB (2 amp)

.EPS BAT BUS circui't breakers

A (Z0 amp)

B (20 amp)

)

Function

Applies 28 vdc to UTILITY switch

and connectors on panels 15

and 16 and provides 'circuit

protection,

Applies 28 vdc to UTILITY switdh

and connector on panel I00 and

provides circuit protection.

Applies d-c power from battery

bus A to following circuit

breakers on MDC-8;

a. SERVICE PROPULSION

SYSTEM-PITCH I = BAT A.

b. SERVICE PROPULSION

SYSTEM-YAW 1 - BAT A.

c. SEe EVENTS CeNT

SYSTEM ARM A - BAT A.

d. SEQ EVEN'FS CONT

SYSTEM LOGIC A- BAT A.

e. ELS-BAT A.

f. EDS I - BAT A.

g. •FLOAT BAG l - BAT A_

Applies d_ power from battery

bus B to the following circuit

breakers on MDC-8,

a. SERVICE PROPULSION

sYSTEM-PITCH _ - BAT B.

b, SERVICE PROPULSION

SYSTEM-YAW 2 - BAT B.

c, SEQ EVENTS CeNT

SYSTEM- ARM B - BAT B.

d. SEQ EVENTS CeNT

SYSTEM LOGIC B - BAT B,

e. ELS - BAT B,

f. EDS 3 - BAT B.

g. FLOAT BAG 2 - BAT B.

Circui{ ......

Breaker

N/A

--_--t_owe r........
Source

DC" main

bus A

DC main

bus B ,

Battery

bus A

Battery

bus B

Remarke

i

r ._

,. , • ,.

f.
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Location

Panel I Area [ Grid

RHEB-229 (Cont)

G
I -

RHEB- 250

A

A

A

A

Name and

Position

SPS LINE HTRS MNA and MNB

(iO .amp) circuit breakers

Pyre battery circuit breakers

PYRO A group

SEQ A (20, amp)

BAT BUS A TO

PYRO BUS TIE

(20 amp}

PYRO B group

SEQ B (20 amp)

BAT BUS B TO

PYRO BUS TIE

(20 amp)

Function

Applies 28 vdc to SPS LINE

HTRS switch on MDC-8,

Applies d-c power from pyre

battery A to SECS pyre:bus A,

when SEQ EVENTS CONTROL

SYSTEM switch A or B (MDC-8)

Is in PYRO ARM position,

Applies pyro battery A voltage

to DC INDICATORS switch.

Applies d-c power from battery

bus A to above circuits,

Applies d-c power from pyre

battery B to SECS pyre bus B

when SEQ EVENTS CONTROL

SYSTEM, switch A or B (MDC-8)

is in PYRO ARM position.

Applies pyro battery B voltage

to DC INDICATORS switch,

Applie,s d-c power from battery

bus B to above circuits.

Circuit

,Breaker

N/A

N/A

Power

Source

DC .main

buses A & B

Pyro

•Sattery A

Entry

battery A

Pyro

battery B

Entry

battery B

.,, ,,

, [i::ii: i:/, i•

• Remarks • . ".

Must .be opened if pyre battery A

fail_, ..

Normally open in flight," Closed only

if pyro battery A fails, - •

Colored yellow, , Should not be

closed.if SEQ A CB is closed,

Must be opened if pyro battery B

fails,. -

Normally open in flight. Closed only

if pyre battery B fails.

Colored yellow. Should not be

closed if SEQ 'B CB is closed,

%
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Location

_" I ArBa l
o Panel Grid
U

RHEB- 250 (Cent)
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Name and

Po sition

BAT A PWR ENTRY/POST
LANDING circuit breaker

(80 amp)

BAT B PWR ENTRY/POST

LANDING circuit breaker

(80 amp)

BAT C PWR ENTRY/POST
LANDING circuit breaker

(80 amp)

BAT C-BAT CHGR/EDS Z

circuit breaker (10 amp)

BAT C TO BAT BUS A

circuit breaker (80 amp)

BAT C TO BAT BUS B

circuit.breaker (80 amp)

>

[

:...... L•.

. _ ! c

",.' :

Function

, • . .

Circuit

Breaker

Applies d-c power from entry
ba[tery A to battery bus A.
(CB 41 on battery case 'between

battery A and this CB. )

Applies d-c power from entry

battery B to battery bus B.
(CB 42 on battery case between

battery'B and t-liis CB. )

Applies d-c power from entry •
battery C to battery C circuits,
{CB 43 on battery case between

battery C and this CB.)

Applies connection from

battery C to;
a, BATTERY CHARGE]). selec-

tor switch, position C.
b. DC INDICATORS setector

switch (BAT C).
c, EDS bus Z.

Applies d-c power from entry

battery C to battery bus A.

Applies d-c power: from entry

battery C to battery bus B.

k

• -7..........._ ....
Powe.r •

.Source

Entry

battery A

Entry
battery B

Entry
battery G..

Remarks

/ •

i

. . • , . • •

•Normally open circuit breaker that

provides backup in event of failure

of entry battery A

Normally open circuit breaker that

provides backup in event of failure

of entry battery B.

• ' _ - . ' _.. . •
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Location

Panel i Area

RHEB-251

RHEB- 252

Grid

4.

%

Name and

Position

WASTE MANAGEMENT panel

'OVBD DRAIN valve

DUMP

OFF

Waste Management Access

panel

BATTEKY VENT
Valve

VENT

CLOSED

WASTE STOWAGE

VENT vaive

VENT

CLOSED

Function

Connects WMS overboard dump

line from selector valve to

outside atmosphere, permitting

dumping urine and fecal odors

overboard.

Closes WMS overboard dump

line to outside atmosphere..

Permits gases generated by CM

entry batterSee to be vented into

waste water dump line.

Shuts off vent line of CM entry

batteries,

Connects waste stowage corn-

] pertinent to urine overboard

dump llne, permitting fecal

odor from fecal bags to be

vented overboard,

RestriCts waste stowage com-

partment odors or overpressure.

L

Circuit Power

Breaker i Source

N/A N/A

N/A

•j •

N/A

Remarks

This shutoff valve is manually "

controlled by bar knob.---

• Valve is set t O _DUMP position

. 'for use.

' Upon completion of durnplng or

venting operation/ OVBD DRAIN

valve is set to OFF position.

• _ This Valve i_ manually operated
with the _ielector0

Normal position of valve is closed.

" : t: " '

j , .

This valve is manuallF controlled

by a-bar knob,

T
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Location

Panel I Area

RHEB-275
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Name .and

po si_ion

FLIGHT/POSTLANDING circuit

breakers

-BAT BUS A

{7..5 amp)

BAT BUS B

(7. 5 amp)

MAIN A

(10 amp)

Function

Applies d-c power from battery

bus A to flight and postlanding

bus,

MAIN B

(10 amp)

INVERTER POWER circuit

breakers

I MAIN A

(70 amp)

Z MAIN B •

(70 a'mp)

• 3 'MAIN A

(70 amp)

3 MAIN B

(70 amp)

Applies d-c power from battery

bus B to flight and postlanding

bus.

Applies d-c power from 80-amp

BAT C PWI£ circuit breaker to

flight and postlanding bus.
', , , ,

Applies power from d-c main

bus A to flight and postlanding

bus.

Applies power fromd-c main

_us B to flight and postlanding

bus.

Applies power from d-c main

bus A to inverter No. I.

Applies power from d-c main

bus B to inverter No. 2.

Applies power from d-c main

Bus A to inverter No. 3.

Applies power from d-c main

bus B to inverter No. 3.

Circuit "

Breaker

...... Powex_ '__.

_onrce

Battery

bus A

Battery

bus -B

Battery

bus C

DC main

bus A

DC .main

.bus B

DC main

bus A

DC main

bus B

DC main

bus A

DC main

bus B

Rema'rks

Those circuit breakers re'/nain" :

disengaged durin, g flight and are

engaged (pushed,in) during main

chute descent.
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Location

Panel , Area ] Grid

RHEB-275 (Cent)

Name and

Po sltlon Function
l I I , 1

vIAIN A circuit breakers

BAT BUS A

(80 'amp)

BAT C

{80 amp)

MAIN B circuit breakers

BAT C

(80 amp)

BAT BUS B

.(80 amp)

Applies d-c power from battery

bus A to d-c main bus A through

contacts of BAT A/C BUS TIE

motor switch and isolation

diode,

Applies d-c power from battery C

to d-c main bus A thro.ugh

contacts of BAT B/C BUS TIE

motor switch and isolation

diode,

Applies d-c power from battery C

to d-c .main bus B through

.contacts of BAT A/C BUS TIE

motor _witch and isolation

diode,

Applies d-c power from battery

bus B to d-c main bus B.tbrough

contacts of BAT B/C BUS TIE

motor switch and isolation

diode.

_i ¸ ,_

C_rcuit

Breaker

Power

.Source

Battery

bus A

, i .

Battery

bus C

Remark_

NOTE

• Normally open in ftight;

, closed for entry prior to

CSM Separation.

Battery

bus • C .

• i " "

Battery , ,,

bus B _.

'. "
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Location

a Grid Position

INSTRUMENTATION POWER

CONTROL OPERATIONAL

circuit breakers

CB1

(5 amp)

CBZ

• (5 amp)

.-.!

i" ' ' "

•Function

Provides d-c power to essential

instrumentation.

Provides d-c power to essential

instrumentation,

J

'f ,

Circuit

Breaker

INST ESS

M.NA and

MNB

(MDC- 5}

_P5 Wb r .....

Source

DC main

buses A h B

I

h ,

Remarks

,_...

CBllsupplies d-c power for

following instrurnentation:

, H20 Dump Temp

CM He TkA Press

CM He Tk A Telnp
CM He Manif i Press

CM He Marflf Z Press

Temp-16 Eng lnj Sys 1

Temp 12 Eag Inj Sys 1

CB2 supplies.d-c power for

the

CF 0461T

CR 0001P

CR 0003T., :

OR 0035P

CR 0038P
Ci_. Zl03T

CR 2i14T

the

5'1
following instrumentation:

Ternp Crew Ablator

Surf Loc IA

Temp Crew Ab}ator

Surf Loc 4A

Ternp Crew Ablator
Surf Lee 7A

Temp Crew Ablator

Surf Loc 10A

Press Batt Comprtmnt

(Manif)

Drogu.e Dep Relay A 4_

Drogue 'Dep Re.lay B

Main Dep Relay A

Main,Dep Relay B

Main Chute Disc Relay A

Main Chute Disc Relay B

Suit Cabin Delta Press

Surge Tank Press

Hi0 Tank-Glycol Res

Press

CA 1820T >

CA IgZlT ' E/

(9

CA I822T

t_

CA 182.3T

CC 0188P

CE 000 IX " ,

CE O002X

CE 0003X

CE 0004X

CE 03ZlX

CE 0322X

CF 0003P

C F 0006P

CF O120P

.,,::

0
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Location

RHEB-276 (Cent)

Nam_ and

Posktion

CB2 (Cent)

CB3

(S a_np)

Function

, ,p ,,

Provides d-c power to essential

instrumentation.

Circuit

.Breaker

INST .ESS

MNA and

MNB

(MDC-5)

Power

Source

DC main

buses A & ,B Prim Evap Inlet Temp CF 0181'i]

Urine Dump Nozzle . CF 0460T

Temp

Astro I EKG Axis I C$ .00605

Astro2 EKG AXIs I CJ 006[J

Astro 3 EKG Axis I CJ 0062J"

AstrQ/l Respir CJ 0200R

Astro 2 Respir C3 020tR

Astro 3 Respir Cff 0202R

cM x A_is Accei : cK6OZSA
AM YAxis Accel CK 0027A
Ch_i Z Axis Accel CK 0028A

• Dosimeter 1 Radiation , CK 1051K

Dosimeter 2 Radiation • CK

Dosimeter Rate CK

CM He Tk B Press "C R

CM He. Tk B Temp ' CR

CM He Mafiif, 2 Press CR

CM He Manif I Press CR

Temp 14 Eng lnj Sys 1 CR

Temp 24 Eng Inj Sys 2 CR

Temp 25 Eng Inj Sys 2 CR

Temp 21 Eng Inj Sy_ 2 CR

_q

I052K

I053K

0002P
0004T

0036P

0037P I_

2100T

2110T

2_16T
2119T _g

Docking Probe Temp., Cs 0220T

CB3 supplies d-c power for the

following instrumentation:

Temp Bay 20x Tk Surf SA" 2377T

Temp Bay 5 Fuel Tk SA 2379T

SUrf

Ox Trnsfr Line Entry SA,2400T

Sump Tk " ' ,

,! . •

. "...
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Location

Panel [ Area [ Grid

i?

RHEB-276 (Cent)

i

rq

tq

_q

i

i

j [

I

Name and

Po sition

CB3 (Cont)

Function

\

Circuit

.Breaker

INST ESS

M NA and

MNB

(MDC- 5)

_•..._.,.................. ,.............................................

Power

Source "

DC main
buses A & B

'/

y,,

i • • . / •

Remarks

02 Tk 2 press SC 0038P

H 2 Tk 2 Press • SC 0040P

FC 2 N z Press SC 2061P

FC.3 N 2 Press • SC 2062P

FC 2 02 Press SC 2067P

FC 3 02 Press SC Z068P

FC Z H 2 Press SC 2070P

FC 5 H 2 Press SC 2071P

FC 2 Rad Out Temp SC 2088T

FC.3 Rad Out.Temp SC 2089T

.FC 2 Rad In Temp SC 209[T

FC 3 Rad In Temp ' " SC 2092T

FC 2 H 2 Flow SC 2140R

FC 3 H 2 Flow SC ZI41R

FC 2 02 Flow SC 2143R

• FC 3;02 Flow SC 2144:R

He Tk Press " SP 0001P

Ox Tks Press SP 0003P

Position Fu/Ox Vie [ SP 0022H

Pot B

:Position Fu/Ox Vlv 3 SP 0024H

POt .B

Position Fu/Ox VIv 2 / SP 00Z7H.

Pot. A •

Position Fu/Ox Vlv 4 SP 0029H

Pot A

Temp Fuel Eng Feed SP 0048T

Line

Temp 1 Oxidizer Distr SP 0054T

Line

SPS Prplnt Tanks N2 A ,_ SP 0600P

Pre-ss

Eng Chamber Pr'ess SP 0661P

Fuel SM/Eng Interface SP 0930P

Press ,

SM He TkA Press . SR 5001P

SM He Tk'C Press SR 5003P

SM He Tk A Temp SR 5013T

SM He Tk C Temp SR 5015T

_:.: 0 _

0
0
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Location

pa_el [ Area [ Orid

_aHFB-'__7_ ( o___.t/

Name and

Position

•CB3 (Cont)

CB4

(5 amp}

Function

Provides d-c power to essential

instrumentation.

Circuit

Breaker

iNST ESS '

MNA and

MNB

(MDC- 5)

I

I

i

Po.we r

Source

DC main

buses A & B

Remarks

Qty SM Propellant SR 50.25Q

Sys .A

QLy SM Propellant Sys C

SM Eng Package A

Temp

SM Eng Package .G

Tamp

SM I{_} Manf Sys A

Press

SM Ox Manf Sye A

Press

" SM Fuel Manf Sys A

Press

: SM He Maul Sys C

',' Press

• • -' SM Ox Manf Sys C

Press

.SR 5027Q ". :

SR 5065TI

SR 5067T

SR 5729P

SR 5733P "

SR 5737P

8SR 58i7P

SR 5820P

%2

SR, 5822P _=.

, I

. / ' ,

SM Fuel Manf Sys C'

Press

Proton Ct Rate Chan.l

Proton Ct Rate Chart Z

Proton Ct Rate Chan 3

Proton Ct Rate'.Chan 4

Alpha Ct Rate Chan l

Alpha Gt Rate Chan 2 "

Alpha Ct Rate Chan 3

Proton Integ Ct Rate

CB4 supplies d-c power for the

3>

'ST 0820K "_:
t_

ST 08ZlK

.s'r o82zK
ST 08Z3K

ST 0830K

ST 0831K _-.

ST 0832K v_

ST 0838K (n . .

following i'nstrumentation,

'ramp Bay .3 Ox Tk Surf SA 2378T
Tamp Bay 6 Fuel T'k SA 2380T

Stiff

Fuel Trnefr Line Entry'' SA 24olt

.Sump Tk

02 Tk I Press SC 0037P

H 2 Tk i Press SC 0039P

FC I NzPress " " SC 2060P

PC 1 02 Press SC 2066P

.>
'IJ
O.

0
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Location

'Panel Area [ Grid

RHEB- Z75 {Coat)

--r

Name and

Po sitioa

CB4 (Coat)

[

I
I

)

Function

Circuit

Breaker

INST ESS

M.NA and

M NB

(MDC- 5)

Source

DC main

buses A & B

• ': , .

. °

Remarks

/.

FC 1 tI 2.P.ress SC 2069P

FC 1 Rad Out Temp SC 2087T

FC I R'ad In Temp. SC IZ091T

FC l H 2•Flow SC 2139'R

• FC 1 0 2 Flow SC 2142R

He Tk Temp '" .SP 0002T

Fu Tks Pz:ess SP 0006P

Positlon Fu/OxVlv 2 SP 0023H

Pot B

Position Fu/Ox VIv 4 SP 0025H

Pot B

PositiOn Fu/Ox VIv 1 " SP 0026H

Pot A

Position Fu/Ox V'iv 3 SP 0028H'

Pot A

He Tk Press Display SP 0035P

Temp Eng Vlv Body SP 0045T

'Temp OX Eng Feed SP 0049T

Line

Temp I Fuel Distr SP 0057T

Line.

SPS Prplnt Tanks N SP 0601P

B 'Press

Ox SM/Eng Interface .... 'SP 0931P

Press " '

SM He Tk B Press SR 5002P

SM Fie Tk D Pres_ ,SR 5004P'

SM He Tk B Temp SR .5014T

SM He Tk D Temp - SR 5016T

Qty SM Propellant SR 5026Q'

Sys B .

Qty SM Propellant sR 5028Q

Sys 'D '

SM Eng Package B SR 5066T

Temp

SM Eng Package D : SI% 5068'r

Te mp

SM He Manf Sys'B _' SR 5776P

Press

i•<::•°

o.
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Location

' Panel. [ Area [ Grid

RHEB-Z76 (Cent)

RHEB-278

)

Name and

Position

CB4 (Coat)

Function

UPRIGHTING SYSTEM circuit

breakers

COMPRESSOR 1

(25 amp)

COMPRESSOR 2

(25 amp)

SIVB/LM SEP circuit breakera

PYRO A

(7.5 amp)

PYRO B

(7. 5 amp)

Connects power from battery

bus A to motor through control

relays.

Connects power fron] battery

bus B to motor througi_ control

relays,

Connects Rowel' from SECS pyre

bus A to SIVB/LM separation

relays°

Cohnects power from SECS pyre

bus B to SIVB/LM separation

relays.

p Circuit

Breaker

INST ESS

MNA and

MNB

(MDC- 5)

' Power

Source

DC main

buses A hB

/ .

[ •

Battery ,

bus A

Battery

bus B

SEO A

circuit

breaker

(RHEB-Z50)

1

SEQ B

circuit

breaker

(RHEB-250) _

Remarks

SM Ox Manf Sys B

Press

SM Fuel Manf Sy$ B

Press .

SM Ox Manf Sys D "

Press

SM Fuel Manf Sys D •

Press

SM He Manf Sys D

• Press '

Nuclear Particle Det }

Temp

Nuclear Particle Anal

Temp

SR 5780P

SR 5784P

SR 58Z IP,

"SR 58Z3P

'SR 5830P

ST 0840T

DT 084_T

• - [•

<. •

<

?
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<.- .
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_. Name and
Position

t_

Location

_a___ At;ca Grid

LHFEB-300

LHFEB-30Z

Located between

LHFEB-300 and

LHFEB-301

Suit flow control valve(s)

OFF

CABIN FLOW

Function

SUIT FULL

FLOW

CREW'MAN ELECTRICAL

UMBILICAL CONNECTOR(S)(3i

K-L-C

Closes valve, shutting off flow
of oxygen to and from suit

connector.

•Partially opens valve, permitting

oxygen flow into cabin (or suit)

at rate compatible to requtre-

monte of one crewman.

N/A

Circuit "

Breaker

Fully opens valve, permitting

oxygen flow to suit at rate

compatible to requirements of"

one crewman,

These connectors interface with

crewman electrical umbilicals,

!, i :i ••

J , . ,•

Power

Source

N/A '

, i ,, , , j,

Remarks

Audio center

equipment.

/ .

•_ .Suith0se may be connected or

, . disconnected only with valve in ,:.

• OFF position, " ,

This valve position may he used for

reduced flow to PGA (suitconnected),
or for _)ormal flow to cabin for shirt-

sleeve mode (suitnot connected).

Suit hose _isnot disconnected from

suit connector panel w:hen going to'/
shirtsleeve m.ode. ."• :

With valve in SUIT FULL FLOW ' :

position (suitconnected') fl0w ts " '

at,,'rateof 17 ],b/hr minimum. " .

However, flow rate will vary along

suit flow adjustment ,range from ,.

SUIT FULL' FLOW .to CABIN FLOW _

positions.

These connectors provide access to

audiocenter, audio warning systelTt.

and .provides path for crewman ,

biomedical information to go to

telemetering unit. . , .

7
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LHFEB- 303

t_
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I

>

_L_

)

Name and

Position

3chin air control louver

PKIMAI_Y CABIN

TEMP control valve

H (heat)

Function

Manually ope rated louver for

adjusting direction of airflow

from cabin air fans.

Manual backup mode,position of

cabin ten%perature control valve

tO increase cabin temperature.

C (cool) Manual backup mode position nf

[ cabin temperature control valve

to decrease cabin temperature.

._l

Ci.reuit

N/A N/A

%

Remarks

_ _ . , , .

Motor-operated valve ts manually

controlled by integral knob. Rota-

tional movement from H to C is

approximately i/2 turn.

Backup mode control knob iu use¢]

in even_ Of malfunction ,of cabin

ten_perature control components.

This is a dual valve on a single

shaft permitting water-glycol flow . i

_o heat exchanger to be regulated,

•Ro_ati0n toward H (heat) position

results in proportional increase in

cabin temperature by directing

warm water-glycol to cabin heat

exchanger. The.re _s definite time

lag in cabin temperature response

followiDg rnanual adjustment; there-

fore., close coordination between

n]anual adjustments and TEIv[P-

CABIN indicator MDC-2 is not

necessary.

Rotation towards C (cool) position

results in proportional decrease in

cabin te_nperature by directing cool

water-glycol to 'cabin 'heat

exchanger. There is definite time

lag in cabin temperature response

following manual adjustment; there-

fore, close coordination between

manual adjustments and TEMP-

CABIN indicator MDC-Z is not

necessary.

0
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Location

PanellArea] Grid

LHFEB- 30_ (Cant)

O

_ LHFEB-304

_i LHFEB-305

kn

Name and

Po sition

SECONDARY CABIN

TEMP valve

OFF

COOL

MAX

DRINKING WATER SUPPLY

shutoff valve

ON

OFF

FOOD PREPARATION WATER

supply unit

COLD .valve

HOT valve

Function

Prevents flow of water-glycol

to cabin heat exchanger.

Meters water-glycol flow through

cabin heat exchanger from OFF

to MAX.

Full flow of secondary water-

glycol system through cabin

heat exchanger.

Permits flow of potable water to

water deliw_ry unit.

Turns off flow of potabl_ water to

water delivery unit,

Upon actuat.ion, permits metered

amount of cold water (50 _I r') to

food rcconstitution nozzle,

Upon activation, permits metered

amotmt of hot water (154±4°F) to

food reconstitution nozzle.

Breaker •Source

.N/A

N/A.

