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PREFACE

This doctmaent is the third revision of the CSM Data Book,

Part 1. It incorporates amendments through Number 38.

Amendments released after publication of this revision will

continue in sequence l'rom Number 38. This data book

provides the mission planner with ready visibility of mission

constraints and limitations and spacecraft performance
capabilities and consumable requirements. All sections of the

_,. document are continually undergoing review with the intent
to update inforlnation where required; therefore, it is

imperative that amendments be inserted in sequential order.
A complete description of the contents and amendment

procedures is provided in Section 1.0, Introduction.

_"-_ iii
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1.0 INTRODUCTION

i.i PURPOSE

This document presents operational information on the capabilities

and limitations of the spacecraft. The information is intended for use

in nominal mission planning and for providing specialized data related

to premission studies. The information should assist in the execution of
two basic functions:

i. The initial design of trajectories and miss:ion plans that are
within the capabilities of the combined crew/spacecraft.

2. The real-time planning of missions with maximum planning flexibility.

i.2 CONTENT

The complete CSM/LM Spacecraft Operational Data Book for the manned

missions consists of seven separate volumes. These are defined as follows:

Volume I - CSM Data Book

Part I - Constraints and Performance

Part II - Launch Mission Rule Redlines

Volume II - LM Data Book

Part I - Constraints and Performance

Part II - Launch Mission Rule Redlines

Volume III - Mass Properties Data Book

Volume IV - EMU Data Book

Volume V - ALSEP Data Book

Volume VI - CSM Experiments Data Book for J-Missions

Volume VII - LCRV/GCTA Data Book

Volume I, Part I, is divided into seven sections plus an in-

dividual appendix for each spacecraft. Each appendix will contain uni-

que data applicable to the particular spacecraft, while the main text

i-i
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of Volume 1, Part 1, will contain data of a more universal nature that can be used for mission

planning. A brief discussion of the scope of the sections of Volume 1, Part l, follows: ..

Section 1.0, Introduction. The Introduction describes the purpose and scope of the overall
data book and summarizes the content of the remaining sections.

Section 2.0, Space Vehicle Configuration. This section contains pictorial representations of the

space vehicle, showing axes, station lines, separation planes, etc. These data are intended as
reference material for use throughout the book.

Section 3.0, Spacecraft Constraints and Operational Limitations. The restrictions, limitations,
and special recommendations on the use of the spacecraft and its subsystems are contained in

this section. The section is arranged by subsystem, for convenience. It should be used by
mission planners as the single source for spacecraft constraints.

Section 4.0, Subsystem Performance and Operational Data. This section contains the

supporting discussion for the constraints and limitations presented in Section 3.0. It also

contains descriptions of the fundamental performance of subsystems and subsystem
components. Typically, fundamental data are used for system analyses and for the formulation

of models for computer studies. Consequently, data are defined at a basic level, and the user is
responsible for properly utilizing the data for evaluation purposes.

Section 5.0, Aerodynamics. Command module reentry aerodynamics characteristics are

presented in this section. Also included are coefficients for the launch escape and parachute
subsystems.

Section 6.0, Spacecraft Bending Modes. This section presents three-dimensional vibration

modes for the CSM/LM configuration. Data are presented for various vehicle weights
corresponding to propellant loading.

Section 7.0, Propellant Slosh. The data presented in this section represent sloshing models of
the SPS storage and sump tanks and are applicable for defining acceleration conditions of the

SPS engine thrusting. These data consist of slosh mass, frequency, and point of attachment,

Appendixes. An appendix is included for each spacecraft. Each appendix contains data unique
to the particular spacecraft and deviations from the baseline data contained in the body of the
Data Book. The format and paragraph numbers in the appendixes conform to those in the
body of the Data Book.

1.3 AMENDMENTS

Amendments to this document will be made by page additions or replacements. Dath changed
by an amendment will be denoted by an amendment date and number in the upper right-hand
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corner of the page and a vertical bar in the page margin to locate the change. Where the complete

page constitutes a new addition to the Data Book, no change bar will be placed in the margin.

A revision page showing the accumulative changes that have been made will be issued with

each amendment. This revision page should be placed just behind the title page and will provide an

up-to-date listing of all amendments.

1.4 SELECTED ABBREVIATIONS AND ACRONYMS

ALSEP Apollo lunar scientific experiments package

AOH Apollo Operations Handbook

BMAG Body-mounted attitude gyro

CDU Coupling display unit

CGSS Cryogenic gas storage subsystem
CM Command module

CMC Command module computer

COAS Crewman optical alignment sight

CSM Command and service modules (mated)

:--.
DB Deadband
Delta P (A p) Pressure differential
Delta V (AV) Velocity change

DPS Descent propulsion subsystem

DSE Data storage equipment

DSKY Computer display keyboard

DVM Digital voltmeter

ECS Environmental control subsystem

EDS Emergency detection subsystem

ELS Earth landing subsystem

ELSC Earth landing sequence controller

EMS EntiT monitor subsystem

EMU Erasable memory unit
EMU Extravehicular mobility unit

EPS Electrical power subsystem
EV Extravehicular

EVA Extravehicular activity
EVT Extravehicular transfer

FC Fuel cell

FCSM Flight combustion stability monitor
FDAI Flight director attitude indicator

:" 1-3
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GA Gyro assembly

GDC Gyro display coupler

G&N Guidance and navigation
GN&C Guidance, navigation, and control

HBR High bit rate

HGA High-gain antenna

ICD Interface Control Documents
IMU Inertial measurement unit

IVT lntravehicular transfer

KOH Potassium hydroxide

LBR Low bit rate

LDEC Lunar docking event controller

LES Launch escape subsystem

LESM Launch escape subsystem motor

LLOS Landmark line of sight
LM Lunar module

LOR Lunar orbital rendezvous

LSSC LM-SLA separation controller

MEEL Master electrical equipment list

MESC Master events sequence controller
MMH Monomethylhydrazine

MSC Manned Spacecraft Center
MSFN Manned Space Flight Network

nm Nautical mile

OPS Oxygen purge subsystem

PCM Pulse code modulation
PCM Pitch control motor

PCVB Pyrotechnic continuity verification box

PGA Pressure garment assembly

PGNCS Primary guidance and navigation control subsystem
PLSS Portable life support subsystem
PQGS Propellant quantity gauging subsystem
PRN Pseudo-random noise

PTC Passive thermal control

PUGS Propellant utilization and gauging subsystem

PVT Pressure, volume, and temperature

1-4
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RCS Reaction control subsystem

rph Revolutions per hour
RR Rendezvous radar

SCS Stabilization and control subsystem

SCT Scanning telescope

SECS Sequential events control subsystem

SLA Spacecraft-LM adapter
SLOS Star line of sight

SM Service module

SMJC Service module jettison controller

SPS Service propulsion subsystem
SXT Sextant

TBD To be determined

TCC Temperature control circuit
TCS Thermal control subsystem

TD Time delay

TJM Tower jettison motor

USB Unified S-band

VW Secondary fuel tank helium isolation valve

WSTF White Sands Test Facility

1-5
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Amendment 88

2/16/72

2.0 SPACE VEHICLE CONFIGURATION

The vehicle coordinate axes conventions and notation system are summarized

in Figure 2-1. All dimensions in this section were obtained from the latest
available coordinate standards, specifications, and Interface Control Documents

(ICD).

The outboard profile and reference dimensions of the Saturn V Apollo space

vehicle are presented in Figures 2-2 and 2-3. The Saturn V configuration will

be used for all manned missions except the first.
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ALL AXES +X CSM AXES
STRUCTURAL

CSM AXES t +Y DYNAMICAL

STRUCTURAL s,w MASS PROPERTIES

DYNAMICAL +Z _ _" LM AXES NOTES:

MASS PROPERTIES _ _..../.._ STRUCTURAL I. DYNAMICAL AXES ORIGIN. THE DYNAMICAL AXES ORIGINS ARE

LM AXES DYNAMICAL LOCATED AT THE CENTER OF MASS FOR EACH CONFIGURATION.

STRUCTURAL _ MASS PROPERTIES 2. STRUCTURAL AXES ORIGIN._ a. THE LAUNCH VEHICLE STRUCTURAL AXIS ORIGIN IS
DYNAMICAL +Z I00 INCHES BELOW THE S-IC GIMBAL REFERENCE PLANE.
MASS PROPERTIES b. THE CSM STRUCTURAL AXIS ORIGIN IS 10001NCHESBELOW

THE MOLD LINE OF THE HEAT SHIELD MAIN STRUCTURE
ABLATION I NTE RFACE.

c. THE LM STRUCTURAL AXIS ORIGIN IS 200 INCHES BELOW
.... LM ASCENT STAGE BASE.

3. MASS PROPERTIESAXES ORIGIN.
a. THE SPACECRAFT MASS PROPERTIESAXIS ORIGIN IS

" _ _ COINCIDENT WITH THE CSM STRUCTURAL AXIS ORIGIN.
,---_, b. THE LAUNCH VEHICLE MASS PROPERTIESAXIS ORIGIN IS
_"_ COINCIDENT WITH ITS STRUCTURAL AXIS ORIGIN.

396 IN. DIA -,

I
[%) _L_.

_ __,,. D,RECT,ONOELAUNCH("TARGET"I
W-. LAUNCHVEHICLEAXESCZ

STRUCTURAL +Z

'_ DYNAMICAL +Z :_POSITIVE ROTATIONS ARE DEFINED USINGLAUNCH VEHICLE AXES MASS PRO PERTIES -Z

c_ STRUCTURAL +y _" AXES FOR VEHICLE BEING CONSIDEREDDYNAMICAL +Y (9CSM _ LV, VxCSM -_ LV
, MASS PROPERTIES -Y
OO
i

, LAUNCH
o AXIS AXIS MOMENT POSITIVE _ CSM LM ANGLE LINEAR ANGULARVEHICLE
.,__ SYMBOL S.YMBOL ROTATION ANGLE ANGLE ANGLE SYMBOL VELOCITY VELOCITY"

LO NGITUDI NAL X L +Y TO +Z ROLL ROLL ROLL _ u p
TRANSVERSE (PITCH) Y M +Z TO +X PITCH PITCH PITCH _ v q

<:c_ TRANSVERSE (YAW) Z N +X TO +Y YAW YAW YAW _ w r
(.,o

Figure 2-I. Vehicle Coordinate Axes _nd _'otation Systen_
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STA 4240. 792

l
LES

/

STA 3890.055 1 _'_1_'- -- A _ X A --. 1133.:500

STA 3841. 182 -_-1---_4 I_ r'M

STA 3756.555 _- XA = 1000. 000
SM . DIA

STA 3594.555 '_ _ - _ _'_ XA = 838,000
/

t t SLA _ XA = 583.490

STA334o.o45 '_
_TA3258.555 _ t " _ ×A:502.000

STA 3222.555 _'_ 1 I.U._ V
260 IN° DIA--_

S-IVBI. .... x

STA 2746.500

GIMBAL STA 2645.853 _x_,/
/ _'_

STA 2519,000 ..

1
S-II

/ /I ,.
r

STA 1'760.000

GIMBAL STA 1664.000
STA 1564.000
STA 1541.000

NOTE:

NO ABLATIVE MATERIAL
DIMENSIONS INCLUDED

i ON CM -_
STA 3890.055 ''L _./_ X A -- 1133.500 396 IN. DIA

STA 3841. 182 f _ i'_ XA -- 1084'627 _"

STA 3756.555 J_-_---i XA = 1000.000 '-_ _ ..._ _,.\ S-IC

STA 3594.555 X A = 838.000SERVICE MODULE

J ........

GIMBAL . "_'/_

PLANE OF TOWER FROM CM fL3L
j.

_'igure2:2. Saturn V/Apollo Con£iguration
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Amendment 64

4/16/71

XL =400.8

XA = 1484.2

XL = 332.2

XA=' 1055.715 '

LAUNCH 26.0" DIA YA ='0.0ESCAPE

SUBSYSTEM 400.76 ZC I 40.914
NAVIGATIONAL BASE

XL = 118.3--

/X C = 83.5
XC = 133.5 /THIS NUMBERINDICATES
XA = 1133.5 (NO ABLATIVE /THE BOTTOM OF LET

j,,,/ (REFV14-15-2) 83.476 := 83.5

I I0.25" - XL = 0

COMMAND TO HEAT SHIELD _ _A='-_083.5MODULE STRUCTURE 7" \
XA = 1000.0 TOP OF LONGERON = 82.688
Xc=0 41.10

XS 362.0 =_.
SERVICE

MODULE 162.0"

i

154.0" DIAMETER

XA = 838.0 XA = 833.2 ENGINE GIMBAL
PLANE

I

L 1
336.0"

SPACECRAFT
LM ADAPTER

XA = 585 FLIGHT STIFFENER
ATTACHING
PLANE

XA = 502.0 _ --

_'_--" 260.0" DIAMETER

Figure 2-3. Apollo Spacecraft Reference Dimensions
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3.0 SPACECRAFT CONSTRAINTS AND OPERATIONAL LIMITATIONS

This section contains the spacecraft constraints and limitations that should be used for mission

planning. A spacecraft constraint is a spacecraft imposed limitation which, if exceeded, may result

in degradation of system performance or a system failure. An operational limitation is that limit a

mission planner should not exceed in order to avoid interference with nominal spacecraft operation.

For the convenience of mission planning and flight control, the constraints and limitations are

discussed in this section under the individual subsystem headings. Supporting data are presented

under similar headings in Section 4.0.
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Amendment 92
3/27/72

3.1 ELECTRICAL POWER SUBSYSTEM (EPS)

3.1.1 BUS VOLTAGE

Main bus voltage must not exceed 31 volts dc or fall below 26.5 volts

dc. (A complete discussion can be found in paragraphs 4.1.1.1 and 4.1.1.5).

3.1.2 MINIMUM LOAD VOLTAGE REQUIREMENTS

Table 3.1-1 lists the minimum voltage requirements as defined at the

load interface and the command module main dc bus for certain critical space-
craft equipment. The voltage drops between bus and load are estimated values.

Off-limits testing for low voltage has not been conducted on most spacecraft

electrical equipment, and minimum voltages can only be estimated. In any

case, minimum voltage requirements are rather qualitative, since they may
define the level at which the equipment no longer meets specification minimum

control rates, regulation, pulse width, etc., but not actually inhibit equip-
ment operation.

3.1.3 FUEL-CELL TEMPERATURE

Fuel-cell stack temperature must not exceed 500 F or fail below 360 F.

Fuel-cell radiator outlet temperature must be maintained above -30 F. Con-

denser exit temperature should not exceed 225 F. (A complete discussion can
be found in paragraph 4.1.2.2).

3.1.3.1 Fuel-Cell Lifetime with Reactant Valves Closed

Fuel-cell pumps may not restart following wet (in-flight) shutdown due

to insulation resistance degradation. In-line heater operation without

operating pumps will result in loss of heater due to lack of cooling. (A i
complete discussion can be found in paragraph 4.1.2.5.6.)

3.1.4 INVERTER TEMPERATURE AND UPPER VOLTAGE LIMITS

3.1.4.1 Temperature

Inverter temperature must not exceed 248 F. (A complete discussion of

inverter operation without cooling can be found in paragraph 4.1.5.2).

3.1.4.2 DC Voltase Input

The inverter can take a maximum of 33 Vdc and for a sustained period of
time.

3.1.5 ELECTRICAL EQUIPMENT

Temperature limitations can be found in Table 3.11-1.

s 3.1-1
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Amendment 92

3/27/72

3.1.5.1 CSM Power to LM

The maximum steady-state current carrying capability of the power transfer

umbilical assuming equal load sharing through the associated CM circuit

breakers, a circuit breaker temperature of approximately i00 F, and the use of

either one of both umbilicals, is:

Vacuum - 10.8 amps

5 psia - 15.0 amps

The rationale for this limit is that the circuit breaker rating for continuous

operation with no trip will be violated and the circuit breaker will eventually
open.

3.1.6 CRYOGENIC EQUIPMENT

Temperature limitations can be found in Table 3.11-1.

3.1.6.1 Cryosenic Hydrosen Tank Pressure-Temperature Limit Relationships

Pressure-temperature limit relationships for the cryogenic hydrogen

tanks are presented in the appropriate spacecraft appendixes.

3.1.6.2 Oxysen Tank Temperature Limits

The oxygen tank heater and bulk temperatures as read out by the tempera-

ture sensor should not exceed the following values.

Heater 350 F
Bulk Fluid 80 F

The rationale for these limits are:

i) The limit of 350°F assures that the hottest location on the

heater does not result in exceeding temperature limits on
any material in the tank.

2) The 02 tank wall fracture mechanic limits of 200 F will not be

approached.

3.1.7 TRANSEARTH COAST - SIM ELECTRICAL POWER SHUTDOWN

Before and during EVA while in transearth coast, electrical power

to the SIM must be shut down for crew safety purposes.

3.1-2
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Table 3. i-I. Minimum Voltage

Estimated Estimated Estimated ....... I

Minimum Minin]un_ Maximup,

Volts Volts Volts I

System Item at Load at Bus Data Source at Load Data Soulcc ! Remarks

SPS Gimbal motors 14.0 14.0 (_ Test and 30.0 Specification No control instability-

analysis limited by motor
stall.

Engine prevalves 18. 0 19. 5 Test

Engine pilot valves 20. 0 24. 5 Test
Helium valves 8. 3 i0.0 Test

Control relays 18.0 21.0 Test and Worst-case; high coil

specification temperatures.

RCS Engines
SM Auto 17. 0 ZZ. 0 Test

SM Direct 16.0 21.0 Test

CM Auto 16.0 21.0 Test

CM Direct 14.0 17.0 TestI
_o Propellant isola- 17. 8 21. 0 Test

tion valves

CM RCS controller 19.0 22. 0 Test and

analysis

Ouad heaters 23.0 27.0 Analysis

_" G&N DC 25. 8 26. 5 Test and 30. g Test and ILimited by the IMU
> Specification Specification Electronics

' @SECS MESC, SMJC, PCVB, 20.0 22.0 (_) "Fest0e
' LDEC, LSSC, EESC

I

o Notes: _ _

@ Service module bus

- © Battery buses ¢a

SECS Sequential event control subsystem LDEC LM docking event controller _ et
_J MESC Master event sequence controller LSSC I.M/SLA separation controller *"¢D Qo
< SMJC Service module jettison controller ELSC Earth landing sequence controller

PCVB Pyro continuity verification box
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3.2 ENVIRONMENTAL CONTROL SUBSYSTEM (ECS)

3.2.1 SUBSYSTEM TEMPERATURES

3.2.1.1 Radiator Outlet Temperature

ECS radiator outlet temperature should be maintained above -20 F and

below 85 F. Orienting the spacecraft -X axis toward the sun for a period

in excess of three hours while sustaining a low ECS heat load (approximately
4400 Btu/hr) could produce temperatures less than -20 F. (See Table 3.11-2

for this and other ECS temperature limitations).

3.2.2 RADIATOR STABILIZATION TIME

Minimum time required to evaluate glycol radiator flow after opening
glycol-to-radiator valve is 2.5 minutes. This limit is based on the time

required for stabilization of radiator inlet and outlet temperature sensors.

3.2.3 PRESSURIZATION

3.2.3.1 Tank/Bottles Recharge

Recharge of surge tank and oxygen bottles to 865 psia requires 63.5

minutes after the cabin is pressurized to 5.0 psia and is required before

_--_, another cabin repressurization may be performed.

3.2.3.2 Cabin Rapid Repressurization

Rapid repressurization of command module requires 60 seconds from zero

psia to 3.0 psia and 25 minutes from zero to 4.8 psia. This requirement is

based on using a repressurization source consisting of the surge tank and

three 1-pound bottles at a pressure of 865 psia.

3.2.4 LEAKAGE

3.2.4.1 Total Oxygen

Total oxygen leakage rate must not exceed 4.0 pounds per hour. (For
further details, see paragraph 4.2.1.2.)

3.2.4.2 Cabin Leakage

Cabin leakage must not exceed 0.2 pound per hour at a 5-psi cabin-to-
ambient pressure differential (see paragraph 4.2.1.6).

3.2-1
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3.2.5 LUNAR MODULE PRESSURIZATION*

See Volume II, Part i, paragraph 3.9, LM Structures Constraint S-II.

3.2.6 SUBSYSTEM COMPONENT PRESSURES

3.2.6.1 CO2 Control

The CO 2 specification maximum partial pressure requirement on the LiOH

canisters is 7.6 mmHg. According to test data, approximately 37 hours elapse

before CO2 partial pressure exceeds the 7.6-mmHg value (see paragraph 4.2.2.5).

3.2.7 SUIT COMPRESSOR OPERATION

When only one oxygen hose assembly is in use and the other hose nozzles

are blocked by barriers in the oxygen hose couplings and the suit flow relief

valve is in the OFF position, only one of the two suit compressors should be
operated to preclude possible compressor damage from flows less than i0 cfm.

Neither of the suit compressors should be operated when all of the hose

nozzles are blocked by barriers in the oxygen hose couplings and the suit
flow relief valve is in the OFF position.

3.2.8 GLYCOL EVAPORATOR

The glycol evaporator has a maximum heat transfer rate of 7620 Btu per
hour under the conditions given in paragraph 4.2.3.4.

Evaporator activation is required during EVA to facilitate suit circuit

water removal and to preclude helmet fogging, especially during lunar orbit
EVA.

3.2.9 URINE SYSTEM OPERATION*

Rinsing of the urine receptacle assembly (URA) after use should be

limited to approximately i0 seconds. After the URA appears to be empty, the

cover should be replaced and the vent valve should be left open for two to

five minutes to clear the system of liquid to prevent freezeup.

*NASA Data Source

3.2-2
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3.2.10 EFFECT OF LOSS OF PRIMARY COOLANT LOOP ON CSM EVA

The CSM EVA should not be continued if the primary glycol loop is lost

before CMP egress since the minimum qualification temperature limit for the

603 panel components will be exceeded in approximately 13 minutes. If loss

of primary glycol flow occurs after CMP egress, the EVA may be continued to

achieve mandatory objectives with the following predicted result:

TIME AFTER FAILURE EVENT RESULT

13 minutes 603 panel outlet (umbilical 0 F qual temp limit,

inlet temp) decreases to 0 F. no failure expected.

For further details, see paragraph 4.2.3.11 and Figure 4.2-34.1.

f
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3.3 SERVICE MODULE REACTION CONTROL SUBSYSTE_

3.3.1 PLUME IMPINGEMENT RESTRICTIONS

3.3.1.1 RCS Usage Durin$ EVA

During extravehicular activities, vehicle attitude is to be maintained

by the service module RCS in either wide or narrow dead-band attitude hold
utilizing either CMC/AUTO or SCS mode. Jets which fire into the EVA path

are to be disabled to avoid plume impingement on the EVA crewman.

3.3.1.2 CSM RCS -X Jet Firing Restrictions

The CSM (SM) -X (forward firing engine) RCS jets cannot be fired con-

tinuously for over seven seconds when in the docked configuration. Failure

to comply with this constraint will cause damage to the lunar module ascent

stage thermal insulation.

3.3.1.2.1 Lunar Module S-Band Steerable Antenna*

Plume torque from the CSM RCS may cause the LM S-band steerable antenna

to lose lock, providing the CSM RCS firings are of sufficient duration.

Table 3.3-1 tabulates, for various antenna positions, the duration of RCS

pulse firings which could cause loss of lock.

3.3.1.2.2 Lunar Module Rendezvous Radar Antenna

In the docked configuration, the service module RCS jet B3 (-X) must be
deactivated while the lunar module rendezvous radar is operated. Plume

impingement on the antenna while the rendezvous radar is operating can cause
corona arcing, resulting in antenna damage.

3.3.1.3 Lunar Module RCS -X Jet Firing Restriction

With an initial command module ablator surface temperature of 200 F or

less, the lunar module -X (up-firing engine) RCS jets are limited to 15
seconds firing duration while in the docked configuration. Failure to comply
with this constraint will result in damage to the thermal coating.

3.3.1.4 Maximum SM RCS Engine Burn Duration

Continuous engine burn duration for the +X (aft-firing) engines should
not exceed 750 seconds on any one engine. Violation of this constraint causes

damage to service module insulation and results in service module SPS
and RCS tank temperature increases.

*NASA Data Source

3.3-1
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3.3.1.5 Lunar Orbit - SIM Experiments

After SIM door jettison, SM RCS jets A2, A4, BI, and B4 must be

inhibited during experiment data collection phases. In addition, jets

C1 and C3 will be inhibited during mass spectrometer operation. RCS

control requirements for ullages, SPS burns, rendezvous, and docking will

be satisfied and these operations should be performed to minimize the

total accumulated interval of RCS plume impingement into the SIM bay.

3.3.1.6 Transearth Coast - SIM Experiments

During experiment data acquisition, SM RCS jets A2, A4, B1 and B4

must be inhibited to prevent experiment contamination, unless quad pro-

pellant imbalance requires their activation. In addition, jets C1 and C3
will be inhibited during mass spectrometer operation.

Operations with extended booms will require deactivation of the control

system before boom extension. (Boom-mounted experiments are operated during
PTC in transearth coast.)

3.3.1.7 EVA - SIM Experiments

SM RCS quads A & B must be inhibited during EVA for crew safety

purposes.

3.3.1.8 SM RCS Jet Firing Restrictions--SIM Experiments

Refer to paragraphs 2.8 and 2.10 of Volume VI, CSM Experiments
Data Book for J-Missions.

3.3-1.1
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- 3.3.2 ENGINE FIRING DATA

3.3.2.1 Minimum Engine Inlet Pressure

The minimum engine inlet pressure is 75 psia.

3.3.2.2 Firing Time Limitations

Critical engine on-off time sequence limitations (thermal effects not included) areas follows:

Automatic coil Maximum pulsing frequency of 60 cycles
per second.

Direct coil Minimum of 100 ms off-time between

pulses.

Maximum pulsing frequency of 8 cycles

per second.

Qualification limits are as follows:

Single firing 500 seconds (supplemental tests have

shown that, within the propellant
capabilities onboard, there is no

limit to the single firing duration.)
Accumulative firing pulse mode 1000 seconds

plus steady state

Number of firing cyc!es 10,000

3.3.3 VOLTAGE LIMITATIONS "

Engine propellant valves Operating range of 21 to 32 vdc at
valves

Helium isolation valves 18 vdc minimum, 33 vdc maximum

Propellant isolation valves 18 vdc minimum, 33 vdc maximum

3.3.4 PROPELLANT ISOLATION VALVE USE LIMITATIONS

The propellant isolation valves are not for propellant management (see paragraph 4.3.6.3).

3.3.5 MINIMUM HELIUM PRESSURE

The minimum helium pressure required to use all deliverable propellants in normal firing
modes is 2080 psia at 70 F. This value is based upon the following assumptions: maximum regulator

pressures and tank volumes, and system condition at propellant depletion of the following:

Helium bottle 300 psia at 20 F
Propellant tanks 187 psia at 40 F

Ullage saturation 100 percent

3.3-2
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3.3.6 _ SERVICE MODULE RCS HELIUM BOTTLE PRESSURE-TEMPERATURE LIMITATIONS

For service module RCS helium bottle pressure-temperature limitations, see paragraph 3.3.6 in
the appropriate spacecraft appendixes.

3.3.7 TEMPERATURE LIMITS

Detailed temperature limits are presented in Table 3.11-3.

3.3.8 PRESSURE-TEMPERATURE LIMIT RELATIONSHIP FOR SERVICE MODULE RCS
PROPELLANT TANKS

For pressure-temperature limit relationship for service module RCS propellant tanks, see
paragraph 3.3.8 in the appropriate spacecraft appendixes.

f-" 3.3-3
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Table 3. 3-i. Time of CSM RCS Plume Impingement on S-Band

Antenna Until Loss of Earth Track (Seconds) (NASA Data

Source) (See Paragraph 3.3. I. 2. I)

Pitch An_le

Yaw Angle -75 -60 -45 -30 -15 0 15 30 45 60 75 90 105 IZ0 135 150 165 180 195 Zl0 ZZ5 240 255

87 0192 0 178 0175 0_188 0.240 0.867 0449 0,216 0175 0 163 0,162 0170 0187 0 Zl7 0.280 0.494 0.400 0.280

80 0.199 0,186 0183 0. Z]I 0+312 0 321 []217 0]78 0 ]72 0 17Z 0181 0.]99 0237 0.Z82 0.443 0.600 0.296

75 0.g08 0.197 0.[94 0 237 0471 0 275 0,_18 0181 0.181 0.182 0.192 0.Zll 0.259 0296 0.420 1,471 0 336

70 0.220 0 214 O.Zll 0.282 0.675 0 254 0219 0188 0.194 0.198 0 Z08 0,233 O. ZSZ 0 512 0420 0980 ;;_ i ;:: 0,400

65 0 245 0.231 0 241 0368 0400 0 240 0.2z0 0.203 0 211 0.214 0245 0 262 0471 0333 0 418 0 816 0.627

60 0296 0 Z8Z 0 318 0.331 0 233 0. ZZI 0.237 0.270 0.285 0.321 0.368 1 0347 0.400 0.471 0.980

55 0420 0.4O0 05O4 0.296 0237 0,249 0.303 0.400 0.431 0.786 0786 0400 0 546 0546 0.980

50 0,546 0,282 0.149 0,296 0420 0.980 1.515 0,504 0,980 0,786 0,980

45 0. 365 0. 282 0.ZSl 0.383 0. 497 :_ 0.600 1.572

40 ; 0 600 0. 303 0.Z88 0.32 ] 0. 675 0 504 ].471 ].471 0.867 I.471

55 0. 342 0,296 0, 303 0 400 0 47 ] 0. 546 0. 487 0. 786 1 47 ]

30 0.443 0 312 0.288 0342 o 675 0420 0 368 0.331 0 400 0.675 _,

25 [ ]54 0420 0.540 0,291 0 299 0,395 0 377 0.303 0,282 0 301 0378 0980 ,:: i ,_ 1074 4.]5_

20 0.504 0368 0 331 0 296 0.275 0 342 0.504 0.867 0,321 0.264 0249 0 254 0.312 0.675 Z.401 0.546 0.786

15 0.556 0 31Z 0275 0 270 0282 0 4g0 1471 0504 0 264 0 237 0.230 0 230 0275 0 443 1471 0471 0,546

]0 0 Z82 0259 0 249 0.259 0.288 0546 0.383 0.249 0.220 0.214 0.217 0.249 0554 0.786 0980 0.443 0.410

5 0 252 0 237 0 237 0 249 0.303 0980 0 321 0.235 0.208 0._03 0.208 0.2_7 0.546 0980 0.420 0354
0.980 0313

0 0239 0 236 0.235 0.256 0.328 1.698 0.468 0 2_9 0.226 0.204 0. z01 0.z08 0. z3z 0.287 0.457 0.208 0.443 0.3_3

-5 0,ZSZ 0.237 0 249 0.z75 0.443 1.860 0.383 0 282 0 230 0.208 0.203 0.gll 0.237 0.282 0.400 1.471 0.471 0.342

.i0 0 254 0 245 0.296 0.531 0.786 1.386 0 342 0 275 0 233 0.217 0.2]4 0.220 0.245 0.28z 0.383 0.786 0.546 0.391

_15 0.270 0.259 0.354 0.420 1,315 0 980 0.3ZI 0.270 0245 0226 0 226 0.233 0.259 0285 0,385 0,675 0786 0,471

-20 0.296 0.ZSZ 0.420 0600 I 254 0600 0 3lZ 0.275 0.259 0.245 0 24_ 0 254 0,275 0.303 0,585 0 675 0,600

[_ 25 0545 0 332 0,675 0 954 1.200 0.471 0 326 0296 0.280 0280 0.ZSg 0 285 0,293 0 331 0389 0.594 0.832

-30 0.443 0 471 0627 0675 0400 0.33l 0.331 0331 0.383 0.368 0.342 0.354 0.368 0.400 0600

-35 0,980 0.600 0.600 0.400 0.368 0.4Z0 0.504 0.786 0.675 0.546 0504 0,457 0.504 0.600
I

(_ -40 0.600 1.471 0 546 0 420 0,443 0.980 _ 0.786 0.675 0.675

45 0. 600 i,471 0,620 0. 504 0.484 0,832-50 0.546 0.675 0.471 0.546 0600
I

O -55 0.546 0.546 0.420 0.786

N -60 01980 01980 0 _24 0 443 0 420 01980 :_
-4

-65 0.600 0.497 0.504 0.412 0.449 L154 0.800 0.980 Z,941 1.154

_70 0.420 0 _43 0.47: [ 0420 0471 : I ,: 0600 0.400 0.504 0600 0,980 0675

75 0.383 0.383 0445 0443 0675 I 471 0368 0,303 0.368 0400 0.786 0.546

(_ -80 0354 0368 0420 0,504 0.443 0 288 0.254 0.288 0,321 0_600 0.675 0.471

87 0.341 0 343 0391 0666 0.501 0.281 0.235 0.g25 0.237 0.275 0.372 1154 0600 0 429

_No loss of track, motor torque exceeds pl_%e induced torque.
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3.4 COMMAND MODULE REACTION CONTROL SUBSYSTEM

3.4.1 ENGINE FIRING DATA

3.4.1.1 Minimunl Engine Inlet Pressure

No tnininmna limit has been determined; however, performance degradation occurs at low inlet

prcssttre.

3.4.1.2 Minimunl Injector Temperature

The mininanm injector temperature for reliable engine operation is 28 F. If the indicated

temperatttre is below 28 F, the command module RCS injectors require 20 minutes of heating
within one hour of CM/SM separation to prevent propellant freezing at the injector. See paragraph
4.4.4 for discussion.

3.4.1.3 Firing Time Limitations

Critica! engine on-off time sequence limitations are as follows:

Automatic coil None: maximum pulsing frequency - 30 cycles

._. per second.

Direct coil None was found during testing based on normal

usage of the hand controller.

Qttalification Limit *De-Orbit Burn Normal Entry

Single firing 200 seconds at the performance 30 seconds: 70 seconds at
shown in Figure 4.4-4:50 sec- unspecified performance.

onds at unspecified

perfornlance.

Aecunmlative firing 200 seconds at the performance 130 seconds of pulse mode:

(pulse mode plus shown in Figure 4.4-4:15 sec- 70 seconds steady stt_te t_t

steady state) onds of unspecified pulse mode unspecified performance.
performance and 50 seconds of

steady-state unspecified

per fornlance.

Number of firing 106 3000

cycles

*Numbers for de-orbit burn are based on command module RCS duly cycle contained in Rocketdyne Report R-7444-1, Final

Report, Second Supplemental Qualification Test Program for the Apollo Command Module Rocket Engines (6 August 1968) - pitch
engines only.

3.4-1
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3.4.1.3.1 LM Impingement

In a contingency situation with a normally docked LM and CM (SM jettisoned)
and when the CM RCS is required to control attitude, the maximum allowable

continuous firing of the CM RCS is 11.5 seconds. Exceeding this limit will

cause damage to the LM thermal shield aluminum frames. Damage to the forward

LM S-band omni antenna will occur after 14 seconds and damage to the ascent
stage thermal blankets will result after 18 seconds.

3.4.2 VOLTAGE AND CURRENT LIMITATIONS

Engine propellant valves Operating range 21 to 32 Vdc at
valves

Propellant isolation valves 18 Vdc minimum, 33 Vdc maximum

Squib valves (controlled by current rather than by voltage):

Helium isolation 5 amperes minimum as installed in

CM, no maximum requirement

Helium interconnect 5 amperes minimum as installed in

CM, no maximum requirement

Helium bypass 5 amperes minimum as installed in

CM, no maximum requirement

Propellant interconnect 5 amperes minimum as installed in

CM, no maximum requirement

Propellant overboard 5 amperes minimum as installed in

CM, no maximum requirement

3.4.3 MINIMUM HELIUM SOURCE PRESSURE

Minimum helium source pressure required to use all deliverable propellants
in normal firing modes: 3600 psia at 70 F.

Assumptions-Maximum regulator pressures and tank volumes, and system
conditions at propellant depletion of the following:

Helium bottle 400 psia at -25 F
Propellant tanks 301 psia at 40 F

Ullage saturation 0 percent

3.4.4 COMMAND MODULE RCS PRESSURE-TEMPERATURE LIMITATIONS

For command module RCS pressure-temperature limitations, see paragraph
3.4.4 in the appropriate spacecraft appendixes.

3.4.5 TEMPERATURE LIMITS

Detailed temperature limit and rationale are presented in Table 3.11-4.

3.4-2 SNA-8-D-027(I) REV 3
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3.5 SERVICE PROPULSION SUBSYSTEM (SPS)

3.5.1 SPS BURN LIMITATIONS BETWEEN LUNAR MODULE DESCENT PROPULSION
SUBSYSTEM FIRINGS

The use of the SPS after a prolonged -g environment is permissible only if the following
operational rules are adhered to.

1. For normal SPS operations, ullage maneuvers are required if total propellant remaining is
less than 22,300 pounds. If the individual PUGS readout for both the oxidizer and the

fuel is greater than 56.4 percent, a minimum ullage in the sump tanks exists and no ullage
maneuver is required. However, an ullage maneuver is normally required after a docked
DPS burn regardless of gauge readings.

2. The number of LM firings is not restricted by the SPS nor is the number of SPS firings

before and after docked lunar module burns. However, the first SPS firing following a
lunar module docked burn should be of a minimum continuous duration of 40 seconds if

the clocked burn results in CSM -X acceleration in excess of 0.1 g. If the engine is shut
_ down prematurely, the following apply:

a. A total accumulation of 4 seconds of burn time is permitted as long as the
subsequent burn when combined with previous burns totals 40 seconds duration. All

of these burns should be preceded by a four-jet ullage.

b. If the SPS burn following the docked DPS burn is terminated between 4 and

40 seconds, then a no-ullage restart is recommended as soon as possible until
40 seconds of accumulated burn time is achieved. This restart is to assure a low

probability of helium bubbles being present next to the engine ball valves at time of
ignition.

3. If the docked lunar module burn results in CSM -X acceleration less than 0.1 g, the
subsequent SPS burn requires an ullage settling of the SPS in accordance with

paragraph 4:5.3.1 but no other special procedure.

3.5.2 ULLAGE REQUIREMENTS

1. If the SPS must be reignited after a premature shutdown (except when both sump tanks

are filled with propellants), a full direct service module RCS ullage is mandatory unless
reignition is accomplished sooner than four seconds after a premature shutdown.

2. If RCS ullage is not available, a critical burn may be initiated without ullage.

/-

3.5-1
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3.5.3 SPS ENGINE FLANGE TEMPERATURE CONSTRAINT

The engine flange temperature limit during an SPS burn is 480 F. Grotmd tests indicate that

above Ibis value flange burn-through may be expected at any time, possibly resulting in chamber

separation. If the flange temperature exceeds 480 F during a noncritical SPS burn, except during an
LOI burn, the burn will be terminated and further noncritical SPS burns will be inhibited. The SPS

may be used for subsequent critical burns if the flange temperature, as indicated by telemetry, has

decreased to 145 F or less. Critical SPS burns and LOI burns will be continued if the engine flange
temperature exceeds 480 F. (See Table 3.11-5.)

3.5.4 SPS HELIUM AND GN 2 PRESSURE-TEMPERATURE LIMITATIONS

The SPS heliunl and GN 2 bottle pressure-temperature limitations are given in paragraph 3.5.4
of the appropriate spacecraft appendixes. The GN 2 bottle pressurization lower limits are 450 and

400 psia for noncritical and critical burns, respectively. (A discussion of GN 2 bottle pressurization
lower limits may be found in paragraph 4.5.5.1.)

3.5.5 PROPELLANT PRESSURIZATION LIMITS

I The propellant tank inlet lower pressure limits are 115 and 160 psi for critical and noncritical

burns, respectively. The limit on A P between the fuel and oxidizer tank pressures is 20 psi. (A
discussion of these propellant pressurization limits can be found in paragraph 4.5.5.3.)

3.5.6 FUEL AND OXIDIZER FEEDLINE TEMPERATURE LIMIT

The fuel and oxidizer feedline temperature constraints (SP0048T and SP0049T) are as fallows:

Noncritical SPS burns shall be inhibited if the fuel or oxidizer fcedlmc temperature is less than

40 F. Critical SPS burns shall be inhibited if the fuel or oxidizer feedline temperature is less than
25F.

3.5.7 SPS ACTUATOR CLUTCH TEMPERATURE LIMIT

The established maximum operational temperature limit of the clutch at the end of an SPS

firing is 500 F. (A discussion of SPS motor and clutch temperature characteristics can be found in

paragraph 4.5.4.3.)

3.5.8 SPS ENGINE THRUST CHAMBER PRESSURE LIMIT

Tile SPS engine thrust chamber lower pressure limit for noncritical burns is 70 psia. (A
discussion of this limit can be found ill paragraph 4.5.5.3.)

3.5-2
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3.5.9 MINIMUM BURN TIME FOR THE SPS ENGINE

The following constraints on the SPS engine minimum burn time have

been established. (A discussion may be found in paragraph 4.5.1.2.)

For Noncritical Burns

i. No burn less than 0.50 second (time from engine start signal to

engine shutdown signal, or G&C thrust-on signal duration of 0.35

second).

2. No two consecutive engine burns with accumulative burn time less

than 1.5 seconds if the propellant valve temperature is colder than
40 F.

3. No three consecutive engine burns within a two-hour period with

accumulative burn times less than 4.0 seconds if the propellant

valve temperature is colder than 40 F.

4. No engine restart in less than 60 seconds after a previous shutdown.

For Critical Burns

5. For critical engine burns there is no minimum burn time or minimum

coast period constraint.

A critical burn is any engine burn used to save the crew, vehicle, or
mission from loss or failure.

3.5.10 PRESSURE-TEMPERATURE LIMIT RELATIONSHIP FOR SPS PROPELLANT TANKS

For SPS pressure-temperature limitations, see paragraph 3.5.10 in the

appropriate spacecraft appendixes.

3.5.11 SPS ENGINE VALVE TEMPERATURE

See Table 3.11-5.

3.5.12 MAXIMUM SPS BURN TIMES

See communications constraint (paragraph 3.7.4.2) for high-gain antenna

imposed limit.
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.... 3.6 GUIDANCE AND CONTROL SUBSYSTEM

3.6.1 IMU WARMUP AND POWER DOWN

The CMC must be in operation at any time IMU operate power is applied

to ensure control and protection of the IMU, including proper moding,

caution and warning functions, and synchronization pulses.

When the GNCS is powered up from standby it is ready for start of

orbital IMU alignment within i00 seconds after application of IMU operate

power. It is required to have the system in operate for 15 minutes before

using the accelerometers. The i00 seconds allows the gyro wheels to reach

proper operating speed and the 15 minutes allows the PIPA's to reach proper

operating temperature.

In the event of a bus failure and subsequent IMU operat e powe r dropout

or removal of IMU operate power; a 5 minute delay must occur before reapplying i

operate power to the IMU.

If power is applied before the gyros spin down, the gyro wheel motors

will be magnetized, causing the gyros to run at a lower temperature with

the attendant performance shifts. Also the turn-on caging with the wheels

running will put a higher than normal stress on thegyro wheel bearings,

which may result in degraded performance and reliability.

3.6.2 IMU GIMBAL LOCK

The IMU should not be operated close to gimbal lock condition (i.e.,

middle gimbal angle of 90°). The GNCS provides a gimbal lock caution light

_\ when the middle gimbal reaches +70 ° and automatically loses inertial reference

(by switching to coarse align m_de) when the middle gimbal angle exceeds ±85°F.
Automatic attitude maneuvers should be monitored to avoid IMU gimbal lock

condition, as there is no provision for automatic gimbal lock avoidance.

3.6.3 IMU ORIENTATION

IMU orientation determination sightings must be performed with the

following spacecraft attitude constraints.

i) The spacecraft orientatiun should be such as to place the spacecraft
between the sun and the scanning telescope aperture.

2) In the docked configuration the spacecraft orientation in addition

to shadowing the sun should minimize reflected light from LM.

In earth and lunar orbit, sightings must be constrained to the shadow

side of the body.

3.6.4 SCS GIMBAL LOCK

The FDAI ball has the plus and minus yaw poles marked in red, indicating

the gimbal-lock area. The two red areas are for yaw angles of ±75 degrees

or greater. These markings provide the astronaut with a visual indication

when the gimbal-lock region is being approached.

3.6-1
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3.6.5 LINE-OF-SIGHT ANGLE TO LAND_L4RK

For earth landmarks the line-of-sight to the landmark must make

an angle of less than 55 degrees with local vertical at the landmark.

(Lack of contrast and foreshortening may otherwise cause landmark mis-
identification). For lunar landmarks this constraint may be increased
to 65 degrees.

3.6.6 OPTICS LINE-OF-SIGHT RATES

During landmark tracking in earth or lunar orbit, the maximum drive rates

of the optics must not be exceeded. Drive rate limits and instructions for

preventing the required drive rates from exceeding these limits are contained
in paragraph 4.6.3.2, "Optical Blind Zone."

3.6.7 BODY MOUNTED ATTITUDE GYRO WARML_ TIME

The body mounted attitude gyros (BMAG's) require 40 minutes warmup

time prior to use. Rate and attitude error accuracy are impaired if BMAG's

are operated at other than nominal operating temperature.

3.6.8 OPTICS MINI_gJM ALLOWABLE ANGLES

To prevent sun interference with use of the optics, the minimum

angle from the sextant landmark line of sight to the vehicle sunline is a

function of star magnitude, but must be no less than i0 degrees. The

minimum angle from the telescope llne of sight to the sun is 60 degrees.

The minimum allowable angle between the sextant star line of sight

and the edge of the moon is 5.0 degrees. Reflected light from the lunar

surface may obscure the star at angles of less than 5.0 degrees.

3.6.9 OPTICS WARMUP

Optics must be allowed to warm up for 30 minutes in the expected
tracking attitude prior to use.

3.6.10 AUTOMATIC POSITIONING OF OPTICS

The IMU must be aligned before automatic positioning of optics Can

be used for star acquisition for navigation purposes.

3.6.11 OPTICS COVERAGE

The effective optics coverage is shown in Figure 4.6-2. Star/landmark,

star/horizon, and any operations requiring use of the optics should be

3.6-2

SNA-8-D-027(1) REV "3



Amendment 64

4/16/71

planned to conform to the limitations imposed by Figure 4.6-2. The
limitations of the scanning telescope may also apply to the sextant when

the sextan_ and the telescope are used together.

3.6.12 SEXTANT CALIBRATION

The sextant must be calibrated prior to each batch of cislunar

navigation optic sightings. If the sun is within a 15-degree half-cone

angle from the LLOS, calibrations must be checked every 30 minutes dur-

ing navigation optic sightlngs. Successful calibrations will occur when
successive marks agree to within 0.003 degree.

3.6.13 HORIZON LIGHTING

During horizon slghtings, the sun elevation at the substellar

point must be greater than i0 degrees.

3.6.14 STAR BRIGHTNESS MAGNITUDE

Star brightness magnitudes must be equal to, or brighter than,
+1.6 for star/earth landmark observations and +2.3 for star/lunar land-

mark observations; magnitude +3.5 is adequate for star/lunar horizon obser-

vations, and (assuming an upper threshold locator is used) stars of

magnitude +3.0 or brighter may be used for star/earth horizon sightings.

_-'_ 3.6.15 IMU HEATERS MAXIMUMVOLTAGE

The maximum voltage at which the IMU heaters are capable of operating

for periods up to i0 hours with normal coolant-flow is 32 Vdc. For the no-
coolant-flow case, refer to Table 4.2-1.

Operation of the IMU heaters at 35 Vdc for a sustained period of time

may cause the loss of the R63 resistor in the IRIG and PIPA module of the G&N

signal conditioner. (One test case at 35 Vdc for 10 hours has been performed
at Delco, Milwaukee during which R63 resistor did not fail.) The loss of
this resistor would mean the loss of measurements CG2117V, CG2147V and

CG2177V (IGA, MGA, OGA servo errors).

3.6.16 CMC MAXIMUM VOLTAGE

The maximum voltage at which the CMC is capable of operating with

normal coolant-flow is 34 Vdc. For the no-coolant-flow case refer to

Table 4.2-1.

• 3.6-3
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3.7 COMMUNICATIONS SUBSYSTEM

3.7.1 USB EQUIPMENT

3.7.1.1 Warmup Time

The USB power amplifier must warm up approximately 90 seconds before normal RF

amplification values are reached.

3.7.2 RENDEZVOUS RADAR

3.7.2.1 Transponder (X-Band) Warmup Time

The rendezvous radar transponder (X-band) requires approximately 24 minutes to reach

operational stability.

3.7.2.2 Antenna Coverage Patterns

The maximum range for operation of the rendezvous radar is determined by

_-_ the coverage pattern of the RR transponder in the CSM. The coverage pattern
varies with CSM attitude. Paragraph 4.7.2 and corresponding figures show

this coverage.

3.7.3 FLIGHT QUALIFICATION RECORDER

Intentionally left blank.

3.7.4 HIGH-GAIN ANTENNA

3.7.4.1 Maximum Slew Rate

The high-gain antenna maximum slewing rate is 5 degrees per second in any axis. (Reference

Specification MC481-0008, Antenna Equipment, High Gain, states the tracking requirement of

5 deg/sec for vehicle rates.)

3.7.4.2 Limit on SPS Burn Duration

SPS burns of more than 450 seconds may result in permanent damage to the high-gain

antenna. They may occur during SPS abort situations. Damage to [he high-gain antenna under these
circumstances is acceptable because conmmnications by means of the omnidirectional antennas will

be adequate.

/_, 3.7-1
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3.7.5 VHF

3.7.5.1 Maximum Telemetry Range Between LM and CSM

The maximum range of VHF telemetry transmission between the LM and the CSM is 320 nau-

tical miles. (Refer to LEM Performance and Interface Specification, Block I1, SID 62-1244A.)

3.7.5.2 Maximum Voice Range Between LM and CSM

The maximum specified range of VHF voice transmission between the LM and CSM is 550

nautical miles. (Refer to LEM Performance and Interface Specification, SID 62-1244A.)

3.7.5.3 Maximum Range and Accuracy of VHF Ranging System Between CSM and LM

The maxinmm range of the VHF ranging system between the CSM and the LM is 200 nautical

miles with an accuracy of +450 feet between 500 feet and 200 nautical miles. This range includes

bias error (-1:270 feet) and random error (+180 feet). The bias error is a measurable quantity for
each spacecraft and can be found in the appropriate appendixes.

3.7.5.4 Voice Constraint During Ranging Acquisition

VHF voice communications between the CSM and LM must be suspended during the
acquisition phase of VHF ranging (approximately 12 to 14 seconds).

3.7.5.5 LM VHF PCM Data Constraint

LM PCM data cannot be transmitted to the CSM during VHF ranging operation.

3.7.5.6 Ranging Display Resolution

The display resolution of the entry monitor system is 0.01 nautical mile. The decimal point is
blanked out in the VHF ranging mode.

3.7.5.7 Loss of "Data Good" Signal

Loss of the VHF ranging "data good" signal will be presented to the crewman as blanking of
the EMS display with the exception of the last two digits on the right-hand side, which will show
zeros.

3.7.5.8 Temperature Limitations

See Table 3.11-7.

3.7-2
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3.8 STRUCTURES

The _formation presented in this subsection applies only to the
Saturn V launches. Structural data pertinent to Saturn IB launches can

be found in the individual spacecraft appendixes, where applicable.

3.8.1 BOOST PHASE

The boost profile must be limited to the maximum structural loads, I
maximum vibration, maximum acoustic levels, and aerodynamic heating for Iwhich the CSM was designed.

3.8.1.1 _h_ximum Dynamic Pressure and Maximum q_

Structural loads in the maximum q_ region are calculated from a

launch day simulation using measured winds aloft. These structural

loads are compared with allowable load envelopes prepared by the
contractor for that particular spacecraft.

3.8.1.2 Maximum Acceleration

Structural loads due to the end-of-boost maximum acceleration

condition, as prescribed in the Mission Operational Trajectory, are

evaluated before flight to assure that adequate factors of safety will
be maintained.

3.8.1.3 Vibrations and Acoustics

Vehicle vibrations occur as low-frequency, sinusoidal oscillations

resulting from booster engine excitations, and as broad-band, random

vibration resulting from acoustic or aerodynamic noise impinging on the
vehicle outer shell. The maximum sinusoidal vibration for a high

performance booster occurs between 4 and 35 _z, with a maximum amplitude
of 0.25g peak. Vibrations for individual structures are as follows:

i. LES Vibrations

The maximum vibration occurring as broad-band, random vibra-

tions resulting from engine or aerodynamic noise for high

"Q" abort is: Acceleration spectral density (ASD) increasing
at the rate of 6 dB/oetave from 20 Hz to 400 Hz, and constant

at 0.8 g2/Hz, from 400 Hz to 2000 Hz.

2. CM Vibrations

The maximum vibration occurring as broad-band, random vibra-

tions resulting from engine or aerodynamic noise for high

"Q" abort is: ASD increasing at the rate of 9 dB/octave from

20 Hz to i00 Hz, and constant at 1.6 g2/Hz from i00 Hz to
2000 Hz.

3.8-1
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3. SM Vibrations

The maximum vibration occurring as broad-band, random vibra-

tions resulting from engine or aerodynamic noise for the

transonic (Mach i) flight period is: ASD increasing at the
rate of 9 dB/octave from 20 Hz to 200 Hz, constant at 35

g2/Hz from 200 Hz to 400 Hz, and ASD decreasing at the rate
of 6 dB/octave to 2000 Hz.

4. SLA Vibrations

The maximum vibration occurring as broad-band, random vibra-
tions resulting from engine noise for lift-off is: ASD

increasing at the rate of 6 dB/octave from 20 Hz to I00 Hz,

constant at 2.25 g2/Hz from i00 Hz to 350 Hz, and ASD decreasing
at the rate of 6 dB/octave to 2000 Hz.

The CSM/SLA structures are adequate to withstand the random vibra-
tions generated during an off-nominal boost in which the maximum aero-

dynamic pressure reaches 790 psf for an S-IC booster.

3.8.1.4 Aerodynamic Heatin$

The aerodynamic heating environment is evaluated prior to flight by

comparing the mission operational trajectory velocity/altitude history

with that of previously analyzed maximum aerodynamic heating design
trajectories. If the mission operational trajectory parameters indicate

more severe heating than the maximum design trajectory, a detailed
thermal analysis is performed for the prediction of structural tempera-
tures during the boost phase.

3.8.1.5 Cabin Overpressure

The CM inner structure is designed for an internal pressure of 8.3 psi
above the external pressure and has an analytical factor of safety of 2.5.

The maximum possible internal pressure differential of 16 psi (1.5 psid

above ambient on the pad) has an analytical factor of safety of 1.3 asso-
ciated with it. These data are based upon extrapolation of CM 004 test
data (reference SD 68-293), analysis, and data from CM 012. The demon-

strated capability for the CM internal pressure is 12.9 psi.

The critical area for internal pressure is the aft bulkhead, in the

event that the cabin pressure relief valve fails to vent resulting in a 16
psid cabin pressure, the CM should not abort but go to orbit.

SNA-8-D-027(1) REV 3
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3.8.2 SPACE FLIGHT ENVIRONMENT

3.8.2.1 Unified Crew Hatch

The total allowable hatch open time has been reviewed for the nominal

sun look angles during EVA. Analysis of temperatures induced by this
orientation indicates that the hatch can remain open for 2.5 hours at which

time elements of the hatch structure become heated to temperatures more
severe than those encountered during the certification test of the unified

crew hatch. See paragraph 3.10.5 of appropriate appendix.

3.8.2.1.1 CSM Attitude Constraint for Open Hatch Operation

Figure 3.8-2 defines the envelope of solar vectors necessary for

prevention of CM cabin solar shafting during open hatch operations. (See
paragraph 3.8.2.1.)

3.8.2.2 Service Module Plume Impinsement

In order to prevent excessive SPS tank temperatures and local structure

burn through, the maximum continuous burn time of the service module RCS engines
is limited to 750 seconds.

_ 3.8.2.3 Dockin$ Velocity and Alisnment

The LM/CSM docking must be accomplished within the following constraints:

i. Axial (closing) velocity

Maximum = 1.0 ft/sec Structural damage to both LM

and CSM may result.

Minimum = 0.i ft/sec Required for latches to close.

2. Radial (transverse) velocity Structural damage to both LM

and CSM may result.
S0.5 ft/sec

3. Angular velocity (about any Structural damage to both LM

axis) and CSM may result.

El deg/sec

4. Radial alignment of X axes To assure probe hits within drogue.

EI.0 ft

5. Angular alignment of X axes Based on probe/drogue interference

_i0 deg and CM structural strength during
latch up.

6. Roll attitude at probe To allow CM-LM umbilical connection

retract is 60 ±I0 degrees and to prevent thruster impingement
between the CSM -Z axis and on RR antenna.

the _ +Z axis (refer to
Figure 4.8-2).
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3.8.2.4 Docking Probe Extension

If the docking probe does not extend the full 9.8 inches, the maximum

axial closing velocity may be reduced below the 1.0-foot-per-second limit
given in paragraph 3.8.2.3. (Note: All other contact criteria should be

nominal, i.e., near zero.) Permissible axial velocities are shown in
Figure 4.8-3.

3.8.2.5 Docking Latches

For docked DPS or SPS burns, at least nine latches are required.

3.8.2.6 Docking Probe Temperature

Probe temperature must not be lower than 0 F in earth orbit with a

loaded (no restart) S-IVB vehicle or lower than -20 F during all other

dockings. Structural damage to both lunar module and command module may
result because of degradation in shock absorber capabilities. Additional

information on temperature limitations is given in Table 3.11-9.

3.8.2.7 Docking Pre-Loaded Probe RCS Activity

For CM-to-tunnel AP of 0 to 3.5 psid, there should be no-jet control
(roll command) about the docking tunnel centerline of either the LM or
the CSM.

For CM-toitunnel AP _3.5 psid, there should be no more than two-jet
control (roll command) about the docking tunnel centerline of either the
LM or the CSM.

For tunnel vented (CM-to-tunnel AP >4.0 psid for a minimum of i0

minutes), there should be no more than four-jet (roll command) control
about the docking tunnel centerline of either the LM or the CSM.

3.8.2.8 LM/CSM Docked Maneuvers

The LM and CSM must be hard docked during any and all docked attitude

or &V maneuvers, or the docking tunnel area structure may be damaged.

3.8.2.9 Passive Thermal Control

3.8.2.9.1 Service Module RCS Heaters Active

CSM passive thermal control (PTC) is an X-axis rotation mode (0.i

degree per second or greater) required for a minimum of approximately 80
percent of translunar and transearth coast time. PTC is executed when
the angle between the sun vector and the normal to the CSM X-axis is no

greater than ±20 degrees. Excursions to ±30 degrees are permitted should

they be required to satisfy other constraints. However, these

excursions are considered to fall outside the normal PTC activity and are
subject to the same criteria as fixed attitude hold times that are limited
to apprixmately 20 percent (cumulative) of translunar and transearth
coast time.

3.8-2 SNA-8-D-027(1), R_J 3



I.

F- Amendment 93

3130172

Spacecraft design is based on attitude hold in an arbitrary attitude

for a maximum of three hours. Hold periods in excess of this time may be
allowable, depending on particular spacecraft attitudes and temperatures.

Attitude hold periods nominally require subsequent PTC periods of five
to seven times the duration of the attitude hold.

3.8.2.9.2 Service Module RCS Heaters Inactive

Deactivation of the service module RCS quad heaters during the PTC

roll of the translunar phase is an emergency means of conserving cryogenics
during flight. For this mode of operation, the following additional
constraints are required:

i. The angle between the solar vector and a perpendicular to the CSM
X-axis shall not exceed _20 degrees with heaters off.

2. The roll rate shall be 0.2 degree per second or greater with
heaters off.

3. Any deviation from additional constraints 1 and 2 will require
immediate service module RCS heater activation.

During this mode, PTC roll with service module RCS heaters inactive, the

four package temperatures will fall below their lower caution and warning
limits. Accordingly, the master alarm signal will be activated at least

f _ once and possibly three times for each quad after the mode initiation.

The four service module RCS caution and warning lights will be activated

in conjunction with the master alarms and _iI remain continuously "on"
following the last master alarm.

3.8.2.10 Boom Retraction Restrictions

SIM instrument booms must be retracted and the instruments turned off prior

to the establishment of coupled RCS jet attitude control, any SPS maneuver, or

EVA. If, however, a boom cannot be retracted and is not within the proximity

switch indication (extension _12 inches) it must be jettisoned prior to the
establishment of coupled RCS control or SPS thrusting unless a real-time decision

is made not to jettison the boom based upon the data presented in paragraphs
3.1.2.7, 3.1.2.8, 3.6.2.7, or 3.6.2.8 of Volume VI of this data book. Volume VI

sections 3.1 and 3.6 also contain additional instrument boom data.

3.8.3 ENTRY PHASE

3.8.3.1 Deceleration Loads

Deceleration loads during entry shall not exceed 20 g's on the command

module structure and 18 g's on the crew and the couches. Also see appropriate
spacecraft appendices.

3.8.3.2 Aerodynamic Heatin$

The maximum design entry range is limited to 3500 nautical miles

with a maximum inclination of 40 degrees and a maximum entry inertial

velocity of 36,333 feet per second, all referenced to an entry altitude
f of 400,000 feet.

3.8-3 SNA-8-D-027(I) REV 3



Amendment 85

1/14/72 _'-_,

3.8.3.3 Uprightin$ Limitations

There is an envelope of command module impact center-of-gravity

locations outside of which the uprighting subsystem will fail to uprighlz
the vehicle from a Stable II attitude. These center-of-gravity limits
are shown in Figure 3.8-1. For the two-bag capability, it is assumed

that any one bag has failed to inflate. Crew movement is based on two

crewmen (140 and 145 pounds) leaving their couches after water impact
and positioning themselves in the lower equipment bay area to effect
uprighting.

That the command module will impact the water with its center of

gravity within two-bag limit (two-crewman movement) line must be verified

prior to each mission. See Figure 3.8-1 for the center-of-gravity limita-
tions.

3.8.3.4 Cabin Underpressure

The CM inner structure has the capability to withstand an external

pressure of i0 psi above the internal pressure with a factor of safety of
1.0, based on CM 004 test data (reference SD 68-293). Excessive external
pressure was not a design condition.

Test data from water drop test 104 indicates the CM can withstand

water impact with cabin pressure 1 psi below ambient.

3.8-4 SNA-8-D-027(I) REV 3
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3.9 LAUNCH ESCAPE SUBSYSTEM (LES) AND EARTH

LANDING SUBSYSTEM (ELS)

3.9.1 LAUNCH ESCAPE SUBSYSTEM

3.9.1.1 Operational Temperature Limits - Solid Propellant Motors

The Launch Escape Subsystem motors have been qualified to operate
within the temperatures listed in Table 3.11-6.
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3.10 CREW AND CREW SYSTEMS

3. i0. i EXTRAVEHICULAR ACTIVITIES (EVA)

3.10.1.1 Access

The portable life support system (PLSS) and oxygen purge system (OPS),
the extravehicular (EV) gloves, and the EV visor asse_nbly are stored in the
lunar module (LM). Therefore, EVA's are limited until these items are

accessible after docking. EVA's will be attempted only if the tunnel is not

negotiable or if docking is not feasible following separated spacecraft

maneuvers. EVA without the PLSS and the EV visor assembly is limited to the

times when prolonged exposure to sunlight can be avoided and to the distance

that the oxygen hose will extend from the command module side hatch. The

oxygen hoses of the left and center crewmen are 72 inches long; the hose of

the right crewman is 119 inches long. EVA can also be accomplished utilizing
the EVA umbilical and OPS.

3.10.1.2 EVA Time Limitation

3.10.i.2.1 PLSS Usage

See SODB Volume IV for PLSS usage.

3.10.i.2.2 OPS Usage

See SODB Volume IV for OPS usage.

3.10.1.2.3 PLSS/OPS Usage

The OPS, when mounted on the PLSS, is a backup unit used only in case
of PLSS subsystem failure. The OPS is the prime unit for EVT from the lunar

module to the command module and may be used for intravehicular transfer (IVT)
in depressurized vehicles.

3.10.1.2.4 Crew Systems Time Limits

The EVA umbilical hose must be maintained at a temperature such that

the oxygen temperature at the suit inlet is in the range of 0 to 75°F. See
Paragraph 4.10.3.3.

Figure 3.10-1 provides a curve giving umbilical outlet oxygen flow
temperatures as a function of EVA elapsed time. The worst hot-case and

worst cold-case conditions were generated based upon the related assumptions
given on the figure. The figure shows for example, that if the EVA conditions

are biased cold, the oxygen umbilical outlet will reach its lower limit of

zero (0) degrees after 1.4 hours of elapsed time. Upper and lower umbilical
design limits are also shown.
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Figure 3.10-2 provides a curve giving oxygen flow suit inlet tempera-
tures as a function of time for the IVA crewman during transearth EVA.

"Full sun" based upon a theta (8) of 140°F to 155°F as shown on Figure
3.10-3 is defined as that condition where the solar vector is perpendicular

to the longitudinal axis of the umbilical. The full-sun condition may be

problematical and dependent upon the precise tether position taken by the
IVA crewman as he stands in the open hatch. For other than full-sun con-

ditions the crewman may be required to move the umbilical so that it does

lie perpendicular to the sun. Upper and lower umbilical design limits are
also shown.

3.10.i.2.5 CMP PGA Oxygen Pressure with Severed Umbilical

See paragraph 4.10.3.4.

3.10.2 CSM MOTION CHANGES

3.10.2.1 Acceleration

Crew acceleration limits are presented in paragraph 4.10.1.1.

3.10.2.2 I_act

Impact limits of the crew are presented in paragraph 4.10.1.2.1.

3.10.3 CREW TASK REQUIREMENTS

3.10.3.1 Pad Emersency Egress

The com_nand module hatch can be unlocked and opened by a crewman in not

more than 3 seconds. The crew can egress (unaided) from the command module

within 90 seconds when the boost protective cover (BPC) is installed.

3.10.3.2 Pressure Garment Assembly (PGA) Donning

Each crewman is allowed 20 minutes for PGA donning-60 minutes total for

three crewmen (see paragraph 4.10.3.1).

3.10.3.3 CM Ox_$en Depletion at Splashdown

If PGA's are worn during entry and the command module oxygen supply is

exhausted at splashdown, helmets must be removed within one minute or asphyx-
iation may result.

3.10-2
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3.10.3.4 Carbon Dioxide Buildup

CO 2 can be produced at a specification rate of 0.45 Ibs/hr. This would

result in a buildup rate of 9.43 mm Hg per hour in a nonventilated cabin.

Considering the specification maximum of 16 mm Hg and an initial 3 mm Hg, the

total nonventilated time mustnot exceed i hour and 22 minutes. Egress should

be completed by this time. The following conditions result in a nonventilated
cabin:

i. Stable I orientation and PLV Valves cannot be opened.

2. Stable II.

3.10.3.5 Flotation Ba 8 Usage

If the command module assumes the Stable I, apex up, orientation upon

splashdown, the crew must wait i0 minutes after landing before inflating

the postlanding flotation bags. This allows the ablator to cool sufficiently

to avoid destruction of the bags by heat.

If the command module assumes the Stable II, apex-in-the-water,

orientation upon splashdown, the forward heat shield will cool immediately.

f- The crew may inflate the postlanding flotation bags without delay to upright
the spacecraft. (Text continued on next page.)

3.10-3
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3.10.3.6 Side Hatch Opening

The command module cabin pressure must be vented to the surrounding
atmosphere and must not exceed O.i psi AP at initiation of side hatch

opening (see paragraph 4.10.3.2).

3.10.3.7 Skin Burn Hazard from Unfiltered Ultraviolet Radiation*

Exposure to direct solar ultraviolet within the command module may

result in painful burn somewhere in the range from 40 seconds to two

minutes. Moist skin is most susceptible to ultraviolet burns. Also,

the thinner the epidermis, the sooner the burn. The llps are second to

the eyes in burn susceptibility. Untanned skin surfaces and skin irri-

tated by abrasion also would be particularly sensitive. Table 3.10-1

summarizes the effects of exposure to ultraviolet radiation.

3.10.4 SM/SlM THERMAL DATA DURING EVA (PREDICTED)

(See Paragraph 3.11.4)

3.10.5 CSM ATTITUDE FOR EVA

3.10.5.1 Sun Look-Ansle Envelope

Solar illumination of the CSM during EVA is constrained by the SIM,

EVA crewmen, CM hatch, TV and film cameras, the high-galn antenna scan

limit, ECS umbilical, and the crewman foot restraint. The approved oper-
ating area which satisfies these requirements is shown in Figure 3.10-3.

*The actual constraint area is larger but will not be determined for the

remaining missions because of the extensive analysis involved. Present

mission planning indicates that because of the operational characteristics

of the missions, definition of this actual constraint area is not required.

3.10.5.2 Nominal Sun Look-An_le for EVA

A solar look-angle which optimizes communications availability and
satisfies all thermal and illuminations constraints is defined as

8s ffi145°, @s = 315°"

3.10.5.3 Communications Look-An_les for EVA

With the nominal solar look-angle orientation, the hlgh-galn antenna

will be in the automatic reacquisition region or the automatic tracking

region of coverage. Figure 3.10-4 presents locl of earth positions for

0-30 ° earth-sun separation angles in 5° increments.

*NASA Data Source

3.10-4 SNA-8-D-027(I) REV 3
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Table 3.10-1 Times of Exposure to Various Ultraviolet Sources for

Production of Skin Burns**

Skin Effect Time Interval of Exposure* (min.)

Noon Solar Earth Lunar

Sun Flux Albedo Albedo

Erythema Threshold 15-60 0.13-0,40 38-97 58

i Vivid Reddening, 38-150 0.33-1.0 95-240 55-165
Later Tan

Painful Burn 75-300 0.65-2.0 190-480 110-330

Blistering 150-600 1.3 -4.0 380-960 215-650

* Exposure to noon sun is for a bright summer day on earth at 30 ° latl-

tude. Other values apply to exposures in space. Values are for

cumulative exposure within a 24-hour period.

Su_er noonday sun is given to serve as an experience reference. If

the exposed astronaut is aware of a particular exposure-to-burn rela-

tionship at the Houston latitude, his response to spacecraft flux

levels may be identified with better accuracy. The minimum exposure

times should be used as limits unless previously reviewed and approved
by the MSC Medical Operations Division.

** NASA Data Source

.... 3.10-5
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Figure 3.10-2. IVA Oxygen Suit Inlet Temperature vs. Time

(See paragraph 3.10.1.2.4)
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I *Note: Area defined does not represent
an area of constraint, but defines

the approved operating area.
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3.11 THERMAL SUBSYSTEMS

3.11.1 TEMPERATURE LIMITS

Tables 3.11-1 through 3.11-10 present thermal data for e:tch subsystem that is thermally

critical. Additional supporting data to these thermal limits may bc found in Section 4.0 and

appropriate spacecraft appendixes.

3.11.2 COMMAND MODULE REENTRY THERMAL LIMITS*

Definition of the Apollo Block I1 thermal entry limits is based upon tile ablation performance

of the Avcoat 5026 heat shield at body point H-I. Body location 1t-I becomes a critical thermal

constraint due to the combination of Ioc:d ablator thickness and Ioczll heating rate. The llight

parameters which have the greatest effect on bondline temperature are sltown in T_lble 3. I 1-11.

The thermal limits are presented as entry corridor maps :tnd are grouped into sets of

lift-to-drag ratios and orbit inclinations. Thermal limit line maps for the "'guided" and "backup"

(constant g) entry modes are presented in Figures 3.11-1 through 3.1 I-7.

3.11.2.1 Instructions for Use of Entry Thermal Limit Lines

3.11.2.1.1 Guided Entries

Select limit line chart number from Table 3.11-12 on basis of predicted vehicle L/I) and orbit

inclination at 400,000-foot entry interface. Locate the predicted Y i and Vi on the selected chart.

These entry conditions are thermally acceptable if the identified point is to the left of the range line
which is labeled with the approximate predicted entry range front the entry interface loczttion to

the landing target. Linear interpolation between lines is permissible. Such conditions will result in

bondline temperatures on the TPS below 600 F.

Note: The effects of changing entry range after initiation of entry cannot

be predicted directly from these charts. Significant range oh:rages

are permissible only if all ranges :_re shown to bc s:jl'c for the

predicted Yi and Vi.

3.11.2.1.2 Backup Mode Entries

Select limit line chart number from Table 3.11-12 on basis of predicted vehicle L/I)and ori_it

inclination at 400,000-foot entry interface. Loc:ttc the predicted "1i and V i on the selected ch_lrt.

These entry conditions are thermally acceptable for constant g entries i:f these conditions z_re to the
left of the selected constant g level line.

*NASA Data Source
3.11-1
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Note: Change in g level toward higher g levels are permissible

after initiation of entry. Changes to g level below those

indicated as safe are not thermally acceptable during entry.

* 3.11.3 CM THERMAL PERFORMANCE FOR RETURN ENHANCEMENT BATTERY OPERATION

A thermal simulation was conducted to determine the thermal response

of the CM assuming an emergency return from lunar orbit without the LM

and in the absence of CSM fuel-cell power. The electrical power profile

is shown on Figure 4.1-51.3. With a 3-RPH PTC attitude, the enhancement

mode tlmeline will maintain the CMwater and RCS propellant tanks above

their lower limits. The uncooled operation of the CM electronic equip-

ment results in acceptable temperatures for all equipment except the

SBPA. It should be noted that the SBPA constraint for noncooled opera-

tion is 1.3 hours.

The minimum cabin gas temperature predicted for the enhancement mode

is 55°F. The cabin relative humidity is indicated to be 100%. Condensa-

tion on the structure was not included in the analysis; however, including

this effect is not expected to result in significantly lower relative

humidity conditions.

The predicted temperature responses are in the figures listed below.

CM Lifeboat Temperature Predictions

Equipment

Cabin Heat Exchanger 3.11-8
Helium Tanks -9

Waste Water Tank -i0

Potable Water Tank -ii

RCS Oxidizer Tank A -12

RCS Oxidizer Tank B -13

RCS Fuel Tank A -14

RCS Fuel Tank B -15

Inverters -16

Radiator Outlet -17

Suit Inlet -18

*(NASA DATA SOURCE)
3.11-2
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3.11.4 SM/SIM THERMAL DATA DURING EVA (PREDICTED)

3.11.4.1 SM Temperature Map (Predicted)

(See Appropriate Spacecraft Appendix)

3.11.4.2 SIM Temperature Map (Predicted)

(See Appropriate Spacecraft Appendix)

/

SNA-8-D-027(I) REV 3
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Table 3. ii-i. Electrical Power Subsystem (EPS) Temperature Limitations

'Fempdratur(_
Limits (°F) Measurement

Component l.ow [ High Low Limit Reason High Limit Reason Number Location

Fuel cells

Condenser exhaust I l0 225 An average of three temperatures_ Excessive water buildup in fuel SCZ081T
(Aw_ra_e) l I0 F could result in a frozen cell above 225 F. SC208ZT

water line. Since this temperature SC2083T
is below the measured Ibnit, it

would have to be verified by heat
balance calculations.

Radiator outlet - t0 N/A Flow of water and _lyc0l becomes Condenser exhaust temperature SC2087T

sluggish, is the only critical parameter. SC208gl"
Note: 2TV-I never went below SC2089T

+30 F.

%o Stack skin: 560 500 Borderline case for chemical Short life of Teflon seals in SC2084T

reactions. KOH starts to fuel cells. SC2085T

,--- solidify. Red line = 475 F. SCZ086T

I Maximum power = 440 F.

inverters

(See paragraph 4. 1. 5. 2) N/A 248 Design maximum temperature.
C&W set at 190 F.

U) Cryogenics I

Signal conditioners -65 170 Output drifts upward as tempera- Qualification testing at 140 F. i None N/A
, tare decreases below -20 F. Satisfactory runs have been

Limit is lowest temperature from made at 170 F. CapacitorsI

which unit will recover, fail inside spacecraft.
I

O :::Stack temperatures are in the middle of each stack, and a delta temperature of 40 F can occur between the middle and the ends of the stack,t_
_1 (See paragraph 4. 1. 5.2 for further discussion.)

65

t_



Table 3.11-2. Environmental Control Subsystem (ECS)
Temperature Limitations

Temperature
Limits Measurement

Component Low High Low Limit Reason High Limit Reason Number Location

Radiator outlet -20 90/75* Irreversibledamage to radiators See primary evaporator outlet CFOO2OT LH equipment bay
will not occur above -35 F; how- rationale below.
ever, corrective action is
recommended at -20 F.

Suit circuit temperature -- -- Determined by crew comfort. Determined by crew comfort. CFOOO8T Inside suit circuit

Cabin air 58* 83* 2TV-I data RH 55 percent 2TV-I data RH lO0 percent. CFOOO2T Upstream of cabin
heat exchanger

Waste water tank 32 N/A Line freeze up No upper limit identified. --_CROOO4T** Aft equipment bay
LCROOO3T**

Potable water tank 32 N/A Line freeze up NO upper limit identified. CROOO4T** Aft equipment bay

Primary evaporator outlet 34 _0/75 To prevent freezing of water elt is permissible to exceed CFOOI8T Glycol temperature at
supply. Instrumentation G&N ICD limit of 55 F when evaporator outlet
accuracy included in this number, required for tracking,

experiments, or emergency
conditions. Peak temperature

L_ not to exceed 90 F. Average
temperature for a 2 hour

period not to exceed 75 F.
_-- Maximum steady-state coolant

to IMU is 75 F with 75 F
(or lower) structure tempera-
ture and when coolant flow and

bus voltages are near nominal.
Limits verified by ground test
and analytic thermal model.
Note: Telemetry readout limit
for CFOOI8T is 76 F. For
higher temperatures , refer-
ence radiator outlet (CFOO2OT)

temperature above.
Z

Evaporator outlet 34 50.5 To prevent freezing of water Facilitate suit circuit H20 CFOOI8T Glycol temperature at
co during EVA supply. Instrumentationaccuracy removal and preclude helmet evaporator outlet
I included in this number, fogging.

I
0 Urine dump nozzle 32 N/A Freezing of HpO. Urine dump CFO460T On dump line upstream
i_ testing. _ of nozzle

Steam duct 32 N/A Freezing of H20 CFOO34P Steam duct upstream ofv evap back pres valve _ m
CFOOI8T Gly evap outlet temp _

<: *These limits do not apply to crew comfort. "J

**Water tanks will not freeze if helium tanks I and 2 are maintained above 34°F. _ rt
co

1NASA Data Source _

i

/
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Table 3. 11-3. Service Module keiction Control Subsystem (SM RCbj

Temperature Limitations

Temperature

Limits (°F) Measurement

Component Low High Low Limit Reason High Limit Reason Number Location

Helium bottle 20 _ To ensure -65 F after a long burn. SRS013I" Bottle skin

through
SR5016T

Primary oxidizer

Bulk tank 30 110 ] Operational limit. None N/A
Quad A

}Quad B

Quad C 30 ::_ Bladder hardens. Fracture mechanics. _ None N/A

Quad D

Primary fuel

Ua Bulk tank, 30 i I0 Operational limit None N/A

___ Quad A| sm_,3T la_

Qu&d il SRSO74T Skin

l Quad 30 _'.: _Bladder hardens. Fracture mechanics. _: SRS075T Aft:
SRS076T ' Ik_me

On Quad

Secondary oxidizer tank 30 ::: Bladder hardens. Fracture mechanics. :: None N/A

Secondary oxidizer bulk 30 II0 Bladder hardens. Operational linnit. None N/A

Cr_ Secondary fuel tank 30 ::: Bladder hardens. Fracture mechanics. ::: None N/A

_I> Secondary fuel bulk 30 110 Bladder hardens, Operational limit. None N/A
I

OO Propellant lines 20 175 Oxidizer freezing temperature. Engine lin_it (sn,all quantities) gRs069r oxidizer

below two-phase condition.
through Feedllne
SR5072T Ia_ Filter

I

O Propellant component 30 150 Operational limit. Operational limit. None : N/Aix0
-,] isolation valve Qual l_=ttI05 IL i

Supp testingto 150 F.

Pressure panel Z0 150 Oxidizer freezing at check valves. Operational limit. SF,5069T Oxidizer
through !Feedllne
SRSO72T at Filter

Engine valves 35 N/A Operational limit. N/A None N/AC0

<
Nozzle nut 30 Operational lin_it. None N/A

Oa I--*_

Engine package 55 N/A To hold a 30 P nozzle nut N/A SRS065T Engine n_¢,unt. .OO
(See paragraph 4. 3. 5.4) temperature, through o_ (D

SRS068T -4
; I,O

_:See corresponding table in spacecraft appendixes (all RCS fracture n_echan[cs limits - NASA Data Source). O

+See Section 3. 3 in spacecraft appendixes, t.n



Table 3. ii-4. Command Module Reaction Control Subsystem (CMi RCS)

Temperature Limitations

Femperature

Limits (°F} Measurement

Component Low High i Low Lilnit Reason High Limit Reason Number Location

Helium bottle To ensure -65 F after long burn CR0003T Bottle skin

(neglecting transients due to engine CR0004T

firing).

Propellant oxidizer tanks

Bulk tank ] Qualification limit - bladder

Tank A /Bladder hardens. IS°liens"
Tank B I Fracture mechanics.::: None N/A

J
Propellant fuel tanks

Bulk tank Qualification limit - bladder

s of tens.

___ Tank A ,Bladder hardens. 1Tank B Fracture mechanics.e.: None N/A
! JO'-

Propellant lines Oxidizer freezing temperature. Engine limits (small quan- None N/A

tities) below two phase.

Helium panel Oxidizer freezing at check valves. Component operating limits. None N/A

Propellant panel Component operating limits. Component operating limits. None N]A

U_

Engine valves :'# Operating limit. Operating limit. None N/A
>
! Engine injector _ To ensure that engine valve is above N/A CR2100T Engine injector

CO (See paragraph 4, 4, 4. ) minimum limit at activation. CR2103T

CRZll0T
I CR2114T

O CRZII6Tt-J

-' I T I 1 I Cr_ZiiS'TI
v ':_See corresponding table in spacecraft appendixes (all RCS fracture mechanics limits - NASA Data Source).

_::_No limit during nonoperating portion of mission; limits apply just before system activation.

tSee Section 3.4 in spacecraft appendixes.

<
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Table 3. ii-5. Service Propulsion Subsystem (SPS)Temperature Limitations

TelTlper atu re

Limits ('F) Measurement
I

Component Low Iligh Low Limit Reason High Limit Reason Nun_ber Location

Oxidizer sump tank bulk 30/40::::: l l0 Limit of 30 F is dictated by mini- Maximum propellant ten_pera- None N A

(see paragraph 4. 5. 4. i.) mum propellant temperature during ture during qualification tests
qualification tests. Limit of 40 F

:s dictated by potential injector

damage during shutdown transients.

SP0055T On upper tank
Oxidizer sump tank skin N/A N/A Fracture mechanics. : dome at X = 3421
Oxidizer storage tank bulk 30/40: I10 Lin_it o[ 30 F is dictated by mini- Maximum propellant tenupera- None N A S

(see paragraph 4. 5. 4. I.) mum propellant temperature during ture durin_ qualification tes:s.
qualification tests. Lin_it of 40 F

Is dictated by potential injector J

damaee during shutdown transients, iont._ Oxidizer storage tank skin N/A ': N/A Fracture tnechanics. : SP0058T= upper tank
_" dome at X = 343

Fuel sur_._p tank bulk (see _0/40': 110 Lin_i_ of 30 F is dictated by mini- Niaximurn propellant ten]peru- None N ._. SI
-M paragraph 4.5.4. 1.) mun_ propellant temperature during ture during qualification tests.

qualification tests. Limit of 40 F

Is dictated by potential injector On _ank at X s = 280
damage during shutdown transients.

Fuel sump tank skin N/A : N/A Fracture mechanics. SP0056T On upper tank
dome at X = 341

........... _ ................ _ ...... Lini_t el 30 l" is dlc_a_l.d by nlini- _\[axin_um propellant ten'_pera- None _ A
{_eepara_raph 4. 5.-i. 1. ) lnunl propellant temperature during ture during qualification tests.

qualification tests, tin,it of 40 F I
I is dictated by polential injector

Co damage during shutdown transients.I

U
I Fuel storaae tank skin N/A :: N/A Fracture mechanics. : SP0059T On upper tank

dome at X = 343
--fix) Helium pressurization 0 150 The limit prior to a SPS firing,is Maxin_um temperature during None N/A S

panel -SF. For a continuous firing, the qualification tests. Solenoid
tenxperature will drop to -65 F in valve is least tolerance

450 seconds, component.

'::See corresponding table in spacecraft appendixes. _

Co ::::::Noncritical burns: 40 F; critical burns: 30 F. _--_

_-ar*



Table 3. ll-5. Service Propulsion Subsystem (SPS) Temperature

Limitations (Cont)

Temperature

Limits (°F) Measurement

Cor_ponent i.ow High Low Limit Reason High Limit Reason Number Location

Tenlperature necessary to SP0017T Top skin of

lhqium tank 40 maintain

the helium above the -65 F dew- lower tank

point t(_mperature during a

450-second SPS firing.

t_Ufi_ control box 16 150 Calibration limit. Qualification test lil-nit for None N/A

forward bulkhead temperature•

tiinlbal actuator 10/0: 140 Qualification limit for gimbal Qualification limit prior to None N/A

/See para_ra[>h 4. 5. 4. 3. ) operation. SPS engine firing.

Propellant fc(.d lines 25/40 110 Qualification test and performance Qualification limit prior to SP0049T Oxidizer line

(Sec para_/ral,h 4. 5.4. l.I limit. Noncritical burns: 40 F. engine firing. Because of _¢*SP00541"I Oxidizer line

Critical burns: 25 F. soakback, this ten%perature I SP0048T Fuel line
bo may reach 140 F following _SP0057T Fuel line

_.- a SPS engine firing.

7
CO I->U valve 20/40 ll0 White Sands "resting Facility tesl Qualification limit prior to

! lower limit. Noncritical burns: engine firing. Ma V reach

i 40 F. Critical burns: 20 F. 140 F following engine

firing.

Propellant valve 40 160 May go below this value after Operating lirnitation for valve SP00-'i5T On propellant valve

engine shutdown due to evaporative seats.

(/) cooling• Before firing, use heaters

to reach 50 F. Propellant tem-

)erature limit is 40 F.
I

o0 I•SPS injector {See N/A 480 N/A OperatiOndamagelimitatiOnengine.tO pre- **SP0062T[paragraph 3. 5. 3.) Ivent to

O *For motor idling: 0 F; prior to ignition: 30 F. Warmup from 0 to 30 F (idle) takes approximately 5 minutes.t-o

--3 )See Section 3. 5 in spacecraft appendixes•

"_ I **Deleted on CSM i12 only. -.._$
"--m



L

j_

Table 3.11-6. Launch Escape Subsystem (LES) Temperature Limitations

TEMPERATURE MEASUREMENTCOMPONENT LIMITS (°F) LOW LIMIT REASON HIGH LIMIT REASON
LOW HIGH NUMBER LOCATION

Launch Escape 20 120
Motor

Qual. Limit. Motor Qual. Limit. Motor

IPitch Control 20 140 _performance below this ,performance above this
Motor limit is unknown, limit is unknown.

Tower Jettison 20 140

Motor

I
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Table 3.11-7. Communications Subsystem Temperature Limitations

SIM Scientific Temperature i I
Heasurement

Data and Power Limits (°F) L_ Limit Remarks High Limit Remarks
Distribution

Equlpm_nt Low High Number Location

Data Processor

_ster -30 160 Qualification limit (unit) Qualification limit (unit) ST0562T SIM

Internal temperature mea- Internal temperature mea- (Avail- Xs = 262.5
surement monitor lower surement monitor upper able on

range to -20 F. Lowest range to +155 F. Highest }mR

temperature reached on a temperature reached on a 51.2KBS)
J-mission flight has J-mission flight has

been 50 F. been 130 F.

;lave -30 160 Qualification limit (unit) Qualification limit (unit) STO563T SIM

(Same range as Master) (Same range as Master) (Avail- Xs = 262.5

Lowest temperature reached Highest temperature able on

on a J-mission flight has reached on a J-mission HBR
been 40 F. flight has been 109 F. 51.2KBS)!

l

o Scientific

Data System:
Buffer -65 160 !Qualification limit (unit) Qualification limit (unit) None SIM

Amplifier Lowest temperature (deter- Highest temperature X2 = 262.5
mined from analysis of (determined from analysis

CSM 112 data) reached on of CSM 112 data) reached
CSM 112 was _ F...... M was

Multiple -30 250 Qualification limit (unit) Qualification limit (unit) SLI215T SIM = 262.5
Operations External temperature mea- External temperature mea- (Avail- Xsl
Module surement monitor lower surement monitor upper able on

i range to -i00 F. Lowest range to 200 F. Highest HBRo

_ temperature reached prior temperature reached on a 51.2KBS)

to EVA on a J-mission J-mission flight has been

flight has been +22 F. 153 F. _
The lowest temperature "-_uS
reached with the MOM box _-_

OFF following EVA has _ _
been -30 F. o



Table 3.11-7. Communications Subsystem Temperature Limitations (Continued)

Temperature

Limits (°F) Measurement

Component Low I High Low Limit Reason High Limit Reason Number Location
J

S-Band high-gain 0 200 Qualification limit Qualification limit None N/A

Stripline

Operating -70 90 Qualification limit(crack- Qualification limit. None N/A

ing of plastic material).

Nonoperating 0 105 Specification for long- Specification (unit oper-

time storage, ated after being subjected

to the 105 F temperature).

Lo

I

O

I
CO
I

I
0

! J
/
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Table 3. II°8. Structures Subsystem Temperature Limitations

I
temperature i

Limits ("F) '. M,-asurement

] ! Number']l L°ca_'i°r-Component Low High Low Lirni_ Reason High kimi: Reason I
I

Heat shield -150 200*/ Hairline cracking.and delamina- As the temperature sarpasses ! CAI_20T[ CNI ablator
150 tion in the ablator may occur 200 F, the low limit is raised I CA1821T!

below this temperature. No because of volatile loss ar_d i CAlgZ2n2 I
data available below -150 F. material shrinkage caused by CA 8-_.

the over-temperature. The

; heat shield Lemperamres must ,!

be no hi_her than I50 F just [

! before reentry ,limited b,- I
600 F bondline temoera:ure ior I
a 3500-nm design trajectory1.

Unified crew hatch (while i
open) I

i

Ablator -95 Hatch closure has not been

demonstrated below this I

temperature.

IHatch closure has not been None N AAlmninun_ plate 160 / [
_detll(_tlstrated above these I
I

I
Snrroundin_ ablat,)r 155 /

limits.
o

• , I i
Lunar orbit only.

U}
7_
>
I

oo
I

I

CD
r_

fD



Table 3. 1 I-9. Docking Subsystem Temperature Limitations

Femperature

Limits (F) Measurement

Component Low High Low Limit Reason High Limit Reason Number Location

i)(ichimuprobv 0/-20 200/ Load-carrying capac1_.y for trans- Specification limit for trans- CSOZZOT On main barrel

250 )osition and docking with a loaded position loads. Lunar orbit

(no-restart) S-IVB. All other docking permissible at 250 F

dockings at -20 F. See due to reduced loads.

paragraph 3. 8.2. 6.

Docking drogue -150 200/' Demonstration limit, 200 F spec limit for

300 transposition and

docking loads.

300 F acceptable by

analysis for lunar
stay and lunar orbit

docking.

Attenuator -80 250 Qualification test. Qualification test.

DO
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Table 3. II-i0. Non-Coldplated Equipment Temperature Limitations

Temperature

Limits (°_) Measurement

Component Low High Low Liluuit Reason High Limit Reason Number Location

Ordeal

Operating 0 160 Qualification limit. Qualification linlit. None N/A

Nonoperating -65 160 Qualification linlit. Qualification linzit. None N/A

_o

i

%0

O%

>
i
Co

I
CD
Po

v

tm



(NASA Data Source)

Table 3. ll-ll. Entry Condition Parameters at the

400, 000-Foot Entry Interface

Symbol or Variable Range or

Parameters Abbreviation Constant Value

Parameters Influencing Primary

Temperature

I. Entry velocity V i 35, 500 to 38, 500 ft/sec

Z. Flight path ang]e Yi -5. 25 to -8.5 degrees

3. Guided entry mode R 1500 to 3500 nl_l

range

4. Backup entry mode Constant 3, 4, and 5 g

g level

5. Lift-to-drag ratio L/D 0. Z5 to 0.40

Parameters Influencing

Secondary Temperature

i. Comlnand module weight CM 13,000 ib

weight

g. Initial ablator 100 F

temperature

3. Atmospheric model Thin atmosphere

(60 degree N latitude

deviation)

Other Parameters

I. Orbit inclination i 0 to 90 degrees

Z. Aft heat shield local 80, 000

transition Reynolds
number

3. ll-14

SNA-8-D-027(1), Rev 3



(NASA Data Source)

Table 3. ll-IZ. Summary of Thermal Limit Line Study z_

Guided Entry Mode, Backup Entry Mode

Orbit Inclination Orbit Inclination

L/DRatio 0 ° -< 45 ° >45 °-< 90° 0° -< 45° >45°-< 900

0. 25 -< L/D _- O. 34 Figure 3.11-1 Figure 3.11-3 Figure 3.11-5 Figure 3.11-6

0. 34 -<L/D-< 0.40 Figure 3.11-Z Figure 3.11-4 Figure 3.11-5 Figure 3.11-7

>_To be used in conjunction with Figures 3. 11-1 through 3. 11-7.

Note: All over- and under-shoot g boundaries shown in Figures 3. 11-1

through 3. 11-7 are defined for the following:

1. Guided entry mode

Z. i = 45 degrees

3. L/D = 0. Z5

4. Thin atmosphere

5. CM weight = 13, 000 pounds

. 3. 11-15
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Figure 3.11-8. Cabin Heat Exchanger Predicted Temperature Response
(See Para. 3.11.3)
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Figure 3.11-9. Helium Tanks Predicted Temperature Response

(See Para. 3.11.3)
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Figure 3.11-10. Waste Water Tank Predicted Temperature Response
(See Para. 3.11.3)
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Figure 3.11-11. Potable Water Tank Predicted Temperature Response
(See Para. 3.11.3) -_
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Figure 3.11-12. RCS Oxidizer Tank A Predicted Temperature Response
(See Para. 3.11.3)
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Figure 3.11-13. RCS Oxidizer Tank B Predicted Temperature Response

(See Para. 3.11.3)
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Figure 3.11-14. RCS Fuel Tank A Predicted Temperature Response
(See Para. 3.11.3)
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Figure 3.11-15. RCS Fuel Tank B Predicted Temperature Response
(See Pare. 3.11.3)
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Figure 3.11-16. Inverters Predicted Temperature Response

f . (See Para. 3.11.3)

3.11-31

SNA-8-D-027(1) REV 3



Amendment 62

1/30/71

LIFE BOAT

[ ! ] $L503 RAD OUTLET (CFOO2OT) (NASA DATA SOURCE)

8Q
\

_. 6O
o

ILl

D
I--

Q.
E
w 40

2O

20 40 60 80 lO0

TIME - C*-_)

Figure 3.11-17. Radiator Outlet Predicted Temperature Response
(See Para. 3.11.3)
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Figure 3.11-18. Suit Inlet Predicted Temperature Response

(See Para. 3.11.3)
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4.0 SUBSYSTEM PERFORMANCE AND OPERATIONAL DATA
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4.0 SUBSYSTEM PERFORMANCE AND OPERATIONAL DATA

4.1 ELECTRICAL POWER SUBSYSTEM

4.1.1 POWER REQUIREMENTS AND PARAMETRIC DATA

4.1.1.1 Main Bus Voltage Allowable Range

Spacecraft systems have been designed to accept a maximum steady-state voltage of 30 volts
and a 1-second transient of 32 volts, as defined at the toad. Because of the designed-in minimum

voltage drop between the main dc buses and certain systems, it is recommended that a maximum

steady-state bus voltage of 30 volts be observed. Under no circumstances should the steady-state

voltage be allowed to rise above 31 volts.

On the lower side of the voltage range spacecraft systems have been designed to a minimum

steady-state voltage of 25 volts and l-second transients to 21 volts, as defined at the load. However,

because of ripple voltage, the G&N system should be supplied a minimum steady-state voltage of
25.8 volts, 124.0 volts under transient conditions. Special provisions have been made to minimize the

line drop to the G&N system in order to satisfy these voltage requirements. As defined at the main
dc buses, it is recommended that steady-state voltage be maintained above 26.5 volts and the

transient voltage above 25.0 volts, to ensure proper operation of spacecraft systems. Severe

degradation of system performance, however, is not anticipated as long as the steady-state voltage is
maintained above 25.5 volts.

Operating near voltage limits requires cousideration of the voltage regulation characteristics of
the fuel cells and the effects of load changes, either inteutioually s;witched or automatically cycled.

The voltage regulation characteristic of a fuel cell is a function of temperature as well as load. At

higher stack temperatures, the range of loads that the fuel cell can handle within voltage limits is

greater than that at lower temperatures; i.e., LxV/_I decreases with increasing fuel-cell

temperatures. In addition, the entire range of acceptable loads shifts upward with increasing stack
temperatures. This characteristic is shown for three- and two-fuel-ceil operation in Figures 4.1-1 and
4.1-2. Moreover, unlike the electrical loads that are switched on and off instantaneously, fuel-cell

temperature is dependent upon the time history of the loads applied previous to the specific time in

question. Although the fuel celt will seek the steady-state temperature associated with the loads

being supplied, the response is relatively slow. The Block I1 qualification test indicates that the fuel
cells will change temperature in an exponential manner, covering about two-thirds of the

temperature change per hour. This rather slow response in temperature makes it possible to operate

at ahnost any combination of fuel-cell temperature and load. Consequently, operation close to the
voltage limits, either high or low, is to be expected. Since it is generally not feasible to predict the
on and off times or duty cycles for automatically cycling loads, particularly those influenced by

unknowns such as spacecraft attitude (thermal radiation incident upon the spacecraft), the only

p- 4.1-1
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practical means of precluding a possible over- or under-voltage condition is through avoidance of the

minimum and maximum voltage areas by real-time power management. For example, with a

maximum allowable steady-state main bus voltage of 31.0 volts and a minimum of 25.5 volts,

maintaining the bus voltage between 26.5 volts and 30.0 volts will greatly reduce the probability of
an over- or under-voltage condition.

This recommended operating range is shown as a function of load levels and fuel-cell

temperature in Figures 4,1-1 and 4.1-2. This 1-volt caution area, while providing some cushion, will

not protect against the simultaneous cycling of several of the larger automatic loads. The voltage
cushion required to provide such a worst-case protection would be unduly restrictive on the

allowable operating range. The caution area for fuel-cell temperatures below 390 F has been

extended on the low-voltage side because of the added potential of the fuel-cell in-flight heater

cycle in this temperature region. The approximate load levels and operating criteria for several of
the major automatic cycling equipment items are listed in Table 4.1-1.

Because the critical temperatures and pressures associated with the operation of these cyclic

loads can be monitored in real time by both the crew and Manned Space Flight Network (MSFN),

their duty cycles can be anticipated. The MSFN can offer the crew considerable help in this area.

Qualification testing of the Block II fuel cells indicates that the thermodynamic control

characteristics are significantly improved over the Block I fuel cell. Based on these tests, operation
of the in-flight heaters is not expected at power levels above 1300 watts for three fuel cells. In

addition, the ECS iMine heaters (primary system) are not expected to operate in a low earth orbit

mission. The radiator outlet glycol temperature required to activate the heaters requires both a low

electrical load (minimum heat input) and a cold radiator orientation. For a low earth orbit mission,
the minimum thermal flux incident upon the radiator panels for any significant time is estimated to

be in the range of 15 to 20 Btu/hr/ft2 (average of both panels). At this thermal flux level, electrical
loads would have to be reduced below 1400 watts (<48 amperes) before the radiator outlet

temperature should reach the level required for heater operation (-15 F). However, the narrow
control band of the secondary ECS loop could cause its heaters to operate under normal electric

loads should the secondary system be activated. Consequently, the secondary loop, specifically

secondary heater, should only be checked out when operating at a fuel-cell temperature and
electrical load range where a 32-ampere toad increase can be sustained. Simultaneous operation of

both the primary and secondary radiators is not recommended; therefore, the primary and
secondary heater will not be operating concurrently.

Figures 4.1-1 and 4.1-2 can be used to estimate the amount of cyclic loads which can be

sustained without an over- or under-voltage condition. Entering the appropriate curve with the
existing stack temperature (average of the fuel cells) and the total load (sum of the fuel-cell

currents) will identify the present operating point with respect to the allowable range. The distance,
at constant temperature, to the voltage limits indicates the size of the cyclic or transient load which

can be sustained without exceeding these limits. If the operating point falls within the fuel-cell

steady-state range, the operating conditions should remain fairly stable, i.e., the fuel-cell

temperature should not change appreciably with time. On the other hand, should the operating

4.1-2
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point fall outside the steady-state range, the point will drift toward the

_teady-state band. Operating lines which are a constant A-current (as

measured at 28 volts) away from the low-voltage warning light (26.25 volts)

are shown as faint hidden lines. Constant A-voltage lines are not shown

for the upper limit.

Should either main bus voltage inadvertently fall[ below 26.25 ±0.i

volts, illuminating the low-voltage warning light, it is recommended that

an entry battery be placed on the line until loads can be reduced or until

the fuel cells recover in temperature. If bus voltage approaches the 31-

volt level, electrical loads should be added to the line to prevent an over-

voltage condition.

4.1_1.2 Main Bus Voltase Performance

Figures 4.1-3 through 4.1-8 show command module main bus voltage as a

function of fuel cell output current and temperature. Figures 4.1-3 through

4.1-5 reflect one-, two-, and three-fuel-cell operation at sea-level condi-

tions, and Figures 4.1-6 through 4.1-8 reflect one-, two-, and three-fuel-

cell operation under vacuum conditions. The curves assume equal load

sharing among the fuel cells.

4.1.1.3 EPS Bus Structure Resistance Model

Figure 4.1-12 shows the power sources, bus configuration, and line

resistances of the electrical power distribution subsystem. The resistance

values of other power distribution subsystem components such as connectors,

switches, current shunts, and circuit breakers are included in the resis-

tance values shown in the schematic.

.... 4.1-3

SNA-8-D-027(1), Rev 3



4.1.1.4 SPS Gimbal-Actuator Power Requirements

Table 4.1-2 presents the SPS gimbal-actuator-motor power matrix. These data together with

Figure 4.1-23 can be used to determine motor power requirements (specification and development
test values). The power requirements may vary significantly between motors as well as between

channels. Accordingly, specification values should be used until such time as test values for specific
actuators become available.

4.1.1.5 Power Level Change Operational Procedure

When changing power levels, the permissible rate for powering the spacecraft up or down is

primarily a function of the fuel-cell stack initial temperature and the rate at which the stack changes
its temperature. Powering up or down, therefore, is more dependent upon the longer term electrical

power averages than the precise power and orientation conditions from which the power oh:rage
starts. Voltage regulation of the command module main dc bus is a primary concern during the
power change operations, and the dc bus voltage reading should be used to determine the

permissible step in power. During power down, the bus voltage should not bc allowed to rise above

31 volts: when powering up, it would not drop below 26.5 volts. For example, when powc'ring

down, equipment may _be turned off until the bus voltage reads 31 volts. This operating
configuration should be maintained until the voltage drops to approximately 30.5 volts. Additional

equipment may then be turned oft" tmtil the bus again reaches the 31-volt limit. The procedure' can

be repeated tmtil the desired power level is achieved. The spacecraft should be powered up similarly.

Under normal operation with three fucl cells, the bus voltage will be high and fewer power steps will
be required to power up than to power down.

4.1.1.6 Logic Bus Alternate Power Source

The redundant sequential events control system (SECS) draws power from SECS logic buses A
and B, which normally are powered by entry batteries A and B, respectively. Loss of entry battery

A or B or an open circuit between either battery and its respective bus would render the respective

logic bus inoperative with a consequent loss of redundancy. To avoid the necessity for early mission
termination due to the loss of SECS redundancy, a backup source for logic power is available.

If a failure of either battery A or B occurs, battery C may be connected to the bus of the failed

battery by closing a circuit breaker (CB) on battery circuit breaker panel assembly 250. The closing
of CB 15 will connect battery C to battery bus A, whereas closing CB 24 connects battery C to

battery bus B, thereby re-establishing battery bus power, logic bus power, and SECS redundancy.

4.1.2 FUEL-CELL OPERATION

4.1.2.1 Module Performance

The fuel-cell voltage-current characteristics are shown in Figures 4.I-9, 4.1-10, :rod 4.1-1 I.

Figures 4.1-9 and 4.1-10 indicate single fuel-cell performance, showing terminal voltage, current,

and temperature under sea-level and vacuum conditions, respectively. Since the operational mode is

4.1-4
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with three fuel cells operating under vacuum conditions, Figure
4.1-11 shows CM bus voltage, single fuel-cell load (assumes each

fuel cell shares the load equally), and temperature characteristics
under these conditions. It is noted that the VI characteristic of
the fuel cell does not change between the sea-level and _acuum

operation curve; i.e., the nominal steady-state terminal voltage
under a given load (amperes) is the same for both sea-level and

vacuum operation. The difference in the sensed surface temperature
noted between the two curves reflects the cooling effects of the

sea-level environment on the temperature transducer. In general,
the sensed temperature during sea-level operation will run i0 to

15 F below the value sensed under vacuum operation for identical
load conditions.

For instantaneous load changes, the fuel-cell VI characteristic

will follow a constant-temperature line and will then recover to the
steady-state condition corresponding to the new load. As the fuel

cell recovers, its terminal voltages (and consequently CM main bus

voltage) will change, which in turn will cause the load to change
slightly. The time-temperature characteristics of the fuel cell are

shown in Figure 4.1-14. This curve gives the time required for the
fuel cell to reach its new steady-state condition as a result of a
change in load.

The fuel-cell in-line heater located inside the pressure vessel

is designed to maintain the stack at a temperature corresponding to
a surface temperature of 380 to 385 F. Heater control actuation is

based on the fuel-regenerator bypass valve inlet temperature, which
is relatable to stack temperature. Figure 4.1-15 gives the estimated
in-line heater duty cycle (vacuum operation) as a function of the
fuel-cell load and external environment.

The condenser exit temperature as a function of fuel-cell current

for various fixed secondary bypass valve positions is given in
Figures 4.1-16, 4.1-17, and 4.1.-18. Figure 4.1-15 is for cislunar
coast with X-axis perpendicular to sun line and with roll of 1.5

revolutions per hour. Figure 4.1-17 is for quasi-steady-state lunar
orbit maximum temperatures (light-side operation), 60-nautical-mile

orbit, and X-axis parallel to the velocity vector. Figure 4.1-18 is
the same as Figure 4.1-17 except for minimum temperatures (dark-side
operation).

Figure 4.1-19 provides fuel-cell voltage decrease as a function

of purge interval and cryogenic oxygen purity. Data are based upon
25-ampere load per fuel cell.

Figure 4.1-19.1 is an electrolyte concentration nomograph which

presents fuel-cell water concentration in the electrolyte as a function

of module temperature, current, and condenser exit: temperature. *
f

Power plant voltage versus blanket pressure from 15 to 51.5 psia
is shown for three power levels in Figure 4.1-19.2o *

• (NASA DATA SOURCE)
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I
4.1.2.2 Module Temperature Range |

The fuel-cell design is based on a minimum temperature limit of _•

380 F and a maximum of 500 F, as sensed at the middle cell of the 1

31-cell stack. The normal operating range, however, is between 390 I
and 440 F. Below 360 F, the cooler end cells of the 31-cell stack

become less able to sustain the chemical reaction, resulting in

degraded performance. Continued temperature decrease will result in

eventual failure. An in-line heater located inside the pressure

vessel is designed to maintain the stack temperature above 380 F by

heating the incoming hydrogen should the fuel-cell temperature drop

too low. Heater control actuation is based on the fuel regenerator

bypass valve inlet temperature, which is relatable to stack temperature.

If a fuel cell is being permanently removed from the bus, its heater

can be deactivated by a switch on the main display panel to prevent

heater operation as the fuel cell cools. On the high side of the

range, the following temperatures may be used as guidelines:

440 F Maximum normal operating temperature associated with

steady-state output of maximum power (1420 watts).

450 F Indicative of possible fuel-cell radiator malfunction.

500 F Maximum design temperature of the fuel cell. Above

this temperature, the intercell sealing is marginal,

resulting in potential KOH contamination of the oxidizer,

fuel, and water.

550 F Above •this temperature, electrolyte boiling can occur,

resulting in a rapid buildup of gas in the KOH and

subsequent fuel-cell flooding. •

It is recommended that the fuel cell be removed from the bus

should its temperature reach 500 F. However, in an emergency, the

power plant can be operated above 500 F with increasingly degraded

performance until failure. In all cases, circumstantial factors

that can only be judged in real time may necessitate actions at other

than the above temperatures. (See Table 3.11-1)

The fuel-cell glycol pump is designed to circulate glycol through

the EPS radiators at a minimum temperature of -30•F. Below this

temperature the pressure drop becomes excessive because of the in-

creased glycol viscosity, and the pump may not be capable of maintain-

ing flow. It is reco_unended that the radiator return temperature be

maintained above -30 F by vehlcle reorientation and/or load increase.

Heat transfer to the glycol loop from the primary (hydrogen) loop

occurs at the condenser. The hydrogen exit temperature from the con-

denser is normally controlled to 160 _5 F. Exit temperatures greater

than 225 F could result in excessive water buildup in the fuel cell.
It is recommended that the condenser exit temperature be maintained

below 225 F by reduced loads, open circuit operation, or vehicle
reorientation.

4.1-5.1 SNA-8-D-027(1), Rev 3 -



4.1.2.3 Module Heat Rejection

Heat is rejected from the fuel cell[ by two modes. The primary mode of heat

rejection involves the two active fuel-cell coolant loops and the EPS radiator
subsystem. The second mode of heat rejection involves the heat lost from the

fuel cell by conduction and radiation to the service module structure. Figure

4.1-20 shows the fuel-cell heat rejection to the EPS radiator subsystem, and

Figure 4.1-21 illustrates the fuel-cell heat loss to structure for the minimum,

maximum, and nominal fuel-cell structure temperatures expected for Apollo LOR

missions. These structure temperatures represent averages for the fuel-cell

compartment with +30 F variation for local extremes. The scales shown for the

figures are in terms of one fuel cell, which is operating in parallel with two
other fuel cells.

4.1.2.4 Radiator Performance

The EPS radiator transient performance in earth and lunar orbits can be

related closely to the water-glycol temperature measurements at the radiator
inlet and outlet ports and the fuel-cell current measurements from which the

radiator heat rejection rate can be estimated. Figure 4.1-22, which shows the

radiator inlet and outlet temperatures as a function of fuel-cell current, and

Figure 4.1-23, which shows the nominal radiator heat rejection capability as a
function of radiator inlet temperature, apply for a 100-nm earth orbit with the

CSM X-axis parallel to the velocity vector. Figures 4.1-24 and 4.1-25 depict

the same relationships for a 60-nmequatorial lunar orbit with the CSM X-axis

parallel to the velocity vector. In Figure 4.1-24, which depicts maximum and

minimum radiator inlet and outlet temperatures as two curves, the maximum and

minimum fuel-cell heat rejection rates already defined have been taken into

account. With respect to the temperature values shown in the figures no allowance

has been made for measurement system error. The heat rejection and current

scales shown for the figures are in terms of one fuel cell operating in parallel
with two other fuel cells and with full radiator area.

4.1.2.5 Fuel-Cell Failure Mode Operation

The following paragraphs present fuel-cell performance characteristics
for various failure modes.

4.1.2.5.1 Module Preformance Without Cooling

Excess heat resulting from the chemical reaction in the fuel cell must be

removed from the cell and rejected by the EPS radiators, which use water-glycol

as the transport fluid. Should loss of cooling occur, the fuel cell will

ultimately fail from overtemperature as described in paragraph 4.1.2.2.

If cooling is lost to only one fuel cell, that cell may accept a greater
share of the total load as its temperature rises above the others. It should be

removed from the spacecraft load before reaching a temperature of 500 F. Loss of

a single fuel cell is not necessarily cause for an abort, because the remaining

two power plants are capable of meeting mission power requirements.

.... SNA-8-D-027(I) REV 3
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If cooling is lost to all three power plants, it is estimated that the

fuel cells will have a remaining useful life of two to four hours. The specific
time before failure will be dependent upon stack temperature at the time of

coolant failure, water concentration in the electrolyte at the time of failure,

and power demand on the fuel cells and their tolerance to overtemperature. It
may be possible to slow the temperature increase by extended purging of the

hydrogen side of the electrodes. During hydrogen purges, steam expelled from

the fuel cell through the purge vent line effects some cooling. Should cool-

ing be lost to all three fuel cells, the following procedures are recommended:

I. Remove all nonessential loads from the buses.

2. Initiate single-inverter operation.

3. Initiate H2 purge within the constraint of fuel-cell stack temperature

and H2 pressure.

4. Deorbit as soon as possible.

4.1.2.5.2 Fuel-Cell Response after Failure of the Primary or Secondary
Bypass Valve *

The effect of primary or secondary bypass valve failure (in the zero or

i00 percent position) on condenser exit temperature and module skin temperature
is shown as a function of time for diagnostic purposes in Figures 4.1-25.1
through 4.1-25.4.

Figure 4.1-25.5 shows the maximum available operating time after a

secondary bypass valve failure and a water removal blockage for various initial

conditions as a function of powerplant load. The maximum allowable TCE steady-
state and transient limits for safe operation are also shown as a function of
powerplant load.

4.1.2.5.3 Fuel-Cell Response after Failure of the Glycol Pump*

Figure 4.1-25.6 shows the effect of glycol pump failure on conden_;er exit
temperature and module skin temperature as a function of time.

4.1.2.5.4 Fuel-Cell Response after Failure of the Hydrogen Pump or with
Hydrogen Pump Off *

The effect of hydrogen pump failure on condenser exit temperature and

I module skin temperature is shown as a function of time in Figure 4.1-25.7.

The rate of module skin temperature increase versus gross power is shown for

the no purge condition in Figure 4.1-25.8.

* (NASA DATA SOURCE)
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4.1.2.5.5 Fuel-Cell Response with No Water Discharge *

Fuel-cell available operating time with no water discharge versus
fuel-cell current is shown in Figure 4.1-25.9.

Figure 4.1-25.10 presents the expected response of voltage, module
skin temperature, and fuel-cell current as a function .of time after water

discharge blockage.

4.1.2.5.6 Fuel-Cell Life With Reactant Valves Closed

Life of an open-circuit fuel cell depends upon cell stack cooldown

rate rather than pressure decay, as the leakage rates through the shut-

off valves exceed the leakage rates of the fuel cell. Limited flight

experience indicates this cooldown rate to be approximately 4 to 5 F per
hour. Pump operation is not expected to significantly affect cooldown

rates due to a minimum amount of heat being rejected. To assure fuel-
cell operable condition, the module surface temperature should be main-
tained above 380 F.

If cooldown is accomplished with reactant shutoff valves closed
and the in-line heater switch positioned to ON, fuel-cell failure result-

ing from H2 system pressure depletion will occur within approximately
140 seconds (02 depletion requires 9 minutes) after automatic heater

actuation which takes place at a module surface temperature of approxi-
mately 365 F.

Should the H2 or 02 reactant shutoff valve inadvertently close,
(assuming nominal spacecraft loads) fuel-cell failure will occur within

30 seconds for H2 shutoff or 120 seconds for 02 shutoff.

The above information is based upon the following assumptions.

1. High pressure H2 Volume 8.4 In3

Low Pressure-Low Temp (80 F) H2 Volume 168.0 In 3

Low Pressure-High Temp (420 F) H2 Volume 73.0 In 3

2. High Pressure 02 Volume 6.5 In3

Low Pressure-Low Temp (80 F) 02 Volume i0.0 In3

Low Pressure-High Temp (420 F) 02 Volume 73.0 In3

* NASA DATA SOURCE
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3. High H2 Pressure - 230 psia

High 02 Pressure - 875 psia

Regulated H2 & 02 Pressure - 63 psia

Final H2 & 02 Pressure - 56 psia

4. Usable H2 - 0.000602 ibs.

Usable 02 - 0.01814 lbs.

CAUTION

i. Pumps may not restart following wet (in-flight)
shutdown due to insulation resistance degradation.

I 2. In-line heater operation without operating pumps will
result in loss of heater due to lack of cooling.

4.1.2.6 Module Isolation and Shutdown

Under certain circumstances, it may be necessary to isolate a fuel

cell from the service module buses temporarily or to shut down the fuel
cell completely. Isolation would normally be used while suspected fuel-

cell failures are investigated; whereas shutdown would normally be used

when the malfunction is judged to jeopardize the mission success or crew

safety.

Isolation of a fuel cell is accomplished by (i) disconnecting the
malfunctioned fuel cell from the service module bus/buses, (2) leaving

the fuel-cell reactant valves open, (3) leaving the fuel-cell coolant

and hydrogen pumps on, and (4) leaving the fuel-cell in-line heater on.
Abnormal operating conditions that may require fuel-cell isolation are
as follows:

i. Fuel-cell skin temperatures >450 F

2. Fuel-cell condenser exit temperature >225 F

3. Suspected internal shorts

a. Low voltage in relation to the load and temperature

b. High reactant consumption in relation to load

4. Severe load-sharing differential

SNA-8-D-027 (I) REV 3
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_--_ 5. Suspected reactant leakage

6. Other suspected malfunctions

Fuel-cell shutdown is accomplished by (i) disconnecting the mal-
functioned fuel cell from the service module bus/buses, (2) closing

the fuel-cell reactant valves, (3) turning off the fuel-cell coolant

and hydrogen pumps, and (4) turning off the fuel-cell in-line heater.

Malfunctions that may require fuel-cell shutdown are as follows:

i. Loss of fuel-cell performance

2. Water contamination by KOH

3. Fuel-cell-regulated pressures above safe limits

(N2=70 psia, H2 and 02=75 psia)

4. Purge valve stuck open or other confirmed excessive reactant

leakage

5. Pump failure

6. Other confirmed malfunctions

In all cases, circumstantial factors that can only be adequately

judged in real time may necessitate actions other than those stated.

4.1.2.7 Module Operation After CM-SM Separation

During the CM-SM separation sequence, the oxygen lines from the

cryogenic storage tank to the command module are severed. The remaining

oxygen in the service module vents directly to space, with the exception
of 4.64 cubic inches for each fuel cell trapped between the fuel-cell

shutoff valve module and the pressure regulator. Assuming initial oxy-

gen temperature of 80 F, initial pressure of 860 psia, and adiabatic

expansion, each fuel cell is capable of producing a minimum of 1490
ampere-seconds.

The hydrogen line is not severed during separation and hence is not

a limiting factor.

The average service module jettison controller and service module RCS
load for the first 5.5 seconds after service module Jettison initiation is

7.15 amperes; thereafter, the load drops to 5.06 amperes. This load is
shared equally by service module main buses A and B. If the gimbal motors

are left running during the separation sequence, an additional 10-ampere
load is added to each bus. Assuming one fuel cell per bus and gimbal motors

running, the oxygen supply would support the service module bus loads for

approximately 118 seconds. Without gimbal motors running, the oxygen supply
would last approximately 579 seconds.

SNA-8->027(I) _V 3
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4.1.2.8 Module Disconnect Requirements

The fuel-cell circuitry is designed so that an overload or reverse
current will disconnect the fuel cells from the buses. Table 4.1-3 shows

the delay and transfer times for various loads. The test data are from

one test and are included to show representative time.

4.1.3 CRYOGENICS MANAGEMENT

4.1.3.1 Reactant Pressure/Quantity Relation

Figures 4.1-26 and 4.1-27 show the relationship between supply tank

temperature, pressure, and quantity for hydrogen and oxygen. Tank quantity

is given in percent of gauge. Zero percent corresponds to a density of 0.17

pound per cubic foot for hydrogen and 1.39 pounds per cubic foot for oxygen.

One hundred precent corresponds to 4.31 pounds per cubic foot for hydrogen

and 69.5 pounds per cubic foot for oxygen.

The capability to determine quantity remaining by pressure and tempera-

ture (PVT), was provided as backup to the direct quantity measurements in

each of the cryogenic oxygen and hydrogen storage tanks. While an error in

the pressure measurement results in a minor error in determining quantity, a

large quantity determination error results from a temperature measurement

error. The quantity error is shown in Figure 4.1-26.1 as a function

of true tank quantity for + 6 F error in hydrogen temperature measurement and

in Figure 4.1-27.1 for ! i_ F error in oxygen temperature measurement:. The

±6 F error in the hydrogen temperature measurement and _ii F error in the

oxygen temperature measurement are the maximum end-to-end instrumentation
errors unless otherwise specified in the individual spacecraft appendix.

4.1.3.2 Hydrosen and Oxysen Tank Heater Power Dissipation

See the appropriate spacecraft appendix for hydrogen and oxygen tank
heater power dissipation as a function of CM main dc bus voltage.

4.1.3.3 Tank Heat Input Parametric Data

Figures 4.1-30 and 4.1-31 present specific heat input to the oxygen and

hydrogen tanks parametrically as a function of pressure and gas quantity
remaining in each tank.

4.1.3.4 Tank Terminal Pressure Decay

As the reactants are removed from the cryogenic hydrogen and oxygen

storage tanks, the fluid temperatures and pressures are usually raised by

automatic cycling-on of the heaters. As the pressure increases to a pre-

determined level, the pressure switches automatically deactivate the heater.

However , at very low densities, the pressure will drop with the heaters ON.
This condition is known as tank terminal pressure decay. Unless the flow

is reduced, the heaters will not switch off automatically and the fluid,

tank structure, and heater temperatures could continue to increase. Crew
action may be required to deactivate the heaters to avoid exceeding the

heater and/or fluid temperature limits. These limits are +80°F for the

oxygen fluid temperature and +350°F for the oxygen heater temperature. Since

there is no heater temperature measurement for the hydrogen tank heal;ers,
only a fluid temperature limit, -200°F, is defined for the hydrogen storage

system.
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The density at which terminal pressure decay begins and the rate at

which pressure decays is a direct function of reactant flow rate. Figure

4.1-32 depicts the terminal pressure decay functions for a single oxygen

tank for flow rates of 1.0, 1.5, and 2.0 ib/hr. The oxygen tank heater

deactivation shown in Figure 4.1-32 assumes one-element heater operation
at the start of terminal pressure decay. At lower density it is neces-

sary to go to heaters OFF (at 75 F), to avoid exceeding the +80 F fluid

temperature limit. It is possible to return to one-element heater oper-

ation after a sufficient duration of heaters OFF operation, which results

in reduced temperatures within the tank. The figure does not consider a

return to one-element operation after the heaters are turned off. Figure

4.1-33 depicts the terminal pressure decay function for a single hydrogen
tank for flow rates of 0.05, 0.I0, 0.15, and 0.20 ib/hr. With the

exception of the 0.05 ib/hr hydrogen demand, the heater remained on

throughout the duration of terminal pressure decay as a result of the

fluid temperature dropping as the pressure dropped. At 0.05 ib/hr, the

fluid temperature rise to -200 F required heaters OFF. The analysis

does not consider a return to heater ON operation following heater shutoff.

4.1.3.5 Oxygen Availability

Oxygen availability is shown in Volume III.

4.1.3.6 Hydrogen Consumption Rate

Hydrogen is consumed by the fuel cells for the production of electrical
power and for periodic purging of impurities from the electrodes;. The flow
rate is the instantaneous summation of the two.

I212(lb/hr) = 12t2elec+ I1t2 purge

The hydrogen consumption rate (Ii12 elec) for the generation of electrical power can be
obtained directly from the curves described in paragraph 4.1.1, or it can be cak:ulated by using the

relation: 1t2 dec (lb/hr) = 2.57 x 10-3(lb/A-H) IFC (amperes); this relation is the theoretical
electrochemical conversion rate mad is reflected in tile curves. For mission plauning purposes, the

fltel cell hydrogen purge flow rate is specified as 0.7 lb/hr per fuel cell. Purging may be scheduled

regularly or may be based on electrical load and cryogenic imPurities. (See Figure 4,1-33.1.)

The total hydrogen consumed between any two points in the mission may be calculated by

integrating the H 2 versus mission time-plot between the time points desired. The amount of
cryogenic hydrogen available is shown in Volume 11I of SODB.

4.1.3.7 Oxygen Consumption Rate

The cryogenic oxygen consumption rate is computed as follows:

62 (lb/hr) = 62 met + O2 leak + 62 waste mgmt + 62 clec

+ O2 FC purge + 62 bleed + O2 LM press

Metabolic oxygen requirements are a function of crew activity, physical size of the men,

respiration quotient (RQ), etc. Figure 4.2-39 shows the various metabolic rates as a function of

4.1-10 SNA-8-D-027(1) REV 3



metabolic heat load that have been used for this section. Based on Figure 4.2-39, the average

metabolic oxygen consumption rates (02 met) for various activity levels are as follows:

Metabolic Oxygen

Usage Rate

Activity Level Per Man

(See Figure 4.2-39) (lb/hr)

Work 0.085

Rest 0.066

Sleep 0.053

Cabin leakage (02 leak) can occur up to a rate of 0.2 lb/hr at a nominal cabin pressurization of
5 psig. Oxygen leakage at other than the 5-psi pressure may be calculated using the linear

relationship:

Pactual psig x 0.2
02 leak (lb/hr)

5 psig

Measured leakage rates (at 5 psig) for specific spacecraft may be substituted for 0.2 lb/hr.

For mission planning purposes, an average usage rate of 0.076 lb/hr per man is recommended.

Oxygen is vented overboard through the waste management system during urine dump, fecal

odor removal, and cabin atmosphere enrichment operations. During these operations the cabin
atmosphere is vented at 1.0 lb/hr and is replaced by oxygen via the cabin pressure regulators except

during the first 1.5 hours of the cabin atmosphere enrichment while cabin pressure bleeds down

from the relief pressure-6.0 (+0.2, -0.4) psid-to normal operation pressure-5.0 _: 0.3 psia.

The following waste management oxygen budget is recommended for mission planning

purposes.

Duration No. of

Function per Occurrence Occurrences

Fecal odor removal 30 sec 3 per day

Urine dump 2 min 9 per day
Cabin atmosphere enrichment 10 hr 1 per mission

Oxygen is continnously vented overboard through bleed holes from within tile pressurizing
bladders of tile potable and waste water tanks to the urine dump line. Any hydrogen diffusing

through the bladders from the water is swept out of the system by the oxygen llow. A combined

0 2 flow rate of 0.032 lb/hr nominal (0.044 lb/br maximum) is expected.

4.1-11
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For mission planning purposes, the expected ECS oxygen requirements for all

of the above should be based on a total average rate of 0.32 _J,08 pound per hour
for three-crewman operations and 0.128 +0.08 pound per hour for solo operations.

(Also see appropriate appendices.)

For mission planning purposes, the following fuel-cell oxygen purge flow rate
should be used:

62 FC purge (ib/hr) = 0.6 (per fuel cell)

Purging may be schedule regularly or may be based on electrical load and

cryogenic impurities. (See Figure 4.1-33.2.)

The oxygen consumption rate for electrical power production 02 egec may be

assumed to occur at the stoichiometrical combination ratio with the H2 elec
determined from paragraph 4.1.3.6 Hydrogen Consumption Rate.

O2 elec (ib/hr) = 7.94 x H2 elec (ib/hr)

or

O2 elec (ib/hr) = 2.04 x 10-2 Ib/AH x amperes

The oxygen requirement for pressurization of the LM (02 LM press ) is primarily
a function of the LM residual internal pressure at the time of pressurization.

Because the LM pressure dump valve is left open during boost, venting the LM to

ambient, a complete pressurization of the IX tunnel and cabin is required after

transposition and docking. This pressurization requires approximately 0.3 ib

for the tunnel and 6.6 ib for the LM cabin. The LM cabin and tunnel are expected
to leak down to near ambient during translunar coast such that another complete

pressurization (6.9 ib) will be required prior to the crew entering the LM for

checkout in lunar orbit. While maintaining tunnel and LM cabi:_ pressure from the |
CSM, a makeup oxygen usage rate of 0.3 ib/hr (0.2 ib/hr for LM cabin and 0.i ib/hr I
for tunnel leakage) is recommended for mission planning purposes. After rendezvous

and docking, a tunnel pressurization using 0.3 ib of oxygen is required. For

nominal CM and LM cabin pressure regulator characteristics, no LM cabin pressuri-

zation will be required after docking.

Pressurization of the CM from 0.0 to 5.0 psia at 70 F requires 8.9 ib of

oxygen. For pressurizations to other than the nominal conditions, the weight of

oxygen required can be assumed to be directly proportional to the ratio of absolute

pressure (psia) and inversely proportional to the absolute temperature (°R).

4.1.3.8 Cryogenic Pressure Rise/Decay Rates*

The pressure in the cryogenic oxygen and hydrogen tanks is maintained within
specified limits through the use of heaters and/or fans which operate in either an
automatic or manual mode. The pressure rise/decay rates, dP/dt, have been

determined in Figures 4.1-34 through 4.1-45 with the following simplifying assumptions
about the system. The analysis assumed that the fluid is homogeneous and in thermo-

dynamic equilibrium. The effects of pressure vessel stretch, tankwall thermal

expansion and fluid compression in the plumbing line were accounted for in the
analysis. The tank heat leak was considered as a function of mass outflow and

quantity in the tank.

NASA Data Source
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The analysis of pressure rise/decay rates is based on single-tank

performance. The results for oxygen for various heater powers and

hydrogen for various fan and/or heater powers are presented in parame-
tric form to include the range of probable operational conditions. The

mass flow rate discharged from the tank and the percent quantity in the
tank are the parameters. The single-tank results can be applied to

multiple-tank usage for a combination of the included parameters. The

results are based on nominal heater power, tank heat leak, and fan power
dissipation values. These presented data can be used to estimate heater

and/or fan cycling times which may be used in estimating mission EPS
requirements.

4.1.3.9 Cryogenic Tank Characteristics

See the appropriate spacecraft appendix for cryogenic hydrogen and

oxygen tanks average flow rate data, relief valve operation data, and
pressure switch activation limits.

4.1.3.10 Oxysen Tank Heat Leak Expulsion

Figure 4.1-45.1, shows the heat leak expulsion in an environment: of

70 F. These data were calculated from XTA0019 test results. While these

data are not for the worst conditions of 140 F and maximum specification

heat leak, it is representative of expected Apollo flight performance.
The XTAO019 quantity vs. flowrate data is tabulated below:

Quant. (%) Flow (ib/hr) Quant. (%) Flow (ib/hr) quant. (%) Flow (ib/hr)

97.5 0.220 60 0.398 30 0.545

90 0.234 55 0.434 25 0.513
85 0.247 50 0.467 20 0.442

80 0.263 45 0.500 15 0.302
75 0.286 40 0.532 12 0.157

70 0.322 35 0.549 10.5 0.060

65 0.360 34 0.551 6.4 0.000

The ratio of flowrate at 140 F and 0 F to the flow at 70 F from XTA0019

test data at 930 psia and 35% quantity is:

Temperature, T (FlOW)T/(Flow)70

140 F 1.24
70 F 1.00

0 F 0.67

The correction can be calculated by the following equation:

(Flow) T
= -3.734 + 0.0138 (T + 460) - 9.184 x 10-6 (T + 460) 2

(Flow) 70

4.1-12.1
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4.1.3.11 Oxysen Tank Terminal Pressure Decay

Figure 4.1-45.2 shows the relationship between oxygen tank pressure

and the quantity remaining during oxygen tank terminal pressure decay

without the use of heaters. The isothermal curves represent limiting

cases in which the withdrawal rate is so slow that the oxygen remains

at ambient temperature. The adiabatic curve represents a limiting case

where the pressure decay begins at 70 F and 900 psia. and the with-

drawal rate is so fast that there is no effective energy addition by

heat transfer from the tank mass or from the surroundings. Actual cases

will fall between the adiabatic and isothermal curves. Below 150 psia,

proper ECS and fuel-cell regulation cannot be maintained.

4.1.3.12 Oxygen Heater Temperature Predictions*

Figures 4.1-45.3 through 4.1-45.10 are provided for predicting the

temperature of the oxygen tank heater. The heater wattage was picked at
a nominal value of 80 watts and 120 watts with two and three active ele-

ments, respectively, for calculating the figures. Typical "g" levels for

CSM passive thermal control _3.0 x 10-6 "g"), lunar orbit (5.0 x 10-7 "g")

and attitude hold (7.2 x i0-° "g") were used to compute the heater tempera-
ture. The figures present estimates substantiated by correlating calcula-

f tions using oxygen tank quantity, "g" level, and heater "on" time within the

ranges of 97% to 15%,3 x 10-6 "g" to 7 x 10-8 "g" and 5 to 60 minutes,

respectively, from the Apollo 14 flight. The correlation showed heater

temperature estimates to be within 50 F with an average deviation of 20 F

and a standard deviation of 22 F. This accuracy is applicable only when

the heater is at the bulk fluid t_Iperature prior to each heater "on" period.

Figure 4.1-45.3 provides single tank flow capability versus the heater

sensor temperature (heater "on" continually) for various quantities. The

curves enable selecting configuration of heater elements (40, 80 or 120
watts) to maintain the heater temperature below the 350 F maximum redline

limit. The total oxygen flow can be estimated by summing the ECS and fuel-

cell flows. The fuel-cell flow is calculated by multiplying the total fuel-
cell current by 2.04 x 10-2. By considering the oxygen tank pressures and
heater control mode (on-off-auto) the flow from each tank can be estimated.

The flow demand at the tank quantity and the chosen heater elements con-

figuration uniquely specify the estimated heater temperature for an attitude
hold "g" level of 7.2 x 10-8 .

Figure 4.1-45.4 predicts 120-watt heater maxim_n temperatures (three

active elements) for various "g" levels and quantities providing estimates
for "g" levels not included in Figures 4.1-45.3, 4.1.-45.5, 4.1-45.6 and
4.1-45.7.

Figures 4.1-45.5 through 4.1-45.10 predict heater temperatures for
various "on" times and either two or three active heater elements versus

tank quantity. The flight attitude mode and the heater configuration

determine the applicable figure. Heater "on" time (pressurizing period)

* NASA Data Source SNA-8-D-027(I) REV 3
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I from flight data or from Figure 4.1-45.11 may be used to choose the"on"-time curve.

4.1.4 BATTERIES AND BATTERY CHARGER

4.1.4.1 CSM Battery (Cellophane-Type) Energy Capacity

Electrical energy for supporting the fuel cells during peak loak

periods and for entry and postlanding operations is supplied by three

rechargeable silver oxide-zinc storage batteries. For mission planning

purposes, the following battery capacity ratings should be used.

i. Flight Period. 40 ampere-hours

2. Postlanding Period. For postlanding operations, add 5 A-H per

battery to the 40 A-H rating (based on

Apollo 7 and Apollo 8 flight data).

SNA-8-D-027(I) REV 3
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4.1.4.2 Battery Discharge Characteristics

The discharge characteristics of the entry battery are shown in Figures 4.1-46

and 4.1-47. Figure 4.1-46 shows how the battery terminal voltage is affected

when constant loads are applied to a fully-charged battery (>37.1 volts).

Figure 4.1-47 depicts the battery volt-ampere characteristics as a function of

temperature. Figure 4.1-48 presents battery voltage decline under small load

conditions. Battery bus PCM voltage will read lower than battery terminal

voltage due to the line resistance between battery terminals and battery bus,
which may vary somewhat from spacecraft to spacecraft.

4.1.4.3 Charger Characteristics of Ba_!tery' and Battery Charger

Figure 4ol-49 presents the battery charger input-output characteristics.

The graph shows the input currents, ac and dc versus the output current and

voltage. The curves were developed as:_uming constant input voltage of 28 Vdc and

116 Vac. Figure 4.1-50 presents the typical charging characteristics of the

battery under partial discharge conditions. Figure 4.1-51 presents depth of

battery discharge (ampere-hours out) w_rsus the time required for the charger

to fully recharge the partially discharged battery.

4.1.4.4 In-Flight Battery Charging Cutoff

A battery will be considered charged to its full capacity when one of the
following conditions is satisfied (whichever occurs first):

_--" i. The battery terminal voltage is _39.5 volts. Refer to the in-flight

battery charging curves (Figure 4.1--52 of the spacecraft appendixes)

to find the relationship between the battery charger current and the

battery terminal voltage. (It is noted that the battery bus voltage

should never exceed the acceptance test charger terminal voltage.

However, at low-current values, the actual voltage difference between

the battery charger terminals and the battery bus is small, and because

of PCM data-bit resolution, battery bus PCM voltage may read higher

than acceptance test data. The current for the individual spacecraft

charger which corresponds to the maximum battery terminal voltage of

39.5 Vdc is determined by assuming a 0.5 ohm resistance from charger
terminals to battery terminals°)

2. The amount of energy (A-H) taken out of the battery has been replaced.

4.1.4.5 Auxiliary Battery (415 Ampere-Hour) Performance Characteristics* I

!Figure 4.1-51.1 presents current/voltage characteristics for the 415 ampere-

hour auxiliary battery. Tolerance lines (*0.5 volt) about the average of the
observed data points are included for reference. The basic curve was derived

from raw ground and flight data and is only indicative of nominal battery perfor-

mance. Figure 4.1-51.2 presents the V-I characteristics as a function of
ampere-hours consumed.

4.1.4.5.1 Auxiliary Battery Temperature Profile

Figure 4.1-51.3 presents analytical data of the temperature response

characteristics of the auxiliary battery as a function of battery load and time.

The plots present the temperature response of the battery when operated in

*The data on the auxiliary battery were extracted from the Lunar Module Data

Book, Volume II, Part i, and reflect ground and flight data pertinent to the LM
descent batteries.
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environments of 40 and 85 F at loads of i0, 20, 30, 40, and 50 amperes. These

two environments represent the lower and upper bounds of the average ,expected
environment for a nominal mission.

I Figures 4.1-51.4 and 4.1-51.5 represent the predicted temperature profilesfor the 415 ampere-hour auxiliary battery during a lO0-hour lunar orbit-to-earth

contingency return for both the solo CSM and the CSM-LM A/S configurations.

Figure 4.1-51.4 shows the profiles for the worst case or hot-soak boundary

conditions, and Figure 4.].-51.4 shows the profiles for the nominal case or

passive-thermal-control boundary conditions. By means of heating rate data

derived from battery-current-usage profiles (provided by MPAD), curves were

plotted, which were based on analyses conducted on the TRW enhancement battery
thermal mathematical model in its correlation with thermal-vacuum test data.

4.1.4.6 Entry and Auxiliary Battery Load-Sharing Characteristics

Figure 4.1-51.6 presents plots of the load-sharing characteristics of the

auxiliary and entry batteries under various load conditions. These plots

reflect the circuit parameters presented in Figure 4.1-12 and the entry and

auxiliary battery performance characteristics shown in Figures 4.1-47 and

4.]-51.1, respectively. In those cases where a SM bus load is indicated, the

magnitude of the load in amperes can be determined by subtracting the CM bus
load (horizontal scale) from the CSM battery load (vertical scale). Yhe CSM

battery load is the total current output of (i) the auxiliary battery or (2)

the auxiliary battery plus one or more entry batteries.

4.1.4.7 Fuel Cell/Entry Battery Load-Sharing

Figure 4.1-5]..7 sheets 1 thru 27 presents plots of the load-sharing
characteristics of the fuel cells and entry batteries under various load

conditions. F/C i load-sharing characteristics are representative of F/C 2

and F/C 3 operating under similar conditions. F/C 1/3 load-sharing character-

istics are representative of F/C 1/2, and F/C 2/3 operating under similar

conditions. These plots reflect the circuit parameters presented in Figure

4.1-12 and the fuel-cell and entry battery performance characteristics shown

in Figures 4.1-10 and 4_i-47, respectively_

4.1.5 AC OPERATION

4.1.5.1 Inverter Efficiency

The curves presented in Figures 4.1-53 through 4.1-59 show inverter

efficiency characteristics as a function of inverter input voltage, load (VA),
and load power factor. The curves, which present data from inverter efficiency

tests conducted by Westinghouse, are for lagging and leading power factors of

0.5, 0.7, 0.9, and unity (I.0) at input voltages of 25, 28, and 30 Vdc.

4.1_5.2 Inverter Performance Without Coolin_

Inverters i, 2, and 3 are cooled by coldplate assemblies V36-610035,

034, and 033, respectively. Loss of water-glycol flow to these plates could

ultimately result in the loss of the inverters due to overtemperature. The

inverter has a hot-spot design maximum temperature of 248 F. An inverter high-

temperature warning ligh_ (and master alarm) will illuminate when the inverter

temperature sensor, located on the bracket of the 65-ampere transistor case,
exceeds 190 F.

4.1-14 SNA-8-D-027(1), REV 3



Inverter hot-spot temperature can be monitored by MSFN on high bit rate
up to its 248 F design limit. It is estimated that the inverter would continue

to operate for approximately 20 to 35 minutes after readhing its design maximum

temperature, depending on the ac load demands; however, operation above the
248 F design maximum temperature cannot be guaranteed.

The time required for the inverter to reach its design maximum temperature

is dependent upon the ac load demands as well as the initial temperature

conditions of inverter components and the coldplate at the time of coolant

loss. Inverter operation without cooling was demonstrated in thermal-vacuum-

chamber testing, and the test results indicate that substantial operating time

is available after the loss of cooling. Inverter hot-spot temperature as a

function of time from loss of cooling is shown in Figure 4.1-60. From an

initial operating temperature of 90 F, the most highly loaded inverter rose

approximately 50 F in three hours. The temperature rise rate during the latter

two hours of the test was nearly linear at approximately i0 F per hour. Although
the test was terminated after 3.25 hours, extrapolation of the data indicates

that the inverter would reach the 190 F warning light level approximately eight

hours after the loss of cooling. Inverter 3, which was not operating, had a
linear temperature rise rate of approximately 9 F per hour. While this test

did not represent a worst-case condition because of moderate initial temperature,
nominal inverter loading, and convective cooling, it is indicative of the order

of magnitude of time involved. Furthermore, in actual contingency cases, it
may be possible to maintain inverter operation for extended periods without
cooling by appropriate load management.

.... If loss of coolant flow to the inverter coldplates (primary and secondary)
is detected during flight, the following procedures, which tend to maximize

inverter operating time and maintenance of continuous ac power, are recommended.

1. Remove all nonessential ac loads from ac buses 1 and 2.

2. Balance loads on ac buses i and 2 to the extent possible and maintain
dual-inverter operation.

3. If and when the first inverter reaches 190 F (light illumination if MSFN

is not monitoring temperature), remove the inverter from its bus
and power both buses with single inverter.

4. If and when the second inverter reaches 190 F, replace it with the
redundant inverter.

5. Continue cycling inverters whenever the maximum temperature is reached.

If the maximum temperature is reached in less than 30 minutes, switch
at 30-minute intervals.

The rationale for the preceding recommended procedures is as follows:

i. Minimization and balancing of ac loads minimize the possibility of
either inverter reaching its design maximum temperature.
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2. Should the maximum temperature be reached at the reduced loads, then

initiation of single-inverter operation maximizes inverter efficiency

(minimizes heat generation per unit output).

3. Switchover at the C&W warning temperature (190 F) maximizes the heat

dissipation and temperature decrease during its cool-off period when
off-line.

4.1.5.3 Over/Under Voltage Sensing

The ac over/under-voltage sensing unit operating time is relatively in-

sensitive to the magnitude of the over- or under-voltage condition. The unit

operates for voltage conditions of greater than 130 *2 Vac and less than 95 53

Vac. The operating time requirements are 25 to 40 milliseconds. The n_ninal

operating time demonstrated by test is 30 milliseconds.

4.1.6 MISCELLANEOUS

4.1.6.1 Master Electrical EQuipment List

The spacecraft electrical equipment that uses ac or dc power and the

power levels for each piece of equipment are depicted in the master electrical

equipment lists in the appendixes (Table 4.1-6). Each electrical equipment
list reflects unit values of power for a specific spacecraft. For the IMU

heater peak power and duty cycle see Figure 4.1-60.1.

4.1.6.2 Diode Characteristics

Two types of diodes are used in the power distribution subsystem.
Characteristic curves for these diodes are shown in Figures 4.1-61 and 4.1-62.

4.1.6.3 Circuit Breaker and Fuse Overload Characteristics

Figure 4.1-63 shows the overload trip characteristics of the circuit

breakers used in the spacecraft. The curves depict circuit breaker specifica-

tion trip time limits for overload conditions of 200, 400, and 600 percent of

nominal ampere rating.

Table 4.1-5 lists the overload blowing characteristics of fuses repre-

sentative of those used in the spacecraft.

4.1.6.4 Heat Dissipation of Electrical Equipment

The heat dissipation of most CSM electrical and electronic equipment can

be equated to the components electrical power consumption while operating.

However, the communications and scientific systems do radiate some power in

the form of RF energy from antennas and, therefore, dissipate heat at a some-
what lower rate than their respective power demands. The energy radiated from
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the CSM lights, laser altimeter, etc., in the visible spectrum is not signifi-

cant. CSM equipment electrical power requirements and general location are

given in the Master Electrical Equipment List (MEEL), Table 4.1-6 of the

appropriate CSM appendix. Since the power requirements (both ac and dc) are

given in watts, they may be converted to thermal units by multiplying the

power values by 3.41 Btu's/watt hour. To account for radiated RF energy the

power requirements of the following equipment should be reduced by the indicated

amount prior to converting to the thermal units.

MEEL RADIATED POWER CSM EFFECTIVITY

CODE DESCRIPTION WATTS 113 114

2108 S-BD Power Amp HI (#i) 11.2 X X

2110 S-BD Power Amp LO (#i) 2.8 X X

2112 S-BD Power Amp HI (#2) 11.2 X X

2114 S-BD Power Amp LO (#2) 2.8 X X

2120 VHF/AM XMIT (296.8) 5.0 X X

2121 VHF/AM XMIT (259.7) 5.0 X X

2130 Rendezvous Xponder 0.3 X X

2143 VHF Recovery Beacon 3.0 X X
* Lunar Sounder (HF Mode) 11.2 X

* Lunar Sounder (VHF Mode) 1.5 X

*MEEL Code Not Assigned

The heat dissipation of the CSM inverters (MEEL codes 1615_ 1616, and 1617) is

.... equivalent to the efficiency loss in converting the dc input power to ac output.

Accordingly, the heat dissipation can be calculated using the efficiency curves

of Figures 4.1-53 through 4.1-57, given the inverter loads, power factors and

input dc voltages. Under normal operational conditions inverter i heat dissi-

pation will average approximately 160 watts (545 Btu/hr) while inverter 2 averages

approximately 135 watts (460 Btu/hr) based on average output power of 450 and 350

watts respectively, at 0.9 power factors (lagging) and with 28.0 Vdc applied to

the inverters. Since inverter 3 is not normally energized during the mission it

does not contribute to the electrical and electronic equipment heat dissipation.

Should an inverter be energized but not loaded (idle mode) it will dissipate approxi-

mately 112 watts (382 Btu/hr).

The CM battery charger (MEEL Code 1613 and 1614) must be treated in a similar

manner as the inverters. Heat dissipation from the charger can be calculated by

subtracting the output power (dc) from the input power (ac and dc) using Figure

4.1-49 and assuming nominal input voltages of 28.0 Vdc and 115.0 Vac. However,

a more simple treatment is to assume the charger operates at a constant efficiency

of approximately 90% over its normal operating range or that it dissipates heat

at an average rate of 5 watts (17 Btu/hr) during a typical battery charge cycle

(average charge rate of i amp/hr per hour).

In all cases, the equipment operational modes and duty cycles must be con-
sidered.
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Table 4. l-1. Major Automatic Cycling Equipment

(See Paragraph 4. I. 1. I)

Equipment I L°ad (amperes) I Operating Criteria

MAJOR LOADS

Fuel-cell in-line heaters 6.6 per fuel cell Fuel-cell temperature _<385 F

Service module RCS quad heaters 3.4 per quad Temperature _<120+5 F (primary and

secondary)

ECS radiator heaters (primary) 17.3 Primary radiator outlet _<-15 F

ECS radiator heaters 'secondary) 17.3 (first step) Secondary radiator outlet -_43F

17.3 (second step) Secondary radiator outlet -<42F

Cryogenic 02 heaters I1 (both tanks) -<865 psia (both tanks)

Cryogenic H 2 heaters 1.4 (both tanks) -< 2Z5 psia (both tanks)

_" OTHER MAJOR LOADSI

IMU 6. 6 Powerup from standby

CMC 3. Z Powerup from standby

SCS 6.6 Powerup from warmup mode
J

>
i

I

t:J
I

o
N
--3

<
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Table 4. I-2. SPS Gimbal-Actuator-Motor Power Matrix (Mod II Actuator) (_)

(See Paragraph 4. I. 1,4)

Channel I Channel II Total
, /CT_

I'watts_ L._ _watts) @2 (wattsl L_

Condition Motor Specification Test © Specification Test (_ Specification Test (_

Idle Pitch ZI0 Z00 140 140

(_ 700 680
Yaw Z10 200 140 140

Boos t Pitch 245 224 140 140

[ 770 728
_u Yaw 24-5 224 !40 / !40 I
7 i l!i
_0 SPS thrusting Pitch 500 {71 140 140

(_) 1280 1022
Yaw 500 371 140 140

l

b
Maximum Pitch I000 _ 910 140 140 i

m_ _ I 2280 ,I 2100/cTx .... l
_', -_aw i000 _ ",tn 140 I 140 I_- I ] I

Note s :i

@ 1 Fffectiw • on SC 017 and subsequent 5. All pov,'ers for 2R volts dc at load interface.
-_ spacecraft. _, 6. Initial abort transient.

(_) 2. Assumes Channel I operatinu and 7. Actuator force assumed to be:

Channel II in STANI)BY. (_ 0 lh ,_ 500 lb

(_ 3. Specification MC287-0014. _ 100 lb _ 1%00 11>
,,_ 4. I)evelopnaent Test Results 2-1-P

CH I Ext. (j_ 8. Measnred at 2000-1b :'orcc.
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Table 4. 1-3. Delay and Transfer Times for Various Loads

(See Paragraph 4. 1.2.8)

Load Requlred Test Transfer

(amp/ Disconnect Delay Time
cell) Delay (sec) (see) (sec)

FUEL-CELL DISCONNECT OVERLOAD CURRENT DATA

75 100 ampere No transfer
minimum

ItZ 25 to 300 80 0.046

150 8 to 150 38 0.046

300 2 to 8 5.81 0.046

450 1 to 2 1.07 0. 046

600 0. 62 to 1. 2 0. 776 0. 046

750 0.42 to 0.76 0.572 0.046

1000 0.24 to 0.55 0.470 0.04(,

FUEL-CELL DISCONNECT REVERSE CURRENT DATA

4 No trip No transfer
20 l to 10 2. 10 O. 046 -__'_.

30 I to I. 3 1.22 0.046

50 I to I. 3 i. II 0. 046

Table 4.1-4. Cryogenic Tank Characteristics

See Table 4.1-4 of the appropriate appendix.

4.1-19

SNA-8-D-027(1) REV 3



Table 4. i-5. Fuse Time-Current Characteristics

(See Paragraph 4. i. 6. 3)

Current Rating Overload Blowing Time

(amperes) (amperes) (seconds)

i. SPECIFICATION: ME451-0006 (FUSE, MICROMINIATURE)

0. 125 ].7 0.0003 to 0.0008

0. 5 0.003 to 0. 008

0.25 0.015 to 5.0

0. 250 4. 5 0. 0003 to 0.0008

1.3 0. 003 to 0.008

0.5 0. 015 to 5. 0

3. 000 58. 0 0. 0003 to 0. 0008

17. 0 0. 003 to 0. 008

6.0 0.015 to 5.0

2. SPECIFICATION: ME451-0009 (FUSE MINIATURE, CARTRIDGE)

I. 0 8. 0 0.002 to 0.035

"---" 3.8 0.020 to O. 075

3. i 0.025 to 0. 125

5.0 16. 0 0.030 to I. 30

8.6 12.00 to 3.00

7. 3 3600 max

10, 0 40,0 0.380 to 0. 620

20.0 15. 00 to 30. 00

17. 0 25 to 300

Table 4. 1-6. Master Electrical Equipment List

See Table 4. i-6 of the appropriate appendix.
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Figure 4. l-tZ. EPS Bus Structure Resistance IVlodel

(See Paragraphs 4. i. i.3 and 4. i. 6. Z)
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i _ Figure 4.1-25.1. Estimated Responseafter Failure of the Primary
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(See Para. 4,'I,2.5.2)
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.... .Figure 4.1-25.5. Secondary Bypass ValveMalfunction Effect and
Fuel Cell Remaining Life WithNo WaterRemoval

(SeePara. 4.1.2.5.2)i
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Figure 4.1-26.1 Error in Hydrogen Tank Quantity Using PVT*

(See Para. 4.1.3.1)
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I Figure 4.1-27.1. Error in Oxygen Tank Quantity Using PVT*(See Para. 4.1.3.1)
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Figure 4.1-28. Hydrogen Tank Heater Power Dissipation (See Appropriate
Spacecraft Appendix)

4.1-48

SNA-8-D-027(1) REV 3



Amendment 55

12/21/70

Figure 4.1-29. Oxygen Tank Heater Power Dissipation (See Appropriate

Spacecraft Appendix)
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Amendment 46

9/15/70

Figure 4.1-33.1. Effect of Hydrogen Gas Purity and Load Level
on Required Purge interval

(See Paragraph 4.1.3.6)
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Amendment 46
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Figure 4.1-33.2. Effect of Oxygen Gas Purity and Load Level

on Required Purge Interval

(See Paragraph 4.1.3.7)
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(NASA DATA SOURCE)

CONDITIONS (OXYGEN) OXYGEN

= Flow rate out of the tank in Ib/hr _ = 0.0

d P = Pressure rise/decay rates in psi/hr
dt

500 % = Percent quantity in tank

0 = No heater elements (0.0 watts)

1 = One heater element (42.5 watts)

2 = Two heater elements (85.0 watts)

3 Three heater elements (127.5 watts)

3OO

_t_ 3

100

Of

I I I I

-I00 20 40 % QUANTITY 60 80 I00

o
Figure 4.1-34. Oxygen System Cryogenic Pressure Rise and Decay Rate Plots _m

_, (See Para. 4.1.3.8) _ _



(NASA DATA SOURCE)

CONDITIONS(OXYGEN) OXYGEN

Flow rate out of the tank in Ib/hr _ : 0.2

dP
d--t = Pressure rise/decay rates in psi/hr

5OO
% Percent quantity in tank

0 No heater elements (0.0 watts)

l = One heater element (42.5 watts)

2 = Two heater elements (85.0 watts)

3 = Three heater elements (127.5 watts)

3OO

,p

100

O f

t_

-lOO i i i i
i 0 20 40 60 80 I00

%QUANTITY

Figure 4.1-35. Oxygen System Cryogenic Pressure Rise and Decay Rate Plots _

(See Para. 4.1.3.81



(NASA DATA SOURCE)

OXYGEN
CONDITIONS(OXYGEN) m = 0.4

Flow rate out of the tank in Ib/hr

dP = Pressure rise/decay rates in psi/hr
500 dt

% Percent quantity in tank
0 No heater elements (0.0 watts)

1 = Oneheater element (42,5 watts) __-__2 = Twoheater elements (85.0 watts)

3 = Three heater elements (127.5 watts)

3OO

i

loo

of

-I00 I I I Ii
20 40 60 80 100

%QUANTITY
, _>

"-4

Figure 4.1-36. OxygenSystemCryogenic Pressure Rise and Decay Rate Plots _
(See Para. 4.1.3.8) _ _



(NASADATA SOURCE)

CONDITIONS(OXYGEN) OXYGEN
= Flow rate out of the tank in Ib/hr m : 0.6

dP
-- = Pressure rise/decay rates in psi/hr500 dt

% Percent quantity in tank

0 No heater elements (0.0 watts)

l = One heater element (42.5 watts)

- 2 = Two heater elements (85.0 watts)
3 = Three heater elements (127.5 watts)

3OO

_ _ 3

100 -

-100 I I I I
| 0 _

_u 40 60 80 1O0
o % QUANTITY

Figure 4.1-37. Oxygen System Cryogenic Pressure Rise and Decay Rate Plots -_._m
< (See Para. 4.1.3.8) _
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(NASA DATA SOURCE)

CONDITIONS(OXYGEN) OXYGEN
m=O.8

= Flow rate out of the tank in lb/hr

dP = Pressure rise/decay rates in psi/hr
400 dt

% = Percent quantity in tank __

0 No heater elements (0.0 watts)

1 = One heater element (42.5 watts)

- 2 = Two heater elements (85.0 watts)

3 = Three heater elements (127.5 watts)

200 3_

dP 2_

•I

0

-200 I 1 I I
0 20 40 60 8O I00

% QUANTITY
,

Figure 4.1-38. Oxygen System Cryogenic Pressure Rise and Decay Rate Plots _
v (See Para. 4.1.3.8) _ _



(NASA DATA SOURCE)

CONDITIONS (OXYGEN)

= Flow rate out of the tank in Ib/hr OXYGEN
dP m : 1.0
d--_ : Pressure rise/decay rates in psi/hr

4OO
% = Percent quantity in tank

0 = No heater elements (0.0 watts)

1 = One heater element (42.5 watts)

2 = Two heater elements (85.0 watts)n

3 = Three heater elements (127.5 watts)

2OO 3_-_

dP
_ 2

0

-200 I I i I
20 40 60 80 1O0

oo

& % QUANTITY _>
l" F_m
o "-_

-,4 _
v, Figure 4.1-39. Oxygen System Cryogenic Pressure Rise and Decay Rate Plots _r,

(See Para. 4.1.3.8) _°_
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(NASA DATA sOURCE)

OXYGEN

_: 1.2

300

I00 2_

_ d--'f _

0 CONDITIONS (OXYGEN)

-IO0 _ = Flow rate out of the tank in Ib,/hr

dP = Pressure rise/decay rates in psi/hr
dt

_ Percent quantity in tank

0 : No heater elements (0.0 watts)

-- 1 = One heater element (42.5 watts)

2 = Two heater elements (85.0 watts)

3 = Three heater elements (127.5 watts)

l 0 20 40 60 80 lO0%QUANTITY _

!
0

Figure 4.1-39.1. Oxygen System Cryogenic Pressure Rise and Decay Rate Plots
(See Para. 4.1.3.8)



(NASADATA SOURCE)

OXYGEN
_=I.4

300

•
CONDITIONS(OXYGEN)

O m Flow rate out of the tank in Ib/hr

-I00 d_ = Pressure rise/decay rates in psi/hrdt

% Percent quantity in tank

0 No heater elements (0.0 watts)

1 = One heater element (42.5 watts)

2 = Two heater elements (85.0 watts)

3 = Three heater elements (127.5 watts)

I I I I-300
0 20 40 60 80 I00

_IIANTTTV

v _

Figure 4.1-39.2. Oxyqen Syst_ Cryogenic Pressure Rise and Decay Rate Plots
< (See Para. 4.1.3.8) o



(NASADATA SOURCE)

OXYGEN
_: 1.6

3oo

I00 3_2

dt 11
I

• CONDITIONS(OXYGEN)

-lO0 0 _ Flow rate out of the tank in Ib/hr

dP = Pressure rise/decay rates in psi/hrdt

% = Percent quantity in tank

I 0 = NO heater elements (0"0 watts) __

1 = One heater element (42.5 watts)

2 = Two heater elements (85.0 watts)

3 = Three heater elements (127.5 watts)

I I I I
-300 0 20 40 60 80 1O0

% QUANTITY

v Figure 4.1-39.3. Oxygen System Cryogenic Pressure Rise and Decay Rate Plots --.m._=

(See Para. 4.1.3.8) _ _



(NASA DATA SOURCE)

OXYGEN
_= 1.8

300

1O0 3_

i

CONDITIONS(OXYGEN)

-I00 0 m = Flow rate out of the tank in Ib/hr
dP
dt Pressure rise/decay rates in psi/hr

% Percent quantity in tank

0 No heater elements (0.0 watts)

1 One heater element (42.5 watts)

2 Two heater elements (85.0 watts)

3 Three heater elements (127.5 watts)

- 300 I I I I
m 20 40 60 80 I00

, _;QUANTITY
o >

v Figure 4.1-39.4. Oxygen System Cryogenic Pressure Rise and Decay Rate Plots _m_
(See Para. 4.1.3.8) _- _=
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(NASADATA SOURCE)

OXYGEN

_=2.0

200

dt 0 CONDITIONS(OXYGEN)

_ m Flow rate out of the tank in lb/hr __• dP
d_ = Pressure rise/decay rates in psi/hr

-200 % Percent quantity in tank

0 = No heater elements (0.0 watts)

! = One heater element (42.5 watts)
2 = Two heater elements (85.0 watts)

3 = Three heater elements (127.5 watts)

-400 I I I t

20 40 60 80 ] O0
% QUANTITY _ m

Figure 4.1-39.5. Oxygen System Cryogenic Pressure Rise and Decay Rate Plots
v (See Para. 4.1,3.8)



(NASADATA SOURCE)

C011DITIONS(HYDROGEN) HYDROGEN

= Flow rate out of the tank in Ib/hr _ = 0.0

I00 dtdP = Pressure rise/decay rates in psi/hr

% = Percent quantity in tank

0 = No heater or fan (0.0 watts)

F = Fan power only (7.0 watts) J_
11 = Heater power only (18.6 watts)

FH = Fan + heater power (25.6 watts)

6O

dP FH _

_ H

20

p_

O-

_. -20 I I I I
i 20 40 60 80 1O0co
_o % QUANTITY

Figure 4.1-40. Hydrogen System Cryogenic Pressure Rise and Decay Rate Plots _ _

(See Para. 4.1.3.8)



_NASAOATASOU_C_

CONOITIONS("_OROOENI HYDROGEN I
Flow rate out of the tank in Ib/hr " = •

d_PP= Pressure rise/decay rates in psi/hrI00 dt

% Percent quantity in tank

0 No heater or fan (0,0 watts)

F Fan power only (7.0 watts)

- II = Heater power only (18.6 watts)

FH = Fan + heater power (25.6 watts)
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_ FH
I

H_
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I I I I

-20 I000 20 40 % QUANTITY 60 80
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I

-_ Figure 4.1-41. Hydrogen System Cryogenic Pressure Rise and Decay Rate Plots _-_
(See Para. 4.1.3.8) .._'__



(NASA DATA SOURCE)

CONDITIONS(HYDROGEN)
HYDROGEN

= Flow rate out of the tank in Ib/hr

dP _ : 0.10
-- = Pressure rise/decay rates in psi/hr

80 dt

% = Percent quantity in tank __

0 = No heater or fan (0.0 watts)
F = Fan power only (7.0 watts)

H = Heater power only (18.6 watts)

FH = Fan + heater power (25.6 watts)

4odP

I

4_

0 F/

-4o ' ' ' J i
, 20 40 60 80 100
'_ %QUANTITYo

rD

Figure 4. i-42. Hydrogen System Cryogenic Pressure Rise and Decay Rate Plots _

(See Para. 4.1.3.8) _m__
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HYDROGEN

= 0.15

60 _

2o
, F

u_ CONDITIONS(HYDROGEN)

-20 0 _TI = Flow rate out of the tank in Ib/hr

dP = Pressure rise/decay rates in psi/hr
dt ....

% Percent quantity in tank
0 = No heater or fan (0.0 watts)

F = Fan power only (7.0 watts)

}I = Heater power only (18.6 watts)

FH : Fan + heater power (25.6 watts)

f i t1
_ 60

io= 20 40 60 80 1O0
l % QUANTITY

o _m
-.J

Figure 4.1-43. Hydrogen System Cryogenic Pressure Rise and Decay Rate Plots _
(See Para. 4.1.3.8) _
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HYDROGEN

= 0,20

40

dP F_'_-

_i- -

0 CONDITIONS(HYDROGEN)

I_I = Flow rate out of the tank in lb/hro_

dP
-40 d_ = Pressure rise/decay rates in psi/hr

% Percent quantity in tank

0 = No heater or fan (0.0 watts)

F = Fan power on]y (7,0 watts)

II = Heater power only (18,6 watts)

FH = Fan + heater power (25.6 watts)
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"J Fiourp 4. l-aa Hvdroaen System Crvoqonic Pressure Rise and Decay Rate Plots _e

v_ {See Para, 4,1,3.8) _
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_, Figure 4.1-45. Hydrogen System Cryogenic Pressure Rise and Decay Rate Plots -,=
(See Para. 4.1.3.8) -J_fD
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Figure 4.1-45.4. Heater Sensor Temperature Response to
_-- Tank "G" Level, 02
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(NASA DATA SOURCE)

Figure 4.1-45.7. Heater Sensor Temperature as a Function of
"ON" Time, 02
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_ Figure 4.1-45.8. Heater Sensor Temperatureas a Functionof
"ON"Time, 02

4.1-67.9 SNA-8-D-027(1) REV 3



Amendment 75

7/25/71
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_-- Figure 4.1-45.10. Heater Sensor Temperature as a Function of
"ON" Time, 02

4.1-67.11 SNA-8-D-027(1) REV 3



Amendment 75

(NASA DATA SOURCE) 7/25/71

2_

OHEATERPOWER= 115.6 WATTS

2(

W = l.O LB/HR

4

0.75 LB/HR

2

0 50 60 70 80 90 lO0

QUANTITY (%)

Figure 4.1-45.11. Oxygen PressurizingPeriod, Tank Outflow Effects
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38

36

Figure 4.1-46. Battery Discharge Characteristics With Constant Load
Applied To Fully Charged Battery (>37.1 Volts)

(See Paragraph 4.1.4.2)
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Figure 4.1-47. Nominal Discharge Voltage Versus Current as Function of Temperature

(See Paragraph 4.1.4.2)
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Figure 4. 1-48. Entry and Postlanding Battery Output Voltage
Decline Under Small Loads

(See Paragraph 4.1.4.2)
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NOTE: Representative entry and postlanding battery ME461-0012-0004 charging current and voltage versus
time on Apollo charger ME461-0002-0008 as a function of prior ampere-.hours out and elapsed time
since use (on other than parasitic loads).

l Figure 4.1-50. Battery Charging Characteristics _ _
(See Paragraph 4.1.4.3) (Sheet i of 2) _ _

I



NOTE: Representative entry and postlanding battery ME461-0012-0004 charging current and voltage versus

time on Apollc charger ME461-0002-0008 as a function of prior aml:ere-hours out and elapsed time
since use (on other than parasitic loads).

OD

,>
col Figure 4.1-50. Battery Charging Characteristics _>

(See Paragraph 4.1.4.3) (Sheet 2 of 2) _m
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Figure4.1-51.5.EnhancementBatteryTemperatureProfilefor
ContingencyReturns- NominalCase{PTC)

(SeePara.4.1.4.5.1)
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Figure 4.1-51.6. Entry and Auxiliary Battery
Load-Sharing Characteristics (Sheet 1 of 9)

(See Paragraph 4. !.4.5,_)
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Figure 4. 1-51.6 Entry and Auxiliary Battery
Load-Sharing Characteristics (Sheet Z of 9)

(See Paragraph 4. I. 4.5. Z)
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Amendment 71

""_" 7/7_71

31 ..... CONFIGURATION*
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Figure 4. 1-51.6. _Zntry and Auxiliary Battery

Load-Sharing Characteristics (Sheet 3 of 9)

(See Paragraph 4. 1.4. 5. Z)
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Amendment 71
7/7/71

31.........-r , _ ...............
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Figure 4.1-51.6. Entry arid Auxiliary B_ttery
t.oad-Shari_g Ch-_r_cter_stics (Sheet 4 o_ 9)

(See l°aragrapb _. 1.4.5. Z)
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Amendment 71

7/7/71

31[ :. : :'.i": i" : CONFIGURATION.
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l_igure 4. 1-51.6. Entry and Aizxiliary Battery
Load-Sharing Characteristics (Sheet 5 of 9)

(See Paragraph 4.1.4.5. Z)
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Figure 4.1-51.6. Ent'ry and Auxiliary Battery
Load-Sharing Characteristics (Sheet 6 of 9)

(See Paragraph 4.1.4. 5. Z)
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Amendment 71

.... 7/7/71
31
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Figure 4.1.-51.6. Entry and Auxiliary Battery
Load-Sharing Characteristics (Sheet 7 of 9)

(See Paragraph 4.1.4.5.2)
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Amendment 66

5112171

31 7.... _-......]----T-_--T ---;P-?-n : - CONFIGURATION-
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\ ! ...... : .... i: i " : 3. SM BUSLOAD - 0.767 OHM

30 -- -\ ...... i---! - -T -j-] .......... _I (SPSGIMBALMOTORS -
O " : \ I ! i : -I--i; i " : i i IDLEMODE)

- :.....: "X_F "-_ ...... 7--TT_-_-/-- --- T-T .... T--'- T-----T-_ ..... T t
, E..... ! _ ._[ ..... E • . Z :-) : -2 -. - :'--

> 29- 7 2 ,- .... _----_-_ ..... _...... _--!---'1--*--r-.p .: .: , TLr:,. 2
m
N ..... \ ....... :___2........ ..-_-----i---_--.. L_ L _.i_:_l

28 , . . : i .... , I
.............. :...... ._2_--_ _ ..... _..... :.... 2 .... ___'.----ILl ,[.2. ] 22]

": ....... '..... :% r • , _b . • ' :_. I -

27 ........ \\ _ ........... i......... =r- -:---]-FT_TTI ,-T -]

• .' ; ; , ' • ::t- I ' L J26
20 40 60 80 I00 120

COMMAND MODULE BUSLOAD (AMPERES)

_oo[-T : ;-_:_ :T:-:;-TT:--_ .....i----,T_ _ :L _ _ _-J• --- .... 7 " T • -F .... i -_i " - : F..... T:-T: " .- [T:lt- ..--.

80k __..... ':_.._ ....... _. _ --:2:.__ _--2__.£ .L22.__2___t

t [ '
: i -!" - -:..... _ : ! • : i -;-: !-.;-_ ...... '_...... -]

!

[ ....... ;;i=-, ;-4:-i.

4ol- - .... - -_---_-k-:-_-_ I--_

I:---T -=- .... T- : -_---, ....... T-_:--TY-'TTr-__2--1
, . _ • . ,, ., , . , . ..

