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FOREWORD |

Volum.e 1 of the Apollo Operatlons Handbook const:.tutes
the description of all command service module systems.
Volume 2 is separately bound, and contalns performance data
and crew operatlonal 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.

Efféct’ivity Designations {Volume 1),

Information pertan'uno to all Block II spacecraft has no
des1gnat10n.

Informatlon pertaining to a spec1f1c spacecraft is de51g-
na.ted by SC number.

NASA comments or suggested changes. to this handbook
should be addressed to the Spacecraft Systems Branch, CFSD,

. Office Code CF22, Telephone HU3-4371,

Mission_
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" SPACECRAFT

. SECTIONI
. SPACECRAFT

1.1 APOLLO SPACECRAFT CONFIGURATION,

The Apollo spacecraft consists of a launch escape assembly (LEA), |
command module (CM), service module (SM), the spacecraft lunar module
adapter (SLA), and the lunar module {(LM). The reference system and
stations are shown in figure 1-1. ‘ '

3

1.1.1 - LAUNCH ESCAPE ASSEMBLY.

The LEA (figure 1-2) 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 é.ssembly (nose coneg),
ballast compartmeht, 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 1-3) is attached to
the aft end of the tower to protect the CM from heat during boost, and
from exhaust 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 2, subsection 2. 9.) . P

1.1.2 COMMAND MODULE.

The CM (figure 1-4), 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.) h 1

The command module is conical shaped, 11 feet 1.5 inches long, and
12 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.

1.1.2.1 Forward Compartment.

The forward compartment (figure 1-5) is the area outside 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 system-engines, and the forward heat shield release
mechanism. Most of the equipment in the forward compartment consists
of earth landing (recovery) system (ELS) components.

BLOCK II SPACECRAFT CONFIGURATION
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Figure 1-1. Block II Spacécr_aft Reference Stations
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Figure 1-2. Block II Spacecraft Configuration
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* FIBERGLASS RING

SILICONE
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SIM FAIRING
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RCS ROLL
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' o - YAW ENGINE
R ve » e V Z o PORTS
»ST,EAM e / .z STATIC AIR VENT & - +‘;§—@__Y-
» ; ENGINE PORTS - v
RCS PITCH ENGINE PORTS | —C__“;E—— o B »
ST-568C

Figure 1-3. 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 -pérm'it the- launch escape tower to be attached to the CM inner
structure. Jettison thrusters separate the forward heat shield from the
CM after entry or after the LEA is separated during an abort.

"1.1.2.2 Aft Compartxnent. - S o

The aft compar(:ment'(figure 1-5) is the area encompassed by the
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 attenua.tion-structuré, instrumentation, and

BLOCK II SPACECRAFT CONFIGURATION
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Figure 1-4. Block II Command Module
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FORWARD HEAT SHIELD

FORWARD COMPARTMENT

ST-266A
" AFT COMPARTMENT ' " CSM i

Figure 1-5, CM 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
a.ttenuatlon structure to absorb energy‘ durlng 1mpact
_ The aft heat shield, which encloses the large end of the CM, 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

. entry. External pr0W51ons are made on this heat shield for connecting
the CM to the SM.

BLOCK 1II SPACECR_AFT CONFIGURATION
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SPACECRAFT

1.1.2.3

1.1.2.3.1

1.1.2.3.2

o Crew Compai'&nent.

The crew compartment or inner structure (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, window shades,
etc., and is provided with crew equipment, foed 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 (f1gure 1-4), like the forward
heat shleld, 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 copper 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 crew member has personal and accessory equipment provn.ded
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- _
ment, 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 conflgura.tlon of the protection panels are 111ustrated in
figure 1-7.

The protection panels {also referred to as close-out panels) are a
series of aluminum panels and covers that fair the irregular structure to
the equipment bays and wire troughs and covers. The panels vary in
thickness and are attached to secondary structures by captivated fas-
teners. Access panels and penetrations are located at or over. equlpment
and connectors needed for the mission.

Mission
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1.1.2.4

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

Loose Equlpment Stowage. B

‘The s,tow_age of numerous items of personal and systems loose equip-
ment is in compartments and lockers {(figure 1-8). Compartments are part
of the crew compartment structure. Equipment is placed in '‘cushions"

_and inserted into the compartments. The alumlnum lockers are packed

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

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

bulkhead access during spacecraft ground processing. The compartment

with one hand. ‘ . : . —

.SC,Ckontrols 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 of this
handbook. The panel numbers indicate the equipment bay and area of loca-
tion. The panel numbering system is shown 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 1-8. Stowage Compartments and Lockers

BLOCK II SPACECRAFT CONFIGURATION
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1.1.2.5

1.1.2.5.1

Crew Couches.

The prlmary functlon of the couches is to support the crew during
accelerations/decelerations up to 30 g forward and aft (xX), 18 g up-and
down (xZ), and 15 g laterally (xY). Because the critical g -load is during
landing, an atfenuation system is used to reduce the deceleratmn load on

. the crew. There are two attenuation subsystems, ex}:ernal a.nd_ internal.
"Secondary function of the crew couches is to position crew at duty stations

and provide support for. the translation and rcitation hand controls, lights,
and other equipment,. : :

- The couches are designated (structurally) as left, center, and rlght
by crew position they are (left to right) Command (CDR), CSM Pilot

‘(CMP) and LM Pilot (LMP)

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 (75 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, Whlch are described in the following
paragraphs.

External Attenuation. The external attenuation subsystem consists
of four crushable ribs installed in the aft compartment (figure 1-10). 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 27.5-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-

-mnecting the crew couches to the CM inner structure. FEach strut is
~ capable of absorbing energy at a predetermined rate through "cyclic

struts.' The cyclic strut utilizes cyclic material deformation concept of

energy absorption by rolling-ductile metal torus elements (bracelets) in
friction between a concentric rod and cylinder. The force applied to the
struts causes the bracelets to roll, absorbing ehergy' (figure 1-11).

- 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
attached to the unitized couch while the piston end, containing a flat circu-
lar foot, reacts against a flat bearlng plate (attenuation panel) attached to
the structure. o ”

Mission
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FUNCTIONS IN COMPRESSION AND TENSION

\‘CYUNDER AN

N

1.1.2.5.2

oS v 4 ST-638

Figure 1-11. Internal Attenuation System

Two Z-Z axis struts are attached to the side stabilizer beams and.
the aft bulkhead of the struqture, just below the side access hatch.

Four X-X axis struts are attached to the forward CM structure and

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

of a lockout mechanism, are basically the same as the Z-Z axis struts.

- A lockout mechanism is provided on each X-X strut to prevent any strut
- -attenuation prior to landing {during normal mission flight loads). After _
' deployrnent of the rmain parachute, the ""lockouts' are manua.lly unlocked.

After deploy'ment of the main chutes and prlor 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 back pan angle to the
Y-Z plane (horizontal) has been increased to 4 degrees 30 minutes.

‘Mission
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Descrlgtlon. The couch structure utlllzes two strong side stab1117er

““beams for attachment of the foot XX and ZZ attenuator struts and a cross--
' memberheadbeam for attachment of the head XX 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 stablhzer beam by a la.rge Marmon- o

- type clamp {figure 1-12).

Each couch con51sts of a headrest, body support with backpan, seat=
pan, legpan, and footpan. The left couch has two controller 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 from the headrest to the footpan
(figure 1-13). -

The headrest is sheet steel with Teflon pad. To adjust 1t for crew-
man torso length, the headrest has 6-1/2 inches of longitudinal adjust-
ment headward or footward in 1/4-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 bady
support tubes in the area of the crewman's elbow and have various ‘posi-
tions. The left couch outboard armrest has 65-, 90-, 120-, and
180-degree 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 pulled
out of the cam, and the armrest rotated to the desired position. The sleeve
can extend 3.5 inches frem the armrest and is locked by a serrated nut.
The nut unlocks the sleeve when turned CCW, -and locks the sleeve when

‘turned CW. 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.

Mission
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- SM2A-03-BLOCK II-(1) A
APOLJ&)OPERATRymSHAhDBOOK e

';SPACECRAFT,'

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

‘The seatpan (seat) angles are g, 85,170, and 2'_70‘ degrees . The
9-degree position is held by a detent, the 85- and 170-degree positions
" The seatpan
controls are-located on the body' supports at each side of the hips. The .

“seat locked position is 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. » a S ' ST ‘

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
angle will go to 15 dearees (folded), and to 180 degrees (flat)

’The foobpan has two positions, 95 degrees and- folded (0 degrees).
There are mechanical stops at each position. The footpan has two cleats
and clamps which restraxn 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.
Egress,
) . Sleeping
Mission Phases Launch Boost and
or Tasks Entry and - Tunnel EVA Ingress or
(Figure 1-14) Lianding Activities . Egress Docking

~Seatpan angle 85° ‘ 170° , 85°, 11° {(cntr couch)|85°

Legpan angle 78° 78° 78°, 15° (cntr couch){78°

Footpan angle g5 o195 95°, 0° (catr couch) [95°

’] i

Armrest angle outboard| 120° {120 120° 65°

left couch ' _
_Armrest angle inboard 90°  {125°+t0 180° 125° 65°

left couch k . ' )

Armrest angle inboard 1 90° 125° to 180° 125° 65°-

right couch ’ ‘
. Control support pltch 0° 0° - o -25°

angle _ ' g )

Foot X-X struts Connected | Connected Disconnected Connected

EVA stabilizer strut Stowed Stowed Connected Stowed

BLOCK II SPACECRAFT CONFIGUR,ATiON
Ba51c Date 15 API‘11 1969 Change Date_ 15 Jan 1970 Page
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SPACECRAF’I‘

:Foldable Couch Adjustments The couch has many adgus tments 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
» (:J:a,l.m.ncr during 1 g, the 1- g procedures are given also.

Ta‘sk a : . Procedure ' -Results/Remarks

NOTE
e Directions are for

person lying on couch.

e Inboard/outboard
movements - relatwe '
to couch

A. Headrest adjustment,| 1. Lift control knob (gearshift)| 1. Disengages lock.

headward - footward toward head.
movement of 6.5 in. | 2. Hold gearshift knob in 2. Lock is spring-loaded to
{figure 1-15) _ unlocked position and slide locked position.
headrest to desired N
position.
3. Release gearshift knob. 3. Engages lock.
B. Armrest adjustments . .
Bl. Armrest rotation or | 1. Squeeze armrest handle/ |}. Disengages wedge from
pitching- trigger. . slotted cam.
(Armrests lock in 2. Rotate (pitch) armrest to 12. Wedge is spring-loaded
65°,90°, 120° (L) ' desired position. (Wedge. to locked position.
and 125° {R) will engage at next slot
positions) 7 unless handle is squeezed NOTE

When rotating the out-
board armrest of the -
left couch, caution
should be exercised to
prevent the rotational
control cable from hit-
ting the stowed O, hose
as damage may result
to either object.

(figure 1-16) continually.)

B2. Armrest extension 1. Rotate armrest extension 1. Approximately 1/4 turn
(0-3.50 in. ) lock nut CCW. will unlock sleeve.
" {figure 1-16) 2. Extend control to desired 2. Pulls sleeve out of
position. " barrel.
3. Lock into position by ‘ 3. Cam will lock barrel to

rotating lock nut CW. sleeve.

BLOCK II SPACECR_AFT CONFIGUR.ATION

Mission Basic Da.te 15 Aprll 1969 Change Date 15 .]'an 1970 Page ______‘2



APOLLO OPLRA'IIO\S HANDBOOK

SMZA 03- BLOCI\. II- (1)

SPAcECRAFf"'

seatpan adjustment,
training, preflight,
test, launch and
entiry application.
(During one g, stand
at LEB to adjust
seatpan. )

(figure 1-15)

N

. Move seatpan to desired

. Place both seatpan handles

or feet) and place both
seatpan handles in unlocked
position (headward).

position, maintain support.

in locked position
(footward).

Task Procedure . Results/Remarks
B3. Control support 1. Move end of control sup— . Unlocks control
pitching ) port cam lever: support.
- : (Translation control | 2. Holding control or handle, »
pitch = 0°-55°) - pitch it to desired angle, :
(Rotational control - | 3. Move end of cam lever . Locks control ‘supp'ort.
pitch = 0°-25°) - . -""down and outboard. ‘
C(figure 1-16) .
‘B4. Control attachment | 1. Press c‘ontrol lock button . Unlocks button so shaft
and locking, ' down and swing lock hook can slide.
unlocking away. o . .
(figi:.re 1-16) 2. Press control lock button . Retracts control lock
‘ ' inboard. ) pin. . _

3. Slide control onto support . Attaches control to
dovetail.” ‘support. - ‘

4. Press control lock button . Extends control lock
outboard. " pin, locking control

. onto support.

5. Swing lock hook to button 5. Prevents control lock
and hook on shaft (inboard button from sliding to
armrests only). unlocked position.

C. Seatpan adjustment 1. Place both seatpan handles . Disengages seatpan

Cl. Zero g seatpan in unlocked position latches. Seatpan free
adjustment, mid- (headward).- ' ‘to move.
mission application 2. Move seatpan to desired
(Seatpan locks in . position. :
11°,85°,170° /stops 3. Place one handle in locked . Onme lock is sufficient in
at 270° ) position {footward). zZero g.
(figure 1-15) '

C2. One g or greater 1. Support seatpan (with hands| 1. Damage may result to

mechanisms if seatpan

is allowed to drop to
next position.

. Same as 1.

. In one g or greater,

both latches may be
locked to reduce strain
on mechanisms.

Mission
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‘SPACECRAFTIQH

Taék

Procedure

Re sults /Refﬁa;fks

D. Legpan to seatpan
a.d;ustznent (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. Footpan adjustment
© (0°-95¢°)
(figure 1-17)

"El. Engaging-disengaging
foot restraints
(figure 1-17)

. Pull knee control out and

- up to unlocked position.

. Position legpan to desired

position. )

. »Pull knee contr o]. out and-
down to locked position.

. Swing footpan to de51red
- position.

. Place both spacesuit boots

or entry boots on footpan
with heels together.

. Move boots outboard while

heels slide on footpan.

To disengage, move boots
inboard while heels slide
on footpan.

. Retract knee control
pin from slotted cam. -

. Extends knee control

: pin,- and locks.

. Mechamcal stops at 0°
95°.

. Pre positioning boots.

. Footpan cleats will

engage boot heels.

. Cleats will disengage

from boot heel.

Foldable Couch Mission Operations.

tasks into which the couches are integrated.
some of those tasks and gives a step by step procedure.
also referenced. :

Figures are

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 remova}. and stowage of the center
couch can also be performeéd when the center aisle needs to be cleared for

intravehicular maneuve ring 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.

i

Ty e

ot

 This operation is described in task B.

During the mission, there are
The following table indicates

BLOCK iI SPACECRAFT CONFIGUR.A.TION
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SM2A-03-BLOCK II-(1)

:SPACECRAFT;”'

| APOLLO OPERATIONS T—I_A\DBOOR =

jTa sk’ e

Procedure '

‘Results /'ReIria’ljk‘s;,ﬂ,

A Preparlno' couches
for EVA
Al. Stow L PGA bag on
* . aft bulkhead :

A2,
to aft bulkhead )
{Crewman standing in
LEB) (figure 1-18)

NOTE

If the center couch is
to be removed during
one g conditions, the
outboard (left and right)
couches should not be
occupied. Otherwise,
extreme difficulty will

. be eic-perienced during
the removal.

Remove center couch|’

éa.

6b.

Remove PGA helmet

shield and stow in helmet
bag. ) ‘ .
Unstrap bag hip straps and
detach couch clips.

.+ Fold lower half of bag

flat, tucking sides.
Fold top half of bag flat

) 'tucklnc s:.des

Attach bag top straps to
aft bulkhead fittings.

Fold footpan to 0°, lock
legpan to 15°, and lock
seatpan to 11°.

(figure 1-19)

Pull center couch hip"
- clamp knobs down 2 in.

(toward aft bulkhead).
Using knob, unscrew shaft
(CCW) until it is flush
with trunnion.

Swing knob towards LEB
opening clamp.

Retract one Y-Y strut.
(figure 1-20)

During zero g, force
center couch toward aft
bulkhead and disengage
couch from clamp plates.

-During one g, place

clamps in intermediate
position as a caution. Hold
ceniter couch backpan

firmly while forcing couch |

toward aft bulkhead until °
couch disengages. Fully"

- open clamps and lower hip

end of couch to aft

. bulkhead.

ba.

6b.

‘Empties PGA bag. v

. Detaches ‘fo.rward

top of bag from

.couch,

-Bag now flat on aft
‘bulkhead.

Bag now lashed to aft
bulkhead..

Preparing couch.

Knob engages shaft.

Trunnion will be free.

" to rotate.

Relieves pressure on
clamp plate.

Frees footward end of
couch from clamps.
{Couch structure may
have to be shaken.)
Clamps in intermediate

_ position will support
" couch if it slips:

Ott-
board couches may.-

. have to be lifted to take

pressure off center
couch clamp plates.

BLOCK II SPACECR.AFT CONFIGURATION .
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SPACECRAFT

Task .

- Procedure

Results /:Remarigs i

. Move headrest footward.

Pr._ep for. strapping .

7. 7.
- (fwure 1-15) .. under left couch.
8. ' Pull head beam pip p1ns 8. Disconnects headward °
“ (2). (figure 1-15) . end of couch from
ST o ' - - head beam
9. Lower couch to aft bulk- 9. Couch is now rea.dy' to
head on top of PGA bag. stow
A3, Stow center couch I. Obtain lower (3.5 ft x
under left couch 2 in.) and upper (4 ft x
2 in.) restrainer straps
 from stowage locker, .
2. Thread lower strap hooks | 2. Preparing center
. (2) through center couch | couch to strap to left
hip holes from inside. couch.
3. Wrap upper strap around '
center couch headrest
"support bars and attach
. snap to ring.
4. Verify left couch headrest
fully headward. _ ‘
5. Position center couch 5. Head-to-head, hip-to-
under left couch. ’ kip, and piggy back.
6. Attach LOWER strap 6. v,I—_hp ends of couchea
hooks to left couch . now secured.
D-rings. '
7. Unsnap UPPER strap 7. Head ends of couches
hook, resnap after wrap- now secured.
ping around left couch
-headrest support bars.
B. DPreparing couch
' structure for EVA.
(figure 1-21) | ~ -
Bl. Connect EVA stabi- ' | 1. Unstow EVA stabilizer
lizer strut to couch. strut by squeezing latch
and pulling toward couch.. ’ : :

1 2. Connect EVA stabilizer 2. With EVA stabilizer
strut to couch structure strut engaged, couch
at aft end of right head structure will be sta-
strut. Engage stabilizer bilized when foot
strut and press toward struts are
aft bulkhead. . disconnected.

i
BLOCK II SPACECRAFT CONFIGURATION
Mission
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; SPACECRAFT' o

"'.V'I‘a,'s‘k'. SOl

Pr ocedure

—_~

'Results/Remarks v

Disconnect foot
attenuator struts and
attach to forward
equipment bays.