N/A

N/A

N'IA

N/A

Remarks

S'huto_f'valve manually controlled by

permanently installed knob. ' "

Normal position of valve is ON.

Valve is closed in event of leak.in :

water delivery unit,

• ....

To actuate, pull on syringe-type '" " ;

finger grips. " ' '

Cold or hot water is metered at 'rate .

of 1.00±0.05 ounce per valve actua-

tion, Upon release, valves return

to closed position,'
. . • ?
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LHb2EB- 306
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Name and

Position

EVENT TIMER

MIN-SEC indicators

EVENT TIMER switches

MIN switch

'FENS

CENTER

UNITS

SEC switch

TENS

CENTER

UNITS

RESET/UP/DOWN

RESET

UP

DOWN

Function

Digital event timer provides

crew with means .of monitoring

and timing events. Timer will

start automatically when llft-

off ocCurs.

Runs MIN indicating dru_ in

tens,

No ft_nction.

Runs MIN indicating drum in

units.

Runs SEC indicating drum in

tens.

No function.

Runs SEC indicating drum in

units.

E'r resets to zero and stops

counting.

ET counts up when running or

slewing.

ET counts down when running or

slewing.

Circuit

Breaker

TIMERS

MNA and

MNB

(RHEB-ZZg)

Power

Source

DC main

buses A & B

• !

i

)

7

Remarks

Control switches provide means of

running e_,ent timer to any desired

setting and are spring-loaded to

center position. Indicating drums "

,can be run up or down, depending

on position of RESET/UP/DOWN

switch.
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LHFEB-30a }iCont)

?

g

_' Name and

Position

START/STOP switch

START

CENTER

STOP

MISSION TIMER - HOURS/

MIN/SEC indicators

MISSION TIMER switches

HOURS switch

TENS

CENTER

UNITS
• MIN snitch

TENS

CENTER

UNITS "

Function

i

Starts event timer.

No function.

Stops event timer.

Has capabilities to count up

mission elapsed time.

Changes hour numerical read-

out in tens.

N0 function_

Changes hour numerical read-

out in units.

Changes MIN numerical read-

out in tens.

No function.

+

Chaftges MIN numerical re_d-

out in units.

Circuit ........

Breaker

TIMERS

MNA and

MNB

(RHEB-2?9)

I

• ]

Power

Event timer starts .automatically

when lift-off occurs. Switch is

momentary on toward START

position., and maintained on in

other _wo positions.

Timer provides provisions for

., manual setting, count-up.readout,

(hours, minutes, 'and seconds),

and r_set to zero by remote

,. control at lift-off.

.. Internal timing pulse is provided in

case timing• signal is 'lost. Clock

is capable of timing from external

or i_iternal timing source without

losing mission time.

MISSION TIMER can only, slew

upto add time.

DC main

buses A & B

i "
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Location

LHFEB- 306 (Cent)

LHEB-3Z5

)

Name and

'Poaition

SECOND switch

TENS

C E NT E R

UNITS

START/STOP/RESET

START

STOP

RESET

CABIN •pRESSURE RELIEF
valves

Function

Changes second numerical read-

out in tens,

No function,

J

Changes second numeric.al read-

out in _its.

Circuit

Breaker

TIMERS

MNA and
MNB

(RI'IEB-zzg)

. •Remarks

Starts MISSION TIMER.

Stops MISSION TIMER.

Resets MISSION TIMELY.,

1

N/A
/

, Power
Source

DC main

busea A & B

N/A

Upon receipt of lift-off signalj timer

will reset to zero and start counting
up with switch in START position.

Timer may be stopped at anytime by

selecting STOP. To reset timer,

momentarily hold switch to RESET. •

poa ition.

There are two cabin pressure.
relief valves that normally operate

automatically to provide positive

and negative cabin pressure relief.
The upper manual control (three-

valve position) and the lower manual

control (fqur-valve position) can
override their corresponding relief
valves to CLOSE and NORMAL

".positions, /vhile only lower manual

control con override its correspond-
ing relief•valve to DUMP position.

Horizontal pressure must be applied
to move controls out of detent.



.... . . .._

t_
m

f_

pJ

!
O

tJ

$0

@

................................ ., ....

J ( ,/

)

I

)

C

Location

Panel[Area[Grid

LHEB- 325 (Coat)

i

i
I

CLOSE

Function

Name and

Po sition

NORMAL

BOOST ENTRY

DUMP

PRIMARY GLYCOl, TO ,

RADIATOR

Manual override position to close

either cabin pressure-relief

valve.

Manual override position to

partially restrict travel of either

cabin pressure-relief valve in

automatic mode,

Neutral position of override

mechanism to permit both cabin

pressure-relief valves full

travel in automatic mode,

Manual override position of

lower control to open correspond.

ing cabin pressure-reli_if valve.

Circuit

BreakerJ

Power

Source

. k

Remarks

Both.relief valves are closed for

prclaunch checkout and during CM

RCS pr3pellant dump; whereas

eithcr One or both relief valves

are closed in flight in event of

valve malftmction.

N0.rmal position of controls for .

flight period between ascent and

entry. Valves are .limited to the :

partially opei) position to prevent .

•rapid cahin decompression in.

event valves fail open.'

Except for time required to dump

I=(CS propellants during descent, •

both controls are normally Set to .

BOOST ENTRY poeltion for ascent

and entry phases.

Valye is opeacd to "
intentionally vent

cabin to outside atmosphere in event

of contamination or fire. Mechanical

safety latch must be off to set lever.

in d_lrnp position.

Valve remotely controlled through

"Telefex" cable,

PULL TO BYPASS

PUSH

Directs _low of p_'imary glycol

to bypass radiators.

Directs flo_v of primary glycol

through radiators. . . • . .=
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LHEB-326

I

Name and

Position

GLYCOL RESERVOIR valves

INLET wdve

. OPEN

CLOSE

BYPASS valve

OPEN

CLOSE

OUTLET valve

OPEN

Function

Permits flow of water-glycol,

from system into reservoir.

Shuts off flow of water-glycol

from system into reservoir.

Opens bypass line permitting

flow around water-glycol

reservoir,

Close bypass line that permits

flow around water-glycol

reservoir.

Permits flow of water- glycol

from outlet of reservoir into

system,

Circuit

Breaker

N/A

Power

Source

N/A

- )

• Remarks

H

Shutoff valve is manually controlled

by knob,

Valve is opened to direct water-

glycol flow through reservoir during

_r¢launch and ascent phases and

is operated in conjunction with

GLYCOL RESERVOIR OUTLET and

GLYCOL RESERVOIR BYPASS

valve S,

Valve is closed upon completion of

_scent' phase to isolate reservoir .

from system.

Shutoff valve is manually controlled

by knob.

Valve is opened upon completion of

ascent phase to bypass and isolate

reservoir from system, and is

operated in conjunction w_th

GLYCOL RESERVOIR OUTLET

and GLYCOL RESERVOIR INLET

valve s.

Valve is closed to direct water-glycol

flow through reservoir during

_relaunch and ascent phases, . "

Shutoff valve is manually controlled .

by knob.

Valve is•opened to direct water-

glycol flow through reservoir during

pretaunch and ascent phases, and

is operated in conjundtion with

GLYCOL RESERVOIR INLET and

GLYCOL RESERVOIR BYPASS

valves,
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LHEB- 326 (Cont)
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Name and

Position

C LOS E

OXYGEN valves

REPRESS PKG VALVE

ON

OFF

FILL

SM SUPPLY valve

ON

OFF

Function

Shuts off flow of water-glycol

from outlet of reservoir into

system,

Permits flow from three l-lb

oxygen tanks into CM oxygen

supply subsystem through check
valve.

Shuts off flow between three l-lb

tanks ancl CM oxygen supply
subsystem,'

Permits flow from CM Oxygen

supply subsystem to bypass the
check valve .and thus filt three

l-lb tanks, It also allows flow

from the surge tank to the
bypass check valve during cabin

r epre sp nrization,

Permits flow o£ oxygen to CM

from supply in SM,

Shuts off flow of oxygen to CM

• from supply in SM,

N/A

Circuit

Breaker
Power

Source

N/A

Remarks

Valve is closed upon completion of ."

ascent phase to isolate reservoir •

'from system.

Shutoff Valve is manually, controlled
by knob.

Valve furnishes 3 pounds of oxygen as

a redundant supply to the normal

surge tank quantity of 3, 7 poundS,.

y

Shutoff valve is manually controlled •

by knob,

Normal position of valve is ON.

Valve is closed prior to CSM . .,
separation to prevent.CM entry

Oxygen supply from flowing over,
board in event o£ check valve

failure.

i
.i

., . .

.-,.•:::;. • . • •J

tn

g
>
.Z

ro

>

ca

O-
r_

0
0

bl

o
0



t_

f_

P_

Y.

,D

f_

gQ

U
PJ
¢n-

f_

Ox

_q

Location

Panel [ Area I Grid

LHEB- 350

) .I• .. .•

"I_J :- .•tl, ./ ."•_..,

Name and

Po sitlen

SURGE TANK valve

ON

OFF

COz-odor absorber A gt B

diverter valve

uP

Cente r

[)own

Function

Permits flow of oxygen to and

from surge tank.

Shuts off flow of oxygen to and

from surge tank.

%

Shuts off suit circuit flow to

canister B and diverts full flow

to canister A.

Neutral position Of valve

permitting equal suit circuit

flow to each canister.

Shuts off suit circuit flow to

canister A and diverts full

flow to canister B,

N/A

N/A

Circuit

Breaker

Power

Source .

N/A

i

NZA

Remarks

Shutoff valve is manually controlle d ,
by knob.

• Normal position of valve is ON,

permitting surge tank to carry out

function of supplying additional

oxygen beyond the normal maximum

. flow capability from the SM, and ,

• for entry.

Set 02 PRESS !ND switch iMDC-2) "

to SURGE TANK .to obtain indication.

Valve is closed to preserve surge

tank supply in event cryogenic

, oxygen tank pressure drops to

• 900 psig or below,

, i • " "

Diverter valve linkage includes

mechanical interlock that assures

cover removal of only the canister

that has been isolated from suit

flow.
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Location

|

Panel [ Area Grk

LHEB- 351

Name and

Position

OXYGEN CONTROL PANEL

CABIN REPRESS

manual, valve

Function

IOPEN {cw)

oFF (ccw)

EMERGENCY CABIN

PRESSURE

Selector valve

BOTH

OFF

2

Directs oxygen into cabin up to

the maximum flow rate of 7. Z lb

)er hr. Poppet-type valve is an

independent unit of the _ cabin

pressure regulator assembly,

Shuts off oxygen flow into cabin.

Directs regulated oxygen

(100±10 psig) to No. I and

No, Z emergency cabin pres-

sure regulators.

Directs regulated oxygen

(I00:_i0 psig) to No. 1

emergency cabin pressure

regulator,

Shuts off regulated oxygen

(100:el0 psig) to No, I and

No, 2 emergency cabin pres,

sure regulators,

Directs regulated oxygen

(lO0*lO psig) to No. 2

emergency cabin pressure

regulator.

"5"

Circuit

Breaker

N/A N/A

Power

Source

(

,<

Remarks

i ....... :: ..

Shutoff valve is manually Controlled .

by int'egral knob. Rotational

movenlent from OPEN to close is

approximately 3/4 turn.

Will pressurize CM cabin from

zero to 5 psia in 75 to 90 minutes,

SelectOr valve" is manually con-

trolled by T-ha _dle tool. " '

Both emergency regulators are

selected for simultaneous use "

under normal conditions, for '

redundancy in event of emergency -

decompression as result'of cabin

. wall puncture.

Valve set to position 1 in event of .:

malhmction of No,. Z emergency

regulator.

Valve is set to OFF position .. ,

whenever all crewmen are suited. ,

With valve in OFF position, both

. emergency regulators are isolated '

from regulated .oxygen supply..

Valve set to position 2 in 'event of

malfunction of No. 1 em'ergency ,

regulator.
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LHEB- 3 5,1 (Cent)

Name and

Po sition

PRESS TO

TEST

pushbutton

MAIN REGULATOR .

valves

"A" OPEN

"B" OPEN

TOOL STORAGE

receptacle

WATER AND GLYCOL TANKS

PRESSURE controls

REGULATOR-

SELEC, TOR

INLET valve

BOTH

l_unctlon

Permits No. 1 and No. 2

emergency cabin pressure

regulators to be simultane-

ously tested for operational

ve rific alien,

Directs supply of oxygen from

SM _o main pressure •regulators A

and B and relief valves.

Directs supply of oxygen from

SM to main pressure regulator A

and relief valve.

Directs supply of oxygen from

SM to main regulator B and

relief valve.

Flush-m0unted receptacle for

storing handle adapter (E-tool)

used in positioning numerous -

manually operated valves.

Directs regulated oxygen

(100_:10 psig) to No. I and

No. 2 tank pressure

regulators for reduction to

20_:2-psig tank pressure.

Circuit

Breaker

N/A

, ,, _.

Power

Source

N/A

Remarks

malfunctioning,

k •'

With pushbutton pressed, the refits "

to reference pressure chan%bers

of both regulators are closed off, _

This allows artificial reference ' "

pressure to build up, which ':

results in regulator operation, ....

This test may be accomplished.at '

grotmd checkout or during flight,

Regulators A and B are selected

for simultaneous use under _

norn_al c ondition's.

4"

Selector valve is manually

controlled by E-tool.

Both tank pressure regulators are I

selected for simultaneous use under

normal conditions for redundancy .

in event of one regulator

i .
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Name and

Position

.l

OFF

2

RELIEF-SELECTOR

OUTLET valve

BOTH

Function.

Directs regulated oxygen

I00"_I0 psig) to No. I tank

_ressure regulator for

reduction to 20_2-psig tank

)ressure,

Shuts off regulated oxygen

100_10 psig) to No, I and

No. Z tank pressure

regulators.

Directs regulated oxygen

(100_10 paig)to No. 2 tank

pressure regulator for

reduction to Z0_2-psig tank

pressure.

Directs oxygen pressure from

)otable and waste water tanks to

No. 1 and No. 2 tank pressure

regulator relief valves.

N/A

_.Power .....

Source

N/A

Breaker Remarks

• ,, NOTE

If SELECTOR INLET valve

is placed to position 1 or 2,

the SELECTOR OUTLET

v_Ive should be placed to

corresponding position for ,

proper operation.

Valve Is,set to position I in event

of maifunction o_ No. 2 tank "

pressure regulator.

With valve in OFF position, tank'

pressurization system is isolated

from regulated oxygen supply,

Valve is set to position 2 in event

of malfunctlon of No. I tank

pressure regulator.

Selector valve is manually

controlled by E-tool,

Both tank pressure-relief valves

are selected for simultaneous.use

tmde.r normal conditions for

redundancy'in event of one relief ',

valve malfunctioning,

There is no meter to indicate

pressurization of potable and

waste water tanks and glycol

reservoir, _, '
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Name and
Po siti on

OFF

2

WATER CONTROL PANEL

WASTE TANK
SERVICING valve

OPEN

CLOSE

Function

Directs oxygen pressure from

potable'and waste water tanks to

No. 1 tank pressure regulator

relief valve.

Shut_ off oxygen pressure from

potable and waste water tanks to

No. l and No. 2 tank pressure

regulator relief valves.

Directs oxygen pressure from

potable and waste water tanks to

NO, 2 tank pressure regulator

re'lie f valve,

Permit_ flow of water into waste

water tank from ground servic-

ing Connection.

Shuts off flow of water into waste

water tank from grotmd servie- "

ing condition,

N/A

N/A

Circuit Power
Breaker Source

J

r_/A

I
I

-I

N/A

- t ....

. I

Remarks

NOTE

If SELECTOR OUTLET valve ,

, is placed to po_ition 1 or 2,
SELECTOR INLET valve

should be placed to corre-

sponding position for proper
operation.

Valves set to position 1 in event of

malfunction of No. 2 tank pressure

• . , regulator relief valve;

' With valve in OFF position, any .

, . increase in oxygen pressure is
trapped and cannot be relieved.

Valve set to position 2 in event of •

malfunction of No. l'tank pressure

regulator relief valve.

Shutoff valve is manually controlled

by E-tool.

Valve is opened when used in " .

conjunction with adjacent WASTE .
TANK SERVICING connector,
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Name and

Position

;_, RESSURE RELIEF
selector valve

DUMP A

DUMP B

OFF

2

POTABLE TANK

INLET valse

OPEN

CLOSE

WASTE TANK INLET

valve

AUTO

CLOS E •

Function

Permi'ts excess water to'be

dumped overboard manually.

Permits excess water to be

dumped overboard manually,

Shut off flow o_ excess potable

and waste water to No, I and

No, 2 pressure relief valves.

Directs flow of excess potable

and waste water to No, 2

pressure relief valve.

Permits flow of water from fuel

cells into potable water tank.

Shuts off flow of water [rom fuel

ceils into potable water tank,

Permits flow of water from fuel

cells into waste water tank when

relief valve differential pressure

reaches 6.0_0, 5 psi.

Shut.'soff.flow of water f_om fuel

ce,ils t@. differential pressure- ".,,

relief valw _, and Wa'ste Water

• tank,

Breaker

N/A

_ Power

Source

¢

N/A

I

Remarks

With valve in OFF position, excess

water cannot be dumped overboard.

Valve set to position 2 to provide

automatic pressure relief function.

- , ,,,,

Sl_utoff valve is manually contr011ed

by E-tool.

Normal position of valve is OPEN,

Valve set to CLOSE position to

isolate potable water tank in event

water from fuel cells becomes

contaminated.

Shutoff function of this relief-shutoff

valve is manually controlled by
T-handle tool,

Normal position of valve is'AUTO,

If potable water tank is full or .waste

_ankis empty, water fromfuei cells

will •flo w into waste water tank wiles

relief Valve reaches 6.0±0.'5 paid. '

Valve Set to CLOSE position in ....

event relief valve fails •open. "' '
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Name and

Po sitlon

OXYGEN SURGE TANK

PRESSURE RELIEF shutoff

valve

PLVC switch

OPEN (CW)

CLOSE (CCW}

NORMAL

OPEN

Function

Opens line from surge tank to

relief valve permitting relief

function.

Closes line from surge tank to

relief valve eliminating relief

function,

Applies d-,c power to pendulum-

type attitude sensing switch of

PLV system during normal

• postlanding operations.'

Circuit

Breaker

N/A

Applies d-c power directly to

PLV valves, placing valves

in open position in event of

abnormal postlanding operations.

PL VENT

FLT/PL

(MDC-8)

Power

Source

N]A •

Flight &

postlanding

bus

Remarks

Shuto{f,_alve is manually controlled

by T-handle tool, Rotational

movement from OPEN to close is

I/4 turn,

OPEN position enables relief valve

to function when surge tank pres-

sure increases to I045_25 psig.

'Valve is closed 0nly if surge tank

relief valve fails open,

Switch set to NORMAL •position to

permit normal operation of attitude

/•. •'.<:.

./'_ .%%•k.:. •c • < ;

se;,sing switch (_o close PLVvalves)'.

when CM becomes inverted or tilts

beyond a specified limit .....

Switch set to OPENposition in :'

event of attitude sensing switch

failure, or to aid crew toescape

from inverted CM.
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Location

Name and

Po sition

GLYCOL TO RADIATORS

SEC

NORMAL

BYPASS

PRIM GLYCOL

ACCUM

Open (ccw)

CLOSE (cw)

PRIM ACCUM

FILL valve

ON

OFF

Function

Directs water-glycol flow to the

secondary space radiator.

Directs water-glycol flow to

bypass the secondary space

radiator.

Permits flow of wa_er- glycol

froln system to and from

water-glycol accumulator.

Shuts off flow of water-glycol

from system to water-glycol

accumulator.

Directs water-glycol flow into

primary system to make up

supply and fill accumulator

from reservoir,

Isolates reservoir from system

when reser.voir is not in line.

Circuit

Breaker

N/A

N/A

N/A

Power

Source

N/A

N/A

N/A

Remarks

Manual control valve only,

NORMAL position CW rotation.

Shutoff valve is manually controlled

by use of the adapter handle (E-tool},

Normal position of valve is open,

permitting accumulator to carry

out function of damping surges,

thermal expansions and maintain-
ing pump inlet pressure.

Valve is closed to isolate a leaking

accumulator from water glycol
system,

Manual control valve. ON position,

CCW, OFF position CW.
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Name and

Po sition

SUIT TEST valve

PRESS

DEPRESS

OFF

O z DEMAND

REGULATOR

BOTH

C h'cuit Power

Function Breaker Source

Routes regulated oxygen flow

(100±10 psig} directly into suit

circuit through pressurization

orifice at maximum buildup

rate of .4 psig per minute 'for

PGA/suit circuit tests.

Shuts off 0 2 •flow to suit circuit

upon completion of test, per-

mitring reduction of pressure

buildup at average bh:edoff rate

of 4 psig per minute.

Permits normal 02 flow to suit

circuit through _uit demand

pressure regulator.

Directs regulated oxygen

(1.004"10 psig) to No. 1 suit

demand pressure regulator,

Directs regulated oxygen

(t00:kl0 psig) to No. 1 and

No. 2 suit demand pressure

regulators,

•N/A N/A

Directs regulated oxygen

(100+10 psig) to No, 2 suit

delsnand pressure regulator,

Remarks '.

Valve {s operated by an integral

level,,

with valve'in PRESS position, suit

circuit will it/crease 4, 1 to 4, 5 psi

above cabin pressure, Approxi-

mately 75 seconds must be allowed

for suit circuit pressure to reach

maximum, This test may be

performed at ground checkout or

during flight.

Approximately 75 seconds must be

allowed for the increased suit

circuit pressure to bleed back to ,

nominal 5.0_:0.3 psia.

Normal nosition of valve when not

Cohducting PGA/suit circuit test.

Valve must not be set to off posi:

tion before suit .circuit has returned

to nominal pressure, "

Valve is manually controlled by

permanent knob.

Valve set to position i in event Of

malfunction of No, 2 demand

pressure regulator.

Both demand pressure regulators

are selected for simultaneous use

under normal conditions for

redundancy in event of one regulator

malfunctioning. ,

Valve set to position 2 in event of

malfunction of No. I demand

pressure regulator.
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Name and

Po sition

OFF

SUIT CIRCUIT

RETURN VALVE

PULL TO'

OPEN

PUSH TO

CLOSE

COOLANT CONTROL PANEL

EVAP WATER CONTROL

valves (Z)

PRIMARY and

SECONDARY

AUTO

OFF

1

Function "

Shuts off regulated oxygen

(100±10 psig) to No. 1 and

No. 2 suit demand pressure

regulators.

Permits flow of cabin gases to

enter suit circuit for processing,

Shuis off flow of cabin gase's

ent.ering suit circuit.

Circuit

Breaker

N/A "

N/A

Power

• Source

N/A

N/A "

l°

Permits }120 flow into primary

and secondary water-glycol

evaporator_ by operation of the

water-glycol evaporators auto-

marie control systems.

Manual selection to OFF position

prevents water f'rom entering

evaporators.

Remark8 •

Valve set to OFF pasition only

if both suit demand pressure

regulators malfunction.

Shtltoff valve is manually . ,

controlled.

The valve is closed when all three

astronauts are suited.

Manually operated valves 0nly. I
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Name and

Po siti on

PRIMARY GLYCOL EVAP'
INLET TEMP valve

MAX (cw)

MIN (ccw)

SUIT FLOW RELIEF valve

AUTO

i i
I

OFF

-) ) i ¸, :
%,: •

Function

Manual backup mod6position

of water-glycol temperature
control valve to increase

temparatu're of watei'-glyc01

entering evaporator.

N)A

Circuit
Breaker

N/A

I

Manual backup mode position 9

of water-glycol temperature"
control valve to decrease

temperature of water-glycol

_:.mte ring evaporator.