_ot-. i .i. _ =_-....!....i-;-_--:-_--==_-_-_=--_-_-i-;__-a_-_
l - -- :...... .... " -!-: : ::-: - i ..... ::;I:---2;_-:-t.-:--j/ ' : : I.. : : :- ; L_ i ': : I : :i:. , : I
I-T- :-; - ' -- -_-_-q -YT----_- _ - --_ T-_ ......... -7.,..... _ -----

0 20 40 '60 80 100 120

COMMAND MODULEBUSLOAD (AMPERES)

Figure 4. 1-51.6. Entry and Auxiliary Battery
Load-Sharing Characteristics (Sheet 8 of 9)

(See Paragraph 4. I.4. 5.Z)
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31F_'_ ;i"-: -Z-_-'_'-F-.-T--"_--_-_.I CONF GURATION:
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Figure 4. 1-51.6. Entry and Auxiliary Battery

Load-Sharing Characteristics (Sheet 9 of 9)

.-- (See Paragraph 4. 1.4.5.2.)
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Amendment 71

7/7/71

31 CONF IGURAT ION :

i. FUEL CELL i (TEMP. = 4300F)

2. ENTRY BATTERY C - (TEMP. --75°F)
_n 3. NO SM-BUS LOAD
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Figure 4.1-51.7 Fuel Cell/Entry Battery
Load Sharing Characteristics (Sheet i of 27)

(See Paragraph 4.1.4.7)
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Figure 4.1-51.7 Fuel Cell/Entry Battery
Load Sharing Cnaracteristics (Sheet 2 of 27)

(See Paragraph 4.1.4.7)

4.1-73.16 SNA-8-D-027(I) REV 3
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717/71
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Figure 4.1-51.7 Fuel Cell/Entry Battery
Load Sharin_ Cnaracteristics (Sheet 3 of 27)

(See Paragraph 4.1.4.7)
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Amendment 71
7/7/71

31 CONF __,TGU_yT_ :

i. FUEL CELL i (TEMP. = 430"F)

2. ENTRY BATTERIES A & B (TEMP. = 75°F)
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Amendment 71

7/7/71
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/---. Amendment 71

7/7/71

31 CONF IGURAT ION :

i. FUEL CELL i (TEMP. = 430"F)

2. ENTRY BATTERIES A & B (TEMP. = 75°F)
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Figure 4.1-51.7 Fuel Cell/Entry Battery

Load Sharing Cnaracteristics (Sheet 6 of 27)

(See Paragraph 4.1.4.7)
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Amendment 7] -

7/7/71

31 ....._0NFIGURATION :

i. FUEL CELL 1 (TFN_P. -- 430°F)

2. ENTRY BATTERIES A,B & C (TEMP. = 75°I?)
3. NO SM-BUS LOAD
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Figure 4.1-51.7 Fuel Cell/Entry Battery

Load Sharing Cnaracteristics (Sheet 7 of 27)

(See Paragraph 4.1.4.7)
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Figure 4.1-51.7 Fuel Cell/Entry Battery

Load Sharing Characteristics (Sheet 8 of 27)

(See Paragraph 4.1.4.7)
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Amendment 71
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Figure 4_i-51°7 Fuel Cell/Entry Battery
Load Sharin_ Characteristics (Sheet 9 of 27)

(See Paragraph 4.1.4.7)
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Figure 4.1-51.7 Fuel Cell/Entry Battery
Load Sharin_ Cnaracteristics (Sheet i0 of 27)

(See Paragraph 4,1.4.7)
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Amendment 71

7/7/71

31 2:.--- _ - -_---_-_-_i:] /-i:ii::_:i_i_F::_:[kS_CONFIGURATION:
--:::-_Zli_i_il I|!_IT_:':_7_i_::_:_t+E_ I, FUEL CELLS i & 3 (TEMP. = 4240F)

il]_ iiii!iii: --_:-ff_#_i_ 2. ENTRY BATTERY C (TEMP. = 75=F)
_o :-_!_:i i:i_i: ii-lii_l!_:_/ _::!i _:i _ 3. SM-BUS LOAD - 0 767 OHMS

30 ___ ::-ii ii:i__ (SPS GMBLo MTRS. - IDLE MODE)

_-_-- _!_y':]i: _4: i_!:: ._,
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Figure 4.1-51.7 Fuel Cell/Entry Battery
Load Sharin_ Characteristics (Sheet ii of 27)

(See Paragraph 4.1.4.7)
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Amendment 71
7/7/71

31 CONFIGURATION :

i. FUEL CELLS i & 3 (TEMP. = 424°F)
= oF

-_ -_....--_,,,-.,--_,-.-,--_t_ " t t..... _..........i......2. _ BATTERY C (TEMP. 75 )
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Figure 4.1-51.7 Fuel Cell/Entry Battery

Load Sharing Cnaracteristics (Sheet 12 of 27)

(See Paragraph 4.1.4.7)
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Figure 4.1-51.7 Fuel Cell/Entry Battery

Load Sharin_ Cnaracteristics (Sheet 13 of 27)

(See Paragraph 4.1.4.7)

4.1-73.27
SNA-8-D-027(1) REV 3



Amendment 71
7/7/71

31 _ i!:i_Ji_:__il_-E__i_ CONFIGURATI N:
t_-_Fi_i_7__ ,_ i. FUEL CELLS 1 & 3 (TEMP. = 424°F)

" _ _'--___i_yl :i_[-'!L[I][[[].'-7]_2. ENTRY BATTERIES A & B (TEMP. = 75°F)
u_ w= ,._'::r:: b:::_:iill':hZi:h._:l_'_l:L;-X_:_, . , . ,.._3. SM-BUS LOAD - 0.767 OHMS
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Figure 4.1-51.7 Fuel Cell/Entry Battery
Load Sharing Cnaracteristics (Sheet 14 of 27)

(See Paragraph 4.1.4.7)
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Amendment 7i

7/7/71

31 :_:_:F_:ii<b:_[r_ CONFIGURATION:
_!! !_/_._ I. FUEL CELLS i & 3 (TEMP. = 424°F)
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............._:.__., ..... _ ........... . 3. S LOAD 1.152 OHMS
30 :rC-_L£ ;:!]-iJiL:-=fEi:i_f::!_3_(SPS GMBL. MTRS. - AV MODE)

- I -..'N. .................... I-: _ v :[-:-'f .... : r
(._ : "' n" [:-:- :: ........ i ....... , .......... : _; : .::_;: .:u;1::: |:.:4:L2112:Ii'::

|] :. : /_ ::-:'N<:[:7[ : .i[i:i :i£::f[f_iTf[7 _5:! : |: i :_[!_]::.'!E::F: -;=::_ ::- :

28 -=: ...................... -v=': ___..............

i::..: : :_: _:,- :_: :.

i{!<_:: !!i 7::!7::: ji::ik:

_" . . ! __-T-'--t-rr- . " .... + :_

t-±/::.! i: ::::--:::::::::::::::::::::::::: :_: {.::. :.... : :---
26I " ' - :::::: ':" :::: :: ::i: : 7r: ...........

0 2"0 40 60 80 i00 120

COMMAND MODULE BUS LOAD - AMPS



i00 ...... ;.:_-.: _:: i..:i:_l__: ._:::: :::::.: : :: ; _]:_::::
.... L--_ .................................. :..............

! i_L:_:_=_i! _ _:::!-_-;. L_=::_-: " .-_:: ":: -:: _ , :.: :i_;-:.:! ::[i_;! T_

_"; 80 " 1 : : • : ......... ___ _:__

I _:'_!:::'_}ii:_:_'_: .':k ::::.:_-':::_=:_.:_::, :::::_ I : : . I ,:: ,. ':.:_:_.__m

o _i:ii :_I: i!_!!:!_::'!::.fll : :::;_::,i_i;_it:.i_ _:!.:;_::!:::i::i:-!-; ::_ 60 _-- :--_ - T ..... _ _ _'' "

=_ ........ ::::._: .!....... i[ ................. _..........._ _':_ ::':I :.::::- =:::=::-= --:_-_ - _:=i- :_::_::::::;_:1:_ : : " :::. :: ::: : •

....: ': -:1_::ii::.......[:_ _i?_-_?_'.!t_:._:-:1:=:::::I;_:_::._ ............ k_f_. :: _ ....: : : : i: ,: ._-a___.__ ? :_:-i!
: : :: : : :- ::: :: :_:=!:: ::: .:=-:: :::;: I ":':_ :- t - t: :: ::::::::_

:-'-'--=;..:".:-':I::. [:::::--i-:-::':_:l,_'-Jl-_-_-:." -.._-:__._,,---.--_--:_.-4-_

0 20 40 60 80 i00 120

COMMAND MODULE BUS LO_ID - AMPS

Figure 4.1-51.7 Fuel Cel.'L/EntryBattery
Load Sharing Characteristics (Sheet 16 of 27)

(See Paragraph 4.1.4.7)
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Amendment 71

71717i

31 _-_==:: _:=: ;::=_::=_._=_ _7_!if :i!i:i{I=E:!L-+_':_CONFIGURATION:
_'_:lii_{_:i!iT:=!_!_!i-:!__ i. FUEL CELLS i & 3 (TEMP. = 424°F)

]_71/_::7'I__ 2. ENTRY BATTERIES A,B & C (TEMP. = 75°F)
o_ ._ii!i:i:il::ii.:[:.LEL:_:fF:_L_-ii_:-2i!3 SM-BUS LOAD - 0.767 OHMS

30 _-_A-=__Zi_ (SPS GMBL. MTRS. - IDLE MODE)
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Figure 4.1-51.7 Fuel Cell/Entry Battery

Load Sharing Cnaracterist±cs (Sheet ].7 of 27)

(See Paragraph 4.1.4.7)
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_--_ Amendment 71
7/7/71

31 _iL__2_[7/_.:lii_i::: = ::_i:_?:_'!_.i_!_ CONFIGURATION:

:%7_{--! °_FFS:_ �_!:i!!=i. FUEL CELLS 1 & 3 (TEMP. = 424°F)

[_i[:i_i!]_iJilJ!ii!ii:_i_i_ 2 ENTRY BATTERIES A,B & C (TEMP - 75°F)
l::-Fivjii_:_FF .:r.Tl!_::_ii[ilT_:_i3. SM-BUS LOAD - 1.152 OHMS
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Figure 4.1-51.'7 Fuel Cel]/Entry Battery

Load Sha_in_ Characteristics (Sheet 18 of 27)

(See Paragraph 4.1.4.7)
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Figure 4.1-51.7 Fuel Cell/Entry Battery

Load Sharing Characteristics (Sheet 19 of 27)

(See Paragraph 4.1.4.7)
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/--_ Amendment 71

7/7171

31 _i!.i_i_ji!Lji_ii_/_-2i-_r_ CONF IGURAT I0N :
± ...,'C=:"_ _,:: _ -- 1 o

_X_[il:]::iIi/!i_i:- _ 2. ENTRY BATTERY C (TEMP. =75°F)
co _-i__=}_-'_-z:,_F_: 3. SM-BUS LOAD - 0 767 OHMS

30_!_:" {'_:727 i__ (SPS GMBL. MTRS - IDLE MODE)
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Figure 4.1-51.7 Fuel Cell/Entry Battery

Load Sharin_ Characteristics (Sheet 20 of 27)

(See Paragraph 4.1.4.7)
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Amendment 71

7/7/71

::-_.,:_:r:.:: ....... :,::_-h-7_+_:7:iTi:_:_a_ 1. ,HREE FUEL CELLS (TEMP = 412 F)

_----7_?--_'_:q::::: 7_:::i2. ENTRY BATTERY C (TEMP. = 75=F)
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Figure 4.1-51.7 Fuel Cell/Entry Battery
Load Sharing Characteristics (Sheet 21 of 27)

(See Paragraph 4.1.4.7)

4.1-73.35
SNA-8-D-027(1) REV 3



I---. Amendment 71

7/7/71

_5_ __!_i!_iilili_ii_i I!_' i. THREE FUEL CELLS (TEMP. --412°F)
!_!:.,r!iiii'i:!___ 2 ENTRY BATTERIES A & B (TEMP - 75°F)
=::=u_. ::::;:!. [ -':=:_-:_-Ii_l 3. NO SM-BUS LOAD
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Figure 4.1-51.7 Fuel Ceil/Entry Battery

Load Sharing Characteristics (Sheet 22 of 27)

(See Paragraph 4.1.4.7)
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Figure 4.1-51.7 Fuel Cell/Entry Battery
Load Sharing Cnaracteristics (Sheet 23 of 27)

(See Paragraph 4.1.4.7)
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31 CONFIGURATION:

1. THREE FUEL CELLS (TEMP. = 412°F)
2. ENTRY BATTERIES A & B (TEMP. = 75°F)

3. SM-BUS LOAD - 1.152 OHMS
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Amendment 71 ....
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3]. CONFIGURATION:

I, THREE FUEL CELLS (TEMP. = 412°F)

2. ENTRY BATTERIES A,B & C (TEI_ = 75°F]
m 3. NO SM-BUS LOAD
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Figure 4.1-51.7 Fuel Cell/Entry Battery
Load Sharing Characteristics (Sheet 25 of 27)

(See Paragraph 4.1.4.7)
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31 _'_- ....... '- : " ' "
_ qF::_ _ CONFIGURATION:

rp::_!_i! _ i. THREE FUEL CELLS (TEMP. = 412°F)
"_::i-:_:t_::==:_:--_Lt,_ 2. ENTRY BATTERIES A,B & C (TEMP. = 75°F)

_---t7:_:__1_ 3. SM-BUS LOAJ) - 0.767 OHMS
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Figure 4.1-51.7 Fuel Cell/Entry Battery

Load Sharing Characteristics (gheet 26 of 27)

(See Paragraph 4.1.4.7)
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31 _:i k-E :7-:_777 - -:_.7_;_I: CONFIGURATION:
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_4-_ _ ;_ _. r_7{. 2. ENTRY BATTERIES A,B & C (TEMP. = 75°F)

3. SM-BUSLOAD- 1.152
:il!!-!_i]/_{[7[ ii]_7_=_t! i![_:it (SPS GMEL. MTRS. - AV MODE)

pa LTi[L7_: _!:!I{ U '}_{_'I:7777:'+:7:_i I {{'.:_ i17'{{f!:{71:7![7{:.][! i :: '7!

::> " : ! 7!117:i]i:_'qT_.,_.: i::- "';-:iT::i:F77L:717Fr177< {

_a : L: 77_:7_ !i7!i-{ 7; : i !

O ............

: ; : ;; : 71;; L ;; :l=_:I::::_.:i. ; c 21 ::::l" + ;7 , ;>" ;.:1 ;._ :;:: f mZil :: :;

" : :: .l:: ' :- _,:, : :,. :: ::7::: .: : : : I:-:; { l "T'ITF(;7_" f "21-'*"f " ..I
27 :- -f =_"-_ :H:::=::7::-:I L7_:4_ :L " L-_-7: 'i:77!=:: ==7:7

::-:i+TFiii:i - k:: i-: : !--:7._2:::TtTF.E=,'-::::=.=_7=:::+7 : ! !:{:::: :F: {: :F :-::: !

0 20 40 60 80 i00 120

COMMAND MODULE BUS LOAD - AMPS

!77: :: : :f: ::::::::: ::: :::: : ::::: :::: :_: : _:? :i:: • !l!!:! :il::!i: ! ! :i

-_,_[7 :::::::::::::::::::::::::::::::::::::: ..... l . : i::{+: :"":ih : ::
.... _._:.=;:: :i.': : ::: : :::::::::::::::::::::: ;-i=:_:m] i :: ..i ...... : -.. "r' :. : ', .

I :i[l:_i':L[::[:57: !iiTL:iT_i-:i77::E:'-:-r .: " :-i :7.t '<::[i t: i7:::i :: +

........i.........................='7:t:': L[7:7_: 7.--=-- : ::: .: ::: 7:.:: I:: [: :: , • . : : :

l:r_:77.--ri}_,,{---::::r:::5---____:_:!:!:-_.:7:i_-=_:71-_:7_{7--I- !ç"d:_

20 -_--F-}a-!_____ --[.7._-_T_ :T:T!"TI

'-_:,I:::::-:::rF_J_TI-H_-'T_:{V -:7: { {:-_::t:--=F5:4 ::::::: ::: : I " u ::: :::i
o _->_t><::-t_-:t:_i:7::_:_::!:::::: :: " :_: ::¢:::-:" " : :': :_ " : '

20 40 60 80 i00 120

COMMAND MODULE BUS LOAD - AMPS

Figure 4.1-51.7 Fuel Cell/Entry Battery

Load Sharing Cnaracteristics (Sheet 27 of 27)

(See Paragraph 4.1.4.7)
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m

Figure 4.1-52. Inflight Battery Charging Curve Appears In I
Individual Spacecraft Appendix I

(See Paragraph 4.1.4.4)
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Figure 4.1-60. Inverter Hot-Spot Temperature Without Water-Glycol
Cooling (Extrapolation Based on 2TV-I Test 2)

(See Paragraph 4.1.5.2)
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Amendment 69
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4.2 ENVIRONMENTAL CONTROL SUBSYSTEM

CONTENTS

Paragraph No. Description

4.2.1 OXYGEN SUPPLY

4.2.1.1 Requirements

4.2.1.2 System Performance
4.2.1.3 Restrictor Performance

4.2.1.4 Surge Tank and Bottle Repressurization

4.2.1.5 Regulators

4.2.1.6 Cabin Depressurization and Pressurization

4.2.1.6.1 Cabin Repressurizatlon After EVA (Normal & Worst Case) I
4.2.:[.6.2 Cabin Pressurization Upon Reentry !
4.2.1.7 LM Pressurization

4.2.1.8 Valves

4.2.1.9 Cabin Environment

t---. _ 4.2.1.10 CO2 Buildup Without CO2 Scrubbing

4.2.2 SUIT CIRCUIT

4.2.2.1 Performance

4.2.2.2 Normal Operation

4.2.2.3 Emergency Operation

4.2.2.4 Compressors

4.2.2.5 CO 2 Control
4.2.2.6 Heat Exchanger

4.2.2.7 Water Cyclic Accumulators
4.2.2_8 Flow Limiters

4.2.2_9 Valves

4.2.3 PRIMARY COOLANT CIRCUIT

4.2.3.1 Performance

4.2.3.2 Glycol Pump

4.2.3.3 Glycol Accumulator
4.2.3.4 Glycol Evaporator

4.2.3.5 Cabin Heat Exchanger

4.2.3.6 Coldplates
4.2.3.7 Glycol Temperature Control
4.2.3.8 Flowmeter Correction

4.2.3.9 IMU and Suit Heat Exchanger Glycol Flow

4.2.3.10 Specific Heat of Glycol-Water
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Paragraph No. Description

4.2.4 SECONDARY COOLANT CIRCUIT
4.2.4.1 Performance

4.2.4.2 Glycol Pump

4.2.4.3 Glycol Accumulator

4.2.4.4 Coldplates

4.2.5 PRIMARY RADIATOR

4.2.5.1 Performance

4.2.5.2 Radiator Panels

4.2.5.3 Proportioning Valve
4.2.5.4 Heaters

4.2.6 SECONDARY RADIATOR
4.2.6.1 Performance

4.2.6.2 Radiator Panels

4.2.6.3 Heaters

4.2.7 WATER MANAGEMENT

4.2.7.1 Water Supply
4.2.7.1.1 Potable Water

4.2.7.1.2 Waste Water

4.2.7.1.3 Hardware Components
4.2.7,2 Water Production
4.2.7.2.1 Fuel Cells

4.2.7.2.2 Lithium Hydroxide/Carbon Dioxide Reaction

4.2.7.3 Water Consumption
4.2.7.3.1 Urine Dump

4.2.7.3.2 ECS Supplemental Cooling
4.2.7.3.3 Overboard Dumps
4.2,7.4 W_ter Balance
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4.2 ENVIRONMENTAL CONTROL SUBSYSTEM

4.2.1 OXYGEN SUPPLY

4.2.1.1 Requirements

All oxygen requirements are defined in paragraph 4.1.3.7.

4.2.1.2 System Performance

The basic purpose of the oxygen supply subsystem is to continuously

control the flow of oxygen to the crew for metabolic consumption and for

control of the command module pressure; specifically, the oxygen supply

system performance is outlined as follows:

i. Provide gas for pressurizing the cabin, glycol reservoir (Item

2.29), potable water tank (Item 5.10), waste water tank (Item

5.15), and water separator accumulator assembly (part of Item 1.29).

2. Maintain the nominal command module pressure at 5 psia and the

pressure suits above 3.5 psia when the command module is depressurized.

3. Maintain the cabin at 3.5 psia_ or greater, for at least 5 minutes

with a i/2-inch-diameter puncture in the cabin wall. This function

_--_ shall be accomplished by supplying 0.67 pound per minute of oxygen
to the command module cabin.

4. Provide a means for rapid repressurization of the command module

from 0 to 3 psia in one minute.

5. Provide oxygen during the entry mission mode.

6. Provide an actuating signal for the display panel warning light,

which is initiated by a sensing device to detect oxygen flow rate

in excess of 1.0 pound per hour.

7. Provide lunar module pressurization.

8. Provide oxygen purge flow for primary life support of an EVA crewman.

An ECS oxygen leakage rate of more than 4.0 pounds per hour (surge tank

pressure less than approximately 800 psia) is an indication of a severe fail-

ure of the system. A potential problem would arise from inadequate supply

_ of oxygen to suit circuit after SM separation and during reentry. Since the

high-flow-rate warning light comes ON and stays ON for the flow rates higher

than 1.0 pound per hour, and the flow meter does not indicate flow rates more

than 1.0 pound per hour, the approximate leakage rate can be determined by

using the Apollo Operations Handbook (SM2A-03 Block II-(2) and by monitoring

the pressure differential between the cryogenic tanks and the surge tank.

A AP of 30 psi approximates a 1.7 pound per hour (pph) flow; a AP of 50 psi

approximates a 2.7 pph flow; and a AP of i00 psi approximates a 4.5 pph flow.

4.2-1
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4.2.1.3 Restrictor Performance

Figure 4.2-1 shows oxygen heat exchanger restrictor performance. The

curves illustrate the maximum and minimum flow rates through the three re-

strictors as a function of cryogenic storage conditions and the pressure up-

stream of the 100-psi main oxygen regulator. See the appropriate spacecraft

appendix for actual oxygen heat exchanger restrictor performance.

4.2.1.4 Surse Tank and Bottle Repressurization

Figures 4.2-2 and 4.2-3 depict the repressurization of the command module

oxygen surge tank and the three 1-pound oxygen bottles. Figure 4.2-2 illustrates

(i) repressurization of the surge tank, (2) repressurization of the three 1-pound

bottles, and (3) simultaneous repressurization of the surge tank and bottles.

Initial pressure for each curve is 150 psia. Figure 4.2-3 illustrates simul-

taneous repressurization of the surge tank and bottles with initial pressures

of 150 psia and 5 psia, respectively.

4.2.1.5 Resulators

CSM oxygen pressure regulators and their operating characteristics are
as follows:

i. Oxygen Pressure Regulator (Main Regulator)

a. General Data, Two Parallel Regulators. Performance is for inlet

pressure at 150 to i000 psig and temperature at 0 to +160 F.

Regulated pressure - 85 to ii0 psig with demands from 400

std cc/minute (7.15 10-2 Ib/hr) to 0.67 ib/minute.

Relief pressure - 120 to 140 psig

b. Flow Characteristics. Figure 4.2-4 shows main oxygen regulator

flow characteristics. Flow rates for the main oxygen regulator

are presented as a function of regulator outlet pressure for inlet

pressures of 150 and lO00 psig. Linear interpolation for inter-

mediate upstream pressure can be performed. Flow rates for lower

outlet pressure than that which establishes a rate of 40 pounds per

hour will not be significantly higher than 40 pounds per hour.

2. Cabin Pressure Regulator. This is a demand type of regulator. All

performance given is with inlet pressure at 85 to 115 psia and tempera-

ture at -40 to +160 F. Regulator performance is given as a function of

cabin pressure (Pc) .

P >5.3 psia - High-pressure lockup (sea level to normal
C

cabin pressure range). No regulator flow.

5.3 _ P > 4.7 - Normal control range (normal cabin).
C

5.3 _Pc- > 3.5 psia - Total cabin-pressure range producing demand
flows (normal to depressurized cabin transition).

P < 3.5 psia - Low-pressure shutoff (depressurized cabin). No
c--

regulator flow.
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3. Demand Pressure Regulator (Suit Pressure) (Item 4.16). The inlet

pressure versus oxygen flow for each redundant regulator and for

dual operation is presented in Figure 4.2-5 for manifold pressure

below the normal regulation range of 85 to 115 psia. All per-

formance data that follow are for inlet pressures of 85 to 115 psia

and temperature at 440 to +i60 F.

Normal regulation (4 to 14.7 psia cabin)

Regulator lockup- No demand flow with cabin-to-suit AP less

than 2.5 inches H20.

Control range - Cabin-to-suit AP maintained at 2.5 to 3.5 inches

H20.

Maximum demand flow - Cabin-to-suit AP limited to 5.5 inches

H20 with oxygen demand flow of 0.30 ib/minute (maximum flow).

Emergency regulation (0 to 4 psia cabin)

Regulator lockup - No demand flow at 4.0 psia and higher

suit pressures.

Control range - Suit pressure maintained at 3.5 to 4.0 psia.

Maximum demand flow - 0.66 ib/minute oxygen demand flow at

_-_ 3.5 psia and lower suit pressures.

4. Tank Pressure Regulator (Water). Performance given is with inlet

pressure at 85 to 115 psia and temperature at 0 to 160 F.

Regulated pressure 20+2 psig

Relief pressure 25+2 psig

5. EVA Regulator

Regulated pressure 100+5 psig with i0 to 12 ib/hr

02 Tlow rate

Lockup pressure 115 psig maximum

Relief pressure 120 to 150 psig

4.2.1.6 Cabin Depressurization and Pressurization

The launch profile for a Saturn V launch, based upon the 1963 Patrick

Air Force Base atmosphere, is presented in Figure 4.2-6. Under normal

conditions during the boost phase, the cabin pressure relief valve will

automatically relieve cabin pressure until the valve setting level has

been reached. Assuming the cabin pressure at lift-off is a nominal

j_
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14.7 psia the cabin pressure relief valve should start modulating at

approximately 13K ft. If the pressure relief valve has not activated to

decrease cabin pressure by the time an altitude of 25K is reached, the

cabin pressure relief valve should be manually placed to the "Dump"

position, until the cabin pressure has been reduced to 8 psia, the valve

should then be closed to normal position. (See normal/backup procedure
in Apollo 15 AOH Volume 2 page 4-57).

Cabin leakage measurements taken during ground tests are used to

predict leakage in space. Ground tests require that command module

leakage must not exceed 0.2 pound per hour with a 5-psi cabin-to-ambient

pressure differential. Based upon ground test data and the type of
leakage assumed, the leakage rate in space can be calculated.

Leakage rates for pad operation for three modes of flow - (i)

molecular, (2) orifice, and (3) viscous - are presented in Figure 4.2-7.

Actual leakage rates for various differential pressures are expected to

fall anywhere within the band defined by the three modes since the flow

mode has not been determined. Cabin leakage in space is presented in

Figure 4.2-8. Again, the mode of flow is not known, and the actual flow
will fall somewhere in the band defined.

I Figure 4.2-8.1 shows tunnel to CM differential pressure change
rate versus CM hatch leak rate, for flight conditions.

Figure 4.2-9 depicts cabin depressurization in space. The curves

show cabin pressure versus time for activation of the cabin relief valve,

the side hatch dump valve, and both valves together. The curves can be

used to determine depressurization time for any initial cabin pressure

simply by taking the time difference on the appropriate curve starting

with the desired pressure. The residual pressure for CM depressurization

for EVA shown on Figure 4.2-9, Sheet 2, is a result of the 12 pph EVA
umbilical purge outflow into the CM.

Cabin decompression times versus final-to-initial cabin pressure

ratios for adiabatic and isothermal expansion are presented in Figures

4.2-10 and 4.2-11. The curves reflect the effects of flow through 1/8-,

1/2-, i-, and 4-inch-diameter holes with the coefficient of expansion
(Cd) assumed to be unity (worst case). The cabin volume used was 316

cubic feet, and the oxygen system was assumed to be inoperative through-

out the depressurization period.

Figure 4.2-i2 shows normal cabin pressurization. Pressurization is

accomplished without supplementation of oxygen from the three 1-pound

bottles. The steep slope of the curve from 0 to 2 psia results from

opening the emergency oxygen inflow control valve and depleting the

oxygen surge tank from 900 to 150 psia. Subsequent pressurization is

accomplished by using the manual and automatic portions of the cabin

pressure regulator with oxygen supplied from the CGSS. The automatic

portion opens at 3.5 psia.
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Figure 4.2-13 depicts rapid cabin repressurization. First, the
oxygen in the surge tank and in the three l-pou_Ld bottles is exhausted

into the cabin. Oxygen flow from the surge tank and bottles stops when

the pressure of the surge tank drops to 150 psig and the bottle pressure

drops to cabin pressure level. Subsequent pressurization is accomplished
by the use of the manual and automatic portions of the cabin pressure
regulator with the oxygen supplied from the CGSS.

4.2.1.6.1 Cabin Repressurization After EVA (Nolmml & Worst Case)

Figure 4.2-13.1 curve 1 shows normal cabin repressurization after

EVAu The repress package (isolated from the surge tank prior to re-

pressurization) is utilized to depletion to raise the cabin pressure to
approximately 2 psia. The CMP purge flow is utilized to raise the cabin

pressure to 3 psia where the OPS hose is disconnected from the CMP suit
and full OPS flow is directed into the cabin. _%e OPS is shut off when

the cabin pressure reaches 5.0 psia. I

Figure 4.2-13.1 curve 2 shows the worst-case cabin repressurization

from 0 to 3 psia utilizing the CMP purge flow only, and presumes the

repress package is depleted or unavailable for pressurization purposes.

Cabincase shownrepressurizati°nincurve I. from 3 to 5.0 psia is the same as for the normal I

f_- 4.2.1.6.2 Cabin Pressurization Upon Reentry

Reentry profiles for lunar and earth orbit reentries (based on Patrick

Air Force Base atmosphere) are presented in Figures 4.2-14 and 4.2-15.

Under normal conditions, the cabin pressure relief valve (CPRV) opens auto-

matically when outside pressure exceeds internal cabin pressure by a preset

value. If cabin pressure has not automatically started to increase by the

time an altitude of 17,000 feet has been reached, the CPRV must be manually
actuated to the DUMP position. In any case, the CPRV is manually actuated

to the DUMP position at an altitude of i0,000 feet to achieve equalization

of internal and external pressures. The CPRV is manually closed at 800

feet to prevent water entering the cabin through the valve at splashdown.

4.2.1.7 LM Pressurization

See LM Operational Data Book Volume II, Par_ I, under Paragraph
4.3.2.3 Cabin Pressurization.

4.2.1.8 Valves

Performance of the gas valves is shown in Figures 4.2-16 through
4.2-20. The relationship between the following four variables is shown
on these curves:

4.2-4.1

SNA-8-D-027(1) , REV 3
.f



Amendment 108

.__ 11/8/72

PI Upstream pressure (psia)
AP Pressure gradient across valve (psi)

T Gas temperature (degrees Rankine)

Flow rate (pounds per second)

_ These curves are used by specifying any three of the four variables and

solving for the fourth. The curves are not intended for use in transient

cases, such as the operation of the cabin pressure relief valve during
boost. In such cases, the curves can be used only by iteration with

successive determination of input data.

i. Cabin Pressure Relief Valve (Figure 4.2-16)

Positive relief: 6.0 (+0.3, -0.4) psi cabin to ambient AP.

Effective flow area (CA) equals +1.50 in.2 in the boost/entry

position and 0.039 to 0.130 in. 2 flow area (CA) in the normal

position for each section of the valve.

Performance characteristics for positive relief are illustrated

in Figure 4.2-16. Flow characteristics shown are for only one

side of the valve operating. They are slightly conservative

compared with actual flow; however, with both sides operating,
flow is not significantly increased.

Nesative relief: 25 in. of water ambient to cabin AP maximum.
_, Effective flow area (CA) equals 0.75 in. 2 for each section of

the valve.

2. Pressure Equalization Valve (Figure 4.2-17). Figure 4.2-17

illustrates valve performance as determined from analysis. I
Calculations are performed as previously described. The pressure
differential used would be between command module and lunar

module tunnel pressure.

3. Side Hatch Rapid Depressurization Valve (Figure 4.2-18). The
side hatch valve has the same geometric configuration as the

pressure equalization valve. Therefore, the same discharge
coefficient was used for both valves. The pressure differential

used is cabin to ambient. (Text continued on following page.)

4.2-5
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4. Lunar Module Vent Valve (Figures 4.2-19 and 4.2-19.1). Data presented

in Figure 4.2-19 have been determined from ground test with the valve

in the pressurization position (valve pressurization position II).

Data presented in Figure 4.2-19.1 have been determined from ground

test with the valve in the lunar module tunnel vent position (valve

position IV).

5. Repressurization Oxygen Valve (Figure 4.2-20). The flow characteristics

of this valve were based upon an average equivalent orifice size

determined from tests of seven specimens. The upstream pressure and

temperature for this valve are those of the 1-pound oxygen tanks.

Cabin pressure is the downstream pressure for this calculation.

6. Relief Valve, High-Pressure Oxygen. Cracking and reseat tolerance is

1020 to 1070 psig. Full flow is 3.4 pounds per hour oxygen (minimum)

with 1070-psig inlet pressure at 70 F.

4.2.1.9 Oxygen Enrichment after Orbital Insertion

Figure 4.2-21 illustrates the effect of using the urine dump nozzle for

cabin oxygen enrichment. Since oxygen replacement via the cabin pressure

regulator does not occur until the cabin total pressure drops to between

4.7 and 5.3 psia, the worst case 02 partial pressure can drop to 2.72 psi

during this time interval. If the direct 02 valve is left open after orbit

insertion, increased 02 enrichment may be achieved. Figure 4.2-22 illustrates

the effect of continued operation of the direct 02 valve until LM pressuriza-
tion. Only the worst case operation of the cabin pressure relief valve (CPRV)

and cabin pressure regulator is shown.

4.2.1.10 CO 2 Buildup Without CO2 Scrubbing

In the event that CO2 removal is inoperative, malfunction procedures and
mission rules recommend use of the emergency oxygen breathing masks. However,

if mission time and oxygen supply remaining permit purging the cabin with oxygen,

CO_ buildup will be directly related to time and inversely to the rate at

whlch the cabin atmosphere is vented overboard. The resulting CO 2 partial
pressure is presented in Figure 4.2-22.1 for an initial partial pressure of zero.

4.2.2 SUIT CIRCUIT

4.2.2.1 Performance

The suit circuit is a circulating loop which provides the following
functions:

Crew ventilation and cooling

Control of carbon dioxide partial pressure
Removal of odors

Control of relative humidity

The suit circuit supplies a conditioned atmosphere to the crew throughout

the entire Apollo mission, regardless of whether or not any crew members are

in pressure suits. Suit circuit pressure is maintained by the oxygen supply

subsystem during normal and emergency operation. During operation in the shirt-

sleeve environment, cabin ventilation is supplied by the pressure suit subsystem

and the cabin air-circulating blowers.

The shirt-sleeve environment consists of carbon dioxide at a

partial pressure of less than 0.15 psia (7.6 millimeters of mercury

absolute), water vapor corresponding to a relative humidity
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between 40 and 70 percent, and enough oxygen to maintain the total pressure in the cabin at 5.0 +
0.2 psia. The command module temperature shall be maintained at 75 + 5 F.

4.2.2.2 Normal Operation

The pressure suits are worn primarily to protect the crew during critical phases of the Apollo
mission, as well as to provide maximum comfort and freedom of movement. The internal suit

pressure is maintained at a value slightly above cabin pressure. The astronaut has the option to wear

the pressure suit for any mission phase. The pressure suit environment at the suit inlet consists of

carbon dioxide at a pressure of less than 0.15 psia (7.6 millimeters of mercury absolute), water
vapor colTesponding to a dew point of approximately 50 F, and enough oxygen to maintain the

total pressure in the suits slightly above cabin pressure. The suit heat exchanger outlet temperature
will be 50 F maximum with a glycol inlet temperature of 45 F.

4.2.2.3 Emergency Operation

Emergency operation in pressure suits occurs when the command module is depressurized. The

pressure suit environment at the suit inlet consists of carbon ciioxide at a partial pressure of less

than 0.15 psia (7.6 millimeters of mercury absolute), water vapor corresponding to a dew point of
approximately 50 F, and enough oxygen to maintain the total pressure in the suits at a minimum of

3.5 psia. The temperature of the air out of the suit heat exchanger will be 51 F maximum with the
glycol coolant at 45 F.

4.2.2.4 Compressors

Figures 4.2-23 and 4.2-24 depict suit compressor pressure differential for single- and

dttal-compressor operation, respectively. The curves reflect sea-level, normal space-flight, and

ewlcuated-cabin conditions ['or single-compressor operatiola, and normal space-flight and
ewlcuated-cabin conditions for dual-compressor operation. Temperature fluctuations within the stilt

circuit are too small to have any meanit_gful effect on these curves. One-compressor operation is the
normal operating procedure.

4.2.2.5 CO 2 Control

Figure 4.2-25 shows extended use of the LiOH canisters. Normal operation calls for replacing
one LiOH element every 12hours. During the 12-hour cycling period of the LiOH element under

normal metabolic load conditions, the CO 2 partial pressure will be less than 2 mm Hg. The
specification requirement is 7.6 mm Hg maximum. According to manned test data, almost 37 hours

elapse before CO 2 partial pressure exceeds the 7.6 mm Hg limit and a canister has to be replaced.
Note that once CO 2 gas content started to rise, the rise was quite rapid and the specification limit

was exceeded in approximately three hours. Further, the one freslh canister was unable to lower and
hold the CO 2 content below the specification limit. 1

1These data aye not to be construed as a reason to lengthen the 12-hour period between canister changes, since other factors such as

water retention and element swelling must be taken into account. Furthermore, high levels of CO2 production by the crew during
an emergency can occur at any time. Consequently, the capability to handle this increased CO 2 production should always be..... available.

4.2-7
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4.2.2.6 Heat Exchanger

The suit heat exchanger (Item 1.29) rejects a minimum of 2100 Btu/hr
in the emergency mode with the following listed parameters.

i. Sensible heat: 766 Btu/hr

2. Gas side:

Inlet Flow 38.3 ib/hr suit gas

(02 and H20 vapor)

Inlet Pressure 3.71 psia

Inlet Temperature 138 F

Inlet Specific Humidity 438 grains H20/ib dry gas

Outlet Temperature 51 F maximum

Condensation Rate 1.24 ib/hr

AP 0.2 inches H20 maximum

3. Water-glycol side (primary or secondary):

Flow 167 Ib/hr

Inlet Temperature 45 F

Inlet Pressure 60 psig maximum

AP 1.08 psi maximum

4.2.2.7 Water Cyclic Accumulators

The cyclic accumulators are reciprocating pumps consisting of a
spring-loaded, oxygen-actuated bellows and water inlet and outlet checkvalves.

Oxygen pulse flow - 0.05 ib/min 02 maximum at i0 psig inlet for
i0 seconds every i0 minutes

Oxygen bleed flow - 0.55 ib/hr 02 maximum (peak) at i00 psig upstream

Water capacity - 130 ce (minimum)

Pumping rate - 1.24 ib/hr

4.2.2.8 Flow Limiters

A suit flow limiter (Item 1.31) located between the suit loop and
each suit limits flow in event of a torn suit. With a depressurized

cabin and an inlet pressure and temperature of 3.5 psia and 70°F, re-
spectively, 02 flow is limited to 42 ib/hr. Since suit loop inflow

can be maintained at 42 ib/hr until surge tank and repressurization
package depletion, the flow limiters allow time for corrective action
before inlet pressure decays below 3.5 psia.
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4.2.2.9 Valves

For the suit bypass valve (Item 1.16), the cracking and reseat

pressures fall within the specification of 4.8 (+0, -0.2) inches of water.

Full flow rate is 12 pounds per hour oxygen (minimum) at 3.69 psia with

5.6 inches H20 AP at 70 F. The suit bypass valve must remain OFF in
flight.

4.2.3 PRIMARY COOLANT CIRCUIT

4.2.3.1 Performance

The water-glycol coolant subsyst_n consists of two independently

operated closed coolant loops: the primary loop and[ the secondary loop.
The primary loop is operated continuously throughout the mission, unless
damage to the equipment necessitates shutdown.

The primary loop provides the functions briefly outlined as follows:

i. Provide thermal control of electronic equipment.

2. Provide a heat sink for the suit circuit.

3. Provide a heat source or sink for the cabin atmosphere.

4. Provide a heat sink for the water chiller.

iI_ 5. Transport the net absorbed heat to the space radiator where it

is rejected. If additional heat rejection is required, it is
accomplished by the evaporation of water.

The aqueous ethylene-glycol circulating through the primary subsystem

is maintained at approximately 45 F at the inlet of the glycol evaporator

(Item 2.6). The 45 F temperature of the water-glycol is maintained by
mixing warm and cold water-glycol. When the radiators fail to radiate

sufficient heat and the temperature of the coolant entering the evaporator

rises above 50 F nominal, the glycol evaporator is activated and the coolant I
is maintained at a temperature of 41.5 F nominal at the evaporator outlet.

4.2.3.2 Glycol Pump

The performance curve for primary and secondary coolant circuit pumps
(Item 2.48) is shown in Figure 4.2-26.

4.2.3.3 Glycol Accumulator

Figure 4.2-27 depicts performance characteristics of the primary
glycol accumulator. The curve shows typical accumulator quantity as a
function of pump inlet pressure. Actual accumulator performance for a

particular vehicle can be obtained from the applicable appendix.
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4.2.3.4 Glycol Evaporator f

The glycol evaporator (Item 2.6) has a maximum heat transfer rate of!
7620 Btu per hour under the following aonditions_

i. Water-Glycol Side:

Flow 200 ib/hr

Inlet pressure (maximum) 60 psig
Outlet temperature 41.5 _1.5 F

AP = 1.0 psig maximum at 200 Ib/hr

2. Evaporant Side:

Inlet temperature 150 F (maximum),
35 F (minimum)

Steam outlet pressure 0,i psia
(nominal)

Water evaporation 7.5 ib/hr at maximum heat

(nominal) load with 70 F water supply

(Text continued on next page.)

r
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Water usage rates shown in Figure 4.2-28 were determined by calculating the heat load on the

evaporator from the loss of heat of the glycol passing through the evaporator, assuming a 41.5 F
outlet glycol temperature.

Q = WCp ATglyco 1

The enthalpy difference between the steam leaving the evaporator and the incoming water is

then divided into the heat rejected to determine the amount of water boiled per hour, Water was

assumed to enter the boiler at 60 F, and exiting saturated steam temperature was assumed to vary
linearly between 40 and 35 F as the inlet glycol temperature varied from 55 to 95 F.

4.2.3.5 Cabin Heat Exchanger

The primary side of the cabin heat exchanger has the following heat transfer performance
under the indicated conditions:

1. Cooling Mode. 892 Btu/hr with the following conditions:

Gas side: Flow of 297 lb/hr with an inlet temperature of 76.5 F and an inlet pressure of
5.0 psia_ Water-glycol side: Flow of 167 Ib/hr with an inlet temperature of 58.9 F, a
maximum inlet pressure of'60 psig, and a maximum zXP of 1.0 psi at 200 Ib/hr.

2. Heating Mode. 236 Btu/hr with the following conditions:

_Gas side: Flow of 297 lb/hr with an inlet temperature of 76.5 F and an inlet pressure of

_ 5.0 psia. Water-glycol side: Flow of 200 lb/hr with an inlet temperature of 85 F, a
maximum inlet pressure of 60 psig, and a maximum Ap of 1.0 psi at 200 lb/hr.

The secondary side of the cabin heat exchanger has the following heat transfer performance in
the cooling mode at a rate of 1132 Btu/hr with the following conditions:

Gas side: Flow of 297 lb/hr with an inlet temperature of 76.5 F aud an inlet pressure of
5.0 psia.

Water-glycol side: Flow of 200 lb/hr with an inlet temperature of 55 F, a maximum inlet
pressure of 60 psig, and a maximum &P of 1.0 psi at 200 lb/hr.

4.2.3.6 Coldplates*

Primary coolant loop coldplate data along with effects of coohmt loss and high coolant
temperatures on CM electronic equipment are presented in Table 4.2-1.

*NASA Data Source

4.2-10
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4.2.3.7 Glycol Temperature Control

Figure 4.2-29 illustrates radiator bypass flow rate as a function of mixed

radiator outlet temperature and primary radiator inlet temperature. Radiator by-

pass flow rate is expressed in terms of percent of glycol pump flow (total flow)
since the pump flow rate can vary over a fairly wide range.

If failure of the automatic temperature control occurs, the primary glycol

temperature control valve can be manually positioned to an optimum setting that will

keep the coolant temperature above 38 F and below 70 F while the spacecraft is in

lunar orbit and the evaporator is inactive. Figure 4.2-30 shows the coolant temper-

ature variations that would be expected in lunar orbit with this setting. Figure
4.2-31 shows the evaporator outlet temperature as a function of radiator outlet

temperature for this 65-percent flow split. The control valve may be manually
adjusted to give the evaporator outlet temperature as read from this curve at the

actual radiator outlet temperature. A more precise adjustment can be made during
the coldest part of the orbit.

4.2.3.8 Flowmeter Correction

Figure 4.2-32 presents curves depicting primary coolant flowmeter correction

factors for different mean coldplate outflow temperature. Figure 4.2-30 for other
spacecraft will be found in the appropriate appendixes.

4.2.3.9 IMU and Suit Heat Exchanger Glycol Flow

Figure 4.2-33 shows I_FU and suit heat exchanger water-glycol branch flow for
various total glycol loop flows. The maximum and minimum curves refer to IMU
branch flow.

4.2.3.10 Specific Heat of Water-Glycol

Figure 4.2-34 presents the specific heat of a glycol-water solution (62.5-

percent glycol; 37.5-percent water) as a function of temperature.

4.2.3.11 Effect of Loss of Primary Coolant Loop on CSM EVA

Under CSM EVA 02 high flow conditions, the 603 panel outlet (umbilical inlet)

temperature will drop below 0 F after 13 minutes of operation without primary glycol
flow and tlhewater glycol mixture in the restrictors will freeze in less than 30

minutes. Under the same conditions the SCU inlet (umbilical outlet) temperature

will not go below 0 F for at least 60 minutes after loss of the primary glycol loop

(see Figure 4.2-34.1). Therefore, the CSM EVA should not be continued if the primary

glycol loop is lost before CMP egress since the minimum qualification temperature

limit for the 603 panel components will be exceeded in approximately 13 minutes. If
loss of primary glycol flow occurs after CMP egress, the EVA may be continued to

achieve mandatory objectives with the following predicted result:

TIME AFTER FAILURE EVENT RESULT

13 minutes 603 panel outlet (umbilical 0 F qual temp limit,
inlet temp) decreases to 0 F no failure expected.

jP
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4.2.4 SECONDARY COOLANT CIRCUIT

4.2.4.1 Performance

The secondary loop is operated at the discretion of the crew; it provides a
backup for the primary loop. The secondary loop provides cooling for suit and

cabin atmospheres and for some of the electronic equipment.

Heat is rejected at the space radiators by means of a separate series loop
utilizing some of the area of both panels and by the evaporation of water as with

the primary loop. There is no mixing mode in the secondary loop. If the temperature
of the coolant returning from the secondary radiator is lower than 45 F nominal, the

secondary radiator inlet heater will be turned on at outlet temperatures between
45 and 47.5 F.

4.2.4.2 Glycol Pump

The performance curve for primary and secondary coolant circuit pumps (Item
2.48) is shown in Figure 4.2-26.

4.2.4.3 Glycol Accumulator

Figure 4.2-35 depicts performance characteristics of the secondary glycol

accumulator. The curve shows typical accumulator quantity as a function of p_p
i_let pressure. Actual accumulator performance for a particular vehicle can be
obtained from the appropriate appendix.

4.2.4.4 Cold_lates

Secondary coolant loop coldplate data are presented in Table 4.2.1.

4.2.5 PRIMARY RADIATOR r_

4.2.5.1 Performance

The performance of the radiator with respect to the design and mission heat
loads is summarized in Table 4.2-2. The performance is given in terms of water

boiling required to meet maximum heat loads and cryogenic consumables used to meet
minimum heat loads.

4.2.5.2 Radiator Panels

Radiator panels are an integral part of the service module skin and are

located on opposite sides of the service module (panel 1 in bays 2 and 3; panel[

2 in bays 5 and 6). In the case of the primary circuit, the two radiators operate
in parellel. Fhe two primary circuits are identical, each consisting of five tubes
in parallel and one downstream series tube.

4.2.5.3 Proportionin$ Valve

Figure 4.2-36 gives a family of curves showing proportioning valve flow w_rsus
_\T of primary t¢_mperature sensors. This figure represents the valve characteristics

L_nly and does not reflect radiator system flow split.

4.2.5.4 Heaters

The performance characteristics of the heaters in the water-glycol pr_nary
circuit are as follows:

i. Temperature Rise. During space flight operation, the minimum temperature
rise across the heater, at a flow rate of 80 pounds per hour and an inlet
temperature of 69 F, shall be 25 F.

4.2-12
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2. Heater Response Time. The heater shall have a response-time constant of less than

4 minutes at a flow rate of 80 pounds per hour. The response-time constant is defined as

the time required for the outlet temperature to reach 63.2 percent of the final

temperature change following heater turn-on at fixed inlet conditions and fixed heater

voltage.

3. Flow Rate. The water-glycol flow rate is 80 to 240 pounds per hour.

4. Inlet Temperatures. The inlet temperature of the heater shall be 60 to 98 F with a

maximum change of 20 F per hour going from maximum to minimum.

5. ON-OFF setting. The heaters are set to ON at -15 • 1.5 F and OFF at -10 :t: 1.0 F.

4.2.6 SECONDARY RADIATOR

4.2.6.1 Per_rmance

The performance of the radiator with respect to the design and mission heat
loads is summarized in the following table. The performance is given in terms

of water boiling required to meet maximum heat loads and cryogenic consumables
used to meet minimum heat loads.

Mission Heat Load Water Boiling Water Heating

Phase (Btu/hr) Allowed* Required** Required**

Secondary system 4445 As required 0.7 lb/hr None

(thermal cycling)

Secondary system 6205 As required 2.0 lb/hr None

(thermal cycling)

Secondary system 2995 None None 3070 Btu/hr

*NAA Specification MC823-0003

**LTV Report 332.25 (27 January 1966)

4.2.6.2 Radiator Panels

The secondary radiator consists of four tubes which are an integral part of the ECS radiator

panel structure. Each tube is purposely placed close to the hottest primary radiator tubes to keep
the water-glycol in the secondary tubes from freezing while the secondary circuit is inoperative. The
secondary radiators are connected in a series loop.
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4.2,6.3 Heaters

The performance characteristics of the heaters in the water-glycol secondary circuit are as
follows:

1. Temperature Rise. During space flight operation, the minimum temperature rise across

the heater, at a flow rate of 240 pounds per hour and an inlet temperature of 60 F, shall
be 16.5 F.

2. Heater Response Time. The heater shall have a response time constant of less than

5 minutes at a flow rate of 240 pounds per hour. (The response time constant i:_ as
defined in paragraph 4.2.5.4).

3. Flow Rate. Water-glycol flow rate is 200 (+40, -20) pounds per hour.

4. Inlet Temperatures. The inlet temperature of the heater shall be 60 to 98 F with a

maximum change of 20 F per hour going from maximum to minimum.

5. ON-OFF Setthlg. The heaters (both stages) are set to turn on above 41.5 F and off below

48 F. The first stage heater turns on 0.1 to 2.1 F above the turn-on point of the second

stage heater, and each heater turns off 1 to 3 F above its turn-on point.

4.2.7 WATER MANAGEMENT

The purpose of the water supply subsystem is to provide the following water management
functions:

1. Store waste water recovered from the water separator.

2. Store potable water generated by the fuel cells.

3. Supply water to the primary and secondary glycol evaporators for supplemental cooling
purposes.

4. Supply hot and cold potable water to the crew.

5. Sterilize potable water by chlorination.

6. Discharge excess water overboard.

The water subsystem is made up of two individual fluid management networks: one for

potable water and one for waste water. The potable water is used primarily for metabolic and

hygienic purposes. The waste water is used solely as the evaporant in the primary and secondary
glycol evaporators. The two networks operate independently but are interconnected in a maniaer

which allows potable water to flow into the waste system under certain conditions.

4.2-14
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Amendment 74
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Potable water produced in the fuel cells is pumped into the command module at a flow rate of

approximately I .5 pounds per hour. A relief wdve allows potable water to flow into the waste water

tank whenever the potable water pressure is 6 psi above waste' water pressure. This pressure
differential will occur when the fuel cells are pumping water and either the potable Water tank is

full or the potable water ta,k inlet valve is closed; it will also occur when the waste water tank is

completely empty and the glycol evaporators arc demanding water for cooling, In the latter case,
the water flow is only that quantity demanded for cooling. Reverse flow is prevented by a check
wdvc downstrcam of the waste tank inlet valve.

If both water tanks are full, excess water is dumped overboard via a 48-psi &P relief valve and

nonfreezing nozzle.

4.2.7.1 Water Supply

4.2.7.1. I Potable Water

The potable tank has a specification capacity of 36 pounds. Prior I
to each flight a calibration curve will be provided in the Spacecraft IOperational Data Book, Volume III.

The food preparationwaterunitbeatsand coolspotablewa_er foruse by thecrew,allowing

manual selection of either. Two metering wdves dispense either hot or cold water, in l-ounce

illcrements, through a COlnlllOll llozzlc.

The electrically heated hot water reservoir has a capacity of 1.7 pounds of water. The water is

thermostatically controlled at 154 F nominal, with a delivcry rate of approximately 10 ounces
every 30 minutes.

The water chiller cools and stores 0.5 pound of potable water. It is designed to supply
8 ounces of water at 50 F every five minutes.

4.2.7.1.2 Waste Water

The waste tank has a specification capacity of 56 pounds. Prior I
to each flight a calibration curve will be provided in the Spacecraft IOperational Data Book, Volume III.

4.2.7.1.3HardwareComponents

1. Water Tank Pressure Relief Valve. (?racking and reseat pressure tolerance is 4.5 to 6.5 psi
zXP range. Full llow is 12 pounds per hour H20 minimum at 70 F inlet temperature and
6.5 psi Ap.
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2. Water Pressure Rclicf Valve. With a differential pressure of 48 psi across the water

pressure relief valve, the valve pernlits a minimum water flow of 0.30 gallon per minute --

with the selector wdvc at positions 1, 1 and 2, and 2. The valve reseats with a minimum

diffcrel_tial pressure of 40 psi across the wdve.

3. Tank Pressure Regulator and Relief Valve. The pressure relief valve portion of this

regulator limits the maximum tank pressure to 23 to 27 psig with a failed open regulator

and upstream pressures of 85 to 115 psia.

4. Water Check Valve. The maximum inlet pressure is 60 psig, with a maximum checking AP

of 40 psig. Flow capacity is 0.5 gpm (4.17 pounds per minute) at 30 psig and 70 F inlet

tenlperaturc and 2-psi ",P lnaxinlulI1.

5. Water Shutoff Valves. l'hcsc valves arc 1/4-turn manual shutoff valves with bellows shaft

seals between the ambient I shal't_ side of wdvc and the Iluid (poppet) side of valve. The

water inlet pressure and temperature ranges arc 0 to 40psig and 35 to 150F. Ap is

0.5 psi maxinmm at 0.25 gpm (125 pounds per hour) water with a 70F inlet

temperature.

(_. Glycol Ewq_orator Water Control Valve. This valve is a normally closed solenoid valve in
series with a two-way selector valve. The selector wdve has one position open to the

solenoid valve and olle positioa to block flow if the solenoid valve leaks. The inlet

pressure range is 0 to 40 psig: the flow capacity is 22 to 27 pounds per hour at 15-psi/',P

and 70 F: and the power requirement is 6 va maximum at 28 vdc and 70 F.

Figure 4.2-38 shows tile performance characteristics of the glycol evaporator water
control wdvc. The l]t_w rate versus pressure drop depicted in this curve represents the

conlpoucui flow characteristics t3nly. The pressure drop tbr the entire evaporator

sttbsystem is not included.

4.2.7.2 Water Production

4.2.7.2.1 Fucl (.'ells

Potable water is a b3product of electrical power production by the fuel cells. The watcr

production rate is a function t_t'ttle electrical demand on tile cells and may be determined from tile

following equation:

II _,c) I(' lib hr_ TM 2.30 x 10-2 1 FC lalnperesl
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_'" 4.2.7.2.2 Lithium Hydroxide/Carbon Dioxide Reaction

Carbon dioxide passing through the carbon dioxide absorber filter is removed by chemical

reaction with the lithium hydroxide, forming lithium carbonate and water and releasing heat. The

water created by this process is separated by the ECS and delivered to the waste water tank. The

water production rate is a function of the CO 2 exhalation rate of the crew and is shown in relation
to metabolic heat load on Figure 4.2-39. Average water production rates for three levels of crew

activity are as follows:

Water Production Rate (lb/hr)

(from LiOH - CO 2 reaction)

Activity Three One

Level Astronauts Astronaut

High 0.125 0.041

Routine 0.11 0103 t

Low 0.082 0.025

Selection of the water production rate from this table should be consistent with the metabolic

_-_ oxygen rate selected in the table in paragraph 4.1.3.7. The production rates given in the preceding
table are based on the metabolic rates reflected in Figure 4.2-39.

4.2.7.3 Water Consumption

4.2.7.3.1 Urine Dump

Urine dump will discharge water at the average rate of 0.11 lb/hr for each astronaut.This is

based on an average metabolic rate of 467 Btu/hr per man (11,200 Btu/day), total water require-
ments of 0.275 lb/hr (6.6 lb/day), and lung loss of 2.64 lb/day, sweat loss of 1.32 lb/day, and urinary
loss of 2.64 lb/day.

4.2.7.3.2 ECS Supptenmntal Cooling

Waste water is used by the temperature control circuit (TCC) evaporator to remove heat from

the water-glycol transport fluid under conditions when the ECS radiators cannot reject the total

heat load. Water boiloff by the TCC evaporator is a function of the total heat load on the ECS and
radiator orientation which determines the radiator's rejection capahility. The evaporator is activated

when the water-glycol transport fluid entering the unit reaches a nominal temperature of 49 F.

During evaporator operation, the outlet water-glycol temperature is controlled to 41.5 + t.5 F. For

any given radiator orientation (heat rejection capability), the temperature of the transport fluid

...... 4.2-17
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entering the evaporator, and hence the boiloff rate, is a function of the heat load on the

water-glycol system. The heat load is described by the following equation:

Qtot (Btu/hr) -- Qmet + QLiOH-CO 2 + QCM elec + Qenv + Qhtr

where

Qmet = Metabolic heat load of the crew (see Figure 4.2-39 and Table 4.2-3).

QLiOH_CO2=Heat dissipation from lithium hydroxide, carbon dioxide reaction (see
Figure 4.2-39 and Table 4.2-3).

QCM elec = Heat dissipation of electrical equipment within tile CM or on SM cotdplates.

Qenv = Heat gain or loss through cabin walls (+ for gain) (see Table 4.2-3).

Qhtr = Heat added to system by ECS inline heaters (see Table 4.2-3).

Table 4.2-3 shows a range of orientations and heat loads and the related water boiloff rates.

4.2.7.3.3 Overboard Dumps

Water created in excess of the total tank capacity of 92 pounds is dumped overboard and lost
to the system.

4.2.7.4 Water Balance

Under normal circumstances it is unnecessary to track potable water separately from total
water since the production rate of potable water by the fuel cells exceeds the normal metabolic

requirements of the crew. Only during periods of extremely low electrical power levels is this rate

less than metabolic requirements. Therefore, this section treats the total water balance only.

The following equation gives the net rate of change in available water.

H½0 net = H2OFC (from fuel cells)

+ H20 LiOH_CO 2 (LiOH_CO 2 reaction byproduct)

- H½0 urine dump (urine dump by waste management subsystem)

- H½0 boiloff (water boiloff for supplemental cooling)

- H½0 dump (overflow dump)

4.2-18 -
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In this equation, only those factors which add or subtract water from the system are considered

The total w/_ter available at any specific time in the mission is defined by the following equation.

t=tl ¢t=tl .

tl = H20 t = °+Jtr =o H20 FC dt+Jt =o H20 LiOH-CO 2 dt
H20 t =

t = t 1 .

"ft t;t 1H½0 urine dumP dt -ft = o H20 boiloff dt

-ft= tl HiOdump dtt=o

See Volume III of this document for actual water tank capacities and initial loads.
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_ Table 4.2-I. Block ii ECS Coldplate Data (Cant)
This Column is

(See Paragraph, !_i2. 3.6 and 4. Z. 4.4) NASA Data S_

] Equ_pme--'e-_'Tnc _ I o_ _xcessl
Equ_p,en_l Base Area Heat Load Range (waste) 1 Effect o[ Coolant Loss on Black Bo Tee _lEtfect

_Lycc;

_in.'): Max Allowable , _ X _=P'rT_m_ On Bla:k 9az _e=oDescr Lptio. _ycbol

Primary Secooda Coolant Before Tamp Tamp When Li=i_e Te_- _'hen_1_C_

ME435-0035

data storage

equipment DS£ 202 0 33.0 118 5.0 165 122 I

IH£478-0066
S-baDd power

amplifier SbPA 13& 32.0 32.0 _2.o 32.0 n8 1.3 124 _ 121

IHE901-0706

reaction Jet _ , 121 [drLver IUD 124 1.2 6.02 1.2 2.7 127

/M£9ol-o71o
display . ' I

electronics DE 129 2.3 44.1 2.3 e4.0 127 5.e 170 125 ]

IhiE901-0707

gyro display
coupler

J_ assembly GDC 103 0 97.9 0 77,4 127 5.6 170 125 ]

Jr_
i HE901-0708

l_ thrust 5 [

F-_ Vector con_

trol servo ]
ampilfler TVC-SA 58 0 0 0 0 127 > 8 ('--8.5) 190 12

_901-0705
control

>_ ME495-O001elecinverc.rcronies CE 83 3.3 16.8 3.3 90.0 127 7.2 185 125
_,b ..... I 209 190"

I
II

PLE495-0001
:. [I _nvercer

D " ': (centei) INV #2 209 308.0 378.0 _62.0 320.0 190* >152

_ ME495-0001

. inverter ' >152. - (PCd) INV #1 209 190" |

I2007201

_ [ _ulse Inte-
8Fating
bendulou_

accelero.etar PEA 69 0 49.4 90 e 2.0 131 i00(3) [electrunlce (120) 5

*Hotspot temperature at which Caution & Warning illuminates. See pare, 4.1.5.2.





Table 4.2-2. Radiator Performance Data, Primary System

(See Paragraph 4. Z. 5. i)

Mission Heat Load Water Boiling Water Heating

Phase (Btu/hr) Allowed _'_ Required _-'_',_Required _:__':'_

Translunar 6880 None None None

coast

(thermal cycling)

Translunar coast 4415 None iNone I000 Btu/hr

(base to sun)

Lunar orbit 5100 to 2.3 ib/orbit 1.6 Ib/orbit None

(broadside) 5900

Earth orbit 8570 IAs required 1.6 ib/orbit None

(bro ads ide )

Earth orbit 6600 As required 0. 5 Ib/orbit None

(broadside)

Translunar coast 9275 As required None None

(command module

to sun)

Translnnar coast 5865 None None None

(thermal cycling)

Lunar orbit 8510 As required 1.8 ib/orbit None

(broad side )

Lunar orbit (com- 3470 As required None 560 Btu/orbit
mand nlodule to

moon ±20 degrees)

Single panel 6750 As required 2. I ib/hr None

(thermal cycling)

Single panel 4415 As required 0.4: ib/hr None

(thermal cycling)

Single [panel 2920 As reqn_red None None

(service module

base to sun)

_':-_NAASpecification MC823-0003

_:-_;:-_LTVReport 332.25 (27 January 1966)
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Table 4.2-3. Supplemental Cooling Water Requirements

(See Paragraph 4.Z.7.3.2)

Orientation Qtotal

Code Oenv QLiOH, CO2 Qmet QCM elec Qhtr (Btu/hr) H2Oboilof f
Phase/Condition (!) (Btu/h'r) (Btu/hr) (]Btu/hr) (Btu/hr) (Btu/hr) (_) (Ib/hr)

Primary System

Earth Orbit

Maximum I,2, 4, 5 -95 365 1560 6995 0 8825 I. 2 Average over

Average i,3, 4, 7 - 175 330 1420 5025 0 6600 0.33 orbital period
Minimum 1,2,4,6 -1000 305 1320 2850 3000 6445 0.0 of 1.5 hours

Cislunar

Maximum 5,9 -185 325 1395 7740 0 9275 0.0

Average 8 -575 325 1395 4720 0 5865 0.0

Minimum 6,9 -1180 240 1040 4315 I000 5415 0.0

Lunar Orbit

Maximum 7, 10, 12 +115 325 1395 6675 0 8510 I. 94 Average over

t.o Average II, 12, 13 -35 95 400 5040 0 5500 0.83 orbital period
I Minimum 12, 14 -1235 70 320 4315 382 3852 0. 15 of 2.04 hours

Secondary System

Cislunar

Maximum 8 -575 325 1395 5060 0 6205 2. 0

Average 8 -575 325 1395 3300 0 4445 0.7
Z Minimum 6,9 - 1180 240 1040 2895 3010 6005 0.0
>
i
0o Note s:

, @Orientation code:0
I. I00 nautical mile orbit 8. Thermal cycling (_ Qtotal includes Qhtr

-4 2. Inertial orientation 9. Radiators looking deep space

3. Planetary orientation I0. One panel to lunar surface

4. 56.5 degrees s_nline to orbit plane angle Ii. +X axis ±20 degrees to lunar surface
5. +X axis to sun 12. 80 nautical miles orbit

< 6. -X axis to sun 13. Heat load varies ±400 btu/hr with

7. X axis parallel to velocity vector orbit position

14. +X axis deep space
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Figure 4.2-1. Oxygen Heat Exchanger Restrictor Performance

(Maximum and Minimum Flow)

(See Paragraph 4.2.1.3)
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Figure 4.2-2. Repressurization of Surge Tank and Oxygen Bottles
(150 To 890 PSIA) (See Para. 4.2.1.4)
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Figure 4.2-3. Simultaneous Repressurizai,ion of Surge Tank
and Oxygen Bottles (See Para. 4.2.1.4)
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Figure 4.2-5. l.em 4.16 Demand Regulator Performance

(See Paragraph 4. 2. i. 5)
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Figure 4.2; 6. Altitude, Command Module Cabin and Ambient
PressureVersus Time Histories for Saturn V Launch

(See Paragraph 4.2. 1.6)
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Figure 4.2-9. Command Module Cabin Depressurization
(See Para. 4.2.1.6) Sheet 2 of 2
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ASS_PTIONS

• SURGE TANK A_ REPRESS PAC_GE PRESSURE 900 PSIA AT ST_T OF _P PURGE FLOW
• REPRESS PAC_GE ON LINE WITH SURGE TANK DURING _A

• SUIT CIRCUIT CREW METABOLIC _TE 500 BTU/_/_N=

• SUIT CIRCUIT LEAKAGE 0.2 LB/HR 02m
• C_ PURGE FLOW DU_TION 90 MI_TES

• CMP PURGE FLOW ii LB/HR NOMINAL WITH CABIN DEPRESSURIZED
i • SURGE T_K NOT UTILIZ_ FOR REPRESSURIZATION

• CRYO 02 PRESSURE CONSTANT AT 900 PSIA
• CABIN VOL_E 316.5 FT 3

_ 5.0

,N

"O_

_ 1.0
Q

0 2 4 6 8 I0 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 _

TIME - MINUTES

J /



s--_ Amendment 93
3/30/72
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Figure 4.2-14. Altitude, Command Module Cabin and Ambient Pressures

Versus Time Histories for Lunar Reentry
(See Paragraph 4.2.1.6.2)
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Figure 4.2-15. Altitude, Command Module Cabin and Ambient Pressures

Versus Time Histories for Earth Orbit Reentry
(See Paragraph 4.2.1.6.2)
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Figure 4.2-16. Flow Characteristics of Cabin Pressure Relief Valve
(One Side Only)

(See Paragraph 4.2.1.8)
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Amendment 108

1118172
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Figure 4.2-17. Pressure Equalization Valve Flo_v Characteristics

(See Paragraph 4.2. i. 8)
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Figure 4. Z-18. Flow Characteristics of Command Module Cabin Side-Hatch
Rapid Depressurization Valve

(See Paragraph 4. 2. 1.8)

4. 2-44

SNA-8-D-027(1), Rev 3



Amendment 75
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Figure 4.Z-19. Flow Characteristics of Lunar Niodule Tunnel Vent Valve |
(for Valve Position TI) I

(See Paragraph 4. Z. 1.8)

4. Z-45

SNA-8-D-0ZT(1), Rev 3



Amendment 75

7/25/71

4.2-45.1 SNA-8-D-027(1), Rev 3



1.0

0.8 l

0.6

0.4

0.2- /

/_0.10
i-- LEGIND

0.08 P1 =: UPSTREAMPRESSURE,PSIA
-- P2 = DOWNSTREAM PRESSURE,PSIA

0.06 T = GAS TEMPERATURE,°R --
W =: GAS FLOW RATE, LB/SEC

-- AP = P1 - P2

0.04

O.02 /O.01 I I J I I I I I
0.001 0.002 0.004 0.006 0.010 0.02 0.04 0.06 O. 10

0.008 0.08

W'_-
PI

Figure 4.2-Z0. Kepressurization Oxygen Valve Flow Characteristi.cs

(See Paragraph 4. Z. 1. 8)
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Figure 4.2-21. Cabin Atmosphere Oxygen Partial Pressure Profile with Cabin
Gas Flow Through the Urine Dump Nozzle, Without Extended

Duration Direct Oxygen Flow (See Paragraph 4.2.1.9)
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Figure 4.2-23. Suit Compressor Pressure Differential,
One Compressor Operating

(See Paragraph 4. 2.Z.4)
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Figure 4. Z-Z4. Suit Compressor Pressure Differential,

Two Compressors Operating

(See Paragraph 4. Z. Z. 4)
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Figure 4. Z-Z6. Apollo Block II Water-Glycol Pump Performance

(Water-Glycol Temperature of 70 F)

(See Paragraph 4. 2. 3. Z)
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Figure 4. Z-27. Primary Glycol Accumulator Quantity Versus Pump Inlet
Pressure (Typical)

(See Paragraph 4, Z. 3, 3)
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(See Paragraph 4. 2. 3.7)
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Figure 4.2-32. Primary Cootant Loop Flowmeter Calibration Curves

(See Paragraph 4. 2. 3.8)
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Figure 4.2-33. IMU Branch Flow Split Versus Glycol System Flow

(See Paragraph 4. 2. 3, 9)
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Figure 4.2-34.1 Effect of Loss of Primary Coolant Loop on Umbilical Inlet
and Outlet Oxygen Temperatures (See paragraph 4.2.3.11)
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Figure 4. 2-35. Secondary Glycol Accumulator Quantity

Versus Pump Inlet Pressure (Typical)

(See Paragraph 4. Z. 4. 3)

4. Z-61

SNA-8-D-0ZT(1), l<ev 3



4T = TEMPERATUREBAY 56 - TEMPERATUREBAY 23
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Figure 4. Z-36. Proportioning Valve Characteristic

(See Paragraph 4. 2. 5.3)
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Figure 4.2-37 Deleted.
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Figure 4. Z-38, Glycol Evaporator Water Control Valve Flow Versus _P

(See Paragraph 4. 2.7. 1. 3)
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4.3 SERVICE MODULE REACTION CONTROL SUBSYSTEM
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4.3 SERVICE MODULE REACTION CONTROL. SUBSYSTEM

_--- The service module RCS contains 16 thrust chambers in 4 clusters of 4 chambers each. Thrust

chambers are used for orientation about the pitch, roll, and yaw axes, and for translation. The

location of each thrust chamber is presented in Figures 4.3-1 and 4.3-2.

4.3.1 ENGINE STEADY-STATE PERFORMANCE

The vacuum performance characteristics for N204 (green) and MMH propellants have been

established for the service module RCS engine as installed in the spacecraft system. A summary of

the steady-state performance parameters is presented in Table 4.3-1. The values of these parameters

are based primarily on the performance delta (MMH versus A-50) established from the three

supplemental qualification engines using both A-50 and MMH as reported in the Marquardt

Corporation Report A 1068, entitled R-4D Supplemental Qualification Test Report for the Apollo
Service Module Reaction Control System Engine, dated 7December 1966, and additional

acceptance test data obtained during the retrofit program to install engine inlet filters. Each

parameter is represented by a nominal value with a maximum and minimum tolerance. The nominal
values are based on nominal engine inlet pressures of 179.4 and 180 psia for the oxidizer and fuel,

respectively, and a nominal inlet propellant temperature of 65 F. The tolerance values about the

_- nominal include instrumentation error, engine-to-engine variation, propellant temperature effects

from 40 to 85 F, and propellant inlet pressure effects of +2 psi nfismatch. These tolerances are

considered to represent a worse case for a single engine as installed in the spacecraft system. Because

there are four engines in a quad and each engine is supplied from a common propellant and pressure

source, the quad performance analysis should include thc temperature and pressure effects. Based

on probability of occurrence, the engine-to-engine variation and instrumentation error can be
reduced when the quad performance analyses are performed. The service module RCS engines are

qualified for a continuous steady-state burn operation, without exhibiting any performance
degradation, of 500 seconds.

4.3.2 ENGINE PULSE PERFORMANCE

The following vacuum perforlnance parameters are shown as a function of clectricalON time.

Figures 4.3-.3, 4.3-4, and 4.3-5, respectively, show total impulse, specific impulse, wild mixture ratio
versus electrical ON time. Figures 4.3-6 and 4.3-7 present the propellant consumed versus electrical
ON time. Electrical ON time is defined as the interval between the time that the electrical ON signal

is applied to the propellant valve :w,t the time that it is removed from the propellant valve. Tile
_-- performance delta between A-50 a_,l :,l:Mll at nominal conditions was established by analysis of test

data from the three supplemental qualification engines using both A-50 and MMH. This delta

performance was applied to the nominal A-50 performance curves in order to define the nominal

engine performance with MMH, The performance with MMH at propellant temperatures of 40 and
100 E was obtained from analysis of the Marquardt Corporation's supplemental qualification test

_ 4.3-1
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data derived from testing with MMH. The pulse performance parameters are based on an upper

propellant temperature limit 100 F. The performance parameters include the effects of engine inlet

filters. The maximum and minimum band includes the effects of engine-to-engine variations,

instrumentation error, propellant temperature mismatch of+10 F, propellant pressure mismatch of

:1:2psia, inlet temperature effects of 40 and 100 F, and 24 vdc to the valves.

The service module RCS engines are capable of a pulse mode operation without exhibiting any

performance degradation over the design life of the engines (1000 seconds). Figure 4.3-8 depicts a
typical vacuum thrust history for a single service module RCS engine short-pulse firing. The data

shown were obtai,md from the engine subcontractor's test facility and not from an actual spacecraft

installation. However, the engine subcontractor's test facility propellant feed system was designed

to be geometrically representative of an actual spacecraft system, and the pulse-thrust-versus-time

curve is considered to be representative of an engine as installed in the spacecraft. The data shown

are based on an electrical pulse width of 15 milliseconds.

*The dribble volumes of the Marqvardt R4D engine are as follows: fuel side, 0.04425 in.3;
oxidizer side, 0.03574 in. 3. The dribble voh.,ne is defined as the volume in the injector from the

propellant shutoff valve (when closed) to the exit from the injector into the combustion chamber.

4.3.3 PROPELLANT QUANTITY GAUGING

There are two independent propellant quantity gauging systems for the service module RCS.

One consists of a PVT ground computer program as part of the PCM data processing equipment. It

utilizes the helium bottle pressure and temperature and the oxidizer and fuel manifold pressures
from PCM for each of the four service module RCS quads in order to determine the remaining

usable propellant weight. The other consists of an on-board propellant quantity gauging system

having four pressure/temperature transducers, one on each of the four service module RCS helium

bottles, which transmi_ signals to a gauge is the command module: the gauge reads out in percent of

usable propellant remaining.

4.3.3.1 PVT Ground ('omputcr Program

Figure 4.3-9 and Table 4.3-2 contain the required input constants for the PVT ground

computer program. The computer program is presented in the NR Certification Analysis Report,
SD 68-167, Service Module Reaction Control System Propellant Quantity Gauging Systems, SC 101

and 103 (16 August 1968), and is applicable to CSM 104 and subsequent vehicles. Figure 4.3-9 and

Table 4.3-2 present the system volumes, the propellant property equations, and the propellant tank

expulsion efficiencics. The estimated mixture ratio input data for CSM 107 and subsequent vehicles
are as follows:

I MR1 = 1.92
MR2 = 2.05

where

MR1 = Mixture ratio at which propellants have been expended

MR2 = Mixture ratio at which remaining propellants are predicted to

be expended

*NASA Data Source
4.3-2
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Additional input data, required from KSC (after CSM servicing), are oxidizer and fuel

ullage pressure, helium bottle pressure and temperature at some thermally stabilized

period after loading, and loaded propellant weights.

4.3.3.2 On-Board Gauging Correction Graph

The on-board gauging method contains several errors that are reduced significantly

by use of a correction graph. These errors are propellant vapor pressure and satu-

ration level, helium compressibility factor, and mission mixture ratio. The graph
to correct for these errors is presented in Figure 4.3-10. Its use will result in the

overall accuracy tolerance shown in Figure 4.3-11. The graph must be used to obtain

the best possible accuracy for this gauging method and is applicable to all Block II

spacecraft.

4.3.3.3 Accuracy of Gauging Methods

Figure 4.3-11 presents accuracy bands for the service module RCS propellant

quantity gauging systems. These accuracy bands are applicable for all Block II

spacecraft. Included are 2o accuracy values for the PVT ground computer program

(see paragraph 4.3.3.1) and 1.6o accuracy values for the o_-board (P/T sensor)

gauging system when corrected by using the nomograph (see paragraph 4.3.3.2). The

accuracy bands are based on 3o tolerances modified to 2o values for determining
the PVT ground computer program accuracy and to 1.6o values for determining the

P/T sensor gauging system accuracy. The accuracy bands include the following

parameters: helium and propellant loading accuracies; instrumentation tolerances
as shown in Table 4.3.3; a helium bottle and propellant ullage temperature dif-

ferential of +5.0 F at loading; propellant ullage-to-helium bottle temperature

differential of !15 F during flight; a 3_ mixture ratio tolerance of +__0.07for the
PVT ground computer program and +O.ii for the P/T sensor gauging system; and, for

the P/T sensor gauging system, a 3_ graph readability error of _2 percent° Since
the PVT ground computer program can be partially corrected for the variation in

mixture ratio_ the tolerance used to determine its accuracy band is less than that

used to determine the accuracy band for the P/T sensor gauging system. Tables

4.3-4 and 4.3-5 present a breakdown of the effect of each individual error source

parameter on the overall gauging system accuracy for the PVT ground computer pro-
gram and the on-board gauging systems, respectively. The accuracy values for the

PVT ground computer program shown on Figure 4.3-11 and Table 4.3-4 are based on

switchover being performed at primary propellant depletion (i.e., as indicated by
fuel manifold pressure decay). If switchover is performed prior to this point,

the accuracy values due to instrumentation tolerances are shown in Table 4.3-4.1.
The effect of these data on Figure 4.3-11 is negligible.

4.3.3.4 Propellant System Switchover

When the primary fuel tank of a quad is depleted, the fuel manifold pressure

of that quad will decay until the secondary fuel tank helium isolation valve is

opened. The secondary fuel tank helium isolation valve shall be opened when a fuel
manifold pressure of 160 psia is reached. This should occur at a W reading of

about 102 pounds (as-read P/T sensor reading of about 44 percent), pu

The decay rate of the engine fuel inlet pressure as a function of single-engine

steady-state firing time is shown in Figure 4.3-11.1. It can be seen from this

figure that, after depletion of the primary fuel tank, four minutes of single-engine

firing time are available before the engine fuel inlet pressure decays to its mini-
mum allowable value of 75 psia. Based on previous flight data, several hours of real
time are available after reaching 160 psia before switchover must be accomplished.

4.3-3
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However, it is recommended that switchover be performed as soon as possible after 160

psia to provide maximum gauging accuracy. The secondary (backup) criterion for per-

forming switchover is a PVT ground computer program Wpu reading of 85 pounds (as-read
P/T sensor reading of 40 percent) without a fuel manifold pressure decay. A caution and

warning signal will occur if switehover is not accomplished before the fuel manifold

pressure reaches 151 +6 psia.

4.3.3.5 Propellant Remaining at Switchover

Figure 4.3-12 shows the actual amount of usable propellant remaining at switch-
over as a function of the fuel manifold pressure at which switchover is performed; the

corresponding nominal Wpu value is also given for comparison purposes.

4.3.4 PROPELLANT CONSUMPTION DETERMINATION

Parametric data for the determination of service module RCS propellant consump-

tion (rate and total) are presented in this subsection in tabular and graphic format.

Provision is made for the calculation of propellant requirements by utilizing PGNCS,

SCS, or manual control for attitude maneuver attitude hold and translation.

Figure 4.3-13 presents the percent propellant change for maneuver angles other

than 50 degrees. The service module RCS attitude maneuver propellant consumption is

primarily dependent on the maneuver rate, but the maneuver angle is also a determining
factor because of dynamic disturbances. For instance, the propellaut consumption for

a 50-degree maneuver as shown in Figure 4.3-19 should be increased 20 percent if the

maneuver angle were i00 degrees and decreased i0 percent if the maneuver angle were

30 degrees.

4.3.4.1 PGNCS Controlled Maneuvers

Calculated propellant usage data for PGNCS automatic and attitude hold mode

maneuvers are given in Figures 4.3-14 through 4.3-16.

Service module RCS propellant consumption is at the rate of 0.00545 pound per

pulse for PGNCS minimum impulse control (pulse width _ 14 ms).

4.3.4.1.1 Automatic Maneuvers

The primary mode of spacecraft attitude maneuvers is PGNCS with maneuver rate
selection through the DSKY. Discrete maneuver rates of 0.05, 0.2, 0.5, and 2.0 degrees

per second may be selected. Minimum impulse (14 millisecond pulse to RCS) is provided

for precise attitude maneuvers in three axes. The lower rates (excluding minimum

impulse) and single jet select are normally used for service module RCS propellant
conservation. (Text continued on next page.)
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It is convenient to perform attitude maneuvers by simultaneous maneuvers in

three axes. However, under certain circumstances, this leads to possible gimbal

lock. In this event, the maneuver is split into two parts, so that the gimbal
lock area is avoided.

The accuracy of the PGNCS attitude maneuvering is dependeiiL upon the initial
accuracy of the IMU alignment, the drift rate of the IMU, and the service module

RCS firing loop. The service module RCS firing loop error is caused by not being
able to stop rotational motions at the exact attitude desired.

Figure 4.3-14 gives the service module RCS propellant requirements for single-

and three-axes maneuvers for 0.2 and 0.5 degree per second. Linear interpolation

between corresponding curves of the two maneuver rates is assumed. The following
equation approximates the propellant used for intermediate rates between 0.2 and
0.5 degree per second.

PR = P0.2 +_(P0.5_P0.2)
where

PR = Propellant used for actual rate selected

P0.2 = Propellant used for 0.2 degree/second maneuver

P0.5 = Propellant used for 0.5 degree/second maneuver

R = Actual maneuver rates

_ Table 4.3-14 provides SM RCS/PGNCS automatic maneuver propellant requirements

when one RCS jet is used per control direction. Given also are propellant require-
ments to perform a variety of single-axis and three-axis maneuvers for both a

CSM (38,500 ib) at a 0.5 deg/sec rate and a CSM+LM (75,000 ib) at a 0.2 deg/sec

rate. The data were generated by digital simulation of the PGNCS digital autopilot
controlling an Apollo J-Mission CSM and CSM/LM

The SM RCS jets used for control moments are A1 and C2 for ± roll, A3 and C4
for ± pitch, and B3 and D4 for ± yaw. All other jets would be disabled. Jets

B2 and D1 may be substituted for ± roll control for balancing RCS consumables.

4.3.4.1.2 Attitude Hold

The PGNCS attitude-hold mode is primary when the PGNCS is operating. It

provides a maximum (5.0-degree) and a minimum (0.5-degree) deadband. While in

attitude hold, the system operates in a limit cycle mode. One jet per axis acting

simultaneously (i-i-i) or two jets per axis acting simultaneously (2-2-2) may be
selected for attitude hold.

The accuracy of establishing the initial attitude and of holding this attitude

is primarily a function of the IM]7. The initial attitude may be established to an
accuracy of about 0.02 degree plus the deadband. The attitude at that time is

known to 0.02 degrees. The IMU drift rate during an attitude hold is 0.15 degree
per hour. To obtain the total error of the spacecraft attitude, the initial

attitude uncertainty and the inertial reference drift (drift rate x time) are
combined. The attitude deadband can be combined with the total attitude error
to obtain the envelope of the deviation of the vehicle attitude.

4.3-5
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Figure 4.3-15 and 4.3-16 show attitude-hold propellant requirements for
+0.5 degree and +5.0 degree deadband per axis for single jet operation. The

propellant rates-for other deadbands may be calculated as linear ratios of

quantities given by a procedure similar to that in paragraph 4.3.4.1.1. To
calculate propellant consumption rates for other than single-jet operation, the

rate portrayed in Figures 4.3-15 and 4.3-16 may be scaled appropriately by

= (Rate)l(N 2)

where

N = number jets being fired simultaneously

(Rate)l= consumption read from Figures 4.3-15 and 4.3-16.

I **The SM RCS propellant usage for the maximum (5.0-degree) and the minimum

(0.5-degree) deadband may be obtained from the NASA/MSC/MPAD consumables

analysis for each specific Apollo mission.

4.3.4.1.3 Translation

The PGNCS translation data were obtained from runs on the NASA/MSC/MPAD

Consumables Analysis Section's computer simulator SUPER SIMPLE. This simu-

lator has a simplified approximation of the CSM jet control logic and models
the RCS thruster performance as a function of thruster on-time. The runs

were based on "typical Apollo" mass properties data.

Figures 4.3-17 and 4.3-18 present the average X-axis accelerations and

propellant consumption rates for the range of weights for the CSM and CSM/LM
docked configurations for X-axis translations. The calculations were based
on a AV of i0 fps and the results averaged over the run. However, they may

be used for longer burns with only a slight reduction in accuracy by using
the relations:

Burn duration = delta velocity required acceleration*

Propellant consumed = burn duration x propellant consumption rate*

Service module RCS X-axis translation maneuvers can result in significant:

quad imbalances for large velocity changes, such as those required for service

module RCS backup deorbit. The limiting quad then becomes the critical item
in determining the delta velocity available for backup deorbit. Tables 4.3-6

through 4.3-8 present the propellant cost in pounds per foot per second (total
and per each quad), effective thrust, vehicle acceleration, and propellant flow

rate for four-jet PGNCS, two pitch-jet PGNCS, two yaw-jet PGNCS X-axis trans-
lations for a range of CSM weights.

The data for Y- and Z-axis translations are shown in Figure 4.3-19.

4.3.4.2 SCS Controlled Maneuvers

The analytical data presented herein are typical spacecraft control

dynamics, propellant requirements, and service module RCS engine duty cycles
for SCS manual attitude maneuvers, attitude hold, rate damping, attitude error

damping, BBQ mode, translational control and roll spin stabilization. The
methods used for calculating service module RCS control performance include

*From Figures 4.3-17 and 4.3-18
**NASA Data Source
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man-in-theqoop simulation, digital computations, and statistical analysis. The effects of dynamic
disturbances and service module RCS engine performance variations have been considered in the

analysis.

The data provided here are general. Detailed data are presented in SD 69-127, Spacecraft

Control Dynamics, Engine Duty Cycles, and Base-Point Propellant Requirements for SCS-SM RCS

(14 February 1969). Copies may be obtained from PD7, Building 2, MSC.

4.3.4.2.1 Three-Axis Attitude Maneuvers

Manual attitude maneuvers can be performed by means of the proportional rate command,

acceleration command, direct RCS command, minimum impulse command, and their combination.

However, man4n-the-loop simulation study results show that the optimal maneuver technique (with

respect to service module RCS propellant economy, maneuver time, terminal accuracy, pilot

fatigue, and operational flexibilities) involves three-axis simultaneous control by using acceleration

plus minimum impulse commands. The operational procedures for this maneuver technique are

briefly outlined as follows:

1. Select SCS control and display _
/

2. Select the acceleration command 0 _/,_ _//c-

3. "Zero" the GDC //_

//"4. Dial the desired maneuver angles into the attitude set

5. Use the rotational hand controller to establish the specified maneuver rate in each axis

6. Monitor the FDAI until the attitude error is reduced to 5 degrees or less in each

individual axis (no maneuver rate adjustment is made during the coast period)

7. Damp the maneuver rate by axis

8. "Home" the FDAI attitude error needles to near null

9. Switch to minimum impulse command (MIC)

10. Finalize the maneuver by nulling the attitude errors simultaneously to the specified

maneuver accuracy

The service module RCS propellant requirements for CSM-vehicle attitude maneuvers are

plotted on Figure 4.3-20. Without the adjustment of the maneuver rate during the coast period, the
effect of maneuver angle on the service module RCS propellant consumption is relatively

insignificant and can therefore be neglected.

/-- •
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Should a higher maneuver rate (say 5.0 degrees per second or less) be required, service module

RCS propellant consumption can be computed to an approximation by linear extrapolation of the
data shown in Figure 4.3-20. For example, the service module RCS propellant required for a

maneuver of 5.0 degrees per second would be approximately equal to ten times that required for a

maneuver of 0.5 degree per second, etc.

The vehicle dynamics (rate and attitude versus time) and the service module RCS engine duty

cycles in each control axis are illustrated in Figure 4.3-21. The engine firing time (t 1) required to

establish the maneuver rate can be approximately calculated by the following equation:

t 1 = -_-_secondsco

where co and d) are, respectively, the required maneuver rate (in degrees per second) and the service

module RCS control angular acceleration. (See Figure 4.3-22). There is no jet firing during the coast

time t o (Note that t c is approximately equal to the maneuver angle divided by ca.) At the end of

the maneuver, the engine firing time (t2) required for rate damping is also approximately ectual
to co/&. The firing times t3, t4...t n are minimum pulse widths (11.5 to 18.5 milliseconds each,

depending on the command module electrical bus supply voltage). These minimum impulse firings

(usually two to three pulses) are required to trim the final vehicle attitude error. (See Figure 4.3-27
for MIC rates,)

The spacecraft dynamics and the service module RCS engine duty cycles for attitude

maneuvers by using the direct RCS command are similar to those of Figure 4.3-21. Should
proportional rate command be used for attitude maneuvers, the spacecraft control dynamics and

the service module RCS engine duty cycles during maneuver times t 1 and t2 can be determined by
using the attitude-error and rate damping data of paragraphs 4.3.4.2.4 and 4.3.4.2.3, respectively.

4.3.4,2.2 Single-Axis Attitude Maneuver

The service module propellant requirements for a 0.5-degree-per-second manual single-axis

attitude maneuver (Figure 4.3-23) were determined by methods similar to those of

paragraph4.3.4.2.1. In these single-axis maneuvers, manual attitude hold is provided in the
nonmaneuver axis. The propellant data of Figure 4.3-23 can also be linearly extrapolated for other
maneuver rates up to 5.0 degrees per second by the same technique discussed earlier.

The spacecraft control dynamics and the service module RCS engine duty cycle for the manual

SCS single-axis attitude maneuver are similar to those of three-axis attitude maneuver discussed in

paragraph 4.3.4.2. I.

4.3-8
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4.3.4.2.3 Rate Damping

Typical service module RCS propellant requirements for single-axis rate damping are specified
in Figure 4.3-24. In this control operation, the rate command raode is selected with the choice of

(1) pseudo rate feedback in or out (pseudo rate out is preferable) and (2)minimum or maximum
attitude deadband (±0.2 degree or +4.2 degrees per axis if the low rate gain is selected). The initial
attitude error (approximately zero) and the rate are automatically damped to limit-cycle condition.
Meanwhile, attitude hold is maintained in the other axes.

The propellant data of Figure 4.3-24 cannot be used to extrapolate for other higher initial rate
conditions. For propellant economy reasons, initial rates of 0.5 degree per second or greater should
be damped manually by using the acceleration command. The service module RCS propellant

requirements for this single-axis (or three-axis) manual rate damping are approximately equal to
one-half of those for the single-axis (or three-axis) attitude maneuver. Propellant required for

three-axis automatic rate damping is approximately equal to the sum of the propellant required for
the individual axes.

The spacecraft control dynamics and the service module RCS engine duty cycles for manual
rate damping are similar to those of SCS attitude maneuvers. (See paragraphs4.3.4.2.1 and
4.3.4.2.2 .)

I--. 4.3.4.2.4 Attitude Error Damping

Typical service module RCS propellant requirements for single-axis attitude error damping are

specified in Figure 4.3-25. The control operation for automatic', attitude error damping is the same
as that given in paragraph 4.3.4.2.3 except that the initial vehicle rate is approximately zero. Again,
thepropellant data of Figure 4.3-25 cannot be extrapolated for higher initial attitude error
conditions. Attitude error damping should also be performed by means of a manual attitude

maneuver, whenever possible. Manual attitude error damping can be accomplished at a lower
maneuver rate, thereby conserving service module RCS propellant.

4.3.4.2.5 Attitude Hold

Typical service module RCS propellant requirements for three-axis SCS attitude hold (or limit
cycle) operation are specified in Figure 4.3-26 for various attitude deadbands and vehicle
configuration. In this control operation, the rate command mode is selected with the choice of

(1) pseudo rate feedback in or out (limit cycle switch on or off), (2) single or dual jets per control
direction in each axis (use the 16 RCS jet control switches), and (3)attitude and rate deadbands
from the following table:

4.3-9
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Attitude Attitude Rate

Selection of Rate Gain Deadband Deadband Deadband

Deadbands Switch Switch (degrees) (deg/sec)

1 Low Minimum 0.2 0.2

2 Low Maximum 4.2 0.2

3 High Minimum 4.0 2.0

4 High Maximum 8.0 2.0

Four jets per control direction are also available in the roll axis. Pseudo-rate-feedback-in is

preferable for attitude hold.

The propellant consumption rates for selection 3 of the table are not specified in this

docmnent but are approximately equal to those of selection 2. Should four jets per control

direction in the roll axis be used (both AC and BD roll channels are enabled), the propellant

consmnption rates would be approximately four times those of dual jets.

During limit cycle operation, the vehicle attitude error is traveling back and forth between the

positive and negative sides of the preselected attitude deadband. For symmetrical limit cycles, the

nominal rates of this deadband travel are one-half of the rate change and are

plotted in Figure 4°3-27. Unsymmetrical limit cycle dynamics are not consideredhere.

The attitude-hold service module RCS engine duty cycles are represented by (1)the jet-on

pulse width and (2) the average off-time between successive pulses. The jet-on pulse widths (which

primarily depend on the use of pseudo rate feedback) are plotted in Figure 4.3-28. For +0.2-degree

deadband attitude hold, the average off-time between pulses is plotted in Figure 4.3-29. The engine

oft-times for 4.0-, 4.2-, and 8.0-degree attitude holds are approximately equal to 20, 21, and 40
times those for a 0,2-degree attitude hold.

4.3.4.2.6 SPS Burn Roll Control

Service module RCS propellant consumption rates for roll control during SPS burn are

specified in Figure 4.3-30. These propellant consumption rates are specified for (1)±0.2-degree
attitude deadband, (2) pseudo rate feedback in and out, and (3) two and four roll-jet controls. The

propellant requirements of Figure 4.3-30 can be reduced by a factor of 20 if the ±4.0-degree
attitude deadband is selected.

If there is no disturbance torque, the spacecraft roll-axis control dynamics and the service

module RCS engine duty cycles during SPS thrusting would be similar to those of

paragraph 4.2.4.2.5. The exact roll disturbance torque characteristics during SPS thrusting have not
yet been determined. _
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4.3.4.2.7 Translational Control

The SCS rate command mode is selected with the choice of (1)pseudo rate in or out and

t2) attitude and rate deadbands discussed earlier. The translational control stick will be used to

effect a +X, ..+Y, and/or _+Ztranslation. Meanwhile, attitude hold is maintained in three rotational

axes. The number of translational jets is two in the Y or Z axis and can be two or four in the X axis.

(See Table 4.3-3.) Pseudo-rate-out is preferable.

The SCS jet selection logic is "command-shared," allowing opposite firing whenever a

rotational correction is required. To illustrate how this logic works, consider the pitch-error

correction during the four-quad +X translational control. The X jets A4, B4, C3, and D 3 are fired

continuously by the translational control stick. This translation;d jet firing induces a disturbance

torque in each rotational axis (because of the spacecraft center-of-gravity offset and the service

module RCS thrusting unbalance) and causes the SCS attitude-hold system to fire the pitch jet C4.

The thrust of C4 approximately nullifies that of C3, thereby allowing A4 to correct the pitch error.

Jet C4 will be turned off when the pitch axis vehicle dynamics fall within the SCS attitude-hold

switching lines.

The average service module RCS propellant consumption rate (_/) requirements for X-axis

translation with four and two-opposite X jets with three-axis SCS attitude hold are specified in

Figure4.3-31. The service module RCS propellant requirements per (feet per second)
X-translational AV shown in Figure 4.3-31 are determined by d:ividing V¢ of Figure 4.3-31 by the

___,,, average translational acceleration. The propellant consumption rate and W/AV for CSM-vehicle Y
or Z translation are approximately equal to those of two-opposite-quad X translation. For the CSM

plus LM vehicle, Y or Z translation may not be accurately performed because the disturbance

torque due to center-of-gravity offset can be larger than the control torque in the pitch or yaw axis.

*SCS/service module RCS X-axis translation maneuvers can result in significant quad

imbalance for large velocity changes, such as those required for service module RCS backup deorbit.

The limiting quad then becomes the critical item in determining the AV available for backup

deorbit. (Tables 4.3-9 through 4.3-11 present the propellant cost in pounds per feet per second

(total and per each quad), effective thrust, vehicle acceleration, and propellant flow rate

SCS four-jet, SCS two pitch-jet, and SCS two yaw-jet, and SCS two yaw-jet PGNCS X-translations

for a range of spacecraft weights.)

The control dynamics and the engine duty cycles in the roll axis during X translation are

similar to those of attitude hold. (See paragraph 4.3.4.2.5.)

The average four- and two-quad X translational accelerations are presented in Figure 4.3-32.
Average Y or Z translational acceleration is approximately equal to one-half of that of

four-quad X translation. (See Figure 4.3-32.)

4.3.4.3 Manually Controlled Maneuvers

Manual attitude control through the SCS is limited to the following rates:

Pitch and Yaw Rate 7 deg/sec

Roll Rate 20.5 deg/sec

*NASA Data Source
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4.3.4.4 Propellant Blowdown Capability

In the event of a loss of helium source pressure, the service module

RCS tankage will still retain sufficient pressure to blow down and supply

propellant to the engines. Figure 4.3-33 presents the blowdown capability

of the individual quads as pounds of propellant expelled versus engine
inlet pressure for various levels of usable propellant remaining at the

time of helium source pressure loss. The minimum engine inlet pressure

of 75 psia is also indicated in the figure. This curve is not applicable

I to long steady-state engine firings (>30 seconds) such as a service

module RCS deorbit burn. Figure 4.3-33.1 presents the blowdown capability

of the individual quads as thrust versus fuel and oxidizer inlet pressures

for inlet pressures from i00 through 180 psia.

4.3.4.5 Helium Pressure/Propellant Consumption

The ensuing paragraphs provide data pertaining to service module

propellant remaining, helium bottle pressure, and system temperatures.

For the analysis required to generate these data, the following conditions
were assumed:

i. Nominal helium and propellant loads and tank volumes

2. System temperature equal to helium bottle temperature

3. Nominal ullage pressure of 181 psia

4. i00 percent saturation of ullage by propellant vapors

5. Mixture ratio of propellant utilized (MRI) = 1.87;
mixture ratio of propellant remaining (MR2) = 2.05

The effects of instrumentation inaccuracy are not included.

The service module RCS helium pressure can be used to obtain an

approximate propellant consumption value directly. Figure 4.3-34

presents the usable propellant remaining as a function of helium bottle

pressure for various system temperatures. Although this method is not as

accurate as the PVT gauging ground computer program, it can yield a rapid

approximation. Figure 4.3-35 is a cross-plot of Figure 4.3-34 and presents

the helium pressure at primary propellant depletion as a function of

system temperature.

The inaccuracy associated with determining usable propellant from

Figure 4.3-34, Service Module RCS Propellant Consumption, has never been

determined. However, this graph is biased sixteen pounds to be consis-

tent with the PVT ground computer program (paragraph 4.3.3.1) and the on-

board propellant gauging meter correction nomograph (paragraph 4.3.3.2)
which are biased to account for these gauging systems inaccuracies.

Figure 4.3-35, Helium Pressure at Primary Propellant Depletion, is

independent of gauging system bias; it is primarily a function of the

mixture ratio of the propellant utilized (MRI) which is assumed to be
1.87 ....

SNA-8-D-027 (I), Rev 3
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4.3.5 THERMALCONTROL

The service module RCS consists of four individual, functionally identical packages, located

90 degrees apart around the forward portion (+X axis) of the service module periphery and offset
from the spacecraft Y and Z axes by 7 degrees 15 minutes. Each package configuration, called a

quad, is such that the reaction engines are mounted on the outer surface of the panel and the

remaining components are inside. The engine combustion chambers are canted approximately

10 degrees away from the panel structure to reduce the thermal effects of exhaust gas on the service
module skin.

Each RCS package incorporates a pressure-fed, positive-expulsion, pulse-modulated,
bipropellant system to produce the reaction thrust required to perform the various service

module RCS control functions. Acceptable package operating temperature is maintained by

thermostatically controlled electric heaters. Each service module RCS quad contains two electrical

strip heaters, each having two electrical elements. The heaters provide propellant and engine

temperature control by conduction from the quad engine housing to the engine injector and the

engine nozzle nut. The service module RCS propellants consist of inhibited nitrogen tetroxide

(N204), used as the oxidizer, and monomethylhydrazine (MMH), used as the fuel. Pressurized
helium gas is the propellant transferring agent.

4.3.5.1 Control Temperature Operation Limits

The service module RCS TCS contains the following for each quad:

1. A primary heater system (System 1) which includes:

a. A thermal switch with limits of 115 tO 134 F with a 9 F minimum deadband

(Close: 120 + 5 F; Open: 129+5F)

b. Two 36 ± 3.6 watt heaters rated at 25 volts wired in series with the thermal switch

2. A secondary heater system (System 2) which includes:

a. A thermal switch with limits of 115 to 134 F with a 9 F minimum deadband

(Close: 120 + 5 F; Open: 129±5F)

b. Two 36 ± 3.6 watt heaters rated at 25 volts wired in series with the thermal switch

3. A switch to select either the primary (System 1) or the secondary (System 2) heater
system or OFF

4.3.5.2 Control Operation

Thermal response of the service module RCS due to Saturn V boost heating is shown in

Figure 4.3-36. No over-temperature conditions resulting from boost heating are expected following

4.3-.13
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a worst-case Saturn V or Saturn IB boost. The service module RCS thermal control system heaters

were inactive before and during boost, which is the normal operating mode.

Effects of heat soakback from intensive multi-engine firings on service

module RCS components are shown in Figure 4.3-37. The engine duty cycle was based on a

worst-case transposition and docking maneuver followed by a coast period with no engine firing. As

indicated in the figure, the caution and warning light system will be activated. However, no major
problem will be encountered since the engine valve allowable temperature limit of 275 F will not be

exceeded. The engine can be operated with unrestricted duty cycles with valve seat temperatures up
to 275 F.

4.3.5.2.1 Earth Orbit Missions

For CSM 106 and subsequent spacecraft, the primary and secondary service
module RCS thermal control systems for each quad will be essentially identical. Hence, the

temperature histories shown in Figures 4.3-38 through 4.3-43 will be the same for both the primary
and secondary heater systems.

Thermal responses for minimum environmental heating conditions are shown in

Figures 4.3-38 and 4.3-39. Figure 4.3-38 shows the minimum quasi-steady-state temperatures with
the heater system active, and Figure 4.3-39 shows the temperature histories with the heaters in a

failed OFF condition. Similarly. the thermal responses of the RCS for maximum environmental

heating conditions are shown in Figures 4.3-40 and 4.3-41. Figure 4.3-40 shows the maximum

quasi-steady-state temperatures with the heater system active, and Figure4.3-41 shows the
temperature histories with the heaters in a failed ON condition. It should be noted that the

maximum allowable wdve temperature of 275 F is not exceeded under the failed ON condition.

The,mal response for a quad end soak (command module hot-soak or SPS cold-soak attitude)

with the heater system active for the RCS is shown in Figure 4.3-42. The thermal response for the

quad under normal conditions is shown in Figure 4.3-43 for the spacecraft in a random drift

attitude with the heater active. The temperatures presented in these above figures for the earth orbit

missions do not include the effects of engine firings.

4.3.5.2.2 Lunar Missions

The service module RCS thermal control characteristics during a lunar mission are shown in

Figures 4.3-44 through 4.3-55. Data presented for the hmar mission consist of two mission phases;

the cislunar phase, Figures4.3-44 through 4.3-48, and the hmar orbit phase, Figures4.3-49
through 4.3-55. Temperature histories shown in these figures are applicable to both the primary and

secondary heater systems of CSM 106 and subsequent spacecraft since the two systems are

essentially identical. The effects of engine firing are not included in these figures.

The cislunar PTC roll quasi-steady-state thermal responses with heaters active followed by a

three-hour cold soak and a three-hour hot soak, respectively, are shown in Figures 4.3-44 and

4.3-45. The effects of a failed ON heater during PTC roll are shown in Figure 4.3-46. Temperature

4.3-14
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histories of the RCS without heater operation during PTC roll are shown in Figu1"es 4.3-47 and

4.3-48, respectively, followed by the quads in cold-soak and hot-soak attitude holds. While

Figure 4.3-47 shows the engine component temperatures above the minimum allowable limits, it

should be noted that variations in the sun look angle from the perpendicular to the CSM X-axis and

any cooling effects of engine firing were not taken into account. The engine nozzle nut falls below

the absolute minimum allowable value in about 50 minutes during cold soak following the PTC roll.

Accordingly, the data in Figure 4.3-47 are not to be construed as allowing a heaters-inactive PTC

roll mode unless further constraints are imposed.

The thermal control of the service module RCS in lunar orbit for the minimum environmental

heating conditions is shown in Figures 4.3-49 through 4.3-51. Figure 4.3-49 shows the minimum

quasi-steady-state temperatures with heaters active. Deep-space cold soak following lunar orbit with

and without the heaters active is shown in Figures 4.3-50 and 4.3-51, respectively. Figures 4.3-52

and 4.3-53 present the critical quad temperatures in lunar orbit with high environmental heating

conditions. The maximum quasi-steady-state temperatures are shown in Figure 4.3-52 with heaters

active, tt is noted that the heaters are not on due to high package temperatures. Heaters failed ON

in hot lunar orbit are shown in Figure 4.3-53. The RCS thermal responses in lunar orbit random

drift attitude are shown in Figures4.3-54 and 4.3-55. Figure 4.3-54 shows the quasi-steady-state

temperatures with the heaters active, and Figure 4.3-55 presents the RCS temperatures with the

heaters failed OFF and indicates that the engine nozzle nut minimum temperature will not be
maintained.

/

IL during a hmar mission, one of the RCS quad heater systems were to fail OFF, it would be

possible to complete the mission and still maintain RCS thermal control. During the cislunar phases

of the mission, the PTC roll mode would provide sufficient heating to avoid violating the lower

temperature limits: cold-soak attitude holds for the quad would be limited to 45 minutes. During

the lunar orbit phase, it would be necessary to orient the quad toward the sun in order to receive

solar heating to maintain the quad temperatures.

An emergency method for conserving cryogenics during translunar flight is to deactivate the

service module RCS heaters during PTC roll. The limits for this method are described in

Section 3.8.2.9.2. Figure 4.3-56 presents a summary of the vital engine component minimum

temperatures achieved during a 3-rph heaters-inactive PTC roll as a ftmction of the bias angle

between the solar vector and a perpendicular to the CSM X-axis. Figures 4.3-57 through 4.3-64

show the component temperatures as a tkmction of time for various roll rates and bias angles: also
shown are the effects of inertial holds following the heaters-inactive FFC roll.

Analysis shows that the engine nozzle taut temperature remains above 44 F for PTC roll rates

of 1 to 3 rph with the heaters inactive and with a bias attitude as high as 30 degrees. The analysis,
however, did not take into account any cooling effects due to engine firing or any inaccuracy in the

thermal model. For these reasons, it is recommended that about a 15 F margin be applied to the

predicted nozzle nut temperature to ensure that the engine nozzle nut will not go below the 30 F

lninimum specification limit. The existing 14 F margin during PTC roll is considered adequate.
However, during any cold-soak period following PTC roll, the nozzle nut temperature could drop

- below 40 F. This condition is unacceptable and should be aw_ided by activating the heaters 30
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minutes before any hold period as shown in Figure 4.3-59. The heaters can be deactivated after the

start of the next PTC roll period. If the heaters are not reactivated before the termination of the

heaters-off PTC roll and the quad is exposed to a cold-soak condition, the component temperatures

will drop off quickly. Figure 4.3-62 shows that even for an optimum bias attitude of 0 degrees the

9ackage temperature will fall below the 55 F allowable limit in 40 minutes.

The minimum allowable package temperature with heaters inactive is 55 F. As shown in

Figures 4.3-56 and 4.3-60, the package temperature will fall below the 55 F allowable operating

limit during PTC roll with tile heaters inactive for a bias attitude greater than 25 degrees at 3 rph

and 20 degrees at 1 rph. Therefore, it is recommended that the bias attitude be maintained within

20 degrees and the PTC roll rate be maintained above 2 rph for those periods when the service
module RCS heaters are inactive (see Section 3.8.2.9.2).

Engine component temperatures following the emergency deactivation of power to the heaters

are presented in Figures 4.3-61 through 4.3-64. These figures show the effects of PTC attitude and

roll rates. Figures 4.3-61 and 4.3-62 present the temperature response for a 3-rph PTC roll rate at

30-degree and 0-degree bias attitudes relative to the solar vector, respectively. Figures 4.3-63 and

4.3-64 present a 1 rph PTC roll rate at 0-degree and 30±degree bias attitudes, respectively.

Examination of these figures indicates that there can be as many as three master alarm signals

occurring over a period of 1.7 hours. Following the last master alarm, the four service module RCS

caution and warning lights will remain continuously "on" for the remainder of the PTC roll period.

By turning the heaters "on" 30 minutes before any hold period, the four caution and warning lights

will be deactivated before the end of the Frc roll period as shown in Figure 4.3-58.

The capability of heating the quad by a direct soak if the heaters are inoperative for any reason

is shown in Figure 4.3-61.

4.3.5.3 Quad End Soak

SPS hot or cold soaks will result in hot soaking one end of a quad while cold soaking the other

end. If the spacecraft is inertially held at an angle that results in one quad being shadowed, that

quad will see a space cold soak. A r011 rate of 2.0 revolutions per hour is recommended to prevent

this quad cold soak from occurring for an extended period.

4.3.5.4 Warning Light

The service module RCS package temperature gauge may be used to monitor the package

temperature of any one of the four quads by use of the service module RCS indicator select switch.

The caution and warning light system includes:

1. A lower temperature warning light which actuates at 85 + 10 F

2. An upper temperature warning light which actuates at 195 _+ 10 F.

The anticipated normal operating range is 115 to 175 F. With illumination of the caution and

warning light, a simultaneous audio tone will be heard in all three headsets.

4.3-16
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Before launch with the service module RCS heaters inactive, the low-temperature caution and
warning system light may be activated. No problems are anticipated at this time since the system is
not operated until after the boost phase of the mission.

Activation of the l°w'limit caution and warning light (85 :l: 10 F) during primary heater
operation will indicate that the primary heater system has failed. This assumes that the affected
quad has not been in a deep-space cold-soak for an extended period of time (greater than
3.0 hours).

Activation of the caution and warning system light because of a high package temperature
( 195 + 10 F) will normally indicate that the heater system has failed on, provided that the quad has

not been in a hot-soak for a period of 3.0 hours or more. Any exceptions are noted in the appendix
for that specific CSM, (See Table 3.11-3.)

Deactivation of the service module RCS quad heaters during the translunar PTC roll for
emergency conservation of cryogenics (see Constraints and :Limitations, Section 3.8.2.9.2) will
activate the master alarm signal at least once and possibly three times for each quad, following the
mode initiation. The four service module RCS caution and warning lights will be activated in
conjunction with the master alarms and will remain continuously "on" following the last master
alarm.

4.3.6 MISCELLANEOUS

4.3.6.1 Control Forces and Moments

Service module RCS engine locations are shown on Figures 4.3-1 and 4.3-2. Control functions

are defined in Table 4.3-12', and the forces generated and resultant control moments are II
1summarized inTable 4.3-13.

4.3.6.2 Engine Plume Impingement Forces

The magnitude and location of the resultant service module RCS plume impingement force on

the CSM umbilical cover (closed position) are presented in Figure 4.3-65. These data are applicable
to the quad C forward-facing engine for all Block II vehicles.

4.3.6.3 Propellant Isolation Valve Position

The propellant isolation valves should not be used for propellant management, since reopening
the isolation valves and firing the engines increase the probability of an engine failure.

However, if the isolation valves are closed, either inadvertently or intentionally, the risk is such
that it is acceptable to reopen the valves rather than to impact the mission by considering the ....
system failed. This procedure is acceptable providing that it can be established that the system is
not cold-flowing (i.e., that both the fuel and oxidizer valves are opening and closing together) and
providing that the first pulse on the system after the isolation valves are reopened is longer than one
second.
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Table 4.3-i. Service Module RCS Engine

Vacuum Steady-State Performance

(See Paragraph 4.3. i)

Parameter Value

+0. 13
Oxidizer-to-fuel (O/F) mixture 2. 05 -0. 13

+8.8
Specific impulse (sec) 277.3 -13.6

+3.4
Thrust (ib) 102.8 -3.8

+0. 014
Total propellant flow rate (ib/sec) 0. 371 -0. 012

Note s :

i. These are nominal conditions. The nominal pro-

pellant temperature is 65 F; the nominal propellant

inlet pressure is i79.4 and 180 psia for the oxidizer

and fuel inlets, respectively.

Z. The tolerances include engine-to-engine variation,

instrumentation, propellant inlet conditions varia-

tions, and propellant inlet temperature range of

40 to 85 F.
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Table 4.3-2. Service Module RCS PVT Input Data Nomenclature

(See Paragraph 4.3.3. ])

Input Constant Description

VfA Volume of fuel system (equals volumes of the follow_

ing: fuel tank, fuel lines from tank to isolation

valve, i/2 of fuel lines from isolation valves to

engine valves, I/2 of helium lines between fuel

tank and check valves, and 1/4 of helium lines

between check valves and regulators, primary
system) Z280 in. 3

VfB Same as VfA , secondary system, 1495 in. 3

Vfl A Fuel line volume from tanks to isolation valve, primary
system, 8. i in. 3

Vfl B Same as VflA, secondary system, 8. 1 in. 3

VflAB Fuel line volume from isolation valves to engine valves,
I2. Z in. 3

Vft A Fuel tank volume, primary system, 2Z58 in. 3

Vft B Fuel tank volume, secondary system, 1473 in. 3

Vha m Volume of helium tank 1_easured under 14.7 psia,
910 in. 3

Vhl Helium lines from helium tank to regulator, 3. 2 in. 3

VoA Volume of oxidizer system; same as VfA for oxidizer
side, 2873 in. 3

VoB Same as VflB for oxidizer side, 1812 in. 3

Vol A Oxidizer line volume from tanks to isolation valve.

primary system, iZ.2 in. 3

Vol B Same as VolA, secondary system, i2. g in. 3

VolAI B Oxidizer line volume from isolation valves to engine
valves, 14. 8 in. 3

Vot A Oxidizer tank volume, primary system, 2848 in. 3

4.3-18
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Table 4.3-Z. Service Module RCS PVT Input

Data Non_enclature (Cont)

{See Paragraph 4.3.3. l)

Input Constant Description

Vot B Oxidizer tank volume, secondary system, 1787 in. 3

WfA Fuel loaded, primary system, I<SC input, ib

WfB Fuel loaded, secondar F system, KSC input, Ib

WoA , WoB Same as above for oxidizer side, KSC input, Ib

Pf Total pressure in fuel tank, measured at fuel manifold,

KSC input, psia

Po Total pressure in oxidizer tank, measured at oxidizer

manifold, KSC input, psia

Ps Source pressure in helium bottle, KSC input, psia

_-_ T System temperature, measured on helium bottle, KSC

input, °R

Table 4.3-3, PVT Instrumentation Accuracies

(See Paragraph 4. 3. 3. 3)

Accuracy

Full-Scale (percent full Engineering

Instrumentation Range scale) Units

Helium bottle 0 to 5000 psi :el. 16 _-58 psi

pressure

Helium bottle 0 to i00 F 9=1.7Z ml.7 F

ternpera[ure

Oxidizer manifold 0 to 300 psi ±I. 16 ±3. 5 psi

pres sure

Fuel manifold 0 to 300 psi :el.16 ±3.5 psi

pressure 0 to 400 psi* m4.6 psi*

P/T sensor 0 to 100 percent ±4.1 -+4.1 percent
r-- -

_'.'_SC104, SC 106, and subsequent vehicles only
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Table 4.3-4. Service Module RCS Propellant Quantity Gauging Computer Program

Accuracy with Switchover at Primary Propellant Depletion

(gee Paragraph 4.3.3.3)

Usable Propellant Remaining

Pre- Post-2o 100% 75% 50% _witehover switchover 25% 0%

Item Tolerance Accuracy (ib)

Initial Conditions

Helium bottle pressure -+39 psi 6.5 6.5 6.5 6.5 6.5 6.5 6.5
Helium bottle temperature ±i.i F 2.0 2.0 2.0 2.0 2.0 2.0 2.0
Oxidizer load -+2.3 Ib 2.3 2.3 2.3 2.3 2.3 2.3 2.3

Fuel load -+i.i ib i.i i.I I.i i.i I.i i.i i.i

Oxidizer ullage pressure -+2.3 psi 0.2 0.2 0.2 0.2 0.2 0.2 0°2

Fuel ullage pressure -+3.1 psi 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Helium bottle and propellant ullage

_- temperature differential -+3.3 F 1.2 1.2 1.2 1.2 1.2 1.2 1.2

Helium bottle volume ±3.3 in2 0.0 0.3 0.6 0.7 0.7 0.9 1.2
I

o Switchover Point

Fuel remaining +i.0 ib +2.8 +2.8 +2°8

-0.7 ib -2.1 -2.1 -2.]

Flight Variables

Helium bottle pressure +39 psi 6.5 6.7 6.7 6.8 6.7 6.7 6.8
o_ Helium bottle temperature -+i.i F 2.0 2.1 2.1 2.2 2.2 2.3 2.3
Z
> Oxidizer ullage pressure -+2.3 psi 0.2 0.8 1.3 1.7 1.7 1.9 2.6I
o0 Fuel ullage pressure +-3.1 psi 0.2 0.9 1.5 1.9 1.9 2.2 2_9
I
u Helium bottle and propellant ullage
I
o temperature differential +I0 F 3.2 4.9 6.8 7.8 7.8 8.7 10.6
_o
-_ Mixture ratio -+0.05 5.1 4.8 4.5 4.4 1.9 1.7 1o5

TOTAL RSS (20) -+11.7 -+12.3 -+13.2 -+13.9 +13.5 +14.1 +15.6

-13.4 -14.0 -15.5

2o accuracy band -+ii.7 -+12.3 -+13.2 -+13.9 -+13.5 +14.1 -+15.6 _

Note: All values in table are -+pounds unless otherwise noted. _ m

>-
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Table 4.3-4.1. Service Module RCS propellant Quantity Gauging Computer Program

Accuracy With Swltchover Prior to Primary Propellant Depletion

(See Paragraph 4.3.3.3)
a ii.i i i i i

• Usable P_opellant Remainln_

2_ 100% 75% 50% i 25% 0%
Item Tolerance Accuracy (ib)

Initial Conditions

Helium bottle pressure +39 psi 6.5 6.5 6.5 6.5 6.5

Helium bottle temperature _l.l F 2.0 2.0 2_0 2.0 2.0

Oxidizer load +2.3 ib 2.3 2.3 2.3 2.3 2.3

Fuel load _i.i ib i.I i.i i.I i.i i.I

Oxidizer ullage pressure +2.3 psi 0.2 0.2 0.2 0.2 0.2

Fuel ullage pressure _3.1 psi 0.2 0.2 0.2 0.2 0.2
Helium bottle and propellant-

ullage temperature differential +3.3 F 1.2 1.2 1.2 1.2 1.2i

Helium bottle volume _3.3 in3 0.0 0.3 0.6 0.9 1.2O

Flight Variables

Helium bottle pressure +39 psi 6.5 6.7 6.8 • 6.9 7.1

Helium bottle temperature _i.i F 2.0 2.1 2.1 2.3 2.3

Oxidizer ullage pressure +2.3 psi 0.2 0.8 1.3 1.9 2.6

Fuel ullage pressure _3.1 psi 0.2 0.9 1.5 2.2 2.9

Helium bottle and propellant-

ullage temperature differential +i0 F 3.2 4.9 6.8 8.7 10.6

Mixture ratio +0.05 5.1 4.8 4.5 4.1 3.9

2_ accuracy band +ii. 7 +12.4 +13.3 +14.4 +15.9 _ =

Note: All values in table are +pounds unless otherwise noted.
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Table 4.3-5. Service Module RCS On-Board Propellant Quantity Gauging

System Accuracy (P/T Gauge)
(See Paragraph 4.3.3.3)

Usable Propellant Remaining
i

100% 75% 50% 25% 0%
1.6o

Item Tolerance Accuracy (ib)

Initial Conditions

Helium bottle loading (P&T effects) +0,010 ib 7.1 7.1 7.1 7ol 7.1
Oxidizer loaded -+1.8 ib 1.8 i°8 1.8 1.8 1.8

Fuel loaded *0.9 ib 0.9 0.9 0°9 0.9 0.9

Helium bottle and propellant ullage

temperature differential +-2.6 ib 1.0 1.0 1.0 1.0 1.0
Helium bottle volume +-2.6 in3 0.0 0.2 0.5 0,7 0.9

Flight Variables
P/T instrumentation +-2.2 6.9 6 o9 6.9 6.9 6.9

Helium bottle temperature +-0.9 0.3 0.5 0.7 !.0 1.2
_" E +0.5 +2. o +3 o_ +4.9 +6.4Oxidizer ullage pressure +5.7 v

I-2.9 -0.2 -i.0 -1.8 -2.5 -3.3

Fuel ullage pressure I+5" 7 +0.4 +1.6 +2.8 +4.0 +5.3-2.9 -0.2 -0.8 -1.4 -2.0 -2.6

Helium bottle and propellant ullage

temperature differential +-8 F 2.5 4.0 5.5 7.0 8.5

Mixture ratio I+0.06 +2 o3 +2,0 +i. 7 +i. 4 +I. 0
I-0.06 -6.3 -6.0 -5.7 -5.4 -5.0

Nomograph Readability 1.1% 3.2 3.2 3.2 3.2 3.2

o_ Total RSS (1.6o) +Ii.i +11.8 +12.9 +14.4 +16.0

-12.6 -12.9 -13.5 -14.3 -15.2

1.6o accuracy band 11.9 12.4 13.2 14.4 15.6

Note: All values in table are unless otherwise noted. ---_



Table 4.3-6. CSM PGNCS Four-Jet +X Translations (NASA Data Source)

(See Paragraph 4.3.4. i. 3)

RCS Propellant Usage _:_

Spacecraft Effective Flow

Weight Thrust Acceleration Rate Total Quad A Quad B Quad C Quad D

(ib) (Ib) (ft/sec2) (Ib/sec) (ib/fps) (ib/fps) (ib/fps) (Ib/fps) (Ib/fps)

63600 348.14 0.176 1.29 7.31 1.48 2.02 2.02 1.80

59600 348.70 0.188 1.29 6.85 1.40 1.89 1.89 1.68

55600 349.58 0.202 1.29 6.39 1.33 1.76 1.75 1.55

51600 349.70 0.218 1.30 5.95 1.25 1.63 1.63 1.44

47600 351.11 0.237 1.30 5.48 1.17 1.50 1.50 1.31

43600 352.36 0.260 1.30 5.01 1.08 1.36 1.36 1.21

39600 354.52 0.288 1.31 4.56 0.96 1.23 1.23 1.13

, 37600 355.25 0.304 1.32 4.34 0.90 1.17 1.17 1.09

35600 356.81 0.322 1.32 4.10 0.84 1.10 I. I0 1.05

33600 357.60 0.342 1.33 3.88 0.79 1.04 1.04 1.01

31600 359.05 0.366 1.33 3.63 0.73 0.97 0.97 0.96

29700 357.61 0.387 1.33 3.43 0.68 0.90 0.92 0.92

27700 352.57 0.410 1.32 3.21 0.63 0.83 0.87 0.87
> 25700 346.76 0.434 1.29 2.96 0.58 0.75 0.81 0.82
I

23700 340.77 0.463 1.28 2.75 0.53 0.67 0.77 0.77
I

23100 339.75 0.473 1.27 2.69 0.52 0.65 0.76 0.76
I

•Includes propellant consumption for attitude control.

<



'I )

Table 4. 3-7. CSM PGNCS Two Pitch-Jet +X Translations (NASA Data Source)

(See Paragraph 4. 3.4. 1.3)

RCS Propellant Usage*

Spacecraft Effective Flow

Weight Thrust Acceleration Rate Total Quad A Quad B Quad C Quad D

(lb) (Ib) (ft/sec 2) (lb/sec) (lb/fps) (lb/fps) (lb/fps) (Ib/fps) (lb/fps)

63600 179.83 0.091 0.69 7.63 3.38 0.17 3_90 0.17

59600 180.27 0.097 0.70 7.16 3.18 0.17 3.64 0.17

55600 180.83 0.105 0.70 6.68 2.98 0.16 3.38 0.16

51600 181.68 0.113 0.70 6. ZI 2.77 0.15 3.13 0.15

47600 18Z.31 0.1Z3 0.71 5.75 2.57 0.15 2.88 0.15

43600 182.85 0.135 0.71 5.23 2.35 0.13 2.63 0.13

39600 181.95 0.148 0.70 4.7Z 2.14 0.09 2.40 0.09

, 37600 181.87 0.156 0.69 4.44 2.02 0.07 Z.28 0.07

35600 181.32 0.164 0.68 4.18 1.91 0.05 2.16 0.05

33600 181.32 0.174 0.68 3.92 1.81 0.03 2.05 0.03

31600 180.73 0.184 0.67 3.65 1.70 0.01 1.93 0.01

29700 179.72 0.195 0.67 3.44 1.59 0.01 1.82 0.01

27700 179.02 0.208 0.68 3.25 1.48 0.03 1.71 0.03Z
> 25700 178.12 0.223 0.68 3.05 1.36 0.05 1.59 0.05
l

23700 177.13 0.240 0.69 2.87 1.25 0.07 1.48 0.07

23100 177.26 0.247 0.69 2.81 1.21 0.08 1.44 0.08
i

O

':qncludes propellant consumption for attitude control

<



Table 4.3-8. CSM PGNCS Two Yaw-Jet +X Translations (NASA Data Source)

(See ]Paragraph 4.3.4. I. 3)

RCS Propellant Usage _;=

Spacecraft Effective Flow

Weight Thrust Acceleration Rate Total Quad A Quad B Quad C Quad D

(Ib) (Ib) (ft/see 2) (Ib/sec) (lb/fps) (ib/fps) (ib/fps) (tb/fps) (tb/fps)

63600 187.32 0.095 0.76 8.0Z 0.37 3.74 0.37 3.54

59600 187.16 0. i01 0.76 7.48 0.33 3.51 0.33 3.31

55600 186.98 0.108 0.75 6.96 0.30 3. Z8 0.30 3.09

51600 186.75 0. i16 0.75 6.44 0. Z6 3.05 0. Z6 2.87

47600 186.46 0.126 0.74 5.91 0.23 Z.81 0.23 Z. 64

43600 187.00 0.138 0.75 5.41 0.21 2.57 0. Zl 2.42

39600 188.50 0.153 0.75 4.93 0.19 Z. 3Z 0.19 2.22

37600 189.35 0.162 0.76 4.68 0.18 Z.19 0.18 Z. i2

35600 190.49 0.172 0.76 4.43 0.18 Z.06 0.18 2.01

33600 191.70 0.184 0.77 4.20 0.18 1.94 0.18 1.91

31600 193.03 0.197 0.77 3.95 0.17 1.81 0.17 1.80

29600 192.36 0.209 0.78 3.72 0.16 1.69 0.16 1.70

27700 190.48 0.221 0.77 3 49 0.16 1.57 0.16 1.60Z
25700 188.26 0.236 0.77 3.Z5 0.15 1.44 0.15 1.50

r

23700 185.61 0.251 0.77 3.03 0.15 1.32 0.15 1.41

23100 184.75 0.257 0.76 2.96 0.15 I.Z8 0.15 1.38
I

$Includes propellant consumption for attitude control.

@

<

/,
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Table 4.3-9, CSM SCS Four-Jet +X Translations (NASA Data Source)

(See Paragraph 4.3.4. Z.7)

_CS Propellant Usage _>

Spacecraft Effective Flow

Weight Thrust Acceleration Rate Total Quad A Quad B Quad C Quad D

(ib) (Ib) (ft/seeZ) (Ib/sec) (ib/fps) (Ib/fps) (Ib/fps) (Ib/fps) (Ib/fps)

63600 344.40 0.174 1.58 9.08 Z.68 2.03 Z.03 Z.33

59600 345.14 0.186 1.58 8.48 Z.49 1.90 1.90 Z. 19

55600 346.06 0. Z00 1.58 7.90 2.30 1.77 1.77 2.05

51600 347.30 0.217 1.57 7. Z7 Z.09 1.64 1.64 1.91

47600 349.11 0.236 1.56 6.63 1.87 1.50 1.50 1.76

43600 350.99 0.259 1.56 6.04 1.70 1.37 1.37 1.59

39600 355.05 0.Z88 1.56 5.43 1.55 1 1.24 I.Z4 1.39
N 37600 354.15 0.303 1.55 5.11 1.48 1.17 1.17 I.Z9

35600 355.26 0.321 1.54 4.81 1.41 1 i.Ii i.ii 1.1933600 357.83 0.343 1.55 4.53 1.35 1.04 1.04 1.09

31600 358.69 0.365 1.54 4.21 l I.Z7 0.98 0.98 0.99

29600 356.27 0.387 1.54 3.98 l.Z0 0.94 0.92 0.92

27600 352.53 0.411 1.55 3.79 1.13 0.92 0.86 0.87
Z 0.90 0.81 0 81
> 25700 348.16 0.436 1.57 3.60 1.07
' 23700 343.63 0.466 1.59 3.40 1.00 0.88 0.76 0.76

23100 341.61 0.476 1.60 3.36 0.99 0,87 0.75 0.75
I

_:=Includespropellant consumption for attitude control.

<



Table 4. 3-10. CSM SCS Two Pitch-Jet iX Translation (NASA Data Source)

(See Paragraph 4.3.4. 2. 7)

RCS Propellant UsageS: =
Spacecraft Effective Flow

Weight Thrust Acceleration Rate Total Quad A Quad B Quad C Quad D

(Ib) (Ib) (ft/sec 2) (Ib/sec) (Ib/fps) (ib/fps) (Ib/fps) (Ib/fps) (Ib/fps)

63600 172.31 0.087 0.80 9.14 4.75 0.00 4.07 0.32

59600 172.74 0.093 0.80 8.53 4.42 0.00 3.80 0.31

55600 173.24 0. I00 0.79 7.92 4.09 0.00 3.53 0.29

51600 173.89 0.108 0.79 7.30 3.75 0.00 3.27 0. Z8

47600 174.76 0. I18 0.79 6.68 3.41 0.00 3.00 0.27

43600 175.88 0.130 0.79 6.06 3.10 0.00 2.73 0.23

39600 176.81 0.144 0.78 5.45 2.82 0.00 2.47 0.16

37600 177.30 0.152 0.78 5.14 Z.68 0.00 2.34 0.12

35600 177.91 0.161 0.78 4.83 2.54 0.00 2.21 0.08

33600 178.61 0.171 0.77 4.53 2.40 0.00 2.08 0.05

31600 179.72 0.183 0.77 4.20 2.25 0.00 1.94 0.01

29600 178.58 0.194 0.77 3.98 2.13 0.03 1.83 0.00

27600 176.36 0.206 0.78 3.81 2.02 0.06 1.73 0.00

, 25600 174.55 0.219 0.79 3.61 1.89 0. i0 1.62 0.00

23700 172.36 0.234 0.80 3.42 1.77 0.13 1.51 0.00

23100 171.66 0.239 0.80 3.36 1.74 0.14 1.48 0.00i
O

':_Includes propellant consumption for attitude control.

<

/
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Table 4. 3-1Z. Service Module RCS Control Definitions

(See Par_.grc.ph 4.3.5. I)

Control Functions

Jets Quads Forces

Translation Rotation

C 3 C +X + @ FC3

A 4 A +X - @ FA4

A 3 A -X + @ FA3

C 4 C -X - 8 FC4

D 3 D +X + _ FD3

B 4 B +X - @ FB4

B 3 B -X + d/ FB3

D 4 D -X - _ FD4

B 1 B +Z + 6 FBI

D Z D + Z - 6 FDZ

D 1 D -Z + @ FD1

B Z B -Z - ([ FBZ

A I A +Y + (_ FA1

C 2 C +Y - ¢ FC2

C 1 C -Y + 6 FC1

A Z A -Y - % FAZ

4. 3-Z8
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"-_" Amendment 63 •

3/31/71

Table 4.3-13. Service Module RCS Forces and Moments

(See Paragraph 4.3.6.1)

Service module RCS forces and moments

for each spacecraft are provided in Table 4.3-13

of the respective appendixes.

Table 4.3-14. Service Module RCS/PGNCS Automaneuver
Propellant Requirements

• (See Paragraph 4.3.4.1.1 )

Propellant Requirement
(lb)

CSM CSM/LM
(38,500 lb) (75,000 lb)

Maneuver 0.5 deg/sec 0.2 deg/sec

50-degree roll 0.28 0.52.

180-degree roll 0.40 0.86

50-degree pitch 0.83 1.63

180-degree pitch 0.88 3.39

50-degree yaw 0.83 1.60

Three-axis 0.88 1.64
(0 °,0 °, 0 °) to(5 o, 3° , 7° )

Three-axis 1.38 2.65
(0 °,0 °, 0 °) to (50 ° , 30 ° , 70° )

Three-axis 1.32 2.66

(0o, 0o, 0 o) to(50 o 50° 50 ° )

Note: (pitcfi, yaw, roll) IMu gimbal angles

4. 3-29

SNA-8-D-027(1), Rev 3
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Figure 4. 3- 1. CM/SM Engine Locations ", _,,_ ¢
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(See Paragraph 4. 3) ,_
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Figure 4.3-2". Service Module RCS Thrust Chamber Locations

(See Paragraph 4.3)
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i U ! MISMATCH OF ±10 F ?a_ Z ENGINE INLET PRESSURE -- ....
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m Figure 4. 3-7. Service Module RCS Engine Propellant Consumed Versus

Electrical ON Time (Using MMH as Fuel)%0

(See Paragraph 4. 3, Z)
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3.2 IN. 3

_) (_0 PROPELLANTAND HEUUM PROPERTYEQUAT,ONS:0.6 IN. .6 IN. 3

_ _ f DENSITY' OXIDIZER (LB/IN'3) = 0"076102 - 4"516 X 10-5 Tf DENSITY, FUEL(LB/IN. 3)= 0.04154- 1.87X 10-5 T2.0 IN. 3 70.A7

VAPOR PRESSURE,OXIDIZER (PSIA)= e (16.594 -.L_'-)

(9.2) VAPOR PRESSURE,FUEL(PSIA)-= 1.1.-'_ J 10(Z-_+
51.714:.

L,., HELIUM COMPRESSIBILITY(Z) = - B +VB 2- 4 AC

,
8.8 IN.3 2A

(7.4)1 | .3

A = 61.849 T - 9567.6

g = 21,345.1 - 78.803 T

C-- 16.995 T - P - 11,761.6

, _(11.8) _(11.8)' 12"21N'3 J 12"21N'3 +8.1'N 3. +8.1lN.3 NOTE: FORTHEABOVEEQUATIONS' T ISIN°RANDP IS IN PSIA°
I

C_ PROPELLANTTANK EXPULSION EFFICIENCIES*:

' I Fo 14.81N.3 12.21N. 3
94.6 PERCENT FOR ALL FUEL AND OXIDIZER

L ENGINES l TANKS

*THESE EXPULSION EFFICIENCIES HAVE BEEN "-4m
NOTE: WHERESC 101/103 VOLUMES DIFFERFROM THOSEFOR MODIFIED TO ACCOUNT FOR THE _L_TO-SIGNLA. "" _"-4 I:_

¢' SUBSEQUENTVEHICLES, THE SC 101/103 VOLUMES ARE GAUGING ACCURACY OF 16 POUNDS PER QUAD _ _
L_ SHOWN IN PARENTHESES. _. m

".4

Figure 4.3-9. Service Module RCS PVT Input Data

(See Paragraph 4. Z. l)
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Amendment 71

_-_ 7/7/71

BASIS: MR1 = 1.87
MR2 = 2.05

100% USABLE

PROPELLANT = 313 LB

i00!

0
i0 20 30 40 50 60 70 80 90 i00

ONBOARD PROPELLANT GAUGING METER

USABLE PROPELLANTREMAINING (PERCENT)

Figure 4.3-10. Minus 1.6 o SM RCS Onboard Propellant Gauging Meter
Correction Nomograph (See Paragraph 4.3.3.2)
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NOTES: i. THIS CURVE IS BASED ON MR2 = 2.05 AND WILL CHANGE IF THE MIXTURE RATIO IS CHANGED

2. USABLE PROPELLANT REMAINING IS TOTAL OXIDIZER AND FUEL AT MR2 = 2.05

3. ULLAGE PRESSURE DECAY IS ASSUMED TO BE ISOTHERMAL AT 70 F

4. W INACCURACY DURING SWITCHOVER IS ±13.7 LB
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CONDITIONS: i. ACCELERATION + MINIMUM IMPULSE COMMANDS

2. NO MANEUVER RATE ADJUSTMENT DURING

COAST TIME t
C

SM RCSENGINE DUTY CYCLES

f3 tn

"_°_ -q _ I- '_ IRH_I
OFF b

""l-- fc t4 Time t-JETS ON "_'l

SPACECRAFTANGULAR RATE

MANEUVER _

RATE

_DEG/SEC)o /_ " _ _
Time t

SPACECRAFTATTITUDE
SPACECRAFT

MANEUVER

ANGLE

(DEGREES)

Time f

Figure 4. 3-ZI. Spacecraft Control Dynamics and Service Module RCSEngine
Duty Cycles for Manual SCS Attitude Maneuver

(See Paragraph 4. 3.4. 2. I)
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6 *TWO JETS PERCONTROL

I DIRECTION IN EACH AXIS

(NOTE THAT THE ANGULAR
ACCELERATIONS FOR FOUR'JET
AND SINGLE-JET CONTROLS

ARE APPROXIMATELY 2.0

5 TIMES AND ONE-HALF TIMES
THAT OF THIS FIGURE.)
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Figure 4. 3-22. Service Module RCS Control Angular Acceleration Versus

Spacecraft Moment of Inertia'_@

(See Paragraph 4.3.4. 2. I)



CONDITIONS: 1. MANEUVERRATE=0.5 °/SEC
2. ACCELERATION + MINIMUM IMPULSECOMMANDS
3. MANUAL ATTITUDE HOLD IN NON-MANEUVER AXES

_LL AXIS .__m_
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Figure 4. 3-23. Service Module RCS Propellant Requirements for Manual
SCS Single-Axis Attitude Maneuvers

(See Paragraph 4.3.4.2. Z)
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CONDITIONS:

/_ !. VEHICLE CONFIGURATION: CSM+ LM

2. SCSRATECOMMAND MODE

3. PSEUDORATEOUT

4. ATTITUDEHOLD DEADBAND = 0.2 DEG

5. ATTITUDEHOLD IN NON-DAMPING AXIS

6. INITIAL ATTITUDEERRORSAREZERO

7. INITIAL RATE: CURVEA = 1.0 DEG/SEC, B= 0.5 DEG/SEC, C = 0.2 DEG/SEC
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CURVEI VEHICLE NO.OF JETSPERCONTROL ATTITUDEHOLD PSEUDO APPLICABILITYCONFIGURATION DIRECTION IN EACH AXIS DEADBAND(DEG) RATE TO MISSION

A CSM+LM 2 0.2 IN EARTHORBITAL

B CSM+LM I 0.2 IN 100 to 150

NM ALTITUDE

C CSM+LM 2 0.2 li_ OTHERS

D CSM+LM I 0.2 IN
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Figure 4.3-26. Service Module RCS Propellant Requirements for Three-Axis

.... SCS Attitude Hold (Typical) (See Paragraph 4.3.472.5)
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Control During SPS Burn

(See Paragraph 4. 3.4.2.6)
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Figure 4.3-31. Average Service Module RCS Propellant Requirements for
+ Translational Control (See Paragraph 4.3.4.2.7)
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Conditions: I. Three-axis SCSAttitude
�oHold ( 0.2 Deadband)

2. No Pseu-do Rate (Limit Cycle)
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Figure 4. 3-32.. Average Steady-State Translational Acceleration

(Sheet I of 2)

(See Paragraph 4. 3.4.2.7)
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4.4 COMMAND MODULE REACTION CONTROL SUBSYSTEM

The command module RCS contains 12 thrust chambers, which are used for orientation about

the pitch, yaw, and roll axes during reentry of the command module. The location of each thrust

chamber is presented in Figures 4.4-1 and 4.4-2.

The command module RCS engine steady-state and pulse performance data for N204/MMH

propellants were obtained from system breadboard tests and the engine qualification tests
conducted at Rocketdyne (Rocketdyne Report R-15107-1a, Volume 1, Final Report, "Qualification

Test Report for the Apollo CM Rocket Engine and Nozzle Extension," dated 9 May 1966). The

analytical thrust vector data presented utilized the basic engine nominal performance data in

conjunction with CSM geometry, nozzle extension scarf angles, and nominal entry trajectory.

*The dribble volumes of the Rocketdyne command module RCS engine are as follows: fuel

side, 0.0354 in.3; oxidizer side, 0.0297 in. 3. The dribble volume is defined as the volume in the

injector from the propellant shutoff valve (when closed) to the exit from the injector into the
combustion chamber.

4.4.1 ENGINE STEADY-STATE PERFORMANCE

4.4.1.1 Performance Without Nozzle Extension

Vacuum steady-state performance parameters are presented in Table 4.4-1 for 2.1 : 1 mixture

ratio engines. These parameters are represented by a nominal value with a maximum and a
minimum tolerance. The maximum and minimum tolerance band about the nominal represents the

worst case for a single engine as installed in the spacecraft system. Since there is more than one

engine in the system, the maximum-minimum tolerances for the complete system would be

considerably less (statistical averaging effect). The tolerance value about the nominal includes
instrumentation error, engine-to-engine variation, propellant temperature effects from 40 to 105 F,

24.5 vdc to the valves, and propellant inlet pressure range of 286 to 294 psia for the oxidizer and

z88 to 296 psia for the fuel.

4.4.1.2 Performance With Nozzle Extension

The vacuum steady-state performance of an engine will vary depending upon its installed
location in the CSM and the nozzle extension geometry (length and scarf angle). Table 4.4-2

presents the command module RCS nominal nozzle extension geometry. Table 4.4-3 presents the

nominal steady-state thrust vector (resultant, axial, and side) lor each engine with the addition of
the various nozzle extensions. The vacuum steady-state specific impulse shown in Table 4.4-1

should be increased by 1.04, 2.29, 1.15, 0.52, and 0.73 percent for the addition of the positive

*NASA Data Source
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pitch, negative pitch, yaw, short roll, and long roll nozzle extensions, respectively. Tile mixture
ratio and propellant flow rates are unaffected by the addition of the nozzle extensions and will be
the same as shown in Table 4.4-i for all engines.

4 4.1.3 Thrust Vector and Altitude Performance

The thrust vectors for each of the command module RCS engine locations as a function of
altitude during entry are presented in Table 4.4-3. The parameters which influence these thrust

vectors (command module entry velocity, angle of attack, and dynamic pressure) are similar for

both the earth orbit entry and the lunar return entry. Analysis indicates that the thrust vector
results for each entry are within one percent of each other and are therefore considered to be
applicable to either mission entry.

The altitude steady-state specific impulse is directly proportional to the altitude steady-state
resultant thrust presented in Table 4.4-3 as follows:

lsp alt _ FRalt

IspwlC Fwlc

For the positive pitch engine at 75,000-foot altitude

m(95.4) • (272.0)

lspalt = (96.0) = 270.3 seconds

where

lsp alt = Altitude steady-state specific impulse

IspvaC = Vacuum steady-state specific impulse (Table 4.4-I )

FR alt = Altitude steady-state resultant thrust (Table 4.4-3)

F vac = Vacuum steady-state thrust (Table 4.4-1)

The thrust components, vector alignment angle, and vector location presented in Table 4.4-3

are illustrated in Figure 4.4-3. The thrust vectors are referenced to each engine about its
longitudinal centerline.

4.4.1.4 Continuous Operation

The command module RCS deorbit requirements could impose a continuous engine firing of
the negative pitch engine for a duration of up to 200 seconds. This firing would occur under

vacuum conditions. Figure 4.4-4 presents the nominal thrust and specific impulse of a negative pitch
engine for a continuous firing of 200 seconds.

4.4-2
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-'---" 4.4.2 ENGINE PULSE FIRING PERFORMANCE

4.4.2.1 Performance Without Nozzle Extension

Vacuum specific and total impulses as a function of electrical ON time are presented in

Figures 4.4-5 and 4.4-6. The maximum, nominal, and minimum curves were obtained primarily
from the Rocketdyne qualification test data. The nominal values are based on engine inlet pressures

of 290 and 292 psia for the oxidizer and fuel, respectively, and a nominal inlet propellant
temperature of 70 F. The tolerance band includes the effects of engine-to-engine variation,
instrumentation error, propellant temperature effects between 40 and 105 F, 27 vdc to the valves,

and propellant inlet pressure range of 286 to 294 psia for the oxidizer and 288 to 296 for the fuel.
The voltage at the engine valves will be 24.5 vdc under spacecraft reentry conditions. However, the

performance at 24.5 and 27 vdc is considered to be substantially the same. Propellant consumption
and mixture ratios as a function of electrical ON time are presented in Figures 4.4-7 through 4.4-9.

The maximum, nominal, and minimum curves were derived from engine qualification data and an
analysis of NRbreadboard test results. Figure4.4-10 presents thrust buildup and decay
characteristics as functions of electrical ON and OFF signals.

4.4.2.2 Performance With Nozzle Extension

The pulse performance parameters of specific and total impulse shown in
Figures 4.4.-5 and 4.4-6 for the command module RCS engines should be increased by 1.04, 2.29,
1.15, 0.52, and 0.73 percent for the addition of the positive pitch, negative pitch, yaw, short roll,
and long roll nozzle extensions, respectively. The consumed propellants and mixture ratio are
unaffected by the addition of the nozzle extensions and will be the same as shown in

f_" Figures 4.4-7 through 4.4-9.

4.4.2.3 Thrust Vector and Altitude Performance

Altitude specific and total impulses for an engine during a pulse operation can be determined
by a method similar to that defined for the altitude steady-state performance of paragraph 4.4.1.3.

The engine specific and total impulses are proportional to the altitude thrust presented in
Table 4.4-3 but ratioed to the appropriate impulse (Figure 4.4-5 or 4.4-6) for the pulse width
desired (electrical ON time). The following example illustrates the method used to arrive at the
desired altitude impulse for an 80-millisecond pulse operation.

Ispalt80 lTalt80=F Ralt
IspvaC80 ITvac80 Fvac

where

Isp alt 80 = Altitude specific impulse for an 80-ms pul,;e

lsp vac 80 = Vacuum specific impulse for an 80-ms pulse (Figure 4.4-6)

4.4-3
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IT alt 80 = Altitude total impulse for an 80-ms pulse

[T vac 80 = Vacuum total impulse for an 80-ms pulse (Figure 4.4-6)

FR alt -- Resultant altitude thrust (Table 4.4-3)

F vac = Vacuum steady-state thrust (Table 4.4-1

It should be no_ed that the results of an altitude total impulse calculation will be applied at the
• vector aEgnment angle, 43.associated with the altitude.

Example calculations for a yaw engine at 50.000-foot altitude and 80-ms pulse width.

(91.1) (247.0)
Isp alt 80 - (96.01) - 234.4 seconds

1T alt 80 = (91.1) (7.0)
(96.0) 6.6 pound-seconds

4.4.2.4 Short Pulse Vacuum Thrust History

Figure 4.4-11 shows a typical vacuum thrust history for a single command module RCS engine

short pulse firing. The data shown were obtained from the engine subcontractor's test facility and
not from an actual spacecraft propellant feed system: A significant geometrical difference in the test

facility propellant feed system and the actual spacecnift system exists. Therefore, the pulse vacuum
thrust-versus-time curve shown may not be totally representative of an engine as installed in the

spacecraft. However, it is noted that the line lengths of the feed system in the spacecraft vary
significantly from engine to engine, which would cause some variation of each engine in the
spacecraft. The typical thrust history shown in Figure 4.4-11 may be used for preliminary planning
purposes.

4.4.3 PROPELLANT CAPABILITIES AND CONSUMPTION DETERMINATION

4.4.3.1PropellantPressurization

The command module RCS is completely redundant in that it consists

of two similar propulsion systems (i and 2), each having the capability
of satisfying performance requirements during entry. For normal entry

operation, both propulsion systems are manually activated (propellant
system pressurized with helium) just prior to CM/SM separation. At the
initiation of the propellant depletion burn, which is required only
when land impact is expected, fuel systems 1 and 2 are interconnected

by the activation of squib valves. Oxidizer and helium systems 1 and

2 are simultaneously interconnected in the same manner. During the
depletion burn the propellant flow rate is 0.326 ib/sec per engine and
the mixture ratio is 2.02. Five engines per system are used for

4.4-4
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the depletion burn. Following the depletion burn_ the system purge

event is initiated. At this time, the propellant tank bypass squib

valves are activated manually, allowing the helium to bypass the pro-

pellant tank bladders and pass through the engines. The system inter-

connecting capability allows one helium pressure source to expel

propellants from both systems. Interconnection of the two systems is
automatic in the event of a pad abort (launch to 61 seconds) and results

in a rapid dump of both oxidizer and fuel.

Upon system activation, the helium bottle pressures will decrease 860 I
_300 psi based on a nominal helium load at an initial helium bottle I
pressure of 4165 psia at 70 F and a nominal ullage closeout pressure of

85 psig at 70 F. Because of temperature gradients in the system, this
initial instantaneous pressure decrease is unstable and tends to recover

as the helium and the helium bottle reach temperature equilibrium. The

stabilized helium bottle pressure decrease (approximately 30 minutes

after system activation) is 720 _70 psia. Figure 4.4-12 presents the I
pressure recovery history for the first 30 minutes after system activation.

These pressure drop values are based on extrapolation of flight data.

• 4.4.3.2 Blowdown Capability

In the event of a loss of helium source pressure, the command module RCS tankage will still

/_-- retain sufficient pressure to blow down and supply propellant to the engines. F_ure 4.4-13 presents

the blowdown capability of the individual systems as pounds of propellant expelled versus engine

inlet pressure _r various levels of usable propellant remaining at the time of helium source pressu_
loss. These cu_es are not applicable to a propellant depletion burr,. The _llowing conditions were
assumed:

1. Ullage pressure at start of blowdown is 293 psia.

2. System temperature is constant at 70 F.

3. No dissolved helium comes out of solution as a result of the decreased pressure.

4. Propellant loads and tank volumes are nominal. Usable propellants are based on an O/F
mixture ratio of 1.80: 1.

5. Blowdown operation is isothermal.

f---_ 4.4.3.3 Consumption Determination

The command module RCS helium pressure can be used to obtain an approximate propellant
consumption value. Figure 4.4-14 presents the usable propellant remaining as a function of helium

bottle pressure for various helium temperatures.

F_
/

4.4-5

SNA-8-D-027(I), Rev 3



For the analysis required to generate the data, tile followhlg conditions were assumed:

1. Nominal propellant loads and tank volmnes.

2. Ullage and propellant at a constant temperature of 70 F.

3. Nominal ullage pressure of "2_93psia.

4. Ullages 100percent saturated by propellant wtpors at start of mission duty cycle,

progressing to 0 percent saturation at end of mission duty cycle.

5. Mission mixture ratio of 1.80:1 based on SC 017 and SC 020 l]ight data.

4.4.4 TItERMAL CONTROL

Thermal control of tile connnand nlodule RCS engines is not required during tile ma.ior

portion of the mission because the systems are not activated mid tllere are no propellants in the feed
lines to the engines. See Table 3.11-4.

If tile comnmnd module RCS oxidizer line is prematurely wetted as indicated by tile system

manifold pressures, it is recommended that tile COlmnand module RCS engine injector temperatures
be n/onitored. If the lowest injector temperature is below 28 F, the CSM should be oriented into a

top solar soak until the lowest temperature is above 28 F. This procedure is adequate to prevent
freezing of tile propellant in tile oxidizer lines and valves. Temperature response during such allot
soak is shown in Figure 4.4-17.

4.4.4.1 Earth Orbit Mission_

The command illodule R('S engines ;.Ire qualified to operate with valve and injector

temperatures above 20 and -10 F, lespectively. Before the actwation of tile command module R('S,

six engine rejector temperatures will be monitored to ellSkll-ethat all el/gine temperatures :tle above

their operational limits and/or to decide whether valve heuting is necessary. Under nomimd I'li:ht
collditions, tile average engine injector and valve temperatures arc expected to bc at 45 and 52 t:,

respectively. These temperatures are based on 30 hours of ralldom drift with a cubin \v:dl

temperature of (_5 F. An analysis of tile coldest commazld module RCS engine with tile ('SM

inertially held in a cold earth orbit following an equilibrium randonl drift is shown in Figure 4.4-15.
The minilnunl injector and valve temperatures are 19 and 35 F, respectively: thus, no need for v_lve

heating is indicuted.

Figure 4.4-16 (Sheet 1) sllows the ten/perature response of the engine valve and in.iector to a

four-hour space cold soak following an equilibrium random drift. The minimuln injector and vulve

teinperatures at the valve heating decision point are 38 and 49 F, respectively. If no valve ]le;Iting
were instituted at this time, tile minimum injector and wdve temperatures would be 26 and 42 F ut

tire depletion burn event following a service nlodule R('S deorbil. Again, no valve beating was
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necessary because all temperatures are significantly above their allowable limits. Therefore, valve
heating of the command module RCS engines is not expected for these realistic worst-case flight
conditions.

Figure 4.4-17 shows the thermal response of the engine valve and injector to a command
module solar soak from the minimum temperatures expected in earth orbit.

However, it is recommended that valve heating be used since some unexpected situation may
occur, such as an extended cold soak coupled with an excessive amount of lunar module shadowing

followed by an immediate deorbit or an extended space cold soak. The redline temperature for a
valve heating decision is 28 F. This temperature is based oll the following:

Item Temperature (OF)

Minimum valve limit +20

Adjacent engine temperature differential +8
Minimum injector-to-valve temperature differential -11
Instrumentation error +3

Cool-down after heating decision +8

28

The 8 F adjacent engine temperature differential has been found to exist from an instrumented to
: an adjacent non-instrumented engine based on all analysis of 2TV-I data. The 11 F injector-to-valve

temperature differential is the minimum that will exist during a four-hour cold soak following
random drift. The 3 F instrumentation error is a maximum, and the 8 F Cool-down is the maximum II
that could oceur on System 2 if it were not used until Just prior to !
parachute deployment. Based on these values, it is reco_anended that valve
heating be instituted if any of the command module RCS injector tempera-
ture readings are 28 F or below. Heating would continue for 20 minutes.

(See Table 3.11-4.)

4.4.4.2 Lunar Missions

Before the activation of the command module RCS, the engine injector temperatures will be

monitored to ensure that all temperatures are above their operational limits. Under nominal flight
conditions, the engine injector and valve temperatures are expected to be at 40 and 45 F,

respectively. These temperatures are based on 15 hours of 1.0 RPH PTC roll (sun vector
perpendicular to the CSM X-axis) followed by a three-hour cold soak and a cabin wall temperature
of 65 F. For a Worst-case cold condition, the minimum engine injector and valve temperatures are
26 and30F (Figure4.4-16, Sheet 2). In this case, it was considered that the vehicle is in a
1.0 RPH PTC roll (15 hours) with a 10-degree solar vector bias relative to the CSM X-axis and a
minimum inner cabin wall temperature of 40 F. Immediately following the PTC roll phase, the

engine was subjected to a cold soak of three hours prior to the valve heating decision point. As
indicated in the figure, both the engine injector and valve temperatures are above their minimum

temperature just prior to propellant depletion; hence, no heating requirements are necessary.

4.4-7
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However, if a situation should occur where the command module was sub-

jected to a prolonged cold soak, and/or frequent monitoring of the engine

injector temperatures indicated a consistent temperature decrease greater

than that shown in Figure 4.4-16 (Sheet 2) it is recommended that valve

heating be instituted. The redline temperature for a valve heating decision

is 28 F. This temperature is based on the following:

Item Temperature (°F)

Minimum valve limit +20

Adjacent engine temperature differential + 7

Minimum injector-to-valve temperature differential - 6

Instrumentation error + 3

Co01-down after heating decision + 4

28

The 7 F adjacent engine temperature differential is assumed to exist from

an instrumented to an adjacent non-instrumented engine. This differential was

observed during the PTC roll phase of 2TV-I, Test 2. The 6 F injector-to-valve

temperature differential is considered to be the minimum that will exist during

a cold soak following PTC roll. The 3 F instrumentation error is a maximum,

I and the 4 F cool-down is considered to be the maximum that could occur on

System 2 if it were not used until just prior to parachute deployment. Based on

these values, it is recommended that valve heating be instituted if any of the

command module RCS injector temperature readings are 28 F or below. Heating shall

continue for 20 minutes to ensure that all engine components will be above their

minimum allowable temperatures. Heating would have to continue for at least a

total of 34 minutes before any valvewould reach its upper temperature limit,

indicating a 14 minute margin exists on the 20 minute limit as shown in Figure

4.4-18. The engine valve warmup response characteristics are presented in

Figure 4.4-19. The initial conditions correspond to three hours of cold soak

as shown in Figure 4.4-16.

4.4.5 MISCELLANEOUS

4.4.5.1 Control Forces and Moments

Control forces andmoments data are provided in Tables 4.4-4 and 4.4-5 for

both single and double systems and at various altitudes from 400,000 to 25,000

feet. Angular acceleration can be obtained by dividing the control moment by

the respective spacecraft inertia (Mass Properties Data Book, Volume III) in
each axis.

4.4-8
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_-- Table 4.4-I. Command Module RCS Engine Vacuum

Steady-State Pe rformanc e _:-"

{See Paragraph4. _, I. i)

_ • I

Parameter Value

+0. 14
Oxidizer-to-fuel mixture ratio 2.09

-0. lZ

Specific impulse (sec) 272. 0 ±6. 9

Total propellant flow rate (ib/sec) 0. 353 ±0. 016

Thrust (ib) 96. 0 +3.6
-3.7

Chamber pressure (psia) 145.2

CF, %hrust coefficient i. 67

_, specific heat ratio i. Z3

, expansion ratio 9.00

Throat diameter (inch) 0.710 ±0.003

_- _No nozzle extension.
• = ,

Note: The tolerances include engine-to/engine variation,

instrumentation error, propellant, inlet condition

variations, and propellant temperature effects of

from 40 to 105 F. The nominal propellant tem-

perature is 70 F; the nominal propellant inlet

pressures are 290 and Z9Z psia for _he oxidizer

and fuel, respectively.

f_
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Table 4.4-2. Command Module RCS Nominal

Nozzle Extension Geometry

(See Paragraph 4.4. 1.2)

Unscarred

- Scarf i/2 Cone Unscarred Extension

Angle Angle Extens ion Thr ust

Extension (degreesl (degrees) Area Ratio Coefficient

Positive

pitch 14. 0 5. 0 10.00 1. 6820

Negative

pitch 3Z. 5 5.0 11. 50 1. 6970

Yaw ii. 0 5.0 i0.38 1.6857
Short

roll 56.5 1.5 10. Ii 1.6700"

Long

roll 66. 0 1.5 I0.75 1.6700"

*Basic engine (no nozzle extension) C F used for roll engines because

of flow disturbance at attachment point of nozzle extension as

observed during engine qualification tests.

4.4-i0

SNA-8-D-027(1), Rev 3



Table 4.4-3. Command Module RCS Nominal Steady-State

Thrust Vector With Attached Nozzle Extensions

(See Paragraphs 4.4. 1.2, 4.4. 1.3, and 4.4.2.3)

FA

Static F R Total F S
Back Resultant Axial Side Vector Vector

Altitude Pressure Thrust Thrust Thrust Alignment Location

(feet) (psia) (pounds) (pounds) (pounds) (degrees) (inches)

POSITIVE PITCH ENGINES (SYSTEMS 1 AND 2)

Vacuurm 0 97. 0 97. 0 i.63 0. 96 0.88

125,000 0.0540 96.8 96.8 1.58 0. 93 0.88

ii0, 000 0.0467 96. 8 96.8 1.58 0. 94 0.88

95, 000 0. 0548 96. 8 96. 7 i.57 0. 93 0.88

85, 000 0.0346 96.8 96.8 1.60 0.94 0.88
75, 000 0.387Z 95.4 95.4 1.13 0.74 0.88

65, 000 0.4571 95. 1 95.1 1. 16 0.70 0.88

50,000 1.417 91.1 91.1 0.17 0.11 0.87

35,000 3.164 83.9 83.9 -1.63 -i. Ii 0.89

25, 000 5. 166 75.7 75.6 -3. 70 -2. 80 0.87
I

NEGATIVE PITCH ENGINES SYSTEIMS 1 AND 2)

Vacuum 0 98. 3 98. Z 3.89 g. 27 i.00

125,000 0.0540 98.0 98.0 3.71 Z.17 1.00

110,000 0.0114 98.2 98.2 3.85 Z.25 1.00

95, 000 0.0419 98. I 98.0 3.75 Z. 19 1.00

85, 000 0.0453 98. 1 98.0 3.74 Z. 18 1.00

75,000 0.3917 96.3 96.2 2.61 1.56 0.99

65, 000 0.5081 95.7 95.6 Z. Z4 I.34 0.99

50, 000 1.389 91. 1 91. 1 -0.63 -0.39 i. 17

35,000 3.137 8Z.5 82.Z -6.30 -4.38 1.04

Z5, 000 5. 149 74. 1 74. i 0. 0 0.0

YAW ENGINES (SYSTEMS 1 AND Z)

Vacuun_ 0 97. I 97. i i.Z6 O.74 1.06

1ZS, 000 0. 0540 96. 9 96. 9 1. gl 0. 72 1. 06

ii0, 000 0.0467 96.9 96.9 l.gg 0.7Z 1.06

95, 000 0.0548 96. 9 96. 9 1.21 0. TZ 1.06

85, 000 0. 0346 97. 0 97. 0 i.23 0.73 i.06

75,000 0.3872 95. 5 95.5 0. 94 0. 56 1.06
65,000 0.4571 95. Z 95.2 0. 88 0. 53 1. 06

50, 000 1.417 91. 1 91. 1 0.09 0.06 1.05
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Table 4.4-3. Command Module RCS Nominal Steady-State

Thrust Vector With Attached Nozzle Extensions (Cont)

(See Paragraphs 4. 4. 1.2, 4.4. I.3, and 4.4.2.3)

FA

Static F R Total F S qb
Back Resultant Axial Side Vector Vector

Al_i_ude Pressure Thrust Thrust Thrust Alignment Location

(feet) (psia) (pounds) (pounds) (pounds) (degrees) (inches)

35,000 3. 164 83.7 83.7 -1.36 -0.93 1.06
25,000 5. 166 75.2 75.2 -2. 78 -2. 12 1.05

SHORT ROLL ENGINES (CCW SYSTEM 1, CW SYSTEM Z)

Vacuum 0 97. 0 96. 5 9. 73 5.76 3.31

125,000 0.0540 96.7 96.3 9.38 5.56 3.31

ll0, 000 0.0467 96.8 96.3 9.42 5.59 3.31

95, 000 0.0677 96.7 96.2 9.29 5. 51 3.31

85, 000 0.0293 96.9 96.4 9.54 5.65 3.31

75, 000 0.4008 95.0 94.8 7.10 4.29 3.33

65, 000 0.4728 94. 7 94. 5 6. 63 4.02 3. 33

50, 000 1.400 90.4 90.4 0. 56 0.35 4.06

35,000 3.146 83.6 82.9 -i0.9 -7.48 3.22

25, 000 5.149 75.7 74.5 -13.2 -10. 1 3.91

LONG ROLL ENGINES (CW SYSTEM I, CCW SYSTEM 2)

Vacuum 0 97. 7 96.7 14. 0 8.23 4.21

iZS, 000 0.0540 97.4 96.5 13.4 7.91 4.21

ll0, 000 0.0467 97.4 96.5 13.5 7.96 4.21

95, 000 0.0677 97.3 96.4 13.3 7.83 4.21

85,000 0.0293 97.6 96.6 13.7 8.06 4.21

75, 000 0.4008 95.3 94. 8 9.67 5.83 4.26

65, 000 0.4728 94.9 94.5 8. 90 5.38 4.27

50, 000 1.400 90.0 90.0 -1.09 -0.69 2.72

35} 000 3.146 84.0 81.6 -19.9 -13.7 4.02

25, 000 5.149 73.8 73.7 -2.30 -1.78 6.40
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Table 4.4-4. Command Module RCS Forces

(See Paragraph 4.4.5.1)

Command module RCS forces for each

spacecraft are provided in Table 4.4-4 of the

respective appendixes.

Table 4.4-5. Command Module I_CS Moments

(See Paragraph 4.4.5. i)

Command module RCS moments for each

spacecraft are provided in Table 4.4-5 of the

respective appendixes.
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4.5 SERVICE PROPULSION SUBSYSTEM

4.5.1 ENGINE PERFORMANCE

4.5.1.1 Propulsion Performance

The SPS contains one thrust chamber gimbaled to facilitate thrust vector alignment. The thrust

chamber is installed in the service module so that the thrust vector passes through the intersection

of the YA and ZA axes (within +1/4 inch) at station XA = 833.2, and is offset from the XA axis
+0.95 degrees (_+15 angular minutes) in yaw and -2.15 degrees (+_15 angular minutes) in pitch, as

shown in Figure 4.5-1. From this position (null offset), the gimbaling mechanism is capable of

providing _+4.5-degree inclinations about the YA and Z A axes at a maximum rate of 0.15 radians per

second. Predicted SPS vacuum performance data for each spacecraft are presented in the
appendixes. These data represent the latest predictions of SPS performance during flight. Upd;_tes

to these data. based on the spacecraft weight, propellant loading, and SPS duty cycle, will be

provided beginning approximately six months prior to launch. Further updates will be provided if
significant changes affecting SPS performance occur.

The SPS engine identification and nominal performance data (including thrust, mixture ratio,

and Isp) for individual spacecraft are presented in paragraph 4.5.1. I of each appendix. The Block 11

SPS nozzle effective expansion ratio is 60:1. The engine performance data presented are acceptance
test data corrected to uominal inlet conditions.

SPS component arrangement is shown in Figure 4.5-2.

4.5.1.i.i Class Performance*

The class performance data for the Apollo J-Missions are based on the
data from the SPS engines to be used on the missions (J-l-engine S/N 65;
J-2-engine S/N 66; J-3-engine S/N 69).

Figure 4.5-3 presents the class performance prediction, and associated dispersions, for the

service propulsion subsystem. It is emphasized that the data presented are wdid only for normally

operating system components and nominal conditions. The dispersions are the uncertainties in the

system's nominal performance and do not reflect malfunctions or abnormal conditions. Therefore,
these dispersions should not be taken as the boundary conditions of operation for the system.

Table4.5-1 presents the nominal performance values and their dispersions (1o) at two

representative time slices, one before crossover and one after crossover. It was found that the
dispersions ffere essentially constant bcforc and after crossover. Adding and subtracting the
appropriate dispersions in Table 4.5-1 to and from the performance curves in Figure 4.5-3 will give

the 1o performance bands.

It should be recognized by the user that the SPS performance is not just a function of total

burn time, but is dependent on, among other things, the number and length of the burns, and thc

*NASA Data Source

4.5-1
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coast time between the burns. Therefore_ the performance data for thls single-

burn prediction are approximations and should be used accordingly. A more
accurate class engine prediction can be generated for a specific mission after
the duty cycle has been defined.

4.5.1.2 Small Impulse SPS Burns

4.5.1.2.1 Minimum Impulse

The minimum impulse bit is defined as the total time integral of the
thrust resulting from a given G&C thrust-on signal duration (the time between

FSI and FS2) . It should be noted that the time between FSI and FS2 is the
G&C electrical signal duration only and that the impulse for the minimum impulse

bit is accumulated for considerable time after FS2 (approximately 2 seconds).
The minimum impulse bit is required by specification to be equal to, or less

than, 5000 pound-seconds, with a run-to-run tolerance for a specific engine of
_600 pound-seconds.

The SPS is capable of accepting a shutdown signal at any time after the

start signal. However, the minimum recommended G&C, FSI-tO-FS 2 fire switch
duration is 0.35 second for a noncritical burn (see Section 3.5.9). Figure

4.5-4 presents typical impulse bit curves for single- and dual-bore operation
as a function of G&C thrust-on signal duration.

Minimum Engine Burn Time*. Minimum impulse tests (completed at AEDC

September 1968) maintaining high-altitude conditions at shutdown (above
200,000 feet) have shown that incomplete combustion will occur and de-

tonable residuals will be formed after a short firing in which the engine

does not remain at full thrust for a sufficient period of time.

4.5.1.2.2 Small Impulse SPS/SCS Burn

(See paragraph 4.6.5.)

4.5.1.3 Start and Shutdown Thrust Transients

Typical Block II SPS engine start and shutdown thrust transients for

single- and dual-bore operation are presented in Figure 4.5-5. The curw_s are

plotted as a function of elapsed time for the corresponding G&C start and/or

shutdown signal. Rated thrust is based on nominal engine inlet conditions.

The start and shutdown thrust transient limits for Block II engines are

given in Table 4.5-2. Transient data for each spacecraft will be provided as
available in the appendixes.

I 4.5.1.4 Fli_ht Combustion Stability Monitor
Deleted.

4.5.1.5 Time Allowable Between Burns

There is no constraint on the maximum time between SPS burns for the

currently designed system. Constraints which may result from subsystem anomalies
are contained in Section 3.5.

*NASA Data Source
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4.5.1.6 Mission Performance Predictions

The predicted system performance for specified NASA reference missions is presented in

Section 4.5 of each appendix. These performance plots should aid in real-time mission planning and

decision making. The analysis used to develop the plots considers reference mission k,V or burn

time requirements, current spacecraft and propellant weights, specific engine and feed system
charactelistics, ullage gas composition and temperature, propellant and helium temperature

variation, and the propellant utilization valve in the normal position.

4.5.1.7 Engine Life

The SPS engine is required by specification to be capable of a minimum of 36 restarts within

the engine design life of 750 seconds. Since a new thrust chamber is installed after engine testing

and before engine delivery, the specification lifetime should be used for mission planning purposes.

4.5.2 ACTUATOR AND COUPLING DISPLAY*

4.5.2.1 Actuator Dynamics

The SPS engine is mounted on a gimbal system that permits angular motion in pitch and yaw.

Engine angular position is controlled by closed-loop servomechanisms in both axes. The servoloops

include an amplifier (treated as a constant gain, no lags device), a clutch (treated as a constant

gain-torque/current ratio, no lags device), position feedback and rate feed back. For small single

inputs, the operation of the servomechanisms was considered to be linear. The total torque applied
to the SPS engine includes: (a) clutch torque; (b) angular velocity dependent torques caused by

damping within the actuator and exhaust jet damping; (c) angular position dependent torques

caused by hose stiffness and snubber spring stiffness (if the angular deflection exceeds the position
limit); and (d) reaction torques caused by the acceleration of the vehicle. Actuator dynamics data
are tabulated in Table 4.5-3.

4.5.2.2 Actuator and Coupling Display Unit

The operation of the SPS engine gimbal servomechanisms is nonlinear in several respects. The

commanded angular position is limited within the digital-to-analog (D/A) converter that provides
the commanded signal. (The D/A converters are located within the optics CDU's.) The torque

applied by the actuators is limited by the maximum torque the clutches can transmit. Angular rate
is limited by the actuator motor speed. The engine angular position is limited by snubbers (stiff

springs) beyond a limit range of motion. Angular position is measured with respect to the engine
mount. The mount is offset in angular position with respect to vehicle axes in both pitch and yaw.

Limit data are presented in Table 4.5-4.

*NASA Data Source
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4.5.3 PROPELLANT MANAGEMENT

4.5.3.1 Ullage Requirements

Before the SPS engine is started in a zero-g environment, propellant settling periods are

necessary when the sump tanks are not full. During these periods, the service module RCS engines

are fired to accelerate the spacecraft and cause settling of the SPS propellant at the discharge porr.s
of the propellant tanks. The following paragraphs provide detailed ullage requirements.

4.5.3.1.1 Tanks Full

When the propellant sump tanks are full (i.e., when the usable propellant loading is in excess of

22,300 pounds), no ullage settling maneuver is required except as noted in paragraph 4.5.3.1.3.

4.5.3.1.2 Tanks Partially Depleted

When the propellant sump tanks are not full (i.e., the usable propellant loading is less than

22,300 pounds), the four-jet ullage is the primary mode of propellant settling. The two-jet ullage

settling maneuver is a backup mode of operation for use in the event of a service module RCS quad

failure, unpredicted depletion of the service module RCS propellant budget, or failure of the

control systems to initiate a four-jet ullage maneuver. Propellant settling periods for two- and

four-jet ullages are presented in Figures 4.5-6 and 4.5-7. The data are applicable to any spacecraft

burnout weight (total spacecraft weight less usable SPS propellant). Therefore, requirements for
configurations with a lunar module or payload module attached (as applicable for various earth

orbit and lunar missions) may be determined from the the graphs. Exceptions to these requirements
are contained in paragraphs 4.5.3.1.3 and 4.5.3.1.4.