- B2.

. Grasp the qulck-

disconnect hook assembly,
pull lock pin actuator '
toward: lower equipment

.vbay',.

Pull lower end of foot-

" attenuator strut (quick-

disconnect hook assembly)
firmly toward LEB until
it dlsencrages

Repeat for other foot X X
attenuator strut,

Swing attenuator struts
along side of forward

' Hol&ing lock pin actuator

in disengages lock pin.

Holds attenuator struts out
of the way for increased -
mobility iq LEB.

equipment bay, and strap.

BLOCK II SPACE‘CR.A.FT CONFIGURATION.
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SM A 03~ BLOCK II (l)
APOLLO OPERATIO\JS T—IANDBOOK -

" SPACECRAFT

i. 1 .2.6 : CM Méché.nical,Contréls;

Mechanical controls are provided in the crew compartment for -
, = manual operation of the side access hatch and the forward access {tunnel)
1 L " hatch, Tools for emergency opening or securing the hatches are in the
’ ' 'to_blset'pouch in a locker on the aft bulkhead. '

v 1.1.2. 6.1 Side Access Hatch.

‘Side access to the crew’ compartment is througb an outward-opening
smgle-lntegrated hatch assembly and adapter frame (figure 1-22).. 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 pfessure 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 contains a single primary
‘pressure seal.

Hatch opening is é,céomplished 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 100 degrees minimum to provide clearance for the crew-
man past the scientific airlock when mounted. on the hatch. A cotnter-
balance system is provided to assist in opening the hatch in both normal
and emergency conditions and attenuate the opening and closmg velocity
of the hatch (flgure 1= 23)

e

The hatch is normally latched and unlatched manually from the
inside by an actuating handle permanently attached to the gear box
(figure 1-22). Prior to handle actuatio/n, 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 posifions when

BLOCK II SPACECRAFT CONFIGURATION

Mission____ Basic Date 15 April 1969 Change Date 157201970 poo  1-32



 SMZA-03-BLOCK II-(1)
APOLLO OPERATIONS HANDBOOK

| SPACECRAFT™ =

UNIFIED

 HATCH
FRAME
BAR

/  PURGE
~ PORT

~DOOR RELEASE

GNp CHARGING HANDLE

BOTTLE PUNCTURE NO. 2
BOTTLE PUNCTUR% NO. 1

QUTER HATCH ' ¥
(VIEW LOOKING QUTBOARD) .

RED ORANGE-
BLACK " YELLOW SAFETY

ACTUATOR

- f HANDLE
. SELECTOR
% LOCK PIN - LOCK PIN
NOT SHEARED SHEARED
LOCK PIN - ) T : . : T Ll e
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operating the latches. Next, the shear pin release lever is placea in:
the UNLOCK position. This will extend the orange-yellow shear pin
‘permlttmg 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 p1n
may be shearad dunng an emergency opemng of the hatch. A
sheared condition is indicated by the protruding red pln, W1th1n the
,orange -yellow pm, as 1nd1cated in view E ‘

After the preceding steps have been performed, the handle is
Junstowed. This is accornphshed 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-
fhght 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 pawl control knob in the NEUTRAL or UNLATCH position.
Located around the outer periphery are 15 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 postfhght operatmn. '

The hatch has provisions for installa.tion of a window assembly
or scientific airlock. Depending on the mission, or spacecraft, the
‘window or airlock may be attached using the appropriate adapter.

The hatch mechanism opérates 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.

BLOCK II SPACECRAFT CONFIGURATION
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The BPC is hinged and retained with a tethering device when the

combined unified and BPC hatch are opened. A permanent release
. handle (D-ring) is utilized on the outside of the- BPC to manually
/unlatch the drive mechanlsm (flgure 1-24).

The counterbalance assembly is_’é stored energy deviée 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 to the
hatch deployment mechanism. Figure 1-23 illustrates ‘schema!ﬁically'
the mechanization of the counterbalance assembly. To pressurize
‘the system for normal pad operation, the number one bettle 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 seal drag, and assist in opening
the hatch when 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 cpen the hatch.

1.1.2.6.2 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 r'dtating 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 remowval. '

BLOCK II SPACECRAFT CONFIGURATION

Mission _Basic Date 15 April 1969 Ché.nge Date 15 Jan 1970 Page - 1-37



: . " SM2A-03-BLOCK Ii-(1) .~
. APOLLO OPERATIONS HANDBOOK -

' SPACECRAFT

SEAL

GEAR BOX LOCK
{CHROME TAB)

LATCH
ASSEMBLY

_PRESSURE
EQUALIZATION VALVE

Ty I—

ACTUATOR
HANDLE

- pEAL @ \ACTUATOR
HANDLE
GEAR BOX SELECTOR
DISCONNECT : '
SCCKET (8-TOOL)

SM-2A-1906 D

Figure 1-25. CM Forward Access Hatch

BL.OCK II SPACECRAFT CONFIGURATION

Mission ~— --—Basic Date 15 APril 1969 Change Date_15.J2n 1970  page



SMZA—O3-BLOCK (1) .
APOLLO OPERA'I‘IO\IS HANDBOOK

SPACECRAFT

1.1, Z..6.1ﬁ3 ‘ -Win'.do'ws 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 w1th ,
0.25-inch~thick double panes, lseparated by 0.1 inch of space, and have a

.softening temperature point of 2000°F. The outer windows are made of

o 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

o point of 2800°F, and a rneltmg point of 3110 °F. ‘

Shades are provided for c:ontrollmg external light entermg the CM.
These shades, individually designed for each window configuration, are
made of aluminum sheet. The shades are opaque for zero-light trans-
‘mittal, have a nonreﬂectlve inner surface, and are held in place by
Y'wing'' levers.

‘1.1.2.7 Crew Stations.

A

The place of crew activity, the-objects of crew activities, and crew
activity requirements are referred to as "crew stations." Generally,
the term 'crew stations! includes anything that supports the flight crew
and is synonyrmous with crew systems and equipment; thus, the 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 grouplng For a comprehen-
sive descrlptlon, refer to section 2.12. : : ’

n

1.1.2.7.1 Spacesuit.

The spacesuit acts as a flexible environmental chamber in which the
crewman is supplied a flow of pressurized oxygen. It includes undergar-
ments, ventilation ducts, and the communication system. There are
many accessories such as the oxygen hose, communlcatlon cables,

- couplings, screen caps, cormector plugs, and maintenance kits.

1.1.2,7.2 Restraints.
e Crew restraints range from the restraint harness to restrain the
_crew in the couches to the zero g restraints, such as the sleep station

BLOCK II SPACECRAFT CONFIGURATION
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' restraints, hand- holds, and EVA guards. Eoulpment restralnts mclude ,
a number of snaps and Velcro patches on the crew compartment structure o
K a.nd utlhty' straps which clasp to the smaps. o .

1.1.2.7.3 Internal Slghtlng Aids.-

Internal sighting aids are objects that assist the crew in controlllnd
10ht or sighting. These include shades, mirrors, crewman optical align-
. ment 51ght lunar module active docklng target and wmdow markings.

1.1.2.7.4 - External Illumination Aids.

) . The external illumination aids are lights or objects on the exterior h
of the Apollo spacecraft. They include the docking" spotlight, running
lights, radio-luminescent dlscs, the EVA "loodllght and rendezvous
beacon ’ :

v

1.1.2.7.5 Mission Operational Aids.

Objects or devices that assist the crew in the mission and the oper-
ation of the spacecraft are operational aids. The 2ids are the flight-data
file, tool set, cameras, and miscellaneous accessories.

¥

1.1.2.7.6  Crew Life Support.

Itemns included are drinking and food reconstitution water devices,
food, waste management, and personal hygiene. Waste management con-
sists of equipment for collecting, disinfecting, and storing the feces, and
expelling urine overboard. o : :

1.1.2.7.7 Medical Equipment.

The medical requirements are filled by the bicinstrumentation
" harness that transmits the respiration and pulse of the crew to the com-
munications system, and a medical kit that contains medication for
contemplated contingencies. :

1.1.2,7.8 Radiation 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.

“1.1.2.7.9 Postla.ndiﬁg 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 desaliniza~
tion. In the event the crew would be forced to abandon the command .
module, the survival kit would be used for flotation and signaling.
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Figure 1-26. CM Internal Configuration. (Sheet 2 of 2) .
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'L 1.2,7.10 Stowage and Intérnai Configuration.

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

._Ioc_kers or compartments designed -to withstand the landing impact.. The

interior configuration of the crew compartment is shown in figures 1-26 and
I-27. The illustrations also show the equipment bays and spacecraft axes.

1.1.3 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, s eparate the structure interior into six unequal sectors
- around-a circular center se ction. Equipment contained within' the s ervice
BN
N
RADIAL 36AM OXIDIZER/SUM.? TANK
TRUSS (6 PLACES) e (
FAIR!NG_’___‘_ g1, €PS RADIATOR
| .
ecaL L L SPS HELIUM TANKS
O TANKS 20 Quap
. H T’ANKS P /ECS SPACE RADIATOR
L. FUEL STORAGE TANK
FUR. SUMP TANK
FUEL FILL POINT
+Z\ /’Y
- SPS ENGINE
| EXPANSION NOZZtE— “f@z
1 AND 4 ARE 50-DEGREE SECTORS
2 AND 5 ARE 70-DEGREE SECTORS
3 AND & ARE S0~DEGREE SECTORS
SERVICE MODULE ITEMS ) . -
Sector [ . Seciar V
Empty NASA equipment Emvirenmental control system 3pace radiator
- - Service propulsion system fuel sump sagk °
Sector IT + - Reaction control system package (-¥ axs)
Environmeatal system space radiator K i - . .
Service propulsion system R Sector VI : \
Reaction contral system package (+Y-axiz) Environmental control system space radiator
Service propulsion system oxidizer ‘sump tank Reaction control system package (~Z axis)
- Service propulsion.system fuel storage rank
Sector i . .
Service propulsian system ’ Center Section
Reaction control system pdckage (+Z-axis) Service propulsion system helium tank (two)
Envizonmental system space radiator Service propulsion system engine
Service propulsion system oxidizer storage fank .
Fairing
Sector IV Electrical power System space radiator’s {eight]
Fuel cell power plant (three} .
Helium servicing panel
Super-critical oxygen tank {two)
Suger-critical hydrogen tank (two)
Reaction control system control unit
Electrical power sysiem power control relay box’
Service module jettison contraller sequencer (two) .
SM-2A~1278
Figure 1-28. Service Module
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module is accessible through malntenance doors 10cated around the L
exterlor surface of the module. Specific items, such as propu151on sys-
tems {SPS and RCS) fuel cells, and most of the SC onboard consumables
(and storage tanks) contained in the SM compartments, are listed in
figure 1-28. The service module is 12 feet 11 inches lonc7 (hlgh) and

12 feet 10 inches in diameter.

Radial beam trusses on the for\‘vard portion of the SM structure
provide a means for securing the CM to the SM, Alternate beams, one,
three, and five, have compression pads for supporting the CM. Beams
two, four, and six, have shear-compression pads and tension ties. A flat
center section in each tensmn tie incorporates redundant explosive charges '
‘for SM-CM separation. These beams and separation devices are enclosed

within a fau-mg (26 1nches high and 13 feet in dlameter) between the CM and
SM. .

T 1.1.4 SPACECRAFT LM ADAPTER.
The- spacecraft LM adapter (SL.A) (figure 1-29) is a large truncated
cone which connects the CSM and S-IVB on the launch vehicle. It houses
the 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 diameter at the for-
ward end (CM interface) and 260 inches at the aft end. Separatlon of the
CSM from the SLA is accomplished by means of explosive charges which
disengage the four SLA forward 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. When 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 recontact with the space-
~craft or launch vehlcle

- BLOCK 1II .SPAGECRAFT CONFIGURATION °
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SYSTEMS DATA

INTRODUGTION.

_ Systems data include description of operations, écmponeﬁt description
~ and design data, and operational limitations and restrictions. Subsection 2.1
describes the overall spacéc_ra_ft navigation, guidance, and control require- -

- ments and the resultant systems interface. Subséctions 2.2 through 2. 10

preseni data grouped by spacecraft systems, arranged in the following

~ order: guidance and navigation, stabilization and control, service pro-
pulsion, reaction control, electrical power, ,énvironmental control, ‘ '

- telecommunications, sequential, and caution and warnings. Subsection 2.11

. »dealns with ﬁuiscella,neous systems data. Subsection 2.12 deals with crew

" personal equipment. Subsection 2.13 deals with docking and ¢rew transfer,

i
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. SECTION 2

 SUBSECTION 2.1
. GUIDANCE AND CONTROL
2.1.1 - GUIDANCE AND CONTROL SYSTEMS INTERFACE,

" The Apollo guidance and control functions are performed by the pri-
B fxlary. guidance, navigation, and control system (PGNCS), and stabilization .
~ and control system (SCS). The PGNCS and SCS systems contain rotational
.and translational attitude and rate ‘sens ors Which provide discrete input - .
information to control electronies which, in turn, integrate and condition e
the information into control commands to the spacecraft propulsion Sys-=
terns . Spacecraft attitude control is provided by commands to the. reaction
control system (RCS). Major velocity changes are provided by commands
to the service propuisionsystem {(SPS). Guidance and centrol provides the
following basic functions: o :

o Attitude reference
e Attitude control ) ,
e 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. .

2.1.2 ATTITUDE REFERENCE.

The attitude reference function (figure 2.1-1) provides &isplay of the
-spacecraft attitude with reference to an established inertial reference.
The display is provided by two flight director attitude indicators (FDAT)
located on the main display console, panels 1 and@ 2.  The displayed infor-
- mation consists of total attitude, attitude errors, and angulé_r_rates. The
~ total attitude is displayed by the FDATI ball. Attitude errors are displayed
. by three needles across scales on the top, right, and bottom ofvthe"appa.r-
- ent periphery of the ball. Angular rates. are displayed by needles across
the top right, and bottom of the FDAI face, = -~ - ' '

o Total attitude information is derived from the IMU stable platform or
. the gyro display coupler (GDC). The IMU provides total attitude by main-
taining a gimbaled, gyro-stabilized platform to an inertial reference

orientation. The GDC provides total attitude by updating attitude informa-
tion with angular rate inputs from gyro assembly 1 or 2. '

o i fn
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' “navigational sightings.

. Attitude error information is;d-érliir,ed»fijon‘l three s‘durces‘.‘k.'Th'e first

' source is from the IMU through the ééupling data unit (CDU) which com- .
. ’pares IMU gimbal angles with CMG commanded angles set into 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 gyro assembly 1 which contains three (one for each of the X, Y,

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 GDC which develops attitude errors by comparing angular rate
inputs from gyro assembly 1 or 2 with an internally stored orientation. .

" This data is 'sent to the FDAI for display on the attitude error needles.

Angular rates are derived from either gyro assembly 1 or 2. - Nor-
mally, the No. 2 assembly is used; however, gyro aésembly 1 may be
switched to a backup rate mode if desired. For developing rate informa-
tion, the gyros are torqued to null when displaced; thus, they will produce
an output ohly when the spacecraft is being rotated. The output signals are
sent to the FDAI for display on the rate needles and to the GDC to enable

‘updating of the spacecraft attitude.

ATTITUDE C ONTROL.

The attitude comtrol function is illustrated in figure 2.1-2. The con-
trol may be to maintain a specific orientation, or to command small
‘rot,ations or translations. 7To maintain a specific orientation, the attii:ude
error signals, described in the preceding paragraph, are also routed to the
control reaction jet on-off assembly. These signals are conditioned and
applied to the proper reaction jet which fires in the direction necessary to
-Teturn the spacecraft to the desired attitude. The attitude. is maintained
within 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 axitornati’caliy under ‘command of the CMC or ‘
-manually by flight crew use of the rotation control. In either case, the
‘attitude control function 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

' " deotrbit 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 n:iégnitude each time it is moved from
detent. These small pulses are used to position the spacecraft for
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- THRUST AND THRUST VEGTOR GONTROL.

- The guidance and control system provides control of two thrust .
functions (figure 2.1-3). The first is control of the SPS engine on-off time
to control the total magnitude 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
perfo'rmed\iﬁ‘ conjunction with the CMC. The valuye of veloéity- change

) é.ttaine,d_ from the thrust is derived by monitoring accelerometer .o—titputs

. from the IMU. Wheri the desired(v‘eiocity change has been achieved, - the
CMC removes the thrust-on signal. Secondary thrust control is afforded -

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

1is set to the value of desired thrust prior to the engine on signal. Velocity .
“'change is sensed by a +X axis accelerometer which produces output signals

“'-rgpr‘es_ent'ative 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 (TVC) commands may
originate in the PGNCS or SCS systems. In either case, the pitch and yaw
,attitude error signals are removed from the RCS system and é.pplied to the
SPS engine gimbals. Manual TVC is provided to enable takeover of the
TVC function if necessary. The MTVC is enabled by twisting the transla-
“tion control to inhibit the automatic system, and enables the rotation control
" which provides command signals for pitch and yaw axes to be applied to the
gimbals. The initial gimbal setting is accomplished prior te the burn by
positioning thumbwheels on the fuel pressure and gimbal position display.

GUIDANCE AND CONTROL,
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 SECTION 2
‘ SUBSECTION 2.2
GUIDANCE AND NAVIGATION SYSTEM (G&N)

INTRODUCTION.