Removes override lever Ironl

poppet valve, permitting auto-
matic pressure-relief action

to take place at a AP of
5 (+0.6, -0.2) inches H20.

Applies override level" to. poppet
valve, holding valve in closed

position.

Power

Source • RemarkB

Motor-operated valve is manually ,
controlled by E-tool (PUSH TO

ENGAGE). Rota[! onal movement
from HEAT to COOL i's90_.

Backup mode is used in event of

malfunction of water-glycol tern=
perature control coIYtponents.

Rotation toward MIN positio'n

re.suits in proportional tempera-
ture increase by ctlanging mixtul'e

ratio of hot-to-cold water-glycol.
Close coordination between valve

adjustm!_.nts and GLY EVAP -
OUTLI_T TEMP indicator is

necessary to obtain correct

water-glycol temperature..

Rotation toward MIN position results

in proportional temperature decrease

by changing mixture ratio of cold-

t0-hot water-glycol. Close

coordination between valve adjusi-.
ments and GLY EVAP - OUTLET

TEMP indicator is necessary to
obtain correct water-glycol
temperature,

Valve is manually controlled by
E:,tool.

Normal position of valve is AUTO

to maintain constant suit flow in . •
event of suit circuit flow
resfstance fluctuatfons.

'qalve 'is manually.closed in event :

of its failure to close when in the
automatic mode,

O
(3 F!
O

_u O
O

o
o

%-';.:.7



4

• (' ")

)

:,.. ..

¢D

0

U

g

O

m

t3

_0
m

g_
o

Location

Panel[Area[Grid

LHEB- 382 (Cont)

D
C

K

r

Name and

Po sition

SUIT HT EXCH PRIMARY

GLYCOL valve

FLOW

B YPASS

SUIT HI EXCH

SECONDARY GLYCOL

val.ve

FLOW

B YPASS

WATER ACCUMULATOR

selector valves (2_)

Valve 1

MAN

Function

Permits water-glycol system

flow through the suit heat

exchanger.

Prevents flow of water-glycol

tl_rough suit heat exchanger.

Valve is manually controlled.

Permits secondary water-glycol

system flow through suit heat

exct_anger.

Direct Secondary water- glycol

system flow to bypass suit heat

exchanger.

Routes regulated oxygen

(lO0:_lO psig) to No, I cyclic

accumulator, bypassing

solenoi'd shutof.f valve,

Ctrcu_t

.Breaker

GLYCOL

P UM PS

(MDC-4)

N/A

AC 1, eB

Remarks

' . CCW position permits flow through :

• " suit heat exchanger; manually .

.-' i 0verride_ PUSH TO ENGAGE,

Normaljy valve is electrically

operate d from MDC-2.

CW' position BYPASS, CCW ----

position is FLOW.

Valves manually controlled by

E-tool.

Valve position is selected oniywhen

No. Z accmnulator has failed; and

No. 1 solenoid shutoff valve cannot

be operated automatically or by .

manually selected electrical

impulse_ Valve will then be posi- .

. tioned to MAN for approximately

lO•seconds every I0 minutes ' I

.- . ..
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Name and

Position

OFF

RMTE

Valve 2,

MAN

OFF

RMTE

Function

Shuts off regulated oxygen

(100+10 psig) to solenoid

shutoff valve and bypass line

to No, I cyclic accumulator.

Routes regulated oxygen

(lO0±IO psig) to solenoid

shutoff valve of No. 1

cyclic accumulator.

Routes regulated oxygen

(100±10 psig) to No. 2

cyclic accumulator, bypassing

solenoid shutoff valve.

Shuts off regulated oxygen

(100+10 psig) to solenoid shut*

off valve and bypass lin_ to

No. 2 cyclic accumulatpr,

Route_ regulated oxygen

(I00"_I0 psig).to solenoid

shutoff valve of No. 2

cyclic accumulator.

N/A

Circuit Power

Breaker Sourc}_

-- i,

N/A

Romark_

Normal position of valve is KMTE ,

permitting automatic (CTE) or

manually selected electrical impulse

tooperate Solenoid shutoff valve.

Manually selected electrical.opera.

ties is used in event of automatic

control unit malfunction.

Valve position is selected only when

No, 1 accumulator has failed and

., No, 2 solenoid shutoff valve cannot

' be 'operated automatically or by

: • manually selected elect_'ical

" ' " impulse. Valve will be positioned

• to MAN for approximately 10 seconds

every I0 minutes.

" Normal position of vaive is RMTE

.. permitting automatic CTE or

manually selected electrical impulse

to operate solenoid shutoff valve.

' Manually selected electrical opera-

-" tion is used in event of automatic

control unit n_alfunction.
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Name andPanel Area Grid Position

UEB-600

EMERGENCY O Z VALVE

OPEN

UEB-601

UEB-602

• CLOSED

REPRESs 02 VALVE

OPEN

CLOSED

OXYGEN REPRESS PRESSURE

gauge

OXYGEN REPRESS PRESSURE

RELIEF valve

AUTO

0 FF

Function •

Permits oxygen to flow to

emergency breathing oxygen

regulator.

Shuts of/ flow of oxygen to

emergency breathing oxygen

regulator.

Dumps oxygen into cabin at ve'r V

high flow rate (approx 5.4 lh in

I. 0 minute).

Shut off.

Indicates pressure in oxygen

represaurizatioa tanks.

Permits relief of 02 excessive

]t'eS sure.

Permits positive closing of

valve Once it is opened.

Circuit _'-

Breaker

N/A,

. Source

N/A

N/A NIA

N.JA N/A

)

Remarks

Supplies" oxygen-to crew through

oxygen masks when cabin gases -

become contaminated

Can be used for repre,ssurizing

the CM rapidly.

Range 0-1200 psig full at

900a_35 psig.

Manually oper.ated with E-tool.
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Location

Panel [ Area Grid

I

LH armrest

LH couch

Name and "

Po sitivn

Translation Controller (no

placard) control

Locking mechanism

LOCKED

ARMED

T-handle (Refer to

Remarks)

Push (X axis)

Pull (X •axis)

Push limbs of

T-handle to right.

Push limbs of

T-handle to left.

Push limbs of

T- handle u]_,

Push limbs of

T- handle down.

Rotate clockwise

Circuit

Function B re ake r

Mechanically locks control

T-handle so that translation

commands (only) cannot be

made,

Releases mechanical lock on

T-handle.

Switch closures provide 1ogle

signals for:

SC plus X-axis acceleration.

SC minus X-axis •acceleration.

SC plus Y-axis acceleration.

SC minus Y-axle accelerafion.

SC minus Z-axis acceleration.

SC plus Z-axis acceleration,

a. Inhibits CMC (t.f active).

Engages SCS backup

configuration selected.

(Refer to Remarks, )

b, Transfers front SCS-AUTO

TVC (if active) to

MTVC-RATE CMD.

N/A •

Powe r

Sourc_

!

Remarks

J _ ....

I

': a, O#ientation _of TC in spacecraft
. " ' (SC)is such that stem of

.... ,T_handle is approximately "

DC main , parallelto'SC X axis and limbs

buses A & B " are approximately parallel to
SC Z axis. This.information

.will be used in defining motions

and fuhctions.

b. _cceleration command switches

'in TC receive power from SCS ,

' ' CONTR/AUTO MNA and MNB

circuit breakers through

-TRANSLATION CONTR POWEK

switch on MDC- I. . "' .

, , ] . ,,

LOGIC BUS a. CW•rotation opens a normally -' '

I/2-MNA Closed switch which •removes ,

2/3-MNB G&N power signal from SC .

(MDC-8) CONT switch (CMC position).

b. Normally open switch is closed

and routes SCS LOGIC BUS Z

' for a CW signal to ECA and

.TVSA, and RJEC.
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Location

Pane][Area I Grid

LH armrest (Cont

RH armrest

.LH couch

Will also be used

at G&C control
station in Lower

,Equipment Bay)

Name and

Position

Rotate

counterclockwise

(CCW switch)

Rotational ControUer - 'No, 2

control (no placard)

Locking mechanism

LOCKED

AaMED

Push-to-talk trigger
switch

Not actuated (less

than 5 degrees

travel)

Function

Abort !nitiatiolt. Redundant

switches close seeding 28 vdc
to

a. MESC A

b. MESC B

Inhibits (mechanically) all

functions except push-to-talk
communications switch. •

Removes power from break-
out switches.

All functions mechanically

enabled, Enables power to

breakout switches.

No function.

Circuit

Breaker

EPS BAT
BUS A

and B cb
(MDC-ZZ9)

and SEQ
EVENTS

CONT
SYSTEM

LOGIC A

and B

(MDC- 8)

N/A

Source

Battery

buses A & B

Remarks

Power to (redundant) Tc-ccw

switches routed from MDC-8

circuit breakers and SEQ

EVENTS CONT. SYSTEM

LOGIC 1 and Z switches.

. i .
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Location

RH armrest (Cent)

I£H couch (Cent) "

Name and

Po sitio n

)

Actuated

(5 to 20 degrees,

travel)

Hand control motions

(nominal locations in

EITHER direction)

Rotated about

Y-axis

Less than

l, 5 degrees

1.5 degrees

Function

Switch actuation closes a ground

tlarough audio center to enable

commander's _communications 0

Refer t_oRemarks.

/
a. No input when under RCS

control.

b. Supplies proportional (tc_ '_

put magnitude to controller

travel} input to pitch MTVC

electronics when selected.

Breakout switch aettiation that

has the following functions

when MANUAL ATTITUDE-

PITCH switch is in poMtion

indicated (has no function

for MTVC);

Circuit

Breaker

N/A

a. ACCEL CMD - input

(28 vdc) to pitch-jet select

logic that causes continuous

' pitch acceleration (plus or

minus}.

b. RATE CMD - electrically

rate cages pitch attitude

BMAG (if uncaged). Enables

manual control loop in ECA.

c, MIN IMP - input (28 vdc)

to ECA that brings about

one _ainimum impulse firing

of pitch jets (plus or minus).

'4,._,z....

)
_ . .,(), .':.,!

N/A

Power

Source

DG main

buses A & B

AC bus 2

• I

I

Remarks

Hand control has rotational freedom

about 3 axes that are parallel .

(.approximately) to SC axes. Motions

about an axis, or axes, will cause

SC rotations about the corresponding

axi_ or axes,

The 28-vdc breakout switch power is

routed 'through MDC-229 GROUP I

circuit breakers (MNA and MNB), the

MDC-8 STABILIZATION CONTROL

SYSTEIvi CONTROL/AUTO circuit

breM_ers (MNA and MNB), the ROT

CONTR PWR NORMAL 2 switch -

(AC/DC position), and RHC-2

LOCK�ARM switcix.

AC voltage for RC •transducer(s}

referenc'e is obtained from an ECA

transformer .that is switched (pri_

rna.ry) by SCS ELECTRONICS POWER

switch (ECA and GDC/ECA positions)

supplied from STABILIZATION/

CONTROL SYSTEM ECA/TVC AC 2

circtfit'breaker (MDC-8).

The Z6 vac (from the EGA trans_ "

former) is then'routed t o RHG-2

via AC/.DC or AC position of the

STABILIZATION CONTROL SYSTEM

CONTR/AUTO NORMAL g switch, ,_

0

o
0

O
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1_ Location
¢n

I..o 1Panel Grid

U

RH armrest (Gent)

\

• . - ._ .

,o

LH couch (Cent)

I

I

i

i

i

Name and
Position

l°5to I0

degrees

11 degrees

Rotated about

Z-axis

Less than

1.5 degrees

1.5 degrees

Function

[Supplies proportionally (to
control ,travel) increasing
input.to ECA for either RCS-

RATE CMD control or MTVC.

A•switch closure occurs so

that. if DIRECT RCS is up
(not OFF);

a. 28 vdc is supplied to direct

coils on pitch jets (plus or.

minus).

b. Pitch (plus andminus) auto

coil Solenoid drivers arc

dlsablcd.

a. No input when under RCS

control.

b. Supplies proportional

(input magnitude, to

controtler travel).input
to pitch MTVC elec-

tronics when selected.

Breakout switch actualion that

has the following functions when

MANUAL ATTITUDE - YAW

switch is in position indicated

(has no ftmction for MTVC);

a, ACCEL CMD- input

(Z8 vdc) to yaw-jet select
logic that causes continuous

yaw acceleration (plus or

minus).

Circuit

I3reaker

N/A

[ '• •

'Power

Source

DC main

buses A & B

AC bus 2

DC 'main

bus A

a/or B

Remarks

The 28 vdc direct switchpower is

supplied via MDC-229 Group,5

circuit breakers (MNA and MNB),
MDC.'8 SCS CONTB./DIRECT 2

circuit breakers (MNA and MNB),
and ROT CONTR PWR DIRECT 2"
awitch (MNA and B or MNB

position),

DC main

buses A h B

AC bus 2

The 28 vdc breakout switch power is

routed through MDC-229 Group 1

circuit breakers (MNA and MNB), the
MDC-8 STABILIZATION CONTROL
SYSTEM cONTR/AUTO circuit •

breakers (MNA and MNB), the RoT

CONTR PWR NORMAL 2 switch

(AC/DC position), and RHC-2 : :

LOCK/ARM switch.

AC voltage for RC.transducer(s) .
reference is obtained from an

ECA transformer that is switched

(primary) by SCS ELECTRONICS

POWER switch (ECA and GDG/ECA)
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Location

Pane|[Area I Grid

RH armrest (Cent)

L-_¢o_o'_"

• I

[j

L

Name and

Po sition

1,, 5 to 10

degrees

11 degrees

Rotated about

X axis

Less than

1.5 degrees

Function

b. RATE CMD - electrically

rate cages yaw attitude

BMAG (if.uncaged). Enables

manual • control loop in ECA.

c. MIN IMP - input (28 vdc)

to ECA that brings about

one minimum impulse

firing of yaw-jets (plus or

minus),

Supplies proportionally (to

control travel) increasing input

to ECA for either RCS-RATE

CMD control or MTVC.

A switch closure occurs so that,

if DIRECT RCS is up (not OFF):

a. _8 vdc is supplied to dire_ct

coils on yaw-jets (plus or

minus).

b. Yaw (plus and minus) auto

c0il solenoid drivers are

disabled,

a.

b.

No input when under RCS

control.

Supplies proportional (input

magnitude to controller '

travel) input to pitch MTVC

electronics when selected.

DC main .

buses A & B

AC bus 2

DC main

bus A

&/or B

Remarks

positions). Supplied from

STABILIZATION/CONTROL '

SYSTEM ECA/TVC AC 2 circuit

breaker (MDC- 8).

The _6 vdc (from the ECA trans-

former) is then routed to RHC-2 via

AC/DC or AC positionof the

STABILIZATION CONTROL . "

SYSTEM CONTR/AUTO NORMAL':_

switch, ,.

The 28 vdc direct switch power is .

supplied via MDC-Z29 Group 5

circuit breakers (MNA and MNB), .

MDC-8 SCS CONTR/DIRECT Z

circuit breakers (MNA and MNB)," ,

and ROT CONTR PWR DIIIECT 2

switch (MNA and B or MNB

position).
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Location

RH armrest (Cont}

LH couch (Cont)

I
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Name and

• Position

1,5 degrees'

Function

Breakout switch actuation that

has the following functions when

MANUAL ATTITUDE-ROLL

switch is in position indicated

(has no function for MTVC).

1,5 to 10

degrees

lldegrees

a. ACCEL CMD - input "

(28 vdc) to roll-jet select

logic that causes continuous

roll acceleration (plus or

minus),

b, RATE CMD - electricall V

rate cages roll attitude

BMAG (if uncaged). Enables

manual control loop in ECA..

c, MIN iMP - input (28 vdc)

to ECA that brings about

one minimum inapulse firing _

of roll-jets (plus or minus).

Supplies proportionally (to

control travel) increasing

input to ECA for either RCS-

RATE CMD control or MTVC,

A switch closure occurs so that_

if DIRECT RCS is up (not OFF):

a. 28 vdc is supplied to direct

coils on roll-jets (plus or

minus).

b. Roll (plus and minus) auto

coil solenoid drivers are

disabled.

Circuit

Breaker

N/A

',,. ,

•Power

_ource

DC main

buses A &B

AC bus 2

• • /. •

DC- main

bus A

&/or B

:i

.... • ...... , . _J ............

Remarks

........ :....

The 28 vde breakout _witch power is

routed through MDC-229 Group 1 .

circuit.breakers (MNA and MNB), the

MDC-8 STABILIZATION CONTROL

SYSTEM CONTR/AUTO circuit

breakers (MNA and MNB)_ the

ROT CONTR PWR NORMAL 2 "

switch (AC/DC), and the_.RHC-2

LOCK/ARM switcl_es.

AC.veltage for RC transducer(s)

reference is obtained f.rorn an

ECA'transformer that iS switched 0

(primary) bY SCS ELECTRONICS _

POWER switch .(ECA and GDC/ _r_

ECA positions) supplied from

STABILIZATION/CONTROL . [-"

SYSTEM E.CA/TVC AC 2 circuit 5q

breaker (MDC- 8).

The .26 vdc (from the ECA tran:'- ._J

former) is then routed to RHC-Z via

AC/DC or AC position of the " _q

STABILIZATION CONTROL ". _rO

SYSTEM CONTR/AUTO NORMAL Z ._.*

switch.

The 28 vdc direct switch power iB

supplied via MDC-229 Group 5 "

circuit breakers (MNA and MNB}_. .

MDC-8 SCS CONTR/DIRECT 2 '.

circuit breakers (MNA and MNB),

and ROT CONTR PWR DIRECT Z

switch (MNA and B or MNB

• position).
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Location

.Panel I Are_ I Grid

LH armrest

RH couch -
Z---_

(Can also be

mounted in Lower

Equipment Bay)

r

)

Narne and

Position
Function

ROTATIONAL CONTROLLER .

No. I control (no placard)

Position of switches and

control travel same as

for RC-2.

Provides same functions as

RC-2 except push-to-talk enables

CSM pilot _s communications,

Refer to Power Sources and

Remarks columns.

Circuit

Breaker

N/A

POWer

Source

_) . ••

DC main

buses A

_/or B

AC bus 1

/

Remarks

.,__.: .

The 28 vdc breakout switch power ia

routed through the MDC-229 Group 1

circuit breakers (MNA and MNB), the

MDC-8 STABILIZATION CONTROL

SYSTEM CONTR/AUTO circuit

"n'cakers (MNA and MNB), the ROT

CONT PWg NORMAL I switch

(AC/DC position), and RHC-I

LOCK/ARM switch.

AC voltage for RC transducer(s) •

reference is frost} ECA and SCS
ELECTRONICS POWER switch

(ECA and GDC/ECA positions)

supplied by STABILIZATION/

CONTROL SYSTEM AC 1 circuit

breaker (lvIDC- 8)

•The 26 vac (fr.om .ECA transformer)

is then routed to RHC-1 via AC]DC

or AC position of STABILIZATION

CONTROL SYSTEM CONTR/AUTO

NORMAL I switch.

The 28 vdc direct switch power is

supplied via MDC-229 Group 5

circuit b'reakers (MNA and MNB),

MDC-8 SCS CONTR/DIRECT 1

circuit breakers (MNA and MNB)," " "

and ROT CONTR PWR DIRECT 1

switch (MNA/MNB or MNB

position),

I
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Location

Pressure Garment

Assembly

Function ' Source

Name and

Po eition

PGA pressure indicator Indicates differential oxygen

pressure inside pressure

garment assembly.

Circuit -

Breaker

None None

rRemarks

The indicator is located on the right

sleeve between wrint and elbow, on

top of arm. " The indicator range is

from 2.5 to 5 psia.
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APOLLO OPERATIONS H_ANDBOOK
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APPENDIX A

yr

/

AB
AC
AIC
AIC
ACCEL
ACCUM
ACE

ACK
ACS
ACT¥
AID/

ADA/

ADAP
ADJ
AESB
AF

AGC
AH
AM
AMPL
AMPS
_4S
ANAL
ANLG
ANT
AOA
AOH
ARS
ASA
ASCP
ASB
AS/GPI

ATT SET
ATT
AUTO
AUX
AVC

BARO

ABBREVIATIONS AND SYMBOLS

_ft bulkhead BAT Battery
Alternating current BCD Binary-coded decimal
Audio center BCN Beacon
A and C quads (RCS) B/D B and D quads (RCS)
Accelerometer BECO Booster engine cutoff
Accumulator BIOINST Bioinstrumentation
Acceptance checkout BIOMED Biomedical

equipment BLWR Blower
Acknowledge BMAG Body-mounted attitude gyro
Attitude control subsystem B.O. Breakout switches
Activity BPC Boost protective cover
Analog to digital bps Bits per second
Angular differentiating BRT Bright
accelerometer Btu British thermal unit

Adapter BU Backu p
Adjust BUR Backup rate
Aft equipment stowage bay BURR Backup rate roll
Audio frequency/atmospheric BURP Backup rate pitch
flight BURY Backup rate yaw

Automatic gain control
Ampere-hours CAB Cabin
Amplitude modulation CA(OH)2 Calcium hydroxide
Amplifier CAMR Camera
Amperes CB Circuit breaker
Apollo mission simulator cc Cubic centimeter
Analyzer CCW Counterclockwise
Analog C&D Controls and displays
Antenna CDF Confined detonating fuse
Angle of Attack CDH Constant deltaaltitude
Apollo Operations Handbook CDU Coupling data unit
Attitude reference subsystem CF Coasting flight
Abort sensor assembly CFE Contractor-furnished
Attitude set control panel equipment
Apollo standard detonator CFP Concentric flight Man
Attitude set/gimbal position cfm Cubic feet per minute
indicator CG Center of gravity

Attitude set CHAN Channel
Attenuator/attitude CHGR Charger
Automatic CLR Clear
Auxiliary CM Commandmodule
Automatic volume control CMC Commandmodule computer

CMD Command
Barometric COAS Crewman optical alignment

sight

{

._._.

¢

IVIission.,

ABBREVIATIONS AND SYMBOLS

Basic Date 15 April 1969 Change Date Page A-I
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COl
COMM
COMP
COND
CONT
CONTR
CO2
CPC

cps
CRYO
CSC - -

CSI

CSM.
CSS
CTE
CTS
CW

CW
c/w
CWG
C&WS

DA

D/A
DAC

DAP
db

DB

DC
D&C

DCT
D&CT

DDP
DEA

DEC

DECR
DEG

DEMOD
DET

DISCH
DLH

DN
DPST

DRG

DS
DSE

DSIF

DSKY
DU
DUP

Contingency orbit insertion
Communi ca ti o ns

Compressor, computing
Condenser/condi ti oner
Control
Control
Carbon dioxide
Cold plate clamp
Cycles per second
Cryogenic
Cosecant computing amplifier

Coelliptic sequence initiation
Command and service module

Computer subsystem

Central timing equipment
Computer test set
Clockwise/continuous wave

Not clockwise

Caution and warning
Constant wear garment

Caution and warning system

E

ECA

EC&L
ECG

ECO

ECS

ECU
EDA

EDS

Eig
EL
ELEC

ELS
ELSC

_ER

Emg
EMS
EMU
ENC

Detector assembly ENG
Digital-to-analog ENTR

Digital to analog converter Eog
Digital auto pilot EOS
Decibel EPS
Deadband
Direct current EQUIP

ERR
Displays and controls ESS
Docked configuration transfer EV
Docking and crew transfer EVT
Data distribution panel EVA
Display electronic assembly EVAP
Decrease EVCT
Decrease E Visor
Degree

Demodulate EXCH
Digital event timer/detector EXH
Discharge EXT
Docking lock handle EXTD
Down

Double-pole single-throw FL
Digital ranging generator
Docking._ubsystem " FC (F/C)

FCD
Data storage equipment FCSD
Deep Space Instrumentation

Facility FCSM
Display and keyboard

Direct ullage
Duplex

Elevation angle " : "
Electronic control

assembly

Error counter and logic
Electrocardiograph

Engine combus.tion/
engine cutoff

Environmental control

system
Environmental control unit

Electronic display assembly
Emergency detection system

Voltage-inner gimbal
Electroluminescent
Electronics

Earth landing subsystem

Earth landing sequence
controller

Emergency
Voltage-middle gimbal
Entry monitor system

Extravehicular mobility unit
Encode

Engine
Enter

Voltage-outer gimbal
Emergency oxygen system
Electrical power subsystem.