Data and criteria considered in the generation of Figures 4.5-6 and 4.5-7 are as follows:

1. Settling time requirements as a function of acceleration and distance from top of settled
propellant to top of tank.

2. Distance from the top of settled propellant to top of tank as a function of SPS propellant
remaining.

3. Average acceleration thrust by service module RCS:

Two-jet = 187.5 pounds

Four-jet = 375.0 pounds

4.5.3.1.3 Ullage After LM DPS Burns

Before SPS burns, the four-jet ullage must be performed following all docked LM DPS burns
even if the sump tanks are full. This is required because the SPS umbrella screen cannot retain the

4.5-4
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SPS propellant under negative accelerations induced by the docked LM firings. Following the final

LM docked burn, each SPS burn must be preceded by a four-jet RCS ullage, regardless of the

propellant remaining. In cases of propellant remaining being greater than 22,300 pounds, a

five-second, four-jet ullage will be sufficient.* In the event no ullage capability exists a critical burn
may be initiated without ullage.

4.5.3.1.4 Alternate Ullage

When the anticipated service module RCS propellants are computed to be inadequate to

complete the mission, the following propellant-settling maneuvers are acceptable. Furthermore,
when the SIM door has been jettisoned, the alternate short propellant-settling maneuvers can be

utilized to minimize contamination of the instrument package.

1. Before SPS burns of less than 4 seconds or more than 20 seconds duration, a five-second,

four-jet propellant-settling maneuver is acceptable if the LM is docked with the CSM, and
a five-second, two-jet propellant settling maneuver is acceptable with the LM undocked
from the CSM.

2. A maximum of four short-duration SPS burns (each less than 4 seconds) may be
perfoi-med in succession when each burn is preceded by the relevant five-second

propellant-settling maneuver. Subsequent SPS burns must be preceded by a full-duration

propellant-settling maneuver, as defined by Figures 4.5-6 and 4.5-7, as applicable.

The initial long-duration SPS burn following any short-duration burns, when one or more

of these short-duration burns utilized the five-second propellant-settling maneuver, must
be for a minimum duration of 40 seconds.

3. A 40-second SPS burn will allow a repeat of the four short-duration burn series, each
utilizing tile five-second settling maneuver. If no more than three short-duration SPS

burns were made in succession with each burn preceded by the five-second settling
maneuver, it is permissible to utilize the five-second settling maneuver for the initial

long-duration burn following the series.

The preceding propellant settling requirements are summarized in Table 4.5-5.

4.5.3.1.5 Ullage Start

Data deleted (see paragraph 4.5.3.1.4).

4.5.3:2 SPS Blowdown Capabilities

It is possible that a contingency may arise in which the helium supply pressure to the

propellant tanks is lost. In this situation, it is possible to ignite the engine (or continue firing) by

using the existing trapped gas pressure in a blowdown mode of operation. During blowdown, system

press'ure will decay and engine performance will be degraded. The system is normally operable as

long as chamber pressure remains at more than 70 psia.

*NASA Data Source
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4.5.3.2.1 SPS Blowdown Performance Approximation

The SPS performance characteristics for the reorificed SPS

engines during blowdown operation, after the loss of the helium

source pressure, can be estimated by using Figures 4.5-8 through
4.5-10. The accuracy of these data have been necessarily reduced

to increase the applicability to all CSM's and missions. It is

necessary that the user review the following list of conditions

and limitations before applying the data:

i. The initial blowdown occurs with both the fuel and oxi-

dizer ullage pressures at approximately the same value

and with equal percentages of propellant remaining.

2. The propellant temperature is constant at 70 F.

I 3. The propellant utilization placed

valve is in and remains

in the INCREASE position.

4. Engine single-bore operation is utilized for the first

3.5 seconds and dual-bore operation for remainder of burn.

5. The SPS engine dual-bore performance at nominal interface

conditions predicted from the SPS engine reorificing cri-
teria of CSM 112 and subs is as follows:

Isp= 314.1 sec

Thrust = 20,510 ibf

6. The CSM weight, excluding SPS propellant, is constant at

26,210 pounds. The lunar module is not attached during

SPS operation.

7. Propellant-limited cases are based on nominal usable values

(i.e., propellant residuals are considered unusable; mix-

ture ratio, gaging, and loading uncertainty allowances are
not subtracted out). i

8. Delta velocity from the RCS is not included.

9. The delta velocity and the burn time capability are limited

by propellant depletion or by a minimum chamber pressure

of 70 psia (rough combustion may occur if the SPS is operated
at less than 70 psia).
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4.5.3.2.1 SPS Blowdown Performance Approximation (Continued)

can be used to estimate the nominal SPS burn l

m

Figures 4.5-8 and 4.5-9

time and CSM delta velocity available. In addition, these figures indicate
|

whether or not the limitation is propellant quantity or low chamber pressure
(P = 70 psia).c

Figure •4.5-10 can be used to estimate the engine chamber pressure as a

function of ullage pressure. The fuel and oxidizer ullage pressures are

usually close to the same value during an ullage blowdown (the fuel pressure
is generally slightly lower).

4.5.3.3 Propellant Flow Rate

The instantaneous SPS propellant flow rate for each spacecraft can be

found in Section 4.5 of the individual spacecraft appendixes.

4.5.3.4 Propellant Flow Resistance

The _ropellant line resistance, required for computing system pressure
drop and flow rates, is defined as follows:

Resistance = (pressure drop) (propellant density)

(flow rate) 2

For Block II spacecraft, the oxidizer and fuel system feed line resistances

(from the propellant sump tank, including the retention reservoir, to the

engine interface measurement) are assumed constant at 116 and 51 ibf-sec2/ibm-ft5 ,
respectively. The engine flow resistances (from the engine interface measure-

ment to the combustion chamber) vary slightly for each engine. These data may
be found in •the individual spacecraft appendixes under paragraph 4.5.3.4. It
should be noted that the propellant head effects have been excluded from the
flow resistance data.

4.5.3.5 Gauging Correction

Corrections to the PUGS readout for CSM i01 due to outflow error are

presented in the CSM i01 appendix. Outflow error does not exist on subsequentCSM's.

4.5.3.6 Fuel Quantity Estimation

If the propellant gauging system malfunctions, the SPS fuel quantity may
be estimated from helium supply pressure and temperature by using curves
given in Figure 4.5-14.

4.5-7
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4.5.4 THERMAL CONTROL

4.5.4.1 Configuration

The function of the SPS engine Thermal Control Subsystem (TCS) is to

maintain SPS engine component temperatures in a range which will ensure the

safe operation of the engine. The heater system is composed of two redundant

circuits (A and B), each containing six heaters. There are two 15-watt

heaters attached to the bottom of the propellant valve; one 9.4-watt heater

attached along the length of each propellant feedline from the sump tank to

the interface flange; and one 18.8-watt heater attached along the length of
each propellant feedline from the interface flange to the propellant valve
(see Figure 4.5-15).

No mission attitude constraints are anticipated for the currently designed
system. The SPS heaters will be manually cycled to maintain the feedline

temperature between 45 F and 75 F and the engine valve temperature above
45 F. The temperature limits for noncritical and critical SPS burns are defined
in Table 3.11-5.

The TCS heaters are to be operated by the astronauts using the AGC fuel

feedline temperature sensor SP0048T, displayed in the CM, as the primary control

sensor. The System A heaters are to be activated when the control temperature
falls below 45 F and deactivated when the temperature rises to 75 F. In the

event of failure of the primary control sensor, the oxidizer feedline tempera-

ture sensor, SP0049T, also displayed in the CM, will be used as a backup
control sensor. If the engine valve temperature falls below 45 F as indicated
by the temperature sensor SP0045T (TLM only), the TCS heaters will be activated

upon ground control request.

Bulk temperature limits (as presented in Table 3.11-5) versus local tempera-
ture limits for SPS propellant were established with the knowledge that the

propellant will normally be colder than average near the propellant line

mounting brackets and will normally be warmer than average near the heaters

when they are energized. However, because of mixing and high propellant flow

rates during engine operation, the engine is sensitive to the average (bulk)
propellant temperature only. The local temperature limits are established to

assure propellant temperature safely above the freezing points (12 F for

oxidizer, 19 F for fuel) and safely below the propellant boiling points (above

160 F). The bulk limits were established to maintain the average propellant
temperature limits within the design range used by the engine manufacturer

and demonstrated in the engine qualification test program (40 F minimum, ii0 F
maximum)(see Table 3.1]-5).

4.5.4.2 Performance

Performance analyses were conducted to predict SPS component temperature

response characteristics for a thermally worst case LOR mission per specifi-
cation conditions, and a LOR mission assuming nominal spacecraft orientation

and spacecraft surface optical properties. The assumptions used in the
analyses and the results are presented below.

4.5-8
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The mission timellne used in these analyses is presented in the following

table:

Ground Elapsed

Time (hours) Event

ii0 352 second firing (LOI-I)

114 15 second firing (LOI-2)

166 160 second TEl firing

276 CSM separation

Since midcourse corrections and LM rescue firings are indefinite, none

were considered. The SPS engine firings were simulated by adjusting the

temperature of the feedlines, the propellant in the feedlines, and the
propellant valve to the mean tanked-propellant temperature. The engine chamber

and injector were raised to a temperature derived from AeroJet General

Corporation qualification test data, CSM i01 flight data, and CSM 103 flight
data. The initial propellant load consisted of 25,093 pounds of oxidizer

and 15,692 pounds of fuel. The amount of propellant consumed during each

firing was removed from the tanks after the firing. In addition, the amount
of propellant budgeted for the midcourse corrections was removed from the
tanks after the LOI-2 firing and that budgeted for 1/4 rescue firings was

removed after the TEl firing.

The results of the worst case analysis show that the SPS TCS is able to

maintain all engine component temperatures within their current allowable
limits for the most unfavorable mission likely to occur under specification
conditions. The current allowable limits are listed in Table 3.11-5. The

analysis was performed using the fuel feedline temperature sensor (SP0048T)
indication to control the TCS heaters. The results of the analysis are

presented in Figures 4.5-16 through 4.5-18. Figure 4.5-19 illustrates the

SPS engine locations for which temperatures were predicted. The electrical
power required by the heaters in this analysis is 1.45 kilowatt-hours. This
is the maximum amount of power which the heaters are expected to consume.

At launch, the initial temperature for all components was 65 F, the minimum

propellant loading temperature. Figure 4.5-20 illustrates the CSM orientation
for the realistic worst case LOR mission. The impinging heat flux to the sides

of the spacecraft during the translunar and transearth coast periods was

122 _tu/ft2-hr of short wavelength (solar) radiation while the heat flux to
the aft of the spacecraft was 0.0 Btu/ft2-hr. While in lunar orbit, there
was a heat flux of 65 Btu/ft2-hr of long wavelength (thermal) radiation to
the sides of the spacecraft and 90 Btu/ft2-hr of thermal radiation to the aft

of the spacecraft. All environmental heat fluxes are on a time averaged
basis. The service module outer surface coating optical properties were assumed

to be slightly off nominal for the worst case mission. Both the solar absorp-
tivity (=s) and the thermal emissivity (_) were assumed to have a value of 0.26.

4.5-9
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Figures 4.5-21 through 4.5-23 present the results of an LOR mission _ich
assumed nominal spacecraft orientations (Figure 4.5-24) and spacecraft surface

optical properties. These temperatures are those most likely to be assumed

by SPS engine components during a typical LOR mission. The SPS TCS heaters
will not be required during a nominal LOR mission. For a nominal launch,

the initial spacecraft temperature was assumed to be 70 F, the nominal

propellant loading temperature. The other difference between the nominal
and the worst case analyses was the heat flux impinging on spacecraft

surfaces. During the coast periods, the time averaged flux of solar radiation

to the sides of the spacecraft was 130 Btu/ft2-hr and that to the aft of the
spacecraft was 41 Btu/ft_-hr. While in lunar orbit, the spacecraft was assumed

. to drift randomly and receive ii0 Btu/ft2-hr of solar heat flux. The =s of the

service module outer coating was assumed to be 0.28 while the e remained 0.26.

It is quite possible that the aft of the spacecraft will be exposed to the
sun more than assumed in this analysis. If this occurs, SPS engine components

will tend to be warmer than predicted.

4.5.4.3 Gimbal Temperatures

The following data are presented to outline operational temperature
characteristics associated with the SPS gimbal motors and clutches.

The clutch heating rate with gimbal motors energized and quiescent currents

applied is shown in Figure 4.5-25. This curve applies only to zero-g conditions

and ground operation prior to boost. Heating rate during the boost phase is
a function of SPS engine positioning (to thrust through the CSM center of gravity
as a function of individual vehicle fuel loading) and g-loading characteristics

of the boost vehicle. (Text continued on page 4.5-11)

4.5-10
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The clutch heating rate during an SPS firing is shown in Figure 4.5-26.

The upper heating line is based on the average temperature rise with a 3o

thrust offset engine. The lower line shows the heating rate based on the

average thrust offset engine observed during engine: qualification testing
at AEDC.

The cooldown rate of the clutches, with gimbal motors off, is shown
in Figure 4.5-27. This curve is based upon ground test data.

The established maximum operational temperature limit of the clutch

at the end of an SPS firing is 500 F. (Note: the clutch temperature is the

limiting factor in prolonged operation, not the gimbal motor.)

The gimbal actuator clutches are designed for an allowable operating
temperature of 600 F.

The qualification maximum temperature limit for the gimbal actuator
prior to an SPS engine firing is 140 F.*(See Table 3.11-5.)

4.5.5 MISCELLANEOUS

4.5.5.1 GN 2 Pressurization

Ground testing at Aerojet General Corporation has shown that ball valve

operation at less than 350-psi GN 2 bottle pressure results in partially open
_ ball valves and hazardous engine operation. A single cycle of one bank of

ball valves for one burn requires approximately 50 psi of GN 2 pressure. A

noncritical SPS burn will be inhibited unless at least one GN2 bottle is
pressurized to 450 psi or greater. A critical SPS burn will be inhibited

unless at least one GN 2 bottle is pressurized to 400 psi or greater.

SPS nitrogen system regulator characteristics are shown below.

Parameter Value

Minimum Regulator Lockup Pressure 190 psig

Minimum Regulator Pressure 187 psig
Under Flow Conditions

Nominal Regulator Operating Pressure 210 psig

Maximum Lockup Pressure 230 psig

SPS nitrogen system relief valve characteristics are shown below.

Parameter Value

Relief Pressure 350 ±15 psig

Minimum Reseat Pressure 250 psig

4.5.5.2 LM Propulsion Effects Upon SPS Performance

While the CSM and LM are docked and a LM descent propulsion subsystem

(DPS) burn is performed, a -g environment that exceeds approximately -0.i

ft/sec 2 will, in time, cause depletion of the SPS propellant captured under

*NASA Data Source
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the retaining screens. However, the retention reservoir will remain full.

The ullage maneuver conducted in preparation for a subsequent SPS firing will

bring the propellant down to the top screen with a portion of the propellant

passing through the screens until the entire screen area is wet, which prevents

displaced helium from passing forward. An SPS firing under this condition

causes the propellant to drop through the two screens rapidly to displace the

gas but not before some gas is brought into the propellant retention reservoir.

An analysis indicates that a large portion of the quantity of gas entering the

reservoir will be captured without an excessive rate of gas ingestion into

the engine. Test data indicate that the gas in the reservoir will be slowly

entrained with the propellant flow into the engine_ and the reservoir will be

restored from gaseous to normal operation after about 40 seconds of continuous

SPS operation.

This condition does not apply when a short SPS burn (duration: less than

40 seconds) is interspersed between two DPS burns and these burns are followed

by another short SPS burn. In this case, gas entrapment in the reservoir has

an accumulative effect. This results in an excessive amount of helium

accumulating in the retention reservoir, which may result in a quantity of

helium entering the engines at, or immediately following, ignition.

Because of these considerations, the use of the SFS after a prolonged -g

environment is permissible only if the operation rules given in paragraph 3.5.1
are followed.

4.5.5.3 System Leaks

If a sustained decrease in propellant tank and engine interface pressure

is noticed, it may indicate a leak in the system. The nature of the leak normally

cannot be determined with any confidence. Under these conditions, the system
should not be repressurized except in the case of a critical burn because aL

possible crack at the leak point may result in a safety hazard.

A leak may also occur downstream of the main propellant valves; however,

this failure mode cannot be isolated during a mission. If the leak is great

enough, the symptom may be low chamber pressure during a burn. For noncritical

burns, shutdown should be accomplished if chamber pressure falls below 70 psia.

As was noted in paragraph 4.5.3.2, the system is normally operable as long

as the chamber pressure remains at more than 70 psi and tank pressure remains

above 140 psi. A noncritical SPS burn may be initiated providing the propellanttank inlet pressures are greater than 160 psi. A critical SPS burn may be

initiated, however, providing the fuel inlet pressure and oxidizer inlet

pressure are greater than 115 psi. This lower limit was established at WSTF

and, if exceeded, will cause the chamber pressure to fall below allowable limits

and results in rough combustion.

Ground tests at WSTF also show that if the AP between the fuel and oxidizer

tank pressures exceeds 20 psi, mixture ratio limits will be exceeded and rough
combustion may result. Noncritical SPS burns will be inhibited or terminated

in the event the AP is equal to or greater than 20 psi. A critical burn will

not be terminated if the AP is equal to or greater than 20 psi°

4.5.5.4 CSM Angular Acceleration by SPS Hardover

Figures 4.5-28 and 4.5-29 present the maximum possible spacecraft angular

acceleration at the beginning of an SPS burn resulting from a worst-case engine

hardover plus 3o thrust angle tolerance and actuator limits, described as a
function of vehicle weight.
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Table 4.5-1. SPS J-Missions Class Performance Dispersions

(See Paragraph 4.5.1.1.1)

(NASA DATA SOURCE)
NOMINALPERFORMANCESUMMARY

BEFORECROSSOVER AFTERCROSSOVZR

Dual Bore Single Bore Dual Bore Single Bore

PARAMETER i'i20 sec of LOI Typical Single 272 sec of LOI 70 sec of TEl Typlcal Single
Burn (PU Valve (Upper) Bore Burn (PU Valve Burn (PU Valve (Lower) Bore
in Primary-Normal (PU Valve in in Primary.-De- in Primary-Normal (PU Valve in
Position) Primary-Normal crease Position) Position) Primary-Normal

Position) Position)

!sp (sec) 314.63 314.40 314,44 314.71 314.51

Tilrust (Ibf) 20602 19747 20420 20974 20633

flixture Ratio 1,5935 1.5730 1,5215 1.6083 1.6574

Chamber Pressure

(psia) 100.57 96.14 100.18 102.32 100,55

_xidizer F1o_vrate

(Ibm/sec) 40.23 38.40 39.19 41,09 40.92

Fuel Flowrate

(Ibm/sec) 25.25 24.41 25.75 85.55 24.69

STEADYSTATEPERFORMANCEDISPERSIONS

BEFORECROSSOVER AFTERCReSSOVER
,_'_ (120 sec of LOI Burn) (70 sec of TEl Burn)

PARAMETER
Standard " % Standard Standard % Standard

Deviation(1o) Deviation (1o) Deviation (Io) Deviation (Io)

Isp (Ibf-sec/Ibm) 0,687 0.218 0.683 0.217

Thrust (Ibf) 112.4 0.546 115.6 0,552

ilixtureRatio 0.0168 1.050 0.0173 1.080

Chamber Pressure

(psia) 0.53 0.531 0.55 0.536

Oxidizer Flow Rate

(l_n/sec) 0.236 0.587 0.244 0.595

Fuel Flow Rate

(Ibm/sec) 0,213 0,844 0,219 0.858
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Table 4.5-Z. Start and Shutdown Transient Limits for

Block11 Engines, Normal Conditions

See Paragraph 4.5. I. 3)

Ove raII Run- to-Run

Time Impul se Impul se

Time Tolerance Impulse To]erance Tolerance

Transient (see) (sec) (ib-sec) (lb-sec) (ib-sec)

START (DUAL-BORE VALVE OPERATION)

FS 1 to 90 percent

steady- state
rated thrust 0. 550 +0. i00 350 :_2,50 ±200

SHUTDOWN (DUAL-BORE VALVE OPERATION)

FS 2 to 10 percent

steady- state
rated thrust i. 075 J:0.175

FS Z to zero
thrust 13, 500 +2500 +500

START (SINGLE-BORE VALVE OPERATION)

FS 1 to 90 percent

steady- state
rated thrust 0. 675 =_0.i00 450 +g50 =hZ00

SHUTDOWN (SINGLE- BORE VALVE OPERATION

FS g to i0 percent

steady-state

rated thrust I.075 +0. 175

FS Z to zero
thrust IZ, 500 9=Z500 ±500
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Table 4.5-3 Actuator Dynamics Data

(See Paragraph 4.5.2.1)

Description Value Unit

Servo amplifier gain 20 amps/rad

Actuator clutch gain

Average 3635 ft/ib/amp

Range 1750 to 5280 ft/ib/amp
Position feedback gain 1.0 dimensionless

Rate feedback gain 0.090 sec

Actuator damping (reflected to engine) 1758 ft-lb-sec/rad

Engine exhaust jet damping 171 ft-lb-sec/rad

Hose stiffness 285 ft-lb/rad

Snubber spring stiffness _ 23,000 ft-lb/deg

Engine inertia about gimbal axis (wet)

Pitch 236.0 slug-ft 2

Yaw 245.0 slug-ft 2

Average 240.5 slug-ft 2

Actuator inertia (reflected to engine) 65.1[ slug-ft 2
Total low frequency actuator load inertia

Pitch 301.1 slug-ft 2

_ Yaw 310.I slug-ft 2
Average 305.6 slug-ft 2

Engine mass

Pitch 20.5 slugs
Yaw 25.4 slugs

Maximum 25.5 slugs

Engine moment arm (distance from c.g.
to gimbal axis)
Pitch 0.342 ft

Yaw 0.200 ft

Average 0.271 ft

Actuator internal spring constant 195,000 ib/in.
Spring constant external to actuator

Pitch 44,300 ib/in.

Yaw 32,600 Ib/in.
Total actuator system stiffness

Pitch 36,099 ib/in.

Yaw 27,931 ib/in.
Effective lever arm of actuator

Pitch 0.!)88 ft

Yaw 1.0318 ft

Damping across engine bearings 686.0 j ft-lb-sec
L

4.5-15

SNA-8-D-027(1), Rev 3



Amendment 51

11/10/70

Table 4.5-4. Actuator and CDU Limit Data

(See Paragraph 4.5.2.2)

Description Value Unit

Optics D/A limit 384 pulse count

(optics error counter)
Scale factor: pulse count 1.42 arc min per pulse

to gimbal angle command
Pulse train rate 3200 pulses per sec

Clutch torque limit 1800 ft-lb

(acceptance specification)
ii00 ft-lb

(after 480 sec operation)
i000

(after 600 sec operation) ft-lb

Gimbal rate limit 0.12 (min) rad/sec

0.15 (nom)

Gimbal position limit 4.5 deg

Engine gimbal -2.15 deg
mounting offset-pitch

Engine gimbal +0.95 deg

mounting offset-yaw

4.5-15.1



Table 4.5-5. SPS Propellant Settling Requirements
(See Paragraph 4.5.3.1.4)

Planned SPS Burn Time, BT (sec)

Item BT <4 4 < BT- < 20 BT >20

SPS Ioadlng> 2Z,300 ib 0 0 0

SPS loading < 2Z, 300 Ib

LM docked 5-see, 4-jet Figure 4.5-6 Z-jet 5-sec, 4-jet

LM undocked 5-sec, 2-jet Figure 4.5-6, Z-jet 5-sec, Z-jet

u_ Limitations Maximum of four short- Initiallong-duration Use Figure 4.5-7
' duration (<4 sec) burns, burn must be >40 sec after four burns of

Cycle can be repeated following any short- BT <4 sec each.
after burn of ->40see. duration burn which

used 5-sec ullage
maneuver

[n For SPS burns following docked LM DPS burns, see paragraph4.5.3.1.3.t_
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Figure 4. 5-1. SI_S Thrust Vector Orientation

(See Paragraph 4. 5. i. I)
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Figure 4. 5-2. SPS Comptnent Locations, Aft View

(See Paragraph 4.5. i. i)
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(NASA DATA SOURCE)

NOTE: (_ PU VALVE MOVED FROM PRIMARY-NORMALPOSITION TO PRIMARY-DECREASEPOSITION.
PROPELLANTCROSSOVEROCCURS BE1WEEN256 AND 259 SECONDSOF TNE LOI BURN.

(_) PU VALVE MOVED FROM PRIMARY-DECREASEPOSITION TO PRIMARY-NORMAL POSITION.

_ _i "_++ •�K_ _ ----"

I
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HY[_R;b LOI DOI LOPC TEl

O ENGINE BURN T_MEFROM iGHIIION (SEC)

.- Figure 4.5-3. SPS J-Missions Class Nominal Performance (Dual Bank Engine, Valve
Operation) (Sheet 2 of 4) _>

< (See Paragraph 4.5 l.l°l) _ _
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Figure 4.5-5. Typical Startand Shutdow_ Tran_lencs,_"'_- _ominal Conditions (Sheet 1 of 2)
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Figure 4.5-5. Typical Start and Shutdown Transients, Nominal Conditions (Sheet g of g)

(See Paragraph 4. 5. 1.3)
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Figure 4. 5-6. Service Module RCS Settling of SPS

Propellant (Two-Jet Translation Time

Requirement)

(See Paragraphs 4. 5. 3. I.Z and 4. 5.3. 1.4)
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._ (See Paragraphs 4.5. 3. 1.2 and 4.5. 3. 1.4)
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Amendment 68

6/21/71

5000'

C
0 I0 20 30 40 50 60 70 80 90 I00

PROPELLANTPRIORTO BURN(GAGEPERCENT)

Figure 4.5-8. SPS Blowdown Delta Velocity Capability

(See Paragraph 4.5.3.2.1)
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Amendment 68

.f-_ 6/21/71
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Figure 4.5-9. SPS Blowdown Burn TimE; Capability
(See Paragraph 4.5.3.2.1)
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Amendment 52

11/17/70
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Figure 4.5-10. SPS Blowdown Engine Chamber Pressure
Approximation (See Paragraph 4.5.3.2.1)
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_-_ (Figures 4. 5-11 and 4. 5-12 deleted)
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(Figure 4. 5-13 deleted)
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ELECTRICAL SCHEMATIC

SYSTEMA
CM MAIN BUS

t

ATWO NOTE: CM MAIN
15-WATT BUS VOLTAGE
HEATERS IS 28.5 VDC,

AND THERE
IS A 25-VDC

18.8-WATT VALVES 18.8-WATT DROP ACROSS

THEH_TERS_( )_
25 VDC

OXIDIZER FUEL OXIDIZER FUEL
SUMP TANK SUMP TANK

SYSTEM B
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kn CHAMBER
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_0 VALVE
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INTER 18.8-WATT
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OO NR LINEI 9.4-WATT NR-AGC
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o

_ _ NEGAT,VEBus
to Figure 4. 5-15. SPS TCS Heater Configuration, CSM 106 and Subsequent Vehicle_ _

(See Paragraphs 4. 5.4. 1 and 4. 5.4. Z)
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Figur e 4. 5-17. LOR Mission Minimum Predicted Temperatures,
SPS Engine Fuel Feed Line (Sheet 1 of 2)

(See Paragraph 4.5.4.2)
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Figure 4. 5-19. SPS Engine Temperature Measurement Locations

CSM 106 and Subsequent Vehicles

(See Paragraph 4.5.4. 2)



COAST PERIODS LUNAR ORBIT PERIOD

X-AXIS SOLAR

/_N VECTOR

(a)_" "__e[ _ _ X-AXIS

PTC ROLL

EACH HOLD
r_

110 HOURSOF TRANSLUNAR COAST

I

'U 110 HOURSOF TRANSEARTH COAST
I 56 HOURS OF
O

IN ORIENTATION (a), 0 VARIES LUNAR ORBIT
'_ CONTINUOUSLY BETWEEN0 AND 20 DEGREES
v"_ SPACECRAFTX-AXIS

MISSION HAS CONTINUOUS CYCLES INERTIALLY HELD
OF 16.5 HOURS OF PTC ROLL PARALLEL TO SOLAR

_ FOLLOWED BY A 1.5-HOUR HOLD VECTOR FOR 56 HOURS
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(See Paragraph 4.5.4. 2)
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4.6 GUIDANCE AND CONTROL SUBSYSTEM

4.6.1 GUIDANCE

The primary mode of spacecraft maneuvers is the automatic primary guidance

and navigation control system (PGNCS) supplemented by manual inputs through the

computer display keyboard (DSKY).

4.6.1.1 Inertial Measurement Unit

4.6.1.1.1 IMU Errors

The inertial measurement unit (IMU) is a gimbaled, three-degree-of-freedom,

gyroscopically stabilized instrument. IMU errors are caused by instrument

mounting errors and drift. The three types of drift are (I) nonacceleration

sensitive, (2) acceleration sensitive, and (3) acceleration squared sensitive.

Important error terms are corrected by the application of AGC-determined compen-

sation terms. IMU errors and AGC compensation capability per axis are presented

in Table 4.6.1. The RMS errors after compensation were taken from Table 3.2

of MEI No. 2015000, Part I.

4.6.1.1.2 IMU Alignment

IMU fine alignment or orientation determination must be completed at some

time prior to PGNCS controlled translation maneuvers or landmark tracking. The

time interval is dependent on the accuracy requirement for the particular event.

The total IMU misalignment can be obtained by combining the drift term (NBD x

time) indicated in Table 4.6-1 and the alignment error existing after an IMU

alignment. Based on MEI No. 2015000, Part I, the RMS alignment errors are:

Prelaunch azimuth 500 arc-sec
Vertical 50 arc-sec

Free-fall, per axis 40 arc-sec

4.6.1.1.3 Temperature Drift Rates

An additional form of IMU drift results from temperature variances about

the nominal IMU operating temperatures. The following table presents the

temperature drift rates obtained by varying the temperature 54.5 F about the
nominal value. The nominal operating temperature for the accelerometers is

130 F. The nominal operating temperature for the gyros is 133 F. The tem-

perature drift rates were taken from MIT/IL, Apollo Guidance and Navigation

System Test Group Memo No. 1231.

4.6-1
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Temperature Drift Rate

Item (Symbol) Drift Rates Units

Accelerometer drift rates

Bias(ACB) -t-0.014 cm/sec2/°F

Scale factor (SF) 280 ppm/°F

Gyro drift rates

Bias drift (NBD) 0.2 meru/°F
Input axis acceleration

sensitive drift (ADIA) 0.5 meru/g/°F
Spin reference axis

acceleration sensitive

drift (ADSRA) 0.5 meru/g/°F

IRIG scale factor (SF) 250 ppm/°F

4.6.1.1.4 Lunar Module IMU Alignment from CSM tMU

See spacecraft appendixes.

4.6.1.2 Guidance Computer •

The Apollo command module computer (CMC) is a general-purpose digital device which

processes and controls information to and from the IMU, the optics, and the two display and
keyboard panels (DSKY's), and stores program and reference data.

The astronaut-computer communication link is by the DSKY via which the computer can

display information to the crew or request the crew to perform some action. The crew, on the other
band, can enter information and/or instructions to the computer by means of the DSKY. Ground

stations transmit aud receive certain information to and from the computer directly via the
telemetry uplink and downlink channels.

The CMC is a core memory machine with both fixed and erasable sections. The fixed,

nonerasable memory contains 36,864 words. It is used for permanent storage of navigation tables,
trajectory parameters, programs, and constants. The erasable memory, which contains 2048 words

I is used to store intermediate information, such as constants and equations
which change during flight, state vectors, etc.

Both the erasable and fixed memory constants loaded into the computer are a function of the

mission, and listings of the erasable constants and definitions are contained in the appropriate
appendix by mission.

4.6.2 STABILIZATION AND CONTROL

The attitude reference in the SCS is composed of two identical gyro assemblies (GA) and the _
gyro display coupler (GDC).

4.6-2
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4.6.2.1 Gyro Assembly

GA 1 is normally operated in the (uncaged) attitude mode to provide attitude error signals to

control and to display circuits from that attitude at which it was uncaged. It is automatically caged

during rotation control-commanded maneuvers and may be manually caged by axis by panel switch

selection. It may also be used in place of GA 2 as the rate gyro by individual axis by appropriate

positioning of the same panel switches. In this event, there is no longer an attitude error source.

The BMAG's of GA 2 are always caged (rate mode) and are normally connected to the system

as the rate signals for GDC computation of total attitude for rate control and for rate display. GA1

may replace GA2 by axis by crew selection of panel switches. Table 4.6-2 summarizes the 3 0- drift
characteristics of the BMAG for three different environmental conditions expected in flight-zero-g,

acceleration, and vibrations induced during thrusting. These drifts are, in general, only meaningful

as applied to the attitude mode or uncaged condition of the BMAG. It is in this mode that'the gyro
serves as an attitude error for control and for display for SCS maneuvers with the RCS and SPS.

4.6.2.2 Gyro Display Coupler

The function of the GDC is to convert body rates from the rate GA into Euler attitude, or

inertial angles for display on the FDAI. The GDC will normally be used as a backup to the IMU and

will be aligned or realigned to it just prior to any critical maneuver. If the 1MU is inoperative, the

G&N optics or the COAS, along with MSFN, is sufficient to align the GDC.

Because of the inherent drifts and errors resulting from the GDC's analog type of

transformation from body rates to Euler attitude, the GDC is not capable of providing an accurate

attitude reference for extended periods without realignment. To illustrate, a summary of some of

the drift data accumulated to date is presented in Table 4.6-3. The data assume a non-maneuTering
state of the vehicle. In the design of the SCS, a portion of the total drift tolerance was allotted to

the GDC on a 3 0-basis for mission time, extreme environment (MTEE) conditions. MTEE

conditions reflect the effects (either estimated or based on test results) on the start-of-life tolerances

of operating and nonoperating aging plus the actually possible mission environments defined in the

procurement specification. It is this allocation that is given in Columns 2 and 3 (30-) of Table 4.6-3.

4.6.3 COMMAND MODULE OPTICS

The command module contains a sextant (SXT) and a scanning telescope (SCT). The sextant is

a 28-power optical instrument that has two lines of sight. One line of sight is fixed along the SXT

shaft axis, which in turn is fixed perpendicular to the navigation base. This defines the landmark

line of sight (LLOS). The other line of sight, which may be varied, is the star line of sight (SLOS).
The SLOS is varied to acquire the second sighting point by articulation of a mirror about the SXT

trunnion and shaft axes. The trunnion axis is perpendicular to the shaft axis. Rotation about the
SXT shaft and trunnion axes is limited by mechanic_i stops. The orientation and limits of rotation
are shown in Figure 4.6-1.

The scanning telescope (SCT) is a one-power, refracting optical instrument with a 60-degree
field of view. The shaft axis of the SCT is aligned parallel to the LLOS. The line of sight of the SCT

is varied by rotation of a doubledove prism about the SCq" trunnion and shaft axes. The trunnion

axis is perpendicular to the shaft axis. The limits of rotation for the SCT are given in Figure 4.6-1.

SNA-8-D-027(1), Rev 3
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The command module optics may be operated in three different modes: the computer (CMC)

mode, tile zero-optics mode, and the manual mode. In all three modes, the shaft axis of the SCT is

electrically slaved to the shaft axis of the SXI'.

In the computer (CMC) mode, the trunnion axis of the SCT is electrically slaved to the
trunnion axis of the SXT.

In the zero-optics mode, both the SXT and SCT shaft and trunnion axes are driven to, and
held in, the zero position. In the zero position, the shaft axis of the SXT is at 0-degree rotation and
SLOS coincident with the LLOS (trunnion axis parallel to the spacecraft Y-axis); the SCT line of

sight is parallel to the LLOS, and the shaft axis is at 0-degree rotation. Likewise, the CDU error and
read counters are zeroed.

In the manual optics mode, there are three types of operation of the SCT trunnion (that
correspond to three settings of the telescope trunnion select switch): slave-to-SXT, 0-degree, and
25-degree positions. In the slave-to-SXT position, the SCT trunnion is electrically slaved to the SXT
trunnion. In the 0-degree position, the SCT trunnion is Iocked to the LLOS. In the 25-degree

position; the SCT trunnion is offset 25 degrees with respect to the SCT shaft axis.

There are two modes, direct or resolved, available when the optics are

in the manual mode. The direct mode enables manual control of the optics
SLOS rate and direction, in a shaft and trunnion coordinate system, direct-
ly from the optics hand controller. The resolved mode resolves the shaft

and trunnion input commands from the hand controller so that the SLOS moves

in an x, y coordinate system with respect to the operator, and connects the

shaft commands through a drive rate resolution circuit so that equal input
commands result in equal image motion in the optical field of view.

4.6.3.1 Optical Coverage

Each line of sight of the SXT has a 1.8-degree true field of view. By means of the trunnion and
shaft axis rotations, the SXT can scan a hemisphere about the shaft axis. However, due to physical
obstructions (the optical assembly ablative covers), the effective field of view of the SXT is 45 to
50 degrees (cone half-angle). The design field of view of the SCT is 60 degrees. Because of
obstruction, the effective field of view of the SCT is 36 to 44 degrees (cone half-angle).

When the lunar module is docked to the CSM, the fields of view of both SXT and SCT are
further obstructed. The optical system coverage is depicted in Figure 4.6-2, while effective fields of
view are defined for both SXT and scr in Figure 4.6-3. (Refer to ICS MHC 01-01315-116, Block II

Optical Field of View, Installed, and to MSC Internal Note 68-FM-106, Apollo CSM and LM
Onboard Navigation Systems Constraints, dated l May 1968.)

4.6.3. 2 Optical Blind Zone

Because of the shaft angle rate limit of the scanning telescope, there are certain zones in orbital
navigation where the line-of-sight of the scanning telescope cannot keep up with the landmark as
the earth goes by. These blind zones are circles, with an additional area required for catchup.
Figure 4.6-3 presents the blind zones for the shaft axis down the local vertical (spacecraft pitched

4.6-4
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down 33 degrees). Because the shaft axis has a 19.5 deg/sec +20percent rate capability,

Figure 4.6-4 reflects the nominal 19.5 deg]sec rate and the worst case, 15.6 deg/sec rate.

The following table defines the nominal rotational rates fi)r the optics when in the direct

mode. All rates in this table have a +20 percent tolerance. The rotational rate capability of the

optics when in the resolved mode is dependent on the tn_nnion angle. When the optics are in the
resolved mode, the shaft axis rotational rates can be higher than when in the direct mode. The
resolved mode cannot be used when the trunnion angle is less than 5 degrees.

S )eed (degrees/second)

Mode/Axis High Medium Low

Direct Mode
Trunnion 10.0 1.0 0.1

Shaft 19.5 2.0 0.2

The maximum sextant drive rates are l0 deg/see for the trunnion and

19.5 deg/sec for the shaft, with ±20-percent toZerance. During landmark |
tracking from an 80-nautical-mile lunar orbit, :Ln order to maintain the I
shaft drive rate within the maximum, the optics line of sight to the

.... landmark must be more than 0.5 degree from the optics shaft drive axis

ground track at the closest point of approach of the landmark to the

shaft axis ground track. For earth orbit, the constraint is 8.5 degrees•.

4.6.3.3 Optical Range Finder (Diastimeter)

The diastimeter is a short-range optical ranging instrument. As a backup device to the

rendezvous radar, it is used to determine range between the command module and lunar module

during docking maneuvers and may be used from either module.

Specification data on the diastimeter are as follows:

Ranging

1. Operable from 1000 feet to 4 nautical miles

2. Range accuracy of 5 percent or better (see Figure 4.6-5).

Design Guidelines

1. Optical

a. Rotating wedge concept used for range determination

b. Approximately 8-degree field of view

" c. Approximately 8x magnification

SNA-8-D-027(1), Rev 3
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2. Mechanical

a. Maximum size: 8-3/8 inches long by 5-25/32 inches high by 5-3/22 inches
wide

b. Maximum weight: 7 pounds

3. Electrical

a. Uses self-contained batteries as power source

Crew Compatibility

1. Hand held - Controls compatible with left-hand usage

2. Operation with helmet/gloves not required

4.6.3.4 Command Module Fields of View

The Apollo command module windows are used for visual observations and backup functions

such as evaluation of vehicle attitude control by visual sightings. Horizontal and vertical look angles

are defined in Figure 4.6-6. Fields of view are defined for the left-hand rendezvous window

(Figure 4.6-7), the left-hand side window (Figure 4.6-8), and the side hatch window (Figure 4.6-9).

The field of view is dependent upon the particular command module, couch, and pressure --
garment (PGA) in use. If variations occur the pertinent view data will be presented in the

appropriate appendix.

Figure 4.6-10 shows a region of mutual coverage for the CSM optics, rendezw)us radar

transponder, rendezvous flashing beacon, and VHF antenna. With the optics shaft and tnJnnion at

0 degrees, this attitude can be attained when the Rendezvous Navigation Program P-20 is in CMC
• automatic maneuver to preferred tracking attitude. This attitude yields look angles

of 0 = 35 degrees, ¢ = 180 degrees.

In this attitude, it is not possible to obtain direct visual contact with the lunar module.• Direct

visual observation through any CSM window will degrade tracking of the lunar module by the four
tracking aids.

4.6.4 ENTRY MONITOR

The entry monitor system (EMS) provides information to the crew for monitoring G&N

controller /xV's, providing acceleration integration and thrust termination signal for SCS

controlled ZXV's, monitoring G&N controlled entry flight, and manually controlling entry flight

within safe limits. The sub._ystem is composed of both hardware and software components. The

display unit panel (Figure 4.6-11) consists of a lift vector orientation indicator; an entry threshold

4.6-6
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_---" indicator; a corridor verification indicator; a flight monitor; a /xV/Range (to-go) indicator; VHF

range display; and mode select, function, slew, and annunciator dimming filter switches.

4.6.4.1 Software

4.6.4.1.1 Design Models

Design values that differ from the basic data for any gaven spacecraft will be given in the

appropriate appendixes.

Planet: Rotating, oblate spheroid

Atmosphere: 1962 U.S. Standard with_+3 0-, 30 deg N density deviations

Aerodynamics: Operating range, 0.250 -< L/D -<0.375

Coefficient data (refer to Section 5.0, M _:29.5)

+3.73 deg/sec2

*RCS Single system

-3.51 deg/sec2

*SCS Maximum stick command = 22.5 deg/sec

Minimum output = 20.5 deg/sec

A+ = 180 degin 14.47 sec (12.43953 deg/sec)

System Zx+Time (sec)

Single proportional 14.47

Dual proportional 11.71

Single direct 14.06

Dual direct 9.94

*Vehicle: W = 13,500 pounds Aref = 129.4 ft2

Ixx = 7380 slug- ft2

Iyy = 6530 slug- ft2

Izz = 5760 slug - ft2

Earth return Latitude = 30 deg N

conic: Inclination = 40 deg (fiaertial azimuth = 62.2 deg)

J- - . *RCS, SCS performance and vehicle inertias are set to achieve worst-case maneuver performance and are, therefore, not indicative of
any specific vehicle.

4.6-7
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Trajectory: Limit case for maximum compatibility with primary G&N

t
/-

Mathematical: Velocity, V = Vo - KD / A x dt
J

t0.05g

t

Range-to-go, RTG = Ro - KR ]
V dt

J

t0.05g

Vo = initial velocity

Ro = initial range

Ax = acceleration in X-direction

K D = 0.947 (see Figure 4.6-12)

KR = 0.000162 (range scale factor)

4.6.4.1.2 Scroll Patterns

Typical scroll patterns are given in Figure 4.6-13. If differences occur, specific scroll patterns

will be provided as Figure 4.6-13 in the appropriate appendix.

Flight limit design criteria are as follows:

On-set limits: Maximum G = 10.0

Lunar off-set Non-exit

limits: Maximum range = 3500 NM
Minimum G = 0.20

3500-NM range limit

Maximum range = 3500 NM

Constant G flight mode
Positive lift exits

Zero-lift reentries

4.6-8
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Circular All patterns

velocity line: Established for altitude coincident with

G = 0.20 and shifted consistent with velocity error budget.

Terminal ranging Longitudinal ranging capability between end of scroll pattern

capability: (V = 4000 fps) and drogue deployment given in Figure 4.6-14.

4.6.4.2 Hardware

4.6.4.2.1 Roll Attitude Indicator

The roll attitude indicator is a dial meter showing 360 degrees of lift vector rotation per
revolution of the indicator.

Needle
Movement: Clockwise rotation - left roll stick command.

Counterclockwise rotation - right roll stick command.

Capability: Continuous rotation in either direction. Zero-degree orientation indicative

of full positive lift and indicator pointing upward as viewed by pilot.

Follows signals corresponding to the following:

1. Roll rates tip to 60 deg/sec

2. Roll accelerations up to 15 deg/sec2

Accuracy: input (see paragraph 4.6.2)
Output +3 deg w.r.t, input signal

4.6.4.2.2 Entry Threshold Indicator

The entry threshold indicator is a left-hand annunciator lamp located immediately below the
flight monitor and labeled ".05G."

Delay provision: Precaution against premature triggering of 10-second timer by command

module RCS pulses. Time between threshold and timer start varies as a

function of the acceleration build-up according to the following:

tT 3 + 3 G tT 2-0,0054825 = 0

G = 0.045, delay -- 0.474 sec

G = 0.055, delay = 0.431 sec
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Entry Threshold Indicator

Illuminated Extinguished

When acceleration of When acceleration of

0.050 + 0.005 go, or 0.020 +0.005 go exists.

greater, is sensed for
1.0 + 0.5 sec.

Velocity and range-to-go Velocity integrator

integrators automatically automatically deactivated.

activated. Range integrator remains active.

4.6.4.2.3 Corridor Verification Indicator

The corridor verification indicator consists of two annunciator lamps located at the lop

(0 degrees) and the bottom (180 degrees) of the lift orientation indicator, one or the other of which

is illuminated at a fixed time after threshold is experienced; it is dependent upon comparison of 1:he
actual acceleration, GT, with a reference acceleration, GR = 0.262+ 0.010 g.

Fixed time: 10.053 _+0.025 seconds

Corridor Verification Indicator

Illumination Indication

Upper lamp Full positive lift is to be
commanded

Lower lamp Full negative lift is to be
commanded

Anomalies: EMS corridor verification is set to worst-case conditions and thus becoraes

very conservative for other conditions. Thus, a negative life indicatmn

may be given for a large range of corridor positions where positive lift is

acceptable and, in fact, desirable. (Refer to Figures 4.6-15 and 4.6-16.)
For this reason, this signal should be used only when the ground source is
not available.

Result - violation of flight scroll limits.

Detection - violation probably noticeable in 1.0- to 1.5-g region.
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Corrective maneuver - command full positive lift which could still

result in attainment of up to 15 g's at lunar return velocities. (See

Figures 4.6-15 and 4.6-16.)

Restrictions: Corridor verification indicator should not be relied upon for orbital
entries.

4.6.4.2.4 Flight Monitor

The flight monitor is a rectilinear display of the entry acceleration load factor, G, as a function

of inertial velocity. It presents an entry trajectory trace, in terms of G and V, to pilot for

continuous comparison with a monitoring pattern (refer to paragraph 4.6.4.1.2) defining limiting
acceleration on on-set and off-set rates.

Design range: Inertial velocity, 37,000 fps >- V ->4000 fps
Acceleration load factor, 0 -<G _<10

Maximum load Hardware will not lose information at G's up to 14.

factor:

Maximum G - rate: 2 g's/sec

Maximum G - 0.27 g's/sec 2
acceleration:

Accelerometer Resolution factor, KD, set to minimize velocity errors for expected L/D

range (refer to Figure 4.6-12 and/or appendix for specific CSM).

Velocity error: Total budget = 300 fps in first 11,500-fps /',V. (Refer to Table 4.6-4 for
error sources and nominal RSS AV en'or.)

Initialization: Vo set per ground communication (PGNS backup) prior to 0.05 g.
Maximum uncertainty AV =+28 fps (Figure 4.6-17).

Altitude for 0.05-g point is in erasable memory.
Current on-board values are: h = 297,431 ft.

Operation: Monitoring patterns (refer to appendixes) printed on the obverse of a
mylar tape scroll having an emulsion coated back are driven horizontally
from right to left (high to low velocity). A scribe mechanism located
behind the scroll removes emulsion as it is driven vertically.

Scroll rate - proportional to command module velocity change

Scribe rate - proportional to changes in total acceleration load factor, GT.

4.6-11
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4.6.4.2.5 AV Indicator

The AV indicator consists of a digital display and right-hand annunciator lamp located
immediately below the flight monitor.

Annunciator lamp: Labeled SPS THRUST

Illuminated during AV maneuvers for periods ranging from 10 seconds to
7 minutes, depending on AV.

2xV indicator: Displays digital velocity from 0.1 to 14,000 fps.

Initialization: Preset value of all desired/required AV's according to the following
formula:

Vc = (AVR- _VTo) 9- aNB (tb + t30)

where

V c = EIVlScounter setting

AV R = desired/required AV along X-body axis

AVTo = estimated AV accumnlated after SPS thrust-off command
to SCS

9 = average cosine of the SPS thrust total angle offset from
the X-body axis during the burn (estimated for
center-of gravity offset compensation)

aNB = accelerometcr ntdl bias (algebraic sign as read in the
counter in-flight null-bias test)

t b = estimated engine burn time

t30 = time fl'om EMS set to NORM to engine ignition (normally
30 seconds)

1. SPS Burns

Set t b = 0 because of probability of a null-bias shift due to vibra-
tion and/or acceleration level

2. RCS Burns

p = 1.0 (no thruster gimbal involved)

VTO = 0 (thrust tailoff not significant)
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This method of initialization is to be utilized for all burns for all wdues of

aNB within acceptable performance margins, aNB must be obtained from
in-flight null-bias test only and should be assumed to be zero if in-flight
data are not available.

Capability - provides acceleration integration and thrust termination signal
for SCS controlled AV.

Accuracy - the specified accuracy of the EMS in the AV mode is

+1.3 percent or -+0.7 feet per second, whichever is greater, for the

following acceleration levels: (1)+0.004 to +0.02 g for a maximum of

25 seconds and (2) +0.2 to 1.3 g for a maximum of 7 miqutes. The latter

tolerance (_+0.7 feet per second) would normally preclude the use of tile
EMS when performing very small RCS AV's. However. use of the
following procedure should render the EMS effectivc for the low-level

• RCS /xV's.

1. Conduct at least three EMS accelerometer bias checks in a

quiescent zero-g environment (i.e., no RCS activity and
minimum crew activity). If the results of the bias checks are

repeatable, within a tolerance spread, the &V value preset into
the AV]RANGE display may be adjusted to minimize the
effects of null bias.

2. Observe the &V/RANGE display to determine the

direction/sense of the first pulse count (0.1 fps) during each
RCS &V. If the first count is in the wrong direction (a

phenomenon which may occur in any &V operation, but which

is not significant in SPS thrusting), terminate the RCS thrusting
0.2 fps before attaining the planned terminal value in the

&V/RANGE display.

Null bias anomaly 0.1 fps initi:d counter jump.

4.6.4.2.6 Range-to-Go Indicator

The range-to-go indicator displays digital range-to-.go.

Initialization: Preset prior to 0.05 g.

Initial error (3 o-RSS) estimated. Accuracy _+3percent of integral of V D
for acceleration inputs up to 14g's and ranges between 1000 and
3500 NM.

Initial error: See Table 4.6-5.

Predicted error.s. See Table 4.6-6.

:f
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Amendment 58

1/21/71 -

4.6.4.2.7 Mode Selection Switch

The three-posltion mode selection toggle switch is manually operated and

labeled as shown in Figur e 4.6-11. Position and corresponding function are
listed in Table 4.6-7.

4.6.4.2.8 Function Switch

The 12-position function switch is manually operated and labeled as shown

in Figure 4.6-11. Position and corresponding function are listed in Table 4.6-8.

4.6.4.2.9 Slew Switch (AV/EMS SET)

The slew switch is a rocker type used to preset the _V thrust requirement,

the initial range-to-go, and the scroll velocity requirement. The rocker switch

has five positions: null, slow increase, fast increase, slow decrease, and fast

decrease. The increase slew capability of the EMS scroll is limited to one inch.

With the EMS function switch in 'Vo Set' both the initial velocity in the range

integrator and scroll velocity are changed simultaneously. The rates which may
be selected are as follows:

G-V Display Rate

Slew Switch 1827 ft/sec = 1 inch of scroll AV/RTG Rate

Speed (ft/sec/sec) (counts/sec)

Slow 30 2.5

Fast 480 1275.0

4.6.4.2.10 Annunciator Dirmaing Filter

This movable (flip-up/flip-down) 90-percent neutral-density optical filter
provides for optional dimming of the .05G and SPS THRUST annunciator.

4.6.5 DELTA-V COUNTER SETTING DETERMINATION

This section contains the performance data relative to an SCS-controlled

short SPS burn. Data are provided for both two- and four-jet ullage operations.

(Figures 4.6-18 and 4.6-19) and are independent of ullage duration.

Definitions - The following definitions apply to the data contained in this
section and in Figures 4.6-18 and 4.6-19.

i) AVC - Initial AV counter setting

2) AVF - AV counter reading used for ignition cue

3) AVu - AV ullage

4) AV s - AV occurring after AVF

5) AVT - Total AV desired (AV s + AVu)
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Assumptions - The data contained in Figures 4.6-18 and 4.6-19 assume that

ullage is continued beyond the ignition cue (AVF) until SPS ignition occurs.
The calculations assumed a 0.3-seco_d pilot-reaction time and 0.5-second

system delay to exist between ignition:cue (AVF) and SPS ignition. The AV

occurring during this period (0.8 see.) is included in the_term AV S along

with the AV derived from the SPS engine.

In using these data, it is further assumed that spacecraft weight, AVT, and

AV_ are known or can be calculated external to these data. This permits an
arbitrary selection of ullage time and configuration to be employed.

Data Explanation

Figures 4.6-18 and 4.6-19 are plots of AVS (AVT - AVU) and AVF for various
spacecraft weights ranging from 24,000 to 98,000 pounds. For other than

depicted values, interpolation may be employed. The single purpose of the

data contained in these figures is to provide the AV counter reading to be

used as the cue for SPS ignition (AVF). Having determined AVF, the initial

AV counter setting (AVc) is calculated by adding AVU to AV F (i.e., AVC =
AV F + AVu).

Procedurally, the data are employed as follows:

i) Given SC weight, AVT and AVU

2) Determine AVS (AV S = AVT - AVu )

3) Determine AVF (using AV S and SC weight in figures)

4) Calculate AVC (AV C = AVF + AVu)

4.6.6 MISCELLANEOUS

4.6.6.1 Command Module Aerodynamic Capture Envelope

The capture envelope is the locus of allowable angles of attach and side-

slip which result in aerodynamic stabilization of the command module, heat

shield forward, after the control mode is changed from attitude hold about the

three axes to rate damping in pitch and yaw and attitude hold in roll. The

control mode change occurs at an aerodynamic pressure (q) equivalent to the

0.05-g point. Points outside of the envelope at 0.05 g may result in the

stabilization of the command module apex forward. The definition of the aero-

dynamic capture envelope is of interest in the determination of allowable

attitude excursions from trim prior to entry into the sensible atmosphere.

Dynamic capture envelopes are presented in Figure 4.6-20. The smaller

envelope represents the maximum capture envelope allowable at 0.05 g when

no RCS control is considered. The only damping present in this case is the

stabilizing effect of the increasing dynamic pressure. The larger envelope

includes the stabilizing effect of a single system RCS and represents the

nominal design case.
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It is recommended that an evelope no greater than the smaller envelope
shown in Figure 4.6-20 be used for crew training. This will allow heat-shleld-

forward capture under any conditions. Failure of the operational RCS at 0.05 g
does not allow sufficient time to reactuate the redundant RCS in time to avoid

apex-forward capture under certain conditions of e and 8 represented by the
larger envelope shown in Figure 4.6-20.

4.6.6.2 G-Meter

The g-meter, a continuously active mechanical accelerometer, displays the
acceleration load-factor measured along the command module X structural axis.

The conversion equation is g = ax/32.174. The meter is calibrated in 1.0-g
increments from -1.0 to 15.0 g's. Its accuracy is as follows:

True Acceleration Allowable Deviation

Less than 4.0 g +0.2 g

Greater than 4.0 g 7_.5percent of true

SNA-8-D-027(1) REV 3
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Table 4.6-1. IMU Errors

(See Paragraph 4.6. 1. 1)

RMS Error AGC Compensation

After Error Range (and

Item (Symbol) Compensation ! Units Quantization)

Accelerometer Errors

Bias error (ACB) 0.067 cm/sec 2 +9.14
(0. 01)

Scale factor 116 ppm =+1953

error (SFE) (10)

Acceleration squared 10 b_g/g Z NA

error (NC)

Input axis misalign- Z0 arc-sec NA
ment (o_)

Gyro Errors

Bias drift (NBD) ±1.2 meru ±128

<f (o. o))

Input axis acceleration 8 meru/g + 862

sensitive drift (ADIA) (l.0)

Spin reference axis 5 meru/g +862
acceleration sensitive (l.0)

drift (ADSRA)

Input axis acceleration 0.6 meru/g 2 NA

squared sensitive

drift (AZDIA)

Spin reference axis 0.6 meru/g Z NA

acceleration squared

sensitive drift (A2DSRA)

IRIG scale factor (SF) 500 ppm NA

Input axis misalignment 300 arc-sec NA

about spin reference
axis (c_SRA)

Input axis rnisalignment 300 arc-sec NA

" about output axis (_OA)
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Table 4.6-2. SCS BMAG ]Drift Values

(See Paragral,h 4.6.2. I)

Type of Drift Axis Maximum Drift

Nnnacceleration sensitive drift X 1.73 deg/hr

Y i.7adeg/hr

Z i.73 deg/hr

Acceleration sensitive drift X *4. 0 deg/hr/g
g *4. 0 deg/hr/g
Z *4.0 deg/hr/g

Acceleration squared sensitive drift X _6.0 deg/hr/g 2

Y _'7.0 deg/hr/g 2
Z **% 0 deg/hr/g 2

*Maximum for each of spin reference, input, and output axes. The maximum drift for vector sum of spin
reference, input, and output axes for each of X, Y, and Z gyros is 4 deg/hr/g. The value of acceleration
sensitive drift is defined as the vector sum of maximum 3 _ drift due to input-axis mass unbalance and that

due to spin-axis mass unbalance. Separate values are not specified for the components.
"*Maximum for each of spin reference, input, and output axes for X, Y, and Z axes.

Table 4.6-3. GDC Drift

(See Paragraph 4.6.2.2)

1GDC Drift (3o_) 8Combined BMAG and

(Design Limit) 2GDC Drift - GDC Drift Rates (SC 2TV-1)
Lab System; Room

Yaw : 0 Yaw = 60 Ambient Conditions Fest 1 Test 2 Test 3 Test 4

Axis deg/hr deg/br (deg/hr) (deg/hr) (deg/hr) (deg/hr) (deg/hr)

R 9.45 10.0 0.4 5.43 5, 43 6. 03 G. 03

P 8.78 9.35 0.,5 1.08 1.08 1.68 1.68

g 8.45 8.85 2.0 2.76 2.4G 3.36 4.66

]This is MTEE (30-) drift allocated to the GDC in Honeywell's Technical Development Specification 1005.
Values for 0-, 0-, and 0-degree, and O , 0-, and 60 degree alignments are given to illusrrate effect of
yaw angles drift. Pitch androll have no effect.

2i_esuhs of a GIRE drift test performed at NR on an engineering model of t.he GDC. (Reference G&C Lab

Notebook EMS, Activity Book 1, page M208721, dated 19 Nov 1966.) The GDC was aligned initially to
0-, 0-, 0 degrees, and the drift was measured after 2 hours 36 minutes: with BMAG spin motors off to
eliminate BMAG drift.

3These drift values represent combined BMAG and G£?C drift rates that were recorded at NRon SC 2TV-1.

Tests 1 and 2 were recorded 20 minutes after the GDC was aligned to 0-, 0-, and 0-degrees, and tests 8
and 4 were recorded 5 minutes after the GDC was aligned to 0--, 0-, and 0-degrees, then extrapolated out
of drift/hour. Earth rate was subtracted from each axis. The tests were performed on one GDC only.
No such tests were run on any subsequent spacecraft.

i
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Table 4.6-4. EMS Velocity Error Budget

(See Paragraph 4.6.4. 2.4)

30- AV Error

Error Sources (fps)

CSM I01 AND CSM 104

Aerodynamic trim and alignment 302. 0

V o determination 15. 0

V o setting 50. 0

Earth gravity and rotation 56. 0

Hardware i00. 0

30- RSS _V 327. 5

Total Z_V error budget 300. 0

CSM 103, CSM 106, AND SUBSEQUENT VEHICLES*

Aerodynamic trim deviations

(0. Z5-< L/D- < 0.375, 161.6 °>- _ >_155.8 °) 160.4

Alignment 17. 8

V o determination 15. 0

V o setting 50. 0

Earth gravity and rotation 56. 0

Hardware

(measurement, integration, and display) i00. 0

3_ RSS AV 204.7

Total AV error budget 300. 0

*V o = 37, 000 fps

AV = 1 I, 500 fps
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']7able4. 6-5. Three-Sigma Time and Range Tolerances at 0.05 G

(See Paragraph 4.6.4. Z. 6)

/_t AR

Error Source (sec) (NM)

LOW EARTH ORBIT

Atmospheric Density deviations

(±3_, 30°N deviations about 196Z USSA) +5.8 _Z5

Aerodynamic trim uncertainties

(AL/D : ±0. 05) ±i. 0 -_4

Sensing tolerances

(Ag = ±0. 005) ±Z. 8 ±12

RSS ±6. 5 _=Z8

LUNAR

Atmospheric density deviations

(:_:3_,30°N deviations about 196Z USSA -_0.5 ±7
/-

Aerodynamic trim uncertainties

(aL/D = =_0.05) ±0.4 ±Z

Sensing tolerances

(_g = ±0. 005) ±i. 0 ±6

RSS ±I. Z ±7
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Table 4.6-6.Three-Sigma Ranging Accuracy

(See Paragraph 4.6.4.2. 6)

AR (NM)

IIepr e sent ative Rep re sentative
Error Source SPS Deorbit Lunar Return

Initial range, R o 4- g8 4- 7

Initial velocity 4- 4 4- 4

Aerodynamic trim 4- 15 4- 15

(Integral, f dt)

Hardware (0.30 percent AV) 4- 4 4- 4

RTG counter (null by crew) 4-15 4-15

RSS 4-35.6 4-g3.04

Table 4.6-7. Mode Toggle Switch

(See Paragraph 4. 6.4. 2. 7)

Function

(EMS Electronics On)
Applicable

Spacecraft Position Entry Delta-V

101, i03, AUTO

and 104 Inhibits integrator until Integrator on; compara-

0.05 g. tors and G-servo

106 and NORMAL inhibited.

subsequent

All STBY Inhibits comparators, Inhibits comparators,

integrators, and integrators, and
G-servo. G-servo.

101, 103, MAN Comparators, range
and 104

• integrator, and

Comparators deacti- G-servo inhibited.
rated. Range inte-

106 and BACKUP grator and G-servo on. AV/RANGE indicator

subsequent VHF RNG displays VHF range

data supplied from
external source.

r
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Table 4.6-8. Function Switch

(See Paragraph 4.6.4.2.8)

Position Function

OFF All power off except SPS thrust lamp circuitry

EMS TEST

1 Threshold comparator - lower trip point (0. 043 g)

2 Threshold comparator - upper trip point (0. 0572 g)

3 Roll annunciator lamp - lower trip point (0. 177 g for SC i03

and 104; 0. Z45 g for SC 106 and subsequent)

4 Velocity integration circuitry, G-servo circuitry,

G-V plotter, and range (to-go) (accelerometer torqued to

9 g for I0.053 sec)

5 Roll annunciator lamp - upper trip (0. 233 g for SC i03

and i04; 0. Z79 g for SC 106 and subsequent)

RNO SET Permits slewing range counter for operational entry mode.

V o SET Permits slewing G-V scroll prior to operational entry mode.

ENTRY Operational monitoring mode for entry

z_V TEST Operational mode for AV circuitry self-test

AV SET MODE switch in NORMAL or STBY--establishes circuitry for

VHF RNG slewing AV/RANGE display to desired values for operational

modes and AV self-test.

MODE switch in BACKUP/VHF RNG--provides digital display

for VHF rangitlg.

AV Operational mode for monitoring AV maneuvers

,f
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+Xs/C
SXT= SEXTANT i

SCT= SCANNING /
TELESCOPE

+Xs/c

SXT,,0NN,O ,T,I

0 DEG

/ _ i _ I 1_ I SHAFT

+Ys/c
SCT ROTATION LIMITS SHAFTANGLE: 0 DEG TO::1:360DEG +Zs/c

TRUNNION ANGLE: 0 DEG TO 4-360 DEG

NOTES:
I. SXT SHAFTAND TRUNNION MOTION IS LIMITED, AS GIVEN ABOVE, BY MECHANICAL STOPS.
2. WHEN THE SCT IS SLAVED TO THE SXT tN THE COMPUTERMODE THE SXT LIMITS APPLY TO

THE SCT.

3. FOR BOTH SXT AND SCT THE TRUNNION AXIS IS PERPENDICULARTO THE SHAFTAXIS.
4. THE SXT AND SCT SHAFTAXES ARE FIXED IN THE SPACECRAFTX-Z PLANE AT 33 DEG ABOVE

THE SPACECRAFTZ-AXIS (PERPENDICULARTO THI_NAVIGATION BASEAND SPACECRAFT
EXTERIOR)AND DEFINE THE LANDMARK LINE OF SIGHT (I-LOS),

5. IN THE "ZI_ROOPTICSMODE" BOTH THE SXT AND SCT TRUNNION AXES ARE PARALLELTO
THE SPACECRAFTY-AXIS, THE STARLINE OF SIGHT (SLOS) S COINCIDENT WITH THE LLOS,
AND BOTH THE SXT AND SCT SHAFTAXES AREAT ZERO DJ_GROTATION.

l_igure 4.6-I. Gommand Module Optics Rotation Limits

(See Paragraph 4.6_ 3)

4. 6-22 ---

SNA-8-D-0Z7(1), Rev 3



• 1
/

+x

SEXTANT(28-XMAG): 1.8 DEG FIELD OF
VIEW, 100 DEG CONE OF COVERAGE (FOR

VERAGE SEE FIGURE 4.6-3i

X ANDTELESCOPE
X SHAFTAXES(LANDMARKLINE

\ OFSIGHT)

s TELESCOPE(1-XMAG): 60 DEG FIELD OF
Do _. DEG CONE OF COVERAGE (FOR
bO \ DETAILED COVERAGE SEE FIGURE 4.6-31

\

\ _D_G
\

/\ \
_/') ' ./z \

I

co

I
0 NOTES:
Do 1. THE SEXTANT AND TELESCOPEFIELD OF VIEW ARE AVAILABLE ANYWHERE

WITHIN THE FIELDSOF COVERAGE, AS DEFINED IN FIGURE 4.6-3.

2. THE TELESCOPEIS NORMALLY SLAVED TO THE SEXTANT (COMPUTER OPTICS
MODE).

c_

< Figure 4.6-Z. General Gommand Module Optics Field of Coverage_0

(See Paragrap h 4.6. 3. i)



I NOTE: TAKEN FROMICDMHC01-01315-116

50°

CONE

100° CONE

I

(b) SEXTANT

J

71.5 ° CONE

87.3 ° CONE

_//_ LMINTERFERENCE_//_.WHENDOCKED
::!iliiiiiii_!!iAREA OF DIMINISHED

i!!_!i!iiiii!illBRIGHTNESS DUE TO J
VIGNETTING

(a) SCANNING TELESCOPE

Figure 4. 6-3. Command Module Optics Coverage

.(See Paragraphs 4. 6. 3.1 and 4.6. 3. 2)
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RESOLVED MODE WITH SHAFTAXIS VSPACECRAFT
ROTATION OF NOMINAL 19.5 DEGISEC,--II--181

4. LUNAR ORBIT BLIND ZONES ARE APPROX _i I l

I//5 THE SIZE OF EARTHORBITAL ---':"
5. MAXIMUM LOSS OF LANDMARK FOR i _/
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Figure 4.6-4. Scanning Telescope Optics Blind Zohe

_--- (See Paragraph 4_ 6. 3.2)
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Figure 4.6-5. Theoretical Accuracy of the Apollo Range Finder

Ass_lming CSM to LM (14-Foot Diameter} Sighting
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.Figure 4. 6-7. Pilot's Field of View (Sheet 4 of 4)

(See Paragraph 4.6. 3.4)

f

4. 6-31

SNA-8-D-0Z7(I), l_ev 3



+ • " - + I

. 80TH %-|LE MAN .......................................... i.__

EYE COOR.DINA'rF___,I Xce=_ 45".'7

........................ i Yc+ =i+-.2_.8 (LEFT)j _ : +_-24.5 (e_ycLor_)j -2_. _. (RIGHT,) ! :_l....

i E¢¢=i-33.8

• I ". • ' ," .

; ................... ' ........ ; ..... IO .....

.-+ AZIMUTH ANGLE, DEGREES ..... ,,, ....

-I00,. -90 - 8,0 -70 -60 -- 5"0 - 40

.......... _i_ (I) _.

....... 7_:t-- Z -_

..................................... _>'-"°"'"_ ................217_L_
..... :, , " "-LEFT E.YE 1./J

• ........... 30 __I-LI

; ......_:i;++!-t_++_?.'.........x+_:_:-"_-_-_i-+-+..........i._+,.....I_4 +u
: t . I I- " ; " I ---'+ ""

................................................. : ....... F_:__L__.:_. ' ........ +........ L40._L__ _

II .... ,_--+'--, ._. ......... . ...... +--_ ........ • ..... , =_.=-- ; _L , . 1 I I TTtr'_.+.i_

Figure 4.6-8. Field of View, Left-Hand Side Window

(See Paragraph 4, 6. 3,4)

4. 6-'3Z

SNA-B-D-0Z7(I), l%ev 3



_ .: .IOTH _:-ILE MAN ........... -!..............'_........
AM B NOCU LAIR.

"_ FOLOABLEcouch....... .........
SIMULATED ATL P(_A

--_- .

b,,l

W

, : ]

o"._t -'<_ ... ': " ............................ :........ : ...... , :. ,i---_..... .............. -_

.J

<o ............../.......... :::-_........\ ...............
CO _. ,_. __.,tQ_!OCULAR _ ........... : ......................... \ t'.AONL_C.ULAR

nr RIGHT EYE LEFT EYE
w ..........

"> .... BINOCULARiI

oo ..... (.OVER LAP) ;

_J
I

0
t'O

•"M .......................
_4 .....

N

,_o .... HORI.ZC)NTAL VIEWING. ANGLE_r-.DE_6

Figure 4. 6-9. Hatch Window Field of View (Sheet 1 of 4)

'See _a_ra_ra'_h 4. 6, 3. 41



4
.
6
-
3
4

S
N
A
-
8
-
D
=
0
2
7
(
1
)
,

R
e
v

3







) _ )

i I L i "
] I

I ! 1 !

! _ i I I i

[ i : J
I i ! / I ; t _ I

r , i ', t
100 i i j

c, F /" i ! i \_ L I I
z 80 i /i ' t - _ _-- \i t---t----f-_ ..... %k���¥�!

!/ i i i ! '_..-L-- PREFERRED I

/ i , ! i ,_r// I , ATTITUDE *

o-, __ 6o t i - _, ' [ I --

! i i ' Ill I [ ! I !
,0 ,: i _ !, ........__,, ,_q-Fr _ I ,r F i

_ i i ' , _ I/t I I ' , '\ , , I ! ! I] I I I I 1

2o \..' ! i 1 i .Y' i ' [_! j>-,"_ t ] I I
#, .... a_____, d !oo i , i i | , ! ,' I i i L i i t i i ] ]

0 60 80 I00 120 140 160 180 200 220 240 260
0
t'J

-4 PHI (¢) ~DEGREES

Figure 4.6-10. CSM Optics, Rendezvous :Flashing Light, VHF Antenna and

Rendezvous Radar Transponder Common Coverage Zone<

co (See Paragraph 4.6. 3.4)



FRONT PANEL

Figure 4. 6-ii. EMS ]Display Panel

(See Paragraphs 4. 6.4, 4.6.4. Z.7, and 4.6.4. Z.8)
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Figure 4.6-19. Small Impulse SPS/SCS Burn (4-jet ullage)

(See paragraph 4.b.5) SNA-8-9--027(I) _ 3
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4.7 COMMUNICATIONS SUBSYSTEM

4.7.1 ANTENNA PATTERNS

Communication is sensitive to vehicle attitude, since the vehicle can shadow or interfere with

the antenna line-of-sight to the MSFN during certain attitude orientations. Additionally, when

communications are by means of an omnidirectional antenna, the CSM-MSFN line-of-sight may be
ill a region of poor antenna gain.

Antenna patterns showing the gain regions of the S-band antennas are presented in

Figures 4.7-1 through 4.7-24. The data are presented in the theta-phi coordinate system as defined

in Figure 4.7-25. The patterns in this document are extracted from MSC Internal Notes 67-EE-4, -5,

and -15, covering the CSM/LM, the CSM/LM (ascent stage), and the CSM full-scale configurations,
respectively, for the S-band omnidirectional antennas.

The VHF omnidirectional antenna equipment consists of two scimitars mounted 180 degrees
apart on the service module at + = 129.5 degrees for Antenna A (right) and _ = 309.5 degrees for

Antenna B (left). Pattern coverage for 0 and -3 db radiation levels are shown in Figures 4.7-26
through 4.7-33. Data were derived from radiation distribution plots of 1/3-scale CSM model tests

performed by the Columbus Division of NR and documented in Report NA 66H-343. The antennas

are nearly omnidirectional in coverage and require manual switching.
rf

The high-gain antenna has a fixed coverage region with respect to CSM body that is dictated by
the gimbal limits of the antenna. The gimbal limits and scala warning limits in the antenna boom

coordinate system (yaw-pitch) are given in Figure 4.7-34. The coverage and shadow regions in the
theta-phi coordinate system are shown in Figure 4.7-35. The high-gain antenna can track into the

skin reflectivity region; however, acquisition may not be possible in that region. Antenna coverage

will be affected by a docked lunar module. The effect of lunar module obstruction on high-gain

antenna coverage is shown in Figures4.7-36 through 4.7-38. The referenced figures depict the
nominal 60-degree roll index of the lunar module and the shift in obstructions if the lunar module is
misaligned +10 degrees when docked.

During thermal cycling, high-gain antenna communications may be interrupted. The
approximate interruption duration is a function of the vehicle roll rate and the angle between the
vehicle +X axis and the vehicle-MSFN line-of-sight.

During each vehicle rotation, communications will be interrupted when the high-gain antenna

shadow zone points toward the earth. No crew operations will be required to re-establish
communications with earth by means of the high-gain antenna if the high-gain antenna is in the

automatic reacquisition mode and the manual-position controls are properly set. (Refer to AOH,
paragraph 4.7.6.2.)

4.7-1
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4.7.2 CSM RENDEZVOUS RADAR TRANSPONDER*

The rendezvous radar (RR) transponder is located on the CSM skirt approximately midway
between the +Y and +Z axes ( qb= 140.4 degrees). The antenna coverage pattern is defined in terms

of relative power in Figure 4,7-39 and in terms of range in Table 4.7-1. Figures 4.7-40 through

4.7-44 show coverage in polar plots for different values of 4_and 0 angles. (See Figure 4.7-25 for _,
8 definition). These antenna coverage patterns are based on full-scale antenna measurements; For
information concerning the methods used for range determination see TRW documents
05952-H354-R0-00 (11 December 67) and 11176-H044-R0-00 (30 September 68) Range Coverage
for the CSM Rendezvous Radar Transponder.

4.7.3 CIRCUIT MARGINS

Tables 4.7-2 through 4.7-4 are summaries of performance data in terms of nominal circuit

margins for the unified S-band communication modes. The VHF and S-band systems may be
operated separately or simultaneously. The communications modes listed in the tables reflect the

commonly accepted combinations of uplinks and downlinks and do not reflect all possible
combinations.

Table 4.7-5 contains tradeoff factors for use in translating the circuit margins in Tables 4.'?-2
through 4.7-4 to reflect different slant ranges, transmitter power, and antenna gains.

4.7.4 RECE1VER OVERLOAD CHARACTERISTICS

MSFN transmitter power must be reduced to avoid CSM receiver overload. The magnitude of

the power reduction is a function of the vehicle-to-MSFN slant range and the MSFN antenna size.
This relationship is expressed in Figure 4.7--45.

4.7.5 TAPE RECORDER

The tape recorder record and dump times are shown in the following table. Record times are
based on tape length divided by record speed for each bit rate. Approximate dump times are based

upon playback rate, rewind time, command coordiuation, and power amplifier warmup
(approximately equal to 1.5 minutes). Times for rewind, playback, and rewind for next recording
are included.

*NASA Data Source

4.7-2
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Record Time

Item Maximum (hr) Dump Times*

Low bit rate (LBR) 4 Approx (3/32) R + 2.5 min

High bit rate (HBR) 1 Approx (5/4) R + 2.5 min

LM data with CSM HBR 1 Approx (3/8) R + 2.5 rain

LM data with CSM LBR 4 Approx (3/32) R + 2.5 min

*R = record time in minutes

The tape recorder configuration for SC 112 is as follows:

1. 1.6 kbs CSM LBR with 51.2 kbs dump or 51.2 CSM HBR with 51.2 kbs playback.

2.: 1.6 kbs LM LBR with 12.8 kbs playback or 51.2 kbs dump.

3. 64 kbs SIM PCM with 64 kbs playback.

4. CM/LM voice with 1: 1 or 32:1 playback.

5. 4 kbs gamma-ray spectrometer on an analog channel with 1: 1 PB.

4.7.6 VHF RANGING SYSTEM BIAS ERROR

The VHF ranging system ranging error is calculated from individual and combined system
tests. The computed error is bias error and does not contain random error. Specific bias errors for
each vehicle will be found in the appropriate appendixes.

4.7-3
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(NASA Data Source}

Table 4.7-1. Relationship Between Data Plot Values Employed in

Figure 4.7-39, Antenna Gain, and Range Coverage in

Nautical Miles (NASA Data Source}

(See Paragraph 4.7.2)

DataPlot Antenna Data Plot Antenna

Value Gain (db) Range Value Gain (db) Range

0 6 800

1 5 710 20 -14 79

2 4 634 21 -15 71

3 3 565 22 -16 63.5

4 2 503 23 -'17 56.5

5 l 449 24 -18 50.4

6 0 400 25 -19 45.0

7 -l 356 26 -20 40.0

8 -2 318 27 -21 35.6

9 -3 283 28 -22 31.8

l0 -4 252 29 -23 28.3

Il -5 225 30 -24 25.2

12 -6 200 31 -25 22.5

13 -7 178 32 -26 20.0

14 -8 159 33 -27 117.8

15 -9 142 34 -28 ]15.9

16 -I0 126 35 -29 14.2

17 -11 112 36 -30 12.6

18 -12 lO0 37 -31 II1.2

19 -13 89

4.7-4
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Table 4. 7-2. Summary Chart, P_F Margins, S-Band Uplink

Communications (2106. 406Z5 MegaHertz) (NASA Data Source)

(See Paragraph 4.7.3)

Nominal* RF Margins (decibels)

Omnidirectional High-Gain

Mode Channel Antenna Antenna

1 Carrier 14.7 39.0

PRN ranging ** **

Z Carrier 17.4 41.7

Voice 13.4 37.7

3 Carrier 17.4 41.7

Updata 13.4 37.7

4 Carrier 23.4 47.7

PRN ranging ** **

Voice ii. 5 35.8

5 Carrier 23.4 47.7

PRN ranging ** **

.... Updata ii. 5 35.8

6 Carrier 22.0 46.3

PRN ranging ** **

Voice 7.8 32. I

Updata 7.8 32.1

7 Carrier 21.8 46.1

Voice 8.8 33.1

Updata 8.8 33.1

8 Carrier 23.4 47.7

Backup voice 13.5 37.8

PRN ranging ** **

*Worst-case margins are generally 1 to Z dB lower.

**PRN ranging signals are accepted by the spacecraft, frequency-
translated for the downlink and retransmitted to the ground station

conducting the interrogation. Thus, margins are only calculated
for PRN ranging on the downlink. (See Table 4. 7-3. )

Note: Uplink ground rules for calculated RF margins:
Range = ZIS,O00 nautical miles

Frequency = 2106. 40625 megahertz per second
MSFN antenna = 85-foot dish

MSFN transmitter power = i0 kilowatts
CSM S-band high-gain antenna gain is 24.8decibels on
axis

CSM S-band omnidirectional antennas nominal gain is
.... 0 decibels with 80-percent coverage factor (for optimum

switching among the four omnidirectional antennas)

4.7-5
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Table 4.7-3. Summary Chart, RF Margins, S-Band Downlink

Communications, PM Combinations, 85-Foot Ground

Station (2287. 5 MegaHertz) (NASA Data Source)

(See Paragraph 4.7. 3)

CSM Nominal*

Channel Transmitter CSM R_F Margin

Mode** Downlink Level Antenna (decibels)

1 Carrier High power High gain 47.1

Voice*':-'* (narrow beam) 18.3

51. 2 kbps TM 16.9

2(A) Carrier High power High gain 46.2

PRN ranging (narrow beam) 39.0

Voice*<:* 17.4

51.2 kbps TM 16.0

Z(B) Carrier High power High gain 46.6

PRN ranzin Z (narrow beam) 26.8

Voice<_*:: _ 17.8

51.2 kbps TM 16.4

2(C) Carrier High power High gain 46.7

I°RN ranging (narrow beam) 27.0
Voice <:<:<_ 17.9

5[. Z kbps TM 16.5

3(A) Carrier High power High gain 44.9

PRN ranging (narrow beam) 37.6

Voice <:<_<_ 21.6

I 6 kbps TM 27.1

3(B) Carrier High power High gain 45.3

PRN ranging (narrow beam) 25.5
Voic e <=::::_ 22.2

I.6 kbps TM 27.5

3(C) Carrier High power High gain 45.4

PRN ranging (narro_ beam) 25.6
V oice <_'__:_ 22.2

1.6 kbps TM 27.6

4 Carrier High power High gain 45.7

Voice <-::_<_ (narrow bean_) 22.9

i. 6 kbps TM 28.2

i0 Carrier High power On]nidirectional 23.3

Backup voice i0.7

4.7-6
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Table 4.7-3. Summary Chart, RF Margins, S-Band Downlink

Communications, PM Combinations, 85-Foot Ground Station

(2287.5 MegaHertz) (NASA Data Source) (Cont)

(See Paragraph 4.7.3)

CSM Nominal-','=

Channel Transmitter CSM RF Margin

Mode Downlink Level Antenna (decibels)

8 Carrier High power Omnidirectional 20.5

Backup voice 2.8

1.6 kbps TLM 9.4

5 Carrier High power Omnidirectional 18. i

1.6 kbps TM ii. 1

7(A) Carrier High power Omnidirectional 24.3

PRN ranging 14.8

7(B) Carrier High power Omnidirectional 24.5

PlaN ranging 2.8

7(C) Carrier High power Omnidirectional 24.5

PRN ranging 2.8

9(A) Carrier High power High gain 42.6

PRN ranging (narrow beam) 33.3

1.6 kbps TLM 35.6

9(B) Carrier High power High gain 43.1

PRN ranging (narrow beam) 21.4

I.6 kbps TLM 36.1

9(C) Carrier High power High gain 43.1

PRN ranging (narrow beam) 21.4

1.6 kbps TLM 36.1

6 Carrier Bypass Omnidirectional i0.4

Key 10.8

If(C) Carrier High power High gain 46.4

PRN ranging (narrow beam) 24.7
V oice_:_._:_-._:_ 23.5

4.7-7
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Table 4.7-3. Summary Chart, RF Margins, S-Band Downlink
Communications, PM Combinations, 85-Foot Ground Station

(2Z87.5 MegaHertz) (NASA Data Source) (Cont)
(See Paragraph 4.7.3)

CSM Nominal*

Channel Transmitter CSM RF Margin

Mode Downlink Level Antenna (decibels)

1Z Carrier High power High gain 46.7
Voice *e* (narrow beam) 23.8

13 Carrier High power High gain 47.3

51.2 kbps TM (narrow beam) 18.7

15(C) Carrier High power High gain 47.0
PRN ranging (narrow beam) 25.3

51. Z kbps TM 18.0

14 Carrier High power Omnidirectional 24.4

Backup voice 7.3 --

16 Carrier High power Omnidirectional 21.1

Backup voice 8.5
51.Z kbps TM -9.3

*Worst-case margins are generally 1 to 2 db lower than nominal.
**Mode 2(A) denotes downlink Mode 2 with Mode 1 on the uplink (i.e.,

turnaround of PRN ranging only); Mode Z(B) denotes
downlink Mode 2 with Mode 4 or 5 on the uplink (turnaround of

PRN ranging and one subcarrier); Mode 2(C) denotes downlink
Mode Z with Mode 6 on the uplink (turnaround of PRN and both up

subcarriers); and similarly for Modes 3, 7, etc.
*-*-'-_Foran EVA near the CM, EVCS data, as well as voice, will

frequency modulate the 1.25 MHz CSM voice subcarrier. Therefore,

either voice-only, or voice plus EVCS data, may be transmitted.

The 1.25 MHz subcarrier predetection noise bandwidth for voice

plus EVCS data is 42 kHz instead of 24 kHz, as is the case for

voice-only. The RF margins given here are for voice plus EVCS
data; voice-only will be 2.4 dB better. Also see notes at the
bottom of Table 4.7-4.

4.7-8

SNA-8-D-027(I), Rev 3



Amendment 90

3/8/72

Table 4.7-4. Summary Chart, RF Margins, S-Band Downlink Communications, FM

Combinations (2272.5 MegaHertz) (NASA Data Source)
(See Paragraph 4.7.3)

CSM Nominal*

Model Channel Transmitter Antenna RF Margin_

Level (decibels)

i i:i playback of: High power High gain

Voice (narrow beam) 13.1
51.2 kbps TM i0.i

2 32:1 playback of: High power High gain

Voice (narrow beam) 9.3

1.6 kbps TM i0. i

3 32:1 playback of: High power High gain

LM 1.6 kbps TM (narrow beam) 7.2

4 Television (B&W) or High power High gain 6.5

television (color) (narrow beam) -2.0

SDS Real-time SDS: High power High gain

i 4-kbps data, 225-kHz sc (narrow beam) 4.1

Analog data, 400-kHz sc 4.1

64-kbps data, 768-kHz sc 4.6

f

i:I playback of: High power High gain

Voice (narrow beam) 4.6

51.2 kbps TM 4.6

Recorded SDS: High power High gain

4-kbps data, 165-kHz sc (narrow beam) 4.6

Analog data, 300-kNz sc 4.1

64-kbps data, 576-kHz sc 4.6

SDS Real-time SDS: High power High gain

2 4-kbps data, 225-kHz sc (narrow beam) 4.1

Analog data_ 400-kHz sc 4.1

64-kbps data, 768-kHz sc 4.6

*Worst-case margins are generally 1 to 2 dB lower.

Notes: Downlink ground rules for calculated RF margins in Tables 4.7-3
and 4.7-4:

Range = 215,000 nautical miles

MSFN = 85-foot dish (53 dB gain)

Frequency: PM combinations = 2287.5 megahertz

FM combinations = 2272.5 megahertz
CSM S-band high-gain antenna gain: 26.7 dB on axis

CSM S-band omnidirectional antenna gain: 0 dB over 80 percent

of the sphere (with optimum, manual switching among the four
omnidirectional antennas)

_- CSM transmit power (at PA output): High = 13.2 and 13.5 watts for

PM and FM modes, respectively: Bypass = 0.194 watts

CSM circuit losses: High-gain antenna = 5.1 dB, omnidirectional
antenna = 3.9 dB

10-4 BER and 70% WI

4.7-9 SNA-8-D-027(1) REV 3
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Table 4. 7-5. Circuit Margin Tradeoff Factors (NASA Data Source)
(See Paragraph 4.7.3)

S-BAND RANGE CONVERSION FACTORS

For modes without PRN ranginu, the change in circuit margin at ranges other than

2151000NM is equal to 20 log 215'000where R is range in NM.
R

For modes with PRN raneing, the margin of the uplink may be determined from the
equations in MH01-13021-414, S-Band Circuit Margin ICD, Block IL l

MSFN ANTENNA GAIN TRADEOFF FACTORS =:_

In changing operation h'onl an 85-foot parabolic antenna to a 30-foot parabolic

antenna, subtract 9 db (applies to both transmit and receive functions at ZI0() and

2300 MIIz, respectivcly, h,r the nominal case gain values).

CSM ANTENNA GAIN TRADEOFF FACTORS'::

From

Transmit Omnidirectional Receive Omnidirectional
To (decibels) (decibels)

High gain ---
(wide beam) 9.6 7.3

High gain
In,,:dium beam) 21. 7 24.8

High gain
{narrow beam) 26.7 24.8

CSX1 FRANSMII'IEI{ ,t'O\VE'IZS /OUT OF PA PACKAGE) TRADEOFF FACTORS a

PM (PA 2287.5 MegaHertz)

Fron3

12a MW 2.8 Watts It.2 Watts
i

To i {f/y- pass) (Low power) (High power)

125 MW 0 -13.5 dB -19.5 dB
2.8 W +13.5 dB 0 -6.0 dB
ii.2 W +19.5 dB +6.0 0i

*These factors apply strictly to the particular parameter indicated (i.e._

they cannot be used directly to obtain circuit margin differences since
other factors, such as circuit losses and system noice temperatures,
must also be considered). (NASA DATA SOURCE)

IThere have been several changes since the release of MH01-13021-414, and

SID 64-1613B (the CSM/MSFN P&I specifications) should be consulted

before using the parameter values and circuit margins given in
MH01-13021-414. (NASA DATA SOURCE)

4. 7-I0
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I

4.8 STRUCTURES

4.8.1 SPACE FLIGHT PHASE

4.8.1.1 Dockin_

The CSM/LM docking maneuver is shown in Figure 4.8-1. The docking

orientation is shown in Figure 4.8-2. If the docking probe does not extend

the full 9.8 inches, the capability of the docking mechanism to attenuate

the axial load to the spacecraft is reduced. In order to avoid structural

damage, the closing velocity must be limited as shown in Figure 4.8-3. (Note:
All other contact criteria should be minimal, i.e., near zero.)

4.8.1.2 CSM/I_M Relative Separation Velocity

4.8.1.2.1 LM Jettison

When the lunar module is jettisoned from the CSM, an initial separation

velocity will be caused by the residual docking tunnel gas pressure. The two
vehicles are also acted upon by the forces generated during pyrotechnic cutting

of the docking tunnel thus increasing the relative separation velocity. The

initial separation acceleration is a function of the vehicle masses. A nomo-

graph of the separation velocity due to the residual tunnel gas pressure is

presented in Figure 4.8-4 as a function of tunnel pressure and vehicle masses.
To calculate the total separation velocity it is necessary to add the tunnel

pressure contribution of the velocity (V_) read from Figure 4.8-4 to the

pyrotechnic contribution (40(_)).

Thus: VT = V + 40(_)

Note: W I = weight of CSM in pounds

W 2 = weight of LM in pounds

W2 IVI_ = VT (W I _'wWI21 VCsM= VT(W--_--W7221

Example: For Apollo i0

= .00516

Tunnel Pressure = 5.0 psi

Vc_ = 6.77

40(_) = •21

V T = V_ + 40(_)

VT = 6.98

r
/

4.8-1 SNA-8-D-027(1) REV 3
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4.8.1.2.2 Two-Stage Undocking

Two-stage undocking is a procedure to permit prelunar descent separation

with only a small change in inertial velocity of the lunar module. The dock-

ing probe is extended without the capture latches being released so that both

vehicles separate until the docking probe bottoms in tension. At a designated

time, the capture latches are released and the CSM thrusts to pull the docking

probe out of the LM drogue and effect final separation. The final separation

inertial velocity change imparted to the lunar module by this procedure is

0.0086 fps for vehicles having Apollo Block II spacecraft weight.

4.8.1.3 LM Ejection Sprin$ Actuator Performance

Following transposition and docking, the lunar module is ejected from the

S-IVB with spring thrusters attached to the SLA. Table 4.8-1 presents trans-

lation times to a distance of 15 feet and predicted times to recontact with

the S-IVB for various assumed S-IVB ,venting forces for both earth orbital and

translunar ejections. Table 4.8-2 presents similar data but also includes the
effect of service module RCS -X translation due to a three-second burn initi-

ated at either five or eight seconds after ejection.

4.8.2 PROBABILITY OF SUCCESS OF APOLLO WATER LANDINGS*

This paragraph presents statistical data on the probability of success of

an Apollo water landing. The analysis was performed for the Block II Apollo

command module primary structural design, which has a recovery weight

(parachute-spacecraft system) of 11,700 pounds and a center of gravity which

results in a hang angle of 27.5 degrees while on the main parachutes. The
results of this analysis are applicable to Apollo i0 and subsequent missions

provided the primary structural design remains unchanged and the weight and

hang angle do not vary more than +500 pounds and +0.3 degree, respectively.

The effect of various fixed surface winds (representative of various fully

developed sea states) on probability of success of Apollo water landings is

shown in Figure 4.8-5, which presents the probability of success for a one-

percent two-parachute probability.

The probability of occurrence of spacecraft body X-axis deceleration

magnitudes was calculated for impact conditions resulting from variations in

surface wind and percent two-parachute probability. The variation of body

X-axis deceleration with surface wind velocity for various probabilities of

occurrence is given in Figure 4.8-6.

4.8.3 SIM DOOR EJECTION VELOCITY

The predicted nominal value for SIM door ejection velocity is 13.7 ft/sec

in a direction perpendicular to the CSM X-axis and in the plane that bisects

the SIM (es = 307 degrees 45 minutes); see Figure 4.8-7. The expected variations
on the nominal values are ±2.7 ft/sec and ,4.0 degrees. These predicted data are

based on a full-scale spacecraft type of door being separated from the SIM while

the SM is positioned vertically in the presence of earth gravitational force and

atmospheric pressure. The test data have been corrected to space conditions.

*NASA Data Source 4.8-2 SNA-8-D-027(1) REV 3
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Table 4. 8-1. Minimum LM Ejection Spring Actuator Performance

Without RCS (No SM RCS -X Translation}

(See Paragraph 4.8. I. 3)

Time to

Time to Translate P_e6ontact,

Propulsive 15 Feet, No Evasive

Vent Force-'.'-" No R_CS Burn Maneuver

Configuration (Ib) (see) {sec)

LM ejection 0. 0 27. 4 m

In earth 8. 0 36. 3 600

Parking iZ. 5 42. 6 362
Orbit 25.0 61. 3 160

LM ejection 0. 0 16. 6 cc

After ejection 8. 0 17. 0 237

Translunar 12. 5 17. 5 149

Insertion 25. 0 23. 8 62

*S-IVB venting

Table 4.8-2. Minimum LM Ejection Spring Actctator Performance

With RGS (Three-Second SM RGS Burn, 400-Pound -X Translation)

(See Paragraph 4.8. 1. 3)

Time to Translate 15 Ft (sec)

Time to

RCS Burn of RCS Burn of iKecontacG

Propulsive 5. 0 8. 0 No Evasive
Vent Force _'_ to tc Maneuver

Configuration (ib) 8.0 Sec ii. 0 Sec (see)

LM ejection 0. 0 16. 3 17. 6 a0
In earth 8.0 16. 8 18.6 1280

Parking 12. 5 17.2 19.0 810
Orbit 25. 0 17. 8 20.2 400

LM ejection 0. 0 13. 5 14. 4 co
After ejection 8.0 14.0 15.0 375
Translunar 12. 5 14.4 15. 5 Z35

Injection 25. 0 15. 6 16. c_ 115

_:S-IVB venting

4.8-3
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LM ADAPTER
DEPLOYED

-Z S-IVB

XA = 1110.25

,XE =312. 5 CSM

TRANSLAT,ON CSM/_MSEPARAT,O_ SEPA_TE
FROM S-IVB

-Z A

::::::::s::::: LM _<._ I_. \
TARGET_ _.._+Z E

- Y +YA

iJ
SECTOR IV (SM)

CSM-LM DOCKED

CM OUTLINE
LM OUTLINE ......

VIEW LOOKING FORWARD THROUGH CM APEX

DOCKING INTERFACE

_iF 111o._XA=312.2×E
XA = 1422.75 - XE

TRANSPOSE USING 180° ROLL 60°, CLOSE AND ALIGN
POSITIVE PITCH

Figure 4. 8-i. LM/CSM Docking Maneuver

(See Paragraph 4. 8. I. i)

4. 8-4 SNA-8-D-0ZT(1), Rev 3



LM
-y
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(CSM) (CSM)-y
-Z

U_

(CSM) (CSM)
-y

QUAD A

Go _ LM
I +Y

Un CSM_(CSM) +y

u_ CREWMAN

// ALIGNMENT SIGHT

/ _
r.n +Y CLUSTER4Z
> LM _.I
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Figure 4. 8-2. LM/CSM Docked Orientation

(See Paragraph 4. 8. i. i)



12.0

10.0 MAXIMUM PROBEEXTENSION __

r 7
I

u

z I J
/o I

_'Z 6.0 _jj,

o / I_: 4.0

IMAXlMUMCLOSINGVELOCITY (SPECIFICA_
T ON)

2.0 / 1
11

0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

AXIAL (X) VELOCITY (FT/SEC)*

*NOTE: LATERAL VELOCITY, PITCH RATE, AND MISS DISTANCE SHOULD
BE MINIMAL, I.E., NEAR ZERO.

Figure 4.8-3. Closing Velocity Permissible With Restricted
Probe Extension

(See Paragraph 4.8.1.1)
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c_O/SLUG)
- .OlO

- .009

V_ (FT/SEC)
- .008-16

"14

TUNNELPRESSURE -12 .007

'sD "1o
6 - : 9 .006

:8

-7 .O05
5- -6

15.o
-4.,5

4 -4.0 .004

•3,5
3.5- 3.0

,2.5
3" 003

.2.0

.0025
2.5" I .5

2' I.0
.9

" .8

.7

.6 .0015

.5

.4

.35

i.1.0 .25 .001

NOTE: _I = Weight of CSMin LBS,
W2 : Weightof LM in LBS.

: 32.2 tWl+ W2_

V_ = Tunnel gaspressure contributionto the totalseparationvelocity

= Total separationvelocityVT
= + 40 (=)"" VT V

Figure4.8-4. Nomographof LM JettisonRelativeVelocity
(SeeParagraph4.8.1.2.1)
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(NASA Data Source) .--.

Figure 4.8- 5. Probability of Success of Apollo Water Landings
With One-Percent Two-Parachute Probability Versus a

Variety of Fixed Surface Winds

(See Paragraph 4.8.2)
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4.9 LAUNCH ESCAPE SUBSYSTEM AND EARTH LANDING SUBSYSTEM

CONTENTS

Paragraph No. Description

4.9.1 ABORT AND DESCENT FIXED EVENTS SEQUENCES

4.9.1.1 Launch Abort Events Sequence

4.9.1.2 SPS Abort Events Sequence

4.9.1.3 Earth Landing Events Sequence

4.9.2 LAUNCH ESCAPE PROPULSION PERFORMANCE

4.9.2.1 Tower Jettison Motor

4.9.2.2 Launch Escape Motor
4.9.2.3 Pitch Control Motor

/
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Amendment 40

_-- 6/17/70

4.9 LAUNCH ESCAPE SUBSYSTEM
AND

EARTH LANDING SUBSYSTEM

4.9.1 ABORT AND DESCENT FIXED EVENTS SEQUENCES

A simplified block diagram of fixed events is presented in Figu;e 4.9-1 to identify those phases
of the mission where abort and earth landing functions commence.

4.9.1.1 Launch Abort Events Sequence

Event sequences are presented in Figure 4.9-2. Tolerances on the events are presented in
Tables 4.9-1 and 4.9-2.

4.9.1.2 SPS Abort Events Sequence

Event sequences are presented in Figure 4.9-3.

--- 4.9.1.3 Earth Landing Events Sequence

Event sequences are presented in Figure 4.9-4. Tolerances for the events are presented in
Table 4.9-3. Normal parachute descent events and aerodynamics are given in Table 4.9-4.

4.9.2 LAUNCH ESCAPE PROPULSION PERFORMANCE

The launch escape subsystem (LES) contains three solid propellant rocket motors. The tower

jettison motor (TJM) is used to jettison the LES during a successful launch or abort. The launch

escape motor (LESM) and pitch control motor (PCM) are used to propel the command module

safely during an ahorted launch. Table 4.9-5 presents a summary of the performance and physical
characteristics of these three motors.

4.9.2.1 Tower Jettison Motor

Data for the TJM nominal thrust and propellant consumption at an grain operatingtemperature of 70 F are presented in Figures 4.9-5 and 4.9-6.

The operating characteristics of the TJM nozzles are such that variations in ambient pressure,
which affect the thrust level of each nozzle, produce a negligible change in the axial thrust and
thrust vector alignment of each nozzle.

f

4.9-1
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4.9.2.2 Launch Escape Motor

The launch escape motor and the pitch control motor are ignited simultaneously during low
altitude abort.

Nominal time histories of launch escape motor performance are presented :in Figures 4.9-7
through 4.9-9.

Tables and graphs of LESM performance for each spacecraft are given in paragraph 4.9.2.2 of
the spacecraft appendixes.

4.9.2.3 Pitch Control Motor

Nominal time histories of pitch control motor performance are presented in Figures 4.9-10
through 4.9-12.

The PCM is automatically cut out 61 seconds after liftoff for Saturn IB launch and after
42 seconds for Saturn V launch.

Since the PCM has such a low nozzle expansion ratio, the effects of ambient pressure variations

are negligible. _Tables and graphs of PCM performance for each spacecraft are givea in
paragraph 4.9.2.3 of the spacecraft appendixes.

4.9-2
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.... Amendment 84

12128/71

(
Table 4.9- 1. LES Abort Sequence Timing and Tolerances,

Elapsed Time

(See Paragraph 4.9.1.1)

Elapsed Time (seconds)

Event Minimum Nominal Maximum
m

EDS initiateabort -0,037 --0.040 --0.044 I

LES abort initiate signal T = O (reference) 0.000 0.000 0.000

Initiate booster engine cutoff _) 0. 003 0. 006 0. 009
Start event timer

Initiate LES abort 0. 006 0. 012 0. 018

Start 11 sec TD for canard deploy

Initiate CM-SM deadface 0. 009 0. 018 0. 027

Start 0: t sec TD for CM-SM separate

Start ].0 sec TD for RCS enable _)

Initiate CM RCS pressure 0. 012 0. 024 0. 036
Start 5 sec TD for fuel dump (_)

Initiate oxide dump (_)

Initiate RCS CM- SM transfe r 0. 047 0. 084 0. 121
Connect battery bus to main bus

InitiateCM-SM separate 0. I00 0. 121 0. 140

Start [.7 sec TD for pyro cutout

InitiateLES motor fire O. 103 O. 127 O. 149

Initiatepitch control motor fire _) O. 106 O. 133 O. 158

InitiateRCS enable _) O. 994 I.023 I.050

Initiate pyro cutout 1. 785 1. 862 1. 933

Initiate fuel dump _) 4.945 5.029 5. 119
Start 13 sec TD for RCS purge (_)

Initiate canard deploy 10. 896 11. 010 11. li4
Start 3 sec TD for ELS

Notes: _) Booster engine cutoff (BECO) is inhibited from l!ift0ff to 40 seconds after
llftoff on manned S-IB launches, and from liftoff to 30 seconds after liftoff

on Saturn V launches.

+2.0 seconds.:
(_) If abort initiated >-61_0.6

® ifobortinitiated-61+20:0seconds.

r

i 4.9-3
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Amendment 88

2/16/72

Table 4.9-2. LES Abort Sequence Timing a.nd Tolerances,

Elapsed Time and Altitude (See Paragt'aph 4.9. 1. 1)
Elapsed Time and/or Altitude

If Abort AltitudeLess Than 30,000 Feet (_ ifAbort Altitude Greater Than 30,000 Feet

Ma×im_

Event Minimum Nominal Maximum Minimum Nominal I_

initiate ELS activate 13.g00 sac 13.983 see [4.173 sac 24. 900 ft 23,300 ft 21,700 ft
Start 0.4 sec TD for apex cover jettison +0.003 sec I +0.006 see +g.009 sec

Start lg sec TD for pilot chute deploy and

drogue release

Initiate 25,000-ft lockup 13. go3 see 13.989 sec 14. fg2 sac Z4. 900 ft 23,300 _t 21,700 ft
Start Z. 0 see TD for drogue igniter +0. 006 sec +0. 012 see 0.0[g sec

lnltiate fire escape tower bolts and jettison
escape tower

initiate RCS disable

Initiate LM docking ring final separation 13. 806 sac 13. 995 see 14. 191 see 24, 900 ft 23,300 ft 2[, 700 ft
+0,009 see +0.0If see 40.027 sec

_itiate apex cover jettison 14. 189 see 14. 386 sac 14. 591 sac g4,900 ft 23,300 ft 2 I, 700 ft
+0. 393 sec +0,409 se¢ _0. 427 see

initiatedrogue deploy 15,870 sac 16. 119 sac 16. 376 see 24,900 ft 23,300 ft 2 I,700 ft
+Z.073 see +X,14Z see 42.212 see

Drogue chute line stretch Approx 0.8 sac after Approx 0. 8 sac after
drogue deploy drogue deploy

initiateRCSpurge _) 17.728 sac ig.007 see ;g. zg8 sac 17.728 sec 18.007 sac Ig.22g sac

Drogue chute disreef Approx I0 sac after Approx 10 see after
line stretch line stretch

Drogue chute full open Approx O, 2 sec after Approx 0 2 sac after
dlsreef dis reef

14 sac TD Complete g8.065 sac 2g. g34 see 29.056 sec 2d,9g0 ft 23,30{]ft _ l,?00 ft
+14. g68 sac Fld.S57 sac .14.892 set

[nitlatepilotchute deploy-drogue chute 28. 068 sac 28. 540 sac 29. 065 see

release _

11,000 ftbaroswltchelose ll,500ft _) iO, 500ft 9,450ft _ ll,500ft _ 10,5O0ft 9,450ft @

Initiate pilot chute deploy-drogue chute 11,500 ft 10, 500 ft 9,450 ft II, 500 ft 10, 500 ft 9,450 ft

release @ +0.003 sec +0.006 see +0.009 sac +0,003 see +0.006 sac _0.009 see

Pilot initiates pilot chute deploy-drogue @

chute release (_

Main chute line stretch Approx 2. O see after Approx 2.0 sac after
deploy deploy

Main chute disreef (first stage) Approx 6.0 sac after Approx 6.0 see after
line stretch line suretch

Main chute disreef (second stage} Approx 10.0 sac Approx iO. O see
after line stretch after line stretch

Main chute full open Approx 3 see after Approx 3 sac after
main disreef main dlsreef
(second stage) (second stage)

Pilot initiates RCS propellant dump/burn After main chute After main chute

® and!®! deploy deploy

PilotinitiatesRCS purge ® andl@i After RCS After RCS

dump/burn dttmp/burn

complete (_ complete {_
Pilot initiates main chute release

(_ If abort is initiated >-13. 989 seconds before reaching 37, Z50 feet. (The 24, 000-it baroswitch opens at 37,250 ± 3250 feet, b_t theNotes:
V

+@ 193
baroswltch is bypassed if abort is initiated zlg. 989_01186 seconds before reaching this altitude. )

_) ifabort is initiated< 13.9g0 seconds before reaching 37, Z50 feet. (The 24,000-ft baroswSteh opens at 37,250 ± 3250 feet, h _tthe
+0 93

bar0switch is bypassed ifabort is inltlated_ lg.989_01186 seconds before reaching this altitude.)
m

(_) ]VIaxin_ relates tomaxirnunl delay.

+2.O
(_) If abort initiated < seconds.61-0.6

+Z 0
(_) Ifabort initiated -_ secondseJ61_01 6

_) I(only one drogue deploys, the _axln_tm and r_inirnurnaltitudesare I0,600 feet and 9,10g feet, respectlve[y.

(_ l_abor t is required at_ i00,000 feetbu t < 270 ,000 feet, the pilotinitiates+5 degrees per second CM RCS pitch rate followirg
LEg motor burnout and theR disables the CM RCS pitch chapel.

Ifabort does not exceed 15, g00 ± 1900 feet.apogee

ifabort exceeds 15,900 ± 190g feet,

ifaltitudeis less than approximately g800 feet at drogue deploy, pilotmanually initlgtesmain chute deploy l_ledlately. Actual
Inlnlx_aum_ altitude to be setwith alidade marker on la_ch day.

i ® If expected land impact.• _ Completion is determined audibly by pilot. (Nominal RCS dump/burn requires approximately
70 seconds; with either CM RCS subsyste_ failedp the time required is approximately

140 seconds.)

4.9-4
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Table 4.9-3. ELS Sequence Timing and Tolerances

(See Paragraph 4.9. 1.3)

Elapsed Tinle and/or Altitude

Event Minimum Nominal Maximum (_

25,000-feet drogue baroswitch (high altitude) ]24,900 ft 23,300 ft 21,700 ft
closes Time = 0.0 sec) (Time =: 0.0 sec) Time = 0.0 sec)

Initiate ELS (t = 0 seconds) 3.003 sec 0,006 sec 0.009 sec

Start 0.4 sec TD for apex cover jettison
Start 14 sec TD for pilot chute deploy and

drogue release (does not cause any function
on normal entry)

Initiate 25,000-feet lockup 9.006 sec 0.012 sec 0.018 sec
Start 2.0 sec TD for drogue mortar ignite
Initiate RCS disable

Initiate LM docking ring final separation 3. 009 sec 0. 018 sec 0. 027 sec

Initiate apex cover jettison (t 1 = 0.4 seconds) 0.392 sec 0.409 sec 0.427 see

Initiate drogue deploy (t 1 = 2.0 seconds) 2. 073 sec Z. 142 sec 2. Z12 sec

Drogue chute line stretch (t 1 = 2. g seconds) Approx0.8 sec after
drogue deploy

Drogue chute disreef (t I = 12.8 seconds) Approx 10 sec after
line stretch

Drogue chute full open (t 1 = 13 seconds) Approx 0. g sec after
dlsreef

- 14 sec TD for pilot chute deploy and drogue 14. 268 sec 14. 557 sec 14. 892 sec

release complete

ll,000-feet baroswitch closes (_) i1,500 ft 10,500 ft ,!9,450 ft

(Time reference) (T = 0.0 sec) (T = 0.0 sec) i (T = 0.0 sec)

Initiate pilot chute deploy and drogue release 0. 003 sec 0. 006 sec 0. 009 sec
(t 2 = 0 seconds) (_)

Main chute line stretch (t2 = 2 seconds) "" Approx 2 sec after

pilot deploy

Main chute disreef (t 2 = 8.0 seconds) (first Approx 6.0 sec after

stage) line stretch

Main chute disreef {t2 = 12 seconds) (second 10 aec after line

stage) stretch

Main chute full open (t 2 = 15 seconds) Approx 3 sec after
main disreef

(second stage)

Pilot initiates RCS propellant durnp/burn(_ After main chute
deploy

Pilot initiatesRCS purge _) After RCS m

dump/burn_i Icomplete _

Pilot initiate main chute release After i:napact

Notes: _) Maximum relates to maxirnurn delay.

6) If only one drogue deploys, the maximum and minimum altitude are I0,600 feet and

9, 100 feet, respectively,

_) Two conditions must be met prior to drogue release/main pilot deployment; (1) The low-

altitude (ILK) baroswitch must be closed, and (2) 14 seconds, or more, must have elapsed
from ELS initiation,

(_) If expected land impact.

!_) Completion is determined audibly by pilot. (Nominal RCS dump/burn requires approximately

i70 seconds; with either CM RCS subsystem failed the time required is approximately I,I--_ 1140 seconds.)

4.9-5 SNA-8-D-027 (I) ," REV 3



Table 4. 9-4. Command Module Normal Parachute

Descent Events and Aerodynamics

(See Paragraph 4.9.1.4)

Altitude Time CDS

(ft) {sec) (ft2/chute) Event

23, 300 0.0 0 Drogue baroswitch closes.
0.4 0 Apex cover jettison.
Z.0 0 Drogue mortar fires.

Z. 8 0 Drogue chute line stretch.

3.0 65 Drogue chute reefed open.

12.8 65 Drogue chute disreef.

13.0 114 Drogue chute full open.

10,500 0.0 0 Main chute baroswitch closes.
Disconnect drogue chutes.

Fire pilot chute mortars.

2.0 0 Main chute line stretch.

2. 0 265 Reefed inflation (first stage).

8.0 300 First stage disreef.

8.8 1080 Reefed inflation (second stage).

IZ. 0 1080 Second stage disreef.

15.0 4200 Main chute full open.

Note s :

1. Altitudes and times indicated are nominal values.

2. Drag of command module is not included. Two drogues andthree

main parachutes are normally deployed. Interface effects during

deployment are negligible. CDS values may be interpolated line-

arly between successive data points for trajectory usage; how-
ever, these steady-state assumptions are not valid for load
determinations.

3. Drogue parachute reference diameter, D o = 16.5 ft, Z5-degree
conical ribbon. Main parachute reference diameter,

D O - 83.5 ft; fifth ring is 75-percent removed.

_k
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Table 4.9-5. Summary of Nominal LES Motor Performance and Physical Characteristics
(See Paragraph 4.9. Z)

performance Fara_.neters Tower Jettison Motor Launch Escape Motor Pitch Control Motor

Thrust profile See Figure 4. 9-5 See Figure 4. 9-7 See Figure 4.9-10

Chamber pressure profile Not required See Figure 4, 9-8 See Figure 4.9-11

Propellant consumption See Figure 4.9-6 See Figure 4. 9-9 See Figure 4. 9-12

Total propellant weight (Ib) 206.0 3, 146" 8.99*

Inert weight consunued (lb) 3.0 8.0 0. 1

Nozzle exit area (in. Z ) Not required 793.4 [ Area for the 4 Z.06

Nozzle throat area (in. Z ) Not required 85.4 ) motor nozzles l. Z3

Ambient temperature (°F) Z0 70 140 70 IZ0 Z0 70 140

Ignition delay (sec) 0.049 0.041 0.034 0.043 0,038 0.01g 0.01Z 0.01Z

Total impulse (ib/sec)

' I. Ambient pressure =0 psia 36,450 36,570 36,9Z0 614,360;',_* 6Z7,000 1,773 1,799"* 1,790

g. Ambient pressure =14.7 psta 36,450 36,570 36,9Z0 555,11]¢_: _ 567,000 I_737 1,76Z _:_I_ 1,754

Specific impulse (sec)

i. Ar_blent pressure = 0 psia ]78 178 180 196 197 g00 g01 ZOZ

Z. Ambient pressure = 14. 7 psia 178 178 180 176 178 196 ]97 198

_> Total burning time (see) 8.9 8.5 1.31 I.Z8 1.20I

00

U
u Notes: Data are predicted nol]ninal values based on data fronl Z0 tests of l'notors from different batches, under various test conditions.

O

*Reflects actual values for motor.

_._ *_:_Pr edicted values.
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Figure 4.9-1. Mission Events Sequence, Launch to Recoveryoa

(See Paragraph 4. 9. 1)





Amendment 84
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J INITIATE CSM/LV 3.849 SEC NOTES: (1) TIMES INDICATED ARE NOMINAL.
....\ SI_I_ S PARATION (2) FOI_ MODE U SPSABORT, OMIT EVENTS

lh DESIGNATED WITH (2) UNLESS AN SPS
• .... INITIATE RCS/SCS BURN IS REQUIRED FOR RATE DAMPING.

TART 0.8 SEC -'_ ENABLE

J J TD FOR RCS/SCS (BURN DURATION APPROXIMATELY 2 SECONDS)
I I ENABLE (3) FOR MODE IV ABORT, THE SPS BURN WILL

I BE FOR EOI. THEREFOREt EOI CHECKS WILL
0.006 SEC J TIMED EVENT-RELAY RELAY ACTUATION BE PERFORMEDIN LIEU OF THE EVENTSI

ACTUATION AND AND PILOT BACKUP FOLLOWING THE SPSBURN,
START3.0 SECTD PILOT BACKUP
FOR CSM/LV

TIME = 0.0 SEC SEPARATION
(REFERENCE) !STARTEVENT

J 0.012 SEC _,_3.9 SEC ._ 24 SEC
MODE 111SPS(2) (3) TIMER......
ABORT INITIATED BOOSTERENGINE l TERMINATE DIRECT

(REF FIG. 4.9-I) CUTOFF INITIATED _ INITIATE DIRECT ULLAGE TERMINATE +X 110 SEC 125 SEC 126 SEC
ULLAGE TRANSLATION

RELAY ACTIVATION I INITIATE 20 SEC

PILOT CONTROL i _1 _BI TRCS PITCH DURATION +Xi TRANSLATION ORIENT AND INITIATE DIRECT INITIATE SPS TERMINATE (2)

AND YAW iNITIATE SM/RCS PREPAREFOR SPS _ ULLAGE (2) _ THRUST (2) _ DIRECT ULLAGE

STABILIZATION YAW AND PITCH BURN (2)

/STABILIZATION

j RELAy ACTUATION PILOT CONTROL " PILOT CONTROL PILOT coNTROL PILOT CONTROL
AND PILOT BACKUP PILOT CONTROL

4

VARIABLE (TI) " TI +0.012 SEC

---'111 JETTISON LM --._ INITIATE CM/RCS
DOCKING RING PRESSURE LEGEND

m
ELAPSEDTIME

RELAy ACTUATION I AFTER0.0 SEC(I)PILOT CONTROL AND PILOT BACKUP

ICM/SM SEPARATION J EVENT(S)

SEQUENCE J
DESIRED_V VARIABLE (TI) INITIATION (TI) TI +O.O72SEC SOURCE OF

+0,006 SEC I INITIATING

iNITIATE CM/SM T_ RCSCM/SM J COMMAND

TERMINATE SPS -- _ SEPARATION CM/SM DEADFACE --.--_ TRANSFERCONTROL
THRUST(2) (3) SEQUENCE TO CM

START0.1 SECTD BELAy-SWITCH
i FOR CM/SM -- ACTUATION AND

PILOT CONTROL PILOT CONTROL mSEPARATION PILOT BACKUP

J RELAYACTUATION
I ,

TI +0. I09 SEC TI +1.850 SEC

CM/SM SEPARATION INITIATE CM/SM
SEQUENCE _ SEPARATE INITIATE PYRO
INITIATION CUTOUT

(TI) +0.006 SEC START 1.7 SECTD ---J,lFOR PYRO CUTOUT
TIMBD EVENT-

SM JETTISON HMED EVENT-RELAY RELAY T1+2.049 SEC T1 +4.092 SEC TI +25.012 SEC
CONTROLLER START ACTUATION ACTUATION

INITIATE TERMINATE TERMINATE

INITIATE -X BURN l " +ROLL BURN _ +ROLL BURN r -_ .x SM RCSBURN4 SM RCS JETS 4 SM RCS JETS

RELAY ACTUATION VARIABLE J TIMED EVENT- TIMED EVENT- / TIMED EVENT-

ORIENT AND ENTRY J RELAY ACTUATION RELAy ACTUATION RELAY ACTUATION
PREPAREFOR

IENTRY (REF FIG, 4.9-I)

PILOT CONTROL

Figure 4.9-3. SPS _Abort Events Sequence

(See Paragraph 4.9. I.2)
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Figure 4.9-6. Time History of Tower Jettison Motor
Propellant Expended

(See Paragraph 4.9.2. l)

4.9-16
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4.10 CREW AND CREW SYSTEMS

CONTENTS

Paragraph No. Description

4.1 0. I CREW ACCELERATION TOLERANCES

4.10.1.1 Acceleration

4.10.1.2 Impact and Vibration
4.10.1.2.1 Impact
4.10.1.2.2 Vibration

4.10.2 ENVIRONMFNT REQUIREMENTS AND TOLFRANCES

4.10.2.1 Vision (Deleted) I
4.10.2.2 Acoustic Noise (Deleted) I
4.1 0.2.3 Temperature and ltumidity

4.10.2.3.1 Temperature
/_ 4.10.2.3.2 Humidity

4.10.2.4 Metabolic Rate

4.10.2.4.1 Metabolic Oxygen Requirements

4.10.2.4.2 Carbon Dioxide Production

4.10.2,5 Radiation

4.10.3 CREW TASK TIMES

4.10.3. I Pressure Garment Assembly i)onning

4.10.3.2 EV Crew and Ingress

4.10.3.3 Prime and Backup Life Support Systems

4.10.3.4 CMP PGA Oxygen Pressure with Severed Umbilical

4.10.4 FOOD AND POTABLE WATER

4.10.4.1 Nominal Food Diet

4.10.4.2 Contingency Food Diet

4.10.4.3 Normal Operation Water Requirements

4.1 0.4.4 Emergency Operation Water Requirements
":f - 4.10.4.5 Water ('lorimltion Requirements

4.10.5 MISCELLANEOUS

4.10.5.1 Stowage

4.10.5.2 Waste Quantity
4.10.5.2.1 Feces
4.10.5.2.2 Water

/_'" 4.10,5.3 Crew Work/Rest Cycle
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4.10 CREW AND CREW SYSTEMS

4.10.1 CREW ACCELERATION TOLERANCES

4.10.1.1 Acceleration

The performance and emergency limits for sustained acceleration are given in Figures 4.10-1

through 4.10-3. Injury to the crew can be expected if the emergency limits are exceeded.

4.10.1.2 Impact and Vibration

4.10.1.2.1 hnpact

The normal and emergency impact limits for the crew are given in Figures 4.10-4 and 4.10-5.

Component and resultant acceleration limits are given in terms of g farce and related onset rate (g's

per second). The nominal limits should be used for mission planning purposes and should not be
exceeded. Injury to personnel can be expected if the emergency limits are exceeded.

4.10.1.2.2 Vibration

Data concerning crew vibration tolerance which are directly applicable to the Apollo mission

are available in the Bioastronautics Data Book, NASA SP-3006.

4.10.2 ENVIRONMENT REQUIREMENTS AND TOLERANCES

4.10.2.1 Vision

Deleted. I

4.10.2.2 Acoustic Noise

Deleted.
4.10.2.3 Temperature and Hunfidity

4.10.2.3.1 Temperature

The command module cabin temperature design value is 75 + 5 F, except during entry when
100 F maxinaum is permissible. The nomiual comfort envelope for the command module cabin is

shown in Figure 4.10-6. During emergency conditions, body heat storage should not exceed +300

Btu. The analytical method used to arrive at heat storage from environmental conditions is

/_" described in BRO DB-57-67, Revision 1, Thermal Comfort and Tolerance Design Criteria (3 October
1968).

4.10-1
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4.10.2.3.2 Humidity

The command module cabin humidity design values are a minimum water vapor

pressure of 8 mm Hg and a maximum vapor pressure of 18 mm Hg with a maximum
relative humidity of 95 percent.

4.10.2.4 Metabolic Rate

4.10.2.4.1 Metabolic Oxygen Requirements

The metabolic oxygen requirements for crewmen of different body sizes

involved in various activities are given in Table 4.10-1.

4.10.2.4.2 Carbon Dioxide Production

Carbon dioxide production rates for crewmen of different body sizes

involved in various activities are given in Table 4.10-2. These rates are

proportional to the oxygen intake rates in Table 4.10-1 and are based on a

respiration quotient (RQ) of 0.85.

4.10.2.5 Radiation

I CSM/LM J-Mission radiation sources may be found in Volume VI, CSM

Experiments Data Book for J-llissions, of this document in Table 2.7-1.

4.10.3 CREW ENVIRONMENTAL SYSTEMS

4.10.3.1 Pressure Garment Assembly (PGA) Donning

Tests have shown that a crewman can don a PGA in 9 minutes and 17 seconds

in zero gravity with approximately one minute of assisted donning time. The

technical specification requires that three crew members must be cap_le of

donning their PGA's in 15 minutes or less without assistance. Flight planning

presently allows 20 minutes per crewman for PGA donning (60 minutes total time
for three crewmen).

4.10.3.2 EVA Crew and Insress

The command module cabin pressure must be vented to the surrounding atmos-

phere and must not exceed 0.l-psi AP at the initiation of side hatch opening.

A manually operated vent valve located in the side hatch is capable of venting
the command module cabin from 4.0 to 0.i psi in 60 seconds. The valve may be

operated from inside or outside of the command module by a suited crewman
(refer to paragraph 4.2.1.6 and Figure 4.2-9).

4.10.3.3 Prime and Backup Life Support Systems

The 25-ft. EVA umbilical used in conjunction with the pressure control

valve is the prime oxygen supply life support system for the EVA tasks. The

OPS with purge valve assembly will serve as a life support system backup to
the umbilical.

4.10-2 SNA-8-D-027(1), Rev 3
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The oxygen umbilical is designed for i00 psig normal operating pressure

(refer to Figure 4.10-7). The suit end of the oxygen hose interfaces with
the suit control unit (SCU) that attaches directly to the suit oxygen inlet

port. The control unit consists of a shutoff valve, a filter, a fixed
orifice, a suit low-pressure warning sensor which activates at 3.25 • 0.15

psig, and an umbilical low flow sensor which activates at 60 • _'8 psig.

Suit pressure is regulated by the pressure control valve incorporated in the

suit outlet port which permits a continuous oxygen flow of ii ±i ib/hr within

a pressure range of 3.7 to 4.0 psia.

4.10.3.4 CMP PGA Oxygen Pressure with Severed Umbilical

Figure 4.10-8 shows the SCU orifice reverse oxygen flow rate versus the

PGA oxygen pressure with a severed umbilical within a vacuum environment.

Figure 4.10-9 shows the PGA oxygen pressure decay versus time in seconds
following a severed umbilical within a vacuum environment.

4.10.4 FOOD AND POTABLE WATER

Crew members should eat together when possible. One hour should be

iI-_ allocated per meal. Scheduling of additional activities should be kept to a

minimum during meal periods.

4.10.4.1 Nominal Food Diet

The nominal Apollo diet will provide each crewman with three meals per

day, for a total of approximately 2500 Kcal per man per day.

4.10.4.2 Contingency Food Diet

The contingency diet, used when the cabin is depressurized, will provide

each crewman with approximately 600 Kcal per man per day by consumption of

beverages provided in the nominal Apollo food sets. Consumption requires use

of the food probe and the beverage package retainer pouch (contingency feeding

assembly).

4.10.4.3 Normal Operation Water Requirements

Tests indicate that 4.13 pounds of potable water per man per day are

required for drinking and food reconstitution. However, a supply of 6.6 pounds

per man per day is the established design value. For operations on the lunar

surface, a design value of 0.84 pounds per man per hour has been established.

The supply of potable water to meet these requirements is described in paragraph

4.2.7.1.1. In addition, 15 pounds of potable water and desalter supplies are

provided in the survival kit for use during postlanding operations, as required.

!i _ -

4.10-3

SNA-8-D-027(1), Rev 3



Amendment 99

8/2/72

4.10.4.4 Emersency Operation Water Requirements

With the command module depressurized and the crewmen in pressurized

PGA's, a supply of 12.4 pounds of potable water per-man per-day is the
established design value.

4.10.4.5 Water Chlorination Requirements

Chlorine and a buffer chemical should be individually injected into

the potable water supply every 24 hours to maintain potability. Ampoules
of each chemical are stored in the command module.

Ten minutes after chlorination, one ampoule of water should be with-

drawn through the chlorine injection port. A minimum of 30 minutes should
elapse between chlorination and the time that water is taken from the

potable water tank for food reconstitution or drinking.

4.10.5 MISCELLANEOUS

4.10.5.1 Stowage

I Stowage data may be found in Volume III, _ss Properties, of this

document under Mission, Command Module Stowage Volume Centroid and Trans-

ferable Equipment.

4.10.5.2 Waste Quantity

Estimates of the quantity of solid and liquid waste presented herein
are applicable for a crewman with a surface area of 2.00 m2 (approximately
seventy-fifth percentile) with food and water intake as given in paragraph
4.10.4.

4.10.5.2.1 Feces

Fecal production is estimated at 86 ,2.5 grams per-man per-day, or 0.19
pounds per-man per-day.

4.10.5.2.2 Water

The estimated amount of waste water produced by each crewman is given
in Table 4.10-3.

4.10.5.3 Crew Work/Rest Cycle

The crew should nominally follow a 16-hour work (includes 3 hours of
eating time), 8-hour rest cycle.

4.10-4
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Table 4.10-I. Metabolic Oxygen Requirements_

(See Paragraphs 4 10.2.4.1 and 4.10.2.4.2)

Body Size Crewman Activity (pounds O2/hour )

;:';'," Normal Pressurized

On Duty Exercise EVA 250 Kcal/ EVA 375 Kcal/
Percentile m 2 Sleeping Off Duty On Duty 30 Minute Max 15 MinMax 30 Minute Max 5 Minute Max

i0 1.708 0.043 0.054 0.070 0.107 0.215 0.269 0.403

Z0 1.770 0.045 0.056 0.073 0.111 0.223 0.279 0.418

30 1..816 0.046 0.057 0.074 0.114 0.ZZ9 0.286 0.429

40 1.856 0.047 0.058 0.076 0.116 0.234 0.292 0.438

50 1.894 0.048 0.060 0.078 0.119 0.Z38 0.298 0.447

60 1.932 0.049 0. 061 0. 079 0. 122 0.243 0.304 0.456

70 I..974 0. 050 0. 062 0.081 0. 124 0.Z48 0.311 0.466

80 Z.026 0.051 0.064 0.083 0. 127 0.255 0.319 0.478

90 2. 099 0.053 0.066 O. 086 O. 132 0.264 0.330 0.495

o 95 2.165 0.055 0.068 0.089 0. 136 0.273 0.341 0.511I
_n

;:-'EnergyCosts

In Sleeping _ ,i__i i___ _: _.._ , corn-
.t_._-_.L/ 111-- U1 wOuy _UI_I_C_/IIOLIr-_u _..... ,I ':_':'_Bodvsurface area in m Z

> Off duty 50 Kcal/m Z of body surface/hour puted from data in WADC

0o On duty (normal) 65 Kcal/m 2 of body surface/hour TR52-3Zl.

On duty (pressurized) I00 Kcal/m2 of body surface/hour

, Exercise 200 Kcal/m2 of body surface/hour°
-J_ EVA (upper limit) 250 to 375 Kcal/m z of body surface/hour _



Table 4. 10-2. Carbon Dioxide Production-_

(See Paragraph 4.10.2.4.2)

Body Size Crewman Activity (pounds COz/hour)

Normal Pressurized Exercise EVA 250 Kcal/ EVA 375 Kcal/
On Duty

Percentile m R Sleeping Off Duty On Duty 30 Minute Max 15 Min Max 30 Minute Max 5 Minute Max

I0 1.708 0.050 0.063 0.082 0.125 0.251 0.314 0.472

20 1.770 0.053 0.065 0.085 0.130 0. Z61 0.326 0.489

30 I..816 0.054 0.067 0.087 0.133 0.268 0.334 0.501

40 1.856 0.055 0.068 0.089 0.136 0.274 0.342 0.512

50 1.894 0.056 0.070 0.091 0.139 0.278 0.349 0.523

60 1.932 0.057 0.071 0.09Z 0.143 0.284 0.356 0.534

70 1.974 0. 058 0.073 0.095 0. 145 0.290 0.363 0.545

80 Z.0Z6 0. 060 0.075 0.097 0. 149 0.298 0.373 0.559
90 Z.099 0. 062 0.077 0. i01 0. 154 0.309 0.386 0.579

o 95 Z. 165 0.064 0.080 0. 104 0. 159 0.319 0.398 0.598

;,'='Determinedby proportionality to metabolic oxygen consumption

(Table 4. 10-1) based upon the ratio of 0.0755 lb 02/0. 0883 lb COz
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Table 4. 10-3. Waste Water Production

(See Paragraph 4. 10.5.2.2)

Production per Crewman per Day

Ern e rgenc y_'_'-;:'-

Routine Elight _':" Decompression Lunar Surface***

Item grams pounds grams pounds grams pounds

Urine 1200 Z.64 1200 Z. 64 50 0. ii

(iZ66) (Z. 79)

o Latent heat loss 1800 3.9"7 4440 9. 78 330 0.73

!_ (929) (Z. 05)

_:-'iIZOO lltu/day Note: Data in parentheses based on tests_ ,
_> -';-'-':_'ig,000 Btu/day (refer to paragraph 4. i0.4.3)
l

oo -':_:',-"_:_ 930 Btu/hour
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Figure 4. 10-1. Sustained Acceleration - Eyeballs Out
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Figure 4. 10-2. Sustained Acceleration - Eyeballs In
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Figure 4. 10-3. Sustained Acdeleration - Eyeballs Down

(See Paragraph 4. I0. i. 1 - All Three Figures)
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Figure 4.10-7. Suit Control Unit Flowrate vs. Umbilical Inlet Pressure
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Figure 4.10-8. Suit Control Unit Orifice Reverse Flowrate for
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5.0 AERODYNAMICS

5.1 COMMAND MODULE

The command module axes and aerodynamic coefficient notation system are presented in
Figure 5-1. The axial and normal force coefficients (CA and CN), lift and drag coefficients and

lift-to-drag ratio (CL, CD, and L/D), and pitching moment coefficients (CMA) are presented in
Table 5-1 as functions of Mach tmmber and angle-of-attack (c_). At small angles of sideslip, the side

force and yawing moment coefficients (Cy and Cn) can be determined from the data given in

Table 5-1 by assuming the body to be axially symmetric and nsing symmetric body equations.
Hypersonic wdues in this table are based on AS-202, -501, and -502 flight data, which have been

corrected for center-of-gravity and configurational differences. A linear variation between M = 10.0

and M = 29.5 is to be used, with the data for M-'_"29.5 remaining constant. Pitch damping

derivatives (CMq + CMc_) are presented in Table 5-2 as functions of angle-of-attack and Mach
number. These damping derivatives can also be applied to the yaw plane. Rolling moment is

considered negligible, because there are no aerodynamically significant protuberances.

- Figure 5-2 presents trim lift-to-drag ratio (L/Dtrim) as a function of center-of-gravity location,

using the M >-29.5 data in Table 5-1. Figure 5-3 presents the lift-to-drag ratio as a function of CD,
CL, and e_.

The command module aerodynamic data are pertinent for the following flight regimes:

Data Usage

Tables 5-1 and 5-2 Reentry and postabort
Table 5-4 Earth orbit

Figure 5-2 Reentry and post-SPS abort (however,
ablation effects are not shown).

5.2 DISPERSIONS ON COMMAND MODULE REENTRY PARAMETERS

5.2.1 EARTH ORBIT MISSIONS

The L/Dtrim uncertainty is :1:0.030, as shown in Table 5-3. (Reference MSC
Memos ET253/6806-49 and ET253/6806-39.)

f_
S

5-1
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5.2.2 LUNAR RETURN MISSIONS

The L/Dtrim uncertainty is +0.030, as shown in Table 5-3. (Reference MSC

Memos ET253/6806-49 and ET253/6806-39.)

The command module will be weighed and ballasted before launch, and the center of gravity

will be measured. During entry, the center-of-gravity location varies because of RCS propellant

consumption and heat shield ablator burn-off (causing variation in the command module trim

attitude). Changes in the command module shape due to ablation are not considered in these data.

5.3 COMMAND MODULE AERODYNAMIC CHARACTERISTICS

AT EXTREME ALTITUDES*

Spacecraft aerodynamic data for extreme altitudes are presented in Table 5-4. These data were

derived from tile first-collision theory, assuming completely diffuse reflection. In the region of free
molecular flow (altitudes above 450,000 feet), the force and moment coefficients in this section

should be used. The command module high Mach number data (M>29.5) in Subsection 5.1 is valid

for altitudes below 375,000 feet. A linear wlriation with altitude should be used between the free

molecular flow and M>29.5 data for altitudes between 375,000 and 450,000 feet.

5.4 SERVICE MODULE AERODYNAMIC CHARACTERISTICS

AT EXTREME ALTITUDE

5.4.1 SERVICE MODULE AERODYNAMIC COEFFICIENTS

Aerodynamic coefficients have been calculated for the service module by the use of the

Newtonian and free-molecular-flow theory. They are presented in Table 5-5. The aerodynamic
forces on the reaction control nozzles were assunled to be negligible.

It is not known, at present, in what manner or at what altitude the transition fl'om continuum

to free molecular flow takes place: but it is believed to occur between 375,000 and 450,000 feet.

Thus, free-molecular-flow data should be used to extreme altitudes (above 450,000 feet), and

continuuln data should be used below 375,000 feet. In the transition region of 375,000 to
450,000 feet altitude, a linear variation with altitude between continuum and tree molecular flow

should he used.

5.4.2 SERVICE MODULE PLUS COMMAND MODULE

Aerodynamic coefficients have been calculated for the service module and the eommand

module by tile use of the Newtonian and free-molecular-flow theory. They are presented in

Table 5-6. The aerodynamic fi)rces on the reaction control nozzles were assumed to be negligible.

*NASA Data Source -

5-2
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It is not known, at present, in what manner or at what altitude the transition from continuum

to free molecular flow takes place; but it is believed to occur between 375,000 and 450,000 feet.

Thus, free-molecular-flow data should be used for extreme altitudes (above 450,000 feet), and
continuum data should be used below 375,000 feet. In the transition region of 375,000 to

450,000 feet altitude, a linear variation with altitude between continuum and free molecular flow
should be used.

5.4.3 CSM-LM DOCKED AERODYNAMIC COEFFICIENTS

Drag coefficients for the LM (Spacecraft Operational Data Book, Volume II, Section 5.0) and
the CSM were used to calculate drag coefficients at extreme altitude (->450,000 feet) for the

CSM-LM in the docked configuration. Locations of the center of pressure for various attitudes were
also calculated.

The free-molecular-flow drag coefficients for the CSM plus total LM (less landing legs and

pads) and the CSM plus LM ascent stage are given in Table 5-7 for various vehicle attitudes. Angles
of attack and sideslip are defined in the standard LM axis system as shown in the Spacecraft

Operational Data Book, Volume II. The centers of pressure, given in Table 5-8, were determined by
calculating the. centroids of the projected areas for the CSM plus Lie[ configurations and attitudes,
and are defined as station numbers in the standard LM axis system.

/f

5.5 ALTIMETER ALll)ADE MARKER

The setting of the altimeter alidade marker may be obtained from Figure 5-4 as follows:

Obtain the predicted pressure at a geometric altitude of 2500 feet (in psf) from the Space Flight

Meteorology Group. Enter the abcissa of Figure 5-4 with this value and read the altimeter alidade
marker setting on the ordinate of Figure 5-4.

5.6 PARACHUTES

5.6.1 PARACHUTE DRAG COEFFICIENTS

Aerodynamic drag coefficients for the parachute subsystem of the command module are

presented as function of parachute descent events in Table 4.9-4. Average drag area for the
command module beneath drogue and main parachutes is given in Table 5-9.

r
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5.7 LAUNCH ESCAPE SUBSYSTEM

Aerodynamic data for the launch escape subsystem (LES) after a normal jettison (canard not

deployed) are presented in Table 5-10. During reentry, the soft portion of the boost protective

cover will break off, and the LES will trim out very close to c_= 0 degrees. For range safety

purposes, the maximum drag coefficient (minimum range) will occur when the LES is tumbling.

Aerodynamic data for the LES with the hard portion of the boost protective cover and with

canards extended are presented in Section 7 of SID 64-174. These data are applicable for jettison

following a LES abort. Copies of SID 64-174 may be obtained from NASA/MSC, PD7, Building 2,
MSC.

5.8 LAUNCH ESCAPE VEHICLE

Launch escape vehicle (LEV) aerodynamic coefficients (CN, CMA, and CA) are presented in
Section 7 of SID 64-174 for both the thrusting and nonthrusting modes. These data are applicable

during the initial phases of a LES abort. Copies of SID 64-174 may be obtained from NASA/MSC,
PD7, Building 2, MSC.
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Table 5-1. Command Module Reentry Aerody_mlc Coefficientm

(See Paragraph 5.1)

Pitch Plane Data

Alpha CL C D L/D C N C A CMA

MACH 0. Z

110.1365 0.0937 0.2395 0;3914 0.1926 -0.1705 -0.0976

115.1365 0. 1683 0.2661 0.6326 0.1694 -0.2654 -0.0609

120.1365 0.2598 0.3001 0.8656 0.1291 -0.3753 -0.0181

125. 1365 0.3343 0. 3281 1.0189 0.0759 -0.4622 0.0209

130. 1365 0.3944 0.3545 i. 1128 0.0167 -0.5300 0.0598

135. 1365 0.4405 0.3868 1.1389 -0.0394 -0.5849 0.0977

140. 1365 0.4829 0.4433 1.0894 -0. 0865 -0.6498 0.1355

145.1365 0.5195 0.5152 1.0082 -0.1317 -0.7197 0.1643

150.1365 0.5317 0. 5810 0. 9152 -0.1718 -0.7686 0.1969

155.1365 0.5148 0.6426 0. 8011 -0. 1969 -0.7995 0.2083

160. 1365 0.4626 0. 7096 0.6519 -0. 1940 -0.8245 0. Z054

165. 1365 0.3906 0.7701 0.5072 -0.1800 -0.8446 0. 1823

170, 1365 0. Z563 0.8200 0.3126 -0. I120 -0.8517 0_ i095

175.1365 0.1121 0.8454 0. 1326 -0.0400 -0.8519 0.0367

180. 1365 0.0000 0. 8500 0.0000 -0.0020 -0.8500 0.0033

ivIACH 0.4

110.1365 -0.0342 0.ZII0 -0. 1622 0.2099 -0.0405 -0.1041

115.1365 0.0689 0.2308 0.2988 0.1796 -0.1604 -0.0649

120.1365 0.2368 0.3099 0.7640 0.1491 -0.3604 -0.0327

125. 1365 0.3465 0.3769 0.9193 0.1088 -0.5003 0.0067

130.1365 0.4070 0.4329 0.9402 0.0686 -0. 5902 0.0409

135.1365 0.4455 0.4879 0.9130 0.0284 -0.6601 0.0728

140.1365 0.4833 0.5604 0.8624 -0.0118 -0.7400 0.1049

Notes:

I. Data are corrected for a heat shield cant and centerl_ne shift

(in +Z direction).

2. Moment reference center is at X A = 1141.25 inches, YA = 0. 0 inch,

and Z A = 0. 0 inch (CM theoretical apex). Reference length
(d) = 154. 0 inches. Reference area = 129.4 square feet.

3. Moments about the center of gravity may be computed by the equation:

/i141"25 - XAcg_l (ZAcg 1
e=CMA+CNI  4_o- 7 +c't \154. o/
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Table 5-1. Command Module Reentry AerOdynamic Coefficients (Cont)

{See Paragraph 5.1)

Pitch Plane Data

Alpha C L C D L/D C N C A CMA

• 145.1365 0.5039 0.6238 0.8078 -0.0569 -0.7999 0.1362

1'50.1365 0.5054 0.6955 0.7268 -0.0920 -0.8548 0.1557

155.1365 0.4710 0.7734 0.6090 -0.1021 -0.8998 0.1534

160.1365 0.3924 0.8149 0.4815 -0.0921 -0.8998 0.1196

165.1365 0.2883 0.8441 0.3415 -0.0621 -0.8899 0.0813

170.1365 0.1834 0.8614 0.2117 -0.0321 -0.8799 0.0480

175.1365 0.0908 0.8654 0.1049 -0.0171 -0.8700 0.0250

180.1365 0.0000 0.8700 0.0000 -0.0021 -0.8700 0.0034

MACH 0.7

110.1365 -0.0360 0.2742 -0.1311 0.3699 -0.0606 -0.1382

115.1365 0.0819 0.2975 0.2754 0.2345 -0.2006 -0.0983

130.1365 0.2316 0.3589 0.6453 0.1941 -0.3805 -0.0544

125.1365' 0.3674 0.4342 0.8460 0.1437 -0.5503 -0.0073

130.1365 0.4490 0.5073 0.8851 0,0984 -0.6702 0.0312

135.1365 0.5197 0.5975 0.8698 0.0531 -0.7901 0.0678

140.1365 0.5298 0.6781 0.7813 0.0380 -0.8601 0.0859

145.1365 0.5056 0.7569 0.6680 0.0178 -0.9100 0.0834
150.1365 0.4533 0.8352 0.5428 0.0237 -0.9501 0.0603

155.1365 0.3824 0.9030 0.4235 0.0327 -0.9801 0.0385

160.1365 0.3138 0.9500 0.3304 0.0276 -1.0001 0.0304

165.1365 0.2549 0.9898 0.2575 0.0076 -i.0220 0.0333

170.1365 0.1968 1.0010 0.1966 -0.0224 -1.0199 0.0419

175.1365 0.1129 1.0040 0_i125 -0.0274 -1.0099 0.0327
180.1365 0.0000 0.9800 0.0000 -0.0023 -0.9800 0.0038

Notes:

i. Data are corrected for a heat shield cant and centerline shift

(in +Z direction).

2. Moment reference center is at X A = 1141.25 inches, YA = 0.0 inch,

and Z A - 0.0 inch (CM theoretical apex). Reference length
(d) = 154.0 inches. Reference area = 129.4 square feet.

3. Moments about the center of gravity may be co_puted by the equation:

,XAcgl + C A
CMcg= CMA+CN_ F_ 6 j \154.0/
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Amendment 44

8/25/70

Table 5-I. Command Module Reentry Aerodynamic Coefficients (Cont)

(See Paragraph 5. I)

Pitch Plane Data

Alpha C L C D L/D CN C A CM A

MACH 0.9

1110.1365 -0.0405 0.4301 -0.0943 0.4177 -0. Ii00 -0.2366

115.1365 0.1457 0.4353 0.3346 0.3322 -0.3168 -0. 1585

120.1365 0.2447 0.4761 0.513 <) 0.2889 -0.4507 -0.1155

125.1365 0.3899 O. 5416 0.7199 0,2185 -0.6305 -0.0544

130.1365 0.4761 0.6149 0.7743 0.1632 -0.7604 -0.0129
135.1365 0.5346 0.6958 0.7683 0.1119 -0.8703 0.02_6

140.1365 0.5344 0.7722 0.6920 0.0848 -0. 9352 0.0313

145.1365 0.5039 0.8557 0.5889 0.0756 -0.9902 0.0245

150.1365 0.4619 0.9400 0.4914 0.0675 -1.0452 0.02]0
155.1365 0.4045 0.9975 0.4055 0.0524 -1.0751 0.0212

160.1365 0.3422 1.0514 0.3255 0.0354 -i.i051 0.0233

165. 1365 0.2706 1.0870 0.2489 0.0173 -1.1200 0.0246

170.1365 0.1936 1.0981 0.1763 -0.0027 -1.1150 0.0271

175.1365 0.1059 1.0959 0.0966 -0.0126 -1.1010 0.0171

180.1365 0.0000 1.0900 0. 0000 -0.0026 -1.0900 0.0042

f- MACH 1. 1

110.1365 0.0905 0.6140 0.1473 0.5453 -0.2963 -0.3336

115.1365 0.1866 0.6409 0.2912 0.5010 -0.4412 -0.2961
120.1365 0.2921 0.6940 0. 4209 0.4536 -0.6011 -0. 2547

125.1365 0.4206 0.7767 0.5415 0.3931 -0.7909 -0.1994

130.1365 0.5199 0.8553 0.6079 0.3187 -0.9488 -0.1355

135.1365 0.5996 0.9291 0.6454 0.2304 -1.0816 -0.0686

Notes:

1. Data are corrected for a heat shield cant and centerline shift

{'in +Z direction).

Z. Merriest reference center is atX A = 1141.25 inches, YA = 0.0 inch,

and Z A =- 0.0 inch (CM theoretical apex). Reference length
(d) = 154.0 inches. Reference area = 129.4 square feet.

3. Moments about the center of gravity may be computed hy the equation:

CMcg -- CMA + CN \ }54.0 / + CA \154.0/
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Table 5-1. Command Module Keentry Aerodynamic Coefficients (Cont)-

(See Paragraph 5.1)

Pitch Plane Data

Alpha C L C D L/D C N 0 A CMA

140.1365 0.6366 0.9905 0.6427 0.1462 -1.1684 -0,0142

145.1365 0.6203 1.0428 0.5948 0.0871 -1.2102 0.0160

150.1365 0.5611 1.1079 0.5065 0.0650 -1.2402 0,,0161

155.1365 0.4896 1.1730 0.4174 0.0490 -1.2701 0.0170

160.1365 0.4055 1.2252 0.3310 0.0349 -1.2901 0.0189

165.i365 0.3136 1.2670 0.2475 0.0219 -1.5051 0_0178

170.1365 0.2234 • 1.2959 0.1724 0.0019 -1.3150 0.0212

175.1365 0.1246 1.3091 0.0952 -0.0131 -1.3150 0_0155

180.1365 0.0000 1.3050 0.0000 -0.0031 -1.3050 0_0050

MACH 1.2

110.1365 0.1015 0.6276 0.16[7 0.5543 -0.3113 -0.3418

115.1365 0.2101 0.6640 0.5164 0.5119 -0.4722 -0,3038

120.1365 0.3158 0.7170 0.4405 0.4615 -0.6331 -0. Z589

125.1365 0.4228 0.7892 0.5357 0.4021 -0.8000 -0.2061

130.1365 0.5278 0.8645 0.6105 0.3207 -0,9608 -0o1387

135.1365 0.6010 0.9348 0.6430 0.2334 -1.0866 -0.0743

140.1365 0.6260 0.9903 0.6331 0.1542 -1.1614 -0.0232

145.1365 0.6186 1.0403 0.5946 0.0871 -1.2072 0.0149

150.1365 0.5587 1.0977 0.5090 0.0621 -1.2302 0D0185

155.1365 0.4784 1.1561 0.4138 0.0520 -1.2501 0.0147

160.1365 0.4002 1.2165 0.3290 0.0370 -1.2801 0.0164

165.1365 0.3123 1.2622 0.2474 0.0219 -1.3001 0.0175

170.1365 0.2176 1.2918 0.1685 0.0069 -1.3100 0.0184

175.1365 0.1131 1.3152 0.0860 -0.0011 -1.3200 0.0154

180.1365 0.0000 1.3250 0.0000 -0.0032 -1.3250 0.0051

Notes:

I. Data are corrected for a heat shield cant and centerline shift

(in +Z dirsc_on).

2. Moment reference center is at X A = 1141.25 inches, YA = 0.0 inch,

and Z A = 0.0 inch (CMtheoretical apex). Reference length
(d) = 154.0 inches. Reference area = 129.4 square feet.

3. Moments about the center of gravity _nay be computed by the equation:

, /i141.25-X A 'g (ZAcg /

CMcg = CMA + CN k -F5470 c) 1 + cA. \154 .0/
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Table 5-1. Command Module Reentry Aerodynamic Coefficients (Coflt)
(See Paragraph 5. I)

Pitch Plane Data

Alpha C L C D L/D C N C A CMA

MACH I.35

110.1365 0.1040 0.6498 0.1601 0.5742 -0.3214 -0.3560

115.1365 0.1999 0.6835 0.g924 0.5339 -0.4713 -0. 3190

120.1365 0.3041 0.7333 0.4147 0.4815 -0.6311 -0.2731

125.1365 0,4116 0.8070 0.5100 0.4231 -0.8010 -0.2210

130.1365 0.5040 0. 8929 0.5645 0.3577 -0.9609 -0. 1671

135.1365 0.5763 0.9793 0.5884 0. 2824 -i. I007 -0.1112

140.1365 0.6233 1.0696 O. 58Z8 O. Z071 -I.ZZ05 -0.0615

145.12;65 0.6408 1.1505 0.5570 0.1319 -1.3103 -0.0177

150.1365 0. 6200 1.2240 0.5066 0.0717 -I. 3702 0.0149

155.1365 0.5418 1.2921 0.41193 0.0517 -i. 4001 0, 0181

160.1365 0.4430 1.3339 0.3321 0.0367 -I, 4051 0.'0177

165.1365 0.3408 1.3684 0.2490 0.0Z16 -1.4101 0 0184

170.1365 0.23Z9 1.3958 0.1669 0.0096 -1.4150 0.0170

175.1365 0.1138 1.4155 0.0804 0.0066 -1.4200 0.0094

180.1365 0. 0000 1.4200 0. 0000 -0.0034 -1.4200 0.0054

MACH i. 65
f-

110.1365 0.1070 0.6125 0.1746 0.5383 -0.3113 -0.3323

115.1365 0.2056 ' 0.6476 0.3175 0.4989 -0.4612 -0.2950
120.1365 0.3050 0.6957 0.4384 0.4485 -0.6131 -0.2500

125.1365 0.4082 0.7595 0.5375 0.3862 -0.7709 -0.1984

130.1365 0.4926 0.8442 0.5836 0.3278 -0.9208 -0.1530

135.1365 0.5607 0.9383 0.5976 0. 2645 -1.0606 -0. i068

Notes:

1. Data are corrected for a heat shield cant and centerline Shift

(in +Z direction).

2. Moment reference center is at X A = 1141.25 inches, YA = 0.0 inch,

and Z A = 0.0 inch (CM theoretical apex). Reference length
(d) = 154.0 inches. Reference area = 129.4 square feet.

3. Moments about the center of gravity may be computed by the equation:

"GMcg= CMA+ CN\ i5-4:0 7 + CA \154.0/
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Table 5-1. Command Module Reentry Aerodynamic Coefficients (Cont}

(See Paragraph 5.1)

Pitch Plane Data

Alpha C L C D L/D G N C A CMA

140.1365 0.5999 1.0370 0.5785 0.Z04Z -1.1805 -0.0659

145.1365 0.6080 I.IZ46 0.5406 0.1440 -I.2703 -0.0294

150.1365 0.5841 l. ZZl6 0.4781 0. I018 -1.3502 -0.0075

155.1365 0.5240 I.Z894 0.4064 0.0667 -1.3902 0.0061

160.1365 0.4434 1.3498 0.3285 0.0416 -1.4201 0.0132

165.1365 0,3431 1.3885 0.2471 0.0g46 -1.4301 0,0146

170.1365 0.2343 1.4209 0.1649 0.0126 -1.4400 0.0135

175.1365 0.1197 1.4370 0.0833 0.0026 -1.4420 0.0110

180.1365 0.0000 1.4500 0.0000 -0.0035 -1.4500 0.0056

MACH Z.

110.1365 0. I000 0.5791 0.1726 0.5093 -0.2932 -0.3130

115.1365 0.2059 0.6091 0.3380 0.4639 -0.4451 -0.2704

120.1365 O. 3000 0.6524 0.4598 0.4136 -0.5870 -0.2250

125.1365 0.3882 0.7113 0.5458 0.3583 -0.7269 -0.1799

130.1365 0.4608 0.7887 0.5842 0.3060 -0.8607 -0.1396

135.1365 0.5183 0.8803 0.5888 0.2536 -0.9896 -0.1027

140.1365 0.5532 0.9783 0.5655 0.2024 -I,i055 -0.0683

145.1365 0.5722 1.0997 0.5204 0.1591 -I.2294 -0.0424

150.1365 0.5542 1.2100 0;4581 0.1218 -1.3253 -0.0Z23

155.1365 0.5128 1.3078 0.3921 0.0847 -1.4022 -0.0050

160.1365 0.4442 1.3665 0.3250 0.0466 -1.4361 0.0108

165.1365 0.3548 1.4092 0.2518 0.0185 -1.4530 0.0197

170.1365 0.2449 1.4464 0.1693 0.0065 -1.4670 0.0188

175.1365 0.1262 1.4656 0.0861 -0.0015 -1.4710 0.0136

180.1365 0.0000 1.4720 0.0000 -0.0035 -1.4720 0.0057

Notes:

i. Data are corrected for a heat shield cant and centerline shift

(in +Z direction).

2. Moment reference center is at X A = 1141. 25 inches, YA = 0.0 inch_

and Z A = 0.0 inch (CM theoretical apex). Reference length
(d) = 154,0 inches. Reference area = 129.4 square feet.

3. Moments about the center of gravity may be computed by the equation:

CMcg: CMA+cN 6 7 +CA\154.o/
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Table 5-1. Command Module Reentry Aerodynamic Coefficients (Cont)

(See Paragraph 5.1)

Pitch Plane Data

Alpha C L C D L/I) C N ] C A CMA

MACH 2. 4

110.1365 0.1007 0.54ZI 0. 1857 0.4743 -0.Z811 -0. Z871

115.1365 0.1920 0.5585 0.3438 0.4240 -0.4110 -0. Z410

IZ0.1365 0.2985 0.6030 0.4950 0.3717 -0. 5609 -0.1942

125.1365 0.3841 0.6718 0.5718 0.3283 -0.7008 -0. 1573

130.1365 0.4526 0.7518 0.6020 0.2830 -0.8307 -0. IZZ2

135.1365 0.5056 0.8521 0.5934 0.2427 -0.9606 -0.0939

140.1365 0.5410 0.9559 0.5660 0.1974 -I.0805 -0.0644

145.1365 0.5499 1.0677 0.5150 0.1592 -1.1904 -0.0433

150.1365 0.5317 1.1710 0.4541 0. IZZ0 -1.2803 -0.0237

155.1365 0.4923 1.2688 0.3880 0.0868 -1.3582 -0. 0067

160.1365 0.42Z3 1.3415 0.3148 0.0587 -1.4051 0.00Z6

165.1365 0.3341 1.4013 0.2384 0.0366 -1.4401 0.0079

170.1365 0.Z310 1.4367 0.1608 0.0185 -1.4550 0.0088

175.1365 0.1177 1.4603 0.0806 0.0065 -1.4650 0.0072

180.1365 0.0000 1.4700 0. 0000 -0.0035 -1.4700 0.0057

MACH 3. 0

.- ii0.i365 0. 0844 0°4990 0.1692 0.4394 -0.2510 -0. 2629
115.12;65 0.1908 0.5137 0.3713 0.3841 -0. 3909 -0.2112

120.1365 0.2803 0.5544 0.5056 0.3388 -0.5208 -0. 1700

125.1365 0.3686 0. 6243 0.5904 0.2984 -0.6607 -0. 1347

130.1365 0.4457 0.7134 0.6248 0.2581 -0. 8006 -0.1028

135.12365 0.4914 0.8096 0.6070 0.2228 -0.9205 -0.0787

Notes:

i. Data are corrected for a heat shield cant and centerli:ae shift

(in +Z direction).

Z. Moment reference center is at X A = I141.25 inches, YA = 0.0 inch,

and Z A = 0.0 inch (CM theoretical apex). Reference length
(d) = 154.0 inches. Reference area = 129.4 square feet.

3. Iv[oments about the center of gravity may be computed by the equation:

C cg= + \ 154.o cgjl+ o/
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Table 5-1. Command Module Reentry Aerodynamic Coefficients (Cont)

(See Paragraph 5. I)

Pitch Plane Data

Alpha G L C D L/D C N C A CMA

140.1365 0.5165 0.9112 0.5669 0.1875 -1.0304 -0.0576

145.1365 0.5228 1.0256 0.5098 0.1573 -i.1404 -0.0416

150.1365 0.5067 I.I277 0.4494 0.1221 -i.2303 -0.0243

155.1365 0.4690 1.2377 0.3789 0.0949 -1.3202 -0.0126

160.1365 0.4034 1.3217 0.3052 0.0697 -1.3802 -0.0036

165.1365 0.3183 1.3848 0.2298 0.0476 -1.4201 0.0006

170.1365 0.2173 1.4340 0.1515 0.0315 -1.4501 0.0010

175.1365 0.1102 1.4660 0.0752 0.0145 -1.4700 0.0025

180.1365 0.0000 1.4750 0.0000 -0.0035 -1.4750 0.0057

MACH 4.0

110.1365 0.0588 0.4407 0.1335 0.3935 -0.2069 -0.2340

115.1365 0.1715 0.4651 0.3688 0.3482 -0.3528 -0.1883

120.1365 0.2686 0.5107 0.5259 0.3068 -0.4887 -0.1495

125.1365 0.3579 0.5802 0.6169 0.2685 -0.6266 -0. i146

130.1365 0.4280 0.6646 0.6440 0.2322 -0.7556 -0.0850

135.1365 0.4738 0.7651 0.6192 0.2039 -0.8765 -0.0648

140.1365 0.4997 0.8678 0.5759 0.1727 -0.9864 -0.0454

145.1365 0.5043 0.9800 0.5146 0.1464 -1.0924 -0.0319

150.1365 0.4885 1.0921 0.4473 0.1202 -1.1903 -0.0199

155.1365 0.4518 1.1961 0.3778 0.0930 -1.2752 -0.0090

160.1365 0.3905 1.2849 0.3039 0.0693 -1.3412 -0.0023

165.1365 0.3119 1.3617 0.2290 0.0479 -1.3961 0.0013

170.1365 0.2170 1.4179 0.1531 0.0291 -1.4341 0.0027

175.1365 0.1117 1.4498 0.0770 0.0116 -1.4540 0.0033
180.1365 0.0000 1.4600 0.0000 -0.0035 -1.4600 0.0057

Notes:

i. Data are corrected for a heat shield cant and ecnterIine shift

(in +Z direction).

2. Moment reference center is at X A = i141, 25 inches, YA = 0. 0 inch,
and Z A = 0.0 inch (CM theoretical apex). Reference length

(d) = 154.0 inches. Reference area = 129. 4 square feet.

3. Moments about the center of gravity may be con_puted by the equation:

XAcgl + C A
CMcg = CMA + CN _ 15-4_ 0 / \154. 0/
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Table 5-1: Command Module Reentry Aerodynamic Coefficients (Cont)
(See Paragraph 5.1)

Pitch Plane Data

Alpha C L C D L/D C N C A CMA

MACH _>29.5

110.1365 0.0495 0.4107 0.1206 0.3686 -0.1879 -0.2099

115.1365 0.1643 0.4286 0.3833 0.3182 =0.3308 -0.1610

120.1365 0.2710 0.4706 0.5'760 0. Z709 -0.4706 -0.1178

135.1365 0.3704 0.5328 0.6952 0.2225 -0.6095 _0, 0770

130.1365 0.4330 0.6244 0.6934 0.1983 -0.7335 -0.0547

135.1365 0.4801 0.7403 0.6485 0.1819 -0.8634 -0.0410

140.1365 0.4983 0.8599 0.5795 0.1687 -0.9794 -0.0328

145.1365 0.5021 0.9699 0.5177 0.1424 -i.0828 -0.0194

150. h365 0.4815 1.0799 0.4458 0. 1202 -1.1763 -0.0103

155. 1365 0. 4457 i. 1901 0. 3745 0.0960 -I. 2672 -0. 0016

160.1365 0.3867 1.2906 0.2997 0.0748 -1.3452 0.0033

165.1365 0.3118 1.3800 0.2259 0.0526 -1. 4138 0.0083

170.1365 0.2202 1.4447 0.1524 0.0305 -1.4611 0.0114

175.1365 0.1144 1.4797 0.0773 0.0115 -1.4840 0.0129

180.1365 0.0000 1.4900 0.0000 -0.0035 -1.4900 0.0137

185.1365 -0.1144 1.4797 -0.0773 -0.0185 -1.4840 0.0144

190.1365 -0.2202 1.4447 -0.1524 -0.0375 -1.4609 0.0158

• Notes:

i. ]Data are corrected for a heat shield cant and centeriine shift

(in +Z direction).

2. Moment reference center is at X A = 1141, 25 inches, YA :: 0. 0 inch,

and Z A = 0.0 inch (CM theoretical apex). Reference [ength
(d) = 154. 0 inches. Reference area = 129.4 square feet.

3. ]V[oments about the center of gravity may be co _puted by the equation:

/if41 \ /
CMc_: CM_+cN \ _A_o c7 +c_ \134 O/

r
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Table 5-1. Command Module Reentry Aerodynamic Coefficients (Cont)
(See Paragraph 5.1)

Alpha C L CD L/D l CN CA CMA

MACH 10.0

ii0.1365 0.0495 0.4107 0.1206 0.3686 -0.1879 -0.2179
115.1365 0.1643 0.4286 0.3833 0.3182 -0.3308 -0.1690
120.1365 0.2710 0.4706 0.5760 0.2709 -0.4706 -0. 1258

125.1365 0.3704 0.5328 0.6952 0.2225 -0.6095 -0.0850
130.1365 0.4330 0.6244 0.6934 0.1983 -0.7335 -0.0627

135.1365 0.4801 0.7403 0.6485 0.1819 -0.8634 -0.0490
140. 1365 0.4983 0.8599 0.5795 0.1687 -0.9794 -0.0408
145.1365 0.5021 0.9699 0.5177 0.1424 -i.0828 -0.0274
150.1365 0.4815 1.0799 0.4458 0.1202 -1.1763 -0.0183

155.1365 0.4457 1.1901 0.3745 0.0960 -1.2672 -0.0096
160.1365 0.3867 1.2906 0.2997 0.0748 -1.3452 -0.0047

165. 1365 0.3118 1.3800 0.2259 0.0526 -1.4138 0.0003
170.1365 0.2202 1.4447 0.1524 0.0305 -1.4611 0.0034

175.1365 0.1144 1.4797 0.0773 0.0115 -1.4840 13.0049
180.1365 0.0000 1.4900 0.0000 -0.0035 -1.4900 0.0057

Note s :

I. Data are corrected for a heat shieldcant and certerlineshift
(in+Z direction)

2. Moment reference certer is atX A 1141.25 inches, YA = 0.0 inch,
and Z A = 0.0 inch (CM theoreticalapex). Reference length
(d)- 154.0 inches, l_eference area = 129.4 square feet.

3. Moments about the center of gravitymay be computed by the equation:

/114125xACNicg = CM A + CN _ cg]+ CA cg\ 154. 0 /

(See Paragraph 5. 1)
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Table 5-2. Command Module Pitch Damping Derivatives

(See Paragraph 5. i)

0C M 8C M

CMq + CM& = d + ----d per radian

_(q S#) D(& _1

CMq + CM3 '

Angle of Attack

(degrees) M = 0. 3 M = 0. 5 M = 0. 7 M = 1.1+35

130 -0. 10 -0, 04 -0. 04 -0.3

135 -0. 09 0. 03 0. 08 -0. 3

140 -0. 05 0. ZZ 0. 20 -0.-3

14_=; 0. 18 0. 33 -0. 05 -0. 3

150 0.46 0.48 -0. Z0 -0.3

155 0. 76 0, 74 0. 35 -0.3

160 0.80 0.81 0. 80 -0, 3

165 0. 79 0.80 0. 51 -0.3

170 0. 66 0.61 0. 08 -0. 3

175 0. 17 0. 15 0. 01 -0. 3

180 0. OZ 0. 02 O. 0 -0. 3

See Figure 5-i for definition of symbols.

Center of gravity: X c = 1042. 0 and Z = 7. 0.
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Table 5-3. Future Missions L/Dtrim Uncertainties

(See Paragraph 5.2)

zxL/D

Flight data uncertainty ±0.0ZZ

Prelaunch cg uncertainty :_0.006

AX : ±0. Z in. , AZ : _0. 1 in.

Cg uncertainty due to tank loadings and
expendables during mission _:0.0].Z

AX = -h0.15 in., AZ = ±0.23 in.

Heat shield-afterbody and mating uncertainty :_0.0]3

AZ = +0. 25

Heat shield cant geometry determination uncertainty +0. 005

Configuration difference--Block I to Block II :_0. 0Ct5

RSS ±0. 02,0
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Table 5-4. Command Module Aerodynamic Coefficients
for Extreme Altitudes

(See Paragraph .3)

Alpha C N C A C n'_A C D

*COMMAND MODULE FREE MOLECULAR FLOW

0 0.00 Z. 01 0.00 2.01

i0 0.34 i.95 -0.27 I.98

Z0 0.65 1.78 -0.51 1.90

30 0.88 1.53 -0.69 1.77

40 1.06 1.26 -0.80 1.65

50 1.Zl 1.02 -0.86 1.58

60 1.30 0.75 -0.87 1.50

70 1.3Z 0.48 -0.83 1.40

80 1.30 0.Z3 -0.78 1.32

90 1.Z9 0.00 -0.76 i.Z9

i00 i.30 -0.23 -0.78 i.3Z

Ii0 1.31 -0.48 -0.83 1.40

IZ0 i.29 -0.75 -0.87 I.50

130 I.Z0 I.02 -0.86 i.58

140 1.05 -l. Z7 -0.80 1.65

150 0.88 -I. 54 -0.69 I.77

160 0.65 -i. 79 -0.51 i.91

170 0.34 -i. 95 -0.27 i.99

180 0.00 -Z. 02 0.00 Z. 0Z

"Reference area = 129.4 square feet
Reference diameter = 154 inches

Moment center at command module apex X A = 1141.25,
Z A = O. 0

F
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Table 5-5. Service Module Aerodynamic Coefficients

(See Paragraph 5.4)

Alpha C N C A C m C D
A

>:-'SERVICE MODULE FREE MOLECULAR FLOW

0 0.00 Z.71 0.00 2.71

i0 0.Z1 3. 06 -0.25 3. 08

20 0.83 3.30 -I.Z0 3.43

30 1.65 3.33 -Z.5Z 3. 73

40 Z.50 3.15 -3.91 4.01

50 3.24 Z.74 -5. 12 4. Z4

60 3.81 Z. 18 -6.07 4.3 c'

70 4. ii 1.47 -6.58 4.37

80 4.14 0. 71 -6.64 4. Z0

90 4.01 0.00 -6.47 4.01

100 4. Z5 -0.53 -6.84 4.31

110 4. Z6 -0.99 -6.83 4.47

IZ0 4. 00 -1.58 -6.36 4.38

130 3.51 -Z. 00 -5.47 4. 00

140 Z. 84 -Z. Z7 -4.25 3.46

150 Z. 07 -2.35 -Z. 8Z Z. 91

160 I.Z9 -Z.Z6 -I.ZZ Z.45

170 0.49 -Z. 05 -0.59 Z. 09

180 0. 00 -i. 97 0. 00 i. 97

_Reference area = IZ9.4 square feet

Reference diameter : 154 inches

Moment center at command nlodule apex X A = 1141.Z5,

ZA= 0.0
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Table 5-5. Service Module Aerodynamic Coefficients (Gont)

(See Paragraph 5. 4)

Alpha C N C A G m G D
A

_':-_SEI%VICEMODULE GONTINUUM FLOW

0 0.00 I.83 0. 00 I.83

I0 0. 06 i.78 -0.09 I.76

Z0 0.Z7 1.63 -0.45 1.63

30 0. 61 i.4:Z -].0Z i.53

40 1.01 i.15 -].70 1.53

50 1.4Z 0.87 -2,°36 i.65

60 I.80 0. 60 -Zo 98 i.86

70 Z. 09 0.37 -3_43 Z.09

80 Z. Z6 0.Z 1 -3. 66 2.Z6

90 Z.34 0. 14 -3. 77 Z.34

i00 Z.Z3 0.05 -3.54 Z. 18

ii0 1.99 -0. ]4 -3. ii 1.92

iZ0 i.66 -0.39 -Z. 53 i.63

130 I.Z7 -0. 68 -I. 88 1.41

140 0.88 -0.97 -I. ZZ i.31

150 0.5Z -I.ZZ -0.64 1.3Z

160 0.Z4 -1,41 -0.Z0 1.41

170 0. 06 -I.5Z -0.06 1.51

180 0.00 -i. 71 0.00 i.71

_",qkeferencearea : 129.4 square feet

Reference diameter = 154 inches

Moment center at command module apex X A = 1141.25,

ZA 0.0
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Table 5-6. Command and Service Module Aerodynamic
Coefficients

(See Paragraph 5.4. 2)

Alpha C N C A CmA CD

-",-_COMMAND AND SERVICE MODULE FREE MOLECULAR FLOW

0 0.00 2.41 0.00 2.41

i0 0.43 2.72 -0.49 Z.73

20 1.06 2.97 -1.46 3.14

30 1.84 3. 08 -2.72 3.61

40 2. 68 3.06 -4.06 4. I0

50 3.51 2.84 -5.Z6 4.54

60 4.23 2.40 -6.26 4. 87

70 4. 73 i.72 -6.86 5. 04

80 4.97 0.88 -7.05 5.05

90 5. 01 0.01 -6.99 5. 01

I00 5.07 -0.84 -7. Z4 5. 14

ii0 4.86 -1.30 -7.09 5.11

120 4.39 -i. 60 -6.50 4.80

130 3.70 -2. 08 -5.53 4.22

140 2.89 -2.31 -4.26 3.52

150 2. 08 -Z. 36 -Z. 82 2.92

160 1.29 -Z. 26 -I.22 2.46

170 0.49 -2.05 -0.62 2.08

180 0. 00 -i.96 0.00 i.96

_'_Reference area = 129.4 square feet
Reference diameter = 154 inches

Moment center at command module apex X A = 1141.25,
ZA = 0.0
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]['able5-6. Command and Service Module Aerodynamic

Coefficients (Cont)

(See Paragraph 5.4.Z)

Alpha C N C A C mA C D

;',-'COMMAND AND SERVICE MODULE CONTi[NUUM FLOW

0 0. 00 0.54 0.00 0.54

10 0.Z8 0.55 -0.Z5 0.59

Z0 0. 69 0.57 -0. 75 0.77

30 1.17 0.61 -1.43 I.IZ

40 1.66 0.66 -Z.17 1.57

50 Z. I0 0.69 -Z.86 Z.05

60 Z. 48 0. 69 -3.47 Z. 49

70 Z. 7Z 0.65 -3.88 Z. 77

80 Z. 81 0.56 -4.07 Z. 86

90 Z.78 0.46 -4. i0 Z.78

i00 Z.55 0.Z8 -3.78 Z.46

ii0 Z.Z0 0.01 -3.Z7 Z.07

IZ0 1.77 -0.31 -Z.6Z 1.69

130 I.3Z -0. 65 -I. 91 1.43

140 0.89 -0.97 -i.Z3 i.31

150 0.53 -i.Z2 -0.65 i.3Z

160 0.Z4 -1.41 -0. Z0 1.41

170 0.06 -I.5Z -0.06 1.50

180 0. 00 -i. 69 0.00 i.69

"_Reference area = ig9.4 square feet

Reference diameter = 154 inches

Moment center at command module apex X A = 1141. Z5,

Z A :=0. 0
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Table 5-7. Docked CSM-LM Free-Molecular-Flow

Drag C oefficients_:_

(See Paragraph 5.4. 3)

Attitude I CD

CSM PLUS TOTAL LM (LESS LANDING LEGS AND PADS)

= 0 °, _ = 0° 2.60

_: 90°_ _ - 0° 8.ZI

_= 180 °, P = 0° 2.60

a= 0°, f5: 90 ° 8.35

CSM PLUS ASCENT STAGE

_= 0 °, P : 0 ° g.ll
c_= 90 ° , _B= 0 ° 6.66
_= 180 °, P= 0° 2.41

c_= 0°, IB-- 90 ° 6.84

TUMBLING DRAG COEFFICIENT

CSM + total LM C D : 6.02

CSM + ascent stage C D = 4.97

:',dReferencearea = 129.4 square feet
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Table 5-8. Docked CSM-LM Centers of Pressure

(See Paragraph 5.4. 3)

Attitude Center-of-Pres sure Location

CSM PLUS TOTAL LM LESS LANDING LEGS AND PADS)

_= 0°' _= 0° YE = 0.3, Z E = 0.7

: 90 °, _: 0° X E : 380.0, YE : -l.Z

: 180°, P= 0° YE : 0.3, Z E = 0.7

_: 0°, _= 90 ° X E = 378.8, z E = 2.Z

CSM PLUS ASCENT STAGE]

_= 0°, P= 0° YE = 0.3, ZE = 0.9

_= 90 °, _= 0° X E = 430.3, YE = -1.5

_= 180°, 13= 0° YE = 0.3, Z E = 0.9

_= 0°, _= 90 ° X E = 429.9, Z E = Z.7
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Table 5-9. Average Drag Area for Apollo GM

Beneath Drogue and Main Parachutes

(See Paragraph 5.6. i)

CDS - ft z (_5%)

Mach One Drogue Two Drogues Mains
Number _ = 158 _- 156 _ = 150

0.2 85.5 82.5 75. 0

0.3 95.5 92.0 --

0.4 100.5 97.2 --

0.5 I07.3 104. 0 --

Reference area = 129.4 square feet

Reference: MSG Memorandum ET255/6808-126

Table 5-10. Launch Escape Subsystem Trim and Tumbling

Drag Coefficients

(See Paragraph 5.7)

C D C D ---
Mach NLlmber trim tumbling

0.70 0.144 0.467

0.90 0.179 0.551

i. i0 0. 199 0.682

I.20 0.206 0.591
i.35 0.219 0. 613

1.55 0. 175 0.608

g. 0 0. 17Z 0.547

Note s :

1. Launch escape vehicle data taken from SID 64-1'74 and

analytically corrected to determine coefficients for only
the launch escape subsystem without canards extended

and without soft portion of the boost pro,tectivecover,
Reference area = IZ9. 35 square feet.