- The p:ii’hé.fy guidance, navigation, and {:on_f:rol ‘syétém (PGNCS)
provides the following functions : v T ’ L

‘e Inertial velocity'and position (state vector) computation
e Optical and inertial navigation rheasurement_s :
. Spacecraft attitude measurement and control

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

The PGNCS system consists of three subsystems:

- @ Inertial subsy‘stgem (1SS)
s Optical subsystem (0OSS)
e Computer subsystem {CSS)

They are located in the command module lower equipment bay

(figare 2. 2-1). System 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,

Inerrnti,al Subsystem . -

The inertial subsystefn (IS‘S) is composed of an inertial measurement
unit (IMU), part of the power and servo assembly (PSA), part of the con-

‘trols and displays and three co'upling data unit (CDU) channels. The IMU

provides an inertial referen;e with a gimbaled, three-degree—of-freedom,
gyro-stabilized platform. -The alignment of the stable pl'atformv -
(figure 2:2-1A) is accomplished by the command module computer (CMC)

-providing a.digital pulse train and control commands to the CDU. The

CDU converts the pulse train to analog signals which drive the IMU to the
desired orientation. Attitude change sensing is accomplished by monitor-
ing the spacecraft attitude with reference to the stable platform. Resolv-
ers 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

Mission
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2.2.2.2

‘ Optics Subsystem . o ’ ,

with the CMC desired angles, and if the angles differ, error signals a’:ei -
generated. . The error signals can be used as steering commands to the
SIVB guidance system, attitude error display signals, or RCS on-off
commands to the stabilization and control system {SCS).

Mbunt_ed on the stable platform are the pulsed integrating pendulous
accelerometers {PIPAs), which sense changes in spacecraft velocity.. An
acceleration or deceleration results in output signals which are represent-
ative of the magnitude and direction of the velocity change, The output .
signals are applied to the CMC, which uses the information to update
spacecraft velocity data. : : N : : -

' Allvso applied to the .,CMC are discrete signaisv reflecting the status
(caution and warning information) of the IMU and GDU.

&
¥
3

. 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-

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

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

_ When the navigator is satisfied with the image position, he issues
2 mark command to the CMC. The position of the optics is provided by
resolvers mounted on the optics, The CDU converts the analog resolver
signal to digital pulses representative of the optics angles, The CMC
reads these angles, IMU angles, and time of mark command. From this -

-information the CMC computes the spacecraft position.

' r-I.’he minimum impulse commands from f;h.e 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 pdsition, the optics are also used

-to convert the digital pulse train from the CMC to a d-c signal to the SCS

as guidance commands (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.
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2.2.2.3 Coﬁlputer Subsystem.

The computer subsystem (CSS) consists of the cormnand module
computer (CMC) and two display and keyboard panels (DSKYs) which are
part of the controls and dlsplays

The CMC provldes automatlc executmn of computer programs,

automatic control of ISS and OSS 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 con51sts of a large nonerasable

- (fixed) section and a smaller erasable sectl.on 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 cannot be changed during operation. The erasable
section of memory provides for data storage, retrieval, and Operatmons .
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 may be called up for display on
the two DSK.Ys The DSKYs enable the flight crew to enter data on instruc-
tions into the CMC, request display of data from CMGC rnernory, and oifer
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
g - 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 executlon of navigation programs.

GUIDANCE AND NAVIGATION SYSTEM
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2.2.3.1.1

2.2.3.1.2

' MAJOR COMPONENT /SUBSYSTEM DESCRIPTION. .

Inertial Subsystem.

. The function of the inertial subsystem is.to provide a space-
stabi]j;ze_d inertial reference from which velocity cha_.ng_es and attitude
changes can-be sensed. Itis corhposed of the navigation_Base (NB), the
inertial measurement unit (IMU), parts of the power and servo assembly
(PSA), parts of the confrol and display panels, and three coupling data
units (CDUs). L C I

Navigation Base.

.. . The navigation base (NB) is the rigid, supporting structure which

~ mounts the IMU and optical instruments. The NB is manufactured and

installed to close tolerances o provide accurate alignment of the _
equipment mounted on it. It also provides shock-mounting for the IMU .
and optics. ’ » i

Inertial Measurement Unit.

The inertial measurement unit (IMU) is the main unit of the
inertial subsystem. Itis a three—dggree-of—freedom-stabilized piatform
assembly, containing three inertial rate integrating gyros (IRIGs), 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 PIPAS 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, IRIG 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 spacé-referenced mount _fbr thi-ee

'PIPAs, which sense velocity changes, The PIPAs are mounted orthog-
.onally to sense the velacity changes along all three axes. Any trans-

lational force experienced by the spacecraft causes an acceleration or
deceleration which is sensed by one or more PIPAs. FEach PIPA

-generates an output signal Proportional to the magnitude and direction of .

velocity change. This signal, in the form of a pulse train, is applied to
the CMC. The CMC will use the signal to update the velocity informa -

tion, and will also generate signals to_enable the torquing of each PIPA
ducosyn back to null, » » e

«
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2.2.3.1.3

supplies the CMC with this information.

The temperature control system is a thermostatlc system that

- maintains the IRIG and PIPA temperatures within théir required limits
‘during both IMU standby and operate modes. Heat is applied by end-

mount heaters on the inertial components, stable member heaters; and
a temperature control anticipatory heater. Heat is removed by con~

vection, conductian, and radiation. The natural convection used during
MU standby modes is changed to blower-controlled, forced convection

during IMU operating modes. IMU internal pressure is normally

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

aid in removing heat, a water- -glycol -solution passes through coolant-

passages in the IMU support gimbal. - Therefore, heat- flow is from the
stable member to the case and coolant. The temperature control sys-

" tem consisfs of the temperature control circuit, the blower control

circuit, and the temperature alarm circuit. A separate external

temperature control system is also provided for test conflcurat:lons 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
IMU gimbals, and one each for the shaft and trunnion optical axes.,
The ISS portlon of the CDU performs the following functions:

a. Converts IMU gimbal angles from analog-to-digital form, and

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

‘d-c signals.

c. Controls the moding of the ISS through loglca.l manipulation of
computer discretes,
 The analog signal from the 1X and 16X resolvers, located on the
IMU gimbals, is transmitted to the CDTU. Thls angular information,
proportional to the sine and cosine of the gimbal angle, is converted to

_digital form with one pulse to the CMC equlvalent to 40 arc- seconds of

gimbal movement.

Durlng coarse align, attitude error d1sp1ay, 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 desired 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 which will gimbal the Saturn engine or pro-
vide commands to the Saturn attitude control system,

Mission
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2.2.3.1. 4 Power and Servo Assnemblv..

' The purpose of the power and servo a.ssemb‘y (PSA) is to promde )
a central mounting point for the majority of the G&N system power
supphes, amphflers and other modular electronic components

The PSA is s located on the lower D&C panel rack dlrectly below
the IMU. It consists of 42 modules mounted to a2 header assembly.

: Connectors and harne551n0 are integral to the construction of the
header assembly, and G&N harness branches are brought out from the
PSA header. A thin cover plate is mounted on the PSA; prov:.dlng 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.

2.2.3.2  Computer Subsystem.

The computer subsystem (CSS) consists of the command module
cornputer {CMC), and two display and keyboardApanels (DSKYs). The
CMC and one DSKY are located in the lower equipment bay. The other =
DSKY is located on the main display console. '

2.2.3.2.1 Command Module Computer.

The CMC is a core memory, digital computer with two types of
memory, fixed and erasable. The fixed memory permanently stores
navig'ation tables, trajectory parameters, programs, and constants.
The erasable memory stores intermediate information,

The CMC processes data and issues discrete control signals,
both for the PGNCS and the other spacecraft systems. Itis 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 (IMU) 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 cther spacecraft sys’f;ems‘.

The CMC stores data pertinent to the flight profile that the

'spacecraft 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 engmes are turned on at the correct tlme, and steerlng

e

Y
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signals are controlled by the CMC to reorient the spacecraft to a new
. trajectory, if required. The inertial subsystem senses acceleration
- and supplies velocity changes to the CMC for calculatinig 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
gimbal angles in the IMU. Error signals are also supplied to the CDU
to provide steering capabilities for the spacecraft. CDU positien
signals dare fed to the CMC to indicate changes in gimbal angles, which .
‘are used by thé CMC to keep cognizant of the gimbal positions. The ‘
CMC receives mode indications and angular information from the optical
subsystem during optical éightings. This information is used by the .
CMC to calculate present position and orientation, and is used to ref‘ine‘
" trajectory information. Optical subsystem components can also be
- positioned by drive signals supplied from the CMC.

o CMC Organization. The CMC is functionally divided into seven
blacks: (See figure 2.2-3). » ‘

1. 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 flow from one area to another within the
CMC. It also generates timing waveforms which are used by (1) the
CMC's alarm circuitry, and (2) other areas of the spacecraft for control
and synchronization purposes. v ’

"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 which produces a recurring set of time pulses. This
set of time pulses defines a 'specific interval (memory cycle time) in
which access to memory and word flow take place within the computer.

The start-stop lbgic 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 word flow.
Simultaneously, a fresh-start signal is generated which is applied to
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- all functional areas in the computer. The start-stop logic, and sub-
.sequently word flow in the computer, can also Be controlled by inputs
from the computer test set (CTS) during pre-installation systems and
subsystem tests. - '

. Seque_nce Generator. The sequence genérator directs the

execution of machine instructions. It does this by g'enerating’_contro_l

pulses which logically sequence data throughout the CMC.  The control
. pulses are formed by combining the order code of an 1nstruct10n Word
o Wlth synchromzatlon pulses from the timer.. : S

_ The sequence generator contains the order code proces sor, .
- command. generator, and control pulse generator. The sequence '
generator executes the 1nstr1;ct10ns stored in memery by producing con-
trol pulses which regulate theé data flow of the computer, The manner -
in which the data flow is regulated among the various functional areas
of the computer and between the elements of the central processor
causes the data to be processed accorchnw to the specifications of each
machine instruction.

The order code processor receives signals from the central
process-oir, 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 partlcula.r 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 parity on all words
coming from memoary, and generates a parity bit for all words written
1nto memory.

The centiral processor consists of the flip-flop registers, the
write, clear, and read control logic, write amplifiers, memoxry buffer
. register, memory address register and decoder, and the parity logic.
All data and arithmetic ma.mpulatlons within the CMC 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 progcessor is accomplished through the write
ampllflers Data flows from metnory to the flip-flop registers or vice

GUIDANCE AND NAVIGATION SYSTEM .
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‘versa, between individual ﬂlp flop reclsters, 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, and read logic. " This 7001c
section accepts control pulses frorn 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 CMC. The particular memory location
is specified by the content of the memory address register. The
address is fed from the write lines into this register, the output of
which is 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 gatmc fu.nctlons Wlthln the CMC. N

" The memory buffer register buffers all information read out or
written into.memory. 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-flop registers are used to accom-
plish the data manipulations and arithmetic operations. FEach 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 bit
-positions each. These are numbered 16 through 1 reading from left to
right. Reglster E BANK consists of three bit positions numbered 11
through 9. Register S consists of 12 bit positions numbered 12 through
1. Register SQ consists of seven bit positions, SQ, EXT, 16 and 14
through 10. Registers X and Y comprise the adder and each register
consists of 16 bit positions. The 16 output gates of the adder are called
register U; note, however, that U is not a register in the sense of the
flip-flop registers comprising the central processor. Register U and

the write amplifiers each consists of 16 bit positions numbered 16
through 1, 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
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in bit p051t1on 1 and the hafrhesf_ order bn is stored in b1t position 14.

"~ The sign bit is stored in bit position 16. A zero in this bit position
mgmﬁes a positive number and a one signifies a negative number. Bit
pos1t10n 15 is us ed for storing either the overflow or underflow blt

Reglster G serves as a buffer between the centra.l processor and

memory. It consists of 16 bit positions numbered 16 through 1. Any

- | parity bit received from memory is transferred to the parity block but
: not to the central processor register. The 16 inputs to the parity block

are numbered 16 and 14 through 0. No provision is made for entering
an everﬂew bit into the pa.rity block. o ( S
Register A is called the "accumulator.' K contains the results

"of arlthmet:tc operatmns

Register L is called the 'lower order accumulator " It contains
the least 51gmf1cant bits of the product or quotient after a multlphca.tlon
‘or d1v151on process.

Register B is called the 'buffer register.” It also provides a
means of complemeénting since its reset side can also 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 because 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 amphflers provide the current driving capabilities for
the’ reglsters These amplifiers in no way store information: they
szmply route 1nforrnat10n. . :

Reglster S contalns the address of the word to be called out from
memory. Register E BANK is also used when erasable memory is .
addressed Reglster F BA_NK is used when fixed memory i is addressed.

Memory Mernory' prov1des the storage for the CMC and is

- divided into two sections: erasable memory and fixed memory.

-Erasable memory can be written into or read from; its readout is
‘destructive., Fixed memory cannot be written into and its readout is
nondestructive. .. L
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The_CMC has erasable and fixéd memories. The erasable
memory can be Wfitten 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.
Fixed 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 rnefnorx (36, 864 word locations). Both 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 ferrite core as described by a sqﬁare '
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 a result 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 control 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 interi'upt instruction control forces the
execution of the interrupt instruction (RUFTOR) to interrupt the current:
operation of the computer in favor of a programmed operation of a
higher priority. i

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
o hardware.  These inputs are a result of the functioning of the hardware,
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or an action by the operator of the spacecraff The counter interrupts,
- in most cases, enable the CMC to process inputs representatlve of data
parameters such as changes in velocity. The program interrupt inputs
.to the CMC 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 avallable to the CMCs programs through the 1nput
channéls.

The outputs of the CMC fall in one of the follmvutu:r categories:
data, control, or condition 1nd_1cat10ns. Some of these outputs are con-
trollable through the CMC procram Wh:.le others are present as a | )
function of the CMC circuitry. All of the outputs which are controlled
by the CMC programs are developed through the CMC output channels.

Channel OI is the L redlster
Channel 02 is the Q register.
Channel 03 the high-order scaler channel.
Channel 04 the low-order scaler channel.

Output Channel 05 has eight bit positions and is associated with
the reaction control system jets. :

Output Channel 06 has eight bit positions and is also associated
with the reaction control system jets. A logic one in any of the bhit
-p051t10ns will 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 same 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
loglc ones in bit positions 1 and 3 while all other bit positions contained
a logic zero. There are other methods, of course, but these will not
be detailed. ' ' \ :

Channel 07 is the F EXT reglster It is assoc1ated Wlth the
selection of word locations in fixed memory. This channel has three
bit positions. &

Output Channel 10 routes 1nformat10n contained in thlS channel to
- the DSKYs, The different configurations light various displays on the
"DSKYs. ' | '

Output Channel 11 routes information contained in bits 1 through 7
of this channel to the DSKYs Blt 13 is routed to the SCS sy'stem
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Output Channel 12 consists of 15 bit p051t10ns, 14 of whlch are
presently used. The outbits are d-c signals sent to ’che spa.cecraft and
PGNCS.

Output Channel 13 assoc1ates the first four blts of tIns channel
Wlth the VHF ranging. Bit positions 12 through 14 have been covered
under procram 1nterrupt prlorlty control ' :

) Output Channel 14 associates bit pos1t10ns 11 through 15 with the
.CDU drive control. This control generates the following pulse trains
which are sent to the CDUs: CDUXDP (X CDU positive drive pulse),
CDUXDM (X CDU negative drive pulse), CDUYDP, CDUYDM CDhUzDP,
CDUZDM, TRNDP, TRNDM, SHAFTDP (shaft CDU p051t1ve drive
pulse), and SHAFTDM. The GDU drive control also enters the following
d-c signals into the counter priority control to request the execution of
a DINC instruction: X IMU, GCDU, Y IMU, CDU, Z IMU CDU, S OP
CDU and T OP CDU.

Slo'nal X IMU CDU is generated when bit position 15 contains a-
logic one. Signal Y IMU 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 OP CDU when bit position 12 contains a logic one,
and signal S OP CDU when bit position 11 contains a logic one. More
than one of these signals can be generated simultaneocusly.

Once a de51red 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 1 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 DING
instruction.” As the instruction is executed, the counter control is
diminished by one to -431. The CDU drive control thea 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 execufed 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 torqued positively or
- neoa.t1ve1y' and then applies a 3200-cps pulse train to the appropriate
gyro to accomplish this functlon There are six signals associated
with selection of the gyro and the direction in which it will be torqued:
- GYXP (drive gyro x positive), GYXM (drive gyro x negative), GYYP,
"GYYM, GYZP, and GYZM. The appropnate signal is determined by
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- ‘the bit configuration of bits 7 through 9 of output channel 14. If bit
~'positions 6 and 10 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-gyro 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 101 ,
respectively, and bit positions 6 and 10 would be logic 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 main panel DSKY is pressed, a unique five-bit code
is entered into this channel. The RUPT 5 interrupt routine is also
déveloped whenever a key on the main panel DSKY is. pressed.

Input Channel 16." This channel consists of seven bit positions.
If the MARK pushbutton has been pressed, a logic one is entered into
bit positign 6.. This would cause a KEYRUPT 2 (RUPT 6) interrupt
routine. ‘

If the MARK 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. When 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
16 initiates 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, ) : : " o

~b. Bit Position 2 (SM 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 ,
- OSS'and is a logic zero when a failure has occurred in one of the optical
- f. Bit Position 9 (IMU OPERATE). A binary zero in this bit
- position indicates that the IMU is turned on and is operating with no )
malfunctions. S ' : - : :
" . g. Bi*Position 10 (SC CONTROL OF SATURN). A logic zero in
this bit position indicates that the SC has control over the SATURN
stage. - - B _ T o C
h. Bit Position 11 (IMU CAGE). A logic zero in this bit position
indicates that the IMU gimbals are at their null position. B
-"i. Bit 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 {IMU 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 he turned on. N
. 1. Bit Position 15 (TEMP IN LIMITS). A logic one is inserted into
_this bit pasition if the stable member temperature has not exceeded its
design limits. If the limit has heen exceeded, a logic zero will be
stored. : )

Input Channel 31. This channel consists of 15 bit positions. Bit
‘positions 1 through 6 receive their inputs from the rotational hand con-
troller. A logic zero in any one of these bit positions is associated
with roll, pitch, or yaw commands. 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 logic
-zero in bit position 14 indicates that the SC is drifting freely, and that
the CMC'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 11 con-
tains a logic zero while the LM is attached to the CSM. All inputs to
this channel are inverted.
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: _ J.nput Channel 33. Inputs to this channel are generated in the
 “CMC and optics. A logic zero in bit position 2 indicates that the VHE
‘Digital Ranging information is good. Bit positions 4 and 5 receive d- -c
signals from the optics control panel. The d-c sidnals are generated -
J... by switch and relay closures. A logic zero appears in bit position 10
. i#f the BLOCK UPLINK switch is thrown to the BLOCK position. Bit .