Equipment
Error

Essential
Extravehicular

Extravehicular transfer

Extravehicular activities

Evaporator
Extravehicular crew transfer
Extravehicular visor

assembly

Exchanger
Exhaust
Extension

Extended

Flash

Fuel cell

Fecal containment system
Flight Crew Support
Division (MSC)

Flight combustion Stability
monitor

?
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FDAI Hz

FE

FLSC
FM

FOV
FPS

FQR

FQTR

FS

FST

FUNCT
FWD

GA

G&C

g
g/v
GDC

GET
GFP

GLY
GMBL

GMT

G/N (G&N)
GN2

GPI/FP!

GPI

GSE
GSOP

GTA

GUID

ha

HBR
He

HEX
HF

HGA

HI

hp
HR
HT EXCH

HTRS
H2

H20

Flight director attitude
indicator

Fecal emesis

Flexible linear-shaped charge
Frequency modulation
Field of view

Feet per second/frame per
second

Flight qualification
recorder

Flight qualification tape
recorder

Fail sense

Free space transfer
Functional

Forward

ICDU

ICS

IECO
IF

IGA
IGN

IMP
IMU

INCR (INC)
IND

INST (INSTR)
INV
IPB

ips
IRIG

Gyro assembly

Guidance and control ISOL
Gravity ISS

Gravity vs velocity IU

Gyro display coupler
Ground elapse time JETT

Government-furnished property

Glycol KBS (KBPS).
Gimbal kc

Greenwich Mean Time Iclaz
Guidance and navigation kmc
Gaseous nitrogen KmHz
Gimbal position indicator and KOH

fuel pressure indicator
Gimbal position indicator LAT

Ground support equipment Ib/hr
Guidance system operations Ib min
plan LBR

Ground test access LCC
Guidance LCG

LDEC
Apogee altitude

High-bit rate LDG

Helium LEA
Hexagonal LEB

High frequency LEM
High gain antenna LES

High LET
Perigee alti-tude LEV

Hour LGS

Heat exchanger LHEB
Heaters

Hydrogen LIO

Water LLOS
LM

Hertz (cpsO

Inertial coupling data unit

Intercommunication system
Inboard engine cut-off

Intermediate frequency

Inner gimbal angle
Ignition
Impulse
Inertial measurement unit
IncreaSe

Indicator

Instrument
Inverter

•Illuminated pushbutton
Inches per second

Inertial rate integrating
gyro
Isolation

Inertial subsystem
Instrument units

Jettison

Kilo bits per second

Kilocycle

Kilo Hertz (kilocycles)
Kilomegacycle
Ki]omega Hertz

Potassium hydroxide

Latitude

Pounds per hour

Pounds per minute
Low-bit rate

Launch control center

Liquid cooled garment

Lunar decking events
controller

Landing

Launch escape assembly
Lower equipment bay
Launch escape motor

Launch escape system
Launch escape tower

Launch escape vehicle

LM guidance computer
Left-hand forward

equipment bay
Liquid

Landmark line of sight
Lunar module

IBBREVIATIONS AND SYMBOLS
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LMK :

LO

LOC
LOI-: ;

LONG
LOR

LOS
LPH

LSB
LSC

[SSC
LT

LTG
LV

-APOLLO OPERgkTIONS,HA/N'DBOOK :.-.-.- ,-,

MAN
MAN.F
MAX

mc

MC

MCC
MCT

MDA
MDC
MDF
MERU
MESC

MGA
MGMT
MHz
MIN
_%MH

mm Hg
MN A
MN B
MSC
MSD
MSFC
MSFN
MSN
MT
MTVC
MULTI

Landmark

Low "
Lunar orbit coast

Lunar orbit insertion

Longitude
Lunar orbit rendezvous

Line of sight

Legrest pin handle
Least significant bit

Linear shaped charge
Lunar module separation
Light

Lighting
Launch vehicle

NAV
NB
NON
NORM
NPDS

Manual
Manifold "
Maximum

Megacycles
Midcourse correction
Mission Control Center

Memory cycle time
Motor drive amplifier
Main display console
Mild detonating fuse
Mi]li earth rate unit

Master event sequence
controller

Middle gimbal angle
Management
Mega Hertz
Minimum/minute
Monomethylhydrazine
Millimeters of mercury
Main bus A
Main bus B

Manned SpacecraftCenter
Monitor selection decoder

Marshall Space Flight Center
Manned space flight network
Mission
Mission timer
Manual thrust vector control
Multiplexer

NR

NRZ
N2
N2B
N2H4
N204

OCDU
OECO

OGA
OI

OMNI
OPR

ORDEAL

OSC
OSS
OVLD
OXID
02

P
PA
PAM
PB
P/B
PCM

PCVB

PF
PGA
PGNCS

PH

pH

PIPA

PKG

PL
PLSS

PLV
PLVC

PM
PMP

North American Rockwell-

Corporation
Non-return to zero
Nitrogen
Gaseous nitrogen
Hydrazine (fuel )
Nitrogen tetroxide
(oxidizer) ._

Optical coupling data unit
Outboard engine cutoff
Outer g]mbal angle
Orbit insertion.

Omnidirectional

Operator
Orbit rate drive electronics

Apollo LM
Oscillator

Optics subsystem
Overload

Oxidizer

Oxygen

Navigation

Navigation base
None

Normal

Nuclear particle detection
.system

)

Roll control axis

Power amplifier
Pulse amplitude modulation
Pushbutton

Playback

Pulse code modulation/pitch
control motor

Pyro continuity verification
box

Powered flight
Pressure garment assembly
Primary guidance,

navigation and control
system

Phase

Alkalinity to acidity
content (hydrogen ion
concentration)

Pulsed integrating
pendulous accelerometer

Package

Postlanding

Portable life support system
Postlanding ventilation

Postlanding ventilation
control

Phase modulation

Premodulation processor

J

M

Miss ion
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POT .:
PP

PPK

pps
PRD

PRESS
• <

PRF

PRIM (PRI)
PRN
PROG

PROP
PRPLNT
PRR

PSA

PSC

PSI
PSIA

RSID

Z

P,SIG
PSO
PTT
PU

PUGS

PWR
PYRO

q
QTY

r
RAD
RAI

RC
RCDR

RCS
RCSC

RCV (RCVR)

REACQ
REACS
REC
RECT

/ RECY
REFSMMAT

k j_ REG

REL
RESVR

APOLLO OPERATIONS HANDBOOK

Potable : REV

Partial. pressure " RF

Pilot's preference kit RHC

Pulses-per-second . RHEB
Personnel radiation dosimeter RHFEB

Pressure - pressurize -

pressurization RJD
Pulse repetition frequency RJEC
Primary

Pseudo-random noise R/L
Program RLSE
Propellant RLVDT
Propellant

Pulse repetition rate RLY
Power servo assembly R-M
Pressure suit circuit RNDZ
Pounds per square inch RNG
Pounds per square inch ROT

absolute R/R
Pounds per square inch RRT

differential

Pounds per square inch gauge RSET
Pad safety officer RSI
Push to talk RSM
Propellant utilization RSO

Propellant utilization and R/T
gauging system RTC

Power RUPT
Pyrotechnic RZ

Pitch control axis SA

Quantity SBASI

Yaw control axis SC

Radiator SCE
Roll attitude indicator

Rotation control SCI
Recorder SCIN

Reaction control system SCT
Reaction control system SCO

controller SCS
Receive/Receiver

Reacquire SEC

Reactants SECO
Receive SECS
Rectifier

Recovery SEL

Ref-to-stable member matrix SENS
Regulator SEP

Release SEQ
Reservoir SIG

Reverse

Radio frequency
Rotational hand control

Right-hand e_uipment bay
Right-hand forward
equipment bay

Reaction jet driver

Reaction jet engine ON-OFF
control

Right/Left
Release

Rotary linear variable

differential transformer
Relay

Reference and measurement

-Rendezvous

Ranging
Rotation

Remove/replace
Rendezvous radar

transponder
Reset

Roll stability indicator

Radiation survey meter
Range safety officer
Real time

Real-time commands

Interrupt
Return to zero

Signal analyzer assembly
Single bridgewire Apollo

standard initiator
Spacecraft

Signal conditioning
equipment

Scientific
Scimitar-notch

Scanning telescope
Sub-carrier oscillator
Stabilization and control

system
Secondary
SIVB engine cutoff
Sequential events control

system
Select

Sensitivity
Separation
Sequencer/sequential
Signal

r'/_

r_ ABBREVIATIONS AND SYMBOLS

F

k,

Mi ssion _ Basic Date 15 April 1969 Change Date Page A-5



\ SIM
SLA

"7:

SLOS
_M
SMJC

SMRD
SNSR
SOV
SPEC
SPLH
SPS

SQ
SSA
SSB
S/S
STA
STAB
STBY
STD
SU
SUP
SW
SXT
SYNC
SYS

TB
TBD
TC
TELCOM

(T/C)
TEC
TEI
TEMP
TFF
TFL
THC
TIG
TJM
TK
TLC
TLI
TLM
TMG
TPAC

TPF

Simplex
Spacecraft lunar module
adapter-
Star line of sight
Service module
Service module jettison
controller

Spin motor rotation detector
Sensor
Shutoff valve

SPecification
Seat pin lock handle
Service propulsion system/
sample per second
Square
Space suit assembly
Single side-band
Samples per second
Station
Stabilization

Standby
Standard

Separation ullage
Supply
Switch
Sextant

Synchronize
System

Talkback
To be determined
Translation control
Telecommunications

Transearth coast

Transearth injection
Temperature
Time of freefall
Time-from-launch
Translation hand control

Time of _gnition
Tower jettison motor
Tank
Translunar coast

Translunar injection
Telemetry or telemetered
Thermal meteoroid garment
Telescope Precision Angle
Counter

Transfer phase final

TPI

T/R
TRGT
TRNFR
l-_E
ITINT
TV
TVC
TVSA

TWR
TWT

UCD
UDL
UDMH

UHF
ULL
UNBAL
UPTL
USBE
USBS

V
VABD
VAC

Vc
VCO
VDC
VHF
VLV
VM
Vo
VOX

W/G
_-IS

XCVR
XDUCER
XFMR
XLATION
XLUNAR
XMTR
XPNDR

(XPONDER)

Terminal phase initiation
Transmit/receive
Target
Transfer
Time-to-event

Time to intercept
Television
Thrust vector control

Thrust vector position
servo amplifier

Tower

Traveling wave tube _

Urine collection device
Up-data link
Unsymmetrical dimethyl

hydrazine (fuel)
Ultra-high frequency
Ullage
Unbalance
Up-link telemetry
Unified S-band equipment
Unified S-band system

velocity
Van Allen belt dosimeter
Vacuum/Volts alternating

current
Circular velocity
Voltage control oscillator
Volts direct current
Very-high frequency
Valve
Velocity measured
Initial velocity
Voice-operated relay/

voice-operated transmission

Water-glycol

Waste management system

Transceiver
Transducer
Transformer
Translation
Translunar
Transmitter

Transponder
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Zinc

Differential pressure
Differential velocity
Roll axis designation/phase
Pitch axis designation
Yaw axis designation
Entry pitch attitude
Angle between local horizontal
and velocity vector

. ." [.j _ j
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ALPHABETICAL LNDEX

The following index consists of all paragraphs . They are arranged in alphabetical

order and bcation paragraph numbers are given. This index includes material from

sections I through 3 only7.

Title Para No. Title Para No.

A

Ahlativ Combustion Chamber _ 2.4. 2.5

Abort Request Light .... .- . Z. 9.4. 5.3

Aborts . ; ............ Z. 9.4. 14

Miode [A ............. 2. 9. 3i 2

2. 9_4. 14. 3

Mode IB .......... Z. 9.4. 14.7

Modes IB and IC ........ 2,9. 3. 3

Mode IC ........... 2.9.4. 14.8

Modes 2, _3, and 4 ...... 2.9. 3. 4

Abort Start .......... Z. 9.4. 14. I

AC and DC Data ......... 2. 6.4. I

Accelerometer ...... - . . 2. 3. 7. 5. 1

Accelerometer !G-Meter) ....... 2. II. 3

Accessories ........... 2. [Z. 5.4

Activate ELSC ......... 2. 9.4. 13.9

Active Docking Target

LM ............. 2. 12.4. 1.4

Aft Compartment ........ I. I. 2.2

Aids, k4ission Operational ..... 2. 12.5

Align Mode ........... 2. 3. 3. I. 3

Angle of Attack _vlonitor . . • _. 2.9.4.8. 1

Antenna Equipmen._ ........ 2. 8. 2.4

Antenna Equipment Group. 2.8. 3. 5

Apex Cover Jettison ..... 2.9.4. 13. [2

Apollo Spacecraft Configuration .... I. [

Con]mand Module ......... I.I. 2

Aft Compartment ...... I.I. 2. 2

CM Mechanical Controls i.i. 2. 6

Side Access Hatch .... I.i. 2. 6. I

Forward Access

Hatch .......... I.I. 2.6.2

Windows and

Shades ......... I. i. 2. 6. 3

Crew Compartment ..... I.I. 2. 3

Crew Compartment

and Equipment

Bays ......... I. I. 2. 3. I

Loose Equipment

Stowage ........ i. I. 2.3. 3

Protection Panels .... i. i. Z. 3. g

Crew Couches ....... I. I. Z. 5

CM L_npact Attenuation

System ........ [. 1.2.5. I

Foldable Couch

Structure ....... i. I. 2 5. 2

Crew Stations ........... 2. 7

Crew Support Suppor_ . . I. I. 2.7. 6
External

Illumination Aids .... 1. I. 2. 7. 4

Lrlte rnal Sighting

Aids ......... I.I.Z. 7.3

Medical

Equipment ....... I. I. 2.7. 7

I_is sion Operational

Aids ......... i. I. 2. 7. 5

Pos tlandin g Recovery

Aids ......... I. I. 2 7.9

Radiation Monitoring

Equipment ........... I. 2.7.8

l%estraints ........ I. I. Z. T. 2

Spac_suits ....... I. I. Z. 7. 1

Stowage and Internal

Configuration ..... I.I.Z. 7. I0

Forward Compartment • I. i. Z. 1

Launch Escape Assembly ...... I. i. 1

SC Controls and Displays • 1. i. Z. 4

Service N{odule ......... i. i. 3

Spacecraft L/V[ Adapter ...... [. i. 4
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_ Title 1Data No. Title !Data No.

Apollo Standard Lnitiator . ..... 2.9.5. 1

Arm ELSC .......... 2.9.4. 13.8

Arming Pyro Buses ...... 2.9.4.2. 1

Arming Sequential Systems

Logic Circuits ....... 2.9.4. !. 1

Attitude

Configurations ......... 2.3.4.4

Control ........... 2. I. 3

Control and Thrust Vector

Control ..... ....... 2. 3. 5. 6

Cor_trol Subsystem (ACS) ...... 2. 3.4

Error Display Mode . _ ...... Z. 2.4. 7_

2._.2Reference ..... . . .... , ....

Refe."rence Subsystem . . ...... 2.3.3

Set Control Panel (ASCP) . .2.2.2. 2_. 4

Audio Center Equipment ..... 2.8. 3. I. 4

AutoiAbort Logic ........ 2.9.4. 7. 2

Autorr_atic Coil Commands .... 2. 3.4.3.2

Auto/matic Control ....... 2. 3.4.4. Z

B

Canard Deploy and ELSC .....

Arm. . ............ 2.9.4.14.4

Caution and Warning System ..... Z. 10

Introduction ............ 2. I0. 1

Functional Description ...... 2.10, 2

Major Component�Subsystem

Description .......... 2. I0. 3

Electrical Power

Distribution ..... 2. 10. 3_ 1

Operational Limitations and

Restrictions ........... . 2. 10.4

C&V/S General Data ...... 2, 10. 4. 1

Systems Status Light

Data . . ......... 2. [0.4. Z

C&_VS General Data ....... 2.10.4. 1

Central Timing Equipment

(CTE) ............ 2.8. 3. 3.4

Check Valve Assemblies .... 2.4.2. I. 4

2.5.2.1.4

Circuit Concept_ ........ 2.9.2. 12

Clamps, UCD ........ 2. 12.2. I. 3

CM Docking Ring ........ 2. 13. 3. I

Bag, Accessory ........ 2. 12.5.4.8 CM Impact Attenuation

Bags, Temporary Stowage , 2. 12. 5.4. I_ System ........... i. 1.2. 5. 1 |

Baro Switch Lock Up, CM RCS

Z4, 000 Ft .......... 2.9.4. 13. 10 Electrical Power

Batteries ............. 2. 6. 3. 2 Distribution ......... 2. 5.7. 3

Battery- Charger ......... 2. 6. 3. 5 Functional Description ...... 2. 5.5

Bioinstrumentation Harness 2. [Z 2. 1. 1 Interface .......... 2.9.4. 13.6

Bioinstrumentation iarnes s IV[ajor Components /

2. 12. 7. i Subsystems Description ..... 2. 5.6Assembly ........ - . . ° _

Biomed Belt ......... 2, [2.2. I. i ODerati0n Limitations and

Bion__edical Signal Conditioner Restrictions ........... 2. 5.8

Assembly .......... 2. [2.7. I. 2 Performance and Design

Bipropellant Valve Assembly Data ............. 2. 5. 7

Check Valves ......... 2.4.2. 3. 10 CM-S_vi Separation and Sl_i

Burning of the CM RCS Jettison ............ 2.9. 2. 6

Propellants ......... 2.9.4. 13. 15 CM-SM Separation Control . . 2.9.4. i3. i

CM-SM Separation System . . 2. 9. 5. 12.4

C Combustion Chamber ...... 2. 5. 2. 3. 3

Command Modnle ......... i.i. 2 |

Cable, Grounding ....... 2. 12. 5.4. I0 Command Module Computer 2. Z. 3. 2. 1

Cameras ............ 2. 12, 5.3 Command l_!odule Exterior

16 mm. .......... 2. IZ. 5. 3. i Lighting ............ 2. 6.7

70 mrn ............ Z. iZ. 5. 3.2 Command Module Uprighting

Canard Actuators ....... 2.9. 5. 13.2 System ............. 2. 1 I. 4

k.
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Title

Communications Cable (Electrical

' r ,,

Par a No. Title Pars No.

Umbilical Assembly) . . -. . . Z. 8.3. 1.3

MDC G!ar eshade

Straps ......... 2. 12.3. Z. 7

Communications Cable With

C0ntrolHead ........ 2. 12.2. 1.8

Compliance With Design

Requirements . ......... Z.9.5. 2

Component Description

C{ew Personal Equipment . . . . Z. 13.3

Component Description,

Power Plants .......... 2.6.3. 3. 1

CQmponent Selection and

installation ......... , . . . Z. 9.5.3

Computer Mode Operation Z.Z. 4. 10.5

Co_npater Subsystem 2. 2!. 3. Z
i

C onfigur ation

I Apollo Spacecraft I. 1
Constant _Vear Garment ..... Z. 12. Z. I. 4

Cqntainers .......... 2. 12. 5.4. 14

Contingency Feeding System Z. IS. 6. Z. 3

Controls and Displays,

Description ........... I. i. 2.

Controls and Displays,

introduction ............. 3.

Controls and Displays, SCS .... Z. 3. 2.

Controls, Sensors, and Displays . . Z. 3.

Coolant Flow ........... 2.7. 6.

Corridor Verification

Indicators ........... Z. 3. 7. i. 3

Couch Floodlight

Glareshield .......... 2. 12.4. I. 7

Coupling Data Unit ....... 2.2. 3. 1.3

2.2.3.3.2

_ Crew Compartment I. 1.2.3
Crew Couches .......... i, I. 2.5

Crew Life Support ........ 2. 12.6

Crewman Toolset ........ Z. 12. 5. Z

Crew Personal Equipment ...... 2. !Z

Crew Life Support ......... 2. 12. 6

Crew Water

Guidance and Navigatio n

Station Restraint .... 2. 12. 3. Z. 3

Hand Straps ........ 2. 12. 3. 2. 1

RestraL_t Straps ..... 2. 1Z. 3. Z. 6

Sleep Restraint

Tiedown Ropes. . 2. 12. 3.2. Z

Sleep Station

Restraints ....... o . Z. IZ. 3. Z.4

Tunnel Hatch Stow

Bag .......... Z. 12.3. Z. 9

Velcro and Snaps

Retainer

Locations ........ Z. 12.3. Z. 8

"g" Load Restraints ..... Z. iS. 3. 1

C r ewman Re str aint

Harness ......... Z. IS. 3. i. 1

Hand Bar ........ Z. 12. 3. I. 3

Handholds ....... 2. 12. 3. I. 2

4 Heel Restraints ..... 2. 12. 3. I. 4

Equipment Stowage ........ 2. 12. 10

I introductior_ ........... 2. 12. i

Z Medical Supplies and

Z Equipment ........... Z. 12.7

l Bioinstrumentation Harness

Assembly .... • ..... Z. 12. 7. 1

Bioins tr umentation

Accessories or

Spares ........ 2.1Z. 7. I. 3

Biomedical Signal

C onditione r

Assembly ....... Z. 12. 7. [. Z

Personal Biomedical

Sensors Lnstrument

Assembly ....... 2. 12. 7. I. l

Medical Accessories

Kit . . . ; ........ 2. 12. 7. 2

......... 2. 12. 6. 1 Mission Operational Aids 2.12. 5

Drinking Water

Subsystem ....... 2. 12. 6. I. 1

Food Preparation

Water .......... 2. 12. 6. i. 2

Food ............. Z. 1Z. 6. 2

Stowage .......... Z. IZ. 6. Z. 2

Us'e .......... 2. lZ. 6.°_. 1

Crewman Restraints. . : ..... Z. IS. 3

Zero-g Restraint ....... Z. 1Z. 3. Z

Accessories and

Miscellaneous

Equipment ......... Z. 12. 5.4

Accessory Bag ....... Z. IZ. 5.4.8

Containers ......... Z. IS. 5.4. [4

Flag Kit ......... Z. 12. 5.4. 13

Fire Extinguisher .... 2. 12.5.4. 3

Grounding Cable .... .Z. IS. 5.4. 10

Headrest Pad ...... Z. 12. 5.4.9

<
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Title Para No.