2. Trim occurs at zero angle of attack,

3. Effective value of C D during tumbling.
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CN

+xA

\
\

v

cos_T = cos_ cos.8

+YA tan ,8

/_\ +ZA tan ¢ =

CA AXIAL FORCE COEFFICIENT (BODY AXIS), AXIAL FORCE/qGoS

C._A ROLLING MOMENT COEFFICIENT, ABOUT THE X AXIS AND THROUGH THE THEORETICALCONE APEX
(BODY AXIS), ROLLING MOMENT/q= Sd

CMA PITCHING MOMENT COEFFICIENT, ABOUT A LINE PARALLELTO THE YAXiS AND THROUGH THE
THEORETICALCONE APEX (BODY AXIS), PITCHING MOMENT/qo0Sd

CN NORMAL FORCECOEF.FICIENT (BODY AXIS), NORMAL FORCE/%o S

CnA YAWING MOMENT COEFFICIENT, ABOUT A LINE PARALLELTO THE Z AXIS AND THROLJGHTHE
THEORETICALCONE APEX (BODY AXIS_, YAWING MOMENT/q = Sd

Cy SIDE FORCECOEFFICIENT (BODYAXIS), SIDE FORCE/q_S

CMq + CM_ PITCH DAMPING COEFFICIENT, PERRADIAN

Cnr + Cn _ . YAW DAMPING COEFFICIENT, PERRADIAN
ANGLE OF ATTACK, DEGREES

a T TOTAL ANGLE OF ATTACK, DEGREES

p ANGLE OF SIDESLIP, DEGREES

¢ ROLL ANGLE, DEGREES
d REFERENCELENGTH = 154 INCHES

S REFERENCEAREA = 129.35 SQUARE FEET

V FREESTREAMVELOC_ITY, FEETPERSECOND

q= DYNAMIC PRESSURE,POUNDS PERSQUAREFOOT
q PITCH RATE, DEGREESPERSECOND

Figure 5-I. Command Module Axes, Aerodynamic Coefficients, and

Notation System

/_-" (See Paragraph 5. i)
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'"° I N--T--T 1
TRIM POINT LIMIT LINE

10.0

1036 1038 1040 1042 1044 1046

Xcg (INCHES)

NOTE: BASEDON NOMINAL DATA IN TABLE5-I FOR M > 29.5.

Figure 5-Z. Comn_and Module Without Protuberances, Trim Lift-to-Drag

Ratio Versus cg Location ....

(See Paragraph 5. i)
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Figure 5-3. Command Module M-> 29.5
Lift and Drag Characteristics

,_ (See Paragraph 5. 1)
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(See Paragraph 5. 5)
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Amendment 84

12/28/71
f- :

6.0 SPACECRAFT BENDING MODES & DOCKING-FACE LOADS

Three-dimensional vibration modes and docking face load coefficient

data for the CSM/LM configuration are presented in tlhis section. The

data were generated by the NR Structural Systems and Mechanism Dept. from

a 227-degree-of-freedom m_ss and stiffness model of the "J" Series CSM/LM

spacecraft with the SIM door off.

The following tabulated data are used primarily for investigations of

spacecraft stability and control and CSM/LM docking face loads during SPS

thrusting with manual takeovers. These data are tabulated for three

spacecraft weights corresponding approximately to full, one-half, and one-

quarter full SM SPS propellant values. A full LM weighing 36,000 ibs

docked to the CSM is assumed for each configuration.

6.1 SPACECRAFT BENDING, LM ATTACHED WITH FULL
PROPELLANT LOAD

Eleven bending modes are tabulated for each spacecraft weight, being

selected on the basis of thrusting excitation parameters and load coeffi-

cients, as tlhemodes potentially causing the largest docking-face loads.
Eleven modes were chosen since that was the number of modes mechanized in

the NR Hardware Evaluator simulation.
i

6.1.1 FULL SPS PROPELLANT LOAD

Table 6-1 provides mass properties and rigid body docking face

load coefficients. The mass properties listed are derived from the mass

and stiffness model used tO generate the elastic mode and docking face

loads data. These mass properties are quite close, but may be not identi-

cal to, Apollo spacecraft mass properties, for the same total spacecraft

weight, generated By other NR or NASA sources. The center of mass position
is in Apollo coordinates in inches.

Table 6-2 presents bending mode frequencies (given in parenthesis),

model deflections and slopes for the SPS gimbal attach points and IMU

stations for Ii modes. The bending mode lateral deflections given for the

SPS engine gimbal attach points were computed actually for the engine center

of mass station, which is approximately 2.4 and 4 inches behind the yaw and

pitch gimbal points. The effects of this discrepancy on the bending mode

data and spacecraft bending dynamics are small.

Table 6-3 gives elastic body docking face load coefficients for

ii modes. The elastic mode shapes and frequencies were calculated without

damping.

The linear and angular accelerations are determined by the external

forces and moments and the combined CSM/LM mass properties.
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6.1.2 ONE-HALF SPS PROPELLANT LOAD

Table 6-4 provides mass properties and rigid body docking face
load coefficients. (The supporting data for the table in this paragraph

are similar to that given for a full SPS load. Relate to 6.1.1 for this

supporting data).

Table 6-5 presents bending mode frequencies (given in parenthesis),
model deflections and slopes for the SPS gimbal attach points and IMU stations

for ii modes. (The supporting data for the table in this paragraph are
similar to that given for a full SPS load. Relate to 6.1.1 for this

supporting data).

Table 6-6 gives elastic body docking face load coefficients for

ii modes. The elastic mode shapes and frequencies were calculated without
damping.

The linear and angular accelerations are determined by the external

forces and moments and the combined CSM/LM mass properties.

6.1.3 ONE-QUARTER SPS PROPELLANT LOAD

Table 6-7 provides mass properties and rigid body docking face
load coefficients. (The supporting data for the table in this paragraph

are similar to that given for a full SPS load. Relate to 6_i.i for this

supporting data).

Table 6-8 presents bending mode requencies (given in parenthesis),
model deflections and slopes for the SPS gimbal attach points and IMU

stations for ii modes. (The supporting data for the table in this paragraph
are similar to that given for a full SPS load. Relate to 6.1.1 for this
supporting data).

Table 6-9 gives elastic body docking face load coefficients for
ii modes. The elastic mode shapes and frequencies were calculated without
damping.

The linear and angular accelerations are determined by the external

forces and moments and the combined CSM/LM mass properties.

6-2
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Table 6-1. J-Series Full CSM & Full LM Mass Properties and Rigid Body

Docking Face Load Coefficients (See Paragraph 6.1.1)

MASS PROPERTIES

Spacecraft mass = Generalized modal mass = 2.69081+02 ib-sec2/in (103,860 Ibs)

Xcg = I.OAO0i+03 Ycg = 3.692/_+OO Zcg 2.63669 +00 (inches)
Ixx = 7.589A7+05 lyy= 7.13173+06 Izz 7.17320+06 (ib-sec2-in)

Yyz = 2.59961+0A Ixz = -9.31A23+0A Ixy -1.18306405 (Ib-sec2-in)

RIGID BODY DOCKING FACE LOAD COEFFICIENTS

Xcg Ycg Zcg b

Sx 9.32689+02 O 0 O -2.67013+O2 3.13927 +O2

Sy 0 9.32689+01 0 2.67013+02 0 1.85112+0A

Sz 0 0 9.32689 +01 -3.13927+02 -1.85112+06 0

Mx 0 2.12796+01 i.18076+01 3.17065+05 3.17672+03 i.67776+03

2.71165+06 6.60610H03
_o My -2.1279A+01 0 -i.20300+06 6.60096+06

'_ 3.16966+06 6.7115A+03 2.72258+06
o Mz -I. 1807A+01 i.20300+0A O

(:_fD



Table 6-2. J-Series CSM/LM Docked 227 DOF (Degree-of-Freedom) Full SPS Propellant,
LM Full Propellant (See Paragraph 6.1.1)

NODE DESCRIPTION DIREr..TIDN MODE SHAPES

(z) (2) (3) (7)
MODE 1 2 3 4 5 6
RAD/SEC 1.3IIBE Ol l.#l¢TE Ol 1.50IDE Ol 3.4621E Ol 3.5646E Ol 3.6286E Ol

SPS ENGINE GIMBAI PT. Xe 4.8298E-O2 5.4188E-03 -I.Bg06E-OZ -I.7077E-02 8.8620E-0l 5.3798E-01
SPS ENGINE GI_BAL PT. Ye -5.4497E-01 -6.8022E-02 9.3745E-01 9.744_E-03 8.7670E-02 -3.1T77E-Ol

SPS ENGINE GIMBAL PT. Ze -8.6961E-01 -2.6322E-01 -5.6525E-01 -2.3567E-01 -5.02DZE-OI -5.9BZIE-DI
SPS ENGINE GIMBAL PT. RYe -I.046lE-02 -2.2158E-03 -6.620(_E-03 -3.2522E-02 -8.4020E-02 -2.1?OOE-OI

0, SPS ENGINE GIMBAL PT. RZe 6.3553E-03 1.2394E-03 -I.0470E-02 8.9702E-03 2.3797E-02 g.3gO6E-02I

m IMU RXs -9.9453E-06 3.1134E-03 5.T61_E-04 -_.D855E-03 7.3068E-04 -7.S93BE-D3

IMU RY$ -6.8050E-03 -I.38ZIE-03 -4.1104E-03 -3.6515E-04 -I.OOBIE-03 3.258ZE-D4
IMU RZs 3.TIIGE-03 1.0115E-03 -5.8307E-03 1.9506E-04 -5.6304E-0_ -I,7755E-D_

(9) (;m) (2'i)
MODE ? 8 ? I0 I].
RAD/SEC 3.8341E O1 4.26B?E OI 4.B690E Ol 6.5506E OI 8.6662E Ol

SPS ENGINE GIMBAL PT. Xe 2.0635E-01 4.0683E-01 1.9621E-01 l.lO3t, E-Ol -7.585LE-02
SPS ENGINE GIMBAL PT. Ye -4.2276E-01 -I.4278E OO -5.3733E-01 1.0676E Ol z_.4658E-02
SPS ENGINE G[MBAL PT. Z,, -3.5408E-01 7.L929E-OI -3.1II6E-O2 8.7455E-02 -I.0574E OI

¢n SPS ENGINE GIMBAL PT. RYe -1.7548E-02 8.16Z*gE-02 9.1308E-02 2.3905E-03 2.7974E-02

SPS ENGINE GIMBAL PT, RZe -6.0238E-03 1.8208E-01 I.BSO4E-OI 3.9754E-02 1.3577E-03

_o IMU RX_: -I.gI33E-03 9.7662E-03 -I.0364E-02 1.5650E-03 2. 7588E-03
INU Rys -B. 8059E-0_ 4.6593E-04 -5. 8527E-04 5.7459E-04 2.0422E-03

c:, IMU RZ$ 4.1053E-04 1.6716E-0_ -8.4894E-O_ 2.608gE-03 1.6016E-04

v _(D
t.:,_

co
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Table 6-3. J-Series Full CSM & Full LM Elastic Body Docking

Face Load Coefficients (See Paragraph 6.1.1)

Forces (lbs)/(in/sec 2) Moments (lb-in)/(in/sec2)
Mode

(n) sn Mzn

1 _.6A561+00 -i.28117+01 -2.01165+01 1.20167+03 7.61233+03 -&.63939+03

2 1.AS&29+00 -5.1707_+00 -5.68163+00 -6.6_3&2+03 1.06950+03 -I.A7_55+03

3 -1.508_3 +00 i.95&_12+01 -1.16379+01 -A. 88876+02 &.73285+03 7.78136+03

& 7.A2736+00 3.8&981-02 -I. 569AI+00 i.1723_+02 -6. OOAIS+OI -8.63_03-01

!
u_ 5 -9.956_7 +01 1._IA91+Ol -8.18067+00 8.91624+01 1.03_63+02 1.71250+01

6 2.29A98+01 -3.1+8838+00 5.57552+00 -i.7&809+02 -2._A030+02 5.2A796_01

7 7.75590+00 -8.&A298+00 -/+.13978+00 1.1215&+02 -3.73986+01 1.96616+01

8 _1.75615+01 -I. 123&A+O1 8.38710+00 -2._0761+02 2o/+3880"+01 -5.82866+01

..... v.9_qO_.vv __ _nn o oln_"_o 1 A37A_+OI 9_-74£LI._+O1

i0 -1.32687+00 -1.1+0153+00 -1.30951+00 -i.OiuqAl+Ol 1.18563+01 -5.8A370+01
_n

,_ Ii 5.71A32-01 3.13796-01 1.0512A+00 -1.66216+02 -7.69189 +01 1-17195 +01

0 oo_



Table 6-4. J-Series Half-Full CSM & Full LM Mass Properties and Rigid
Body Docking Face Load Coefficients (See Paragraphs 6.1.1 and 6.1.2)

MASS PROPKqTIE$

Spacecraft mass = Generalized _dal mass = 222.686 Ib-sec2/in (85,950 Ibs)

= I "
Xcg -.06_fY7+03 Ycg = 3.5]468+00 Zcp = 9.11625-01 (inches)

Ixx = 6.A7_5 Iyy = 5.88306-06 Izz = 6.O1712_O6 (Ib-sec2-in)

Iyz --_-4.42805+03 Ixz = -3.O6771+O4 Ixy : -1.19103+O5 (Ib-sec2-in)

E

RIGID BODY DOCKING FACE LOAD CO_F!CI_TS

Sx 9.32689+C1 0 O 0 -1.06305#02 3.16002+02

Sy 0 9.32689*O1 0 1.06305+O2 0 i •58938404

,_ sz o o 9. ?_;_ol -3.16oo2+o2 -1.$8938+o_ o
O0

I

,_ _ 0 2.12796+01 I.18074+Ol 3.17008_05 3.50608+03 8.80609_2
o
" _ -2.i2796+O1 O -i. 203CO+O4 4,62770+O4 2.37401+06 6.60562_O3 _

<_ Mz -i.18074-01 1.20300+04 0 1.09661+04 6.69119+03 2.38&9_ _'_r,
CO
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Table 6-5. J-Seri;s CSM/_Docked 227 DOF-(Degree-o--f-Freed_)-1/2 Full SPS Propellant, --
LM Full Propellant (See Paragraphs 6.1.1 and 6--i_2)..............

NUDE DESCRIPTION DIRECTION MODE SHAPES

(z) (2) O) (5)
'_G_E 1 2 3 4 5 &
RADISEC 1.3969E 01 1.5308E 01 Io5561E 01 3.6103E 01 3.b390E 01 3,74SEE 0[

SPS ENGINE GIMBAL PT. X¢ -3,5369E-02 1,216|E-02 2,|832E-02 7,6070E-01 -6°5796E-O| .5,3783E-01
SPS ENGINE GIMBAL PT, Ye 6,6716E-01 -3.7912E-01 -B,975?E-O! -3o1508E-01 1,2117E-01 4,2924E-01
SPS_NGINE GIMBAL PT, Z e q.5025E-01 -1.9232E-0[ 8.03_7E-01 -8.0651E-01 4.5661E-01 -2._419E-01
$P_ ENGINE GIHBAL PT. RYe 1.0475E-02 -16364E-O& 1.99_5E-03 -2.0226E-01 1,3119E-01 2.q_lTE-02
SPS ENGINE GIMBAL PT. "RZa -?.2293E-03 3.9688E-03 9,2018E-03 9.2263E-02 -5.#643E-02 -3.6255E-02
IMU RXs 1.5732E-03 5.8954E-03 -2.1090E-03 8.0210E-03 1.3440E-02 -2.8836E-03

i IMU _Ys $.7988E-03 -6.4q_SE-04 5.0776E-03 1.3331E-04 1,5166E-04 -1.4327E-03
IMU RZi -4,198TE-03 2,5410E-03 5,109_E-03 -4,TZT5E-04 1,149TE-04 -3,9783E-0_

(8) (=z)
•MODE " " _ 9 ,70_ - 31 "
PAg/SEC 3.97_E 01 4.8254E 01 5.5290E 01 6.5920E 01 7.8229E 01

$PS ENGINE GIMBAL PT, X¢ -4._678E-01 1.6103E-01 4.0597E-01 1.2284E-01 2.9677E-01
SP$ ENGINE GIqBAt PT. Ye 5.4373E-01 -1,5002E O0 -2.9562E-01 9.6512E OD 1.6909E-01
$P$ ENGINE GIMBAL_PT. Ze -7.9577E-0! 9.2294E-02 9.3500E-02 1.55q4E-03 1,9050E-0!
SPS ENGINE GIHBAL P_, RYe -#,6144E-04 -1,1096E-02 3,3162E-0_ 2,5192E-0) 1,4232E-0_

i_ SPS ENGINE GIHBAL PT. RZe -5.0491E-02 -1.2366E-02 -1.0288E-02 3.5241E-02 8.5305E-04
i [MU RXs -1_0085E-02 -T. 1407E-03 -3.5837E-03 #.3093E_04 3.8287E-03

]NU RY$ -1,7537E-03 7.943TE-0_ -1,3892E-03 2.4049E-0_ -2,9469E-03

IMU RZs -3.9819E-0_ 5.8755E-0_ -4.456BE-03 2.7213E-03 -3.8695E-03 .. _j



Table 6-6. J-Serles Half-Full CSM & Full LM Elastic Body Docking Face Load
Coefficients (See Paragraphs 6.1.i and 6.1.2)

Forces (lbs) / (in/sec 2) Moments ',]b-in)/(in/sec 2)
Yodo

1 -3.19405+00 1.05092 _01 1.24355+01 -1.194530+03 -6.09518+03 &.&7911+03

2 i.67376-_00 -7.72107+00 -2 o_6057+00 -5 •36&69+03 -A.77875 +01 -2.83&38+03

I
oo 3 I._8659+00 -1.31597401 9.920A9+00 1.61289+03 -&.65107+03 -6.02397+03

A -l.O_05& _01 L.8529_X9 -7.09053 +00 2.05113+02 2.19001+02 -1.71510+01

5 5.03212+00 8.37785-02 -&.3101? +00 2.43/41+02 3 •86&71_02 -8. _/d_9+Ol

6 -8.33292+01 1.57110+0] -7.65099 +00 1.08861_02 6.96651+01 3.86981+01

._ 2.9_8_&+01 1.56593+00 -8.0&lll _)0 _.87446+02 I.12&46+02 3.87A71+0!

8 -1.855] 8+0! -1.56580+0! 1.600_2-01 3.97859+02 2.74269 +01 -1.39529+02
_n

9 -&.ASO_3+OI -2.55307+01 1.22700+01 1.59&90+02 3.13195+01 -3.01506+01
OO
I

I0 -2. 58613+00 -1.71002+00 -5.06871-01 -I. 22,168+01 2.79278+01 -7.62011+01
o
"_ iI -I. 81026+01 -2. A&379+00 &.0/+909+00 -1.88866+02 -8.17Z76+CI -i. 5708&+l_ _ =

I'_Np

'_,. ¢D

,\

) ) )



Table 6-7. J-Series Quarter-Full CSM & Full LM Mass Properties and Rigid Body
DockinE Face Load Coefficients (See Paragraphs 6_i_i and 6.1.3)

MASS PROPERTIES

Spacecraft mass = Generalized modal mass = 1.898&I+02 l_>-sec2/_n(73,275 Ibs)

•Xcg m 1.09128+03 Ycg = 2.19575+00 Zcg = 8.06933-01 (inches)
Ixx = 5.71323+05 Its = 5.11935+06 Iz- = 5.17995+06 (ib-sec2-i.)
lyz = -iJ_88?+0_ Ixz = -2.75502+O& Ix_ = -7.97056+0_ (ib-sec2-in)

RIGID BODY DOCKING FACE LOAD COEFFICIenTS

0%

Sx 9.32687+01 0 0 0 -9.65/+12+01 1.92988+02

S_ 0 9.32687_q)I 0 9.65&la+Ol 0 1.37290+0&

Sw 0 0 9.32867+01 -I.72988*o2 -1.37290+0/+ 0

WX 0 2.12797_01 1.18076+01 3.17022+0_ 3.78011+03 3.86696+02

,, My -2.12"796_01 0 -1.2o300+0& 3.0AI03+0_ 2.09_79+06 6.63369+@3
,_ J

. J

_ -I.18076+O1 1.20300+0& 0 9.70665_O3 6.68996+03 2 .lOY_*O6

0 I"_ t'D

,.j_.



Table 6-8. J-Series CSM/LM Docked 227 DOF (Degree-of-Freedom) 1/4 Full SPS Propellant,

LM Full Propellant (See Paragraphs 6.1.1 and 6.1.3)

NODE 9_-SCr_I°TION DIRECTION MODE SHAPES

(z) (2) (}) (_) (5) (6)
Moor I 2 3 4 5 6
_AD/SE{ 1.4399E Ol 1.5102E Ol 1.6938E Ol 3.6242E Ol 3.6958_ Ol 3.9927_ = 31

_F'S Ec_C,It,IE GIr,tB,_,LPT. Xe 2.5446E-02 -I.8229E-02 -4.2292E-04 -7.83gOE-OI 9.0751E-02 7.6786E-01
SP$ ENGI"IE GIV_,'_L PT.. Ye -6.1060E-01 1.0385E O0 -8.5194E-32 3.7848E-0! -7.3621F-02 3.0059E-01
_t'_;EI_GI',:EGIMBAL PT. Ze -I.0172E 03 -5.5764E-01 4.043=)E-01 7.3438E-01 |.6748E-02 -I.2296E-01
IP_; ENginE GIMBAL PT. RY e -I.OB4BE-02 -5.5555E-03 3.(,545E-03 2.2173E-01 -3.6822E-02 -2.3361_---0_,
$P$ ENGI'_F GIMBAL PT. RZe 6.4812E-03 -1,0f,,55E-02 4,8232E-04 -I.0195E-01 1,9525E-O2 -2.2142E-02
IMU RX$ -1.5467E-03 -8.8033E-0_ -I.OZQ.4E-OZ -[.3595E-03 -8.397_.E-03 -2.892"/E-04

o_ IM.U RY$ -7.0266E-03 -3.6!73E-03 2.1051E-03 -4.5394E-04 7.7616E-05 -7.9294E-04
IMO RZ$ 3.7773E-03 -5.9549E-03 1.6758E-04 3.7380E-04 1.3479E-04 -Z.3_55E-O_i-=

0

(9) (z0) (2) (z?) (2_)
RODE ? 8 9 iO i-I
I_AO/SEC 5.5127E 01 5.5507E Ol 6.5981E Ol 7.9108E 01 1.282],E 02

Sl_t EICGINE GIMB_L PT. Xe 2.2891E-0_ 5.7993E-01 1.2505E-01 4.42_4E-01 -7.1520E-01

EP_ ENGINE GIMBAL DT. Ye -6.7355E-01 -I.0355E 03 B.7534E D_ [.&515E-Of -3.9451E-02
SP_ ENGINE GIMBAL PT. Ze -I.OIIBE-OI 3.0TbOE-OI -3.8061E-02 2.3950E-_01 2.2775E-01

SP_; ENGINE CI_E_AL PT. RY e }.7416E-04-2.2881E-G) 2.5510E-03 2.5791E-e_ -1.5345E-03

$P$ ENGINF GIMBAL PT. RZ e .-5.8289E-03 -1.1261E-02 3.0919E-02 -4.2066E-05 -9.2041E-04
IMQ RX$ -3.586_ [-O-_ I._197E-02 1.7355E-03 3. 6981E-0) -4. 2243E-03OO

I IMU RY s -5.3501E-G5 -I.0169E-07 6.3742_-04 -3.0658E-03 6.5120E-03

f_WJ RZ$ -3.234RE-0l -I.g222E-O3 1.7349E-03 -4.0130E-03 8.8775E-03C)
ho

-#

',_ rt



Table 6-9. J-Series Quarter-Full CSM & Full LH Elastic Body Docking Face
Load Coefficients (See Paragraphs 6.1.1 and 6.1.3)

Forces (Ibs)/(in/sec2) _ments (Ib-ln)/(in/s_2)
_bde

1 2.o5e_oo -6.77969+o0 -1 .o85o5+ol 7.i07_+O2 5._32+03 -3 ._907_+03

2 -1.25916,00 1.18255+01 -5.8A377%00 6.39695402 3 .h2371"03 6 .I_318+03

3 -5._0995-01 7.92702-01 &.39/t76+O0 /_.8/t036+03 -1,30187+03 -2.66307+02

o, h 3.92680+00 I.&3661-01 3.17133-_00 -1.16889+02 -3.22726,#01 -1.7]h02+Ol

5 3.29898+00 -2.62656+00 7.69699+00 -5.88753_02 -&.2A198+02 5.77366+01
!

6 -7.16512+01 I.A1583+01 -5.85070+00 -8.78952+01 1.63052+01 5.41672+01

-1.81123+01 -I .65725401 2.91066+00 8.10581+02 8 .&0751_01 -1.21563+02

8 _h.AS037+Ol -i.8&16qfOl 1.11005401 -2.6&905+02 -1.96910+01 _.051A5+0-I

m 9 __.13159+00 -2.30989_ -I.IA301+00 -3.h2_62+01 5.llA3i+Oi -7.67117+01

I0 -l.9_3hStOl -3.60377+00 h.585hZ_O0 -1.91319+02 -7.50159+01 -l'330h7+Oe .....

r,_

-°rT
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7.0 PROPELLANT SLOSH*

The slosh model data are used in control and stability analyses of the CSM and docked

CSM/LM systems. They represent sloshing models of the SPS storage and sump tanks and are
applicable for acceleration conditions of the SPS engine thrusting.

The models are derived from mechanical analogies of the complex fluid motions. The

,nechanical models are designed to produce the same forces and moments on the vehicle as the

fluids produce during disturbances and at the same frequencies at which the fluids respond.

The slosh model data consist of slosh mass, frequency, and point of attachment. These data are

functions of tank geometry, fluid densities, and acceleration levels.

7.1 SPS THRUSTING

Slosh motion of the propellant in the SPS tanks is treated as a linear spring mass system. Each

tank in which sloshing occurs is characterized by a slosh mass, a slosh frequency, and a slosh mass

attachment point. Sloshing occurs either in the two storage tanks (no slosh in the full sump tanks)

or in the two sump tanks (no slosh in the empty storage tanks). Slosh damping ratios are made

constant by approxilnation of Figure 7-1 curves.

7.1.1 SLOSH DYNAMICS, FULLLM-ON, FIRSTMODE

(Mixture ratio = 1.6)

1. Oxidizer slosh mass

CSM, full 24.95 slugs

3/4 ffdl 23.35 slugs
1/2 full 35.85 slugs

42/100 full 35.45 slugs

2. Fuel slosh mass

Full 15.61 slugs
3/4 full 14.60 slugs

1/2 full 22.43 slugs

42/100 full 22.18 slugs

*NASA Data Source

r
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3. Oxidizer slosh mass coordinates attachment points

X (in.) Y (in.) Z (ill.)

Storage, CSM full 933.7 14.8 47.8

Storage, 3/4 full 862.0 14.8 47.8

Sump, 1/2 full 922.5 48.3 6.6

Sump, 42/100 full 904.52 48.3 6.6

4. Fuel slosh mass coordinates

X (in.) Y (in.) Z (in.)

Storage, CSM full 933.0 -14.8 -47.8

Storage, 3/4 full 861.7 -14.8 -47.8

Sump, 1/2 full 922.32 -48.3 -6.6

Sump, 42/100 full 904.42 -48.3 -6.6

5. Oxidizer and fuel slosh frequencies

CSM full 2.745 rad/sec

3/4 full 2.9 rad/sec

1/2 full 2.9 rad/sec
42/100 full 2.96 rad/sec

6. Oxidizer and fuel damping ratios: 0.0007 noudimensional

(All propellant levels)

7. Mass

Total Vehicle (lb) Propelhmt (Ib)

Full 9 1,901 38,626

3/4 full 82,244 28,969

1/2 full 72,588 19,313

42/100 full 69,498 16,223

7.1.2 SLOSH DYNAMICS, VARIOUS LM PROPELLANT LOADS

Slosh dynamics for w_rious LM propellant loadings are not presently available but will be
published when the studies are accomplished.
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7.1.3 SLOSH DYNAMICS, LM-OFF, FIRST MODE

(Mixture ratio = ! .6)

1. Oxidizer slosh mass

CSM full 24.95 slugs

3/4 full 23.35 slugs

1/2 full 35.85 slugs

26/100 full 33.98 slugs

1/8 full 30.05 slugs

2. Fuel slosh mass

CSM full 15.61 slugs

3/4 full 14.60 slugs

1/2 full 22.43 slugs

26/100 full 21.26 slugs

1/8 full 18.80 slugs

3. Oxidizer slosh mass coordinates attachment points

f_- X (in.) Y (in.) Z (in.)

Storage, CSM full 933.7 14.8 47.8

Storage, 3/4 full 862 14.8 47.8

Sump, 1/2 full 922.5 48.3 6.6

Sump, 26/100 full 869.0 48.3 6.6

Sump, 1/8 full 842.3 48.3 6.6

4. Fuel slosh mass coordinates

X (in.) Y (in.) Z (in.)

Storage, CSM full 933.0 -14.8 -47.8

Storage, 3/4 full 861.7 -14.8 -47.8

Sump, 1/2 full 922.32 -48.3 -6.6
Sump, 26/1 O0 full 869.1 -48.3 -6.6

Sump, 1/8 full 842.3 -48.3 -6.6

7-3
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Amendment 42

7/13/70 --_-

5. Oxidizer and fuel slosh frequencies

CSM full 3.40 rad/sec

3/4 full 3.71 rad/sec

1/2 full 3.88 rad/sec

26/100 full 4.42 rad/sec

1/8 full 4.81 rad/sec

6. Oxidizer and fuel damping ratio: 0.0007 nondimensional

(All propellant levels)

7. Mass

Total Vehicle (lb) Propellant (lb)

Full 59,901 38,626

3/4 full 50,244 28,969

1/2 full 40,588 19,313

26/100full 31,318 10,043

1/8full 26,103 4,828 --_

I 8. Propellant Slosh Frequencies

Theoretical slosh frequency based on Apollo flight data are presented
in Figure 7.3.

7.2 LM THRUSTING

Slosh dynamics for various LM propellant loadings are not presently avail-
able but will be published when the studies are accomplished.

7.3 SPS PROPELLANT TANK LOCATIONS

i. Top of SPS tanks

Fuel and oxidizer sump XA = 985.99 in.

Fuel and oxidizer storage XA = 986.88 in.

Fuel storage tank top XA = 986.63 irt.

(CSM-104 only)
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2. Bottom of SPS tanks

Fuel and oxidizer sump XA = 832.11 in.

Fuel and oxidizer storage XA = 832.33 in.

Tank dimensions are shown ill Figure 7-2.

7.4 LM PROPELLANT TANK LOCATIONS

These tank locations can be found in Volume Ill.
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Figure 7-3. Propellant Slosh Frequencies (See Para. 7.1.3 Item 8)

* Flight data has correlated with theoretical frequencies within 5%.
Theoretical frequency is based on the relationship

1.841 F tanh 1.841 h
r M r

where
= slosh frequency

F/M = acceleration due to SPS thrust
r = radius of SPS tanks

h = height of propellant in tanks

**Indicates storage tank depletion

7-8 SNA-8-D-027(I) REV 3
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Amendment 34

APPENDIX 109

CSM 109

Changes to baseline data specific to CSM 109 are included
in this appendix.

1.0 No change

2.0 No change

3.3 SM Reaction Control Subsystem (SM RCS) Constraints

3.4 CM Reaction Control Subsystem (CM RCS) Constraints

3.5 Service Propulsion Subsystem (SPS) Constraints

3.11.1 Temperature Limits

4.1.1 EPS Master Electrical Equipment List

4.1.3 EPS Battery Charger Calibra£1on

4.1.6 Cryogenic Tank Characteristics

4.2.3 ECS Glycol Accumulator Calibration

4.3.4 Service Module RCS Forces and Moments

4.4.4 Command Module RCS Moments

4.5.3 CSM SPS Transient Data

4.5.13 SPS Engine Propellant Flow Resistance

4.5.14 SPS Propulsion Performance

4.6.1 Uncertainty of 124 IMU Alignment from the CSM IMU I

4.6.5 Baseline CMC Erasable Load, CSM

4.7.6 VHF Ranging System Bias

4.9.2 Launch Escape and Pitch Control Motors

6.0 No change

7.0 No change

8.0 No change

9.0 No change

...." 109-1 SNA-8-D-027(1) REV 2
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• (NASA DATA SOURCE)
3.3.6 SM RCS HELIUM BOTTLE PRESSURE-TEMPERATURE LIMITATIONS

The Pressure-temperature ,limitations of the SM RCS helium b6ttle are

given in Figure 109 -3.3.6-1.

k

•,2

s_t _

109-3.3.6-'1 SNA-8-D-027(I) REV 2



3.3.6 SM RCS HELIUM BOTTLE PRESSURE- Amendment 33
TEMPERATURE LIMITATIONS (NASA DATA SOURCE) 3/20/70
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Figure 109-3.3.6-I. SMRCSHelium Bottle Pressure-Temperature
Limitations
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3.3.8 PRESSURE-TEMPERATURE LIMIT RELATIONSHIPS FOR SM RCS

PROPELLANT TANKS

Pressure-temperature limit relationships for propellant tanks are

dependent upon the history of the individual tank with respect to pressure

cycling, type of fluids used, etc. These limits are established to pre-

clude potential growth of a flaw in the tank wall, when in contact with

the propellants, that will exceed the maximum allowable value for the

tank. The maximum allowable pressure-temperature limit relationships for

S/C 109 SM RCS propellant tanks are given in Figure 109-3.3.8-1.

SNA 8 D 027(1) IlIV _

109-3.3.8-1

i



Figure 109-3.3.8-I. MaximumAllowable Pressure-Temperature Limit
Relationship for SMRCS Propellant Tanks

109-3.3.8-2



Amendment 3

3/20/70

3.4_4 CM RCS PRESSURE-TEMPERATURE LIMITATIONS

Pressure-temperature limit relationships for propellant tanks are

dependent upon the history of the individual tank with respect to pressure

cycling, type of fluids used, etc. These limits are established to pre-

clude potential growth of a flaw in the tank wall, when in contact with

the propellants, that will exceed the maximum allowable value for the

tank. The maximum allowable pressure-temperature limit relationships fe_

S/C 109 CM RCS propellant tanks are given in Figure 109-3.4.4-1.

* The pressure-temperature limitations of the CM RCS helium bottle

are given in Figure 109-3.4.4-2.

* (NASA DATA SOURCE) SNA-8-D-027(1) REV 2

109-3.4.4-1



109-3.4.4-2
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3/20/70

-- (NAS_ DATA S li_Fl

3.5.4 SPS HELIUM BOTTLE AND GN 2 PNESSURE-TEMPFRATURF LTMITATIONS

See Figures 109-3.5.4-1 and 109-3.5.4-2 for Sl'_ helium bottle and

GN2 pressure-temperature limitations.

109-3.5.4-1 SNA-8-D-027(1) REV 2
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3.5.10 PRESSURE-TEMPENATURE LIMIT RELATIONSHIPS FOR SPS

PROPELLANT TANKS

Pressure-temperature limit relationships for propellant tanks arc

dependent upon the history of the individual tank with respect to pressure

cycling, type of fluids used, etc. These limits are established to pre-

clude potential growth of a flaw in the tank wall, when in contact with

the propellants, that will exceed the maximum allowable value for the
tank. The maximum allowable pressure-temperature limit relationships

for S/C 109 SPS propellant tanks are given in Figure 109-3.5.10-]..

SNA-8-D-027(1) REV 2
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Table !09-3o!I-3_ Se_ice Module Reaction Control Subsystem (SM RCS) Temperature Limitations

TEMPERATURE MEASUREMENT

CO_ON_T LIMITS (°F) LOW LIMIT REASON HIGH LIMIT REASON
NUMBER LOCATION

LOW HIGH

Primary Oxidizer
Quad A' Fracture mechanics.

Quad B 128/138 207 psid prior to firing/ None N/A _
Quad C 192 psid during mission. _ :

Quad D

Primary Fuel

Quad A 148

o Quad B 150 Fracture mechanics. None N/A

i Quad C 148 207 psid.

•_ Quad D 148

Seconda_ Ox ]28 Fracture mechanics. None N/A
Tank 207 psid.

Secondary Fuel 148 IFracture mechanics• None N/A
Tank 1207 psid.

NOTES: I. See Figure i09-3.3.8-i for SM RCS fracture

mechanics pressure-temperature relationship
CU_es.

Z

2. See Table 3.11-3 for other SM RCS tempera-

ture limitations. (All RCS fracture mechan- >
ics limits-NASA DATA SOURCE).



Table 109-3.11-4. Command Module Reaction Control Subsystem (CM RCS) Temperature Limitations

TEMPERAT_E MEASUREMENT w

COMPONENT LIMITS (°F) LOW LIMIT REASON HIGH LIMIT REASON

LOW HIGI! NUMBER LOCATION

Propellant Ox
Tanks

Tank A 135 Fracture mechanics. None N/A
Tank B 129 308 psid.

Propellant Fuel
O

Tanks
O

i

Tank A 146 Fracture mechanics. None NIA
Tank B 146 308 paid.

t

NOTES: i. See Figure I09-3.4.4-i for CM RCS fracture

mechanics pressure-temperature relationship
curves.

2. See Table 3.11-4 for other CM RCS tempera-
ture limitations. (All RCS fracture mechan-
ics llmlts-NASA DATA SOURCE).



Table 109-3.11-5. Service Propulsion Subsystem (SPS) Temperature Limitations

TEMPERATURE MEASUREMENT

CO_ONENT LIMITS (°F) LOW LIMIT REASON }IIGH LIMIT REASON
NUMBER LOCATION

LOW HIGH

Oxidizer Sump 109 Fracture mechanics. SA2377T On tank @ _

Tank Skin 205 psid secondary regulato* Xs = 280

lock-up and 0.5% minimum SA2378T On =tank280@
Oxidizer Storage 109 nitric acid content
Tank Skin Xs

H

Fuel Sump Tank 125 Fracture mechanics. SA2379T On tank @ _

Skin 205 psid secondary regulatorl Xs = 280 _

Fuel Storage 125 lock-up. SA2330T On tank @ zo
O Tank Skin Xs = 280 H

NOTES: I. Temperature limits indicate the limit of the
I tank hot spot and not necessarily the limit

of the measurement number location. The hot

spot limit may be predicted from the measure-
ment number reading.

2. See Figure i09-3.5.10-i for SPS fracture mechan-

ics pressure-temperature relationship curves.

3. See Table 3.11-5 for other SPS temperature

limitations.

o _N

r_
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4.1.1 EPS ELECTRICAL DATA

4,1. i.i Master Electrical Equipment List

Table 109-4.1-7 presents the master electrical equipment llst for

CSM 109. The power levels shown should be used for mission planning

involving CSM 109.

109-4.1.1-1 SNA-8-D-027(I) REV 2
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Table 109 -4. i-7. Master Electrical Equipment List

Part I: Definitionof Titles, '

I, Code - A numeric used to identify the component within a system..

Z. Description - A description of the component.

3, CPC (Coldplate code) - A numeric showing the coldplate or non-coldplated status of the component.

e.g." 036 - Coldplated component on coldplate V36-610036

2 - A non coldplated item in the command module

"3 -"A non coldplated item located in the service module

4. Part or Identification Number - Actual part number, vendor number, ME XXXXXXX,
MC XXXXXXX, or a drawing calling out the component being tracked; e.g.. V36-XXXXXX.

5. Reference Designation- An alpha-numeric designating the location of the component as called
out on schematics.

6. Qty__ - Quantity of components in the spacecraft.

7. A/DC - Specifies whether the component requires a-c or d-c power.. Where component requires
both, a se1_rate line identifies the level of power of each.

8. P.F. (power factor) - All power factors'are lagging except as noted in remarks cul_nn.

9. Phase - Specifies the 400-cycle a-c phase(s) required by components.

I0. Bus ZD (bus identification_ - An alpha-numeric coding showing bus or buses from which
components draw power,

ii. Power in Watts - Power requirement per unit as defined at equipment interface under app|,ied
voltages of 28 vdc or 115 vac.

Spec - Specificatinns values.
Developmenrt" - Value obtained from development test report.
Qual Test - Value obtained from qualification test report.
Acceptance - Value obtained from acceptance test report.

IZ. CRCT Breaker - Circuit breaker that systems or component is connected to.

15. Traceability - Specification, qualification test report or end-item data package, etc., from
which power as specified in Item II was extracted.

14. Remarks - Any specific on the component which cannot be listed under the present headings, and
yet is pertinent to'the use of the equipment (i. e. , effectivity, type of duty cycle under normal use)
used during certain phases only.

Bus Identification

Code Bus

S A Service module Bus A
S B Service module Bus B
C A Command module DC Bus A
C B DC Bus B
C A B I DC Buses A and B
C A B 2 DC Bus A or B
C I AC Bus I

C Z AC Bus 2
C 1 2 1 AC Buses 1 and Z
C 1 2 2 AC Bus 1 or 2

B A Battery Bus A
B B Battery Bus B

B C Battery Bus C
B A B l Batteries A and B
B A B 2 Battery A or B

B R Battery relay bus
F P L [ p Flight _nd postlanding bus

-109-4.1.i-2

!SNA-8-D-027(Z) REV 2



Table 109 -4.1-7. Master Electrical Equipment List

Part Z: Mode Definition

Mode Definition Mode Definition

Guidance and Navigation Stabilization and Controls

A Attitude control, delta-V, entry modes A " Launch, G&N delta-V with SCS backup

B IMU alignment, LM tracking B G&N maneuver, 1 FDAI, no SCS backup

BI IMU fine alignment C G&N attitude hold, 1 FDAI, no SCS backup

C CMC operations D SCS delta-V, 1 FDAI, no G&N
o

_o D Sextant sightings E SCS attitude hold, 1 FDAI, no G&NI

_ E G&N powered down F SCS attitude hold, no FDAI, no G&N

G S'CS rotation, 1 FDAI, no G&NLo

H SCS translation, 1 FDAI, no G&N

I Standby, SCS gyros in warmup

J StandSy, no gyro warmup

m K G&N entry, SCS backup

L SCS entry, 1 FDAI, no G&N _o

o ,-4 fD
m,_ O=
".4 _"

_-4 bo

b_



Table 109-4.1-7. Master Electrical Equipment List

Part 3: Notes

No. Description No. Description

1 GAEC 30 Mode ADEFGHKL

2 Total for panel 31 Mode ADEFGH

3 Sea level operations only 32 Mode IKL

4 Vacuum operations only 33 Mode BC

5 Power from fuel cell positive plate 34 Mode A

6 Total for mission 35,, Mode BCK
7 597 VARS 36 Mode D

8 Maximum charge 37 Mode EFGHL

9 SCS yaw mode 38 Mode AD
10 SCS roll mode B/D 39 Mode BCI3

11 SCS pitch mode 40 Mode K

12 Open 41 Mode AK
13 Close 42 Mode DEFHL

14 SCS roll mode A/C 43 Mode G

15 Also cold plated on CP 040 44 Mode DEFGHIJL

16 Service module cold plate 45 Mode DEGHKL

17 Primary cold plate loop only 46 Mode DEGH

18 Standby mode 47 Mode FIJ

19 Operate mode 48 Mode KL

20 5.0 psia 49 Mode BCDEGHL

21 14.7 psia 50 Mode DEGH
22 Mode E 51 Mode IJ

23 Mode ABCD 52 Mode L

24 Mode BD 53 Mode ABCDEGHKL
25 Mode CDE 54 Mode ABCDEFGHKL

E

26 Mode AB 55 Disabled prior to flight _o
27 Mode A 56 Assumed power factor _ ¢_

28 Mode BI 57 NASA data source ._
O_-

29 Delvp="l"G; qual ="0"G Environment 58 Average power ac 21.0 w; de 19.0 w rt
59 See efficiency curves; idle power 112 w dc _o

4_

60 For PTC, inertial attitude hold, and orbit
rate, use "A" mode less TVC
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='103 POq '_Y O41 ME_O1-10_19-O(307 G_.-1AI_I 01 A .9_ C1_='_ _l.O _r'.O + C15-4A4_2 CGI-:P 0_12D_40010

;_6 _ TIH_ £QIP I_ HE:456-O_41-Dr._l (:;_-IAIOZ O1 D O_1 _.).O 6._ _'_ C.t54A4OZCII_I-Z2 10D14(_04415

_O9 S-DAN0 )_4_Trl_ 0_6 HE:47_-4[]OTO--OL3_4C2_-/AIDS 01 A ._ (.1 _' 14.O G.'/' C1_-4A4(32 C_.14 D6141_.3._L _;e_

)__ 2111 S-_O PI_ AHP I1| NI O:_O HI[4_t--[]_66-A_6 (:Z_-/AI(:]4. O1 A .94 _..,1_' 90.O 414.O _J,5.;4A40_ (;;_,80ZGT"ZZ:l_I4
(D
_JO _IIZ _v-I_D PW AMP HI N10_ H_4_66--D[_6 C;_-1AIO4 I:)I O _ S.O $.S - C15-4A402 _ 7 O261"_1_0X]014'
I :11.O "

._. Z/13 S--_) PtJ AMP LO N1 _ H[47b_CO66-OD06 C_:T-IAI(:}4 O1 A ._'_ _=_'> 40.0 C/5--4A40Z C]E_I_IOZ61'_:lO_L)I4

i._ Z115 S'-'[O 1%4AMP HI _ O_O 1,1147_..-4]_6C_-.(30DGC_t..-1AIO4 [31 A .9_ Ci_"> 9_.0 14.O C1_-4_4DZ C£_) L_6_'_OT_._014

I 2116 _.-00 P_ AMP _1] N_ O"_"_I,IE:4?t_0066-(:]O06 C2_I--IAIO4 £)1 D _ $.0 I.S ¢15-4A4OZ r_Lt9 O26_:)'/_014

2117 ._'DD PIJAHP LO N_ O,,._OH[47=]_[]O66-OL]06 C;_,-;AII_II Ol A .96 r_.J_'_' 40.0 31.0 C1_1-4A4102 _ O26_O14

ZlI_ S--r_ _ AHP LO N_ O,30 H[476_-_GG.-(X_G C;_-IA1D4 Ol D I_ S.ID $.S C/_-4A40_ (:_19 (:}267"_O_[:)014

• I|9 M.IF/AH _d|T ;_6.8 O_4 M[4?_C_,.-(:]O6"r-OC]0_(_6-|AI_J_ O/ O _ _.Z _.3 C.t_--4A41OZ (:_ O713_1:1G._O13

ZI_O M-_F/AH )_q|T 259.7 0;_4 H_47_-OL_67-OD[:_ C"_.-IAIO_ Ol D FRL 341.O _'.6 ¢15--4A402 _ O_13Et_:3C_13

=,t2"1 MtF/AH ._l'_t" _JP A DZ4 H[4_-0067_ (:2_-lAl(_t - 01 O' _ 6.O 4._ C|_-4A402 CJDO4$O_3_:X)13

Zl_ _i_/AH ._T1DysIHPA 024 H[47_67-4:X:X:_ (,2e_-IAl r'_ 01 O _ 6.O 4._ ¢l_-4A40Z C_[_t O_.3_=O013

_,*r'_ 2123 tttF/AH s'_i;_ DJP 8 024 HE41"4:_-L_67--I:]O0_(;:2_-IAIO_ Ol O FFL 6.O :I.8 ¢1S--4A402 _ O7136L_0=O013

!(_0 2125 vItF/AM REC ;_6._ 0:=4 H[4T_-006T-[:_O_ (Z_-IAI_ 01 O _ 2.O $._il CI_--4A40Z CGLI@On;_61_O_O13 _

I_ _I_'G VHF/AH RF'C 259.'_' 0:_4 _E:47_-0067-000_ C_t-IAIO_ 01 O Ir_ ='.O $.1_1 (IS-4A40_' C.DO_ O_13Et_O:X_OI3 --.4 (0
O ZIZ7 M./F/AN K_y _6.8 024 H[47_-0067-000_ C2_-]AI_ Ol 0 " F_. Z.O |.|@ ¢IS-4A4OZ _ 0713_03L)O13 O

rt

"4 zl _,_ M'IF/AH Kr'l' 2_.70_'4 H[:4?_-OD67-O00_ C_-IAI_ Ol O _ Z.O I.l_l CI_I-4A4_Z. _ 0_13_;O3OOI3 I_

• "l_) Au0|O (LrNT _ 027 H[4T_-00_.-_4 C;_I-IAIIO 03 O f01L $._ 4.11' CI_-4A4OZc_OT-4_ O2G'/'_._110014 •

2130 AU0/O C£NT $T00Y 02? H[4T3-_4_I_-_:)4 C_-IAIlO 03 0 F_I. Z.ID |.8 CI_.4A4OZC[_OT-_I 026_dIIO014
<:

r_



Table 109-4. 1-7 (Continued) _Ls1_-IZ[CmZCAL 01uze_cm LIST (L|_RAR¥) JAN. IO 1970 SC-I_

UNIT POWER IN WATTS[__
CO_; DESQ_IPT|CN CI_ PART Q_ IO NO RE/= EIE,SII;NTN QIy A/IX; PF FHASI[ _US IO SPI[C I_LvP Q TEST ACCI[ CRCT £REAF,E_ TRACEAEILITY NOTES

_.31 AuDIoCENTER
21_I_ DATA ST(:P.A_:" _ 14E4_5--00_5--0(_ C1_I.-IA11_7 01 A .44 Cl 40.0 :0.0 C15--4A402 CI314053_O_F-J01 _' 17

Z133 DATA 8.TGRAGI_ OZ9 H[435-00._5-_030 C13.--1Al07 " 01 D (:_1 :_.1 C154A40ZCGZIN'Z_ D53"_,_O(G012 17

ZI_4 "JrI[LI_V|S[(_ 2 H1101--0_I04._216 C2_--_A_"_ 01 D _ 6.?S II.)'5 C15-4A40 ;_ CJ_I:$TR-17551_i-Q-_'

213.5 UP-DATA LINI O;_ F,_4_.OIOI_"- C2_-1A103 Ol O _ I_.O . ,_.9 CIS-.4A40_ C_10 06,1.411_[_

2136 RE_[X_Z XF_ 020 LSC_.._.5OL%-_, _ 01 D _ ra_.O Y'J:S C15--4A40_ CG15 GI_ 15N16

2137 RE310_Z _ H1R 0_ LSC 37D-5_E_-3 _ Ol D CASZ 15.O 10.O C15-4A402 C_IS GF_ 15N16

Z13_ Hy GAIN ANT _¢34C 3 H[476-_0:_-0101 _3 DI A .St) C1_ 41.$ C154A40_'G[_06 ATP 19d-O_ V;CT 56

• 1_ H_ G4|N ANT _ 3 H[47G-O_-DIOl _3 01 D ¢A_?. _'_.0 _JD C154A4OZ C_O6 ATP 1_ VICT

2140 _J4¢ ANT _kiTGH 2 H[45_C_$_--01_ (2_1A114 DI O OMSZ 15.O |Z.O CI_-4A4OZ (_S _._21

_'_-41 M_F P.£CGV 8[ACCH 2 H[4_-OO_-GGO5 C_lAIlZ []1 D FFL " _'_.O _._4 CZS--4A4OZ C_O7 0_6_"_'_O007

_14_ D|G;TAL _ C_N 2 H[4_--GOO_ 01 O FPL :_A.O IG.8 CI_-4A4OZCE_ S/hO?I3_4_O_G¢_

='!43 HyCCN GUtERA Sl12D 01 A |.0 _6.3

2144 HyCCH CAHE_A CP. 01 A |.0 4&1.3

Z_45 Hy¢oa CAetD_ G_. 01 O 3S.0

='147 _-_AND XP_E_R N0_ O_6 H[4?_-GO?[_[_O5 C;_-2AIOS O1 a .85 ¢/_ _.O 14.? CIS-4A4_ CGI_--_6141_2L_(_09

='14¢1 S-G_ID _ _;_ 0_6 H[4?_*-[]L_(_[_5 C_-IAI05 01 D _ Z.4 _.1 C15-4A40Z ClOt7 0_41_2_L_0_

I_ Z150 $-GAJ_D )_012_ _ 026 FE4T6-O0?L_-O00S C_-1A105 01 O _ 2.4 _.| C/_-4A40_ CGI? D6141_];_0009

Z_..S1_CL_RTE1.[VIS/O_ 01 D _ ZS.O CI54A40_D13 •
I

_r'.l G_EW SUPPGRT • •

_z..m_,5o,_t. co_t • c_-z_a_6 �o"_ O Ir_ 1._ ¢:s4_4o_:_r-6-9 _t._z..-o_z6z-_s
_-_ _03 _IGH_D INSTR CO4N 2 (2_-J645,6,7 (]3 D _ 4.34 GDT-9 _tDl--OQ_-_16
I

I_ _01 E_IVIR_AL CTR

Z302 CAG|N _ CT $T8 Z 3.7 HC901.-O_6 C23Z3 O1 a .95 (;2 ='.S ='.:1, C15_4_5CG43 OD4OGO0_?IO_

Z303 CABIN TDIP CT _ • 3.? H_I-OT]6 (_3Z3 O1 A .95 C_ 11.5 |$._ ¢$5_42_SC_43 D_G V34945044

2306 POTA_r I1_O HTR _ S._ ItC901_DT_'6 C_JA4HRI 01 O ¢A81 4S.O 4S.0 • C15_4_nSCG26-_7 Dt4G V3494_044

•r'_)7 fl_|H GLYCOL.PUHP 2 Z.4_ H(_01-O716 C_A_LPIN_ *'1=' A .EO Cl_ _;_.O 54.0 _O4CD?-IZ _ V3494_04

2309 FRIH fly EVAP CT 2 2.4G HC901-0_16 C23AIzS Ol A ._,95 Cl . 9.0 I._ m.91 C_2A2D4CE;9 i:]040_0087108 - 18

Z3ID _RIH GL¥ [VAP CT 2 2.40 HC9OI-O716 G_3AZZ5 01 A .gs Cl 27.0 Z2.SG _.4 C__4_04CDIO 004t][XX_71Gt_ 19 ....

_. Z311 H20 VALbI[ _ S.2_ H_JOI-O?16 C2_1LV4 01 O _ S.99 _._ C|_ZA_OSC_26-_7004OLX_46103

Z31_ _ACKFR[_S M.V PAN Z 2.39 HC901--O716 C2_41LV$ 01 A .80 Cl 8.OS 4.02 ¢_'.2A_04C_9 0040LXX_T_[_
C_ Z314 CyQ.IC ACCUH CC_T Z $.:k$ HCgOI--D_6 CZ3AIZ4 01 O CB " _.OS _.S_ ¢I5_.4_t)_CD29 . DO400(X_?10_ --_
I --4(_
o _:s c'rc.Lic ACCU_ mN Z i.:16 _tcgo1.-ot16 ¢_4ILVl-Z OZ O OU_ Z._ e,_l c_s_z_k:_-_ O04L_Ot_ 0
I_ rr
•.j Z316 PLV VALVE tq_l._l_ 2 6.7 HC_OI--O_ C2_L.V41_ 02, 0 _ _.1_ " _l_.e CIS2A_CDS _ V34945044

231_ PL_ FAN HJf_i _ G.| H_K_I*4_T_6 C,_ O_ 0 Irl_ 1_._1 _S.• ClS_.AZt_ICD:_ _ V3494SO44

N
bJ



i /

Table 109-4.1-7 (Continued)N*s_ _[=mxc_- rauz_(_r LIS* _l_a,) j,,. 1o ,gin s¢-1_

I UNIT POW_ IN WATTS I

2319 STEAM CUCT HIR 1 2 H[3_313 C23A4HRZ 01 D CA 3.56 3.56 C152A205C050 Ot_G V34945_144

2320 &T_AH DUCT HTR 2 2 H[363C_13 (_3A4HR3 01 D _ 3.30 5.56 C15_1_051 _ V_4S4_44

UR|N[_ DU14PH_ A Z H[3E_TJ(_15 C2_-IR4 01 D CA 5._ Sot)IT 015ZA20_050 DtJG V_4945044

Z3Z2 URIN[ DUe_ H1R B 2 H[36=0_13 CZ_HR4 01 D (_ S._'_ S.4_i_l ¢IS_.A_'nSCG51 DWG V-_494 ,¶R_44

SUIT GLYCOL _P VL 2 1.46 H(_1-0716 C2_AILV8 Ol A .90 _ 7.Z 7o04 C152A204(_ (Xl4_._7]CJ_

2324 _J_C GLyCCL FUMP 2 Z.4_ _1...0710 (_3AI_LP3 01 A ._[_ C1:_, 5_'.0 52.0 _.A405C044-45 DWGV54945044

_S ,_C GLy FVAP C(_NT Z Z.4_ 14C_(_1"-_6 C_41Z7 01 A .95 Cl 7.6 ?.G. _Z_.A40_A4 DWG V_494 ,r._,_4

Z3_.6 SI[C GLy I_vAP (04T 2 Z.40 _1---0716 C_AIz7 OI A .95 _1 23.8 23.8 ' _.A4050044 DiJG V3494_I_44

2_?.7 H20 VALV_ 14_r_SI[C 2 S._9 MC9_1.-0716 C23AILV9 °1 D _ S.9_, S.9_ C15_n50_20_27 _ V_494fi044

Z3Z_ _,AOU_R_S M.V MAN _ _._9 14C_01--_16 (_ILV? 01 A o9S ,-1 8.05 ?.S CZZ_J_2GS CF_44 I_0L%%_710_

Z330 RAO FROP Vt.V CO_T 2 1.1147_J41 _1 01 0 CA Z.8 Z.O C152A_350067 _ V34945(3f14

;_31 RAD F]ROP VLV C(34T Z H[47_041 S_3A1 01 A .05 CZ 43.7 45.T C15_.A20_ D_G V_4945_54

PAD FRC]PVt.V CO_" 2 H[47_._41 $2"_A1 01 D (_ Z.8 Z.8 C15_.Amn.5_-._L) _ V34945054

RAD _ CCHT I_RI$ 2 H[47_._. ._ 01 O CA 9.$ 9.S C15_J_67 _ v34S4_54

RAD _ I 3.ft[47(]-_(_- S_'_'_2 01 D _ 464.4 4_4.4 _14_151 _ V_49450"_4

Z335 pAD _TR CCI_" FR|2 2 H[47_1_. 'S2_AZ 01 D _ 9.S _.S J C15EA_D_'._t_ DIJG V3494_(354

Z3._6 PAD HIR _ : M[47_42 S,?._,_2 01 D SB 4_4.4 ,k04.4 _4AlSZ _ V3494_$4
CA 14.1 14.1 (;1 _71 _ V3494_054

_,_ ,ks44 4_4 4 sl4Als3 _ v3494_054

+'- s8 _4 4 4k+44 s*_lS3 _ v34S4+_o54
_ RAD)_R ,_rc _ 2 HE4_e[E_. S,?._Z 01 O • •
Z340 _STE DU_ HTRA 2 _'36=_0_3 G_3 01 D CA _.50 C35Z_ZO_;_-_; D_, V3494_L_54

_341 tJ_$11[ DuHP ttlR B 2 H[563_013 (_IR5 01 D _ 3.36 CIS2A2D_I _G V3494_054

Z34Z t_ST[ SlRIP _ I "Z 1413630017 C_HR_'

_J45 k_STI[ S'IR|P HIR Z 2 H[36;XX)I7 C2_'IR 7 01 D (_ $_96 C152A_5C051 _ V34S45054

2344 DuMP fllR|P H1R I 2 lal[3_X_l 7 CZ'_tRG OI D CA |,gG ClSZA_5_G._O D_e V3494_054

2_S45 DuMP $1RIP HIR _ Z M[36X]017 (_HR6 Ol 0 _J5 I.90 C|SZA_)SCDSI C_G V34945_54

_46 SUIT C_ 1 _ 1.10 HC901--0716 CZ3-A1P,I OI A .T_ ClZZ @5.0 _._ @2.9 (_Z-ZAZI),IC_I-6 O040C_L_FIC_

='341' SU|T C0tFRESSQR I 2 1.10 I,I(_OI-O?IG CL_3-AI_ 1 Ol A • TP CIZ_ 19S.0 19S.O (;_Z-_.A_D4CI;I-6 _ V34945L_44 Zl

Z34_ SUIT C(;]_RE3S_ Z 2 1,10 HCSOI-4)?IG C23.*AI02 Ol A ,T_ Cl _';* 8S.0 lr9.? @3,_ _Z2-ZA_D,ICG1-6 IX_IXX'IO_'PI_ a)2t

01 A .TP CI_ 195.0 ISS.O Cm->_Z_t_044_l-6 _ V34S45044
_Z_ _34S SUIT C_ _-%_R 2 Z 1.10 H_OI--OT16 C23-Al_

23_ _yCOL _ CO_ff 2 2 _ ItC9_1--07_6 C23A;Z :> Dl A .95 Cl Z.S m.S _.A_4Crt7 Dt_G V34945044 1@ I'o t_• _ v3,_g4 f_44 19 "_" _

I_0 Z551 GLyCCL TLrMPC(2qT • Z._;_ HC9OI-On6 CZ3AIZZ 01 A .SS Cl IO.G ;O,& CZ_-.A_4CO 7 ._ _"

zss_ _[_" hR sUP_L_ 2 2.1_:-_n6 _2_Ps_ n, O CAD* 10.0 S.SS t.S clSZ, z_:o._s-3_ o_xx_n_ -4 mo_
O 01 D BA .SI_ .SS5 CSSZ_,_-_S CGT_ r,r
eO ZS$B [¢S R HTR RLy _RI 3 SI4AI SI
•*.4 01 D r.n .S@ .SLID CISZ_4ZDS CGTJ' I_

,_ z)_ [cs It I_R RLy _l 3 st4_l s,?
:'3(0 [C5 R _ RLy S_C 3 $14A1 55 01 O I_ .$1 I.Ol ClSZA_-)S CDT3

Z3f_ CAfllN FAN LO 1 14CSOI-OTIG CZ3GI Ol A .4_2 Cl 19.0 19.0 C15,74_1SC03_-40 DWG 34_45L]44 '_6
<::



Table 109-4.1-7 (Continued) .*s_m D.[g_ICAL [QUISY_2_ LIST (L*CRARy) JkN. 10 190 S¢-I_

I_ POWER IN WATTS
¢C_[ [_F..._CRIPT_O_ (;PC PART (JR |D l%G I_F __s|fd_rt4 QTY A/DC FF FHAS_ _US |D 255P1[C0 DI_VP Q TgST ACC[PT . GRCT ER_-----------------_K_TRACEA_'qLITy i;_,TE$.23N_: CABIN FAN _ | Z _9'J|--cJT_6 l-_p_._ 01 A ._ C1 . , I _2.0 | t C15_A_%5CS_-4JJ DWG 3494.9_44 56

23_ CA_IN FAN LO Z Z HC_'JI-_T16 - *"_. HI A .4_. C2 19.0 19.0 ¢IS_.AmnSC_41-43 D%.G "_494_44 56

;'3"04 CAG][N FAN 1tl Z _' HC_1..-_6 C2_. 01 A ._ C:* ZS.G 22.0 C152A;_OSCG41-43 D%,_ 3494,5044 56

240t RIrCOV_Ry

24_Z CQ'_r.,._ F_ Z ItF-.._lr-r-r-r-r-r-r-r-r-r-_-_C_F--_ZC24Li='2P'_ 02 D _ 5(_I_.GO 5:0.0 -54_.3 CIS2A;_L_CG6.-_ 01S44Cf.K'_]34,4

Z4G3 .S(_L(3k_O_O VALVF.S a ftK;_4C,_SF-J(:_I _;_4(.V_V'ZV3 03 O _ m'a.O 18.2 CIS2A_C86-al I022612346_

Z_I _UIDANCE NAV

2_];_ r_JlO C04P _ _1 ;_._._993-H31 01 D _ 10.0 25.0 CIS_._.2DSCH(_DN61 HIT 11114;_ R_-vS? ' :>m

Z]D4 CPT|CS _ _GA_[ H_T _199°_Z-C_ 01 0 _ 41.G _ C;S_4mnSCD62N63 HIT F'II4Z R[V57 ;_4;U'4D17

Z_S CPT|CS _ _DU_ 039 __._T'_--162 01 D CAB/ _9.3 _. SUM 87,0 _ CIS_4,_[.75CH_,_,163 HIT F'114_ RK'V57 24AtJD17Z?_6 CPT|C_ _ _" f*40 _(_7"_._3-111 01 D _ 6; .6 C152A_.]SCSH,_,[6_ HIT [114_ RKV57 24JUqD17

;_ |MU H1R STO;'aP._&; 04_ a[_a_).-lll 03 D _ 13.0 8.9 S.SJ CI5_A_OSCGSQ_IS? HIT _-114_ REV57 2.SAND_

2T_I IHIJ C]F_RAT[ APSA_r 040 _111 GrJ D CAj_t 114.1 64.0IG4.0 (;15_4_'_5C8-58_1._J HIT El142 RL='V57 27AN[_7

• *TIZ IMU GPI[RATF-4P|PA; G_6 _99¢J_;'-[_ 01 O _ _.S) *_S.6_ C15_.A_DSCGS_459 MIT 1_114_' R[V57 _>_e,l%101_'

2_13 IHU CP Flr_ AI_IGN H_T ;_Z_3-Dll 01 D CA_L 16.2 HIT r114_ RKV57 Z_ANDI7
0
%0 ZTJ4 MAS'i'I_R AL.AJ;_ LAHP a3_*_ "_[,-011 01 o c$ mm 3.5 ¢lS_.A;_._SC[K52_I53 HIT 1[114_ REV57
I

._ _"/'1S I_T D_H P_ IN PSA ;_Z_._,_D11 01 A C|_ 15.3 ¢,lLS_.A_D--_4N55 MIT r114_ p._V$7

:/'716 D;14 COurT rt LAHPS _::_3¢_-O11 O'. A Ci2_ 2,1D CIS_.A;_DSC_4HSS H_T rl14;_ Rb-V57

I-* 2"/'!7 D[H CONrr D_,y CAU _n_1_S_.3--O_l 01 A C|_ 9.0 C15_¢_5_54NS5 H;T [114_ R_-V57
I

_01 ST/_ CCI_ROL 60

Fo 2902 _ AS_" 1 037 HE493.4]_IO-G[]DZ C_--IA|L_" Ol A .7S Cl |&.G. ClSZAx_1_C_9 A_X 5_t]57

• 903 T_RO _ 1 037 H[493-O_lO-I[:X][_. (_.-_A1_1 O1 D _w4 SS.3 C;5_A.;_CB/I Arx 50057 31

Z_(_4 ¢_11_0 A_Sy 1 0:$7 H[49_F4[_010-(_ :) (_--IA1_'| 01 D CA $_.8 C_LS_mr'_l A_X _X._S'/'

_06 GyROASSy =_ 037 H[493-4]_IO--(](_Z C'_9-|A130 01 D . C_ SZ,e ClSZA;_]_CJ_Z AEX 5(,]057 _)

RF,.ACT JLr_r CRIVI_ O "_ H[$OI-O_6-(X'JOZ C_-|A|]6 HI A .'/_ C|_ 0._. CI_A_C_C_t410 A£X 50057 33

29139 R_ACT JET I_|VlE_ _10 HE:9_I.-tD?D6-GO02 C_9-IAI|G Ol D _ . 0.4 ClSZAZO_C_IN_;_ ArX 50057 34 _

r.n _10 REACT jry [RIMER O_O 1,1[_1--0_6.._[X_2 CL_9.-IAIIG Ol O CASZ I).l C15ZA;_CQIIN_2 AI[X 50057 35 _>
•-_ =*all R_4CT J£T I]_|VE]_ O_O HE_OI-O;'D6-(X_Z _-IAIIG 01 D _ |.4 C1_4_C_1N12 ArX _0S7 36 r,o (D

_O Z913 S_VO nrClRO,[ICS D3Z H[9OJ--IDTF-_-O(X);' C2_-IAI_ Ol & .7'_ C122 l_..4 ClSZ/._O_C_,lm2 AKX SOOS? 3_ "-J fD

O
I_ _)IS S[_VO _.£C1RO_ICS O3Z ME_C)I-O_4_-r-?_'J02 CZ_)-IAI_D HI O _ O._ ¢IS_A_CG31N33 ArX SOOS7 _ I_
•.4 • J::'-

-_ Z_IG _VO rt I[C1RCII|C$ G3Z tq[901-O]t._,-G_)_ CL_P-|A|_ Ol D _ lr.S. ClS_.AZOScGS4N5$ Al[X $t9._S7 3G

"_ ",_4_CDivision (MSC) does not Concum with detailed brea_owa

nr n_mbers conta__ned..__t.hd_nbracke%. C4_--ag,--*o+-, +,,+,,_
<: number.



Table 109-4.1-7 (Continued) msTm _L_CTR|(AL [QU|FHENT L|$T (LZ_y) JA,. ID 19_ 5C-I_

Iu.nPow r.WATTSJ
CClD_ _c.SOt|PT1Ot CFC FART Qt |D NO RI[F D_S,_Of/'H QTy A/De PF FHASE

,., o| 0. I ! I /Io.. ,,E, .,
2918 _VO EI.JKCI!_R01|C._032 _1--07U0-0_02 (_-1A120 01 D CAP._ I.$ C152A_OCB54N55 A[X 50057 40

::_'19 I]J_C CO_ROL ASSY 032 H_l-O_5-r--_02 IL"c:_-.IA119 O1 A .'/_ C1_ 13.Z C152A_)OCB5410 AEX 50057 4.1.

O-lie C_GL ASS? O3Z 14[_I_D_S-(X_2 1_9-1Ai19 O1 A .75 CI_ IZ.9 C15ZAZDGCDS4H_ AEX S___S? 42

29Z1 E]_EC CO41RGL ASS? 03_ H[901-O_5-(I_2 C29-1A119 O1 A oR CI_ e.$ CI52A2130C654N9 AEX 50057 43

_ E_LJ[CCO_I1ROL A_SY 0_. _1-O_5-1000Z C_-1Al19 O1 D . _ 8._ C1S2A_CDllNt2 A_-X ,50057 34

_23 IDLF.CCO_RGL ASSy _ 1419OI-07_-_JOZ (;2_-1A119 O1 D CJ_2 0.6 CIS2A2D_._llN12 AEX 5_:_57 33

2924 E]-I[C COT1R_L ASSY 032 ME_OI-O?_-_[]D2 C_£)-1A119 01 D _ 1-0 CIS_20_CP.JIN12 AEX 50057 44

mm_5 EI_C CO4_RO- ASSY 032 1_1-O_5-T]302 C_9-1Al19 01 D _ S.2 CIS_A2[_3CI511_2 AEX 50057 40

_6 G_ D|_qI.Ay _ O_1 H[_01-_ 7-C(]_Z _|AII_ O1 A .75 C122 _.4 C/5_.A_.)_;Bgr;10 AE_X _J_$? 34

_;_7 GyRO D|SFLAy CFU_ O31 _l-ID_?-_f_2 C_9-1Al1_ O1 A .75 C12_ e. _)°7 C152A2[_C/_10 AEX 500_7 45

2_ GyRO D/SPLAy _ 031 141G_1-O_7-Ci_/_2 C_-1Al18 02 0 CAD2 34.O CISZA2L_lCDlII_2 AEX 50057

29;_ r.yRO DISPLAy CJ_LR O31 Hl_Gl -_707-r--_2 C_-IAIlB 01 D CArl| . O°Z C15_A2136CGlI_I;_ AKX _0057 33

_x_30 _ DISFLAy _ 031 FE_(_I-_ 7-_02 C_-IA110 O1 O _ _.o C152A20OC_IIH12 A_[X SLX_57 4G

_31 C_RO O|SFt-Ay CPLR 03i M_GOI-O;q37-(_[_2 C_-IA118 O1 D _ Z°3 C15Z_1_12 AEX 5(_O57 47-.

_ GyRO DISPLAy CAR O31 HE901--1_7[.)7_ C;_.-1Al18 O1 D _ _.Z CIS_200CGlINIZ AEX _Y-'_-_)' 4ai

2933 [1-1[C OIS/_LAy AShy O31 M_901-0710-OL_Z C_-1Al17 O1 A .?5 CI_ 17.1 C152A20_C_HlO AEX 50057 41

_34 ELF.C DZSPLAy ASS? 031 HE_Ol-_710-GL_2 C_-1A117 01 A ._ CI;_ _°T CIS2A20_-._GN10 AEX 50057 49

='_33 E1.E_CD|,_._=ILAyASSy O"-1 H_1.-.O710-D002 I_1Al17 01 D _ 19.1 C15ZA2D_C_LINl:_ AI[x _57 41

_-_ 2936 _U[C DISFLAy ASS? 031 ME_01-O72C_C]002 C;_-|AII? 01 D " C/t_2 6._r C15_t_.,OIINIZ A_X 50057 33

,,_ zg_,? r, rc D|._"LA_ ASS_ o_* ME_01--OnO-OX;2 C_S-IAtI? 01 D - .
_- 2_3_ _C DISPLAy ASS? O31 _1-O710-OC_2 C;_-1A117 O1 D _ 1.4 CI$2_2L_ICI_INI;_ AEX 5L_57 $I

,_ _3_ E].E_CDX._=,_Ay &_e_SY0.:,1 H[901--OT"J.O-O.._2 I_'-lAl|? O1 D _ Z3._ C15_,A20_C.OIIN12 A[_X 5005? ._

I_ _;14_ FOAl NO 1 _ M[432-_11_-0[]02 C22-ZA:X_IA 2 01 A .?_ CI O.? C1_A_CD9 _U[X 5(:]_5F 53
| O1 A .75 Cl 0.7 CIS2A_L_IC_IO AJ[X 5005? 41

(_ _4Z GP/FPI 002 H[43_O167-(_02 C22-2A201A3 01 A °7S O°;_ THRU _ID_V_ AMP AKX 5GO57 54

_4.]. ROIrATI04 C(_IT M (_' HE_OI--O'/'O_Z C2_-_4_1 01 A .95 C1 . _:.4 _IS_.A21:_GS4 AI[X 50057 30

R_rAT|OT _ _ (_O2 HE_OI-0_L_4-{X]_2 C_-_A402 O1 A .95 (_ _°4 CIS_A_C_S4 AEX SOO57

2945 (:RDF.AL. 002 H4OI-.OS643--ZlG 01 A C2 4.0 CZ2-ZA_c_r_ ICD

_46 (]q(_F_AL 002 H4GI-O5643 -L>IG 01 O CB 4.0 C_.;_.A_CGG4 |CO

I_ 3101 S_D_VICI[ _R_
3102 _ _ LIN[ _ 3 H[363.-O_I?-O00G S3111R|3114RIO 02 D CAD| 1(30.0 IOD°O IDO.O C14A_SC04_47 O365_XX_1190

I 3 H[449-_D3_-_SL) $3|AI 01 A .?_ C|22 ?5.0 49.$ ClS_A2LI_CD_7- _ r;q_ZA QUAL RPT _3 (D
00 3103 PuGS _ _.

I 3104 FUGS 3 HE449-00_O-9050 $31A1 O1 D _ 75.O " 1Z.4 (I52A2L_dCD2S-26 r_)_ @UAL RPT _.
it_ 02 D _ $1.O CIS_A_'DOCG_3-30 100L_'KX_00024OOC "J (_
0 3|0S H(I.IUM _L VALVI[ 3 H[;_I4-O336-(X_I4 SIOAI 0
_) 04 D CAB| 25.o. _.0 ClSZA_CG_O-I_ AJET _63_ r-t
_J 3106 PILOT VALW_r-_ 3 H[221-(Y_-_4-C)D01 SIOAI

3107 Gill ACT l_tJ[ Oql 3 H[;_17-_014 SIOA| 0 :_ 0 _ 200.O S_I&3Sl (;_ 3 CUST liNG H[Su_._ _l_

3_ G114ACT |04.1[ Q_2 3 H[207-_)14 _10A1 02 O _1_ 140.O I31A3SZ (:R 4 CU_T rNG 141140

<



Table 109-4.1-7 Continued) _sTm D.rc_zC*L _UXr_NX LZST (LX_V3 JAN. IO Zg_ SC-IO9

O 3109 GIN ACT I_OCE.TO.I1 x HE2_?-C_I4 Sl,C_I 02 O SA _4.O S31A3S1 _q: 3 ¢I._T E_IG

. 3110 GIH ACT ?.,OC6TOil ;) 3 I,F_.._7-_014 Str.C_I 02 O 6J_ 140.0 831A3$2 CR 4 CUST D_G

i 3111 GIN ACT _ V (3tl 3 H[2_7--C_14._,, 51_1 OZ 0 SA 371.0 " 831A3S1 CIR 3 CUST E_IG
311 :_ G+H ACT IX;]. V Q,JZ 3 H[_cl7.-1_)14 $1_1 O_ D _ 140.0 8_1A3$2 CA 4 Q..IST [_IG

3113 PJ[LOT fRE-VALVF._ 3 Sl_l G_. D " _ 25.8 Z3.O C15_C_°_-_

3114 FC,,._4

0

I

I

In

I r'r
Oo

I
0

M



Amendment 37

4/7/70

4.1.3.4.1 Inflisht Battery Char$in$ Cut-Off Poin__t
|

Figure 109-4.1-16 shows the relationship between the battery I
charger output current and the battery terminal voltage. i

1-

109-4. i.3-1

SNA-8-D-027(1) REV 2
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Amendment 31

3/4/70

-_ 4.1.6 Cryogenic Tank Characteristics

Table 109-4.1-8 presents average flow rate data, relief valve cracking

andreseat pressure limits, and pressure switch actuation limits for each

hydorgen and oxygen cryogenics storage tank.

109-4.1.6-1 SNA-8-D-027(1) REV 2



)

{

Table 109-4.1-8 CRYOGENIC TANK CHARACTERISTICS

I COMPONENT TEST DATA

P/N & S/N FUNCTION REQUIREMENT
ACCEPTANCE OCP 1015 TCP 0070

F----

IH2 Tank #i Minimum dQ/dm < 0.0725 #/hr 0.064 #/hr - -

_282-0047-0050 Flow (Average)
I00241_TA0002

]i2 Tank #2 Minimum dQ/dm < 0.0725 #/hr 0.060 #/hr
ME282-0047-0050 Flow (Average)
I0024!ITA0018

Valve Module, Relief Valve Opera-

liydrogen, tion

Cryogenic Tank 1

Storage System Cracking Pressure 273 psig (min) 281.5 psig 282 psig 280 psig
ME284-0291-0001 Reseat Pressure 268 psig (min) 273.5 psig 279 psig

06553J04!908 Tank 2c
_ Cracking Pressure 273 psig.(min) 281.5 psig 282 psig 282.5 psigl

_" keseat Pressure 268 psig (min) 275.0 psig 281.5 psig

[~ Pressure Switch
Actuation

Tank 1

Low Pressure 225 p_ia _m±nj"_ _ _L36._=psia 239 psla" _°_Q psia

High Pressure 260 psia (max) 256.0 psia 259 psia 257 psia

Tank 2

Low Pressure 225 psia (min) 238.5 psia 236 psia 239 psia

High Pressure 260 psia (max) 255.5 psia 255 psia 255 psia

02 Tank #1 Mininium dQ/dm < 0.79 #/hr 0.814 #/hr
ME284-0027-0003 Flow (Average)
10024XTA0009

(J.

_" 02 Tank ti2 Minimum dQ/dm ' 0.79 #/hr 0.815 #/hr - >
cg _D, MF284-O027-0003 Flow (Average) _ _"--m
_ ]00245TA0008 a- m

' r'¢

D"
<



Table 109-4.1-8 CRYOGENIC TANK CIIARAC'I'ENIS'I'_CS (Continued)

Z
> COMI_ONtFCI TM

TEST DATA
> P/_': & S/N I:UXCTIOI$ Rt_QUIRI_?IENT

I ACCEPTANCE OCP 1015 ICP 0070

co

Valve Module, Rcl_ef Valve Opera--

Oxygeu_ tion

Cryogenic Tank 1

,_<torage @'stem Cracking Pressure 983 psig (rain) 996 psig 991 psig 1007 psig

ME284-0290-0001 Reseat Pressure 965 psig (rain) 972 psig 994 psig
06553,1041811

Tank 2

Cracking Pressure 983 psig (min) 1004 psig 1002 psig i0i0 psig

Reseat Pressure 965 psig (min) 982 psig 990 psig

Pressure Switch

Actuation

Tank 1

I,ow 2ressure 865 psia (min) 882 psia 881 psia 891 psia

lligh Pressure 935 psia (max) 927.5 psia 927 psia 943 psia*

Tank 2
_c
, Low Pressure 865 psia (min) 874.5 psia 871 psia 870 psia

* IIigh Pressure 935 psia (max) 920 psia 923 psia 928 psia

t

*Acceptable high reading using automatic checkout equipment at KSC.
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Amendment 38

._- _ 4/8/70

(NASA DATA SOURCE)

4.2.3.4 Abnormal Evaporator Outlet Temperature During Lunar Orbit

Plane Change

Due to an unfavorable attitude prior to the first lunar orbit plane change

at 113.7 hours GET, abnormally high evaporator outlet temperatures are expected.

Evaporator outlet temperature histories for three orbits prior to the plane

change plus the plane change orbit are given for both nominal (Figure 109-4.2-39)

and degraded (Figure 109-4.2-39.1) radiators.

109-4.2.3-1 SNA-8-D-027(1) REV 2
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uJ

"" / ACCUMULATOR CALIBRATION
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_. 12 SC 109 AIRESEARCH 848340-6-1 --
I I._
_o _ S/N 117-112

_-Z_--10D 8 • PRIMARY SIDE
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-° // ! l l i_- 0 i i i i I i i i J i .iI-4
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Figur e 109-4. 2-28. Glycol Accumulator Calibration



Amendment 38

4/8/70

(NASA DATA SOURCE)

100

8C

o 60 t ,'_

40

2O

0

106 107 108 109 II0 III 112 113 114

TIME (HOURS)

Figure 109-4.2-39. Primary Evaporator Outlet Temperature Response
(Nominal Radiator Coatings: _ = 0.275, _ = 0.90)
(See Para. 4.2.3.4)

109-4.2.3-3 SNA-8-D-027(1) REV 2



_endment 38

4/8/70

(NASA DATA SOURCE)

100

8O

o
v

D-I

60

4O

2O

-
0 ! _

106 107 108 109 II0 III 112 113 114

TIME (HOURS)

Figure 109-4.2-39.1. Primary Evaporator Outlet Temperature Response
(Degraded Radiator Coatings: _ = 0.3, < = 0.92)
(See Para. 4.2.3.4)

109-4.2.3-4
SNA-8-D-027(1) _EV 2



Amendment 26

2111170

4. 3.4 SERVICE MODULE RCS OPERATIONAL CHARACTERISTICS

Table 109-4.3-7. Service Module RCS Forces

X Y Z

Forces (Ib) (Ib) (Ib)

FA3 -I01. 23824 Z. 25278 17. 70831

FA2 0. 00000 -98. 17605 30. 48447

FA4 I01. 23824 2. 25278 17. 70831

FAI 0.00000 102. 68161 4. 93215

FB3 -I01. 23824 -17. 70831 2. 35278

FB2 0. 00000 -30. 48447 -98. 17605

FB4 i01. 23824 -17. 70831 Z. 25278

FBI 0.00000 -4. 93215 102. 68161

FC4 -101. 23824 -2. 25278 -17. 70831

FC2 0. 00000 98. 17605 -30. 48447

FC3 101. 23824 -2. 25278 -17. 70831

.... FCI 0. 00000 -102. 68161 -4. 93215

FD4 -I01. 23824 17. 70831 -2. 25278

FD2 0. 00000 30. 48447 98. 17605

FD3 I01. 23824 17. 70831 -2. 25278

FDI 0. 00000 4. 93215 -102. 68161

Condition s:

Alpha 1 Alpha 2 Alpha R

0. 17453292E 00 0. 17453292E 00 0. 17453292E 00

8 K1 K2

0o 12653637E 00 0. 10000000E 01 0. 00000000E 00

Note: The forces given in this table were calculated by using a

service module RCS engine steady-state thrust of 102.8 ibf. For

these or other values of engine thrust, the forces may be obtained

by multiplying the tabulated forces by the :ratioof engine thrust

to 102.8 Ibf.

The nominal steady-state thrust of the service module RCS

engines is I02.8 (+3.4, -3. 8) ibf as shown in Table 4. 3-I of
this document.

__ 109-4.3.4-1

SNA-8-D-0Z7(1), Rev Z



Table 109-4.3-8. Service .Klodule I_CS _vlornents {Four Quads)

CASE 1

+Pitch -Pitch

C3 3. 048327 535. 231873 -50.662838 C4 3. 048327 -772.611685 ' 80. 861364

A3+C3 -0. 000000 1378. 710324 -175. 394105 A4+C4 -0. 000000 -1378. 710324 175. 394105

+Yaw -Yaw

D3 6-. 686012 37. 164406 59Z. 600207 D4 6. 686012 -67. 362932 -829.980019

B3+D3 0. 000000 175. 394105 1378. 710324 B4+D4 0. 000000 -175. 394105 -1378.710324

+Roll -Roll

h_
A1 735. 173739 33.444114 -696. 267254 A2 -741. 270394 201.934234 650.334520

I BI 676. 329871 696. 267254 33. 444114 B2 -689. 701895 -650. 334520 201.934234

CI 665. 433875 -33. 444114 696. 267254 C2 -659. 337220 -201. 934234 -650. 334520

_z DI 724. 277743 -696. 267254 -33. 444114 D2 -710. 905719 650. 334520 -201. 934234

_. AI+CI 1400. 607614 0. 000000 0. 000000 A2+C2 -1400. 607614 0. 000000 0, 000000
I BI +DI 1400. 607614 0. 000000 0. 000000 B2+D2 -1400. 607614 0. 000000 0.000000to

AI+BI+C I+DI 2801. 215229 -0, 000000 -0. 000000 A2+B2+C2+D2 -2801. 215228 -0. 000000 -0.000000

+X Translation by Pitch Jets +X Translation by Yaw Jets

_ Case I Conditions: Legend: Notes:
!

O0 CSM + LM = 95, 178 pounds KL = Roll moment 1. FA, FB, PC, and FD are each equal to 102.80 pounds.

Xcg = 1039. 40000 inches KM = Pitch moment 2. The moments in thisgiven table calculated forwere steady-state engine firing

m Ycg = 2. 60000 inches KN = Yaw moment using an engine thrust of 102.80 pounds force. For pulse mode or minimum

O Zcg = 4. 20000 inches impulse mode operation of the service module RCS, the moments may be

_] obtained by multiplying the tabulated moments by the ratio of mean engine

thrust to 102.80 pounds force.
to_

_ rt

to

f



Table 109-4.3-8. Service Module RCS Moments (Four Quads) (Cont)

CASE Z

+Pitch -Pitch

A3 -1.669117 893. 604654 -123.223193 A4 -1 669117 -534.037484 77.480471
C3 1. 669117 485. 105670 -52. 170912 C4 1. 669117 -844. 672839 97.913633
A3+C3 -0.000000 1378.710324 -175. 394105 A4+C4 -0.000000 -1378.710324 175.394105

+Yaw -Yaw

B3 -4.561107 135. 034320 556.483967 B4 -4. 561107 -89. 291599 -496.916797
D3 4. 561107 40. 359785 522. 226357 D4 4. 561107 -86. 102506 -881.793526

B3+D3 0.000000 175. 394105 1378. 710324 B4+D4 0.000000 -175. 394105 [ -1378.710324

+Roll -Roll

b-_ AI 724. 502012 50. 460037 -1050. 515823 A2 -727. 840245 307. 105668 989.041894
O BI 686. 276669 1050. 518823 50. 460037 B2 -695. 398882 -989. 041894 307. 105668ko
I Cl 676. 105603 -50. 460037 1050. 518823 C2 -672. 767369 -307. 105668 -959.041894.g-..

• DI 714. 330946 -1050. 518823 -50. 460037 D2 -705. 208732 989. 041894 -307.105668
AI+GI 1400. 607614 0. 000000 0. 000000 A2+C2 -1400. 607614 0. 000000 0.000000
BI+DI 1400. 607614 0. 000000 0. 000000 Bg+D2 -1400. 607614 0. 000000 0.000000

I
ko AI+BI+CI+DI 2801. 215229 -0. 000000 -0. 000000 AZ+B2+CZ+D2 -2801.215228 0. 000000 -0.000000

+X Translation by Pitch Jets +X Translation by Yaw Jets

000000 -45.931815 25. 309559 B4+D3 0. 000000 -48, 931515 [ 25. 309559A4+C3 _ 0 _

I

in
Case 2 Conditions: Legend; Notes;

i CSM + LM = 71,257 pounds KL = Roll moment I. FA, FB, FC, and FD are each equal to 102.80 pounds.
O3 Xcg = 1080. 50000 inches KM = Pitch moment 2. The moments given in this table were calculated for steady-state engine firing

b KN Yaw moment an engine thrust of 102.50 force. For mode or minimumYcg 1. 50000 inches using pounds pulse

I Zcg = 2. 90000 inches impulse mode operation of the service module RCS, the moments may be
O obtained by multiplTing the tabulated moments by the ratio of mean engine['o

thrust to 102.80 pounds force.

"-2

po t_O_



Table 109-4.3-8. Service _vlodule RCS Moments (Four Quads) (Cont)

CASE 3

+Pitch -Pitch

C3 3. 3'-)7169 628. 114194 -60. 484636 C4 3. 397169 -671. 292844 . 65. 977654

A3+C3 -0.000000 13?8. 710324 -175. 394105 A4+C4 -0.000000 -1378. 710324 175. 394105

+Yaw -Yaw

B3 | -7. 480178 130.095204 686.478580 B4 -7,480178 -124.602186 _ -643.299929

133 _[ 7. 480178 45. 298900 692. 231744 D4 7. 480178 -50.791919 _ -735. 410395
B3+D3 0. 000000 175. 394105 1378. 710324 B4+D4 0. 000000 -175. 394105 -1378. 710324

b-_ +Roll -Roll
C_
_0
I AI 739. 328836 6. 399483 -133. 229737 A2 -740. 123175 34.777704 112. 002511

"L_ B! 673. 557324 133. 229737 6. 399483 B2 °688. 517680 2112. 002511 34. 777704

Co C 1 661. 278778 -6. 399483 133. 229737 C2 -654. 484440 -34. 777704 -112. 002511

._. DI 727. 050290 -133. 229737 -6. 399483 D2 -712. 089934 112. 002511 -34. 777704
I AI+C 1 1400. 607614 0. 000000 0. 000000 A2+C2 - 1400. 607614 0. 000000 0. 000000

BI+DI 1400. 607614 0. 000000 0. 000000 B2+D2 -1400. 607614 0. 000000 0. 000000

AI+B I+CI+DI 2801. 215229 -0. 000000 -0. 000000 AZ+BE+C2+DZ -2801. 215228 0. 000000 -0. 000000

+X Translation by Pitch Jets +X Translation by Yaw Jets

_-' Case 3 Conditions: Legend: Notes:>

CSM + LM A/S Manned = 41, 667 pounds KL = Roll moment I. t'_A, FB, FC, and FD are each equal to 102.80 pounds.

Xcg = 973. 60000 inches KM = Pitch moment 2. The moments given in this table were calculated for steady-state
, Ycg = 2. 90000 KN = Yaw moment engine firing using an engine thrust of 102.80 pounds force. For

0 Zcg = 4. 70000 pulse mode or minimum impulse mode operation of the service

t'o module RCS, the moments may be obtained by multiplying the-M t_
tabulated moments by the ratio of mean engine thrust to 102. 80
pounds force, t_



i i

Table 109-4.3-8. Service k,lodule RCS Nloments (Four Quads) (Cont)

Jets IKL,ftib,IKM,ft' b,I i Jets I  L.tlb, I   ,ftlb, KN,ftlb,
CASE 4

+Pitch - Pitch

A3 -3. 080641 715. 098771 -108. 584048 A4 -3.080641 -758. 100574 114.054568

C3 3. 080641 663.611553 -66. 810057 C4 3. 080641 -620. 609749 61. 339537
A3+C3 -0.000000 1378. 710324 -175. 394105 A4+C4 -0.000000 -1378.710324 175. 394105

+Yaw -Yaw

B3 -8. 789528 132. 206303 644. 232005 B4 -8. 789528 -137. 676823 -687. 233808
D3 8. 789528 43. 187802 734. 478319 D4 8. 789528 -37.717282 -691. 476515
B3+D3 0. 000000 175. 394105 1378. 710324 B4+D4 0. 000000 -175. 394105 -1378. 710324

+Roll -Roll

AI 747, 071058 -5. 602086 116. 628858 AZ -753. 232341 -39. 401182 -126, 892545
BI 674. 043093 -116. 628858 -5. 602086 B2 -691. 622150 126. 892545 -39. 401182

O
_O C1 653. 538556 5.6O2086 -116. 628858 CZ -647. 375273 39.401182 126. 892545
! D1 726. 564521 116. 628858 5. 602086 DZ -708. 985464 -126, 892545 39. 401182

- AI+CI 1400. 607614 0.000000 0. 000000 A2+C2 -1400. 607614 0. 000000 0. 000000
(.,a BI+DI 1400. 607614 0.000000 0. 000000 BZ+D2 -1400. 607614 0. 000000 0. 000000
4:- AI+BI+CI+DI 2801. 215229 -0.000000 -0. 000000 A2+BZ+C2+D2 -2801. 215228 0. 000000 0. 000000I

_X w ....'-'=-- b_"Pitch Jets IX _v...... . - L ....

A4+C3 -0.000000 -94.489021 [ 47. 244511 B4+D3 0.000000 -94.489021
47. 24451 I

[/3 Case 4 Conditions: Legend; Notes:
V.
_> CSM = 36, 396 pounds KL = Roll moment h FA, FB, FC, and FD are each equal to 102.80 pounds.
' Xcg = 944.40000 inches KM = Pitch moment 2. The moments given in thistable were calculated for steady-state engine firingCO
I Ycg = 2.80000 inches KN = Yaw moment using an engine thrust of 102.80 pounds force. For pulse mode or minimum

U Zcg = 5.60000 inches impulse mode operation of the service module RCS, the moments may be _.
I obtained by multiplying the tabulated moments by the ratio of mean engine thrust
O to 102.80 pounds force. _ _

---1 i.._ Et
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Table 109-4.3-8. Service Module RCS _Aoments (Four Quads) (Cont)

Jets KL{ft-lb) [ KM(ft-lb) KN(ft-lb} Jets
KL(ft-lb) KM(ft-lb) KN(ft-lb)

CASE 5

4 Pitch -Pitch

A 3 1. 442919 752. 333577 -87. 459767 A4 1. 442919 -742. 800720 86. 247034

C_ -1.442919 . 626.376747 -87.934338 C4 -1.442919 -635.909604 89.147071
A34C3 -0. 000000 1378. 710324 -175. 394105 A4+C4 -0. 000000 -1378. 710324 175.394105

¢Yaw -Yaw

B3 -10. 163507 146. 515405 694. 965242 B4 -10. 163507 -145. 302672 -685. 432385

D3 10. 163507 28. 878700 683. 745081 D4 10. 163507 -30.091432 -693. 277938

B34D3 0.000000 175. 394105 1378.710324 B4+D4 0.000000 -175. 394105 -1378.710324

_Roll -Yaw

b,'

O AI 759..386837 i.713939 -35. 682203 A2 -756. 500999 5. 817454 18. 735263_D

| BI 698. 323500 35. 682203 1.713939 B2 -718. 650513 -18.735263 5. 817454

CI 641.220778 -1. 713939 35.682203 C2 -644. 106615 -5.817454 -18.735263

_o DI 702. 284114 -35. 682203 - I.713939 D2 -681. 957101 18. 735263 -5. 817454

A 1 �_�1400.607614 0. 000000 0. 000000 A2 �_�-1400.607614 0. 000000 0. 000000

I BI 4DI 1400. 607614 0. 000000 0. 000000 B2+D2 -1400. 607614 0. 000000 0. 000000

AI+BI+CI+DI 2801.215229 0. 000000 0. 000000 A2+B2+C2+D2 -2801.215228 -0. 000000 -0. 000000

tX Translation by Pitch Jets +X Translation by Yaw Jets

A44C3 -0. 000000 -116. 423973 -1.687304 B4+D3 0. 000000 [ -116. 423973 -1. 687304
I

03
_, Case 5 Conditions: Legend: Notes:

>
_o CSM = 26. 406 pounds KL = Roll moment 1. FA, FB, FC, and FD are each equal to 102.80 pounds.
t Xcg : 962.2000 inches KM : Pitch moment 2. The moments given in this table were calculated for steady-state engine firing

Ycg : 0. 10000 inches KN = Yaw moment using an engine thrust of 102.80 pounds force. For pulse mode or minimum

t Zcg = 6. 90000 inches impulse mode operation of the service module RCS, the moments may be

O obtained by multiplying the tabulated moments by the ratio of mean enginero

thrust to 102, 80 pounds force...1

eo_
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4.4.4. COMMAND MODULE RCS CONTKOL
FOKCES AND MOMENTS

Table 109-4.4-4. Command Module RCS Forces

ALtitude X Y Z ' X Y ' Z X Y Z

(ft) (Ib3 (Ib) (Lb) , (Ib) (Ib) I (Ib) fib) (lbl db)

SINGLE SYSTEM A

+Pitch (E._ine 1) _'Yaw IEngine 5} +Roll _En_iae 9)

400, 000 -69,823 -4. [II 67. 208 -70. 153 .6?.008 4. 098 -7. 514 5.952 97. ZZ9

125,000 -69. 714 -4, t00 67. 033 -70. 032 -66.846 4. 088 -7. 202 6. 394 96.023
110,000 -69. 702 -4, I01 67. 045 -70. 032 -66. 846 4.088 -7.247 6. 3ZZ 96.924

95,000 -69.714 -4. 1O0 67,033 -70.032 -66.846 4. 088 -7. 122 6. 503 96,821
85.000 -69. 702 -4. 1Ol 67. 045 -70,093 -66. 927 4. 093 -7. 353 6. 191 97. I26
75, 0O0 -68.9Z5 -4. 027 65,835 -69. Z04 -65. 688 4. 018 -5. 201 9. 180 94. 714
65, 0O0 -68,754 -4.011 65. 580 -69.021 -65.445 4. 003 -4, 754 9.812 94. Z72
50, 000" -66, 507 -3, 801 62. [42 -66, 56l -62. 084 3. 797 0. 582 17,234 88. 333
35, 000 -62,458 -3,420 55.916 -8Z, 133 -55. 978 3.424 10. 689 3 l,313 77,Z09

25, 000 -57,819 -2,983 48+ 770 -56. 857 -49. 125 3.005 I.232 15.Z90 72. L88

L. -Pitch (Engine 2} -Yaw (EnRine 8) -Roll (Engine 12J

400, 000 -3, 894 -I0. 783 97. 629 -70. 153 67. 008 -4,098 -5. 231 -96.763 4.298

125, 000 -3.711 .I0, 750 97. 338 -70. 032 66,846 -4.088 -5. 034 -96.486 4.000
110, 00O -3.855 .I0. 772 97. 531 -70. 032 66. 846 -4,088 -5,066 -96. 583 4. 047
95, O0O -3,749 -I0.761 97. 436 -70. 032 66.846 -4.088 .4. 989 -96.491 3.929
85, 00O -3. 732 -1O,761 97. 437 -70. 093 66. ?Z7 -4.093 -5, 126 -96.678 4. ]37

73, 00O =2. 622 -10. 568 95. 685 -69. 204 65. 688 -4.018 -5.818 -94.89@ 2.155
65,000 -2.238 -iS, 505 95. 096 -69. 021 65,445 -4.003 -3. 567 -94.618 1. 772

50.0O0 0.620. .IS.0Oi 90. 547 -66. 561 . 62. 084 -3.797 -0.297 -90.343 -],193

35, 00O 6. 301 -9. 030 81. 762 -62. 133 55. 978 -3. 424 5. 847 -82. 449 - 12. 526

25,000 0,000 -8.135 73.652 -56. 857 49.125 -3.005 7. 133 .74,013 -14.20]

SINGLE SYSTEM B

=�^�Z�(_nXine$ +Yaw (Zn¢_ne 7) +goU iEngine 11)

4()0,000 -69, 823 4. 11 I 67. 208 -70. 153 -67,008 -4. 098 -5. Z31 96.76I 4. 298
125, 00O -69. 714 4. 100 67. 033 .70. 032 -66. 846 -4. 088 -5. 034 96. 486 4. 000

_ -- 110, 000 -69. 702 4. 10l 67. 045 -70. 052 -66. 846 -4. 088 -5. 066 96. 583 4. 047
95, 0O0 -69. 714 4. 100 67. 033 -70. 032 -66.846 -4. 088 -4. 989 96,491 3. 9Z9

85, 0O0 -69. 702. 4. 101 67. 045 -70. 093 -66. 927 -4. 095 -5. 126 96 676 4. 137
75, 000 -68. 925 4. 027 65,835 -69. 204 -65. 688 -4. 018 -3. 818 94. 899 2. L55
65,000 -68. 754 4. Oil 65. 550 -69. 021 -65. 445 -4. 003 -3. 567 94. 616 [. 772

50, 000 -66. 507 5.801 62. 142 -66. 561 -62,084 -3. 797 -O. 297 90,343 -3. 193

35, 0O0 -6;_, 458 3. 420 55. 916 -62. 17,3 -55. 975 -3. 424 -5. 847 82. 449 -12. 526
25. O0O -57, 819 Z. 983 48. 770 -56. 857 -49, 125 -3, 005 -7. 153 74, 013 - [4. Z03

-Pitch (Enginl 4) -Y&w (Engine 6) -Roll (Engine 10)

400, 000 -3. 894 I0, 783 97. 629 -70. 153 67, 008 4. 098 .7. 514 -5. 952 97. Z29
[25, 000 -3.711 10.750 97. 338 -70. 052 66. 846 4. 088 .7. 202 -6. 394 %.923

i 1O, 000 -3. 855 10. 772 97. 53T -70. 052 66. 846 4. 088 -7. 247 -6. 322 96 924
95, 000 -3.749 10. 761 97. 436 -70. 052 66. 846 4. 088 -7. 122 -6, 503 96.821
85, 000 -5. 752 10.76l 97. 437 -70. 093 66. 927 4. 093 -7. 353 -6. 191 97. 126
75, 000 -2. 622 I0.568 95, 685 -69. 204 65.688 4. 018 -5.ZOl -9. 180 94. 714
65, 000 -;_. 238 10. 503 95. 096 -69. 021 65. 445 4. 003 -4. 754 -9,812 94. 272
50, 00O 0.620 10, 0Ol 90. 547 -66. 561 62.084 3. 797 0. 582 -17.234 88. 333
35, 000 6_ 301 9. 030 81. 762 -62. L33 55. 978 3. 424 IS. 689 -5 i, 313 77. 209

25, 00O 0,000 8. 135 73,652 -56.857 49. 125 3. 005 i. 232 -15.290 72. 188

DUAL SYSTEM

+Pitch {gnl3ine 1 �Engine3) Y�_�(F_lino5 + Engino "I) +RoU (Engine 9 + Enline 11)

400, 000 -139, 646 0. 000 134. 415 -140. 307 .134,017 0, 000 -12. 745 102. 715 L01. 527
125, 000 -139,426 0.000 13'IL 065 -140. 064 -153.692 O, 000 -t2. 236 10Z. 880 lOS. 923
110, 00O .159. 405 0. 000 134. 089 -140. 064 -L33. 692 0. 00O .12. 313 102. 905 lO0. 971

95,000 -159.428 0.000 134.065 .140.064 -153.692 0.000 -IZ. lil 102.994 100. 750
85, 000 -139.405 0, 000 154. 089 -140. 185 - 133,854 0.0O0 .12. 478 1OZ. 867 101. 262
75. 000 .137. 850 0,000 131. 671 -1 t8. 409 - 131, 375 0.0O0 -q. 020 104. 079 95. 869

65, 00S .157. 508 0.0O0 131. 161 -158. 043 - iI0,890 0. 000 -8. 321 104. 428 96. 043
50, 00O -133. 014 0.000 124. Z83 -133. 122 .124. 168 0. 000 0. 286 107. 577 85. t40
I5, 000 - 124. 915 0,000 11 I. 832 - 124,266 -11 i. 955 0.0SO 16, 537 I 13. 763 64. 683
25,000 -115. 639 0, 000 9"/. 540 -I I], 715 -95. 250 0. 000 8, 364 89. 303 _7. 985

-Pitgh (Engine Z + Engine 4) -Ya_ (Engine 6 + Enlggne 8) -Roll {Engine l0 + Engine 12)

400.000 -7. 787 O, OOO iqS. 258 .140.307 134.017 O. O00 -12, 745 -102.715 101, 527
125, 000 .7. 421 0. SOS 194,676 .140. 064 133. 692 0. 000 - 12, 236 - 102,880 100. 923
l[0,0OO -7.711 0.000 195. 062 -140.064 153.692 0.0O0 -12.313 -102 905 100.97t

95,000 .7. 497 0. O00 194.872 -140.064 135.692 0 000 -12 Ill -L02 994 100.750
85, 0SO -7. 463 0. 000 194. 873 - 140. 185 133.854 0,000 - 12. 478 . t02. 867 i0h Z62
75. 000 -5,243 0, 0O0 191, 365 . 138. 409 131. 375 0. 000 -9. 020 - L04. 079 96 869
65, 000 -4,476 0. 000 L9O. 191 .I 18. 043 130. 890 0. 000 -8. 32T - 104. 428 96 043
50,000 l, g40 0.000 181.095 -13I, 122 124. 168 0.000 0.286 -L07.577 85.140
35,000 12.60i 0.00O 163.524 -L24.266 111.955 0.00O 16.5_7 -113 763 64,683

- 25,000 O.000 0.000 147. I04 .i13.715 98.250 0.000 8. 364 -89.303 57 985

109-4.6.4-1
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Table i09-4.4-5. Command Module RCS Moments

Altitude K L KM I< N KL KM I KN K L KM K N

(fO _,t.lbl Ht.Lhl Itt.lb) [[t-Lb_ Ift-Lhl [ (ft-lb) (ft-lhL /ft-Ibl Ift.l_l

SINGLE SYSTEM A

+Pitch (Enuine [L J�K�(Engine5L +RoLl LEn_ine 9}

400,000 0. II5 526.693 32.133 .34.483 66.36[ 494.747 448.334 102.007 28.405

125.000 0.[14 525.803 32.279 -34.399 66.244 493.847 449.254 100.226 26.770

110,000 0.114 525.738 32.275 -34.399 66,244 493.847 448.896 100.455 97.012

95. 000 0.114 525,80_ 32.279 -34.399 66,244 49_,847 449.365 99.756 26.356

85.000 0.114 525.738 32.275 -34.441 66.302 494.297 449.100 101.121 , 97.552

75,000 0.11Z 5tq.417 31.887 -33.805 65.439 487,649 453,809 88.675 16.326

651000 0.112 518,039 3[.802 -33.678 65126t 486.992 4_5.097 86.125 13.987

50,000 0. I06 _9.824 30,684 -3[.948 62,874 467.952 467.009 55.275 -13,863

35.000 0.095 466.975 28.668 -28.806 58,572 434.884 490. Z09 -3.064 .66.625

25.000 0.083 429,329 26._58 -25.280 53,473 395,902 388.200 41,072 -15.323

-Pitch (Engine 2) .Yaw {Engine 8) -ROLL (Engine 12D

400,000 -2,_18 -351.579 -38.923 34.486 6. I3I -490.070 -434.939 27,419 87,974

I25,000 -2.3II -351.[40 .38.870 34.403 6.123 .489.178 .455.016 26.298 86.879

II0,000 -2.116 -351.348 .38.896 34,403 6. tZ3 -489. i78 .455.253 26.48I 87.092

95.000 -2.314 -351,371 -38.896 34.403 6,[25 -489.178 -435.37l 26.039 86.673

85.000 -2.314 .351.435 -38.903 34.444 6,[27 -489.624 -435.275 26,820 87.430

75,000 -2.272 .348.827 .38.589 33.806 6.073 -483.035 .456.120 19,368 80,192

65,000 -2.258 -347.997 -38.488 33.682 6.061 -481.69[ -436.560 17.935 78.846

50.000 -2,150 -_41.164 -37.665 3t,952 5,906 -463.515 -439.493 -0,708 60.868

35,000 .1.941 -328.536 -36.136 Z8.809 5.632 -430.742 .445.655 -35.736 g7.183

25,000 -1.749 -275.702 -30.450 25.282 8.279 .39Z. III -414.409 -42,867 15.264

SINGLE SYSTEM B

+Pitch IKnglne 31 +Yaw (Engine 7l +ROLL (Engine Ill

400.000 4,366 526,695 -27.678 -34.759 6, t31 494.747 435.226 27.419 -87.628

125,000 4.354 525.803 .27,63l .34.675 6.123 493.847 435.283 Z6,298 -86.543

110.000 4.355 525,738 .27.628 "-34.675 6./23 493.847 435.523 26.481 -86.754

95,000 4.354 525.803 -27.63t -34,678 6.[23 493,847 435.633 26.039 -86,340

85,000 4.355 525.738 .27.628 .34.717 6,127 494.297 435.551 _6,820 -87,088

75.000 4,277 519.417 -27.292 -34.074 6,073 487.649 436,263 19.368 .79.937

65.000 4.260 518.039 -27.218 .33,948 6.061 486.292 436.679 I7,935 .7_,608

50,000 4,037 499.824 -26,250 -32.205 5,906 467.952 439.280 -0,708 -60.849

35,000 3.632 466.975 -24,504 -_9.037 5.632 434.884 444.820 -35,736 -27.573

25,000 3. I68 429,329 -22.503 -25.483 5.279 395.902 413.462 -42.867 -15.740

-Pitch (Engine 4)' -Yaw (Engine 61 -ROLL (Engine 10}

400.000 8.827 -351.579 39, I88 34.756 66,36l -490.070 .441.852 102,007 -27.904

125,000 8.800 -351,140 39. t17 34.672 66,244 -489.178 -442.793 100.226 .26._90

llO, O00 8.818 -351.348 39.153 34.678 66.244 -489.178 -442.438 100,455 .26.529

95.000 8.809 -351._71 39.[46 34.67Z 66.244 " .489, I78 -442.910 99.756 -25.881

88,000 8,809 -351.435 - 39.152 34.714 66.302 -489.624 -442.625 LOL, L21 .27,062

75,000 8.651 -148,827 38.763 • 34,071 65,439 .483.035 -447.495 88,675 .15,970

65,000 8.598 -347,997 18.637 33.945 68,261 -481.69[ -448.81_ 86.125 -1),670

50,000 8,187 -341,164 37.624 32.802 62,874 .463,515 -461.120 55.275 13,824

35,000 7,392 -328.536 35.716 89.034 88,57_ .430.742 -485.062 -3.064 65.912

25,000 6,659 -275.702 30,450 25.480 53,473 -392. tli -383.388 4t,072 15,241

DUAL SYSTEM

+Pitch (Engine I + Engine 3) +Yaw (Engine 8 + Engine 7) +Roll (Engine 9 + Engine II)

400,000 4.48{ ]053.387 4.655 .69.242 72.492 989.494 883,559 L29,426 .59.2Z0

125,000 4.469 I051.606 4.648 °69.074 72.367 987,694 884,538 [26,524 .59.77_

110.000 4,470 105[.476 4.647 .69.074 72.367 987.694 884.419 126.936 -59.742

95,000 4.469 1051,606 4.648 .69.074 72.367 987.694 884,998 125,795 .59,984

85.000 4.470 1051.476 4,647 -69.158 72.429 988,$94 884.651 127.941 -59.536

75.000 4.389 10_8.834 4.595 -67.877 71.511 975.298 890.072 108.043 -63.611

65,000 4,372 1036.077 4,584 -67.627 71.322 972.584 891,776 L04,060 -64.621

50,000 4.143 _0,649 4.434 .64.153 68.780 9_S.904 906,289 54.568 -74,712

_5,000 3.728 933.949 4.164 .57.843 64.204 869.767 935.029 -38.801 -94.198

25,000 3.251 858.657 3,855 -50.762 58.753 791.803 80t.662 .1.795 .31.063

-Pitch (Engine 2 �EngLne4) -Yaw IEngine 6 + Engine 8) -Roll (Engine I0 + Engine 12)

400,000 6.309 -703.158 0.260 69.242 7Z.492 -980,140 .876,791 129,4Z6 60.070

125,000 6.489 .702.280 0.247 69.074 72.367 .978.3_6 -877,809 I26.524 60,589

ll0000 6.502 -70_.697 0.257 69.074 72.367 .978.356 -877.688 126.936 60.56_

q_,000 6.496 -702.743 0,250 69.074 72.367 -978.3_6 -878,281 125.795 60.792

85,000 6,496 -702.869 0.249 69.158 72,429 .97_.248 -877. q00 127.94I 60.568

75,000 6.179 -697.634 0.175 67.877 71,511 -966.07[ -881,614 I08.043 64.213

85,000 h,_40 -695.994 0.149 67.627 71.322 .963.381 -888,37_ 104.060 65.176

50,000 6,0t6 -682.329 -0.041 64.151 68.780 -_ZT. OZ9 .900.613 54.568 74.693

35,000 5,45i -657.071 -0.420 57,843 64.204 .861,483 -930.717 .18.801 93C95

25,000 4,_I0 -_gL.404 .0.000 50.762 58,753 -784.22_ .797.796 -I.795 10.505

Conditions: Leuend:

Command modtde weight _ IZ, 229 pnunds _L : _oll moment

Xc_ = 1039.80 inches KM = Pitch momen_

Yc_ = -0,40 inches KN = Yaw moment

/c_ : 6. Z0 inches

109-4.4.4-2 SNA-8-D-0Z7(1), Rev Z
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_.5.3 SPS START AND SHUTDOWN THRUST TRANSIENTS

**Table 109-_. 5-1. CSM 109 Engine S/N 056 Transient Data

Predicted Value**

I _ Run-to-run

3-Sigma

Single Bore Impulse
[ _ Tolerance

Item A Bank i B Bank _Dual Bore (ib-sec)

Time from FS1 to 90 percent of 0.682 0.655 0.575

steady-state thrust (sec)

Start transient total vacuum impulse 4_O &31 203

from FS1 to 90 percent of steady-state

thrust (lb-sec)

Time from FS2 to lO percent of 1.072 1.005 1.112

steady-state thrust (sec)

Shutdown total vacuum impulse from 12,200 ll,lOO 13,000 ±1500

-_ FS2 to O percent of steady-state
thrust (lb-sec)

*Values apply to nominal engine operating propellant temperatures

of 60 to 80 degrees F and engine inlet pressures as follows:

1. Start (lookup pressures)

Oxidizer 178 _ _ psia
Fuel 178 + _ psia

2. Steady-state run pressures

Oxidizer 162 _ _ psia

Fuel. 169 _ _ psia

**Refer to paragraph 4.5.3

109-4.5.3-1 SNA-8-D-027(1) REV 2
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4.5.6 SPS BLOWDOWN CAPABILITIES (CSM 109 ONLY)

It is possible that a contingency may arise in which the helium supply

pressure to the propellant tanks is lost. In this situation, it is possible

to ignite the engine (or continue firing) by using the existing trapped gas
pressure in a blowdown mode of operation. During blowdown, system pressure
will decay and engine performance will be degraded. The system is normally

operable as long as chamber pressure remains at more than 70 psia.

4.5.6.1 SPS Blowdown Performance Approximation

The SPS performance characteristics during blowdown operation, after the

loss of the helium source pressure, can be estimated by using Figures 109-4.5-5

through 109-4.5-7. These data were developed for preliminary evaluation of
the CSM delta velocity and burn time capability, and the ullage and chamber

pressure variation.

The accuracy of these data has been necessarily reduced to increase the

applicability to all CSM's and missions° For this reason, it is recommended

that Figures 109-4.5-5 through 109-4.5-7 be used only for preliminary calcula-
tions. Final calculations for specific applications should utilize a computer

solution. To prevent misunderstanding or misuse of the data in Figures 109-4.5-5

through 109-4.5-7, it is necessary that the user review the following list
of conditions and limitations before attempting to apply the data:

i. The initial blowdown occurs with both the fuel and oxidizer ullage

pressures at approximately the same value and with equal percentages

of propellant remaining.

2. The propellant temperature is constant at 70 F.

3. The propellant utilization valve remains in the INCREASE position.

4. Engine single bore operation is utilized for the first 3.5 seconds

and dual bore operation for remainder of burn.

5. The SPS engine performance at nominal interface conditions from

acceptance test data is as follows:

Isp = 313.3 sec
Thrust = 20,460 ibf

6. The CSM weight, excluding SPS propellant, is constant at 23,869 pounds.
The lunar module is not attached during SPS operation.

7. Propellant limited cases are based on minimum usable values (i.e.,

gauging tolerance and mixture ratio allowance are considered unusable).

8. Delta Velocity from the RCS is not included.

9. The delta velocity and the burn time capability are limited by

propellant depletion or by a minimum chamber pressure of 70 psia

(rough combustion may occur if the SPS is operated at less than
70 psia).

109-4.5.6-1 SNA-8-D-027(I) REV 2
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4.5.6.1 SPS Blowdown Performance Approximation (Continued)

Figures 109-4.5-5 and 109-4.5-6 can be used to estimate the maximum SPS

burn time and CSM delta velocity available. In addition, these figures indi-
cate whether or not the limitation is propellant quantity or low chamber

pressure (Pc = 70 psia).

Figure 109-4.5-7 can be used to estimate the engine chamber pressure as
a function of ullage pressure. The fuel and oxidizer ullage pressures are

usually close to the same value during an ullage blowdown (the fuel pressure
is generally slightly lower).

109-4.5.6-2 SNA-8-D-027(I) REV 2
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Figure 109-4.5-7. SPSBlowdown Engine Chamber Pressure
Approximation
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4.5. 13 SPS ENGINE PROPELLANT FLOW RESISTANCE

The SPS engine propellant flow resistances (from the engine interface

measurement to the combustion chamber) are as follows:

i. Oxidizer engine flow resistance

Engine valve bore A 520 Ibf-secZ/Ibm-ft 5

Engine valve bore B 526 ibf-secg/Ibm-ft 5

Engine valve dual bore 460 Ibf-secZ/ibm-ft 5

2. Fuel engine flow resistance

Engine valve bore A 942 Ibf-sec2/Ibm -ft5

Engine valve bore B 933 ibf-sec2/ibm-ft5

Engine valve dual bore 825 lhf-sec2/ibm-ft 5

These resistances should be added to the system feed line resistances

presented in the baseline text of paragraph 4.5. 13.

109-4.5. 13-I
SNA-8-D-02?(1) REV 2
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4.5.14 SPS PROPULSION PERFORMANCE*

The acceptance test data for CSM 109 SPS engine (S/N 056) are

replaced by the preflight performance data given in Paragraph 4.5.14.i

of this appendix.

.... *NASA DATA SOURCE

]_09-4.5.14-1 SY\-8-D-027_I; >_:_' 2
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4.5.14.1 SPS Propulsion Performance Data* /

A preflight analysis was made to predict the performance of the CSM 109
SPS for Mission H-2. Both a nominal case and system dispersion cases, which

included the uncertainties in system characterization data, were analyzed to

determine the system's expected steady-state performance values and their

respective 1-sigma uncertainty values.

The analysis was made using the analysis techniques described in the

PATS User's Manual with the majority of the characterization data for the SPS

obtained from SID 66-1501-A (Part 3 of 3), "Performance Data Supplement to

Mission Modular Data Book, Block II Earth Orbital Mission," dated 15 March

1967. Additional data include system feedline fluid resistances calculated

by NR and verified by test data obtained from the WSTF F2-A Block IISPS

ground test vehicle. Fluid resistances were obtained for the CSM 109 pro-

pellant utilization (PU) valve from acceptance test data. The engine fluid
resistances were calculated from data presented in the acceptance test log

for SPS Engine No. 56. These resistances and engine performance characteri-

zations data used in the analysis are presented in Table 109-4.5o14-1. CSM

109/LM7 Mass Property data were obtained from Amendment 74 (dated 1/14/70) to

the CSM/LM Spacecraft Operational Data Book, Volume III- Mass Properties,

and are presented in Table 109-4.5.14-2. Uncertainties in the CSM 109 system

characterization data used in the dispersion analysis are given in Table

109-4.5.14-3. The analysis used the SPS burn schedule (delta velocities)

as obtained from Revision 2 of the Operational Trajectory, and presented in
Table 109-4.5.14-4. The burn durations shown in the table assume that the

AV for each burn resultea entirely from the steady-state SPS impulse, i.e.,

no RCS or transient SPS impulse was considered.

Previous flight results have consistently shown the inflight mixture ratio

to be significantly less than expected, based on the engine acceptance test

data. In order to more closely predict the expected inflight mixture ratio

based on the past flight experience, the engine fuel hydraulic resistance

determined from the acceptance test data was biased by -5%, which decreased

the mixture ratio obtained with the acceptance test hydraulic resistance by

2.6% at standard inlet conditions.

Both propellant bulk temperatures were assumed to be 70°F throughout the

mission. The tank pressures at the start of each burn were set to reflect

the actual tank pressures experienced on past Apollo missions. Two burns,

the _BRID and CIRC, were performed with the lower bore. The remainder of
the burns used both bores. The first four seconds of each burn was initiated

lower bore, except for the LOI 1 burn, which was initiated upper bore. After
four seconds the other bore was opened. CSM 109 SPS performance parameter

nominal values are presented in Table 109-4.5.14-5 and Figures 109-4.5.14-1

through 109-4.5.14-5. The results of the dispersion analysis are included
in Table 109-4.5.14-6.

*NASA DATA SOURCE

109-4.5.14-2 SNA-8-D-027(1) REV 2
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(NASA DATA SOURCE)

This preflight prediction considers oxidizer gaging system errors due

to oxidizer transfer from the storage tank to the sump tank caused by helium

absorption by the oxidizer following loading, which results in a sump tank
oxidizer level which is above the maximum gageable; and a time varying

i error on the oxidizer storage tank gaging probe which results from the zero

adjustment bias that was incorporated tO insure a zero storage tan1_ gage
readout after crossover. For this simulation, it was assumed that approx-
Imately I00 ibm of oxidizer was ungageable prior to crossover because of

the transfer due to helium absorption. This assumption was based mainly
on data from the Apollo I0 and ii Missions. The present Apollo 13 planning

calls for the LO11 burn to be initiated with the PU valve in the primary-
increase position. The crew will utilize the valve to maintain "no move-

ment" on the unbalance meter during steady-state operation prior to cross-

over, and to maintain the unbalance meter reading within the "green band"
(zero * i00 Ibm) during steady-state operation after crossover. This PU

valve logic was modeled in the nominal preflight simulation. The simulation

results showed that at the start the HYBRID burn, a gageable oxidizer un-
balance of -ii0 ibm existed, which results from the combination of oxidizer

transfer, storage tank gaging probe error and propellant loading unbalance.
At the end of the TEl burn, the gageable oxidizer unbalance was +i17 ibm.

The simulation maintained the PU valve in the primary-increase position
throughout the mission.

The data presented in this section are valid for nominal system condi-
tions; the values of propulsion system parameters presented herein do not

.... represent boundary conditions of operation for the systems, and therefore,
should not be used as limit values.

The time history performance data shown in Figures 109-4.5.14-1 through
109-4.5.14-5 are dependent on the PU valve logics. The time history per-
formance of the HYBRID burn was excluded from the figures because of the
short duration (2.28 sec) of this burn. The performance for this burn is

very similar to the first four seconds of the LOll burn. In the case that

actual flight conditions require a different PU valve logic than was used

for this analysis, Table 109-4.5.14-7 contains the nominal performance

parameters for the various PU valve positions with the engine operating in
the single and dual bore mode. For each burn, with the exception of the
HYBRID and CIRC burns, the table contains the performance parameters at

the various PU valve positions for both single and dual bore operation.

The performance level of the HYBRID burn is very similar to the LO11 single

bore performance level before crossover, therefore, the LO11 single bore
performance parameters before crossover may be used to represent the HYBRID

parameters. Likewise, the LOPC1 performance parameters at 2.75 seconds

into the burn may be used to represent the CIRC performance parameters.

'. 109-4.5.14-3 SNA-8-D-027(1) REV 2
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(NASA DATA SOURCE)

It should be noted that the performance data presented in Table

109-4.5.14-7 were obtained from discrete time slices taken through-
out the mission simulation. It is recommended that these values not

be used to represent a constant level of performance throughout a

given burn. In order to obtain single values of thrust, Isp, and

total flowrate which most accurately represent these parameters during

a particular burn, it is necessary to determine the "effective"

values of the parameters for that burn, i.e., the unique values of

thrust, Isp and total flowrate that are required to achieve the par-

ticular velocity gain for the burn. The effective values of the

parameters for each burn were determined from the nominal mission

simulation, and are presented in Table 109-4.5.14-8. When the need

arises the values given in Table 109-4.5.14-8 may be used to repre-

sent the constant level of performance for a burn. The performance

data given in Table 109-4.5.14-8 were obtained for the engine operat-

ing with the PU valve in the PRIMARY-INCREASE position. For effective

values of the parameters for other PU valve positions, the ratio of

the performance data in Table 109-4.5.14-7 may be applied to the data in

Table 109-4.5.14-8. The dispersions given in Table 109-4.5.14-6 are

also applicable to the data given in Table 109-4.5.14-8.

SNA-8-D-027(1) REV 2
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(NASA DATA SOURCE)

TABLE 109-4.5.14-1

CSM 109 SPS ENGINE AND FEED SYSTEM CHARACTERISTICS

Engine No. 56

Injector No. 99

Chamber No. 321

Initial Chamber Throat Area (in2) 121.58

Engine and System Fluid Resistances (ibf-sec2/ibm-ft 5)

Based on

Acceptance Test Adjusted

Fuel Engine Feedline 874.1 830.2

Oxidizer Engine Feedline 49914

Fuel System Feedline 36.08

..... Oxidizer System Feedline

PU Valve in Pri-normal Position 97.72

PU Valve in Pri-increase 49.61

PU Valve in Pri-decrease Position 171.58

Characteristic Eauation for C*:

C* = C'S.C. + 870.5 (MR - 1.6) - 273.83 (MR2 - 2.56) - 0.31878 (Pc - 99)

+12.953 (TP - 70) - 0.07414 (TP2 - 4900) - 5.466 (MR • TP - 112)

+0.03119 (MR • TP 2 - 7840.); where C'S.C. (Engine No. 56) = 5967 ft/sec

Characteristic Equation for Isp :

Isp = Isp - 96.954 (1.6 - MR) - 0.0487 (99 - PC ) - 0.06276 (70 - TP)
vac

+30.409 (2.56 - MR 2) + 0.0004483 (4900 - TP 2)

where Isp (Engine No. 56) = 313.3 ibf-sec/ibm
vae

SNA-8-D-027(1) REV 2
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Table 109-4.5.14-2

CSM 109/LM7 MASS PROPERTIES DATA _ (LBM) (NASA DATA SOURCE_

TOTAL CSM/LM @ T.D. 97083.8

LM 33405.7

CSM 63678.1

SPS Oxidizer Total 25092.0

SPS Fuel Total 15704.0

TOTAL CSM/LM Consumables from T.D. to HYBRID (-)I00.i

LM Consumables 0.0

CSM Consumables (Excluding SPS propellants) (-)i00.i

TOTAL CSM/LM Mass Prior to HYBRID Firing 96983.7

LM 33405.7

CSM 63578.0

SPS Propellant Loaded

Oxidizer (Tanked Total) 24968.3

(Sump - 14403.0, Storage - 10565.3)
Oxidizer (Outside Tanks) 123.7
Oxidizer Total 25092.0

Fuel (Tanked Total) 15625.4

(Sump - 8868.7, Storage - 6756.7)
Fuel (Outside Tanks 78.6
Fuel Total 15704.0

TOTAL CSM/LM Consumables from HYBRID to LO11 (-)145.4

LM Consumables 0.0

CSM Consumables (-)145.4

TOTAL CSM/LM Consumables from LO11 to DOI. (-) 40.0

LM Consumables 0.0

CSM Consumables (-) 40.0

TOTAL CSM/LM Consumables from DOI. to CIRC. (-)34070.2

LM Consumables to separation (-) 30.0

LM Separation (-)33849.6

CSM Consumables (-)190.6

TOTAL CSM Consumables from CIRC. to PLANE CHANGE I (-) 95.5

TOTAL CSM/LM Consumables from PLANE CHANGE i to
PLANE CHANGE 2 (+) 71.7

CSM Consumables (-)258.3

CSM/LM Transfer (+)330.0

TOTAL CSM Consumables from PLANE CRANGE 2 to TEI (-) 83.2

*These mass properties were used for the purpose of this analysis. Refer-

ence should be made to Volume III, Spacecraft Operational Data Book, for

current official mass properties data.

109--4.5.14-5 SNA-8-D-027(i) REV _
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Table 109-4.5.14-3 (NASA DATA SOURCE)

CSM 109 SPS SYSTEII UNCERTAINTY DISPERSIONS

Parameter Standard Deviation

(Percent - Io)

Characteristic Exhaust Velocity (C*), ft/sec 0.249

Vacuum Specific Impulse, ibf-sec/ibm 0.169

Engine Fuel Resistance, ibf-sec2/ibm-ft 5 0.788

Engine Oxidizer Resistance, ibf-sec2/Ibm-ft5 0.639

System Fuel Resistance, ibf-sec2/ibm-ft 5 3.3
Feed

Feed System Oxidizer Resistance, lbf-sec2"/lb -ft 5 3.3m

Helium Regulator Outlet Pressure, psia 0.378

Ablative Engine Throat Area, In 2 0..100

Oxidizer Temperature, °F 7.14

Fuel Temperature, °F 7.14

Temperature difference between oxidizer and fuel 1.43

Helium line resistance on oxidizer side 5.0

Helium Line resistance on fuel side 5.0

SNA-8-D-027(1) REV 2
109-4.5.14-6
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TABLE I09-4.5.14-4 (NASA DATA SOURCE)

MISSIONH-2 SPSPREFLIGHTPERFORMANCEPREDICTION- ENGINEFIRING SCHEDULE

Firing G.E.T. Burn Delta Propellant Remainina _........... _ | I...... _ " m/ota_ Hrope_anr. II_ota_ bpace-
No. hrs:min:sec Time, _elocity_ • | Used, lbm |craft Weight

sec ft/sec Oxidizer I Fuel | |at start of

____ __.______.a_.._=..._._.r_np_lpI_........_.._ _.-.._Burn, IbmUsable, Gaaeable] Usable, Gameable ....... ii

Ibm percent_ percen_t UXl(],Izer fuel I

24796,8 I00124 115557.8 lO0. 7

- _ ---r-_"
, ,,¥_,o_o:_o_o_ _ _ ZJ22_ _oo_ ,_ _i_ -, ....

|
_ LOI l 77:24:52.9 349.71 2815.3 0263.6 41.07 6375.0 40.51 14435.8 9120.6 96678.7
I

DOI :45:20.5 22.32 212.9 9315.3 37.04 5782.2 36.61 948.3 592.8 .3

CIRC 00:35:05.2 3.93 70.4 9145.6 36.33 5676.9 35.92 169.7 I05.3 37471.0

LOPCl 13:42:02.7 9.88 183.6 8724.6 34.60 5414.7 34.20 421.0 262.2 37100.5

LOP_2 154:13:10.8 41.99 824.6 6954.9 27.32 4307.3 26,92 1769.7 1107,4 36488.9
>

a_ !i!r _:2B:58.3 32 06 3147.7 1428.1 4.59 836.9 4.12 5526,8 3470.4 33528,7i * - I_CO

_o 7 14720,9 _,_D
<

_ Note: The oxidizer r?aoe r,;adings include the ha,nine system errors noted in the text Propellants used ior -4i-_ .... •
• o, oxidizer anl 5.5 Ibm ()f fuel._: each [)urn include the non-proDulsi_'e enjino start losses of i3.9 Ibm "_



'rAIH,E 109-4.5.14-5 (NASA DATA SOURCE)

;,IISSION H-2 SPS PH.:FI, I(;IYr PI.',I:FOPd'IANCE Prq,:DICTION - NOHINA1, PERFOPdlM_CE SI_2{ARY

] .....
_m-. i,n.

I_ BEFORE CR()SSOVEP AFTER CROSSOVER

nl ii PilII ' _- I li

Dual Bore Single Bore Dual Bore Single Bore

p AIL_/El' El,, i

Typical 300 see of LO[ 1 70.9 sec of TEI Typical

120 sec of I,{}I] Single (Upper) Burn Burn Single (Lower)
Burn Bore Bore

--- ' ...... II Ill II II I "

Isp (sec) 313.48 313.25 313.56 313.56 313.38
6-J
C5

Thrust (]bf) 21036 20132 21296 21334 20639

Mixture Ratio 1 579/4 1.5958 1.5911 1 5907 1.6131
I

O_

Chamber Pressure

(psia) 102.87 98.05 104.31 104.29 100.90

O×idizer F ]o_,Trate

(ibm/sec) 41. 088 39.51 41. 706 41. 776 40. 655

Z Fuel Flowrate

(ibm/sec) 26. 016 24. 758 26. 211 26. 263 25. 203
O0
|

I
0

_ [,o fD

<: Note: The:;e nominal performance, values asstgne tile PU valve to be in the t)rimary-increase position, oft
IO bo

",4



'FABI,I? 109-4.5.14-6 (NASA DATA SOURCE)

_'IISSION H-2 SPS PRI.;FLI(,t!T PERFORi'IANCE PPEDICTION - PERFOR',IANCE DISPERSIONS

I .......

BEFORE CROSSOVER AFTER CROSSOVER

(118 sec of LOI 1 Burn) (70.9 sec of TEI Burn)
1

PA_'IETER
Standard % Standard Standard % Standard

Deviation (io) Deviation (io) Deviation (io) Deviation (le)
llm

Isp (lbf-sec/Ibm) 0,531 0.169 0,531 0.169

Thrust (Ibf) 88.12 0.419 89.61 0.420

C kI"_o ,,ixture Ratio 0.0109 0.688 0,011 0,705
I

km

Chamber Pressure

j (psia) O. 391 O. 380 O. 398 0. 382

Oxidizer Flow Rate

(ibm/sec) 0.208 0,506 O.210 0.503

Fuel Flow Rate

(lbm/sec) 0. 131 O. 504 O. 138 0. 524
O3

>
!

,
_o fD

-a O-.

.C_, rt

b_ ,,otu. The t_?rformance dispersions were obtained ,.,,bile the PU valve was ill the primary-increase p(,sition,
_. and ih_, engine operating in the dual bor(? ,_'.d ( l(j t._ • "-I



T._BL.Io9-4.B.14-7 (NASA DATA SOURCE)

SPS PERFORMANCE SUI_.IARYAT VARIOUS PU VALVE POSITIONS FOR SINGLE AND DUAL BORE MODES OF OPERATION

LOT BURN BEFORE CROSSOVER AFTER CROSSOVER

PARAMETER Single Bore Single Bore Single Bore Dual Bore Dual Bore [Dual Bore Dual Bore Dual Bore Dual Bore Single Bore Single Bore Single Bore
PU-Increase PU-Norma] FU-Deerease PU-Increase PU-Normal PU-Decrease PU-Increase PU Normal PU-Decreas( PU-Increase PU-Normal PU-Decrease

Thrust (lbf) 20132. 19863. 19440. 21036. 20694. 20214. 21296. 20935. 20438. 20463. 20153. 19715.

Chamber Pressure 98.050 96.977 95.296 102.870 I01.504 99.609 I04.310 102.873 100.909 100.285 99,032 97,280
{psia)

Total Flow Rate 64.268 63,434 62.183 67.104 66.064 64.674 67.917 66.812 65.368 65,301 64.342 63.046
(!bm/sec)

Oxidizer F ow Rate 39.510 38,492 36.974 41.08B 39.815 38.096 41.706 40.351 38.561 40.195 39,033 37.456
Ibm/sec)

Fuel Flow Rate 24.758 24.942 25,210 26,016 26.250 26.578 26.211 26.46] 26.807 25. I06 25,309 25.690
(Ibm/sec)

C) AT 2 SEC INTO BURN AT 12 SEC INTO BURNDO1 BURN
I PARAMETER Single Bore Single Bore Single Bore Single Bore Single Bor_ Single Bore iDual Bore Dual Bore Dual Bore
_'- PU-Increase PU-Normal PU-Oecreas( PU-Increase PU-Normal PU-Decrease _U-Increase pU-Normal PU-Decrease

k,n Thrust {lbf) 20897. 20579. 20129. 20723. 20408. 19963. 21560. 21200. 20695.

F'_ Chamber Pressure

_"i (psia) 102.163 100.878 99.080 101.344 100.073 98.295 105.377 I03.937 I01.941

e-_ Total Flow Rate

(Ibm/sec) 66.667 65.677 64.342 66.120 65.143 63.824 68.748 67.640 66.166

Oxidizer Flow Rate
(Ibm/sec) 41.II,6 39,922 38,302 40,745 39.564 37.961 42.297 40,935 39.112

Fuel Flow Rate
(Ibm/see) 25.550 25,755 26,040 25.375 25.880 25.863 26.451 26.705 27.054

LOPCI BURN AT 2.75 SEC INTO BURN AT 8.75 SEC INTO BURN
tSingle Bore Single Bore Single Bore Single Bore Single Bore Single Bore Dual Bore Dual Bore Dual Bore

PARAMETER PU-increase PU-Normal PU-Decrease PU-IncreasmPU-Normal PU-Decrease PU-increase PU-Nomal PU-Decrease

_'_ Thrust (Ibf) 20745. 20431. 19986. 20699. 20386. 19941. 21535. 21176. 20672.

Chamber Pressure
(psia) 101,441 I00,169 98.388 I01,227 99.958 98.182 105,253 I03.816 I01.822 p>

(_ Total Flow Rate

(Ibm/sec) 66.191 65.212 63.889 66.047 65.071 63.752 68.671 67.564 66.091 _
0 Oxidizer Flow Rate _
I,_ (lbm/sec) 40.B16 39.632 38.026 40.714 39.534 37.932 42.265 40.904 39.083 O_

"J Fuel Flow Rate , -,j

(lbm/sec) 25,375 25.580 25.863 25.333 25.537 25.820 26.406 26.660 27.008 0 rt
v



TABLE 109-4.5.14-7 (Continued) (NASA DATA SOI_CE)

LOPC2 2_rn At 2.87 sec into Burn At 25.87 sec into Burn
Parameter Sin.ale Bore Single Bore Single Bore Sing;e Bore Sin ale 5nre Sinale Bore Dual Bore Dual Bore Dual Bore

PU-Increase PU-No_al PU-Decrease PU-Increase PU-_ormal PU-Decrease PU-Increase PU-!lor_al PU-Decrease

Thrust (lbf) 20696. 20383. 19938. 20597. 20285. 19843. 21427. 21070. 20569.

Chamber Pressure 101.212 99.944 98.168 100.751 99.490 97.726 104.7511 103.322 101.343
(psia)
Total F1Qw Rate 66.038 65.062 63.744 65.725 64.757 63.450 68.330 67.233 65.773
(lbm/sec)
Oxidizer Flow Rate 40.7;0 39.530 37.928 40.473 39.302 37.712 42.009 43.658 38.851
(Ibm/see)

o Fuel Flow Rate 25.328 25.532 25.815 25.252 25.455 25.738 26.321 26.574 26.922_0

i (Ibm/sec)
¢-

I

r ..

TEl Burn At 2.9 sec into Burn At 70.9 sec into Burn

Parameter Single Bore Single Bore Sin,aleBore $inole _ore Single Bore Sinnle Bore Dual Bore Dual B_re Dual Bore
PU-!ncrease PU-tle.,_.=alPU-Decrease PU=Increase PU=Nor_al PU-Dsprease PU-Increase PU-Ne_aal PU-DecFease

ThrUst (lbf) 20639_ 20328. 19886. 20504. 20193 19753. 2133_ 23973. 20474.

¢n
_, Chamber Pressure 100.90_ 99.662 97.894 1CO.2P,_ 99.032 97.279 104.290 131!.84 100.873

(psia)
Total Flow Rate 65.858 64.889 63.575 65.431 64.471 63.174 68.039 66.932 65.483

_o (Ibm/sec)¢3
' Oxidizer Flow Rate 4D.635 39.4t,8 37.851 40.242 39.079 37.501 41.77£ 40.423 38.629

o (lbm/sec) ._ _>
_fb

-a Fuel Flow Rate 25.203 25.441 25.724 25.189 25.392 25.673 26.263 26.509 26.855 o,

---"_ (1bm/sec) _
C)¢D

{-t

t_
PJ ..j



TABLE 109-4.5.14-8 (NASA DATA SOI/RCE)

EFFECTIVE ENGINE PERFORHANCEFOR tIISSION H-2*

__ L01Burn HYBRID Before _ After D01 CIRC LOPC1 LOPC2 TEl
_ffective _ Crossover Crossover
Parameter

Thrust - lbf 19946 21032 21302 21435 20764 21235 21377 21328

Specific Impulse
O

sec 313.173 313.480 313.563 313.578 313.415 313.553 313.571 313.556
I

Total Propellant
Flowrate -

, Ibm/sec 63.689 67.091 67.934 68.356 56.250 67.724 68.174 68.020

* The engine performance levels presented in this table were obtained with the engine operating with the
PU valve in the primary-increase position.
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4.6.1.4 Uncertainty of LM IMU Allsnment from CSM IMU

The measured alignment angles associated with a talkover alignment
of the LM IMU from the CSM IMU are listed in Table 109-4.6.1-1. The

contributions to the uncertainty in the talkover alignment of the LM
IMU are listed in Table 109-4.6.1-2. The RSS i-o total uncertainties
are summarized as follows:

LM Axis i-o RSS_ arc mln

Yaw (about X-axls) _15.8 (0,264 deg)

Pitch (about Y-axls) ±4°0 (0.067 deg)

Roll (about Z-axis ±4.0 (0.067 deg)

The above values do not include thermal effects or bending or torque

effects from any cause (i.e., RCS Jet firing), Also, the effect of the
maximum allowable CG offset in the X-axls of 0°2 inch was not included.

SNA-8-D-027(1) REV 2

109-4.6.1-1
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Table 109-4.6.1-1

Measured Hardware Alignments Contributing to Alignment of LM IMU from CSM IMU

Alignment Arc Min

About Y-Axis Z-Axis

Measurement X-Axis (About Z-Axis) (About Y-Axis)

COMMAND MODULE

Displacement of CSM IMU axes with - +3.30 -4.80

respect to local vertical*

Displacement of Nay. base axes with +62.8 - -

o respect to docking ring.*
I

Displacement of docking ring axes - -0- -3.0

_' with respect to local vertical*
I

LUNAR MODULE

(LM Yaw) (LMRolI) (LM Pitch)

Displacement of docking ring with - -3.28 -0.75

respect to nay. base axes.**

Displacement of nay. base with -1.63 +4.43 +1.22

respect to IMU.***

tn

*OCP K0070V2 & K3128-I, 7/10/69. In lieu of S/C axes the local vertical was used as thecommon reference axis.
l **Spacecraft Operational Data Book, Volume II, LM Data Book, Rev 2, Para LM7/4.5.1.5.2Oo

m_ ***Spacecraft Operational Data Book, Volume II, LM Data Book, Rev 2, Para. LM7/4.5.2.1.2. o_m
O "--_

Data stated as IMU relative to nay. base, therefore, values tabulated above are _

"_ negative of SODB values because the desired sense of displacement is from nav. base _._ms
to IMU. o

tO
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Table 109-4.6.1-2

Hardware contributions to Uncertainty of LM IMU Alignment from CSM IMU

l-a Uncertainty, Arc Min

About About About

Source of Uncertainty LMX-Axis LMY-Axis LM Z-Axis

CM IMU to CM Docking Ring 0.2 (i) 0.2 (i) 0.2 (i)

CM Docking Angle Scale 0.2 (i) - -

CM-LM Docking Ring Alignment - 4.0 (2) 4.0 (2)

LM Docking Angle Pointer 5.0 (3)

Docking Angle Determination 15.0 (4) - -

LM Docking Ring to LM Nay Base - Negl. (5) Negl. (5)

LM Nav Base to LM IMU Negl_ (5) Negl. (5) Negl. (5)

RSS i-o Uncertainty, Arc Min 15.8 4.0 4.0

Arc Deg 0.264 0.067 0.067

REFERENCES

(i) Estimates based on methods used in OCP K0070V2 and K3128-I, 7/10/69,
to measure these alignments. See Table 109-4.6.1-1.

(2) Apollo ICD MII 01-05053-416 (The included angle measured between

the planes of the docking interfaces of the CM and LM will not

exceed 0.2 deg.)

(3) Apollo ICD MH 01-05128-116 (60 deg. 55 arc min.)

(4) Telecon R. Schweickart, NASA astronaut (±0.5 deg., considered to
be 2-o)

(5)" Uncertainty in measured alignment considered negligible. See
Table 109-4.6.1-1.

SNA-8-D-027(1) REV 2
109-4.6.1-3 NASA--MSC
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4.6.5 GUIDANCE COMPUTER ERASABLE MEMORY CONSTANTS 1

The following listings pertain to the command module computer (CMC) pad-
loaded erasable memory constants. Mission-time-computed constants, such as

state vectors, etc., are not included except for those specifically initial-
ized, as no single value can be attached.

Table 109-4.6.5-1 is a tabular listing of the erasable load, both mission

tape parameters and launch tape parameters.

The number in the "Rev" column denotes the number of revisions to the value I

of the corresponding parameter that have been incorporated in publications of ithe Apollo 13 erasable load.

A single or double star (* or **) in the "REV" column denotes that it is

also in the inflight erasable load. These parameters would have to be verified

or reloaded in order to completely initialize the CMC in orbit. A single star

denotes loading by ground uplink; a double star denotes loading by the astronaut
via the DSKY.

INASA DATA SOURCE

i09-4.6.5-i SNA-8-D-027(1) REV 2



(NASA DATA SOURCE)
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(NASA DATA SOURCE)
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(NASA DATA SOURCE)
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(NASA DATA SO_CE)

Table I09-4.6.5-I. FINAL H-? PP_LtU_'FH FPA<AnlS LOaD (MANCHE72 PFV3) (Continued)
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(NASA DATA SOURCE)
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(NASA DATA SOLACE)

i Table 10974.6.5-I. FINAL H-? PP_LrlJ_'r_ FPACt_PLE LOaO (_NrPET_ PFV3) (Continued)
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(NASA DATA SOURCE)
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(NASA DATA SOURCE)

Tabie i09-4.6.5-I. FTNAL h-? PPEL_iNrH FPaFAPLE Loan (MAN, HE72 REV3) (Continued)
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(NASA DATA SOURCE)

Table 109-4.6.5-I. FINAL H-2 PP_LBU_,rH F_ARAPLF LOAD (MAD_CHE72 .QEV3) (Continued)
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(NASA DATA SOURCE)

Table109-4.6.5-1.FI_'_LH-, O_rL,,,_'_H_ntF L_ (_T_3_?--_V_i-(_;-_tin_ed)•
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/

(NASA DATA SOURCE)

Table 109,4.6.5-I. FTKtAL H-3 PRFLAUNFH EPA_A_LE LnAq (MANCHE?2 PFV3)(Continued) I
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(NASA DATA SOURCE)

..... iTable I09-4.6.5-I.FINAL _-2 °PFI.,_U_'rH _FP_ff_nLF LFT/_,F)(P!_t'CI4E72 PfV-_) Continued)
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(NASA DATA SOURCE)

Table 109-4.6.5-I. H-2 PRE.._UNCH EI_ASARIE LOAD (MANCHFT_ REV3} (Continued)

REV MNEMONIC ADDR OCTAL _F FmGINEERING VALIIE VALUE IN AGC UNII_

LNGISPL)* 0 340_ 76370 0 -i.7_4999999,001 DEG -4,736111110-002 REV
3403 41106

-I7t05 DES WEST GEODETIC

FCSTEER + 0 J_24 I0000 2 i.O00000000+O00

TRh,IOR * 0 #513 OOd04 -0

o
TR6JO_ + I 3514 O000b -0I

TR6,JO_ , P JSlg 31413 -0

I
T_.IO_ * 3 J516 53140 -0

TR6JOR • 4 _517 O000b -0

Tp_,JOR • 5 352_ 4002b "0

TR6JOB �6_521 21140 "0

Tp6JOR • 7 J522 0535_ -0

!

I



(NASA DATA SOURCE)

Table 109-4.6.5-I. H-2 PREI.AUNCH ERASABLE L_AD (MANCHE72 REV3) (Continued)

REV MNFMONIC ADDR OCTAL bF rNGINEERIN@ VALUE VALUE IN AGC UNIT_

TPF_.IOt_ + 8 J523 0155{) -0

TP6.10B + 9 J524 10061 -0

TI_, lOB +10 :_525 1157:_ -0

TRF_.IO_ +11 J526 0410b -0

TP6.JO_ .12 _527 3505b "0

o TR6,10R "13 -$530 N5751 "0
_D
I

_" Tn_,JOR .14 J531 0154_I -0

TB6JOPl +15 J53__ O000b -0
h3

TBf_,JOB .16 3533 41413 -0

TR6JOt3 ,,17 ..t534 53040 -0

Tr_6jOB _,18 3535 0157_ -0

TR6,IOI-! *20 3537 2!04b -0
,>-

TR6.10R +21 ..'1540 3330b -0
C_
I

0
r_3
"-4



(NASA DATA SOURCE)

Table 109-4.6.5-I. H-2 PRELAUNCH ERASABLE LOAD (MANCHE72 REV3) (Continued)

REV MNFMONIC ADDR OCTAL bF FNGINEERINB VALUE VALUE IN AGC UNITq

TR6JOR *22 3541 0667b -0

TB6.JO_ *23 3542 2070! -0

TR6,JOR *24 3543 37663 "0

TR6JOR *25 3544 05150 -0

o

TR6JOR +26 3545 01525 "0i

TP6JOR *27 _546 10067 "0
I

Tn6JO_ *28 _547 05340 -0

TR6JOB *29 3550 35017 -0

TR6JOB *30 J5510000b -0

T_6JOR *3] 3552 05012 -0

TR&JOB +32 3553 35031 "0

TR6,10R *33 3554 O000b "0

TP_JOR ,34 3555 05011 -0
I

o

H



(NASA DATA SOURCE)

Table 109-4.6.5-I. H-_ PRELAUHCH ERASABLE L_AD {MANE.HE72 I_EV3)(Continued)

REV NN_MONIC ADOR OCTAL _F rKfGINEERIN8 VALHE VALIJE IN AGC UNIT_

T_6JOR *35 J556 0000_ "0

Tn6JOR *36 J557 30_2b -0

1 TR6,JOR *37 _560 53337 -0

TR6JO_ *3P _561 0530_ "0
0

TR6.JOB *39 3562 01750 "0I

TR6JOB *40 J563 4501! -0
I

TP6JOR .41 J564 O000b -0

Tg6,10R .4_ J565 0301_ "0

T_6,JOR �Œ�J56645031 -0

TR6JOR +44 _567 O000b -0

T_JO_ .45 _570 03011 -0

m TR_JOB *46 _571 2557_ -0

TR6JOB *47 _572 05340 "0 _ __D
'

H _



(NASA DATA SOURCE)

Table 109-4.6.5-I. H-2 PRELAUNCH ERASABt.E L_AO (MANCHE72 REV3)(Continued)

REV MNFMONIC ADDR OCTAL bF FNGINEERING VALUE VALUE IN AGC IJNIT_

TR6JOR ,48 J573 0000_ -0

TR630R .49 3S74 O000b -0

TB6JOB +50 3575 3002b -0

TR6JOB +51 3576 01537 "0

I

I

Oo
I

I

Z 0

(_ --J



Amendment 22

" 1/27/70

4.7.6 VHF RANGING sYsTEM BIAS ERROR

The CSM I09/LM-7 VHF ranging system range output improvement factors are

0.01 n mi for ranges from 500 ft to 2°5 n mi, 0.02 n mi for ranges from 2.5

to 25.0 n mi, and 0.01 n mi for ranges from 25.0 to 200 n mi.

These correction factors should be subtracted from the indicated range

output of the digital ranging generator.

SNA-8-D-027(I) REV 2

109-4.7.6-1

NASA -- MSC



Amendment 19

12/12/69

4.9.2 LAUNCH ESCAPE AND PITCH CONTROL MOTORS

Table 109-4.9-I. Predicted Launch Escape Motor Performance

Time

(see) Axial Thrust (Ib-f) Beta (deg) Side Thrust (Ib-f)

70 F, 14. 7 PSIA (ACCEPTANCE DATA), ENGINE S/N ED 305

0.000 148.066 2.796 7.222

0.039 6,054.654 Z.796 295.327

0.053 14,555.535 2.796 709.973

0.060 Z0,687.157 Z.796 1,009.054

0.063 26/387.674 2.796 1,287.107

0.082 90,572.492 Z.882 4,554.008

0.096 122,925.619 2.810 6,025.606

0.111 139,649.342 2.785 6,786.286

0.12i 147,406.652 2.776 7,139.126

0.140 155,281.275 2.767 7,497.303

0.159 158,051.865 2.765 7,623.322

0.178 157,612.404 2.765 7,603.334

0.193 157,126.297 2.766 7,581.223

.... 0.342 151.328.352 2.772 7,317.505

0.448 150,057.539 Z.773 7,259.702

0.632 149,018.062 2.774 7,212.421

0.868 150,571.258 2.772 7,283.068

1.017 151,670.406 2.771 7,333.063

1.307 154,349.057 2.768 7,454.901

1.403 153,217.320 2.770 7,403.424

1.692 148,355.064 2.775 7,182.265

1.885 144,586.896 2.779 7,010.870

2.078 140,760.629 2.784 6,836.832

2.560 130,406.069 2.798 6,365,855

2.849 124,504.623 2.807 6,097.427

3.042 120,516.252 2.814 5,916.015

3.139 I18, 532.43_ 2.817 5,825.78i

3.196 I15,825.152 2.822 5,702.639

3.235 I13, 124.76_ 2.827 5,579.812

3.302 102,953.605 2.849 5,117.172

3.389 90,749.502 2.882 4,562.059

3.621 68,209.312 2.972 3.536.784

3.814 56,498.118 3.048 3,004.066

4.103 42,760.297 3.147 2,347.665

4.488 29,726.822 2.798 1,451.112

109-4.9.2-I

SNA-8-D-027(1), Rev 2



Amendment 19

12/12/69

Table 109-4.9-I. Predicted Launch Escape Motor Performance (Cont)

Time

(see) Axial Thrust (Ib-f) Beta (deg) Side Thrust (Ib-f)

4.874 20,704.680 2.796 1,009.909

5.260 14,846.815 2.796 724.181

6.186 6,447.437 2.796 314.486

6.803 3,308.268 2.796 161.367

7.478 1,615.886 2.796 78.818

8.678 204.732 2.796 9.986

40 F, 14.7 PSIA (ACCEPTANCE DATA), ENGINE S/N ED 305

0.000 148.066 2.796 7.222

0.039 6,054.561 2.796 295.322

0.053 14,555.186 2.796 709.956

0.060 20,686.553 2.796 1,009.025

0.063 26,386.837 2.796 1,287.067

0.082 90,567.265 2.882 4,553.770

0.096 122,915.479 2.810 6,025.144

0. iii 139,634.061 2.785 6,785.591

0.1Zl 147,387.867 2.776 7,138.272

0.140 155,256.020 2.767 7,496.154

0.159 158,020.885 2.765 7,621.913

0.178 157,576.611 2.765 7,601.706

0.193 157,087.199 2.766 7,579.445

0.342 151,266.574 2.772 7,314.694

0.448 149,990.229 2.773 7,256.640

0.632 148,942.369 2.774 7,208.978

0.868 150,491.713 2.773 7,279.450

1.017 151,591.008 2.771 7,3Z9.451

1.307 154,270.275 2.768 7,451.3.17

1.4o3 153,141.221 2.770 7,399.963

1.692 148,291.316 2.775 7,179.365

1.885 144,529.820 2.779 7,008.274

2.078 140,707.822 2.784 6,834.431

2.560 130,366.670 2.798 6,364.063

2.849 124,484.121 Z.807 6,096.495

3.042 120,485.508 2.814 5,914.617

3.139 118,481.607 2.817 5,823.469

3.196 115,791.801 2.822 5,701.123

3.235 113,102.659 2.827 5,578.806

3.302 102,936.199 2.849 5,116.380

3.389 90,736.479 2.882 4,561.467

109-4.9.2-2

SNA-8-D-027(I), Rev 2



Amendment 19

12/12/69

Table 109-4.9-I. Predicted Launch Escape Motor Performance (Cont)

Time

(see) A.xial Thrust (lh-f) Beta (deg) Side Thrust (lb-f)

3.621 68,202.780 Z.97Z 3,536.487

3.814 56,492.697 3.048 3,003.819

4.103 4Z, 756.4Zl 3.147 Z, 347.413

4.488 29,724.426 2.798 1,450.937

4.874 Z0,703.065 2.796 1,009.830

5.Z60 14,845.617 2.796 724.122

6.186 6,446.899 2.796 314.459

6.803 3,307.997 2.796 161.354

7.478 1,615.730 Z.796 78.810

8.678 204.655 2.796 9.982

70 F, VACUUM(ACCEPTANCE DATA), ENGINE S/N ED 305

0.000 0.000 0.000 0.000

0.039 9,967.165 2.607 453.349

0.053 20,605.065 2.607 937.206

0.060 27,921.052 2.607 1,269.969

0.063 34.572.171 2.607 I_572.490

0.082 100,121.062 2.607 4,553.934

0.096 13Z, 471.164 Z.607 6,0Z5.356

0. iii 149, 193.588 2,607 6,785.963

0.121 156,950.414 2.607 7,138.777

0.140 164,824.855 2.607 7,496.940

0. 159 167,595. 758 2.607 7, 622. 972

0. 178 167, 156.885 2.607 7, 603.010

0. 193 166, 671. 205 Z.607 7, 580. 920

0.34Z 160,877.131 2.607 7,317.381

0.448 159,608.277 2.607 7,259.667

0.632 158,570.725 2.607 7,212.475

0.868 160,125.521 2.607 7,283.194

1.017 161, Z25.416 2.607 7,333.222

1.307 163,905.006 2.607 7,455.101

1.403 16Z,773.582 Z. 607 7,403.639

1.692 157,912.154 Z.607 7,182.520

1.885 154,144.348 2.607 7,011.144

Z.078 150,318.359 2.607 6,837.122

Z.560 139,964. Z48 Z.607 6,366.173

2.849 134,063.195 Z.607 6,097.768

3.042 130,074.316 Z.607 5,916.336

3.139 IZ8,090.574 2.607 5,826.108

I09-4.9.2-3

SNA-8-D-027(1), Rev 2



Amendment 19

12/1,2/69

Table 109-4.9-i. Predicted Launch Escape Motor Performance (Cont)

Time

(sec) Axial Thrust (Ib-f) Beta (deg) Side Thrust (Ib-f)

3.196 IZ5,383.777 Z. 607 5,702.991

3.235 122,683.404 2.607 5,580.166

3.30Z II2,51Z. Z7! 2.607 5,117.539

3.389 100,308.311 Z.607 4,562.451

3.6ZI 77,768.149 2.607 3,537. ZZ8

3.814 66,056.980 2.607 3,004.554

4.103 52, Z76.796 2.607 2,377.772

4.488 38,420.253 Z.607 1,747.518

4.874 27,944.632 Z.607 1,271.041

5.260 20,959.739 2.607 953.339

6.186 10,481.235 2.607 476.731

6.803 6,272.Z59 2.607 285.289

7.478 3,843.517 Z.607 174.8Z0

8.678 118.354 2.607 5.383

40 F, VACUUM(ACCEPTANCE DATA), ENGINE S/N ED 305

0.000 0.000 0.000 0.000

0.039 9,967.075 2.607 453.345

0.053 20,604.707 2.607 937.190

0.060 27,920.426 2.607 1,269.940

0.063 34,571.309 Z.607 1,572.451

0.08Z 100,116.126 Z.607 4,553.710

0.096 132,461.391 Z.607 6,0Z4.911

0. III 149% 178.701 2.607 6,785.285

0.121 156,932.027 2.607 7,].37.940

0.140 164,799.986 Z.607 7,495.808

0.159 167,565.148 2.607 7,6ZI.580

0.178 167,121.430 2.607 7,601.397

0.193 166,632.430 2.607 7,579.156

0.342 160,815.309 2.607 7,314.569

0.448 159,541.076 2.607 7,256.611

0.63Z 158,495.076 2.607 7,Z09.034

0.868 160,045.986 2.607 7,Z79.576

1.017 161.146.006 Z.607 7,3Z9.610

1.307 163,8Z6.197 Z.607 7,451.516

1.403 16Z,697.451 2.607 7,400.176

1.69Z 157,848.383 Z.607 7,179.620

1.885 154,087. Z54 Z.607 7,008.547

Z.078 150,265.490 2.607 6,834.717

I09-4.9. Z-4

SNA-8-D-027(1), Rev Z



Amendment 19

12/12/69
f_

Table 109-4.9-i. Predicted Launch Escape Motor Per[ormance (Cont)

Time

(sec) Axial Thrust"(IbLf) Beta (deg).... Side Thrust (lb-f)

2.60'7 6,364,3802,560 ..__ 139,9Z4_832 . .

-2.849 134,042.691 ....... 2.60'7 6,096.835

3.042 130,044.112 2.60'7 5.9[4.962

3.].39 I28,039.707 : 2.607 5,823.794

3.196 125,349.953 2.607 5,701.452

3.235 122,660.847 2.607 5,579.140

3.302 I12,494.863 2.607 5,116.748

3.389 100,295.180 2.607 4,561.854

3.621 77,761.619 2.607 3,536.931

3.814 66,051.551 2.607 3,004.307

4.[03 52,272.819 2.607 2,377.591

4.488 38,417_603 Z.607 1,747.397

4.874 27,94Z.729 2.607 1,270.955

5.260 20,958.290 2.607 953.273

6.186 10,480,533 2.607 476.699

6.803 6,271.883 2.607 285.272

7.478 3,843.284 2.607 174.809

_-_ 8.678 118.346 2.607 5.383

109-4.9.2-5

SNA-8-D-027(1), Rev Z



Amendment 19

].2/12/69

Table 109-4. 9-2. Predicted Pitch Control Motor Performance

Time (sec) Axial Thrust (Ib-f)

70 F, VACUUM (ACCEPTANCE DATA), MOTOR S/N 144

0. 0.

0.006 25.285
0.027 763.774

0.053 1726.339
0.071 2153.564

0.097 2558.121

0.140 2885.951
0.175 2995.808

0.210 3048.122

0.237 3055.097

0.263 3056.841

0.298 3046.378

0.341 2997.552

0.359 2960.933
0.385 2891.18Z

0.411 2807.481

0.446 Z685.416

0.490 2531.964

0. 533 2376. 768

0.588 2120.433

0.612 1872.816

0.639 1461.285

0.664 1159.612

0.691 927.689

0.708 809. IIZ

0.734 673.098

0.769 530.108

0.787 476.051

0.830 360.962

0.857 308.648

0.883 Z61.567

0.9Z6 Z07.509

0.968 16Z. 171

1.0Z3 IZ3.808

• 1.067 95.908

1.119 75.854

1.154 43.594

1.188 31.388

1.245 0.174

]09-4.9.2-6
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Amendment 19

12/12/69
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Figure 109-4.9-3. Axial Thrust, Launch Escape Motor
(S/N ED 305)

' ' 109-4.9.2-7
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Amendment 19

12/12/69

Figure ]09-4.9-6. Predicted Thrust, Pitch Control /_otor,
S/N 144 (70 F in Vacuum)

109-4.9.2-8

SNA_8_D-027(! ) RE',/ 2



Amendment 19

- 12/12/69

I0
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Figure I09-4.:9-9. •Side Thrust, Launch Escape Motor
(S/N ED 305)

• 109-4.9.2-9
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This appendixwill not be updated and the

data presentedare only valid up to the

Apollo14 launch date, 31 January 1971.

Consequently,revisionssubsequent to the

Apollo 14 flight may introducedata into

- the basic text of the data book that con-

flicts with the data in this appendix.

Maintainingor deleting this appendix for

CSM-IIO in the SODB is entirely at the

option of the user.

CSM-IIO SNA-8-D-027(1)REV 3
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APrENDIX ii0

CSM 110

Changes to baseline data specific to CSM ii0 are included in this appendix.

1.0 No change

2,0 No change I
3.1.6 Cryogenic Equipment
3.3 Service Module RCS Constraints

3.4 Command Module RCS Constraints
3.5 SPS Constraints

3.11 Temperature Limits

4.1.3 Cryogenic Tank Characteristics I
4.1.4 EPS Battery Charger Calibration
4,1.6 EPS Master Electrical Equipment Lis_

4o2.1 Restrictor Performance

4.2.3 ECS Glycol Accumulator Calibration
4.3.6 Service Module RCS Forces and Moments

4.4.5 Command Module RCS Moments

4.5.1 SPS Engine Performance
4.5.2 SPS Start and Shutdown Thrust Transients

4°5.3 SPS Engine Propellant Flow Resistance
4.6.1 IMU and Guidance Computer Data

4.6.5 Guidance Computer Erasable Memory Constants

4.7.6 VHF Ranging System Bias Error

4.9.2 Launch Escape Propulsion Performance

5.0 No change

6.0 No change

7.0 No change

ii0-i
SNA-8-D-027(1) REV
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f--

3.1.6 CRYOGENIC EQUIPMENT

3.1.6.1 Cryogenic Hydrogen Tank Pressure-Temperature Limit Relationships

For cryogenic hydrogen tank pressure-temperature limitations, see Figure
110-3.1.6-1. Pressure-temperature limit relationships for the cryogenic

hydrogen tanks are determined by two mechanisms of hydrogen attack of titanium.

Flow growth under stress or massive hydride formation results in material
flaking and loss of tank material. The former is the governing mechanism at

lower temperatures (below -200 F); the latter grows above -200 F. The limits

preclude flow growth and catastrophic failure for the entire temperature range.

f

110-3.1.6-1

SNA-8-D-027 (I) KEV 3
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TEMPERATURE (°F)

Figure 110-3.1.6-1. EPS Cryogenic Hydrogen Tank Pressure - Temperature
Limits

110-3.1.6-2

SNA-8-D-027(1) REV 3
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(NASA DATA SOURCE)
3.3.6 SM RCS HELIUM BOTTLE PRESSURE-TEMPERATURE LIMITATIONS

The pressure-temperature limitations of the SM RCS helium bottle are

given in Figure 110-3.3.6-1.

110-3.3.6-1 SNA-8-D-027 (I) REV 3



3.3.6 SM RCS HELIUM BOTTLE PRESSURE- Amendment 57
TE_ERATURE LIMITATIONS (NASA DATA SOURCE) 1/15/71
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Figure II0-3.3.6-I. SM RCS Helium Bottle Pressure-Temperature
Limitations

110-3.3.6-2 SNA-8-D-027(I) REV 3
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(NASA DATA SOURCE)

3.3.8 PRESSURE-TEMPERATURE LIMIT RELATIONSHIPS FOR SM RCS PROPELLANT TANKS

Pressure-temperature limit relationships for propellant tanks are

dependent upon the history of the individual tank with respect to pressure

cycling, type of fluids used, etc. These limits are established to pre-

clude potential growth of a flaw in the tank wall, when in contact with

the propellants, that will exceed the maximum allowable value for the
tank. The maximum allowable pressure-temperature limit relationships for

S/C ii0 SM RCS propellant tanks are given in Figure 110-3.3.8-1,

z •

110-3.3.8-1

SNA-8-D-027 (I) REV 3
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250 (NASA DATA SOURCE) 1/15/71

240

190

18C

90 I00 1I0 120 130 140 150
TEMPERATURE (°F)

Figure 110-3.3.8-1. Maximum Allowable Pressure-Temperature Limit

Relationship for SM RCS Propellant Tanks

109-3.3.8-2

SNA-8-D-027(1) REV 3
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(NASA DATA SOURCE)

3.4.4 CM RCS PRESSURE-TEMPERATURE LIMITATIONS

Pressure-temperature limit relationships for propellant tanks are

dependent upon the history of the individual tank with respect to pressure

cycling, type of fluids used, etc. These limits are established to pre-
clude potential growth of a flaw in the tank wall, when in contact with

the propellants, that will exceed the maximum allowable value for the
tank. The maximum allowable pressure-temperature limit relationships for

S/C ii0 CM RCS propellant tanks are given in Figure 110-3.4.4-1.