' positions 11 or 12 contain a logic zero if the uplink or .downlink telemetry
_rates are too high.  Bit position 13 contains a logic zero if a failure
.occurs in the accelerometer loops.. All inputs to this channel are

I 1nverted - B - :

Output Channels 34 and 35 prow.de 16 bit Words 1nc1ud1nd a parlty
bit for downlink telemetry transmission. o

Power. Tlus section provides volta.ge 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 supply which are energized
by fuel cells in the electrical power system.

Input voltage from the electrlcal power system is cnopped at a
' vanable 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 arnphtude

Source voltage, +28 vdc, is supphed from the electrical power
system through the power switch to the control module. The control
module, essentially a pulse generator, detects the difference between
the primary feedback output of the power supply and a reference voltage.
(A seconda.ry feedback path is connected to the CTS for marginal-voltage
test operations.) A differential amplifier detects any change in the out-
put voltage from the desired level. The output of the differential ‘
amplifier and a 51. 2-kilocycle sync pulse from the timer drive a one-
shot multivibrator in the control module. The differential amplifier
output determines the multivibrator pulse width. Tne resultant +14-volt

. pulse is supphed to the power switch.

The power switch filters the control module output to produce the
desired d-c voltage. Additional fllterlng action protects the electrical
power system from the wide-load variations caused by the chopping
action of the power supply. The power switch alse contains a tempera-
ture-sensing circuit, Because of load reqmrements, the +4-volt power
supply requires two power sw:Ltches
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" The power supply ou:puts are momto*ed by a fai lure detector
. «,onmshnc of four differential amplifiers. There are two amplifiers
for each *oower supply, one for overveoltage and one for undervoltage
: detectlon If an overvoltage condition exists, a relay closure signal -
1nd1cat1ncr a power failure is supplied to the spacecraft. '

2.2,3.2.2 Display and Keyboa.rd.

The DSKYS facilitate 1ntercommun1cat1.on between the flight crew
»Vand the CMC. The DSKYs operate in parallel, with the main display
console DSKY providing CMC display and control while the crew are in
their couches, (See flgure 2.2-2.) v
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Figure 2.2-2. Divspla.y and Keyboa.rd
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v _ghe eAchange of data between the ﬂlgl'ﬁ' crew and tn° CL\/IC is
usually initiated by crew action; however, it can also be initiated by
internal computer programs. The exchanged information is processed
by the DSKY program. ‘This program a.llows the folloW1ng flve d1fferent
) 'modes of operatlon )

° -Diéplay' of Internal Data’ Both a one-shot dlsplay and &
’ penochcally updatlng dq.splay (called momtor) are prowded

e Loachng E‘cternal Data As each numerical character is
- entered, it 1s displayed in the approprlate dlsplay panel locatlon

e Program Calhng and Control. . The DSKY is used to 1mt1ate a
~ class of routines which are concerned with ne1ther loading nor
- display. Certain routines require instructions from the operator
to cletermlne whether to stop or continue at a given point.

. Cha.nglnd Major Mode. The initiation of la.rge scale mission .
- phases can be 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 hardware and software cautions. '

- Displays. The displays consist of eleven status and caution
indicators, three decimal displays and three decimal or octal registers.
The function of the 1nd1ca.tors and displays is as follows:

Indicator/Di splay . ' Function
UPLINK ACTY light On when the CMC has received a com-

plete 16 bit digital uplink message or
durlng the rendezvous navigation pro-
gram the gimbal angle changes are
greater than 10 degrees to align the
CSM to the desired tracking attitude and
the astronaut has disabled the automatic

tracking
NO ATT light :  * Lighted when the ISS is in a coarse
- S _ : B ~align mode.
ST>B‘Y light ' ~ On when the CMC is in the standby
' ' ' mode.

GUIDANCE AND NAVIGATION SYSTEM
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I_ndlca.x.or/Dlsplay o ) s Function . .

A KEY REL hwht o Lighted when an internal display desires

the use of the DSKY and the astronaut is
. using the DSKY or the astronaut presses
. a key (exceptions: PRO, RSET and
""" ENTR) when an internal flashing dis- .

" play is currently on the DSKY or the
astronaut presses a key (exceptlons)
PRO, RSET and ENTR) on top of hlS
Momtor Verb display. -~ .

OFR ERR light l L B On When the 0pera'.tor performs an
, C iz_nproper sequence of key depressions '

TEMP light . L1ghted when the CMC receives a signal
A ~ from the IMU temperature control that

the stable member is outside of the

temperature range of 126.3 to 134, 3°F.

GIMBAL LOCK light - On when the middle gimbal angle
- exceeds *70° from its zero position.

PROG light ) ) Lighted when the internal program
: detects computational difficulty.

RESTART light On when the CMC detects a temporary
hardware or software failure.

TRACKER light Lighted when the CMC receives a
: signal from the OCDU indicating a
fajlure or the rendezvous navigation
Program reads VHF range information
but the Data Good discrete is missing,

COMP ACTY light On when the CMC is occupled with an
T ' internal sequence.

 PROG display - : " Provides a decimal_ display of the
current rnission program in sequence.

VERB displa’y o A Provides a deczmal display of the verb
e ' (action) being performed

GUIDANCE AND NAVIGATION SYSTEM
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-v‘ﬁ;dicatc-')r/DiESp:lay ' : o ".Function
- NOUN diéplay I o - Provides a deciiﬁal display of the noun

(location or register) where the action

(verb) is being performed.

REGISTER 1, 2 and 3 o Provides a display of the contents of .= - -
i [T .  registers or memory l-o_ca.@ions.‘—-'. ) o
The keyboard consists of ten numerical keys (pushbuttons) labeled
0 through 9, two sign keys (+ or -) and seven instruction keys: VERB,
" 'NOUN CLR {clear), PRO (proceed), KEY REL. (keﬁy release), ENTR
- '(.,ent,er), and RSET (reset). : L

Whenever a key is pressed, +14 vdc is applied to a diode encoder

- which generates a unique five-bit code associated with that key. There
is, however, no five-bit code associated with the PRO key. If a key
on the main panel DSKY is pressed, the five-bit code associated with
that key is entered into bit positions 1 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
through 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 ' ' Function

0 throug_h 9 pushbuttons Enters numerical data, noun codes, and

verb codes into the CMC.

+ and - pushbuttons ) Informs the CMC that the following ..
numerical data is decimal and indicates
-the sign of the data.

NOUN pushbutton . . Conditions the CMC to interpret the

B B ' ' next two numerical characters as a
noun code and causeés the noun display
to bé blanked. S

CLR pushbutton Clears data contained in the data displays.
o : - Pressing this key clears the data display
currently being used. Successive
depressions clear the other two data
displays.

GUIDANCE AND NAVIGATION SYSTEM
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Pushbutton S _ B © . Function ;
,PRO pushbutton , . 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 o Releases the DSKY dlsplays initiated

' ’ ‘ by keyboard action so that information -
'supplied by the CMC program may be

‘ echsplayed

: ENTR 'pushbutton » ‘ Informs the CMC that the assembled
’ ‘ data is complete and the requested
- function is to be executed.

RSET pushbutton ' - Extinguishes the DSKY caution indica-
. tors. (OPR ERR, PROG, RESTART,
STBY and UPLINK ACTY).

VERB- pushbutton 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 1, 2, or 3 components, each compo*-
nent being entered separately as requested by the verb code. As each

. component is keyed, it is displayed on the display panel with component -
1 displayed in REGISTER 1, component Z2in REGISTER 2, and
component 3 in REGISTER 3. There are two classes of nouns: normal
and mixed.,  Normal nouns {codes 01 through 39) are these whose
component members refer to computer registers which have consecutive:
addresses and use the same scale factor when converted to decimal.
Mixed nouns (codes 40 through 99) are those whose component members
refer, to nonconsecutive addresses or whose component members '

- require dlfferent scale factors when converted to dec1mal or both.

GUIDANCE AND NAVIGATION SYSTEM
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A verb code indicates what aetion is to be taken. It also determlnes -

‘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 25 loads all three components. A similar -
component format is used in the display ahd ‘monitor verbs, There are
two general classes of verbs ~regular and extended. The regular: verbs
(codes 01 through 39) deal malnly with loading, displaying, and monltorlng

data. The extended verbs (codes 40 through 99) are principally concerned

with calling up mternal programs whose function is system testmd and
opera.tlon. ’ '

Whenever data is to be loaded by the operator, the VERB and NOUN
lights flash, the appropnate 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 2 time, the sixth and
subsequent characters are sunply reJected but they do appear in the dlsplay
register.

The + and - keys are accepted prior to 1nsert1ng the first numerical
character of REGISTER 1, 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 OPR ERR light goes on.

The normal use of the flash is with a load verb. However there
are two spec1a1 cases when the flash is used w1th verbs other than load
verbs. :

" ‘'@ Machine Address to be Specified. There is 2 class of nouns
- available to allow any machine address to be used; these are
called ”machlne address to be specified" nouns. When the
"ENTR, " which causes the verb-noun combination to be executed,
-.senses a noun of this type the flash is 1mmeiate1y turned omn.
. The verb code is left unchanged. The operator should load the
complete machlne address of 1nterest (five-character octal).
. This is dlsplayed in REGISTER 3 as it is keyed in. If an error
. ‘is made in loading the address, the CLR key may be used to -
‘remove it. Pressing the ENTR key causes executlon of the”
- - . - verb to continue, - T

RV

-
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e Change Major Mode. To change major mode, the sequence 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 folléﬁng«events:
e Final entry of a load sequence. , , o

Entry of verb ""proceed without data' (33) or depression of PRO pb.
.o Entry of verb ”_t‘erminate‘v" (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 concluded validly, the
program that initiated it 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" verh is used to
" indicate that the operator choosés not to load the requested data and also

wants to terminate the requesting routine.

Keyboard Operation.

i

The standard procedure for the ‘execution of keyboard operations
consists of a sequence of seven key depressions:

v v N ’ ' ENT!
V;:RB /, ) OUN N2 Nl NTR

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 CMC noun code register. Pressing the ENTR
key initiates the program indicated by the verb-noun combination displayed
on the DSKY. Thus, it is 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 -'sele;:téd verb-noun combination requires data to be loaded by -
the operator,-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 1,
REGISTER 2, or 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 must 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 2 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 sequenc e.

The CLR key is used to remove errors in loading data as it is -
displayed in REGISTER 1, 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 particular
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 backlng up action would be pos, sible,

- The numerical keys, the CLR key, and the sign keys are r,ejected,
if depressed after completion (final entry) of a 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 1, REGISTER 2, and REGISTER 3.is keyed in, and
at no other time. The 8 or 9 key is accepted only while loadlng a data
Tword which is preceded by a + or'.- sign. : : =
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. ‘'The DSKY can also be-used by i‘nternal'__cornnpilt.ed programs for sub-
routines. However, any operator keyboard action (except RSET) inhibits .
DSKY use by internal 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 by internally initiated data displays. In
genei‘_a]._; it is recommended that the operator release the DSKY for
. internal use when he has temporarily finished with it; this is done by
pressing the KEY REL key. ‘ ' ' :

2.2.3.3  Optical Subsystem.

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 IMU and for determining the position of the space-
craft. The system includes the navigational base, two of the five CDUs,
parts of the power and servo assembly, controls and displays, and the
‘optics, which include the scanning telescope (SCT) and the sextant (SXT).

2.2.3.3.1  Optics.

The optics consist of the SCT and the SXT mounted in two pro-
truding tubular sections of the optical base assembly. The SCT and SXT-
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 between 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 1. 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 'a.'xis is twice that of the LOS requirement because
of mirror reflection which doubles any angular displacement in trunnion
axis., ' : : e

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 trye field-of-
view at 1X magnification. The telescope allowable LOS errors are one
minute of arc’-rms in elevation with maximum repeatability of 15 arc-

seconds and approximately 40 arc-seconds in shaft axis.
2.2. 3.3.2  Coupling Data Unit.

“The identical coupling data unit (CDU) used in the ISS is also used- |
#as part of the OSS. Two channels of the CDU are used, one for the SXT |

”»
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shaft axis and one for the SXT trunnion axis. These CDU channels repeat”
the SXT shaft and trunnion angles and transmit ancru}.ar change information
to the CMC in digital form. The angular data transmission in the trunnion’
channel is mechamzed to generate one pulse to the CMC for 5 arc-seconds
of movement of the SXT trunnion which'is equivalent to 10 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, respectively. 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 perforrn a second function on a time-sharing basis.. During a
thrust vector control function, these channéls provide digital-to-analog
conversion between the CMC and the service propulsion system (SPS)
gimbals. :

2.2.4 - -OPERATIONAL MODES.

The PGNCS has two systems, six inertial subsystem (ISS), and
three optical subsystem (OSS) modes. The system modes are listed as
follows \ )

e Saturn takeover
e Thrust vector control.

iv'I'he, ISS modes are listed as follows;

IMU turn-on

IMU cage
Coarse align

Fine align
Attitude error
Inertial reference.

- The OSS modes are listed as follows:

- e Zero opfics . s
"Manual control
] Computer control

=. R = =< ~ - - -

The modlng of the’ systern and ISS is controlled by the CDU w1th 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 dlscrete modlng commands to the CDU.
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Tne modes of operatlon for the OSS are selected by the astronaut
o uszng controls located on the 1nd1cator control panel :

2.2, 41 S-IVB Takeover.

' The S-IVB takeover capability provides ‘steering signals to the '
Saturn instrument unit autopilot. 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 GUIDANGE switch on

* the main display and control panel to CMC durlnar the boost monitor
program only. This switch arms the S-IVB takeover relay with 28 vdc
and issues.a discrete.to the CMC. The CMC, on recognition of this input

. discrete, 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 mterfa.ce between the DAC and the
S-IVB instrument anit. ,

Normally the boost momtor program monitors 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 FDAIL
During the takeover mode the commands are computed by taking the error
(difference between polynominal 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 e*qstlncr 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 extendedverb.
The switch arms the S-IVB takeover relay with 28 vdc and issues a dis-
crete to the computer. The CMC, on recogmtlon of this discrete and the
Saturn digital autopilot enabled generates the S-IVB takeover discrete.

If either rotation control is placed to a pitch, yaw, or roll breakout

- position; the CMC 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
‘be enabled. The CMC then generates a :&e pulse train to the approprlate
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 #0.3°/sec pitch or yaw rate command.
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2.2.4.2

2.2.4.3

When the rotatlon co*xtrol is returned to the null pos1t10n the CMC
inhibits the error-counter-enable ‘discrete to the CDU which causes the
error ‘counter to reset. This results in a 0-vdc output signal from. the
DAC which is applied to the S- IVB IU as a 0° fsec roll p1tch or yaw
rate command : . .

Thrust Vector Control. -
T}ns systern mode is 1n1t1ated by cMC program control..

The CMC. commands a TVC dlscrete which ene rgizes the TVC relay
closmg the interface betwee*l the CDU DAC and the SPS g:.mbal servo

_amplifiers.

The computer alsb issues an OSS error-counter enable and an ISS
error-counter enable. The computer, when all operatlno requlrements

~are met, issues an SPS engine-on command

. The ISS read counters are re’peating the gimbal angle changes indi-
cating to the CMC the present spacecraft attitude. The accelerometers
provide the program with AV inputs. These data are used to compute

. an attitude error and a SPS steering signal.

The attltude 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 1ncremented or decremented only by
CMC commands.

The OSS error counters are 1ncremented by a A8 command propor-
t10na1 to the steering signals required to steer the spacecraft on the proper
trajectory. The error counter can operate completely independent 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
steerlng 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 CMC. Each AG pulse from the CMC changes the SPS glrnbals by’
85 arc- -seconds. : . ‘

IMU Turn -On Mode.

The purpose of the IMU turn-on mode is to 1n1t1ahze the ISS by
driving the IMU .gimbals to zero, and clearing and inhibiting th€:CDU
read counters and error counters. The IMU turn-on mode is initiated
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by applying IMU operate power to the subsystem. The computer issues
two CDU discretes required for this mode, CDU zero and coarse align,
The computer also is sué's the turn-on delay complete diserete 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 _
compute/; 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 the

- pulse torque power supply. This same inhibit is present when a com~- -
puter warning has been issued. The CDU zero discrete clears and
inhibits.the read counters 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 cbarse-align relay. -
The energized contacts of the coarse-align relay switch the gimbal servo
amplifier demodulator reference from 3200 cps to 800 cps, and close the
IMU 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 IMU gimbals will
drive to the zero reference position using the sine output of the 1X gimbal
resolvers (sin 8).

After 90 seconds, the computer issues the ISS turn-on delay com-~
plete discrete which energizes the ISS turn-on control relay. The auto
cage 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 6 signal and applies the coarse -align output to the gimbal
servo amplifier. Energizing the ISS turn-on control relay removés 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. ’

2.2.4.4  IMU Cage Mode.

The IMU cage mode is an emergency mode which (1) allows the
astronaut to recover a tumbling IMU by setting the gimbals to zero, and s
(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.
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2.2.4.5

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 IMU gimbals to drive to zero. When the switch is released, the ISS

‘will enter »the inertial reference mode.

If‘_the MU éage xriode is commé;rided to establish an inertial refer-
ence with the CSS in standby or off, the closing of the IMU cage. switch

© will cause the IMU gimbals to drive to zero. When the switch is released,
-the inertial reference mode will be established. = :

Closing the IMU cage switch énergiz,es the cage and cc;arse-align'

‘relays, which apply the sin 8 signals to the gimbal servo amplifier, and

sends an IMU cage discrete to the computer. Releasing the switch causes

~ the cage and coarse-align relays to de -energize. When the coarse-align

relay is de-energized, the stabilization loops are closed. The computer,
upon receiving the IMU 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) IMU CDU - D/A
X, *Y, *Z gyro seléct S

Gyro set pulses.

The IMU 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).

IMU Coarse Ali gn.

The coarse-align mode of operation is mechanized 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 cbarse-align discrete is routed through the moding module

“where it is buffered. One buffered output provides a-ground path to the

coarse-align relay energizing the relay. The energized relay opens the -
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circuits.

. gyro preamp output, replaces the normal 3200-cps demodﬁiator 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 g1mba.1
until the DAC output is zero vrms. L . .

The buffered coarse—align discrete and error-counter-enable dis-~ -

‘crete are routed from the moding module to the digital mode module for

logical manipulations. The discretes at 0-vdc level are accepted by the
error counter and logic module as moding commands enabling the error
counter, and a.llow1n<r the transfer of Aeg angles frorn the read cou.nter to

- 'the error counter.