Inflight Exerciser . 2. 12,5.4.5

Oxygen Masks .... 2. 12. 5.4.4

Pilot' s Preference

Kits ........ 2. 12.5.4. Z

Tape Roll. ...... 2. iZ. 5.4. 6

T el e co mmuni cation s

S_vitchguide ..... 2. IZ. 5; 4. IZ

Temporary Stowage

Bags . . . .... 2. 1Z. 5.4. 1

Two-Speed Timer . 2. iZ. 5.4.7

Cameras ....... Z. IZ. 5.3

i6 mm Data

! Acquisition

Camera ....... 2. lZ. 5.3. l1
70 mm Hasselblad

Electric Camera and

_, Accessories .... Z. 1Z. 5.3. Z

Spotmet er,

Automatic ..... 2.12.5.3.3

Cre_Tnan Toolset ..... Z. l?. 5. Z

Description and

Use ........ Z. IZ. 5. 2. Z"

Get, era] ....... Z. 12.5. Z. 1

Flight Data File ..... Z. IZ. 5. 1

Data File Clio ..... 2. IZ. 5. i. Z

LM Pilot's Flight Data

File ........ 2. 12. 5. [. 1

Scientific Lnstrumentation

O_tlets ......... Z. 12.5.6

Voice Recorder,

Cassettes, and Battery

Packs ...... g. IZ. 5.4. 11

Utility Outlets ...... 2. iZ. 5. 5

Wast e Manag em ant

System and Supplies . Z. 12. 6.3

Contingency Feeding

System ...... 2. IZ. 6. Z. 3

Dry Cleansing

Cloth ....... Z. 12. 6.4.2

Fecal Subsystem. 2. 12. 6. 3.3

General

Description .... Z. IZ. 6. 3. I

Oral Hygiene Set. . Z. IZ. 6.4. [

Personal Hygiene . 2. IZ. 6.4

Urine Subsystem. 2. IZ. 6. 3. Z

Utility Towels .... 2. 12. 6.4.'4

Vacuum QD ..... 2. 12. 6. 3.5

Waste Stowage Vent

System ...... Z. 1Z. 6. 3.4

Title Par a No.

Wet Cleansing

Cloth ....... 2. 12.6.4.12

Radiation Monitoring and

Measuring Equipment. . Z. 1Z. 8

Nuclear Particle

Detection System .... Z. 12.8. 5

Passive Dosimeters. ..... . 2,1Z. 8.1

Radiation Survey Meter . Z. 12.8. 3

Van Allen Belt

Dosimeter ....... 2.12.8, 4

Sighting and Illuminatior_ <Aids. . Z. 12.4

External Sighting and

Illumination Aids .... Z. 12.4. Z

Docking Spotlight . Z. 12.4. Z. I

EVA Handles -vVith

RL Disks ..... 2. 12.4.2.3

EVA Floodlight . Z. 12.4.2.4

Rendezvous Beacon. . Z. 12.4. Z. 5

Running L] ghts ..... Z. 12.4.2.2

Internal Sighting and

Illumination Aids .... 2. 1Z. 4. 1

Couch Floodlight

Glareshield .... 2. iZ. 4, I. 7

Cr e_Tnan Optic al

Alignment Sight, . Z. 12.4. I. 3

Eyepatch ...... 2. 12.4. I, 9

Internal ViewingMirrors . . . . . . 2. 12.4. i. Z

LM Active Docking

Target ....... 2. 12.4. i. 4

MDC Glareshades 2. IZ. 4. i. 8

Meter Covers . . . 2.12.4.1.11

Monocular ...... Z. IZ. 4. I. 6 |

Telescope Sun

Filters ..... Z. 12.4, I. 10

Window Markings . Z. IZ.4. i. 5

Window Shades .... 2. 12.4. I. I

Spacesuits .......... 2.12.2

Extravehicular Mobility

Unit .......... 2.12. 2.4

Extravehicular

Spacesuit ....... 2.1Z. Z. 3

Liquid Cooled

Garment ...... 2. 12.2. 3. 1

Spac e suit As semblv

(!ntravehicular). .... 2. IZ. 2.1

Bioinstrumentati on

Harness and Biomed

Belt ........ 2, 12.2. i. i

r"

k.
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Title Para No. Title Para No.

Comrnunications Cable

With Control

Head ....... 2. 12. 2. I. 8

C ommunic ation S oft

Hat ........... 2. 12.2. i. 6

Cons rant %V-ear

Garment ...... 2. 12.2. i. 4

Constant Wear Garment

"T" Adapter . 2.12. Z. 1 .7

Eartube. 2. iZ. Z. i. 6
?,

F ecal Containment

System ....... 2. 12. Z. I. Z

i Flight Coveralls . Z. 12. 2. 1.5

,' Lightweight

Headset ....... 2. 12.2. i. 6

Pressure Garment

Assembly . . . Z. [2.2. 1.9

UCD Clamps ..... 2. lZ. Z. I. 3

Urine Collection

and Transfer

Assembly ..... 2. 12.2. 1. 3

Spac esuit Related

Equipment . . . . Z. 12. I Z. Z

EIv[U 7v[aintenanc e

Kit ........ 2.12.2.2.4

Oxygen Hose

Assembly ..... 2. 12.2. 2. 1

Oxygen Hose

Coupling ...... 2. 12. 2. Z. Z

Oxygen Hose Screen

Caps ....... 2. 12. 2. 2. 3

Postlanding Redovery Aids . 2. 12.9

Dye Marker ....... Z. [2.9. 2

Pos tland,ing Ventilation

Ducts ......... Z. 12. 9. 1

Recovery'Beacon ..... 2. 12.9. 3

Snagging Line ...... Z. 12;

Survival Kit ....... 2. 12.

Rucksack I ...... 2. 12.9.

Rucksack II ..... 2. 12.9.

Swinuner Umbilical . Z. iZ.

Crew Stations ........ I. 3.

Cryogenic Storage ..... 2. 6.

Cryogenic Storage

Subsystem. ........ 2.6.

9.4

9,5

5.1

5.2

9.2

2.7

3.1

5.2

D

Data Acquisition Camera,

16 mm .......... 2.12.5.3.1

Data Equipment ...... Z. 8.2.2

2.8.3.3

Data Equipment Interfaces Z. 8. 3. 3.}3

Data File Clip ........ 2. 12. 5. I.

Data Storage Equipment . . . 2. 8. 3.3.8

Deadfacing the CM-Sk{

Umbilical ........... Z. 9.4. 13. 3

Delta Velocity Functions .... , 2. 3.7. 2

Delta Velocity indicator. Z. 3. 7. Z. 2

Delta V/Range-To-Go

!ndicator_ ......... 2.3.7. I. 4

AV/EMS SET Switch ..... 2. 3.7. 3. 3

Z_V / RANGE Display

Circuits .......... 2. 3.7.5.5

Deployment of Drogue

Parachute ........ 2. 9.4. 13. 1 3

Deployment of _[ain

Parachute and Release of

Drogues ......... Z. 9.4. 13.14

Description, General,

Sequential Systems ....... 2, 9. 2

Design Criteria ........ 2.9. Z. 1 1

Design Data

CM RCS .......... 2.5.7. I

Crew Personal Equipment . 2. 13. 4. [

SlY[ RCS .......... 2. 5. 3. 1

SPS ............ 2.4.3. 1

Detonators .......... 2.9.5. IZ

Diaphragm Burst Isolation

Valve ............ 2.5. 6. 2. 3

Digital Ranging Generator

(VI-{F Ranging) ........ 2.8. 3.4. Z

Direct Coil Commands Z. 8.4. 3. 3

Disable CIViRCS/SCS .... 2.9.4.13.11

Display and Keyboard .... Z. 2. 3. Z. 2

Display Switching Interfaces. Z. 3. 2. 3. 1

Dis tribution Plumbing

Pressurization Subsystem

C/vi RCS ........ 2.5.6.1.6

Pres snrization Subsystem

SM RCS ......... 2. 5.2. I. 6

/

t
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Title Para No.

Propellant Subs ystem

CM RCS ........ 2. 5. 6.2.5

Propellant Subsystem

SMRCS. . /. ....... 2.5.2.2.4

Docking

Latches ........... 2. 13. 3.2

2.13.4.1. [

Operation Sequence ...... 2. 13. I. I

System Electrical Niechanical

Schematic ..... ..... 2. 13.3. 9

Docking 9nd Transfer ........ 2. 13

Component Description .... 2. 13.3

C_,%i_Docking Ring . . . . . 2. 13.3. 1

D6cking Latches 2. 13.3. 2
I

D0cklng Probe

Assembly ........ 2. 13. 3. 3

Pitch Arms and Tension

Linkages. . .... 2. 13. 3. 3. 2

Probe Body - Extension

Latch Assembly 2. 13. 3. 3.4

Probe Head - Capture

Latches . . .... Z. 13. 3. 3.5

Probe Umbilicals 2. 13. 3. 3.8

Ratchet Assembly Z. 13. 3. 3.6

Retraction System . Z. 13. 3. 3.7

Shock Attenuators . Z. 13. 3. 3. 3

Support Structure . 2. 13. 3. 3. 1

Docking System

Electrical Mechanical

Schematic ....... 2. 13. 3.9

Drogue Assembly ..... 2. 13. 3.

Forward Tunnel Hatch . . 2. 13. 3. 6

LM Tunnel Hatch ..... 2. 13. 3.7

Tunnel and L_i

Pressurization ..... Z° 13. 3. 8

LM Pressure Dump

Valve ....... 2. 13. 3. 8. 3

LM/Tunnel Vent

Valve ....... 2. 13. 3.8. 2

Pressure Equalization

Valve ....... 2. 13. 3.8. 1

Vehicle Umbilicals .... 2. 13. 3. 5

Functional Description .... 2. 13. 2

introduction ......... 2_. 13. 1

Docking Operational

Sequence ........ Z. 13. I. I

Title Para No.

Operational Limitations

and Restrictions ....... 2. 13.5

Performance and Design

Data .... ........ Z. [ 3.4

Design Data ....... 2. 13.4. 1

Docking Latches . . 2. 13.4. I. 1

Docking Probe. . . . 2.13.4.1.2

Probe Pressure

System ...... 2.13.4. i. 3

Performance Data . . 2. 13.4.2

Docking Probe ........ 2. 13.4. I. 2

Assembly ........... 2. 13. 3. 3

l_etraction .......... 2.9.2. 3

2.9.4.10

Drogue Assembly ....... 2. 13. 3.4

Dry- Cleansing Cloth ...... 2. 12.6. 4. 2

DSE .............. 2.8.4. 3

Dye Marker .......... 2. 12.9.2

E

Eartube ...... ; .... 2. 12. 2. I. 6

ECS Performance and Design

Data .............. Z. 7.8

ECS Radiator Control ..... 2.7. 6. 3

EDS Automatic Abort

Activation and

Deactivation ........ 2.9.4. 5. 1

EDS Automatic Abort

Deactivate ......... 2.9.4. 8. 2

EDS Bus Changeover ...... Z. 9.4. 3

Electrical Power Distribution . 2.7. 7

2.8.3.6

2.10.3.1

Electrical Power System ...... 2. 6

Command _viodule Exterior

Lighting . . ........ 2. 6.7

Floodlight System- . . . . 2. 6. 7. 1

Integral Lighting

System ......... 2. 6.7.2

Numerics Lighting

System. ........ 2. 6.7.3

l_unnel Lighting ..... 2. 6. 7.4

Functional Description ..... 2. 6. 2

Energy Storage ...... 2. 6. Z. I

Power Conversion .... 2. 6.2. 3

)

k.
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Title

{ I

Para No.

Power Distribution .... Z. 6.2.4

Power Generation. . . . . 2.6.2. Z

Introduction ...... .... 2.6. 1

_{aj or Component/Subs y,stern

Description ......... Z. 6. 3

Batteries ........ Z. 6. 3, Z

Battery Charger ..... 2.6.'3.5

Cryogenic Storage .... Z. 6. 3.1

Fuel Cell Po_er Plants Z. 6. 3. 3

C omp onent

Description ..... Z. 6.3.3. l

Fuel Cell I_oading . Z. 6. 3.3. Z

Inverters Z. 6, 3, 4

j Power Distribution :. i Z. 6. 3. 6D

Operational Limitations and

Restrictions ......... 2.6.5

Additional Data ...... 2.6.5.3

Cryogenic Storage
Subs y-stem ....... 2.6.5. Z

Fuel Cell Power Plants . Z. 6.5. I

Performance and Design

Data ............ 2. 6.4

AC and DC Data ..... Z. 6.4. 1

Systems Test Meter ...... 2. 6. 6

Electrical Circuit

Interrupters ........ Z. 9, 5. 13. 1

Electronics Control

Assembly (ECA) ...... 2. 3.4. 2.5

ELSC Operation ....... 2.9.4. 14. 5

ELS Equipment ......... 2.9.2.8

ELS Parachutes ..... , , . 2.9.2.9

Emergency Detection System Z. 9.4. 5

EllIS Functional Data Flow . . . 2. 3.7.5

EMS switches ......... Z. 3.7. 3

EMJ Maifltenance Kit ..... 2. 12. Z. 2.4

Enable Automated Control of

the SlVlRCS • ....... 2.9,4.9.1

Energy Storage ........ 2. 6..2. 1

Engine

Ignition, Thrust On-Off

Logic ............ 2.3.5.7

Injector .......... 2.4. Z. 4

Propellant Lines . .... Z. 4. Z. 3. iI

Solenoid Injector

Temperature-Control

System ......... 2.5. 6. 3.5

Title Para No.

Thrusting Logic ..... . . 2.5. Z. 5

Thrust ON--OFF Control Z. 4. 2. I0

Thrust ON-OFF Logic .... Z. 5. 6. 3. 6

Engine As s emblies ....... 2. 5. 2.3

Engine Assembly ........ 2.5. 6.3

Entry Functions ..... . _ . . . Z. 3.7. I

Entry- Mode .......... 2.3. 3. i. Z |

Entry Monitor System . . . . . . . 2.3.7

Entry Scroll .......... _ 2. 3. 7.4

Environmental Control System

(ECS) ...... , - - - ¢ - . 2.7

E CS Performance and Design/
Data

- ....... . . . .2.7.8
Electrical Power Distribution . 2.7. 7

Functional Description ..... Z. 7. Z

Spacecraft Atmosphere

COntrol ....... . .2. 7.2. 1

Thermal Control ...... 2.7. Z. 3

%_/ater Management. .Z. 7. Z. 2

introduction .......... Z. 7-.i

Oxygen Subsystem ....... Z, 7. 3

Pressure Suit Circuit ...... 2. 7,

_Yater-Glycol Coolant

Subsystem ......... 2. 7. 6

Coolant Flow ....... Z. 7. 6. 1

ECS Radiator Control .2. 7. 6. 3

Glycol Temp erature

Control ......... 2.7. 6. 2

Water Suh§ystem ....... 2. 7. 5

Equipment Bays ........ I. i. 2. 3. 1 |

Equipment Data,

Teiec ommunic ati on s

System ........... Z. 8. 2. Z. 2

Equipment, Lntercommunications

System . . - ....... 2. 8. 2. I. Z

Equipment, Radio

Frequency ......... 2. 8. 2. 3.2

Euler Mode ......... Z. 3. 3. I. 1 |

Exerciser, Inflight ...... 2. 12. 5.4.5

External illumination Aids

Forward Compartment•

SC Controls and Displays

Extinguish LIFT OFF and MO

AUTO ABORT Lights

Extravehicular Mobility Unit

1-1.2-7-4 1
i. l.Z.l

• , I. [. 2.4

Extravehicular Spacesuit .... 2. IZ. 2. 3

Eyepatch ........... 2. 12.4. i. 9

Mission
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Title Para No.

F

| FDAI Display Sources ..... 2. 3. 3.2

Fecal Containment System . . 2. 12.2. Ik2

Fecal Subsystem. . ..... 2. 12.6. 3. 3

Fire Extinguisher ...... 2. 12.5.4. 3

Firing Circuit Pro_ection . . 2.9.5.4

Flag Kit .......... 2. 12. 5.4. 13

Flight Coveralls ....... 2. IZ. Z. i. 5

Flight Data File ....... 2. 12_ 5. 1

Flight Director Attitude

Indicator (FDAI) ....... 2.3. 2. Z. 5

Floodli_ht, EVA ....... 2. 12:.4. 2.4

Floodti_.ht System ......... 2.6.7. I
|Foldabl/e Couch S_ructure . . I. i: 2.5.2

Food . I ........... . . Z. IZ; 6.2
I

Stowage ......... 2. 12.6.2.2

Use ........... 2. 12 ".o.-. [

|Forxvard Compartment . . • . . I.I.Z. 1

Forward Heat Shield (Apex

Cover) ........... 2.9. 2.7

Forxvard Tunnel Hatch ..... 2. [3. 3. 6

Fuel Cell Loading ...... 2. 6.3. 3.2

Fuel Cell .Power Plants ..... 2. 6. 3.3

2.6.5.1

Fuel Tank .......... 2.5. 6. Z. 2

Functional Description ..... 2. I l. 4. 1

Caution and %Varning

System ........... 2, [0.2

Comm_nd Module Uprighting

System .......... 2. II. 4. 1

Crew Personal ]Equipment . . . Z. 13. Z

Electrical Po_ver System .... Z. 6. Z

Environm ental Control

System ........... 2.7. 2

Guidance and Navigation

System ........... 2.2. 2

Sequential Systems ....... 2.9.3

Service Propulsion System . . . Z.4. 1

SM RCS Electrical Power

Distribution ........ Z. 5. 3. 3

Tel'ecommunication System . Z. 8.2

FUNCTIOn- Switch ...... 2. 3.7. 3.2

Functional Switching Concep_ Z. 3. 2.3

Title Para No.

G

Gimbal Actuator ....... 2.4.2, 8. l

Gimbal Position and Fuel

Pressur'e Indicator

(OP/FPI) ......... 2. 3.2. 2.3

C-lareshade Straps, _IDC . . 2. 12. 3.2.7

Glycol Temperature Control 2.7. 6.2

GN Z Ball Valve Actuators. 2. 4. 2. 3.8

GN 2 Filters (CS_X4 108 and

Subs) ........... 2, 4.2. 3.3

GN 2 Orifices ........ 2. 4.2. 3. 6

ON 2 Pressure Regulators . 2.4. Z. 3.4

G!XTZ Pressure Vessels .... Z. 4.2. 3.1

GN Z Relief Valves . . . . . . 2.4, 2. 3.5

O_-_2 Solenoid Control

Valves ........... 2.4. Z. 3.7

GPI Sign_l F!o_v ........ 2. 3.5.3

GTA S_vitch ......... 2. 3.7.3.4

Guidance and Control ........ 2. 1

Attit_dde Control ........ 2. I. 3

Attitude Reference ....... Z.I. 2

Guidance and Control Systems

Interface .......... Z.i. 1

Thrust and Thrust Vector

Control ........... 2. i. 4

Guidance and Control Systems

Interface ............ 2. I. 1

Guidance and Navigation Station

Restraints ......... 2. 12, 3. 2. 3

Guidance and Navigation System . 2.2

PGNCS Data Flow ....... 2. 2. 2 |

Introduction .......... 2. 2. 1

Major Component Subsystem

Description ......... 2, 2. 3

Computer Subsystem 2. 2. 3:2

Command Module

Computer ..... Z.Z. 3.-2. 1

Display and

Keyboard • .... 2. 2. 3.2.2

Inertial Subsystem .... 2.2.3. l

Coupling Data Unit . 2. 2. 3. i. 2

Navigation Base . . . 2. Z. 3. I. I

)
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Title
Para No. Title l_ara No.

Power Distribution ........ 2.2.

Gyro Assembly - 1 (GA-I) 2. 3.4. 2.

Oyro Assembly - 2 (GA-2) 2. 3.4. 2.

Gyro Display Coupler (GDC). 2.3. 3.

Power and Servo

Assembly ...... Z. 2, 3. 1.4

Optical Subsystem .... 2.2. 3.3

Coupling Data Unit . Z. 2, 3.3.2

Optics ....... 2. Z. 3. 3, l

Operational l_[odes ...... 2.2, 4

Attitude Error Display

Mode .......... 2. 2.4.7

LNdU Cage Mode ..... 2. Z. 4.4

!MU Coarse -Align .... 2.2. 4.5

, IMU Fine Align ...... 2.2.4.6

IMU Turn-On Mode .... 2.2.4. 3

t Inertial Reference Mode. Z, 2.4.8

/ Manual Mode Operation . . 2, Z. 4. 10

C omput er Mode

Operation ...... 2.2.4, 10.5

Manual Direct

Operation ..... 2.2.4. 10. I

Manual Resolved

Operation ..... 2, Z. 4. 10.3

Optics - Computer

Mark Logic .... 2.2.4. 10.4

Slave Telescope

Modes ....... 2. 2.4. [0.2

S-IVB Takeover ..... 2.2.4. l

Thrust Vector Control 2.2.4.2

Zero Optics Mode ..... 2.2.4, 9

5

1

2

!

H

Hand Bar , ......... 2. 12.3. i. 3

Handholds ......... Z. 12. 3. !. 2

Hand Straps ......... 2. 12.3.2.1

Hardware Function (AGS) .... 2.3.4. 2

Hasselblad Electric .... . 2. 12.5. 3.2
Hatches

Forward Access ...... 1.1.2, 6,2
Side Access ........ I.|o2,6o

Headrest Pad ........ Z. 12, 5.4,9

Headset, Lightweight ..... Z. IZ. Z, g 6

Heat Exchangers ...... 2. 4.2. i. 6

Heel Restraints . ...... 2,12.3.1.4

Helium Check Valve

Assembly ....... . .... 2.5. 6. I. 4

Helium Isolation (Squib-Operated

Valve) .......... 2. 5.6. i. 2

Helium Isolation Valve .... 2.5.2, i. 2

Helium Pressure Regulator

Assembly . ........ 2.5.6. 1.3

Helium Pressure Relief

Valves ........... 2.4.2, I. 5

Helium Pressurizing Valves. 2. 4. 2. I. 2

Helium Relief Valve ...... 2. 5.6. I. 5

Helium Supply Tank .... . 2.5, 2, i, l

2.4.2.1.1

Helium Tanks ......... 2.4. 2. I. 1

Ltv[U Gage Mode ........ 2. 2.4, 4

IMU Coarse Align ....... 2.2.4. 5

LXdU Fine Align .... .... 2.2.4. 6

IMU Turn-On Mode ...... 2.2.4. 3

/_nduced Curren_ Protection . 2.9, 5. 5

Inertial Measurement Unit Z. 2. 3. l.Z

Lnertial Reference Mode .... 2. 2.4. 8

Inertial Subsystem , , ..... 2.2. 3.1

injector ........... 2.5. Z. 3. 2

2.5.6.3,2

Injector Prevalves ...... 2.4. 2.3, 2

In strumentation Equip_,_-lent

Group ........... 2.8.3.3.1

Integral Lighting Systerr ..... Z. 6.7.2

Intercommunication Sy_ :enl

Interfaces .......... Z. 8.3. 2

inter communication s

Equipment .......... 2.8.2. 1

2.8.3.1

Internal Sighting Aids ..... i.I. 2.7.3 |

Inverter s ........... 2. 6.3. 4

J

Jettisoning the SM ...... 2.9.4. 13.2

r
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Kits, Pilot's Preference .

Para No.

2.12.5.4.2

L

| Launch Escape Assembly ....... i. I. i

Launch Escape Motor ....... 2.9. 5.8

Launch Escape Tower

Assembly ............ 2.9. 2. 1

Tower lettison ........ Z. 9, 4.7.4

| PhFsically Attached . .... 2, 9.4. 7. 1
Launch Vehicle Status ......... 2.9.4. 5, 2

Launc_h Vehicle Tank Pressure

Monitor ........ . .2.9.4. 5.4

LES Abort _ode

Switmhover ......... 2.9, 4. 14. 6

LES _bort Start . . . .... 2. 9.4. 14. 2

LES Igniter .......... 2.9. 5. I0

LET Frangible Nuts ..... Z. 9.5. 12. 1

| Life Support, Crew . . . . -. . , l. I. 2.7. 6

Lift-Off .............. Z. 9.4, 4

Line, Snagging. ........ Z. IZ. 9.4

Liquid Cooled Garment - 2. 12. 2. 3. i

LM

Docking King Separation 2.9. _._' 12

Pilot's Flight Data File. Z. 12.5. [. 1

Pressure Dump Valve . . . 2. 13. 3. 8. 3

Tunnel Hatch ......... Z. i 3. 3.7

Tunnel Vent Valve . . . : . 2. 13. 3. 8. Z

Locator index ............ 3. Z

Logic Power ............ 2.9.4. 1

Loose Equipment Stowage .... I. I. 2. 3. 3

LSSC Location ........... 2.9. I. 5

M

• + .