The pressure-temperature limitations of the CM RCS helium bottle

are given in Figure 110-3.4.4-2.

110-3.4.4-1

SNA-8-D-027(1) REV 3
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3.4.4 CM RCS PRESSURE-TEMPERATURE LIMITATIONS 1/15/71
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FigureII0-3.4.4-2.CM RCS HeliumBottlePressure-Temperature
Limitations
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(NASA DATA SOURCE)

3.5.4 sPS HELIUM BOTTLE AND GN2 PRESSURE-TEMPERATURE LIMITATIONS

See Figures 110-3.5.4-1 and 110-3.5.4-2 for SPS helium bottle and

GN2 pressure-temperature iimitationso

110-3.5.4-1 SNA-8-D-027(1) REV 3
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_-" (NASA DATA SOURCE)

3.5.10 PRESSURE-TEMPERATURE LIMIT RELATIONSHIPS FOR SPS PROPELLANT TANKS

Pressure-temperature limit relationships for propellant tanks are

dependent upon the history of the individual tank with respect to pressure

cycling, type of fluids used, etc. These limits are established to pre-
clude potential growth of a flaw in the tank wall, when in contact with

the propellants, that will exceed the maximum allowable value for the

tank. The maximum allowable pressure-temperature limit relationships

for S/C ii0 SPS propellant tanks are given in Figure 110-3.5.10-1.

110-3.5.10-1

SNA-8-D-027 (I) REV 3
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(NASA DATA SOURCE)
230' ,, 1/15/71

220

170

16C
90 I00 II0 120 130 140 150

TEMPERATURE(°F)

Figure110-3.5.10-I.MaximumAllowablePressure-TemperatureLimit
Relationshipfor SPS PropellantTanks

II0-3.5.10-2

SNA-8-D-027(1)REV 3



Table 110-3.11-3. Service Module Reaction Control Subsystem (SM RCS) Temperature Limitations

TEMPERATURE MEASUREMENT
COMPONENT LIMITS ('F) LOW LIMIT REASON HIGH LIMIT REASON

NUMBER LOCATION

LOW HIGH

Primary Oxidizer
Quad A Fracture mechanics.

Quad B 125/136 207 psid prior to firing/ None N/A

Quad D 192 psid during mission. H

Quad C 150/15C

Primary Fuel

Quad A

Quad B I 141 Fracture mechanics. None N/A
o Quad C 207 psld.

_o Quad D

_'_ Secondary Ox 125 Fracture mechanics. None N/A!
Tank 207 psid.

Secondary Fuel 141 Fracture mechanics. None N/A
Tank 207 psid.

NOTES: I. See Figure 110-3.3.8-1 for SM RCS fracture

mechanics pressure-temperature relationship

curves.

! 2. See Table 3.11-3 for other SM RCS tempera-
ture limitatlons. (All RCS fracture mechan-

OV ics limlts-NASA DATA SOURCE). _= _

_ O _ rt



Table 110-3.11-4. Comm_nd Module Reaction Control Subsystem (CM RCS) Tem)erature Limitations

TEMPERATURE ....
MEASUREMENT

COMPONENT LIMITS (°F) LOW LIMIT REASON HIGH LIMIT REASON

LOW HIGH NUMBER LOCATION

PropellantTanksOx

Tank A I i
Tank B 132 Fracture mechanics. None N/A

'308 pald.

H

Propellant Fuel _
O Tanks

Tank 146 308FractUrepsld.mechanics. None N/A

NOTES! i. See Figure 1/0-3.4.4-1 for CM RCS fracture

mechanics pressure-temperature relationship
CUrves.

2. See Table 3.11-4 for other CM RCS tempera-
ture limitations. (All RCS fracture mechan-
ics llmlts-NASA DATA SOURCE).

,,4 >

0 "_-m



Table 110-3.11-5. Service Propulsion Subsystem (SPS) Temperature Limitations

w

T_PE_T_E MEASUREMENT
CO_ON_T LIMITS (=F) LOW LIMIT R_SON HIGH LIMIT R_SON

LOW HIGH NUMB_ L_ATION

Oxidizer Sump ii0 Fracture mechanics. SA2377T On tank @

Tank Skin 205 psid secondary regulatol Xs = 280 _

Oxidizer Storage 110 lock-up and 0.5% minimum SA2378T On _tank280@ --Tank Skin nitric acid content Xs
H

Fuel Sump Tank 126 SA2379T On tank @
Skin Fracture mechanics.

205 psid seconda_ regulator Xs ffi 280
Fuel Storage 126 lock-up. SA2330T On tank @ o• z
Tank Skin

o _ = 280
I

NOTES: 1. Temperature l_its indicate the limit of the
tank hot spot and not necessarily the limit

of the measurement number location° _e hot

spot limit may be predicted from the measure-

ment nu_er reading.

2. See Figure 110-3.5.10-1 for SPS fracture mechan-

ics pressure-temperature relationship curves.

3. See Table 3.11-5 for other SPS temperature

limitations.

W
N m _
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4.1.3.2 Hydrogen and Oxygen Tank Heater Power Dissipation

Figures 110-4.1-28 and ii0-4.1-29 show hydrogen and oxygen tank
heater power dissipation as a function of CM main bus voltage. The

plots account for the voltage drop between the bus and the heater
elements and reflect the power dissipation across the heater element

at a voltage different from the CMbus voltage.

• 110-4.1.3-1 SNA-8-D-027(1) REV 3
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4.1.3.7 Oxysen Consumption Rate

For mission planning purposes the ECS oxygen requirements should

be based on an average rate of 0.26 m_0.08 pound per hour for three-
crewman operations and 0.12 ±0.08 pound per hour for solo operations.

These rates are estimated values based on previous flight experience

and CSM ii0 hardware data and differ significantly from maximum
allowable values.

SNA-8-D-027(1) REV 3
110-4.1.3-4
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4.1.3.9 Cryosenic Tank Characteristics

Table 110-4.1-4 presents average flow rate data, relief valve cracking

and reseat pressure values, and pressure switch actuation values for each

hydrogen and oxygen cryogenics storage tank.

\ 110-4.1.3-5 SNA-8-D-027(1) REV 3



Table 110-4.1-4. Cryogenic Tank Characteristics

bUm_UN _NJ.' TEST DATA

P/N & S/N FUNCTION REQUIREMENT ACCEPTANCE OCP 1015 TCP 0070

H2 Tank #i Minimum dQ/dm <0.0725 #/hr .0404 #/hr ......
ME282-0047-0040 Flow (Average)
10024HTA0044

H2 Tank #2 Minimum dQ/dm <0.0725 #/hr 0.0574 #/hr. - .....
ME282-0047-0050 Flow (Average)
IO024HTA0028

Valve Module, Relief Valve Opera-
Hydrogen, tion

Cryogenic Tank 1

Storage System Cracking Pressure 273.0 psig (min) 280.0 psig 278.0 psig 280.0 psigO

i ME284-0291-0001 Reseat Pressure 268.0 psig (min) 274.0 psig 279.0 psig06553C240401
Tank 2

i Cracking Pressure 273.0 psig (min) 281.5 psig 279.0 psig 280.0 psig

o_ Reseat Pressure 268.0 psig (min) 273.5 psig 280.0 psig

Pressure Switch

Actuation

Tank 1

Low Pressure 225.0 psia (min) 235.0 psia 235.0 psia 240.0 psia

High Pressure 260.0 psia (max) 256.0 psia 258.0 psia 260.0 psia
Tank 2

o_ Low Pressure 225.0 psia (min) 235.0 psia 235.0 psia 236.0 psia

High Pressure 260.0 psia (max) 255.7 psia 257.0 psia 257.0 psia

I

_ LnN

_n

t_
<



Table 110-4.1-4. Cryogenic Tank Characteristics (Continued)

COMPONENT ] TEST DATA

P/N & S/N I FUNCTION REQUIREMENT ACCEPTANCE OCP 1014 OCP 1018

iO2 Tank #i Minimum dQ/dm <0.913 #/hr 0.718 #/hr ......
ME282-0046-0005 Flow (Average)
10024XTAO040

02 Tank #2 Minimum dQ/dm <0.913 #/hr 0.8167 #/hr ......
ME282-0046-0005 Flow (Average)
10024XTA0027

02 Tank #3 Minimum dQ/dm <0.913 #/hr 0.6832 #/hr ......

ME282-0046-0005 Flow (Average)
10024XTA0036

O
: Valve Module, Relief Valve Oper-z-

_ Oxygen, ation
Cryogenic Tank 1

_ Storage System Cracking Pressure 983.0 psig (min) 1000.5 psig 1005.0 psig ---
ME284-0290-0001 Reseat Pressure 965.0 psig (min) 977.0 psig ......
06553J041804

Tank 2

Cracking Pressure 983.0 psig (min) 999.0 psig 1004.0 psig -'-

Reseat Pressure 965.0 psig (min) 977.0 psig ......

Tank 3

Cracking Pressure 983.0 psig (min) ...... 1004.0 psig

Reseat Pressure 965.0 psig (min) .........

! I-'a I_-.

t_
<I



Table 110-4.1-4. Cryogenic Tank Characteristics (Concluded)

COMPONENT TEST DATA

P/N & S/N FUNCTION REQUIREMENT ACCEPTANCE OCP 1014 " OCP 1018

Valve Module, Pressure Switch

Oxygen, Actuation

Cryogenic Tank i
Storage System

_E284-0290-0001 Low Pressure 865.0 psia (min) 878.0 psia 883.0 psia ___

06553J041804 High Pressure 935.0 psia (max) 912.0 psia 911.0 psia ---

Tank 2

Low Pressure 865.0 psia (min) 877.0 psia 883.0 psia ---

High Pressure 935.0 psia (max) 923.0 psia 925.0 psia ---

Tank 3

Low Pressure 865.0 psia (min) ...... 895.0 psia

_ High Pressure 935.0 psia (max) ...... 919.0 psia

!



Amendment 42

. 7/13/70

4.1.4.4 Inflisht Battery Chan$in$ Cutoff

Figure 110-4.1-52 shows the relationship between the battery charger

output current and the battery terminal voltage.

SNA-8-D-027(1) REV 3
110-4.1.4-1
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Figure 110-4.1-52. Inflight Battery Charging Curve
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4.1.6.] Master Electrical Equipment List

Table 110-4.1-6 presents the master electrical equipment list for CSM liO,

The power levels shown should be used for mission planning involvin_ CSM ii0.

110-4.1.6-1

SNA-8-D-027([) REV 3
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Table 110-4.1-6 . Master Electrical Equipment List

Part i: Definition of Titles

I. Cod,- - A nmueric used Io identify the component within a system.

2. Description - A description of the component.

_. <-'PC (Coldplate code) - A numeric showing the coldplate or non-coldplated status of the component.

e.g. 036 - Coldplated component on coldplate V36-610036

g - A non coldplated item in the command module

3 - A non coldplated item located in the service module

4. Part or Identification Number - Actual part number, vendor number, ME XXXXXXX,

MC XXXXXXX, or a drawing calling out the component being tracked; e.g., V]6-XXXXXX.

5. Reference Designation - An alpha-numeric designating the location of the component as called
out on schematics.

o. Qty. - Quantity of colllponents in the spacecraft.

7. A/DC - Specifies whether the component requires a-c or d-c power.. Where component requires

both. a separate line identifies the level of power of each.

8. P.F. (power factor) - All power factors are lagging except as noted in remarks column.

_?. Phase- Specifies the 400-cycle a-c phase(s) required by components.

I0. Bus IO (bus identification) - An alpha.numeric coding showing bus or buses from which

components draw power.

ii. Power in Watts - Power requirement per unit as defined at equipment interface under applied

voltages of g8 vdc or 115 vac.

Spec - Specifications values.

Development - Value obtained from development test report.

QuaI Test - Value obtained from qualification test report.

Acceptance - Value obtained from acceptance test report.

11. CRCT Breaker - Circuit breake.r that systems or component is connected to.

I _. Traceability - Specification, qualification test report or end-item data package, etc. , from

which power as specified in Item tl was extracted.

14. Ren_arks - Any specific on the component which cannot be listed under the present headings, and

yet is pertinent to the use of the equipment (i°e. , effectivity, type of duty cycle under normal Ltse)

used during certain phases only.

Bus Identification

Code Bus

S A Service module Bus A

S B Service module Bus B

C A Command module DC Bus A

C B DC Bus B

C A B i ] DC Buses A and B

C A B 2 DC Bus A or B

(7 i AC Bus I

C 2 AC Bus Z

C I 2 I AC Buses I and Z

C I 2 2 AC Bus I or Z

B A Battery Bus A

B B Battery Bus B

B C Battery Bus C

[_ A B [ Batteries A and [B

B A B Z Battery A or B

[_ R I Battery relay bus

F P I L Flight and postlanding bus

110-4.1.6-2

SNA-8-D-O27(I) REV 3
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Table 110-4.1-6. Master Electrical Equipment List

Part Z: Mode Definition

Mode Definition Mode Definition

Guidance and Navigation Stabilization and Controls

A Attitude control, delta-V, entry modes A Launch, G&N delta-V with SCS backup

B IMU alignment, LM tracking B G&N maneuver, 1 FDAI, no SCS backup

B1 IMU fine alignment C G&N attitude hold, 1 FDAI, no SCS backup

C CMC operations D SCS delta-V, 1 FDAI, no G&N

o D Sextant sightings E SGS attitude hold, 1 FDAI, no G&NI

E G&N powered down f" SCS attitude hold, no FDAI, no G&_N

i G SCS rotation, I FDAI, no G&N
_o

H SCS translation, 1 FDAI, no G&N

I Standby, SCS gyros in warmup

_n J Standby, no gyro warmup

K G&N entry, SCS backup
!

' L SCS entry, I FDA[, no G&No
N)
"-4

Or'r

ko
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Table 110-4.1-6. Master Electrical Equipment List (Continued)

NOTES

NO _$43R IPT ION NO OESCR IPT ION

I GAEC 38 MODE AD

2 TOTAL FOR PA_'(L 39 MODE E_SIJ

3I SEA LEVEL OPERATIONS ONLY 40 MODE K

4 VACUUMOF_RATIONS ONLY 41 _ AK

5 F{Y_IERFRCelFUEL CELL POSITIVE _ ATE 42 _ EEFI-L

6 TOT_- FOR MISSION 43 MOO[ O

l 597 VARS 44 _ OEFG_IJL

S MAXI_.JM CHAliCE _ MO0£ DEC.,HKL

g S_S YAW MODE 46 _ DEGH

IO S_S ROLL M001E8/D 47 _ FIO

It SOS PITCH MOOE 48 190QE KL

12 OPEN 49 _ BSOEG_L

13 CLOSE 50 MOOE OEGH

14 SCS ROLL M(EE A/C 51 _ IJ

15 ALSO COLD PLATES ON CP 040 52 I_ L

16 S_RVlCE MOO_E COLD PLATE 53 MOE]E ABCDEC,HKL

I'/ PRIMARY COLD PLATE LOOP ONLY !SH _ ABC_FC_KL

18 iSTANDBY N(XZE 55 DISABLED PRIOr' TO FLIGHT

I9 OW°IERATEMOIRE 56 ASSUMED I:_R FACTOR

20 5.0 PSIA 57 NASA DATA SCt_q%_E

21 14.'7PSIA _ AVERAGE POWER AC 21.0W. 0C 19.OW

22 MOOE E 59 SEE EFFICIENCY CURVES. [_-E PC$,ER 112 w

23 MCOE ABCD CoO FOR PTC INERTIAL ATTITUDE HOLD ,iN0 0_3IT RATE USE MODE "A"

MOOE 80 0 WITH TVC IN M0(_ "J"

!MODE CC_: 61 _ TVC ELECTRONICS _RKD-UP FOR' MANUAL (37AUTOMATIC

2S MODE AB O :GIMBAL CONTRCX_ANO/OR POSITIGHING - MODE *A" OR MO0£ "O"

2"7 MODE a O

28 M{X]E 81

29 OELVP ='I'G.QUAL ='0"O ENVIRONMENT

30 _ _FC, HKL

31 MOOE AEEFGH

32. M00E IKL

33 M(X)E EE

34 PI00E A

35 MOOE BCK

36 MOO[ O

3"7 M(X_ EFGHL

110-4.1.6-4.

SNA-8-D-027(I) REV 3



Table 110-4.1-6. Master Electrical Equipment List (Library) Nov. i, 1970 SC-II0 (Continued)

UNITS IN WATTS CRCT BREAKER NOTES

CODE DESCRIPTION CPC PART OR ID NO, DESIGNTN QTY A/DC PF BUS ID SPEC 'IDEVLP Q TEST ACCEP
I

0201 CRYO GAS STORAGE

0202 PRESS XOUCER H2 3 ME284-0291-000I $48A6 02 D CABI 1.5 C28A25 CB03

0203 PRESS XOUCER 02 3 ME284-0290-0001 548A7 03 D CABI I .5 C28A25 CB04

0204 SIGNAL CONO H2 3 ME282-0047-0001 546A2 $S49A3 02 A .87 CI22 4.0 2.2 CI54A403CB20-21

0205 SIGNAL COND 02 3 ME148-002"/-000| 648A4 SS48A5 02 A .67 C122 4.0 2.3 C154A403C820-2|

0206 Pk_ TANK HEATERS 3 ME282-004"/-0020 S48TKI-TK2 02 D CAB2 20.0 20.0 C154A403C616-1"/

0207 02 TANK EATERS 3 t1E262-O046-O005 S4BTK3-TK4 03 D CAB<?. 53.333 C154A403CDI6-19

0208 H2 TANK FANS 3 HE282-0047-0001 S49TKI-TK2 02 A .18 CI22 5.0 3.5 SAME 22,23,24

0210 02/H2 VAC-ION PMP 3 HE282-0046-0001 S'49TKI ,2.3.4 04 D SAD 6.00 2.80 SIqAI F-6-'7-8-9 55

0211 REACT VALVE LATCH 002 HE284-0289 _DLVI6-18 03 D ORB 54.0 52.4 CI5-4A403 CB'/+9

212R EACT VALVE LATCHO 02M E284-0281 $48LVI9-21 03 D _ 54.0 53.7

0501 DOCKING SYSTEM

0502 EXTEND SOLENOID 2 HE458-0004-0003 CIBASLI ,L2 02 D CAB2 IO0.O

0503 RELAY MOTORS 2 IDE467-0014-0002 CIBA5HI ,PE_ 02 D CA1_2 12"/.0

0504 INDICATORS 2 PIE432-OI72 00! I CL_2/_02DSI 2 D CAB2 1.12 • I L_5

0505 RELAY PYRO FIRING 2 ME455-0073-000l CIDA3A4K-S 04 D 6_ 3._k_

0506 LM DKNG PR9 RET CleA3,A4K-S O! D CA62 3.92

0601 DISPLAYS N CONTRL

0602 C N N DETECT UNIT 043 HE430-0006 CL_-4A401 O! D CAB! 7.5 7.5 C152A205C652NS3

0603 MISSION TIHER 2 GFE 35031200 C_-2_02 02 D CAB2 ll.2 C152/e08CB_'/-48 I

0604 DIGIT EVNT TIM OP 2 HE456-0044-0001 C_t2-2_OI 02 D CABI 5.0 1.48 C152/_08C647448

0605 DIGT EVNT TM STBY 2 HE456-O0_-O001 CP_-2A201 02 D CABi I.O ._ CI52A208CD4"/-48

CAB l 3.75 C 152A205CB52-530606 HSTR ALARM IhOCTR 2 ME452-0()60-1003 C.E2-4A491 03 D

060"/ C N N MATRIX IN{) 2 ME434-0020-!019 _-2A202 23 D CAB! 3.95 C1_05CB52-53

0608 C N N MATRIX IN{) 2 ME434-0020-1019 C_-2/_02 16 D CA(}! 3.75 C|_AB05C652-53

0609 C N N LAPP TEST 2 OI D CABI "/4.0 C152A205C952-53

0610 C N N LAHP TEST 2 OI D CABI 56.0 C152/_?05C952-53

0611 INTGL LTG LT MOC 2 MC434-0040 C15-2/_208-T2 OI A .20 C2 0._ 615-4A403 C637 EW5

0612 INTGL LTG RT HOC 2 MC434-0040 CI5-2/_05-T2 Ol A .20 CI I-/. 13 C15-qA403 CÙ_ 56

C 15-_4A403 C633 20613 INTGL LTG LED 2 IIC434-0040 CI"/-IAIL::_B-T2 OI A C2 5.59
t-I_

0614 LANCH VEH END LTE 2 MC434-0022 (_-2_01 OI D BA _5.0 C!5-2A208 CE_9 I_

0615 INT PORT FLD LITE 2 V36-'F/II02 C1"/-3A323 Ol O CAB_ 3.'/5 C14A25C83643"/
3.2 C 154A403C639-40 _J

0616 RULING LIGHT 3 ME434-0041-0001 S1"/-9A902o09 04 A .90 CI2l 3.6 Ort

0613 RUI_IINS LIGHT 3 ME434-0041-0001 SI'/-9A�OL_09 04 A .90 CI2l 3.5 3.2 C154A403C639-40 L_
L_

0818 TUNNEL LIGHTS 2 ME4340051000!tOJ C1"/-SASO_NO9 06 D CABI 3.0 CI.54A403CB30-31

0819 FLD LT LED PRIM 2 HC434-0045-004"7 C1'7-3A308N04 02 D CAB2 15.0 8._ CI54A403CB30-31

0620 FLD LT MOCO PRIM 2 MC434-0045-0047 CI'/-3A301N03 02 _ CAB_ |5.0 9.6 CI54A403CB30-31



Table 110-4.1-6. Master Electrical Equipment Llst (Library) Nov. i, 1970 SC-II0 (Continued)

CODE DESCRIPTION CPC PART OR ID NO. DESIGNIN QTY A/DC PF BUS ID SPEC DEVLP O TEST ACCEP

0621 FLD LT COUCH PRIM 2 MC434-0045-004-/ ClT-3A305Na6 02 D CAB2 5.0 . C15NANO3CB30N31

0622 SPOT LIGHT 3 ME434-0054-0003 SI-/-SASI3 Ol A C2 40.0 41.0 C154A403C839

0623 RENDEZVOUS LIGHT 003 ME434-0055-0001 S1-/-9A915 01 D CA 25.0 Cl5-4A403 C628

0624 EX VEH ACT LGHTG 2 t_434-004|-0009 $1-/-9A912 06 A C122 .6 DISNA403cB3gNP-10

0625 ACOUISTION BEACON 2 ME434-0038-0001 CI-/A2 01 D FPL 50.0 13.4 C15-2A208C68

OCc_.-/DOCKING TARGET 2 ME476-0082-0001 C22A3 OI A C2 9.0 CI5-4A403 C639

0626 CREW OPTICAL ALGN 2 ME331-001"/-0062 C22AI 01 D CAB2 B.4 C154A403C628-29

0629 FLOOD LT LEB SEC 2 MC434-0045-006-/ C1-/-3A30_04 02 D CAB2 15.0 7.3 C154A403C630-31

0630 FLOOD LI MOLD SEC 2 MC434-0045-0064 CI-/-3A3OIN03 02 D CAB2 15.0 7.4 C154A403CB30-31

063I FLOOD LT COCH SEC 2 MC434-0045-0068 CIT-3A305N06 02 D CAB2 15.0 10.6 CI54A403CB30-31

1301 I NSTRLC_NTAT 1ON

1302 CM OPERATIONAL 2 V34945521 CL_E3AS,A6 01 D DABI 30.08 C[52A205CBI9-20

1303 SM OPERATIONAL 2 V34945521 $28A7 OI D CABI 105.'/ C152A205C819-20

1401 FUEL CELLS

1402 OXYEN FLOW MTRS INCL. IN 1303

1403 PRESS XDUCERS 3 MC4640015 D222A203 09 D CABI 2.00

1404 HYDROC_N FLON MTR INCL. IN 1303

1405 PUMP PACKAC-E SL 3 I_EN64000"TIOOOT C154A403 03 A .33 C122 l(_J=O 80.00 CI52A205CBI-3 3

1406 PUMP PACKAGE VAC 3 ME464000.71000T CI54A403 03 A .33 CI22 6|.10 C152A205CB1-3 4

140"7 H_ PURGE SOl_ 3 MC4640015 SI4PSI 03 D CABI 1"/.5 6.2 C144A40_SBIO-12

1408 OXYGEN PURGE SOL 3 MC4640015 S1414PSI 03 D CABI I'/.5 6.2 C144A403C810-12

1409 NITOC,N VENT VLVE "4 MC4490015E S14PSI-3 03 O GSE 1"7.5 6.2

1410 N1TOON FILL VLVE 3 PIC44900ISE SI4PSI-3 03 D 6SE 35.00

1411 HYDRC_ PURGE HTR 3 MC363001"7 SI4HRI_II4 01 D CABi B.O CI44A403C;BIONII

1412 IN LINE HTR 3 SI4PSI-3 03 O 160.0 5

1501 LM SUPPORT

1502 S 8AND SA HEATRS 003 D CB 51 .'I C152A205C666/74

1503 ABORT SENSOR ASSY 003 D CB 10.B CI_A205CI_c_/'T4 5"/

1504 LANDING RADAR HTR 003 D CB 63.0 C|,_.A205CE_I.74

1505 RENDEZVOUS RADAR 003 D CB 81.0 C152A205C866/74

15015 I/ILl HEATER 003 D CB 104.'/ C152A205CB66/74 57 _

1507 TRAN__UNAR RELAY 003 O CB 5.6 C152A205CBF:_f74 5-/ _ __i3.,

lbgl PO_R OtSTRiBUT _ Co
_.i

1502 F$_ FCTR CORR UNT 2 V36562000 CI4AB 02 A Cl21 5.00 C154A403C83 -/ c)

1603 FC MIR SN SENSORS 3 ME 452-01-/0 514AIS5-510 06 O SAB 0.42 Ln

1604 0(3 VOLTMETER 2 C22-2A203MIO Ol D CA 0.0185

1605 DC BUS U/V SENSOR 2 ME431-0063 CISA5 OI D BRB 0.25 .002 C152A205C88-9



Table 110-4.1-6.
..Master Electrical Equipment List (Library) Nov. I, 1970 SC-IIO (Continued)

_TTS CRCT BREAKER

CODE DESCRIPTION CPC PART OR I0 NO. DESIGNTN QTY A/DC PF BUS ID DEVLP Q TESI ACCEP

1606 SIC CONDITIONER 2 CI31AIOB 02 D CABI 0 039 C152A205CBI-2

160"/ SIG CONDITIONER 2 C131A106 02 A .90 C121 C152A205CB3-4

1609 BATTERY CHARGER 2 HE461-0002-000"7 CI4BTCI OI A .90 C121 55.0 4"7.1 C152A205CB14-15 56,58

1610 BAT'IERY CHARGER 2 HE401-0002-000"7 C14BTCI 0| O CABI BH.O 46.3 CI52A205CB14-15 8.58
m

1611 F/C FLAG INDCTR 2 C22-2A203 DS 06 D BRB O. 125 .0126 CIS_A403CB'7-B-9 I

I1612 SIG corOITIONERS 2 01 D BRB 0.039 .005 CI54A403CB`7

1613 SIG CONDITIONERS 2 02 D BABI 0.039 .005 C152A205CB14-15

1615 AC OU/V SENSORS 2 HE431-OOB2 CI4AIAI 01 D BRB 0.63 .q5 CI52AB05CBlO-II

1616 AC OU/V SENSORS 2 ME431-0062 02 A CI22 0.00 CI52A205C93-411

161"7 INVERTER NO 1 033 MC495-0001-0000 CINPSI Ol O CA Cl4A`7 CBI 59

1618 INVERTER NO 2 034 PIC495-0001-0008 C14PS2 Ol D CA CILIA'/ CIr. 59

1619 INVERTER NO 3 035 HC4_3-0001-0009 C14PS3 01 D CAB2 CI4A'7 CB3N_ 59

IB01 SEQUENTIAL SYSTEM

1802 LOGIC ARM PE901-056'7-0019 ClBAI-A2 D BAB 7.17 C152ABOB CBINE_

I00] PYRO ARM IIE4`76-0035-0002 CIBA3-A4 0 BAB `7.2 C152ABOBCBIN2

1804 Eli JETTISON ME901-0567-0019 CIBAI-A2 D BAB 9.0 C152ABOBCB3N'4

1805 SC/LV SEPARATION HE901-056`7-0019 CIBAI-A2 D BAB 108.0 Ct52ABOB CB3N4

1806 CSM SEPARATION HE901-056"7-0019 D BAB 38.0 CI52A209 CBIN2

1807 MAIN CHUTE RELESE 0 BAB 9.0 CI52ABOBCB3hN

1808 EDS IIE901-056`7 CIBAI-A2 O BABC 37.44 C 152A208CB_BN5 I

1901 CH REACTION CONT

1902 ENGINE COIL AUTO 2 ME90I-O06"/-O001 CI999NCI9BI 02 D CAB2 105.0 9"7.6 C152ABOBCB2tN22 9

190:3 ENGINE COIL AUTO 2 NEBOI-O067-O001 CI9B2NCI9BIO 02 D CAB2 105.0 9"7.0 CI52A20BCB21N2.2 9

1904 ENGINE COIL AUTO P HE901-O06"7-O001 CI9BSNCI9B3 02 D CAB2 105.0 9"7.4 CI52ABOBCBI"/-Ie 10

1905 ENGINE COIL AUTO 2 NE9OI-OOB"7-O001 CI986NCIBB4 02 D CAB,:?. 105.0 96.6 CI52ABOBCBI'7-1B I0

1906 ENGINE COIL AUTO 2 HE901-0067-0001 CIBBBNCI9BI2 02 D CAB2 105.0 95.'7 CI.E_A208CBIBN20 II

190'7 ENGINE COIL AUTO 2 ME901-006'7-0001 CI9BtlNC19B*/ 02 D CAB2 I05.0 96.9 C152ABOBCBIgNBO II

iBOB ENGINE COIL DIRCT SEE 1912NI913

1909 PROPEL ISOL VALVE _' _02760001-2 C19LV3-4 02 D CA 48.0 59.8 CI_08CB4I 12

1910 PROPEL ISOL VALVE 2 ME210_02'760001-2 CIBl_Vl-2 02 O CB 46.0 48.1 CI52A208C042 13

1911 ENGINE HEATERS 2 NE901-0067-0001 CI9BI-BI2 12 D CAB2 52.5 50.5 C152A200C066-6`7 P.., (_
1912 ENG COIL DIR SYSI 2 ME901-006"7-000I CI9BI-II 000 06 D CAB2 52.5 48."/ CI52ABOBCBI3Ni4 I,,,)

1913 ENG COIL DIR SYS2 2 HE901-006'7-0001 C1902-12 EVN 06 D CA82 52.5 48.`7 CI.T_.A2OBCB"7ON'/I _ ('b

1921 SM RFACTION CONT 0

19,?.2 ENGINE COILS AUTO 3 ME901-0004-020[ SI9ABB3 �³$‚�P�02D CAI_ IOB.O 106.9 CI52A208CB21N22 9 Ln
LD

ISe.3 ENGINE COILS AUIO 3 HE901-0004-020! SI9A2BI+4BI 02 O CAB2 109.0 106.8 , cIr:_A208CB21N2.2 9

1924 ENGINE COILS AUTO 3 ME901-0004-0201 SIBABB2 �H&‡�P�020 CAB2 100.0 10"/.0 CI.'T_.AB08CB['7-18 tO



Table 110-4.1-6. Master Electrical Equipment List (Library) Nov. i, 1970 SC-IIO (Continued)

_U_IITS iN TEST ACCEP CI:_CTBREAKER NOTES

HATTS

CODE DESCRIPTION CPC PART OR ID NO. OESIGNTN QTY A/OC PF BUS ID DEVLP Q

1925 ENGINE COILS AUTO 3 PE901-0004-0201 SI9AIB2+IB4 (]2 D CA82 I 106.8 m C152/_308CBI5-I6 14

1926 ENGINE COILS AUTO ] HE901-0004-0201 SI9A462+484 02 O CAB2 IOB.O 107.0 C152A208CBI7-I8 10

192"; ENGINE COILS AUTO 3 ME901-0004-0201 519A362 �‡D CAB2 108.0 106.8 CI52_OBCBI5-16 14

1928 ENGINE COILS AUTO 3 HE901-0004-0201 SIBAIBI+3BI 02 O CAB2 108.0 106.6 CI_52Jb_OBCBIgN20 I I

1929 ENGINE COILS AUTO 3 HE901-000470201 SI9AI83+3B3 02 D CA82 108.0 106.6 CI52A206CBI9N20 II

1930 ENG COIL DIR SYSI 3 HE901-0004-0201 SIgAIN2 08 D CAB2 28.0 27.6 CI52A208CBI3N14

1931 ENG COIL DIR SYS2 3 PE901-0004-0201 $19A344 08 D C/_2 28.0 27.6 Ci52/6208CB'/ON?I

1932 HELIUM ISOL VLVE SEE 1943-1944

1933 QUAD HTRS A PRIM 3 HE363-0014-0003 SI9AIHRIN2 02 D CB 36.0 46.5 C152A206 C637

1934 QUAD HTRS B PRIM 3 HE363-0014-0003 SIOA2HRIhe 02 C) CA 36.0 46.3 C152A208 C639

1935 OUAD HTRS C PRIM 3 ME363-0014-0003 SIOA3HRIN2 02 O CB 36.0 47.8 C152AZ_O8 CB38

1936 QiJAD NTRS 0 PRIM 3 ME363-0014-0003 SIOA4HRIN2 02 D CA 36.0 47.2 C152A208 C840

193-/ (l(JADHTRS A SEC 3 ME363-0024-0003 SIOAIHRIN2 02 D CB 36.0 46.5 CI52A208 CB37

1938 QUAD HTRS B SEC 3 HE363-0014-0003 SIOA2HRIN2 02 D CA 36.0 46.3 6152A206 C839

1939 QUAD HTRS C SEC 3 NE363-0014-0003 SIgA3HRINE 02 D CB 36.0 47.8 C152A208 CB38

1940 QiJAD HTRS D SEC. 3 HE363-0014-0003 SIgA4HRIN2 02 D CA 36.0 47.2 C!52A208 CB40

19_1 ISOL VL QUADS A/ C 3 ME28402760001-2 SI9AIN2N3N4 16 D CAB2 48.0 56.7 C152A208CB42 12

1942 ISOL VL QUADS 6/D 3 HE28402760001-2 SIgAIN2N3N4 16 D CAI_ 48.0 45.4 CI52A208C84! 13

1943 HE ISOL VL QD A/C 3 ME284-0281-0001 SI9AI/2-C1/2 06 D CB 54.0 53.7 C152A208C642

1944 HE ISOL VL QD B/D 3 NE284-0281-0001 SI961/2-D1/2 06 D CA 54.0 53.7 C152A208C641

2001 ENTRY MONITOR

2002 S_IITCH POSITION 1 022 HC4320129 C222A201AI 01 D CABI 219.0 C!_A208C653-52

2003 SIJ POS 2 AUTO 022 MC4320129 C222A201At OI D CABl 47.6 C152A208C653-52

2004 S_I POS 2 STBY-MAN 022 MC4320129 C222A201A! Ol D CABI 28.0 C152A208C853-52

2005 SW POS 3 AUTO 022 MC43_.OI_ C222A20IAI Ol D CAB! 33.6 C152A208C853-52

2006 S_I POS 3 STBY-MAN 022 HC4320129 C222A20IAI OI D CABI 28.0 C152A208C653-52

2007 SN POS 4 AUTO 022 MC4320129 C222A201Ai Ol O CABI 54.6 C152A208CB53-52

2008 SW POS 4 STBY-MAN 022 MC4320129 C222A2OIAI 01 D CABI 50.96 C152A208C853-52

2009 S_I POS 5 AUTO 022 HC4320129 C222A201Al OI O CABI 36.96 C152A208C653-52

2010 94 POS 5 STBY-HAN 022 HC4320!29 C222A201A! O! D CAB! 33.5 C152A_08CB53-52 _>

2011 94 POS RANGE SET 022 MC4320129 C222A201Al OI O CABI 33.6 Cl52A208C653-52 _

2012 S_4 POS V DEG SET 022 MC4320129 C222A20IAI Ol O CABl 26.0 C152A208CB53-52 _'_'_(b

2013 ENTRY G LT 0.05 022 MC4320129 C222A2OIAI OI D CABI 33.6 CI52A208CB53-52 0 r_

20!4 ENTRY G LT 0.05 022 ,"_4320|2g C222A2OiAI 0| D CAI_I 26.0 C!52A20_3-T_(?. U,
Ld

2015 ENTRY G LT 0.05 022 MC4320129 C222A201AI OI O CABI 54.6 C152A208C653-52

2016 ENTRY G GT 0.05 022 MC4320129 C222A201AI 01 O CABI 54.6 C1_08C653-52

2017 ENTRY 6 6T 0,05 022 MC432012g C222A_O|Al OI D CABI 29.4 C152A208C653-52



Table 110-4.1-6. Master Electrical Equipment List (Library) Nov. I, 1970 SC-IIO (Continued)

UNITS IN WATTS CRCT BREAKER I_TE5

CODE DESCRIPTION CPC PART OR ID NO. DESIGNTN QTY A/DC PF BUS IO I SPEC DEVLP 10 TEST ACCEP

2018 ENTRy G GT 0.05 022 _4320129 C222_01AI OI D CABI I 53 2 I CI52A208Ce53-52

2019 ENTRY G EQ 2.5 022 MC4320129 C222_01AI OI O CABI 51.B CI52JB?.OBCB53-52

2020 ENTRY G EQ 2.5 022 MC432012g C222A2OIAI OI O CABI 29.4 CISB_OBCB53-52

2021 ENTRY GEO 2.5 022 MC4320129 C222A20IAI 01 D CABI 51 .B CI52.A208CB53-52

2022 DELTA V TEST 022 MC432012g C222A20IAI Ol D CABI -40.8 CI52AP_OBC853-52

2023 DELTA v SET 022 MC4320129 C222A20IAI 01 D CABI 28.0 C152_08CB53-52

2024 DELTA VELOCITY 022 MC4320129 C222A2OIAl OI D CABI 28.84 CIS_?A208CB53-52

2025 INCANDSC'f LTOISP 2 MC4320129 C222A201AI OB A ! .0 C2 0.81 0.79 C154A403C833

2026 NUMERIC DISPLY 2 MC432012g C222A201AI 01 A .90 C2 1.35 CI54A403CB37

2101 COHttUN ] CAT IONS

2102 SIGNAL CONDITION 025" MEgOI-0713-O019 C13-1A106 Ol D VB "45.0 18.22 C15-4A402 CBI6 17

2103 PCH TELEMETRY 041 HE901-O?19-OOO7 C28-1A101 OI A .98 C122 PI.0 20.0 CI5-4A402 CBI-2

2104 PRE-HOD PROCESSOR 027 ME478-0068-0005 C28-1A11 I OI D CABI 12.5 8.55 C154A402C811NI2

2106 CENTRAL TIME EOIP 02B HENSB-O04|-O031 C28-1A102 Ol D CABI 20.0 B,68 C|SNA402CB2|-22

2109 S/BAND FM XMITTER 026 ME478-0070-0004 C2B-IAI05 OI A .80 C122 14.0 6.7 C15-4A402 CBl4

EllO S-BAND FM XMITTER 026 ME478-0070-0004 C2B-IAI05 Ol D 3ABA 2.4 1.6 CI54A402CBI3

_.0 C15-4A402 CBIB
2111 S-BD PN AMP HI NI 030 ME478-0066-0006 C28-1A104 OI A .94 Cl22 90.0

2II2 S-BD PW AMP HI NI 030 ME478-0066-0006 C28-1A104 O! O FB 5.J 1.5 C15-4A402 CBI'7

2113 S-BO PN AlP LO NI 030 ME478-OO6B-OOOB C28-1A104 OI A .89 Cb='2 40.0 31.0 CI5-4A402 Cel8

2114 S-BB PN AMP LO NI 030 M£4"/8-0066-0006 C28-1A104 Ol D F'B 5.0 1.5 C15-4A402 CBI7

2115 S-BD PN AHP HI I_ 030 ME478-0066-0006 C28-1A104 ,01 A .92 C122 90.0 8'4.0 C15--4A402 CB20

-_118 S-BD PH /Le".PH! N2 030 ME4"78-00C06-0006 C28-IAI04 OI O FB 5.0 1.5 CIS-qA402 C819

2117 S-8D PW AMP LO N2 030 ME'478-0066-0006 C2B-IAIO4 Ol A .96 CI22 40.0 31.0 CI5-NANOP C820

2118 S-BD PN AMP LO N2 030 PE478-0066-0006 C;28-1A104 OI O FB 5.0 1.5 C15-¢1A402 CBI9

2119 VI.,F/AH XHIT 296.8 024 HE478-006"/-0008 C28-tAI08 OI D FPL 36.2 29.3 ClS-4AHO2CB"/-9

2120 VHF/AH XMIT 259.7 024 ME4"/8-0067-0008 C2B-IAIO8 OI O VPL 34.0 ;_8.6 CI5-NANO2CB?-9

2121 VI-F'/AM STBY DUP A OL:_ ME4"7B-OOBT-O008 C28-1A108 OI O FPL 6.0 N.2 CI5-NA402CBT-9

2122 VHF'/AH STBY SIMPA 024 PE47B-OOBT-OOO8 C2B-IAIOB OI O FPL 6.0 4.1 CIS-4A402CB7-9

2123 VHF'/AM STBY DUP B OLm't HE478-OOBT-O008 CL:>8-1AI08 O| B FPL 6.0 3.8 CI5-4A402CB'7-9 _>
3.9 C15-WANO2CBT-9 I-' (0

2I_-I VHFIAM STBY SII"I:)B 024 ME4"78-OO67-OOOB C20-1AIOB Ol D VPL 6.0 _

_-21=:=5 VHF'/AH REC L:>96.B 024 ME478-OOST-QOOR CL:>8-1AIO8 OI D F'PL 2.0 I .L:_9 ClS-WA402CBT-'9 "_.tb

2126 VHF/AM I_C 259.7 OL='4 ME49B-OOf7-OOOB C28-IAIO8 OI D FPL ;%0 I.15 CIS-HA402CB7-9 "-JDOrr

I. 18 C IS-4A4OL:'CB7-9

2127 VHF/AH KEY 2_.B 024 ME47B-OO67-OOOB C2B-IAIO8 Ol O FPL 2.0
2128 VHV/AM KEY 259.'7 024 ME478-0069-0008 C28-IAIO8 OI D FPL 2.0 1.18 CI5-4ANO2CB"/-9 L_

2129 AUOIO CENT OPER 027 ME473-OOBB-O004 C28-1AIIG 03 D FPL B.'/ 4.'7 CIS-4A402CB'I-9

2130 AUOIO CENT STDBY 027 ME473-OO86-OOO4 C28-1AIIO 03 D VPL 2.0 l.O CIS-4ANO2CBT-9

2132 DATA STOSAGE OL:X9 ME435-OO35-OO30 CI3-1AIO7 OI A .44 CI22 40.0 30.0 C15-4A402 CBI4 17



Table 110-4.1-6. Master Electrical Equipment List (Library) Nov. i, 1970 SC-IIO (Continued)

l i++(+++++_+ ++COOE DESCRIPTION CPC PART OR IB NO. OESIGNTN GTY A/DC PF BUS lO SPEC DEVLP O

2133 DATA STORAGE 029 P2435-0035-0030 C13-1A107 Ol D FB 3 I CI54A402CBI3 2 17

2134 TELEVISION 2 HH01-03043-216 C2_-3A322 OI 0 CAB2 6.75 5.75 CI5-4A402 CBI3

2135 UP-OATA LINK 028 HE470-OIOI-0003 CBB-IAI03 BI D CAB2 12.0 6.9 CI5-4A402 CBIO

/ 2136 RENOEZ XPONDER " 020 LSC370-500-3 SBBAZ OI B CAB2 69.0 73.5 CI5-4A402 CBI5 I5NI6

_-- 2137 RENDEZ XPOND HTR 020 LSC 370-500-3 SBBAZ OI G CAB2 15.0 IO.O CI5-4A402 CBI5 IBNI6

/_ 2138 HIGH GAIN ANTENNA 3 M2476-0039-010| $28A3 O| A .58 C122 72.0 ." 28.0 I6.7 CI54A402 CBB5

_- 2139 HIGH GAIN ANTENNA 3 1"2476-0039-0t01 $28A3 OI D FB - 41.5 'J CI54A402 CB06 56

2140 2KMC ANT SNITCH 2 PI[45_,-0052-0t22 C281AI14 Ol D CAB2 15.0 12.0 C15-4A402 CBO5

EI41VHF" RIECOV BEACON 2 M£478-0069-0005 C281A112 Ol D FPL I0.0 6.64 C15-4A402 CB07

I BI42 DIGITAL RNG GIN 2 ME478-0082-0002 BI D FPL 28.0 16.8 CI5-4A4O2CB92147 S-BANO XPODER NOI 026 H2476-0070-0005 C28-1A105 OI A .85 CI22 20.0 14.7 C15-4A402 CBIG

BI4B S-BAND XPOD£R NOI 02G ME478-0070-0005 CBB-IAI05 OI D FB 2.4 1.1 CI5-4A402 CBI7

2149 S-BAND XPOOER NOB 026 ME478-0070-0005 CB8-1AI05 OI A .85 C122 20.0 16.2 C15-4A402 CB2B

2150 S-BAND XPOOE:R NO2 026 ME478-0070-0005 C2B-IAI05 OI D FB 2.4 1.1 Cl5-4A402 CBI7

BIBI COLOR TELEVISION O[ D CAB2 25.0 C15-4A402CBI3

L:_OI CREN SUPPORT

L_02 PERSONAL COHH 2 C28-2/_06 03 D FPB 1.68 C15-4A402C67-9

_03 BIOHED INSTR CONN 2 C28-J645,6,7 03 D CABI 4.34 C15-4A402CB7-9
o
I L_JOI ENVIRONPIENTAL CTR

6302 CABIN TEl't° CT STB 2 3.7 MC901-0716 C23Z3 01 A .95 Ca 2.5 2.3 CI5_/_05CB43

2303 CABIN TEHP CT OPR 2 3.7 MC90|-07t6 C23Z3 OI A .95 C2 11.5 11,5 CI52ABOBCBH3
I

6306 POTAB_E H20 HTR 2 5.22 MC901-0716 CBBA4HRI OI O CABI 45.0 45.0 C152A205C626-27o

2307 PRIM GLYCOL PUMP 2 2.48 MC901-0716 C23A6LPIN2 02 A .60 C122 5,2.0 54.0 C_22AB04C67-12

2309 PRIM OLY EVAP CT 2 2.40 PIC901-O?I6 C_3AIZ5 Ol A .SF3 CI 9.0 7.20 6.91 C222A204C69 18

6310 PRiM GLY EVAP CT 2 2.40 HC9OI-O716 C23AIZ5 OI A .95 CI 27.0 22.,56 23.4 C222A204C610 19

2311 _ VALVE 2 5.29 MC901-07i6 C23AILV4 OI B CABI 5.99 3.96 C152ABO5CB2G-27

2312 BACKPRESS VLV MAN 2 2.39 PIC901-0716 C23AILV5 Ol A .BO CI B.O5 4.02 C222ABO4CB9

2313 CYCLIC ACCUN CONT 2 1.38 PIC901-0716 C23AIZ3 OI D CA 3.05 2.58 C152A205CB28

2314 CYCLIC ACCUH CONT 2 I.]e MC90!-O?IS C23AIZ4 BE O CB ].05 2.58 C152A205C829

6315 CYCLIC ACCUH NAN 2 1.36 HC901-0716 C23AILVI-2 02 D CABI 2.6 2.34 C152A205CB28-29

2316 PLV VALVE NOIORB 2 6.7 HC901-0716 c23Lv4N5 02 D FPL 61.6 61.6 Ct52A20BCB5 _

T 2317 PLY FAN LOW 2 6.1 MC901-0716 C2363 02 O FPL 8.0 8.0 CI5_ABOBCB5

_ 231G PLV FAN HIGH 2 6.i HCBOi-07i6 CB3B3 02 6 FFL i6.8 i6.B Ci52ABOBCB5 o _

2319 STEAM DUCT HTR I 2 ME_30013 C23A4HR2 OI D CA 3.36 3.36 CI52A205CBBO
v

23¢?.0 STEAM D4JCT HTR 2 2 ME3630013 C23A4HR3 OI O CB 3.36 3.36 C152A205C651

2_1 URINE DUMP HTR A B M23630013 C23HR4 OI D CA 5.88 5.BB CI52A205C650

6326 URINE BUMP HTR B 2 ME3630013 C23HR4 01 G CB 5.88 5.88 C152A205C651



/

Table 110-4.1-6. Master Electrical Equipment List (Library) Nov. I, 1970 SC-II0 (Continued)

tRIITS IN WATTS CRCT BREAKER NOTESCODE DESCRIPTION CPC PART OR ID NO. DESIGNTN QTY A/OC PF BUS IO C I DEVLP I O TEST ACCEP

2323 SUIT GLYCOL BP VL 2 1.46 HC901-0"716 C23AILV8 OI A .90 CI 1"7.2 I I 7.64 CI52A204CBG

2:_'4 SEC GLYCOL PUMP 2 2.4G HCBG|-O"TI6 C23ABLP3 01 A .60 C122 52.0 52.0 C222AH05CB44-45

2325 SEC GLY EVAP CONT 2 2.40 MCgOI-O"/IS C23AIZ'7 Ol A .95 CI 7.6 '7.6 C222A405C944

2326 SEC GLY EVAP CONT 2 2.40 I"iC901-0"716 C23AIZ7 0! A .95 C| 23.9 23.0 C222A405C944

232`7 1"120VALVE NAN SEC 2 5.29 HcgoI-O'Tt6 C23AILV9 01 D CABI 5.99 5.99 CI52A205CB26N27

2328 BACKPRESS VLV HAN 2 2.39 MC901-0716 C23AILV'7 01 A ._f3 CI 8.05 7.5 C222A205 C844

2329 RAD PROP VLV CONT 2 H24760041 $23A1 01 A .95 CI 43.7 43/7 CI52A205CBF_

2330 RAD PROP VLV CONT 2 H24`76004I 523A| 0! D CA 2.8 2.8 C15,2A20,5CB67

2331 RAD PROP VLV CONT 2 H24"760041 $23AI 01 A .95 C2 43.7 43.7 CI52A205CBB9

233:7 RAD PROP VLV CONT 2 PI24"760041 $23AI 0l D CB 2.8 2.8 CI52A205C8'70

2333 RAD HTR CONT PRI I 2 H24"750042 $23A2 01 O CA 9.5 9,5 C152A205C96`7

2334 RAD HTR I 3 HE4760042 S,23A2 OI D SA 484.4 484,4 SIHAISI

2335 RAD HTR CONT PRI2 2 HE4`760042 $23A2 01 O CB 9.5 9.5 C152A205CB`70

23_Ei RAD HTR 2 3 M24"760042 $23A2 01 D 59 48H.4 484.4 SI4AIS2

233"7 RAD HTR CONT SEC 2 PE4"760042 S23A2 01 D CA 14.1 14. I CI52.A205CB71

2338 RAD HTR SEC NOI 3 HE4"TBOO42 523A2 01 D SS 484.4 484.4 SI4AIS3

2339 RAD HTR SEC NO2 2 ME4760042 $23A2 01 D SB 4EP4.4 484.4 SI4AIS3

2340 WASTE DUMP HTR A 2 ME3530013 C23HR3 01 D CA 3._ C152A205C850

2341 WASTE DUMP HTR B 2 ME3630013 C23HR3 01 D CB 3.36 CI52A205CBSI

2342 WASTE STRIP HTR 1 2 PIE3630017 C23HR7 01 D CA 1.96 C152A205C950

2343 WASTE STRIP HTR 2 2 ME363001`7 C23HR`7 OI O CB I .$6 CI52,A205CBSI

23N4 DUMP STRIP HTR I 2 ME363001`7 C23HR6 01 D CA 1.96 CI52A205CB50

2345 DUMP STRIP HTR 2 2 PI2353001"/ C23HR6 OI D CB 1.$6 CI52A205C851

2346 SUIT COMPRESSOR I 2 I. 10 MC901-0`716 C23-AIBI 01 A .'7`7 CI22 85.0 "/g.`7 82.9 C_-2A204CB1-6 20

234'7 SUIT COfPRESSOR I 2 1.10 MC901-0`716 C23-AIBI 01 A .'/'7 CI22 ISPS.0 195.0 C22-2A204CBI-6 21

2348 SUIT COMPRESSOR 2 2 1.10 MC901-0`716 C2]-AIB2 OI A ."n C122 85.0 '79.`7 63.`7 C22-2A204C91-6 20

_'349 SUIT COMPRESSOR 2 2 1.10 MC901-0`716 C23-AI82 01 A .'7-/ CI22 195.0 195,0 C22-2A204C81-6 21

_.._0 (__YCOL TEMP CONT 2 2.22 PIC901-0`716 C2.3AIZ2 01 A .05 CI 2.5 2.5 CL_22A204CB`7 18

2351 GLYCOL TEMP CONT 2 2.22 MC901-0"716 C23AIZ2 01 A .95 CI 10.6 10.6 C222/_04CB`7 19

235"/ TIEMP PWR SUPPLY 2 2. I M2901-0`716 C2'3AIPSI 01 D CABI 10.0 9,96 9.8 CI52/_'.05C935-3"7

2358 ECS R HTR RLY PRI 3 SI4AI SI 01 D BA ..59 0.5'74 Ci52A205 C8"72 B

2359 ECS R HTR RLy PRI 3 SI4AI $2 01 D 138 .55 0.574 CI52A205 CB'73 I
2350 ECS R HTR RLy SEC 3 SI4AI 53 01 D BB .56 1.12 CI52._05 CB?3 I--, fo

_I::1
2351 CABIN FAN LO 1 MC901-0716 C2351 01 A .F_ CI I9.0 1910 Cl52A205CB38-40 5(5 --.. _.,

.c.. El
2362 CABIN FAN HI I 2 HC901-0716 C2391 OI A .F_ CI 25.0 22.0 CI52A205C838-40 5(5 "-.-m

2353 CABIN FAN LO 2 2 HC901-0"716 C2392 OI A .62 C2 19.0 19.(} CI52A205C841-43 56 C) n-

2354 CABIN FAN HI 2 2 MC901-0716 C2392 0! A .F_ C2 2-3.0 22.0 C152A205C841-43 56 Lo



Table 110-4.1-6. Master Electrical Equipment List (Library) Nov. i, 1970 SC-II0 (Continued)

I I UNITS IN WATTS I CRCT BREAKER NOTES

COOE OESCRIPTION CPC PART OR ID NO. DESIGNTN QTY A/DC PF BUS I0 SPED OEVLP O TEST ACCEP

2365 VACUUN CLEAFMER 2 Ol A .77 CI22 85.0 179 "7 82.9 I 20
240I RECOVERY

L_402 COI_°ESSOR PUMPS 2 HE28100200002 C24LP 1P2 02 D FP8 580. O0 530.0 548. :3 C 152A208CB6-8

_03 SOLONOID VALVES 2 ME28402850001 C_LVIV2V3 03 D FPB 28.0 18.2 CI52A208C86-8
2701 GUIDANCE NAY

8702 GUID COHP STDBY 031 2003993-031 01 D CABI I0.0 15.0 CI52A205C860NGI 22

2703 GUIG COMP OPERATE 031 2003993-03I 01 D CA81 100.0 70.0 CI52A205C860N61 23ANDI7

2704 OPTICS OPIER (NBA) MIT 2899982-021 OI D CABI 41 .C _ CI_A205CB62N63 24AN017

2705 OPTICS OPER (CDU) 039 2007222-161 01 D CABI 19.3 19.] I_L]_ 87,0 t CI52A205CB62h163 24A_l_17
2"/06 OPTICS OPER (PSA) 040 200'7200-111 OI D CABI 61.6 _ CI,_A205CB62N63 L:_ANDI7

2707 IHU HTR STBY{_A) MIT 2899982-021 OI D CABI 28.0 25.5 _ CI52/_.05CE_36N57 L:_JANDL:)9

E708 IHU HTR STBY{PSA) 040 E007200-111 01 8 CAB! 13.0 8.9 5.5 I_LI_ 22,0 _ CI52A205C856N57 L:_Ak029

_F/09 IHU OPERATE INBA) HiT 2899982-021 Ol D CABI 78.6 60-E_ CI52A205C8581_9 26AN017
2710 IHU OPERATE (CDU) 039 2007222-161 Ol D CABI 33.6 33.01 CI52A205CET38NS9 26AN017

2711 IHU OPERATE (PSA) 040 2007200-111 01 B CABI I14.1 64.01R[J_ 183.0 * CIS_.A205CB58N59 2"7AN017

2712 IHU OPERATE(PIPA) 036 2899982-021 OI D CABI 50.9 _ Cl52A205C8581_9 26AN017
2713 IHU OP FINE ALIGN MIT 2081323-011 OI D CAB1 16.2 28AN017

2714 MASTER ALARM LAMP 2021323-011 Ol D C122 3.5 CI52A2.05CB52N53

L_715 lET DIM PS tN PSA 2021323-011 OI A C122 15.3 C152/_05C854N55

Eli8 DIM CONT £L LAPPS 2021323-011 Ol A C122 2.0 CI52A205CB54hr_5

2"/1"/ DIM CGNT DSKy CAU 2021323-011 01 A CI22 8.0 C152A205CB54N55
2901 STAB CONTROL

60

2902 GYRO ASSY I 03"7 HE493-0010-0002 C29-1A121 01 A .75 Cl 13.6 C152A208C89 30

2903 GYRO ASSY I 037 HE493-0010-0002 C29-1A121 01 D CA 56.3 Cl52A208C811 31

2cJ04 GYRO ASSY I 037 ME493-0010-0002 C29-1A121 OI D CA 52.8 C15_A208CB11 32.

2905 GYRO ASSY 2 037 ME493-0010-0002 C29-1AI30 01 A .75 C2 13.6 C152_08C810 30

2906 GYRO ASSY 2 037 NE493-0010-0002 C29-1A130 OI D C8 52.8 C152A_08CBI2 30

2908 REACT JET DRIVER 030 PIE901-0706-O002 cEg-IA116 OI A .75 C122 5.3 CI52A_OBC89NIO 33

2909 REACT JET {)RIVER 030 HE901-0706-0002 C29-1A116 OI O CA82 0.4 CI5_/_08C811N12 34

L_¢318REACT JET DRIVER 030 HE901-0706-0002 C29-1A116 Ol D CA82 O. I CI52A208C811NI2 35

2911 REACT JET DRIVER 030 ME901-0'708-0002 C29-1A116 OI D CAB2 1,4 CI52A208CBIlN12 36 _
{0

2g12 REACT JET DRIVER 030 IIE901-0.706-0002 C29-1AI16 OI D _ I_CAB2 I. 1 CI52A208CBI INI2 37 ¢_

L_913 SERVO ELECTRONICS 032. ME901-0708-0002 C29-IA120 Ol A .'75 C122 13.4 CI52A208CSIINI2 38¢6I TM0 _rr

L:_CJl4SERVO ELECTRONICS 032 HE901-0708-0002 C29-1AI20 01 D CAB2 8.7 CIS_A208Ci_J4hr3_ 34,61 Ln

2915 SERVO ELECTRONICS 032 HE901-0"708-0002 C29-IA120 OI O 8A82 0.3 CI52A208CB31N'33 39 L_

2916 SERVO ELECTRONICS 032 HE901-0"708-0002 C29-IA120 Ol D CA82 "7.5 CI52A208CB54hr35 36,61

2917 S£RVO ELECTRONICS 03¢?. HE901-0"708-0002 C29-1A120 Ol O CA82 0.7 C152A208CB54k_5 3"7

•G&C Division (MSC) does not concur with detailed breakdown of numbers contained within bracket. G&C agree to total number.



Table 110-4.1-6. Master Electrical Equipment List (Library)Nov. i, 1970 SC-II0 (Continued)

UNIIS IN WATTS CRCT BREAKER NOTES

CODE DESCRIPTION CPC PAR] OR ID NO. DESIGNTN QTY A/DO PF BUS ID SPEC DEVLP O TEST AECEP
2918 SERVO ELECTRONICS 032 ME981-0708-0002 C29-1AI20 OI D CAB2 m m I I. I I ' I CI52A208C8541_35 40

2919 ELEC CONTROL ASSY 032 H£901-0705-0002 C29-IA119 Ol A .75 CI22 13.2 C152A20BCB54N9 41

2920 ELEC CONTROL ASSY 032 HE90|-0705-0002 C29-1A119 OI A .-/5 C122 12.9 CI52A208C654N9 42

L_J21 ELEC CONTROL ASSY 032 PE901-070S-O002 C29-|ALI9 OI A .75 C122 B.5 C152A208CB54N9 43

2922 ELEC CONTROL ASSY 032 HE90I-C705-0002 C29-1A119 Ol O CAB2 8.2 CI52/_OEBI INI2 34

2923 ELEC CONTROL ASSY 032 PE901-O_OSmO002 C29-1AII9 OI D CAB2 0.6 CI52APODCBIINI2 33

2924 ELEC CONTROL ASSY 032 HE901-0705-0002 C29-1A119 OI D CAB2 1.0 CI52A208CBIINI2 44

2925 ELEC CONTROL ASSY 032 HE901-0705-0002 C29-IA119 OI D CAB2 5.2 C152A20DCBI INI2 4D

2926 GYRO DISPLAY CPLR 03I HESOI-0707-OO02 C29-IAI18 OI A .75 CI22 21.4 C|52A208CB9NIO 34

292"7 GYRD DISPLAY CPLR 031 PE901-0707-0002 C29-IAIIB OI A .75 CI22 P0.7 CI52A208CBgNIO 45

L;x328 GYRO DISPLAY CPLR 031 HE901-0707-0002 C29-1AIIB - Ol D CA82 34.0 C152A208CBIINI2 34

GYRO DISPLAY CPLR 031 HE901-0707-0002 C29-1A11B OI D CAB2 0.2 C|52A208CBI INI2 33

2930 GYRO DISPLAY CPLR 031 HE901-0707-0002 C29-IA] IB OI D CAE_ 23.8 C152A20BCBlINI2 46

293I GYRO DISPLAY CPLR 031 NE901-0707-0002 C29-1A118 "01 O CAB2 2.3 CI52A208CBIINI2 47-

2932 GYRO DISPLAY CPLR 03| HE901-0707-0002 C29-IAI I8 01 D CAB2 _;)6.2 Cl52A_08C8! INI2 48

2933 ELEC DISPLAY ASSY 031 HE901-0710-0002 C29-1AII7 OI A .-/5 CI22 17.1 CI52A208CBSNIO 41

2934 ELEC DISPLAY ASSY 03I HE901-0710-O002 C29-IAI17 OI A .75 C122 8.7 CI52A208CB9NIO 49

2935 ELEC DISPLAY ASSY 031 PE9OI-0710-O002 C29-1AII7 01 O CA82 19.1 C!52_08C911NI2 41

2936 ELEC DISPLAY ASSY O3I PIE901-O'/IO-O002 C29-1A117 DI D CAB2 6.7 CI_A208CBI IN|2 :33

L_J37 ELEC DISPLAY ASSY 0:31 HE901-0710-0002 C29-1A117 OI D CAI_ 18.8 CI52A208CBIINI2 50

2938 ELEC DISPLAY ASSY 0]I HE90!-O'/!O-OOO ;_ C29-!A!!7 D! -n CA92 !.4 _.52A208CO,P' ''.N,="° ==*

2939 ELEC DISPLAY ASSY 031 ME901-07|0-0002 C29-1AI17 Ol D CAB2 23.8 CI52/_08CB11N12 52

L_°J40 FDAI NO I 020 ME43_-0168-0002 C22-2A201A_ SZ A .75 CI D.7 CIS_A_08CB9 53

R941 FDAI NO 2 021 HE432-DI68-O002 C22-2A202AI OI A .75 CI 0.7 CiS_A_08CBIO 4|

L_J42 GP/FPI 0D2 PIE432-OI67-O002 C22-2A201A:3 OI A .75 0.2 THRU SERVD AMP 54

2cJ4:3 ROTATION CONT NOI 002 PIE901-0704-O002 C29-3A401 OI A .95 CI _'.4 CI5_A208C954 30

2944 ROTATION COHT _ 002 ME901-0704-0002 C29-:3A402 D! A .95 C2 _.4 CIS_A208E:B54 3S

2945 OROEAL 002 HN01-05643-216 C29-3A405 el A C2 4.0 CL:_-2A_OBCB65

2946 ORDEAL D02 HN01-0564:3-216 C29-:3A405 O! D CB 4.0 C_-2A_08C964
L:_J47 SPS CHANNEL FAIL 032 C29-IA120 2 D BA 0.91 C15_A208CB:31133

L:_J48 GP/FPI IND RELAYS 031 C29-1AII7 6 D BAB 1.96 CI5_/_08C_9/51 _ (0

:3101 ERVICE PROPULSN _ _

:3102 END FEED LINE HTR 3 HE36:3-OOI3-OOOB S31HRISTHRIB 02 D CABI IO0.B IDO.O IOD.O CI4A25CB461_N7 _
3103 PUGS 3 NE449-0030-9050 S31AI OI A .'75 CI22 75.0 49.5 CI52A_08C927-28 C) rt

3104 PUGS 3 ME449-0030-9050 S31AI OI D CAB2 75.0 IE.4 CI52A208C825-26 _t_

3105 HELlUH SOL VALVE 3 NE284-0336-0014 SIOAI 02 D CAE_ 51.0 C15_A208C929-30

3106 PILOT VALVES :3 ME221-0004-0001 SIOAI 04 D C_E 25.0 23.0 CI52A208CB68-$9



Table 110-4.1-6. Master Electrical Equipment List (Library) Nov. 1, 1970 SC-IIO (Continued)z

_ITS IN WATTS J CRCT BREAKER _TES

IJ C(X_E OESCRIPI|ON CPC PAR| OR TO NO. _51GNTN OIY A/_ PF BUS |0 S,°IZC OEVLP Jo TEST IACCEP

3107 GIM ACT I_E CH| 3 _287-0014 SIOA! 02 D SA m 1200 0 I I S31A3Sl OR 3 ,BI

O 3108 GIM ACT |_E CH2 3 _287-00|4 S]OAl 02 D SB 140.0 $31A3S2 OR 4 ,61

3lOg GIM ACT BOOST CHI 3 _287-0014 SlOAl OE 0 SA 2_.0 $31A3S1 OR 3 ,Bl

3110 BIM ACT BOOST CH2 3 _287-0014 S|OAi 02 O 5B 140.0 $3|A3S2 OR 4 ,6|

31tl GIM ACT _L v CH| 3 _287-00t4 SlOAl 02 D SA 371.0 53|A351 OR 3 .61

3112 G|M ACT OEL V C_ 3 _287-0014 SIOAI 02 O SB 140.0 $31A3S2 OR 4 ,61

3113 PILOT PRE-VALVE5 3 SIOAI 02 O CABI 25.8 23.0 CI_08CB29-30

330! EXPERI_NTS

3302 HYC_ CA_RA STOB 002 O| A 0.7 C2 86.3 |05.00

3303 HYCON CA_RA OP. 002 01 A 0.7 C2 431.3 NI.O0

3304 HYCC_4CA_RA _. 002 O| D CAB2 35.0 L_8.O

3305 HI FLOW o _NVECT 002 O| D CA 30.0

_06 LI_ID TRA_FER 002 Ol D CB 30.0

_07 ELECTR_HOR _P. 002 OI A C2 35.0

330B _RO G _T_ COHP 002 O| O CB _.0
I



Amendment 58

i121/71

4.2.1.3 Restrictor Performance

Figure ii0-4.2-i shows oxygen heat exchanger restrictor performance.
The curves illustrate the actual flow rates through each installed restrictor

as a function of cryogenic storage conditions and the pressure upstream of

the 100-psi main oxygen regulator_

110-4.2.1-1

SNA-8-D-027(I) REV 3



.Amendment 58

1/21/71

1]0-4.2.1-2

SNA-8-D.-027(I) REV 3

NASA -- MSC -- Cornl., Houston, Texas



Amendment 59

1/26/71

4.2o3 PRIMARY COOLANT CIRCUIT

4.2.3.3 ECS Glycol Accumulator Calibration

Primary and secondary glycol accumulator performance characteristics

for CSM Ii0 are presented on Figure 110-4.2.3-1.

4.2.3.4 Water-Glycol Evaporator Outlet Temperature Predictions
for Lunar Orbit

Figure 110-4.2,3-2 indicates the CSM water-glycol evaporator outlet
temperature predictions for lunar orbit. The ECS radiator optical properties
are _ = 0,275 and _ = 0.92. These properties have provided best correlation

for previous Apollo flights. The CM internal heat load is 5380 Btu/hour
including 1200 Btu/hour metabolic load and 295 Btu/hour LiOH load. During

LM flight and iunar surface operations, the CM metabolic loads and LiOH are

adjusted to represent the one man crew. External fluxes were generated

using the MPAD Apollo 14 trajectory tape.

110-4.2.3-1 SNA-8-D-027 (I) REV 3
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4.3.6 SERVICE MODULE RCS MOMENTS AND FORCES 12/21/70

Table 4.3-13. SM RCS Control Forces and Moments for CSM+LM - TRANSLUNAR

WEIGHT(LB) 97298.2
CG (IN) X 1038.7 Y 2.6 Z b,.0
INERTIA (SLUG-FT**2) IXX 56724.0 IYY 537074.0 IZZ 5b,0359.0

PXY -7790.0 PXZ -9757.0 PYZ 3268.0

INDIVIDUAL SM-RCS FIRING

5M-RC$ CONTROL ttOI'IENTS (FT-LB) St4-RCS CONTROL FOR[;E_ (,LL_;

,JET ROLL AXIS PITCH AXIS YAL_ AXIS X-AXIS Y-AXIS Z-AXIS

A3 -3.09 640.75 -124.60 -101.24 2.25 17.71

A2 -739.63 200.16 6_k.61 0.00 -98.18 50.48

A4 -3'09 -605.kk 9k.66 101.2_ 2.25 17.71

A1 753.46 33.16 -690.28 0.00 102.68 4.93

B5 -6.39 156.41 785.07 -101.24 -17.71 2.25

B2" -669.19 -64_.61 200.16 0.00 -30.a_8 -98.18

B4 -6.39 -106.47 -549.76 101.24 -17.71 2.25

B1 676.41 690.28 33.16 0,00 -4.93 102.68

C4 5.09 -775.26 80.73 -101.24 -2.25 -17.71

C2 -660'97 -200.16 -64_.61 0.00 98.13 -30o_8

C3 3.09 537.95 -50.79 101.24 -2.25 -17.71

C1 667.14 -33.16 690.28 0.00 -102.G8 -_.93

Dk 6.39 -68.92 -828.94 -101.24 17.71 -2.25

D2 -711.41 644.61 -200.16 0.00 30._8 08.18

D3 6.39 38.98 593.63 101.2 k 17.71 -2.25

D1 72k.19 -690.28 -33.16 0.00 k.93 -102.68

Note: The forces given in this table were
Note: The moments given in this table were calculated calculated using a service module RCS engine

for steady-stateengine firing using an engine thrust staady-statethrust of I02.8 Ibf, For other
of ]02.80 pounds force. For pulse mode or minimum values of engine thrust, the forces may be
impulsemode operation of the service module RCS, the obtained by multiplying the tabulated forces
moments may be obtained by multiplying the tabulated by the ratio of engine thrust to I02.8 Ibf,
m_nents by the ratio of mean engine thrust to I02.80
pounds force. The nominal steady-state thrust of the service

module RCS engines is I02.8 (+3.4, -3.8) ]bf
as shown in Table 4.3-I of this document,

110-4.3.6-1 SNA-8-D-027 (I) REV 3
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Table 4.3.13. SM RCS Control Forces and Moments for CSM+LM - Translunar (Continued)

COMBINED SM RCS FIRING

5H-RCS COttTROL ttOtIENTS (FT-LB) St4-RCS CONTROL FORCES (LB) APOI/,OCONTROL
LOGIC

JET ROLL AXIS PITCH AXIS YAtJ AXIS X-AXIS Y-AXIS Z-AXIS

Ai+C3 0.00 1378.70 -175.39 0.00 0.00 0.00 + PITCH COUPLE
Al_+Ck 0.00 -1378.70 175.39 0.00 0.00 0.00 - PITCH COUPLE
B3+D3 0.00 175.39 1378.70 0.00 0.00 0.00 + YAIT COUPLE
Bh+O_ 0.00 -175.39 -1378.70 0.00 0.00 0.00 - YAU COUPLE
AI+BI
+CI �‡�2801.19-0.00 0.00 0.00 -0.00 -0.00 + ROLL (k JET)
A2+B2
*C2 *�‚�-2801.190.00 -0.00 0.00 0.00 0.00 - ROLL (k dET)
AI+C1 1400.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)
BI+D1 1400.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)
A2  �‚�-lh00.600.00 0.00 0.00 0.00 0.00 - ROLL (2 JET)
82 %�‚0.00 0.00 0.00 0.00 0.00 - ROLL (2 JET)

o Ah �ß�I

_Ci �‚�0.00-134.96 87.7_ b0_.95 0.00 -0.00 +X TRANS (k JET)
A3+B3 e

�•�•�‡�0.0013_.98 -87.7k -40_.95 0.00 -0.00 -X TRANS (_ JET)
I A4,C3 0.00 -67.49 43.87 202._8 0.00 0.00 +X TRANS (2 JET)

B4+D5 0.00 -67._9 43.87 202.h8 0.00 0.00 +X TRANS (2 JET)
A3+C_ 0.00 67.k9 -43.87 -202.h8 0.00 0.00 -X TRANS (2 JET)
Bi+D4 0.00 67.k9 -k3.87 -202.k8 0.00 0.00 -X TRANS (2 JET)
A1+C2 72.49 -167.00 -133_.89 0.00 200.86 -25.55 +Y TRANS (2 dET)
A2 N�‡�-72.k9167.00 1134.89 0.00 -200.86 25.55 -Y TRANS (2 JET)
B1+D2 -35.00 1]]k.89 -167.00 0.00 25.55 200.86 +Z TRANS (2 JET)
B2+D1 35.00 -133k.89 167.00 0.00 -25.55 -200.86 -Z TRANS (2 JET)

Note: The forces given in this tablewere
Note: The moments given in this table were calculated calculatedusing a service module RCS engine
for steady-stateengine firing using an engine thrust steady-statethrust of 102.8 lbf. For other

r_ of ]02.80 pounds force. For pulse mode or minimum values of engine thrust, the forces may be
impulsemode operation of the servicemodule RCS, the obtained by multiplying the tabulatedforces

moments may be obtained by multiplying the tabulated by the ratio of engine thrust to I02.8 Ibf.
O0 moments by the ratio of mean engine thrust to ]02.80
I pounds force. The n(_Inal steady-statethrust of the service

module RCS engines is ]02.8 (+3.4, -3.8) lbf
it_ as shown in Table 4.3-I of this document.0
tJ
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12/21/70

_ Table 4.3-13. SM RCS Control Forces and Moments for CSM+LM - Lunar Orbit

(Continued)

WEI GHT(LB) 70781.7
Cr, (IN) X 108_.1 Y 1.2 Z 2.8
JNERTIA (SLUG-FT**2) IXX 42970.0 IYY 406080.0 IZZ 412081.0

PXY -4786.0 PXZ -59k9.0 PYZ 265.0j

INDIVIDUAL SM-RCS FIRING
SM-RCS CONTROL r_OHENTS (FT-LB) St4-RCS CONTROL I;UKt;t:, _,LZSJ

JET ROLL AXIS PITCtt AXIS YAW AXIS X-AXIS Y-AXIS Z-AXIS

A3 -1.25 897.63 -121.31 -101.2k 2.25 17.71

A2 -726.25 315.49 1016.04 0.00 -98.18 30.48

A4 -1.25 -528.32 74.33 101.2k 2.25 17.71

A1 723.76 51.82 -1078.76 0.00 102.68 4.93

B3 -_.36 154.81 863.88. -101.24 -17.71 2.25

B2 -697.59 -1016.04 315.k9 0.00 -30.48 -98.18

Bk -4.36 -87.83 -494.57 101.2k -17.71 2.25

- B1 688.88 1078.76 51.82 0.00 -k.93 102.68

Ck 1.25 -850.38 101.06 -101.2k -2.25 -17.71

C2 -674.3_ -315.49 -1016.04 0.00 98.18 -50.48

C3 1.25 481.07 -54.08 101.2k -2.25 -17.71

C1 676*83 -51.82 1078.76 0.00 -102.58 -4.95

Dk 4.36 -87.57 -884.13 -101.2_ 17.71 -2.25

D2 -703.00 1016.0k -315.49 0.00 30.48 98.18

D3 k.36 40.58 514.82 101.24 17.71 -2.25

D1 711.72 -1078.76 -51.82 0.00 k.93 -102.68

Note: The forces given in this table were
Note: The moments given in this table were calculated calculated using a service module RCS engine
for steady-stateengine firing using an engine thrust steady-state thrust of I02.8 Ibf. For other
of I02.80 pounds force. For pulse mode or minimum values of engine thrust, the forces may be
impulse mode operation of the service module RCS, the obtained by multiplying the tabulated forces
m(xnentsmay be obtained by multiplying the tabulated by the ratio of engine thrust to ]02.8 lbf.moments by the ratio of mean engine thrust to I02.80

pounds force, The nominal steady-state thrust of the service

module RCS engines is I02.8 (+3,4, -3.8) ]bf
as shown in Table 4.3-I of this document.
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Table 4.3-13. SM RCS Control Forces and Moments for CSM+LM - LUNAR ORBIT (Continued) 12/21/70

COMBINED SM RCS FIRING

SH-RCS CONTROL I4OHENTS (FT-LB) SH-RCS CONTROL FORCES (LB) APOM,O CONTROL
LOGIC

JET ROLL AXIS PITCH AXIS YAti AXIS X-AXIS Y-AXIS Z-AXIS

A3+C3 0.00 1378.70 -175.59 0.00 0.00 0.00 + PITCH COUPLE
A_+Ck 0.00 -1378.70 175.39 0.00 0.00 0.00 - PITCH COUPLE
B3+D5 0.00 175.39 1378.70 0.00 0.00 0.00 + YAtJ COUPLE
BI_ •�‡�0.00-175.59 -1378.70 0.00 0.00 0.00 - YAL# COUPLE
AI �W+CI+D1 2801.19 -0.00 0.00 0.00 -0.00 -0.00 + ROLL (k JET)

A2 �¿�+C2+02 -2801.19 0.00 0.00 0.00 0.00 0.00 - ROLL (4 JET)

A1,C1 lk00.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)
BI ¼�Œ�1_00.600.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)
A2+C2 -lk00.60 0.00 0.00 0.00 0.00 0.00 - ROLL (2 JET)
B2*D2 -lk00.60 0.00 0.00 0.00 0.00 0.00 - ROLL (2 dET)
A_+Bk
+C3+D3 0.00 -94.h9 40.50 k0k.95 0.00 -0.00 +X TRANS (4 JET)
A3*B3
+C/_+Dk 0.00 94o49 -40.50 -40k.95 0.00 -0.00 -X TRANS (4 JET)

i A4,C3 0.00 -47.24 20.25 202.h8 0.00 0.00 +X TRANS (2 JET)
B4+D3 0.00 -_7.2k 20.25 202.h8 0.00 0.00 *X TRANS (2 gET)
A3,Ck 0.00 _7.2k -20.25 -202._8 0.00 0.00 -X TRANS (2 JET)
B3 †�‚�0.0047.24 -20.25 -202.k8 0.00 0.00 -X TRANS (2 JET)
A1 �‚�k9.42-263.67 -209_.80 0.00 200.86 -25.55 +Y TRANS (2 JET)
A2+C1 -k9.42 263.67 209_.80 0.00 -200.86 25.55 -Y TRANS (2 JET)
BleD2 -lk.12 2094.80 -263.67 0.00 25.55 200.86 +Z TRANS (2 JET)
B2+D1 1_.12 -2094.80 26].67 0.00 r2S.55 -200.86 -Z TRANS (2 dET)

Note: lhe m_ents given in this table were calculated
Note: The forces given in this _ble were

calculated using a service m_ule RCS engine
for steady-stateengine firing using an engine thrust steady-statethrust of 102.8 Ibf. For other

I of 102.80 p_nds force. For pulse m_e or minimum
impulsemode operation of the se_ice module RCS, the values of engine thrust, the forces _y beobtain_ by multiplying the tabulatedforces

0 m_ents may be obtained by multiplying the tabulat_
m_ents by the ratio of mean engine thrust _ I02.80 by the ratio of engine thrust to I02.8 Ibf.

paunds force. The n_i_l steady-state thrust of the service
_dule RCS engines is 102.8 {+3.4, -3.8) Ibf

v as shown in Table 4,3-I of this docu_nt.
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Table 4.3-13. SM RCS Control Forces and Moments for CSM - Lunar Orbit
(Continued)

WEIGHT(LB) 36180.0
CG (IN) X 944.6 Y 2.1 Z 5.8
INERTIA (SLUG-FT**2) IXX 19915.0 IYY 5_Y248.0 IZZ 62736.0

PXY "1850.0 PXZ 598.0 PYZ 34,0

INDIVIDUALSM-RCS FIRING
SH-RCS CONTROL14ORIENTS(FT-LB) SI4-RCS CONTROL FORCES (LB)

JET ROLL Axis PITCIt AXIS YAL} AXIS X-AXIS Y-AXIS Z-AXIS

A3 -2.01 717.08 -102.72 -101.24 2.25 17.71

A2 -753.08 -58.89 -125.26 0.00 -98.13 30.48

Ak -2.01 -759.49 108.11 101.24 2.25 17.71

A1 749.06 -5.52 114.92 0.00 102.68 4.9]

B3 "8.95 133.93 650.43 "101.2_ -17.71 2.25

B2 "697.85 125.26 "38,89 0.00 "50,_8 -98.18

B4 "8.95 -139.33 -692.84 101.24 "17,71 2.25

.... 81 879.95 -114.92 -5.52 0.00 -4.93 102.68

Ck 2.01 "619.21 67.28 "101.24 -2.25 -17.71

C2 1-647, 51 38.89 125.26 O.00 98.18 -30.48

C3 2.01 661.62 -72.68 101.2_, -2.25 -17.71

C1 651.53 5.52 -114.92 0.00 -102.68 -_.93

Dk 8.95 -36.07 -685.86 -101.2_, 17.71 -2. 25

D2 -702.71_ -125.26 38.89 0.00 30.48 98.18

D3 8.95 41.46 728.27 101.2_ 17.71 -2.25

D1 720,.65 114.92 5.52 0.00 _.93 -102.68

Nots: The moments given in this table were calculated Note: The forces given in thts table were
for steady-stateengine firing using an engine thrust calcu]atsd using a service module RCS engine
of I02.80 pounds force. Fsr pulse mode or minimum steady-state thrust of ]02.8 lbf. For other
impulse mode operation of the service module RCS, the values of engine thrust, the forces may be
moments may be obtained by multiplying the tabulated obtained by mu]tiplying the tabulated forces
moments by the ratio of mean engine thrust to 102.80 by the ratio of engine thrust to I02.8 lbf.

pounds force. The nominal steady-statethrust sf the service
n_dule RCS engines is I02.8 (+3.4, -3.8) Ibf
as shown in Table 4.3-I sf this document.
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Table 4.3-13. SM RCS Control Forces and Moments for CSM - Lunar Orbit (Continued) 12/21/70

COMBINED SM RCS FIRING

St|-RCS CONTROL HOHENTS (FT-LB) SH-RCS CONTROL FORCES (LB) APOLLOGO_RROL
LOGIC

,JET ROLL AXIS PITCH AXIS YAW AXIS X-AXIS Y-AXIS Z-AXIS

A3 †�‡�0.001378.70 -175.39 0.00 0.00 0.00 + PITCH COUPLE
A_ 0�È
•�Œ�0.00-1378.70 175.39 0.00 0.00 0.00 - PITCH COUPLE
B3 †�Œ175.39 1378.70 0.00 0.00 0.00 + YA_,d COUPLE
84+D4 0.00 -175.39 -1378.70 0.00 0.00 0.00 - YA_ COUPLE
AI+B1

I+CI+D1 2801.19 0.00 0.00 0.00 -0.00 -0.00 + ROLL (h dET)A2 ���+C2 /�‘0.00 0.00 0.00 0.00 0.00 - ROLL (k ,JET)

AI*C1 1400.60 0.00 0.00 0.00 0.00 0.00 �ROLL(2 ,JET)
BI �Á�‘�1400.600.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)

_ A2 �Œ�-1400,600.00 0.00 0.00 0.00 0.00 - ROLL (2 JET)
82 �Œ�-1400.600.00 0.00 0.00 0.00 0.00 - ROLL (2 JET)

_" A4 �G�co 0.00 -195.73 70.87 404.95 0.00 -0o00 +X TRANS (k dET)

o_ A3 â�I

o-, 0.00 195.73 -70.87 -_0_.95 0.00 -0.00 -X TRANS (k ,JET)
A_+C3 0.00 -97.86 35.h3 202.48 0.00 0.00 +X TRANS (2 ,JET)
9_+D3 0.00 -97.86 35.43 202.k8 0.00 0.00 +X TRANS (2 JET)
A3+C4 0.00 97.86 -35._3 -202.48 0.00 0.00 -X TRANS (2 JET)
B3 †�‡�0.0097.86 -35.113 -202.h8 0.00 0.00 -X TRANS (2 ,JET)
A1+C2 101.55 33.37 2_0.17 0.00 200.86 -25.55 }(2 `JET)
A2 �Œ�-101.55-33.37 -2_0.17 0.00 -200.86 25.55 -Y TRANS (2 ,JET)
B1+D2 -22.80 -240.17 33.37 0.00 25.55 200.86 +Z TRANS (2 ,JET)
_2+D1 22.80 2_0.17 -33.37 0.00 -25.55 -200.86 -Z TRANS (2 ,JET)

Note: The forces given in this table were
i_ Note: The moments given in this table were calculated calculated using a service module RCSengine
(30 for steady-stateengine firing using an engine thrust steady-statethrust of 102.8 lbf. For other
I of 102.80 pounds force, For pulse mode or minimu_ values of engine thrust, the forces may be

iI_ impulse mode operationof the servicemodule RCS, the obtained by multiplying the tabulatedforces
0 moments may be obtained by multiplying the tabulated by the ratio of engine thrust to 102.8 Ibf.
I_ moments by the ratio of mean engine thrust to 102.80
"-J pounds force. The nominal steady-state thrust of the service

module RCS engines is 102.8 (+3.4,-3.8) Ibf
__e as shown in Table 4,3-I of this document.
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Table 4.3-13. SM RCS Control Forces and Moments for CSM - Transearth
(Continued)

WEIGHT(LB) 24985.4
.CG (IN) X 973.2 Y -1.7 Z 7.5
INERTIA (SLUG-FT,*2) IXX 13895.0 IYY 42767.0 IZZ 42760.0

PXY 150.0 PXZ -403.0 PYZ -512.0

INDIVIDUALSM-RCS FIRING

SH-RCS CONTROL tlOt4ENTS (FT-LB) SM-RCS CONTROL FORCES (LB)

,JET ROLL AXIS PITCIt AXIS YAW AXIS X-AXIS Y-AXIS Z-AXIS

A3 3.92 773.62 -76.03 -101.24 2.25 17.71

A2 -757.34 33.76 108.73 0.00 -98.18 30.48

A4 3.92 -731.62 70.68 101.2_ 2.25 17.71

A1 765.17 6.24 -129.81 0.00 102.68 4.93

I]3 -10.75 153.64 724.69 -101.24 -17.71 2.,@5

B2 -733.26 -108.73 33.76 0.00 -30.1_8 -98.18

B4 -10.75 -148.30 -682.69 101.2k -17.71 2.25

B1 711.76 129.81 6.2t+ 0.00 -_.93 102.68

C4 -3.92 -647.08 104.71 -101.24 -2.25 -17.71

C2 -643.26 -33.76 -108.73 0.00 98.13 -30.k8

C3 -3.92 605.08 -99.37 101.2il -2.25 -17.71

C1 635._2 -6.24 129.81 0.00 -102.63 -k.93

1_4 10.75 -27.09 -696.01 -101.24 17.71 -2.25

D2 -667.34 108.73 -33.76 0.00 30.k8 98.18

D3 10.75 21.75 654.01 101.24 17.71 -2.25

D1 688.83 -129.81 -6.2h 0.00 4.93 -102.68
I

Note: The forces given in this table were

Note: The moments given in this table were calculated calculated using a service module RCS engine

for steady-state engine firing using an engine thrust steady-state thrust of 102,8 Ibf. For other
of ID2.80 pounds force. For pulse mode or minimum values of engine thrust, the forces may be
impulsemode operation of the servicemodule RCS, the obtained by multiplying the tabulated forces
moments may be obtained by multiplying the tabulated by the ratio of engine thrust to 102.8 lbf.
moments by the ratio of mean engine thrust to I02.80
bounds force. The nominal steady-statethrust of the service

module RCS engines is 102.8 (+3.4, -3.8) Ibf
as shown in Table 4.3-I of this document,
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Table 4.3-13. SM RCS Control Forces and Moments for CSM - Transearth (Continued) Amendment 55
12/21/70

COMBINED SM RCS FIRING

SH-RCS CONTROL HOHENTS (FT-LB) SH-RCS CONTROL FORCES (LB) APOLLO CONTROL
LOGIC

JET ROLL AXIS PITCH AXIS YAtl AXIS X-AXIS Y-AXIS Z-AXIS

A3+C3 0.00 1373.70 -175.39 0.00 0.00 0.00 + PITCH COUPLE
A_+C4 " 0.00 -1378.70 175.39 0.00 0.00 0.00 - PITCII COUPLE
93+D3 0.00 175.39 1378.70 0.00 0.00 0.00 + YAU COUPLE
Bk+Dk 0.00 -175.39 -1378.70 0.00 0.00 0.00 - YAU COUPLE
AI+B1
+CI+D1 2801.19 -0.00 0.00 0.00 -0.00 -0.00 + ROLL (4 dET)
A2+B2
+C2+D2 -2801.19 0.00 0.00 0.00 0.00 0.00 - ROLL (k dET)
AI+C1 1400.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 dET)
BI+D1 1400.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)
A2+C2 -1400.60 0.00 0.00 0.00 0_00 0.00 - ROLL (2 gET)
02+D2 -I_00.G0 0.00 0.00 0.00 0.00 0.00 - ROLL (2 JET)
A4+B4
+C3+D3 0.00 -253.10 "57.37 _04.95 0.00 -0.00 +X TRANS (_ JET)

O
I A3+B3

+C4+D4 0.00 253.10 57.37 -k04.95 0.00 -0.00 -X TRANS (4 JET)
A4+C3 0.00 -126.55 "28.68 202.k8 0.00 0.00 +X TRANS (2 JET)

, Bl_D3 0.00 -126.55 -28.68 202.48 0.00 0.00 +X TRANS (2 dET)
A3+C4 0.00 126.55 28.68 -202.k8 0.00 0.00 -X TRANS (2 JET)
B3+D_ 0.00 126.55 28.68 -202.48 0.00 0.00 -X TRANS (2 JET)
A1+C2 121.92 -27.53 "238.5k 0.00 200.86 -25.55 +Y TRANS (2 dET)
A2+C1 -121.92 27.53 238.5k 0.00 -200.86 25.55 -Y TRANS (2 dET)
BI+D2 kk.43 238.5k -27.53 0.00 25.55 200.86 +Z TRAfJS (2 JET)
B2+D1 -44.43 7238.5_ 27.53 0.00 -25. _ -200.86 -Z TRANS (2 JET)

t/_ Note: Them oments given in this tablewere calculated Note: The forces given in this table were

i_ for steady-stateengine firing using an engine engine
thrust calculatedusing a service module RCS

of 102.80 pounds force. For pulse mode or minimum steady-statethrust of 102.8 Ibf. For other

(_ impulsemode operation of the servicemodule RCS, the values of engine thrust, the forces may be
t:J moments may be obtained by multiplying the tabulated obtained by multiplying the tabulated forces
i moments by the ratio of mean engine thrust to 102.80 by the ratio of engine thrust to 102.8 lbf.
0 pounds force.
I_ The nominal steady-statethrust of the service

-.I module RCS engines is 102.8 (+3.4, -3.8) Ibf

as shown in Table 4.3-I of this document.
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Table 4.4.4. Con_nand Module RCS Forces

SINGLE SYSTEM A

+PITCHIENGINE #1_) +Y&WIENGINE _15) +ROLL(ENGINE _11)
ALT X Y Z X Y Z X v Z
FT LB LB LB LB LB LB LB LB LB

400000 -69.823 -6.111 67.208 -70.153 -67.008 4.098 -7.514 5.952 97.2Z9
125000 -69.716 -4.100 67.033 -70.032 -66.8_6 4.088 -7.202 6.396 96.923
110000 -69.702 -4.101 67.045 -70.032 -66.846 6.088 -7.247 _.32_ 06.926

95000 -69.714 -6.100 67.033 -70.032 -66.846 6.088 -7.122 6.503 96. f121
85000 -69.702 -4.101 67.065 -70.093 -66.927 4.093 -7.353 6.191 o7.126
75000 -68.925 -4.027 65.835 -69.206 -65.688 4.018 -5.201 9.180 94.714
65000 -68.75¢ -6.011 65.580 -69.021 -65.465 4.003 -4.756 q.812 96.272
50000 -66.507 -3.801 62.142 -66.561 -62.084 3.797 0.582 17.236 88.333

35000 -62.657 -3.420 55.9[6 -62.133 -55.978 3.624 10,689 31.313 77.209
25000 -57.819 -2.983 48.770 -56.857 -69.125 3.005 1.232 15.291 72.188

o -PITCH(ENGINE #!4) -YAWiENGINE 116 ) -ROLL(ENGINE 112|i
ALT X Y Z X Y Z X Y Z
FT LB LB L8 L8 L8 L8 LB LB LB

400000 -3.896 -10.783 97.629 -70.153 67,008 -6.098 -5.231 -96.763 4.298
125000 -3.711 -10.750 97.338 -70.032 66.866 -4.088 -5.034 -96.486 4.000
110000 -3.855 -10.772 97.531 -70.032 66.846 -4.088 -5.066 -96.583 4.047

95000 -3.749 -10.761 97.436 -70.032 66.846 -4.088 -4.989 -96.491 3.929
85000 -3.732 -10.761 97.437 -70.093 66.927 -4.093 -5.126 -96.676 6.137
75000 -2.622 -10.568 95.682 -69.204 65.688 -4.018 -3.8[_-- -94.89q 2.155

65000 -2.238 -10.503 95.096 -69.021 65.465 -4.003 -3.567 -94.616 1.771
50000 0.620 -10.001 90.547 -66.561 62.084 -3.797 -0.297 -90.343 -3.193
35000 6.301 -9.030 81.762 -62.133 55.978 -3.6Z4 5.847 -82.449 -12.526
25000 0.0 -8.135 73.652 -56.857 49.125 -3.005 7.133 -7_.013 -16.203

0



Amendment 55

Table 4.4.4. Command Module RCS Forces (Continued) 12/21/70

SINGLE SYSTEM B

+PITCH(ENGINE #23) +YAW(ENGINE #25) +ROLL(ENGINE #211

ALT X Y Z X Y Z X v Z

FT L8 LB LB L8 L8 LB LB LB LB

400000 -69,823 4,111 67,208 -70,153 -67,008 -4,098 -5,23l 96.763 4,298
125000 -69,71& 4.100 67,033 -70,032 -66.846 -&,088 -5.036 96.486 _.0001

II0000 -69.702 4.10t 67.045 -70.032 -66.846 -4.088 -5.066 96.583 4.0A7
95000 -69,714 4,100 67,033 -70.032 -66,846 -4,088 -4,989 96,491 _,@29
85000 -69,T02 4,101 67,045 -70,093 -66,927 -6,093 -5,126 96,6T6 4,137
75000 -68,925 6.027 65,835 -69,204 -65,688 -4.018 -3.818 94,899 2,!55
65000 -68,754 4,011 65,580 -69,021 -65,445 -4,003 -3.567 94,616 !.771
50000 -66,507 3,801 62,142 -66.561 -62,086 -3,797 -C,297 00,363 -3,193
35000 -62,457 3,620 55.916 -62,133 -55,9T8 -3,426 5,867 82,449 -12,526
25000 -57,819 2,983 48,770 -56,857 -49,125 -3,005 7.133 74.01_ -16,203

0
I

-PITCH(ENGINE #24 ) -YAW(ENGINE #26) -ROLt(ENGINE #221

ALT X Y Z X Y Z X Y Z
FT LB LB LB LB LB LB k8 LB LB| .......

400000 -3,896 10.783 97.629 -70,153 67,008 6,098 -7.514 -5,q52 97,229
125000 -3,711 10,750 97.338 -70,032 66,846 6,088 -7,202 -6,394 Q6,q23
110000 -3,855 10,772 97.531 -70,032 66,846 6.088 -7,247 -6,322 96,924

95000 -3,769 10,76L 97,436 -70,032 66,846 4,088 -7,122 -6.503 96,821
85000 -3,732 10,761 97,437 -70,093 66,927 6.093 __ -7,353 -6.!91 97,126
75000 -2,622 10,568 95,682 -69,204 65,688 4,018 -5,20[ -9,180 94,714
65000 -2,238 10,503 95,096 -69.02[ 65,445 4.003 -4,756 -9,812 94,272
50000 0,620 [0,00[ 90,547 -66,56[ 62,084 3,T97 0,582 -|7,234 88,333
35000 6,301 9,030 81,762 -62,[33 55,978 3,426 [0,689 -31,313 77,1209

25000 0,0 8,[35 73,652 -56,857 49,125 3,005 1,2.32 -15,291 72, I88
I

?
Q



Amendment 55

Table 4.4.4. Comand Module RCS Forces(Continued) 12/21/70

DUAL SYSTEM

+PITCH{ENG tl3 + ENG #23) +YAW(ENG 115+ ENG 125 ) *ROLL(ENG _11�ENG _2t|

ALT X Y Z X Y Z X Y Z
FT L8 LB L8 LB LB LB LB LB LB

400000 -139.646 0.0 134.415 -140.306 -134.017 0.0 -12.745 102.715 101.526
125000 -139.428 0.0 134.065 -160.C64 -133.692 0.0 -12.236 102.88_ 100.923
II0000 -139.605 0.0 136.089 -160.064 -133.692 0.0 -12.313 102.905 I_0.971

95000 -139.428 0.0 134.065 -140.064 -133.692 0.0 -12.111 I02.Q9_ !00.750

85000 -139.405 0.0 134.089 -140.185 -133.854 0.0 -12.478 102.867 I01.262
75000 -137.850 0.0 131.671 -138.409 -131.375 0.0 -9.019 10_.079 96.869

65000 -137.508 0.0 131.161 -138.043 -130.890 0.0 -8.321 104.428 96.043
50000 -133.014 0.0 124.283 -133.122 -124.158 0.0 0.286 . 107.577 05.139
35000 -126.915 0.0 111.832 -124.265 -111.955 0.0 16.537 i1%76_ 64.683
25000 -115.639 0.0 97.540 -113.715 -98.250 0.0 8.364 _9.303 57.98_

-PITCH(ENG 114 + ENG 024) -YAW(ENG 116+ ENG 126 ) -ROLLIENG 112 + ENG _:22
x v Z x v z

ALT X Y Z
FT LB L6 L6 LB L_ LB LB LE L8

-160.306 134.017 0.0 -12.745 -1_2.715 101.526
400000 -7.787 0.0 195.258 100.823
125000 -7.421 0.0 194.676 -140.064 133.692 0.0 -12.236 -lC2.880
110000 -7.711 0.0 195.062 -140.064 133.692 0.0 -12.313 -102.905 100.871

95000 -7.697 0.0 194.872 -160.064 133.692 0.0 -12.111 -102.996 100.750
85000 -7.663 0.0 194.873 -160.185 133.854 _.0 -12.478 -102.867 i01.262
75000 -5.243 0.0 191.365 -138.409 131.375 0.0 -9.019 -104.0 ?9 96.869
65000 -4.476 0.0 190.191 -138.063 130.890 0.0 -8.321 -I04.42_ 96.043

50000 1.240 0.0 181.095 -133.122 126.158 0.0 0.286 -107.577 85.139
35000 12.601 0.0 163.524 -124.265 111.955 0.0 16.537 -113.7+_ 64.6838.366 -8_.303

25000 0.0 0.0 147.304 -113.715 q8.250 0.0 57.985

I
I
o



Table 4.4.5. Command Module RCS Moments
Amendment 55

12/21/70

CSM-II0 CM WEIGHT 12661 LB SODB AMENDMENT 88 VOL. III 10/5/70

SINGLE SYSTEM A

XCG - 1039.20 YCG =-0.40 ZCG.= 6.00

• PITCH(ENGINE _!3 _YAW(ENGINE J15 +RDLL(ENGINE #11

ALT L M N L M N L q N
FT FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LR

400000 0.[83 522.|69 32.128 -33.366 64.987 491.396 448.235 o7.021 28.7_3.
125000 0.183 521.290 32.074 -33.285 64.872 490.504 449.148 95.2&0 27.090
110000 0.183 521.224 32.069 -33.285 64.872 490.504 448.791 oS._BB 27.328

95000 0.183 521.290 32.074 -33.285 64.872 490.504 449.257 94.796 26.60!
85000 0.183 521.224 32.069 -33.326 64.929 490.950 448.997 96.143 27.562
75000 0.180 514.976 31.685 -32.705 64.084 484.365 453.656 83.853 16.785
65000 0.179 513.614 31.601 -32.588 63.911 483.020 454.934 51.333 14._7E
50000 0.169 495.608 30.494 -30.914 61.574 464.847 466.T21 50.869 -13.002
35000 0.152 463.137 28.497 -27.873 57.366 432.085 489.687 -_.T46 -65.0_9

J 25000 0.133 425.926 26.208 -24.461 52.375 393.4_5 ..... 387.945 l 37._83 -1_._50

-PETCMIENGINE _14 -YAWIENGINE |16 -ROLL(ENG!NE _121
ALT L M N L N N L M N
FT FT-LB FT-LB FT-LB FT-L8 FT-L8 FT-LB FT-LB FT-LB FT-LB

400000 -2.138 -356.525 -39.462 33.369 5.166 -486.7|9 -433_3_-" 27.117 _B.136
125000 -2.132 -356.068 -39.407 33.288 5.160 -485.836 -433.408 26.01_ P2. C55
110000 -2.136 -356.289 -39.435 33.288 5.160 -485.836 -433.643 26.194 52.263

95000 -2.134 -356.305 -39.434 33.288 5.160 -485.836 -433. T63 25.760 81.9_8
85000 -2.134 -356.368 -39.441 33.329 5.163 -486.278 ! -433.664 26._2 _ _2._96
75000 -2.096 -353.654 -39.11T 32.712 5.120 -479.T51 -434.538 IQ. IO? ?5._4T
65000 -2.083 -352.789 -39.013 32.591 5.110 -478.418-- _434_"_983 .... 1T.787 74.!15

50000 -1.983 -345.681 -38.165 30.917 4.987 -460.410 -437.987 ,0.553 _.351
35000 -h791 -332.518 -36.587 27.876 4.767 -427.942 -444.281 -35.013 23.061

I 25000 -l.613 -279.384 -30.857 24.463 4.482 -389,655 -413.1?5 -42.038 11.564
I



Amendment 55

Table 4.4.5. Command Module RCS Moments (Continued) 12/21/70

CSM-Ii0 CM WEIGHT 12661 LB SODB AMENDMENT 88 VOL. III 10/5/70

SINGLE SYSTEN 8

XCG = t039.20 YCG =-0.40 ZCG = 6.00

• PITCH(ENGINE #23 +YAW(ENGENE 125 +RDLL(ENG|NE _21

ALT L H N L N .... N ..... L .... R N
FT FT-L8 FT-LB FT-LB FT-LB FT-L8 FT-LB FT-L8 FT-LB FT-LB

600000 6.297 522.[69 -27.473 -33.643 5.166 491.396 433.613 27.117 -82.787
125000 4.286 521.290 -27,626 -33.561 5.160 490.504 433.675 26.0! _ -81.719
110000 4.287 521.224 -27.423 -33.561 5.160 490.50_ 433.913 26.194 -81.926

95000 4.286 521.290 -27.426 -33.561 5.160 490.504 434.025 25.760 -01.516
85000 4.287 521.224 -27.423 -33.602 5.163 490.950 433.940 26.52? -82.254
75000 4.209 514.976 -27.090 -32.979 5.120 484.365 434.682 19.197 -75.193
65000 4.193 513.614 -27.018 -32.858 5.110 483.020 435.102 17.787 -73.878

o 50000 3.973 495.608 -26.060 -31.170 4.987 46_.847 437.774 -_.553 -56.332
I

35000 3.575 463.137 -24.333 -28.104 4.767 432.085 443.445 -35.013 -23.451
25000 3.118 425.926 -22.354 -24.664 4.482 393.445 _12.228 -42.038 -12.039

-PITCH(ENGINE #24 -¥AN(ENGINE #26 -ROLL(ENGINE #22|

ALT L N N L N N L q N
FT FT-L8 FT-LB FT-LB FT-LB FT-L8 FT-L8 FT-L8 FT-L8 FT-L8

400000 8.647 -356.525 39.721 33.639 64.987 --48b_?[_" -_41.-"/_3" 97.021 -28.202
125000 8.621 -356.068 39.655 33.558 64.872 -485.836 -442.687 95.260 -26.610
110000 8.638 -356.289 39.692 33.558 64.872 -485.836 -442.330 95.488 -26.845

95000 8,630 -356.305 39.684 33.558 64.872 -485.83b -442.802 94.796 -26.206
85000 8.630 -356.368 39.690 33.598 6_.929 -486.278 -442.521 96.143 -27.372
75000 8.475 -353.654 39.292 32.976 64.084 -479.751 -447.342 83.853 -16.438
65000 8.423 -352.789 39.162 32.854 63.911 -478.418 _448.64_- 81.333 -14,161

50000 8.020 -345.681 38.124 31.167 61.574 -460.410 -460.833 53.869 12.963
35000 7.242 -332.518 36.167 28.102 57.366 -427.942 -484.540 -6.746 64.346

I

25000 6.523 -279.384 30.857 24.661 52.375 -389.655 -383.133 37.4_3 1&.477
0



Amendment 55

Table 4.4.5. Command Module RCS Moments (Continued) 12/21/70

CSM-IIO CM WEIGHT 12661 LB SODB AMENDMENT 88 VOL. III 10/5/70

DUAL SYSTEM

XCG = 1039.20 YCG =-0.40 ZCG = 6.00

+PITCH(ENG #13+ ENG #23 +YAMIENG #15+ ENG #25 +ROLL(ENG m11+ ENG _21|
ALT L H N L M N L _ N
FT FT-LB FT-L8 FT-L8 FT-L8 FT-L8 FT-L8 FT-LB FT-LB FT-LB

400000 4.480 1044.338 4.655 -67.008 70.153 982.792 881.848 124.137 -54.085
125000 4.469 1042.579 4.648 -66.846 70.032 981.009 882.823 121.274 -54.629
110000 4.470 1042.447 4.647 -66.846 70.C32 981.009 882.704 121.683 -54.598

95000 4.469 1042.579 4.648 -66.846 -- 70.032 981.009 883.281 120.556 -54.835
85000 4.470 1042.447 4.647 -66.927 70.093 981.901 882.937 122.670 -54.393
75000 4.389 1029.953 4,595 -65.688 69,204 968.729 888.338 103.050 -58.408
65C00 4.372 1027.227 4.584 -65.445 69.021 966.039 890.035 99.120 -59.400
50000 4.143 991,217 4.434 -62.084 66.561 929.695 904.495 53.316 -69,333

0 35000 3.728 926.275 4.164 -55.978 62.133 864.169 933.133 -41.759 -88.510
25000 3.251 851.853 3.855 -49.125 56.857 786.890 800.173 -4.555 -26.598

-P|TCH(ENG #14+ ENG #24 -YAW(ENG #16+ ENG #26 -ROLLIENG #12 + ENG #22)
I

ALT L M N L H N L q N
FT FT-LB FT-LB FT-LB FT-L8 FT-LB FT-LB FT-LB FT-LB FT-L8

400000 6.509 -713.049 0.260 67.008 70.153 _973.438 -875.079 124.137 54.934
125000 6.489 -712.136 0.247 66.846 70.032 -971.671 -876.095 121.274 55.445
110000 6.502 -712.577 0.257 66.846 70.032 -971.671 -875.973 121.683 55.413

95000 6.496 -712.610 0.250 66.846 70.032 -971.671 -876.565 120.556 55.642
85000 6.496 -712.736 0.249 66.927 70.093 -972.555 -876.186 122.670 55.225

75000 6.379 -707.308 0.175 65.688 69.204 -959.501 -881.880 103.050 59.00Q

65000 6.340 -705.577 0.149 65.445 69.021 -956.-836 -883.632 9Q.120 59.955
50000 6.036 -691.362 -0.041 62.084 66.561 -920.820 -898.819 50.316 69.314
35000 5.451 -665.036 -0.420 55.978 62.133 -855.885 -928.821 -41.759 87.407
25000 4.910 -558.769 0.0 49.125 56.857 -779.309 -796.307 -4.555 26.040



Amendment 55

12/21/70

4.5.1 SPS PROPULSION PERFORMANCE*

The acceptance test data for CSM ii0 SPS engine (S/N 063) are replaced

by the preflight performance data given in Paragraph 4.5.1.6 of this appendix.

4.5.1_6 SPS Mission Performance Predictions Data*

A preflight analysis was made to predict the performance of the CSM ii0
SPS for Mission H-3. Both a nominal case and system dispersion cases, which

included the uncertainties in system characterization data, were analyzed to

detemnine the system's expected steady-state performance values and their

respective 1-sigma uncertainty values.

The analysis was made using the analysis techniques described in the
PATS User's Manual with the majority of the characterization data for the SPS
obtained from SID 66-1501-A (Part 3 of 3), "Performance Data Supplement to

Mission Modular Data Book, Block II Earth Orbital Mission," dated 15 March

1967. Additional data include system feedline fluid resistances calculated

by NR and verified by test data obtained from the WSTF F2-A Block IISPS

ground test vehicle. Fluid resistances were obtained for the CSM ii0 pro-

pellant utilization (PU) valve from acceptance test data. The engine fluid
resistances were calculated from data presented in the acceptance test log

for SPS Engine No. 63. These resistances and engine performance characteri---4

zations data used in the analysis are presented in Table 110-4.5.1-1. CSM

II0-LM8 mass property data were obtained from Amendment 88 (dated 10/5/70) to

the CSM/LM Spacecraft Operational Data Book, Volume III- Mass Properties,

and are presented in Table 110-4.5.1-2. Uncertainties in the CSM ii0 system
characterization data used in the dispersion analysis are given in Table

110-4.5.1-3. The analysis used the SPS burn schedule (delta velocities)
as obtained from the Operational Trajectory (dated 10/22/70) and presented in

Table 110-4.5.1-4. The burn durations shown in the table assume that the

AV for each burn resulted entirely from the steady-state'SPS impulse, i.e.,
no RCS or transient SPS impulse was considered.

Previous flight results have consistently shown the inflight mixture ratio

to be significantly less than expected, based on the engine acceptance test
data.. In order to more closely predict the expected inflight mixture ratio

based on the past flight experience, the engine fuel hydraulic resistance

determined from the acceptance test data was biased by -5.5%, which decreased

the mixture ratio obtained with the acceptance test hydraulic resistance by

2.8% at standard inlet conditions. This bias was obtained by statistically

analyzing the result of postflight analyses from Apollo Missions 9, I0, ii and 12

Both propellant bulk temperatures were assumed to be 70°F throughout the
mission. The tank pressures at the start of each burn were set to reflect

the actual tank pressures experienced on past: Apollo missions. The CIRC burn

was performed with only the lower bore (bore "A") of the engine bipropellant
valve open. The remainder of the burns used both bores. The first four seconds
of each burn was initiated lower bore, except: for the LOI burn, which was

initiated upper bore. After four seconds the other bore was opened. CSM ii0

SPS performance parameter nominal values are presented in Table 110-4.5.1-5

*NASA DATA SOURCE 110-4.5.1-1 SNA-8-D-027(1) REV 3



Amendment 55

1.2/21/70

and Figures ii0-4.5.1-1 through 110-4.5.1-7. The results of the dispersion
analysis are included in Table 110-4.5.1-6.

This preflight prediction considers oxidizer gaging system errors due

to oxidizer transfer from the storage tank to the sump tank caused by helilzm

absorption by the oxidizer following loading, which results in a sump tank
oxidizer level which is above the maximum gageable; and a time varying

error on the oxidizer storage tank gaging probe which results from the zero

adjustment bias that was incorporated to insure a zero storage tank gage
readout after crossover. For this simulation, it was assumed that approx-

imately ii0 ibm of oxidizer was ungageable prior to crossover because of

the transfer due to helium absorption. This assumption was based mainly
on data from the Apollo I0, Ii and 12 Missions. The present Apollo 14

planning calls for the LOI burn to be initiated with the PU valve in the

prlmary-increase position. Prior to crossover the crew will utilize the PU

valve to maintain the indicated unbalance during steady-state operation to

within +50 ibm of the unbalance-meter reading at 25 seconds into the LOI
burn. After crossover the crew will maintain the unbalance meter reading

within the "green band" (zero ±i00 Ibm) during steady-state operation. With

this PU valve logic modeled in the nominal preflight simulation, the following
PU valve movements occurred: at 173 seconds into the LOI burn the PU valve

was moved from the primary-increase position to the primary-normal position.

This position was maintained until 209 seconds of the LOI burn, at which
time the PU valve was moved from the primary-normal position to the primary-

increase position. The PU valve remained in the increase position until

44 seconds of the TEl burn, where the PU valve was moved to the primary-

normal position. The normal position was maintained until 113.5 seconds of

the TEl burn, at which time the PU valve was moved to the primary-increase
position. This position was maintained throughout the remainder of the

simulation. The oxidizer unbalance reading at the end of the simulation was
-ii.0 ibm.

The data presented in this section are valid for nominal system condi-
tions; the values of propulsion system parameters presented herein do not

represent boundary conditions of operation for the systems, and'therefore,
should not be used as limit values.

The time history performance data shown in Figures 110-4.5.1-1 through
110-4.5.1-7 are dependent on the PU valve position. The time history per-

formance of the CIRC burn was excluded from the figures because of the short

duration (3.85 sec) of this burn. The performance for this burn is very
similar to the first four seconds of the DOI burn. In the case that actual

flight conditions require a different PU valve logic than was used for this

analysis, Table 110-4.5.1-7 contains the nominal performance parameters for

the various PU valve positions with the engine operatinK in the sin=le and

dual bore mode. For each burn, with the exception of the CIRC burn, the

table contains the performance parameters at the various PU valve positions

for both single and dual bore operation. The performance level of the CIRC

burn is very similar to the DOI single bore performance level, therefore, the

ii0h4.5.1-2

SNA-8-D-027(1) REV 3
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DOI single bore performance parameters may be used to represent the CIRC

burn parameters.

It should be noted that the performance data presented in Table

110-4.5.1-5 were obtained from discrete time slices taken throughout
the mission simulation. It is recommended that these values not be used

to represent a constant level of performance throughout a given burn. In
order to obtain single values of thrust, Isp, and total flowrate which

most accurately represent these parameters during a particular burn, it is

necessary to determine the "effective" values of the parameters for that

burn, i.e., the unique values of thrust, Isp and total flowrate that are

required to achieve the particular velocity gain for the burn. The
effective values of the parameters for each burn were determined from the

nominal mission simulation, and are presented in Table 110-4.5.1-8,

together with the dispersions associated with the effective performance.
When the need arises the values given in Table 110-4.5.1-8 may be used to

represent the constant level of performance for a burn. The performance

data given in Table 110-4.5.1-8 were obtained for the PU valve logic dis-
cussed above, except where noted. For effective values of the parameters

for other PU valve positions, the ratio of the performance data in Table

ii0-4_5.1-7 may be applied to the data in Table 110-4.5.1-8.

The steady-state performance dispersions, presented in Table iI0-4.5.1-6_

were obtained by the RSS (Root-Sum-Squared) statistical method. This was

accomplished by perturbing each parameter in Table 110-4.5.1-3 by an amount

equal to its standard deviation, while maintaining the remaining parameters
at their nominal values, and obtaining the RSS of all the resulting differ-

ences from nominal. The values obtained from this procedure represent

SPS dispersions about the nominal performance level due to tolerances and
uncertainties associated with the SPS during steady-state operation. These

values are applicable only to those time Slices sufficiently removed from

ignition to not be influenced by the transients in the propellant tank
pressures which result from the initial tank pressures being different
from the steady-state pressures during the burn.

Variations from the predicted propellant tank pressures at ignition

will cause significant variations in the effective thrust and total flowrate
for those shorter burns which began with large ullage volumes (burns after

the LOI burn) because steady-state tank pressures are not reached quickly.

Therefore, the dispersions shown in Table 110-4.5.1-6 are not applicable
to the effective performance values (Table 110-4.5.1-8) for all burns.

Table 110-4.5.1-8 contains the recommended dispersions to be used with

the effective performance values. These dispersions account for the
uncertainties associated with the predicted tank pressures at ignition.

To facilitate performance estimations during the mission, Table

110-4.5.1-9 presents influence coefficients which may be used to determine

the approximate changes in thrust, total flowrate and mixture ratio which
will result from the indicated changes in propellant tank pressures for

both the normal and increase PU valve positions.

110-4.5.1-3 SNA-8-D-027 (I) REV 3
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The predicted propellant tank and interface pressures shown in Figures
110-4.5.1-6 and 110-4.5.1-7 are the computed values for the theoretical

storage tank ullage and feed system/engine interface. The location of the

flight propellant tank pressure transducer (in the helium supply line) is
such that, under conditions of helium flow, the expected values of the

measured tank pressures are approximately 0.5 psi greater than the corres-

ponding predicted values in Figures 110-4.5.1-6 and 110-4.5.1-7. Further-

more, flight experience has Shown that under propellant flow conditions
the measured oxidizer and fuel interface pressures may be expected to be

2 tO 4 and i to 2 psi less, respectively, than the corresponding values

in Figures 110-4.5.1-6 and 110-4.5.1-7.

SNA-8-D-027 (I) REV 3
110-4.5.1-4
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(NASA DATA SOURCE)

Table ii0-4.5.1-1. CSM ii0 SPS Engine and Feed System Charaeteristles

Engine No. 63

Injector No. 121

Chamber No. 343

Initial Chamber Throat Area (in2) 121.6614

Engine and System Fluid Resistances (ibf-sec2/Ibm-ft 5)

Based on

Acceptance Test Adjusted

Fuel Engine Feedllne 878.8 830.2

Oxidizer Engine Feedllne 488.1

Fuel System Feedllne 36.08

Oxidizer System Feedllne

PU Valve in Pri-normal position 97.72

PU Valve in Pri-increase 48.49

PU Valve in Pri-decrease Position 173.11

Characterization Equation for C*:

c* = C,s.c. + 870.5 (MR - 1.6) - 273.83 (MR2 - 2.56) - 0.31878 (Pc - 99)

+12.953 (TP - 70) - 0.07414 (TP2 - 4900) - 5.466 CMR , TP - 112)

+0.03119 (MR .TP 2 - 7840.);

where C'S.C. (Engine No. 63) - 5970 ft/sec

Characterization Equation for Isp:

isp = Isp - 96.954 (1.6 - ME) - 0.0487 (99 - PC ) - 0.06276 (70 - TP)
vac

+ 30.409 (2.56 - MR 2) + 0.0004483 (4900 - TP 2) ;

where Isp (Engine No. 63) ffi313.8 ibf-sec/Ibm
vac

110-4.5.1-5
SNA-8-D-027(1) REV 3
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Table 110-4.5.1-2. CSM II0/LM-8 Mass Properties Data* (LBM)

(NASA DATA SOURCE)

TOTAL CSM/LM @ T.D. 98088.4

LM 33677.7

CSM 64410.7

SPS Oxidizer Total 25092.0

SPS Fuel Total 15704.0

TOTAL CSM/LM Consumables from T.D. to HYBRID (-)65.4

LM Consumables 0.0

CSM Consumables (Excluding SPS Propellants) (-)65.4

TOTAL CSM/LM Mass Prior to HYBRID Firing 98023.0

LH 33677.7
CSM 64345.3
SPS Propellant Loaded

Oxidizer (Tank Total) 24968.3

(Sump - 14403.0, Storage - 10565.3)

Oxidizer (Outside Tanks) 123.7

Oxidizer Total 25092.0

Fuel (Tanked Total) 15625.4

(Sump - 8868.7, Storage - 6756.7)
Fuel (Outside Tanks) 78.6

Fuel Total 15704.0

TOTAL CSM/LM Consumables from HYBRID to LOI (-)205.4

LM Consumables 0.0

CSM Consumables (-)205.4

TOTAL CSM/LM Consumables from LOI to DOI (-)53.1

LM Consumables 0.0

CSM Consumables (-)53.1

TOTAL CSM/LM Consumables from DOI to ClRC (-)34342.4

LM Consumables to separation (-)19.1

LM Separation (-)34138.2

CSM Consumables (-)185.1

TOTAL CSM Consumables from CIRC to PLANE CHANGE (-)110.8

TOTAL CSM Consumables from PLANE CHANGE to TEl (+)204.9

*These mass properties were used for the purpose of this analysis. Refer-

ence should be made to Volume III, Spacecraft Operational Data Book, for
current official mass properties data.

/

110-4.5.1-6 SNA-8-D-027(1) REV 3
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(NASA DATA SOURCE)

Table ii0-4.5.1-3. CSM ii0 SPS System Uncertainty Dispersions

Standard Deviation

Parameter _Percent - io)

Characteristic Exhaust Velocity (C*), ft/sec 0.249

Vacuum Specific Impulse, lbf-sec/lbm 0.169

Engine Fuel Resistance, ibf-sec2/lbm-ft 5 1.655

Engine Oxidizer Resistance, lbf-sec2/lbm-ft 5 0.639

Feed System Fuel Resistance, lbf-sec2/lbm-ft 5 3.3

Feed System Oxidizer Resistance, ibf-sec2/lbm-ft 5 3.3

Hellum Regulator Outlet Pressure, psia 0.380

Ablative Engine Throat Area, In2 0.100

Oxidizer Temperature, °F 7.14

Fuel Temperature, °F 7.14

Temperature difference between oxidizer and fuel, °F 1.43

Heliumline resistance on oxidizer side, lbf-sec2/lbm-ft 5 5.0

Helium line resistance on fuel side, lbf-sec2/ibm-ft 5 5.0

Oxidizer Tank Pressure (1)

(Prior to Engine Ignition), psia 1.20

Fuel Tank Pressure (1)

(Prior to Engine Ignition), psia 0.94

_l)Appiicable only to burns subsequent to the LOI burn.
J

110-4.5.1-7 SNA-8-D-027 (I) REV 3
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(NASA DATA SOURCE)

Table ii0-4.5.1-4. Mission H-3 SPS Preflight Performance Prediction - Engine Firing Schedule

PropellantRemaining
Total Propellant Total Space-

Firing G.E.T. Burn Delta Used, Ibm craft Weight
No. hrs:min:sec Time, Velocity Oxidizer Fuel at start of

sec ft/sec Burn, Ibm

Usable, Gageable Usable, Bageable Oxidizer Fuel
Ibm )ercent Ibm _ercent

24796.8 lO0.21 15557.8 100.67

HYBRID 30:36:06.8 I0.73 73.4 24351.7 98.40:15278.7 98.87 445.1 279.1 98008.6

?
LOI 82:38:13.6 369.00 2986.0 9072.9 36.17 5697.5 36.06 15278.8 9581.2 97093.5

DOI 86:56:57.6 21.24 206.6 8158.0 32.27 5137.0 32.37 914.9 560.5 72209.1

CIRC 105:46:48.5 3.85 72.5 7987.8 31.56 5032.6 31.69 170.2 104.4 36405.6

LOPC I18:09:40.2 18.37 360.7 7192.0 28.29 4550.7 28.52 795.8 481.9 36034.7

TEl 149:14:50.I149.08 3449.6 978.6 2.75 636.3 2.79 6213.4 3914.4 34976.3

z
Total 572.27 7148,8 _3818.2 14921.5

Note: The oxidizer gage readings includethe gaging system errors noted in the text. _rope_ant_ used for
0 each burn include the non-propulsiveengine start losses of 8.9 Ibm of oxidizer and 5.5 Ibm of fuel.
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(NASA DATA SOURCE)

Table ii0-4.5.1-5. Mission H-3 SPS Preflight Performance Prediction - Nominal Performance
Summary

BEFORECROSSOVER AFTERCROSSOVER
i

Dual Bore Sin_leBore Dual Bore SingleBore
Typical Typical

PARAMETER 120 sec of 190 sec of Single 340 sec of 40.5 sec of 75.5 sec of Single
LOI Burn (PU LOI Burn !(Upper)Bore LOI Burn (PU TEl Burn (PU TEI Burn (PI(Cgwer)l_ore
Valve in (PUValve in ...... Valve in Valve in Valve in. _PV Valve in
Primary- Primary- (PU Valve in Primary- Primary- Primary- _rmary-
Increase Normal Primary- Increase Increase Normal Increase
Position) Position) Increase

Position) Position) Position) Position) Position)

Isp (sec) 313.99 313.83 313.78 314.08 314.04 313.91 313.87

Thrust (Ibf) 21100 20722 20226 21332 21524 21076 21136
o
I
_- MixtureRatio 1.5966 1.5338 1.5784 1.6083 1.6200 1.5451 1.6680
t.

ChamberPressure
i (psia) 102.94 101.55 98.40 104.25 104.93 103.08 102.93_D

OxidizerF1owrate
(Ibm/sec) 41.32 39.97 39.46 41.88 42.38 40.76 42.10

Fuel F1owrate
(Ibm/sec) 25.88 26.06 25.00 26.04 26.16 26.38 25.24

Note: Lower Bore = Bore "A"; Upper Bore = Bore "B"

!

I

!

".M
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(NASA DATA SOURCE)

Table 110-4.5.1-6. Mission H-3 SPS Preflight Performance Prediction - Steady State

Performance Dispersions

BEFORE CROSSOVER AFTER CROSSOVER
(120 sec of LOI Burn) (40.5 sec of TEl Burn)

PARAMETER Standard % Standard Standard % Standard
Deviation (Io) Deviation (I_) Deviation (Io) Deviation (Io)

Isp (lbf-sec/Ibm) 0.531 0.169 0.531 0.169

Thrust (Ibf) 91.8 0.436 93.6 0.435

Mixture Ratio 0.0157 0.981 0.0159 0.983

Chamber Pressure

_ (psia) 0.43 0.414 0.43 0.414

Oxidizer Flow Rate

(Ibm/sec) 0.213 0.516 0.215 0.508

o Fuel Flow Rate

(Ibm/sec) 0.195 0.755 0.199 0.762

Note: The performance dispersions were obtained while the PU valve was in the primary-increase position,
and the engine operating in the dual bore mode.

>
I

I

!
o
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(NASA DATA SOURCE)

Table 110-4.5,1-7. SPS Performance Summary at Various PU Valve Positions for Single
and Dual Bore Modes of Operation

At 2 See Into Burn At 6 See Into Burn

HYBRID BURN Single BorepARAMETER Single Bore Single Bore Single Bore Single Bore Single Bore Dual Bore Dual Bore D_al Bore

PU-Increase pU-Noz_nal PD_Decrease PU-Increase PU-Normal PU-Decrease PU-Increase PU-Normal PU-Decrease

Thrust (Ibf) 20136 19825 19386 20310 19997 19555 21035 20683 20189

Chamber Pressure

(psia) 97.913 96.669 94.929 98.677 97.420 95.663 102.166 100,765 98.821

Total Flow Rate

(lbm/sec) 64.178 63.222 61.932 64.727 63.753 62.439 66.999 65.915 64.471

Oxidizer Flow Rate

(lbm/sec) 39.449 38.291 36.721 39.956 38.777 37.181 41.253 39.921 38.137

Fuel Flow Rate 26.334

(Ibm/see) 24.729 24,931 25.211 24.771 24,976 25.258 25.746 25.994

BEFORE CROSSOVER

LOI BORN

pARAMETER Single Bore Single Bore Single Bore )ual Bore Dual Bore Dual Bore
PU-Inerease PU-Normal PU-Decrease _U-Increase PU-Normal PU-Deerease

Thrust (ibf) 20226 19914 19473 21100 20747 20250

_" Chamber Pressure

_n (psta) 98.404 97.158 95.417 102.943 101.532 99.574

Total Flow Rate

I (ibm/see) 64.461 63,512 62.229 62.199 66.115 64.670

Oxidizer Flow Rate

(ibm/see) 39.464 38.313 36.750 41,319 39.987 38.201

Fuel Flow Rate
(Ibm/sec) 24.992 25,199 25.479 25.880 26.128 26.469

AFTER CROSSOVER

LOI BURN Single Bore Single Bore Single Bore Dual Bore Dual Bore Dual Bore
pARAMETER PU-Increase PU-Normal PU-Deerease PU-Increase PU-Normal PU-Decrease

Thrust (ibf) 20569 20246 19790 21332 20966 20452

Chamber Pressure
I (psla) 100.603 99,300 97.482 104.248 102.781 100.753Oo

l Total Flow Rate

(ibm/see) 65.531 64.530 63.184 67.924 66.792 65.292
O
_o Oxidizer Flow Rate

-a (Ibm/see) 40.387 39.171 37.529 41.880 40.486 38.626

..s Fuel Flow Rate
(Ibm/see) 25.144 25.359 25.655 26.044 26.306 26.666

Lower Bore = Bore "A"; Upper Bore = Bore "B"
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(NASA DATA SOURCE)

Table 110-4.5,1-7, SPS Performance Summary at Various PU Valve Positions for Single
and Dual Bore Modes of Operation (Continued)

At 2 Sec Into Burn At 6 Sec Into Burn
DOI BURN

PARAMETER Single Bore Single Bore Single Bore Single Bore Single Bore Single Bore Dual Bore Dual Bore Dual Bore

PO-lncrease PU-Normal PU-Decrease PU-Increase PU-Normal PU-Decrease PU-Increase PU-Normal PO-Decrease

Thrust (lhf) 21140 20807 20336 20934 20605 20138 21705 21333 20809

:Chamber Pressure

(psla) 103.013 101.660 99.769 102.O67 100.730 98.862 i05.778 104.281 102.209

Total Flow Rate

(lbm/sec) 67.345 66.281 64.854 66.692 65.647 64.243 69.104 67.935 66.386

Oxidizer Flow Rate

(lbm/sec) 41.917 40.634 38.905 41.410 40.147 38.443 42.816 41.381 39.469

Fuel Flow Rate

(lbm/sec) 25.428 25.647 25.949 25.282 25.500 25.800 26.288 26.554 26.9!7

At 2.9 Sec Into Burn At 12.9 Sec Into Burn
LOPC BURN

PARAMETER Single Bnr_ Single Bore Single Bore Single Bore Single Bore Single Bore Dual Bore Dual Bore Dual Bore

PU-Increase PU-Normal PU-Decrease PU-Increase PU-Normal PU-Decrease PU-Inerease PU-Normal pv-p_cTease
•"- Thrust (ibf) 21075 20746 20279 20932 20604 20139 21703 21332 20811

_n Chamber Pressure

(psla) 102.635 101.291 99.412 102.007 100.672 98.807 105.715 104.221 102.151
I

Total Flow Rate

t_ (ibm/see) 67.157 66.088 64.656 66.694 65.642 64.231 69.106 67.930 66.371

Oxidizer Flow Rate

(Ibm/see) 41.993 40.704 38.968 41.545 40.275 38.563 42.963 41.520 39.597

Fuel Flow Rate

(lhm/sec) 25.164 25.384 25.688 25.149 25.367 25.668 26.143 26.410 26.774

At 2.5 Sec Into Burn At 40.5 See Into Burn

TEl BURN [Single Bore Single Bore Single Bore Single Bore Single Bore Single Bore Dual Bore Dual Bore Dual BorePARAMETER
_U-Increase PU-Normal PU-Decrease PU-Increase PU-Normal PU-Decrease PU-Inerease FU-Normal PU-Decrease

Thrust (lhf) 21136 20805 20336 20762 20435 19973 21524 21154 20636
co

Chamber Pressure

(psia) 102.928 101.578 101.260 98.089 104.930 103.449 101.400
99.692 99.937

Co Total Flow RateI
(ibm/see) 67.348 66.275 64.837 66.148 65.118 63.734 68.532 67.380 65.854

I
O Oxidizer Flow Rate_o
-_ (Ibm/sec) 42.104 40.812 39.070 40.993 39.746 38.063 42.375 40.958 39.071

Fuel Flow Rate

__s (]bm/sec) 25.244 25.463 25.767 25.155 25.372 25.671 26.157 26.422 26.783

t_
< Lower Bore = Bore "A"; Upper Bore = Bore "B"

Lo
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Table 110-4.5.1-8. Effective Engine Performance for Mission H-3
(NASA DATA SOURCE)

i_. DOI(1) DOILOT 'UValve PU Val_e CIRC LOPC TElBurn HYBRID• Before H After
-_-ffective_ Crossover Crossover in Prima_ |n Primar,
Parameter _ InGrease NormalI

Thrust - Ibf 20764 21043 21343 21604 21242 21212 21597 21300

Specific Impulse
sec 313.890 313.962 314.053 314.061 314.007 313.973 313.998 313.991

Total Propellant "
F1owrate-
Ibm/sec 66.149 67.025 67.959 68.788 67.649 67.560 68.781 67.838

i

0
!

EFFECTIVEENGINE PERFORMANCEDISPERSIONSFDR MISSION H-3
_ (One Standard Deviation)

_urn LOI DOi (I)!
PU Valve puD_IveHYBRID CIRC LOPC TEl

Effective_ Before After _njncreasePrimar__ormal['nPrjmar_
Parameter _ Crossover Crossover

Thrust - lbf 91.8 91.8 93.6 119.5 119.5 161.4 119.5 93.6

SpecificImpulse
sec 0.531 0.531 0.531 0.531 0.531 0.531 0.531 0.531

>
! Total Propellant
' Flowrate -

0._ 0.299 0.293 0.383 0.383 0.510 0.383 0.293' lbm/sec ooe0

(I) For the DOT burn the nominal simulationPU valve positionwas Drimary-increase.<
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(NASA DATA SOURCE)

Table 110-4.5.1-9. SPS Mission H-3 Performance Influence Coefficients

_ank Pressure _I PSIA Ox Tank +I PSIA Ox Tank +I PSIA Fuel Tank _l PSIA Fuel Tank

)U Valve in PU Valve in PU Valve in PU Valve in

_rimery-Increase Primary-Nomal Primary-Increase Primary-Nor_l
Position Position Position Position

Parameter
Delta

Thrust (lbf) 56 56 27 28

Mixture Ratio O.OlO O.OlO -O.Oll -O.OlO

Total Flow Rate
(Ibm/sec) 0.178 0.168 0.085 0.095

I
co
I

!
0

-.j

I--4
v
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NOTE:( I_ PU VALVE MOVED FROM PRtMARY-INCREASE POSITION TO FRIMARY-IqORMAL
POSITION

(_ PU VALVE MOVED FROM PRIMARY-NORMAL POSITION TO FRIMARY-tNCRE_E
POSITION

(_ FROPELLANT CROSSOVER OCCURS BETWEEN 246 AND 2.-50SECONDS OF THE
LOI BURN
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I-4 HYBRID LOI
ENGINE BURN TIME _OM IGNITION (SEC)

_. Figure 110-4.5,1-1, Mission H-3 SPS Preflight Performance Prediction - Engine
Thrust Vs. Time
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NOTE:
I PU VALVE MOVED FROM PRIMARY-INCREASE POSITION TO PRIMARY-NORMAL

POSITION

2 PU VALVE MOVE{3 FROM PRJMARY-NORMAL POSITION TO RRIMARY-INCREJ_.SE
POSITION

3 PROPELLANT CROSSOVER OCCURS BETWEEN246 AND 250 SECONDS OF THE
LOI BURN
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Figure 110-4.5.1-3. Mission H-3 SPS Preflight Performance Prediction - Propellant
Flow Rates Vs. Time
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Figure ii0-4.5.1-5. Mission H-3 SPS Preflight Performance Prediction - Helium Supply Mass
and Vehicle Acceleration Vs. Time
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Amendment 52

n/17/7o

4.5.2 SPS START AND SHUTDOWN THRUST TRANSIENTS

**Table 110-4.5-2. CSM ii0 Engine S/N 063 Transient Data

Predicted Value*

Run-to-rue

Single Bore 3-Slgma

Impulse
Tolerance

Item A Bank B Bank Dual Bore (ib-sec)

Time from FSltO 90 percent of
steady-state thrust (see) 0.674 0.657 0.592

Start transient total vacuum impulse

from FS 1 to 90 percent of steady-
state thrust (ib-sec) 405 442 243

Time from FS 2 to i0 percent of

steady-state thrust (see) 1.175 1.205 1.214

Shutdown total vacuum impulse

from FS 2 to 0 percent of steady-
state thrust (ib-sec) 12,967 1.3,549 14,758 ±1500

*Values apply to nominal engine operating propellant temperatures of

60 to 80 degrees F and engine inlet pressures as follows:

i. Start (lockup pressures)

Oxidizer 178 _4 psia

Fuel 178 ±4 psia

2. Steady-state run pressures

Oxidizer 162_4 psla

Fuel 169 _+4 psia

**Refer to paragraph 4.5.1.3

110-4.5.2-1

SNA-8-D-027(I), Rev 3



f-

4,5.3 SPS PROPELLANT MANAGEMENT

4.5.3.4 Propellant Flow Resistance

The SPS engine propeUant flow resistances (from the engine interface measurement to tile

combustion chamber) are as follows:

1. Oxidizer engine flow resistance

Engine valve bore A 517 lbf-sec2/lbm-ft 5

Engine valve bore B 521 Ibf-sec2/lbm-ft 5

Engine valve dual bore 4.55 lbf-sec2/lbm-ft 5

2. Fuel engine flow resistance

2 5
Engine valve bore A 948 ibf-sec /ibm-ft5

Engine valve bore B 945 ibf-sec2/ibm-ft
Engine valve dual bore 831 ibf-sec2/Ibm-ft 5

These resistances should be added to the system feed line resistances

presented in the baseline text of paragraph 4.5.3.4.

- . 110-4.5.3-1

SNA-8-D-027(I), Rev 3



Amendment 49

10/19/70

4.6.5 GUIDANCE COMPUTER ERASABLE MEMORY CONSTANTS l

The following listings pertain to the command module computer (CMC) pad-

loaded erasable memory constants. Misslon-time-computed constants, such as

state vectors, etc., are not included except for those specifically initial-

ized, as no single value can be attached.

Table 110-4.6.5,_ is a tabular listing of the erasable load, both mission

tape parameters and launch tape parameters.

The number is the "Rev" column denotes the number of revisions to the value

of the corresponding parameter that have been incorporated in publications of

the Apollo 14 erasable load.

A single or double star (* or **) in the "REV" column denotes that it is
also In the inflight erasable load. These parameters would have to be verified

or reloaded in order to completely initialize the CMC in orbit. A single star

denotes loading by ground uplink; a double star denotes loading by the astronaut
via the DSKY.

INASA DATA SOURCE

r 110-4.6.5-1 SNA-8-D-027 (I) REV 3



(NASA DATA SOURCE)

i _.Table 110-4.6.5-I. FINAL H-_ PRELAUNCH ERASABLE LOAD CO.M.ANCHE 108

REV -.MNEHoN-ic-- ADDR OCTAL SF ENGINEERING VALUE VALUE IN A_C UNi-iS

FLAGWRDI+ 0 0075 00000 -0

FLAGWRD3 �00077 00000 -0 ..................................".........

FLAGWRD8+ 0 0104 00200 -0 ...................

FLAG.RDg+0 010_00004-0 ......................................................................................
0 " _...................

= • NO.PASS + 0 0736 37777 lb. 1.638300000+00h. UNITLE_S 1.B38300000+001 UNITLESS

1 PIPTIME + 0 lOb.1 01717 28 1,,597800000+007 CS 1.597800000+007 CS
' _I0_2_0T0_0J_3 .........................

PREDICTED VALUE. OF.AGC CLOGK AT LIO _1'23 ....

PGNCSALT+ 0 1133 00000 29 2.933(]70.866'_00_ FT 8.940000Q_O0+O01 M
113g 00055 ....

PADLONG+ 0It35306_30 2.7939_8_66+00_D;G......i-_ga_96_-_-_-Oi-RF.V............r_

1136 23562
O0
, PAD 39A

O

b-i



i:

(NASA DATA SOURCE)

Table 110-4.6.5-I. FINAL H-3 PRELAUNP, H ERASABLE LOAD COMANCHE lOB (Continued) I

.... REV MNEMONIC AODR OCTAL SF ENGINFFRING VALUE •VALUE IN AGO UNITS

......................................................._.o-oo-fi0o_-6b_o_o--cs.......................;-_6O-_H_,WD;-0-i-3,,6-oooo51_ 5.0000o0000 Ò�‚�cs

'_ RT_DI + 0 1397 06510 3 1.6602_700+090 UNITLESS 1°E60263700+C00 UNTTLESS
1350 070?5

_,_DV_TH__RE_SH_+__0 135 !.__00.6.2..0.... -.__ .2...0_00_00.0C0 0+_00_0FTTLS_EC.........6._0_96.00000 0- 003 M/CS .....

= HORIZALT+ 0 $35:> O00CO 29 2, RO0000000+OQ_l KH ........ Z,SQOOQO0.O0:!'-O.Ot+_M....
o 1353 33260I

.......... =- ALTVAR + 0 135_ 37723 -16 1o5216_0000--005 RADIANS2-1'521680000-005 RAOIANS2
b_

| .......... - ..........................................................................................

w ---i--i---EH-D0T -.... + 0 i-355 01163 3 6.750000C00+001 LBS/SEC 3°0617t,81,98-001 KG/CS

-i " PBIASX * 0 1.52 7711*3 -6 -7.51_5931700-003 FT/SEC2 -3,,,9316Z390i'?-0_" PI-PS/CS

..... 1 " PIPA_CCX 1453 TIT3T -g-3o700000C00 T�;�x�POM-3.700000-000=O0_'PIPS/PIP

..............J.-;-P-filis-Y- ; O:1_g_ OOIJ.O " -6 I. 3J.Z33=_901}-O03 F:I'-/SEC?....g-837--6065i5--OI}-5-"PiP-S_;CS-

I 'f PIPASCFY+ 0 lg55 67635 " -q -5.0000g0000+002 PPM -5°O00000000-OOt_ PIPS/PIP
I

I '_ PBIASZ + 0 lt_56 767t_5 -6 -9,81_2519F00-003 FT/SEC2 -5,12820508g-OOg PIPS/CS
I

o

p_r-t

O_
L_ _-_



(N_A DATA SOURCE)

.+

| ....Table 110-4.6.5-1. EZNAL H.3._RELAUNCH ERAS&BLE.LD_D_.CO_ANC_JT__IO_. (Continued) _

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS .......

1 _ PIPASCFZ* 0 1457 72727 -9 -3-100090000 �@�}-3.100000000-004 PIPS/PIP

1 - NaOy * 0 t_61-77115--_:_:400ooo_0o+ooo.ERU.........:i._75275_:o_-i-¢uLtcs

1 + NBDZ �01462 00314 -5 1,600000000+000 MERU 3.894247405-004 G PUL/CS
- . .. + , ..................................

i + ADIAX + 0 1463 00000 -3 0.000000000+000 MERU/G 0.000000000+000 GPUL/PIP
- ....... _ ..............................................

1 +--ADIAY-+ 0 146_ 77640 -3 -5,000000000+000 M_RU/G- "7.259534120-004 GPULIPIP_ • .

I ............................................................................................... -- .........

t _ ADIAZ + 0 1_65 01371 -3 4,000000000+001 MERU/G 5,807627296-003 GPUL/PIP
• ............ . ..........................................

ADSRAX + 0 1466 00073 -3 1,000000000 ž�‚�MCRU/G1,_51906824-004 GPUL/PIP

" ADSRAY + 0 1467 00071 -3 3.000000C00+000 ;ERU/G; " 4;3+55720;TZ_?3_-GpdL)Pip

ADSRAZ + 0 1470 77708 -3 -3,000000000+000 MERU/G -4°355720472-004 GPUL/PIP

_ TEPHEM + 0 1706 00006 gZ 5.112000D00+003 HRS 1.840320000+009 CS
.-- 1707 33304

I ..........
1710 07000 _

o ................................ _
TEPHEH TO MIDNIGHT PRIOR TO JAN 30_ 1971 _



/

(NASA DATA SOURCE)
i

Table 110-4.6.5-i. FINAL H-3 PRELAUNCH FRASABLE LOAD COMANCHE 108 (Continued) I

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE " "VALu_ IN-AGC UNITE

" UNITW + 0 -1711_ 000-00- 0 2.q49684858-O05 UNITI_ESS.....2,9_;968485 _L-_{_-UN-ITLESS
1712 173.56

* UN!TW + 2 1713 00000 0 3,6194cJ2C54.005 UNITLFF S 3,_19492054-005 UNITLESS
1714 22764

1716 37777 ...................................

UNITLESS 6.8Q_OOOO_O-Q01 UNI_TLESS I2 ....REFSMMAT+ 0 1733 12704 1 6.8020001_10-001
1734 06263

_rl II I ....................

& " REFSMMAIT+ 2 1735 00152- I - 1, 3-O00rJOtOO-OO2-U:'IITLESS 1.30QOOOtOO-OOZ UNITLESS
17:36 17677 ..................

....... _EPI.HE__TO M I.DN!_GHT_PR.I.O_R.TO _,)AN.301_197_1_ ............



(NASA DATA SOURCE)

I ....... Tab] e l 10-4.6.5-1. _EIHAL..H_-. 3 .PRELAUNCH_rRASABLE. LOAD..CDIq_ANCI4E__lQ6._(Conti nued) ........

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

1 • EKIVAL �01765 00001 23 1,996570000+00_ LI3F SEC 8.8Bl185830+002 KG N/CS
_.J3_E6._Z/kOk___...............i__. . .....

.... ___EKZVAL +_._0 I?SZ..OOOQO .2_3 _,909100_00_+OQ.3LLEIF__$F_ ......Zo18;]6.76__73_+._J)Z._K__H/_C$.._
17.70 1551g

1 • EK3VAL + 0 1771 00592 9 2-4BTgBOO00+00g LBF 1-106986230+00i KG M/CS2

I " FANG + 0 1772 02210 7 2.0-390000"O-O+oO-_-L-BF........9_[)699-2-38-73 ÒHICS2F-.-,

...........................£773 36321
._ ..................................................................................

;_ --J._ZB-+_._O__tZZ_____2/JSg_._5__._ ._,q=z.QkZgg_,79 �016HS!CSZ_____9_=ZO__790_79_L_L___S_ _
I

c_ 1_ __.E3_C31RH__ 0._1775.03363 .... EO _ 1, 31ZBgZ560+_023.. H_ICS2 ..... 1, 3128925raJI_QZ2[_HIStCS_Z ....

__J__._ TRIIN_F._ +__0 1ZZ6_QOZ33_ 27 9-1051851JLS_-DO_Z__t/DEG/.SC. 1--269ZEOQGO__G_O____P/RER/_C_.

_I_J._SHAE_ T_E_..±.._0_.1 ZZT_ JZR502 _.25.._. _, 71 I]_?.Q;_7_!l.-._QILZ...JI_DEG/_SC__ Ez_5-9_5_OOS_P_REVIGS_ _

___ _..EllZENDPOS+_ 0_2000 00137 19 t, 000.flOOOOO+OOg.FT 3-O._,8000GOlL+_Q.fl3.H .....

-._. HRENDVEJ. �02001 00763 0 1,000000000+001 FT/SEC 3.0kBOQ0000-002 H/CS.00
I F_m



(NASA DATA SOURCE)

Table 110-4.6.5-!. FINAL H-3 PPCLAUNCH rRASABL ¢ LOAD COMANCH_ 108 (Continued)

REV MNEMONIC ADDR OCTAL SF ENGINEERINGVALUE ....... VALUE IN AGC UNITS

........................................................g:og60ooooo 
_�x�..........................................

• RMAX + 0 2002 00023 19 2,000000000+003 Fr

• VMAX 2003 00001 7 ?.O00000flO0+O00 FT/$EC 6.096000000-003 M/CS

-- _ WoRBPOS + 0 20Oh, 00000 19 0.000000000+000 FT 0.000000000+000 H

.....• Sz2wsu-BL+-o-2oo6oo,,71 19 3.z8o039_95 �Í1.000000000+00',.

o '_ RPVAR + 0 2007 00361_ Z_ b,.O00000000+O06 M;_ _o000000000 Ò�‡�H;'I

C_

_' - 50e+LM 20'1_! 7777 :_ 0 -3,_.36595795-009 RAD -_,_.3650579_-00&_ RAD
2012 5361_7

__O1..ht_5_73 ..................................................................

• .t_.'.50_.LH _'.+ _ 201.5 00001 0 1,|.800q7_.61-00_. Re_D 1,180097_.61_-00_. RAD
- 2016 35676

r._

o ,._

v i_.a



(NASA DATA SOURCE)

| ......... Table ]]0-4.6.5-]. FINAL H,3 PRE.LAUHCH ERAS_ABLE..LO._AOC.O_HANCHE..1(_B_(Continued)

Rc'.V HNPNONIC ADD_ OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

I 1 _' EHSALT + 0 2017 00002 29 2,9359720004.005 FT 8.948842656 
d�x�M..................... ZI_._Q_2.73 In_ ............... _............................... _......

.... -__&TIGIHC._* .O 2021 00001. 28 3.00000QCO.0*.0.0.0. HIH ............. J..+800G00OOOk_0Q%_CS_....
2022 03120

'_ PTIGINC + O 20-23-00-001"--28 .... 3.000000000+000 "IN 1.B000000004.004 CS
_" ..... 2024.. 03120
c,
I

....... __RLS ........ * Q_2025 0Q311 .27 _ 5._239.7_2384.006 FT ..... 1.,,65322ZS.QJI_QQ6_H ......
2026 31727

I - '-'-- .............................

oo _ RLS �22027 777'00 27 -1.706456_930006 FT -5,201280000.1-1]05 N
....................... __2Q30. 60177 ..............................................................

........ • ._RLS......... 4._.&_203t+ ?7762. 27 _.3,.65QEiDlOR._OQS_ E_I.......... _-t..1126_SQQQ:I:I]QS_JH .....
2032 55276

'_ TIHEHO + 0 2033 00007 42 5,321988r;534.003 HRS 1.¢]159158790009 CS
............... 203_. 04312 ......................

m 2035 07147

v _



I

/

(NASA DATA SOURCE)

Table 110-4.6.5-!. FINAL H-3 PRrLAUNCH eRASABLE LOAD COMANCHF I08 (Continued) l

REV MNEHONIC ADDR OCTAL SP ENGINEERING VALUE VALUc IN AGC UNITS

• VETOEr + 0 ?nX6 77775-203 -9. SB685WOSO-O&6 -9.56685W050-066 M/CS9
2037 77911

• V=COcM + ? 20gO 00003-203 1.7961251Z0-065 1.796125120-065 M/CS9
2091 31036

" V[COEM + g ?Og2 00001-203 8.838053000-096 8.B38053000-066 M/CS9o
I 2093 33gk3 -

• VECOEM + 6 2094 00003-177 q.772662089-Og8 9,772662089-058 M/CS8
i 2095 02115

V_eOeM + 8 204_ 77775-t77 -7.168929660-"=8 -7.168529660-058 M/CS8
2097 7000t

VEuu_M .10 _050 77777=177 -.,_.!6!879170-0_8 -X=!6!875170-058_ M/CS8
2051 gOtTg

VECOEM +12 2052 7777g-lgl -7.2852gig30-050 -7,2852gig30-050 MICS7
2053 62760

,

,



(NASA DATASOURCE)

I Table 110-4.6.5-1. FINAL H-3. PRELAUNC_I ERASABLE I._O.ED.._CDHAHCHE_lOO_.(Continued)

REV MNEMONI_ ADDR OCTAL SF E-NGINEERING VALUE VALUE IN AGC UNIT_

" V_OEM +Ig 205g O000g-tgt 1-058"2_7780-0_q ........ i'0582_778-0-0_9--M)CS----7---
2055 36300

VECOEW +16 2055 00002-1¢_1 5oiEggg7980-OgO 5,169697980-050 M/CS7
2057 15226

V_'CDC'M +18 2050 00077-125 9,055818780-091 9,055838780-091 M/OS6
2061 O3glZ

F_
F_

o _ VEC3EM +20 20B2 7775g-125 -_2,735819720-OgZ . -2,73881972O-Ogl M/CS_ ....
_" 2053 75525

• VECOEM +22 206g 77771-125 -8.869789250-Og_ -8.86=,789_50-092 MICS6
2065 72235o

¥ Vr:'COP'M +2_. 2066 77_.61 -99 -1,9858gg300-0_2 -1,9858gb,300-032 M/C$5
2057 7071_.

.....................

" VECOEM +76 2070 77510 -qg-1.766¢;8t690-037 -1.TS6581690-O32--M)CS5 ......
= 2071 61_.1g

o .................................... = U_



(NASA DATA SOURCE)

Table 110-4.6.5-I. FINAL H-3 PRELAUNCH FRASABLE LOAD COMANCHE 108 (Continued) I

REV _EHPNIC ADDR OCTAL SF rNGINEFRING VALUE VALUE IN AGC UNITS

V_CO_M +28 ?07_ 77622 -q9 -t,052026300-032 -1,052026300-03_ N/CS5
2073 70025

VgCDEM +30 2074 76777 -7] -_.310054050-024 -3.310054050-024 H/CS4
2075 71317

VFCOEM +32 2076 01363 -73 4.87997q150-024 go879979150-024 H/CSg

2077 04371 ...........

• V_3cM *34 2100 00555 -73, 2._61067790-02; 2.361067790-024 H/CSg

?101 13342

I _ VgCDEM +36 2107 04303 -47 q.731601240-016 0-016 H/CS3
2103 36426 ........

= VECaEH *38 2104 01477 -47 3=607005!00-016 3.607005100-016 MICS3
2105 27000

VcCOC_ *gO _106 01077 -47 _.496894840-016 2.496894840-016 M/CS3
2¢07, 27652

M _



(NASA DATA SOURCE)

I Table II0-4.6.5-1.FINAL H_-3PRFLAUNC_H.FRASABLE_LOA.DCO_M_NCI_E..I.QS__(Continued_]

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

" VECOEM +42 2110 02631 -21 4.173442570-0fl8 L, I73_4_TO_OOSH/_ ........
211t 37371

VECDEM �®�‚�2t1270643 -2t -1,069911800-007 -1o069911800-007 M/CS2
2113 717_7

7115 55007
o
!

• VECOEM ¸�‚66437 5 -9°437980650 ]�Œ�,_9,_37980650+00QMLC$._
71t7 70077

!
• V_CO_M -*_O 212n 75_0 _-_.43S750530 &�‚�-_._36750530�½�‚�M/CS

2121 5_216

VECDEM +52 2122 76105 5 -1,863546610+000 -1,863546610 �Â�‡�M/C$
2123 73515

• VECOEM �‚�212k76002 31 -1°338528080 î0�‡�-1,338528080U�}�M
21_5 71056

0 ............ _



(NASA DATA SOURCE)

Table ii0-4.6.5-I. FINAL H-3 PRELAUNCH FR!kSABLE LOAD COMANCHE 100 (Continued)

REV MNEMONIC ADOR OCTAL SF FNGINEFRING VALUE VALUE IN AGC UNITS

V=COEM +56 2126 04770 31 _.345251680+008 3.345251680+008 M
21_7 07136

VECOEM +58 2130 02375 _t 1.673qqo160+ODB I.F7399016Q �Z�x�M
2131 0k715

REdO + 0 2132 1h650 38 3,615522388+011 FT 1,101980755+011 M
2133 12113

• _ESO + 2 2135 65511 38 -2. q5371580_+011 FT -9.002925773+010 H
2135 72642

• RESO + 4 2136 73351 3@ -1.280506299+011 FT -3.903897600+010 M
2137 43037

VC_O + O 2140 tg527 q 6.585653737+004 FT/SEC 2.00730521i+002 MICS
214t 13747

• VESO + ? 2152 14732 9 6.785264478+005 FT/SEC 2,068148613+002 M/CS
2193 02326

o



(NASA DATA SOURCE)

l" Table 110-4.6.5-1. FINAL H-.3 PRELAUNCH. ERASABLE J.DAD C.OHANC_.E_..tQ_ (ContinueX%

REV MNEMONIC ADDR OCTAL SF _NGI_I_rRING VALUF VALUF IN AGC UNITS

VESO + 4 21gg 05465 q 2,9420q6794+004 FT/SEC 8,967236T09+001 MICS21k5 20g02

OMCGAFS + O Zig6 005h5 -26 t,t7202B67g-O05 DEG/SFC 3,255635206-010 REV/CS
2197 36577

" INTVAR + 0 2377 O0192 15 1,960000C00+002 H2 1,960000000+002 H2

1 AZIMUTH + 0 2gO0 70002 0 -8,999722222+001 DEG -2,498533951-001 REV
2401 59671

i ..... LATITUDE+ 0 2g02 02426 0 2,860842218+00¢ D=G 7,9967839kO-O02 R_V..
2g03 00022

PAD 39A

1 TAZEL1 + 0 2_32 55006 -1 -1,068076_89+002 O_G -2,966878859-001 REV

1 TAZEL1 + i 2433 77221 -2 -2°011351111+000 D_G -5.587119198-003 PEV

!

!

,0

v _m



L

(NASA DATA SOURCE)

_ Table 110-4.6.5-I. FINAL H-3 PRELAUNCH ERASABLE LOAD COMANCHE 108. (Continued) l

REv MN-EMOtiiC- ADDR 0CTAL SF ENGINEEI_ING VAL-UF............VALtJE--i_4-A-GCuNITS

1 TAZE--LI-+-2 2-----_3_-6-3611-I -6.881058333e001 BEG -I,911405093-001 REV

" i TAzEL1�3--2435 T7220 -Z '2,01594W_-4 @�¹�DEG......... -5,599845678'003 REV

--1 ...... L-AUNCHAZ 2633 06317 9 7,206694600+00-1=6Eg- .... 2.001859611_001 REV " I.
.....2s_E_.!3o___z_............

..... .... _..WHIDP0_$ ®�Œ�300000_3_ 19. 3oO010_0Q0_.0-0- --fT....... 9"-I-_-=*QQ-0Q-0-Q+0--013--M.......

30_000 FEET_ ...................................O ....... ": ...........................
| ......................

• WMID_.V__L..t._,_0.300_!__02.7_32_0 3.00_0O_QOQ_ILQt0__0___E_L/_SEC_......_9.,_t.___..00_0000-__0_0ZH__/C_______

I 30 FT/SEC .... --
L_ .........................

" _RVAR........ + 0 3.002_..00000.-t.6 Q,00.0QoQ00_O_+00_0._p__R.G__EP.e._ 0,,_00000000__0.+0_.0_Q.PE__R_C_.ERR.
3003 00000

t " RVARMIN-+--O-30-O-g--71777- _0 -=*_-OOgi-O---_gfi+ga4-F-_ ........ -3,Tt6121600+O03 H2 -I.......... 3005 77777 ..- "
u_ 3006 1,2757

| ..................

oo (20OFT)2 (A NEGATIVE NUMBER FOR CODING EASE|
l

_ rt



(NASA DATA SOURCe,)

a Tab]e 110-4.6.5-I. FINAL H-3 PRELAUHCH ERASABLE LOAD. CD_MAHCHE_IOB (Continued) .......

REV-- MNE-Mo-NI_,-ADOR oCTAL -sF- E NGiNEF_RING-_/A-L-u-E...............V/_LUE IN AGC UNITS ......

'f LADPAD + 0 3007 10510 0 ?.700000eO0-O01 UNITLESS 2,,700000000-001 UNITLESS

" LODPAD + 0 3010 06_77 0 2.070000C00-001 U_IIiLE-S_ -2."07O-Oo000O_-O()i--IJ-Ni-TIESS

1 '_ ALFAPAD + 0 3011 T44.70 -1:1-906"0-0 ............ --_ O? R-EV

I '1 P37RANG_ 3012 01605 0 1,187350000+003 N,HI, 5,496990741-002 _eREV;e

_ I _ ETDECAY + 0 3013 00105 lg 6-900000000+001 SEC _,-900000000+001 CSC)

I ......................... .

_" " rKPRIHr + 0 3-01_ 0 01-23- --5 .+-1,SB309900.O-OO_-R/CS_;_I)-l,SB3.099000-004 R/CS/RAD ....

a • EKPRIME + 1 3015 00175 -5 2,389186000-004 R/CS/RAD 2.38_186000-00g R/CS/RAD
Cr_ ...................................

1 v r"KTLX/I + 0 3016 J.74,33 18 1.2i400O_-+O0+-O05-P)AR/SC2 .... J._,-274OOI}O-O-o-+D-os--P/iR-/SC2--

1 '_ EKTLX/I + 1 3017 04500 16 9,472000000+003 PIARISC2 9,g72000000+003 P/AR/SC2

I + EKTL-X'/i +--2--3-020--00-3-_ i_,---i.,ao-oonoo-oo+-_-2 P}--A-R-/?-c-_,B. eooooo0oo+oo2 P/AR/SC2 -

+ EREPFRAC+ 0 3021 01000 2 1.250000000-001 UNITLESS 1.250000000--O01ONITLESS

THIS VALUE IS DOUBLED BEFORE IT IS USED -_
o



?

(NASA DATA SOURCE)

• I._ Table 110-4.6.5-I. FINAL H-3 PR_LAUNC_H. _RASABLE_ LOAD COMA_N._C_HE_I08.(Continued) -

-RE-V.....MNEMONIC---ADDR OCTAL SF ENGINEFRING VALUE VALUE IN AGC UNITS

CRrPFRAC �13022 00232 Z 3.750000000-002 UNITLESS 3.750000000-002 UNITLESS

.......................................................................................... I

--i_;-PAcToFF--;--O 3023 77?03 1_ -1.;16000000 ;�‡�DEG-5.968387776 �Y�‚PULS

--t,-----Y-A_i-OF-F+ -030240o067 t4 " t.3x_Oo-oooo*ooo--O_G......... 5.g3e-_6x_Z-8;o--Oi-C6O-Pb_S-

• HBNIO + 0 3025 37777 0 9.999389548-001 UNITLESS 9.999389648-001 UNITLE$S

............................................... •........................

• HBN12 + 0 3027 00000 0 O,O00000OO0+O00 UNITLES.S O.O00000000 “�Œ�ONITLESS

O_

HBDlI/2 + 0 3030 54360 1 -1.220581055 ‰�Œ�UNITLESS-1.220581055+000 UNITLES$
Ln

| ..............................................

"J _ HBO12 + 0 3031 21075 0 5,349731445-001 UNITLESS 5.349731445-001 UNITLESS

'_ HBN20 + 0 3032 37777 0 9.999389645-001 uNITLESS 9.9993896|.8-001 UNITLESS

'_ HBN2t/2 + 0 3035 60465 I -9.621582031-001 UNITLESS -9.62158203t-001 UNITLESS

o_ ..... 'HBN-2-2 .... + "0-3-034 00000- -0 0.000000P00+000 UNITLESS 0.000000000+000 UNITLESS

........HB02172 + 0 3035 5k360 I -1o220581-p55_-000 O"i:rl_ESS---i-22-058-i0-5-_+-_00-tJNI--ii.Es$"O0 _'

, _.
o '_ HBD22 + 0 3036 21075 0 5.349731445-001 UNITLESS 5.349731k=*5-OOi UNITLESS ---.u
h,1

i-a



(NASA DATA SOURCE)

......Table 110-4.6.5-I. FIN_AL H.3 PRELAVHC_ ERA_SABLE L_A_O__C.OM_ANC_E_i___ (Continued) ........

RFV MNrMONIC ADDR OCTAL , SF ENGINEERING VALUE VALUE IN AGO UNITS

HBN30 + 0 3037 37777 0 9.999389648-001 UNITLESS 9.9993896_8-001 UNITLESS

---;-HBN31/2-+-O-30-_O 57142 1 -1.050415039+000 UNITLrSS -1.050415039+G00 UNITLESS

* HBD31/_ + 0 3042 507gl 1 -1.441162109+000 UNITLPSS -1.g41162t09 �“�‚�UNITLESS

_ HBD3? + 0 3043 31162 0 7.882080078-001 UNITLESS 7.882080078-00t UNITLESS

= --;;_POATRi 0-30i6 ZiiO2....:0.............................................................................
I

_ DAPDATR2+ 0 3067 fl111_ -0

I ................................. ......

t'" £EMMAsS ; 0 3073 073_i, _ x.367840000+004 LBS 1.5276Z65Z7+O04 KG

1_ CSMHASS �03OT_ £6Z15 16 6. gg57toroo+oog LgS 2.923724875 Ì�×�‚�KG

POLYNUM + 0 3Z6t 00005 14 5.000000000+000 UNITLESS 5.000000000+000 UNITLESS

1 POLYNUM + 1 3262 00000 6 1°405176C00'001 DEG 3.903266667-004 REV
= .......... 3263 06312

o

326_ t2_t_ _
v .......................



(NASA DATA SOURCE)

..Table ii0-4.6.5-i.FINAL H-3 PRELAUNCH ERASABLE LOAD F,OMANCH ,=1.08 (Continued) _.

-RE--V--MNEMONIC .......A-DDR OCTAL -SF ENGINEFR-i-NG VALUE ...........VALUE--I-N-AGC-UNIT5

1 POLYNUM + 5 3266 00250 -23 Wo4t97J..5_O0-O03 DC"G/SF"C2 1,227696722-009 REV/CS2
3257 2736g ............................

_1 .... PO!.YN_UM �73_70 0010_ -77 1.099765000=005' DgG/$Et"3_.. 3.05_.902776.r0__16 REy/CS3 ..
3271 3J.22g

--1 POtYNU-M-+---9 327;? _75_7---5-1--1.4.90660600-007 OEG/SEC_, -i,,lt,0168336-018 REV/CSg
3273 50115 ...... __.................................................................

I"-'

_$___P_OiYNUM +1__ 327_. 77163 -65 "2.35918.2!P_q=-..OO_9_..Dr:'G/_S__F'C__5...._-..O_L55.3_2_83612-022REV/CS5 ......0 .................
= 3275 76065

[_ -i .... P--_-Y_iu_ +-i3-_3-27-g-g06E]6;i9 'i,,333_,31300-011 DEG/SEC6 3.70397583_-026 REV/CS6
i 3277 3227_. .............................. .........................................

',.0

SATRLR_I * 0 .33.0Q OOOO0 .0_ 1.0000_00_o0_0+0_00 DEG/SEC . ;_..77[7_'7778-00 =j REV_/.C__S_
330t 1694,1

1 RP$TART + 0 3:3-02--02";35i" "-i_. .... i'.-_60--0-0"0"60"1)4"00-'1-"5_(_........... i,_250-"---0--00000+003 CS ---|

r.n

I

0

M

t--_rt



(NASA DATA SOURCE)

I
............................ FINAL .H-_3 PRELAUNC_H E..R_AS_A_SLELQ_LO COH_AH_GLLE10_

REV MNEMONIC AOOR OCTAL -SF.......-_NGINEeRING VALU[ ..... VALUE IN AGC UNITS ....

2 POLYSTOP+ 0 3303 42547 14 -1,500000C00 *
E�‚�SEC-1.500000000 
×�‡�CS

SATRATE + 1 3322 003_l, i2 _'700000C00+001 oUT-PT-P-U-L _700000000 •�×�OUT-_-PUL
L._..__

2,5 DEGREE _TTITUDE ERROR_ 0,75 VOLTS

SATRATE_ +-2 332-3-'7-/_33 _ 12 '-5. ?-O00-O-OOO0'_O-OJ.-[)Ui:PT'PUL :B,, 7_"O_o0-O-o0_'-O-OJ---O'UT-PT-puIL-I--A

? ..........S_-XRA-T-E--;-__2',_ O0000: 12 " 01-000000000_000OUT_T-P6L....._.TO-o"_ O00OOO+O00 OUTPT PUL

• o 3331 lOOOO--_--_--i oooooooo0ooo UNITLES
• SATSCALE

• 000 UHITLESSi $ 1,° o_3VOLTS;,O[G..........................................................

.... _--HoRI'SL_P + 0-_3;_6 0_00 0 0-000000000+000 UNITLESS O*O00000000 ‰�–�UNITLESS....................... ._L3Z Z__.QQODA............

-LAI(SPL)__ D 3t, QQ_ 02265.. 0 2,,54BODDC16._OQI .BEG .... Z,,-Z-._§5555QO_.DG2 REV_
3401 04297 " - .•.-

| .................. _

'_ Z6,4.8 DKG NORTH GIE'.OOFTTC " .................

o _-

v

0",



(NASA DATA SOURCE)

Table 110-4.6.5-1.. FINAL H-3 pRELAUNCH ERASABLE LOAD COHAN_CHE.1..0.8._(_ontinued__ ...... I

REV MNEMONIC AODR OCTAL _F ENGINEERING VALUE VALUE IN AGC UNITS

LHG(SPL) �03WO_ 76370 0 -1,70_q99999 E�‚�DEG-4.735111110-00_ REV
3W03 ._1106 ..........

-17.85 DEG WEST GEODETIC ................

F_

0
| .............................

4:"

O_

I
t_

Z

3 0

2 '< o-x _



.... " Amendment 54
_ 12/18/70

4.7.6 VHF RANGING SYSTEM BIAS ERROR

The VHF Ranging System range readout improvement factors are given

in the following table.

System RF Signal Improvement Factor

Strength Equivalent to be added to the

Vehicles Range Range Display

CSM-II0/LM-8 0.05 to 0.15 NM 0.01 NM

0.15 to 15 NM 0.02 NM

15 to 115 NM 0.03 NM

115 to 200 NM 0.04 NM

"'- _f

110-4.7.6-1 SNA-8-D-027(1) REV 3

NASA-- MSC-- Coral., Houston, Texas
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4. 9.2 LAUNCH ESCAPE PROPULSION PERFORMANCE

Table 110-4. 9-5. LES Motor Performance

Part i: Predicted Launch Escape Motor Performance

Time Axial Thrust Beta Side Thrust

(sec) (ib-f) (deg) (Ib-f)

70 F, SEA LEVEL (ACCEPTANCE DATA S/N ED306

0.0 148.088 2. 811 7. 263

0.038 6, 151. 105 2.811 301. 706

0.052 14, 772.055 2. 8111 724. 557

0.059 20, 989. 172 2. 811 1,029. 501

0.062 26, 768. 668 2. 811 1,312. 978

0.081 91,852.437 2. 894 4, 638. 230

0.095 124, 617. 875 2. 8;{2 6, 136. 395

O. 110 141, 554. 500 2. 798 6, 910. 805

0. 119 149, 410. 437 2. 789 7, 270. 008

0. 138 157, 384. 812 2. 780 7, 634.625

0. 157 160, 190. 125 2. 7'78 7, 762. 891

0. 176 159, 744. 562 2. 7'78 7, 742. 523

0. 191 159,251. 875 2. 7'79 7,719. 996
0.338 153,378. 312 2.7.%5 7,451. 430.