. After the logic circuitry has been set up to -accept commaﬁds from

the computer, the CMC will begin transmitting =00, pulse trains at

3200 pps. These. pulses, each equivalent to a change in gimbal angle' of
160 arc-seconds, are accumnulated 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 A8, pulse train is routed through a buffer stage in the DAC,
The first A, pulse arriving at the EC&L logic will determine the direction
the counter is to count, and will also p‘rovide 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 Aec.

The ladder output.is mixed with the coarse- and fine-resolver

errors, after nulling, 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 nulling the s1ne
and cosine voltage inputs from 1X and 16X resolver into the error-detect

ey . R P
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As the read counter 15 belnw incr e“nented the outout of the flrst

‘stage is routed through loglc in the EC&L module,. through a buffer in the‘ s

- DAC, and out to the CMC as an increase in gimbal angle of 40 arc- R
seconds. .The output of the third stage of the counter, 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
‘A8, - If A8 is positive, the error counter is counted up and the A8, from
the read counter decrements the counter. For each read counter pulse
into the error counter, the total content will decrease the' DAC output
‘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 limitéd read counter 1ncrement1ng rate; and the fact that the
flne error input to the DAC increases in proportion to 8 - ¥ as the drive
rate exceeds the range controlled by the fine system, limits, the glmbals
rate of drlve to 2 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 discretes during this mode of
operation; therefore, the read counter circuitry will repeat the changing
gimbal angles exactly as was done in the co_arse—aligﬁ mode, The com-
puter will keep track of the gimbal angle to within 40 arc-seconds.

The commanchna signals for the fine- ahgn mode are generated in
the time-shared, fine-align electromics. 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 current,
toflow. 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-
‘ co:m_pu‘ter then sends set commands or fine-align commands to the set
side of the current switch. The pulse turns on the selected plus or minus
torque current to the gyro, causing the float to move. The resulting
signal generator output causes the platform to be driven through an angle’
equal to the commanded angle. The CMC will receive inputs from the
CDU read counter indicating the change in gimbal angle.

4

The number of torquing pulses sent from the CMC to the torquing
electronics is computed,~based on the 'angle of the gimbal at an instant
~of time and a desired alignrnent angle The dlfference is converted into
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angle. Each pulse sent is equivalent to 0.615 arc-second of gimbal dis -
placement. The required number of fine-align pulses is computed only '
once and is not recomputed 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 génerated by’ the CMC are issued in bursts
at 2 bit rate of 3200 pulses per second. The fine-align electronics will
allow the torqulnw current to be on in the dlrectlon chosen by computer
logic for the duratlon of the pulse burst.

.‘_2. 2.4.7 Athtude Error Dlsplay Mode

The a.ttltude error d.lsplay mode of the inertial subsy'stem 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 counter and the analog-to-digital conversion associated with it. ‘The
read counter 20 arc-second output is routed through logic in the EC&L 1
module through the DAC buffer to the CMC.

The computer is then aware of the present attitude of the spa_,c,ecréft.
-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 A8, 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 the 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
A8. - 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 A8 com-~
mands to increment or decrement the error counter,

The spacecraft attitude can also be displayed on the FDAI. This
information is taken from the ‘1X gimbal angle resolver sine and cosine
"windings. Pitch, yaw, and roll can be displayed from the inner, rm.ddle
and outeér gimbals, respectively.

2.2.4.8 - Inertial Reference Mode. N

Bt

The inertial reference mode of operation is a mode of operation in
‘which no,c‘omputer discretes. are being issued by the computer to any part -
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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 1X gimbal angle resoiver

s .. 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 op_»eratmn, 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 coumter and the DAC are not
".used in this mode of operation, ‘ R .

Zero Optics Mode.

Dﬁring 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 (1X and 64X in trunnion and 1/2X and 16X in shaft) and feeding
them through the two-speed (2X) 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
ZERO switch to ZERQO 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 variations.

Man_ual Direct Operétion.

When in thls mode, the hand controller outputs are applled dlrectly
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 of which is depend-
ent upon the position of the SXT shaft.

The apparent speed of the image motion-can be regulated by the
fhght crew by selecting either low, medlum, or high controller speed on
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- the indicator control panel, This regulates the vol ade apphed to the.
motor drive amplifier, Ag and Ay; therefore, the shaft and trunnion drive
, .rates. The maximum rates are appromma’ce}.y 20 degrees per second for
- the shaft and 10 degrees per second for the trunnion.

2.2.4. 10.2. _Sla\{e 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 TELTRUN switch on the mode control

. panel, There are three possible selections, SLAVE to SXT, 0°, and
25°, With this switch in the SLAVE to SXT po:-ntlon, the SCT  trunnion
axis 'is slaved to the SXT trunnion: this is the normal operating position
for the SCT. With 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 1X receiving resolver. This will cause this position loop to null
in a zero orientation. Therefore, the centerline of the SCT 60- degree -
fleld of-view is held parallel to the LLOS of the SXT.

W:.th the switch in the 25° position, an external voltage is applied
to the same 1X receiving resolver which will cause the SCT trunnion
position loop to null cut so that the centerline of the 60-degree field-of-
view is offset 25 degrees (A, of SCT at 12.5 degrees) from the LLOS of
the SXT. This position of the SCT trumnion will allow the landmark to

. remain in the 60-degree field-of-view while still providing a total pos-
sible field-of-view of 110 degrees if the SCT shaft is swept through 360
degrees. . .

2.2.4.10.3 Manual Resolved 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 view.
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 1X resolver on the SXT shaft.
Here the drive signals, A and A, are transformed by the sine and
cosine functions of the shaft angle (Ag). One of the two outputs of the IX
resolver is sent to the SXT trunnion motor drive amplifier. The second -
output is then 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, A-S, is inversely proport10na1 to the sine of the SLOS angle. The
speed controller is also operat1ona1 in this mode. ‘
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2 2 4 10 4 Optxcs Computer Mark Log1c

.Lhe MARK and MARK REJECT buttons on the 1nd1cator control
pa.nel are utilized to instruct the computer that a navigational fix has taken -
place, and that SXT shaft and trunnion position and the time should either:
be recorded or rejected. The mark command is generated manually' by

_the flight crew which energizes the mark relay. The mark relay trans-
mits a mark command to the computer.. If an erroneous mark is made,
‘the mark reject button is depressed; this will generate a "mark reJect”
E command to the computer »

2.2.4.10.5 Computer Mode Operatwn

' The computer -controlled operatlon is selected by placing the modmg
swit;:h 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 guldance 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 CMC. The panel 5 switch (G/N PWR) supplies AC1 or AC2 power
to the PSA (figure 2. 2-4) where it is routed to the dimmer power supply.

- The output of the dimmer power supply' is prov1ded ta the followmg

e Caution and warning lamp on LEB panel 122
-e Star acquired lamp on LEB panel 122

e TPAC readout on LEB panel 122 '

e Optics (SCT and SXT) reticles

- The panel 100 switches (G/N POWER - IMU and OPTICS) supply the
d-c power to the PSA for power tothe ISS, OPTICS and CDU power
supplies. The IMU HTR and COMPUTER circuit breakers supply
power to the ISS temperature control circuits and the CMC power

-« supplies. : Zn
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- Circuit breakers on panel 226 supply a-c power to dimmer controls
,on panels 8 and 100 for lighting on the DSKYs, EMS, SCS displays and
controls (FDAI 1 and 2, ASCP and GP/FPI), and LEB panel 122, The .
circuit breakers (LMDC-AC1 and LEB AC?2) supply the a-c power.to
_variable transformers in panels 8 and 100 and to isolation transformers
(figure 2. 2-5) for control of intensity of the status.and key integfal lamps
on the DSKYs and integral Jamps on the EMS, SCS 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 100.

GUIDANCE AND NAVIGATION SYSTEM
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| SM2A-03-BLOCK II-(1) o
APOLLO OPERATIONS HANDBOOK

'SYSTEMS DATA

. SECTION 2
' SUBSECTION 2.3

STABILIZATION AND CONTROL SYSTEM (SCS) R
(SC 106 AND SUBS UNLESS OTHERW ISE NOTED)

2.3.1 INTRODUCTION.

The stabilization and control system (SCS) provideé 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 subsystemns: attitude reference,
attitude control, and thrust vector control. These subsystems contain
the elements which provide selectable fuhctions 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.

'The SCS interfaces with the following spacecraft systems:
e Telecommunications System—Receives all down-link telemetering
from SCS. '

e Electrical Power System —Provides primary power for SCS
operation.

e Environmental Control System-— Transfers heat from SG
electronics. '

e Sequential Events Control System—Provides abort switching and
: separation enabling of SCS reaction control drivers and receives
'~ manual abort switch closure from the SCS.-

o Orbital Rate Drive Electronics for Apollo and LM —Interfaces with
‘the pitch axis of the FDAI ball to give a local vertical referenced
display. o '

o 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
, : /

Mission Basic Date 15 Apl‘ilv‘ 1969 Change Date 15 Jan 1970 Page _2:3-1
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2.3.2.1

Provides TVC é:ériro commands to the SCS interface assembiy
for automatic thrust vector control ' ’

~ Provides automatic SPS on-off command to SCS interface

~ assembly for AV control : - ;
Receives switch closure signals from the SCS translation and
rotation controls. o ‘ :

¢ Entry Monitor Sy‘stel;n: the EM S provides SPS enabling/disabii_ng
discretes to the SCS thrust on-off logic for-the SPS. . : o

¢ Propulsion System: .

The service propulsion system receives thrust vector direction
commands and thrust on-off commands from the SCS that can
‘originate in the 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.

Detailed descriptions of tﬁe SCsS Bardware, attitude reference sub-,.
system, attitude control subsystem, and thrust vector control subsystem
are contained in the following paragraphs. '

"CONI‘ROLS, SENSCORS, AND 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-

.pPlays, 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:

® Translation Control (TC) - 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 capability for

manual abort initiation during launch by ccw rotation. Transfer of

SC control from PGNCS to SCS ivs’accomplishe_d by cw rotation.

e Rotation Controls (RC) (2) - Provides a means ofiexercising manual

 control of spacecraft rotation in either direction about each axis..
‘Also the RC may be used for manual thrust vector control. It pro-
vides the capability to cortrol. spacecraft communications with a
push-to-talk trigger switch.

Mission

STABILIZATION AND CONTROL SYSTEM - f

Basic Date 15 April 1969 Change Date 15 Jan 1970 _Page ‘ 2
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2.3.2.2

Gimbal. P051t10n and Fuel Pressure Indlcator (GP/FPI) = Prov1des a
redundant display of the SPS pitch and vaw gimbal angles and a
means of manually trimming the SPS before thrusting. The indica-
tor has the alternate capability of providing a display of launch

' vehlcle (S=II and S-1VB) propellant tank ullage pressures

Attltude Set Control Panel {ASCP) - Interfaces with either of the
total attitude sources to enable manual alignment of the SCS total
attltude Prov1des an attitude error for dlsplay

Flidht Director Attitude Indicator (FDAI) (2 Only) - Provides to the
crew a display of spacecraft attitude, attitude error, and angular
rate 1nformat10n from the PGNCS or SCS :

Gyro Assemblies (GA) (2) - Each gyro assembly contains three
body mounted attitude gyros {BMAG) together with the electronics .
necessary to provide output signals proportlonal to either angular
rate or to angular dlsplacernent

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.

Flectronic 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.

Thrust Vector Servoamplifier (TVSA) - Provides the electrical
interface between the command electronics and the crlmbal actuator
for positioning the SPS engine. :

Reaction Jet and Engine ON-OFF Control (RJ/EC) - Contains the
solenoid drivers and logic circuits necessary to control both the
RCS automatlc solenoid coils and bi—'b soJ.eno;Lci control valves.

Controls and Displays.
The SCS controls and displays consis t of the following assemblies:

° “Rotatioo control (RC) - 2 units P o
e Translation control (TV)

. Attitude set control panel (ASCP)

" e Gimbal position and fuel pressure 1nd1cator (GP/FPI) -
e Flight director attitude indicator (FFDAI) - 2 assemblies

. STABILIZATION AND CONTROL SYSTEM

Mission
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2.3.2.2.2

R‘otati on Contr ol.

v

Twoldentlcal ro‘ ‘tlon controls RCs) are provided. The controls -
are connected m parallel so that they operate in a redundant fashion w1tH—
out smtchlng. : Pltc‘z commands are commanded about a palm-centered
axis, yaw. commands about the grip Ioncltudznal axis, while roll commands’
result from a lef nght motlon (flgure 2.3-2). Within the RC there are
three command sources’ per axis: .
a. Breakout S\Vltches (iBO) A sw1tch closure occurs whenever the
RC is moved 1.5 dégrees from its null position. Separate switches are

, prov1ded in. each axis and for each direction of rotation. These six break-

out sw1tches are used to orov1de command signals to the command

" module computer (CMC) SCS minimum impulses, acceleration commands,

BMAG cage signals, and proportlonal rate command enabling. :

b. Transducers = Transducers produce a-c signals proportlonal to
the rotation control d:LSplacement from the null position. These signals
are used to cornrnand spacecraft rotatmn rates during SCS proportional
rate control and to command SPS engirie gimbal position during manual
thrust vector control (MTVC) One two, or all three transducers can be
used mmultareously- ’ generat:md <:orrespomdlnor command signals.

c. Dlrect S\Vltches - Redundant direct switches will close whenever
the control is ‘mdved a norrnnal 11 degrees from its null position (hard-
stops limit control movement- to ill .5 degrees from null in all axes).
Separate switches are provided in each axis and for each direction of rota-
tion. -Direct switch closure \Vill produce acceleration commands through
the RGCS dlrect solen(nds -

B =

The rotatlon control 1s prov1ded with a tapered female dovetail on
each end. of the hOU.San' ThlS dovetail mates with mounting brackets on
the couch armrests./_h When attached to the armrests, the input axes are
approximately parallel with’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 tmg er-type‘push-to-talk switch is also
located in the contro[ UI'lP Redundant locking devices are provided on

B
%
CE

Th -translatlon ‘control prowdes a means of accelerating along one
or more of the’ spacecraft axes. The’control is mounted with its axes
approx1mate1y parallel to those of the’ spacecraft The spacecraft will
accelerate along the X -axis with a push-pull motion, along the Y-axis by
a left- rlght motlon and along the Z-axis by an up-down command

: _(flgure 2. 3-3) Redundant sw1tches close for each direction of control

dlsplacement _These switéhes ‘'supply discrete commands to the CMG and

the RI/EC.-. A ‘fnechanical lock is provided to inhibit these commands. In

addltlon'the T -handle may be rotated about the longitudinal axis; : :
3 The. redundant clockW1se (CW) switches will transfer spacecraft

'controI from CMC to SCS. It may also transfer control between certain

submodes w1th1n the SCS.

Mission - .
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2.3.2.2.4

‘mately pPlus or minus 12 dedrees ‘

B The redundant counterclockw1de (CCW) sswtches provide for a- .
manual abort initiation during the:launch phace Mvdisdrete signal from

. switch closure is fed to the master events se uence'contr'oller (MESC)
‘Whlch initiates other abort functlons :

Nelther the CW or CCW functzons are 1*1h1b1ted by the locking sw1tch
on the front of the controller. The T- handle will remain in the CW or:
CCW detent position without' being held once it is’ rotated past approxi-

Glmbal Position and Fuel Pressure Indlcator (GP/FPI};'

The GP/FPI (flgure 2.'»3—4) contalns redundant mdicators for both

‘the. pitch and yaw channels + During the boost phases, the mdlcators dis-

play S-II and S-IVB propellant tank ullage pressures. S 1L fuel pressure

(or ' S-IVB oxidizer pressure depending on the Iaunch Vehlcle configuration)

is on the first and second indicators while S-IVB fuel pressure is on the
third and fourth indicators. The gimbal posutlon lndlcator consists of
two dual servometric meter movements, mounted W’Lthlrl a common
hermetically sealed case. Scale illumination uses electrolumlnescent

lighting panels.

For an SCS delta V mode, manual SPS engine dlmbal trim capablhty
is provided. Desired gimbal trim angles are set in with the pitch. and yaw
trim thumbwheels. The indicator dlsplay's SPS engine position relatlve to
actuator null and not body axes. The range of the engine pltch and yaw
gimbal displays are £4.5 degrees. Thls range is graduated with marks
at each 0.5 degree and reference nurfieral at ‘éach 2- -degree division. The
range of the fuel pressure scale is a- to 50 p51 with graduations at each
5-psi division, and reference numerals at’ ea.ch 10-psi division. A func- )
tional description of the GPI dlspla ‘gzrcultry which shows the redundancy
is in paragraph 2 3.5.3. - =

The ASCP (figure 2.3 ‘5)- prov1dés, throuoh thumbwheels, a means
of positioning differential resolvers for each of the three axes. The
resolvers are mechanically Jlinked w1th 1nd1cators t5 provide a readout of
the dialed angles. The mput signals® to-these attltude set resolvers are
from either the IMU or the GDC: The inertial (Euler) attltude error out-
put signals are sine functions of.the. difference angIes between the desired
attitude, set by the thumbwheels, and"the 1nput attitude frorn the GDC or
IMU. The GDC Euler output can’ be used to elther allgn the GDC or to
provide fIy ~to indications on the- FDA att1tude error needles .

a. Indicates resolver anules dn’ degrees’from electrical zero, and
allows continuous rotation from’ OOO through 359 to 000 without reversing
the direction of rotation.

- Mission - -
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b. Graduation marks every 0.2 degreé on the units digit.

c. Pitch and roll are marked continuously between 0 and 359.8
degrees. Yaw is marked contlnuously from 0 to 90 devrees and from
270 to 359.8 degrees.. :

d. Readings increase for an upward rotatmn of the thuznbwheels
Omne revolution of the thumbwheel produces a 20- degree change in the
resolver angle and a corresponding 20- decree change in the counter
‘reading.

, The counter readouts are floodlighted and the nomenclature (ROLL;
.PITCH, and YAW) is backlighted by electroluminescent lighting.

2.3.2.2.5  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 either or both FDAIs is derived from the BMAGs in
either gyro assembly 1 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 angular 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: :

e Pitch rate: *1 deg per sec, %5 deg per sec, *10 deg per bsec
e Yaw rate: 1 deg per sec, %5 deg per sec, %10 deg per sec
@ Roll rate: *l 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 BMAGs from GA-1, the CDUs
(PGNCS), or the ASCP-GDC/IMU (figure 2.3- -10}, Positive attitude error
is indicated by a downward dlsplacement of the pitch error needle, and by
a leftward displacement of the yaw and roll error needles. The attitude

- 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 5 degrees or #50 degrees for full-scale
roll error, and 5 degrees or £15 degrees for pitch and yaw error: -The
error scale factors are selected 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 *full scale, and at £1/3 and £2/3 of full
scale. The roll attitude scale contains marks at null, £1/2, and *full )
scale, The attltude error 1nd1cators utilize servometnc meter ‘ovements.