Title Para No.

Manual Control . ...... 2. 3.4.4, 3

•Manual Direct Operation . . 2. Z. 4. i0. 1

Manual Mode Operation ..... Z. 2.4. 10

Manual Resolved Operation . , 2. Z. 4. 10. 3

Manual Thrust Vector Control. Z. 3. 5.5

MDC Olareshades ...... 2. 14, 4. i. 8

k{echanical Controls, ,CM i, I. 2, 6 |

Medical

Accessories Kit ....... 2. 12.7. 2

Equipment ....... I.I.Z. 7. 7 |

Supplies and Equipment 2. 12.7

MESC Auto Abort Voting

Logic . . .: .......... 2. 9.4.7

MESC, ELSC, LDEC, and

PCVB Locations ....... 2.9. I. 2

l_ieter Covers ........ 2. 12.4. I. ii

Miscellaneous Equipment .... 2. 12. 5.4

Miscellaneous Systems Data .... Z. 1 1

Accelerometer (G-Meter) . . . 2. ii. 3

Command Module Uprighting

System ........... 2. I i. 4

Functional Description Z. II. 4. I

Introduction ......... 2. 1 i. [

Timers ........... 2. I I. 2

Mirrors Internal Viewing. 2. 12.4. I+ 2

Mission Operational Aids .... I. I. Z. 7. 5|

MODE Switch ........ .Z. 3. 7. 3. l

Monocular ......... 2. 1Z. 4. I. 6

N

iN_avigation Base 2. 2. 3. i. 1

Non=Euler Mode ....... 2+ 3. 3. I. 4 |

Normal Ascent ......... Z. 9, 4.8

Normal Mission Functions .... Z. 9. 3. i

Nozzle Extension

CM RCS .......... 2.5.6.3.4

Main Bus Tie ......... 2.9.4. 1,3.7

Main Parachute Release .... Z. 9.4. 2. 3

Major Component/Subsystem

Description ........... 2. 2. 3
2.4.2

2.6.3

2.8.3

Z. 10.3

. t" _.....

-+.

+
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Title Para No.

SIV[ RCS ............ Z. 5.2. 3.4

SPS . .............. 2.4.2.6

Nuclear Particle Detector

System ........... 2.1Z. 8.5

Numerics Lighting System .... Z. 6.7.3

O

Operational and Flight

Qualification .

Instrumentation ........ 2. 8. 3. 3.2

Operational Description ...... 2.9.4

Operational Limitations and

Restrictions

EPS ...... . ......... 2.6.5

Additional Data ........ 2. 6. 5. 3

CPE ............... 2. 13. 5

C&_VS ............ 2. 10...4

SPS ............... 2.4.4

TS .............. 2.8.4

Operational Modes ......... 2.2.4

OpticalSubsys_em 2 2. 3.3

Optics ............. 2.2. 3. 3. i

Optics - Computer Mark

Logic ........... 2.2.4. I0.4

Oral Hygiene Set ....... 2. 12. 6.4. 1

Origin of Signals ......... 2.9. I. 6

Outlets

Scientific ........... 2. i 2.5. 6

Utility ............ 2. 12. 5.5

Oxidizer Tank ......... 2. 5. 6. 2.1

Oxygen Hose Assembly .... 2. 12.2.2. I

Oxygen Hose Coupling .... 2. 12.2.2.2

Oxygen N_iasks ........ 2. 12. 5.4.4

Oxygen I-lose Screen Caps . . . 2. 12.2. 2. 3

Oxygen Subsystem 2.7. 3

P

Parachute Disconnect ..... Z. 9. 5. 13.4

Parachute Mortars ...... 2.9. 5. 13. 3

Parachute Subsystem ...... 2.9. 5. 15

Passive Dosimeters ...... Z. 12. 8. 1

Title Para No.

Performance and Design Data

Crew Personal Equipment 2. 13.4

Electrical Power System . . 2.6.4

Sequential Systems . ...... 2.9. 5

Service Propulsion System . . Z. 4. 3

Performance Data

CM RCS ............ 2_ 5.7. 2

CPE ........... 2.13.4.2

SlY[ RCS ........... 2. 5. 3.2

SPS ..... ...... 2.4. 3.2

Personal Biomedical Sensors

Instrumentation Assembly . 2.12.7. I. 1

Per s onal C orru_nu_lications

Assembly iComm Carrier) . .2. 8.3. i. 1

Personal Hyo_iene ..... 2. 12. 6.4

PGNCS Data Flow ........ 2.2. Z|

Pitch Arms and Tension

Linkages ........ 2. 13. 3. 3. 2-

Pitch Control _[0tor ...... 2.9.5.9

PMP . . . ........... 2.8.4. Z

Postlanding P_ecovery Aids . i. i. 2.7. 9_
2. IZ. 9

Postlanding Ventilation Ducts 2. 12.9. i

Power Conversion ....... 2. 6. 2. 3

Power Distribution . . . ..... 2.2. 5

2.3.6

2.6.2.4

2.6.3.6 _

Power Generation ....... 2. 6.2.2

Power and Servo Assembly . 2. 2. 3. 1.4

Pressure Cartridge

As semblies ......... 2.9. 5. 13

Pressure Equalization

Valve ........ 2. [3. 3.8. i

Pressure Garment

Assembly ........ 2, 12. 2. i. 9

Pressure Regulator

Assemblies. . . -...... Z. 4. 2. I. 3

2.5.2.1.3

Pressure Relief Valves .... 2. 5. 2. I. 5

Pressure Suit Circuit ....... 2.7.4

Pressure Versus Temperature

Measuring System ...... 2. 5.2.4

r

k.
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Title Para TitleNo.

2.1

2.1

6.1

Pressurization Subsystem Z. 4.

2.5.

2.5.

Primary and Secondary Fuel

Tanks ............. 2.5.2. 2. Z

Primary and Secondary

Oxidizer Tanks ....... • .2. 5.2.2. l

Probe Body - Extension Latch

Assembly ........... 2. 13. 3.3.4

Probe Head - Capture

Latches • . ........ Z. 13. 3.3.5

Probe Phssive Tension Tie .Z.9. Z. 2

Probe Pressure System. . Z. 13.4. i. 3

Probe _mbilicals .... . . . 2.13.3.3.8
Propellant, • In-Line Filters . . 2. 5. 2. 2. 5

Propell_nt Isolation Shutoff

Valve .............. 2. 5.2. Z. 3

2.5,_6.2.4

Propellant Jettison ........ Z. 5. 6.4

Propellant Solenoid Injector

Control Valves (Fuel and

Oxidizer) ........... Z. 5. 2. 3. 1

2.5.6,3.1

Propellant Subsystem ....... 2.4. Z. 2

2.5.2.2

2.5.6.,2

Propeilant Tanks ........ 2.4. 2.2. 1

Propellant Utilization and

Gauging Subsystem (PUOS) .... Z. 4. 2.9

Propellant Utilization Val_/e . .2.4. Z. 9. 3

| Protection Panels ....... I. i. 2. 3. Z

Premodulation Processor

Equipment .......... 2.8. 3.4. 5

Puls e-C ode Modulation

Telemetry (PCM TLM)

| Equipment .......... 2.8. 3. 3. 6
Pyro Arm Switch Lock . . .2.9. 5, 6

Pyro Cutout ......... Z. 9.4:.13.5

Pyro Power ........... -.2, 9.4. Z

.r

Q

Quantit_ Computing and

IndiCating System Test ...... 2.4.2.9. 2

Quantity Sensingj Computing,

and Indicating System ..... Z. 4. 2.9. 1

Para No.

R

Radiation Monitoring and

_v[easuring Equipment ..... 2. IZ, 8

Radiation Nionitoring

Equipment .......... I. I. Z. 7. 8|.

Radiation Survey ivfeter ...... Z. IZ. 8. 3

Radio Erequency Equipment . . 2.8. 2. 3

Ratchet Assembly .... . 2. 13. 3. 3_6

Rate Display Sources ..... 2.3.3.2. Z |

RC SC Location ........ Z.9. 1.4

RCS Electrical Heaters . 2.5. 2. 3. 5

Reaction Control Subsystem

Interface ....... . . . . 2.3.4. 3

Reaction Control System (RCS) .... 2.5

CM I-<CS Functional

Description ......... 2. 5.5

Ci'v[RCS _[ajor Components/

Subsystems Description•. Z. 5. 6

Engine Assembly ...... 2. 5_ 6. 3

Engine Solenoid Injector

T erode ratu r e-C ontrol

System ....... 2.5. 6. 3. 5

Engine Thrus_ ON-OFF

Logic ...... . 2.5. 6. 3. 6

Injector ....... 2.5.6. 3. 2

Nozzle Extension . ,2.5. 6. 3.4

Propellant Jettison .... 2. 5.6.4

Propellant Solenoid

Injector Control Valves

(Fuel and

Oxidizer) ...... 2.5.6. 3. I

Thrust Chamber

Assembly ...... 2.5.6. 3. 3

Pr e s s ur ization

Subsystem ....... 2.5. 6. I

Dis tribution

Plumbing ...... 2.5. 6. i. 6

Helium Check Valve

Assembly ...... 2.5.6. I. 4

Helium Is olation

(Squib-Operated)

Valve ....... 2.5. 6. I. 2

Helium Pressure

Regulator

Assembly ...... 2.5.6. i. 3

Helium Relief

Valve ....... 2.5. 6. I. 5
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Title Para No.

He lium Supply

Tank ....... 2.5.6. !- 1

Propellant Subsystem. . . Z. 5.6.2

Diaphragm Burst

Isolation Valve . . . 2. 5. 6. 2. 3

Dis tribution

Plumbing ..... 2. 5. 6, 2.5
7
Fuel Tank ....... 2.5.6. Z. 2

f Oxidizer Tank . 2.5. 6. Z. 1

Propellant Isolation

Shutoff Valves . ._ . Z. 5.6. Z. 4

CIV[ RCS Operation Limitations

and Restrictions . . , . 2.5.8

CIVi RCS Performance and

Design Data ......... 2.5.7

CM RCS Electrical Power

Distribution ........ 2.5.7. 3

Design Data ....... 2.5.7. 1

Performance Data .... 2.5.7.2

S_i _RCS Functional

Description ......... 2. 5. 1

S_£ RCS Major Component/

Subsystem Description .... 2. 5.2

EngLne Assemblies 2.5.2. 3

C ombus tion

Chamber ..... Z. 5.2. 3. 3

Injector ....... 2.5. 2. 3. 2

Nozzle Extension. 2.5.2. 3.4

Propellant Solenoid

Injector Control Valves

(Fuel and

Oxidizer) ..... 2.5. 2. 3. 1

RCS Electrical

Heaters ...... 2.5.2. 3.5

Engine Thrusting Logic . Z. 5. Z. 5

Pressure Versus

Temperatur e Measuring

System ......... Z. 5.2.4

Pressurization

Subsystem ....... Z. 5.2. 1

Check Valve

Assemblies .... Z. 5.2. I. 4

Distribution

Plumbing ..... Z. 5. Z. i. 6

Titie Para No.

Helium Is olation

Valve 2.5.2. i. 2

Helium Supply

Tank ....... 2.5. 2. I. 1

Pressure Regulator

Assemblies . . . 2.5. 2. I. 3

Pressure Relief

Valves ...... 2.5.2, I. 5

Secondary Propellant

Fuel Pressure

Isolation Valve . . 2.5.2. i. 7

Propellant Subsystem . . . 2.5. Z. 2

Distribution

Plumbing 2.5. 2.2.4

Primary and Secondary

Fuel Tanks ...... Z. 5.2.2.2

Primary and Secondary

Oxidizer Tanks .... 2.5.2. Z. l

Propellant, In-Line

Filters . ..... 2. 5.2.2.5

Propellant is olation

Shutoff Valve _ 2.5. Z. 2. 3

SM RCS Operational

Limitations and

Restrictions ....... 2.5.4

S_[ IKCS Performance and

Design Data . : ....... . 2.5.3

Design Data . . ". .... 2.5.3. l

Performance Data .... 2.5. 3. Z

SM RCS Electrical Power

Distribution ...... Z. 5.3.3

Reaction Jet Engine Control

(RJ/EC) .......... 2. 3.4. 2.6

l_ecovery Beacon ....... 2. 12.9. 3

Reefing Line Cutters ...... 2.9. 5. t4

Reefing System ........ 2. 9. 2. [0

Release of Main

Parachutes ....... 2.9.4. 13. [6

Rendezvous Beacon ..... 2. 12.4. 2 3

Restraints

Crew Station ........ I.i. 2.7.2 |

<

k.
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T itle

',g" Load . ........... Z. 12.

Zero ......... : • . 2. 12.

Retraction System ..... Z. 13. 3.

RF Electronics Equipment

Group ............. 2.8.3.4

Roll Attitude Indicator .... 2. 3.7. I. 2

Roll Attitude IJndicator

Drive ........... 2. 3.7.5.6

Rotation Control .... . . : 2.3.2. 2. I

Rotational Controllers (I_C-I

and RC-2) ........ 2.3.4. 2. 3

Rucksack I ......... 2. 12.9. 5. I

Rucksack II ....... _ . 2.12.9. 5. 2

i%unning Lights .... -. . . 2. 12.4.2.2

Para No.

3.1

3.2

3.7

I S

S-Band High-Gain Antenna 2.8.3.5.2

S-Band Omniantennas ...... 2.8.3.5.3

S-Band Power Amplifier

Equipment ......... 2.8.3.4.4

SCS Hardware ......... 2.3. Z. I

SCS Auto TVC ......... 2.3.5.4

Scroll Assembly ....... 2.3.7.1.5

Scroll Assembly G Axis Drive

Circuits .......... 2.3.7,5.3

Scroll Assembly Velocity Axis

Drive Circuits ...... . 2.3.7.5.4

Secondary Propellant Fuel

Pressure Isolation Valve 2.5.2. i. 7

Separation "of LN{ From S-IVB . 2.9.4.11

Separation of the C_[ From

the SM . . ....... '.2.9.4. 13.4

Separation of the CSM From

the LV ........... 2.9o2.5

Separation of the Spacecraft

From the Launch Vehicle . . . 2.9.4.9

Separation System ...... 2.9.5.12.3

Sequential Events Control

Subsystem .......... 2.9.1. 1

Sequential Systems ......... 2.9

Description, General ..... 2.9.2

Circuit Concept ...... 2.9.2.12

CM-SM Separation and

SM Jettison ....... 2.9.2.6

Title Para No.

Design Criteria ...... 2.9.2.11

Docking Probe

Retraction" ....... 2.9.2.3

ELS Equipment ...... 2.9.2.8

ELS Parachutes ..... 2.9.2.9

Forward Heat Shield

(Apex Cover) ...... 2.9. Z. 7

Launch Escape Tower

Assembly ....... 2.9- 2. i

Probe Passive Tension

Tie ........... 2.9.2.2

Reefing System ...... 2.9.2. i0

Separation of the CSM

From the LV ....... 2.9.2.5

S-IVB/LM Separation . 2.9.2.4

Functional Description ..... 2.9.3

Mode IA Abort ...... 2.9.3.2

Modes IB and IC Abor:s. 2.9.3.3

Modes 2, 3, and 4

Aborts ......... 2.9.3.4

Normal Mission

Functions ........ Z. 9 •3. 1

Introduction .......... 2.9. I

LSSC Location ...... 2.9.1.5

MESC, ELSC, LDEC, and

PCVB Locations ..... 2.9.1.2

Origin of Signals ..... 2.9.1.6

RC SC Location ..... 2.9. 1.4

Sequential Events Control

Subsystem ....... 2.9. I. 1

SMJC Location ...... 2.9. 1.3

Performance and Design Data. 2.9.5

Apollo Standard Initiator. Z.9.5. 1

Compliance With Design

Requirements ...... 2.9.5.2

Component Selection and

Installation ....... 2.9- 5.3

Detonators ........ 2.9.5. 12

CM-SM Separation

System ...... 2.9.5.12.4

LET Frangible

Nuts ........ 2.9.5.12. 1

LM Separation

System ...... 2.9.5. 12.3

SEA Separation

Ordnance System . . 2.9.5.12.2
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Title Para No.

Firing Circuit ...... 2.9.5.4

Induced Current

Protection ....... 2.9.5.5

Launch Escape Motor .... 2.9.5.8

Thrust of LEM ...... 9.5.8.1

Thrust Rise Time of

LEM ....... 2.9.5.8.3

Thrust Vector Alignment

of LEM ...... 2.9.5.8.4

Total impulse of

LEM ...... . 2.9.5.8.2

Useful Life of LEM. 2.9.5.8.5

LES igniter ........ 2.9.5. I0

Parachute Subsystem . 2,9-5.15
[

Pitch Control MotOr .... Z. 9.5.9

Total Impulse of

PCM ....... 2.9..5.9.2

Thrust Rise Time of

PC_I . -...... 2.9.5.9.3

Thrust Vector Alignment

of PCM ...... 2.9.5.9.4

Thrust of PCM 2.9.5.9- 1

Useful Life of PCM. 2.9.5.9.5

Pressure Cartridge

Assemblies ........ 2.9.5.13

Canard Actuators 2.9.5.13.2

Electrical Circuit

Interrupters .... 2.9.5.13.1

Parachute

Disconnect ..... 2.9.5.13.4

Parachute Mortars . . 2.9.5. 13.3

Pyro Arm Switch Lock 2.9.5.6

Reefing Line Cutters . . . 2.9.5. 14

Squib Valves ....... 2.9.5.11

Tower Jettison _iotor . 2.9.5.7

Thrust of TJM ..... Z. 9.5.7.1

Thrust Rise Time of

TJM . . . ..... 2.9.5.7.3

Thrust Vector Alignment

of TJ!vl ...... 2.9.5.7.4

Total Impulse of

TJM ....... 2.9.5.7.2

Useful Life of TIM, Z. 9.5.7.5

Operational Description . . 2.9.4

Aborts ......... 2.9.4.14

Abort Start ..... 2.9.4.14.!

Title Para No.
-,. . , .

_! Canard Deploy and

ELSC Arm ...... Z. 9.4.14.4

ELSC Operation 2.9.4.14.5

LES Abort Mode

Switchover ..... 2.9.4.14.6

LES Abort Start . 2.9.4.14.2

Mode IAAbort .... Z.9.4.14.3

Mode IB Aborts . 2.9.4.14.7

Mode IC Abort. . 2.9.4.14.8

SPS Abort ...... 2.9.4. •14.9

Docking Probe

Retraction ....... Z. 9.4.10

EDS Bus Changeover . . . 2.9.4.3

Emergency Detection

Sys tern ........... 2.9.4.5

Abort Request

Light ....... 2.9.4.5.3

EDS Automatic Abort

Activation and

Deactivation . 2.9.4.5.1

Launch Vehicle

Status ....... 2.9.4.5.2

Launch Vehicle Tank

Pressure Monitor. 2.9.4.5.4

Lift-Off ......... 2.9.4.4

MESC Auto Abort Voting

Logic 2.9.4.7

-Auto Abort Logic 2.9.4.7.Z

Launch Escape Tower

Phy sic ally

Attached ...... Z. 9.4.7. i

Normal Ascent ...... 2.9.4.8

Angle of Attack

Monitor ...... 2.9.4.8. i

EDS Automatic Abort

Deactivate ..... Z. 9.4.8.2

Extinguish LIFT OFF

and NO AUTO ABORT

Lights ....... 2.9- 4.8.3

Launch Escape Tower

Jettison ...... 2.9.4.8.4

Pyro Power ....... 2.9.4.2

Arming Pyro Buses. 2.9.4.2.1

Main Parachute

Release ...... Z. 9.4.2.3

SIVB /Lk{

Separation ..... 2.9.4.2.2

Mis sion

k.
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Title Para No.

Logic Power ...... 2.9.4. l

Separation of the Spacecraft

From the Launch

Vehicle ......... Z. 9.4.9

Enable _utomated Control

of the SIV[ I:[CS . . . 2.9.4.9. l

Separation of Lhi From

S-IVB ......... Z. 9.4. [I

Activate ELSC. . 2.9.4. 13.9

Apex Cover

Jettison ..... 2.9.4.13.12

ArmELSC ..... 2.9.4.13.8

Baro Switch Lock

Up, 24, 000 ft 2.9.4. 13. I0

Burning of the Ck< RCS

Propellants 2.9.4, 13. 15

CM RCS Interface . 2.9.4. 13. 6

CM/SM Separation

Control ...... 2.9.4. 1 3. l

Deadfacing the CM-SM

Umbilical ..... 2. 9.4. 13. 3

Deployment of Drogue

Parachute .... 2.19.4. 13. 13

Deployment of Main

Parachute and Release

of Drogues 2. 9, 4. 13. 14

Disable CM

RCS/SCS .... 2.9.4. 13. lI

3"ettisoning of the

SM ........ 2.9.4.13.2

LM DOcking Ring

Separatior_ .... 2.9.4. 1 3. l2

Main Bus Tie . . 2.9.4. 13.7

Pyro Cutout ..... 2.9.4. 1 3. 5

Release of Nfain

Parachutes .... 2.9.4. 1 3. [6

Separation of the CM

From the SM .... 2.9.4. 13.4

Service Module ......... I. 3.3

Service Propulsion System (SPS). Z. 4

Functional Description ..... Z. 4. l

Maj or C omp onent/Subs ys tern

Description ......... 2.4.2

Ablative C ombus tion

Chamber ........ 2.4. 2. 5

Title Par_a No.

Bipropellant Valve

Assembly ...... . 2.4, 2. 3

Bipr opeilant Ball

Valves ....... 2, 4.2. 3. 9

Bipropellant Valve

Assembly Check

Valves ....... 2.4, 2. 3. I0

Engine Propellant

Lines ....... 2.4, Z. 3. I 1

Gaseous Nitrogen (GN2)

Pressure Vessels. 2.4. 2, 3. l

GN 2 Ball Valve

Actuators 2.4.2. 3.8

GN 2 Filters (CSM 108

and Subs) . . 2.4. 2. 3, 3

GN 2 Orifices . . . . 2.4. 2. 3. 6

GN 2 Pressure

Regulators ..... 2.4. 2.3.4

GN 2 Relief Valves . 2.4. 2. 3.5

GN 2 Solenoid C ontr ol

Valves ....... 2.4. 2.3. 7

Injector Prevalves . 2.4.2.3. Z

Engine Injector ...... 2.4.2. 4

Engine Thrust ON-OFF

Control ........ 2. 4. 2. [0

Nozzle Extension ..... 2. 4. 2. 6

Pr e s surization

Subsystem ....... 2.4. Z. !

Check Valve

Assemblies ..... 2.4. 2. I. 4

Heat Exchangers . 2.4.2. i. 6

Helium P/'es sure

Relief Valves ..... 2.4.2. I. 5

Helium Pressurizlng

Valves ....... 2.4. 2. I. Z

Helium Tanks .... 2.4. Z. I. [

Pressure Regulator

Assemblies ....

Pr op e llant Sub s Fs tem .

Propellant Tanks.

Tank Propellant Feed

Lines ....... 2.4. 2.2.2

/Propellant Utilization and

Gauging Subs ystem

(PUGS) ......... 2, 4. Z. 9

2,4.2. I.3

2.4.2.2

2.4.2.2.1

+.

k.
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Title Para No.