0. 443 t52,091. 312 2. 786 7, 392. 586

0. 624 151,038. 562 2. 787 7,344. 457

0. 857 152,612.687 2. 785 7,416. 430

1. 005 153,726. 750 2. 784 7,467. 363

1. 291 156,441. 125 2. 781 7, 591. 477
1. 386 155,295.687 2. 783 7, 539. 105

1. 672 150,374. 062 2. 788 7, 314. 070

1. 863 I46, 559. 062 2. 792 7, 139.629
2. 053 142,684. 750 2. 797 6, 962. 488

2. 530 132, 199. 875 Z. 811 6,483. 078

2. 815 126, 226. 062 2. 820 6, 209. 926

3. 006 122, 180. 812 2. 827 6,024. 965

3. I01 120, 172. 187 2. 830 5, 933. 125
:3. 158 117,435. 625 2. 835 5, 808. 004

:3. 196 114, 700. 562 2. 841) 5,682. 941
:3.263 104, 398. 937 2. 862 5, 211. 910

:3. 349 92, 039. 625 2. 894 4,646. 793

110-4.9.2-1

SNA-8-D-027(I), Rex.- 3
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Table 110-4.9-5. LES Motor Performance

Part I: Predicted Launch Escape Motor Performance (Cont)

Time Axial Thrust Beta Side Thrust

(sec) (ib-f) (deg) (ib-f)

3. 578 69,210. 187 2. 984 3,602. 910

3.768 57, 348. 793 3. 059 3,060. 532

4. 054 43,418.301 3. 174 2,403. 753

4. 435 30, 176. 102 2. 838 1,493. 906

4. 816 21,008. 836 2. 811 1,030.465

5. 197 15,068. 797 2. 811 739. 112

6 112 6, 550. 145 2. 811 321.279

6 722 3,365.545 2.81[ 165.077

7. 389 1,648.409 2. 811 80. 853

8. 575 204. 886 g. 811 I0. 049

40 F, SEA LEVEL (ACCEPTANCE DATA), S/N ED306

0.0 148. 088 2. 811 7.263

0.038 6, 148. 285 2. 811 301. 567

0.052 14,761. 129 2. 811 724. 021

0.059 20, 969. 965 2. 811 i,028. 556

0.062 26, 741. 961 2. 811 i,311. 671

0.081 91,679.625 2.895 4,630. 332

0.095 124,274.875 2. 823 6, 120 719

0. ii0 141, 027. 687 2. 799 6, 886. 719

0 119 148, 755. 125 2. 790 7,240. 043

0. 138 156,484. 687 2. 781 7, 593. 469

0. 157 159,063.875 2. 779 7,711. 398

0. 176 158,.418. 125 2. 779 7,681. 871

0. 191 157, 782. 750 2. 780 7,_52. 824

0.338 150, 722. 250 2. 788 7,329. 992

0.443 148, 815. 500 2. 790 7,242. 805

0.624 146, 910. 562 2. 792 7, 155. 707

0.857 147,603. 000 2.791 7,187. 367

1.005 I48,268. 562 2. 790 7,217. 797

1.291 150,259. 875 2. 788 7, 308. 852

1.386 148, 987. 750 2.789 7, 250. 684

1.672 143, 879. 187 2. 795 7, 017. 098

1.863 140, 041. 312 2. 800 6, 841.617
2. 053 136, I90. 3t2 2. 805 6,665. 535

110-4.9.2-2

SNA-8-D-027(I), Rex- 3
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Table 110-4.9-5. LES Motor Performance

Part 1: Predicted Launch Escape Motor Performance (Cone)

Time Axial Thrust Beta Side Thrust

(sec) (lb- f) (deg) (lb-f)

2. 530 125,937. 625 2. 820 6, 196.742

2.815 120, 173. 562 2. 830 5, 933. 187

3.006 i16,290. 500 2. 837 5,755.641

3. 101 114, 336. 937 2. 841 5, 666. 312

3. 158 Ill,714.687 2. 846 5, 546. 414

3. t96 I09, 101. 125 2.851 5,426. 914

3. 263 99,261. 375 2. 8'74 4, 976. 996

3. 349 87,458. 562 2. 908 4,437. 324

3. 578 65, 666. 437 3. 004 3, 440. 866
3. 768 54, 345. 305 3. 083 2, 923. 190

4. 054 41, 111.441 3. I42 2,253. 160

4. 435 28, 648. 141 2. 811 1,405. 167

4. 816 19, 948. 535 2. 811 978. 459

5. 197 14, 299. 434 2. 811 701.371
6. 112 6, 199. 070 2. 811 304. 059

6. 722 3, 171.267 2. 811 155. 548
7. 389 l, 538. 746 2.811 75. 474
8. 575 158.008 2. 8el 7. 750

1

70 F, VACUUM (ACCEPTANCE DATA), S/N ED306

0.0 0.0 0.0 0.0

0.038 10,094.359 2.67.1 461. 543

0.052 20, 867. 992 2. 621 954. 147

0.059 28, 277. 305 2. 621 1,292. 921

0.062 35, 013. 277 2. 621 1,600. 912
0.081 101,398. 250 2. 621 4, 636.219

0.095 134, 160. 687 2. 6:81 6, 134.215

0. ll0 151,095.937 2.62f 6, 908. 547
0. 119 158,951.437 2.6:)-1 7, 267. 719

0. 138 166,925. 562 2. 67.1 7, 632. 320

0. 157 169,73t.250 2.6;).1 7,760.605
0. 176 169, 286. 375 2. 6181 7, 740. 262
0. 191 168, 794. 125 2.621 7, 717. 758

0.338 162, 924. 125 2. 631 7,449. 363

0. 443 16t, 639. 250 2. 621 7, 390. 613

! 110-4.9 2-3i
k
...... SNA-8-D-027 (I) REV 3
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Table 110-4. 9-5. LES Motor Performance

Part I: Predicted Launch Escape Motor Performance (Cont)

Time Axial Thrust Beta Side Thrust

(sec) (ib-f) (deg) (ib-f)

0.624 160,588.562 2.621 7,342.574

0.857 162,164.062 2.621 7,414.613

1.005 163,278.937 2.621 7,465.586

1.291 165,994.437 I 2.621 7,589.750
1.386 164,849.187 2.621 7,537.379

1.672 159,928.250 2.621 7,312.387

1.863 156,113.812 2.621 7,137.973

2.053 152,239.625 2.621 6,960.840

2.530 141,755.437 2.621 6,481.469

2.815 135,782.062 2.621 6,208.348

3.006 131,736.187 2.621 6,023.363

3.101 129,727.687 2.621 5,931.527

3.158 126,991.375 2.621 5,806.414

3.196 124,256.375 I 2.621 5,681.363

3.263 113,954.937 2.621 5,210.348

3.349 101,595.750 2.621 4,645.250

3.578 78,766.250 ' 2.621 3,601.419

3.768 66,904.937 2.621 3,059.089

4.054 52,947.895 i 2.621 2,420.932

4.435 38,913.480 2.621 1,779.237

4.816 28,303.406 2.621 1,294.114

5.197 21,228.836 I 2.621 970.644
6.112 10,615.816 2.621 485.386

6.722 6,352.797 2.621 290.468

7.389 3,892.872 2.621 177.994
8.575 119.874 2,621 5.481

40 F VACUUM (ACCEPTANCE DATA), S/N ED'306

0.0 0.0 0.0 0,0

0.038 10,094.270 2.62I 461.540

0.052 20,867.637 2.621 954.129

0.059 28,276.695 2.621 1,292.892

0.062 35,012.406 2.621 1,600.871
0.081 101,393.312 2.621 4,635.996 "

0.095 134,150.750 2.621 6, 133.762
i

110-4.9.2-4

SNA-8-D-027(I), Re,." 3
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Table 110-4.9-5. LES Motor Performance

Part i: Predicted Launch Escape Motor Performance (Cont)

Time Axial Thrust Beta Side Thrust

(sec) (ib-f) (deg) (ib-f)

0. ii0 151,080. 875 2.621 6,907. 855

0.119 158,932.812 2.621 7,266.871

O. 138 166, 900. 500 2.621 7,631. 176

0. 157 169, 700.312 2.621 7,759. 191

0. 176 169, 250. 500 2. 621 7, 738. 625

0. 191 168, 754. 875 2.621 7, 715. 961

0.338 162, 861. 562 2.621 7, 446. 504

0.443 161, 571. 125 2. 621 7,387. 500

0.624 160, 511. 812 2.621 7,339. 066

0.857 162, 083. 437 2.621 7,410. 926

1.005 163, 198. 437 2. 621 7,461. 906

1.291 165,914. 187 2.621 7, 586. 078

1.386 164, 771. 875 2. 621 7, 533. 852

1.672 159, 863. 437 2.621 7, 309. 422

: 1.863 156, 055. 687 2.621 7, 135. 320

2.053 152, 185. 812 2.621 6, 958. 379

2. 530 141,715. 250 2. 621 6,479. 633

2. 815 135, 761. 250 2. 621 6,207. 395

3. 006 131, 711. 437 2.621 6, 022. 227

3. i01 129, 675. 562 2.621 5,929. 145

3. 158 126, 951. 750 2. 621 5,804. 602

3. 196 124,228o 500 2. 621 5,680. 086

3.263 113, 937. 187 2.621 5,209. 543

3. 349 i01, 581. 125 2. 621 4,644. 582

3. 578 78, 759. 687 2. 621 3,601. 120

3. 768 66, 899. 312 2. 621 3,058. 830

4. 054 52, 943. 812 2.621 2,420. 745

4.435 38,910.730 2.621 1,779. 112

4. 816 28, 301. 496 2. 621 1,294.024

5. 197 21,227.371 Z. 621 9.70.580

6. 112 I0,615.090 2.621 485. 353

6. 722 6, 352. 414 • 2.621 290. 451

7. 389 3, 892. 635 2o621 177. 982

8. 575 119. 866 2_621 5.481

110-4. 9.2-5

SNA-8-D-027(1), Rev 3
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Table 110-4. 9-$. LES Motor Performance

Part 2: Predicted Pitch Control Motor Performance
m

I Axial Thrust (lb-.f)
Time (sec)

70 F, VACUUM (ACCEPTANCE DATA), MOTOR S/N 140

0. 0.

0.006 25.285

0.027 763.774

0.053 1726.339

0.071 2153.564

0.097 2558.121

0.140 2885.951

0.175 2995.808

0.210 3048.122

0.237 3055.097

0.263 3056.841

0.298 3046.378

0.341 2997.552

0.359 2960.933

0.385 2891.182

0.411 2807.481

0.446 2685.416

0.490 2531.964

0.533 2376.768

0.588 2120.433

0.612 1872.816

0.639 1461.285

0.664 i159.612

0.691 927.689

0.708 809.112

0.734 673.098

0.769 530.108

0.787 476.051

0.830 360.962

0.857 308.648

0.883 261.567

0.926 207.509
0.968 162. 171

|.023 123.808

1.067 95.908

1.119 75.854

1.154 43.594

1.188 31.388

1.245 0.174

110-4. 9. Z-6

SNA-8-D-027(I), Rev 3
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Figure 110-4. 9-7. Axial Thrust, Launch Escape Motor
(S/N ED306)

" 110-4.9.Z-7
\ ._. SNA-8-D-0Z7(i), Re_, 3
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APPENDIX 111

CSM 111

Changes to baseline data specific to CSM iii are included in this appendix.

1.0 No change

2.0 No change

3.3 Service Module RCS Constraints (TBS)

3.4 Command Module RCS Constraints (TBS)

3.5 SPS Constraints (TBS)

3.11 Temperature Limits (TBS)

4.1.3 Cryogenic Tank Characteristics (TBS)

4.1.4 EPS Battery Charger Calibration (TBS)

4.1.6 EPS Master Electrical Equipment List (TBS)

• 4.2.3 ECS Glycol Accumulator Calibration (TBS)

4.3.6 Service Module RCS Forces and Moments (TBS)
4.4.5 Command Module RCS Moments (TBS)

, 4.5.1 SPS Engine Performance (TBS)

; 4.5.3 SPS Engine Propellant Flow Resistance (TBS)

4.6.1 TNU and Guidance Computer Data (TBS)

4.7.6 VHF Ranging System Bias Error (TBS)

4.9.2 Launch Escape Propulsion Performance (TBS)

5.0 NO change

6.0 No change

7.0 No change

: 111-1

SNA-8-D-027(I), Rev 3
NASA--MSC
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This appendix will not be updated and the

data presented are only valid up to the

Apollo 15 launch date, 26 July 1971. Con-

sequently,revisions subsequent to the

Apollo 15 flight may introducedata into

the basic text of the data book that con-

flicts with the data in this appendix.

Maintainingor deleting this appendix for

CSM-II2 in the SODB is entirely at the

option of the user.

CSM-II2

SNA-8-D-027(1) REV3



Amendment 68

6/21/71

APPENDIX 112

CSM 112

Changes to baseline data specific to CSM 112 are included in this appendix.

1.0 No change

2.0 Space Vehicle Configuration
3.1.6 Cryogenic Equipment
3._ Service Module RCS Constraints

3.4 Command Module RCS Constraints
3.5 SPS Constraints

3.11 Temperature Limits

4.1.3 Cryogenic Tank Characteristics

4 io4 EPS Battery Charger Calibration

4 1.6 EPS Master Electrical Equipment List
4 2°i Oxygen Supply
4 2.3 Primary Coolant Circuit

4 2.4 Secondary Coolant Circuit

4 3.6 Service Module RCS Forces and Moments

-- 4.4.5 Command Module RCS Forces and Moments

4o5.1 SPS Engine Performance

• 4.5.3 sPs Engine Performance Flow Resistance (TBS)

4.6.1 I_ Guidance Computer and Erasable Memory Constants
4.7.6 VHF Ranging System Bias Error

4.9.2 Launch Escape Propulsion Performance
5.0 No change

6.0 No change

7.0 No change

I 112-1 SNA-8-D-027(1) REV 3
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f .

2.0 SPACE VEHICLE CONFIGURATION

The CSM 112 Scientific Instrument Module (SIM) is depicted in

Figure 112-2-4. The solar monitor is located in Bay IV of the service

module. The SIM package is located in Bay I of the service module.

The following experiments are included in tlhe CSM 112 payload:

Experiment Number Experiment Title

S160 Gamma-Ray Spectrometer

S161 X-Ray Fluorescence Spectrometer

S162 Alpha Particle Spectrometer

S164 S-Band Transponder

S165 Mass Spectrometer

S164/S173/S174 Subsatellite

Facility equipment will be used for:

CSM Orbital Photographic Tasks

Optical Bar Panoramic Camera

.- Three-Inch Mapping Camera

Laser Altimeter

SIM individual experiment configurations are defined in Apollo Operations

Handbook, SM2A-O3-Block II-(i). Individual experiment-imposed limitations and

performance data are presented in CSM Experiments Data Book for J-Missions,
Volume VI of this document.

2.1 SIM BAY ALIGNMENT

The alignment of the CSM 112 SIM bay was measured at KSC by optical
methods. The measurements were made with the X-axis on the local vertical,

one atmosphere ambient pressure, and at i g. The center line of the SIM bay
was found to be at an azimuth of 142 ° 23' 03" measured from the +Z axis.

This corresponds to _ = 52.38 ° • The SIM bay shelf was found to slope aft

by 2' 36", which corresponds to _ = 90.04 °. In addition, the SIM bay shelf
was found to be canted 4' 00" clockwise, viewed facing the vehicle. These

measurements are illustrated in Figure 112-2-5. The transformation of these

data to a y-p scheme (reference Figure 112-2-6), which is directly usable

by the CMC, yields the following:

y = 090.07

p = 052.38

f

112-2.0-I

..... SNA-8-D-027(1), Rev 3
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MAPPING CAMERA

1- CAMERA

1 FILM CASSETTE

"1LASER : "

MULTIPLE

OPERATIONS -. _'
MODULE

" " CONTROLS
,j ,_ J

EVAFOOT

CAMERA

PARTICLES
& FIELO -. ""..

SUBSA_LL _ PANCAMERA
•- FILMCASSETI_

="[ -:-_'='c:--

/

MASSGAMMA-RAY ALPHA& X-RAY SPECTROMETER
SPECTROMETER/ SPECTROMEI'_R

Figure 112-2-4. Service Module J-Mission SIM Bay
(See Paragraph 2.0)

112-2.0-2 •

SNA-8-D-027(1), Rev 3



Amendment 75

..... -Y +X 7/25/71

\ +z

+Y

, "_""

15

t
+X -X +X

----.----._ =:==:== _

Y-Z
SIM BAY PLANE
SHELF

SECTION A - A SECTION B - B

NOTE: Angles were measured with X-axis on local vertical,
one atmosphere, and l g.

Figure 112-2-5. CSM 112 SIM Bay Alignment
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_,_9__ LOS TO BODY

X'

I
Z

Figure 112-2-6. Definition of y and p for CMC

(See paragraph 2.1)
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3.1o6 CRYOGENIC EQUIPMENT

3.1.6.1 Cryogenic Hydrosen Tank Pressure-Temperature Limit Relationships

For cryogenic hydrogen tank pressure-temperature limitations, see Figure

112-3.1.6-1. Pressure-temperature limit relationships for the cryogenic

hydrogen tanks are determined by two mechanisms of hydrogen attack of titanium.

Flaw growth under stress or massive hydride foI_ation results in material

flaking and loss of tank material. The former is the governing mechanism at

lower temperatures (below -200 F); the latter governs above -200 F. The limits

preclude flaw growth and catastrophic failure for the entire temperature
range°

/
i

112--3.1.6-1

SNA-8-D-027 (I) REV 3
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Figure i12-3.1.6-i. EPS Cryogenic Hydrogen Tank Pressure - Temperature
Limits
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3.1 ELECTRICAL POWER SUBSYSTEM (EPS)

3.1.7 TRANSEARTH COAST - SIM ELECTRICAL SHUTDOWN

Before and during EVA while in transearth coast, electrical power to
the SIM must be shut down for crew safety purposes.

/

112-3.1.7-1
_..... SNA-8-D-027(I), Rev 3
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3.3 SERVICE MODULE REACTION CONTROL SUBSYSTEM

3.3.1.5 Lunar Orbit - SIM Experiments

Subsequent to SIM door jettison, SM RCS Jets A2, A4, BI, and B4 must

be inhibited during experiment data collection phases. In addition, Jets

C1 and C3 will be inhibited during mass spectrometer operation. RCS

control requirements for ullages, SPS burns, rendezvous, and docking will be

satisfied and should be performed to minimize the total accumulated

interval of RCS plume impingement into the SIM bay.

3.3.1.6 Transearth Coast - SIM Experiments

During experiment data acquisition, SM RCS Jets A2, A4, BI, and B4

must be inhibited to prevent experiment contamination, unless quad pro-

pellant imbalance requires their activation. In addition, Jets Cl and C3

will be inhibited during mass spectr?meter operation.

Operations with extended booms will require deactivation of the control

system prior to boom extension. (Boom mounted experiments are operated

during PTC in transearth coast.)

3.3.1.7 EVA - SIM Experiments

SM RCS quads A and B, and SM RCS Jets C1 and D2 must be inhibited

-_ during EVA for crew safety purposes.

112-3.3.1-1 SNi-S-D-027(1), Rev 3
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(NASA DATA SOURCE)3.3.6 SM RCS HELIUM BOTTLE PRESSURE-TEMPERATURE LIMITATIONS

The pressure-temperature limitations of the SM RCS helium bottle are

given in Figure i12-3.3.6-1.

112-3.3.6-1 SNA-8-D-027(1) REV 3
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(NASA DATA SOURCE)

3.3.8 PRESSURE-TEMPERATURE LIMIT RELATIONSHIPS FOR SM RCS PROPELLANT TANKS

Fracture mechanics pressure-temperature limit relationships for propellant

tanks are dependent upon the history of the individual tank with respect to
pressure cycling, type of fluids used; etc. These limits are established to

preclude potential growth of a flaw in the tank wall, when in contact with

the propellants, that will exceed the maximum allowable value for the tank.

The maximum allowable pressure-temperature limit relationships for S/C 112 SM
RCS propellant tanks are given in Figure 112-3.3.8-1.

.... 112-3.3.8-1

SNA-8-D-027(1) REV 3
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(NASA DATA SOURCE)

SM RCS PROPELLANTTANKS i
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Figure 112-3.3.8-1. Fracture Mechanics Maximum Allowable Pressure-

Temperature Limit Relationship for SM RCS
Propellant Tanks
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3.4.4 CM RCS PRESSURE-TEMPERATURE LIMITATIONS *

Fracture mechanics pressure-temperature limit relationships for pro-

pellant tanks are dependent upon the history of the individual tank with

respect to pressure cycling, type of fluids used, etc. These limits are es-

tablished to preclude potential growth of a flaw in the tank wall, when in
contact with the propellants, that will exceed the maximum allowable value

for the tank. The maximum allowable pressure-temperature limit relation-

ships for S/C 112 CM RCS propellant tanks are given in Figure I]2-3.4.4-1.

_e pressure-temperature limitations of the CM RCS helium bottle are I
given in Figure 112-3.4.4-2. I

* NASA DATA SOURCE

112-3.4.4.-i

SNA-8-D-027(1) REV 3



TEMPERATURE(°F)

Figure 112-3.4.4-1. Fracture Mechanics Maximum Allowable Pressure-

Limit Pelationship for CM RCS Propellant Tanks
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(NASA DATA SOURCE)

3.5.4 SPS HELIUM BOTTLE AND GN 2 PRESSURE-TEMPERATURE LIMITATIONS

See Figures 112-3.5.4-i and 112-3.5.4-2 for SPS helium bottle and

GN 2 pressure-temperature limitations°

112-3.5.4-1 SNA-8-D-027(1) REV 3
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"" 3.5.4 SPS HELIUM AND GN2 PRESSURE-TEMPERATURE
LIMITATIONS (NASA DATA SOURCE)
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Figure 112-3.5.4-1. SPS Helium Bottle Pressure-Temperature Limitations
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(NASA DATA SOURCE)

3.5.10 PRESSURE-TEMPERATURE LIMIT RELATIONSHIPS FOR SPS PROPELLANT TANKS

Fracture mechanics pressure-temperature limit relationships for pro-

pellant tanks are dependent upon the history of the individual tank with

respect to pressure cycling, type of fluids used, etc. These limits are es-

tablished to preclude potential growth of a flaw in the tank wall, when in
contact with the propellants, that will exceed the maximum allowable value

for the tank. The maximum allowable pressure-temperature limit relationships
for S/C 112 SPS propellant tanks are given in Figure 112-3.5.10-1.

..... 112-3.5. i0-i

SNA-8-D-027 (1) REV 3
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(NASA DATA SOURCE)
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3.8 STRUCTURES

3o8.2.10 Boom Retraction Restrictions

All experiment booms must be in the stowed (fully retracted) position
during all SPS burns and EVA. If a boom fails to retract in lunar orbit,

it must be Jettisoned before SPS thrusting; if boom retraction failure
occurs during transearth coast, jettison must occur prior to CSM control

system activation. (Boom mounted experiments are operated during PTC in
transearth coast.)

--. f

\

i 112-3.8.2-1

k..... SNA-8-D-027 (I), Rev 3
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3.10 CREW AND CREW SYSTEMS

3.10.1 EXTRAVEHICULAR ACTIVITIES (EVA)

3.10.1.2.4 EVA Duration

Time outside the CSM should not exceed 60 minutes. See Paragraph 4.10.3.3.

112-3.10.1-1
SNA-8-D-027(1), Rev 3
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3.10.5 CSM ATTITUDE FOR EVA

3.10.5.1 Sun Look-An_le Envelope

Solar illumination of the CSM during EVA is constrained by the SIM, EVA

crewmen, CM hatch, TV and film cameras, the high-gain antenna scan limit,

ECS umbilical, and the crewman foot restraint. The aggragate illumination

constraints yields an allowable solar illumination envelope defined in

Figure 112-3.10-1.

3.10.5.2 Nominal Sun Look Angle for EVA

A solar look angle which optimizes communications availability and

satisfies all thermal and illuminations constraints is defined as es = 145 °,

_s = 315°"

3.10.5.3 Communications Look An_les for EVA

With the nominal solar look-angle orientation, the high-gain antenna will

be in the automatic reacquisition region or the automatic tracking region of

coverage. Figure 112-3.10-2 presents loci of earth positions for 0-30 ° earth-

sun separation angles in 5 ° increments.

112-3.10.5-1
SNA-8-D-027(1) REV 3
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Table 112-3,11-3. Service Module Reaction Control Subsystem (SM RCS) Temperature Limitations

TEMPERATURE MEASUREIdENT

COMPONENT LIMITS (°F) LOW LIMIT REASON HIGH LIMIT REASON
NUMBER LOCATION

LOW HIGH

Primary Oxidizer
Quad A 124/135 Fracture mechanics.

Quad B 133/142 207 psid prior to firing/ None N/A

Quad C I 192 psld during mission.

Quad DI 127/137

Primary Fuel

Quad A 141
Quad B 147 Fracture mechanics. None N/A

i Quad C 144 207 psld.

Quad D 150

Secondary Ox 124 Fracture mechanics. None N/A!
Tank 207 psid,

Secondary Fuel 141 Fracture mechanics. None N/A
Tank 207 psld.

NOTES: i. See Figure 112-3.3.8-1 for SM RCS

fracture mechanics pressure-

temperature relationship curves°
i

2. See Table 3 11-3 for other SM RCS >
o temperature limitations. (All > o_

._ RCS fracture mechanics limits-NASA _ _o _

DATA SOURCE) _ _ _

o
_o t_



Table 112-3.11-4. Command Module Reaction Control Subsystem (CM RCS) Temperature Limitations

• TEMPERATURE MEAsuREMENT .

COMPONENT LIMITS (°F) LOW LIMIT REASON HIGH LIMIT REASON

LOW HIGH NUMBER LOCATION

Propellant Ox

Tanks

TankA I 126 Fracture mechanics. None N/ATank _308 psid.

_q

Propellant Fuel
_o Tanks o

144 j308 psld.Tank

I
_o

NOTES: i. See Figure 112-3.4.4-1 for CM RCS

fracture mechanics pressure-

temperature relationship curves.

2. See Table 3 11-4 for other CM RCS -

temperature limitations. (All

RCS fracture mechanics limits-

NASA DATA SOURCE). ""

5' >
o

ro_

O ---_



Table 112-3.11-5. Service Propulsion Subsystem (SPS) Temperature Limitations

T_PERATURE
MEASUREMENT

COMPON_T LIMITS (°F) LOW LIMIT R_SON HIGH LIMIT REASON

LOW HIGH NUMBER LOCATION

Oxidizer Sump 109 Fracture mechanics. SA2377T On tank @

Tank Skin 205 psid secondary regulato, X ffi 280Oxidizer Storage 109 lock-up and 0.5% minimum s

Tank Skin nitric acid content SA2378T On tank @Xs - 280

Fuel Sump Tank 126 SA2379T On tank @Skin Fracture mechanics.

205 psld seconda_ regulator Xs - 280
Fuel Storage 126 lock-up.Tank Skin SA2330T On tank @ oz

, _ - 280

NOTES: i. Temperature limits indicate the limit

of the tank hot spot and not neces-

sarily the limit of the measurement

number location. The hot spot limit

may be predicted from the measure-

ment number reading.

2. See Figure 112-3.5.10-1 for SPS

fracture mechanics pressure-

temperature relationship curves.

3. See Table 3.11-5 for other SPS >

temperature limitations. _ _
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3.11.4 SM/SIM THERMAL DATA DURING EVA (PREDICTED)

3.11.4.1 Service Module Temperature Map

Figure 112-3.11-19 presents a temperature map of the service

module surface (panels) adjacent to the SIM bay. The temperatures

given are expected to be prevalent during the EVA period after TEl.
Two temperatures are given for each panel, they represent the worst
hot-case and conversely the worst cold-case conditions. These worst-
case conditions are assumed to occur 15 hours after TEl which is also

2 hours subsequent to the maneuver for EVA attitude. The temperature

map is based upon the criteria and data provided in the following table
in the order given.

Condition Hot Case Cold Case

i. Initial temperature 80 F 55 F
(at end of TEl burn)

2. Post TEl 2 hr hot soak 2 hr cold soak

3. PTC i _ph with solar I rph with solar
vector perpendicular vector 70° to CSM
to CSM X _is X axis

4. Theta (0), Phi (_) 140 °, 325 ° 155°, 325°

5. EPS radiator heat 8100 Btd/hr 1980 Btu/hr

rejection

3.11.4.2 SIM Temperature Map (Predicted)

Figure 112-3.11-20 presents a map of the predicted surface tempera-
tures for the instruments, equipment and shelves within the SIM bay.

These temperatures are those expected at the start of EVA.

3.11.4.3 Umbilical Temperature (Predicted)

Figure 112-3.11-21 provides a curve giving umbilical outlet oxygen
flow temperatures as a function of EVA elapsed time. The worst hot-case
and worst cold-case conditions were generated based upon the related

assumptions given on the figure. The figure shows for example, that if
the EVA conditions are biased cold, the oxygen umbilical outlet will

reach its lower limit of zero (0) degrees after 1.4 hours of elapsed

time. Upper and lower umbilical design limits are also shown.

3.11.4.4 Oxysen Inlet Temperature-IVA Crewman

Figure 112-3.11-22 provides a curve giving oxygen flow suit inlet

temperatures as a function of time for the IVA crewman during transearth
EVA. "Full sun" based upon a theta (0) of 140 ° to 155° as shown on the

112-3.11.4-1
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figure, is defined as that condition where the solar vector is perpendicu-

lar to the longitudinal axis of the umbilical. The full-sun condition

mayL be problematical and dependent upon the precise tether position

taken by the IVA crewman as he stands in the open hatch. For other than

full-sun conditions the crewman may be required to move the umbilical so

that is does lie perpendicular to the sun. Upper and lower umbili-

cal design limits are also shown.

112-3.11.4-2 SNA-8-D-027 (I) REV 3
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A MEANSAREA (IN 2)
• i

SOLARABSORPTIVITY

EMISSIVITY

HIGH # = WORSTCASE HOT CONDITION

LOW# = WORSTCASE COLDCONDITION

BEAM #5 BEAM#6 SEAM #I BEAM #2

1 1 I
A = 609. A = 777. 525: A = 777. A = 609 A = 1806. IN2
a = e:.5 e = .2 e=E=.5 e = .2 E=e= .5
159° i07 C _= .9 36° _ = .9 _ = .2 II0 °

355._ 130° -15 _ -65° -82° .9 _8 °Xs
SHELL RCS PANEL BAY-I CRYOPANEL RCS

PANEL SHELL

, A = 2264. A : 1890 A : 4060.

A = 3140. , A = 1890. _ = E = .5 as=E=.5 a =E: .5
_s = _ = .5 33° _4° s

_s = E : .5 136o _55° -71 °

16i ° 80° -65 ° _83°

103° RCS RCS
PANEL PANEL

SHELL A : 1598. A = 1598 SHELL
A = 1431. as=E = .5 as _ .5 A : 1851.
as = _ = .5 133° -57 ° as= E = .5
159° 95o 77° SIM _72° _69o _84°

ECS RADIATOR ECS RADIATOR

A = 3734. A = 4356. i

as= .2 as= .2
= .9 E : .9

56° _7° 38° _25°

Xs 200 A = 812. _.=_= 5 114° E 5_ __._.=z_=_.__58 o 947 20o.

F-- _AY6 H--- _AYI _I_ _AY2 ------d
• _MSHELLAREA__D_ACE.TTOSIM

IVIE.O_SHELLRO_LE_OUT_LA_)
APPROXIMATESCALE I" = 40"

Figure 112-3.11-19. Service Module Temperature Map
_ (See paragraph 112-3.11.4.1)
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Figure 112-3.11-20. 81M Temperature Map

(See paragraph 112-3.11.4.2)
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CONDITIONS HOT CASE NOMINAL CASE COLD CASE

145°

3OF

181n

7O

60

-2O
0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2,,4 2.6

TIME (HOURS)

Figure 112-3.11-21. EVA Oxygen Umbilical Temperature vs. Time
(See paragraph 112-3.11.4.3)
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DESIG_ LIMIT-_ --

_ _ _-----_ " FULL _UN

o__ .... D---_I-_:_i_frr-- ----

L
o , I "

o o.2 o._ o.s o.8 I.o

TIMEn_HOUmS

Figure 112-3.11-22. IVA Oxygen Suit Inlet Temperature vs. Time
(See paragraph 112-3.11.4.4)

i12-3.11.4-6
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4.1.3 CRYOGENICS MANAGEMENT

4.1.3,2 Hydrogen and Oxygen Tank Heater Power Dissipation

Figures 112-4.1-28 and 112-4.1-29 show hydrogen and oxygen tank

heater power dissipation as a function of CM main bus voltage. The
plots account for the voltage drop between the bus and the heater

elements and reflect the power dissipation across the heater element

at a voltage different from the CM bus voltage.

4.1.3.7 Oxygen Consumption Rate

For mission planning purposes the ECS oxygen requirements should

be based on an average rate of 0°24 +--0.08pound per hour for three-

crewman operations and 0.ii +0.08 pound per hour for solo operations.

......f These rates are estimated values based on previous flight experience

and CSM 112 hardware data and differ significantly from maximum allow-
able values.

4.1.3o9 Cryogenic Tank Characteristics

Table 112-4.1-4 presents average flow rate data, relief valve

cracking and reseat pressure values, and pressure switch actuation

values for each hydrogen and oxygen cryogenics storage tank.

112-4.1.3-1
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Table i12-4.1-4. Cryogenic Tank Characteristics

i I

COMPONENT I I TEST DATA

P/N & S/N FUNCTION I REQUIREMENT ACCEPTANCE MAO 1015 TCP 0070 TCP 0005

H2 Tank #i Minimum dQ/dm Flow <0.0725 #/hr 0.0477 #fhr .........
ME282-0047-0040 (Average)
IO024HTA0042

H2 Tank #2 Minimum dQ/dm Flow i<0.0725 #/hr 0.0631 #/hr .........
ME282-0047-0050 (Average)
10024HTA0036

H2 Tank #3 Minimum dQ/dm Flow <0.0725 #/hr 0.0462 #/hr .........
ME282-0047-0050 (Average)

10024NTA0039

Valve Module, Relief Valve

I Hydrogen, Operation

Cryogenic Storage Tank 1

System Cracking Pressure 273 psig (min) 281o5 psig 281.0 psig 299.0 psig ---
ME284-0291-0002 Reseat Pressure 268 psig (min) 276.0 psig --- 296.0 psig ---

06553J041915 Tank 2

Cracking Pressure 273 psig (min) 281.5 psig 282_0 psig 297.0 psig! ---

Reseat Pressure 268 psig (min) 275.5 psig --- 296.0 psig ....Pressure Switch

Actuation

Tank 1

Low Pressure 225 psia (min) 235.0 psia 235.0 psia 222.0 psia 233.0 psia
I
o_ High Pressure 260 psia (max) 254.0 psia 255.0 psia 259.0 psia 254 0 psia
I

Tank 2
O

Low Pressure 225 psia (min) 234.0 psia 234.0 psia 235.0 psia 233.0 psia

High Pressure 260 psia (max) 254.0 psia 257.0 psia 255.0 psia 254.0 psia -_m°_m

LJ _D



Table 112-4.1-4. Cryogenic Tank Characteristics (Continued)

COMPONENT TEST DATA

P/N & S/N I,'UNCTION REQUIR_IENT ACCEPTANCE _O i017 TCP 0070 !TCP. 0005

Valve _Iodule, Relief Valve i

Hydrogen, Operation &

Cryogenic Storage Pressure S_itch

System Actuation
hiE284-0373-0003 Tank 3

06553H500103 Cracking Pressure 273 psig (min) 281.0 psig 280.0 psig 298.0 psig ---
Reseat Pressure 268 psig (min) 276.0 psig --- 297.0 psig ---

Low Pressure 225 psia (min) 236.5 psia 234.0 psia 240.0 psia 237.0 psia

High Pressure 260 psia (max) 254.0 psia 255.0 psia 260.0 psia 253.0 psia

I



/

Table 112-4,1-4. Cryogenic Tank Characteristics (Continued)

TEST DATA
COMPONENT

P/N & S/N FUNCTION REQUIREMENT ACCEPTANCE MAO 1014 TCP 0070 TCP 0005

02 Tank #i Minimum dQ/dm Flow <0.913 #/hr 0.6373 #/hr .........

ME282-0046-0005 (Average)

10024XTA0030

02 Tank #2 Minimum dQ/dm Flow <0.913 #/hr • 0.7154 #/hr .........

ME282-0046-0005 (Average)
IO024XTA0031

02 Tank #3 Minimum dQ/dm Flow <0.913 #/hr 0.6690 #/hr .........
ME282-0046-0005 (Average)
IO024XTA0018

to
l

Valve Module, Relief Valve

Oxygen, Cryogenic Operation

Storage System Tank 1I

ME284-0290-0002 Cracking Pressure 983 psig (min) 1001.5 psig 998.0 psig 1020.0 psig ---
06553J220103 Reseat Pressure 965 psig (min) 977.5 psig --- 1003.0 psig ---

Tank 2

Cracking Pressure 983 psig (min) 997.0 psig 997.0 psig 1024.0 psig ---

Reseat Pressure 965 psig (min) 974.0 psig --- 1007.0 psig ---

Pressure Switch

• Actuation

_o Tank 1

i> Low Pressure 865 psia (min) 889.5 psia 895.0 psia 890.0 psia 882.0 psia

lligh Pressure 935 psia (max) 926.5 psia 931.0 psia 932.0 psia 928.0 psia

I Tank 2 o_•

_o Low Pressure 865 psia (min) 877.5 psia 876.0 psia 881.0 psia 885.0 psia ro__

High Pressure 935 psia (max) 924.0 psia 927.0 psia 935.0 psia 931.0 psia _



Table ]12-4.1-4. Cryogenic Tank Characteristics (Concluded)

COMPONENT TEST DATA

P/N & S/N FUNCTION REQUIR_IENT ACCEPTANCE _0 1017 i TCP 0070 TCP 0005

I#a]ve Module, Relief Valve

3xygen, Operation & l

:ryogenic Storage Pressure Switch

5ystem ActuationI
,_E284-0373-0003 Tank 3

D6553H500103 Cracking Pressure 983 psig (min) 998.0 psig i001.0 psig i010.0 psig ---

Reseat Pressure 965 p_ig (min) 976.0 psig --- I001.0 psig ---
I

Low Pressure 865 psia (min) 880.0 psia 869.0 psia --- 878.0 psia

High Pressure 935 psia (max) 923.0 psia 913.0 psia --- 920.0 psia
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f--

Figure 112-4.1-28. Hydrogen Tank Heater Power Dissipation

\
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NOTE: I. HEATERELEMENTRES,
14.7 OHMS

2. THREEHEATERELEMENTS
PERTANK

31

30

27

2E
30 40 50 60 70

HEATER POWERDISSIPATION (WATTS)

Figure 112-4ol-29. Oxygen Tank Heater Power Dissipation
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4.1.4.4 Inflight Battery Char$in$ Cutoff

Figure 112-4.1-52 shows the relationship between the battery

charger output current and the battery terminal voltage.

112-4.1.4-1 SI_-8-D-027(I) B_V 3
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4.1.6.1 Master Electrical Equipment List

Table 112-4.1-6 presents the master electrical equipment list for CSM 112.

The power levels shown should be used for mission planning involving CSM 112.

112-4.1.6-1
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Table 112-4.1-6. Master Electrical Equipment List (See Paragraph 4.1.6.].)

Definition of Titles

1. Cod_.__ee- A numeric used to identify the component within a ,_ystem.

2. Description - a description of the component.

3. CP___C- Cold Plate Code - A numeric showing the coldplate or non-
coldplated status of the component.

e.g. 036 - cold-plated component on coldpate V36-610036

2 - a non-coldplated item in the Conmmnd Module

3 - a non-coldplated item located in the Service
Module

i. Part or Identification Number - Actual part number, vendor number,

;_ XXXXXXX_ MC ,IYJDCfXXor a drawir4 calling out the component being
tracked, e.g., V36-XXXXXX.

5. _eference Desie_ation - An alpha-numeric designating the location of
the component as called out on scheratics.

6. _ - Quantity of components in the Spacecraft.

7. A/DC - Specifies whether the cc_ponent requires AC or DC power.
!'_erecomponent requires both a separate line identifies the level
of power of each.

8. P.F. - Power Factor - All power factors are lagging except as noted
in remarks column.

9. Bus ID - Bus identification, an alpha-numeric coding showing bus or
buses from which components draw power.

30. Power in _tts - Power requirement per unit as defined at equipment
interface under applied voltages of 28v dc or llSv ac.

Spec. - Specifications values

Development - Value obtained from development test repo_
Qual Test - Value obtained from Qual Test report

Acceptance - Value obtained from Acceptance Test report

ll. CRCT Breaker - Circuit breaker w_hich isolates t,hat system or component.

12. NOTE____SS- The reference number of the notes which specify pertinent
information about the use of the equipment.

112-4.1.6-2 SNA-8-D-027(1) REV 3
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Table 112-4.1-6. Master Electrical Equipment List (Continued)

BUS IDENTIFICATION

(USED WITH LIBRARY LIST)

Legend Bus

S A iService Module Bus A
S B Service Module Bus B

S A B 'ServiceMedule DC Bus, Same Ne Comp/Bus
C A _Command Module DC Bus A
C B DC Bus B

C A B DC Bus, Same No Comp/Bus
C A B ! DC Bus A and'B - Dioded
C A B 2 DC Bus A or B
C 1 AC Bus 1
C 2 AC Bus 2
C i 2 i AC Bus I and 2
C 1 2 2 AC Bus 1 or 2

B A Battery Bus A
B B Battery Bus B.

.... B A B Battery Bus, Same NO Comp/Bus
B A B C Battery Bmses and Batt C Term
B C Battery C Terminals
B A B 1 Battery A & B
B A B 2 Battery A or B
B R Battery Relay Bus
F B i Flight Bus

F P 'L . Flight & Pest Landing B_s
G S E Ground Support Equlpme_t

SNA-8-D-027(1) REV 3
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Table 112-4.1-6. Master Electrical Equipment List (Continued)

MODE DEFINITION

(USED WITH NOTES LIST)

MODE DEFINITION MODE DEFINITION

GUIDANCE AND NAVIGATION (CODE 2701) STABILIZATION AND CONTROLS (CODE 2901)

Attitude Control, Delta-V, Entry Modes A Launch, G&N Delta-V with SCS Backup

B INU Alignment, LM Tracking B C4_N Maneuver, 1 FDAI No SCS Backup

B I ]]CO Fine Alignment C G&N ATT. Hold, i FDAI No SCS Backup

C CMC Operations D SCS Delta-V, 1 FDAI No C4_N

D Sextant Sightings E SCS Att. Hold, i FDAI No G&N

E G&N Powered Down F SCS Att. Hold, No FDAI, No C4dq

G SCS Rotation, i FDAI, No G&N
I

H SCS Translation, i FDAI, No G&N

i

_" I Standby, SCS Gyros in "Warmup"

J Standby, No Gyro Warmup

K G&N Entry SCS Backup

L SCS Entry, 1 FDAI No G&N



/
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Table 112-4.1-6. Master Electrical Equip.Lent List (Continued) I

i

NOTES

fUSL'_ 141TH LITANY AND HOOF. L|ST)

NO 0ESCRIPT 10N NO I
CY_CRIPT I_

I

l NC:L.UDIES90TH PRIMARY AND S_C0NDARY SYSTEV_ 38 I1_ _F',GHI,.IL

HIT DATA _0UR'cr" [39 I,ICOE IM_0HKI.

"l S£A I.J[V_. 0P_RATION ONLy _0 _ OCGH

q VACUUH OPERATIC_I ONLY _1 _ F|J

5 PONER FROH fUEL CELL POSITIVE PLATE iq_ _ IQ.

6 NASA DATA SOURCE _t3 11_ BC|_GHL

? 59"/ REACYlVK V(X.T-AHPS ktq I'_ C(GN

IB RAXIHUH CNARG¢ L45 HO(_ IJ

9 SCSYAMHOO¢ _,6 M00EL

l0 SCS ROLL IteM;. QUADS BID _'7 _ ASCI_C.HKL

: I1 SCS PITCH HODE q8 DISAB.ED PRIOR 1:0 FLIGHT

• I_' SCS _ I,'KX_, QUADS AIC hi9 AVI[RAG£ PO_R AC el.0N. OC Ig.0H

" 13 POt,IER R_QUIRED TO 0PIE:NAND CL_ VALUES 50 SEE LTF|CIENCY CURVES. IDLE P(Y,4ER 112.GNDC

lq I:_RIHARY COLD PLATTEL_ ONLY 51 FOR PTC INERTIAL ATTIT',JOE HOLD AhO ORBIT RATE L,F31[1100[ "A

15 STANleY H0(_ MITH TVC IN HCC( *J"

16 0PI,'RATE _ _ SCS TVC ELECTRORICS I_Y,dER[O-UP. FOR.MANUAL OR AUTOHATIC

1"I OPERATION AT 5.0 PSIA O|HBAL CONTROl. AHDIOR POSITION[N0 Uc3_ M00£ "A" OR MCO[ "O

le 0P£RATIO'q AT It4.? I_|A 53 I _[VLP 8 "|'0. QUAL - "0"O [NVIRONtlENT

19 I'100( £ 5q OOVERI4,1ENTFURNIS/-4L'DE_J|PMENT

ao HO(_ AOCO 55 SERVICE ROOUt_ FUckS

_l H0(_ BD 56 i SPI[C.-HINIHUIt OR AVKRA(_O OI[Vl[L.-PI[AK

22 HOC£ CC( 5"/ SPEC.-O.C.VALtJ[_ I_[WEL.-A.C. VALUE

_'3 i fl0_ AB _1 O TEST-R_S_T VALUE

H0(_A

L=5 H0(_ 8!

L_S H00£ A_EFC,HKL

H00_ k__I'GH

L>8 Pt0(_ |KI.

29 H0(_ 8C

30 H00_ A

3i Pt0(_ D

32 HOD£ £FC,HL

33 H00_ BOld

3_ HOC3EK

35 Ift00£ AX

36 ! _ D£FHL

3'Y HOOCO

f •

:112-4.1.6-5
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[QUIPHEN, I i._I ILI!IHARYp d£_ _ .q.]2,'J! '-HI_,':ON SC n12 (Continued)Table i12-4.1-6. NASTER EL(.C!x ICA_.

U:_-I1S-IN 1,, T-I_ ....... ( I::CT I_P:/':[: NOTE_,

CODE DESCRIPTION CPC PART ('.'ID NO. DESIGNTN QTY A/DC PF 8U(_ IO 1.9P_-c--J[7E_'-C_-T6_;
0201 CRYO GAS STC,['(AGE

0204 SIGNAL CONDII _ 003 HE282 004"7-0040 S48A2-A3 03 A .8"7 C122 5.0 4.5 CI-.34A403C624,2"/

0205 SIGNAL COk_r)lT 02 003 HEI48-002"7-0020 S48A4.A5 03 k .8'7. C122 5.0 2 4.0 C1._.1A40]C624.2"7

0206 H2 TA_ HI:'ATER6 003 HE262-004"/-0040 SNBTKI TKP 02 D CA62 20.0' Cl_'lA40_BI6,l'/

020"/ 02 TAf_ HTRS I-2 003 ME282-0046-0005 346TK3,4. 102 03 D CAB2 106.6"7 CI_'OA403C:818, 19

0208 02 TANK HEATER-3 003 PIE262-O046-O005 548TK3o4.102 03 D CAB2 53.33 6154A403C641-43

0209 k12 TANK FANS 003 HEL_82-O04`7-O040 S48TKI,TK2 03 A .18 CAB2 '7.0 3,5 C1_1A403CB22-27

0210 142 REACT VLV LTCH 003 1'_284-0289-0001 S481..VI-LV3 06 D BRB |7.5 I_'.0 CI_,NA403CB4_CB6

0211 02 REACT VLV LTCH OD] HE2EPN-0281-O003 S48LVI4-LVI6 03 D BR6 I`7.5 I2.0 Cl54A403C64-C615

0212 142 VAC ION PUHP 003 HEE_2-O04`7-O050 S48TKI-TK2 03 D 5A6 6.0 2.60 SI4AI F6,F'7 48AND55

02|3 02 VAC ION PUHP 003 HEL:_-O046-O005 S46TK3-TK4 03 0 SAD 6.0 _.80 C!5<?.A205C692,93 q8

021q 02 TNK 3 ISOL VLV 003 HEL:_-0281-O003 SHSLVI`7 OI D BREI 48°0 CI54ANO3CBH5

0215 02 516 CONOIT 003 PIEI48-O02`7-O020 S48AIS,AI9 02 0 CABI 1.0 0.9 S28AI2,AI3 FiO
0501 DOCKING SYSTEM

0502 EXTEND SOLENOID 002 HE458-0004-0004 ClDASL| ,L2 02 O CAB2 140.0

0503 RELAY HOTO_S 002 HE46'7-00rT-oool CIEIA.'.'.'.'.'.'.'.'.'SHI,H2 02 D CAI_ 140.0

C15_A_08CB`76. "n

C15<?.A208CB`76,77

0504 INDICATO_.S 002 HE43¢_-0172-0014 CP22A202061 02 D CAI_ I. 12 .125 Ci52/_.08C8`76,"F/

0505 RELAY PYRO FIRING 002 HE455-00'73-1001 ClBA3A4K-S O_ D EIAB2. 3.92 ClS_.A_08CB.15,46

0506 LM DKNG PRB RET 002 HE414-0503-0029 ClSA3,A4KS OI D CAB_ 3.92 C|._A208CB`76,'T7
0601 DISPLAYS N CONTRL

0602 ChIN (_EZTECT UNIT 043 ME430-0006-0006 C22-4A401 OI D CABI "7.5 "7.5 Cl5_A_05CB'_,53

0603 MISSION TIHER 002 LSC 335-31600-9 C22-2A202 02 D CAB,? 5.6 0.5
C15EAE08CB4"/, 48 54,5"7

0604 DIGIT EVNT TIM OP 002 HE456-0044-0003 C22-2A201 02 D CABI 2.0 L_'/.O 50.0 1.48 6162A208C8'..1"/,48 56,58

0605 DIGT EVNT TM STBY 002 HE456-0044-0003 C22-2A20I 02 D CABI I .0 -84 Cl5<?.A208C64`7,48

0606 HSTR ALARM INOCTR 002 ME452-0060-1103 C22-4A401 03 D CAB1 3.'75 CI5_A205C652o53

060"/ CNN HATRIX IND 002 HE434-0020-1018 C22-2A202 02 D CABI ]."/5 CI52.A205CB52,53

0608 Cl.,_ HATRIX IND 002 HE434-0020-1019 C22-2A202 02 D CABI 3.`75 Cl52A205C8_3o53

0609 C1"_4LAHP TEST 002 HE430-0006-0006 ClSAI4 OI D CABI `74.0 Cl52A205CB'_,53

(1610 CNN LAHP TEST 002 ME430-0006-0006 ClSAI4 OI D CABI 56.0 C152A205CB52.53

0611 INTGL LTG LT HOE 002 MC434-0040 CIS-2A208-T2 Ol A .20 C2 11.29 Cl5-4A403C63'7 "-J _D
06!2 INTC-L _r_ RT "'"_ _ "_'_

..... _ uu2 HCH34-O040 C15-2A205-_2 O! A .20 CI 12.4 Cl5-4A403CB34 t-' C_

0613 INTGL LTG LED 002 MC434-0040 CI'7-IAI28-T2 OI A .22 C2 `7.2 CI5-4A403C633 ..j

0614 N_I'tERICS CHO 002 HC434-0040 CIS-2A20B-T3 OI A I .0 C2 II.O C15-4A403C83"7 _-' _

0615 NUHERICS LEB 002 MC434-0040 CI'7-IAI28-T3 OI A 1.0 C1 9.5 C 15-4ANO3CE_33 L._

0616 LANCH VEH ENG LIE 002 MC434-0022 C22-2A201 Ol D BA 45,0 C15-2A208C,349

061'7 RUt_NING LIGHT 003 ME43400410001.2 $17-9A902,03 04 A .90' Cl2I 3.5 CI._4A4A'KCR39.q_n

0618 RULING LIGHT 003 HE43400410003/7 51'7-9A902.09 04 A .90 CI21 3.5 C154A403C839,40



/

Table 112-4.1-6. MASTER ELECTRICAL. EOUIk'F_EHTLl'.',l (LIURARY) JULY 9,1_r71 J-MISSION SC-II2 (Continued)

/ LtN|TS IN NATTS _ (,l'_CT BREAKER NOT[Sm /

0619 1UNNEL LIGHTS 002 ME434-0051-0003 CI7-5A503,08 06 D CABI I_////3.0 CI54A403_830,31

0620 FLD LT LEB PRIM 002 MC434-0045 C|`7-3A306,04 02 [3 CAB; 14.0 21.0 0.7 Cl_A403C830,31 _6

0621 FLD LT LEB SEC 002 MC434-0045 CI7-3A308.04 02 D CAB2 14.0 21.0 7.3 C1_4A403C830.31 56

0622 FLD LT MOLD PRIM 002 HC434-0045 C17-3A301.03 02 D CA8::) 14.0 21.0 9.8 CI54A403C830,31 56

0623 FLD LT MOLD S£C 002 MC434-0045 317-3A301 03 02 D CAB2 14.0 21.0 7.4 CI54A403C830,31 56

O_ FLD LT COUCHPRIM 002 HC4"_4-0045 C1`7-3A305.06 02 D CAB_ |4.0 21.0 12.8 C154Aq03C828,29 ._

06_ FLD LT COUCHSEC 002 MC43_-0045 C1"/-3A305,06 02 D CAI_ |4.0 21.0 10.6 C15_A403C839,40 56

0626 ,SPOT LIGHT 003 M[434-0054-0004 $1`7-9A913 01 A 1.0 C2 =40.0 `75.0 41.0 C|54A403C839 56

0628 EX BOOMLIGHT 003 HE434-0045-0009 51`7-9A912 06 A 1.0 C121 .6 ._' CI54A403C839.40

0629 R£CVY FL BEACON 002 M£434-0038-0001 C1`7A2 Oi D FPL 50.0 13.4 CI54k403CB30.31

0631 CR_:NOPTICAL At.ON 002 ME33i-001`7-006`7 C22AI OI D CAB2 8.4 CI54A403CB30,31

063¢?.RENi:M:ZVOUNLIGHT 002 MC434-0045 Sl'7-gkgi5 Oi D CA L:95.0 C154A403C828

0633 OOCKING TARGET 002 MC476-0082 C22A3 OI A C2 8.4 C!54A403C830-31

1301 INSTRUMENTATION

1302 CII'IOPERATIONAL 002 Ol D CABI 30.8 C_--_E32A_-'JCBI,_'

1303 SN OPERATIONAL 002 OI D CABI 121.78 C282Ac_oCB3,4

1304 5111 INSTRUMENT 002 Oi D CABI 9,89 C_A_3,4

IqOI YLICL CELLS

1403 PUMP PACKAGESLA 003 HE464-000`7-1002 CI54A403 03 A .33 CI22 lO0.O 80.0 CI52A205C81-3 3

1404 PUMP PACKAGE:VAC 003 HE464-000`7-1002 CI54A403 03 A .33 C122 61.1 CI52A205CBI-3 q

1405 HYD_GN PURGE:SOL 003 PE464-000"/-I002 SI4PSI 03 D CABI I`7.5 6.2 C144A403C810-12

1406 OXYGEN PURGE SOL 003 ME464-000`7-1002 SI414PSI 03 D CABi 1"7.5 6.2 Ci44A403C810-12

140"7 FUEL CELL RAD VLV 003 HE464-000'7-1002 SIqPSI-2 03 D BRB 14,5 C154A403C813-15

1409 HYDRGNPURGE HTR 003 M£363-001`7-0004 SI4HRI3.1q Oi D CABI 8.0 CI44A403C810.11

1410 IN LINE HTR 003 BE464-0007-1002 SI4PSl-2 03 D 160.0 5

1501 LM SUPPORT

1502 S BAND SA NEATRS 003 Ol D CB 51 .`7 CI52A205CB66."P4

1503 ABORT SENSOR ASSY 003 OI D CB 10.8 C1._A205C866.`74 6

1504 LANDING RADARHTR 003 Ol D C8 63.0 C15_A20SC866."74

1505 RENDEZVOUSRADAR 003 OI D CB 81.0 CI52A205C866.34

1506 IMU HEATER 003 01 D CB lOb."/ C152A205CB66.74 6 "_._.,

150"7 TRANSLUNARR'ELAY 00:5 OI D C6 5.6 C152A205C:B66,'74 6 ---. _D
..j_

1601 PC_R DISTRIBUT _-_r_

1602 PI4R FACT CO.l::_UNT 002 V36_'2000 CI4AB O_ k CI21 5.0 C1._4A403C81 ,C83 `7 -...j

1603 DC AtltlETER 002 ME432-01"70-0008 C22-2A203r_3 O! D CABI 0.5 C222A203 L._

1604 DC VOLTi"E:TER 002 PIE4:32-OI"/O-O006 C22-2A203HtO OI D CA 0.0185 C222A203

1605 DC BUS U/V SENSOR 002 HE43|-OOG3-O004 CISAIA5 Ol O 8R8 0.25 0.002 Cl52A205CB8,9



Table 112-4.1-6. MASTER ELECTRICAL EOUiPP:ENT LI.C;T (LICR/RY) J[__Y 0, 1971 J-MISSION SC-112 (Continued)

CO(O DESCRIPTION CPC PART OR ID NO. DESIGhlTN QTY A/DE PF BUS ID C DEVLP Q lEST ACCEPT

1606 AC OU/V SENSORS 002 ME431-0062-0003 CI4AIAI 01 D 8R8 0.63 0 45 I CI'.)2A205CBIO,II

1607 AC OU/V SENSORS 002 ME431-0062-0003 CI4AIA! 02 A .90 C122 0.5 CI52A205CB3.4

1609 F/C FLAG INDICT 002 ME432-0172-00[3 C22-2A203 06 B BR9 _ 0. 125 8.0126 CI52A205C87-9

1609 AC VOLTI'_TER 002 1"1£431-0062-0003 C22-2A203MII Ol A .90 C122 0.63 61.52A205C93,4

1610 INVERTER CONTROLS 002 i'_452-0036-0002 C14A3SI-4 04 D BRB 210.0 CI52A205C65-?

1611 AC I:_ CONTROLS 002 HE452-0036-0003 CI4A155-9 06 D BR8 140.0 C152A205C85-7

1612 DC PI4R CONTROLS 003 ME452-0036-0001 Cl4A251-4 04 D 8R8 210.0 6154A403CB7-9

1613 BATTERY CHARGER 002 1"_461-0002-0008 CI48TCI OI O CABI BW.O 46.3 CI52A205C814,15 8A1_9

1614 BATTERY CHARGER 002 HE461-0002-0009 CI4BTCI OI k .90 C121 55.0 4"7. I C|52A20.5C818 49

1615 INVERTER NO I 033 ME495-0001-0018 CI4PSI OI D CA CI4A?C81 50

1616 INVERTER NO 2 034 ME49'5-0001-0018 CI4PS2 Oi D CB CI4A'TC6a 50

1617 INVERTER NO 3 035 M£q95-O001-O018 CISPS3 OI O CAB2 CiqATCB3,q 50

1801 SE6UENTIAL SYSTEM

__, 1802 LOGIC ARH 002 ME901-0569-0016 CIBAI-A2 Ol D BAB 7.1'7 CI,_A208CBI,2

I,o_ 1803 PYRO AI:_4 002 ME476-0035-0002 CIBA3-A4 OI D BA8 7.2 CI52A208CB1,2
I

.c-. 180'4 [:'IT ,JETTISON 002 M£901-0569-0016 CIBAI-A2 OI B BAG 9.0 CI52A208CB3,q

I.-, 1805 _/LV SEPARATION 002 MF901-0569-00|6 CIBAI-A2 OI D BAG 108.0 ClSaA208C:B3,4

o-,i. 1806 CSM SEPARATION 002 M£901-0569-0016 CIBAI-A2 Ol B 8AB 36.0 CI52A208CBI,2

GO 1807 MAIN CHUTE RELESE 002 1"1£901-0569-0016 CIBAI-A2 OI D BAB 9.0 C152A208C93,4

IBOB £DS 002 M£901-0569-0016 ClBAI-A2 OI D BABE 37.44 CI52A208CEe19,51

1901 CM REACTION CONT

1902 ENGINES AUTO +Y 002 14£901-0067-0014 CI�B9,BIO 02 D CAB<?. 106.0 9'7.8 CI52A208C621,22 9

190:3 ENGINES AUTO -Y 002 ME901-0067-0014 Ci_91,132 02 B CAE_?. 105.0 97.0 CI52A208CB21,22 9

1904 ENGINES AUTO *R 002 ME901-0067-0014 CI985,96 02 D CAB?. 105.0 97.4 C!52A208CB17,18 IO

1905 ENGINES AUTO -R 002 HE901-0067-0014 CI963,B'4 02 D CAB2 105.0 96.6 CI52A208C817, 18 !0

1906 ENGINES AUTO ",P 002 ME901-0067-0014 C1C._37,88 02 D CABs?. 105.0 95.7 C152A208C819,20 I Ir.n

"7 1907 ENGINES AUTO -P 002 M£901-0067-0014 C19811,612 02 D CAB2 105.0 96.9 CI52A208C819,20 II

1 1908 ENGINES DIR SYS I 002 ME901-0067-0014 CI�AI 06 D CA 52.5 49.7 C152A208C813,14Go ,.,

i 1909 ENGINES DIR SYS 2 002 I"E�Ol-OOB7-OO14 CI9AI 06 8 CB 52.5 48.? CI.52A208C670,71t:_
I

0 1910 OXID 1501. VALVE 002 ME284-0276-0015 CI�tVI ,LV3 02 D CAB 48.0 59.8 CI52A208C841,42t..)

"-J_ 1911 FUEL ISOt VALVE 002 HE284-0276-0015 CI9LVIoLV2 02 D CAB 48.0 48.1 CI52A208C641,42 _"
--J(D

"H 1912 CH ENGINE HEATERS 002 ME901-0067-0014 C1961-812 12 D CAB2 52.5 50.5 CI52A208C866.67 "-_

I;o 1921 SM REACTION CONT ..m._

01 .,j_
.,_ 1922 ENGINES AUTO +Y 003 ME901-0004-0301 SI�A2B3,A4B3 02 D CAB2 108.0 106.9 C152A209C621,22 9 I-_

L_ 192:3 ENGIHES AUTO -Y 003 ME901-0004-0301 SI�A2BI.A49I 02 D CA62 108.0 106,,8 C15,2A208C821,22 9
L,J

19c_4 ENGINE9 AUTO +R O0] ME901-0004-0301 SI�AIB4,A384 02 D CA92 108.0 107.0 C152A208C817,18 IO

'925 _,,_,,,_-S_,v""^ 7�uuJPEBOi-OOO4-030i 519A2B2,A4B2 02 0 CAT32 I0_.0 i'_6.6 C15_=A206C815o16 12



I
Table 112-4.1-6 MASTER EI.EC_RICAL EQJif;:FNT LI.r,T (! IBRARY) JLLY 9.193! J-HISSION SC-112 (Continued) I

SP UNI1S IN WATTS "-7 CRCT BREAKER NOTES
1926 ENOINES AUTO -h 003 HEgoI-OOU4-0301 SI9A|B2,ABB2 02 D CAB2 tlOB.O 107.0 I C|';BABOBCOI?018 i0

1927 ENGINES AUIO -R 003 ME901-0004-0301 S19A294,A484 (_2 ° CA81_ 108.0 106.8 Cl52A208C915, 16 12

1928 ENOINES AUTO *P 003 HE901-0004-0301 SIgAIBI,A3B| 02 D CAB2 108.0 106.6 Cir'_BABOBCBI9,20 |1

1929 ENGINES AUTO -P 003 ME901-0004-030! SIgAIB3,A383 02 0 CAB2 108.0 106.6 Cl52A208C919,20 11

1930 ENGINES OlR SYS I 003 HE901-0004-0301 319AI,A2 08 D CAB2 28.0 2"/.6 CIS_ABOBCBI3.14

1931 ENGINES DIR SYS 2 003 ME90i-0004-0301 SI9A3,k4 08 O CAEI2 L>B.O _v7.6 CI52A209CB'/0,-/I

1932 PR OXID ISOL VLVS 003 NE284-02-/6-00il SIgAI-A4LV4 04 O CAB2 46.0 45.4 CI52A208C941,42 13

1933 PR FUEL ISOL VLVS 003 ME284-02"/6-0012 519AI-A4LV3 04 D CAB2 48.0 45.4 CI5_/6208CB41,42 13

1934 SC OXiO 150L VLVS 003 HEL>B4-02-/6-O01-/ SI9AI-A4LV'/ 04 O CAB2 48.0 45.4 C|52A208C941,42 13

1935 SC FUEL ISOL VLVS 003 HE284-02"/6-0018 SI9AI-A4LV9 04 D CAB2 49.0 45.4 CI52AI._08C941,42 13

1936 HELIUM ISOL VLVS 003 HEBB4-0281-O001 SI9AI-4LVS,6 08 0 CAB2 54.0 53.? cIr_A208CB41,42 IANOI3

19:5/ HELIUH PRES VLVS 003 HE284-0281-0001 SIgAI-4LV9 04 O CAB2 54.0 53.? Clr_ABOBCB41,42 IANDi3

1938 MAN OX ISOL VLVS 003 ST2840021HEOOOl 519AS,OLV4,? 02 O CAB2 48.0 Cl52A208CB'41.42 IANDi3

1939 HAN FL ISOL VLYS 003 ST2840021HEOOO2 S19AS,C4.V3,8 02 O CAB2 46.0 CI52A208C941,42 lAND13

1940 NAN HE ISOL VLVS 003 HE284-0281-000! SI9A5,OLVS,6 02 O CAB2 48.0 C1_A208C941,42 IANDI3

1941 ENG PKO HTRS A 003 1_363-0014-0004 SI9AIHRi .2 02 O CABB. 43.1 ClS_.A20ECB3"/,39 |

194_ ENG PKG HTRS 9 003 ME_3-0014-0004 SI9A__>HRI,2 02 D CAB2 43. I CI_ABOBCB38.40 I

1943 ENO PKG HTRS C 003 HE363-0014-0004 SIgA3HRI ,2 02 O CAB2 43.1 CI52A208CB3"/,39 !

1944 ENG PKO HTRS O 003 ME363-0014-0004 SI9A4HRI.2 02 O CAB2 43. I C15_tA208C938,40 I

_001 ENTRY MONITOR

L>O025_ITCH POSITION I 022 MC432-OIL>9 C222ABOIAI O! D CABI 28.0 CI52ABOBCBr-JB,53

eO03 SI4 POS 2 AUTO 022 HC432-0129 C222A2OIA| Ol ° CAB1 4"/.6 C1_A209C952.53

_04 5#4_ 2 BTBY-HAN 022 PiC:432.-0129 C222ABOIAI 01 ° CAEII 26.0 CI_A_OBCBS_.53

_005 SN POS 3 AUTO 022 HC432-0129 C222ABOIAI 01 O CAgl 33.6 C15_A209C952.53

2006 SW POS 3 STgYoHAN 022 MC432-01_ C222ABOIAI 01 D CAB1 28.0 CI_)_A_OBCB52,53

_00_ _ _ 4 AUTO 022 I'IC43_-012_ C222A201AI Ol D CAB1 _,I.6 C152A209C:95_,53

2009 S,NPOS 4 STBY-HAN 022 t'IC432-011)9 C222ABOIAI OI D CAB| 50.96 C152A209C95_,53

_009 SWPOS 5 AUTO 022 HC43<_-01_9 C_'22A_OIAI 01 O CABI 36.96 CI_ABO_Br-J2.53
33.6 C 152A209C952,53_010 SO|POS 5 STBY-HAN 022 MC4:_t-0129 C222A201A1 01 O CAB1

_?011 SH POS RANGE:SET 022 HC432-0129 C222ABOIAI 01 D CAB1 33.6 C1_A209C95_.53

2012 _ POS V DEO SET 022 HC4Z<?.-0129 C222A201AI 01 D CAB1 2B.0 C152A20BC_,53 _-

2013 ENTRY 0 LT 0.05 022 NC43P-0129 C222A201AI OI D CAB1 33.6 CI52A209C952.53 _J (D_0

2014 ENTRY 0 LT 0.05 022 MC432-0129 C222A201AI Ol D CAB1 L:MO.0 Cl52A208C952,53 _._"

2015 ENTRY O LT 0.05 022 HC43"_-0|29 C222A20iA| 01 D CABI 54.6 Cl52A208C952,53 ..j_

2016 ENTRY G LT 0.05 022 HC432-0129 CBEEA201AI 01 D CAB| r_4.6 Cl52A208C852,53 _J

201"/ ENTRY 0 LT 0.05 022 HC432-0129 C222A201AI Ol D CAB1 29.4 C1_A208C852,53

_01B ENTRY G LT 0.05 022 HC432-o12g C222A201AI 01 D CAB| 53,2 C152A20BCB52.53



I'IASIER ELECTRICAL EOU|PI;LNI LIST (LIL:"_,_RY)JULY 9o1971 J-MISSION SC-I12 (Continued)Table 112-4.1-6.

7 8REAKE.

2019 ENTRY 0 EQ 2.5 022 flC4L_'-OI29 C222A201AI 01 D CABI /_51.8 / C1_A208C0_2,53

2020 ENTRY 6 EQ 2.5 022 HC432-0126 C222A201Al O| D CA91 29.4 CI_A209C_.53

2021 ENTRY G £O 2.5 022 I'1C43_7.-0129 C222A201AI 01 D CABI 51.8 C152A208CE_-J2,53

2022 DELTA V TEST 022 MC432-0129 C222A201A! 01 D CABI :30.9 C1_A208C1_2.53

2023 DELTA V SET 022 MC432-0129 C222A201AI OI D CkBt 28.0 CI_A208CB'_?,53

2024 DELTA VELOCITY 022 MC432-0|29 C222A201AI Ol D CA_ 28._ CI_A208CB£_,53

2025 INCANDSCT LT DISP 002 HC432-0129 C222AEOIAI OB A i.0 C2 O.BI 0.79 CICJ.IA403CB33

2026 M..I'ER|C DISPLAY 002 MC4Z_-OI29 C222A201AI O! A .90 C2 I .35 CI54A403CB3'/

2101 COMHUN ICAT l ONS

2102 SIGNAL COhOITiON 025 H2901-0713-0021 CI3-1A106 OI O FB 35.0 20.'P"l CI5_A402CBI6

2103 PCH TELEI_TRY 041 H2901-0719-0008 C28-1A10! OI A .98 CI22 21.0 20.5 Cl54A402C81,2

2104 PRE-MO0 PROCESSOR 02"7 H2479-0068-0006 C28-1AI I | OI 0 CABI 12.5 8.85 Cl54A402C911,12

2105 CENTRAL TIME EOIP 028 1_456-0041-0032 C2B-IAI02 OI O CABI 20.0 11.5 6154A402C921.22

2106 S-9AhO FM XMITTER 026 YE4"/B-O0'/O-O006 CL:_-IAI05 OI A .80 Cl22 14.0 ?.3 CI5--_A402C814

2|0'/ S-BAND FH XHITTER 026 H2479-0070-0006 C_ImIAI05 .0| D FB 2.4 1.6 C1_A402C1_1.22

PIOB S-BO PW APP HI NI 030 H2478-0066-0009 C2B-IAI04 OI A .94 Cl22 90.0 (_t.O Cl5-4A402CB|8

2109 S-BO PW AHP HI NI 030 1_478-0066-0009 C2B-IAI04 OI D FB 5.0 . 1.5 CI5-_¢A402C817

2110 5-BD PH AHP LO NI 030 H2478-0066-0009 C2B-IAI04 OI A .69 C|22 40.0 31.0 CI5-.4.1A402CBI8

2111 6-B0 PW AHP LO NI 030 H2478-0066-0009 C£>8-1A104 OI D FB 5.0 i.5 CI5-4A402C91"/

2112 5-BD P6i APIP HI N2 030 HE478-00F_5-O009 C28-1A104 Ol A .92 CI22 90.0 B4.O CI5_A402C920

2113 6-B0 PW AHP HI _ 030 H2478-0066-0009 C2B-IA104 OI D FB 5.0 1.5 CI5-_A402CBI9

2114 S-6D PW APP LO N2 030 1t64"/9-0066-0009 CL_-IAI04 OI A .66 CI22 40.0 31.0 CI5-4A402C920

2115 S-BO PH AMP LO N2 030 P2479-0066-0009 CL:_mlAI04 O| D F9 5.0 1.5 CI5-4A402CB19

2116 5-BAND XPODER NOI 026 H2478-0070-0006 CL_-IAI05 OI A .85 CI22 20.0 16.2 Cl5-_A402CBI9

211"/ S-BAND XPODER NOI 026 ME479-0070-0006 C28-1A105 OI D FB 2.4 1.2 C!5-4A402CBI7

2118 S-BAND XPOOER NO2 026 1_478-0070-0006 C20-1A105 01 A .85 C122 20.0 16.2 CIS-4A4OL:>CB20

I.I2119 S-OAND XPCX)ER NO2 026 M2479-0070-0006 C2B-IAI05 OI D FB 2.4 CI5-4A402C91'/

2120 VHFIAH XHIT 296.B O_:_l I"E438-0063-0009 C28-1A108 01 O FPL 36.2 32.06 C15"-4.0A402C98

2121 VHF/AH XHtT 259.7 Oc_ 1_478-0067-0009 C29-1A|09 OI D FPL 34.0 30.44 C15-4A402C98

2122 VHFIAH 518Y DU_ A O_C_ P1_478-0067-0009 C26-1A108 OI D FPL 6.0 4.L:_ C15-4A402C1_

4. I'/ C 15-4A402CB8
2123 VHFIAH STBY SIPPA O_ 2478-0067-0009 C28-1A108 OI D r_ 6.0 ._._

2124 VHF/AH STBY DUP B 024 FE470-0057-0009 C28-1A109 Ol O FPL 6.0 4.06 C15-4A402CB8 4>-_"---.(9

2125 VHE'/AH STBY SIHPB 024 I-;E478-0067-0009 C28-1A108 OI D FPL 6.0 4.2 615-4A402C88 -.4F-, r_"

2126 VIE/AM REC 296.8 024 I"E478-0067-0009 C28-1A108 Ol O FPL 2,0 1.40 C|5-4A402C68 .-4
Lo

212"/ VIE/AH REC 259.7 024 HE478-0067-0009 C2t3-1AlO6 OI O FPL 2.0 1.288 C15-4A402C99

2128 VIE/AM KEY 296.8 O_ HE478-0067-0009 C28-1A106 Ol O FPL 2.0 I .P88 C15-4A402C88

2;_ VHF/MI _<EY 25£.7 02_; HE'-;780367-0009 _co_"_IAIO8 _,"' .m ......=_ P n I-E439 CI_-4A4{L_CAR



/

Table 112-4.1-6. I_BTER ELECTRICAL £QU|PPIENT LICIT (LIBRARY) JULY 9,19"11 J-HISS|ON 5C-I12 (Continued)

[sp units IN WATTSI I CRCT BREAKER NOTESCOOE OESCRIPTION CPC PAR1 OR 10 NO. DESICNTN CiTY *,OC rr BUS ,o EC IO_VLPIQ TEST ACCEPT
2130 AUDIO CENTR OPER 02/ HE473-0086-0005 C2B-IAilO O] D FPL 110.6 116._ I CIS-4A402CB?-9

;)i31 AUDIO CENTR STBY 0P7 H2473-0086-6005 CPB-IAI I0 03 D FPL 6.0 5.76 ClS-4A402CBT-9

;213<?TAPE RECOIEER 029 H2435-0035-0035 Cl3-1AI07 61 A .44 Cl;);) 47.0 :33.0 CI54A402CBI4

;)133 TAPE RECORDER 029 H2435-0035-0015 C13-1A107 O! D FB 3.3 CI54A402CBI3

;)134 DATA CONOITION£R 002 .._;)8A9'5 OI O CABI 6.0 7.56 CI54A40ECB3,4

;)135 IENDEZ XPONDER 0P0 LSC370-500-3 $28A;:' OI D CAB2 69.0 68.6 CI54A462CBi5

;)1:36 REND_Z XPONOERHT 620 LSC:276-500-3 S21EIA2 OI D CAB2 15.0 16. I CI54A402CBI5

;)i_r/ COLOR TELEVISION 00;) HH01-03043-;)18 C;)8-3A32;) OI D CAEk?. 25.0 ;)3.0 CI54A40;)CDI3

;)139 UP-DATA LII_ 628 H24.70-0101-0004 C28-1A!03 OI O CAB2 I;).0 B.9 CI54A462C_i0

;)14| ;)KHC SNITCH 60;) H24_-0052-012;) CL_-IA114 61 O CAB2 15.0 I;).6 Ci54A402CB5

;)143 VHF RECOV BEACON 002 H£478-0069-0005 C28-1AI 1;) 61 D FPL i0.0 6.64 Ci54A402CB.7

;)145 DIGITAL RNG GEN 002 HE478-008;)-0003 C;,_I-IAI09 OI O FPL _8.0 15.4 CI54A40;)C89

;)146 MOCULATOR 60 ;_ _89 61 D CABi ;);).0 16.8 CISqA40;)CBI I

;)14'7 TIMING BUFF AlP 603 S¢-_8A33 61 D CABI 5.0 3.8 "t CI54A40_CBIl
p.,
I.-, ;)148 DATA PROCESSOR 60:3 S¢-_8A40o41 61 D CABI _9.6 ;)5 9 C|54A402CBI !t_ 41.5 39. | C i_FIA402CB6
i PI49 HIGH GAIN ANTENNA 063 ME4'76-0039-6111 S¢_A3 OI A .58 CI;);)

I--' ;)150 HIGH GAIN ANTENNA 003 M£4'76-0039-0111 S;)8A3 61 D IrB '72.6 L>8-O CI54AqO2CB5

2;)01 CPE_I SUPPORT
I-, 2;)02 PERSONALCOHH _ IID5]-66[15 CL:>8-;)A206 O] O FPL 1.80 CISqA46;)CB'7-9I--,

;):361 ENViRONHENTALCTR

;)302 CADIN TEHF CT STB 002 .42901-6219-00;)! C2:323 01 A .95 C2 ;).5 ;).3 CIS_/eOSCB'13

2:30:3CABIN TEMP CT OPR 002 1'1£901-02i9-0021 C2:3Z:3 61 A .95 C;) 11.5 |i.5 Ci52A205CB4]

;)3014 POT leo ASSV HTR 002 M290|-0223-00.71 C;)3A4HRI OI D CABi 45.0 145.0 C152A205CB,26,2/

2:305 PRIN GLYCOL PUIIP 00;) M£;)81-0618-6007 C23AGI.PI°2 62 A .60 CI;)2 5_.0 45.6 C;)22A;)64CBT,12

;)306 PRIN GLY EVAP CT O0;_ HIC90i-602;) C23AIZ5 OI A .95 CI 9.0 "/.;)0 6.91 C;);)2A204CB9 15

230'7 PfllH GLY [VAP CT 002 I'1C901-0022 C23AIZ5 OI A .95 CI E'/.6 ;);).56 ;)3.4 C222A204CBIO 18] o96 C I _A205CB26.2'7
t/)

;):308 HE) VALVE PRI 002 HC901-602;) C23AILV4 61 D CADI 5.99

I_ 2309 BACKPR[SS VLV HAN 00;2 PIC901-0022 C2:3AILV3 OI A .80 CI 8.05 q.6;) C22;)A204CB9

Do 2310 CYCLIC ACCUH CONT 002 HC901-0022 C;)3AIZ:3 OI D CA 3.05 ;).58 CIS;)A205CIL--_8

;):311 CYCLIC ACCUMCONT 002 MC901-6022 C23AlZ4 OI D CB 3.05 ;_.58 CI52A205CB29 "-Jm0 . ;).34 C152A205CB28.29
_j 2312 CYCLIC ACCUH HAN 002 HC901-0022 C23AILVI-2 02 D CABi ;).6 +_82.0 C 152A20BCB5 _ _o

;):313 PLV VALVE NOIOR2 002 pE;)84-0341-0003 C23LV4.5 02 D FPL '78.4 81.2 P_rtv

po 2314 PLV FAN LON 002 HE4Se-OOiO-O031 C2383 OI D FPL 8.0 5.1 5.:3 CI52A208(::B5
_.j

L-n 2315 PLV FAN HIGH 002 M2492-00i0-0031 C23B3 OI D rPL 17.0 15. I 16.2 C152A208CB5 LJ<: 3,36 C 152A205C850

Lo 2316 STEAH DUCT HTR | 002 H2363-00i3-0001 C23A4HR2 OI D CA :3.36

2:]17 STEAH DUCT HTR 2 002 H2363-0013-0001 C23A4HR3 O_ _ C_ 3._ 3.36 CI52A205CBSI

2318 URINE DUHP HTR A 002 H2363-0013-0002 C23HR4 Ol D CA 5.BB 5.8B CIS_°AEOSCBSO



Table 112-4.1-6. MASTER ELECTRICAL ECrullrLr_I LI_,, (LU..._AAY) JULY 9.19"/I J-HISSION SC-112 (Continued)

5PEC II,,IhlITSIN HATIC3-_ CI-tCTBF_EAKER NOTES

CO{]C DEc>CRIPIION CPC pARI or_ IO NO f_ESIGNTN CITY AIOC Pi BUS IO DEVLP Q TESI ACCEP

2319 URINE DUPP HTR B 002 f;E363-OOI3-OOO2 C23HF,4 01 D CB 5 88 5 88 i CI52A20_CBSI

2320 SUIT GLYCOL _P VL 002 HC901-0022 C23AILV8 O| A .O0 CI 7.2 7.64 C152A204CB8

¢o32,1 SEE GLYCOL PUMP 002 HC901--0022 C23AGLP3 Ol A .60 Cl22 52.0 46.0 C222A405CBH4,45

2322 SEE GLY EVAP CONT 002 HC901-0022 C23AIZ7 OI A .95 CI 7.6 7.6 C222ANO5CBN4

232.'_ SEE GLY EVAP CONT 0_)2 HC901-0022 C23AIZ? OI A .95 C| 23.B 23.8 C222ANOSCEP.o4

23c_ _ VALVE HAN SEE 002 HC_OI-O022 C23AILV9 O! D CABI 5.99 5.99 C152A205CBP6.27

2325 BACKPRESS VLV MAN 002 HC901-0022 C23AILV7 OI A .95 CI 8.05 7.5 C222A205CB_4

2326 RAD PROP VLV CONT 002 I-';E476-0041-0004 $23A| OI A .95 Cl 43.7 43."/ CI52A205C868

23,L-'_'/RAD PROP VLV CONT 002 ME476-0041-0004 S23AI OI O CA 2.8 _'.8 CI,_2A205CB6"/

2328 RAD PROP VLV CO@IT 002 1_476-0041-0004 S23AI OI A .95 C2 43.7 43.9 C152A205CB69

2329 RAD PROP VLV CONT 002 HE476-0041-0004 S23AI OI D CB 2.8 2.8 C152A205CB90

2330 RAD HTR COt4T PRI I 002 IdE476-0042-0006 $23A2 01 O C& 9.5 9,5 C152A205CB6"/

2331 RAD HEATER I 003 ME4"/6-0042-0006 S23A2 OI O SA 484.4 484.4 SiqAISI 55

2332 RAD HTR CO_T PRI2 002 1_4"/6-00N2-0006 S<3.3A2 OI O CB 9.5 9.5 CI52A205CB"/O

2333 RAD HEATER 2 003 HE476-(]042-0006 $23A2 O! O S_ 484.4 484.4 SlqAIS2 55

2:334 RAD HTR CONT SEC 002 HE476-0042-0006 $23A2 OI D CA 14. I 14. | CI_A205CiT/I

2335 RAD HTR SEC NOt 003 HE476-0042-0006 523A2 OI O $8 484.4 484,4 SI4AIS3 55

2336 RAD HTR S£C _ 003 ME476-0042-0006 S23A2 OI D ,.$8 484.4 48'4.4 SI4AIS3 55

233"/ I,_AST_" DUMP HTR A 002 HE363-OOI'{-BO02 C23HR3 O| D CA 3._ C|52A205CBSO

;_338 _STE DUHP HTR B OOP HE363-0013-0002 C23HR3 OI O CB 3,36 C1_._.05CB51

2339 WASTE STRIP HTR | 002 HE363-001_-0005 C2_,-IR'7 OI D CA 1.96 CI52A205CB50

2340 WASTE STRIP HTR 2 002 HE363-0017-0005 C231-I_7 OI D CB I .96 C1!5_A205C851

2341 DUPP STRIP HTR I 002 HE363-001_-0005 C23HRS OI O CA 1.96 CIS_A205CB50

2342 DUMP SIRIP HTR 2 002 HE363-0017-0005 C23HR6 OI D CB |.96 C152A205C851

2_Pt3 SUIT COf$°RESSOR I 002 _C901-0022 C23-AIBI OI A .T7 C122 85.0 "_9.'_ 82.9 C222A204CBI ,3 1"7

2344 SUIT COHPRESSOR I 002 MC90|-0022 C23-AIBI OI A ._7 CI22 195.0 195.0 C222A204CB1,3 IB

2345 SUIT COtPRESSOR 2 002 MC901-0022 C23-AIB_ OI a ._/ C122 85.0 79.? 83.7 C222A204CB4.6 IT

2346 SUIT COHPRESSOR 2 002 HC901-0022 C23-AIB2 OI A .'7"/ CI22 |95.0 195,0 C222A204CB4,6 IO

23H7 GLYCOL TEYP CONT 002 HC901-0022 C23-A122 OI A .95 CI 2.5 2.5 C222A204CB7 15

234B GLYCOL TEMP CONT 002 McgoI-O022 C23mA122 OI A .95 CI 10.6 10.6 C222A204CB7 IB

2349 TEM.D Pk_ _SUF'p_y 002 P_g_, u_2 ,.,23_,_, ^' O
_JCD

2350 ECS R HTR RLY PRI 003 HE363-DOI3-O003 SI4AI-SI OI D BA .r._ 0.57"/4 C|.52AEOSCB72 "---.._

2351 ECS R HTR RLY PRI 003 _3_3-0013-0003 SI4AI-52 OI D B8 .56 0.574 CI52A205CB73

235_ ECS R HTR RLY SEE 003 HE363-0013-0003 SINAI-S3 O| D BB .56 1.12 CI52A205CB*73 "J_

2353 CABIN FANS 002 HE492-0004-0011 C23BI 02 a .62 CI 19.0 19.0 CI52A205CB38o40 ...j
co

2357 VACULml CLEANER 002 V36-612570 OI A .77 C2 85.0 17

2401 RECOVERY SYSIEH

i
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Table 112-4.1-6. HASTER ELECTRICAL EQUIP:_n LI5"_ {LIOR;,RYJ JULY _.lSTl J-MI-_,';IO_ SC-II2 (Continued) B

____..._!llS IN W,_,TTS ] CRCT B;_:AKER NOTES

COOC DESCRIPTION CPC PART OR 10 NO. DESIGNIN OTY AID(:: PF BUS I O _"LP Q TEST IACCEPll_02 COHPRES,c.ORPUHPS 002 HE281-0020,000! C_LRI ,LP2 02 D BkB 530 0 _9.3/ Cl4AI3CBI 0CB2

_N03 FLT BG VLVS 1o2 002 PE284-0,"95-000! C24LVI ,LV2 02 D BAB 213.0 18.2 Cl4Ai3C96.CB7

_404 FLT BG VLV 3 002 HE294-0285-0001 C24LV3 OI D FPB L_B.O Cl4AI3C98

_05 DYE HARKER RLSE 002 HE414-0006-0001 C_A3LI 01 D FPB 28.0 CI4AI3C98

_701 GUIDANCE NAV 2

_702 6UID COPP STDBY 031 2003993-031 Ol O CABI 10.0 15.0 Cl5_A205CB60,61 19

_'/03 GUID COHP OPERATE 031 2003993-031 Ol O CABI I00.0 70.0 Cl52A20,5C:960,BI 14AND20

2"7.3 _

_704 OPTICS OPER (NSA) HIT L>899982-021 Ol 0 CABI 41.6 Cl52A205CB62,63 14AND21

_705 OPTICS OPER (C(_J) 039 2007222-161 OI O CABI 19.3 19.3 SUH 87.0" CI5_A205CB62,63 14AND21

_'/06 OPTICS OPER (PSA) 040 2007200-111 01 D CABi 61.6 40.4 J CI52A205C962,63 14AND21

2'70"/ IHU HTR STBYINBAI HIT L>899°_-021 OI O CABI _B.O _.5 16.5_SU_ H 22.0[152A205C956.57 22AND53
L>"/08 II'IU HTR STBY(PSA) 040 200"7200-111 Ol D CABI 13.0 8.9 5.5 J CI52A205C1_36,5"/ 22AND'53o

¢'_/09 IHU OPERATE (NBA) HIT 2'999992-021 Ol D CABI 7"/8.6 60.4 I CI,52A205C:B'38.59 14AND23

I--, ¢"710 IHU OPERATE (CDU) 039 2007222-161 OI D CABI 33.6 13"0 t cIr-j,2A2'05CBS8,59 14AND23
I-' Lx"/ll IHU OPERA1E (I:>SA) 040 200"/200-111 OI O CABI 114.1 64.0 SUH 183o0" CI52A20,SCiT-:,8.59 14AND24Y

2712 IHU OPERATEiPIPA) 036 L:_899'P.,_2-021 01 O CABI 50.9 2'5.6 CI,5<7,A205CB58,59 IHAND23

I-, L:_/13 IMU OP FINE ALIGN HIT 202132X-011 OI D CABI 16.2 CI,52A205CB58,59 14AM)25

_'/14 HASTER ALARM LAMP 002 2021323-011 OI D CI22 3.5 CI,52A_0,5CB'52,53
p.,
Lo EvTI5 REI DIM PS IN PSA 002 2021323-011 OI A 1.0 CI_ 15.3 Ci_A205C_,55

_16 DIM CONT EL LAPPS 002 2021323-011 OI A 1.0 CI22 2.0 CI52A205C954o55

2"tl"/ DIM CGNT DSKY CAU 002 2021323-011 OI A 1.0 CI22 9.0 CI52A205CB54,5'5

• _901 STAB CONTROL 51

_902 6YRO ASSY I 033 ME493-0010-0402 C29-1AI21 OI A .75 Cl 13,6 CI5_A208C99 26

_903 GYRO ASSY I 03"/ HE493-0010-0402 C_9-1Ai21 OI O CA _.3 C1_A208C911 _7

2904 GYRO ASSY I 0]"7 HE493-0010-0402 C;_9-1A421 OI D CA 5_.9 CI52A209C811

2905 GYRO ASSY 2 03"/ HE493-0010-0402 C29-1AI30 O[ A .7"/5 C2 13.6 CI52A_08CB10 2'6c/'J
'_ L_906 6YRO ASSY 2 03"/ HIE493-O010-0402 C29-1AI30 OI D CB 5<?..8 Cl5_A208C612 26

5.3 C!52A208CB9. I 0 29
oo _908 REACT JET DRIVER 0:30 HE901-0"/06-0402 C_9-1AII6 OI A /75 Cl22
I 0.4 C1,52A208:CB| I, 12 30

_909 REACT JET DRIVER 030 HE901-0706-0402 CL:_m-IA116 OI O CAB2
I

o 2910 REACT JET DRIVER 030 ME901-0706-0402 C29-1AI16 OI O CAB2 O.l CI52A209CBI1,12 31

"'J L_3|I REACT JET DRIVER 030 NEgO|mO'706--0402 C2':m-IAll6 Ol D CAB2 1.4 C15_A208CBI1.|2 31 "-_._
p--4 I. i C152A20BCB 11.12 32
v L>912 REACT JET DRIVER 030 HE901-0"/06-0402 C29-1AI16 OI O CAg_ "_-(D

po 2913 SERVO ELECTRONICS 032 P_goI-O?OBm0202 C29-1AI20 OI A .75 CI22 13.4 CIS_A20BCB! I, IP 2ANDS2 "J
C_

2914 SERVO ELECTRONICS 032 H£901-0_09-0202 C29-1AI20 OI D CAB_ 6.7 C1_A208C954,55 30AND52 ._

Lo 2915 _RVO ELECIRONICS 032 H_901-0709-0202 C29-|A120 OI D BA_?, 0.3 C|_A20BCB3! ,33 33

2916 ,_:_RVOELECTRONICS 032 t_gOl-O?OBm0202 CEg-IAI20 OI 0 CAB2 7,5 C1_A208C854,55 ]lAND52

291"/SERVO ELECTRONICS 032 I'tE901-0"708-0202 C29-IA120 Ol D CAB2 0.? CI52APOgCB54.55 32

*G&C Division (HSC) does not co.cuE with detailed b_eakdown of numbeEs contained within b_acket. (;&C a£Eee to total _umbe_.



Table i12-4.1-6. I"_STER ELECTRICAL EO(.Jl|'t,.N",_LI'*T (i_IRRLRY) J,ILy 9,19"7| J-M|SSICN SC-I_2 (Continued)

I------_l-_-iNLi_---_ C,-:TB_EAKER NOTES

I IN
2918 _RVO ELECI_ICS 032 _901-070B-O20P C29-IA120 01 0 CAB2 I. I CI_A20BCB54,55 34

2919 ELEC CONTROL ASSY 032 ME901-0705-0402 C29-1AII9 Ol A .75 CI22 13.2 C152A208CB54.9 35

_0 ELEC CONTROL ASSY 032 ME901--0705-0492 C29-1AI19 OI A .75 CI22 12.9 CI52A208CB54o9 36

2¢J21 ELEC CONTROL ASSY 032 ;"E901-0705-8402 C29-1AII9 01 A .75 CI22 8.5 C152A20BCB54,9 37

L:_322 ELEC CONTROL A$SY (]32 l.'E901-0705-0402 .:29-1AI 19 OI O CAB2 8.2 C152A20BCBI I, 12 30

292:3 £L£C CONTROL ASSY 032 ME901-0705-0402 C29-1AII9 OI D CAB2 0.6 CI52A208CBII,12 29

2cJ24 ELEC CONTROL ASSY 032 ME901-0"/05-0402 C29-1AII9 01 O CAB2 i.0 C152A208CBII,12 38

ELEC CONTROL ASSY 0_' 1_901-0705-0402 C29-1All9 01 0 CA_ 5.2 C1_A208C811o12 34

GYRO DISPLAY CPLR 031 ME901-0"/07-0202 C29-1AII8 01 A .75 CI22 21.4 CI52A208C99.10 30

GYRO DISPLAY CPLR 031 PE901-0707-0202 C29-1A118 01 A .-/5 CI22 20.-/ Cl52A208C89, I0 39

GYRO DISPLAy CPLR OXt HE901-0707-0202 C29-1A119 01 D CAB2 34.0 CI52A208C:BI I ol2 30

2929 OYRO DISPLAY CPLR 031 YE901-070"/-0202 C29-1A118 OI D CAB2 0.2 Cl52A208C:BI1.12 29

2930 GYRO DISPLAY CPLR 031 1_901-0707-0202 C29-1AII8 OI D CAB2 23.8 Cl5_.A208CBII.12 40

2931 GYRO DISPLAY CPLR 031 1_901-0707-0202 C29-1AII8 01 O CAB2 2.3 C152A201_CBI1oi2 41

2932 6YRO DISPLAY CPLR 031 HE901-0"/07-0202 C29-1AII8 01 D CA_ 26.2 CI_A208E:BII012 42

2933 ELEC DISPLAY ASSY 031 HE901-0-/10-0502 C29-1AII-/ 01 A .75 Ci22 i?.1 CI52A208C09010 35

2934 EL£C DISPLAY ASSY 031 1_901-0710-0502 C29-1AII-/ OI A .'/5 CI22 8.'/ CI5,.°A208CB9.10 43

2935 ELEC DISPLAY ASSY 031 I"E901-0710-0502 CL::>9-1AII'/ 01 D CAB2 19.1 CI52A208C911ol2 35

2936 ELEC DISPLAY ASSY 031 PIESOI-O"/IO-0502 C29-1AI I'/ OI O CAB2 6."/ CI52A208C811 o12 29

2937 ELEC DISPLAY ASSY 031 ME901-0710-0502 C29-1Ail'/ OI D CAI_ 19.8 C152A208C811.12 44

2939 ELEC DISPLAY ASSY 031 1"1£901-0710-0502 C29-1AII'/ 01 D CAB2 1.4 Cl52A208C:911.12 45

2939 ELEC DISPLAY ASSY 031 ME901-0'/10-0502 C29-1AI1"7 01 D CAB2 23.8 C152A208CBI I, 12 46

2940 FOAl NO I 020 PIE432-OIC:_-0502 C22-2A201A2 01 A .-/5 Cl 0.-/ Cl52A208C99

2941 FOAl NO 2 021 ME432mOI6_-0502 C22-2AEO2AI 01 A .75 Cl 0.'I Cl52A208C810

_J-12 CoP/FPI 002 I'E432-016'/-0402 C22-2A201A3 OI A .'/5 0.2 THRU SERVO APP 4-/

2943 ROTATION CONT NOI 002 H£901-0"/04-0702 C29-3A401 Oi A .95 CI 2.4 C152A20_:IT_ 26

29_4 ROTATION CONT NO2 002 HE901-0704-0702 C29-3A402 OI A .95 C2 2.4 Cl52A208C854 26

_5 ORDEAL 002 H40|-05643-216 C29-3A405 OI A C2 4.0 C22-2A206C965

_946 O_DEAL 002 M401-05643-216 C29-3A405 Ol D CB 4.0 C22-2A20BCB64

_7 SPS CHAN)'EL FAlL 032 H£907-000"1-0003 C29-1A120 02 O BA 0.91 Cl52A208C931,33

_J4B C-P/FPI lhiO RELAYS 031 PIE432-OI67-0402 C29mIA117 06 D OAB 1.96 61_'A20_:_49.51

3101 SERVICE PR_SN _

3102 PUGS AC 003 E405-0008-0011 S31AI 01 A C122 ?5.0 49.5 C152A200C8_,28 _m

3103 PUGS DC 003 HE405-0008-0011 S31AI Ol O CAI_2 75.0 12.4 C152A200C825.26 _-'

3104 HELIUH ISOL VLVS 003 1_284-0018-0005 S31A4LVI-LV2 02 O CAB2 71.0 51.0 C1_'A20_C929030 "-J

3105 PILOT VALVES 003 HEgOI-OOO'I-OOD3 SIOAI VLVL-4 04 D CAB2 25.0 23.0 CI52A/:'OE_C_S8,69

3106 PRF-VAI VFS 00_ MF-_O -0_0"/-0A[1"_ SIOAI VLVS-6 02 0 CAB2 E_3.B 23,0 CI52A208CB29.30
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L UNITS IN NATTS I CRCT BREAKER NOTES

310"7 DRIVER RELAYS 003 t'[455-0116-0002 S31A3KI-4 I_ O CAB,? / I I --"tq.? m Ct.'5,2_08C:968.69

3108 GIFt ACT IDLE CH ! 003 11[901-000'7-0003 SIOAI _ 0 SA _>00.0

3109 GIFt ACT IDLE CH 2 003 FtE90i-O00?-OOO3 SIOAI 02 D .58 IqO.O

3110 GiFt ACT 80ST CH I 003 FtE901-O007-O003 SIOAI OE D Sk L_d4.0 52

3111 GIFt ACT BOST CH 2 003 Ft£901-0007-0003 510AI 01:' D SEt IqO.O 5_

3112. GIFt ACT D£L VCH ! 003 t'_901-0007-0003 StOAt 02. D SA _r'/I.O 5E'

3113 OIFt ACT (_[L VCH e 003 HEgoI-O007-O003 SIOAI 02 O $8 |qO.O r_

3301 SCIENTIFIC £XPER

330q ALPHA SPEC ELEC 003 $28A30 OI D CAB_ 13.26 7.83 9.3q CI52A20-Ct_5

" 3305 GAtttA RAY HTR 003 ,,_-_eA_'_/ 01 O CAB2 J'/:5 C|_A_D-CB2.q

• 3306 GAHFtARAY [L[C 003 _ OI O CAB2 I.L:N 0._8 9.84_8 CI_A20-CB2q

" 330"/ GAt'I4A RAY BOON 003 SlqB_ 01 D C8 61 .l CIS-IAI39C:B5

----3309 PAN CAR STBY BOST 003 S_8A3_ 01 O CAIB2 L>0.7 Iq.8 CIS_A20CB_3

_, 3310 PAN CAFtSTBY 003 $28A3_ OI A ._5 CP 33.0 35.q C151A139CBI-3
*-' . 70.0b_ 3311 PAN CAN STBY 003 Sc_t_A_ OI O SA I_. 9 S|qAlFlq 55
I

.,_ 3312. PAN CAR OF_RAT[ 003 ,$_-_8A32. 01 k .'/5 C2 R.O 70.7 C|51AI39CBI-P-3

t-, 3313 PAN CAN OPI[RATE 003 $2.8A_ 01 D SA 201. I 165.2 5tqAIFlq 55

331q PAR CAN STBY HTR 003 ,_-_8A3_ OI A ."/_ C_ 1_..5 ¢1514139CSI-3

_n 3315 PAN CAM HTR CNTRL 003 S_eA3_ 01 O SA _.7 SINAI FJ4 55

3315 PAN CAN HTR 003 S_8A3_ 01 O SA 168.q IqS. J_ SIqAI Flq 55

3317 raPPING CAN HTRS 003 C_8A_--_6 01 O CAB2 36.3 ¢15_A_0C8_3 q

3318 HAPPING CAN BOOM 003 C_8A38 01 D CA 61.1 C151A139C84

3319 HAPPING CAFt OPER 003 C_8A36 01 D SB 51.8 SIqAI F16 55

33_1 HAPPING CAN STDBY 003 C_8A36 01 O CAB_ 8.3 cIr'rj2.A2.0CB

--_33_2. LASER ALT OP AVE 003 S¢_8A38 01 A .5 C_ 10.5 q.9 C151AI39C01-3

" 3323 LASER ALT lOPAVE 003 S_SA_ OI D S8 53.9 qO.5 SIqAI FIG 55

_ 33_ HASS SPECT BOOM 003 SIqBI 01 0 CA 81.1 C151A139C04
I '_ 33_ FtASS SPI[CT IL"HTR 003 ,_BA3"7 OI 0 CAB_ 5.2' CIS_AL'.'.'.'.'.'.'.'.'_)CB_3Co
I 0.88 C15_A_OCB,?.3
t_ - 3326 ttASS SP£CT STBY 003 S_8A3_ OI D CAB_ 5.2.
t 8._ C15.='A2.0CB¢730 - 33_/ HASS SP[CT ON 003 $2.8A_7 OI D CAB_ lO.q _"

;'_ --.4(D
"_ 332'8 MASS SP[C ION STB 003 ,,_--_8A37 Ol D CABS. 15.5 12..8 CIS_A2OCEt2.3

e 3328 FtASS S.z:_C ION ON 003 S_8A3"/ Ol D CAB_ 5.2. N.8 C152A2.0C023 ._'

3330 Ft.O.Ft.-PNR DISTR 003 SIS-AS 01 A .98 C2. _.0 CI51A139C81-3 _1:3_rt

3331 H.O.Ft.-PHR OISTR 003 SIS-AS OI D CAB2 6.9'7 CI=_A205CB23"L_'_ -..t

- 3332 X-RAY _PEC STBY 003 S_8A30.3| OI D CAB2. 2.1.8 2.1.2. CI_A2.0-CBL:_;

" 3333 X-RAY SPEC ON 003 $28A30.31 OI D CA9p 26.96 2.1.2 Cl_x_A20-CB2_

c 3303 X-RAY"SPEC HTR 003 ._tA31 01 O CAB_ _G:O CIr'--_?-A2.0-CB';°5
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Amendment 67

5/25/71

4.2.1 OXYGEN SUPPLY

4.2.1.3 Restrictor Performance

Figure 112-4.2-1 shows oxygen heat exchanger restrictor performance.

The curves illustrate the actual flow rates through installed restrictors

as a function of differential pressure (AP). This AP may be established

by comparing average cryogenic system pressures and (i) surge tank or (2)

during EVA, the EVA panel gage pressure. Figure 112-4.2-2 shows EVA panel

oxygen flowrate versus EVA panel pressure with a constant 900 psia cryo
oxygen supply pressure.

112-4.2.1-i
SNA-8-D-027(I) REV 3



Figure 112-4.2-1. Oxygen Heat Exchanger Restrictor Performance

112-4.2.1-2 SNA-8-D-027(1) REV 3



Amendment 67
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Figure 112-4.2-2. EVA Panel Flowrate vs. Panel Pressure

112-4.2.1-3 SNA-8-D-027 (I) REV 3



Amendment 75

7/25/71

4.2.3 PRIMARY COOLANT CIRCUIT

4.2.3.3 ECS Glycol Accumulator Calibration

Primary and secondary glycol accumulator performance characteristics

for CSM 112 are presented in Figure 112-4.2.3-1.

4.2.3.4 Glycol Evaporator

4.2.3.4.1 Contingency Evaporator Outlet Temperature Predictions for Lunar
Orbit*

Figure 112-4.2.3-2 shows the temperature response of the primary evaporator
outlet while in lunar orbit and in SIM bay attitude (SBA) under the following

conditions:

i. One radiator panel off.

2. Water boiler not in use.

3. Three men in the CM until two men were removed at the time LM

activity initiated.

4o 60 x 170 n.mi. orbit maintained for 2 revolutions following LOI.

5_ 60 x 8 n.mi. orbit continued for 12 revolutions.

....... 6. Perilune longitude: 30°E

7. Perilune latitude: 25°N

8; Terminator longitude: 1.5°E

9. Subsolar longitude: 91.5=E

Analysis of this figure indicates that the CM ECS evaporator outlet

temperature will exceed the 80 F upper limit during Apollo 15 lunar orbit
SBA after two revolutions and will reach a maximum temperature of 95 F.

Figure 112-4.2.3-3 utilizes the same conditions as above with the addition

of assuming full secondary glycol activity starting at the time of loss of one

ECS radiator panel. This figure shows the primary evaporator outlet tempera-

ture reached its designated upper limit of 80 F during the third revolution of

SBA. However, peak primary evaporator outlet temperature was reduced by i0 F

by activation of the secondary loop.

4.2.3.4.2 Water-Glycol Evaporator Outlet Temperature Predictions for Lunar
Orbit*

F_gure 112-4.2.3-4 indicates the CSM water-glycol evaporator outlet tem-

perature predictions for lunar orbit. This figure indicates that the peak

ECS radiator outlet temperature should be approximately 75 F during the low

lunar orbit time period with three cgewmen in the cabin (83-98 GET).

*NASA DATA SOURCE

112-4.2.3-1 SNA-8-D-072(1), Rev 3
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Figure 112-4.2.3-2. Primary Evaporator Outlet Temperature Predictions
With Radiator Panel 2 And Water Boiler Off

(See paragraph 4.2.3.5)
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Figure 112-4.2.3-3. Primary Evaporator Outlet Temperature Predictions with
Radiator Panel 2 and Water Boiler Off Utilizing the Secondary Glycol Loop

(See paragraph 4.2.3.5)
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Figure 112-4.2.3-4. Evaporator Outlet Temperature Response for Lunar Orbit
(Sheet 1 of 3) (See paragraph 4.2.3.4.2)
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Figure 112-4.2.3-4. Evaporator Outlet Temperature Response for Lunar Orbit

(Cont. - Sheet 2 of 3) (See paragraph 4.2.3.4.2)
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Figure 112-4.2.3-4. Evaporator Outlet Temperature Response for Lunar Orbit
(Cont. - Sheet 3 of 3) (See paragraph 4.2.3.4.2)
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z

4.3.4 PROPELLANT CONSUMPTION DETERMINATION

4.3.4.1.1 PGNCS Automaneuver (One Jet per Axis)

The table below provides SM RCS/PGNCS automatic: maneuver propellant

requirements utilizing one RCS jet per control direction. Given also
are propellant requirements to perform a variety of single-axis and

three-axis maneuvers for both a CSM (38,500 ib) at a 0.5 deg/sec rate

and a CSM+LM (75,000 ib) at a 0.2 deg/see rate. The data were generated
by digital simulation of the PGNCS digital autopilot controlling an

Apollo J-Series CSM & CSM/LM.

The SM RCS jets that are used for control moments are A1 and C2 for

± roll, A3 and C4 for _+pitch and B3 and D4 for ± yaw. All other jets
would be disabled. Jets B2 and D1 may be substituted for _+roll control

for balancing RCS consumables.

$M RCS/R_NCS AUTOMA_ER
PROPELLANTR__

PROP_ REQUIREMENT

MANEDV_
cs_ csv,/u_

085o0_) (7500ohe)
0.5 deg/,e¢ 0.2 deg/see

50° Roll 0.28 0.52

180" RoLl 0._0 0.86

50• piteh 0.83 1.63

_80 e Pl%eh 0.88 3.39

50e Taw 0.83 1.60

Three Axis 0.88 I.6&

(00, 0% oo) to (5°, 3°, 7°)

Three Axis ].38 2.65
(oo, 0°,0°) to (50°, 3oo, 7oo)

Three Axis 1.32 2.66

(o°,o°,o°)to (50°, 50°, 5o°)

- NOTE: (Pitch, Yaw, Roll) IMU Gimbal Anvles

...... 112-4.3.4-1 SNA-8-D-027(I) REV 3

• NASA--MSC--ComI., Houston, Texas
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4.3.6 MISCELLANEOUS

4.3.6.1 Service Module RCS Control Forces and Moments

Service module RCS engine locations are shown in Figures 4.3-1 and 4.3-2. Control forces and
moments are defined in Table 112-4.3-13. These data were generated for the following four vehicle

configurations.

Mission Phase Vehicle Configuration Weight (lb)

Translunar CSM + LM 102,816

Lunar orbit CSM + LM 76,132

CSM 38,316

Transearth CSM 2"7,288

112-4.3.6-1

SNA-8-D-027(I), Rev 3



Table 112-4.3-13 Service Module RCS Control Forces and Moments

':'Control Moments (ft-lb)
$#Control Forces (lb)

Roll Pitch Yaw Apollo
Jet Axis Axis Axis X-Axis Y-Axis Z-Axis Control Logic

TRANSLUNAR, CSM AND LM, INDIVIDUAL SM RCS FIRING-'_-_*

A3 -3.79 839.38 -128.44 -101.24 Z. Z5 17.71
A2 -735.74 206.51 665.06 0.00 -98. 18 30.48
A4 -3.79 -596. 69 97.57 I01.2'4 2.25 17.71
AI 728.16 34. 18 -711. 67 0.00 102. 68 4.93
B3 -5.58 131.82 785.39 -101.24 -17. 71 2.25
B2 -684.39 -665.06 206. 51 0.00 -30.48 -98. 18
B4 -5. 58 -100. 94 -542. 69 101. 24 -17.71 2.25
B1 673.23 711.67 34.18 0.00 -4. 93 102.68
C4 3.79 -782.01 77.82 -101.24 -2.25 -17.71

-" C2 -664.86 -206.51 -665.06 0.00 98. 18 -30.48

,._ C3 3.79 539.32 -46. 95 101.24 -2.25 -17.71
C1 67Z. 44 -34.18 711. 67 0.00 -102. 68 -4.93

'_ D4 5.58 -74.45 -836.01 -101.24 17.71 -2.25
'..' D2 -716.21 665.06 -206.51 0.00 30.48 98. 18

D3 5.58 43.58 593.31 101.24 17. 71 -2.25
D1 727.37 -711. 67 -34. 18 0.00 4. 93 -102. 68

_The moments given in this table were calculated for steady-state engine firing by using an engine thrust of
Z°q 102.80 pounds force. For pulse mode or minimum impulse mode operation of the service module RCS, the
;_ moments may be obtained by multiplying the tabulated moments by the ratio of mean engine thrust to

102.80 pounds force.

_7 *_gThe forces given in this table were calculated by using a service module RCS engine steady-state thrust of6
,_, 102.8 pounds force. For other values of engine thrust, the forces may be obtained by multiplying the tabulated
--- forces by the ratio of engine thrust to 102.8 pounds force. The nominal steady-state thrust of the service module

RCS engines is 102.8 (+3.4, -3.8) pounds force as shown in Table 4.3-1 of this document.
*-*e_Mas s properties:¢¢

_'_ Weight (lb) = 102,816.5
'_.g. ) = X i,04i.2 Y 3.0 Z 3.4

Inertia (slug-ft*¢-2) : IXY 61,982.0 IYY 574,878.0 IZZ 577,841.0 t_ t_
PXY -10,998.0 PXZ -5,275.0 PYZ 2,139.0 _-_

k-_ ¢-t

O_
_o



Table 1 12-4.3-13. Service Module RCS Control Forces and Moments IContl

Control Moments (ft-lb) !
I Control Forces (lb)

Roll Pitch Yaw I Apollo

Jet Axis Axis Axis X-Axis Y-Axis I Z-Axis Control Logic

TRANSLUNAR, CSM AND LM, COMBINED SM RCS FIRING

A34C3 0.00 1378.70 -175.39 0.00 0.00 0.00 + Pitch Couple
A4+C4 0.00 -1378.70 175.39 0.00 0.00 0.00 - Pitch Couple

B3+D3 0.00 175.39 1378.70 0.00 0.00 0.00 -b Yaw Couple

B4+D4 0.00 -175.39 -1378.70 0.00 0.00 0.00 - Yaw Couple

AI+BI+CI+D1 2801. 19 -0.00 0.00 0.00 -0.00 -0.00 + Roll (4 jet}
A2+B2 -2801. 19 0.00 0.00 0.00 0.00 0.00 - Roll (4 jet}

AI+CI 1400.60 0.00 0.00 0.00 0.00 0.00 + Roll (2 jet)
Bl 5�s�1400.600.00 0.00 0.00 0.00 0.00�Roll (2 jet)
A24C2 -1400- 60 0.00 0.00 0.00 0.00 0.00 - Roll (2 jet)

-- B2 �…�s�-1400.600.00 0.00 0.00 0.00 0.00 - Roll (2 jet)

_ A4+B4 30.00 -114.74 101.24 404.95 0.00 -0.00 +X Trans (4 jet)
A3+B3 À
��E�d�0.00114.74 -101.24 -404.95 0.00 -0.00 -X Trans (4 jet)

Co 0.00 +X Trans (2 jet)

A4 �d" -57.37 50. 62 202.48 0.00B4+D3 0.00 -57.37 50.62 202.48 0.00 0.00 i(2 jet)
A3+C4 0.00 57.37 -50.62 -202.48 0.00 0.00 -X Trans (2 jet)

B3+D4 0000 I 57.37 -50.62 -202.48 0.00 0.00 -XTrans (2 jet)

AI+C2 63.30 -172.32 -1376.73 0.00 200.86 -25.55 �d�Trans(2 jet)
A2+CI -63.30 172.32 1376.73 0.00 -200.86 25.55 -Y Trans (2 jet)

t_ BI+D2 -42.97 1376.73 -172.32 0.00 25.55 200.86 �d�Trans(2 jet)
B2+D1 42.97 -1376.73 172.32 0.00 -25.55 -200.86 -Z Trans (2 jet)

6
tO

O_
L_



Table 112-43-13. Service Module RCS Control Forces and Moments l Cont_

Control Moments (ft-lb)

Control Forces (lb)

Roll Pitch Yaw Apollo
Jet Axis Axis Axis X-Axis Y-Axis Z-Axis Control Logic

_:'LUNAR ORBIT, CSM AND LM, INDIVIDUAl SM RCS FIRING

A3 -2.61 889.34 -128.08 i -101.24 2.25 17.71
A2 -720. 11 315.74 1016.86 0.00 -98.18 30.48
A4 -2. 61 -519.73 81.06 101.24 2.25 17. 71
AI 714.88 51.86 -1079.61 0.00 102.68 4.93
B3 I -3. 03 126.39 857.28 -101.24 -17.71 2.25
B2 [ -688.51 -I016.86 315. 74 0.00 -30.48 -98. 18
B4 -3.03 -79.37 ] -487.68 101.24 -17.71 2.25
B1 682.44 1079. 61 51.86 0.00 -4. 93 102. 68
C4 2. 61 -858. 97 94.33 -101.24 -2.25 -17.71

_.-- C2 -680.49 -315.74 , -1016.86 I 0.00 98.18 -30.48

t,_ C3 2.61 489.36 ] -47.31 [ 101.24 -2.25 -17.71
"_ CI 685.72 _ -51.86 I
;,_ 1079. 61 0.00 -102.68 -4. 93
_, D4 3.03 -96.02 -891.02 _ -101.24 17.71 -2.25
._ D2 -712.09 1016.86 -315.74 0.00 30.48 98.18

D3 3.03 49.00 521.42 101.24 17.71 -2.25
D1 718. 15 -1079.61 -51.86 0.00 4. 93 -10a. 68

_Mas s properties:Oo
Z
,> Weight (lb) = 76,132.2

o_ C.g. (in.) : X 1,084.2 Y 2.0 Z 1.8
6 Inertia (slug-ft**2) = IXX 48,150.0 IYY 442,009.0 IZZ 448,208.0

PXY -8,533.0 PXZ -594.0 PYZ -999.0 _
t.,o ta,

7= "_¢D
i-..a t-t

_o
o_
_o
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Table 112-4.3-13. Service Module RCS Control Forces and Moments IContl

I

I Control Moments (ft-lb) Control Forces (lb)

Roll Pitch Yaw Apollo

Jet Axis Axis Axis X-Axis Y-Axis Z-Axis Control Logic

LUNAR ORBIT, CSM AND LM COMBINED SM RCSFIRING

A3+C3 0.00 1378.70 -175.39 [ 0.00 0.00 0.00 + Pitch Couple

A4+C4 0.00 -1378.70 175.39 tl 0.00 0.00 0.00 - Pitch Couple
B3+D3 0.00 175.39 1378.70 0.00 0.00 0.00 Couple

B4+D4 0.00 -175..39 -1378.70 0.00 0.00 0.00 - Yaw Couple
AI+BI+CI+D1 2801. 19 -0.00 0.00 ' 0.00 -0.00 -0.00 + Roll (4 jet)

A2+B2+C2+D2 -2801. 19 0.00 0.00 ; 0.00 0.00 0.00 - Roll (4 jet)

AI+CI 1400. 60 0.00 0.00 _ 0.00 0. 00 0.00 + Roll (2 jet)
BI+DI 1400.60 0.00 0.00 i 0.00 0.00 0.00 +Roll {2 jet}
A2+C2 -1400.60 0.00 0.00 _: 0.00 0.00 0.00 - Roll (2 jet)

_ B2+D2 -1400. 60 0.00 0.00 i 0o 00 0.00 0.00 - Roll (2 jet)

i"_ A4+B4+C3+D3 0.00 -60.74 67.49 1 404.95 0.00 -0.00 +X Trans (4 jet)
j.. A3+B3 v�;�d�0.0060.74 -67.49 : -404.95 0.00 -0.00 -XTrans (4 jet)

A4+C3 0.00 -30.37 33.75 202.48 0_00 0.00 +X Trans (2 jet)

B4+D3 0.00 -30.37 33.75 202.48 0.00 0.00 +XTrans (2 jet)
6,

A3+C4 0.00 30.37 -33.75 -202.48 0.00 0,00 -X Trans (2 jet)

B3+D4 0.00 30.37 -33.75 -202.48 0.00 0.00 -X Trans (2 jet)

AI š�n�34.39°263.89 -2096,47 _ 0:00 200,86 -25.55 +Y Trans (2 jet)
A2 ê�n�-34.39263.89 2096.47 I 0.00 -200.86 25.55 -Y Trans (2 jet)

_q BI ��s�-29.64 2096.47 -263.89 l 0.00 25.55 200.86 +Z Trans (2 jet)
Z

B2 �n�29.64-2096.47 263.89 0.00 -25.55 -200.86 -Z Trans (2 jet)

U7
d_
A
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Table 112-43-13 Service Module RCS Ccmtrol Forces and Moments(Cont)

Control Moments (ft-lb)

Control Forces (lb)

Roll Pitch Yaw Apollo
Jet Axis Axis Axis X-Axis Y-Axis Z-Axis Control Logic

_:_LUNAR ORBIT, CSM, INDIVIDUAL SM RCS FIRING

AS -5.36 691.28 -118.58 -101.24 2.25 17.71

A2 -734. 19 -41. 18 : -132. 62 0.00 -98. 18 30.48

A4 -5.36 -736.35 124.31 101.24 ' 2.25 17.71 i
A1 723.47 -5.89 122.62 0.00 i 102.68 4.93 i
B3 -5.03 109.30 633.07 -101.24 -17.71 2.25

B2 -674. 94 i 132. 62 -41. 18 0.00 i -30.48 -98. 18

B4 -5.03 -115.03 ! -678.14 101.24 ] -17.71 2.25
BI 664.88 -122.62 i -5.89 0.00 -4.93 102.68 ':

C4 5.36 -642.35 [ 51.08 -101.24 -2.25 -17.71 _

-- C2 -666. 41 41.18 ;' 132.62 0.00 98. 18 -30.48

.k-, C3 5.36 687.42 i -56.82 101.24 -2.25 -17.71
u,, CI 677.13 5.89 -122.62 0.00 t -102.68 -4. 93

D4 5.03 -60.36 ] -700.56 -101.24 [ 17.71 -2.25

D2 -725. 66 -132. 62 ,1 41. 18 0.00 30.48 98.18

D3 5.03 66. 10 745.63 101.24 17.71 -2.25

D1 735.72 122. 62 5.89 0.00 4. 93 -102.68

;:_Mas s properties:

Z
;_ Weight (lb) = 38316.3

,_ C.g. (in.)= X 943.7 Y 4.0 Z 2.9

_3 Inertia (slug-ft':-'-*2) = IXX 21, 379.0 IYY 60,336.0 IZZ 65, 109.0

=j PXY -2, 489.0 PXZ 1,447.0 PYZ -572.0

< t._ fD

part

O'_
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Table 112-4.3-13. Service Module RCS Control Forces and Moments (Con t}

Control Moments (ft-lb)
Control Forces (Ib}

Roll Pitch Yaw Apollo
Jet Axis Axis Axis X-Axis Y-Axis Z-Axis Control Logic

e

LUNAR ORBIT_ CSM_ COMBINED SM RCS FIRING

A3+C3 0.00 1378.70 -175.39 0.00 0.00 0.00 + Pitch Couple
A4+C4 0.00 -1378.70 175.39 0.00 0.00 0.00 " Pitch Couple
B3+D3 0.00 i 175.39 1378.70 0.00 0.00 0.00 , + Yaw Couple
B4+D4 0.00 -175.39 -1378.70 0.00 0.00 0.00 - Yaw Couple
AI+BI+CI+DI 2801. 19 0.00 -0.00 0.00 -0.00 -0.00 + Roll (4 jet)
A2+B2+C2+D2 -28010 19 0.00 0.00 0.00 0.00 0.00 - Roll (4 jet}
AI+CI 1400.60 0.00 0.00 0.00 0.00 0.00 troll (2 jet)
BI+DI 1400.60 0.00 0.00 0.00 0.00 0.00 + Roll (2 jet)
A2+C2 -1400.60 0.00 0.00 0.00 0.00 0.00 - Roll (2 jet)

_ B2+D2 -1400. 60 0.00 0.00 0.00 0.00 0.00 - Roll (2 jet)
_ A4+B4 \
��@�d�0.00-97.86 134.98 404.95 0.00 -0.00 +X Trans (4 jet)

A3+B3+C4+D4 0.00 97.86 -134.98 -404.95 0.00 -0.00 -X Trans (4 jet)
_,o A4+C3 0.00 -48.93 67.49 202.48 0.00 0.00 d�Trans(2 jet)

B4 �E�d�0.00-48.93 67.49 202.48 0.00 0.00 d�Trans(2 jet)-,4
A3+C4 0.00 48.93 -67.49 -202.48 0.00 0.00 -XTrans (2 jet}
B3+D4 0.00 48.93 -67.49 -202.48 0.00 0.00 -X Trans (2 jet}
AI+C2 57.06 35.29 255.24 0.00 200.86 -25.55 +Y Trans (2 jet)
A2+CI -57.06 -35.29 -255.24 0.00 -200.86 25.55 -Y Trans (2 jet)

t_q BI+D2 -60.78 -255.24 35.29 0.00 25.55 200.86 +Z Trans (2 jet)Z
> B2+DI 60.78 255.24 -35.29 0.00 -25.55 -200.86 -Z Trans (2 jet)
do
6
d_
IJ
--d

3

t_z L,J Cu
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Table 112-43-13 Service Module RCS Control Forces and MomentslCont)

Control Moments (ft-lb)

Control Forces (Ib)

Roll Pitch Yaw Anol/o

Jet Axis Axis Axis X-Axis Y-Axis Z-Axis Control--t-'Logic

:',=TRANSEARTH, CSM, INDIVIDUAL SM RCS FIRING

A3 -1. 61 730.56 -102. 16 -101.24 2.25 17.71

A2 -730.29 _ 22.08 71.10 0.00 -98. 18 30.48

A4 -1.61 ! -702.14 98.54 101.24 2.25 17.71

AI 727.06 4.34 -90. 45 0.00 102. 68 4.93

B3 -5.00 116.50 690.91 -101.24 -17.71 2.25I

B2 -696. 16 -71.10 i 22.08 0.00 -30.48 -98.18
B4 -5.00 -112.89 -662.48 101.24 -17.71 2.25

BI 686.15 90.45 _ 4.34 0.00 -4.93 102.68 I
C4 1.61 I -676.56 76.85 -101.24 -2.25 -17.71 I

-- C2 -670.31 _ -22.08 ; -71.10 0.00 98.18 -30.48
I

I-_ C3 1.61 i 648.14 I -73.23 101.24 -2.25 -17.71
-_ CI 673. 53 -4.34 90.45 0.00 -102. 68 -4. 93

_h, D4 5.00 o62.51 : -716.22 -101.24 17.71 -2.25

"7 D2 -?04.44 71. 10 -22.08 0.00 30.48 98.18

D3 5.00 58.89 687. 79 101.24 17.71 -2.25

DI 714.45 -90.45 i -4.34 0.00 4.93 -102.68
m

_'Mass properties :

z
>. Weight (lb) = 27,288.4

,_o C.g. (in.)= X 968.6 Y 1.5 Z 3.g

C77 Inertia (slug-it**2) = IXX 15,518.0 IYY 47,213.0 IZZ 46,886.06
IJ PXY -987.0 PXZ 1,080.0 PYZ -I, I18.0

¢_

cofD
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Table i i 2-4.3-I 3. Service Module RCS Control Forces and •Moments {Cent)

Control Moments (ft-lb)

Control Forces (lb)

Roll Pitch Yaw Apollo
Jet Axis Axis Axis X-Axis Y-Axis Z-Axis Control Logic

:_TRANSEARTH_ CSM, COMBINED SM RCS FIRING

A3+C3 0.00 1378.70 -175.39 0.00 0.00 0.00 + Pitch Couple
A4+C4 0.00 -1378.70 175.39 0.00 0.00 0.00 - Pitch Couple
B3+D3 0.00 175; 39 1378.70 0.00 0.00 0.00 " �YawCouple
B4+D4 0.00 -175.39 -1378.70 0.00 0.00 0.00 - Yaw Couple
AI+BI+CI+DI 2801.19 0.00 0.00 0.00 -0.00 -0.00 + Roll (4 jet)
A2+B2+C2 •�s�-2801.190.00 0.00 0.00 0.00 0.00 - Roll (4 jet)
AI+CI 1400. 60 0.00 0- 00 : 0.00 0.00 0.00 + Roll (2 jet)
BI+D1 1400.60 0o 00 0.00 [ 0.00 0.00 0.00 + Roll (2 jet)
A2+C2 -1400.60 0.00 0.00 ! 0.00 0.00 0.00 - Roll (2 jet)
B2 �i�-1400.600.00 0.00 r 0.00 0.00 0.00 - Roll (2 jet)

-- A4 3+D30.00 -107.99 50. 62 404.95 0.00 -0.00 +X Trans (4 jet)IJ

A3 4 �E�i�0.00107.99 -50. 62 -404.95 0.00 -0.00 -X Trans (4 jet)
t.o A4 @�i-53.99 2_. 31 202.48 0.00 0.00 d�Trans(2 jet)
',_ B4 �@�i�0.00-53.99 25.31 202.48 0.00 0.00 �d�Trans(2 jet)
,o A3 x�i�0;00 53.99 -25.31 -202.48 0.00 0.00 -X Ti:ans {2 jet)

B3 �i53.99 -25.31 -202.48 0.00 0.00 -g Trans (2 jet)
AI �s�56.76-17.73 -161.54 0.00 200.86 -25.55 +Y Trans (2 jet)
A2+CI -56.76 17.73 161.54 0.00 -200.86 25.55 -Y Trans (2 jet)
BI ï�s�-18.29161.54 -17.73 0.00 25.55 200.86 i�Trans(2 jet)Z

> B2+DI 18.29 -161.54 17.73 0.00 -25.55 -200.86 -Z Trans (2 jet)

6

_o he t_

k.o e_

O_
L.o



Amendment 63

3/31/71/

4.4.5 MISCELLANEOUS

4.4.5.1 Command Module RCS Control Forces and Moments

Control lbrces and moments data are provided in Table 112-4.4-4 and 112-4.4-5 for both

single and double systems and at various altitudes from 400,000 to 25,000 feet. Angular
accelerations can be obtained by dividing the control moment by the respective spacecraft inertia

(Mass Properties Data Book, Volume 111)in each axis.

112-4.4.5-1

SNA-8-D-027(1). Rev 3



Fable I 12-4.4-4. Command Module R('S Control Force_

+Pitch (Engine 13) +Yaw (Engine 15) +Roll (Engine 11)

I
Altitude X y Z X y Z X [ y Z

(ft) (lb) lib) (Ib) (Ib) (Ib) (lh) (Ib) i (Ib) (Ib}

SINGLE SYSTEM A

I
400,000 -69.823 -4.111 67.208 -70.153 -67.008 4.098 -7.514 ] 5.952 97.229

125,000 -69.714 -4.100 67.033 270.032 -66.846 4.088 -7.202 i' 6.394 96. 923110,000 -69.702 -4.101 67.045 -70.032 -66.846 ! 4.088 -7.247 (,.322 96.924

95,000 -69.714 -4.100 67.033 -70.032 -66.846 4.088 -7.122 6.503 96.821
85,000 -69.702 -4.101 67.045 -70.093 -66.927 4.093 -7.353 i 6.191 97.126

75,000 -68.925 -4.027 65.835 -69.204 -65.688 4.018 -5.201 9.180 94.714
65,000 -68.754 -4.011 65.580 -69.021 -65.445 4.003 -4.754 9.812 94.272

50,000 -66.507 -3.801 62.142 -66.561 -62.084 3.797 0.582 ! 17.234 88.333
35,000 -62.457 -3.420 55.916 -62.133 -55.978 3.424 I0. 689 31,313 7?.209

--_ 25,000 -57.819 -2.983 48.770 -56.857 -49.125 3.005 1.232 15.291 72.188
IJ

-Pitch (Engine 14) -Yaw (Engine 16) -Roll (Engine 12)

Altitude X y Z X Y Z X y Z

fit) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib)

400,000 -3.894 -10.783 97,629 -70.153 I 67.008 -4.098 -5.231 -96.763 4.298

t25,000 -3.711 -10.750 97.338 -70. 032 j 66.846 -4.088 -5.034 -96.486 4.000110,000 -3.855 -10.772 97.531 -70.032 66.846Z -4.088 -5.066 -96.583 4.047

> 95,000 -3.749 -10.761 97.436 -70.032 [ 66.846 -4.088 -4.989 -96.491 3.929
85,000 -3.732 -10.761 97.437 -70.093 ] 66,927 -4.093 -5.126 -96.676 4.137

, 75,000 -2.622 -10.568 95.682 -69.204 65.688 -4.018 -3.818 -94.899 2.155

IJO 65,000 -2.238 -10.503 95.096 -69.021 65.445 -4.003 -3.567 -94.616 1.771
50,000 0.620 -10.001 90.547 -66.561 t 62.084 -3.797 -0.297 -90.343 -3.193

35,000 6.301 -9.030 81.762 -62.133 ] 55.978 -3.424 5.847 -82.449 -12.526

25,000 0.0 -8.135 73.652 -56.857 [ 49.125 -3.005 7.133 -74.0!3 -!4.203 _ _

I.g
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Table 112-444 Command Module RCS Control Forces (Contb

+Pitch (Engine 23) +Yaw (Engine 25) +Roll (Engine 21)

Altitude X Y Z X Y Z X Y Z
fit) (lb) (lb) (lb) (lb} (lb) (lb) (lb} (lh) (lb)

SINGLE SYSTEM B

400,000 -69.823 4.111 67.208 -70.153 -67.008 -4.098 -5.231 96,763 4.298
125,000 -69.714 4.100 67.033 -70.032 -66.846 -4.088 -5.034 96.486 4.000
110,000 -69.702 4.101 67.045 -70.032 -66.846 -4.088 -5.066 96.583 4.047

95,000 -69.714 4.100 67.033 -70.032 -66.846 -4.088 -4.989 96.491 3.929
85,000 -69.702 4.101 67.045 -70.093 -66.927 -4.093 -5.126 96.676 4.137
75,000 -68.925 4.027 65.835 -69.204 -65.688 -4.018 -3.818 94.899 2.155
65,000 -68.754 4.011 65.580 -69.021 -65.445 -4.003 -3.567 94.616 1.771
50,000 -66.507 3.801 62.142 -66.561 -62.084 -3.797 -0.297 90.343 -3.193
35,000 -62.457 3.420 55.916 -62.133 -55.978 -3.424 5.847 82.449 -12.526

_ 25,000 -57.819 2.983 48.770 -56.857 -49.125 -3.005 7.133 74.013 -14.203

IJ

-Pitch (Engine 24) -Yaw (Engine 26) -Roll (Engine 22)

Altitude X Y Z X Y Z X Y Z
(ft) (Ib) (Ib) (Ib) {ib) (Ib) (Ib) (Ib) (Ib) (Ib)

400,000 -3.894 10.783 97.629 -70.153 67.008 4.098 -7.514 -5.952 97.229
125,000 -3.711 10.750 97.338 -70.032 66.846 4.088 -7.202 -6.394 96.923
110,000 -3.855 10.772 97.531 -70.032 66.846 4.088 -7.247 -6.322 96.924Z

> 95,000 -3.749 10.761 97.436 -70.032 66.846 4.088 -7.122 -6.503 96.821
85,000 -3.732 10.761 97.437 -70.093 66.927 4.093 -7.352 -6.191 97.126
75,000 -2.622 10.568 95.682 -69.204 65.688 4.018 -5.201 -9.180 94.714

,a 65,000 -2.238 10.503 95.096 -69.021 65.445 4.003 -4.754 -9.812 94.272
50,000 0.620 10.001 90.547 -66.561 62.084 3.797 0.582 -17.234 88.333
35_000 6.301 9.030 81.762 -62.133 55.978 3.424 10.689 -31.313 77.209
25,000 0,0 8.135 73.652 -56.857 49.125 3,005 1.232 -15.291 72.188

3



Table 112-44-4 Command Module RCS Control ForcesiContl

+Pitch (Engines 13 and 23) +Yaw (Engines 15 and 25) +Roll (Engines 11 and 21)

Altitude X y Z X y Z X Y Z

{ft) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (ib) (Ib) (ib)

DUAL SYSTEM

400,000 -139.646 0.0 134.41S -140.306 -134.017 0.0 -12.745 I I02.715 101. 526
125,000 -139.428 0.0 I 134.06S -140.064 -133.692 0.0 -12.236 [ 102.880 100.923

110,000 -139.405 0.0 134.089 -140.064 -133.692 0.0 -12.313 102.905 100.971
95,000 -139.428 0.0 134.065 -140.064 -133.692 0.0 -12.111 102.994 100.750
85,000 -139.405 0.0 134.089 -140.185 -133.854 0.0 -12.478 102.867 101.262
75,000 -137.850 0.0 131.671 -138.409 -131.375 0.0 -9.019 104.079 96.869
65,000 -137.508 0.0 131.161 -138.043 -130.890 0.0 -8.321 104.428 96.043

50,000 -133.014 0.0 124.283 -133.122 -124.168 0.0 0.286 107.577 85.139
35,000 -124.915 0.0 111.832 -124.265 -111.955 0.0 16.537 113.763 64.683

--__ 25,000 -115.639 0.0 97.540 -113.715 -98.250 0.0 8.364 89.303 57.985
IJ I

-_tch (Engines 14 and 24) -Yaw (Engines 16 and 26) -Roll (Engines 12 and 22)

....... [ --_ ......
Altitude X y Z X i y Z X Y Z

fit) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib) (Ib)

400,000 -7.787 0.0 195.258 -140.306 134.017 0.0 -12.745 -102.715 101.526
125,000 ! -7.421 0.0 194.676 -140.064 133.692 0.0 -12.236 -102.880 100.923
110,000 -7.711 0.0 195.062 -140.064 133.692 0.0Z -12.313 -102.905 100.971

95_000 I -7.497 0.0 194.872 -140. 064 133. 692 0.0 -12.111 -102. 994 100.750
85,000 -7.463 0.0 194.873 -140.185 133.854 0.0 -12.478 -102.867 101.262
75,000 -5.243 0.0. 191.365 -138.409 131.375 0.0 -9.019 -104.079 96.869

tJ 65,000 -4.476 0.0 190.191 -138.043 130.890 0.0 -8.321 -104.428 96.043
50,000 1.240 0.0 181.095 -133.122 124.168 0.0 0.286 -107.577 85.139
35,000 12.601 0.0 163.524 -124.265 111.955 0.0 !6.537 -113.763 64.683

[ 25,000 0.0 0.0 147.304 -113.715 98.250 0.0 8.364 -89.303 57.985 _

° _



Table 112.4.4-5. Cominand Module RCS Control Moments

I
+Pitch (Engine 13) [ +Yaw (l£ngine 151 +Roll (Engine 111

Altitude L M N L M N L M N

fit) (ft-lb} (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb} (ft-lb) (ft-lb} (ft-lb)

SINGLE SYSTElvl A

400,000 -0.868 522.125 31.032 -32.317 63.886 491.344 •446.515 98.516 28. 478

125,000 -0.866 521.244 30.980 -32.239 63.773 490.451 447.426 96.755 26.863

110,000 -0.866 521.179 30.976 -32.239 63.773 490.451 447.070 96.983 27.102

95,000 -0. 866 521. 244 30. 980 -32. 239 63. 773 490. 451 447. 534 96. 291 26. 454

85,000 -0.866 521.179 30.976 -32.278 63.829 490.897 447.274 97.639 27.636
75,000 -0. 851 514. 925 30. 604 -31. 680 62. 998 484. 305 451. 924 85. 344 16. 545

65,000 -0.847 513.560 30.522 -31.563 62.827 482.959 453.199 82.824 14.235

50,000 -0. 803 495. 535 29. 449 -29. 942 60. 528 464. 773 464. 962 52. 350 -13. 279
35,000 -0.722 463. 029 27. 513 -26. 997 56. 387 431. 982 487.879 -5. 282 -65. 403

25,000 -0.630 425.775 25. 294 -23.692 51.478 393.316 386.487 38.706 -14.793

._ -Pitch (Engine 14) -Yaw (Engine 16) -Roll (Engine 12)
4_

Cn Altitude L M N L M N L M N

t.n (ft) (ft-lb} (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb)
[

400,000 -3.586 -354.963 -39.347 I 32.321 a 0 aJ. ,2, -489.005 -431.785 27.101 84.661

125,000 -3. 575 -354.508 -39.290 32.242 3.925 -488,117 -431.867 25.997 83.578
t_

X 110,000 -3.582 -354.728 -39. 320 32.242 3.925 -488.117 -432. 101 26.177 83.788
,_ 95,000 -3.579 : -354.744 -39.317 32.242 3.925 -488.117 -432.220 25.742 83.373
oo 85,000 -3.579 -354.807 -39.324 32.282 3.927 -488. 561 -432.122 26.511 84.122

6 75,000 -3.514 -352,104 -38.984 31.684 3.900 -481. 999 -432.992 19.169 76.965
,-_ 65,000 -3.493 -351.241 -38.875 31.567 3.893 -480.659 -433,436 17.757 75.633

_ 50,000 -3.326 i -344.162 -37.988 29.945 3.814 -462.554 -436.428 -0.611 57.852
35,000 -3. 003 -331. 051 -36. 331 27. 000 3. 675 -429.91'1 -442. 698 -35. 124 24. 532

25,000 -2.705 ] -278.157 -30.721 23.695 3.484 -391.421 -411.705 -42.156 12.916t_

Conditions : Legend : _" _koo.

Command module weight = 12,945 lb L = Roll _

X = 1039.40 M = Pitch _
cg N = Yaw

Y = -0.20 o_
cg t_

Z 5.80
cg

I



Table 112_.4-5. Command Module RCS Control Moments (Cont)

+Pitch (Engine 23) +Yaw (Engine 25) +Roll (Engine 21)

Altitude L M N L M N L M N

(ft) (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft -lb) (ft-lb)

SINGL,E SYSTEM B

400,000 3.109 522.125 -28.705 -32.457 3.929 491.344 431.929 27.101 -84.487
125,000 3.100 521.244 -28.656 -32.379 3.925 490.451 432.000 25.997 -83.411
110,000 3.101 521.179 -28.653 -32.379 3.925 490.451 432.236 26.177 -83.619

95,000 3.100 521.244 -28.656 -32.379 3.925 490.451 432.351 25.742 -83.207
85,000 3.101 521.179 -28.653 -32.418 3.927 490.897 432.260 26.511 -83.951
75,000 3.045 514.925 -28.306 -31.818 3.900 484.305 433.064 19.169 -76.838
65,000 3.033 513.560 -28.231 -31.700 3.893 482.959 433.495 17.757 -75.514
50,000 2.874 495.535 -27.232 -30.072 3.814 464.773 436.321 -0.611 -57.842
35,000 2.586 463.029 -25.431 -27.114 3.675 431.982 442.280 -35.124 -24.727
25,000 2.256 425.775 -23.367 -23.795 3.484 393.316 411.231 -42.156 -13.154

_._ -_tch (Engine 24) -Yaw •(Engine 26) -Roll (Engine 22)

Altitude L M N L M N L M N

fit) (ft-lb) (ft -lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb) (ft-lb)

400,000 6.840 -354.963 39.477 32.454 63.886 -489.005 -443.274 98.516 -28.228
125,000 6.820 -354.508 39.414 32.375 63.773 -488.117 -444.195 96.755 -26.623

Z 110,000 6.833 -354.728 39.448 32.375 63.773 -488.117 -443.839 96.983 -26.860
> 95,000 6.827 -354.744 39.442 32.375 63.773 -488.117 -444.307 96.291 -26.216

85,000 6.827 -354.807 39.448 32.415 63.829 -488.561 -444.037 97.639 -27.391
75,000 6.704 -352.104 39.072 31.814 62.998 -481.999 -448.767 85.344 -16.372

,J_ 65,000 6.663 -351. 241 38.950 31.697 62.827 -480.659 -450.056 82.824 -14.076
50,000 6.344 -344.162 37.968 30.069 60.528 -462.554 -462.018 52.350 13.260
35,000 5.728 -331.051 36.121 27.111 56.387 -429.911 -485.305 -5.282 65.046
25,000 5.160 -278. i57 30.721 23.793

< I 51.478 -391.421 -384.081 38.706 14.752



• i

Table I 12_ 4-5_ Command Module RCS Control Moments (Cont)

:, +Pitch (Engines 13 and 23) +Yaw (Engines 15 and 25) +Roll (Engines 11 and 21)

: Altitude L M N L M N L M N

(ft) " (ft-lh) (ft-lbl (ft-lb) (ft-lb) (ft-lb) (ft-lbl (ft-lb) (ft-lbl (ft-lb)

• DUAL SYSTEM

400,000 2.240 1044.250 2.327 -64.775 67.815 982.687 878.444 1"25.616 -56.008
125,000 2.234 1042.489 20324 -64.618 67.698 980.902 879.426 122.752 -56.548
110,000 2.235 1042.358 2.323 -64.618 67.698 980.902 879.306 123'.160 -56.517

95,000 2.234 1042.489 2.324 -64.618 67.698 980.902 879.885 122.032 -56.753
85,000 2.235 1042.358 2.323 -64.696 67.756 981.794 879.534 ' 124.149 -56.315

75,000 2.195 1029.849 2.298 -63.498 66.897 968.611 884.989 104.513 -60.292

65,000 2.186 1027.121 2.292 -63.264 66.721 965.919 886.694 100.581 -61.279

50,000 2.071 991.071 2.217 -60.014 64.342 929.545 901.283 51.739 -71.121
35,000 1.864 926.057 2o082 _ -54.112 60.062 863.963 930.159 -40.406 -90.130

-- 25,000 1.626 851.550 1.927 -47.487 54.962 786. 632 797.718 -3.449 -27.946
_. tO

-Pitch (Engines 14 and 24) -Yaw (Engines 16 and 2_ -Roll (Engines 12 and 22)
I

Altitude L M N L [ M N L M N

(ft) (ft-lb) (ft-lb) (ft-lb) (ft-lbl { (ft-lb) (ft-lh) (ft-lb) (ft -Ib) (ft -lb)
{

400,000 3.254 -709.926 0.130 64.775 67.815 -978.010 -875.059 125.616 56.433

125,000 3.245 -709.016 0.124 64.618 67.698 -976.233 -876.062 122.752 56.955

Z 110,000 3.251 -709.456 0.129 64.618 67.698 -976.233 -875.940 123.160 56.928

95,000 3.248 -709.488 0.125 64.618 67.698 -976.233 -876.527 122.032 57.157

85,000 3.248 -709.613 0.124 64.696 67.756 -977.122 -876.159 124.149 56.731

6 75,000 3.189 -704.207 0.087 63.498 66.897 -963.997 -881.760 104.513 60.593
,J 65,000 3.170 -702.483 0.075 63.264 66.721 -961.317 -883.492 100.581 61.556

50,000 3.018 -688.324 -0.021 60.014 64.342 -925.108 -898.445 51.739 71.111
35,000 2.725 -662.102 -0.210 54.112 60.062 -859.821 -928.003 -40.406 89.578

_ 25,000 2.455 -556.314 0.0 47.487 54.962 -782.841 -795.786 -3.449 27.668
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4/29/71
4.5.1 SPS PROPULSION PERFORMANCE

4.5.1.3 SPS Start and Shutdown Thrust Transients

*Table 112-4.5.2 CSM i12 Engine SN 065 Transient Data

Predicted Value**

Run-to-rul

Single Bore 3-Sigma

Impulse
Tolerance

Item A Bank B Bank Dual Bore (ib-sec)

Time from FS. to 90 percent of

steady-stateithrust (sec) 0.662 0.676 0.580

Start transient total vacuum impulse

from FSl to 90 percent of steady-
state thrust (Ib-sec) 483 411 223

Time from FS2 to i0 percent of
steady-state thrust (sec) 1.083 1.117 1,153

Shutdown total vacuum impulse

from FS 2 to 0 percent of steady-

state thrust (ib-sec) 12,325 12,850 13,650 ,1500
.--4

*Refer to paragraph 4.5.1.3

**Values apply to nominal engine operating propellant temperatures of

60 to 80 F and engine inlet pressures as follows:

i. Start (lockup pressures)

Oxidizer 178 ±4 psia

Fuel 178 ±4 psia

2. Steady-state run pressures

Oxidizer 162 +4 psia

Fuel 169 ±4 psia

112-4.5.1-1

SNA-8-D-O27(1), Rev 3
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4.5.1.6 SPS Mission Performance Predictions Data*

A preflight analysis was made to predict the performance of the CSM 112

SPS for Mission J-l. Both a nominal case and system dispersion cases, which

included the uncertainties in system characterization data, were analyzed to
determine the system's expected steady-state performance values and their
respective 1-sigma uncertainty values.

The analysis was made using the analysis techniques described in the

PATS User's Manual with the majority of the characterization data for the SPS

obtained from SID 66-1501-A (Part 3 of 3), "Performance Data Supplement to
Mission Modular Data Book, Block II Earth Orbital Mission," dated 15 March

1967. Additional data include system feedline fluid resistances calculated

by NR and verified by test data obtained from the WSTF F2-A Block II SPS

ground test vehicle. Fluid resistances were obtained for the CSM 112 pro-

pellant utilization (PU) valve from acceptance test data. The engine fluid

resistances were calculated from data presented in the acceptance test log
for SPS Engine No. 65. These resistances and engine performance characteri-

zations data used in the analysis are presented in Table 112-4.5.1-1. CSM

II2/LM-10 mass property data were obtained from Revision 3 of the CSM/LM

Spacecraft Operational Data Book, Volume III - Mass Properties, dated
_-- 1 April 1971, and are presented in Table 112-4.5.1-2. Uncertainties in the

CSM 112 system characterization data used in the dispersion analysis are

given in Table 112-4.5.1-3. The analysis used the SPS burn schedule (delta

velocities) as obtained from the Operational Trajectory (dated 4/16/71) and
presented in Table 112-4.5.1-4. The burn durations shown in the table assume

that the AV for each burn resulted entirely from the steady-state SPS impulse,
i.e., no RCS or transient SPS impulse was considered.

Previous flight results have consistently shown the inflight mixture

ratio to be significantly less than expected based on engine acceptance test

data. As a result, the majority of SPS burn time was performed with the PU

Valve in the primary increase position. The purpose of the PU valve is to
have the capability of adjusting the propellant mixture ratio to 1.60 to I

(which would ensure a minimum propellant outage). Such mixture ratio shifts,

as experienced on previous flights, greatly reduce this capability. In order
to rectify this situation, new fuel orifice sizes were calculated for

Apollo SPS engines S/N 058 and 063 through 072 based on the following condi-
tions:

I. Oxidizer interface orifice to remain unchanged.

2. Engine mixture ratio to be 1.60 to i.

*NASA DATA SOURCE

- 112-4.5.1-i.i

SNA-8-D-027(1) REV 3
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3. Oxidizer inlet pressure of 162 psia (this is a steady-state

flow condition and is unchanged from that value at which the
engines were acceptance tested).

4. Fuel inlet pressure of 175 psia (this is a steady-state flow

condition and is increased by 6 psia from that value at which
the engines were acceptance tested).

The above requirements and engine acceptance data were used to cal-
culate the resistance as follows:

i. Using the existing oxidizer resistance, the specified inlet

pressures, and the acceptance test value of characteristic

exhaust velocity, tile chamber pressure calculations were

iterated to derive values of oxidizer and fuel flow rates at
a mixture ratio of 1.60 to I for dual bore.

2. Using the fuel flow rate, the required value of the fuel cir-

cuit resistance was calculated. The difference between the

existing resistance and the calculated resistance then de-

termined the required decrease in the diameter of the fuel inter-
face orifice.

The fuel engine feedline resistance for engine S/N 065 was obtained

from the above procedure and is presented in Table 112-4.5.1-i. The fuel

resistance was then biased by -5.5%. This bias was obtained by statistically

analyzing the results of the postflight analyses from Apollo Missions 9, i0,
ii, and 12. The uncertainty associated with this bias was combined with the

uncertainty in the engine fuel resistance determined during acceptance

testing by the root-sum-square (RSS) method for the purpose of more accurately
estimating the dispersions on engine performance. The nominal simulation

utilized the resistances as determined from the above procedure, with the

result that out of a total SPS simulation burn time of 586.44 seconds, the

PU valve was in the primary-decrease position for 155.76 seconds (26.6%) and
in the primary-normal position for 430.68 seconds (73.4%).

Both propellant hulk temperatures were assumed to be 70°F throughout the

mission. The tank pressures at the start of each burn were set to reflect

the actual tank pressures experienced on past Apollo missions. The CIRC burn

was performed with only the lower bore (bore "A") of the engine bipropeilant
valve open. The remainder of the burns used both bores. The first four

seconds of each burn was initiated lower bore, except for the LOI burn, which
was initiated upper bore. After four seconds the other bore was opened.

CSM 112 SPS performance parameter nominal values are presented in Table

i12-4.5.i-5 and Figures 112-4.5.1-i through i12-4.5.1-8. The results of the
dispersion analysis are'included in Table i12-4.5.1-6.

112-4.5.1-2
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This preflight prediction considers oxidizer gaging system errors

due to oxidizer transfer from the storage tank to the sump tank caused

by helium absorption by the oxidizer following loading, which results

in a sump tank oxidizer level which is above the maximum gageable; and

a time-varying error on the oxidizer storage tank gaging probe which

results from the zero-adjustment bias that was incorporated to insure

a zero storage tank gage readout after crossover. For this simulation,

it was assumed that approximately ii0 ibm of oxidizer was ungageable

prior to crossover because of the transfer due to helium absorption.

This assumption was based mainly on data from the Apollo i0, ii and 12

Missions. The present Apollo 15 planning calls for the LOI burn to be

initiated with the PU valve in the primary-normal position. Prior to
crossover the crew will utilize the PU valve to maintain the indicated

unbalance during steady-state operation to within +50 ibm of the un-

balance-meter reading at 25 seconds into the LOI burn. After crossover

the crew will maintain the unbalance-meter reading within the "green

band" (zero +i00 ibm) during steady-state operation. With this PU valve

logic modeled in the nominal preflight simulation, the following PU
valve movements occurred: at 136.75 seconds into the LOI burn the PU

valve was moved from the primary-normal position to the primary-decrease

_ position. This position was maintained until 167.25 seconds of the

LOI burn, at which time the PU valve was moved from the primary-decrease

position to the primary-normal position. The PU valve remained in the

normal position until 25 seconds of the TEl burn, where the PU valve was

moved to the primary-decrease position. The decrease position was main-

tained until 119.37 seconds of the TEl burn, at which time the PU valve

was moved to the primary-normal position. Thisposition was maintained

throughout the remainder of the simulation, lhe oxidizer unbalance read-

ing at the end of the simulation was -12.3 ibm.

The data presented in this section are valid for nominal system con-

ditions; the values of propulsion system paranmters presented herein do

not represent boundary conditions of operation for the systems, and there-

fore, should not be used as limit values.

The time-history performance data shown in Figures 112-4.5.1-1

through i12-4.5.1-7 are dependent on the PU valve position. Figure

112-4.5.1-8 shows the expected gageable oxidizer unbalance and PU valve

position throughout the nominal simulation, lhe time history performance

of the CIRC burn was excluded from the figures because of the short dura-

tion (4.03 sec) of this burn. The performance for this burn is very similar

to the first four seconds of the DOI burn. If actual flight

112-4.5.1-3
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conditions require a different PU valve logic than was used for this

analysis, Table 112-4.5.1-7 contains the nominal performance parameters

for the various PU valve positions with the engine operating in the single

and dual bore mode. For each burn, with the exception of the CIRC burn,
the table contains the performance parameters at the various PU valve

positions for both single and dual bore operation. The performance level

of the CIRC burn is very similar to the DOI single bore performance level;

therefore, the DOI single bore performance parameters may be used to

represent the CIRC burn parameters.

It should be noted that the performance data presented in Table

112-4.5.1-5 were obtained from discrete time slices taken throughout the

mission simulation. It is recommended that these values not be used to

represent a constant level of performance throughout a given burn. In

order to obtain single values of thrust, Isp, and total flow rate which

most accurately represent these parameters during a particular burn, it

is necessary to determine the "effective" values of the parameters for

that burn, i.e., the unique values of thrust, Isp and total flow rate that

are required to achieve the particular velocity gain for the burn. The
effective values of the parameters for each burn were determined from the

nominal mission simulation, and are presented in Table 112-4.5.1-8, to-

gether with the dispersions associated with the effective performance.

When the need arises, the values given in Table 112-4.5.1-8 may be used to

represent the constant level of performance for a burn. The performance

data given in Table 112-4.5.1-8 were obtained for the PU valve logic dis-

cussed above, except where noted. For effective values of the parameters

for other PU valve positions, the ratio of the performance data in Table
i12-4.5.1-7 may be applied to the data in Table 112-4.5.1-8.

The steady-state performance dispersions, presented in Table 112-4.5.1-6,

were obtained by the RSS statistical method. This was accomplished by

perturbing each parameter in Table 112-4.5.1-3 by an amount equal to its

standard deviation, while maintaining the remaining parameters at their

nominal values, and obtaining the RSS of all the resulting differences from

nominal. The values obtained from this procedure represent SPS dispersions
about the nominal performance level due to tolerances and uncertainties

associated with the SPS during steady-state operation. These values are

applicable only to those time slices sufficiently removed from ignition to

not be influenced by the transients in the propellant tank pressures which

result from the initial tank pressures being different from the steady-state
pressures during the burn.

Variations from the predicted propellant tank pressures at ignition
will cause significant variations in the effective thrust and total flow rate

for those shorter burns which began with large ullage volumes (burns after

the LOI burn) because steady-state tank pressures are not reached quickly.

_lerefore, the dispersions shown in Table 112-4.5.1-6 are not applicable

to the effective performance values (Table 112-4.5.1-8) for all burns.

112-4.5.1-4
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Table 112-4.5.1-8 contains the recommended dispersions to be used with the

effective performance values. These dispersions account for the uncertain-
ties associated with the predicted tank pressures at ignition.

To facilitate performance estimations during the mission, Table

112-4.5.1-9 presents influence coefficients which may be used to determine

the approximate changes in thrust, total flow rate and mixture ratio which

will result from the indicated changes in propellant tank pressures for
both the normal and increase PU valve positions.

The predicted propellant tank and interface pressures shown in

Figures 112-4.5.1-6 and 112-4.5.1-7 are the computed values for the

theoretical storage tank ullage and feed system/engine interface. The loca-

tion of the flight propellant tank pressure transducer (in the helium supply

line) is such that, under conditions of helium flow, the expected values

of the measured tank pressures are approximately 0.5 psi greater than the

corresponding predicted values in Figures 112-4.5.1-6 and 112-4.5.1-7.

Furthermore, flight experience has shown that under propellant flow con-
ditions the measured oxidizer and fuel interface pressures may be expected

to be 2 to 4 and 1 to 2 psi less, respectively, than the corresponding

- • values in Figures 112-4.5.1-6 and 112-4.5.1-7.

112-4.5.1-5
SNA-8-D-027(1) REV 3
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(NASA DATA SOURCE)

Table ii2-4.5.1-i. CSM i12 SPS Engine and Feed System Characteristics

Engine No. 65

Injector No. 136

Chamber No. 34_

Initial Chamber Throat Area (in2) 121.403

Engine and System Fluid Resistances (ibf-sec2/ibm-ft 5)

Based on Based on

Acceptance Test Reorificin_ Adjusted

Fuel Engine Feedline 888.1 962.1 909.2

Oxidizer Engine Feedline 482.7

Fuel System Feedline 36.08

Oxidizer System Feedline

PU Valve in Pri-normal position 97.72

PU Valve in Pri-increase 48.43

PU Valve in Pri-decrease Position 165.26

Characterization Equation for C*:

C* : C,S.C. + 870.5 CMIR- 1.6) - 273.83 (MR2 - 2.56) -. 0.318713 (Pc - 99)

+12.953 (TP - 70) - 0.07414 (Tp2 - 4900) - 5.466 (_ . TP - 112)

+0.03119 (MR .Tp 2 - 7840.);

where C'S.C. (Engine No. 65) = 5998.9 ft/sec

CharacterizationEquationfor Isp:

Isp = ISPva c - 96.954 (1..6- MR) - 0.0487 (99 - PC) - 0.06276 (70 - TP)

+ 30.409 (2.56 - MR 2) + 0.0004483 (4900 - TP 2) ;

where Isp (Engine No. 65) = 315.0 Ibf-see/ibm
vac

SNA-8-D-027(1) REV 3
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(NASA DATA SOURCE)

Table 112-4.5.1-2. CSM II2/LM-IO Mass Properties Data* (LBM)

TOTAL CSM/LMMass Prior to LOI Firing 102718.8

LM 36206.8
CSM(Loaded) 66512.0
SPS Propellant Loaded

Oxidizer (Tank Total) 24968.3
(Sump - 14403.0, Storage - 10565.3)
Oxidizer (outside Tanks) 123.7
OxidYzer Total 25092.0
Fuel (Tanked Total) 15625.4
(Sump - 8868.7, Storage - 6756.7)
Fuel (Outside Tanks) 78.6
Fuel Total 15704.0

TOTAL CSM/LMConsumables from LOI to DOI (-) 52.9

LM Consumables 0.0

-- CSMConsumables , • (-) 52.9

TOTAL CSM/LMConsumables from DOI to ClRC (-) 36881,.6

LM Consumables to separation (-) 21.0
LM Separation (-) 36689.3
CSMConsumables (-) 171.3

TOTAL CSMConsumables from CIRC to Plane Change (-) 320.0

TOTAL CSMMass Change from PLANECHANGEto TEl (+) 37.9

Transfer of men, equipment and Lunar samples

from the LM to CSM I+l 714.9Transfer of items from CSMto LM 384.5
CSM Consumables (-) 292.5

*These mass properties were used for the purpose of this analysis. Refer-
ence should be made to Volume III, Spacecraft Operational Data Book, for
current official mass properties data.

SNA-8-D-027(I) REV 3
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(NASADATASOURCE)

Table 112-4.5.1-3. CSM112 SPS System Uncertainty Dispersions

Standard Deviation
Parameter (Percent - la)

Characteristic Exhaust Velocity (C*), ft/sec 0.249

VacuumSpecific Impulse, Ibf-sec/Ibm 0.169

Engine Fuel Resistance, Ibf-sec2/Ibm-ft 5 1.663

Engine Oxidizer Resistance, Ibf-sec2/Ibm-ft 5 0.667

Feed System Fuel Resistance, Ibf-sec2/Ibm-ft 5 3.3

Feed System Oxidizer Resistance, Ibf-sec2/Ibm-ft 5 3.3

Helium Regulator Outlet Pressure, psia 0.380
2

Ablative Engine Throat Area, in. 0.I00

Oxidizer Temperature, °F 7.14

Fuel Temperature, °F 7.14

Temperature Difference Between Oxidizer and Fuel 1.43

Helium Line Resistance on Oxidizer Side 5.0

Helium Line Resistance on Fuel Side 5.0

Oxidizer Tank Pressure (I)
(Prior to Engine Ignition), psia 1.20

Fuel Tank Pressure (I)
(Prior to Engine Ignition), psia 0.94

(1)Applicable only to burns subsequent to the LOI burn.

112-4.5.1-8
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(NASA DATA SOURCE)

Table i12-4.5.1-4. Mission J-i SPS Preflight Performance Prediction - Engine Firing Schedule

Propellant Remaining
Total Propellant Total Space-

Firing G.E.T. Burn Delta Used, Ibm craft Weight
No. hrs:min:sec Time, Velocity Oxidizer Fuel at start of

sec ft/sec Burn, Ibm

Usable, Gageable Usable, Gageable Oxidizer Fuel
Ibm percent Ibm iPercent

24796.8 lO0.21 15557.8 100.67

LOI 7_:31:14.7 399.80 2997,9 8605.3 34.25 5442.9 34.38 16191.5 I0114.9 I02718._ ;
I

DOI 82:39:32.6 23.10 207.6 7636.7 30.12 4849.9 30.48 968.6 593.0 76359°5

CIRC I01:34:55.1 4.03 70.8 7463.8 29.40 4744.5 29.79 172.9 I05.4 37916.3

LOPC 4318.3 27.00 706.7 426.2 37318.1165:12:50.6 16.70 308.6 6757.1 26.50
,>

TEl 223:43:47.6 142.81 3046.7 I006,7 2.86 654.1 2.91 5750.4 3664.2 36223.0 _

"-J "_-.(D

_" _ 23790.1 14903.7 _Total 586.44 6631.6
0",

< Note: The oxidizer gage readings include the gaging system errors noted in the text. Propellants used for
each burn include the nonpropulsive engine start losses of 8.9 Ibm of oxidizer and 5.5 Ibm _f fuel.
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Table 112-4.5.1-5. Mission J-i SPS Preflight Performance Prediction - Nominal Performance

Summary

BEFORECROSSOVER AFTERCROSSOVER

Dual Bore Single Bore Dual Bore Single Bore
iI

Typi ca I Typi ca l
PARAMETER '150sec of 190 sec of Single 340 sec of 75 sec of 130 sec of Single

LOI Gurn (PU LOI Burn (Upper) Bore LOI Burn (PU TEI Burn (PU TEI Burn (PL (Lower)Bore
Valve in Valve in Valve in _PU Valve in

Valve in (PU Valve in (PU Valve in Primary-Primary- Primary- Primary- Primary- vrimarv-
Decrease Normal Primary-

Normal Normal Decrease NOrmal Normal
Position) Position) Position) Position) Position) Position) Position)

b_

(sec) 314.86 315.10 314.90 315.16.*'. Isp 314.99 315.15 314.88

Thrust (Ibf) 20227 20655 19912 20939 20576 20963 20540!

o Nixture Ratio 1.5237 1.6022 1.5997 1.6147 1.5357 1.6170 1.6712

Chamber Pressure

(psia) 99.25 lO1.05 96.94 102.45 100.82 102.34 100.18

Oxidizer F1owrate>

' (lbm/sec) 38.79 40.36 38.91 41 03 39.56 41.10 40.817' "
Fuel FlowrateO

(lbm/sec) 25.46 25.20 24.32 25.41 25.76 25.42 24.42
v

Lnf_

_o Lower Bore = Bore "A"; Upper Bore = Bore "B" _m._

o_



(NASA DATA SOURCE)

Table 112-4.5.1-6. Mission J-1 SPS Preflight Performance Prediction - Steady State
Performance Dispersions

BEFORECROSSOVER AFTER CROSSOVER
(120 sec of LOI Burn) (40.5 sec of TEI Burn)

PARAMETER Standard % Standard Standard % Standard
Deviation (1o) Deviation (1o) Deviation (1o) Deviation (lo)

Isp (lbf-sec/lbm) 0,533 0.169 0.534 0.169

Thrust (Ibf) 83.8 0.406 84.8 0.405

Mixture Ratio 0,0135 0.844 0,0138 0,853
!

Chamber Pressure
(psia) 0,392 0,389 0,398 0.389

!

Oxidizer Flow Rate
(lbm/sec)_ 0.182 0,452 0,185 0,.452

Fuel Flow Rate
(lbm/sec) 0,167 0,664 0,170 0,669

I -. i 'II ' i7 ....



(NASA DATA SOURCE)

Table i12-4.5.1-7. SPS Performance Summary at Various PU Valve Positions for Single

and Dual Bore Modes of Operation

BEFORE CROSSOVER
LOI BURN
PARAHETER Single Bore Single Bore Single Bore Dual Bore Dual Bore Dual Bore

FU-Increase PU-Normal PU-Decrease PU-Increase PU-Normal PU-Decrease

Thrust (ibf) 20298 "19989 "19593 21000 - 20654 20212

Chamber Pressure

(paia) 98.9' 97.6 96.0 102.3 100.8 99. !

Total Flow Rate

(lbm/sec) 64. 5 63.5 62.2 66. %7. 65.6 64.2

Oxidizer Flow Rate
(Ibm/see) 40.3 39.1 37.6 41.7 40.4 38.7

F_

Fuel Flow Rate
" (ibm/sec) 24.2 24._ 2_.6 25.0 25.2 25. 5

L.

I AFTER CROSSOVER
LOI BURN

pARAMETER Single Bore Single Bore Single Bore Dual Bore Dual Bore Dual Bore
PU-Increase IPU-Normal PU-Decrease PU-Increase PU-Normal PU-Decrease

Thrust (Ibf) 20567 20247 19838 21298 20937 20478
Chamber Pressure

_n (psla) I00,5 98.1 97. 5 _03.9 _02,_ 100.6

i> Total Flow Rate
oo (Ibm/sec) 65.4 64.3 63.0 . 67.7 66,4 65.O
I

Oxidizer Flow Rate

O (ibm/sec) 41. 0 39.7 38. 2 42. 5 _lo0 39.3
.._ Lnfb

Fuel Flow Rate ---

_ ,jt1_m/sec_ 2%.h 24.6 24.8 25. 2 25.4 25.7 to n.

_< Lower Bore = Bore "A"; Upper Bore = Bore "B"
ct

Lo -4
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(NASA DATA SOURCE)

Table 112-4.5.1-7. SPS Performance Summary at Various PU Valve Positions for Single
and Dual Bore Modes of Operation (Continued)

I !
At 2 Sec Into Burn At 15 Sec Into Burn

DO1 BUKN Single Bore Single Bore Single Bore Single Bore Single Bore Single Bore Dual Bore Dual Bore Dual Bore

PARAMETER PU-Increase PU-Norml PU-Decrease IPU-Increase PU-Normal PU-Decrease PU-Increase PU-Normal PU-Decrease

Thrust (Ibf) 20934 20612 20196 20769 20447 20035 21557 21192 20728

Chamber Pressure

(psla) i01.9 100.6 98.9 101.2 99.8 98.2 104.9 103.4 101.6

Total Flow Rate

(ibm/see) 66,_= 65.4 64.2 66. O 64.9 63.6: 68.4 67.9 65. 8

Oxidizer Flow Rate

(lbm/seo) 42.0 40.7 39.2 41.6 40. 3 38.7 43.1 41.7 39.9

Fuel Flow Rate

(ibm/see) 24. 5 24.7 25. 0 24.4. • 24.6 24.9 25.3 25.6 25. 9

At 2,0 Sec Into Burn At II Sec Into Burn
LOPC BURN
PARAMETER Single Bore Single Bore Single Bore Single Bore Single Bore Single Bore Dual Bore Dual Bore Dual Bcre

PU-Increase PU-Normal PU-Decrease ?U-Increase PU-Nor_I PU-Decrease PU-Inerease PU-Nor_I PU-Decrease

Thrust (Ibf) 20903 20585 20175 20815 20495 20085 21606 21243 20781
I
_" Chamber Pressure

(psia) 101.7 100.4 98.7 101.3 100.0 98.3 105.1 103.6 .101.7

Total Flow Rate I
(Ibm/sec) 66. 5 65.3 64.I 66. 2 65.l 63.7 68.7 67.4 65-9

Oxidizer Flow Rate .......
(Ibm/see) 42.9 40.9 99.4 41=9 40.6 39.0 43.5 _. 0 _u.z

Fuel Flow Rate
(ibm/see) 24.2 24.4 24.7 24.3 24.5 24.7 25°2 25,4 25.7

At 2 . Sec Into Burn At 20.5 Sec Into Burn
TEl BURN Dual Bore IDual Bore

Single Bore Single Bore Single Bore Single Bore Single Bore Single Bore Dual Bore
PARA}_TER PU-Increase PU-Normal PU-Deorease PU-Increase PU-Normal PU-Decrease PU-Increase PU-Normal PU-Decrease

Thrus_ (ibf) 20855 20540 20127 20617 20298 19889 21397 21035 20574
Z

i> Chamber Pressure
_psia) 101.5 100.2 98. 5 100.5 ; 99.2 97.5 104.2 102.7 100.8 "--m

Total Flow Rate
o (ibm/seo) 66. 3 65,2 63.9 65.5 64.5 63.1 67.9 66.7 65.4 ---__

"_ Oxidizer Flow Rate _ _

!(ibm/see) 42.1 40.8 39.2 41.2 40.0 38_4 42.7 41.3 39. 6
0%

v "-J

Fuel Flow Rate 24.2 24.4 24.7 24.3 2_.5 24.7 25.2 25.q 25.8
i(lbrl/sec)

uo Lower Bore = Bore "A"; Upper Bore = Bore "B"



(NASA DATA SOURCE)

Table 112-4.5.1-8. Effective Engine Performance for Mission J-i

_B DOI
urn LOI PU Valve

"_'_"'_ CIRC LOPC TEl

pE_ectitve -_'_,_ Before After _n PrimaryCrossover Crossover Normal

Thrust- ibf 20607 20942 21113 20644 21099 20737

Specific Impulse 315.1 315.2 315,1 315.0" 315.1 315.0
sec

Total Propellant 65.4 66.5 67.-0. 65.5 67.0 65.8
Flo_'rate -

ibm/sec

Mixture Ratio 1.59 1.62 1.63 1.64 1.66 1.57

PO _ _ .......................................... J ,.--- .................
I

Ln

_" Effective Engine Performance Dispersions for Mission J-i

(One Standard Deviation)

DOI _-- 'I I IBurn LOI PU Valve
.... CIRC LOPC TEl

Effective _ i Before After in Primary

Parar_eter _,{_ Crossover Crossover Normal

Thrust- ibf 84 85 102 133 ' I 102 1 85

> -

Specific Impulse | _

o sec l 0.53 0.53 0.53 0.53 _ 0.53 | 0.53 _o

1 1 I "°
Total Propellant 0.25 0.26 0.32 0.41 0.32 0.26 _

Flo_rate - | | o_

"_i<ture R-_tio 0.014 0.014 0.02! _ 0,028 _ 0.021 0_



(NASA DATA SOURCE)

Table 112-4.5.1-9. SPS Mission J-l Performance Influence Coefficients

ill

_Tank Pressure +I PSIA Ox Tank +I PS!A Ox Tank +I PSIA FuelTank +I PSIA Fuel Tank

' , _ PU Valve in !PU Valve in PU Valve in PU Valve in

Primary-Increase Primary-Normal iPrimary-Increase Primary-Normal
Position Position Position Position

Parameter
Delta

F_

V Thrust (lbf) 56 56 27 284_

t,n

t-J

' Mixture Ratio 0.010 O.OlO -O.Oll -O.OlOF_

Total Flow Rate
(Ibm/sec) 0.178 0.168 0.085 0.095

_ Chamber Pressure 0.226 0.223 0.173 0.179
I

(psia)
'0 ....... _j - - .............
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HOTE: PROPELLANT CROSSOVER OCCURS BE_EEN 262AND 269 SECONDS OF THE LO[ BURN

I l_JVALVE MOVED FROMTHE I_IMARy-1'4ORMAL i"O THEPRIMARY-DECREASEPOSITION.