STABILIZATION AND CONTROL SYSTEM
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. Spacecraft orientatioh, with respect to a selec_:ted inertial refereni:e :
frame, is also displayed on the FDAI ball. - This display contains three-
servo control loops that are used to rotate the ball about three independent
axes. These axes correspond to inertial pitch, yaw, and roll, The.control

- loops can accept inputs from either the IMU gimbal resolvers or the GDC.

resolvers. Selecting the source is covered in paragraph 2.3.2.3.

The control loops are proportional servos; therefore, the angles of

-rotation of the ball must correspond to the resolver angles of the source.
- The FDAI, illustrated in figure 2.3-6, has the following markings:

‘a. Pitch attitude is represented on the ball by great semicircles, The
semicircle (as interpolated), displayed under the FDAI inverted wing

'symbol, is the inertial pitch at the time of readout. . The two semicircles

that make up a great c1rc1e correspond to pltch. attitudes of Q and 0+180

.degrees.

b. Yaw attitude is represented by minor circles. The dlsplay 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 pitch
attitude circle. The roll attitude is more accurately displayed on a scale
attached to the FDAI mountzng, under a pointer attached to the roll (ball)
axis.

d. The last digits of the circle markings are omitted. : Thus, for
example, 3 corresponds to 30, and 33 corresponds 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.

1. Marks at l-degree increments are provided along the entire
yaw O-degree circle. ’

2. The pitch 180-degree semicircles has the same marking incre-
ments as the 0- degree semicircle.

3. Numerals along the 300- and 60-degree yaw c1rc1es are spaced
60-p1tch degrees apart. Note that numerals along the 30 -degree yaw
circle are spaced 30-pitch degrees apart. o
f. The red areas of the ball, indicating gimbal lock are defined by

270 < yaw < 285 degrees and 75 < yaw < 90 degrees. -

Functional Switching Concept.

The Block II SCS utilizes functlonal sw:.tclung concepts as opposed to
"mode select!' switching mechanized in the Block I system.

Functional switching requires manual switching of numerous inde-
pendent panel switches in order to configure the SCS for various mission
functions (e..g., midcourse, AVs, entry, etc.}. Mode switching would, for
example, employ one switch labeled ""midcourse to automatically accom-~
plish all the necessary system gain changes, ete., for that mission phase.

-Thus mode selection simplifies the crew tasks involved, but limits system

ﬂex1b111ty between various mode configurations.

Mission
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‘ . Function select switchizig, on the otherfhand, requii-e_’s'mor,e'rc“reik
‘tasks, but offers flexibility to select various gains, display scale factors,
- - etc., as independent system capabilities. Function select switching also
allows flexibility to "switch out' part of a failed signal path without
. éffecting the total signal source {e.g., SCS in control of the véhic;le with
- GN.displays still presented to the crew). T ‘

2.3.2.3,1 Dis’plaijitching Iﬁterfacgs..

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
BMAG 2 unless BMAG 1 is put into a backup rate configuration. Other
switches also modify the data displayed and these will be pointed out as
they are discussed. Both FDAIs are also assumed to be properly ener-
gized from the power switching panel. :

2.3.2.3.2 Spacecraft Control Switching Interfaces.

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 control
from the service propulsion engine.

2.3.3 ATTITUDE REFERENGCE 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 Be selected either from the PGNCS or the SCS sources. The
rate display is always supplied from the SCS BMAGs. = '

The SCS/source of inertial -(t‘:otaﬁ“attitu“de» 1;s generated by the GDC.
Since the GDC supplies a short term attitude reference it must be aligned
prior to thrusting and entry modes. T

2.3.3.1  Gyro Display Coapler (GDC).

switching: I ‘ ‘ e

There are four GDC configurations that are selectable by panel

‘e Euler mode : . )
= " Entry {0.05G).mode : S L
- e Align mode ) '
- e Non-Euler mode

"

|
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£2.3.3.1.1 = Mode.

In the Euler mode the GDC is- conflgured to compute roll, pitch,
. and yaw inertial angles that define the total attitude of the spacecraft
‘with respect to the chosen 1nert1al reference frame '

v The 1nputs to the GDC in thls mode are d-c rate signals. from the
BMAGs (figure 2.3.7A). The rate inputs are supplied from either the
GA1l or GAZ BMAGs as selected by the BMAG MODE switches. The
body rates from the BMAGs are modulated, amphﬁed and converted to
Euler (1nert1a1) rates by a pair of forward transformation resolvers.
These transformation resolvers mechanize the transformation equations
which relate the body rates {g, r, p) to the ra.tes about the 1nert1a1
reference axes (6, andd).

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-resolvers.

The GDC transmitter-resolver electrical outputs can be displayed
on an FDAI via panel switch selection (figure 2. 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 ASCPR resolver outputs are proportional to the sine of
the difference between the GDC angles and the selected ASGP angles.
These inertial errors (A&, AY, Ad) are converted to the body (space-
craft) coordinate system by reverse transformation before they are ~

 routed via panel switching to an FDAI (figure 2.3- 8). To mechanize the
reverse transformation another set of yaw and roll computational-
resolvers are utilized. Here again the yaw and roll computational-
resolver shafts are in common with the transmitter-resolver shaifts.
Both transformations are contlnuously u.pdated with the existing yaw and
roll 1nertla.l 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 (Y ) 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. :

STABILIZATION AND CONTROL‘SYSIEM
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2.3.3.1.2  Entry Mode.

During entry into the earth atmosphere, the ..corhma.nd,module
rolls about the 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 GDGC
computes the roll rate ( ég ) 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.

‘Each channel can be configured so that it rveceives the rate -inpu,t_
signals from different BMAGs. The GDC roll channel can only be
supplied by the GAl yaw and roll BMAGs, but the GDC yaw channel can
be supplied from GA2 (BMAG MODE - RATE 2 or ATT 1 RATE 2) or
GAl (BMAG MODE - RATE 1).

STABILIZATION ‘AND CONTROL SYSTEM
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The GDC vaw axis supplles the integrated stablhty roll rate
(stablhty roll attitude) to the roll stability indicator (RSI), ‘which is on
. the entry monitor system (EMS). The other entry switch (EMS ROILL)
must be up to provide the signal path from the GDC to the RSI.

The GDC roll axis ‘drives either FDAI ball Wlth stability roll atti-
tude information. The FDAI that is driven by the GDC will be actlve
only in the roll axis.

Align Mode.

Slnce the GDC prov1des accurate 1nformat10n only during relatively .
short perlods, it must be aligned to the desired reference periodically
and is always aligned before thrusting maneuvers and prior to entry.

The align error 51Una1 is the ASCP-GDC difference 51gna1 which is
“created by feedlnd 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 gimbal 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, so that 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 F'DAI 1, the
panel switches must be positioned as follows: FDAI SELECT = 1, FDAI
SOURCE - ATT SET, and ATT SET - IMU (figure 2.3-8). Once the
errors are nulled, the ASCP has stored the IMU gimbal 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 andles the FDAI error needles will
return to null again. :

Prior to entry the RSI can be repositioned, 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, ROLL to OFF.

When .05 G is sensed during'entry the crew places both ENTRY
switches up. At this time both the RSI and the FDAI will rotate in the
same dlrectlon -whenever the spacecraft rolls about the stability roll
axis.

fa 8-
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2.3.3.2
2.3.3.3

2.3.3.3.1

f-. Non-Euler Mode.

- lunar orbits and orbital altitude ad;ustment

st

Although a switching capability exists which will configure the GDC
to the non-Kuler mode, the CMC is not programmed to utilize digital body
rates from the GDC. Therefore, this mode is not used during fllcrht If
the CMC ATT switch is placed to the GDC position, the FDAI ball motor
power is removed so that neither FDAI ball will move when the spacecraft

~ attitude chandes In addition, the ASCP error s:tdnals cannot be dlsplayed.

 If the CMC ATT switch is placed to the GDC pos;Ltlon 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 IMU position. This is because the forward transformation
in the GDC is by-passed in the non-Euler mode. In this case the. GDC -
transmitter -resolvers are driven by body-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.
(De_l.eted)
FDAI Display Sources.

The two FDAIs display total attitude and attitude errors that may
originate within the SCS or PGNCS. They also display angular rate from
the SCS. The flight crew establishes the FDAI sources by panel switch
selection. (See figures 2.3-9 and 2.3-10.)

Total Attitude and Error Display Sources.
The total attitude and attitude error display selections result from

combinations of panel switch positions (figure 2. 3-8). When both FDAIs
are selected, the platform gimbal angles will always be displayed on

- FDAI 1 while GDC Euler angles will be displayed on FDAI 2. In order to

select the source of attitude display te a particular FDAI, that FDAI 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 FDAI, the CMC ATT switch must be in the IMU

p051t10n

: The FDAI atntude dlsplay may, be mochfled by a NASA- supphed

ZOrbital Rate Display-Earth and Lunar (ORDEAL) unit. The ORDEAL unit

is inserted electrically in the pitch channel between the electronic display
assembly and FDAI to provide a local vertical display in the pitch axis of
: either (or both) FDAIs. Controls on the unit permit selectxon of earth or

The FDAI attitude error display source can be either the SCS or the
G&N, with two sources per system The a.ttltude error sources are as
follows 4%
a. The BMAG 1 error dlsplay is an indication of glmbal prece551on

about its null point, assuming the gyro is uncaged, and may only be
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Figure 2,3-9. FDAI Rate Select Logic

d1sp1ayed when the SOURCE switch is in the GDC position or when the
'FDAI SELECT switch is in the 1/2 position.
"b. Euler angles from the GDC interface with the ASCP to provzde an
'v'vEuler angle error (GDC -attitude set difference signal) which is then trans-
formed to body angle errors for display on either FDAI. This dlsplay
source facilitates manual maneuvering of the spacecraft to a new inertial
attitude that was dialed in on the attitude set thumbwheels. '

c.  Inertial gimbal angles from the IMU interface with the ASCP to
generate inertial error (IMU-attitude set difference signal). whlch may be
displayed on either FDAI. Thus, if the error needles were nulled using

- ... the thumbwheels on the ASCP, the ASCP indicators Would then 1nd1cate ‘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 CMC
position, or when the FDAI SELECT switch is in the 1/2 position.
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Figure 2.3-10. ARS Overview (Sheet 1 of 2)
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T 2.3.3.3.2

2.3.4.1

2.3.4.2

2.3.4.2.1

: Rate,Disvyplay_S_ources .

source for rate display will be the BMAG 2 gyros, and is selected 'by '

"~ having the BMAG MODE switches in the ATT 1/RATE 2 or ‘the RATE 2 o
- positions The backup source is selected when the BMAG MODE switch is -
- in the RATE 1 position. - This will rate cage the BMAG 1 gyros-and

_ 'Tﬁe‘i-até_dis.playrsourc;es v{figureﬂz. 3-9 andZ 3-10) -Wi].l always bé _ ]
from either of the two gyro assemblies on a per-axis basis. The normal e

switch their outputs to the FDAI rate needles. When the ENTRY - .05 G,

““switch is placed up, the roll rate gyro output is modified by the tangent
21'degrees and surhmed 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 and since the

~ gyro assemblies are supplied from separate a-c buses, selecting baékup

rate (BMAG 1) in yaw will automatically select the backup rage gyro
(BMAG 1).in roll and vice versa. I‘his prevents any phase differénce
from the two buses from affecting the summation of the two rate signals.

ATTITUDE CONTROL SUBSYSTEM (ACS). .

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 aissemblies. The electronic control
assembly (ECA) provides cormmands as a function of both gyro and manual
control (RC and TC) inputs to fire the RCS via the reaction jet/engine con-
trol assembly (RJEC). Alternate spacecraft attitude control configurations -
provide several means of both mangally and auﬁoinatically controlling

- angular rates and displacements about spacecraft axes. Accelerations

along spacecraft axes are provided via thé TC. The crew uses this.
control for both docking and delta V maneuvers. ‘ o

Hardware 'Fi;n\ctio_n (ACS) .

While a description of each SCS component was given in para¥
graph 2.3.2.1, this description considers those functions and interfaces

B used in the ACS.

. Gyro Assembly - 1 (GA-1). : -

GA-1 contains three BMAGs that can provide pitch, yaw, and r'o.llﬂ

. attitude error signals. These error signals are used when SCS automatic

attitude hold is desired.  The signals interface with the electronics con-
trel assembly (ECA). The BMAGs can be rate caged independently by
control panel switching to provide backup rate information, or held in
standby. The GA-1 BMAGs can be uncaged independently (by axis) during
SCS attitude hold if the MANUAL ATTITUDE switch is in RATE CMD,
the BMAG MODE switch in ATT 1.RATE 2, the ENTRY .05 G $witch is
OFF and no RC breakout switch is closed (figure 2.3-11).
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Figure 2.3-11. BMAG Logic and Outputs B
2._ 3.4, 2.2 Gyro Assembly - 2 (GA-Z)_.

GA -2 contains three BMAGs that are always rate caged. These
BMAGs normally provide pitch, yaw, and roll rate damping for SCS auto-
matic control configuration and proportional rate ma.neuvvering. The rate
signals interface with the ECA. When backup rate by axis is selected

. (RATE 1), the GA-.erigna/l(,s)'is not used. 4 R

" 2.3.4.2.3 Rotational Controllers (RC-1 and RC-2),

The RCs provides the capability of controlling the spacecraft attitude
s, simultaneously in three axes... Either controller provides the functions
listed below for each axis (pitch, yaw, roll) and for each direction of
rotation (plus or minus). '
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| Within the RC are six breakdut switches, thr,eve‘i.:ran‘sducer‘s,k and e
twelve direct switches. (See figure 2, 3-12.) T

 Breakout Switchgs’. A breakout swit”ch3 closed at a nominal '1.5- 0
degree RC deﬂéctign, routes a 28-vdc logic signal to both the PGNGCS and

the SCS for attitude control inputs as follows: : _
A a. Rotation Command to CMC. If the spacecraft is under CMC con-
. tral, .the signal commands rotations thr_\oﬁg}i the, CMC input to the RJ/EC.  1\&'
" b. Acceleration Command. * The signal is sent to the RJ/EC and ~
commands rotational acceleration whether in CMC or SGS control. ‘

c.  Minimum Impulse 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. The logic signal is used in the ECA to
enable the manual propértional rate capability and to rate cage the BMAGs
‘in GA -1, o : ‘ : . ‘

Transducer. The transducer is used for proportional rate maneu-
vers. It pi‘ovides a signal to the ECA 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.

Direct Switches. At 11 degrees of controller deflection a direct
switch closes. If direct power is enabled, the direct switches route 28 vde
. to the direct coils on the appropriate RCS engines and disable the auto coil
~ solenoid drivers in that axis (or axes). ’

" 2.3.4.2.4 Translation Controller. -
The translation controller provides the ca?abﬂify of manually com-
manding simultaneous- accelerations along the spacecraft X-, Y-, and
Z-axes. (See figure-2. 3-13. ) Itis also used to initiate several transfer

commands. These functions are described below. =~

Translation Commands. N : -

T oa. CMCC‘ontrol.i -If the spacecraft is under CMC control, a transla-
‘tion command results in a logic signal (28 vdc) being sent to the CMGC.
The CMC would provide a translation command 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 will -

disable CMC inputs to the RJ/EC. A logic signal (CW) is sent to the CMG
when the T-handle is at null. s : L S

STABILIZATION AND CONTROL 'S_YSVTEM.
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B Figure 2.3-13. Tr'ans"l.avtxf.on Control Infe\rfac‘:es- P '

. Counterclockwise Switch (CCW), A counterclockae rotatlon of the
1 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 drlvers in the RJ/EC

2.3.4.2.5 Electronics C_ontrol Assembly (ECA).'

The ECA contains the electronics used for SGCS automatic attitude
hold, proportional rate, and minimum 1mpu}.se capabilities. It also con-
“tains the attitude BMAG(s) uncage logic. It receives control inputs from
the gyro assemblies and the rotational controller-transducers and breakout
_switches (MIN IMP). -The ECA provides rotational control commands to
the RCS loglc in the RJ/EC

2.3.4.2.6 Reactmn Jet Englne Control (RJ/EC)
The RJ/EC contains the auto RCS logic and the solenoid drivers (16)
.1 that provide commands to the RES automatic coils. The auto RCS logic’
. receives control signals from the CMC, 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 28 vdc to the AUTO RCS
SELECT switches (flgure 2.3-15).
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2.3.4.3

©2.3.4.3.1

2.3.4.3,2

Reaction Control Syster Interface. R o
General.-

The RCS provides the rotation control torques and translation thrusts:
for all ACS functions. Prior to'CM/SM separation, the SM RCS engines
are used for attitude control. The CM RCS is used after separatlon for
control during entry (fzgures 2.3-14 and 2.3-15). 'The CM has only 12 RCS
engines and does not have translational capability via the TC.: BAfter, :

' CM/SM separation, the A/C ROLL AUTO RCS SELECT switches have no'

funétion, as the 12 CM engines need only 12 AUTO RCS SELECT sw:.tches
(flgure 2.3-15).

An RCS engine 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 coil, 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.

~ Automatic Coil Commands.

_ Power. - The automatic (auto) coils are supplied 28-vdc power via
one set of contacts of the AUTO RCS: SELEGT switches. (figure 2.3-15).
The solenoid is operated by smtchlng 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 YAW circuit breakers on panel 8, The 28 vdc lines to the auto
coils on SM engines (jets) except A1, A2, Cy, and C2 are switched at

‘CM/SM transfer to CM coils. The wires from the A/C ROLL AUTO RCS.

SELECT switches to SM engines Ay, Az, Cj, and Cyare 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 the SCS CONTR/AUTO MNA and MNB c1rcu1t breakers (MDC~- 8)

“The:CM jets are sum:hed from two seuarate propellant systems,
1 and 2. ' The jets are designated by ‘the .propellant 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 TRNFR 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.