Quantity Computing and

Indicating S ystem

Test ......... 2.4.2.9.2

Quantity S ens ing,

Computing, and

Indicating System. p. 4. Z. 9. I

Prop e !lant Utili marion

Valve ..... . . Z°4.2.9. 3

SPS Electrical Heaters 2.4.2.7

SPS Electrical Power

Distribution ....... Z. 4/3. 3

Thrust Mount

Assemblies ....... 2.4. 2.8

Gimbal Actuator Z. 4. Z. 8. Im

O[erational Limitations and
il<estrictions f . . . ..... Z. 4. 4

Performance and Design Data. 2.4.3

Design Data ....... Z. 4. 3. 1

Performance Data .... Z. 4. 3. 2

Shades/ _indow . ..... _ 2. 12.4. I. 1

Shock Attenuators ...... Z. 13.3. 3.3

Sighting and !llun_ination Aids . . 2. 12. 4

Internal .......... Z. 12. 4. [

External .......... Z. 12. 4. Z

S-I_-B Takeover ........ Z.Z. 4. 1

S-IVB/L_I Separation ...... Z. 9. 2.4

Z. 9.4. 2. Z

Signal Conditioning Equipment

(SCE) ........... 2.8. 3. 3. 5

SLA Separation Ordnance

System .......... Z. 9.5. 12. Z

Slave Telescope Modes .... 2.2.4. I0.2

Sleep Station Restraints .... 2. IZ. 3. Z. 4

Sleep Restraints Tiedown

Ropes . ......... 2. 12. 3.2. 10

SMJC Location ........ Z. 9. i. 3

SM RCS

Electrical Power

Distribution ........ 2.5. 3. 3

Functional Description ..... Z. 5. i

•Major Component/Subsystem

Description ......... Z. 5.2

Operational Limitations and

Restrictions ......... Z. 5.4

Performance and Design Data. Z. 5. 3

Title Para No.

Spacecraft Atmosphere

Control ........... . 2.7.2. I

Spacecraft Control Switching

Lr_terfaces ......... Z- 3. Z. 3. 2

Spacecraft LM Adapter .... . . . i. 1.4 I

Spacesuit . . . ........ i.i. 2, 7. 1 I
Spaces uit Assembly

(Intravehicular). . . . .... 2. IZ. 2. I

Spacesuit Related

Equipment ......... 2y I2. IZ. Z

Spacesuits ............ Z. IZ. Z

Spotmeter, Automatic . Z. 12.5. 3. 3

Spotlight, Docking ...... Z- IZ. 4. 2. l

SPS Abort. -........... Z. 9.4. 14. 9

SPS Electrical Heaters ..... Z. 4. 2.7

SPS Electrical Power

Distribution ........ . 2.4. 3.3

SPS Thrust-On Indicator 2. 3. 7. Z. [

SPS Thrust-Off Command Z. 3.7. Z. 3

Soft Hat, CommuniCations . 2. 12. Z. I. 6

Sauib Valves .......... Z. 9.5. 1 1

Stabilization and Control

System (SCS) ........... 2. 3

Attitude Control Subsystem

ACS) ............ Z. 3.4

Attitude Configurations Z. 3.4. 4

Manual Control Z. 3.4.4. 3

Hardware Function

(ACS) ......... Z.3.4.Z
Electronics Control

Assembly (ECA) Z. 3.4. Z. 5

Gyro Assembly - 1

(CA-I) ....... Z. 3.4.2. !

Gyro Assembly - Z

(GA-2) ....... Z. 3.4. 2.2

Rotational Controllers

(RC-I and RC-Z) Z. 3.4. Z. 5

Reaction jet Engine

Control (RJ/EC) Z. 3.4. Z. 6

T tans lation

Controller ..... Z. 3.4. Z. 4

Introduction ....... 2. 3.4. 1

Reaction Control System |

Interface ........ Z. 3.4. 3

_r

<
%.

/
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Title • Para No. Title

Automatic C oil

Conunand s ........ 2.3.4. 3. 2

Direct Coil

Cornrnand s ....... 2. 3.4. 3. 3

General . . . ...... 2. 3.4. 3. 1

Translation Control ...... 2. 3, 4. 5

Attitude Reference Subsystem . .2. 3. 3

Alfgn Mode . . . . ..... 2.3.3. 1.3

Entry Mode . ......... 2. 3_ 3, I. 2

Euler Mode ......... 2.3] 3. I. 1

FDAI Display Sources ..... 2. 3. 3. Z

Total Attitude and Error

Display Sources 2;3.3. 2. 1

Gyro/Display Coupler

(GDC) .......... . Z. 3. 3. 1

Non-_Euler Mode. . .... . Z. 3. 3. 1.4

Rate IDisplaY Sources .... 2. 3. 3. 2 2

Controls, Sensors, and

Displays Z. 3. Z

Controls and Displays ...... 2. 3. 2. Z

Attitude Set Control

Panel (ASCP) ...... 2. 3. 2. 2.4

Flight Director Attitude

Indicator (FDAI) .... Z. 3. 2. Z. 5

Gimbal Position and

Fuel Pressure

Indicator (GP/FPI) . g. 3. 2.2. 3

Rotation Control ..... 2. 3. Z. 2, i

Translation

Control 2. 3. 2.2. 2

Functional Switching

Concep_ Z; 3. Z. 3

Display Switching

Interfaces ......... 2. 3. 2.3. l

Spacecraft Control

Switching

Interfaces 2. 3. 2. 3. Z

SCS Hardware ......... Z. 3.2. 1

Entry Monitor System ....... 2. 3.7

Delta Velocity Functions .... Z. 3.7. 2

Delta Velocity

Indicator ........ 2. 3. 7.2. 2

SPS Thrust-Off

Command ....... 2. 3.7.2. 3

SPS Thrust-On

Indicator ........ 2. 3.7.2. 1

Entry Functions ........ Z. 3.7. I

. . -.

Pa-ra No.

-- /

Corridor Verification

Indicators .......... Z. 3.7. I. 3

Delta V/Range- To-Go

"r " a . t_ndlc for .......... 2.3. 7. 1.4

Roll Attitude

Indica'tor .......... Z. 3.7. I. 2

Scroll Assembly ....... 2.3.7. I. 5

Threshold Indicator

(. 05G) ........... 2.3.7. 1. 1

EntryScro11 ....... . . .2. 3. 7.4

EMS Functional Data

Flow ....... _ ..... 2. 3. 7.5

"" Accelerometer ...... 2. 3.7, 5. I

AV/RANGE Display

Circuits .......... 2. 3.7. 5. 5

Roll AttitUde

Indicator ......... 2. 3.7. 5. 6

Scroll Assembly G Axis

Drive Circuits ...... 2. 3.7. 5. 3

Scroll Assembly

Velocity Axis Drive

Circuits ......... 2.3.7. 5.4

Threshold and Corridor

Verification

Circuits ......... 2 3.7. 5, 2

Thrust-Off

Function ......... 2. 3. 7. 5. 7

EMS Switches ......... 2.3. 7. 3

AV/EMS SET

Switch .......... 2. 3. 7. 3. 3

FUNCTION

Switch .......... Z. 3.7. 3. 2

GTA Switch ........ 2. 3.7. 3.4

MODE Switch ....... 2 3.7. 3. 1

Introduction ........... Z_ 3. 1

Power Distribution . ; ...... 2. 3. 6

Thrust Vector Control (TVC) . .Z. 3.5

Attitude Control and Thrust |

!Vector Control ........ 2 3. 5. 6

Engine Ignition, Thrust

On-Off Logic ,2. 3. 5.7 |

GPI Signal Flow ....... 2. 3. 5. 3

introduction ......... 2.3. 5, 1

Manual Thrust Vector

Control .......... 2. _. 5. 5

SCS Auto TVC ........ 2, 3. 5.4

k.
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- - " _ " : Para No.

\

Title

TVC Panel

Configurations ..... Z. 3.5. Z

Stowage and Internal

| Configuration ....... I. I. Z. 7. I0

Stowage, Equiprrient ...... Z. 12. I0

Support Structure ...... Z. 13. 3.3. 1

| Survival Kit .......... 2. IZ. 9.5

Swimmer Umbilical and

Dye Marker ........ % . 2. 1Z. 9.2

Swimmers Umbilical Cable . Z. 8.3. I. 5

System Status Light Data . . . 2. I0.4.2

S_stems Test Meter ........ Z. 6. 6
[

T

/

f

\<_

7--

/"

T-Adapter Cable ....... 2.8. 3. I. 2

[Dank Propellant Feed Lines. 2.4. 2.222

Tape Roll Z. IZ. 5.4.6

T el e communication s

Switchguide ....... g. 12. 5.4. [Z

Telecommunication System ..... Z. 8

Introduction .......... 2. 8. l

Functional Description ..... Z, 8. Z

Antenna Equipment . Z. 8, Z. 4

Data Equipment ...... Z. 8. 2.2

Equipment ...... 2.8. 2. 2. Z

General ....... Z. 8. 2. Z. 1

Intercommunications

Equipment ....... 2.8. Z. 1

Equipment ..... Z. 8. Z. i. Z

General ...... 2.8.2. 1.1

RadioFrequencyEquipment. Z.8. Z. 3

Equipment ..... Z. 8. Z. 3. Z

General ....... Z. 8. 2. 3. 1

Maj or C omp onent/S ub system

Description ........... 2.8. 3

Antenna Equipment

Group ......... Z. 8. 3.5

S-Band High-Gain

Antenna ...... Z. 8. 3.5.2

S- Band

Omniantennas . . . 2.8. 3. 5. 3

VHF Ornniant enna

Equipment ..... Z. 8. 3.5. 1

VHF Recovery Antenna

Equipment ..... Z. 8. 3.5.4

Data Equipment ..... Z. 8. 3. 3

Title Para No.

Electrical Power

Distribution ...... 2.8.3. 6

Inte rc ommunic ation

Equipment . ...... 2.8. 3. 1

Audio Center

Equipment ..... 2.8. 3. I. 4

Communications Cable

(Electrical Umbilical

Assembly). .... 2.8. 3. I. 3

Per s onal Comrnunications

Ass embly (Comrn

Carrier) ...... Z. 8. 3. I. 1

Swimmers Umbilical

Cable ....... 2.8. 3. i. 5

T-Adapter Cable. Z. 8. 3. I. 2

Intercommunication

System Interfaces .... P. 8.3. 2

Central Timing

Equipmen_ (CTE) . Z. 8. 3. 3.4

Data Equipment

Interfaces ..... Z° 8. 3. 3. 3

Data St orag-e

Equipment ..... 2.8.3. 3.8

Instrumentation

Equipment Group . Z. 8. 3. 3. 1

Operational and Flight

Qua lifica tiQn

Instrumentation. . . Z. 8. 3. 3. Z

Puls e-Code Modulation

Telemetry (PC Ni-T LMi

Equ%pmen_ ..... 2.8. 3. 3.6

Signal Conditioning

Equipment (SCE) Z. 8. 3. 3.5

Television (TV)

Equipment ..... 2.8. 3. 3. 7

Up-Data Link (UDL)

Equipment ..... Z. 8. 3.3.9

RF Electronics Equipment

Group ......... 2.8.3.4

Digital Ranging Generator

(VHF Ranging) Z. 8. 3.4. Z

Premodulation Proc es s or

Equipment ..... 2.8. 3.4.5

Rendezvous Radar

Transponder .... Z. 8. 3.4.7
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I

Title Para No. Title P_ra No.

S-Band Power

Amp lifie r

Equipment ...... 2.8.3.4.4

Unified S- Band

Equipment

(USBE) Z. 8. 3.4.3

VHF/AM Transmitt er-

T r ins mitfier -R ec eiv e r

__ Equipment . . • . - Z. 8.3.4. l

VHF Recovery Beacon

Equipment ..... Z. 8.3.4.6

Operational Limitations and

Restrictions ........ 2.8.4

DSE ............. Z. 8.4. 3

PMP. ........... 2.8.4.2

USBE .......... Z. 8.4. 4

VI-IF-AM ......... Z. 8.4.1

Telescope Sun Filters 2. 12.4: i. 10

Television (TV) Equipment Z. 8. 3. 3.7

Thermal Control ........ 2.7. Z. 3

Threshold and Corridor

Verification Circuits ..... Z. 3.7.5.2

Threshold Indicator (. 05 G) . Z. 3.7. i. i

Thrust and Thrust Vector

Control ............ 2. I. 4

Thrust Chamber Assembly Z. 5.6.3. 3

Thrust lh/[ount Assemblies .... 2.4. Z. 8

Thrust-Off Function ..... 2.3.7.5.7

Thrust of LENi ......... Z. 9.5.8. 1

Thrust of PC_N{ ........ Z. 9.5.9. 1

Thrust of TJN{ ........ Z. 9.5.7. 1

Thrust Rise Time of LENi Z. 9.5.8. 3

Thrust Rise Time of PCIv[ Z. 9.5.9. 3

Thrust Rise Time of TJIV[. Z. 9. 5.7. 3

Thrust Vector Alignment of

LEIVi ........... Z. 9.5.8.4

Thrust Vector Alignment of

PCIVi ........... 2.9.5.9.4

Thrust Vector Alignment of

TIM .......... . . Z. 9.5.7.4

Thrust Vector Control ...... Z.Z. 4. Z

Thrust Vector Control (TVC) . Z. 3.

Timer, Two-Speed ...... Z. 12.5: 4.

Timers ............. 2. 1 I.

Total Attitude and Error Display

Sources . 2.3.3.2.

Total Impulse of LE_N{ ..... 2.9- 5.8. Z

Total impulse of PCN{ .... Z. 9.5.9: Z

Total Impulse of T JR4 . Z. 9.5.7.

Tower 3"ettison Motor ..... Z. 9.5.

Translation Control ...... 2. 3.2.2.

Z. 3.4.

Translation Controller . . Z. 3.4.2.

Tunnel and I_b/[

Pressurization ........ 2. 13. 3.8

Tunnel Hatch Stow Bag . Z. 1Z. 3. Z. 9

Tunnel Lighting ...... . . 2.6.7.4

TVC Panel Configurations .... 2.3.5. Z

5

7

2

i!

U

Unified S-Band Equipment

(USBE) .......... 2.8. 3.4. 3

Up-Data Link (UDL)

Equipment ......... 2.8. 3. 3.9

Urine Subsystem ....... 2. IZ. 6. 3.2

Urine Collection and Transfer

Assembly ......... 2. 12.2. I. 3

USBE ............. Z. 8.4.4

Useful Life of LEM ...... 2.9.5.8.5

Useful Life of PCM ...... 2.9.5.9.5

Useful Life of TJNi ...... 2.9.5.7.5

Utility Towels ........ 2. 12. 6. 4.4

V

Vacuum QD ....... . . . Z. 12, 6.3.5

Van Allen Belt Dosimeter .... Z. [Z. 8.4

Vehicle Umbilicals ....... 2. 13.3.5

Velcro and Snaps Retainer

Locations ......... 2. IZ. 3.2.8

VHF-AM ........... 2.8.4. 1

VHF-AM Transmitter -l:{eceiver

Equipment ......... 2.8. 3.4.1

Voice Recorder, Cassettes,

and Battery Packs Z. 12. 5.4. ii

2

7

Z

5

4

k.
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Title Para No.

VH_ Omniantenna

Equipment ..... 2.8.3.5.1

VHF Recovery Antenna

Equipment ......... Z. 8.3.5.4

VHF Recovery Beacon

Equipment_ .......... 2.8.3.4.6

w

_%-as te Management S ys terriand

Supplies . Z. 12. 6.3

_Vaste Stowage Vent System . . 2. 12. 6. 3.4

Water Crecy .......... 2. 12. 6. t

Drinking ......... 2. 12.6. 1. t

Food Preparation ...... 2. i2. 6.1.2

Wa_er-Glycol Coolant

S_bsystem . . . . ....... Z. 7. 6

_f_ter Management ....... 2.7.2. 2

Water Subsystem ......... 2.7.5

Wet Cleansing Cloth ..... 2. 12. 6.4. 2

| _Vindows and Shades ..... 1.1. Z. 6.3

Window Markings ...... 2. 12.4. i. 5

Z

Zero Optics Mode ....... 2.2.4. 8

Title Para No.

Mission Basic Date 15 April 1969 Change Date. 15 Jan 1970 Page 1-21/I-22

NASA _ MSC

MSC 3 8 07 -70

': :;t rTT-)'_l",'7_{ _ i_'l_ " 7 }"r _ J'_ _ : _',-_rtv-:_v_-_ 1 _"
" ' . , " ' _" ' _l "_ ! ' _U "' , ' H_. $ It ' ('_'[ • ,_' _' ' _



/

-.k



<





Ii

:#-¢

_.....

/

kJ

t ./\ .

.... L _i\,io .... xA

RYR,O
BATS
A&B

EARTH
LANDI NG

F m', CS<_QUEN_E
CONTR OLLER

PYRO

CONN NUITY !
VLR_rtuA_ i01'__

BOX

_igure 2, 9-2. SECS dongroller s

SEQ-5OIB{ +

\
\

\
LUNAR DOCKING J
P_NTS CONTROLLERS: /

i ]."] .q t_ r (.' Z. O-S _'].,T':S(.: };]i,_;(] ],])]!:C] aJ'l<] [;(:\Ii_ ]:_{,_ <it:on>;
........................................ .L-,___-L__.Z.U_-L_.L_LL,_.__L4 .... £ '

S],:QLi}, N'J'IA.I_ SYSq'HMS

]"_'.'.i_,n .............. 7;,,:._c. ]).,_. !% A,,i-il ]q{'<" ,, ....._, ,_ l;.,_,. }t,<,, "



@ @

SECTOR 2

SEQ-5G9

Fig_re 2.9 -_,'d S;vRTG Location

near _,hc _.N:achn_ent pc)ip.t of the J-,_[ t.o t}le 71]. 7e'or _-nissions thai: re.quire

dus] iaur_chJngs, the 1_SS(5 %/i!i be ins_r_lled on the l_\i which is utiJized to

launc]_ the ],Tx,.i. }'ig<Ire Z. 9-6 [hustrates the ]oc_ation bcr._,_ccn Lhe hing<."

i_.ne of the SLA..:_nd the att.ac}-_n_en_ m].ane of the IU.

._. "-. i_ 6 OrJ_{n of Si£ng.is°

_f]-e S]qOS receives nnanus-! anN/or a-,._ton_atic sign.a]s _nd perfc:r>'_s

_w_]s -_:'e _}:,' __'('su]{ of ,_n,s.nit)i]aiing _wiK:]-_es o'_ t]_e n_.ain display conso]'"

{h'_130) o_ roia[ini< t]:c (;c.,-s_nuande'-."s L:,:snslation };_;(_ coptro] cc;tN-tc.-r-

c]c, ck'_.'_,s,', ,.v]'£c}_ ]s t}:<; O:'-,_Yz_c'. cont.!'o] for s v:_RsRal :_})_':" - ,\_iomK_c]c

a:}'_". .,[. ha]:; ;_"c r_<iayn_] hy i>.c e!_,._r$UncY do.octic.,l_ ..-{y_-:l.,_,n:(];3])S}.

\

/

] : f_ : , _ 7_ ,,, (. .. i'.> . ]_,_;.," .......



/

\ ] S YST _°]h>iS ])x\ T/__

/ . %

)

/

Sf'Q-SO4B

SYS "8"

2.9.2

Figure Z. 9-5. _CSC Location

G iCNi:ll<A] _ D]:]SCR]]_TIO_

Jn{urch ]']sc_-pe _]'o\ve.r _A_ssc,,n2]_iy.

S]-'IQ[J]']N'I'],,\ ]'. ,q-_"S'._'}'].."<-IS

} [" ' ; $, . "_ _,'- _) j', ,,.



S>AZA-O3--'{}L,()C}£ i}- (])

-#o_ ( .... J-'_" O-"-->Z_ {A Tir)b ''' IL'\NJ]];Ot.)_-_

SY ST Z]-,%/.'S D!', "lEA w- .

/ %,

, j
\

f- 'x

: ]

/ ....
!

FiZure 2.9-.6. LSSC :LOc_k;o,._

[ifi&tnJu!3_ _:-':,- _ .... .,-,'_j:,<+ _-,,,- ,-{ : b:,.
bt,_.._i <: V:rl]C.[__ IS ]IGSI]]F<[(_(] _ _., ,_. • 9_ ]'(3C_.. r]%0[O;: i']'C_v_] :':

"]",.x: O ,.<a,.+__.'........ " V c]_N-Y] ._e:t s, one O1" v:hj c]: c:a]!no'< })e ii]'t,_S[.raL{_ri"" - Jn l.h}S t)Q}'Sl;( ("-., -

DI.V(;, ]IG_[CYI£;CO \vil}] A, <O',VOI" At!_':] of []]o. Tcio})].],2 i_%ll]] C:]t:_ F . _<vilc]](::=. ]i] l]'.,c

to,z.,c,_" a'.,-.,r: a_-e t._']R!:,',r] by the c[;=n',:)<,-:s, _n<] c:].;_.r;_]ss are i_e'c]_r_ni;.:,.,.d t(

secu_c: :.]:(G .L,TE'£ ]_,<-<7<_e,.i:)._ p]-ovont s'e;t_ (:7_tic:,_<] by kvJild i,)c, ds.

(]Jrc_,rT: of _.]::: S";C;S 7n:_,_.:;,._:. i},,< A[},;N(.. ]<],H(;, a _7 1,))I,]C7 l,. TM,

VId}il{; "]a.'<;t_':i] <[t.<!/ci:"S.u'o;:,c_(,'c] _ <.,_t', '0]: _o_ ]nit;.;<_ [:_ _-e]lJr,:lc-_ eft'vie<

v:]'{]C}_ -:_r{' tr,,]]J:<,:,d il_ t]:o. £;:>]]{:..:'];t .:

_. i_'!":;_-<h_ :{4, F:_,r, eib],, i',u_:_ t;.'[;Jc-}i :;_ir-r []_<_ ;.],'i" ]_ :. s<, i]_t. (Tk,t

S t.J'\-,'; [ t/] + '..: .
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whichever are -_.i[IzeQ_ .w1_ i-_._itiate e_<p os_vc t_ains tba.t will sever ant:

3err-son the SEA n_neis <[_zu_e Z 9-i0)°

Clv[-S}v[ Semara-'-%ior_ and S'_.'.i{Jetti_Ono

Prior so Lhe entry phase of a ,_o,_=:_n _ nois.'--;ion= =' " h4iCSC and LI3],]C

,_.i!_ be utzl: zed to separate the v_J'_ from tl-_,e-S7%4a<d the S_.<TC. \_-i!]

" " - ...... 4 (_i_ure 2 9_ l.b,a.tltoiIqa._:e _ItZISOI%III_ f]_;" m_ "* . ;

_f

S_esJo,_ i {nc].'_,desa dcscz"iotion of the '--=,ec........_._--_'d hee=t shield ;'_t,-d.c[< ,re.

auton:;_.cc_ a._-:c_ -n,s.zlu_.- _',--_-..... _:ee:: circuits "for v#':hti _oning thi'.-"i u_,.: s-; e]
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o! aoc?_ cove: {0%CIS<)& t: a.cco:rr_-..)[isiqed ])y [h.e {_s(: a[ _" ...."" ""- a_.Id a

dri_" "--_,--"rachutc;, FiFi&.re _ q-}}_ il]usLrates pz, essure -a,'tt'_.<Tc_e";insi:&] _"

< :- %reecho V(he:] gas p>'es _-.." _s generated by .the: _.)_'_{_ssure c_-:_'-

el(-9: :, t',v.:" p[s:,._-_-,_s v.-ill b,-. f'.,-.'_. :'._ ___pa.vt: and a i.ension tie wil_ be b_'o]<

].'1_, cv_( ." -]}.Sto;.q v/i*._ he {ozcc<i ,-Talnst *_ stp[:_ a_c_ _1_ _p]bg[- p, lsi:.o..! ,,_ ;u
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BY ST aN'iS DAT:%

K

two of the [hruster assemo,zes have breeches, and pressure cartridge{a.