2 PD VALVE MOVED FROM THE PRI_Y-DECRE_E TO THE FRINL_RY-NOR_E POSITION.
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Figure I12-4.5.1-6. Mission J-i SPS Preflight Performance Prediction - Oxidizer System
Pressures Vs. Time



(NASA DATA SOURCE)
NOTE:

PIROPELLANTCROSSOVEROCCURSBETWEEN_2 AND 269 SECONDSOf THE LOI BURN

PUVALVE MOVED FROM IH_ PRIMARY-NORMAL TO THE PR_MARY_OECREASEPOSIE_ON+

2 PJ VALVE MOVED _OM THE PRIMARY-DECREASETO THE PRIMARY-NORMAL POSITION.
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4.5.1.3 SPS Start and Shutdown Thrust Transients

*Table 112-4.5.2 CSM 112 Engine SN 065 Transient Data

Predicted Value *#

Run-to-run

Single Bore 3-Sigma
Impulse
Tolerance

Item A Bank B Bank Dual Bore (ib-sec)

Time from FSltO 90 percent of
steady-state thrust (sec) 0.662 0.676 0.580

Start transient total vacuum impulse

from FSI to 90 percent of steady-
state thrust (Ib-sec) 483 411 223

Time from FS2 to i0 percent of
steady-state thrust (sec) 1.083 1.117 1.153

Shutdown total vacuum impulse

from FS 2 to 0 percent of steady-
state thrust (ib-sec) 12,325 12,850 13,650 ,1500

i

*Refer to paragraph 4.5.1.3

**Values apply to nominal engine operating propellant temperatures of

60 to 80 F and engine inlet pressures as follows:

i. Start (lockup pressures)

Oxidizer 178 ±4 psia

Fuel 178 ±4 psia

2. Steady-state run pressures

Oxidizer 162 ±4 psia

Fuel 169 ±4 psia

112-4.5.2-1

SNA-8-D-027 (I) , Rev 3
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4.5.3 PROPELLANT MANAGEMENT

4.5.3.1.4 Alternate Ullage with Critical SM-RCS Propellant or When
Contamination of SIM is a Possibility

When the anticipated service module RCS propellants are computed to

be inadequate to complete the mission, the following propellant-settling
maneuvers are acceptable. Furthermore, when the SIM door has been

jettisoned, the alternate short propellant settling maneuvers can be
utilized to minimize contamination of the instrument package.

i. Before SPS burns of less than 4 seconds or more than 20 seconds duration,

a five-second, four-jet propellant-settling maneuver is acceptable if
the LM is docked with the CSM, and a five-second, two-jet propellant

settling maneuver is acceptable with the LM undocked from the CSM.

2. A maximum of four short-duration SPS burns (each less than 4 seconds)

may be performed in succession when each burn is preceded by the relevant
five-second propellamt-settling maneuver. Subsequent SPS burns must be

.... preceded by a full-duration propellant-settling maneuver, as defined by

Figures 4.5"6 and 4.5-7, as applicable.

The initial long-duration SPS burn following any short-duration burns,
when one or more of these short-duration burns utilized the five-second

propellant-settling maneuver, must be for a minimum duration of 40
seconds.

3. A 40-second SPS burn will allow a repeat of the four short-duration burn

series, each utilizing the five-second settling maneuver. If no more
than three short-duration SPS burns were made in succession with each

burn preceded by the five-second settling maneuver, it is permissible
to utilize the five-second settling maneuver for the initial long-

duration burn following the series.

The preceding propellant settling requirements are summarized in Table
4.5-5.

112-4.5.3-1

NASA--MSC SNA-8-D-027(1) _ 3
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4.6.1.1.4 Uncertainty of LM IMU Alignment from CSM IMU I

The measured alignment angled associated with a talkover alignment
of the LM IMU from the CSM IMU are listed in Table 112-4.6.1-2. The

contributions to the uncertainty in the talkover alignment of the LM
IMU are listed in Table 112-4.6.1-3. The RSS l-c total uncertainties
are summarized as follows:

LM Axis l-c RSS_ arc min

Yaw (about X-axis) _15.8 (0.264 deg)

Pitch (about Y-axis) +--4.0(0.067 deg)

Roll (about Z-axis) _4oi (0.068 deg)

The above values doe not include thermal effects or bending or torque
effects from any cause (i.e., RCS jet firing). Also, the effect of the
maximum allowable CG offset in the X-axis of 0.2 inch was not included.

4.6.1.2 Guidance Computer Erasable Memory Constants I

The following listings pertain to the command module computer (CMC)

pad-loaded erasable memory constants. Mission-time-computed constants,

such as state vectors, etc., are not included except for those specifically
initialized, as no single value can be attached.

Table 112-4.6.1-1 is a tabular listing of the erasable load, both
mission tape parameters and launch tape parameters.

The number in the "REV" column denotes the number of revisions to the

value of the corresponding parameter that have been incorporated in publi-
cations of the Apollo 15 erasable load.

A single or double star (* or **) in the "REV" column denotes that it

is also in the inflight erasable load. These parameters would have to be

verified or reloaded in order to completely initialize the CMC in orbit.

A single star denotes loading by ground uplink; a double star denotes
loading by the astronaut via the DSKY.

INASA DATA SOURCE

SNA-8-D-027(1) Rev 3

112-4.6.1-1



(NASADATA SOURCE)

l-I FINAL F-L(;A(, ART:mIS 77 _.p(,it,i-1_
Table I12-4

_FV ut_Mrl'JIL" A_)r° F]CTA S_: ENGII_r-_INC V'-I.UC V,A,I'J_IN t_GC IJ_ITS

rL_fi_t:")l �.',)0076 OOOCC C

] FLt:Gw_[ 3 0077 :,OOCC C

FLtGWI_59 0[0 -'_O0?CC C

PLt,r;_RF_+ 0 0_05 000C4 C

T FLGW_[TIO+ 00IOo O00CC Ct_
I

o-, "' C_!FI_I4uD 037_ O00CC C

I
•. Hf'.P'qS. 07"_7 17777 19 !.6_8.':,oonoor_ C)g UI'JITIESS 1..638300000 r_ 04 LRITLES?

= N?,_./D'_', + 0 !O '_, O00CC !e. C.O MIN 0,0 Cq

:: _26/2C_n. 0 1017 O00CC C 0.0
. ooocc

PIPTImlT + 0 !0_.3 0147. _ 2P 1.957,_-00000D O? CS !.762K_OOOOOn 07 CS
(/}
i_ IOz-z,.1604C

oo
PRFDICTE _) V-_LIIF.FIF AGC CLOCK AT [.Ill 771"_4

?

v '_N

/
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(NASA DATASOURCE)

Table112-4.6.i-I. FIN_'.LE-LOAf_ ARTEMIS 72 APOLLFl-15(Continued) I

RE-V MNEMONIC ADOR OCTAt SF ENGINFTERI_G V_LUP VALUE IN AGC UNITS

PGNCSALT+ 0 1133 O00CC 3C 2.933070_6_F_ O? _T 8.°t'OOOOOOOP O]
!!34 000_

P_OLONG I!_5 3065_ 0 2.70395R6(-60 0_ OF G 7,760QO6295D-01 Rc_V
]196 235_2

#

PAD 39-_

F_ m CF)HCHKWF), 0 1341 O.O.OCE 14 5°O00000000D O0 CS 5.0000000000 O0 CSI,J
i

_" _ RTEDI + 0 1342 06510 3 1.660263700D O0 UNITLESS 1.6602637000 O0 UNITLESS
o_ !3L,3 07025
I

_ DVTHRESH 1344 00620 -2 2°O00000000D O0 FT/SEC 6.096000000D-03 M/CS

:_ HORIZALT+ 0 13_5 O00CC 2_ 2.80C000000 r_ 01 KM ?,ROOOOOOOOD 04 N
13_ 33260

ALTVAR 13"7 377P. _ -1_ 1.521680000D-05 RADIANS2 1.521-6SODOOD-05 R_DIANS2



(NASA DATA SOURCE)

I Table 112-4.6.1-I. FINAl_ F-Lt_AD ARTEMIS _2 aPc,l-LO-)= (Continued)

_PV MNE_'ONIC AOOR qCTAL S_ ENGINEERING VALUE V_LUF IN AGC UNITS

EMf30T 1350 0!16S 3 6.750000000D 01 L.RS/SEC 3.0617484g,_O-Ol KC,/CS

! _' PP.IASX + 0 _,z_5203005 -6 2.8215223]0D-0 _ FT/SEC2 ].z,700BSz, 70D-03 PIPSICS

= PIPASCFX+ 0 14._ 70750 _c -4.__OCO00000D 02 PP:4 -&.__OOOOOOOOD-OL:. PIPSfPIP

1 "= PRIASY �01.454 775_6 -_ -2.9527559060-03 FT/SEC? -1.5_.846!5300-04 PIPS/CS

I-,
F- ! _' P̀IPASCCY+ 0 1455 7456] -9 -2.00OO00000D O? PPM -2.0000000000-04 DIPS/PIP
I

I e PBIASZ 1456 77121 -6 -7.87401574qF)-03 FTFSEC2 -4.102=,641020-04 PIPSICS

I = PIPASC=Z 1457 7507] -£ -1.8C0000000 _) O? PPM -1.800000000D-0 t" PIPSfPIP

! "_ _ - -- ,NB.X • 0 1460 773_2 5 -2.30000000hC O0 ._,_FRU _r, _g79ROf_4z_-D-O_',- G PUL(CS

1 _' NEEDY lz'4] 772_2 -_ -2._000000000 O0 _4FRtJ -6.814932q580-04 g PULICS

I _::NFII]Z I'_62 765(_& -5 -z,.600000000 r) O0 MERII -] .11.',-"59._-!29['-03 G PULICS

I _; ADIAX + 0 1463 7743? -_ -l._O0000000r_ 01 _._ERUIG -l._.-22R81, gO!:'-03 r.,PULIPIP

I • ADIAY 1.464 776z,C -_ -5.000000000n O0 MERU/G -7.?_053Li2?!)-OZ_ GPU[./PI p

i _ AF)IAZ iz_(_5O00CO -_ 0.0 _FRU/G 0.0 GPUI./PIP _"
I -.a_
o
"J --,JI:I
H
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(NASADATA SOURCE)

Table 112-4.6.1-I. FINAL F-LOADARTEMIS 72 APOLLO-15(Continued)

REV MNEMONIC ADDR OCTAL SF ENGINFERING VALUE VAtUE IN _GC UNITS

[ _ ADSRAX 4-0 1466 775"72 -'_ -?,O00OO0000r) O0 MERU/G "I.0!6:_34778_-03 GPUt./PIP I

II _ AOSRAY + 0 1467 00435 -,? . I.SQOOOOOOOD O] MFRU/G 2.1778609_370-03 (,PUL/PIP

ADSRAZ + 0 1470 777_I -3 -2.OO0000000D O0 MFRUIG -2.gO3R13550[)-04 GPlJLIPIP

= TEPHEM + 0 1706 O00CO 42 5.760000000D 02 HRS 2.073b000001) 08 CS
1707 _0560

17!0 100(]C
!

c_ TEPHEM TEl MIDNIGHT PRIOR TO JUt25,1971

!
•_ UNITW x1711 77777 C -l.69612_673D-05 UNITLESS -1.696124573D-05 UNITLESS

1712 67066

UN{TW • ? ]713 000C0 0 3.0P901071_0-0_ UN|TLESS _.O8oO10716{_-05 UNITLESS

1714 20144

= UNITW + 4 17!5 37777 C 9,9999999030-01 UNITLESS .q,gqO999q63F)-O1 IINITLESS
1716 37"777

r_

¢,n
!



(NASA DATA SOURCE)

I Table I12-4.6.1-I. FINAl_ F-L,q&_ AP,TF_MIq 7_ aPnLL_-1_= (Continued)

RFV MNFMH_:IC ADT)R HCT,-_I S: ENGI_FERING V_,LLIE V&LHE IN A.SC UNITS

..... C q • ...... _ q2 P_FSMM_T 17_5 127CL I R.8020000IOD-0 _,.UNITL:S.. 5 802OOO0_On-01 IJNITL_S,;

!734 06269

I [_F-FSMMAT 1735 13469 I. 7.250001000_-O|. UNITL[SS 7.250OO10008-O! UNITLESS
17B6 063_2

I

•" DATF TO WHICH TFPHF,'_ IS VALID FOR THIS E-LT]AD
O_

]I _: FI_PISFC+ 0 1763 OISZF I_ I'953326000 r) 04 [8F SEC @'#glOSlO45D 02 KG M/CS

2 * EFI_4P01 176Z+ 0P077 ]4 2"Z+_47360009 04 L_P ]'OBT_7_--75PF_ 03 KGMfCS+'S

2 _ EFIMPIA 17(-,5 0|571 14 I.qC89000c)09 04 t_F: q. Bg1550186D 02 KGM/CS#'S

-_:E_J2?P_M_ 0 [TA#; 121#0 5_ e..20&79047OT) ]6 M5/CS2 9.?047Q0(7"gF !6 M_(CS__

:_ E32C31R:4+ 0 1757 033_3 5C ]..312R9_55,_)_7 _3 _61C57 1.3].29q2560_ ?_ M6#'CS2
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(NASADATA SOURCE!

Table I12-4.6.1-I. FINAL E-LOAO ARTEMIS 72 APOLLf]-15 (Continued)

RFV MNEMO,_IC ADDR (}CTAL SF ENGINEERING VALUr V,%Lt.,IEIN AG.r.UNITS

• i _ TRUNSF + 0 1770 00233 27 9.!_,518518_D-02 ] !DEGISC 1.26q760000_ 06 P/REV/CS II _: SHAFTSF + 0 1771 0047z, 25 4.6814814910-02 I/[',EGISC &.,%71_80000'_ 05 PIREVICS

_: WRENDPOS+ 0 2000 00137 19 1.O00000000n 04 FT 3.0_8000000D ..'?3 M

* WPENDVFL+ 0 2001 007_3 C I,O00000000D O! FT/SEC 3.0_8000000D-07 M/CS

F_ = PMAX __007 0002] I c ?-0000000001} 0-_ FT h. OC6000000_ 02 M

I

m- _ VMAX 2003 000C1 7 2.000000000a O0 FTISEC 5.0o,,hOOOOOOD-O_ M/CS

;_ :_ WC)RBPF}S 2004 O00CC 19 0.0 gT 0.0 MI

WORBVEL + 0 2005 O00CO C C.O FTfSEC 0.0 MICS

OZ, M
S2?WSIJ[_L �0200h 00471 lq 3.280B308_5 '_ 04 gT I 000000000_

:: RPVAR + 0 2.007 O03Fz_ 29 z,.OOCO000000 06 N2 4..000000000[" 06 M?
20lO 0_._ £¢

_ 50_LM + 0 2011 7777_ C -2.268_527_,0D-04 RAF) -2.2(-_5527_01_-0_ RAD
{a 2012 51037

M



(NASA DATA SOURCE)

B , - -..
Table 112-4.6.1-I. _l_tL _ I<]'_!::_FTF_IS -'-" ,_Pr'ttq"_ (Continued)

F_::V '_',l_q_NI'_ _:_:il)i_,IqCTAI. S _ Et.GIN_F_PI,_{'_ V_,L!.]_ V_\l!I_- T['_ "-'c:_CiIl_iTT_

" FT.OLLP + 2 '2013 000!' C 6.C5t30_'0_,_,i_-0" FI_ t-.(')_,]-"()¢0_"5 :-C 'z- P,_["

_014 3S6?._

:: 50el. M + z,_ 20!5 7"7'v7_ C -!._kQ607_10')-0 : P_'!_ I ] " (1} _ *) _ {) 7 2 _ 0 [ ' - 0 _" _ _ _

20!6 5305 _

% _': F_S,"_LT + 0 20t7 060C_ 2c:, _.O0?£140OOD 05 F'T e.1_7c'1707_1:04 M2o_o 3)417

z ATIGINC + 0 ?O?l O00CI ?r, "_.OOOOOOOQO -_ O0 _Ir'! ]._C)O00O,,O00F_ 9_ CS

!
.,.,.,.,.,.,.,.,.,.p.

o-, _: PTIGIN £ + 0 20_;Z3 O00Cl 2P 3.00CO00000q O0 MIN ] .F'O00[;O000[; 04 CS
.L., 202,_ O'_t 20
I

OO

-': RLS 20P5 00275 P7 _.lOllq,_3-'9:_ 0_, FT ].5_4F,GS_66P " ,")6
20?6 31439

"_ ktS + 2 ZUZ7 O00l z. _7 _.2575v%5_Oq 0._ _T 9.o?00_'4',' }°F Oz_ M

2030 0'_66£
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(NASADATA SOURCE)

Table I12-4.6.1-I. _INAL E-LOAD _RTEMIS 7p APOLLFI-[5 (Continued)

REV MNEMONIC ADDR OCTAL S_ ENGINEFRI,_G VALUE VALt.lC II_l _GC UNITS

;_ RLS 20_I 90135 2-/ 2.50125_7670 06 FT 7.623821483C 05 U

2032 02034

.01._ 02 HPS 2._?o. 55_330_ , 08 r,;I _ TIMEMD + 0 20_3 000(]] z*2 7.85gR842_ _

?-034 01566

2035 10071

1 m VECOEM 2036 7774:_-20_: -1.34q9134200-64 M/CSO -1.340g134200-64 MICSQ

2037 62121
I

I _: VECFIEM 2040 777(;4-?03 -5.461661170D-b5 M#'£.59 -5.461&61170F_-65 M/CSg
2041 577 C,_I

KD

I * V_COEM 20 z__ 777_0-2C3 -3.750210270{_-65 M/csq -_.7502102700-65 ,_/CSC_
20_3 4_1 70

I _ VECDEM �62044 77725-177 -1.351390000n-5_ M/CSB -1.351_900000-_6 M/CS8

?0_.5 _2577

I -.i l:l



• (NASA DATA SOURCE)

Table 112-4.6,1-I _T.N_L _- _Pf'll 5 (Continued).... • I.n"'-) ._,RTE_I <. v'__ . ,_-,,

<:V _;,iFN[P+][r A-DOR 7,rTD-I SF ¢NGTNF[:O[NG, V6[_IJ _ V_LL F tr,!. _.'..,,-_rr[.i_IITS

l __ VFC[}E'! 9,)z, 6 000"-z-1.77 1.167g06¢5C'_-*5 z, _/CS@ 1.l<-,74C&550r'-=,6 mtCSa
?047 2436C

. = V[CO_' +1_...........2(]50 00017-177 4._q_,5_'r:_Or'-g7 I"tC'S8 "A.oot-._gE700'-gT.,, ,.,/rs9
2051 26464

1 _ VFCI]EM _1.2 205 _. 00]_1-15!. 1.909_.03!10%-4_ M/CS7 i.q091031!0!)-'-8 ,#4I{7S7
2053 l T 0"_6p.a

!

_" : ':_VFCD_ +14 2054 00!5_-!51 2.2Q6_53500r_-z_ _41¢$7 _.2o6553500["-_@ talCS7

o_ 2055 14761.

I

I -'<VECI]=M +16 205 _ 00075-151 l.,.14_A_ 5_,. o MICS7 ].3]&66e7509-_+8 Mfr,S70

2057 17_'C ?

[ :: V=Cnmu,..,, +18 2_060 004CC-125 3.677' Q_o7nr'-z_,']_...._ ,,., MICS6 _ . 6,77]qR:-:70m-_-O MIC56

706! !0377

I _< VcFO m_ +20 2062 777_{:-i2= -Z_.879"_AQ_ "-or'-:: i MICS_, -a F;72POa_60r-t 1 v/CS6
20_3 ", l 3 '__



(NASADATA SOURCE)

Table 112-4.6.1-I. FINA[ F-LF_Ar) ARTEMIS v_ _O[_Ll_-].5 (Continued)

I_,EV MNFMPNIC ADOR CICTAL <_ FNGIN_.C_R!HG VALU Z VAL!IE IN AGC UNITS

:_ VECO,._,M ¢22 206_ 000C1.-.1.75 p.2Z, OOO_870_-z,? M/r[S_ 2,25-_@OF!_70f'_-'.4.2 '_/CS6
20__.5 2211_

I '_ VECOEM +24 206b 0037 z, _qc 2.!18790366F)-3_ M/CS5 2.1!_700560n-72 M/CSg
2067 007C 7

I -' VECOEM +P.6 9.070 77140 -(_q -4.00240!c_20 F'-'22 M/CS_ -_.002z_01920['-32 MICS_
2071 53571

I * VECf}EM +28 2072 77479 __c -1.8949(]9820_-39 M#'CS5 -! .89z_qOgQ20[}-92 MICS5
"_" 2079 47051
ox

! '_ VECOE_ ,_ +30 2074 76500 -7? -4.Szq479780q-24 _-!#'CS4 -#.5¢g4_f87EO0-25 M/CS#
2075 4.0044

_, vr:coE _ �‚7(_:_PO -79 -5.68284]lSOn-_¢+ MICS z_ -5.eB?P4}!FOD -?z" w/CS_
2077 5373 _.

1 * VECOF'._ �‚7701(2-t3-3.25353P0_00-24 ;4/CS4 -3.253_380._0.n-?< , M/CS&
210l _,12£ _'

I

o

,_ .,4



(NASA DATA SOURCE)

Table 112-4.6.1-I. _I!',JALF-l ?_b ARTF_-IIC7_ _PO[.L,)-i5(Continued)

b_FV M_'IL!NIC ,_DD_< [}CT_L S c FNGIh_mi,_I_'(_ VALI.J': V'_LUF IN _GC UNITS

- V._,, +36 _I0 :_ 727_ --_7 -l.l!z_307_O_,-_ _._/CE3 -].11z-._OC770r:-15 _/CS _,
2103 5237 _

I _ VFCPFM +_8 7104 OlSf_ -4 _ 3.8110963v9_-](, MICgB _.Q'IOCAaTOF,-!6 _/CER
_-i05 ?0? :.?

I = VEC(3EM +40 2106 004C4 -47 1.1316953]0D-[6 M/rs3 ].la16e5310F-!6 M/CS3
2107 363_C

F_

l "_ VFC[gE f'_, +42 _iI0 020C' -F_I _.9,RZ_1,45-_ O0!]-Oq M/CS2 2. _4145700t%-0 R _A/CS2

_" 2111 130_,a
i

[ a VFCDEM +44 21!2 07624 -?I 1.16C_3CI_0[,-0 v MIcS? 1.I;-0v)c;50<-0 _ _IC_?
2!]3 10475

ho

2115 %_] 3]



//

(NASA DATA SOURCE)

Table 112-4.6.1-I. FINAL E-LOAD /_RTEMIS v_ APl LLO-I (Continued)

REV MNEMONIC &r)p,ROCTAL sF ENGINEERING V_,LUE VALUE IN ar,C UNITS

I _ VECOEM +TO 2120 762EC 5 -1.6712_6290 n- O0 M/CS -1.67!2#6200[ O0 MI('S
2121 522 32.

i * VECOEM +52 2122 777C4 5 -I.17018q3_09-01 MICS -I.1701_QBSOD-OI M#Cg
2123 42605

i * VECOEM +54 2124 7_611 31 -8.264556000_ 07 M -B.2(_,_560000 O? M
2125 5667C

-3.3B661B_OOf) 08 M
l ! _ VECOEM +55 2126 73016 3! --3.336(b18 &OOf) 08 M ....

_" 2127 534_

I _" VECOEM +58 2130 75267 31 -1.7-/25327200 08 M -I.772532720D OR M
co 2131 5521_

I * RESO + 0 21_2 64540 _.8 -3.1.879220"-6E) II FT -g.71_67882240 I0 M ......
2133 5276]

I * PESO + 2 2134 143g2 3e 3.51(]q8522_ II FT .I.070117816D II M
2135 14615

{/}

0 .

N
co



(NASADATASOURCE)

Table 112-4.6.1-I.FINAL __-Lp_r;ARTEqIS 72 -_PCLL!I-I_(Continued)

PEV M_=MP,,',_[C ADDR OCT_[ SP ENGI_qPPI_C_ V_L(JE V_L_IF IN _GC UNITS

I :_ P_TSn + 4 2136 0531_ 3P 1.522403v80_ ' 11 PT '-,.6_-02£67_0'? ]0 r4
2137 3.234;,

I _ V.rSO + O 21_-0 61722 9 -?._'4q_23"t7000 0L,.FT/_F_ -2.2=,v'068_1 n 07 _ICS
2lZ-I 773C7

v-_ I _ V=-S[] + -P _i42 65167 g -5.6522406°,gF) O_ FT/SCC -Z.7?P_O-*>79A_7) 02 FA/CS
F_ 21t+3 #0623
I

_, I "_ VESO + _. 2144 732_ c -2.450766651D 04- PTISEC -7.469_936752 r) O1 M/CS
21_,5 6_661

!
Fa

*" ' _ OMFGAES + 0 21z,6 00522 -76 I.I07246Pg40-05 OEg/S_C _.075_85_170-!0 RF-V/CS
2!47 0546_7

* OTF * 0 ,_aSA,.O00a_ !_ 3.oeooooooo'7_-o1S:-,_- ":,.0000000001' 01 CS

:'<H^_',I)FLH + 0 2_67 OGOCC 2C- ].50CO00000'q 01. ,!.,vr ee.-tvPOOOOOOP 0;_ _*,
_>._70 3_ 1.C2



i

/

(NASA DATA SOURCE)

Table I12-4.6,1-I. FI,_,_ALE-L[JAD ARTEMIS 77 AP{ILLC)-).5 Continued) I

REV MNEMONIC AOOR OCTAL SF ENGINFERING VALU_ VALUE IN AGC UNITS

_, WRDTIME 2371 00017 20 2°LOCO00000!) O? SFC 2.400000000D O_ CS

* MINBLKTM+ 0 2372 00002 2_ B.288000000D 02 SFC .=.2_000000_ O_ CS

TBEFCO_P 2373 0000 =. 2_ B.220000000D 02 SEC 8.220000000_ 04 CS

* BRNBLKTM+ 0 2374 0000_ 2R 9.2200000000 02 S_C q..2?OOOOOOOD OC CS

, _ MAXWTI_!E+ 0 2375 000?6 2_ 3.616800000D 03 SF¢ 3.616800000{) 05 CS

g
; _, * FINCMPTM. 0 2376 O00G3 20 4.932000000D O_> SEC _.932000000f, O_ CS

I

m INTVAR 2377 00142 1.96C000000D 02 M2 I g6OOOOOOOD 02 M2

I IIF_
! AZIM .... + 0 2_00 700C2 C -B.99394494(.D O! DEC, -:_'.4c8317c0[[)-01 REV

2401 7O14O

L_TITUDE 2402 02_26 O 2.800842218D Ol PEg ?.C46783940F)-02 RFV
2#03 00022

PAD 39A

_ •
I

M

rt

L_



(NASA DATA SOURCE)

Table 112-4.6.1-I. FI_AL E-trTeg ARTEMIS 79 APF'I_LO-_5 (Continued)

RFV, _N_MF)N Ir. '_ AnnR flCTAL SF F_IG[N[E_[HG V_,tUF VAL_IE I_ _C_C_UNITS

] T,_ZEL! + 0 _P_-'_!5_0C_ -i -)..06_07A3_F) 02 F)FG -2.9_:6_798_q[>-L)] P_V

I. TAZFL) + I ?433 77271 -) -2.011361_IIi) O0 17FG -5.5_7!141c#8,_-07 R_V

t TAZEL] + 2 P_4_4 63611 -! -_.8F!lO5_OD CI F)EG -].e_31z, OSOGZ{_-Ol RFV

_I TAZEt I _ 3 2435 -P7270 -? -2.0]SC_#ztzzz_ r' O0 I_EG -5.SeeSL:q678n-03 PEV

b_ ] LAUNCH_Z 2t)_3 07074 0 P.OOR86_3000'q 0 'r D_(; 2.?.P4tSF?55567'-O1 _FVI
"P" 263z: 354_C
o_

:"-"'*MID ;_r'ig + 0 _000 OOZ,_x. _c 3.0,UO0000OO0 04 _T o ]4._O00000r' O_ _"_
I--'
o',.

?C, OCO FEeT

F'
"" W'_'4I 9V .,_. * 0 3001_ 027 n_.` C .ut'O00OO000C!_ ,..r_l, _I'/S[7" ..... c;:.*iZ"Z'OO_'_f'iO('lF'-O'_ _/CS

_0 _:T/sFr

_- RV _k' * 0 "_00 ,_ O0()CC -1(, O.O PFq'('_ _':-_1:_' 0.0 PEpFL Fpr_
300 "_. O00CC

,

,0
•,4 -4 _



(NASA DATA SOURCE)

•Table 112-4.6.1-I. FINAL F-LOAD ARTEMIS 72 APoLL_I-15 (Continued)

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

= RVARMIN + 0 3004 ?7777 _C -4oOOCO00000D 04 FT2 -3.716121_0C.P 07 M2
3005 7777 'v
3006 42757

1200FT)2 (A MEGATIVE NUMBER FOP CODING EASEl

LADPAD + 0 3007 10510 0 2.7000000000-0,1. tlNITt_SS 2.7000000_0.n-01 UNITLESS

k.=
_ LODPAD�0 3010 06477 C 2.070000000F)-01 UNITI.ESS 2.0700000000-01 UNITLESS

!_, I _ ALFAPAD + 0 3011 7453_ -I -Io8640000000 Ol T)EC, -5. 1777777780-02 _EV

I * P37RANGE 3012 0151_ C I.I145500000 03 N.MI. 5.159q537040-02 'REV' I

I * ETDECAY �03013 00100 [4 6_400000000r)-0! SEC 6._00000000{ _ OI I

EKPRIME �03014 00123 -=, 1.5830990000-04 R/CS/RAD l.E830gqoooa-04 RICSIRAD

EKPRIME + 1 3015 0017_ -5 2.3841860000-04 RICS/'RAD 2.384186000_-04 RICS/RAr)

EKTLX/I + 0 3016 17A?.3 IE 1,2740000000 05 P/awRISC2 1.2740000000 05 PIAR/SC2 __

! _:'N



(NASA DATA SOURCE)

l Table 112-4.6.1-I. =INAL E-LOAfi APTEt41S 7? APf_klq-I5 (Continued)

R_:V MNFMO,_I£ AODR OCTAL Sc FNGINFF_I,*IG VALUe VALUE IN _GC UN[TS

': FKTLXII + 1 3017 04500 16 q,z,.72000000 r' 03 P/AR/SCZ G._-72000000 r 03 P/AR/SC?

;7 _KTL×/I + 2 _0_0 0039_ !6 9.800000000FI OP P/AR/SCZ 9.800000000f' 02 PIARISC2

EPEPF_C+ 0 3021 O]OCO ? ].250000000D-0! UNITLES£ 1o2500000c0r'-0', IINITLESS
F_

_ THIS V_LUE IS DOUBLED 13F_:ORE IT IS USEDI

* EpEPFRAC+ I T_322 00232 2 3.750000000D-02 UNITLESS 9.7500009000-02 UNITLESS

1. _: P_CTt']FF + 0 3023 7"/751 14 -5.240000000r_-0! OEG -2.2086LO67Z:-r" O1 COtl PUI. S(30

m± Y_,,CTI]mF + 0 302& 0012C 14. 1,895000000q, O0 .r')..FO 7.e_'73551!!F. O1 CDU PUI. S

_!: HP/"ilO 41-0 3025 B777_ C q.9*,'#g_8q6z,-ST_-O1 U_.!ITL.ESS "_.qe9_F_c6&BF"-O_ IlNITLESS

"- HRNIIf'/ + 0 _025 O00CO _ C.O UI'QtTLESS 0.0 IJNTTLFSS

HP.NI2 + 0 BO?I O000C O 0.0 Ut,_TTLCSS 0.0 Ut41TLFSS

_ HPOllI2 + 0 3030 5436C I -1.2205£',055_ (;0 U.*,!!TI.FSS -1 .2,2.'058_0_,5 r_ O0 tlNITLESS

,_ H_Dt2 + 0 3031 21075 C 5.3497B1445F_-O1 IINITLESS 5.349731445[?-O1 UNITLESS

C) ..... _I%) ._

v rt

, =



(NASADATA SOURCE)

Table112-4.6.1-I.FINAL F-LIn,_r_APTEMIS 7?. ^P(nLI_-t_ (Continued)

REV !4NFMF)NIC Ar}.")R(fETAl_ SF ENGINEERING VLLllc VAI_LIE IN _C,C UNITS

_- HF_FI20 "_" " .....30_,_. 37777 C £.9993£.9b&_r;-Ot UNITLESS _.c_cg-_-R.G_LFl_--O] IJNITLESS

"_ HBN21./2 + 0 _0_5 60,4_5 l -e._215820_IF,'-01, l)tiIT r . _ ,_.... I_,..SS -o.6P_£2 ..... t['-OI UNITLFS£

,x HBN22 30_4 O000C C 0.0 UNITLESS O.O LJNITLF,SS

HBD2112 _035 5_3e0 I -1.2Z058].0559 O0 UNITLFSS -I.2205810 _....9 O0 USlITLESS

s _'_ HBD22 + 0 3036 21075 C 5.34973La45P-Ol UNITLFSS 5.3"9731445r';-01 UNITLESS
.p-

o, _- I-tF_N30 + 0 BOR7 37?77 C 9.9ggBRq6z_Qg-O}. UNITLES5 c.9993896z, eD-O}. UNITLESS

_ FSNBI/? + 0 3040 571"_ l -1.05041603_r) O0 tJNITLFSS 'I 0_0z_150!0( -_ O0 UNITLESS

_ HL_N32 • 0 30#1 -J=IC6 C 8.4RO22#6,_c_r, _, _ _'_ _-n.......... -0, UNITLESS a.4qO_._&O£, ,,t UNITLESS

x_ HBD31/2 + 0 3042 507_1 t -1.461162_090 O0 UNITLESS -].441162].09P O0 UNITLESS

" Pl_O3Z �0304-3 31162 C 7.8820_00785)-0] UNITLESS 7.882080078r_-01 LINITLESS

i_ *_ DApr)ATPt �03065 311C2 C

_o '_"-"DAPDATR)-* 0 _06_ 011.11 C

' Il e,x LEMMASS { 0 3072 t0012 1.6 3.620620000D 0.'+ LBS 1.6_-2285507D OZ_ KG _,r_

-41:t



(NASA DATASOURCE)

m
Table 112-4.6.1-I. Fl_al_ T-Lt'_- F_ _RIE;_Iq -= "'o'}II_;-_= (Continued)

r.r',/ :';\iE}_!_ [c ,.,.:)p OC.T_L fir: r-Nc'Ik'_-rpl[t,,<: V_'.[.IJ( V:';li! c f_: ,.;';( IIB:TTq

:'c,_',''%t: "_,: 7"_ 1, _z ' _ Co6O!_.'_t:_ ;U ' :w I__ S -; ,-,-:xs-:_ _:,- ,_, Wq

_'_t Y '\, I'" _ _1 _ .......'" ;t qOC ''-,,., 1:. _ . m(_Oq!'h,r_rCq,.,.......... fir; ,1?,,1T Lr Sc _ • O0()C_00C OO '_ 0D I tM _ TL rg C. ; .

1 PI'H. y_l_'! + ' 7_ _:6-": OCOC': _ !.7S_.43:_7_3_-C_ i)_:q '+ • qt*_!_3(;56D-C)/- PF;!

a2 _.-_ tO0_.-,

r,!pIyNLI,,+ _ 3"_(,&r)OOCz: -c 1.931r}bo500r'-(? !"_EGIS_C 5,.0:'6_T91(,7:,-C)7_F-VICS
"_?A-5 !0_2'

P
Na

I 1 Dr!LY;'_P" + b "I"),_%.: ...... 60('-77 -,')_ _ ,] 72:aPq_O()_-CI?:_ ........ )FS/srr " "<, 55_:02_._45i_-.3a F'E_/Ics 2

r--,

_.a _ ' L''_ ,i- 7 :_>?i"l. . 2"7777, -:,'7, -1 . ,1 aia._r.-.-.w-.._..; ,_.,,v, :-r. -,," /q;: r',_. - ,. _{':.';'_q--ir)_:_-r"-'_ (. l._rzV/_Rst.

o ";,P"_ 50! 47

e:l'_*{!, �:"::'7) -*l,.r =: -<} -_.#,_'_0;7-.(2_-(;': =_2:15_7_- -,.g_t!_ "gqa_-r''-'i-_ g;;: //_('5_,

- p •
,'Lit Y[h_.' +- ' ":a a : : ",. tiz. _7> -,-.;.: ! . ,: ,"(" -*)- ' },.... !-(i-_ '"I-G/ g`"'':.: ; . _: "" _%a ,'. ,: I_,', :. __". _';'d/:r.i r.

I N

o ._x_
•.q --q lal



(NASA DATA SOURCE)

Table 112-4.6.1-I. C|N#,L F-LOAD ARTEMIS 7,_ aPOLt,r]-!,5(Continued)

REV MNEMONIC Ai)DR (ICT.At SF ENGINFF_I_JG VALUF VALUE IN AGC UNITS

] POLYNU_ +13 3276 76933 -7 ¢ -2.923q175000-?.! OEG/SEC6-_.]210q30_6r;-2h RFVI_,S6

3277 643CC

SATRLRT + 0 3300 OOOCC C |.0000000000 O0 DEC;/S_C 2,7777777780-05 REV/CS

3301 t 64" 1

! RPSTAI_T + 0 3307 02111 _._ 1.007_=000000 Ol SEC l. OqTSOOOOOD 03 CS

! POLYST{!P+ 0 3303 4"_64E 14 -I.442500000D 07 SFC -1.442500000_ 0_- CSF-A

b-)

i SATRAT_ + 0 3310 O00CC !2 0,0 OUTPTPUL 0.0 OUTPTPUL4:"

S_TR T..: + I 33|.1 00344 I _ 5.700000000 r) Ol FIUTPTPUL 5.TOO000OOOr). 3! Ft.'JTPTPUL
I
t_

F_ 2.5 DEGREE ATTITUPF FRRF)R, 0,75 VOLTS

SATRATE 33)2 7743? 12 -5.700000000_ 01 OUTPTPUL -5.700000000P Ol OUTpTPUL

SATRAT[ 3313 O00CC 12 0,0 OI_TPTPU 0.0 OUTPTPUL

_n SATSCALE 33_0 IOOCC __ ].O00000000r, O0 U_JITLESS _.O00000000.F) O0 UNITLFSS

C.3 VF]LTS/DEG

"J "-JIzt

H

N "



/i:

4_

or--

0
I

I

!

_Q

C_
I

I
_q

i,,0_.q£07E
•,-)•r,•"-

•EOe£10v_

A___O--J6ar4__#:!9"'4,%)_'dtO_;L:OO(,_OOJ,LO"_0:;;.'_l['}t),O'_c(.,�( IQS)i_"I

,_r',.L;/i.[

._SJlil!'dl')'']bS-_,lll_ll'3"O:":;3000';;c-_0+JIsi!'!:i_
0

S.LIhfl2_9V'_.1='l-I,';xJ/tl';/",ul-.i,-t_-_.:r.'J.'.)t,I5::SlvJ_]i}u:,,;_']Ii4Jt._.]h.,,_A_-,'im
j-

(panu._%u00)L_-:.I,I!idV_.LS|_I:_VLVdl-i_IVix_l5"L-L'9"_-ZLLgLq_-I#

(?3_JNOSViVQVSVN)



Table 112-4.6.1-2 (NASA DATA SOlaCE)

Measured Hardware Alignments Contributing to Alignment of LM IMU from CSM IMU

Alignment Arc Min

About Y-Axis Z-Axis

Measurement X-Axis (About Z-Axis) (About Y-Axis

COMMAND MODULE

Displacement of CSM IMU axes with - +1.2 -0.6

respect to local vertical*

Displacement of Nay. base axes with -2.8 - -

respect to docking ring*

Displacement of docking ring axes - +2.5 +i.0

with respect to local vertical*

LUNAR MODULE
I

(LM Yaw) (LM Roll) (LM Pitch)

Displacement of docking ring with - -2.13 +0.50
I

respect to nav. base axes**

Displacement of nay. base with +2.28 -1.33 -0.28

respect to IMU***

*TCP I12-S/C-070, 3/23/71, K-0048 and K-3128, 2/15/71. In lieu of S/C axes the local vertical

was used as the common reference axis.

**Spacecraft Operational Data Book, Volume II, LM Data Book, Rev 2, Para. IN10/4.5.1.5.2

m ***Spacecraft Operational Data Book, Volume II, LM Data Book, Rev 2, Para. LMI0/4.5.2.1.2.

i> Data stated as IMU relative to nav. base, therefore, values tabulated above are negative

of SODB values because the desired sense of displacement is from nay. base to IMU.

I "J_

".,.d



Amendment 74

7/21/71

Table 112-4.6.1-3 (NASA DATA SOURCE)

llardware Contributions to Uncertainty of LM IMU Alignment from CSM IMU

1-o Uncertainty t Arc Min
About About About

Source of Uncertainty LM X-Axis LM Y-Axis LM Z-Axis

CM IMU to CM Docking Ring 0.2 (i) 0.2 (i) 0.4 (i)

CM Docking Angle Scale 0.2 (i) - -

CM-LM Docking Ring Alignment - 4.0 (2) 4.0 (2)

LM Docking Angle Pointer 5.0 (3) - -

Docking Angle Determination 15.0 (4) - -

LM Docking Ring to LM Nav Base - Negl. (5) Negl. (5)

LM Nay Base to LM IMU Negl. (5) Negl. (5) Negl. (5)

RSS i-o Uncertainty, Arc Min 15.8 4.0 4.1

Arc Deg 0.264 0.067 0.068

REFERENCES

(I) Estimates based on methods used in TCP I12-S/C-070, 3/23/71, K-0048

and K-3128, 2/15/71, to measure these alignments. See Table
112-4.6.1-2.

(2) Apollo ICD MH 01-05053-416 (The included angle measured between the

planes of the docking interfaces of the CM and LM will not exceed

0.2 deg.).

(3) Apollo ICD MH 01-05128-116 (60 deg. _5 arc min.).

(4) Telecon R. Schweickart, NASA astronaut (+__0.5deg., considered to
be 2-0).

(5) Uncertainty in measured alignment considered negligible. See
Table 112-4.6.1-2.

SNA-8-D-027(1) Rev 3

112-4.6.1-24

NASA -- MSC



Amendment 46

911517o

112-4.7.3 Circuit Margins

Table 112-4.7-4 of this appendixes is to be used to supplement

Table 4.7-4 of the basic text.

' 112-4.7.3-1

SNA-8-D-027(1) REV 3



TABLE 112-4.7-4

SCIENTIFIC DATASYSTEMCIRCUIT MARGINSUMMARY(WORSTCASE SPECIFIED ArID NOMINALCASE SPECIFIED)

i (i) (2)

CALCULATEDTRP
AT TRP

MODE SERVICES i LUNARDISTANCE CIRCUIT MARGIN COMMENTS
Worst/Nomi naI Worst/Nomi na1
Case _a_e Case Case

(DBM) (DB)

'_ 225CSN i KHZ -99.7/-98.7 +0.4/+1.4 l) CALCULATEDMSFNTRP AT 215,000 N. MI. FORFILSE
;_ I VALUES:

 OWNLIr F,i=4OOKHZ -99.7/-98.7 +0.4/+1.4

FM MODE i_m 768 KHZ I -99.7/-98.7 +0.9/+1.9 -i5 _ _ I WORSE NOMINAL
,_ 225 KFIZ I -99.7/-98.7 +0.4/+1.4 CASE CASE
i_ PARAMETER SPECIFI ED SPECI FI ED
,_ _ 400 KIIZ -99.7/-98.7 +0.4/+1.4F-_ _I--- (/) I

, CSM :<_ 768 KHZ -99.7/-98.7 +0.9/.1.9

._" DOWHLINK_!_ II ICSMTRANSMITPOWER 12.6 14 12.6 W
i165 KHZ -99.7/-98.7 +0.9/+1.9 iL_

i 300 CSMCIRCUIT LOSS 6.6 DB 6.6 DB
FM MODE KHZ -99.7/-98.7 +0.4/+I .4

6 i CSM
i POINTING LOSS 0.2 DB 0.2 DB

1576 KHZ -99.7/-98.7 +0.9/+I.9(_) (_) ,

<_ 151.2_ KBPS CSMHGA GAIN 25.7 DB 25.7 DB==:cm
_u_ I TLM -99.7/-98.7 +0.9/+1.9 ISPACE LOSS (215,000 N.MI.) 211.6 DB 211.6 DB

I
HZ IMSFN85' ANTENNAGAIN 52.0 DB 53.0 DB

2) MSC-ESTL TEST RESULTSFORTHE FOLLOWINGCRITERIA
i (WORSTCASE SPECIFIED AND NOMINALCASE SPECIFIED):
i

J A. IO-DB REQUIREDPREDETECTIONSNR FORANALOGo
CHANNELS.

_ B. 12-DB REQUIREDPREDETECTIONSNR FOR 10-4 _ m
DER PERFORMANCEOF 576-KHZ CHANNEL. _ _-

<: C. 12-DB REQUIREDPREDETECTIONSNR FOR 10-4 "-J
BER PERFORMANCEOF 768-KHZ CHANNEL.

D. 8..O-DB REQUIREDPREDETECTIONSNR FOR 10-4 _
BER PERFORMANCEOF 1.024-MHZ CFIANNEL. I

I



Amendment 46

9/15/70

f .

112-4.7.5 Tape Recorder

The TAPE RECORDER record and dump times are shown below. Record times

are based on tape length divided by record speed for each bit rate. Approx-

imate dump times are based upon playback rate, rewind time, command

coordination, and power amplifier warm-up (approximately equal to 1.5 minutes).

Times for rewind, playback, and rewind for next recording are included.

Record Time

Item Maximum Dump Times*

Low bit rate (LBR) 4 hr. Approx. (3/32) R + 2.5 min

High bit rate (HBR) i hr. Approx. (5/4) R + 2.5 min

LM data with CSM HBR i hr. Approx. (3/8) R + 2.5 min

LM data with CSM LBR 4 hr. Approx. (3/32) R + 2.5 min

*R = Record time in minutes

The tape recorder configuration for S/C 112 is as follows:

Configuration

i. 1.6KBS CSM LBR with 51.2KBS dump or 51.2 CSM HBR with 51.2KBS

playback.

-_ i 2. 1.6KBS LM LBR with 12.8KBS playback or 51.2KBS dump.

3. 64KBS SIM PCM with 64KBS playback.

4. CM/LM voice with i:i or 32:1 playback.

5. 4KBS Gamma Ray Spectrometer on an analog channel with i:i PB.

112-4.7.5-1

SNA-8-D-027(1) REV 3
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4.7.6 VHF RANGING SYSTEM BIAS ERROR

The CSM/LM VHF ranging system range output correction factors should

be applied to the indicated range output of the digital ranging generator
for the following CSM/LM combination shown.

Improvement Factor to be

System RF Signal Strength added (+) or subtracted (-)

Vehicles Equivalent Ran6e to/from Range Display*

CSM II2/LM I0 0.05 to 0.15 n mi -00.01

0.15 to 115 n mi 00.00

115 to 200 n mi +00.01

*Correction factors should be verified before respective missions.

i--

112-4.7.6-1
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4.9. Z LAUNCH ESCAPE PROPULSION PERFORMANCE

Table IIZ-4.9-5. LES Motor Performance

Part 1: Predicted Launch Escape :Motor Performance

(S/N ED-307)

-lime Axial Thrust I Beta I Side Thrust Time Axial Thrust [ Beta I Side Thrust(sec} (Ib-f) (deg) (Ib-f} (sec) (Ib-f) (deg) (ib-f)

SEA LEVEL

7O F 4O F

_.0 148.045 !.791 7.208 0.0 148.045 1.791 7.!08

0.038 6,265.707 2.791 305.077 0.038 6,262.867 2.791 304."5_
0.051 15,026.457 2.791 731.636 0.052 15,015.477 1.791 731.102

0.058 21,342.816 2.7qi 1039.179 0.058 21,323.508 2.791 I038.23_

0.061 !7,213.922 1.791 1325.041 0.061 27,187.086 /.7al 1323.73n

0.080 93,333.688 2.869 4670.965 0.080 93,160.063 2.869 4663.078

0.094 126,576.625 2.799 6180.434 0.094 126,23!.000 2.799 6164.78_
9 )Q "" 2.0.108 143,759.125 2.775 6960.641 0.108 143..... ,=0 776 6936.594

0.117 151,728.750 1.766 7322.508 0.117 151,070.125 2.767 72q2.60_

0.136 159,817.438 2.758 7689.793 0.136 158,911.813 2.759 7648.699

0.155 162,661.750 2.755 7818.941 0.155 161,529.563 2.756 7767.531

0.173 162,207.938 2.756 7798.332 0.173 160,874.313 2.757 7737.781

0.188 161,706.875 2.756 7775.582 0.188 160,229.563 2.758 7708.504

-- 0.333 155,738.063 2.762 7504.559 0.333 153,065.313 2.765 7383.195

0.436 154,428.750 1.763 7445.109 0.436 151,130.313 1.767 7195.336

0.614 153,355.875 !.764 7396.395 0.614 i149,196.938 2.769 7207.547
0.844 154,948.938 2.763 7468.727 0.844 149,898.688 2.768 7239.414

0.989 156,077.688 1.762 7519.977 0.989 150,573.438 2.767 7270.055
1.271 158,829.250 2.759 7644.926 1.271 152,593.063 1.765. 7361.7_4

1.364 157,667.375 2.760 7592.164 1.364 151,301.938 2.767 7303.119

1.646 152,675.563 2.765 7365.504 1.646 146,117.813 2.772 7067.734

1.833 148,806.250. 2.769 7189.816 h833 142,223.375 2.777 6890.906

2.021 144,876.188 2.774 7011.363 2.021 138,315.625 2.782 6713.465

2.400 134,241.875 1.788 6528.492 2.490 127,912.063 2.797 6141.070
2.771 128,185.688 2.796 6253.492 2.771 122,063.250 2.806 5975.500

1.959 124,076.625 2.803 6066.914 2.959 118,113.150 1.813 5796.590

3.052 122,036.750 2.806 5974.293 3.052 116,141.000 2.816 5706.586
3.109 I19,267.688 2.811 5848.555 3.109 113,480.438 1.821 5585.770

3.146 116,493.250 2.816 5722.574 3.146 110,828.688 2.827 5465.367

3.212 106,043.000 2.837 5248.063 3.212 100,845.563 2.849 5012.063

3.296 93,506.625 2.868 4678.816 3.296 88,870.750 2.882 4468.313

3.521 70,347.688 2.956 3627.212 3.521 66,76h000 2.975 3464.344

3.709 58,315.043 3.028 3080.821 3.709 55,274.848 3.052 2942.766

3.990 44,160.832 3.161 2434.755 3.990 41,825.090 3.130 2283.396
4.365 30,685.063 2.836 1518.280 4.365 29,120.504 2.791 1417.873

4.740 21,358.664 2.791 1039.952 4.740 20,283.656 2.791 987.610
5.I15 15,324.879 2.791 746.169 5.115 14,544.660 2.791 708.179

6.016 6,669.883 2.791 324.756 6.016 6,313.586 2.791 307.409

6.616 3,433.157 2.791 167.160 6.616 3,235.900 2.791 157.556

7.272 1,687.559 2.791 82.167 7.272 1,576.188 2.791 76.745
8.440 204.549 2.791 9.959 8.440 157.782 2.791 7.682

IIZ-4. 9. Z-I
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Table 112-4.9-5. LES Motor Performance (Cont)

Part I: Predicted Launch Escape Motor Performance

(S/N ED- 307)

Time Axial Thrust Beta Side Thrust _ Time Axial Thrust Beta Side Thrust

(sec) (Ib-f} {deg) {lb-f) _ (sec) (lb-f) (deg) (lb- f}

VAC UUM

70 F 40 F

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.038 10,241.988 2.602 465.048 0.038 10,241.895 2.602 465.044

0.052 21,173.121 2.602 961.387 0.052 21,172.762 2.602 961.369
0.058 28,690.734 2.602 1302.729 0.058 28,690.117 2.602 1302.700

0.061 35,525.141 2.602 1613.057 0.061 35,524.246 2.602 1613.015

0.080 I02,879.750 2.602 4671.359 0.080 102,874.750 2.602 4671.133

0.094 136,119.750 2.602 6180.660 0.094 136,109.813 2.602 6180.207

0.108 153,300.813 2.602 6960.781 0.108 153,285.750 2.602 6960.098
0.117 161,269,938 2.602 7322.633 0.117 161,251.313 2.602 7321.781

0.136 169,358.563 2.602 7689.898 0.136 169,333.188 2.602 7688.750
0.155 172,203.063 2.602 7819.059 0.155 17Z,172.000 2.602 7817.648

0.173 171,749.813 2.602 7798.480 0.173 171,713.875 2.602 7796.844

0.188 171,249.250 2.602 7775.746 0.188 171,209.688 2.602 7773.953
0.333 165,283.875 2.602 7504.887 0.333 165,221.000 2.602 7502.031

0.436 163,976.875 2.602 7445:535 0.436 163,908.250 2.602 7442.426
0.614 162,905.938 2.602 7396.914 0.614 162,828.563 2.602 7393.398

0.844 164,500.563 2.602 7469.320 0.844 164,419.000 2.602 7465.517

0.989 165,630.250 2.602 7520.613 0.989 165,548.688 2.602 7516.910

1.271 168,382.688 2.602 7645.590 1.271 168,301.563 2.602 7641.906

1.364 167,220.938 2.602 7592.840 1.364 167,142.500 2.602 7589.277

1.646 162,230.188 2.602 7366.227 1.646 162,164.375 2.602 7363.242
1.833 158,361.125 2.602 7190.951 1.833 158,302.250 2.602 7187.879

2.021 154,431.438 2.602 7012.121 2.021 154,376.688 2.602 7009.633
2.490 143,797.500 2.602 6529.273 2.490 143,756.750 2.602 6527.422

2.771 137,741.625 2.602 6254.301 2.771 137,720.750 2.602 6253.1348

2.959 133,632.750 2.602 6067.738 2.959 133,612.125 2.602 6066.801

3.052 131,592.438 2.602 5975.090 3.052 131,543.875 2.602 5972.887
3.109 128,823.875 2.602 5849.379 3.109 128,776.625 2.602 5847.234

3.146 126,049.438 2.602 5723.402 3.146 126,014.188 2.602 5721.805

3.212 115,599.063 2.602 5248.895 3.212 115,581.250 2.602 5248.090
3.296 103,062.813 2.602 4679.676 3.296 I03,046,875 2.602 4678.949

3.521 79,903.938 2.602 3628.125 3.521 79,897.313 2.602 3627.825

3.709 67,871.313 2.602 3081.769 3.709 67,865.625 2.602 3081.!510

3.990 53,712.691 2.602 2438.880 3.990 53,708.648 2.602 2438.697
4.365 39,475.680 2.602 1792.435 4..365 39,472.793 2.602 1792.301

4.740 28,712.301 2.602 1303.710 4.740 28,710.355 2.602 1303.620

5.115 21,535.504 2.602 977.840 5.115 21,534.035 2.602 977.775

6.016 10,769.188 2.602 488.986 6.016 10,768.430 2.602 488.952
6.616 6,444.578 2.602 292.623 6.616 6,444.[76 2.602 292.604

7.272 3,949.110 2.602 179.314 7.272 3,948.873 2.602 179.303
8.440 121.605 2.602 5.522 8.440 121.598 2.602 5.521

I12-4. 9. 2-2
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...... Table I12-4.9-5. LES Motor Performance

l
Part 2: Predicted Pitch Control Motor Performance

I Axial Thrust (Ib-f)
Time (sac)

l

70 F, VACUUM (ACCEPTANCE DATA), MOTOR S/N 408

0. 0.

0.006 25.285

0.027 763.774

0.053 1726.339

0.071 2153.564

0.097 2558.121

0.140 2885.951

0.175 2995.808

0.210 3048.122

0.237 3055.097

0.263 3056.841

0.298 3046.378

0.341 2997.552

0.359 2960.933

0.385 2891.182

0.411 2807.481

....: 0.446 2685.416

\ 0.490 2531.964
0.533 2376.768

0.588 2120.433

0.612 1872.816

0.639 1461.285

0.664 1159.612

0.691 927.689

0.708 809.112

0.734 673.098

0.769 - 530.108

0.787 476.051

0.830 360.962

0.857 308.648

0.883 261.567

0.926 207.509

0.968 162.171

1.023 123.808

1.067 95.908

1.119 75.854

1.154 43.594

1.188 31.388

I.Z45 0.174

112-4. 9.2-3
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Figure 11Z-4.9-7. Axial Thrust, Launch Escape Motor (S/N ED-307)
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10

0 1 2 3 4 5 6 7 8 ? 10
TIME (SECONDS)

Figure 112-4.9-13. Side Thrust, Launch Escape Motor (S/N ED-307)
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FL_ure 113-4.9-14. Thrust Offset Angle, Launch Escape Motor (S/N ED-307)
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• -4

4.10 CREW AND CREW SYSTEMS

4.10.3 CREW TASK TIMES

4.10.3.3 Prime and Backup Life Support Systems

The EVA umbilical used in conjunction with the pressure control valve

is the prime oxygen supply life support system for the EVA task of SIM

experiment data retrieval. The OPS with purge valve assembly will serve as

a life support system backup to the umbilical.

The EVA umbilical assembly consists of 25 feet of 02 hose, communications
cable, and a tether line. The tether line attaches to a fitting on the L.H.

couch head strut while the 02 hose and communications cable interface with

the CM EVA Panel 603. At the crewman end, interface points are at the PGA

02 inlet connector, PGA electrical connector and tether to the EV waist belt

which is an integral part of the umbilical. This system provides the primary

02 supply to the EV crewman, provides the primary communication and bio-
instrumentation link, provides tether restraint to relieve any inadvertent

load applied to the oxygen portion of the umbilical assembly, provides for

EMU "strain relief", and maintains EV crewman captive to CM under all circum-

stances (safety line). The waist belt relieves any inadvertent load applied
from the umbilical to the EMU.

The 02 umbilical is designed for i00 psig normal operating pressure.

......•i The suit end of the 02 hose interfaces with a control unit that attaches

directly to the suit 02 inlet port. The control unit consists of a shutoff

valve, filter, a fixed orifice, a suit low pressure warning sensor and an

umbilical low flow sensor. Suit pressure regulation is accomplished by the

pressurization control valve incorporated in the suit outlet port which

permits a continuous 02 flow of i0 ib/hr for a required minimum flow duration

of 3 hrs. ±1/2 hour within a pressure range of 3.7 to 4.2 psia. This time is

sufficient to permit suit donning, checkout, egress, ingress, and-unsuiting,

and allows for approximately 60 minutes from hatch open to closed to retrieve
the cassettes and to perform other EVA related activities. The 60-minute

constraint is imposed by the environmental temperature regime experienced by
the umbilical hose and the requirement to maintain a 0 F to 75 F 02 suit inlet

temperature, and a side hatch thermal constraint (see Paragraph 3.10.1.2.4).

NASA--MSC 112-4.10.3-1 SNA-8-D-027(1), Rev 3
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This appendix will not be updated and the

data presented are only valid up to the

Apollo 16 launch date, 16 April 1972. Con-

sequently,revisions subsequent to the

Apollo 16 flight may introducedata into

the basic text of the data book that con-

flicts with the data in this appendix.

Maintainingor deleting this appendix for

CSM-II3 in the SODB is entirely at the

option of the user.

CSM-113

SNA-8-D-027(1)REV 3
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APPENDIX 113

CSM 113

Changes to baseline data specific to CSM 113 are included in this appendix.

1.0 No change

2.0 Space Vehicle Configuration I

3.1.6 Cryogenic Equipment

3.3.6 SM RCS Helium Bottle Pressure-Temperature Limitations

3.3.8 Pressure-Temperature Limit Relationships for SM RCS Propellant Tanks I3.4.4 Command Module RCS Constraints

3.5.4 SPS Constraints

3.5.10 Pressure-Temperature Limit Relationships for SPS Propellant Tanks
3.8.3.1 Deceleration Loads

3.11.1 Temperature Limits

3.11.4 SM/SIM Thermal Data During EVA

4.1.3 Cryogenic Tank Characteristics

4.1.4 EPS Battery Charger Calibration

4.1.6 EPS Master Electrical Equipment List

.... 4.2.1 Oxygen Supply |
4.2.3 ECS Glycol Accumulator Calibration

I4.3.6 Service Module RCS Forces and Moments

4.4.5 Command Module RCS Forces and Moments

4.5.1 SPS Engine Performance

4.6.1 IMU and Guidance Computer Data

4.7.6 VHF Ranging System Bias Error

4.9.2 Launch Escape Propulsion Performance

5.0 No Change

6.0 No Change

7.0 No Change

113-1
SNA-8-D-027(1) REV 3
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.... 2.0 SPACE VEHICLE CONFIGURATION

The CSM 113 Scientific Instrument Module (SIM) is depicted in

Figure 113-2-4. The solar monitor is located in Bay IV of the service

module. The SIM package is located in Bay I of the service module.

The following experiments are included in the CSM 113 payload:

Experiment Number Experiment Title

S160 Gamma-Ray Spectrometer

S161 X-Ray Flourescence Spectrometer

S162 Alpha Particle Spectrometer

S164 S-Band Transponder

S165 Mass Spectrometer

S164/S173/S174 Subsatellite

Facility equipment will be used for:

CSM Orbital Photographic Tasks

Optical Bar Panoramic Camera

-- Three-Inch Mapping Camera

Laser Altimeter

SIM individual experiment configurations are defined in Apollo Opera-

tions Handbook, SM2A-03-Block II-(i). Individual experiment-imposed

limitations and performance data are presented in CSM Experiments Data

Book for J-Missions, Volume Vl of this document.

2.1 SIM BAY ALIGNMENT

The CSM SIM bay alignment was optically determined at KSC. The measure-
ments were made with the CSM X-axis on the local vertical, at ambient

pressure and at i g. The angle between the center line of the SIM bay and

the +Z axis of the CSM, as determined in the -Z +Y quadrant, was 142 ° 25' 06".

The Y-Z plane of the SIM bay was found to be sloping relative to the

CSM Y-Z plane such that the outboard edge and the -Z side were towards +X

and the inboard edge and the +Y side were towards -X. The determined angles

of these slopes were respectively I' 30" and 3' 30". These data are
illustrated in Figure 113-2-5. The transformation of these data to the

¥-p scheme which is directly usable by the CMC (reference Figure 113-2-6),

and the e-_ CSM body coordinate system (reference Figure 4.7-25) yields

the following:

y = 089.98 p = 052.42

e = 89.96 ¢ = 37.58

113-2.0-i

SNA-8-D-027(1) REV 3
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i

_APPINGCAMERAMAPPING _ _I FILMCASSL-TTE

LASERALTIMETER i ,

GN2 CONTROL
EVA FOOT
RESTRAINT

_iF _ _RAMIC CAMERA

J

PARTICLES _
& FIELD ......I
SUBSATELLITE PAN CAMERA

4 FILMCASSETTE

_r MASS
11 ,SPECTROMETER

.,,,..

I -- I I x.,,_

GAMMA-RAY _ ALPHA& X-RAY
SPECTROMETER'f SPECTROMETER

Figure 113-2-4. Service Module J-Mission SIM Bay

(See Paragraph 2.0)

I13-2.0-2
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-Y X

\
\ j+z

_z f'_\_°_'_J-_25,o6.

+X -X +X

SIM Bay SIM Bay
Y-Z Plane Y-Z Plsn_

SECTION A - A SECTION B - B

NOTE: Angles were measured with X-axis on local vertical,

ambient atmosphere, and 1 g.

Figure 113-2-5 CSM 113 SIM Bay Alignment

.... (See paragraph 2.1)

• SNA-8-D-027(1) REV 3
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LOSTO
TARGETBODY

y,
X

Y
X'

Z

Figure 113-2-6 Definition of y and p for CMC

(See paragraph 2.1)

SNA-8-D-027 (I) REV 3 •
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3.1.6 CRYOGENIC EQUIPMENT

3.].6.1 Cryogenic Hydrosen Tank Pressure-Temperature Limit Relationships

For cryogenic hydrogen tank pressure-temperature limitations, see Figure

113-3.1.6-1. Pressure-temperature limit relationships for the cryogenic

hydrogen tanks are determined by two mechanisms of! hydrogen attack of titauium.

Flaw growth under stress or massive hydride formation results in material

flaking and loss of tank material. The former is the governing mechanism at

lower temperatures (below-200 F); the latter governs above -200 F. The limits

preclude flaw growth and catastrophic failure for the entire temperature
range.

_ 113-3.1.6-1
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3.3.6 SM RCS HELIUM BOTTLE PRESSURE-TEMPERATURE LIMITATIONS (NASA DATA SOURCE)

The pressure-temperature limitations of the SM RCS helium bottle are
given in Figure 113-3.3.6-1.

113-3.3.6-1 SNA-8-D-027(1) REV 3
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3.3.6 SM RCS HELIUM BOTTLE PRESSURE- 3/27/72
TEMPERATURE LIMITATIONS

(NASA D_t_ Source)
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3.3.8 PRESSURE-TEMPERATURE LIMIT RELATIONSHIPS FOR SM RCS PROPELLANT TANKS _

Fracture mechanics pressure-temperature limit relationships for propellant

tanks are dependent upon the history of the individual tank with respect to

pressure cycling, type of fluids used, etc. These limits are established to

preclude potential growth of a flaw in the tank wall, when in contact with

the propellants, that will exceed the maximum allowable value for the tank.
The maximum allowable pressure-temperature limit relationships for S/C 113 SM

RCS propellant tanks are given in Figure 113-3.3.8--1.

(NASA DATA SOURCE)

/

113-3.3.8-1

SNA-8-D-027(1) REV 3
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3.4+4 CM RCS PRESSURE-TEMPERATURE LIMITATIONS *

Fracture mechanics pressure-temperature limit relationships for pro-

pellant tanks are dependent upon the history of the individual tank with

respect to pressure cycling, type of fluids used, etc. These limits are es-
tablished to preclude potential growth of a flaw in the tank wall, when in

contact with the propellants, that will exceed the maximum allowable value
for the tank. The maximum allowable pressure-temperature limit relation-

ships for S/C 113 CM RCS propellant tanks are given in Figure 113-3.4.4-1.

The pressure-temperature limitations of the CM RCS helium bottle are I

given in Figure 113-3.4.4-2. I

* NASA DATA SOURCE

113--3.4.4-1

SNA-8-D-027(1) REV 3
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3.4.4 CM RCS PRESSURE-TEMPERATURE LIMITATIONS

(NASA DATA SOURCE)
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Figure 113-3.4.4-2. CM RCS Helium Bottle Pressure-Temperature
Limitations
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(NASA DATA SOURCE)

3.5.4 SPS HELIUM BOTTLE AND GN 2 PRESSURE-TEMPERATURE LIMITATIONS

See Figures 113-3.5.4-1 and 113-3.5.4-2 for SPS helium bottle and

GN 2 pressure-temperature limitations.

113-3.5.4-1 SNA-8-D-027(1) REV 3
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3.5.4 SPS HELIUM AND GN 2 PRESSURE-TEMPERATURE
LIMITATIONS (NASA DATA SOURCE)
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Figure 113-3.5.4-1. SPS Helium Bott.l.e Pressure-Temperature Limitations
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3.5.10 PRESSURE-TEMPERATURE LIMIT RELATIONSHIPS FOR SPS PROPELLANT TANKS _

Fracture mechanics pressure-temperature limit relationships for pro-
pellant tanks are dependent upon the history of the individual tank with

respect: to pressure cycling, type of fluids used_ etc. These limits are es-

tablished to preclude potential growth of a flaw in the tank wall, when in

contact with the propellants, that will exceed the maximum allowable value

for the tank. The maximum allowable pressure-temperature limit relationships
for S/C 113 SPS propellant tanks are given in Figure 113-3.5.10-1.

* (NASA DATA SOURCE)

f

113-3.5. i0-i

SNA-8-D-027 (I) REV 3
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Figure 113-3.5.10-1. Fracture Mechanics Maximum Allowable Pressure-

Temperature Limit Relationship for SPS Propellant
Tanks

113-3.5.10-2 SNA-8-D-027(I) _V 3
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3.8.3 ENTRY PHASE

3.8.3.1 Deceleration Loads*

An analysis of the strut loading during entry for spacecraft 113

indicates a strut lockout minimum capability of 17.4 g.

The inputs and results of the analysis are as follows:

Crew Weights: CMDR 165 pounds

CMP 140 pounds

LMP 160 pounds

CREW ENTRY CAPABILITY

POSITIONS SUITED UNSUITED

CMDR-LEFT, CMP-CENTER 17.4 g 19.8 g

CMDR-CENTER, CMP LEFT 18.3 g 20.8 g

Should a change in crew status occur, such as total weight of crew

increasing 20%, anyone crewman's weight increasing 10%, changing of crew

positions, or crew substitutions, the strut loading will have to be reanalyzed.

The maximum entry loading of the CM is expected to be 16 g.

* (NASA DATA SOURCE)

113-3.8.3-1 SNA-8-D-027(1) REV 3
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1/14/72

3.10.5 CSM ATTITUDE FOR EVA

3.10.5.1 Sun Look-An$1e Envelope

Solar illumination of the CSM during EVA is constrained by the SIM, EVA

crewmen, CM hatch, TV and film cameras, the high-gain antenna scan limit,

ECS umbilical, and the crewman foot restraint. The aggragate illumination

constraints yields an allowable solar illumination envelope defined in

Figure 113-3.10-1.

3.10.5.2 Nominal Sun Look An_le for EVA

A solar look angle which optimizes communications availability and
satisfies all thermal and illuminations constraints is defined as es = 145 °,

_s = 315°"

3.10.5.3 Communications Look An$1es for EVA

With the nominal solar look-angle orientation, the high-gain antenna will

be in the automatic reacquisition region or the automatic tracking region of

coverage. Figure 113-3.10-2 presents loci of earth positions for 0-30 ° earth-

sun separation angles in 5° increments.

\

113-3.10.5-1
SNA-8-D-027(1) REV 3
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Table 113-3.11-3• Service Module Reaction Control Subsystem (SM RCS) Temperature Limitations

TEMPERATURE MEASUREMENT

COMPON_T LIMITS (°F) LOW LIMIT REASON HIGH LIMIT REASON
NUMBER LOCATION

LOW HIGH

_Oxidizer
Quad A 131/141 Fracture mechanics.

Quad B_ 111/123 207 psld prior to firing/ None N/A

Quad C J 192 psld during mission.

Quad D i06/iI_

Primary Fuel

Quad A 145 SRSO73T Tank Skin

Quad B 150 Fracture mechanics. through Aft Dome
l Quad C 128 207 psld. SR5076T

Quad D 123

Secondary Ox 130 Fracture mechanics. None N/A
! 207 psld.Tank

Secondary Fuel 143 Fracture mechanics. None NIA
Tank 207 psid_

NOTES: I. See Figure 113-3.3.8-1 for SM RCS

fracture mechanics pressure-

temperature relationship curves.

! 2. See Table 3.11-3 for other SM RCS _
temperature limitations (All >

RCS fracture mechanics limits-NASA _ -_ m

DATA SOURCE). > _=
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Table 113-3.11-5. Service Propulsion Subsystem (SPS) Temperature Limitations
!

W
T_PE_TURE MEASUREMENT

o CO_ONENT LIMITS (°F) LOW LIMIT REASON HIGH LIMIT REASON

LOW HIGH NUMB_ LOCATION

Oxidizer Sump ii0 ]Fracture mechanics. SPOO55T On Upper

Tank Skin [205 psid secondary regulator
Oxidizer Storage ii0 |lock-up and 0.5% minimum TankatXs-341Dome
Tank Skin |nitric acid content

SP0058T On Upper
Tank Dome H

Fuel Sump Tank 126 I at Xs=343 _

Skin [Fracture mechanics. SP0056T On Upper
|205 psid seconda_ regulator

Fuel Storage 126 ]lock-up. Tank Dome
Tank Skin at Xs=341 _

i SP0059T On Upper

I °Tank Dome

at Xs=343

NOTES: i. Temperature limits indicate the limitL

of the tank hot spot and not neces-

sarily the limit of the measurement

number location° The hot spot limit

may be predicted from the measure-

mentnumber reading.

2. See Figure 113-3.5.10-1 for SPS

fracture mechanics pressure-

temperature relationship curves. >

3. See Table 3.11-5 for other SPS _ _ m
o temperature limitations. _ _
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3.11.4 SM/SIM THERMAL DATA DURING EVA (PREDICTED)

3.11.4.1 Service Module Temperature Map

Figure 113-3.11-19 presents a temperature map of the service module
surface (panels) adjacent to the SIM bay. The temperatures given are

expected to be prevalent during the EVA period after TEl. Two temperatures

are given for each panel; they represent the worst hot-case and conversely
the worst cold-case conditions. These worst-case conditions are assumed to

occur 15 hours after TEl which is also 2 hours subsequent to the maneuver

for EVA attitude. The temperature map is based upon the criteria and data
provided in the following table in the order given.

Condition Hot Case Cold Case

i. Initial temperature (at 80 F 55 F
end of TEl burn)

2. Post TEl (2 hrs.) Hot soak Cold soak

3. PTC (ii hrs.) i rph with solar i rph with solar
vector perpen- vector 70° to CSM
dlcular to CSM X-axis
X-axis

4. EVA Theta (e), Phi (_) 140 °, 325 ° 155 °, 325 °
(2 hrs.)

5. EPS radiator heat 8100 Btu/hr 1980 Btu/hr

rejection

3.11.4.2 SIM Temperature Map (Predicted)

Figure 113-3.11-20 presents a map of the predicted surface temperatures

for the instruments, equipment and shelves within the Slidbay. These

temperatures are those expected 2 hours subsequent to maneuver for EVA

attitude (0=1400 , _=325°).

3.11.4.3 Umbilical Temperature (Predicted)

See paragraph 3.10.1 of basic book.

113-3.11.4-1 SNA-8-D-027(1), REV 3
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3.11.4.4 Oxygen Iniet Temperature-IVA Crewman

See paragraph 3.10.1 of basic book.

113-3.11.4-2 SNA-8-D-027(1), REV 3
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1128172
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Figure 113-3.11-19. Service Module Temperature Map
! (See paragraph 113-3.11.4.1)

113-3.11,4-3
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IDENTIFICATION OF SIM OUTBOARD SURFACES

!

F_gure ].13-3. ! 1-20. SIM Temperature lviap

(See Paragraph 113-3. t 1.4. 2)

113-3. ii. 4-4 SNA-8-D-027(1), Rev 3
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CONDITIONS HOT CASE NOMINAL CASE COLD CASE

Sun Look Angle (0S) 140 ° 145 ° 155 °

S/M Temperature (Ts/M) 100F 30F -Z5F

EVA Distance from S/Iv[(Z) 18 in. 18 in. 18 in.

310 ° _<$ _<325 °

8O

7O

60

50

o

40

30
<
c_
M
_20

10

Figure 113-3. ll-Zl. EVA Oxygen Umbilical Outlet Temperature vs. Time
(See Paragraph 113-3. l1.4. 3)

113-3. 11.4-5
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Figure 113-3. II-22. IVA Oxygen Suit Inlet Temperature vs. Time

(See Paragraph 113-3. ii.4.4)

113-3. 11.4-6
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4.1.3 CRYOGENICS MANAGEMENT

4.1.3.2 Hydrogen and Oxygen Tank Heater Power Dissipation

Figures 113-4.1-28 and 113-4.1-29 show hydrogen and oxygen tank

heater power dissipation as a function of CM main bus voltage. The plots
account for the voltage drop between the bus and the heater elements and

reflect the power dissipation across the heater element at a voltage

different from the CM bus voltage.

4.1.3.7 Oxyse n Consumption Rate

For mission planning purposes the ECS oxygen requirements should be
based on an average rate of 0.24 _0.08 pound per hour for three crewmen

operations and 0.i0 _0.08 pound per hour for solo operations. These rates

are estimated values based on previous flight experiences and CSM 113

hardware data and differ significantly from maximum allowable values.

4.1.3.9 Cryosenic Tank Characteristics

Table 113-4.1-4 presents average flow rate data, relief valve cracking

and reseat pressure values, and pressure switch actuation values for each

hydrogen and oxygen cryogenics storage tank.

113-4.1.3-1

SNA-g-D-027(1) REV 3



Table 113-4.1-4. Cryogenic Tank Characteristics

COMPONENT TEST DATA

P/N & S/N FUNCTION REQUIREMENT ACCEPTANCE MAO 1015 TCP 0070 TCP 0005

H2 Tank #i Minimum dQ/dm Flow <0.0725 #/hr 0.0614 #/hr .........
ME282-0047-0040 (Average)

IO024HTA0026

H2 Tank #2 Minimum dQ/dm Flow <0.0725 #/hr 0.0538 #/hr .........
ME282-0047-0040 (Average)

10024HTAO032

H2 Tank #3 Minimum dQ/dm Flow <0.0725 #/hr 0.0530 #/hr .........
(Average)ME282-0047-0040

LO

o 10024HTAO033

Valve Module, Relief Valve

Hydrogen, Operation

Cryogenic Storage Tank I

System Cracking Pressure 273 psig (min) 281.0 psig 284.0 psig 283.0 psig ---
ME284-0291-0002 Reseat Pressure 268 psig (min) 273.5 psig --- 277.0 psig ---

06553J220005 Tank 2

Cracking Pressure 273 psig (min) 280.0 psig 281.0 psig 282.0 psig ---
_min_ _74._ psig _,8.0 psigReseat Pressure 268 psig _ _ _ _ --- o7 ---

Pressure Switch

Actuation

Tank i
Low Pressure 225 psia (min) 235.5 psia 233.0 psia 239.0 psia 237.0 psia

High Pressure 260 psia (max) 252.0 psia 254.0 psia 259.0 psia 254.0 psia
I

Tank 2
o Low Pressure 225 psia (min) 233.5 psia 234.0 psia 237.0 psia ---

"_ High Pressure 260 psia (max) 253.0 psia 255.0 psia 259.0 psia --- ---m

_fD



Table 113-4.1-4. Cryogenic Tank Characteristics (Continued)

COMPONENT TEST DATA

P/N & S/N FUNCTION REQUIREMENT ACCEPTANCE MAO 1014 TCP 0070 TCP 0005

Valve Module, Relief Valve

Hydrogen, Operation &

Cryogenic Storage Pressure Switch

System Actuation
ME284-0373-0003 Tank 3

06553H500105 Cracking Pressure 273 psig (min) 280.5 psig 272.0 psig 281.0 psig ---

Reseat Pressure 268 psig (min) 274.0 psig --- 280.0 psig ---

Low Pressure 225 psia (min) 236.0 psia 235.0 psia 235.0 psia ---

High Pressure 260 psia (max) 256.0 psia 255.0 psia 257.0 psia ---

I

I



Table 113-4.1-4. Cryogenic Tank Characteristics (Continued)

I I TEST DATA

COMPONENT I

P/N & S/N FUNCTION REQUIREMENT ACCEPTANCE MAO 1014 TCP 0070 TCP 0005

02 Tank #i Minimum dQ/dm Flow <0.913 #/hr O. 784 #/hr ..........
ME282-0046-0005 (Average)
IO024XTA0026

02 Tank #2 Minimum dQ/dm Flow <0.913 #/hr 0.688 #/hr .........
ME282-0046-0005 (Average)

LO024XTA0035

02 Tank #3 Minimum dQ/dm Flow <0.913 #/hr 0.6886 #/hr .........
ME282-0046-0005 (Average)

10024XTAO034
t_o
J

_" Valve Module, Relief Valve

Oxygen, Cryogenic Operation

Storage System Tank i
ME284-0290-0002 Cracking Pressure 983 psig (min) 1002.0 psig 1002.0 psig I000.0 psig ---

06553J041807 Reseat Pressure 965 psig (min) 979.0 psig --- 990.0 psig --- I

Tank 2

Cracking Pressure 983 psig (min) I001.0 psig 1002.0 psig 999°0 psig ---
Reseat Pressure 965 psig (rain) 979.0 psig -'- 990.0 psig ---

Pressure Switch

Actuation

Tank i

Low Pressure 865 psia (min) 877.0 psia 871.0 psia B80.0 psia 884.0 psia

High Pressure 935 psia (max) 917.5 psia 914.0 psia 926.0 psia ---

_o Tank 2 _ _
Low Pressure 865 psia (min) 881.0 psia 872.0 psia 881.0 psia --- _

High Pressure 935 psia (max) 925.0 psia 919.0 psia 932.0 psia --- ._
ct

%0



Table 113-4.1-4. Cryogenic Tank Characteristics (Concluded)

COMPONENT TEST DATA

P/N & S/N FUNCTIO_ REQUIR_IENT ACCEPTANCE [ _0 1014 I ICP 0070 TCP 0005

Valve _Iodule, Relief Valve

Oxygen, Operation &

Cryogenic Storage Pressure Switch

System ActL_ation!
ME284-0373-0003 Tank 3 i

06553H500105 Cracking Pressure 983 psig (min) 1003.0 psig 1005.0 psig 997.0 psig ---

Reseat'Pressure 965 psig (min) 977.0 psig --- 987.0 psig ---

Low Pressure 865 psia (min) 881.0 psia 873.0 psia >855.0 psia ---

High Pressure 935 psia (max) 925.0 psia 925.0 psia <938.0 psia ---



,Amendment 81

10/7/71

Figure 113-4.1-28. Hydrogen Tank Heater Power Dissipation

i _, SNA-8-D-027 (I) REV 3.i_-4.1.3-6
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NOTES: 1. HEATERELEMENTRES.
14.7 OHMS

2. THREEHEATERELEMENTS;
PERTANK

31

1 OR HTR3

30

27

26
30 40 50 60 70

HEATERPOWERDISSIPATION (WATTS)

Figure i13-4.1-29. Oxygen Tank Heater Power Dissipation

SNA-8-D-027(1) REV 3
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Amendment 82

i_ 11/9/71

4.1.4 EPS BATTERY AND BATTERY CHARGER

4.1.4.4 In-Fllsht Battery Char_in_ Cutoff

Figure i13-4.1-52 shows the relationship between the battery charger
output current and the battery terminal voltage.

113-4.1.4-1

SNA-8-D-027(1) REV 3
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Amendment 85

1/14/72

4.1.6.1 Master Electrical Equipment List

Table 113-4.1-6 presents the" master electrical equipment list for CSM 113.

The power levels shown should be used for mission planning involving CSM 113.

L
\

.• 113-4.1.6-1

SNA-8-D-027 (I) REV 3



Amendment 85
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Table 113-4.1-6. Master Electrical Equipment List (See Paragraph 4.1.6.1

Definition of Titles

i. Code - A numeric used to identify the component within a system.

2. Description - a description of the component.

>._ __CPC- Cold Plate Code - A numeric showing the coldplate or non-
coldpiated status of the component.

e.g. 036 - cold-plated component on coldpate V36-61OO36

2 - a non-coldplated item in the Command Module

3 - a non-coldplated item located ir.the Service
Module

4. Part or Identification Number - Actual part number, vendor number,
",_ XXXXEE,X,MC XXYJCCCXor a drawir_ calling out the component being
tracked, e.g., V36-XXXXXX.

5. Reference Designation - An alpha-numeric designating the location of
the component as called out on schematics.

6. ')ty.- Quantity of components in the Spacecraft.

7. A/DC - Specifies whether the c_mponent requires AC or DC power.
!',herecomponent requires both a separate line identifies the level
of power of each.

_. P.F___.- Power Factor - All power factors are lagging except as noted
in remarks column.

9. Bus ID - Bus identification, an alpha-numeric coding showing bus or
buses from which components draw power.

!0. Power in _tts - Power requirement per unit as defined at equipment
interface under applied voltages of 28v dc or llSv ac.

Spec. - Specifications values

Development - Value obtained from development test report
Qual Test - Value obtained from Qual Test report
Acceptance - Value obtained from Acceptance Test report;

l!. CRCT Breaker - Circuit breaker which isolates that system or component.

12. NOTE_S- The reference number of the notes which specify pertinent
information about the use of the equipment.

i13-4.1.6-2 SNA-8-D-027(I) REV 3



Amendment 85

1/14/72

Table 113-4.1-6. Master Electrical Equipment List (Continued)

BUS IDENTIFICATION

(USEDWITHL_a_ LIST)

Legend Bus

S! A Service_oduleBusA
S B Service Module Bus B

S A B Service _ule DC Bus, Same No Comp/Bus
C A Command Module DC Bus A
C B DC Bus B

C A B IX:Bus, Same No Ccmp/Bus
C A B ! DC Bus A and B - Dieded
C A B 2 DC BUs A or B

C I! AC Bus i
C 2 AC Bus 2
C i 2 i AC Bus I and 2
C I 2 2 AC Bus i or ,2

B A Battery Bus A
B B Battery Bus B .
B A B Battery Bus, Same No Ccmp/_us
B A B C Battery Buses and Batt C Term
B C Battery C Terminals
B A B I Battery A & 8

B A B 2 Battery A or B

B R iB Battery Relay Bus
F B Flight Bus

F P bL Flight & Post Landing B_s
G S 'E Ground Support Equilsment

SNA-8-D-027(1) REV 3
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Table i13-4.1-6. Master Electrical Equipment List (Continued)

MODE DEFINITION

(USED WITH NOTES LIST)

MODE DEFINITION MODE DEFINITION

GUIDANCE AND NAVIGATION (CODE 2701) STABILIZATION AND CONTROLS (CODE 2901)

& Attitude Control, Delta-V, Entry Modes A Launch, G&N Delta-V with SCS Backup

B IMU Alignment, LM Tracking B G&N Maneuver, 1 FDAI No SCS Backup

B 1 I]4U Fine Alignment C C4uN ATT. Hold, 1 FDAI No SCS Backup

C CMC Operations D SCS Delta-V, 1 FDAI No G&N

D Sextant SightlnEs E SCS At%. Hold, 1 FDAI No G&N

E G&N Powered Down F SCS Art. Hold, No FDAI, No G&N

to

l G SCS Rotation, 1 FDAI, No C_

H SCS Translation, i FDAI, No C4_N
I

I Standby, SCS Oyros in "Wan,up"

J Standby, No Gyro Warmup

K G&N Entry SCS Backup

L SCS Entry, i FDAI No G&N

_n

to



Amendment 108

11/8/72

Table 114-4.1-6. Master Electrical Equipment List (Continued)

NOTES

IUSED WITH LIBRARY AND MODE LIST}

OESCRI PT ION _ {_EBCRI PT l ON

INCLUDES BOTH PRIMARY AND SECONDARY SYSTEMS SB MOOE DEFGHIJL

HIT DATA SOURCE 39 HOnE OEGHKL

:3 _A LEVEL (_=ERATION ONLY 40 MOOEDEGH

4 VACUUM OPERATION ONLY 41 MOOE FIJ

=3 _R FROM FUEL CELL POSITIVE PLATE _. MODE'-NL

6 NASA DATA SOURCE 43 MOOE BCDEGHL

7 59/ READT[VE VOLT-AMPS - NEGATIVE POWERFACTOR 44 MODE OEGH

B MAXIMUM CHARGE 45 MODE Id
I

9 I SCS YAW MODE _6 MOOEL

IO SCS ROLL MODE, QUADS BID 47 MODE ABCOEFGHKL

11 SCS PITCH MODE 48 DISABLED PRIOR TO FLIGHT

112 _ ROLL MODE, QUADS A/C 49 AVERAGE POWER AC BI.OW. OC I9.OW

13 POWERREQUIRED TO OPEN ANO CLOSE VALVES 50 SEE EFFICIENCY CURVES, IDLE POWER I I2.0NGC

14 PRIMARY COLD PLATE LOOP oNLY 51 FOR PTC INERTIAL ATTITUDE HOLD ANO ORBIT RATE USE MODE "A'

15 STANDBY MODE WITH TVC IN MODE "J"

IB OPERATE MODE 52 TVC ELECTRONICS-USE MODE A OR MOOE 0 WHENEVER SPS GIMBALS

17 OPERATION AT 5.0 PSIA ARE POWERED

18 (_:_RATION AT 14.7 PS[A 53 DEVLP = "I"G, OUAL = "O'G ENVIRONMENT

Ig MOBE £ 54 _VERN_IENT FURNISHED EQUIPMENT

20 HODE ABCO 55 SERVICE MODULE FUSES

BI MO(_EBO 56 SPEC.=MINIMUM OR AVERAGE, DEVEL.=PEAK

22 MODE COE 57 SPEC.=O,C.VALUEO OEVEL.=A.C. VALUE

B3 M(:X_EAB 5B Q TEST=RESET VALUE

24 I'W:)DEA 59 AVERAGE POWER - REFER TO XOOB FOR PEAK POWER

B5 MODE BI 60 POWERVALUE INCLUDES SDS LOGIC BUS POWER - CI5-205CB23,

26 MODE ADEFGHKL CB24, CB6B. CB63

B7 M_ ADEFH 6[ J MISSION, LAUNCH BOOST PHASE ONLY

BB M(:X_EGIKL BB ONLY FOR SPS OVERCURRENT FAILURE SIGNAL

29 MODE BD

30 MODE A

31 MODE O

MODE EFGHL

33 MODEBCIJ

34 MOOEK

35 MODE AK

36 MODE DEFOHL J DENOrES CHANGE
37 MO0£ G

114-4olo6-5
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Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

UNITS IN NATTS 1 CRCT BREAKER NOTES

ICOOE02,,ERyoDESCRIPTIONGAsSTORAGE CPC PART OR IB NO. DES[GNTN OTY A/DC PF BUS IO FEC rEVLP p TEST _CCEPT

QB03 02 TK HTR TEMP 003 HE148-0027-0020 03 A .87 CIBB 1,6 0.9 SBBAI4FIO

0204 SIGNAL CONOIT H2 003 ME282-0047-0040 S48A2,4,101A 03 A .87 C162 5.0 N.5 CI54A403C8B4,26,27

0205 SIGNAL COND|T OB 003 ME148-0027-0020 S48A3.5,103 03 A ,B7 C122 5.0 4.0 CI54A403CB24,26,B7

OB06 142 TAt_( HEATERS 003 HE282-0047-0040 S48TKI.TK2 OB O CAB2 BO.O C154A463CBI6,17

0207 02 TANK HTRS I-B 003 MEBBB-O046-O005 S48TK3,4.10B 03 D CAB2 106.67 C154A403CBIB,19.43

0208 02 TANK HEATER-3 003 NE282m0046-0005 S4BTK3,4.102 03 O CAB2 53.33 CI54A463CB41,42,44

OBO9 H2 TKB I,B.3 FANS 003 ME282-0047-0040 S48TKI,2,lOI 03 k .18 C121 7.0 7.6 CI54A403CBBB-B7

0219 142 REACT VLV LTCH 003 MEB84-0289-O001 $48LVI,2.3 03 O BRB 17.5 ¢I54A403CB4-CB6

0211 02 REACT VLV LTCH 003 HE284-0281-0003 S48LVI4-LVI6 03 D BRB 54.0 CI54A403C84,5,6

O21B H2 VAC ION PUHP 003 ME282-0047-0040 648TKI,B,IO! 03 O SAB B.O 2.BO Sl4AI FB.F7 48AND55

OBI30_ VAC ION PUMP 003 ME282-0046-0005 S48TK3,4,102 03 D SAB 6.0 _.BO C14A25C850.51 48

0214 02 TNK 3 ISOL VLV 003 HE284-0281-0003 S48LVI7 Ol D 8RB 54.0 CI54A403C845

0215 REACT VLV FLG INO 002 ME432-0172-0013 C22-2A203 03 B BRB 0.125 0,0126 CI52ABOSCBT,B.S

0501 DOCKING SYSTEM

0502 EXTEND SOLENOID 002 ME458-0004-0004 CIBA5L1.L2 02 O CAB2 70.0 CI58ABOBCB76,77

0503 RELAY MOTORS 002 ME467-0017-8001 CI8A5MI.M2 02 D CAB2 70,0 C152A208C876,77

0504 INDICATORS 002 ME432-0172-0014 C222A202051 02 B CAB2 1.12 .125 C152A208C876.77

0505 RELAY PYRO FIRING 002 ME455-0073-I001 ClBA3A4K-S OB D BAB2 3.92 C152A208C845,46

0506 LM DKNG PR8 RET 002 ME414-0503-0029 CI8A3,A4KS Ol B CAB2 3.92 C152A208C876,77

060! DISPLAYS N CONTRL

0602 CNN DETECT UNIT 043 ME430-0006-0005 C22-4A401 Ol 0 CAB1 7.5 7.5 CI52A205C852.53

0603 MISSION TIMER 002 LSC 355-31600 C22-2A202 02 D CAB2 5.6 0.5 C14A25C844.45 54.57

0604 DIGIT EVNT TIM OP 002 ME456-0044-0003 C22-2A201 02 D CaB1 2,0 27.0 50.0 1.48 C14A25C844.45 56.58

0605 OlGT EVNT TM STBY 002 ME456-0044-0003 C22-2A201 02 D CA81 1.0 .84 C14A25CB44.45

0606 MSTR ALARM INDCTR 002 HE452-0060-1103 C22-4A401 03 B CABI 3.75 C152.A205C852.53

0807 C1_4MATRIX INO 002 ME434-0020-1018 C22-2A202 02 D CABI 3.75 6152A205C852.53

0608 CNN MATRIX ]NO 002 ME434-0020-1019 C22-2A202 02 D CABI 3,75 C152A205C852,53

0609 CNN LAMP TEST I 002 ME434-0020-1019 XOSl OI D CABI 74.0 C152A205C852.53

0610 CNN LAMP TEST 2 002 ME434-0020-1018 xos2 Ol O CAB1 56.0 CI52A205C852.53

0611 INTGL LTG LT HOC 002 MC434-0040 CIS-2ABOB-T2 01 A .20 CI I1.0 C15-4A403C837

0612 INfGL LTG RT MOC 002 MC434-0040 CIG-BA205-T2 OI A .20 Cl 13.1 CI5-4A403C834

0613 INTGL LTG LEB 002 MC434-0040 CI7-IAI28-T2 Ol A .22 C2 7.1 C15-4A403C833

0614 NUMERICS CMO 002 MC434-0040 ClS-2A208-T3 01 A 1.0 02 9.0 CI5-4A403C837 I--'
0615 NUMERICS LEB 002 MC434-0040 CI7-1AI28-T3 Ol A 1.0 CI 9.0 Cl5-4A403C833 "_0o_
0616 LANCH VEH END LTE 002 MC434-0022 C22-2A201 01 D BA 45.0 CI5-2A208C849 "_-D_J_
0617 RUNNING LIGHT 003 HE43400410001.2 S17-9A902-09 04 A .gO Cl21 3,5 0154A403C839.40 Do

p...
0
O3
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Table 114-4.1-6. SC-I14 Haster Electrical Equipment List Oct. 23, 1972 (Continued)

=_hOOC DESCRIPTION CPC PART OR I0 NO. DESIGNTN QTY A/OC PF BUS IO PEC VLP TEST CCEPT

6617 RUNNING LIGHT 003 PE43400410003.7 S17-9A902-09 04 A .90 CIBI 3.5 CI54A403C839.40

0519 TUNNEL LIGHTS 002 HE434-OO51-BDO] CI7-5A503,08 06 D CAB 3.0 C154A403C630031

0620 FLD LT LED PRIH 006 MC434-0045 C17-3A308,04 02 O CAB2 14.0 B|.0 8.7 CI54A403C630.31 5_5

0621FLO LT LEB SEC 006 MC434-0045 C17-3A308,04 02 D CABS 14,0 21.0 7.3 C154A403C630,31 56

6682 FLD LT'HOLD PRIM 006 MC434-0045 CI7-3A301,03 02 D CAB2 14.0 21.0 6.8 C154A403C830,31 56

0623 FLO LT HOLD SEC 002 HC434-0045 CI7-3A301,03 02 D CAB2 14.0 21.0 7.4 C154A403C630,31 56

0624 FLO LT COUCH PRIM 002 HC434-0045 C17-3A305,06 02 B CAB2 14.0 21,0" 12.6 CI54A403C828.29 56

0625 PLO LT COUCH SEC 002. HC434-0045 C17-3A305.06 02 D CAB2 14.0 21.0 10.6 C154A403CB39,40 56

0626 5POT LIGHT 003 HE43N-O054-O004 $17-9A913 Ol A 1.0 C2 40.0 75.0 41.0 C154A403C839 56

06<?.8EVA LIGHT 003 HE434-0045-0009 SI7-9A91B 06 A I.O CIBI .6 .2 CI54A403C839,40

0629 RECVY FL BEACON 002 HE434-0038-0001 CI7A2 Ol D FPL 50.0 13.4 C154A403CB30,31

0631CREN OPTICAL ALGN 002 ME331-0017-0067 CBBAI Ol D CAB2 8.4 CI54A403C630.31

0632 RENDEZVOUSLIGHT 002 HC434-0055 517-9A915 OI D CA 25.0 CI54A403C828

0633 DOCKING TARGET 002 MC476-0082 C22A3 Ol A C2 8.4 C154A403CB30-31

0634 CoN TONE BOOSTER 002 V36-764135 C22-AIAI Ol O CA .OB CI4-A25CB36

p..= 0635 ELEC HASSELBLAO 002 INTERN POHER SUPPLY

0636 DATA ACQ CAMERA 002 GFE O! O CAB2 16.8 CI52A205C825 i
_" 063"/ HEAT FLON a CONV 002 13M51033 OI D CA 30.0 CI4-A25C836 I..6"-

_.L 1301 INSTRUMENTATION

$ 1302 CM OPERATIONAL 002 01 O CABI 30.8 C282A25CBI,2Ox

I 1303, SH OPERATIONAL 003 Ol 0 CABI |13,29 C262A25C63,4-..j

1304 SIN INSTRUMENT 003 Ol 0 CABI 12.12 C2B2A25CB3,4

1401 FUEL CELLS

1403 PUt'P PACKAGESL 003 HE464-O007-1002 SI4PSI,2.3 03 A .33 C122 IO0.O 80.0 Cl54A403C81.2.3 3

1404 PUPP PACKAGEVAC 003 HE4G4-O007-1002 S]4P51,2.3 03 A .33 CI22 61,1 Cl54A403CBI.2,3 N

1405 H2 PURGESOLENOID 003 ME464-0007-1002 $14P51.2,3 03 D CABI 17.5 6.2 C154A403C810.11,12

I406 02 PURGESOLENOID 003 HE464-0007-1002 514P51,2,3 03 D CABi I7.5 6.2 C154A403C810o11.12r._

i_ 1407 FUEL CELL RAG VLV 003 HEBB4-O319-OOOt SI4LV1,2,3 • 03 O 8R8 14.5 CI54A403C813-151409 HYDRGN PURGEHTR 003 ME363-0017-0004 51u_;R13,14 02 O CABI 4.0 CI54A403CBIO,II
CO
I 1410 IN LINE HEATER 003 ME464-0007-1002 S14P51,2,3 03 O 160,0 PC PARASITIC LOAD 5

I 1501LM SUPPORT
0

1502 S BAND SA HEATRS 003 OI D CB 51._ CI52A205CBG6,74

"J 1503 ABORT SENSORASSY 003 OI D CB 10.8 CI52A205C666,74 B

vH 1504 LANDING RADAR HTR 003 01 G CB 63.0 CI52A205C866,74

1505 RENDEZVOUSRADAR 003 Ol O CB 81.0 C152A205C866.74 _"
<_ 1506 IHU HEALER 003 01 0 CB 104.7 C152A205C866.74 6 I--'

I507 TRANSLUNARRELAY 003 Ol B CB 5.6 C152A205C666.74 6L_
CO_

P,o
p4
0
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Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

I IC00£ DESCRIPTION CPC PART OR ID NO. DESIGNTN OTY A/DC PF BUS 10 PEC EVLP TEST CCEPT
1601 POWER 01STRIBUT

1602 PWR FACT CORR UNT 003 V37-4qO080 514A2 OI A C122 10.0 CI54Aq03CBI,CB3 7

1603 DC AI'tHETER 002 ME432-0170-0008 C22-2A203M9 Ol D CABI 0.5 C2.22A203

1604 IX: VOLTMETER 002 M£432-0170-0006 C22m2ABO3MIO OI D CA 0.0165 C822A203

1605 DC BUS U/V SENSOR 002 tt£431-0063-0004 CISASAI Ol B BRB 0.25 0,002 CI52A205C68,9

1606 AC OU/V SENSORS 002 ME431-0062-0003 CI4AIAI Ol D BRB 0.63 0.45 CI52A205CBI0.11

1607 AC OU/V SENSORS 002 ME431-0062_0003 CI4AIAI 02 A .90 C122 0.5 cI5eA205CB3,4

1608 F/C FLAG INDICT 002 ME432-0172-0011 C22-2A203 06 D BRB 0.125 0.0126 C154A403CB?-9

1609 AC VOLTMETER 002 ME432-0170-0007 C22-2A203HII OI A .90 C122 0.63 C152A205CB3.4

IBlO INVERTER CONTROLS 002 ME452-0036-0002 C14A391-4 04 D 6RB 210.0 C156A205C65-7

1611AC PHR CONTROLS 002 ME452-0036°0003 C14AIS4-9 06 D BRB 140.0 CI52A205C85-7

1612 DC PI.tR CONTROLS 003 ME452-0036-0001 Cl4k2SI-2 04 D 8RB 210.0 C154A403C87-9

1613 BATTERY CHARGER 002 HE461-0002-0008 CI49TCI Ol D CABI 84.0 46,3 Cl52A205C616,17 6,49

1614 BATTERY CHARGER 002 ME461-0002-0009 CI49TCI Ol A .90 C122 55.0 47.! C152A205CB19 8,49

1615 INVERTER NO 1 035 ME495-0001-0018 CI4PSI Ol D CA Cl4ATCBI 50

1616 INVERTER NO 2 034 HE495-0001-0018 C[4PS2 01 D CB CI4ATCB2 50

1617 INVERTER NO 3 033 ME495-0001-0018 C14P93 01 D CAB2 C14A7C83,4 50

1601 SEQUENTIAL SYSTEM

1802 LOGIC ARM 002 ME901-0569-0016 CIBAI-A2 Ol B BAB 7.17 CI52A208CBI.2

1603 PYRO ARM 002 ME476-0035-0002 CIBA3-A4 OI D BAB 7.2 CI52A208CBI,2

1604 E/T .JETTISON 002 ME901-0569-0016 CIBAI-A2 Ol D 6A9 9.0 CI52A208C83,4

1805 5CILV SEPARATION 002 HE901-0569-0016 CIRAI-A2 Ol D 6AB IOB,O CI52A208C83,4

1806 CSM SEPARATION 002 ME901-0569-0016 CIBAI-A2 Ol B BAB 36.0 CI_A208CBI,2

1807 MAIN CHUTE RELESE 002 ME901-0569-0016 CIBAI-A2 01 D BAB 9.0 C152A208CB3.4

1808 EDS 002 I'E901-0569-0016 CIBAI-A2 OI D BABC 37.44 C152A208C849.5I

1901CM REACTION CONT

1902 ENGINES AUTO +Y 002 ME901-0067-0014 CISBB.BIO 02 D CAB2 105.0 CI58A208C821,22 9

1903 ENGINES AUTO -Y 002 ME901-0067-0014 C1981,82 02 D CAB2 105.0 C152A208C821.22 9

1904 ENGINES AUTO +R 002 ME901-0067-0014 CISSS,B6 02 O CAB2 105.0 CI52A208CBIT,IB I0

1905 ENGINES AUTO -R 002 MESOI-OO6T-O014 C1983,B4 02 D CAB2 105.0 C158A208C817,18 10

1906 ENGINES AUTO *P 002 ME901-0067-0014 C1987,88 02 D CAB2 105.0 CI52A208C819.20 II

1907 ENGINES AUTO -P 002 NE901-0087-0014 Cl9BIl,Bl2 02 D CAB2 105.0 C152A208CB19,20 11

1908 ENGINES DIR SYS 1 002 ME901-0067-0014 CIBAI 06 D CAB 52.5 CI52A208CBI 3, 14

1909 ENGINES DIR SYS 2 002 HE901-0067-0014 CI9AI 06 D CAB 52.5 C152A208C870,71

i9i0 OXiO iSOL VALVE 002 NE284-0276-0015 CISLVI,LV3 04 D CAB 48.0 C152A208C841,42 @

1911 FUEL ISOL VALVE 002 ME284-0276-0016 CI9LV2.LV4 04 D CAB 48.0 CI52A20GCB41,42 _1_ _

1912 CM ENGINE HEATERS 002 MEBOI-OOGT-O014 CIgBI-BI2 12 D CAB 52.5 CI52A208CBG6,67 :_ _-OOm

h_
0
OO



Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

C(]OE _SCRIPTION CPC PART OR ID NO, DE51GNTN OTY A/DC PF" BUS ID EC VLP TEST CCEPT
1921 SH REACTION CONT

iSk?2 ENOI_S AUTO +Y 003 HE901-0024-0301 519AL>B].A403 02 D CAB2 108.0 C152A208C821,22 9

1923 ENOIN£S AUTO -Y 003 H£901-0024-0301 519AaBI,A481 02 D CAB2 108,0 C152A208C021o22 9

1_4 ENGINES AUTO +R 003 f_901-0024-0301 SISAIB4.A3B4 02 D CAB2 108.0 CI52AZOBCBIT°I8 10

1_5 ENGINES AUTO +R 003 HE901-0024-0301 519AZBZ.A4B2 02 O CAB2 108.0 CI52A208CBI5°I6 12

1926 ENGINES AUTO -R 003 H£901-0024-0301 SISAIBZ,A3B2 02 D CAB2 108.0 CI52A208CB17,18 10

19¢_/ ENGINES AUTO -R 003 HE901-0024-0301 519AZB4,A4B4 02 0 CAB2 108.0 C152A208CB15,16 12

19_8 ENGINES AUTO UHE901-0024-0301 519AIBI.A3BI 02 O CAB2 108.0 C152A208C819,20 11

|929 ENGINES AUTO -P 003 HE901-0024-0301 SISAIB3,A3B3 02 D CAB2 108.0 CI52AZOBCBI9,20 11

1930 ENGINES DiR SYS 1 003 HE901-0024-0301 519AI.A2 08 O CAB 28.0 C152A208CB13°14

1931 ENGINES DIR SYS 2 003 HE901-0024-0301 SI9A3,A4 08 D CAB 29.0 C152A200C070,71

19]<?.PR OXlO ISOL VLVS 003 HE284-0276-0011 S19AI-A4LV4 04 O CAB 45.0 C152A208C841,42 13

1933 PR FUEL ISOL VLVS 003 ME284-0276-0012 SI9AI-A4L.V3 04 0 CAB 48,0 C152A208C841o42 13

1934 SC OXlO ISOL VLVS 003 ME204-0276-0017 SIgAI-A4LV7 04 D CAB 48.0 CI52A208CB41.42 13

1935 SC FUEL 1SOL VLVS 003 ME284-0276-0018 S|SAImA4LVS 04 O CAB 48.0 CI52A208C041,42 13

1936 HELIUM I50L VLVS 003 ME284-0281-0001 51gAI-_LV5,6 08 D CAB 54.0 CI52A208C841o42 1AN0!3

1937 HELIUH PRES VLVS 003 NE284-0281-0001 SIgAI-tfLV9 04 D CAB 54.0 CI52AZOBCB41,Lk_ IANOI3

1941ENG PKG HTR A PRI 003 ME363-0014-0004 SI9AI_I 02 0 CB 45.2 CI52A208C037

1942 ENG PKG HTR B PRI 003 HE363-0014-0004 SI9AZ;-_RI 02 O CA 45.2 CI52A208C839

1943 ENG PKG HTR C PRI 003 ME363-0014-0004 SI9A3P,RI 02 O CB 45.2 CI52A208C838

1944 ENG PKO HTR D PR] 003 ME363-0014-0004 SI9A41JJ_I 02 D CA 45.2 CI52A208C040

1945 ENG PKG HTR A SEC 003 HE363-0014-0004 SI9AIP_.2 02 O CS 45.2 C152A208CB37

!945ENG PKO HTR 8 SEC 003 ME353-0014-0004 Si9A2P_P,_ 02 O CA 45.2 C152A208C839

1947 ENG PKG HTR C sgc 003 ME363-0014-0004 SI9A_2 02 O C8 45.2 C152A208C038

1948 ENG PKG HTR O SEC 003 ME363-0014-0004 519A41-_ 02 O CA 45.2 C152A208C040
2001 ENTRY NONITOR

2002 SWITCH POS1TION I 022 MC432-0129 C222AZOIAI Ol O CAB1 L:>8,0 CI52A208C852,53

2003 SH POS 2 NORMAL 022 MC432-0129 C222AZOIAI Ol D CAB1 47.6 C152A208C852°53

2004 SH POS 2 STSymBU 022 MC432-0129 C222A201AI Ol D CABI g>8.0 C152A208C852°53
2005 SW POS 3 NORMAL 022 NC432-0129 C222A2OIAI Ol O CABI 33.6 CI52A208C852°53

2005 SN POS 3 STBY-BU 022 MC432-0129 C222AZOIAI Ol O CAB1 28.0 C152A208C052,53

2007 SW POS 4 NO_MAL 022 NC432-0129 C222AZOIAI Ol O CABI 54.6 C152A208C852.53

2008 SW POS 4 STBY-SU 022 f'IC432-0129 C222A201AI Ol O CASI 50.96 C152A208C852.53

2009 SW POS 5 NORMAL 022 MC432-0129 C222AZGIAI Ol O CAB1 36.98 C152A208C852.53

2010 SW POS 5 STSY-OU 022 MC432-0129 C222A201AI 01 O CABI 33.6 C152A208C852,53 _>

2011S_ POS RANGESET 022 MC432-0129 C222A20IAI Ol 0 CABI 33.6 C152A208C852,53 i-_r_

2012 SW POS V ZERO SET 022 MC432-0129 C222A201AI Ol O CASI 28.0 C152A208C852,53 CO

C_
CO



Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

CO0(: O£SCRIPTION CPC PART 0(_ IO NO, DESIGNTN QTY A/OC PF BUS |D EC EVLP TEST CCEPT

2013 ENTRY G LT .OSNOR 022 MC432-0129 C222A201AI Ol D CABI 3.6 C152A206C852,53

2014 ENTRY G LT .05SBY 022 MC43P-OI29 C222A201AI 01 D CARl L>8.0 C152A209CB52,53

2016 ENTRY G LT .068U 022 HC432.-0129 C222A201AI O! D CAB1 54.6 CI62A208C_,53

2016 ENTRY 6 6T .05NOR 022 NC432-0129 C222A20IAI 01 D CAB| 54.6 CI52'A208C6_52, 53

2017 ENTRY G GT .05SBY 022 MC432-0129 C222A201AI 01 D CABI _.4 C162A206C952,53

2016 ENTRY G GT .056U 02'2 HC432-0129 C222A201AI Ol O CAB1 63.2 CI52A208C852,63

2016 ENTRY G = 2.6 NOR 022 MC432-0129 C222APO|AI Ol D CAB1 51.e CI52A206C952!,53

2020 ENTRY G - 2.5 SBY 022 HC432-0129 C222A201AI 01 D CAB1 29.4 C|52A208CB52,53

2021 ENTRY 6 - 2.6 BU 022 MC432-0129 C222A201AI O! O CABI 51.9 CISEA208CE_'-'J2,53

2022 DELTA V TEST 022 HC432-0129 C222A201AI Ol D CAB1 30.8 C152!AP08C852,53

2023 DELTA V SET 022 MC432-0|29 C222A201A! O| 0 CARl 28.0 C!52A206C652.53

2024 DELTA VELOCITY 022 HC432-0129 C222A201AI Ol D CABI 28.84 C|52A208CB52,53

2025 INCANDSCT LT DISP 002 MC432-0129 C222A201AI • 06 A 1.0 C2 0.81 0/79 C154A403C633

H 2026 NLI'4ERIC DISPLAY 002 MC432-0129 C222A201AI OI A .90 Cl 1.35 C15½A403C83./
I'_ 2101 COMHUNICATIONS4_

1 Pl02 SIGNAL CONDITION 025 H2901-0713-0019 CI3-1A106 OI D F9 35.0 20.44 C154A402CB16

Pl03 PCH TELEHETRY 041 MESOI-O./IS-0008 CPB-tAIOI 01 A .98 C122 2i.0 19.6 CI54A40PC9102

• 2104 PPJE-HODPROCESSOR 027 ME478-0068-0006 C28-1Atil OI O CARl 12.5 2../6 C154A40PCBII.i2O_

I 210.5 CENTRAL TIME EQIP 028 HE456-0041-0032 CPS-IAIOP 01 D CARl 20.0 9.24 CI64A402CB2i,P2

0 P106 S-BAND FM XMITTER 026 HE4./6-00./0-0006 C26-1A105 01 A .80 C122 14.0 6.3 CI5-½A402CBI4

210"/ S-BAND FM XM|TTER 0P6 ME4'76-0070-0006 C2B-IAI06 01' D FB 2.½ 1.61 CI54A40PCBPl,22

Pl08 6-BD PN AMP HI NI 030 ME478-0066-0009 CPB-|AION Ol A .94 C12P 90.0 ./S.O ClS-4A402CB|B

2109 S-BO PW At'IP HI NI 030 f'1£4./8-0066-0009 C29-1AI0½ OI 0 FB 5.0 1.6 CIS-4A4OPCBI7

P110 6-BD PN AMP LO Nl 030 ME478-0066-0009 C28-1A104 01 A .69 CIP2 40.0 30.0 CIS-4A4OPCBIB

2111 S-BD PW AMP LO NI 030 M24./8-0066-0009 CPB-IAI04 Ol 0 F8 5.0 1.5 C15-4A402CB17

rj_ P112 S-BO Pw AMP HI NP 030 H2478-0066_0009 C2B-IAI0½ 0l A .92 C122 90.0 "/9.0 Cl5-4A402C620

i_ 2113 S-BD PW AI'_o HI NP 030 CIS-4A4OPCBI9
HE478-0066-0009 C20- IAI04 01 D F6 5,0 1.5

CO P114 S-B(3 P&-:AlP LO N2 030 H24"/6-0066-0009 CPT-IAI0½ 01 A .96 C1P2 40.0 30.0 ClS-4A4OPCB20 _,
I

t:_ 2115 S-BD PW AMP LO N2 030 ME478-0066-0009 C28-1A104 OI 0 F6 5,0 1.5 C!5-4A402CBI9
I

0 2116 S-BAND XPODER NOI 026 H24"78-00./0-0006 C28-1A105 01 A ,65 CI2P 20.0 16.01 C15-4A402CB19

•--.I 211./S-6ANO XPODER NOI 026 M24"}9-0070-0006 C20-lA106 Ol D FB 2.4 I.15 C15-4A402CB1./

"_ 2118 B-BAND XP00ER N02 026 H2476-00./0-0006 C28-iAI05 01 A .65 CI22 20.0 15.53 C15-4A402CB20 I>

v 2119 S-BAND XPODERNO2 026 H2478-0070-0006 C20-IAIOS Ol D F9 2.4 1.15 CI5-4A4OPCBI'7

296,8 024 M2478-006./-0014 C28-1A108 01 D FPL 36,P 30.99
2i20 VHF/ AM XHIT C 16-4A40PCB8 I--'

<:_ 2121 VHF/AM XHIT P59.'/ 0P4 ME4"/6-0067-0014 C2B-IAIOB Ol D FPL 34.0 30.6 Cl5-4A402C68 _
0o_

(-_ 2122 VHFIAM STBY DUP A 024 HE478-0067-0014 C28-IAI08 Ol D FPL 6.0 4.2 C15-4A402C68 "--.
"--Jt-1"

P123 VHFIAM STBY SIHPA 024 HE4'78-0067-0014 C20-IAIOB 01 D FPL 6.0 4.0 C15-4A402CB8 t,,.)
p-A
O
CO



• ITable 114-4.1-6. SC-I14 Haster Electrical Equipment List Oct. 23, 1972 (Continued)

CRCT BREAKER NOTES

C00£ DESCRIPTION CPC PART OR ID NO. OESIGNTN QTY A/DC PF BUS IO e C EVLP TEST C EPT

2i24 VHF/AM STBY DUP B 024 HE478-0067-0014 CB@-IA]O8 Ol D FPL .... CIS-4A40BCB9

2125 VHF/AM STBY S[MP9 024 ME476-0067-0014 C28-1A106 OI D FPL 6.0 4.0 CIG-4A40BCB8

2126 VHF/AM REC 296.8 024 HE476-0067-0014 C28-1AI08 OI G FPL 2.0 1.4 C15-4A402C98 r

2127 VHF/AH REC 259.7 024 HE478-0067-0014 CB8-1AIOB OI O FPL 2,0 1,3 CI5-4A402C98

2128 VFF'/AM KEY 296.8 024 ME479-0067-0014 CB8-1AIO8 01 B FPL 2.0 1.35 CIS-4A402CBB

2129 Vlf/AH KEY 259.7 024 HE478-0067-0014 CBB-IAlO9 OI O FPL 2.0 1.3 CIS-4A402CBB

2130 AUDIO CENTR OPER 027 ME473-0086-0005 CBB-IAIIO Ol O FPL 10.6 8.50 CI5-4A402C87-9

2131AUOIO CENTR STBY 027 HE473-0086-0005 C2B-1AII0 O! 6 FPL 6.0 5.L_5 CI5-4A402C97-9

2132 TAPE RECORDER 029 ME435-0043-0003 C13-1A107 " Ol A .44 C122 47.0 32.0 C154A402C814

2133 TAPE RECORDER 029 ME435-0043-0003 C13-1A107 Ol O F8 3.16 CI54A402CB13

2134 DATA CONOITIONER 002 HE435-0044-0001 C28A95 OI O CAB1 B.O 3.92 C154A402CB3,4

2135 RENOEZ XPONDER 020 LSC370-500-4 SBBAB OI D CAB2 69,0 BS.l C154A402CB15

2136 RENOEZ XPONOERHT 020 LSC3?O-SO0-4 $28A2 OI D CAB2 15.0 IO.I C154A402C815

2137 COLOR TELEVISION 002 HH01-03043-216 C28-3A322 O[ O CAB2 25.0 23.0 C154A402CB13

BI39 UP-DATA LINK 028 "ME470-OlOl-OOO4 C28-1A103 Ol O CAB2 12.0 8.26 CI64A402CBIO
CI54A402C85

2141 2KMC SNITCH 002 HE452-0052-0122 C@8-1A114 Ol 0 CAB2 15.0 11.9

2143 VHF RECOVBEACON 002 HE478-0069-0005 C29-1Al12 Ol O FPL 10.0 6.62 C154A402C87

2145 DIGITAL RNG GEN 002 ME478-0082-0003 CB6-1AI09 01 O FPL 28.0 10.56 C154A402C09
C154A402C811

2146 MODULATOR 002 HE478-0087-0002 C28A89 Ol O CAB1 22.0 10.14

2147 TIMING BUFF AI'IP 003 HE473-0101-0002 $28A33 Ol O CABI 5.0 3,83 C282ALWSCB3 I
CI54A402CBII

2149 DATA PROCES MASTR 003 HE476o0095-0005 $28A40 OI D CABI 29.0 lB.7

2149 DATA PROCES SLAVE 003 HE476-0096-0003 $28A41 01 O CABI 3.4 CI54A402CBII

2150 HI GAIN ANT PRIMA 003 ME476-0039-011I 620A3 Ol A .56 C122 " 41.5 35.5 C154A402CB6

2151 HI GAIN ANT PRIMA 003 HE476-0039-0111 $28A3 Ol D FB 72.0 28.0 16.9 CI54A402CB5

2152 HI GAIN ANT SEC 003 HE476-0039-0111 $28A3 Ol A .58 C122 36.8 CI54A402CB6

2153 HI GAIN ANT SEC 003 ME476-0039-0111 $28A3 Ol O F9 20.6 CI54A402C85

2154 PRESS ALARMGENE 002 C286A102 'I 01 O CAB2 CI52.A205C825
2201CRE_ SUPPORT )i

2202 PERSONAL COMM 002 HO53-O6EI5 C28-2A206 _" 03 O FPL 1.60 ; C154A402C87-9

2301 ENVIRONMENTAL CTR

2302 CABIN TEt'P CT STB 002 HE901-0219-002I C23Z3 OI A .95 C2 2.5 2.3 CI52A205C843
C152A205C643

2303 CABIN TEHP CT OPR 002 ME901-0219-0021 C23Z3 Ol A .95 C2 11.5 11.5
CI52A205C026,27

2304 POT H20 ABSY HTR 002 ME901-0223-0071 C23A4HRI OI D CABI 45.0 39.5 _>C222ABO4CBT-12
2305 PRIM GLYCOL PUHP 002 HE2BI-O018-OOO7 C23A6LPI.2 02 A .60 CI22 52.0 45.0

2306 OLY EVAP CONT 002 ME901-0737-0022 C23AIZ5 01 A .95 Cl 9.0 7.20 6.91 C222A204C89 15 _ _1_

2307 GLY EVAP CONT 002 ME901-0737-0022 C23AIZ5 Ol A .95 Cl 27.0 22.56 23.4 C222A204CB10 16 _ _

2308 H_O VALVE PRIM 002 ME901-0737-0022 CB3A1LV4 01, D CAB1 B.O 3.51 3.73 CI52A205C826.27 "--.-.-Jr1-
I-.3

p-,
0
CO



I Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

¢OOE DESCRIPTION CPC PART OR ID NO. DESIGNTN OTY A/OC PF BUS ID EC EVLP TEST CCEPT

2309 BACKPRESSVLV MAN 002 H890]-0737-0022 C23AILV3 Ol A .95 CI 05 .5 C222A204C89

2310 CYCLIC ACCUHCONT 002 ME901-0737-0022 C23A|Z3 O! D CA 3.05 2.58 C152A205CB28

2511 CYCLIC ACCUHCONT 002 HE901-0737-0022 C23AIZ4 Ol O CB 3.05 2.58 CI52A20.5C829

2312 CYCLIC ACCUH MAN 008 H8901-0737-0022 C23AILV1.2 02 D CABI 2.8 1.91 C152A805CB28.89

2313 PLV VALVE NOIOR2 002 HE284-O3NI-O003 C23LV4.5 02 D FPL 78.4 81.2 82.0 CI52A208C85

2314 PLV FAN LOW 002 ME492-00[0-0031 C2383 01 O FPL 8.0 5.1 5.3 C152A208CB5

2315 PLV FAN HIGH 002 M8492-0010-0031 C2383 Ol O FPL 17.0 15.1 IS.2 CI52A208C85

2316 STEAM DUCT HTR ] 002 ME363-0013-0001 C23A4HR2 OI D CA 3.0 2.81 C152A205C850

2317 STEAM DUCT HTR 2 002 HE363-0013-0001 C23A4HR3 O] O C8 3.0 2.71 CI58A205C851

2310 URINE OtPP HTR A 002 N8363-0013-0002 C23HR4 OI 0 CA 6.0 5.94 CI52A205C850

2319 URINE DUMP HTR 8 008 HE363-0013-0002 C23HR4 OI O " CB 5.0 5.94 C152A205C851

2320 SUIT GLYCOL 2P VL 002 M8901-0737-0028 C23AILV8 OI A .SO CI 7.2 7.64 C152A204C88

2321SEC GLY PUMP ASSY 002 N828]-0018-0007 C23ASLP3 Ol A .50 C122 52.0 46.0 C222A½05C844.45

2322 SEC GLY EVAP CONT 002 HE901-0737-0022 C23AIZ7 OI A .95 C[ 7.6 7.6 C222A405C84½ 15

P'_ 232.3 SEC GLY EVAP CONT 002 N8901-0737-0022 C23AIZ7 01 A .95 CI 23.8 23.8 C222A405C844 16

2324 Ha0 VALVE MAN SEC 002 H8901-0737-0022 C23AILV9 OI D CABI 6.0 3.51 3.73 C152A205C826.27

-6"- 2325 8ACKPRESS VLV MAN 002 H8901-0737-0022 C23AILV7 Ol A .95 CI 8.05 7.5 C222A205C844

2326 RAD PROP VLV CONI 003 ME476-OO4t-O004 523A1 OI A .95 C[ 43.7 43.7 32.0 C152A205C868

(_ 23<?7 RAD PROP VLV CONT 003 HE476-0041-0004 $23Al 01 O CA 3.0 1.62 1.72 C152A205C867

2320 RAD PROP VLV CONT 003 H8476-00½1-0004 S23AI OI A .95 C2 43.7 43.7 32.0 C152A205C869Ixo

2329 RAO PROP VLV CONT 003 ME475-0041-0004 S23At OI D C8 3.0 1.62 1.72 C152A205C870

2330 RAO HTR CONT PRII 00] HE476-0042-0006 S83A2 Ol O CA 7.3 6.7 CB67

2331RAO HEATER I 003 M8476-0042-0006 523A2 01 O SA 500.0 482.0 490.0 S[4A[SI 55

2332 RAO HTR CONT PRI2 003 N8476-0042-0008 $23A2 Ol O C8 5.6 5.3 5.4 C152A205C870

2333 RAD HEATER 2 003 H8476-0042-0006 $23A2 , OI O SB 500.0 482.0 490.0 SI4AIS2 55

2334 RAO HTR CONT SEC 003 M8476-0042-0006 $23A2 OI D CA 12.6 12.0 12.2 C152A205C871
tn

I_ 2335 RAD HTR S£C NOI 003 HE476-0042-0006 $23A2 OI O 58 500.0 497.0 490.0 S14AIS3 552336 RAO HTR SEC NO2 003 H8476-0042-0005 $23A2 Ol O $8 500.0 497.0 SI4AIS3 55

(_0 2337 WASTE DUMP HTR A 002 ME363-0013-0002 C23HR3 01 O CA 5.7 2.97 C152A205C850
t3
I 2338 WASTE DUMP HTR B 002 M8363-0013-0002 C23HR3 Ol D CB 5.7 2.97 C152A205CB51

Ohj 2339 _ASTE STRIP HTR 1 002 HE363-0017-0005 C23HR7 Ol D CA 2.51 2.44 C152A205C850

"J 2340 WASTE STRIP HTR 2 002 HE363-0017-0005 C23HR7 Ol D C8 2.51 2.44 C152A205C851s-%

H 2341 DUMP STRIP HTR I 002 HE363-0017-0005 C23HRS 01 D CA 2.51 2.44 CI52A805C850v

2342 ___ STRIP HTR 2 002 M_353-0017-0005 C23H_0 O! 0 CB 2.51 a.44 C152A205C8512343 SUIT COMPRESSORI 002 HE901-0737-0022 C2SAIBI 01 A .77 CI22 85.0 79.7 82.9 C222A204C81-3 17 I_ D
m

2344 SUIT COMPRESSOR1 002 ME901-0737-0022 C23AIBI Ol A .77 C122 195.0 195.0 C222A204C8[-3 18 i-_ _
OOe

2345 SUIT COMPRESS0R2 008 HE901-0737-0022 C23At82 O! A .77 C122 85.0 79.7 83.7 C822A204C84-6 17 ._.
...j_
;xJ

Oo
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Table

I14-4.1-6. SC-I14 IIaster Electrical Equipment List Oct. 23, 1972 (Continued) I

CODE DESCRIPTION CPC PART (R IO NO. DESIGNTN GTY A/DC PF BUS IO PEC VLP TEST CCEPT

2346 SUIT COHPRESSOR;' 002 M2901-0"737-0022 CB3AIBB 01 A /77 C122 195.0 i95.0 CBBBABOhCB4-6 18

;*347 GLYCOL TEHP CONT 002 ME901-O737-OOP2 CB3AIP2 01 A .$5 CI B.5 2.5 CBBBABO4CB7 15

23_8 GLYCOL TEMP CONT 002 HE901-073"/-0022 C23AI22 OI A .95 CI 10.6 10.6 CB22A204CB7 16

23LFJ I_PP _ SUPPLY 002 I'E901-0717-0022 CB3AIP61 01 0 CABI IO.O 9.96 9.B CI52ABOSCB36 37

2350 £CS R HTR RLY PR[ 003 H2363-0013-0003 BI4AI-SI Ol D BA .56 0.574 CI52A;'OSCB72"

2351 ECS R HTR RLY PRI 003 P2383-0013-0003 SI4AI-B2 Ol D BB .TwO 0.574 CI52A205CB73

235E ECS R HTR RLY SEC 003 ME363-0013-0003 $14AI-$3 Ol 0 BB .56 1.12 CISBABOSCB73

2353 CABIN FANS 002 H£492-0004-0011 CE3BI 02 A .62 CI 19.0 19.0 CI52ABOSCB38-40

;_35"/ VACUUHCLEANER 002 V36-61_?0 Ol A .'/7 CB 85.0 17

_01 RECOVERYSYSTEM

2402 COt$°RESSORpUMPS 002 HEL>81-O020-O001 C24LPI,LP2 02 O BAB 660.0 530.0 6_8.3 CI4AI3CBI,CB2

2403 FLT BG VLVS 1,2 002 PE284-0285-0001 C24LVI,LV2 02 O BA8 28.0 I8.P CI4AI3CB6,CB7

2404 FLT BG VLV 3 002 MEL>84-0285-O001 CBL_LV3 Ol 0 FPB 29.0 C14A|3C88

2405 DYE MARKERRLSE 002 H2414-0006-0001 C24A3LI OI O FP8 28.0 CI4AISCB8

2"/01 G_JIDANCE NAV 2

2702 GUIO COMP STOBY 031 2003993-031 01 0 CABI IO.O 15.0 CIBBA205CB60.61 19

2"/03 SUID COHP OPERATE 031 2003993-031 OI D CABI 100.0 70.0 CI52A206CB60,61 14AND20
2?04 OPTICS OPER (NBA] HIT 2899982-021 Ol D CABI 41.6 27.3 _ CI52ABOSC862,B3 14ANOBI

2705 OPTICS OPER (CDU) 039 2007222-161 OI D CABI 19.3 19.3I S_I 87.0* CI52A205CB62,63 14ANOBI
_'/06 OPTICS OPER (PSA) 040 2007200-111 Ol O CABI 61.6 40.4 CI52A205CB62,63 14AND21

2707 IMU HTR STBY(RBA) HIT 28999B2-021 Ol D CABI 2B.0 25.6 16"5t SU_I CI52A205CB5B,59 22AND53

2708 If'R)HTR STBY(PSAI 040 2007200-111 01 O CABI 13.0 e.9 5-6 m 22.0* .CI62A205CBSB,69 22ANDS3

2"709 IHU OPERATE (I_A) HIT 2899982-02] Ol D CABI 78.6 60.4 ) CI62ABOSCB56,57 14AN023

2"/10 IHU OP£RATE (CDU) 039 2007222-161 Ol O CABI 33.6 33.0 I CI52ABOSCB56,57 14AND23

2711 IMU OPERATE (PSA) 040 2007200-111 OI O CABI ll4.1 64.0 SUM 183.0. CI62A206CB56,57 I4AN024

2712 IHU OPERATE(PIPA} 036 2899982-021 Ol O CABI 50,9 25.6 CI52A205CBS?,56 14AN023

2713 IMU OP FINE ALIGN HIT 2021323-011 01 O CABI 16.2 CI62ABOSCB56,67 14ANDS5

2714 MASTER ALARH LAMP 002 2021323-011 0i D C122 3.5 CI62A205CB33.37

2?16 RET DIM PS IN PSA 002 2021323-011 Ol A l.O CI22 16.3 CI52A205CB33,37

2716 DIM CONT EL LAHPS 002 2021323-011 OI A I.O C122 2.0 CI52A205CB33,37

2717 DIM CONT DSKY CAU 002 2021323-01I Ol A 1.0 Cl22 g.o CI52A206CB54,55

2718 OPT EYEPIECE HTRS 002 2012793-02i 85AI,AB OI O CABI 7.5 '6.0 I4.0' CI52ABO5CB58.59 *MCR31325

2901 STAB CONTROL 51 I>

2902 GYRO ASSY 1 037 ME493-0010-0402 C29-1A121 01 A ,75 CI 13,6 CI52A208CB9 26 _{

2903 6YRO ASSY 1 03-/ N2493-0010-0402 C29-1A121 OI O CA 56.3 CI52A20OCBII 2? F_ _

2904 GYRO ASSY I 03"/ H2493-0010-0402 C29-1A121 Ol O CA B2.e CI52A20BCB[! 28 _
oo(o

2905 OYRO ASSY 2 03? H2493-0010-0402 C29-1A130 Ol A ../5 C2 13.15 CIB2A2OBCBIO 26 "_. :3
"--J {-t
_3

C>

*G&C Division (MSC) does not concur with detailed breakdo_ of nt_nbers contained within bracket, co
G&C agree to total nLnnber.



Table 114-4.1-6. SC-II4 Master Electrical Equipment List Oct. 23, 1972 (Continued)

UNITS IN WATTS I CRCT BREAKER NOTES

COOE OESCRIPIION CPC PART OR IO NO. DESIGNTN QTY A/DC PF BUS ID _PEC _EVLP _TEST rCCEPTi2906 GYRO ASSY 2 037 NE493-0010-0402 C29-1A130 Ol D CB .8 C152A208CB12 26

L_SO8REACT JET DRIVER 030 M2901-0'706-0402 CB9-1AII6 BI A .76 C121 5.3 CI52ABDBCBS, IO 4"/

2909 REACT J£1 DRIVER 030 ME901-0706-0402 C29-1A116 OI D CAB1 0.1 C152A208C811,12 23,60

2911 REACT ,JET DRIVER 030 H2901-0"/06-0402 C29-]AI16 OI D CAB2 1.4 CI52A208C811.12 31.60

B91B REACT ,.lET DRIVER 030 M2901-0"706-0402 C29-1A116 61 D CAB2 I. 1 CI5BABOBCBI I, 12 32,60

_:X:Jl3 ERVO ELECTRONICS 032 H2901-0'708-0202 C29-1A120 OI A .75 Cl22 13.4 C152A208CB54,55,9,10 30,31,52,60

2914 SERVO ELECTRONICS 032 M2901-0"/08-0202 C29-1A120 DI D CAB2 6.7 ClfiBABOBCBII,I2 30,60

2915 SERVO ELECTRONICS 032 M2901-0708-0202 C29-1A120 OI D CAB2 0.4 CI52ABOBCBI I, IB 33,60

_916 SERVO ELECTRONICS 032 ME901-0708-0202 C29-1A120 OI D CAB2 7.5 CI52ABOBC811,12 31,52,60

L:_317SERVO ELECTRONICS 032 MEgOI-OTOB-0202 CBS-IAI20 Ol D CAB2 0.7 CI52ABOBCBII,12 32.60

_>918 SERVO ELECTRONICS 032 HE901-0708-0202 C29-IAI20 Ol D CAB2 l.I DI52ABOBCBII,I2 34,60

2919 ELEC CONTROL ASSY 032 M2901-0705-0406 C29-1AII9 Ol A /75 C121 13.2 CIF:_?A208CB54°9 35

2920 ELEC CONTROLASSY 032 HE901-0705-0402 C29-1AII9 Ol A .'/5 CIBI IB.9 C|52A208C854,9 36

2922 ELEC CONTROLASSY 032 N2901-0"#05-0402 C29-1A119 OI D CAB2 8.2 C152A208C811,12 30,60

2923 ELEC CONTROL ASSY 032 NE901-0705-0402 C29-1A1_9 DI D CAB2 O.B CISBABOBCBII,I2 29,60

2924 ELEC CONTROL ASSY 032 HE901-0705-0402 C29-1A119 Ol O CAB2 1.0 CI52ABOBCBII,[B 38.60
2925 ELEC CONTROLASSY 032 H2901-0705-0402 C29-1AII9 OI D CAB2

6.B C152A208CBI 1,12 34.60
6926 GYRO DISPLAY CPLR 03I MES01-0'70'7-0202 C29-1AII8 Ol A /i5 C121 _'1.4 C162A208C69, 10 30

292'7 GYRO DISPLAY CPLR 031 M2901-070'7-0202 C29-IAII8 Ol A /75 C12! 20.7 CI52ABOBCB9,10 A 39

2928 GYRO DISPLAY CPLR 03I ME901-0707-0202 C29-IAII8 Ol D CAB2 34.0 C|52ABOBCBII,12 30.60

L_:J29GYRO DISPLAY CPLR 031 H2901-0'707-0202 C29-1AII8 Dl O CAB2 0.2 .CI52A208CB11,12 29,60

2930 6YRO DISPLAY CPLR 031 H2901-0"/07-0202 C29-1AII8 Ol D CAB2 23.8 CISBABOBCBI[,I2 40,60

_931 GYRO DISPLAY CPLR 031 HE90I-0"/07-0202 C29-1AIIB OI D CAB2 2.3 CI62ABOBCBII.12 41,60

2932 GYRO DISPLAY CPLR 03I NE901-0"/07-0202 C29-1A118 OI O CAB2 26.2 CI52ABOBCBII.12 42,60

2933 ELEC DISPLAY ASSY 031 HE901-O?IO-OSO2 C29-1A117 Ol A /75 C122 I?.1 CIBBAEOBCBS,IO A 35

2934 ELEC DISPLAY ASSY 031 ME901-0"/10-0502 C29-1Al17 OI A .75 C122 B.? C152A208CB9,10 43

2935 ELEC DISPLAY ASSY 031 NESOl-O'/IO-0502 C29-1ALI7 DI D CAB2 11.'l CI52ABOBCBII,I2 35.60

2936 ELEC DISPLAY ASSY 031 N2901-0710-0502 C29-1A117 O! O CAB2 6.7 CI52ABOBCBII.I2 29,60

293"/ £LEC DISPLAY ASSY 031 HE901-07IO-05O2 C29-1ALI7 Ol D CAB2 IB.B CI52ABOBCBlI,I2 44,60

2938 ELEC DISPLAY ASSY 031 NE901-0"710-0502 C29-1AI17 Ol D CAB2 1.4 CI52ABDBCBII.12 45,60

2939 ELEC DISPLAY ASSY 031 NE901-0710-0502 C29-1Al17 Ol D CAB2 23.8 CIS2A20BCBII,12 46.60

2940 FOAl NO I 020 NE432-0168-0502 C2'2-2A2OIA2 Ol A -75 C2 0,7 CI52ABOBCB9

2941 FDAI NO 2 02! NE432-0168-0502 C22-2A202AI Ol A .75 CI 0,"/ CI52A208CB[0

2942 GP/EPi 002 NE432-016"7-0402 C22-BABOIA3 Ol A .'/S 0,2 THRU SERVO AMP 47 p-A ,._

..................... _, UUE F¢._UI-UIU4-U/U_ C29-3A401 OI A .95 Cl 2.4 CI52ABO8CB9 _6 _'_
OOFO

2944 ROTATION CONT NO2 002 H2901-0704-0"702 C29-3A402 OI A .95 C2 B.4 CI52ABOBCB54 26 "_-

6945 ORDEAL 002 MH01-05643-216 C29-A400 OI A .90 CE 4.0 C22-2A208C665 _ _
I.-i
0
Oo



Table 114-4.1-6. SC-i14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

I UNITS,N.ATTS CRCT_AKER .O.ES
O£SCRIPTION CPC PART OR [0 NO. DESIO_4TN QTY A/IX:PF 8US I0 ISPEC pEVLP _ TEST _CCEPT

ORDEAL 002 _0 ]-0_4]-216 C29-A400 O| O Ce IN. 0 | | | C22-2A208CB64

2947 SPS CHANNELFAIL 032 ME90|-0708-0202 C29-IAIEO 02 O Bk o.gl Cl52A208C83|,33

GPIFPI iNO RELAYS 03| 11£901-0710-0502 C29-lA||7 O| D BAB 7.4 C152A208CB49,5| 6l

31Ol SERVICE PROPULSN

3102 I_S 003 MEk_O-OO08-OOB| S31A| O| k .SB C|22 7S,O 49.S C152A208C1_7,_

3|(]3 PUGS 003 ME½50-O008-O02| S3|AI OI 0 CAB2 75.0 12,4 C|52A208C825,26

3104 HELIUH I_ VLVS 003 ME284-0336-00|4 S]|A_-VI-LV2 02 O CASE 71.O 51.0 Cl52A208C829.30

3|05 PILOT VALVES 003 ME321-0004-00|3 BlOAt VLV|-4 04 D CAB2 25.0 23.0 C|52A208C668,69

3106 /aRE-VALVES 003 H£32|-0004-00|3 SIOAI VLVS-6 02 D CA62 25.8 23.0 Ci52A208C829,30

3107 DRIVER RELAYS 003 ME455-OI |6-0002 S3|A3K|-4 04 D CA82 4.7 CI52A208CB68,6g

3108 GIM ACT IDLE CH ! 003 ME321-0004-0013 BlOAt 02 0 SA 200.0 52

$1og GIH ACT IDLE CH 2 003 H£321-0004-0013 SIOAI 02 O SB 140.0

3110 OlM ACT 80ST CH I 003 ME321-0004-0013 SIOk| 02 D SA 224.0 52

3lll OiM ACT BOST CH 2 003 HE321-0004-0013 SIOAI 02 D SB 140.0 5_
i-a
I"-'= 3112 Girt ACT EL VCH | 003 HE32L-OOO4-O013 5tOA| 02 O SA 371.0 52
.p.-
I 3113 OlM ACT 0£L VCH 2 005 ME321-0004-0013 SIOAI OB D SB 140.0 52

¢-
* 3114 ENG FEFDLIN£ HTRS 003 ME363-OOt7-O005 S31HRI3-18 02 D CAB| |00.8 IO0.O [00.0 C|4A25CB46,47
F_
• 3301 SCIENTIFIC EXPER
O_
I 3302 H.O.H.-PUR DiS_rR 003 SIS-AS OI A .98 C2 24.0 CIKIAI39CBl.2,3

p_
I.n 3303 M.O.M.-PNR OISTR 003 S|5-A5 Ol g CAB2 6.97 CI5i9A205C823,24

Im

"3313 LASER ALT OPR AVE 003 S28A3(] Ol A .50 C2 6.1 5.2 CI51AI39CBI,2,3 I

I
_i4 LASER ALT OPR AVE 003 528A3B Oi D 59 53.9 3|.1 SX4AI FI6 55.5S

33|5 MAP CAMERAHTR 003 $28A36 OI O CAB2 36.3 33.7 C152A20C823

33i6 MAP CAMERASTSY 003 $28A36 Ol D CASE 8.3 5.07 CI_A20CB23

3317 HAP CAMERA(]PER 003 $28A36 OI O SB 51.8 50.4 SI4AI FI6 55

r_ 3318 tic DEPLOY MECH 003 $28A36 Ol D CA 62.2 C151AI39C84

i_ 33L_5 PAN CAMERAHTR 003 HH01-12512-234 B28A32 O! O SA 168.4 147.6 SI4AI FI_ 55
o

• 3_7 PAN CAMERABOOST 003 HH01-|2512-234 $28A32 Ol O CASE P0.7 14.8 C152A20C823O0
I 3328 PC-ACIBSTIS(]Y/HTR 003 MH01-|2512-934 528A32 OI O SA 105.0 98.(] SI4AI F|4 55.59

I _ PC-AC/BST/SBY/HTR 003 MH0|-125t2-234 $28A32 Ol A .75 C2 |2.5 2|.6 CI5|A|39C81,2,3
0
I_ 3330 PC-AC/ON/STBY/TST 003 MH0}-125|2-234 SBBA32 01 O SA 201.| 196.3 SI4Ai F|4 55.59
,.,.j •

3331 PC-AC/ONISTBYITST 003 MH01-12512-234 529A32 OI k .76 C2 62.0 57,8 Cl5|A139C8t,2,3
t.-I
v 3332 PC-ACIOFFISTBYIHT 003 HH0|-12512-234 528A32 O| O SA 85.4 73.6 SI4A| F|4 55,59

3333 PC-AC/OFF/STSY/HT 003 HH01-|25|2-234 529A32 Ol A .75 C2 12.5 21.6 C|5|A139C8| .2,3 (D
<:_ 3334 PC-AC/ON/OPR/OFF 003 HHOI-IE512-234 $28A32 Ol O 5k 201.l 196.3 SI4AI FI4 55,56 I-a _F-a

L_ _[335 PC-AC/ON/OPR/OFF 003 MH0|-125|2-234 $28A32 01 A .75 C2 82.0 57.8 C|51A139C8|,2,3 _ _D
333(3 PC-AC/ON/STBY/OFF 003 HH01-|2512-234 $28A32 Ol O SA 82.9 84,0 SI4AI FI4 55,59 X_3 r_

t_

0
CO



Table 114-4.1-6. SC-i14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

C(I)IE DESCRIPTION CPC PART OR 16 NO. DESIGNTN QTY A/OC PF 8US In C VLP TEST CCEPT

3337 PC-ACIONISTBYIDEF 003 PH01-12512-234 $28A]2 Ol A .75 C2 33.0 1.9 C151A139C61,2.3

3338 PC-ACION/STBY/HTS 003 MH01-12512-234 _ OI 0 SA 166.;' 157.6 SI4AI F14 55,59

3339 PC-AC/ON/STBY/HTS 003 HH01-|2512-234 $26A32 O! A .75 C2 45.5 31.9 CI51A139C81,2,3

:3340 PC-AC/OFF'/STY/OFF 003 f_nl-12512-234 $28A32 O[ A /75 C2 12.5 I0.0 C151A139C61,2,3

3341 PC-ACIOFF/OPR/DEF 003 MH01-1@512-234 $28A32 01 A .';_ C2 12.5 10.0 C151AI39C81,2.3

33"_ L6 RECORDERHTR 003 H£435-0046 S28A48 Ol 0 CA82 36.3 C15EA205C825

"¢343 LS RECORDERON 003 HE435-0046 5c_SALd3 Ol A C2 1_,.4.5 11.0 CISIAI39CBI.;',3

33LP_ LS RECOROERON 003 M£436-0046 528A48 01 O cm 121.(] 105.7 SI4AIF20

3346 LS RECRDREC ONLy 003 N£435-0046 c_8A_B OI 0 SEI 121.0 I05.7 SI4AIF20

:3347 LS RECRDREC O_LY 003 HE435-0046 SESA48 o! A C2 14.h5 6.8 C151AI39C61,2,3

3348 LS RADAR-STANDBY 003 HE478-0098 $28A47 01 O SA 50.0 _.½ 614AlF19

3349 LS RAOAR-OPERHF 003 ME478-0098 $28A47 01 O SA 1_.0 126.6 514AIFI9

I"t 3350 LS RADAR-OPERVHF 003 ME478-0098 S,c'_BA4"/ 01 O SA lhS.O 614AIFI9I-a 70.6

"_ 3353 ULTRAVIOLET SPEC 003 MH01-12462-234 $28AW5 01 0 CAga 12.0 6.6 CI52A205C825 59

4>" 3354 IR SCAN RAD]OMTER 003 MH0[-12522-234 528A44 OI D CA82 35.0 18.2 CI52A205C823 59

0%
I

0%



- _" Amendment 92

3/27/72

4.2.1 OXYGEN SUPPLY

4.2.1.3 Restrictor Performance

Figure 113-4.2-1 shows oxygen heat exchanger restrictor performance.
The curves illustrate the actual flow rates through installed restrictors

as a function of differential pressure (AP). This AP may be established

by comparing average cryogenic system pressures and _I) surge tank or (2)

during EVA, the EVA panel gage pressure. Figure i[13-4.2-2 shows EVA panel

oxygen flowrate versus EVA panel pressure with a constant 900 psia eryo

oxygen supply pressure.

/

\

113-4.2.1-1 SNA-S-D-027 (I) E[:V



Amendment 92

3/27/72

SNA-8-D-027(I) REV 3
i13-4.2.1-2



Amendment 92

3/27/72

12 ! i i
i ' L [ .... ___

' i i __ l i ! i

.... [ i
1 * ?" ' ! ! t _-

8 i i

1 '

; • , . r 1 [ • :

0 : ; i . .

4

M T r

NOTE: _00 PSIA CRYO PRESS. SUPPLY

i 2

0

0 200 A00 600 800 1000

EVA PANEL PRESSURE (PSI)

Figure i13-&.2-2. EVA Panel Flowrate vs. Panel Pressure
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Amendment 96

4/12/72

4.2.3 PRIMARY COOLANT CIRCUIT

4.2.3.3 ECS Glycol Accumulator Calibration

Primary and secondary glycol accumulator performance characteristics

for CSM 113 are presented in Figure 113-4.2.3-1.

4.2.3.4 Glycol Evaporator*

4.2.3.4.1 Evaporator and Radiator Temperature Predictions for

Lunar Orbit Nominal Operation

Figures 113-4.2.3-2 and 113-4.2.3-3 show the CSM water-glycol

evaporator outlet and radiator inlet and outlet _emperature predictions

for lunar orbit. These figures indicate that the maximum coolant-loop

temperature limit will not be exceeded under Apollo 16 nominal operations.

4.2.3.4.2 Evaporator and Radiator Temperature Predictions for

Lunar Orbit Contingency Operation

Figures 113-4.2.3-4 and 113-4.2.3-5 show the temperature response

of the primary evaporator outlet and primary radiator inlet and outlet,

respectively, while in lunar orbit and in SIM bay attitude (SBA) under

the following conditions:

i. One radiator panel off.

2. Water boiler not in use.

3. Three men in the CM until two men are removed at the time

LM activity is initiated.

4. Secondary coolant loop operating.

5. Attitude from April launch, Apollo 16 trajectory and attitude.

Analysis of these figures indicates that the CM EC$ evaporator out-

let temperature will exceed the 90F upper limit one time during Apollo 16

lunar orbit SBA at approximately 213 GET hours.

*NASA DATA SOURCE

113-4.2.3-1

SNA-8-D-027(1) REV 3
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Figure i13-4.2.3-2. Primary Evaporator Outlet Temperature Predictions
for Lunar Orbit (Sheet I of 4) (See Paragraph 4.2.3.4.1)
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Amendment 96

4/12/72

(NASA DATA SOURCE)
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Figure 113-4.2.3-2. Primary Evaporator Outlet Temperature Predictions

for Lunar Orbit (Sheet 2 of 4) (See Paragraph 4.2.3.4.1)
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Amendment 96
4/12/72

(NASA DATA SOURCE)

APCLLO IS PREFLIGHT. CM EC$ PREDiCTIC';;S
[ i ] FT4 PRI EVAP OUTLET (CFOO18T)

t ,

Figure 113-4.2.3-2. Primary Evaporator Outlet Temperature Predictions
for Lunar Orbit (Sheet 3 of 4) (See Paragraph 4.2.3.4.1)

113-4.2.3-5
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Figure 113-4.2.3-2. Primary Evaporator Outlet Temperature Predictlons

for Lunar Orbit (Sheet 4 of 4) (See Paragraph 4.2.3.4.1)

113-4.2.3-6

SNA-8-D-027(1) REV 3



Amendment 96

f_ 4/12/72

Figure 113-4.2.3-3. Primary Radiator Inlet and Outlet Temperature
Predictions for Lunar Orbit (Sheet i of 4)

(See Paragraph 4.2.3.4..1)

].13-4.2.3-7

SNA-8-D-027(1) REV 3



_endment 96

4/12/72

(NASA DATA SOURCE)
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Figure 113-4.2.3-3. Primary Radiator Inlet and Outlet Temperatmre

Predictions for Lunar Orbit (Sheet 2 of 4)

(See Paragraph 4.2.3.4.1)
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Amendment 96

• 4/12/72

Figure 113-4.2.3-3. Primary Radiator Inlet and Outlet Temperature
Predictions for Lunar Orbit (Sheet 3 of 4)

(See Paragraph 4.2.3.4.1)
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Amendment q6

4/12/72

T]_':Z- C_:3URS]

Figure 113-4.2.3-3. PrlmazT Radiator Inlet and Outlet TeIm?erature
Predictions for Lunar Orbit (Sheet 4 of &)

(See Paragraph 4.2.3.4.1)
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Figure 113-4.2.3-4. Primary Evaporator Outlet Temperature Predictions
for Lunar Orbit, Contingency Conditions(Sheet i of 2)

(See Paragraph 4.2.3.4.2)

113-4.2.3-11
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_nendment 96

4/12/72

(NASA DATA SOURCE)
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Figure 113-4.2.3-4. Primary Evaporator Outlet Temperature Predictions

for Lunar Orbit, Contingency Conditions (Sheet; 2 of 2)
(See Paragraph 4.2.3.4.2)
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Figure 113-4,2.3-5. Primary Radiator Inlet and Outlet Temperature

Predictions for Lunar Orbit, Contin=ency Conditions

(Sheet 1 of 2) (See Paragraph 4.2.3.4.2)
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Amendment 96

/'/12/72
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Figure 113-4.2.3-5. Primary Radiator Inlet amd Outlet 'iemD_:rature

Predictions for Lunar Orbit, Contingent7 _gnditiens

(Sheet 2 of 2) (See Paragraph _.2.3,4.2)
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Amendment 92

3/27/72

4.3.6 MISCELLANEOUS

4.3,t_.1 Service Module RCS Control Forces and Moments

Service module RCS engine locations are shown in Figures 4.3-1 and 4.3-2. Control forces and
moments are defined in Table 113-4.3-13. These data were generated for the following four vehicle

con figurations.

Mission Phase Vehicle Configuration Weight (lb)

Translunar CSM + LM 162,838

Lunar orbit CSM + LM 74,757
CSM 37.538

Transearth CSM 26,892

113-4.3.6-1

SNA-8-D-02711). Re_ 3



Amendment 92

3/27/72

Table 113-4.3- 13. Service Module KCS Control

Forces and Moments

_RANSLUNAR CSM AND LM, INDIVIDUAL SM-RCS FIRING

S;I-RCS CGHT',IOL' :10iUiliS (Ff-LR)_, SF4--RCS cOr_TROL FORC[S (Ln)

JFT 'lOLL AXIS PlTCII AXIS YAH AXIS X-AXIS Y-AXIS ?.-AXIS

A3 -3.79 859.25 -128.42 -161.24 2.25 17.71

\2 -735.74 206.25 664.24 0.00 -08.1S 36._g

A4 -3.79 -596.84 07.59 101.24 2.25 17.71

,\I 72_.15 34.14 -71_.81 0.00 102.68 4._3

r}3 -5.58 151.80 785.24 -101.24 -17.71 2.25

q2 -g84.39 -GG4.24 206.25 0.00 -30. _,8 -g8.1&

::4 -5.50 -I00.9{; -542.84 101.24. -17.71 2.25

R_I G73.23 710.81 34.14 0.00 -4.93 102.68

CI_ 3.79 -7_1.85 77.81 -I01,24 -2.25 -i7.7!

C2 -664.86 -208.25 -664.. 24. O._O 98.18 -30.4g

C3 3.79 539.47 -_6.97 101.24 -2.25 -!7.7!

C1 672.44 -34.1h 716.81 0.00 -I02._,8 -h.g3

n4. 5.58 -74.43 -835.86 -I01.24 17.71 -2.25

D2 -715.21 664.24 -208.25 0.00 30.48 98.18

D3 5.58 43.59 593.46 101.24 17.71 -2.25

D] 727.37 -710.81 -34.. 14 O.O0 4.g3 -152_.68

*MASS PROPERTIES

WEIOBT (LE) 102838.3
CG (IN) X lO4]_i Y 3.0 z 3._
INERTIA (SLUG-FT+x_2) D(X 6E051.0 IYY 574768.0 IZZ 577524.0

PXY -11055.0 PXZ -5610.0 PYZ 2009.0
*_THE MOMENTS GIVEN IN THIS TABLE WERE CALCHI_TED FOR STEADY-STATE ENGINE FIRING

BY USING AN ENGINE THRUST OF 102.8o POUNDS FORCE. FOR PIKSE MODE OR MINLMUM
IMPULSE MODE OPERATION OF THE SERVICE MODLU_ RCS, THE MOM_TrS MAY BE OBTAINED
BY MULTIPLYING THE TABULATED MOMENTS BY THE RATIO OF MEAN ENGINE THRUST TO
102.80 POUNDS FORCE.

**X_THE FORCES GIVEN IN THIS TABLE WERE CALCULATED BY USING A SERVICE MODULE RCS

ENGINE STEADY-STATE THRUST OF 102.80 POUNDS FORCE. FOR OTHER VALUES OF ENGINE

TKRUST, THE FORCES MAY BE OBTAINED BY MLrLTIPLYING TKE TABULATED FORCES BY THE
RATIO OF ENGINE THRUST TO 102.80 FOUNDS FORCE. THE NOMINAL STEADY-STATE THRUST

OF TIIE SERVICE MODULE RCS ENGINES IS 102.80 (+3.4, -3.8) POUND_ FORCE AS SHOWN
IN TABLE 4.3-1 OF Tills DOCUMENT.

113-4.3. 6-Z
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Table 113-4.3-13, Service Module RCS Control

Forces and Moments (Cont)

_TRANSLUNAR CSM AND LM, COMBINED SM-RCS FIRING

Stt-RCS COIITROL rlr)t,_EHTS (FT-LR) SM-RCS CO_'IROL FORCES (LR) APOLID CONTROL
LOGIC

,JET ROLL AXIS PITCH AXIS YAH AXIS X-AXIS Y-AXIS Z-AXIS

A3+C3 0.00 1378.70 -175.39 0.00 0.00 0.00 + PITCH COUPLE
Ate+C4 0.00 -1378.70 175.39 0.00 0.00 0.G0 - PITCH COUPLE
R3+D3 0.00 175.39 1578.70 0.00 0.00 0.00 + YAU COUPLE
q I_+Oh, 0.00 -175.39 -1378.70 0.00 0.O0 0.C0 - YAW COUPLE
AI;,BI
-AI+BI

+CI+D1 2801.19 -0.00 0.00 0.00 -O.00 -0.0C + ROLL (h JET)
a2+R2
+C2+D2 -2801.19 0.00 -0.00 0.00 O.OO 0.00 - ROLL (% JET)
AI+C1 lh00.60 0.00 0.00 0.00 0.0O 0.0O + ROLL (2 ,JET)
BI+DI lk00.60 ...... 0,00 0.00 0.00 • 0,;00 0.0O + ROLL (2 dET)

h-, *A2+C2 -lh00.60 0.00 0.OO 0.00 0 00 0.00 - ROLL (2 JET)
co _2+r)2 -1400.60 0.00 0.00 0.00 0.00 0.00 - ROLL (2 ,JET)i

A4+_4
+C3*D3 0.GO -114.7b, 101.24 40b,.95 O.0O -0.00 +X TRAm'IS (4 JET)

co
AS+R3

o'. +CI_*D_ - O,00 114.7b, .=101.2b, -_.04.R5 0.00 -0.00 -X TRANS (4 JET)--
i A4+C3 0.00 -57.37 50.62 202.b,8 0.00 0.00 +X TRAHS (2 JET)
co Rk+D3 0.00 -57.37 50.62 202.48 0.00 0.00 +X TRAt,IS (2 JET)

A3+C_ 0.00 57=37 -50.62 -202.48 0.00 0.00 -X TRAILS (2 JET)
R3+nh. 0.00 57,37 -50.62 -202.k8 0.00 0.00 -X Ti'(AiJ$ (2 _JET)
AI+C2 63.30 -172.11 -1375.06 0.00 200.86 -25.55 +Y TRAt,IS (2 ,JET)

rn A2+Cl - .... 63.30 ........ 172.11 1-,375.06 0.00 -300.86 25.55 -Y TRANS (2 JET)

_> BI+D2 -_h2.97 1375.06 -172.11 0.00 25.55 200.86 +Z TRAILS (2 JET)
. 92+D1 h.2.97 -1375.06 172.11 0.00 -25.55 -200.86 -Z TRAHS (2 JET)
oo

I_ u,¢=
rot_

O -._!3
[%3 "--to

-4 tort

tO
<:
co
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Table 113-4.3-13. Servlce Module RCS Control

Forces and Moments (Cont)

*LUNAR ORBITt CSM AND LMT IND!VI-DUALSM-RCS FIRING

St_,-RCS COHTROL MOtlEt:TS (FT-LR)' $M-RCS COt:TROL FORCES (LB

JFT ROLL AXIS PITCH AXIS YAW AXIS X-AXIS Y-AXIS Z-AXIS

,\3 -2.45 895.35 -127.89 -I01.24 2.25 17.71

A2 -720.57 324.G3 1045.49 0.00 -98.18 3G.48

,\4 -2.45 -515.41 79.5G 101.24 2.25 17.71

AI 7_5_.78 53.30 -II0q.56 0.00 18_.68. 4.93

R3 -3.16 127.89 8G3.29 -I01.24 -17.71 2.25

R2 -G_0.58 -I045.4_ 324.63 O.OO -30.48 -_8.18

_4 -3.16 -70.5G -483.35 101.24 -17.71 2.2_

ql 683.25 IIOO.5G 53.30 0.00 -4.93 102.68

_4 2.45 -863.29 95.83 -101.24 -2.25 -17.71

C2 -679.93 -324.63 -1045.49 0.00 98.18 -]0.48

C3 2.45 483.35 -47.5G I01.24 -2.25 -17.71

C1 584.82 -53.30 1109.55 0.00 -102.68 -4.93

n4 3.1G -95.83 -895.35 -10!.24 17.71 -2.25

D2 -7_..02 I045.4q -324._3 O.OO 50.48 98.18

D3 3.16 47.50 515.41 101.24 17.71 -2.25

D1 717.34 -110q.56 -53.30 0.00 k_93 -102m88

x_'4ASSPROPERTIES

WEI GHT(L9) 7_757.1
CG (IH) X 1087.7 Y 1.9 Z 1.9
I_ERTIA (SLUG-FT**2) IXX 4.8808.0 IYY k34878.0 IZZ 4k0350.0

PXY --7&_g.,_-- PXZ -t272.0 P'YZ --t-t90,0- •
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Table 113-4. 3- 13. Service Modttle RCS Control

Forces and Moments (Cont)

*LUNAR ORBIT CSM AND IM_ CGMBTN_ SM-RCS FIRING

SH-RCS COHTROL HOHE_TS (FT-LR) SH-RCS COHTROL FORCES (LP;) JJPOI,I,,O
/DGIC

JET ROLL AXIS PITCH AXIS YAW AXIS X-AXIS Y-AXIS Z-AXIS

A3+03 0.00 1378.70 '175.39 0.00 0.00 0.00 + PITCH COUPLE
Ah+C4 0,00 -1378.70 175.39 0.00 0.00 O.00 - PITCH COUPLE
_3+03 0.00 175.39 1373.70 0.C0 0.00 0.00 + YAWl COUPLE
B4+D4 0.00 -175.39 -1378.70 0.00 0.00 O.00 - YAW COUPLE
AI+R1
+CI+D1 2801.1q -0.00 0.(}O 0.00 -0.00 -0.00 + ROLL (4 JET)
%2+82
+r,2+i32 -2801.19 O;O0 0.00 0.00 0.00 0.00 - ROLL (_ JET)
_,1+01 1400.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)

,_. BI+D1 lk00.60 0.00 0.00 0.00 0.00 0.00 �ROLL(2 oET)
P" _,2+ C2 -lh00.60 0.00 0.0,O 0.00 O_OG 0 ,-(_0 -, ROLL _'2 JET)
L,o
, 82 �Æ�‚�-1400.600.00 0.00 0.00 0.00 0.00 - ROLL (2 JET)

A4+Bk
o* +CS+D.* 0.00 -6b,.12 64.12 _04.95 O.OO -0.00 +X TRAILS (b, JET)

ox i A3+R3+C4+Dk 0.00 64,12 -6b,.12 -k04.95 0.00 -0.00 -X TRAt;5 (4 JET)"I
ot Ak+C3 0,00 J_g.OS _;.06 - 302,48 0.00 0.00 �s�TRAh_$(2 JET)

84+03 0.00 -32.06 32.06 202.h8 0.00 0.00 +X TRANS (2 dET)
_3+04 0=00 32,06 -]2.06 -202.1_8 0.00 0.00 -X TRANS (2 JET)
R3+Db, 0.00 32.06 _,_t,,O6 -202._8 0.00 0.00 -X TRANS (2 JET)
A1+02 35.85 -271.34 -2155.05 0.00 200.86 -25.55 +Y TRANS (2 JET)
A2+01 --_5.85 ._71.$ei 2155.05 0.00 -200.86 25.55 -Y TRA/'JS (2 JET)

_> -RI+D2 _27.76- _t_l,liS,0_ -,.,T31.31_ F 0.,00 25.55 200.86 �x�TRAr,I$(.2 ,JET). _2+D1 27.76 -J'I$$.0S 271.34 0.00 -25.55 -200.06 -Z TRAI,!S (2 JET)
co
I

JI
O
t'O
"-.4

L_ ,.o



Amendment 92
Table 113-4.3-13. Service Module RCS Control 3/27/72

Forces and Moments (Cont)

*LUNAR ORBIT_ CSM_ INDIVIDUAL SM-RCS FIRING.
• SII-RCS COW,TROt tIOHENTS (FT-LR) SM-RCS CO{:TROL FORCES (LF_)

JET ROLL AXIS PITCH AXIS YAW AXIS X-AXIS Y-AXIS Z-AXIS

'3 -5.17 593.56 -I17.81 -I01.24 2.25 17.71

_,2 -755.57 -_,0.It_ -12f].35 0.00 -_18.18 150.48

,\'_ -5.17 -737.45 123.39 101.24 2.25 17.71

'I 725.22 -5.73 119.20 0.00 102.68 4.q3 .

R_ -5.31 III.OG 634... -101.24 -17.71 2.25

r{2 -G7_.27 129.35 -40.16 0.00 -30.48 -_58.!8

r_4 -5.31 -116.64 -678.39 101.24 -17.71 2.25

_I 665.65 -119.20 -5.73 0.00 -4.93 102.68

C4 5.17 -641.25 52.00 -i01.2_, -2.25 -17.71

C2 -665.03 40.16 129.55 0.00 98.18 -';0.48

C5 5.17 685.14 -57.59 ...... 101o24 -2.25 -17.71

C1 675.58 5.75 -113.20 0.00 -102.68 -4.95

D4 9.51 -58.75 -700.51 -I01.24 17.71 -2.25

02 -724.33 -129.55 4O.iG 0.00 50.48 C.lg.l_

D3 5.31 64.33 7_k.20 i01.24 17.71 -2.25

OT[ 73_.94 119.20 5.73 0.00 _,.93 -IC2.68

_,_,,_S$ PROPERTIES

WEI OI'T(LR) 37538.5
Cn (IH) X 944.1 Y ].9 z 5.I
I h'ERTI A (SLUG-FT**2) IXX 21130.0 IYY 60063.0 IZZ 6b,547.0

PXY -2410.0 PXZ 1598.0 PYZ -626.0

113-4.3.6-6
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Table 113-4.3-13. Service Module RCS Control

Forces and Moments (Cont)

LUNAR ORBIT CSM,COMBINED SM-HCS FIRING
StI-RCS COtlTROI. ttOrIE!!TS (FT-L_) StI-RC:.S COI'TROL FOqrES (Lr_) JkPO13,Z)COk'¢ROL

TJ3GIO

JET ROLL AXIS PITCH ,AXIS YA_J AXIS X-AXIS Y-AXIS Z-',XIS

_,3 0.00 1378.70 -175.39 0.00 0.00 0.00 + PITCH COUPLE
Ah+Cb, 0.00 -1378.70 175.39 0.00 0.00 0.00 - PITCH COUPLE
1_3+D3 0.00 175.39 1378.70 0.00 0.00 0.00 + y/,t, COUPLE
B4+D4 O.O0 -175.39 -1378.70 0.0{} O.O0 0.00 - YAH COUPLE
AI+R1

2801.19 0.00 -0.00 0.00 -0.00 -0.00 + P,OLL (4 ,JET)
A2 6�p��f�Á�¾�-2801.190.00 0.00 0.00 0.00 0.00 - ROLL (4 ,JET)

AI �s�1400.600.00 0.00 0.00 0.00 0.00 + ROLL (2 ,JET)
81 §�x�-1400,60O,00 0,00 ..... 0,00 0,00 0,00 + ROLL (2 ,JET)
A2+C2 -1400,60 0,00 0,00 0,00 0.O0 0,00 - ROLL (2 ,JET)
B2 �Ë�s0,08 0,00 0,00 0,00 0.00 - ROLL (2 JET)
A4+RI_

I +C3+03 0.00 -104.61 131.61 h04.95 0.00 -0.00 +X TRANS (4 ,JET)
A3+B5

'_ 9�Y�s�0.O0104.61 ...... 131.61 -40_i, 95 0.00 "0.00 "X TRAN$ (k ,JET)
o'. _,h T�x�0.00-52.31 65.80 202.48 0.O0 0.00 +X TRAi'_S (2 ,JET).
i r_k+r)3 0.00 -52.31 65.80 202.48 0.00 0.00 +X TRANS (2 JET)
-..I A3+C4 0.00 52.51 -65.80 -202.b,8 0.00 0.00 -X TRANS (2 ,.lET)

_3+0_. 0.00 52.]_1 -65.80 -202.h8 0.00 0.00 -X TRANS (2 ,JET)
AI+C2 60,19 3h,kk 248,54 0,00 200.86 -25,55 .e-y TRAtJS (2 JET)
A2+C1 . -60,19 -]_4.44 --248.54 0.00 -200.86 25.55 -Y TRAflS (2 ,.IET)
RI+D2 -58.68 -248.54 34.h,k 0.00 25°55 200.86 +Z TRAt:S (2 ,.lET)

> R2+r)l 58.68 248.54 -34:44 0.00 -25.55 -200.86 -Z TRA=';S (2 ,JET)
i

OO
I

I
O

--3 wt_
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Table 113-4.3-13. Service Module RCS Control

Forces and Moments (Cont)

_I_RANSEARTH_"CSMrINDIVIDUAL SM-RCS FIRING.

Stl-",CS CO!mTROL HOt4ENTS (FT-LI_) Sta-RCS COtJTROL FORCES (LR)

J I'T ;tOLL AXIS PITCH AXIS YA!,4 AXIS X-AXIS Y-AXIS Z-AXIS

A3 -l.2G 73G.19 -100.87 -101.24 2.25 17.71

',2 -732.24 27. b,l 88.28 0.00 -98.18 3c.4C

",4 -1.25 -701.57 96.4,'3 lI_!. 24 2.25 :[7.71

_,_ 72f}.71 5.21 -108.41 0.00 I62.68 4.93

"3 -5.41 Iiq.43 _5.69 -i01.2_ -17.71 2.25

R2 -g98.55 -88.28 27.41 0.00 -30.48 -98.18

r4h -5.41 -115.02 -661.07 101.24 -17.71 2.25

n! C37.74 i08.41 5.21 0.00 -4.93 IC2.68

C_ 1.26 -677.15 78.9] -101.24 -2.25 -17.71

C2 -668.36 -27.41 -88.28 0.00 .98.18 -50.48

C3 1.25 042.51 -74.53 101.24 -2.25 -17.71

Cl $70.88 -5.21 108.41 0.00 -102.68 -4.95

D4 5.41 -60.37 -717.63 -101.24 17.71 -2.25

02 -702.04 88.28 -27.41 0.00 30.48 98.18

07; 5.41 55.97 683.01 101.24 17.71 -2.25

Ol 712.86 -108.41 -5.21 0.00 t_.93 -102.68

*!,lASSP",OPERTIES

WEI r'l'T(LR) 2c_892.1

C¢. (Itl) X 970.7 Y 1.3 Z ].5
It_ERTIA ($ LUG-FT**2) IXX 15550.0 IYY b,5577.0 IZZ 4z+72G. 0

PXY -787.0 PXZ 920.0 PYZ -1233.0=

113-4.3.6-8

SNA-8-D-027(1), Rev 3



Table I13-4.3-13. Service Module RCS Control

Forces and Moments (Cont)
TRANSEARTH CSM, COMBINED SM-RCS FIRING

SH-RCS Cbr!T'llOL /10HEHTS (FT-LR) StI-RCS COITROL FORCFS (LR) APOLLOGONTIK)L
LOGIO

JET ROLL AXIS PITCH AXIS YAW AXIS X-AXIS Y-AXIS Z-AXIS

A3+C3 0.00 1378.70 -175.39 0.00 0.00 0.00 + PITCH COUPLE
_,4+C4 0,00 -1378.70 175.39 0.00 0.00 O.00 - PITCIt COUPLE
P*3+D3 0.00 175.39 1378.70 0.00 0.0 n 0.00 + Y_,U COUPLE
Ok+D4 0.00 -175.39 -1378.70 0.00 0.OO 0.0O = YAW COUPLE
AI �!+CI �s�2801.19-0.00 0.00 0.00 -0.00 -0.00 �ROLL(4 JET)

L A2 4�_tC2.02 .....--2801-..19- ......... 0.00 . Q.00 0o00 Oo00 0.0Q .- ROLL (4 ,.lET)

AI+C1 11800.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 ,JET)
BI+D1 1400o60 0.00 0.00 0.00 0o00 0.00 + ROLL (2 JET)
A2 �x�-1400.600.00 0.00 0.00 0.00 0.00 - ROLL (2 ,JET)
B2 Ë�s�-1400.600.00 0.00 ° 0.00 0.00 0.00 - ROLL (2 ,JET),...,
A4+ BL',
_C3'l'O3 ........ O_00 ...... ,'118.11 .... _._,,a7 - 4OL%95 .... O.00 -0.00 *X TRAN_ (4 JET)

I
4_ A3+B3

+C4+D4 O.00 118.11 -43.87 -40_.95 0.00 -0.00 -X TRANS (4 ,JET)
oo Ak*C3 OoOO -59.06 21.93 202,48 0.00 0.00 +X TRAUS (2 ,JET)
o', B_+D3 0.00 -59.06 21.93 202.48 0.00 0.00 +X TRAHS (2 ,JET)
I
,,o A3 O�x�0.O059.06 -21.93 -202.48 0.00 0.00 -X TRANS (2 ,JET)

83.D_ 0,0O ..... 59.06 -_21.9_ -,202ok8 0.00 0.00 -X TRAUS (2 JET)
" A1 �x�61.35-22.20 -196.69 O.O0 200=86 '-25=55 +Y TRANS (2 ,JET)

A2 ��x22.20 196.69 0.00 -200.86 25.55 -Y TRAtJS (2 ,JET)
BI 
�}�-14.31196,69 -22.20 0.00 25,55 200.86 s�TRANS(2 JET)

r.n _2+D1 14.31 -196.69 22.20 0.00 -25.55 -200.86 -Z TRArlS (2 ,JET)

!