Auto RCS Logic. Commands to the RCS enginéé 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

]
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. SMZ\A -03- BLOCK - (1)
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SvYSvTE‘MS DATA -

‘logic cz:.cuztry contalned in the RJI/EC. The auto RCS logic performs two
. functions: :
2. Enables the command source selected based on Ioglc swnals
received from the control panel or manual controls.
‘b. Commands those solen01d drlvers necessary to perform the de51red
maneuver. ’ i

The logic receives RCS commands from the fvoliowing' sources;
Q\VCMC (provides rotatione.l ana translational commands}.

e ECA (prowdes rotatlonal commards for either automatic attitude hold,
- proportional rate, or minimum 1mpulse control)

e RC-1 and/or RC-2 (breakout switches [BO] provide. contlnuous
rotational acceleratlon) ,

¢ TC (provides translational acceleration commands).

The ACS provides the following commands, listed in orcier of
descending priority: : . ‘ . ‘ -

Direct Coil Commands. At the initiation of direct coil commands,
all command input channels to the auto RCS logic module(s) in that axis
(axes) are inhibited. Pitch and yaw. auto commands are inhibited during
SPS thrusting (IGN 1). This prevents auto coil commands from flrmg the
RCS during SPS thrusting.

ACCEL CMD Selection, If 2 MANUAL-ATTITUDE switch(es) is
placed in the ACCEL CMD position, the CMC and ECA inputs to the auto
RCS logic module(s) in that axis (axes) are inhibited. Commands to fire
autd coils are enabled from the RC breakout switches. (See bottom ''and"
gates in figure 2.3-17.) ‘ - : SR ‘

MIN IMP Selection. The ECA 1nputs to the auto RCS logic modules
(ﬁgure 2.3-14) provide both the minimum impulse commands, as well as
automatic attitude hold,. automatic rate damping, and proportional rate
command. When MIN IMP is selected on a MANUAL ATTITUDE switch,
the ECA is conflgured to accept RC breakout commands and supply output

pulses. All other outputs of the ECA are inhibited in the ECA.

STABiLIZATION AND CONTROL SYSTEM
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2.3.4.3.3 - _Direé"t“Céil _Cpmmari_ds,“ -

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 follovnng para-

- graphs (shown in flcure 2,3- 18) :

- Direct Rotational Control. The direct switches in the rotation con-
trollers {RCs) are enabled wheén the ROT CONTR PWR-DIRECT 1 & 2
switches on MDC-1 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 ogcurs, routing
28 vdc to the appropriate direct.coils and to the auto RCS logic (para-
graph 2.3.4.3.2). The signal to the auto RCS lagic disables the solenoid
drivers in the channel(s) under direct control.

D‘irect Ullage., An ullage is performed prior to an'SPS thrust
maneuver. Direct ullage is a backup to TC +X translation. Pressing the
DIRECT ULLAGE pushbutton routes 28 vdc to the SM 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 igniti'_on logic in the RJ/EC. (Refer to paragraph 2.3.5.5.)

-7~ At CM-5M 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 paragraph 2. 3.4. 3.2, except that

. either of the two transfer motors transfers power to all CM direct coils.
= =_ _ . The lines for direct or separation ullage (steps b and ¢), are open ended-
at CM-SM separatmn. :

STABILIZATION AND CONTROL SYSTEM
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2.3.4.4.1

2.3.4.4.2

LS

Attitude Configurations,

General.

The SCS hardware can be placed in various conflauratlons for atti-
tude control. These configurations, descnbed br1eﬂy in the preceding’
paragraphs, are categorized as automatic and manual configurations. The
automatic control capabilities are described in paragraph 2.3.4.4.2 and
the manual capablhtles in paradraph 2. 3 4. 4 3 :

Automatic Co’ntrol.'
The automatic capabilities of the ACS are rate damping and attitude

hold. The rate damping configuration provides the capability of reducing

large spacecraft rates to within 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 control 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 hold uses the control signals provided by the rate and atti-
tude BMAGs which are summed in the ECA. (See figure 2.3-19.) 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, yaw, and roll) has two outputs that provide
clockwise and counterclockwise rotation commands. "The polarity of the
d-¢ input voltages to the switching amphflers determlnes the commanded
direction of rotation. : - v

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 the switching amplifier deadband. Manually-selectable gain

authority provides flexibility 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 command -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-
tion of attitude error and rate signals equals the voltage deadband. Atti- .
tude-error_signals are scaled (20:1) 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 summarlzed in the following
table , . i '

Mission_
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: :  ATT DEADBAND-
: ‘ “ Rate -Sw-Position
RATE - | deadband ——
Sw Position | (°/Sec) MIN MAX
L.OW - _ =0, 2 +.2 deg +4. 2 deg . i
- HIGH *2 +4 deg +8 deg - S

Durlnor attltude hold it is des1rab1e to malntaln minimum rotatlon
‘rates to conserve propellants. This capablllty' is’ promded by the pseudo-
rate circuit. Pseudo-rate feedback around the switching amplifier is
enabled via the LIMIT CYCLE switch. Placing the LIMIT CYCLE up
causes the switching amplifier output to pulse off and on when the 1nput
level anproaches the threshcld ‘

When 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 RCS. This applies for operation near the deadband limits.
To insure a sufficiently-long pulse to the solencids, a one~shot circuit is
connected downstream 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 command 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 pickup time increases as the bus voltage decreases; therefore,
a Iongver RCS ""on'" command is-r‘equirged; Thus, the one-shot circuit pro-
vides compensation for bus voltage variations: the pulse width varies
approximately from 13 msec to 17 msec over a bus voltage range of 30 to
25 vdc. The one-shot circuitis also used in manual minimum impulse
control, This configuration is described in the next paragraph.

_An additional rate control loop is used for the yaw axis only. This
loop is enabled during entry, after ,05 G, and is used to cancel unwanted
yaw rate BMAG signals. The unwanted yaw BMAG signals are those
signals resulting from roll maneuvers about the stability X-axis. The
21-degree offset between this axis and the X-axis causes the yaw BMAG
to sense a component of the entry roll rate. :

2.3.4.4.3 Manual Control.

Following are the manual attj.fude control capabilities.
"~ "¢ DIRECT ™ "~~~ ot s
ACCELERATION CMD
MINIMUM IMPULSE
PROPORTIONAL RATE:

Mission ___Basic Date 15 APrll 1969 Change Date 15 OCt 1969 PageM‘?’ﬁB
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z I_;he c‘ommands listed are initiated by mahual inptﬂ:s to eithér rotatioh' con- -
troller. With the exception of dlrect the RC commands rotatlons through
" the RCS auto ccnls

" The manual rotatlon control capab*htles are dlscussed further in the: :
: fOllOWll’lO’ paragraphs : . » o

Propoﬁrtional Rate. Proportional rite provides the capability to
command spacecraft 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 BMAG. Initially,
the RC output’ (commanded rate) will be larger than the BMAG output

(actual rate} so that the summed signals will be greater than the sw1tch1n0
amplifier threshold. The RCS engines will fire until 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
proportlonal rate, the spacecraft will be under automatic control when the
RC is released.

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
maximum stick deflection (soft stop), for both rate switch positions, are
shown in the following list. '

i - Maximum Prop. Rate CMD
) ‘ - (By Axis)
"RATE Switch -
Position Pitch & Yaw Roll
LOW _ 0.7 deg/sec 0.7 degfsec:
HIGH \ 7 deg/sec 20 deg/sec

The switching chart shows the LIMIT CYCLE switch.in the OFF
position. Performing a proportional rate maneuver with pseudo-rate =
"enabled {switch-on), required more RCS fuel than the same maneuver
w1thout pseudo-rate feedback -

Minirnum Impulse.- " Minimum impulse provides the capability of
‘making small changes in the spacecraft rate. When minimum impulse is
* enabled, the switching amplifier output is inhibited. Thus, the spacecraft
{attitude) is in free drift in the axis where minimum impulse is enabled,
- if direct control is not being used

e

- STABILIZATION AND CONTROL SYSTEM.
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2.3.4.5

2.3.5

2.3.5.1

Minimum impulse control is commanded by the RC breakout switch.
This switch provides a 28-vdc logic signal to the one-shot circuit inthe
ECA. The one shot (paradraph 2.3.4.4.2) prowdes a command to the auto
RCS logic for a nom1na1 15 ms. Additional minimum impulse commands -

, are obtdined each time a breakout sw1tch is closed (by repeated opening..

and clos1ng of the breakout sw1tch)
Acceleration Com‘mand.' v"VV’hen acceleration command is enabled and
a breakout switch is closed, continuous commands are sent to the appro-
priate RCS auto coils. The SC CONT switch has no function in enabling the -
acceleration command capability, which is second in pmonty only to direct

: c011 operatmns (Refer to parafrraph 2 3. 4 3.2.)

) 'Di-r-.-.ect. Direct control is similar to-acceleration co'mmandwexqep;
that the direct RCS coils are used. Also, instead of a breakout switch
providing the firing command, the RC direct switch is used to provide
28 vdc straight to the direct coils (figure 2.3-19). Power to the RC direct
switches is controlled by the two ROT CONTR PWR DIRECT switches on
MDC-1, one switch controlling the 28 vdc for each RG. (See figure 2.3-26.)
During direct control in an axis, all auto coil commands in that ax1s are

.- inhibited in the auto RCS loglc (flcrure 2.3-17).

Translation Control.

"When power is supplied to the translation control (TC), a manual
translational command fires auto coils to. give acceleration(s) along an
axis (or axes). The TRANS CONTR PWR switch on MDC-1 supplies 28vdc
to the TC translatlonal switches (f1gure 2.3-286).

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 CMC. (See figure 2.3-17.) v
Since the TC uses only SM 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, CSM/LV separation ullage, and 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 each ACS capa-
b1l1ty that has been d1scussed For a summary, see flgure 2.3-20,

THRUST VECTOR CONTROL (TVC)

Introduction,

The spacecraft attitude 1s controlled during a delta V by pésition_ing

“the engine gimbals {TVC) for pitch and yaw control while maintaining roll

Mission
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attltude with the attltude control subsys’cern The SGS electromcs can be i
" configured to a.ccept attitude sensor Inputs for automatic control {SCS auto
TVC) ar rotational controller (RC) inputs for manual thrust vector control
AMTVC)., Manual TVC can be selected to utilize vehicle rate feedback
‘sigrals summed with the manual inputs; this comprises the MTVC/RATE
CMD configuration. Selecting MTVC without rate feedback describes the
MTVC/ACCEL CMD configuration. A different configuration can be -
selected for each axis; for example, one axis can be controlled ma.nua.lly
»whlle the other is controlled automatzcally. ‘
. Th"e following pa;r'agraphs present the characteristics 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.

2.3.5.2 TVC Panel Configurations.

On the simplified TVC signal flow diagram shown in figure 2, 3-21
‘functional enabling switches are used for reference. The TVC switching
table (figure 2.3~22) relates the functional switching and panel switching to
the TVC configuration desired. Both figures are apphcable to either the
pltch or yaw TVC channel, :

In general, it is possible to enable a functional switch through several
{alternate) panel configurations. The alternate configurations usually
require the CW 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 CW signal will also emable transfer from servo
No. 1 to servo No. 2 (figure 2.3-22) under certain conditions: Thus, it is
possible to transfer to a completely redundant configuration by using the"

TC clockwise swﬂ:ch

The gimbal servo control loop consists of a servéamp that drives two
. magnetic clutch coils; one coil extends.the actuator; the other retracts the
_ actuator. Gimbal rate and position transducers provide feedback for -
" closed loop control. Two servo control channels are provided in each
axis, pitch and yaw. The active channel is selected through functional
switch servo Z enable (figure 2.3-21). Primary control utilizes servao
wrie No.- L.~ Servo No. 2, in an axis, can be engaged either by selecting 2 posi-
tion on the TVC GMBL DR switch or by automati‘cvtransfer.' Automatic
transfer Will,'voccur,, if the TVC GMBL DR switch is in the AUTO position
and either the FS (fail sense) or CW logic signal is present. The CW logic
will-enable transfer to servo No. 2 in both axes, whereas, the FS logic
will enable transfer only in the axis where it is present. The fail sense
* signal is generated in the motor excitation circuitry of servoactuator No. 1,
occurring when an overcurrent is sensed. The transfer logic descnbed is
1nc1uded 1n the sw1tch1ng'ta,ble (f1gure 2.3-22)y, -—- -

' STABILIZATION AND CONTROL SYSTEM
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2.3.5.3 GPI Signal Flow.

‘The gimbal pOSlth”l display (figure 2,3~ 3) is used as a monitor of
SPS pitch and yaw gimbal deflections from actuator null during CMC and ‘
SCS control of a AV. Prior to an SCS AV, the SPS engine must be posi-
‘tioned with the trim thumbwheels on the GPI. In this case, the GPI w1ll
display the trim gnnbal angles that are set Wlth the thumbwheels. )

) Slnce there is onlv one dlsplay panel of gimbal p051t10n, there are. -
‘redundant indicators, servometric meter drivers, and power supplies
“associated with both the pitch and yaw position displays. (See fig-
ure 2.3-23.) When servs channel No. 1 is controlling the SPS actuator,
- the p051t10n 1nput to both GPI 1nd1cators (pitch and yaw) is supplied from
“ the No. 1 position transducer. If actuator control is transferred to the
No. 2 serve; then the No. 2 position transducer drives both indicators in
that axis. If the FDAI/GPI POWER switch is in BOTH position then all
four indicators are powered.. With the switch in position 1, the first and
third indicators are enabled. The second and ourth indicators are
energized with the switch in position 2. ’

2.3.5.4- SCS Auto TVC.

In order to configure the SCS electronics for an SCS 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-1, the
gyro uncage logic must be satisfied (figure 2,3-11). This requires that the
BMAG MODE switches be in ATT 1 RATE 2, the ENTRY-. 05 G switch be
OFF, and that the SPS ignition signal (IGN 2) be present. For attitude
hold (paragraph 2.3.4.2.1), the IGN 2 logic was not needed as GA-1 can
be uncaged by placing the MANUAL ATTITUDE switches to R_ATE CcMD
‘while having no breakout switch input. -

The attitude error signal (in pitch and yaw) is summed with the SPS
gimbal position and GPI trim at the input to an integrator (figure 2.3-22).
. The integrator output is summed with attitude error and rate, filtered for

body-bending, and then applied as an input to the servo amplifiers {pri-
mary and secondary). During a delta V the integrator output insures that
the thrust vectar stays inertially fixed even though the cg shifts as the
propellants are consumed. The signal path requires that the delta V 1s
under SCS control with the SCS TVC switch in AUTO.

Though the control signal is applled to both servo amphflers, only
one will be positioning the SPS gimbal actuators. Selection logic control-
ling which servo amplifier is energized is represented by the SERVO 2

s ENABLE functional switch. The TVC GIMBAL DRIVE switches on MDC -1 -
have AUTO positions which provide an automatic transfer from servo 1 to
servo 2 if either a TC-CW switch is closed or an over-current logic

‘ STABILIZATION AND CONTROL SYSTEM
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2.3.5.5

sighai is sent from the SP Positioning the TVC GIMBAL DRIVE. éwitcheé-- g

.. tol or 2 selects the de51red sServo loop, but overrldes the TC—CW or

over-curr ent transfer .

Pre-thrust gimbal trim is accomplished by manually turning the trim
wheels on the gimbal position indicator (GPI) to obtam the desired indicator
readout. The trim wheel in each axis is mechanically connected to two

.potentiémef;ers. As shown in figure 2.3-21, one potentlorneter is.asso-
- ciated with servo No. 1 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 also 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 reqmred after engme 1gmt10n

: Manual 'Ihrust Vector Con_trol.

Manual control of the thrust vector utilizes crew commands via the
RC to position the gimbaled SPS. There are twa 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-CW logic provides either an automatic trans-
fer from a PGNCS- controlled delta V or from an SCS auto delta V. (See
flgure 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 increase, 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. When 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, it will

slowly decay). The circuit (integrator) provides the following capabilities:
a. Maintain a gimbal deflection after returning the RC to rest.
b. Make corrections with the RC about its rest posxtmn, rather than
holding a large displacement.
c. With no manual 1nputs, SC rate is damped out in (:he RATE CMD

configuration.

The selection between the RATE CMD and ACCEL CMD configura- |
tions is made by enabling rate signals in the RATE CMD mode with the

~ IGN 2 logic signal present (thrust on). This enables rate BMAG signals to

be summed with RC inputs. The position of the BMAG MODE switch deter-

~mines which rate source (BMAG 1 or 2) is summed, through its associated

functional switch. Placing the SCS TVC switch in the ACCEL CMD position

disables the rate command mode.

Mission
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.Thé'li,ATE CMD gonfiguféxtion is analogous t__oléhe-_Propbrtioria._l‘rate. ’

-, capability described in the ACS (paragraph 2.3.4) except there is no X
.deadband. With no manual input, the thrast vector is under rate BMA'G
- control. If ther is an initial gimbal cg misalignment, )a‘,n angular accel- -
-eration will. develop.  The rate BMAG,. through the proportional gain,

will drive the gimbal in the direction necessary to cancel this accelera-

tion.. With no integrator, a steady-state rate would be required to hold
. . - the necegsary gimbal deflection (thraugh cg). - However, due to the inte- =
" - grator; the rate is driven to zero. When an RC ihput (manual) i:s' 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. When the manual input is remaved the rate is driven to
Zero. C -

- When rate feedback is inhibited by selecting ACCEL CMD, the RC
input must be properly trimmed to position the .thrust vector through the
cg. However, positioning the thrust vector through the cg only drives
the rotational acceleration to zero. - Additional adjustments (RC trimming)
are necessary to cancel residual rates and obtain the desired attitude and”
positioning vector. :

Attitude Control and Thrust Vector Control Summary.
The detailed diagram of the SCS attitude and thrust vector control
subsystems (figure 2.3-24) illustrates the following:
» Discrete and analog telemetry signals
e Amplifier bias and demodulator reference ACI or AC2 bus -
sources o S o
® Boolean expressions that satisfy corftrpl,signal paths.
2.3.5.6 ~ Engine Igriition, Thrust On-Off Logic.
, This section describes the e’:olnfiguratio‘ns_ available for ignition
on-off control. Panel switch positions and/or logic signals necessary
.. for a particular configuration are c‘onsi__de'red‘. The functions of output
" (logic) signals are given. S T
— Redundant d-¢ power is supplied to redundant SPS coils and sole-
- noid drivers (as shown in figure 2.3-25) via the AV ‘THRUST (A and B)
- switches. ' .
STABILIZATION AND CONTROL SYSTEM
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With the switch posﬂ:lons ‘shown in figure 2.3-25, engine ignition
is commanded by placing a ground on the low side of SPS coil No. ‘1.
Thrust-off is commanded when the ground is removed. The ground .
switching can be accomphshed in two basic ways. One method is to
position the SPS THRUST switch from the NORMAL: to the DIRECT ON
position for engine turn-on, and later placing the AV THRUST A and B
‘from NORMAL to OFF to terminate thrust. The second method is to
switch the ground through the solen01d driver as commanded by' the

*thrust on-off logic. SR e

Engine ignition will be commanded by the thrust on-off logic when
any one of the thrust-on logic equations shown in figure 2.3-25 is
satisfied. The CMC commands thrust-on {eguation 1) by supplying a
logic 0 to the thrust on-off logic when the SC CONT switch is in the

- CMC position and the translation controller {T&) is not clockwise: (m).
When the CMC cha.nores the logic 51gna1 from 20toa 1 thrust-off is
commanded. -

For the SCS control configuration the SC CO\IT sw must in the SCS
posn:lon or the TC handle clockwise (CW) A thrust-on enabling signal
is obtained from the EMS/AV display. Thrust-on is then commanded by

[ARA I
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‘commanding a +X-axis acceleration and pressiﬁg the THRUST ON push—
button. Wken the ground te the SPS coil has been sensed by the 1gn1t;on
-sense logic, the THRUST ON and +X -axis commands can he removed and

- engine ignition will be maintained by the SPS latch up signal.  When the
AV counter on the entry monitor system (EMS) display reads zero, the
EMS enabhna signal is removed and thrust-off is commanded

If TVC controlis transferred from the CMC to the SCS (by SC CONT
- switch to SCS or TC to CW) after engine ignition, thrusting will'be main-
~ tained by the presence of the SCS latch up signal. Thrust-off will be
commanded as in a normal SCS control configuration. A backup thrust-off
command, for any control configuration, is obtained by pla.cnlc the &V
THRUST (A and B) sw1fcnes to the OFF position.