" ° _ _ - _ gi_rllscers tT]oi.H]{]ed on ;__nstaL.ee. _na plumbing connects t}_e breeches to 'In '

diaL-netrJcg!i)_ ol;posJteO_i structural members; this consd_ute, s

redundancy,

.2..9.2.8

F_gn.re Z.9-13 illustrate-s the forward hea{: shield se!paration augmen-

tation system. .The mortar deployed drag parachuU:, as L.<e name in_,a!ies,

'is u},ed to <]rag t]_e apex cover out of an area of r_,egati'¢<: air press:ure

following ghc GM a_d will prevent recontact of -N_<"a]_c,>: cr_v.er w_,.:: t*_,.:C

" Lanyard-ac:i:uated swikches a]'e_ us.ed to [_n_[.iate. morts-.r or{.:ss-urc ca.rtri.d,,c:;.

(3 • -A lanyard-.e, ctuated lecLrzca], disconnect will dee "_r-,_,ac_: N_e: _.'t-'c;ctr,c' : ai

circuitry i_voived a.fte._ ° the drag parachute has bc.'en dc.'p]oyed.

E.}bS Z'qn_ ]m_en_.

The apex cover musl be jetti'aoned before i:hc E].,S equipment m:;y bc

nd].ized. Zigure 2.9-14 i.llust:rates how Nte ElLS equipn}ent, is insta,.]](.4

beneath tildeforward hea_ shie]d. All l)ar,aekutcs ar,_ n_orta, r-dep!6yed to

insure tha.t they __'_,--eejecfie.d beyond ])om_d,--_ry layers and tur!._ident s.i<

a_o ....u an@ following the C_H. An laGS engine protector _:.'eve_uts da_Tm_.'.e

to Oh4 _£CS rocket eng_{nes by_parachule ri_'r'.fs. P&rs, chu{e r_;:;ers ,q.re_

alsb protected from clan_age by })arachute _'iser protectors, whic]_ are

spr_n<:]oaded covers over t}le LET attachnlent studs. The I,}"'S tovcer

el.,:!c{:r_{c_]rcce!]lac]cf: arc used 1(, co>_e¢'.t J,}-']']_n_::rfac-e v,'_ri.nK, an, q. [}_£:

n;alin[_ parts of [he recei_Lacles are pu]]c!d apart v.,]_e-n thr: ]_]:]_] is j(ttii-

soned, A sea recovery cable will sprin Z into a tou i, after _}-_(: parachul•es

have been deployed. Three uprighting fl.ot.::ti{m ba#,ss ar_- insta]ied under

the ,'__,.ain parachutes. A switch is provi4od _,,_- the crn,.,,' t{, deploy N',e sea

dye marker and swim..'ner um=0ilicat any [i.me afler ]andi_Lt,,,

Z. q. "_ (} F]] ,55 l 'a.rachuto. s.

}'25_,hl para(::hr_tc:_ ar,a used Nit}:(' },]],S _aai;_.:_{<. :,y:-:1_. _ l}_.',ur(' £.U"] [{}-

]'ht: drt,tit_<: 7_"_] l_l;!{ll i_al-aeh;_{<2< g: ;-c: c]c_[j],..,y,.>_! _N a *'_ _,f,:*_] c_Ir]]lj(N': tO,

provt:vl clan_ag,- [roi_ _:'can,qieu/, ]nacLs rftlrj'N2 inflection. J n2 ]:]J_S(; v,'i]l

auto_7;a{e i.h,- d<:a_]oy-n?e?,4 of ihes<: i);, rr_,chuto_: _,,'l_.i_ acl_iva{,-_i i)>, relay k.F?c

z.n the b.4]£S(5. Switches are provided go, z the '._'iieht c:rcw t_ di._ab]e tl_e

aut'..,n_ai]o!-_ and clep]oy tltc >arachutes by direct rnauual control.

P.q.R. i3

• " r -I v,'ith .._]']'](2 (i._'O_kQ a_](i [_a]_] -')a]'a<'.htNcs aFt' l't'( . ]]i_H ]'OVH {}_l<,ti "1]

"" ] .- .- - , ..ree_n, ri :_::, -vhic-h arc' ._<v.:p t('.. {.1_(.' i a. ,_t_ c',f tl'a: p_ .ach>ft: e,}..i,'__ -,.n.,{

recfin£ ]it-:{' cut <'rs (£i:<,d_-c -) q-._(_]

i'(']<'- . (" ]';''._! :f ['t:','fi}_:{ ]i;:_" Ckt{{_'g, P]]q i; ,. ]1" - ]- ;! fiI,l/ (i -

i

[

fr"_"

I
\
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/
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_-AI_-OZ_LO OP_I:.R_,%,T].Oi',qS iJAND]£-OO]<.

SYST i]I<&S j3A 37A

S<-'_\

\ .J

SUPPORT
WASHER

Culler BLADE

/ PROPELLANT

_Tib_]E DELAY COMPOUNB;
_ (3-4 PRESSINOS)

/
/

/

PRIMER

SPRING

RFi-A __-<o..... {,.q_i\

[-__ - oF

Figure 2.9-i7. Reefir:g LineCuttcr

_ach of the drogue pe..re,chuies has two reefing lines reit : t\vo cuLtc, rs

_<.... to nt disreefing in c_.sc: _ny one reefh_g ]:r..e cu:t.er should

_snl p:-cN:am:re_-? because a ,_ing_. reei:n_: ]in(; c-u: h_ one place \viii disr('r'-

_O_ _)c'_-] "_-C}tl:ttTe" l[_c%Oll O[ 4i*]](2 tI}l]'ee hilt.in ])[tI "'9c_{]!-K('$; }:as :]]1"('.(} ]-('(?f]']_, ]]]]("%.

with txvo c,.:U.ers per ]h:e. _]'he tJ_,_:c deia.y of four of the cuttcr.s o_: <::_(_i
{.' t}H; 7i',#L]N :_Ly[,C:bN'[. ,-

" . .... { b_', C) ....m]:ain p: "_'g'c:hutc ..... iSncs] is 6 second At t]_&s iin]

m,]]] }me a]lo\ved to) o___e_:, sl]!&h_]'/ v<<]c;-" th:_-,_ \<ben dc!:N(_ve(l. '_;_"_c_ tb_,u (](']::%

of I}]£; 9"0i]I/_i:%]I"Z L\\.'O CL'_I'i£_£S (_n each ]]hm]]l :]Art'C'}]L_{t! 1,% i0 S_'C'('<i_]*:: -A* 1

- _ - m.L] l,{_ a]io-ve(] t:_ 5:)F]:d(: h:]l\
t]:i S l..[.::_O t:lC ].)a_r:,:::::.t.es

]£(tC'F{::' ]i::(" C:lk:C'::'S arc- }]I..;() u[.] ,.,'cii. th:" (:c_)1_ : i':][ (;: :v. v :"

_.i,+]_] :): _',_' _::_L:' 1"i2;( !'l, -

S_;]O.\i },N<I'IA b SY.'-; :'t,]N,I.%
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4. 9. 3. -

Desisn G ritcria.

Dual rcd_:o--dancy with nnanual bachu_,_ has been employed in the de sign

of the sequPntJai syste_n critical circuits. Tills cnsurc's that in all cases

the effects of a comp_z,n_nt faiiure, in N]e prime failure _node, will not:

a. Prevent sysi"en_ operation vYhen required

b. Cause i:,_a-dverL.entsyster._ ooera.ti(.u,..

Cir cull. Concept.

In rnos: _<])o1 o app]Jcations, premature operaLion of an ordnance

systcn] is hazardous i,.jthe crc:w and co_d'dcaus(,]c)ssofnNssi.onobjectRvu, s.
talent]fie}at[on _,-,,] cr_r:rec%zon .,. tin.... _ _ _,]le pc, lr!t,q 0:" Is.]]_L]'e, _h/:Fc;for(;, ar(_

prin_,-_ 6hjc,.cti_.er-_i." the c_:..,S ciIrCUil.-cnr:ccrx. . . ,j..._<_i_-

ures is acca_.:plis, i,_.,dby the addition (:f s_.rics co;:,i.acts (d_,_]) in each fir].rU{

C[rCit]i. _] he7 D/'C)[_a]:;]]ify ¢)f pYeZ]]a.[:tlre _]_-._-'_ e ,<, of [:n <-_r_],_;_ c-r, £ev]cc,

ha.s b. ec;,_ r,r'.'r,t]v ;'('e]uc_-_d {)\' th,.:',.ttlJ]];',r;17or_, <,[ :_:s'ir!s _ ]6"]il"]l',S, C), v]. Jh(;,)

od_ ;,<_l.,_. l.hc r,.,.!irib 1]ty o_ _ ,_: _rr._L nct_v<oT]< I _ r; ,',salt, b,r:.q l_u_:n

]'OC]U.C,"c! "{'};<' ,"""F-.:-_,}J {';.FiR_._ C'_',':t:]i. F_];.,r;:);]il'_ " i.-; ,.t......... :i; '.':'+_ t;7 [}]<' _.IS(' OP

:'ec]u_ner}'H; f{rTn£ cir'c_[[:<_. Y£]ach c]rctai{ J.: ]],cle,.,ct_{,<}::,] _,f i}tu dhor ",>,'il.h

@_c] t ]11:}i[: ( (};iil'.._ ] t_{ fHo'.':' o_:']rz:_%: - (:C;l;l+,'.-],'!_t. I'] {'l! (]{" ] ],.:fi{- i'¢:(]til_-.

-_'-'_ _ _ .I"- ............ s'%'-':,+,(!_rl); w};'i'.:}_ are dc:,_-_i,!fnadoddr _._i ti:'CttJ.'.F: iS ('ON%b]iRc-(] i_% ;''_" _.i< "_r ,

SySlf];:4 A an(] }%, Fij,<ure Z. 9-]8 i]]uF Ir;J. LL'_S ",,he Of f]%@ rc, c]wncb_nL syst_,_;@

Of >. t)'_:<]c::j fir! ,: .... l.'-.<_c]... T}lir, _ ....... " "_a ._ ....... "it: <ii;:_l $fl; "_\'_ _!],i._ S(]lr]e (](,f%_ i"()]

circ}L_IS for soc_u<Jt;t_.-_] c',..ents t_/]]i:,:< t]_<" s;_;_{e <.:.]L'CV][ concept_

........ s ! J J.xJz'_.

7.}:..;oY]_4Ln of s_f-n;:[s and fmncfiions of '_--ui_ sRc{Itc]]O].a] s}zs_ety_s _re

illustrate:] in f{[:u"e 2, 9-i9. Launch esc.---_;s<, ._vstem {7,}<'S) aborts ina.y bc

]] . •@XOClt[Ofi £YC.t]! _}i(_ I._UN_3}I fin(I, of (_ Lrll]_]. [-_:.R:_]iil ", tlYi!-[Z ]2._ll_ch (:scP,.po [q)%vef

(].:T.:']') ::_1.i is,q!,.. 7:'_.:]o7- re illi--Off,. L, E5 al,,--"i s;i:.-.na].< ;t:':- ]uJtlater] by I_':m'<}d

co,hire- o::],. ;,,."cr_,,i-::e {}'-c: a',]tor'_at.;s -_.{_orf c: :'cuz'_, cf ,1:< J':i)_J a_'c, _,.cl..]va:,.,!

at ]{f',--..i,". ] ]i<" VC-.':Lff +. Y ]%}SS ab.}_":, v,-.;,.v _,,: 1, "'.[;:.:,""] :", ,_;_l_tlc:i _:o__.'t.,",',]c_"

}.Jr ant,,i ";z[;c: ,:.hrt[]',-_] c!.i_'i._!-_ f]'_ pc'r({:-- i}t;-.! 'b,' }':,'!-3 :.t.;!_.>::._;.:l]c: ;!L,,:'_;-I ('i r :7!::

mr,- z,r_iv,... ]_:t" L},:_!-I,< .&,:'e (:a,:.r, rjx:-,._ . - l_,),_-,. ],,%, l}_, aL_<i l(.; al){,l'_,.

S,'r,.'i, , ]':'_:_t!7:-:cL_ :;\'_'_"N_ (S[-_::; _ ;',!';_;r_ <_ :dYe : ._,." _'<;:7 :Pd ,_ I]_ N( :; Z, :4.

an ,.1 ,,_ :-t.. a_:< r:;,', Jr' ]r, it;:_:- _l ;:,_, :- l, ' 1.}':i ],,_ ]_c.<,;_ _},'1i[: t;1;tsc[. N,,

isrovi:; -- a";" iiiT+.<{< I,O ]i].:£i&[.(" S}).% ai)c]rt-, d.t:, ! i<i _£;t]]},.

r

]'-. 7_ri{_,i " ] --_ li'_ C<".i!! '_ __. i.,'1" ;" _): [': . [._:.- ;c',.itt_'i_{:;,.] !_VS[L -_'i. _ ')_"OV _ <It" :c,, _-

" " , ]. ," .i';!. ],\ _:A.'- :::!'_<':':- ;:_tc " !::; t:7 f,;r N}_',':" c;_,.< <_,.,:[;_ "

'< .'::: s.t: ('-N.] ,-.

!": • (": _i' :S ; .: !--...... " .'; .... .,--
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Z. Angular rates c'xcessfve

3. iU guidance failure

4. S-I1 stagc' second p]ane senara.tion (S-V ]a, unc}_ vehicles qn]y)

5. LV prop.clian_ [_n]< pressures

. ,Angle of attack.

b. i<{'.ceJviu_ and, c].is:plzying abc_rt recp:<-al_ fr<;:_ _{rr,und :_L.._fitms.

c. gctHscmin,4 of Nie /,leT:

I. inifi].ate ordnance devi. ces that scpa,,'a_{ t]_(: L]';T frc;r_ th{_ (;]'-,4

Z_ ignite TJR,I

" " Coivl tr{:,n_ tb_' S:-TV_ s_a-o"d. Separation of l:he _" _ "

i 9;nab]e c(;,_<r.,lJ<;r rea.cNon .jot orb/off <_s,.'_t:_n},_/ \¢'hR_h l)r,;,,ie]{,.r:

auL{uv_;_i]c cc;nfroi ,_c <7,x - -4
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I % t' .. * _* . 7 h/[ _'(_._::f," ll_fJ 31[iC1[]]

e. L),'[ r]r)r_:hin8 probe r<:%i-act:: ;:] On SC s:(_ ociu_lu_,ed

f Seo;;.ra/ic_i_ of i,h,'l fror,,_ c TV/$ slat-:

"" ],t_,; ]c:9,_; Iror]ii. Igltil_,,l:#" Oi'(il];£._}Ct_ G_:V!C{'f_ [.i]ag .qt'[),Li'_LI {q!f "* ,-_

•u S]_A
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j. Deployment of recovery devices:

i. Two VH_ antennas

2. One flashing beacon ]_d_f

k. Burning of CM-RCS propel].ants a-nd pressurmnt,.

!o Postianding functions :

i. Release of main pafachufies.

2.9. 3. 2 Mode IA Abort°

The functiolzs of a mode IA abort ere:

a. Relay booster engine cn_off (BECO) signal to the iU

b. Reset and start £}le commander's event timer

c. Separation of the C_[ fron_ the S[_.

!. Deadface CIVI-SM urnbiliea] povJer
Z. Pressurize C]M RCS

3. Transfer electrica] control from SM RCS engines-to C]M [£(]S

engine s

4. Transfer entry and postlanding battery pov, er to rna,i,n d-c buses
(main ])us tie)

5. Initiate separation ordnance devices:

(a) Cbi-SM _ension %ies

(%) CE4-SIv_ un_})ilica] guH].otine.

6. Fire LEI%4 an<] PCM

7. Siari anton_ai:ed rapid-propellant du]np (<]h;[]{CS pr(;p(,]]arll [N!d

pressurant jeitison):

(a) Initia%e oxidizer dump

(b) initia@e interconnec[ of A and ${°.f]-vidsysten_ "

{c) Close propellant shutoff valves

(d) Initiate fuel dun-@

(e) Initia£e he]iunl duxnp (purge).

d. Deploy canards

e. Dep]oyn_ent of EI_S parachutes:

1. Aciivat e ELSC.

2. ]Disable controi]er re,action jet on/off assen_b]y which inh]l}it}_

autonlaN.<: contro] of Ch.l RCS on_ _o__ (]}isal)]e Ck'{ ]<CS/SCS)
3 Je '_._s on L-E q

4. Separalc i_k,_docking ring on spacecraft so cqulp])cd

5. Jetfiison apex cover

6. De])]oypaent of a_ex cover drag parachui-e

7. Dep]oyn_en[ of drogue paros,chutes

8. Reie_se efdrogue naracbules

9. JDcp]oynneni of pi]ot parachutes of the ]upil-_ _n_ra<-h_ _es.

])eployn_enl of recovery devices:

i. Tw(_ ViT} c antenn_s

P One f]a.shin!_ beacon lj{,_'

])osi]_nf]Jn9_ iunci],,)_ts:

f.

S}<';2[] J'IN')'IA 1, S".,'f-j'ii<N.D;
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2,9,3.3

SYS'fEMS DATA

Modes iR and IC Aborts.

}

2.9.3.4

The functions of N_e modesiB and ]C aborts are t}_e same as t]_ose

for a mode IAo abort m,ith the folio,,vin Z e:-:cepdons:

a. ]Firing of d_e PG}£ is inhibited

b, Auton-lated rapic]_ prooellant_ jetl.isoninf7 is inhJbiter_. -Propeh._,_nts_--

_2nd pres.surant of the Gk,i RCS are disposed of P.s in a norminb.] entry and

landin Z procedure.

c. ]Pnable controller reaction jet 9_)/{_ff assembly vehJch provides

au_on<,atic_co]]trol of C;_ RCS en_$ines (}/2n_b]e CTvi I£GS/SCS).

_/Iodes 2, 3, and 4Abortso

2,9.4

The funcLions of t!_.e sequential systems portion of an SRS abort are:

a. Relay _,]i]CO signa] to the iU

b. Reset and start corn_rLs.nderrs event t]n_er

c. _T.nilJate CCh{ d_rect u!]age (+X trans]a.tion)

d. Relay signal to SCS to inhibit p].Ich and y_r,v rate stabilization

e. Separate CSh,[ from the LV:

i. init::ate ordnance devices [hat separ_{te S]._A.:

(a) ]nitia!c severance and <b:p]oyrnen[ <_f S_A panels

(b) Separate SC/LV umbilical

(c) Separate LB__./GSE urnbi]i<_]_

f, Esa})le con.:.roi/&r reaction ei_ c)n/'{_ff ar._sv;_,N vvh]ch pr,ov]{]e< _.a_t<,-

made conl.ro] of Sly{ RCS engines {E-uab!e 8_ '_',_'J<,,S/_'}(.........<_'S):

el°ERA UIONA L ])];iS (]RilT)TION.

Fig _re Z. 9-20 il]ustPa.tes the opera]i<m ;_I{] funclion.<._ {}f th(: ]nief, rat.(,d

sequential syst.c]ns an(_ zone refel'_,nc(.s {,c_this Hlur;[ral. i_n a.ro used in

subseqd(ml narasraphs. T]Ns is an oReratio]wN/fu_ { Lion'N diap, ra._] and

should r_)t. bo i-nisc, _nsiruud as an ei[:ctr](za] :;ch,.uliali(- since nnanv {]eta]]s

of the o]t-(t_-ica] sysi:en] ape nol. inelu(]e<], _. c. , uroun_] rt_.Lurns ape rH_E

shown e:-:ccp; fr,r ihe c]a:ificaLion of unJ,que cir<:uks. /'dr{o, inKJai{}r

fir]nL, ci .P( !411_ _[FL" nO! conic}]eta j_ (he {};)ol'_]l io_]L_i, £t]}:Ci]on_l] <11£!_7"a!}],

l"ig_-:'e P_.9-i8 lilus_raEes that norn_a]].y c'l(}rr_d coutacts of firth s relays are

utii_zed t{) short t},.ehliti.aror to grouiwl snd thnt all initial.at firing circnits

are pr(}tc<[{::i \<'it}_ fusisL£..,.rs_ ALl inl[iaLo--s a,'< ' _'< ..... d"d by rela log_(: - --

fusJs, ters are in(:orooratL_d even th., ou:%,n"; tl}o ([.)erL_Li(u_al/funct]onai"" {Haora__,_
o

doe < i]o[ {_ - "-" {])_'S

.... _-<._,_P_te .. _ fcam._ro. C-e_PP,.:].y] oP,]}; ():Be {)£ t}]_._ ;"co,uric{ant sys-

te_)'S J.q i]]usLr.a[c:d; \V}]}<:}] 2n t]li_{ ins[An(:e is _]yqI.Rl!_ _Q _],}v,ov(;r_ t}]e

reduud;_nt. _;v.{;Len is included when NK2 cv.-(,a_<- no id :n{i_,_.!. Nun',e;-ou_

C]'O£;Y{PC('.2" F:_%Lv.,c;p]Ls _.,.1-{_ i]_ _.-, .... ; - .
:I.I.>c._,LB_ C U.'2]P: "D VJ[_i] !lille[ ells RFL' cOYIC('FN(K_] i]]

:]" iN.- [;

_ {,: c, n. ,..:., -%>'st{-_m-_ A or }% ', '-;::'-'p'._;P:_:_ ',v{]] at.ira.{: _r]/{)]- Jni{{ai,,

L:!.< ;_-i;,{'!'l' _. r>.-_u_]pr:i]](,.ilL<:. ]2}tt;]'!-AL',.' \'.'i; , id})f_, r ._\':;[('_rl:: }r: ]i]]l]i('¢_f _.0 [}!('

:if,D( I ;;It-'/'r _ iii_ S'-,'S['_!;- ]!}IS, C, tl S('{ "14:!}1i,1i SVf [<'1_1::.
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Figure 2.9-30. GM-SM Separ.a.d_n S:yste_-_u. ' " /.\:_
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10.S:EC
4. ,_AINCH_EDEPLOYEDREEFED.VIA

PILOTCHUTES-AND DROGUE CHUTES. " " " '"

RELEASEDAT iO/O00FT _Lt'A) .'... .....5, MAIN CHUTE N T AL NFLATON ....
" i 6,-._AIN CHUT.EFIRST STAGE DISREEF

- - 6 SEC . . .. • -

l.. VHI:RECOVERY _NTENNAS AND FLASHING

::]'

i " ¸

'•3 •

" " BEACON DEPLOYED8 SEC . .

8. " MAIN10sEcC__LITESECO,*,_DSTAGE DISREEF SPLASH.3DOWN VELOCITIES: ' . • : . ",__ "_'-.C_UT_S- _ZET_SEC . - _ _-_"_f'_ : , _
:J, MAIN CHUTES RELEASED - - (ILff,) . _ : " ",'-?_/":.:L-'-2?_i_."- • .... ' - ":

" 2 CHUTES 36 FTISEC _-/_,X:k!_--_:--_-_..../ ...... : . " ( } ,
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SYSTEi%{S DATA

The AP:EX .GOVE.R JE.TTISON re!a_<:s _in the iViESC are energized _;fLer.a.

.t.ime.,delay of..0_4, second, ZOneS 5 and 6-E; The holding circuits of these

- firing relay.s are one of the nurner.ous crossover, ne.twork.S describedin-

paragraph Z.9.4, The ordnance devices which are initiate.din [his

funct_Or_ are described in paragraph Z.9oZ..7. In add:ition.£oiniti_£ing the :

ordnance devices, _his.r.elay logic,will .also ar.m lanyard-aetuated

. switches., zone 5-F, which.are u.sed t0..dep!Oy the apex cover arag para-= " : ' " :

chf_te. The lanyard pulls holdin:g, pins from the swit6he.S which, because

of spring loading.., _will Cldae circ_itls.. _ _!os_/_re of'thes6 s.v_6e_he s- <9111 ." " .

' ;..energize th.e::DP_AG PAR_CHUT]g :DEPLOY .ret.Ays {n the _E_C Which" . • " "
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