The +X logic signal which is neceéssary to 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 ullage 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. When commanding A+X with the TC, attitude hold can be main-
tained. Ullace ignition overlap time is automatically llrmted to one second

The circuitry provides several output functions. A oround 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 also for configutring
the 5CS electrorncs for thrust vector control.

The RCS disabling sa.dnal IGN 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 2 logic signal is required in the logic for the
functional switches in the SCS-TVC signal flow paths. There are separate
IGN 2 signals generated for SCS auto TVC and for MTVC. These signals
are generated at the same time the ground is switched to the SPS coil, but
are not removed until one second after the ground is removed. The
delayed OFF enables the TVC electromcs to mamtaln 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
Switches 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 2.3-26.)
The power switching for the two rotation hand controllers and
the translation hand controller is on panel 1. (See figure 2.3-26.)
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The SCS performance data is included in the CcsMm Spacecraft Opera-
" tiomal Data Book (SNA-8-D-27). For the SCS operational limitations and .
restrictions refer to AOH, Volume 2, including the Malfunction Procedures.

S 2.3.7 ENTRY MONITOR SYSTEM.
The Entry Monitor System (EMS) provides a visual monitor of auto-
matic Primziry Guidance Navigation and Control System (PGNCS) entries
- and delta velocity maneuvers. The EMS also provides- sufficient display
data to permit manual entries in the event of PGNCS malfunctions together
with a2 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 command. malfunctions. During rendezvous the EMS
_prov1des a display of VHF rang1nc 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.

The EMS performance data is-included in the CSM Spacecraft Opera-
tional Data Book (SNA-8-D-27). For the EMS operational limitations and
restrictions refer to ACH, Volume 2, including the Malfunction Procedures.

2.3.7. 1 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.

2.3.7.1.1 Threshold Indicator (.05 G).

The threshold indicator, labeled .05 G, illuminates when the atmos-
pherlc deceleration is sensed. The altitude at which this indicator is
illuminated is a function of the entry angle (velocity vector with respect to
local horizontal), the magnitude of the velocity vector, geographic location »

" 7 _ and heading, and atmospheric conditions. Bias comparator circuits
I {figure 2.3-28) are used fo initiate this indicator. The signal used
- _to ﬁlumlnate the indicator is also used internal to the EMS to start the
corridor evaluation timer, scroll velocity drive, and range-to-go circuits.

2.3.7.1.2 _ Roll Stability Indicator.

B The roll stability indicator (RSI) provides an indication of lift vector
- pasition throughout entry. With the ATT SET switch in the GDC position,
. the RSI will be aligned prior to 0.05G by rotating the yvaw thumbwheel on
o the attitude set control panel with the EMS ROLL switch in the entry position
... While pressing the GDC ALIGN button. During entry, stability axis roll '
. attitude will be supplied to the RSI by the gyro display coupler. There are
- . no degree markings on the display, but the equivalent readout will be zero
when the RSI points toward the top of the control panel. During the entry
RSI rotates in the opposite direction to the spacecraft roll.

STABILIZATION AND CONTROL SYSTEM
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2.3.7.1.3 Cor'ridgr Verification Indicators.

The corridor verification indicators é.re\lo_cated 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
I : 4 36,000 FPS).” The corridor comparison test is performed approxi-
mately 10 seconds after the .05 G indicator is illuminated. The lift vector
‘up light (top of RSI) indicates "G greater than apprommately 0.262G. The
lift vector downlwht (bottom of RSI). indicates "G" less than approximately
0.262G. TFigure 2.3-29 is a typical example of the corridor evaluation
functlon ‘An entry angle is the angular displacement of the. CM velocity
vector with respect to local horizontal at 0.05G. The magnitude of the
entry angles that 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
0f 0,3 to 0.4, The EMS positive lift overshoot boundary is that entry angle
that produces approximately 0. 262G at approximately 10 seconds after the
.05 G indicator is illuminated. An entry angle greater than the EMS posi-
tive lift overshoot boundary will cause the upper corridor verification light
to be illuminated. Caonveérsely, 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 elliptical 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. ‘ '

2. 3. 7._1. 4 Delta V/Rance-To—Go Indicator.

The delta V/ranofe to-go 1nd1cator is an electromc numeric rea.dout
which has three functions. During entry the inertial flight path distance in
nautical miles to predicted splashdown after 0.05G is displayed. The pre-
dicted range will be obtained from the PGNCS or ground stations and
inserted into the range 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 distance to the LM. '

2.3.7.1.5 Scroll Assembly. - . ‘

The scroll assembly provides a scribed trace of G versus inertial
velocity during entry. The mylar scroll has printed guidelines which pro-
vidé monitor (or control) information during aerodynamic. entry. The entry -
trace is generated by driving a scribe in a vertical direction as a function
of G level, while the mylar scroll is driven from right to left proportional

%o tée'_'ﬁl\@ inertial-velocity change. Monitor and control information for

oty
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safe entry and range potentlal 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).

2.3.7.2 Delta Vel-ocity Functions.

In addition to entry functions, the EMS provides 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 AV. In addition, an automatic thrust-off command
signal is supplled to the  SCS when the AV counter reaches zero.

2.3.7. 2.‘1 © SPS Thrust-On Indlcator. °

‘The SPS thrust-on indicator will be 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.

The electro-luminescent (EL) numeric readout displays the delta
velocity remaining along the CSM X-axis. The numeric display has the
capability of displaying 2 maximum of 14, 000. 0 fps down to a -1000.0 fps.
The readout is to 1/10 foot per second. The AV/EMS SET rocker switch
will be used to set in the desired delta (&) V for all SPS thrusting maneu-
vers. The AV display will count up or down with the EMS MODE switch in
the NORMAL position. The display counts down with SPS or RCS thrusting
along the CSM +X-axis or up with RCS thrusting along the CSM -X-axis.
The BACKUP/VHE RNG position of the MODE switch permits only a
decreasing readoa.t during thrusting.

2.3_.7. 2.3 SPS Thrust-Off Command. -

During SCS~controlled SPS thrustmg a thrust-off command is supphed
by the EMS. This thrust-off logic signal is supplied to the SPS engine on-
- off circuit when the AV display reads minus values of AV. Consequently,
the THRUST ON button will not turn on the SPS. engine unless the AV display
reads zero or greater.

2.3.7.3 EMS Switches. - e

There are four switches to a.ctlva.te and select the desired function in
- the EMS. They are MODE swztch FUNCTION switch, AV/EMS SET switch,
and GTA switch.
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©2.3.7.3.1 ' MODE Switch.

'~The MODE switch has three p051t10ns NORMAL, 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

- NORMAL position.pertmits the self-tests to function. It also is the normal
position for operations when the FUNGTION switch is in the ENTRY and -

- AV positiens. The BACKUP/VHF RNG position is used as a backup in the
entry and delta V operations and is the proper position during VHF ranging.
The BACKUP/VHF RNG position will be used as a backup to initiate the '
scroll velocity drive and the range display countdewn in the event of failure
of the .05 G circuits. The BACKUP/VHF RNG position energizes the .05 G
Light, but does not actlva.te the corndor verlflcatlon circuits for a dlsplay

2.3.7.3.2 FUNCTIO\I Switch.

The FU\ICTION switch is a 12-position switch Wthh 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 Position ' ‘ Function

OFF - Deactivates the EMS except the SPS THRUST

' ON light and the roll stability indicator. |
EMS test 1 Tests loﬁver'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 , Tests 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.

L : RNG SET '~ Establishes circuitry for slew1ng the AV/
T : RANGE display. :

ron Vo SET Establishes circuitry for slewing the scroll
: . to the predicted inertial velocity at 0. 05G.

STABILIZATION AND CONTROL SYSTEM
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Switch Position o S Fuﬁcti@h
ENTRY = = Operatmnal p051tz.on for momtormg the CM '
: : ' -earth atmosphere entry mode. o
LAV TEST Operatlona.l position for self test of delta. V
cu:cults. -

AV SET/VHF RNG -Establishe-s circuitry for slewing the AV/ = . . -
o Co RANGE display.  Enables VHF ranging - ;
. display. - P Lo

:

- o CAV o : Operational position far accelerometer to
' ' drive the AV /RANGE display for X-axis
acceleratlons .

2.3.7.3.3 AV/EMS SET Switch. ‘
. The AV/EMS SET switch, a five-position recker switch, is used to

‘drive either the AV/RANGE display or the EMS 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 INCR or
DECR) will change the display readout at 0. 25 unit per second. Depressing
the AV/EMS SET switch through a soft stop to a hard stop results in a
change of 127.5 units per second. With the FUNCTION switch in the Vo
SET, EMS TEST 1, and TEST 5 position, depressing the AV/EMS SET
switch results in driving the EMS scroll. Depressing the AV/EMS SET
switch to the soft stop drives the scroll at approximately 0. 0164 inch per
second (30 fps per second). Depressing through te the hard stop drives the
scroll at approximately 0,263 inch per second (48® ips per second). The
_scroll mechanism puts a constraint on the reverse slewing of the scroll
(AV/EMS SET switch INCR). The scroll may be slewed only one inch to '
the r1ght after scroll slewings to the left-of at least three 1nches.

2.3.7.3.4 GTA Switch. , — =

The GTA switch provides a ground test capability. . With the cover-
plate removed, the GTA switch will he 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 EMS is operating. For the
coverplate to be closed, the GTA switch must be off which removes the ’
simulated 0G function for ground test...

 2.3.7.4  Entry Seroll. , L

The EMS mylar scroll, conta1ned in the EMS scroll a.ssembly, con=
tains four entry patterns together with 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 VHE rangxng 1nstruct10ns that are a.lternated
with four entry in- ﬂlcht self-test patterns. ({See figure 2.3-31.) Following."
the fourth in- -flight self-test patterns on the scroll is the first set of entry
instructions. Entry instructions precede each of the four entry patterns.
" Lunar-return non-exit entry patterns are alternated with lunar-return
: 3500 Nl\ii exit patterns, a non-exit pattern appearing first on the scroll.

Each entry pattern (figures 2.3-32 and 2. 3 33) has velocity incre- ‘
...-ments-from 38,500 to 4,000 fps, together with entry guidelines which- start -
at 37,000 fps. These lines are called G on-set, G off-set, and range.
potential guldellnes The G.on-set and G off- set hnes are sohd lines- and
the range potential lines are broken -

The G on<set lines s]_ope downward, while the G off-set lines ray
upward and terminate at 24,000 fps just to the right of the vertical line at
25,500 fps (minimum velocity for earth orbit). Below 24,000 fps the G
on-set lines slope downward from the full-lift profile line which represents
the steady-state minimum-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.
However, if the entry trace slope becomes more positive than the nearest
G off-set line then the CM should be oriented to produce negative lift (lift
vector down) for entry.

The G on-set and G off-set lines are designed to allow a 2- second
crew response time with a suwle system RCS/SCS 180-degree roll maneu- -
ver should the entry trace become’ parallel to the tangent of the nearest

- guldehne

Points along the range potential lines, shown in hundreds of nautical
miles, indicate the distance that the CM 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.
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2.3.7.5  EMS Functional Data Flow.

. The following”functional discussion of the EMS relates system
mechanization to the. EMS operation. (See figure 2.3-34.)

2.3.7.5.1 Accelerometer.

The acceierometer, which is aligned to within 2 degrees of the SC
" X-axis, is the only sensor in the EMS. It has three’ outputs: low level G -
to threshold and corridor c1rcu1ts, hlch level G to the flight mionitor G
axis during entry’, and an output to the A/D converter which is used to
drive the AV/RANGE display and mylar scroll. The difference in the low
and high level G outputs is scale factor. ’

2.3.7.5.2 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 G) if a G level of 0.05G £ 0, 005G is present for .
1+0.5 seconds, I the G level drops to 0.02G % 0. 005G, the light will be
extinguished. The corridor evaluation will occur 10.053£0. 025 seconds
after the .05 G threshold lamp is illumninated. The lift vector up light will
illuminate if the G force is greater than approximately 0.2620, 009G. The
litt vector down light will be illuminated if the G force is less than approxi-
mately 0.26220,009G. There will be only one corridor verification light
turned ON for corridor evaluation. The corridor lights will' be turned off
when the flight monitor G axis drive passes the 2G level. = -

2.5.7.5.3 Scroll Assembly G Axis Drive Circuits.

The scroll assembly G axis drive circuits receive the accelerometer
high G level output signal and position the G axis scribe in vertically.
The scribe drive is a normal closed-loop servo circuit with velocity and
position feedback. The loop is biased from zero by the magnitude of the
accelerometer input.

2.3.7.5.4  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 0.1 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 l
line. Before entry the scroll is initialized to the inertial velocity by
setting the PUNCTION 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
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' 2.3.7.5.5  AV/RANGE Display Circuitg.

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/EMS 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. Wh'envth,e display decreases to a value of -0.1 fps, a
signal is supplied to the 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 rano'e integrator will decrease as a function
of the inertial velocity stored in it at any time. The range integrator is
decremented so that it contains the CM present inertial range-to-go if |
- properly initialized. The pulse scaler sends pulses to the flight monitor '
velocity axis drive in order to drive the scroll from right to left after
‘0.05G is sensed. If the 0.05G function should fail, placing the MODE »
switch to the BACKUP/VHF RNG position will initiate the pulse scaler :
operation to decrement the range-to-go display and to drive menitor l
scroll from right to left as a function of G level. :

mmeaeama o o

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 1s
described as a normal GDC function in paragraph 2.3. 3.2. :

2.3.7.5.7° Thrust-Off Function. 3

The thrust-off function will proevide a logic function for a SCS thrust-
off command any time the AV/RANGE 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 w1th the AV and AV TEST
pos:.tlons of the FUNCTION switch.

STABILIZATION AND CONTROL SYS’I‘EM
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SYSTEMS DATA

SECTION 2
SUBSECTION 2.

SERVICE PROPULSION SYSTEM (SPS)
(CSM 106 and Subs)

. FUNCTIONAL DESCRIPTIO\I

The service propulsion subsystem provides the impulse for all
X-axis velocity changes (AVs) throughout 2 mission and the SPS abort
capability after the launch escape tower is jettisoned. The SPS consists l
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 dimethyl hydrazine and 50 percent
anhydrous hydrazine). The pressurizing gas is helium. The system
incorporates displays and sensing devices to perrnit earth-based stations
and the crew to monitor its operation. (See figures 2.4-1 and 2.4-2.) 1

" 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 work-
ing pressure. The regulated helium pressure is directed through check
valves that permit helium flow in the downstream direction when the pres- |
surizing valves are open, and prevent a reverse {low 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

iroma temperature differential between the helium gas and propellants in

the tanks. The relief vilves 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, 2,4-2, and 2.4-3). The storage and sump tanks
for each propellant system are connected in series by a 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 storage 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

Mission
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. retention reservon‘ and at the tank ou*lets to permﬂ' eng~ne restart e
capability in a 0-g condition when the SPS propellant quantity rema.mmg
is greater than 22, 300 pounds- (56.4%) without conducting an SM RCS
ullage maneuver prior to an SPS engine thrusting period. An ullage
maneuver is mandatory prier to any SPS thrusting period when the SPS:
propellant quantity remaining is at or less than 22, 300 pounds (56,4%).
An ullage maneuver is also mandatory prior to any SPS thrusting. perlod
following all docked LM DPS burns even though the SPS propéllant quantity
is at or greater than 22,300 pounds (56.4%). The propellants exit from ~
the respective sump tanks into a single line to the heat exchanger,

" A propellant utilization valve is installed in the oxidizer line. The
-propellant utilization. valve is ‘powered 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 sump tank, through their
respective plumbing, to the main propeliant orifices and filters, to the
bipropellant valve. The bipropellant valve assembly contains pneumat-

" ically controlled main propellant valves that distribute the propellants to
the engine m;ector‘ -

-The thrust chamber consists of an engirie 1n3ector cormbustion
chamber, and exhaust nozzle extension. The engine injector distributes
the propellants through orifices in the injector face whHere the fuel and

- oxidizer impinge, atomize, and ignite. The combustion ¢chamber is
ablatively cooled. The exhaust nozzle extension is radiation cocled.

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 to thrust initiation and thrust vector control durmg a thrustlng
period. _

Propellant quantity is measured by two separate sensing systems:
primary and auxiliary. The sensing systems are powered only‘ during
thrust-on periods because of the capacitance and point sensor measuring
techniques, The capacitance and point sensor hneanty would not provide -
‘accurate indlcatlons during the 0-g nonSPS thrustlng periods.

The control of the subsystem is automatic w1th prov1s10ns for
ma.nua.l backup. . N % o

SERVICE PROPULSION SYSTEM
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