!

tj _
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4.4.5MISCELLANEOUS

4.4.5.1 Command Module RCS Control Forces and Moments

Control forces and moments data are provided in Table 113-4.4-4 and 113-4.4-5 for both

single and double systems and at various altitudes from 400,000 to 25,000 feet. Angular

accelerations can be obtained by dividing the control moment by the respective spacecraft inertia

(Mass Properties Data Book, Volume III) in each axis.

113-4.4.5-1
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Table 113-4.4-4. Command Module RCS Control Forces

SINGLE SYSTEM A

+PITCHIENGINE 13} +YAM(ENGINE 15I +ROLL(ENGINE |l|
ALT X Y Z x Y Z x Y Z
FT LB L8 L8 L8 L8 LB LB L8 LB

%00000 -69.823 -4olll 67.208 -70.153 -67.008 4.098 -7°5|4 5.952 97°229
[25000 -69.714 -4.100 67.033. -70.032 -66.846 4.088 -7°202 6.394 96°923
|tO000 -69.702 -4.lOl 67.045 -70°032 -66.866 4.088 -7.247 6°322 96.924

95000 -69.714 -4.100 67.033 -70.032 -66.866 4°088 -7o122 6.503 96.821
85000 -69,702 -_.lOl 67,045 -70.093 -66.927 4.093 -7.353 6.191 97.126
75000 -68,925 -4.027 65.835 -69.204 -65.688 4.018 -5.20| 9.180 94.714
65000 -68,754 -4.011 65.580 -69.021 -65.445 4.003 -4°754 9.812 94.272
50000 -66.507 -3.80t 62.1A2 -66.56[ -62.084 3.797 0.582 17.234 88°333
35000 -62.457 -3.420 55.916 -62.133 -55.978 3.424 10.689 31.313 77.209

....... 2_000 .... -57,819 =2_983 " _8.770 _56.857 -49.|25 -3,005 " 1°232 15.2ql 72.188

-PITCH(ENGINE 14l -YAM(ENGINE 16l -ROLLIENGINE 12I
= ALT X Y Z X Y Z X Y Z

FT LB L8 LB LB LB LB LB LB LB

_60000 .... _3,89_ -i0o783"- 97o62q- " -70.153 67°008 " -4.D98- -5.231 -96°763 4o29Q
t 125000 -3°711 -10.750 97°338 -70.032 66.846 -4.088 -5.034 -96.486 6°000

II0000 -3.855 -I0,772 97.531 -70.032 66.846 -4°088 -5.066 -96°583 4°047

95000 -3,749 -10,761 97.436 -70°032 66°846 -4.088 -4°989 -96°49| 3.929
85000 -3.732 -10.761 97.437 -70.093 66.927 -_°093 -5.126 -96.676 6.137
tsooo -a.622 -10.568 95.682 -69.204 65.688 -4.018 -3.818 -94.899 z.155

"65000 '= _2.238 - £I0_503 .... 95=096 ..... :69_02t ..... 6__5"- _.003 .......-3L_67'_94.61_ ......i'T7l =
50000 0.620 -10.001 90.547 -66.561 62°084 -3.797 -0.297 -90o343 -3°193
35000 6,301 -9,030 81.762 -62.133 55.978 -3°424 5.847 -82.449 -12°526

= 25000 0,0 -8,135 73.652 -56.857 49.125 -3o005 7,133 -74.013 -14.203
|

Q



Table 113-4.4-4. Con-urnand Module KCS Control Forces (Cont)

SINGLE SYSTEM 8

*PITCH(ENGINE 23) +YAW(ENGINE 251 +ROLL(ENGINE 211 ..
..... AL_T....... X ....... Y ...... Z '= X ........... Y .......... Z.... X Y Z

FT LB LB L8 LB LB Lfl LB LB L8

400000 -69.823 4.I11 67.208 -70.I53 -67.008 -4.098 -5.23I 96.763 4.298
125000 -69.714 4.I00 67.033 -70.032 -66.846 -4.088 -5.034 96.486 4.000
110000 -69.702 4.101 67.045 -70.032 -66.846 -4.088 -5.066 96.583 4.047
95000 -69.714 4_i--d6---_7._3_.....Z_o;63-_---z6--6_----3_Tba_ ..... 3__e9 .....9_;_9i ......._92_ .......
85000 -69.702 4.101 67.045 -70.093 -66.927 -4.093 -5.126 96.676 4.137
75000 -68.925 4.027 65.835 -69.204 -65.688 -4.018 -3.8!8 94.899 2.155
65000 -6R.?$4 4,011 65.580 369.02| -65.445 -4.003 -3.567 94.616 |.771
50000 -66,507 3,801 62,142 -66,561 -62,084 -3.797 -0,297 90,343 -3,193

-35000 -62,457 3,420 55,916 -62.133 -55,978 -3,424 5,847 82j447 _12_526 .....
25000 -57.819 -- _._8_----4-_.i_G........_K;e_ ......_§;_2_ ......_065 ............_1_3 74.013 -t4.203

-PITCH(ENGINE 241 -YAW|ENGINE 261 -ROLL(ENGINE 22)
I ALT X " Y Z X Y Z X Y Z

FT LB L8 L8 L8 LB LB LB LB LB

400000 -3.894 10.783 97. 629 ..... _70.] 5_ .....6=T,'008.... -'4_69-8........_725 [4........._5.952-'---97.229 .......
125000 -3,711 I0,750 97.338 -70.032 66.846 4.088 -7,202 -6.394 96.923

llO000 -3.855 10.772 97.531 .... -70o032 66.846 . 4.088 -7.2*7 -6._22 96.924
95000 33.749 10.761 97.426 -70.032 66°846 4.088 -7.122 36.503 96.821
85000 -3.732 10.76I 97.437 -70°093 66.927 4.093 -7.353 -6.191 97.I26
75000 -2,622 10,568 95,682 -69,206 65.688 4,018 -5,201 -9,180 94,716

65000 -2,238 10,503 95,096 -69,021 . 65,445 4,003 -4,754 -9.812 96.272

50000 0,620 IO,OOI 90,547 -66,56I 62,084 3,797 0,582 -17,234 88,33_
_ 35000 6+301 9.030 81_762 -62.[33 55.978 3.42_ 10.689 -31.313 77.209

= 25000 0,0 8,135 73,652 -56,857 49,125 3,005 1,2t2 -[5,29! 72,t88
!



Table 113-4.4-4. Cornrnand Module RCS Control Forces (Cont)

DUAL SYSTEM

NG13 �ENG23) G15 �ENG25) (ENG11 �ENG21|
ALT X Y Z x -y Z X Y Z
FT L8 LB LB L8 LB LB L8 L8 L8

600000 -139.646 0.0 134,615 -160.306 -I36.017 0.0 -12.765 102.715 101.526
125000 -139.428 0.0 134.065 -160.066 -133.692 0.0 -12.236 102o880 100.923
t10000 -139,605 0,0 t36,089 -160,066 -133.69Z 0,0 -12,313 I02,905 100,971

.... _588d -_i_9._2B ............ o.o .... i3_;065 ....... _i_6:66_ -zf_;_9_ ..... d;o .... _i_.lll I02.996 i00.750
85000 -139,605 0,0 136,089 -140o185 -133,854 0,0 -12,478 102,867 101,262
75000 . -I37.850 0,0 131.671 -138,409 -131,375 0,0 -9,019 106o079 96,869
65000 -137.508 0.0 131,161 -138.063 -130.890 0.0 -8.321 I04.628 96.043
50000 -133,016 0,0 126,283 -133,122 -126,168 0,0 0,286 107,577 85.139
35000 -12_,915 0,0 111,832 -126,265 -111,955 0.0 16,537 113,763 66,683

....._566 .......--ii_, &39 - o,o " -97; _o ....._fi3;715 ....._98 ;250- .... 0;0 .... 8,366 " 89,303 57;qSS

j -PITCHIENG 16 �ENG24) -YAWIENG 16 �ENG26l -ROLLIENG 12 22)
ALT X Y Z x Y " Z X Y Z
FT LB L8 LB LB L8 LB L8 LB L8

600000 -7.787 0.0 195; _5_ ...... _i_0:30_ .... i_;-6 i _ ........ _.0 ......... _[_.?_5 - 102' _iS ....... i0_S_
I

125000 -7,621 0,0 196,676 -160,066 133,692 0,0 -12,236 -102,880 100,923

. |10000 -7.711 0.0 195.062 -160.066 !33.692 0.0 -12.313 -102.905 100.971
95000 -?,497 0.0 196,872 -160,066 133,692 0,0 -12,1ii -102.996 100.750
85000 -7.663 0.0 196.873 -160.185 133.856 0.0 -12.478 -102.867 101.262
75000 -5,263 0.0 191,36.5 -138,609 131,375 0o0 -9,019 -106,079 96,869
65000 -4,676 0,0 190,191 -138,063 130,890 0,0' -8,321 -104o428 96,063
50000 I.2_0 0.0 181.095 -133,122 126,168 0.0 0,286 -107.577 85,139
35000 !2_601 0,0 163.526 -126,265 111,955 0,0 16.537 -113,763 66,683

' 25000 0.0 0.0 147.306 -113.715 98,250 O.O 8.366 --89,303 57,985
I

u
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Table 113-4.4-5. Command Module RCS Control Moments _=

SINGLE SYST_MA

+PITCHIENGINE 13| +YAW(ENGINE 15) +ROLL(ENGINE It}
ALT L H N L H N L M N
FT FT-LB FT-L8 FT-LB FT-LB FT-LB FT-L8 ET-L8 FT'LB FT-LB

400000 -2.549 519.885 29.150 -32.420 63.749 487.356 444.084 95.275 28.489
125000 -2.542 519.011 29.100 -32.34I 63.637 486;412 445.003 93.525 26.896
llO000 -2.542 518.945 29.097 -32.341 63.637 486.472 444.647 93.753 27.131
95000 -2.542 519.011 29.100 -32.341 63.637 486.472 445.114 93.064 26.493
85000 -2.542 518.945 29.097 -32;381 63.693 486.915 444.846 94.402 27.659

75000 -2.496 512.730 28.746 -31.781 62.864 480.386 449.556 82.188 16.721
65000 -2.487 511.375 28.670 -31.664 62.694 479.053 450.842 79.683 14.443
50000 -2.356 493.665 27.660 -30.037 60.402 461.040 462.754 49.407 -12.690
35000 -2.120 461.165 25.838 -27.083 56.273 428.563 485.948 -7.855 -64.092

25000 _ -!.849 424.150 23.750 ,23.768 51.378 390.257 384.683 36.301 -16.253

-PITCH(ENGINE 14| _ --YAW(ENGINE 161 -ROLL(ENGINE 121

ALT L N N L M N L N N
t FT FT-LB FT-LB FT-LB FT-LB FT-L8 FT-LB FT-L8 FT-L8 FT-LB

400000 -6.027 -358.216 -39.804 32.423 4.065 -488.526 -431.893 26.958 81.306

[25000 -6.009 -357.752 -39.741 32.345 - 4;06i -487;640 -43i,967 25,864 ...... 80.237
t 110000 -6.021 -357.978 -39.775 32.345 4.061 -487.640 -432.202 26.042 80.643

95000 -6.015 -357.991 -39.770 32°345 4.061 -487.640 -432.318 25.611 80°0_3
85000 -6.015 -358.054 -39.776 32°384 4.063 -488.083 -432.225 26.373 80.772
75000 -5.906 -355.292 -39=402 3!_784 4.034 -481.540 -433.046 19.097 73.707
65000 -5.870 -354.411 -39.281 31.667 4.027 -480.203 -433.480 IT.698 72.390

-50000 -5.589 -347.i79 -'38.306 30.040 ..... _.94[ - _462_i49 -436.348 "0.50_ ...... 54.834 -
35000 -5.047 -333.775 -36.475 27.086 3.789 -429.598 -442.384 -34.706 21.931

25000 -4.547 -280.612 -30.992 23.770 3.584 -391.205 -411.349
10.628

I

, '_ WEIGHT 12974 LB ODB _ 114 9/15/71 _

p =1o39.oo Yca=o.lo zca=5.8o ...............

@
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Table 113-4.4-5. Command Module RCS Control Moments-_ (Cont)

...... SINGLE SYSTEM (_ _

IENGINE23l *YAWIENGINE 25) NGINE2II
ALT L M N L M N L M N

• Fi...........FT_LB "-- - FT-L8 FT_LB .........FTL[B .... FY-LB........Ft_LB FT-LB FT'LB FTLL8 "

400000 1.428 519.885 -30.314 -32.355 4.065 487.356 43[.821 26.958 -8[.393
I25000 1.425 519.01| -30.262 -32.277 4.061 486.472 _3|.900 25.864 -80.32!
|IO000 |.425 5t8.945 -30.259 -32.277 4.06| 486.472 432°|35 26.042 -80.527

_.95000 ..... _.'4__ _519£_1. -30"2_2 ....... _}_£_7 __ _O_E .... 686,472 432.253 .25.61l -80o|16
85000 1.425 518.945 -30.259 -32.316 4.063 k86.915 _32.156 26,373 -80.857
75000 1.399 5|2o730 -29.895 -3|.717 4.034 480.386 433.010 |9°097 -73o77[
65000 |.394 511.375 -29.816 -3[.600 4.027 479.053 433.45| |7.698 -72°450
50000 1.32| 493.465 -20.768 " -29°977 3.96I 46l.040 436.40| -0.505 -54.839
35000 1.188 ¢61°165 -26.879 -27.029 3.789 428.563 642.593 -34.706 -2|°833
25000 1.037 424.150 -24.713 -23.720 3.584 390.257 41|.586 -61.682 -10.509

-PITCH(ENGINE 24I -YAW(ENGINE 26) -ROLLIENGINE 22I
ALT L M N L M N L M N

FT FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB

• 400000 4.399 -358.216 39.739 32.352 63.749 -488°526 -445.705 95o275 -28.6|4
, _2_6o-6.... 4,286-'_S_:?_ ......_6_# ......._,_ _:_t--L_T_- _6_8 93_525...._6i6 ......

lIO000 4,395 -357.978 39.7|| 32.273 63.637 -487.660 -446.263 93.753 -27.252
.... 95000 _.39| -357_99l 39.707 32.273 63.637 -_87_640 -446.728 93.064 -26.6||

85000 4.39I -358.054 39.713 32.312 63.693 -488.083 -446.465 94.402 -27'78[
75000 4.3|2 -355.292 39.358 31.7|4 62.864 -48Io540 -45|.|35 82.|88 -|6.808

50000 4.080 -347.179 38.3|6 29.974 60.402 -462.149 -464,226 49.607 |2°70035000 3.684 -333.775 36.580 27.026 56.273 -429.598 -687.235 -7.855 64°270
, .... 25000 3.3[ 9 -280.6|2 30.992 23.7|7 5|.378 -39|.205 -385.886 36.30| |4°273



I

Table 113-4.4-5. Command Module RCS Control Moments ¢ (Cont)
DUAL SYSTEM

HIENG13 �ENG23| +YAHIENG I5 + ENG 25} +ROLL(ENG lI �ENG21}
ALT L N N L M N L M N
FT - FT-LB FT-LB FT-L8 FT-LB FT-L8 FT-L8 FT-L8 FT-L8 FT-LB

600000 -1.120 1039.771 _1.166 -64,775 67.815 974.713 875.905 122+233 -52.906
125000 -I.117 1038.021 -1.162 -64.618 67.698 972.965 876.903 119.388 -53.425
II0000 -I,I17 1037.890 -1.162 -64.618 67°698 972.965 876*782 119.795 -53.396

95000 -l.llT I038,021 -I.162 -66.618 67.698 972.965 877.367 118.675 -53.623
85000 ..... Li.lJt [037.890 -[.162 -64'696 -&7.756 .... 973.829 877,003 |20.775 -53oJ99
75000 -1.097 1025,66| -1.149 -63.698 66°898 960.7?3 882.567 10|.285 -57°069
65000 -1.093 I022.750 -1.166 -63.266 66.721 958.106 886.293 97.381 -58°007
50000 -|.036 986.929 -1.108 -60.0|4 64.362 92Z.OT9 899.155 68°902 -6T.529
35000 -0.932 922.330 -z.06I -56.I12 60.062 857.126 928.562 -62.562 -85.925
25000 -0.813 868.300 -0_966 .:_7_48? ...... s_962 _80.51s. .... 776.z69 -5.382 _Z_.761

-PITCHIENG i6 • ENG 26} -YAHIENG 16 f ENG 26} -ROLLIENG i2 �ENG22}
ALT L H N L M N L M N

FT FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-L8 FT-L8

I

600000 -1.627 -716,633 -0.065 66.775' 67o815 -977.051 -877.598 122.233 52°692

110000 -1.626 -715.956 -0,066 66.618 67.698 -975.279 -8¥8,665 119.795 53.11i
95000 -1.626 -715.982 -0.062 64.618 67.698 -975.279 --879.046 118,675 53._22

' 85000 -1.626 -716.107 -0.062 66°696 -67.756 -976°166 -878.690 120°775 52o991
75000 -1.595 -710°586 -0.066 63°498 66.898 --963.080 -886.181 10i.285 56.899
65000 -I.585 -708.8Zi -0.037 63.26_ 66o721 -960o*07 -885.896 97=_8! 57.868

....50_0_........._i;_09 _-7_5_ .....oi_ioi......60;_ ....._;_ -_2_; _§_--.....-90_.;_7_........4_;90_ --_i; 53%.............
35000 -1°363 -667o551 0.105 54o112 60.062 -859.197 -929°620 -42.561 86.201
25000 -1.228 -561.223 0.0 47.487 - 56.962 -782.410 -797.235 -5.382 26.901

0
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/ 4.5.1 SPS PROPULSION PERFORMANCE

4.5.1.3 SPS Start and Shutdown Thrust Transients

*Table 113-4.5.2 CSM 113 Engine SN 066 Transient Data

Predicted Value**

Run-to-run

Single Bore 3-Sigma

Impulse
Tolerance

Item A Bank B Bank Dual Bore (ib-sec)

Time from FSltO 90 percent of
steady-state thrust (sec) .678 0.665 0.582

Start transient total vacuum impulse

from FS1 to 90 percent of steady-
state thrust (Ib-se=) 406 486 249

Time from FS2 to i0 percent of
steady-state thrust (sec) 1.075 1.114 1.150

Shutdown total vacuum impulse

from FS2 to 0 percent of steady-

state thrust (ib-sec) 12,190 12_820 13,620 ±1500

i kRefer to paragraph 4.5.1.3

**Values apply to nominal engine operating propellant temperatures of

60 to 80 F and engine inlet pressures as follows:

I. Start (lockup pressures)

Oxidizer 178 _4 psia

Fuel 178 ±4 psia

2. Steady-state run pressures

Oxidizer 162 !_4 psla

Fuel 169 ±4 psia

NASA -- MSC -- Coral., Houston. Texas 113-4 •5. l-1

• SNA-8-D-027(I) REV 3

:k
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4.5.1.6 SPS Mission Performance Predictions Data*

A preflight analysis was made to predict the performance of the CSM 113

SPS for Mission J-2. Both a nominal case and system dispersion cases, which

included the uncertainties in system characterization data, were analyzed to

determine the system's expected steady-state performance values and their

respective 1-sigma uncertainty values.

The analysis was made using the analysis techniques described in the

PATS User's Manual with the majority of the characterization data for the SPS

obtained from SID 66-1501-A (Part 3 of 3), "Performance Data Supplement to

Mission Modular Data Book, Block II Earth Orbital Mission," dated 15 March

1967. Additional data include system feedline fluid resistances calculated

by NR and verified by test data obtained from the WSTF F2-A Block IISPS

ground test vehicle. Fluid resistances were obtained for the CSM 113 pro-

pellant utilization (PU) valve from acceptance test data. The engine fluid
resistances were calculated from data presented in the acceptance test log

for SPS Engine No. 66. These resistances and engine performance characteri-

zations data used in the analysis are presented in Table 113-4.5.1-1. CSM

II3/LM-II mass property data were obtained from Revision 3 of the CSM/LM

Spacecraft Operational Data Book, Volume III- Mass Properties, dated

1 April 1971, and are presented in Table 113-4.5.1-2. Uncertainties in the

CSM 113 system characterization data used in the dispersion analysis are

given in Table 113-4.5.1-3. The analysis used the SPS burn schedule (delta

velocities) as obtained from the operational trajectory (for an April 16,

1972 launch) and presented in Table i13-4.5.1-4_ The burn durations shown

in the table assume that the AV for each burn resulted entirely from the

steady-state SPS impulse, i.e., no RCS or transient SPS impulse was considered.

Previous flight results have consistently shown the inflight mixture

ratio to be significantly less than expected based on engine acceptance test

data. As a result, the majority of SPS burn time was performed with the PU

valve in the primary increase position. The purpose of the PU valve is to

have the capability of adjusting the propellant mixture ratio to 1.60 to 1

(which would ensure a minimum propellant outage). Such mixture ratio shifts,

as experienced on previous flights, greatly reduce this capability. In order

to rectify this situation, new fuel orifice sizes were calculated for Apollo

SPS engines S/N 058 and 063 through 072 based on the following conditions:

i. Oxidizer interface orifice to remain unchanged.

2. Engine mixture ratio to be 1.60 to i.

3. Oxidizer inlet pressure of 162 psia (this is a steady-state flow

condition and is unchanged from that value at which the engines

were acceptance tested).

*NASA DATA SOURCE

113-4.5.1-2

SNA-S-D-027 (I) REV 3
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4. Fuel inlet pressure of 175 psia (this is a steady-state flow

condition and is increased by 6 psia from that value at which

the engines were acceptance tested).

The above requirements and engine acceptance data were used to cal-
culate the resistance as follows:

I. Using the existing oxidizer resistance, the specified inlet

pressures, and the acceptance test value of characteristic

exhaust velocity, the chamber pressure calculations were
iterated to derive values of oxidizer and fuel flow rates at

a mixture ratio of 1.60 to 1 for dual bore.

2. Using the fuel flow rate, the required value of the fuel cir-
cuit resistance was calculated. The difference between the

existing resistance and the calculated resistance then de-

termined the required decrease in the diameter of the fuel inter-
face orifice.

The fuel engine feedline resistance for engine S/N 066 was obtained

from the above procedure and is presented in Table 113-4.5.1-1. The fuel

resistance was then biased by -5.7%. This bias was obtained by statistically

analyzing the results of the postflight analyses from Apollo Missions '9, i0,

ii, 12, and 14. The uncertainty associated with this bias was combined with

the uncertainty in the engine fuel resistance determined during acceptance

testing by the root-sum-square (RSS) method for the purpose of more accurately

estimating the dispersions on engine performance. The nominal simulation

utilized the resistances as determined from the above procedure, with the
result that the total SPS simulation was performed with the PU valve

in the primary normal position.

Both propellant bulk temperatures were assumed to be 70°F throughout the

mission. The tank pressures at the start of each burn were set to reflect

the actual tank pressure experienced on past Apollo missions. The DOI, CIRC,

and SHAPE burns were performed with only the lower bore of the engine hi-
propellant valve open. The remainder of the burns used both bores. The first

four seconds of each of these burns were conducted with the lower bore except

for the first four seconds of the LOI burn, which were conducted with the upper

bore. After four seconds the other bore was opened. CSM 113 SPS performance

parameter nominal values are presented in Table 113-4.5.1-5 and Figures

i13e4.5.1-i through 113-4.5.1-8. The results of the dispersion analysis are
included in Table 113-4.5.1-6.

This preflight prediction considers oxidizer gaging system errors due to

oxidizer transfer from the storage tank to the sump tank caused by helium

absorption by the oxidizer following loading, which results in a sump 1_ank

oxidizer level which is above the maximum gageable; and a time-varying error

113-4.5.1-3

SNA-8-D-027 (I) REV 3
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on the oxidizer storage tank gaging probe which results from the zero-adjust-

ment bias that was incorporated to insure a zero storage tank gage readout

after crossover. For this simulation, it was assumed that approximately ii0

ibm of oxidizer was ungageable prior to crossover because of the transfer due

to helium absorption. This assumption was based mainly on data from the

Apollo i0, ii, 12 and 14 Missions. The present Apollo 16 planning calls for the

PU valve to be in the primary-normal position at earth launch, Prior to cross-
over the crew will utilize the PU valve to maintain the indicated unbalance

during steady-state operation to within ±50 ibm of the unbalance-meter reading
at 25 seconds into the LOI burn. After crossover the crew will maintain the

unbalance-meter reading within the "green band" (zero ±i00 ibm) during steady-

state operation. The mixture ratio during the simulation was such that no PU

movement was required.

The data presented in this section are valid for nominal system conditions;

the values of propulsion system parameters presented herein do not represent

boundary conditions of operation for the systems, and therefore, should not be
used as limit values.

The time history performance data shown in Figures 113-4.5.1-1 through

113-4.5.1-7 represent the best estimates of the SPS nominal performance values

throughout the SPS duty cycle. The time history performance levels shown in the

figures are dependent on the PU valve position. Figure 113-4.5.1-8 shows the

expected gageable oxidizer unbalance and PU valve position throughout the nominal

simulation. The time history performance of the CIRC and SHAPE burns were ex-

cluded from the figures because of the short duration (5 and 2 sec) of these

-_ burns. Typical steady-state performance values taken from these figures for

specific time slices of the nominal prediction are shown in Table 113-4.5.1-5,

in two segments, before and after propellant crossover. The performance param-

eters in the first segment represent the typical engine steady-state performance

level before crossover while operating in a dual and single bore mode. The

second segment represents the typical dual bore performance level for the remainder

of the LOI and the TEI burn. The single bore performance level in this segment

is typical of the valve Bank A (lower bore) mode of operation. In the case that

actual flight conditions require a different PU valve logic than was predicted

in this analysis, Table 113-4.5.1-7 contains the typical performance parameters

for the possible PU valve positions with the engine operating in both the single
and dual bore modes.

The steady-state performance dispersions, presented in Table 113-4.5.1-6,

were obtained by the RSS (root-sum-square) statistical method. This was accom-

plLshed by perturbing each parameter in Table 113-4.5.1-3 by an amount equal to

its standard deviation, while maintaining the remaining parameters at their

nominal values. The nominal engine performance values (Isp, thrust, etc.) were

then subtracted from the values obtained from the perturbation to obtain per-

formance deltas, the off-nominal engine performance level deltas associated with

the perturbed parameter. After all the parameters were perturbed, the square

root of the sum of the squared deltas was determined. The values obtained from

this procedure represent SPS dispersions about the nominal performance level

k .. 113-4.5.1-4
SNA-8-D-027(I) REV 3
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due to tolerances and uncertainties associated with the SPS during steady-

state operation. These values are applicable only to those time slices

sufficiently removed from ignition to not be influenced by the transients

in the propellant tank pressures which result from the initial tank pressures

being different from the steady-state pressures during the burn.

It should be noted that the engine performance levels presented in

Table 113-4.5.1-5 were obtained from unique time slices taken throughout the
mission simulation, and it is not recommended that these values be used to

represent a constant level of performance during a burn. In order to obtain

single or "average" values of thrust, Isp and total flowrate which most

accurately represents these parameters during a particular burn, it is

necessary to determine the "effective" parameters for that burn, i.e., the

unique values of thrust, Isp and total flowrate that are required to achieve

a particular velocity gain. The effective parameters for each burn were

determined from the nominal mission simulation and are presented in Table

113-4.5.1-8. When the need arises, these values may be used to represent

the constant level of performance for a burn.

Variations from the predicted propellant tank pressures at ignition
will cause significant variations in the effective thrust and total flowrate

for those shorter burns which began with large ullage volumes (burns after the

LOI-I burn) because steady-state tank pressures are not reached quickly. There-

fore, the dispersions shown in Table 113-4.5.1-6 are not applicable to the

effective performance values (Table 113-4.5.1-8) for all burns. Table 113-

4.5.1-8 contains the recommended dispersions to be used with the effective

performance values. These dispersions account for the uncertainties associated

with the predicted tank pressures at ignition.

The SPS engine ignition times (referenced to earth launch), burn duration,

velocity gain, propellant remaining, total propellant used and total spacecraft
weight are given for each burn in Table 113-4.5.1-4. At the start of the LOI

burn, a gageable oxidizer unbalance of -ii0 ibm existed, which resulted from

the combination of oxidizer transfer, storage tank gaging probe error and pro-
pellant loading unbalance. At the end of the TEl burn, which was the last

burn analyzed, the remaining usable* propellants were 965.7 ibm of oxidizer

and 674.7 ibm of fuel. The propellants remaining in terms of percent gageable

were 2.69% of oxidizer and 3.04% of fuel with a gageable oxidizer unbalance of

-85 ibm. The total engine burn time was 582.19 seconds, which produced a total
velocity gain of 6804.0 ft/sec.

To facilitate performance estimations during the mission, Table I13-415.1-9

presents influence coefficients which may be used to determine the approximate
changes in thrust, total flowrate and mixture ratio which will result from the

indicated changes in propellant tank pressures for both the normal and increase
PU valve positions.

*Usable propellant is defined as the tanked propellant minus the trapped

propellant in the tanks. The oxidizer tanks contain 171.5 ibm of trapped

oxidizer and the fuel tanks contain 67.6 ibm of trapped fuel.

113-4.5.1-5 SNA-8-D-027 (I) REV 3
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(NASA DATA SOURCE)

Table I13-4.5.1-i. CSM 113 SPS Engine and Feed System Characteristics

Engine No. 66

Injector No. 137

Chamber No. 330

Initial Chamber Throat Area (in2) 121.6803

Engine and System Fluid Resistances(Ibf-sec2/Ibm-ft5)

Based on Based on
AcceptanceTest Reorificing Adjusted

Fuel Engine Feedline 892.9 969.8 914.5

Oxidizer Engine Feedline 494.2

Fuel System Feedline 36.08

Oxidizer System Feedline

.... PU Valve in the Pri-normalPositon 97.72

PU Valve in Pri-increase 49.79

PU Valve in Pri-decreasePosition 169.29

CharacterizationEquationfor C*:

C* = C*S. C. + 87_.5 (MR - 1.6) - 273.83 (MR2 - 2.56) - 0.31878 (Pc - 99)

+12o953 (TP - 70) - 0.07414 (TP2 - 4900) - 5.466 (MR • TP - ll2)

+0.03119 (MR • TP2 - 7840.);

where C'S.C. (EngineNo. 66) = 5956.4 ft/sec

CharacterizationEquationfor Isp:

Isp = ISPvac - 96.954 (I.6 - MR) - 0.0487 (99 - PC) - 0.06276 (70 - TP)
+ 30.409 (2.56 - MR2) + 0.0004483 (4900 - Tp2);

Where ISPvac (EngineNo. 66) = 314.8 Ibf-sec/Ibm(1)

(1) This value for Isp was obtainedfrom Aerojet-GeneralCEM 360,

"Apollo SPS Injector Performance,"dated 2 June 1969, and representsthe

updated Isp resultingfrom the new curve fit equation for the steel chamber
throat area.

113-4.5.1-6
SNA-8-D-027 (I) REV 3
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(NASA DATA SOURCE)

Table 113-4.5.1-2. CSM II3/LM-II Mass Properties Data* (LBM)

TOTAL CSM/LM Mass Prior to LOI Firing 102642.7

LM 36219.8
CSM (Loaded) 66422.9
SPS PropellantLoaded

Oxidizer (Tank Total) 24968.3
(Sump - 14403.0,Storage - I0565.3)
Oxidizer (OutsideTanks) 123.7
OxidizerTotal 25092.0
Fuel (TankedTotal) 15625.4
(Sump - 8868.7, Storage - 6756.7)
Fuel (OutsideTanks) 78.6
Fuel Total 15704.0

TOTAL CSM/LM Consumablesfrom LOI to DOI (-) 33.7

LM Consumables 0.0
CSM Consumables (-) 33.7

TOTAL CSM/LM Consumablesfrom OOI to CIRC (-) 36886.7

LM Consumablesto Separation (-) 18.0
LM Separation (-) 36693.5
CSM Consumables (-) 175.2

TOTAL CSM Consumablesfrom CIRC to Plane Change l (-) 180.6

TOTAL CSM Mass Change from Plane Change l to Plane
Change 2 (+) 281.8

TOTAL CSM Consumablesfrom Plane Change 2 to SHAPE (-) 71.1

TOTAL CSM Consumablesfrom SHAPE to TEl (-) 138.8

*Thesemass propertieswere used for the purpose of this analysis.

Reference should be made to Volume Ill, SpacecraftOperationalData

Book, for currentofficialmass propertiesdata.

113-4.5.1-7
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(NASA DATA SOURCE)

Table 113-4.5.1-3. CSM 113 SPS System UncertaintyDispersions

Standard Geviation

Parameter (Percent lo)

CharacteristicsExhaustVelocity (C*), ft/sec 0.249

Vacuum Specific Impulse,Ibf-sec/Ibm 0o169

Engine Fuel Resistance,Ibf-sec2/]bm-ft5 1.656

Engine Oxidizer Resistance,Ibf-sec2/Ibm-ft5 0.639

Feed System Fuel Resistance,Ibf-sec2/Ibm-ft5 3.3

Feed System Oxidizer Resistance,Ibf-sec2/Ibm-ft5 3.3

Helium RegulatorOutlet Pressure,psia 0.380

Ablative Engine Throat Area, In2 O.lO0

-- Oxidizer Temperature,°F 7.14

Fuel Temperature,°F 7.14

Temperaturedifferencebetween oxidizer and fuel 1.43

Helium line resistanceon oxidizerside 5.0

Helium line resistanceon fuel side 5.0

OxidizerTank Pressure (1)
• (Prior to Engine Ignition),psia 1.20

Fuel Tank Pressure (1) 0.94
(prior to Engine Ignition),psia

(1)Applicableonly to burns subsequentto the LOI burn.

I13-4.5.1-8
SNA-8-D-027(I)REV 3



(NASA DATA SOURCE)

Table 113-4.5.1-4. Mission J-2 SPS Preflight Performance Prediction - Engine Firing Schedule

Propellant Remaining Total Propellant Tetal Space-

Used, Ibm Craft Weight

Burn G.E.T Burn Delta Oxidizer Fuel fat Start of

hrs:min:sec Time, Velocity Burn, Ibm
Sec. ft/sec Usable, _ageable Usable 3ageable Oxidizer Fuel

Ibm Percent Ibm Percent

24796.8 100.21 15557.8 100.67

_ LOI 74:28:38.6 375.13 2807.0 9530.5 38.05 5975.7 37.88 15266.3] 9582.1 102642
I

DOI 78:35:30.3 24.06 206.0 8553.1 33.90 5373.5 33.93 977.4 602.8 77760

i

_o CIRC 97:41:44.5 5.88 99.6 8306.2 32.88 5221.6 32.93 246.9 151.9 39293

LOPC I 52:28:48.1 9.06 158.7 7922.7 31.30 4989.0 31.40 383.5 232.0 38714

LOPC 2 93:13:46.2 15.78 282.5 7257.9 28.56 4584.4 28.74 664.8 404.6 38380

SHAPE 216:49:11.7 2.16 38.0 7162.2 28.16 4526.2 28.36 95.7 58.2 37239

TEI ._22:20:32.8 150.12 3212.2 965.7 2.69 674.7 3.04 6196.5 3851.5 36946
c_

TOTAL 582.19 6804.0 23831.1 14883.1 _Oo

Note: The oxidizer gage readings includethe gaglng system errors noted in the text. Propellantsused co
v for each burn include the non-propulsive engine start losses of 8.9 lbm of oxidizer and 5.5 lbm

of fuel.

L_



(NASADATA SOURCE)

Table 113-4.5.1-5. Mission J-2 SPS Preflight Performance Prediction - Nominal Performance
Summary

BEFORE CROSSOVER AFTER CROSSOVER

Dual Bore Single Bore Dual Bore Single Bore

PARAMETER 150 sec of LOI Typical Single 340 sec of LOI 75 sec of TEl Typical Single
Burn (Upper) Bore Burn Burn (Lower) Bore

ISP (sec) 314.89 314.68 314.95 314.95 314.72

_n

Thrust (Ibf) 20776 19968 21000 21059 20439
I

o Mixture Ratio 1.5893 1.5869 1.6007 1.6038 1.6479

Chamber Pressure 100.93 96.602 102.lI 102.18 99.113

(psia)

Oxidizer F1 owrate 40.496 38. 925 41.037 41.183 40.418

(lbm/sec) _>

Fuel Flowrate 25.481 24.528 25.637 25.679 24.527 -_(Ibm/sec) L_ _
Oo "--fb

U _ f_
I

0 co= qc)Lower Bore = Bore "A"; Upper Bore Bore "B"-..4

,,<



(NASA DATA SOURCE)

Table 113-4.5.1-6. Mission J-2 SPS Preflight Performance Prediction - Steady State
Performance Dispersons

BEFORECROSSOVER AFTER CROSSOVER
PARAMETER

Standard % Standard Standard % Standard
Deviation (lo) Deviation (lo) Deviation (la) Deviation (lo)

ISP (Ibf-sec/Ibm) 0.533 0.169 0.534 _ 0.170{.J
I

Thrust (Ibf) 85.6 0.411 86.6 0.412

Mixture Ratio 0.0159 l.000 0.0162 l.010

Chamber Pressure 0.403 0.398 0.410 0.402
(psia)

Oxidizer Flowrate 0.196 0.482 0.199 0.484
(Ibm/sec)

m Fuel Flowrate 0.190 0.743 0.193 0.753
(Ibm/sec) , _"

(_ I'-J Co

I,.,) "J_



(NASADATA SOURCE)

Table 113-4.5.1-7. SPS PerformanceSummary at Various PU Valve Positions for Single
and Dual Bore Modes of Operation

BEFORE CROSSOVER

LOI - BURN Single Bore Dual Bore
PARAMETER PU - INCR PU - NORM PU - DECR PU - INCR PU - NORM PU - DECR

Thrust (Ibf) 20326 20029 19615 21112 20776 20307

Chamber Pressure 98.57 97.36 95.70 I02.30 I00.93 99.07
(psia)

Total Flowrate 64.59 63.64 62.38 67.06 65.97 64.56
(Ibm/sec)

Oxidizer Flowrate 40.25 39.11 37.60 41.80 40.49 38.77

_ (Ibm/sec)

Fuel F1owrate 24.34 24.53 24.78 25.26 25.48 25.79
(Ibmlsec_

I

LOI - BURN AFTER CROSSOVER
Sinqle Bore Dual Bore

PARAMETER PU - INCR PU - NORM PU - DECR PU - INCR PU - NORM PU - DECR

Thrust 20546 20240 19814 21359 21000 20527

z_ Chamber Pressure 99.71 98.45 96.73 103.56 102.11 100.20 _
Total Flowrate 65.29 64.30 62.99 67.84 66.67 65.24 _-

,= Oxidizer Flowrate 40.81 39.63 38.06 42.43 41.04 39.27

Fuel Flowrate 24.48 24.67 24.93 25.41 25.63 25.97 0o

Lower Bore = Bore "A"; Upper Bore = Bore "B"



(NASA DATA SOURCE)

Table 113-4.5.1-7. SPS Performance Summary at Various PU Valve Positions for Single
and Dual Bore Modes of Operation Continued)

AT 1.8 SEC INTO BURN AT 15.8 SEC INTO BURN
• i

DOI - BURN Sinale Bore Single Bore

PARAMETER !PU - INCR PU - NORM PU - DECR: PU - INCR PU - NORM PU - DECR

Thrust 20883 20563 20140 20744 20441 20004

Chamber Pressure 101.07 99.75 98.05 100.46 99.22 97.46

Total Flowrate 66.38 65.32 64.00 65.93 64.94 63.58

Oxidizer Flowrate 41.76 40.51 38.92 41.34 40.15 38.54

Fuel Flowrate 24.62 24.81 25.08 24.59 24.79 25.04

I

I

3 SEC INTO CIRC BURN 1 SEC INTO SHAPE BUN

CIRC and SHAPE Single Bore Single Bore

BURN PARAMETER PU - INCR PU - NORM PU - DECR PU - INCR PU - NORM PU - DECR

Thrust 20880 20569 20136 20637 20340 19910z

Chamber Pressure I01.08 99.81 98.06 99.87 98.65 96.90

Total F1owrate 66.36 65.34 63.99 65.63 64.63 63.27 _
o Ln_

"_rb
._ Oxidizer Flowrate 41.68 40,46 38.85 41.41 40.21 38.59 -_

_J c_

Fuel Fiowrate 24.68 24.88 25.14 24.22 24.42 24.68 co
_0

Lower Bore = Bore "A"; Upper Bore = Bore "B"



(NASA DATA SOURCE)

Table 113-4.5.1-7. SPS Performance Summary at Various PU Valve Positions for Single

and Dual Bore Modes of Operation (Continued)

AT ].q SEC INTO BURN AT 6.9 SEC INTO BURN

LOPC l BURN Single Bore Dual Bore

PAR_ETER PU - INCR PU -NORM PU -DECR PU - INCR PU- NORM PU - DECR PU - INCR PU -NORM PU - DECF

Thrust 20797 20482 20065 20773 20467 20039 21600 2]252 20768

Chamber Pressure 100.60 99.29 97.60 100.51 99.25 97.52 104.41 102.98 101.03

Total Flowrate 66.15 65.08 63.76 66.06 65.03 63.68 6B.66 67.48 65.96

Oxidizer Flowrate 41.84 40.57 38.99 41.69 40.46 38.85 43.38 41.96 40.11

Fuel F]owrate 24.31 24.51 24.77 24.37 24°57 24.83 25.28 25.52 25.85

i

!

AT 1.8 SEC INTO BURN AT-]O.B SEC INTO BURN

LOPC 2 BURN Single Bore Dual Bore

PARAMETER PU - INCR PU - NORM PU - DECR PU - INCR PU - NORM PU - DECR PU - INCR PU - NORM PU - DECR

Thrust 20794 20480 20062 20748 20442 20014 21574 21226 20739

Chamber Pressure 100.59 99.28 97.59 I00.42 99.15 97.42 I04.31 102.88 100.93

Total Flowrate 66.14 65.07 63.75 6_.97 6_.95 63.6° 68.56 67.39 65.88

Oxidizer F1owrate 41.82 40.56 38.97 41.56 40.35 38.74 43.25 41.83 39.99

Fuel Flowrate 24.32 21.51 24.78 24.41 24.60 24.86 25.31 25.56 25.89 --.

I _

I _
o Lower Bore = Bore "A"', Upper Bore = Bore "B" _ _

v



(NASA DATA SOURCE)

Table 113-4.5.1-7. SPS Performance Summary at Various PU Valve Positions for Single
and Dual Bore Modes of Operation (Continued)

AT 1.9 SEC INTO BURN AT 75 SEC INTO BURN

TEl - BURN Sinqle Bore
PARAMETER PU - INCR PU - NORM PU - DECR PU - INCR PU - NORM PU - DECR

Thrust 20758 20443 20026 20586 20279 19852

Chamber Pressure 100.43 99.13 97.44 99.72 98.46 96.74

Total Flowrate 66.02 64.96 63.63 65.42 64.43 63.11

Oxidizer Flowrate 41.71 40.44 38.86 40.91 39.72 38.15

Fuel Flowrate 24.31 24.52 24,77 24.52 24.71 24.96

I

AT 75 SEC INTO BURN

TEl - BURN Dual Bore

.,PARAMETER PU - INCR PU - NORM PU - DECR

Thrust 21403 21059 20567

Chamber Pressure i03.58 i02.i8 i00.22 _

Total Flowrate 67.98 66.86 65.36 _ _

oo Oxidizer Flowrate 42.55 41.18 39.37 _f

Fuel Flowrate 25.43 25.68 25.99 co
-.j

v Lower Bore = Bore "A"; Upper Bore = Bore "B"



(NASA DATA SOURCE)

Table 113-4.5.1-8. Effective Engine Performance fdr Mission J-2

_BURN LOPC i
LOI

EFFECTIVE_ Before !After Dual Single

PARAMETER _Crossover Crossovel DOI CIRC Bore Bore LOPC 2 SHAPE TEl

Thrust - Ibf 20779 21007 _0476 20572 20915 20472 21046 20343 21050

Specific Impulse-sec 314.89 314.95 314.79 314.81 314.82 314.71 314.87 314.70 314.94

Total Propellant 65.989 66.699 65.047 65.347 66.435 65.050 66.841 64.642 66.838
Flowrat_ - ibm/sec

Mixture Ratio 1.5893 1.6010 1.623G 1.6263 1.6497 1.6511 1.6432 1.6466 1.6089

LO
I

Ln

i Effective Engine Performance Dispersions for Mission J-2

o_ (One Standard Deviation)

BURN LOI LOPC i

EFFECTIVE _ Before. After Dual Single
PARAMETER _ Crossover Crossovel DOI CIRC Bore Bore LOPC 2 SHAPE TEl

GO

Thrust - lbf 86 87 I01 128 101 101 101 128 87

OO -_fD

i Specific Impulse-sec 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 0.53 _

--.fD

_o Total Propellant 0.27 0.28 0.32 0.40 0.32 0.32 0.32 0.40 0.28 _

"_ Flowrate - ibm/sec _o

_ Mixture Ratio 0.016 0.016 0.021 0.028 0.021 0.021 0.021 0.028 0.016
<
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(NASA DATA SOURCE)

Table 113-4.5.1-9. SPS Mission J-2 Performance Influence Coefficients

_Ta nk Pressure +1PSIA Ox Tank +I PSIA Ox Tank +I PSIA FUEL T_nk +I PSIA Fuel Tank

_ PU Valve in PU Valve in PU Valve in PU Valve in

Primary-lncrease Primary-Normal Primary-lncrease Primary-Normal
Position Position Position Position

Parameter
Delta

I

_ Thrust (]bf) 56 56 27 28
I

Mixture Ratio O.OlO 0.010 -O.Oll -O.OlO

Total Flowrate
(Ibm/sec) 0.178 0.168 0.085 0.095

Chamber Pressure _ m
_. (psia) 0.226 0.223 0.173 0.179 c_ _
I _fD

I t,_ rl-

I Oo

,.-M

N .



(NASA DATA SOURCE)
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3/30172

4.6.1.1.4 Uncertainty of LM IMU Alignment from CSM IMU 1

The measured alignment angles associated with a talkover alignment

of the LM IMU from the CSM IMU are listed in Table 113-4.6.1-2. The

contributions to the uncertainty in the talkover alignment of the LM

IMU are listed in Table 113-4.6.1-3. The RSS 1-o total uncertainties

are summarized as follows:

LM Axis 1-o RSS_ arc min

Yaw (about X-axis). ±15.81 (0.264 deg)

Pitch (about Y-axis) *4.00 (0.067 deg)

Roll (about Z-axis) 54.03 (0.067 deg)

The above values do not include thermal effects or bending or torque

effects from any cause (i.e., RCS Jet firing). Also, the effect of the
maximum allowable c.g° offset in the X-axis of 0.2 inch was not included.

i
4.6.1.2 Guidance Computer Erasable Memory Constants

The following listings pertain to the command module computer (_4C)

pad-loaded erasable memory constants. Mission-time-computed constants,
such as state vectors, etc., are not included except for those specifically

initialized, as no single value can be attached.

Table 113-4.6.1-1 is a tabular listing of the erasable load, both

mission tape parameters and launch tape parameters.

The number in the "REV" column denotes the number of revisions to th_

value of the corresponding parameter that have been incorporated in publi-

cations of the Apollo 16 erasable load.

A single or double star (* or **) in the"REV" column denotes that it

is also in the inflight erasable load. These parameters would have to be
verified or reloaded in order to completely initialize the CMC in orbit.

A single star denotes loading by ground uplink; a double star denotes

loading by the astronaut via the DSKY.

INASA DATA SOURCE

SNA-8-D-027(I) Rev 3

113-4.6. l-1



(NASA DATA SOURCE)

Table ll3-4.6.1-I. CMC Final E-Load Artemis 72 (Rev 1) for Apollo ]6

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AG r. UNITS

FLAGWRDI+ 0 0075' 00000 0

FLAGWRD3+ 0 0077 40000 0

FLAGWRD8* 0 0104 00200 0

FLAGWRDg* 0 0105 00004 0
L_

I

_" FLGWRDIO* 0 0106 00000 0
C_

• C3IFLWRD+ 0 0374 00000 0

NO,PASS • 0 0737 37777 14 1,638300000D 04 UNITLESS 1.6383000000 04 UNITLESS

'_ N26/PRI + 0 [016 00000 14 0.0 MIN 0.0 CS

N26/2CAD+ 0 1017 00000 0 0,0
1020 00000

PIPTIME + 0 1043 01630 28 1o5004000000 07 CS 1,508400000D 07 CS
oo 1044 24740I

I

o PREDICTED VALUE OF AGC CLOCK AT LlO 411.54

v "-_

-_.(b
"-J_
FO r-_

L_
kO
L_



(NASA DATA SOURCE)

I
Table 113-4.6.1-I. CMC Final E-Load Artemis 72 (Rev I) for Apollo 16 (Continued) I

REV MN-=M'3NIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

PGN$SALT_ 0 1133 00000 29 2.933070866D 02 FT 8.9400000000 31 M

L13Z, 00055

• PAE)L-ONG-_I---G--_i.[_-'_--3_)653 - 0 2.Tg39586660 02 DEG 7,7609962950-01 REV-
1136 23562

LO
PAD 39A

o",

* CDUCHKWD+ 0 13_1 00005 14 5.000000000D O0 CS 5°0000000000 O0 CS
I ........................

* RTEDI 1342 06510 3 1.660263700D O0 UNITLESS 1.660263100D O0 UNITLESS
13_,3 07025

7,,DVTHR_SH L3z_ 00620 --2 2.,0000000000 O0 FT/SEC 6°0960000000-03 H/CS

,t, HO.RI_Ab:F-P-_O-.i3_5-OOO00---,?.9 -2.800000000D_01 KM ...... 2.80000{)000D O_r_N _
13_6 33260

* ALTVA_ 13_7 37123 -16 1.5216800000-05 RADIANS2 1°5216800_0_-05 RADI_S2

uJm
I _

L,J



(NASADATA SOURCE)

Table ]13-4.6.]-]. CMC Fina] E-LoadArtemis 72 (Rev ]) for Apollo ]6 (Continued)



/

(NASA DATA SOURCE)

Table 113-4.6.1-I. CMC Final E-Load Artemis 72 (Rev I) for Apollo 16 (Continued)

P,Ev _t;EMGNIC AC_[_ (JCTAL SF EN61NEERINC VALUE VALUE IN AGC UNITS

- _, _CSRAX +-0- 1466-_r745E----3-_.-T_L'-[TC'CC_g Ct _ERU/G -i.5970g-750-_-0=_'3--GF'GLTl_-IF -

-1- _-AD-gRAY - _f-O--lg6Tq73-E5 -3 -1.4CCCOC6CCC. Gt _ERU/G -2.0320e£555_-o.TEFUr-FFF#-- I
t * r,[;sK_z 4 c l_lC _764c -3 -5.GCCCGCCGCC OC _E[aU/G -1.2595_41250-04 GPUL/PIP

L_

....._,:TEPiiEM i C-ITGE-CCOIl----42---_-_-q.360CCO0(;O 03 I-RS 2.4£6960_)0-(]D--_9 CS
_, .1707 lt522
L .................. 7710-13000
I

L_

IEPHEt v TO _IL;I_I|IE PRIELR IO APR. 15,1£72

- #-U,'_iT_;- + 0 ]7iI-COO00 ...... 6--5-_4,__2JT6__5-2i)-09 LNITLES5 b.q2e'_E5552D-05 UNq/T[-E_S_-
t?t2 34355

L _ 3<' U'qlT_ t- 2 i]13 £C00C 0 2.z_60554242C-C5 LhITLESS 2..,605.424_.D-Q5 UI_ITLESS
-r?l_ 4715

:a .... * LJ_]IT_ ....... i-_ i715_7?-7/ 0 9;99£99££53D-01 LNI[EESS 9.9q99gn_63C-01 UNITL_SS
t_ 171_ 3/777
I

!o



(NASADATA SOURCE)

I Tab|e 113-4.6.1-I. CMC Fina] E-Load Artemis 72 (Rev I) for Apo]lo 16 (Continued)

REV MNEFt3;_IC At)DR OCTAL SF ENGIK_ERI_/{; VALUE, VALUE IN AGC UNITS

F
-- RTF-S _T_'AT _T3 _--IL'_T_3 l 6.80 lOUOOOIC-01 Lfil ]LESS 6.8 C l_j_ L--O-f--U-K]_L-E-S-_--1734 14105

F_

REV I EF E-LCAD TAPEI

c_ REFSi_MAT+ 2 1735 0C523 1 4.150000100t}-02 LNITLESS 4.150000100D-'02 UNITLESS_73C_ 6764
I

I UAIE IC hHICH IEPHEM 15 VALID FOR THIS E-L{JAB! '_ _It4PIS_C+ O 11o3 Olb3Z 14 I.gZEO83_OCD U_ LEF SEC 8-b19212968.U 02. KG MICS

II* EFIMPOI-_-O--17_4--C2OE_; 14 , __,,. ,....
•41,,J3_GCC (_4 LbF 1-07_,---2-_F_-944D03 KGJglF_'TF

II--* EFL"_Plb--+-O--I'_-F-CI-6-3-4" 14 2-C?_/qCCCCCL) 04 L_F 9.24295q__KC_MICSZS

_F-L:_-'J-2_"4_'r_--G--r_O_: 1216C 5E 9.gO419(_qTgO le _5/CSZ 9.204790479i) 16 M51CS2

u_ ---,I, E-32C31Rt,_-_-O 1767-C'_3E_--_C 1,31289256(JL_ 23 I_b/CS2 1.3128g-_OO 23 M6/CS2
>
!

c_

,
I

l::z.

•-rI _o



(NASA DATA SOURCE)

Table I13-4.6.1-I. CMC Final E-Load Artemis 72 (Rev l) for Apollo 16 (Continued)

REV WNE>I-CNIC ACDR L_CI_L SF ENGIkEERII_C- VALUE VALUE IN AGC UNITS

7-_TRUNSF--,;-O_TTTO--GO23_3--_27_I-_5IESI85C-C2 IIDEGISC 1.26_76000CD C6 PIREVICS- I

-I _ SI{_FTSF-_-q3-1"/TI--CC4-'/6 2b 4.711111tli[-C2 IIOEGISC 6.512640C0dD 05 PIR_V?_-S I

* VJkENI;POS_ C 2ECC 001.31 15 1.COCCCCGOCE 04 FI 3.C480C00CCD .63 Iv

--- *- _gET_DVFL7--O-2C_)-I_O-'f-E3_ [ t. COCCCCCGCI; Ct _IISEC C480C-_-0-C-0D-C2 I_ICS
I

o, --- _- R_'AX......._-O-2EO2--Or_23 15 2.CCCCCCCCCO C3 FI 6.C96000000D 02 M

I "
-4 ¢ VMAX • G 2C03 OOGGI ? 2.CCCCCOCOeD O0 FI/SEC 6.C96000000D-03 MICS

,i , r----* ,CRBPJS + _ _2q_G_--_-C-O_O--_[gC.O i-i 0.0 M

_ ,iOR_VEl--*-IO--2C05_-__00 C C 0.0 FI/SEC 0.0 M/Cff

522,,JSUBL• C 2C06 00471 lg 3.2BC839695S 04 FT [.O00000000D. 04 M

.... ,',: t_PVAR---_---C--2-C,_?-CO3_4 28 4o_-_CCCCCCC{) 06. _2 _.OOQO_]OOOUS 06 M2
2010 04_.00

* 504LM • 0 2011 77777 C-4.8.20525_eD-C6 P_D -4.82052_6Zt6D-O_ RAO
i_ 2012 75._61 w rD

I,J L.J 13,

_..fb



(NASA DATA SOURCE)

Table 113-4.6.1-I. CMC Final E-Load Artemis 72 (Rev I) for Apollo 16 (Continued)

REV MNEMONIC AODR OCTAL SF ENGINEERING VALUE VALUE IN AGC JNITS

* 504LM + 2 2013 000[3 0 6-953775883D-04_ RAO 6-953775883D-0_. RAD201_ [_450

........ _--5_L'=' �_-_-i_:_--_--O-2oSl/'A'Sglg3H)--_ - RA_ ....... 2.,-Sl4z,._lg__Oz,__RAD .......20[6 0365[

* EMSALT + 0 2017 00002 29 2.900001000D 05 FT 8.8392030_8D 04 MJ 2020 262_4_

'_"" .... 1 ---28 - 3:0000000001_ 00- Mt N ....... _ r8O000000OO--O4.---C$ ........2022 03120
Go

* PTIGINC + 0 2023 00001 28 3.000000000D O0 MIN 1.8000000C,0D 04,. CS" -202_-- 03120

....... _'I'-,RLS " i 0 20L}_"_I--I----2_-_.5,,_26[0_|?i._0 _)6 FT-........ _--_-6c_39_7.Sr/_20_O&_M_ ..........2026 34350

* RLS + 2 2027 00070 27 1-506t*62909D 06 FT 4.591698947D O_ M2030 0150_
O0
!

C_ r_



(NASA DATA SOURCE)

Table 113-4.6.1-I. CMC Final E-Load Artemis 72 (Rev I) for Apoll O 16 (Continued)

REV MNEMONIC AODR OCTAL SF ENGINEERING VALUE VALUE IN AGC LINITS

RLS • 4 2031 77736 27 -8.9|9449813D 05 FT -2.?LBG48303D 05 M
;'032 72015

4r._T"u_ur' '_ 0 2C_ """'' ,_-,__TTI-ze_98,O23k6B-:03-HR$ .......... _-_,-7-2-c,_55765D- G_--C-S-.....v vw.a L •• rl i. ll_.a

2036 22530
--- 2035- 12765 "

i
.p-

o_ • VECOEM- _--0 2036-77771-203-3o106865866D-65 M/CS9 --3.I068658_6D-65-M/CS? -
2037 56661

I

W_ VEC3EM * Z 2060 00010-203 3.882263800D-65 MICS9 3.S822&3800D-65 MICS9
........ 20_V-05526 -

VECOE_.-.-4--_.20_-2-Oe003--203 1.6616106560-65 MtCS9 l._661A.LO656D-65 MICS9
2063 16503

• VECOEM * 6 2066 00023-177 6.32571_477D-57 MICS8 6.3257[_,77D-57 M/CS8
2065 33261

0 COP-,
b._ ON

I..o



(NASA DATA SOURCE)

Table 113-4.6.1-1. CMC Final E-Load Artemis 72 (Rev I) for Apollo 16 (Continued)

REV MNEMONIC _DDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

_' VECOEM 2046 77777-177 -I,4266262520-58 M/CS8 -1.426_2L, 252D-58 M/CS3
2047 61527

...... *- VE_r_EM--_g---_gOOg_'--l-/-/- - 4,608 -53|- 7520- _,8 M/C S&....... Je-Y>Ogg3_LT--52g--g& -WI/G_-8---
_ 2051 16222
LO .....
I

_ VECOEM .12 2052 77765-151 -2.267718214D-49 M/CS7 -2.2677782[4D-49 M/CS7
o_ .... 2053 _4_H_7
I'-'
I

' - *-VEC-OEH -'-I'; 20=_'; 7773_ _-r'J-_-_T14_'84I-6J'l'2-"3D_49 MtC--_7_7.J-_.t_6-42-_H;_-.J,¢,/C_7_ .....
o 2055 46620

* VECOEM .16 2056 77756-151 -3.8287223970-49 M/CS7 -3.8287223970-49 M/CS7
.... 2057 43000

........... *-VEC--E}EM----+t-8--_6-O--777-77_5 _ E,#t 0582-0670-42 M-tC-S6- .... t-, 4.10582_16._r0-- _-2- MtC S6 -- -
2061 40425

VECOEM +20 2062 00063-125 7.4121069200-41 M/CS6 1.4121069200-41 M/CS5
206324751

0 Co I:_
t,_ ON

.,.4_



9

(NASA DATA SOURCE)

Table 113-4.6.1-I. CMC Final E-Load Artemis 72 (Rev I) for Apollo 16 (Continued)

REV MNEM]NIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC LINITS

* VECOEM +22 2064 00031-125 3.6_.4418223D-41 M/CS6 3.644418223D-4I M/CS_
206.5 1_567

, ,.=r_=u _,. _=L _^' :5 -?9 -7 48_O¥c_Ar88_M/-C-S_ - _I*&8_/-C_---- - v ,:,...,.,_.m_, • -_ _ v -.,,.-v vv6 ..... T ......

2067 26534

_ VECOEM +26 2070 77463 -99 -1.965742175D-32 M/CS5 -1.965742i75D-32 M/CS5
i ................ 2071. 73.S_.b .......

¢-,,.

O",

......_,-VECOE_ _-"_ 2072 77"-/;2 -?9---gTO2-H[-37J'P39D-33_-HtG.T_--_---'_'r{_-L4-£_J,-T4_H_'3--|4F,CS_ ....
' 2073 52154

p_

* VECOEM +30 207_ 76151 -73 -5.938236055D-24 M!CS4 -5.9382360550-24 ,M!CS4
...................... 2075 _3216

vLvu,.-n ......... ,..,,-,: 73 --6,_002_r_6572{)-25 -M#_S4.-- 6._657-2E',--2-5-M113--cJ_ .........
2077 342li

* VECOEM +34 2100 77735 -73 -2.198476457D-25 M/CS4 -2,198476457D-25 M/CS_
oo - 2101 77273
I

I



>

eo

0
.....I

.......I

I

•ZZI9LIIZ

ZLT£_STTZ

_£LL-ET_Z........
ZS3/_gO-QOIILg6g_T'_-ZS3/N80-OOITZg6OST'_-IZ-ZSISLZTTZ_+N]G33A*

...............................

....sz)s_-totz........
£531N91-008El0_619-_[S3/H91-008E10_619-_L_-ISOZO90IZ0_+w_O33A,

SOI9ESOTZ

LS?9I£017
[$31W91-OLLLEO6L_*ZES31W91-OLLLEO6L_.Z£_-_9010_OTZ9E_W_Q3_^*

SLINC3OVNI3filVABfilV^9NI_B]NIONBdS1V130_OOVDINON3NNA_ff
...............................

(panuL_uoD)9[oLtodvao_(tABe)_Ls_ma_avp_o]-3[_ut_3N3"L-L'9"_-_LLaLq_1



(NASA DATA SOURCE)

Table I13-4.6.1-I. CMC Final E-Load Artemis 72 (Rev l) for Apollo 16 (Continued) I

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC JNITS

_' VECOEM _.50 2120 67670 5 -8,139928222D O0 M/CS -8.139928222D O0 MICS
..... 212t- 5 332_,

+" VggggM "52. 2122 73597 5--4r_-;_67L_h.-'_}I_2_B---_B_--M/C-S--..... g.2_,TZ23120_ .,........ ,,...., --
2123 45641

F.i ................................................................................
b-}
n '_ VECOEM �}�212472307 31 -3.7645654400 08 M -3, T6_.565440D 08 M

...............--_23- ..................................-

_ -
J _ VLw.,_I,,,,_ -.my _l.w VL | m..J .,a6. ° vv.,p o _

2127 26726

* VECOEt4 _58 2130 00351 31 3.062934400D OT M 3.062934400D 07 M

_-RES_. : 0 .......... :_.-_50 3G---4.-i-O_L-O_O-I£--FT- 1.Z5-_30_._.".C._II
2133 12150

r.,/} .......

* RESO 4. 2 2134 10721 38 2.510592101D 11 FT 7.652284723D 10 M
co 2135 03577
I

!

Do

ko_u

I_ I't



(NASA DATA SOURCE)

Table ]]3-4.6.1-I. CMC Fina] E-Load Artemis 72 (Rev 1) for Apollo 16 (Continued)

REV MNEM3NIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

_' RESO 4- _ 2136 0367[ 38 1.088662509D 11 FT 3.318243328D LO M
2137 32360

21_I 76301L_
J . .

• • VESO • Z 214Z 16101 9 7.416135246D 0_. FT/SEC 2.260438023D 02 M/CS
........... 21 _-I-_(_4_5.......

I ................................

_ . T vv_vv

21_5 1251_

• OMEGAES + 0 21_6 00530 -26 I,127232507D-05 OEG/SEC 3.131201_0qD-I0 REV/CS............ 2L_T- 10737

HANE)EEH _ 0-236?--00000 29 1.5OOOOOOOO90L N. MI, 2.778OOOOOOD 04- M
c* 2370 33102

O0
I

_ rD



(NASA DATA SOURCE

Table 113-4.6.1-I. CMC Final E-Load Artemis 72 (Rev I) for Apollo 16 (Continued) I

REV MNEM[JNIC _BDR LJl.lhL SF ENGINEERIP_C 'VALUE VALUE IN AGE UIYITS

_ _RCTI_F +--_2+:71-{100T?---2_ 2o4(3CC00C0(JC 03 _EC 2.4GOOCOOOOD 05 L'FS-

-_I]STBIII< ,+ _ L COG2 2_ 3.2BECGCGOCD C2 5EC 3o298000000D 04 CS

* TBLP{.,E,4P',0 2373 OCJC9 2E e°22CCOOGGGU G2 ._EC B.220000000D G4 CS

I e--BRNB[KTRi--O_.T4--O-C3C5 2e 8.22CCCOCOOL; G2 5EC 8.220000000C 04 CS
.L-..

..... *- Y,_,XWTl[,_IE+---O--2T75--OCG26 2_: 3,,6168000001] G3 SZC 3.616800000D 05 CS;+
I

,._ * F-I_'_C'._PTg'. 0 231_ oouC] 2e k.V3ZOOUOOOD 02 '_EC _.93ZOCOOOOD 04 CS

e-IrlTVAR +--0-2]7"7 00,-,_., ,.gG(TC_Jo,.,cc,,0>' P'2 1.9,.,(],.,GuO,,,u_OT.Q-2

I .... AZI;4LTIH oi [eG I2401 61140

LATITUDE+ 0 2402 0242(_ C 2._'_UE422180 CI EEG 7.9467_3c)400-02 REV
...............................2403 g0022

0

_ o_



(NASA DATA SOURCE)

I Table 113-4.6.]-I. CMC Final E-Load Artemis 72 (Rev l) for Apollo 16 (Continued)

--_Ev _NEM(]NIC ADDR OCTAL SF ENGINEERINE VALUE VALUE IN AGC UNITS

I....TfiZ-EL-I---i-O---2_JE--55(_-6--_l-_._6-80763B_D C2 CEG -2. _66BTgaS-gb_V

-I-----TAZ-EIZI * 1 2,_ _ 77221 -2-2-011361111D CC CEG -5-587114198C-03 REV
I-'

l IAZELI + g Z_34 63611 -I -6.S81.Ob_4D El CEG -'-_''-"'---'".---L_li_u_,*bIu L;l REV

o,_" -_-ZELI N-5---77220 -Z-l°OlS_44444U GO EgG -5,599845678D-03 REV

[-AUNCHAZ* 0 Z_33 0"6316 (J 7.ZO3443g091_ Ol GEG Z°OOO956642D-OI REVo_ 2634 13603

WRIDPOS �C3000 0043E IS 3.00COGO000C 04 FT g.144000000D 03 M

30,000 FEET

# WMIDVEL * 0 ZCOI 02732 C 3.qOOGGOCOOD Ol FTISEC g'1440000000-02 M/CS

_: 30 FTISEC

I

ool --- * RVAR + C 3002 00000 -16 (].0 FERC ERR 0.0 PER(; ERR
T -  -or-ooobo
0 coco

"_4 ..... Lo

N._ fl-



(NASA DATA SOURCE)

Table I13-4.6.1-I. CMC Final E-Load Artemis 72 (Rev l) for Apollo 16 (Continued) I

REV PNEMCNIC A_DR CCIAL SF ENGINEERING VALUE VALUE IN AGC UNITS

.... _ RVARMIKF-:I--O--300-4- 77777 40 -4.000C000000 04 FI2 -3.716121600_ 03 M2
3005 77777

F-'
co I'200FTI2 [A I_tGATIVE IXUPBER FCR CEDING EASED
I

o_ ....-_--[_CPA-_ + c _o(TT--IF051C C 2.70CGOOCOOD-OI LIMITLESS 2.700000000D-01 UNITLESS
L

.....• L-ODPA-_ t 0 _-CIO 06411 C 2.GYCGGCCCGO-OI LNITLESS 2.GTO00GO00D-OI UNITLESSk_

--2_[FAPAD + 0 5011 74552 -I -I.@51CCOCOCD Ol CEG -5.14166_607D'02 REV

...... _-P37RANL_F-+ O--301-2--OiZ, TC-----C----T_O_-_.-53300CD 03 h.M[. 5.0302_,5371D-02 mRE--IJT

-[* E-T_ECAY--i-O--_I_--OO[O-2 I4 _.555CCGC00{_-01 SEC 6.555000000D Ol CS I
v EKP_,IIV_ + 0 3014 00123 -5 1.5830_CGCU-C_ I_/CS/RAD l.b830(_9000D-04 R/CS/RAD_0

,
Co ----X=--F_KP_I-ME--i-I---3-C-IS--O(][-75 -5 2.3841_6000D-04 i_/CSIRAD 2.30416600CD-04 RICS/RAD
I

o_ ---_-EK, T-LXII * 0 _016 17._33 I_ 1.274CCCCOCD 05 F/AR/SC2 1.274000000D 05 PIARISC2
co

coc_o_
V _fb

co • l_o



(NASA DATA SOURCE)

i Table ]13-4.6.]-I. CMC Final E-Load Artemis 72 (Rev l) for Apo]lo 16 (Continued)

REV MNEMONIC AI]DR OCTAL 5F ENC-INEERIN(_ VALUE VALUE IN AGC UNIIS

" eEKTLXYI--i-I--'_,_IT-NOO 16 _.412COC(JO(JIS 03 _IARISCZ 9o472000000D 03 PIAR/SC2

_--EKILX/[ ¢ _ ._CZO GC..434 16 _.BOt;CCOGOC{] (]_ F/ARISCZ 8.80(JCCODOCI3 02 PIARISC2
F-:

_ I-9,__PFI_AC+0 ."G21 CIO{JO 2 I°ZbOO(](JC(J(JD-UL LIMITLESS I.ZSOO(_(]OOOIJ-OI UNITLESS
(.o
I
4:-

o_ Iiil3 VALI_b '13 UgUULIEC BEFURE IT IS USED

.... _,-EREPFRAC:_--I 30ZZ 0023Z 2 3oTSODOO(_GI_U-O;_ UNIILES5 3-TbOOCOOOOD-O2 UNITLESSl-J

i::x-"PACIOEF �0_-023 71151 lk -5.2!7CO(JOOI3CU-.OJ. CEG -ZoZ2IZB5564D Ol CCU PULS

....**-YA-CTOFF-+--_L:rz*--_CI20 I4 I._98CCOCOCD O0 DEG 8. O000CO000D 01 CDU PULS

......._"-FiL_NIO----$-C--3-C2_7777 C 9.99938,904_D'-01. LNITLESS 9.999389&48D-OI UI_ITLESS

_--_L_NIII2 + 0 2C26 COOCC 1 C.O LkITLESS 0.0 UNITLESS

.... _-,HBN I-2-----+- O--]C27--_(_C 0 O' C.O LkI ILESS 0.0 U NI]-[-_-S_S_--

....._ h:3_)II_/2-_-g-_-.C){T-5_3_;C I -1.220581C55D CC LNITLESS -I.2205_I055D CO UISIILESS
i

o _ HBDI2 + 0 30_I. 21075 C 5.349131445D-01 LIklTLESS 5.349731445D-0-I UI_ITLESS



(NASA DATA SOURCE)

Table 113-4.6.1-I. CMC Final E-Load Artemis 72 (Rev l) for Apollo 16 (Continued)

_,-_TE-_----FITL%,,_-C_-rC------aq3-L'_I_OCIAL SF ENGII_EERINL-" VALUE VALUE IN AGC UNIIS

.... _ }TBN20 * 0 }0_J_2--_7777 E _.99_38_64_I_-01 LNITLESS 9o9_931_9648D-01 UI_ITLESS--

m- HBNZl/Z �U._U33 _C4Eb I -9.b21bEZC311_-OI L_IILESS -9;62158Z031C-01 UI_IILESS

HBN22 * {J _C34 EEGGE G G.O L_ITLESS 0o0 UhlILESS

--e-RBD_I72"-*-*--O--'303_---5_36C I -1,ZZO5810_D CO L_IILESS -I.ZZOSEIO55D CO UNIILESS
Lo
I

--eN[TI_22 * G 3G3E ZI07_ C b°349/3144bU-Ol LI_IILESS 5,349_31445D-01 U_IILESSo_

k_
= = HBN30 + 0 3031 ._1777 E G,99939964BC-OI UNIILESS 9°999389648D-01 UI_IILESS :

k:)

....:-}IBN3l-_-_--_-ZO40--5_I4Z I -l.ObO415039D o0 UtillLESS -I.050415039D O0 U_ITLESS

--m--B13N3-2_--O--3-CZFI--_.I-06 0 8.48G2246OSD-Cl LhlTLESS 8.4BO224609D-CI Ut_IILESS

• H'3D31/2 * O 3042 bO/41 I -I°4411&21C_D O0 LI_IILESS -I.4411E2109D O0 UhlILESS

.....(=--hL_D3_ + 0--=.0-4-3_|f62 C 7._'820eOC7_D-CI ENIILESS 7.882080078D-01 UklILESS

e m_*-E-_-PDAYRI_ 0 ._OE5 311C2 COO
I

o ** EAPGATR2 3C6b 01111 C

-_[-i_--[-_M-_-A_-)0 _72 ICOl2 16 3.620_30000C G4 IBS 1.6423_0861D 04 KG o_



(NASA DATA SOURCE)

Table 113-4.6.1-I. CMC Final E-Load Artemis 72 (Rev I) for Apollo 16 (Continued)

P,EV /"N_-MGNIC /_DDR OCI-AL SF EN6INEERIN_J VALUE VALUE _'_ _,JC UNITS

I CSM_f_S i-D-_O-T-_F-F6_-F [6 6.6_876CC00C 04 L_S 3.0_397_-5CID 04 KC-

.......PO[VKUM_--C)--3E]5_F--OCZIC5 14 5.COCCCCCCGC CO LIkITI.ESS 5.CGCOCO_-,,h--b-O--O-D,IILESS

PULYNUM -,"_6-"777/I b-9.bzO_491CCD-C2 I]EG -2.6446_2695C-p4 REV
3263 73525

I

POLYNUM �33264 00055 -9 1.96662960GD-OI CEG/SEC 5.4629600C0{)-06 REV/CS
32_T5--5_33 2

I

0 POLYD_U'4 _>_66 0U553 -23 9_.51.bOObbOGD-03 GEGISEC2 2°643051084D-Og REV/CS2
3267 10223

PCLYIkUM 2270 761,65 -37 "I.44985240CC-04 CEG/SEC3 -4.027367778D-13 REV/CS3
3271--4)602

POLYNU,-I + 9 _272 03651 -51 1.91312O200D-06 CEGISEC4 5.315906112D-17 REV/CS4
3273 07111

PCLYNUM +ll 2274 73C25-65-l.5121426CCD-Ce £EGISEC5 -4.200396111D-21 REVICS5

........................... 3275-4 C4 i3 _om_
I,O bJ C_
'.,.a OB



(NASA DATA SOURCE)

Table I13-4.6.1-I. CMC Final E-Load Artemis 72 (Rev l) for Apollo 16 (Continued)

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

POLYNUM _'13 3276 02253 -79 4.3_6983500D-11 DEG/SEC6 lo207&95z,170-25 REV/CS6
............... 3273 33035

--1_0000 ...... O_DE6_SE C 2. 77777777aD _5 ....,_c

3301 16641

_-, RPSTART 4- 0 3302 02261 16 1,185000000D Ol SEC 1.1BSOOOOOOD 03 CS
I ""

_" POLYSTOPe 0 3303 _3223 1_ -I°_?O000000D 02 SEC -1o4700000000 O_ CS

SATRATE • 0 3310 00000 12 0o0 OUTPTPUL 0°0 OUTPTPUL
I'J .....................................
i_l ....

SAYRATE _ i 3311 003_t4 12 5.700000000D 01 OUTPTPUL 5o700000000D 01 OUTPTPUL

2.5 DEGREE ATTITUDE ERRORt 0.75 VOLTS

SATRATE 4- 2 3312 77&33 12 -5.700000000D 01 OUTPTPUL -5.700000000D Ol OUTPTPUL

r.* SATRATE • 3 3313 00000 12 0°0 OUTPTPUL 0°0 OUTPTPUL
j_ ..........

(_ SATSCALE-i- 0 3320 10000 2 I.O00000000D O0 UNITLESS 1.0000000000 O0 UNITLESS _.

o 0.3 VOLTS/DEG _..J
-- ""-. fb



|

........O_t_x--f_.lE
A3_ZO-OEZZZZZZZL-_-_930TOO00000000L'l-0ZLEgL_O_E0+(3dS)gN3

.....................................I

O_£lOlO_E

000009L££.....

SS3]llNfl0"0SS3311N_0"0000000_Z£E0+d3Sl_OH,

SIINP39VNI3f139A3NIVA9NI_33NIgN3dS3V130_flV31NON3NNA3_

(panuL_uo3)9Lot[odvao_(L^a_)_Zs_ma_avP_Ol-3LeUL33N3"L-t'9"_-£[[a[q_II
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Table 113-4.6.1-2

Measured Hardware Alignments Contributing to Alignment of LM IMU from CSM IMU

Alignment Arc Min

About Y-Axis Z-Axis

Measurement X-Axis (About Z-Axis) (About Y-Axls

COMMAND MODULE

Displacement of CSM IMU axes with -1.2 +3.0
respect to local vertical*

Displacement of Nay. base axes with 0.0 - -

respect to docking ring*

Displacement of docking ring axes - +5.0 +0.5 •
with respect to local vertical*

LUNAR MODULE
|

(I/4Yaw) (LM Roll) (LM Pitch)

Displacement of docking ring with - -1.13 -1.45
I

respect to nay. base axes**

Displacement of nav. base with +2.98 +I.I0 +1.98
respect to IMU***

*KSC procedures, K-0048 and K-3128. In lieu of S/C axes the local vertical was used
as the cormuon reference axis.

**Spacecraft Operational Data Book_ Volume II, Ill Data Book, Rev 2, Para. INll/4.5.1.5.2
m ***Spacecraft Operational Data Book, Volume II, LM Data Book, Rev 2, Para. LMII/4.5.2.1.2.

i> Data stated as IMU relative to nay. base, therefore, values tabulated above are negative
of SODB values because the desired sense of displacement is from nav. base to IMU.

O
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Table 113-4.6.1-3

Hardware Contributions to Uncertainty of LM IMU Alignment from CSM IMU

l-o Uncertainty_ Arc Min

Source of Uncertainty About About About
LMX-Axis LM Y-Axis LM Z-Axis

CM IMU to CM Docking Ring 0.2 (i) 0.2 (I) 0.5 (i)

CM Docking Angle Scale 0.2 (i) - _

CM-LM Docking Ring Alignment - 4.0 (2) 4.0 (2)

LM Docking Angle Pointer 5.0 (3) - -

Docking Angle Determination 15.0 (4) - _

LM Docking Ring to LM Nay Base - Negl. (5) Negl. (5)

LM Nay Base to LM IMU Negl. (5) Negl. (5) Negl. (5)

RSS l-o Uncertainty, Arc Min 15.81 4.00 4.03

Arc Deg 0.264 0.067 0.067

REFERENCES

(i) Estimates based on alignment measuring methods used in KSC

procedures, K-0048 and K-3128. See Table 113-4.6.1-2.

(2) Apollo ICD MH 01-05053-416 (The included angle measured between the
planes of the docking interfaces of the CM and LM will not exceed
0.2 deg.).

(3) Apollo ICD MH 01-05128-116 (60 deg. _5 arc min.).

(4) Telecon R. Schweickart, NASA astronaut (+--0.5deg., considered to
be 2-_).

(5) Uncertainty in measured alignment considered negligible. See
Table 113-4.6.1-2.

SNA-8-D-027 (I) Rev 3

113-4.6.1-24
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4.7.6 VHF RANGING SYSTEM BIAS ERI_OK

The CSM/LM VHF ranging system range output correction factors should

be applied to the indicated range output of the digital ranging generator
for the CSM/LM combination shown below:

Correction Factors for Ranges of

Vehicles Equivalent Signal Strensths*

CSM II3/LM ii 500 ft to I000 ft -0.01
i000 ft to i n mi -0.03

I n mi to i00 n mi -0.02

i00 n m:[ to 200 n mi 0.00

Positive factors are to be added and negative factors are to be

subtracted from the DRG indicated range output.

*Correction factors should be verified before respective missions.

(

113-4.7.6-1

SNA-8-D-027(1) REV 3
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4. 9.2 LAUNCH ESCAPE PROPULSION PERFORMANCE

Table 113-4.9-5. LES Motor Performance

Part 1; Predicted Launch Escape Motor Performance
(S/N ED-308)

Time Axial Thrust Beta Side Thrust

(sec) (Ib-f) (deg) (Ib-f)

SEA LEVEL

7O F

0.0 148.052 2.775 7.167

0.038 6,067.336 2.775 293.719

0.053 14,593.336 2.775 705.974

0.060 20,725.688 2.775 1003.323

0.063 26,436.055 2.775 1279.763

0.082 90,732.688 Z.860 4526.461

0.096 123,137.688 2.788 5989.590

0.1[l 139,888.063 2.764 6745.879

0.120 147,657.625 2.755 7696.672

0.140 155,544.500 2.746 7452.773

0.159 L58,319.188 2..744 7578.051

--_ 0.178 [57,878.750 2.744 7558.168

0.192 [57,391.625 2.744 7536.172

0.342 151,582.438 2.750 7273.883

0.447 150,308.625 2.752 7216.375

0.630 149,266.438 2.753 7169.316

0.866 150,821.063 2.751 7239.512

1.015 151,921.500 2.750 7289.[95

[.304 i [54,603.688 2.747 7410.293

1.400 [53,470!063 2.748 7359.[13

1.689 148,600. I25 2.754 7139.234

1.88[ 144,825.875 2.758 6968.828

2.074 140,993.750 2.763 6795.801

2.555 130,623.000 2.777 6327.551

2.844 124,712.750 2.786 6060.703

3.036 [20,717.125 2.792 5880.297

3.132 [18,730.188 Z.795 5790.582

3.190 I16,019.625 2.800 5668.199

3.228 113,314.938 2.805 5546.086

3.296 103,[28.000 2.827 5086.129

3.382 90,905.063 2.859 4534.246

3.613 68,329.688 2.949 3514.919

3.806 56,600.277 3.023 2985.294

4.094 42,835.656 3. [26 2336. Z01

4.479 29,779.375 2.777 1442.804

4.864 20,742.031 2.775 1004. 1[7

5.249 14,874.250 2.775 720.060

6.173 6,460.410 2.775 312.747

6.789 3,315.695 2.775 160.512

7.462 t,620.279 2.775 78,437

8.661 204.631 2.775 9.906

i13-4. 9.Z-i

SNA-8-D-0Z7(I), Rev 3
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Table 113-4.9-5. LES Motor Performance (Cont)

Part l: Predicted Launch Escape Motor Performance

(S/N ED-308)

Time Axial Thrust Beta Side Thrust

(sec) (lb-f) (deg) {lb-f)

VACUUM

70F

0.0 0.0 0.0 0.0

0.038 9,983.234 2.588 450.743

0.053 20,638.285 2.588 931.821

0.060 27, 966. 043 2. 588 1262. 667
0.063 34, 627. 820 2. 588 1561.445

0.082 100,282. 188 2. 588 4527.734

0.006 132,684.250 2.588 5qq0.684

0. 111 14%433.313 2.588 6746.910

0.120 157,202.375 2.588 7097.684

0.140 165,08').[25 2.588 7453.766

0.[59 167,864.125 2.588 7579.059

0.178 167,424,188 9.588 7559.[95

0.192 166,937.375 2.588 7537.215

0.342 161, [32. 125 2.588 7275.109

0,447 [59,860.438 2._88 72"17.691

0.630 [58,820.063 2.588 7170.723

0.866 _ 160,376.313 2.588 7240.984

1.015 161,477.438 2.588 7290.699
[.304 164, [60.625 2.588 7411.844

1.400 163, 027. 3[3 2.588 7360.680
1.68"9 [58, 158. [25 2.588 7140.832

1.881 [54,384.313 2.588 6970.445

2.074 150, 552. 250 2. 588 6707.426
2.555 140, 182.000 2.588 6329.211
2.844 134,272. 188 2.588 6062.383

3.036 130,276, 125 2.588 5881. )61
3. 132 128,28o.250 2.588 5792.254
_. 1'10 125, 57q.250 2. 588 5660. 898
3.228 122,874.563 2.588 5547.781
3.2 _,% 112.687.500 2.588 5087.836
3.382 100,484.81_ 2.588 4535.977
3.613 77,880. %75 2.588 3516.705
3.806 ] 66,160.06% 2.588 2'187.127

4.0')4 i 52,358.367 2.588 2363.977
4.47 q ! 38,480. 172 2.-_88 1737.37q
4.864 27, 988, 227 2.588 12_3, 668
5.24q 20, qq2.4_8 2, -_88 '147. 808
6.173 10,4°7. 5°4 2.588 47"_.o66
6. 78'_ 6,282.043 2.588 283.6_4
7.462 3,84q. 514 2. Z,88 173.805
8.661 118.53o 2.588 5.%52

113-4.9.2-2

SNA-8-D-027(1), Rev 3
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Table 113-4.9-$. LES Motor Performance

Part 2: Predicted Pitch Control Motor Performance

Time (sec) ] Axial Thrust (lb-f)
I

70 F, VACUUM (ACCEPTANCE DATA), MOTOR S/N 409

0, 0.

0.006 Z5.285

0.027 763.774

0.053 1726.339

0.071 2153.564

0.097 2558.121

0.140 2885.951

0.175 2995.808

0.210 304[_.122

0.237 3055.097

0,263 3056.841

0.298 3046.378

0.341 2997.552

0.359 2960.933

0.385 2891.182

0.411 2807.481

f 0.446 2685.416

_\ 0.490 2531.964

0.533 2376.768

0.588 2120.433

0.612 1872.816

0.639 1461.285

0.664 i159.612

0.691 927.689

0.708 809.112

0.734 673.098

0.769 530.108

0.787 476.051

0.830 360.962

0.857 308.648

0.883 261.567

0.926 207.509

0.968 162.171

1.023 123.808
1.067 95.908

1,119 75.854

1.154 43.594

I. 188 31.388

1.245 0.174

[

113-4.9.2-3

SNA-8-D-0Z7 (1), Rev 3



Amendment 87

1/28,172

18

. _ 70F, SEA LEVEL

16 _ _-x I

\,\14

", , " -70 F, VACUUM_-
_ t

× 12

U

©

C3
Z

©

v 8
F--

_ 6
<___
x \<

4 \\'

0

0 1 2 3 4 5 6 7 8

TIME (SECONDS)

Figure 113-4. 9-7. Axial Thrust. Launch Escape Motor (S/N ED-308)
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Figure i13-4.9-I0. Predicted Thrust, Pitch Control Motor,
S/N 409 (70 F in Vacuum)
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Figure 113-4. 9-13. Side Thrust, Launch Escape Motor (S/N ED-308)
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Figure 113-4. 9-14. Thrust Offset Angle, Launch Escape Motor (S/N ED-308)
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4.10.5 MISCELLANEOUS

4.10.5.1 Stowage

Stowage for each CSM is documented in field-site drawings released to

KSC and the Apollo scowage list released by MSC. The field-site drawing for

CSM 113 is F01-I00513, Field Site Installation-Stowable Equipment, Crew

Compartment. The stowage list for CSM 113 is "Apollo Stowage List, Mission

J-2, CM-II3/LM-II, Apollo 16." Additional data on stowage may be found in

Volume III, Mass Properties, of this document, Table 3.2-9, Mission J-2

Command Module Stowage Volume Centroid, and Table 3.2-9.2, Mission J-2

Transferable Equipment.

J

113-4.10.5-1 SNA-8-D-027(1) REV 3
U.S. GOVERNMENT PRINTING OFFICE: 1972--779-262/661
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APPENDIX 114

CSM 114

Changes to baseline data specific to CSM 114 are included in this appendix.

1.0 No change

2.0 Space Vehicle Configuration

2.1 SIM Bay Alignment

3.1.6 Cryogenic Equipment

3.3.6 SM RCS Helium Bottle Pressure-Temperature Limitations

3.3.8 Pressure-Temperature Limit Relationships for SM RCS Propellant
Tanks

3.4°4 Command Module RCS Constraints

3.5.4 SPS Constraints

3.5.10 Pressure-Temperature Limit Relationships for SPS Propellant
Tanks

3.8.3 Deceleration Loads

3.11.1 Temperature Limits

3.11.4 SM/SIM Thermal Data During EVA

3.11.4.] Service Module Temperature Map

3.11.4.2 SIM Temperature Map

4.1.3 Cryogenic Management

.... 4.1.3.2 Hydrogen and Oxygen Tank Heater Power Dissipation

4.1.3.7 Oxygen Consumption Rate

4.1.3.9 Cryogenic Tank Characteristics

4.1.4 EPS Battery Charger Calibration

4.1.6 EPS Master Electrical Equipment List

4.2ol Oxygen Supply
4.2.3 Primary Coolant Circuit

4.2.3.3 ECS Glycol Accumulator Calibration |

4.2.3.4 Glycol Evaporator i
4.2.3.4.1 Evaporator and Radiator Temperature Predictions for Lunar

Orbit Contingency Operation
4.3.6 Service Module RCS Forces and Moments

4.4.5 Command Module RCS Forces and Moments

4.5.1 SPS Propulsion Performance
4.5.1.3 SPS Start and Shutdown Thrust Transients

4.5.1.6 SPS Mission Performance Predictions Data

4.6.1.1.4 Uncertainty of LM _@J Alignment from CSM IMU

4.6.1.2 Guidance Computer Erasable Memory Constants

4.7.6 VHF Ranging System Bias Error

4.9.2 Launch Escape Propulsion Performance
5.0 No Change

6.0 No Change

7.0 No Change

114-1
_j SNA-8-D-027(1) REV 3
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2.0 SPACE VEHICLE CONFIGURATION

The CSM 114 scientific instrument module (SIM) is depicted in

Figure 114-2-4. The SIM package is located in Bay I of the service
module.

The following experiments are included in the CSM 114 Sill:

Experiment Number Experiment Title

S-169 Ultraviolet Spectrometer

S-171 Infrared Scanning Radiometer

S-209 Lunar Sounder

Facility equipment will be used for:

CSM Orbital Photographic Tasks

Optical Bar Panoramic Camera

Three-Inch Mapping Camera

Laser Altimeter

SIM individual experiment configurations are defined in Apollo

Operations Handbook, SM2A-03-Block II-(1). Individual experiment-

imposed limitations and performance data are presented in CSM Experiments
Data Book for J-Missions, Volume VI of this document.

2.1 SIM BAY ALIGNmeNT

The CSM SIM bay alignment was optically determined at KSC. The
measurements were made with the CSM X-axis on the local vertical, at

ambient pressure and at 1 g. The angle between the center line of the

SIM bay and the +Z axis of the CSM, as determined in the -Z +Y quadrant,
was 142 ° 22' 48". The Y-Z plane of the SIM bay was found to be sloping

relative to the CSM Y-Z plane such that the inboard edge and the -Z side
were towards +X and the outboard edge and the +Y side were towards -X.

The determined angles of these slopes were respectively i' 8" and 5' 30".
These data are illustrated in Figure 114-2-5. The transformation of

these data to the YP scheme which is directly usable by the CMC (reference

Figure 114-2-6), and the @ - _ CSM body coordinate system (reference
Figure 4.7-25) yields the following:

y = 090.03 P = 052.38

= 90.03 _ = 37.62

114-2.0-i SNA-8-D-027(1) REV 3
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Figure 114-2-4. Service Module J-Mission SIH Bay

(See Paragraph 2.0)

114-2.0-2 SNA-8-D-027(1) REV 3
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-Y +X

\
, / +Z

SIM Bay ! +Y

Pointin_ Vector

+X
+X -X

SIM Bay
SIM Bay Y-Z Plan_

Y-Z 'lane ..

5' 30'_-- _---'--

------ CSM _-Z i --
PLANE

SECTION B - B
SECTION A - A

NOTE: Angles were measured with X-axis on local vertical,

ambient atmosphere, and l g.

Figure i14-2-5 CSM 114 SIM Bay Alignment

(See paragraph 2.1)
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L_OSTO

TARGETBODY
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_ _,[y x
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Z

Figure 114-2-6 Definition of y and p for CMC

(See paragraph 2.1)

SNA-8-D-027(I) REV 3
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f-

3. i.6 CRYOGENIC EQUIPMENT

3.1.6.1 Cryogenic Hydrogen Tank Pressure-Temperature Limit Relationships

For cryogenic hydrogen tank pressure-temperature limitations, see

Figure 114-3. i.6-1.

Test results indicate that the cryo-hydrogen tanks can be operated

safely at the relief valve pressure (285 psi max.) provided the temperature
is 0 F or below. Prior to obtaining these data, the temperature limit

was -200 F. The tanks should be vented prior to exceeding a temperature

of 0 F, and at no time should the pressure exceed 115 psi at temperatures

above 0 F. A pressure of 115 psi or less results in a leakage failure mode

rather than catastrophic rupture from a growing flaw.

At a temperature exceeding 120 F, hydrogen and titanium are extremely
reactive to the extent that the tank material could be powdered. Under

these conditions, catastrophic rupture could occur at 115 psia and below.

Tank temperature during the nominal mission will not reach 120 F; however,

in the event of an unanticipated temperature increase, the tanks should

be vented to zero pressure before 120 F is reached.

114-3. i.6-1

SNA-8-D-027(1) REV 3
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Figure 114-3.1.6-1. EPS Cryogenic Hydrogen Tank Pressure - Temperature
Limits (See Paragraph 3.1.6.1)

114-3.1.6-2
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3.3.6 SM RCS HELIUM BOTTLE PRESSURE-TEMPERATURE LIMITATIONS

The pressure-temperature limitations of the SM RCS helium bottle are

given in Figure 114-3.3.6-1.

* NASA Data Source

114-3.3.6-i SNA-8-D-027(1) REV 3
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3.3.6 SM RCS HELIUM BOTTLE PRESSURE- 10/6/72
TEMPERATURE LIMITATIONS

(NASA DATA SOURCE)
5000 I "-. ' ;

4900 J "" --MAXIMUM EXI_ECTID"" .. FLIGHT TEMPERATURE

-.. I 1 I I
4800 _ CRITICAL VALUE --

CRITICAL LIMIT " _ ,,. _ STRUCTURALLIMIT/
4700 -- PVT RELATIONSHIP [- J'',..... 1 [ --/I460o .,./ ,,. .

45OO

4,0_ _t_'b-" -" _NOM,,'fALLOADPOINT-_o " I I
3900 _ DEVIATION FROM FILL ENVELOPE .__ _j-.

. / GREATLY I_DUCES ACCURACY

_" 3800 OF PROPELLANT'QUANTITY :3
GAUGING SYSTEM

0 ,,IL._ , __

G") o

2400 -''=' |

' 2300 _ MINIMUM j /

-i- REDLINE, " _... ....2200 --

I
"' 2100-_" " _,

\• 2000 _ _
_'- , - MINIMUM REQUIRED

1900 _ .,,, FOR 100-PERCENT

J PROPELLANT DEPLETION _18oo 1 I 1 1 I I
0 30 50 70 90 Ii0 130 150 170

TEMPERATUREIN °F (SR.5013T,S_014T, SP-.5OI5T,AND SR.SOI6T)

NOTES:

1.-- INCLUDES INSTRUMENTATION
ERROR

2.---- DOES NOT INCLUDE
INSTRUMENTATION ERROR

3. THE LIMIT LINES DEFINE THE
CRITICAL LIMITS AT THE SYSTEM

Figure 114-3.3.6-1. SM RCS Helium Bottle Pressure-Temperature
Limitations

114-3.3.6-2 SNA-8-D-027(1) REV 3
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3.3.8 PRESSURE-TEMPERATURE LIMIT RELATIONSHIPS FOR SM RCS PROPELLANT TANKS _

Fracture mechanics pressure-temperature limit relationships for propellant

tanks are dependent upon the history of the individual tank with respect to

pressure c-Tcling, type of fluids used, etc. These limits are established to

preclude potential growth of a flaw in the tank wall, when in contact with

the propellants, that will exceed the maximum allowable value for the tank.

The maximum allowable pressure-temperature limit relationships for S/C 114 SM

RCS propellant tanks are given in Figure 114-3.3.8-1.

(NASA DATA SOURCE)

I14-3.3.8-i

SNA-8-D-027(1) REV 3
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(NASA DATA SOURCE) 10/6/72
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Figure i14-3.3.8-i. Haximum Allowable Pressure-Temperature Limi_
Relationship for St[RCS Propellant Tanks
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3.4.4 CM RCS PRESSURE-TEMPERATURE LIMITATIONS *

Fracture mechanics pressure-temperature limit relationships for pro-

pellant tanks are dependent upon the history of the individual tank with

respect to pressure cycling, type of flu%ds used, etc. These limits are es-

tablished to preclude potential growth of a flaw in the tank wall, when in

contact with the propellants, that will exceed the maximum allowable value

for the tank. The maximum allowable pressure-temperature limit relation-

ships for S/C 114 CM _CS propellant tanks are given in Figure 114-3.4.4-1.

The pressure-temperature limitations of the CM RCS helium bottle are

given in Figure 114-3.4.4-2.

* NASA DATA SOURCE

.... 114-3.4.4-1
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(NASA DATA SOURCE)
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Figure 114-3.4.4-i. llaximum Allowable Pressure-Temperature Limit

Relationship for CM RCS Propellant Tanks
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3.4.4 CM RCS PRESSURE-TEMPERATURE LIMITATIONS

(NASA DATA SOURCE)
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Figure 114-3.4.4-2. CM RCS Helium Bottle Pressure-Temperature
Limitations
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AND PRESSURE-TEMPERATURE LIMITATIONS
3.5.4 SPS HELIUM BOTTLE GN2

See Figures 114-3.5.4-1 and 114-3.5.4-2 for SPS helium bottle and

GN2 pressure-temperature limitations.

r

* NASA Data Source
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3.5.4 SPS HELIUM AND GN 2 PRESSURE-TEMPERATURE
LIMITATIONS (NASA DATA SOURCE)
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Figure 114-3.5.4-i. SPS Helium Bottle Pressure-Temperature Limitations

SNA-8-D-027(1) REV 3

114-3.5.4-2





Amendment 105

10/6/72

3.5.10 PRESSURE-TEMPERATURE LIMIT RELATIONSHIPS FOR SPS PROPELLANT TANKS _

Fracture mechanics pressure-temperature limit relationships for pro-

pellant tanks are dependent upon the history of the individual tank with

respect to pressure cycling, type of fluids used, etc. These limits are es-

tablished to preclude potential growth of a flaw in the tank wall, when in

contact with the propellants, that will exceed the maximum allowable value

for the tank. The maximum allowable pressure-temperature limit relationships

for S/C 114 SPS propellant tanks are given in Figure 114-3.5.10-1.

(NASA DATA SOURCE)

114-3.5.10-1
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Figure 114-3.5.10-1. Haximum Allowable Pressur@-Temperature Limit

Relationship for SPS Propellant Tanks
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3.5.10 PRESSURE-TEMPERATURE LIMIT RELATIONSHIPS FOR SPS PROPELLANT TANKS _

Fracture mechanics pressure-temperature limit relationships for pro-

pellant tanks are dependent upon the history of the individual tank with

respect to pressure cycling, type of fluids used, etc. These limits are es-

tablished to preclude potential growth of a flaw in the tank wall, when in

contact with the propellants, that will exceed the maximum allowable value

for the tank. The maximum allowable pressure-temperature limit relationships

for S/C 114 SPS propellant tanks are given in Figure 114-3.5.10-1.

G

* (NASA DATA SOURCE)

f

114-3.5.10-1
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'230 (NASA DATA SOURCE)
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Figure 114-3.5.10-1. Haximum Allowable Pressure-Temperature Limit

Relationship for SPS Propellant Tanks
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3.8.3 ENTRY PHASE

3.8.3.1 Deceleration Loads*

An analysis of the strut loading during entry for spacecraft 114

indicates a strut lockout minimum capability of 17o2 g.

_le inputs and results of the analysis are as follows:

Crew Weights: CMDR 171 pounds

C_ 171 pounds

LMP 165 pounds

CREW ENTRY CAPABILITY

POSITIONS SUITED UNSUITED

C_R-LEFT, C_-CENTER 17.2 g 20.0 g

Should a change in crew status occur, such as total weight of crew

increasing 20%, any one cre_man's weight increasing 10%, changing of

crew positions, or crew substitutions, the strut loading willhave to be

reanalyzed.

The maximum entry loading of the CM is expected to be 16 g.

* (NASA DATA SOURCE)

114-3.8.3-1
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Table 114-3.11-3. Service Module Reaction Control Subsystem (SM RCS) Temperature Limitations

TEMPERATURE MEASUREMENT

COMPONENT LIMITS (°F) LOW LIMIT REASON HIGH LIMIT REASON
NUMBER LOCATION

LOW HIGH

Primary Oxidizer

QuadA}
Quad B 109.5/ Fracture mechanics.

Quad D 121.5 207 psid prior to firing/ None N/A192 psid during mission.
Quad C 132/142

Primary Fuel

Quad A I SR5073T Tank Skin

Quad B I Fracture mechanics.

125 through Aft Dome
l Quad C 207 psid. SR5076T

Quad D

Secondary Ox 130 Fracture mechanics. None N/A
I 207 psld.Tank

Secondary Fuel 143 Fracture mechanics. None N/A
Tank 207 psid.

NOTES: i. See Figure 114-3.3.8-1 for SM RCS

fracture mechanics pressure-

temperature relationship curves.
I "-"

l 2. See Table 3.11-3 for other SM RCS >

temperature limitations. (All > mo
RCS fracture mechanics limits-NASA u _

-_ DATA SOURCE). > _
O_ --JcT

O _o

Ln

uo
_J



Table 114-3.11-4. Command Module Reaction Control Subsystem (CM RCS) Tem)erature Limitations

" T_P EP,_TURE MEASUREMENT

COMPONENT LIMITS (°F) LOW I,IMIT REASON HIGH LIMIT REASON

LOW H IGH NU_ ER LOCAT ION

Propellant Ox
Tanks t_

Tank 127 .5 308 psld.

H

Propellant Fuel
_- Tanks
I o

1.44.5

Tank B ]1308 paid.
I

[,,.)

NOTES: i. See Figure 114-3.4.4-1 for CM RCS

fracture mechanics pressure-

temperature relationship curves.

2. See Table 3 11-4 for other CM RCS -

temperature limitations. (All
RCS fracture mechanics limits-

NASA DATA SOURCE).

i



Table i14-3.11-5. Service Propulsion Subsystem (SPS) Temperature Limitations
Z

I MEASUREMENT> j TEMPERATURE

[ CO_ONENT 1 LIMITS (°F) LOW LIMIT REASON HIGH LIMIT REASON
NUMBER LOCATION

LOW HIGH

Oxidizer Sump 109 Fracture mechanics. SP0055T On Upper
Tank Skin 205 psid secondary regulatol Tank Dome

lock-up and 0.5% minimumOxidizer Storage at Xs-341
i09 nitric acid content

Tank Skin SP0058T On Upper
Tank Dome H

at Xs=343 _

Fuel Sump Tank 125.5 Fracture mechanics. SPO056T On Upper

Skin 205 psid seconda_ regulato_ Tank Dome

Fuel Storage 125.5 lock-up, at Xs=341 _Tank Skin
SP0059T On Upper z

E

Tank Dome
at Xs=343

NOTES: i. Temperature limits indicate the limit
I

of the tank hot spot and not neces-

sarily the limit of the measurement
number location. The hot spot limit

may be predicted from the measure-
ment number reading.

2. See Figure 114-3.5.10-1 for SPS

fracture mechanics pressure-

temperature relationship curves.

l 3 See Table 3.11-5 for other SPS _ _ _

o temperature limitations.

o

<
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3.11.4 SM/SIM THERMAL DATA DURING EVA (PREDICTED)

3.11.4.1 Service Module Temperature Map

Figure i14-3oli-19 presents a temperature map of the service module

surface (panels) adjacent to the SIM bay. The temperatures given are

expected to be prevalent during the EVA period after TEl. Two temperatures

are given for each panel; they represent the worst hot-case and conversely
the worst cold-case conditions. These worst-case conditions are assumed to

occur 15 hours after TEl which is also 2 hours subsequent to the maneuver

for EVA attitude. The temperature map is based upon the criteria and data

provided in the following table in_the order given.

Condition Hot Case Cold Case

i. Initial temperature (at 80 F 55 F

end of TEl burn)

2. Post TEl (2 hrs.) Hot soak • Cold soak

3. PTC (ii hrs.) i rph with solar i rph with solar
vector perpen- vector 70 ° to CSM
dicular to CSM X-axis

X-axis

4. EVA Theta (e), Phi (¢) 140o , 325° 155°, 325°

(2 hrs. )

5. EPS radiator heat 8100 Btu/hr 1980 Btu/hr

rejection

3.11.4.2 SIM Temperature Map (Predicted)

Figure 114-3.11-20 presents a map of the predicted surface temperatures
for the instruments, equipment and shelves within the SIM bay. These

temperatures are those expected 2 hours subsequent to maneuver for EVA

attitude (8=140 °, ¢=325°) •

3.11.4.3 Umbilical Temperature (Predicted)

See paragraph 3.10.1 of basic book.

114-3.11.4-1 SNA-8-D-027(1), REV 3
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3.11.4.4 Oxygen Inlet Temperature-IVA Crewman

See paragraph 3.10.1 of basic book.

114-3.11.4-2 SNA-8-D-027(1), REV 3
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Figure 114-3.11-19. Service Module Temperature Hap

(See paragraph i14-3.11.4.1)
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Figure 114-3.11-20. SI_I Temperature _Iap

(See Paragraph 114-3.11.4.2)
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4. i.3 CRYOGENICS MANAGEMENT

4.1.3.2 Hydrogen and Oxysen Tank Heater Power Dissipation

Figures 114-4.1-28 and 114-4.1-29 show hydrogen and oxygen tank

heater power dissipation as a function of CM main bus voltage. The

plots account for the voltage drop between the bus and the heater

elements and reflect the power dissipation across the heater element

at a voltage different from the CM bus voltage.

4.1.3.7 Oxysen Consumption Rate

For mission planning purposes the ECS oxygen requirements should

be based on an average rate of 0.26 ±0.08 pound per hour for three

crewmen operations and 0.12 +_:8_ pound per hour for solo operations.
These rates are estimated values based on previous flight experiences

and CSM 114 hardware data and differ significantly from maximum allow-

able values.

4.1.3.9 C_ryogenic Tank Characteristics

Table 114-4.1-4 presents average flow rate data, relief valve cracking

and reseat pressure values, and pressure switch actuation values for each

hydrogen and oxygen cryogenics storage tank.

114-4.1..3-1

SNA-8-D-027(I) REV 3
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Table 114-4.1-4. Cryogenic Tank Characteristics

COMPONENT ! I TEST DATAP/N & S/N FUNCTION REQUIREMENT ACCEPTANCE MAO 1015 TCP 0070 ]

H2 Tank #i Minimum dQ/dm Flow <0.0725 #/hr 0.0448 #/hr ......
ME282-0047-0040 (Average)
10024HTA0041

H2 Tank #2 Minimum dQ/dm Flow <0.0725 #/hr 0.041 #/hr ......
ME282-0047-0040 (Average)

10024HTA0043

H2 Tank #3 Minimum dQ/dm Flow <0.0725 #/hr 0.053 #/hr ......
ME282-0047-0040 (Average)

10024HTA0023

i Valve Module, Relief Valve
_o
i Hydrogen, Operation

Cryogenic Storage Tank 1

System Cracking Pressure 273 psig (min) 280.0 psig 280.0 psig 279.0 psig

ME284-0291-0002 Reseat Pressure 268 psig (min) 272.5 psig --- 273.0 psig

06553J220007 Tank 2

Cracking Pressure 273 psig (min) 28L0 psig 282.0 psig 279.0 psig

Reseat Pressure 268 psig (mln) 275.0 psig --- 279.0 psig

Pressure Switch
Actuation

Tank I

Low Pressure 225 psia (min) 242.2 psia 242.0 psia 240.0 psia
J 256.0

High Pressure 260 psia (max) 256.4 psia 259.0 psia psia
I

Tank 2
o 238.0Low Pressure 225 psia (min) 235.8 psia 238.0 psia psia
"4

High Pressure 260 psia (max) 253.6 psia 259.0 psia 256.0 psia _m

O
Lo _D



Table 114-4.1-4. Cryogenic Tank Characteristics (Continued)

F
COMPONENT TEST DATA

P/N & S/N FUNCTION REQUIREMENT ACCEPTANCE _O 1017 TCP 0070

Valve Module, Relief Valve

Hydrogen, Operation &

Cryogenic Storage Pressure Switch

System Actuation
ME284-0373-0003 Tank 3

06553H500106 Cracking Pressure 273 psig (min) 281.5 psig 280.0 prig 281.0 psig

Reseat Pressure 268 psig (min) 274.0 psig --- 280.0 psig

Low Pressure 225 psia (min) 237.0 psia 235.0 psia 234.0 psia

High Pressure 260 psia (max) 256.0 psia 256.0 psia 262.0 psia

I

I

!
i

!

t
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Table 114-4.1-4. Cryogenic Tank Characteristics (Continued)

TEST )ATA
COMPONENT

P/N & S/N FUNCTION REQUIREMENT ACCEPTANCE MAO 1014 TCP 0070

02 Tank #i Minimum dQ/dm Flow <0.913 #/hr 0.7694 #/hr ---
ME282-0046-0005 (Average)

10024XTA0024

02 Tank #2 Minimum dQ/dm Flow <0.913 #/hr 0.709 #/hr ......
ME282-0046-0005 (Average)

IO024XTA0025
02 Tank #3 Minimum dQ/dm Flow <0.913 #/hr 0.708 #/hr ......

ME282-0046-0005 (Average)

_ IO024XTA0020
I

Valve Module, Relief Valve

Oxygen, Cryogenic Operation

Storage System Tank 1
ME284-0290-0002 Cracking Pressure 983 psig (min) 995.0 psig 990.0 psig 994.0 psig
06553J041810 Reseat Pressure 965 psig (min) 973.5 psig --- 981.0 psig

Tank 2

Cracking Pressure 983 pslg (min)! 997.0 psig 995.0 psig 1003.0 psig
Reseat Pressure 965 psig (min) 1 973.0 psig --- 995.0 psig

Pressure Switch

Actuation

Tank i

Low Pressure 865 psia (min) 881.0 psia 878.0 psia 874.0 psia

High Pressure 935 psia (max) 917.0 psia 916.0 psia 916.0 psia

? Tank 2 _ _o
Low Pressure 865 psia (min) 883.0 psia 879.0 psia 888.0 psia

High Pressure 935 psia (max) 920.0 psia 918.0 psia 930.0 psia ._
_.j PO

o



Table 114-4.1-4. Cryogenic Tank Characteristics (Concluded)

COMPONENT TEST DATA

P/N & S/N FUNCTION REQUIREMENT ACCEPTANCE MAO 1017 TCP 0070

Valve Module, Relief Valve

Oxygen, Operation &

Cryogenic Storage Pressure Switch

System Actuation
ME284-0373-0003 Tank 3

06553H500106 Cracking Pressure 983 psig (min) 999.0 psig 1003.0 psig 1004.0 psig

Reseat Pressure 965 psig (min) 973.0 psig --- i000.0 psig
i

Low Pressure 865 psia (min) 876.0 psia 871.0 psia 884.0 psia

High Pressure 935 psia (max) 911.0psia 915.0 psia 936.0 psia

1

0

I



Amendment i01

8/18/72

Figure 114-4.1-28. Hydrogen Tank Heater Power Dissipation

(See Paragraph 4.1.3.2)

SNA-8-D-027(1) REV '
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Amendment i01

8/118/72

NOTES: 1. HEATERELEMENTRES.
14.7 OHMS

2. THREEHEATERELEMENTS

31 PERTANK
TANK 1 OR 2: TANK 1 OR 2:
HTR3 HTR 1 OR 2

27

26
30 40 50 60 70

HEATERPOWERDISSIPATION (WATTS)

Figure 114-4.1-29. Oxygen Tank Heater Power Dissipation

(See Paragraph 4.1.3.2)

SNA-8-D-027(1) REV 3
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Amendment I01

8/18/72

4.1.4 EPS BATTERY AND BATTERY CHARGER

4.1.4.4 In-Flisht Battery Charging Cutoff

Figure 114-4.1-52 shows the relationship between the battery charger

output current and the battery terminal voltage.

1].4-4.I.4-1

SNA-8-D-027(1) REV 3



Amendment i01

8/].8/72
7.,_ it,o.o
tltll'"m:t

+il_l_!rl!ttl_,,
VALUE OF BATTERY TERMINALIII_I_

AT WHICH BATTERY _--_

;!i: [41r_U[I;fUi
ii; ' i i I

l'II]I'lI Ill iliii._!Lt!ii!t,,_!
_!_!!,l__,_N_ L._._il

39.5

iltil_H_ * .l+I

ACCEPTANCE TEST BATTERY

CHARGER OUTPUT VOLTAGE
_a
o (S/N 0492300000"I0)

o 39.0 _; ::_i

i::!!!i!!i:i!

CALCULATED BATTERY TERMINALL)
VOLTAGE BASED ON 0.5 OHM

CHARGER CIRCUIT RESISTANCE

38.5

38.0

0 0.5 1.0 1.5 2.0 2.5 •

BATTERY CHARGER OUTPUT CURRENT (AMPERES)

Figure 114-4.1-52. In-Flight Battery Charging Curve

(See Paragraph 4.1.4.4)

SNA-8-D-027(1) REV 3
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Amendment 103

9/13/72

4.1.6.1 Master Electrical Equipment List

Table 114-4.1-6 presents the master electrical equipment list for

CSM 114. The power levels shown should be used for mission planning
involving CSM llA.

I14-4 °I.6-I

SNA-8-D-027 (I) REV 3



Amendment 103

9/13/72

Table i14-$.1-6. Master Electrical List (See Paragraph 4.1.6.1)

Definition of Titles

i. Cod___e- A numeric used to identify the component within a system.

2. Description - a description of the component.

3. CPC - Cold Plate Code - A numeric showing the coldplate or non-
coldplated status of the component.

e.g. 036 - cold-plated component on coldpate V36-610036

2 - a non-coldplated item in the Con_mand_oduls

3 - a non-coldplated item located in the Service
Module

4. Part or Identification N_mber - Actual part number, vendor number,
I_ X_nOO_XX,MC _ or a drawir_ calling out the component being
tracked, e.g., V36-XXXXXX.

5. Reference Designation - An alpha-numeric designating the location of
the component as called out on schematics.

6. Qty. - Quantity of components in the Spacecraft.

7. A/DC - Specifies whether the component requires AC or DC power.
h_ere component requires both a separate line identifies the level
of power of each.

8. P.F____.- Power Factor - All power factors are lagging except as noted
in remarks column.

9. Bus ID - Bus identification, an alpha-numeric coding showing bus or
buses from which components draw power.

10. Power in hratts- Power requirament per unit as defined at equipment
interface under applied voltages of 28v dc or llSv ac.

Spec. - Specifications values

Development - Value obtained from development test report
Qual Test - Value obtained from Qual Test report
Acceptance - Value obtained from Acceptance Test report

ll. CRCT Breaker - Circuit breaker which isolates that system or component.

12. NOTE____S- The reference number of the notes which specify pertinent
information about the use of the equipment.

114-4.1.6-2

SNA-8-D-027 (I) REV 3



..... Amendment i03
9/13/72

Table 114-4.1-6. Master Electrical Equipment List (Continued)

BUS IDENTIFICATION

(USED WITH LIBRARY LIST)

Legend Bus

S A Service Module Bus A
S B Service Module Bus B

S" A B Service Module DC Bus, Same No Comp/Bus
C A Command Module DC Bus A
C B DC Bus B

C A B DC Bus, Same No Comp/Bus
C A B I DC Bus A and B - Dioded
C A B 2 DC Bus A or B
C i i AC Bus i
C _ 2 AC Bus2
C I 2 i AC Bus I and 2
C i 2 2 AC Bus I or 2

B A Battery Bus A
B B Battery Bus B.

B A B Battery Bus, ,Same No Comp/Bus
B A B C Battery Buses and Batt C Term
B C Battery C Terminals

B A B i Battery A & B
B A B 2 Battery A or B
B R B Battery Relay Bus
F B Flight BUs
F P L Flight & Post Landing Bus

G S E Ground Support Equipment

,i14-4.1.6-3

SNA-8-D-027 (I) REV 3



Table 114-4.1-6. Master Electrical Equipment List (Continued)

MODE DEFINITION

(USED WITH NOTES LIST)

MODE DEFINITION MODE DEFINITION

GUIDANCE AND NAVIGATION (CODE 2701) STABILIZATION AND CONTROLS (CODE 2901)

A Attitude Control, Delta-V, Entry Modes A Launch, G&N Delta-V with SCS Backup

B IMU Alignment, IM Tracking B G&N Maneuver, i FDAI No SCS Backup

B I _U Fine Alignment C G&N ATT. Hold, 1 FDAI No SCS Backup

C CMC Operations D SCS Delta-V, 1 FDAI No G&N

D Sextant Sightings E SCS Att. Hold, i FDAI NO G&N

_ E G&N Powered Down F SCS Att. Hold, No FDAI, No G&N
I

G SCS Rotation, 1 FDAI, No G&N
C_
i

H SCS Translation, I FDAI, No G&N

I Standby, SCS Gyros in '_armup"

J Standby, No Gyro Wannup

K G&N Entry SCS Backup

L SCS Entry, 1 FDAI No G&N

cn

0 F-_ Cu

°to

i



Amendment 108

1118172

Table 114-4.1-6. Master Electrical Equipment List (Continued)

NOTES

(USED WITH LIBRARY AND MODE LIST)

NO OESCRIPTION NO _5CRIPTION

I INCLUDES BOTH PRIMARY ANO SECONDARYSYSTEMS :38 MODE DEFGHIJI.

Z MIT DATA SOURCE 39 MODE DEGHKL

t _A LEVEL OPERATION ONLY 40 MODE OEGH

4 VALTJUMOPERATION ONLY 41 MODE FIJ

5 POWER FROM FUEL CELL POSITIVE PLATE 42 MODE KL

6 NASA DATA SOURCE 43 MOOESCDEGHL

7 597 REACTIVE VOLT-AMPS - NEGATIVE POWERFACTOR 44 MODE OEGH

8 MAXIMUM CHARGE 45 MODE IJ

g _S YAWMODE 46 MODE L

I0 SOS ROLL MOOE, OUAOS B/O 47 MODE ABCDEFGHKL

11 SOS PITCH MODE !48 DISABLED PRIOR TO FLIGHT

12 SOS ROLL MODE, QUADS A/C 49 AVERAGE POWERAC 21.OW. DC I9.OW

13 FK)NERREQUIRED TO OPEN AND CLOSE VALVES SO SEE EFFICIENCY CURVES. IDLE POWER IIB.0WOC

14 PRIMARY COLD PLATE LOOP ONLY Sl FOR PTC INERTIAL ATTITUDE HOLD AND ORBIT RATE USE MODE "X

15 STANOBY MODE WITH TVC IN MODE "J"

16 OPERATE MODE 52 TVC ELECTRONICS-USE MODE A OR MODE O kPHENEVER SPS OIf4BALS

Ir7 OPERATION AT 5.0 PSIA !ARE POWERED

!18 OPERATION AT 14.7 PSIA 53 OEVLP = ?I"G, QUAL • "O'G ENVIRONMENT

19 MODE E S4 GOVERNMENTFURNISHED EQUIPMENT

20 _ ABCD 55 SERVICE MODULE FUSES

21 MOOE BD 56 S_C.=M[NIHUM OR AVERAGE. DEVEL.=PEAK

22 MOCE DOE 57 SPEC,=O.C.VALUE_ DEVEL.=A.C. VALUE

23 MOO£ AB SB O TEST=RESET VALUE

aH _ A 59 AVERAGE POWER- REFER TO XOOB FOR PEAK POWER

25 PRX)E BI 60 POWER VALUE INCLUDES SCS LOGIC BUS POWER - C15-205CB23,

26 MOO£ AOEFGHKL CBB½, CBBB, CB63

27 _ ADEFH 6I J MISSION. LAUNCH BOOST PHASE ONLY

B8 MODE GIKL 62 ONLY FOR SPS OVERCURRENTFAILURE SIGNAL

B9 MODE BC

30 :PK)OE A

31 :MODE 0

32 I"K)OE EFGHL

33 MOOE 8ClJ

34 MOOE K

}s MODEAK
]B I'K)DE OEFGHL J DENOTES CHANGE

3? MODE G

I14-4olo6-5
SNA-8-D-027(1) REV 3



I Table 114-4.1-6. SC-II4 Master Electrical Equipment List Oct. 23, 1972 (Continued)

_E ;|TS Ii I CRCT BREAKER

WATTS NOTES

CODE OESCRIPTION CPC PART OR ID NO. DESIGNTN QTY A/DC PF BUS ID C EVLP TEST CCEPT

0201CRYO GAS STORAGE

0203 02 TK HTR TEHP 003 ME148-0027o0080 03 A .07 CI28 1.0 0.9 ,S20AI4FIO

0804 SIGNAL CONDIT H2 003 ME282-0047-0040 S48A2,4.10IA 03 A .67 C122 5.0 W.5 C154A403C824,28,87

0205 SIGNAL CORGI/ 02 003 MElqGm0027-O020 548A3.5.103 03 A .87 C182 5.0 4.0 C154A40_824.26.27

0806 M2 TANK HEATERS 003 ME288-0047-0040 S48TKI,TK2 08 D CAB2 80.0 C154A403C616,17

0207 02 TANK HTRS I-2 003 ME282-0046-0005 $48TK3.4,102 03 D CAB2 108.67 C154A403C818,19.43

0208 02 TANK HEATER-3 003 ME282-0046-0005 $48TK3,4,102 03 O CAB2 53.33 CI54A40_841,42,44

0209 H2 TKS 1,2,3 FANS 003 NE282-0047-0040 S48TKI.2,IOI 03 A .16 CI2I 7.0 7.0 C154A40_B22-27

0210 H2 REACT VLV LTCH 003 ME284-0289-0001 $48LV1,2,3 03 D 8R6 17.5 CI54A403C84-CB6

0211 02 REACT VLV LTCH 003 ffE284-0281-0003 S48LVI4-LVI6 03 D 8RB 54.0 D154A403C64.5,8

0212 142 VAC ION PUMP 003 ME282-0047-0040 S48TKI,2,101 03 D SAB 6.0 2.80 SI4AI F6,F7 WDAND55

0213 02 VAC ION PUMP 003 ME282-0046-0005 $48TK3,4,102 03 D GAB 6.0 2.60 CI4A25CGSG.5I 48

0214 02 TNK 3 IS_ VLV 003 ME284-0281-0003 $48LV17 OI D 8R8 54.0 C154A40_845

0215 REACT VLV FLG [ND 002 ME432-0172-0013 C22-2A203 03 D BR8 0.126 0.0126 CI52A205C87.8,9
050100CKJNG SYSTEM

0502 EXTEND SOLENOID 002 ME458-0004-0004 CIBA5LI,L2 02 D CA82 70.0 0152A208C876,77

4_ 0503 RELAY MOTORS 002 ME467-0017-000I CI8A5MI.M2 02 D CA82 70.0 C152A208C876.77

0504 INDICATORS 002 ME432-0172-0014 C222A202051 02 D CAB2 1.12 .125 C152A208C876.77

0505 RELAY PYRO FIRING 002 ME455-0073-I001 CIGA3A4K-S 02 D 8A82 3.92 C152A208CB45.46

0508 LM DKNG PA8 RET 002 M£414-0503-0029 Ci8A3.AWKS 01 D CAB2 3.92 C152A208C876,77
0601 DISPLAYS N CONTRL

0602 CNN DETECT UNIT 043 ME430-0006-0005 C22-4A401 01 D CABI 7.5 7.5 C152A205C652.53

0603 MISSION TIMER 002 LSC 355-31600 C22-2A202 02 D CAB2 5.6 0.5 C14A25C844.45 54.57

0604 DIGIT EVNT TIN OR 002 _456-0044-0003 C22-2A20l 02 D CAB1 2.0 27.0 50_0 1.48 C14A25C844.45 56.58

0605 DIGT EVNT TM SfSY 002 ME456-0044-0003 C22-2A20l 02 D CABI 1.0 .84 614A25C844,45

0606 MSTR ALARM INDCTR 002 ME452-0060-1103 C22-4A401 03 D CAB1 3.75 CI52A205C852,53

0607 ChU4MATRIX INO 002 M8434-0020-I018 C22-2A202 02 O CABI 3.75 C152A205C852.53
0608 09.4 MATRIX [NO 002 ME434-0020-]019 C22-2A202 02 D CAB1 3.75 6152A205C852.53OO

I 0609 CNN LAMP TEST I 002 ME434-0020-1019 XOSl 01 D CABI 74.0 C152A205C852,53

I 0610 CNN LAMP TEST 2 002 ME434-0020-1018 XOS2 01 O CAB! 56.0 C152A20_852.530

I'_ 061I INTOL LTG LT MDC 002 MC434-0040 CI5-2A208-T2 01 A .20 Cl CI5-4A403C837"4 ll.O

,,-, 0612 INTGL LTG R[ MDC 002 MC434-0040 CIS-2A205-T2 Ol A .20 CI CI5-4A403C834

H 13.1 _>v 0613 INT_ LTG LE8 002 MC434-0040 ClT-IAI28-T2 01 A .22 02 7.1 C15-4A403C833

0614 NUMERICS CMD 002 MC434-0040 CIS-2A208-T3 Ol k I.O 02 9.0 615-4A403C837 f-_

0615 NUMERICS LE8 002 MC434-0040 CIT-IAI28-T3 0l a 1.0 CI 9.0 615-4A403C833 "-- _
0O_

_o 0616 LANCH VEH END LTE 002 MC434-0022 C22-2A201 01 D BA 45.0 C|5-2A208C849 _--_

0617 RUNNING LIGHT 003 ME43400410001.2 SI7-9A902-09 04 A .60 C121 3.5 6|54A403C839.40

0
O3



Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

COOE DESCRIPTION CPC PART OR ID NO. DESIGNTN QTY A/DC PF BUS ID PEC EVLP TEST CCEPT

0617 RUNNING LIGHT 003 I'E43400410003,7 $17-9A902-OS 04 A ,90 C12! 3.5 CI54A403CB39,40

06i9 TUNNEL LIGHTS 002 P1£434-0051-6003 CI7-5A503,08 06 D CAB 3.0 CI54A403CB30,3!

0620 FLB LT LEB PRIN 002 ftC434-0045 C17-3A308.04 OB B CAB2 14.0 Bl.O 8.7 CIS4A403C830,31 56

B6_1FLO LT LEB SEC 002 MC434-00_ CI7-3A308.04 02 D CABS |4.0 21.0 7.3 CIB4A403CB30,31 56

062B FLO LT'HOLB PRIM 002 HC434-0045 Cl7-3A30]°03 02 O CABS 14.0 Bl.O 9.B C154A403CB30.31 56

062.3 FLD LT HOLD SEC OOB HC434-00_ C17-3A301,03 02 D CABS 14.0 BI.O 7.4 CI54A403CB30,31 56

0624 FLD LT COUCH PRIM 002 MC434-0045 D17-3A305,06 OB D CAB2 14.0 EI.O 12.8 CIB4A403CBBB,L:_ 56

0625 FLD LT COUCH SEC 002 HC434-0045 C17-3A305,06 02 D CAB2 14.0 BI.O 10.6 CI54A403CB39,40 56

0626 SPOT LIGHT 003 ME434-0054-0004 $17-9A913 01 A I.O C2 40.0 75.0 41.0 C154A403CB39 56

0628 EVA LIGHT 003 PE434-0045-0009 SI7-9A912 06 A 1.0 C121 .B .2 C154A403CB39,40

0629 RECVY FL BEACON 002 ME434-OO3B-0001 C17A2 01 D FPL 50,0 13,4 C154A403CB30,31

0631CREH OPTICAL ALGN 002 ME331-0017-0067 C22AI O! O CAB2 B.4 C154A403CB30.3!

0632 RENOEZVOUSLIGHT 002 MC434-0055 $17-9A915 01 D CA 25.0 CI54A403CB2B

0633 DOCKING TARGET 002 t'E476-0082 C22A3 01 A C2 8.4 CI54A403CB30-31

0634 CON TONE BOOSTER 002 V36-764135 C2B-AIAI 01 D CA .08 CI4-A25C836

0635 ELEC HASSELBLAB 002 INTERN POHER SUPPLY

0636 DATA ACQCAHERA 002 GFE Oi 0 CAB2 16.8 CI52A205CB25 I
0637 HEAT FLOH o CONV 002 t3M51033 OI D CA 30.0 C14-A25CB36 I
1301 INSTRUf_NTATION

1302 CM OPERATIONAL 002 OI O CABI 30.B C282A25CBI,2

1303, SM OPERATIONAL 003 01 D CAB1 |I3.29 CB82A25CB3,4

1304 SIH INSTRUNENT 003 01 D CAB1 12.12 C282A25CB3,4

1401 FUEL CELLS

1403 PUMP PACKAGESt. 003 ME464-0007-1002 S14PSI,2,3 03 A .33 CI22 100.0 80,0 Ci54A403C81,2,3 3

1404 _ PACKAGEVAC 003 HE464-0007-1002 $14PSI.2,3 03 A .33 CI22 61.1 C154A403CBIoB,3 4

1405 I-E. PURGE SOLENOID 003 ME464-0007-1002 $14PSI,2,3 03 D CAB1 17.5 6.2 CI54A403CBIO,II,I2

1406 02 PURGE SOLENOID 003 ME464-0007-1002 SI4PSI,2,3 03 D CAB1 17.5 6.2 C154A403CBIO,II,12

1407 FUEL CELL RAD VLV 003 NEBB4-0319-0001 $14LVl,2.3 _ 03 D BR8 14,5 CIB4A403CB13-15

1409 HYDRGNPURGE HTR 003 ME363-0017-0004 SI_HRI3,]4 02 D CAB1 ,4.0 CI54A403CB10,II

1410 IN LINE HEATER 003 ME464-0007-1002 S]4P51,2,3 03 O 160.0 FC PARASITIC LOAD 5

1501LM SUPPORT

1502 S BAND SA HEATRS 003 OI D CB 51.? CI52ABOSCBG6,?4

1503 ABORT SENSORASSY 003 01 D CB 10.8 C152A205CB66,74 G

1504 LANDING RADAR HTR 003 OI D CB 63.0 CI52A205CB66,74

1505 RENDEZVOUSRAOAR 003 01 D CB 81.0 Cl52A205C868.74 _>

1506 [N_ HEATER 003 01 D CB 104.7 CI52A205CB66.74 6 k_

1507 TRANSLUNARRELAY 003 Ol 0 CB 5.6 CI52A20BCBB6,?4 S -._._

r-..)
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I Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

C008 OESCRIPTION CPC PART OR ID NO. OESIGNTN OTY AlOE PF BUS ID PEC EVLP TEST CCEPT

1601POHER OISTRIBUT

1608 PHR FACT OORR LINT 003 V37-440080 S14A2 Ol A C182 10.0 CI54A403C81,C83 7

1603 OC AY,METER 002 ME432-OI?O-O008 C82m2A203H9 01 B CABL 0.5 C222A803

1604 DC VOLTHETER 002 HE432-0170-0006 C22-BA203MIO Ol O CA 0.0185 C222A203

1605 DC BUS U/V SENSOR 002 HE431-0063-0004 CISASAI Ol D ORB 0.85 0.008 C152A205C88,9

1606 AC OU/V SENSORS 002 HE431-0068-0003 C14AIAI Ol D ORB 0.63 0,45 CI52A205C810,11

1607 AC OU/V SENSORS 002 ME431-0062-0003 CI4A|Al 02 A .90 C122 0.5 CI52A805C83,4

1608 F/C FLAG INDICT 002 HE438-0172-0011 C22-2A803 OS D BR8 0.125 0.0186 CI54A403C87-9

1609 AC VOLTMETER 002 HE432-0170-0007 C28-2A203MII OI A .90 C122 0.63 C152A805C83,4

i610 INVERTER CONTROLS 002 HE452-0036-0008 C14A361-4 04 D BRB 210.0 C152A205C85-?

1611 AC PNR CONTROLS 002 HE452-0036-0003 C14AIS4-B 06 0 OR8 140.0 CI52A205C85-7

1612 DC PNR CONTROLS 003 HE452-0036-0001 C14A261-2 04 D ORB 210.0 C154A403C87-9

1613 BATTERY CHARGER 002 ME461-0002-0008 CINBTCI OI O CABI 94,0 46.3 CI52A205C836,I7 8,4g

1614 BATTERY CHARGER 002 HE461-0002-0008 CI4BTCI 01 A .SO C122 55,0 47.1 C152A205CB18 8.49

1615 INVERTER NO 1 035 HE495-0001-0018 CI4PSI 01 O CA ClNA7CBI 50

1616 INVERTER NO 2 034 ME495-0001-0018 CI4PS2 Ol D CB Cl4A7CB2 50

4_ 1617 INVERTER NO 3 033 ME495-0001-0038 CIWPS3 01 D CA82 CINATCB3,4 50

"_ 1881 SEQUENTIAL SYSTEM

I'_ 1802 LOGIC ARM 002 HE901-0569-0016 CIBAI-A2 01 0 8AB 7.17 C152A208C81,2

(_x ME476-0035-0002 CI8A3-A4 0] O BA8 ?.2 C152A208CBI,21803 PYRO ARM 002

03 3804 E/T JETTISON 002 MEgOI-0569-O016 CI8AI-A2 Ol O 8AB 9.0 C152A208C83,4

1805 SC/LV SEPARATION 002 ME901-0569-00[6 ClBAI-A2 Ol O 8A8 108.0 CI52A208C83,4

1806 CSM SEPARATION 002 ME901-05S9-OOI6 ClBAI-A2 01 O 8AB 36.0 6152A208C81,2

3807 MAIN CHUTE RELESE 002 HE901-0569-0016 CIBAI-A2 01 O 8A8 9.0 C152A208C83,4

1808 EOS 002 ME901-0569-0016 CtBAI-A2 Ol O BABC 37.44 C152A208C849,51

lSOl CH REACTION CONT

b3 3902 ENGINES AUTO *Y 002 ME901-0067-0014 cIgB9,BIO "02 O CA82 105.0 C152A208C823,22 9

1903 ENGINES AUTO -Y 002 MEgoI-OO6T-OOI4 C1981.82 02 D CA82 105.0 C152A208C821,22 9
I

(3o 1904 ENGINES AUTO *R 002 ME901-0067-0014 C1985,88 02 O 0A82 105.0 C152A208C817,18 I0
I

1805 ENGINES AUTO -R 002 HE901-O067-OOI4 C1983,84 02 O CAB2 105.0 C152A208C817.18 I0
0 ]906 ENGINES AUTO +P 002 MEBOI-O067-O014 C398T,88 08 0 CAB2 105.0 C352A208C839,20 II

"-4 1907 ENGINES AUTO -P 002 HE901-0067-0014 C19811.B12 02 0 CA82 105.0 C152A208C819,20 1l
...-x
H 1908 ENGINES OIR SYS I 002 ME901-0067-0014 CIgAI 06 O CAB 52.5 C152A208C833.14

v
1909 ENGINES DIR SYS 2 002 ME903-O067-O014 ClgAl 06 D CAB 52.5 C152A208C870.71

A_u u^lu l_vu VALVE 002 NE284-0_/6-0815 CIgLVI.LV3 04 O CA8 48.0 ClSdA_08CB41,42

1911 FUEL ISOL VALVE 002 HE284-0276-00]6 C]BLV2,LV4 84 O CAB 48.0 C352A2080843,42 I-_ _I-._ CL
LO

1912 CM ENGINE HEATERS 002 HE901-0067-0014 C1981-812 12 O CAB 52.5 C152A208CBS6.67 ":_ m_-

Ix5
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Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

[ UN, TS IN k_TT9 1 eRE T BREAKER NOTES

C00£1921SHREACTIONDESCRIPTIONcONT CPC PART OR |O NO. OESIGNIN " OTY A/DC PF 8US ,0 FEC _EVLP r TEST _CCEPTI

1922 ENGINES AUIO *Y 003 NE901-0024-0301 919AEB3,A483 02 D CA82 108.0 ¢152A208C_1,22 9

19_3 ENGINES AUTO -Y 003 ME901-0024-030I S19A2BI,A491 02 D CAB2 109.0 C1_A208C921,22 9

1_4 ENGINES AUTO +R - 003 M£901-0024-0301 SI9AIB4,A3B4 02 0 CAB2 108.0 C|52A208C917,18 10

I_ ENGINES AUTO U�0031"_901-0024-0301 S19A_.,Aq82 02 D CAB2 I08.0 C1_,A208C815,16 12

19c_6 ENGINES AUTO -R 003 ME901-0024-0301 SI9AIB2.A392 02 O CAB2 109.0 C152A208CB17,18 I0

19_ ENGINES AUTO -R 003 M£901-0024-0301 SIgA_q.A484 02 O CA82 108.0 C1_A208C815,16 12

I_L°8ENGINES AUTO +P 003 NE901-0024-0301 SI9AIBI.A3BI 02 0 CA82 108.0 C152A208C919.20 II

1929 ENGINES AUTO -P 003 ME901-0024-030I SI9AIB3,A393 02 D CAB2 |08.0 CI_A208CBI9,20 11

1930 ENGINES OIR SYS l 003 NE901-0024-0301 SI9AI.A2 08 0 CA8 28.0 CI52A208CB|3,14

1931 ENGINES DIR SYS 2 003 ME901-0024-0301 SIgA3.A4 08 D CAB 28.0 C1_A208C870o7i

1932 PR OXlO ]SOL VLVS 003 ME284-0276-0011 SIgAI-A4LV4 04 O CAB 48.0 C152A208CB41,42 13

1933 PR FUEL I90L VLVS 003 ME284-0276-0012 919AI-At_.V3 04 D CAB 48.0 C1_A208C941,42 13

1934 SC OX[D ISOL VLVS 003 ME204-0276-0017 SI9AI-AqLV7 04 O CAB 48,0 C152A208CB41.42 13

1935 SC FUEL ISOL VLVS 003 ME284-0276-0019 S19AI-A4LV8 04 O CAB 49.0 Cl52A209C941,42 13

1936 HEL|UM ISOL VLVS 003 ME284-0281-0001 SIgAI-qLV5.6 08 O CAB 54.0 CI52A208C041o42 IANOI3

193"/ NELIUM PRES VLVS 003 HE284-0281-0001 SIgAI-_LV9 04 O CAB 54.0 CI52A208C841,42 IANOI3

1941ENG PKG HTR A PR| 003 ME363-00t4-0004 SIgAII_I 02 O C8 45,2 C152A208C837

1942 ENG PKG HTR 8 PRI 003 ME363-0014-0004 SI9AL_I 02 O CA _.2 Cl_A208C539

1943 ENG PKG HTR C PRI 003 ME363-0014-0004 SlgA3HI_I 02 O C9 45.2 C1_A208CB38

1944 ENG PKG HTR 0 PRI 003 HE363-0014-0004 SIgAq+_RI 02 0 CA 45.2 C152A208C940

1945 ENG PKG HTR A SEC 003 NE363-0014-0004 SIgAIh_R2 02 O C9 45.2 Cl52A208C837

1946 ENG PKG HTR 8 5EC 003 ME363-0014-0004 519A21_ 02 D CA 45.2 C|52A209CB39

1947 ENG PEG HTR C SEC 003 HE363-00|4-0004 SIgA_2 02 D CB 45.2 CI'Sx3A208CB38

1948 ENG PKG HTR O SEC 003 ME363-0014-0004 SIgA41-_R2 02 O CA 45.2 C152A208C840

2001 ENTRY MONITOR

2002 SNITCH POSITION I 022 MC432-0129 C222A201AI OI O CARl 28.0 CI52A208C852.53

2003 SN POS 2 NORMAL 022 ME432mO129 C222A201AI OI 0 CABI 47.6 CI52A208CB52,53

2004 SN POS 2 STBY-BU 822 MC432-0129 C222A20IAI Ol O CABI _.0 Cl52A208C852.53

2005 SN POS 3 NORMAL 022 HC432-0129 C222A201AI Ol O CABI 33.6 CI52A208CB52,53

2006 SN POS 3 STBY-BU 022 MC432-0129 C222A201A| OI D CABI 2B.0 CI52AEOBCBS2.53

200_ 5N POS 4 NORMAL 022 MC432-0129 C222A201At • OI O CABI 54.6 CI52A208CB52.53

2008 SN POS 4 STBY-BU 022 MC432-0129 C222A201AI OI 0 CABI 50.96 C152A208CB52,53

2009 SN POS 5 NORMAL 022 NC432-0129 C222A2GIAI Ol D CAB1 3_.96 C152A208C852,53 _>

2010 S_ POS 5 STBY-BU 022 MC432-0129 C222A201A_ Ol O CABI 33,6 C152A208CB52,53 p-.,_
2011SN POS RANGE SET 022 MC432-0129 C222A20IAI Ol O CAB1 33.6 CI52A208C852,53 h_ C_

--..._
2012 561PO5 V ZERO SET 022 MC432-0129 C222A20IAI OI O CABI 28.0 C152A208C852,53 OO

ho

0
03



Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

;TSiTSICCTOE TESCOOE DESCRIPTION CPC PART OR |D NO. DESIGNTN QTY A/OC PF BUS ID EC EVLP TEST CCEPT

2013 ENTRY G LT .OSNOR 022 MC432-0129 C222A20tAI Ol D CABI nJ3.6 CI52A209C852.,53

2014 ENTRY 9 LT .05SBY 022 MC432-0129 C222A20|AI Ol 0 CABI . 28.0 CI52A208C952,53

2015 ENTRY G LT .05BU 022 MC432-0129 C222A20IA! Ol O CAB1 54.6 CI52A208C952,53

2016 ENTRY G 9T .05NOR 022 MC432..-0129 C222A201A! OI D CABI 54.6 CI52A208C952,53

201"/ ENTRY G 9T .05SBY 022 HC43_.-0129 C222A201AI Ol O CASI ;i>9.4 CI52A208CB52,53

2018 ENTRY G GT .OSBU 022 MC4_-0129 C222A201AI Ol D CABI 53.2 CI52A208CB52.,53

2019 ENTRY G = 2.5 NOR 022 HC432-0129 C222A201AI OI D CABI 51.8 C152A209C852,53

2020 ENTRY G = 2.5 SBY 022 MC432-0129 C222A201AI Ol D CABI 29.4 -- C152A208C852,53

2021 ENTRY G = 2.5 BU 022 MC432-0129 C222A201AI OI D CABI 51.8 C152A209C_,53

2022 DELTA V TEST 022 MC432-0129 C222A20IAI Ol O CABI 30.8 C152A208C852,53

2023 DELTA V SET 022 MC432-0129 C222A20IAI OI O CABI 28.0 C152A208C852.53

;_024 DELTA VELOCITY 022 MC432-0129 C222A201Al O| D CABI ¢_8.84 C1_A208C852o53

2025 INCANDSCT LT DISP 002 MC432-0129 C222A20IAI 08 A I.O C2 0.81 0.79 CI54A403C833

20L:>6NUMERIC DISPLAY 002 MC432-0129 C222A201AI OI A .90 CI I. 35 C154A403C837
2101 COHMUNI CAT; ONS

2102 SIGNAL CONOITION 025 M2901-0713-0019 Ci3-IAIO6 OI D FB 35.0 20.44 C154A402C816

210:5 PCM TELEMETRY 041 MESOl-O'/IB-O008 C28-1AIOI Ol A .98 C122 21.0 19.5 C154A402C81.2

2104 PRE-MOD PROCESSOR 027 H24'78-0068-0006 C28-1A111 OI O CABI 12.5 8.'/6 C154A402C811,12

2105 CENTRAL TIME EQIP 028 ME455-0041-0032 C28-IAI02 Ol O CABI 20.0 9.24 C154A402C821.22

2106 S-BAND FM XM|TTER 026 ME4"78-00"70-0006 C28-IA105 Ol k .80 C122 14.0 6.3 Cl5-4A402C814

2107 S-BAND FM XMITTER 026 M2478-0070-0006 C28-1A105 O! O F8 2.4 1.61 Cl54A402C921.22

2108 S-SD PN AMP HI NI 030 ME4"78-0066-0009 C28-1A104 OI A .94 Ci22 90.0 "79.0 Ci5-4A402CBIB

2109 S-BO P_ AMP HI NI 030 M24'78-0066-0009 C28-1A104 OI O F8 5.0 1.5 CI5-4A402CB1"/

2110 S-SO PW AMP LO NI 030 HE478-0066-0009 C28-IA104 OI A ,89 C122 40.0 30.0 C15-4A402C818

2III 5-80 PN AMP LO NI 030 M2478-0066-0009 C28-1AI04 Ol 0 FB 5.0 1.5 C15-4A402C81"7
2112 S-BB PW AMP HI N2 030 ME4"78-0066-0009 C28-1A104 O} A .92 C122 90.0 "/9.0 C15-4A402CB20

2113 S-SO PW AMP HI N2 030 M24'78-0066-0009 C28-1A104 Ol O FB 5.0 1.5 C15-4A402C819

2114 S-SO P_JAMP LO N2 030 HE47B-OOS6-OOOB C28-1A104 Ol A ,98 C122 40.0 30,0 C15-4A402C920

2115 S-SO PN At"P LO N2 030 HE4"78-0056-0009 C28-1A104 Ol D F8 5.0 1.5 C15-4A402CB19 _'

2116 S-BAND XPOOERNOI 026 ME478-0070-0006 C28-1A105 OI A ,85 C!22 20.0 |6.0| Cl5-4A402C818

2117 S-BAND XPODER NOI 026 M24*/8-0070-0006 C28-1A105 OI O F8 2.4 C15-4A402CB171.15

2118 S-SANO XPODER NO2 026 HE478-0070-0006 C28-1A105 Ol A ,85 Cl22 20.0 15.53 C15-4A402C820

2| 19 S-SAND XPODER NO2 026 M24"78-00"70-0006 C28-1A105 OI O F8 2.4 1.15 C15-4A402C81"/ _>

2120 VHFIAM XMIT 296.8 024 M2478-0067-0014 C28-IAI08 Ol O FPL 36.2' 30.99 C15-4A402£88 _

2i21 VHF/AN XMIT 259.7 024 M2478-0067-0014 C28-1AI08 Ol D FPL :34.0 30.6 C15-4A402C88 --,, =l

2122 VI-_'IAMSTBY DUP A 024 M24"78-0067-0014 C2B-IAIO8 Ol D FPL 6.0 4,2 C15-4A402C98 -....
Gom

2123 VHF/AM STBY SIHPA 024 ME478-0067-0014 C28-IAI08 0; D FPL 6.0 4.0 C15-4A402CB_ D,O

0
Go



Table i14-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

CRCT BREAKER NOTES

COOE DESCRIPTION CPC PART OR IG NO, DESIGNTN QTY A/DC PF BUS IO P C VLP TEST C EPT

2124 VI-F'/AH STBY DUP 6 024 f12478-0067-0014 C2B-IAI08 Ol D FPL . . . . , C15-4A402C66

21L_5 VI.FIAH STBY SIHPB 024 R2478-0067-0014 C29-1A108 OI D FPL 6.0 4.0 CI5-4A402C88

2126 VHF/AM REC 295.8 024 M2478-0067-0014 C20-1A108 Ol D FPL 2.0 1.4 CI5-4A402CB9

2127 VI-F'/AH REC 259.7 024 ME478-0067-0014 C29-IA108 Ol D FPL 2.0 1.3 C15-4A402C89

2128 VHFIAM KEY 296.8 024 HE470-0057-0014 C28-[A108 OI O FPL 2.0 1.35 C15-4A402C88

21Lw:JVI-IF/AM KEY 259,7 024 H£479-0067-0014 c2e-IAI08 OI D FPL 2.0 1.3 CI5-4A402C68

2130 AUDIO CENTR (PER 027 1'_473-0086-0005 C28-IA110 OI D FPL 10.0 8.50 C15-4A402C87-9

2131 AUDIO CENTR STBY 027 H£473-0006-0005 C28-1A110 Ol D FPL 6,0 5.25 C15-4A402C27-9

2132 TAPE RECORDER 029 ME435-0043-0003 CI3-1AI07 Ol A .44 C122 47.0 32.0 C154A402CB14

2133 TAPE RECORDER 029 M2435-0043-0003 CI3-1A107 Ol D FB 3.16 Cl54A402C813

2134 DATA CONOITIONER 002 H2435-0044-0001 C28A95 Ol D CARl B.O 3.92 C154A402CB3,4

2135 RENOEZ XPONDER 020 LSC370-500-4 $28A2 Ol D CAB2 69.0 65.1 CI54A402CB15

2136 RENDEZ XPONDERHT 020 LSC370-500-4 $28A2 OI D CAB2 15.0 10.1 C154A402C815

213"7 COLOR TELEVISION 002 HH01-03043-216 C20-3A322 OI D CAB2 25.0 23.0 CI54A402C813

2139 (P-DATA LINK 029 H2470-0101-0004 C28-1A103 OI D CAB2 12.0 8.26 CI54AqOBCRIO

2141 2KMC SWITCH 002 f_452-0052-0122 C28-1AlI4 Ol O CAB2 15.0 11.9 CI54A402C85

2143 VHF RECOV BEACON 002 H2478-0059-0005 C28-1AI12 Ol D FPL iO.O 5.62 C154A402C87

2145 DIGITAL RNG GEN 002 H£478-0082-0003 C28-1A109 Ol D FPL 26.0 10.56 CI54A402CB9

2146 MODULATOR 002 H2478-0087-0002 C28A89 Ol D CABI 22.0 10.14 C154A402C611

2147 TIMING BUFF AHP 003 H£473-0i01-0002 $28A33 Ol D CABI 5.0 3.83 C282A25C83 I
C154A402CB112148 DATA PROCESMASTR 003 H2476-0095-0005 S2BA40 OI D CARl 29.0 19.7

2149 DATA PROCESSLAVE 003 H2476-0096-0003 $28A41 OI D CAB1 3,4 C154A402C81I

2150 HI GAIN ANT PRIMA 003 ft2476-0039-01ll 528A3 01 A .59 CI22 " 41.5 35.5 C154A402C86

2151 HI GAIN ANT PRIHA 003 HE476-0039-01ll $28A3 Ol D F8 72.0 _8.0 15.9 C154A402C85

2152 HI GAIN ANT SEC 003 M2475-0039-011] 520A3 01 A .58 CI22 36.8 CI54A402C66

2153 HI GAIN ANT SEC 003 HE476-0039-01Ii $28A3 Oi D F8 20.6 CI54A402C85

2154 PRESS ALARMGENE 002 C286A102 'I OI D CAB2 CI_ABOSCB25

2201 CREW SUPPORT *i

2202 PERSONAL COMH 002 IID53-OREI5 C20-2A206 :!i03 D FPL 1.60 C154A402CB7-9

2301 ENVIRONMENTALCTR

,2302 CABIN TEHP CT ST8 002 PI2901-0219-0021 C23Z3 Ol A ,95 C2 2.5 2.3 CI52A205C643

2303 CABIN TEHP CT OP_ 002 H2901-0219-0021 C23Z3 Ol A .95 C2 il.5 11.5 C152A205C843

2304 POT H20 ASSY HTR 002 HE901-0223-0071 C23A4HRI OI D CARl 45.0 39,5 CIS2AB05CB25,27

2305 PRiM GLYCOL PuMP 002 HE281-O018-O007 C23AGLPI,2 02 A .60 C122 52.0 4_.0 C222A204C87-12

2306 GLY EVAP CONT 002 HE901-0737-0022 C23AIZ5 01 A .95 CI 9.0 7,20 5.91 C222A204C69 15 _l_ _.

2307 GLY EVAP CONT 002 ME901-0737-0022 C23AIZ5 01 A .95 CI 27.0 22.56 23.4 C222A204C810 15 c,...OO_-
2308 H20 VALVE PRIM 002 HE901-0737-0022 C23AILV4 01 D CABI 5.0 3.51 3.73 C152A205C825.27 "-_--Jt-t

I'J
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TaSle 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

• t iN|TS li WATTS_ I CRCT BREAKER NOTES

COO£ DESCRIPTION CPC PART OR ID NO, DESIGNTN QTY A/DC PF BUS IO PEC EVLP TEST OCEPT

2309 BACKPRESS VLV MAN 002 ME901-0737-0022 C23AILV3 Ol A .95 Cl .05 _.5 I C222A204C99

2310 CYCLIC ACCUHCONT 002 H2801-0737-0022 C23AIZ3 Ol D CA 3.05 2.58 CI52A205C828

2311 CYCLIC ACCLAHCONT 002 HE901-0737-0022 C23AIZ4 01 O CB 3.05 2.58 C15,2A205CB29

2312 CYCLIC ACCUH MAN 002 1"1£901-0737-0022 C23AILVI,2 02 D CA81 2.8 1.91 C152A205C828.29

2313 PLV VALVE NOIOR2 002 HE284-0341-0003 C23LV4.5 02 G FPL 78.4 91.2 82.0 C152A208C95

2314 PLV FAN LOW 002 P,£492-0010-0031 C2383 Ol D FPL 8.0 5.1 5.3 C152A208C85

2315 PLV FAN HIGH 002 M£492-0010-003! C2393 01 O FPL 17.0 15.1 16.2 C152A208C85

2316 STEAM DUCT HTR I 002 f_363-0013-0001 C23A4HR2 Ol D CA 3.0 2.91 C152A205C950

2317 9TEAH DUCT HTR 2 002 ME363-0013-000I C23A4HR3 01 D C9 3.0 2.71 C152A205C95!

2319 LIRII_ DUflP HTR A 002 HE363-0013-0002 C23HR4 01 O CA 6.0 5,94 C152A205C850

2319 URINE DUMP HTR 8 002 14£363-0013-0002 C23HR4 Ol O C8 6.0 5.94 C152A205CB51

2320 SUIT GLYCOL 8P VL 002 HE901-0737-0022 C23AILV9 , Ol A .90 CI 72 7.64 C152A204C88

2321 SEC GLY PUMP ASSY 002 HE281-00|8-0007 C23A6LP3 01 A .60 C122 52.0 46,0 C222A405CB44.45

2322 5£C GLY EVAP CONT 002 HE901-0737-0022 C23AiZ7 O[ A .95 C[ 7.6 7.8 C222A405C844 [5

2323 5£C GLY EVAP CONT 002 M2901-0737-0022 C23AIZ7 Ol A .95 C1 23.8 23.9 C222A405C844 16

2324 H20 VALVE HAN SEC 002 HE901-0737-0022 C23AILV9 OI D CAB1 6.0 3.51 3.73 C152A205C926.27

23<?.5BACKPRESSVLV MAN 002 H2901-0737-0022 C23AILV7 Ol A .95 CI 8.05 7.5 C222A205C844

2326 RAD PROP VLV CONT 003 H2476-004t-0004 $2.3A1 Ol A .95 CI 43.? 43,7 32.0 CI52A205C868

2327 PAD PROP VLV CONT 003 H£476-0041-0004 S23AI OI O CA 3.0 1.62 1.72 C152A205C967

2328 RAO PROP VLV CONT 003 M2476-0041-0004 523AI OI A .95 C2 43.7 43.7 _.0 CI52A205C869

2329 RAG PROP VLV COHT 003 HE476-0041-0004 523A1 Ol O C8 3.0 1.62 1.72 C152A205C870

2330 RAG HTR CONT PRII 003 HE476-0042-0006 $23A2 Ol 0 CA 7.3 6,7 CB67

2331RADHEATER 1 003 HE476-0042-0006 923A2 OI D SA 500.0 482.0 490.0 SI4AISI 55

2332 RAO HTR CONT PR[2 003 H2476-0042-0006 $23A2 Ol O C8 5.6 5.3 5.4 CI52A205C870

2333 RAO HEATER 2 003 H[476-0042-0006 523A2 O1 0 $9 500.0 482.0 490.0 914A192 55

2334 RAD HTR CORT SEC 003 H2476-0042-0006 $23A2 Ol D CA 12.6 12.0 12.2 C152A205C871

2335 RAO HTR SEC NOI 003 H£476~0042-0006 $23A2 Ol D $8 500.0 497.0 490.0 S14AIS3 55

2336 RAD HTR SEC NO2 003 1"1£476-0042-0006 $2.3A2 OI O SB 500.0 497.0 S14AIS3 55

2337 HASTE DUMP HTR A 002 ME363-0013-0002 C23HR3 Ol 0 CA 5.7 2.97 C152A205C850

2338 HASTE DUMP HTR B 002 HE363-0013-0002 C23HR3 Ol D C8 5.7 2.97 CI52A205CB51

2339 WASTE STRIP HTR 1 002 HE363-0017-0005 C23HR7 Ol D CA 2.51 2.44 C152A205C850

2340 HASTE STRIP HTR 2 002 f'1£363-0017-0005 C23HR7 Ol 0 C8 2.51 2.44 C152A205C951

23410UHP STRIP HTR I 002 H2363-0017-0005 C23HR6 Ol O CA 2,51 2.44 C152A205C850

2342 _ STRIP HTR 2 002 nE_b_-UOlY-O005 C23HR6 Ol O CB 2.51 2.44 CI52A205C851 _'>

2343 SUIT COHPR£SSORI 002 HE901-0737-0022 C23A181 Ol A .77 C122 85.0 79.7 82.9 C222A204C81-3 17 I-.-'

2344 SUIT COMPRESSORI 002 HE90Im0737-O022 C23AI81 Ol A .77 C122 195.0 195.0 C222A204C91-3 18 _"--

2345 SUIT COMPRESSOR2 002 HE901-0737-0022 C23A182 Ol A .77 C122 85.0 79.7 83.7 C222A204C84-6 17 ._
"-JR
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Table 114-4.1-6• SC-I14 Master Electrical Equipment List Oct; 23, 1972 (Continued) I

| u.,Ts,NWATTS I CRC,B_A_R _OTEB
c= ,o OBI,N A,OPF ,O pPECpE, PpTEGTI  :EP,I
2346 SUIT COMPRESSOR2 BOB ME901-0737-0022 CB3AIB2 Oi A .77 Ci22 il96. 0 i i195.0 / i C222A204C24-6 IB

234'7 GLYCOL TENP COHT 002 ME901-073"7-0022 C23AIB2 OI A .96 CI 2.5 _.5 C222A204C27 IB

_3_ GLYCOL TEI'P CONT 002 M£901-0737-002_ CB3AIP2 OI A ,_P3 OI 10.6 10.6 C;_22A;P04CB9 IB

_349 TEPIP Pi_ SUPPLY 002 tIE901-O73"/-OOBB C23AIPBI OI O CABI 10.0 9.96 B.B CI52A205CB36.3"7

2_P30 £CB R HTR RLY PRI 003 M£363-0013-0003 SI4AI-BI OI O BA .56 0.5"74 C151_A205C1_'/2-

2351 CCB R HTR RLY PR| 003 P_363-0013-0003 514AI-B2 OI D [38 .56 0.574 C152A205C273

2352 £CB R HTR RLY SEC 003 HE383-0013-0003 S[4AI-S3 OI 0 Be .56 1.12 CI5_A205CB73

2353 CABIN FANS 002 ME492-0004-0011 C238I 02 A .62 CI 19.0 19.0 CI52A205C838-40

2357 VACUUH CLEANER 002 V36-612570 01 k .77 C2 85.0 17

2401 RECOVERYBYBTEH

2402 COMPRESSORPUMPS 002 M£281-0020-0001 C24LPI.LP2 02 D 2A2 560.0 530.0 548.3 CI4AI3CBI.CB2

2403 FLT 80 VLVB 1.2 002 ME_4-0285-O001 CB4LVI ,LV2 02 D GAB 2B.0 lB.2 CI4A13CB6.CEr7

2404 FLT BG VLV 3 (]02 M£284_0285-0001 C24LV3 Oi D FPB 28.0 CI4A13CBB

2405 DYE MARKERRLSE 002 H£414-OOOB-O001 CB4A3LI OI D FPB 28.0 CI4AI3CBB

2701 GUIDANCE NAV

2702 SUIO COMP STOBY 031 2003993-031 01 O CABt 10.0 15.0 CI52A205CBBO.61 19

2/03 C_JID COMP OPERATE 031 2003993-031 OI O CABI 100.0 70.0 CI52A205CS60.61 [4AND20

;_/04 OPTICS OPER (NBAI HIT 28999B2-021 OI O CABI 41.6 27.3 _ CI52A205CB62,63 14AND21

2/06 OPT1CS°OPER (CDU) 039 2007222-161 OI D CABI lB.3 19.3 SIJ_ 87.0* C152A205CB62,63 14ANDBI
2/06 OPTICS OPER (PSA) 040 2007200-11! O| D CABI 61.6 40.4 C152A205C862.63 14AND21

_ C152A205CBSB .59 22ANO53
2/07 IMU HTR STBY(NBA) HIT 2899982-021 OI 0 CABI 28.0 25.5 16.5 S'LI_'[

BOB IMU HTR STBY(PSA) 040" 2007200-!!1 Ol O CABI 13.0 B.9 5.5 _ 22.0. IC152A205CB58.59 22AN053

2709 IHU OPERATE (NBA) NIT 2899982-02! OI D CABI 7B.6 60,4 ') CI52A205CBS6.57 14AND23
C152A205C856,57 14AN023

2/10 IHU OPERATE (CDU) 039 2007222-161 OI D CABI 33.6 33.0 SUM 183.0. CI52A205C856.57 14AN024
2/11 IHU OPERATE (PSA) 040 2007200-111 01 D CABI ll4.1 64.0

2712 IHU OPERATE(PIPA) 036 28_82-02i 01 O CABI 50.9 25.6 CI52A205C857,56 I4AN023
C152A205C856.57 14AN025

2713 IMU OP FINE ALIGN HIT 2021323-011 Ol D CAB1 16.2

2714 MASTER ALARMLAMP 002 2021323-011 OI O C122 3.5 CI52A205CB33,37

2715 RET OIM PS IN PSA 002 2021323-011 01 A 1.0 C122 15.3 CI52A205CB33.37

2716 DIM CONT EL LAMPS 002 2021323-0il OI A 1.0 C122 2.0 CI52A205CB33,37
C152A205CB54.55

2717 DIM CONT DSKY CAU 002 202J323-011 Ol A l.O C122 9.0

2/18 OPT EYEPIECE HTRS 002 2012793-02i 65A1,A2 01 O CABI 7.5 6.0 14.0 _ C[52A205CB58,59 *NCR31325
51

2901 STAB CONTROL _>
2902 GYRO ASSY I 037 H£493-0010-0402 C29-1A121 Ol A .75 Cl 13,6 CI52A208CB9 26

2903 GYRO ASSY I 037 ME493-0010-0402 C29-tAI21 Ol O CA 56.3 CI62A20GCBII 27 _i_ _
C_

2904 GYRO ABSY I 037 HE493-00[0-0402 C29-1At21 OI O CA 52,8 CI52A208CBil 28 _CO_b_
CI62A208CBIO 26 _

2905 GYRO ASSY 2 03_ ME493-0010-0402 C2g-IAI30 OI A .75 C2 13.6 _J rt

CD

*G&C Division (DISC)does not concur with detailed breakdo_n of numbers contained within bracket, co
G&C agree to total number.



I Table 114-4.1-6. SC-I14 Master Electrical Equipment Llst Oct. 23, 1972 (Continued)

L_NITB IN WATTS J CRCT BREAKER NOTES

C_ OESCR,PT|ON CPC PART 0(_ |D NO. OESIDNTN QT, A,OC pF BUS |O _PEC _EVLP _TEST _CCEPTI2906 GYRO ASSY 2 037 H2493-0010-0402 CBS-IAI30 01 D C8 r._2.B / I CI52A208CB12 26

L_908 REACT JET DRIVER 030 MEgOI-0706-0402 cEg-IAII6 Ol A .75 CIBI 5.3 CI52ABOBCB9,10 47

_909 REACT JET DRIVER 030 ME901-OTOB-O40B CBS-IAII6 OI O CABI O.I DIS2ABOBCBII.IB 23.60

291| REACT JET DRIVER 030 HESOI-O706-O40B CBS-IAII6 OZ O CABS i.½ C|52ABOBCBII,IB 31,60

29|E REACT ,JET DRIVER 030 HE901-0706-0402 C29-1AII6 Ol D CAB2 I.I ClSBABO8CBII.|B 32,60

_913 SERVO ELECTRONICS 032 H£9OI-OTOB-OBOB C29-1AIBO OI A .75 C122 13.4 C152AB08C854,55.9,10 30.31,52,60

2914 SERVO ELECTRONICS 032 H2901-0708-0202 CB9-1AIBO 01 D CAB2 6.7 C152A208CBII,12 30.60

_915 SERVO ELECTRONICS 032 MESOI-OTOB-0202 C29-1AI20 Ol O CAB2 0.4 CISBABOBCBIl,12 33,60

2916 SERVO ELECTRONICS 03B H2901-0708-0202 C29-1AIBO Ol D CAB2 7.5 CIBBABOBCBII,I@ 31,52,60

_'_:Jl? SERVO ELECTRONICS 032 MESO_-O?OB-O202 C2g-IAI2O Ol D CAB2 0.7 CI52ABOBCBII.12 32,60

B918 SERVO ELECTRONICS 032 HEgOl-OTOB-O20B CB9-1AIBO Ol O CAB2 I.| C152ABOBCBII,I2 34.60

2919 ELEC CONTROL ASSY 032 NE901-0705-0402 CBS-IAII9 Ol A .75 CI2! 13.2 CI52A208CB54,9 35

2920 £LEC CONTROLASSY 032 ME901-0705-0402 c2g-IAII9 Oi A .75 CIBI 12.9 C15BA208C854,9 36
I_ 29B2 EL£C CONTROLASSY 032 H£SOI-OTO5-O40B CBS-IAIIS OI O
F-L CAB2 8,2 CI52ABOBCBII.IB 30,60

_923 BLED CONTROL ASSY 032 H2901-0705-0402 C29-1A119 OI D
CAB2 0.6 C|SBABOBCBII,12 2g.60

L:_J24ELEC CONTROL ASSY 032 ME901-0705-0402 CBg-IAII9 Ol O CAB2 1.0 CI52ABOBCB|I,IB 38.60

_-_ 2925 ELEC CONTROL ASSY 032 HE901-0705-0402 cBg-IAII9 Ol D CABS 5.2 CI52A20BCBII,12 34,60

(_ 2926 GYRO DISPLAY CPLR 03I HE901-0707-0202 CB9-1AIIB Ol A .75 C12! 21.4 C|5BABOBCB9,10 30
i_ 2927 GYRO DISPLAY CPLR 031 HESOl-O?OT-OB02 C29-1A118 Ol A .75 CIBl"_ 20.7 CI52ABOBCB9,10 A 39

2928 GYRO DISPLAY CPLR 031 MESOI-O?OV-0202 CBB-IAII8 Ol O CAB2 34.0 CI52ABO8CBII,12 30,60

2929 GYRO DISPLAY CPLR 031 HEgOI-OTO?-O20B C2B-IAII8 el O CABB. 0.2 C 52A208CBII,IB B9,60

2930 OYRO DISPLAY CPLR 031 ME901-0707-0202 C2S-IAII8 O! O CAB2 23.8 CI52ABOBCBII,IB 40,60

L:x331GYRO DISPLAY CPLR 031 MEgOI-0707-0202 cBg-IAII8 O1 D CAB2 2.3 CI5BABOBC811,12 41,SO

2932 GYRO DISPLAY CPLR 031 HEBOI-D?O?-0202 cBg-IAIIB Ol D CAB2 2B.B CI52A20BCBII,|B 42,60

@933 ELEC DISPLAY ASSY 031 HE901-0710-0502 C29-1A117 OI A .75 CIB2 |7.! C152A2OBCBB,ID A 35

_> 2934 ELEC DISPLAY ASSY 051 HE901-0710-0502 C29-1A117 Ol A .75 ClBB B.7 CI52ABOBCBB,IO 43

I 2935 ELEC DISPLAY ASSY 031 HEgOl-0710-0502 CB9-1AII7 OI O CAB2 11.7 CI52ABOBCBII,12 35,60

_o 2936 ELEC DISPLAY ASSY 031 H2901-0710-0502 C29-1A117 Ol O CAB2 B.7 C152ABOBCBII.I2 29,60

it_ 2937 ELEC DISPLAY ASSY 031 M2901-0710-0502 C29-IA117 Ol O CAB2 IB.B CI52A20BCBII.IB 44,B0
0 L:x:J38ELEC DISPLAY ASSY 031 ME901-0710-0502 C29-1A117
I_ Ol O CA82 1.4 CI52ABOBCBIl.!2 45,60

"-J B939 ELEC DISPLAY ASSY 031 ME901-0710-OS02 C29-1A117 O| D CAB2 23.8 ClSBA2OBCBII,12 46,60

"_ 2940 FOAl NO ! 020 HE432-0168=0502 C22-2A201A2 Ol A .75 C2 0.7 CI52ABOBCB9
v

2941 FOAl NO 2 021 ME432-0168-0502 CBB-BA202AI ' Ol A .75 CI 0,7 CIBBA2OBCBIO _>

2942 GP/FPI 002 ME432-O167-O40B C22-BA20IA3 Ol A .75 0,2 THRU SERVO AHP 47 I_
_2943ROTATION CONT NOT 002 HE@Or-O?04-0702 C29-3A401 O] A .95 Cl _ _

2.4 CI5BABOBCB9 26 _',.B
oo_

_44 ROTATION CONT NO2 002 M2901-0704-0702 C29-3A402 Ol A ._ C2 2.4 CI_A20BCB54 B6 _
4j_

B945 ORO£AL 002 MH01-05643-216 C29-A400 Ol A .go C2 4.0 C22-BABOBCB65 Do
F-,
C_
CO



Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

¢OOE DESCRIPTION CPC PART OR IO NO. DESIGNTN QTY A/DC PF _dS ]O EC VEVLP TEST CCEPT

_946 ORDEAL 002 MH01-05643-216 C29-A400 Ol D Ce 0 C22-2A208CB64

_947 SPS CHANt',ELFA|L 032 11_901-0708-0202 C89-1A120 02 D BA 0.91 CI52A208C831,33

_¢_IFP[ tNO RELAYS 031 MESOI-OV10-0502 C29-IA117 O! D BAB 7.4 CI52A208CB49.5! 61

3101 SERVICE PROPULSN C152A208C827,28

3102PUGS 003 H£450-0008-002! S3tAI Ol A .98 C122 75.0 49.5

3103 PUGS 003 ME½50-0008-0021 531A1 01 O CAB2 75.0 12.4 CIE_?.A208CB25,26

3104 HELIUM [SOL VLVS 003 ME28½-0336-0014 831A4LVI-LV2 02 O CAB2 7t.0 5t.0 C|52A208C829,30

3t05 PILOT VALVES 003 HE321-0004-0013 SIOAt VLVI-½ 04 O CAB2 25,0 23.0 CI52A208CB68,69

3t(]6 PRE-VALVES 003 ME321-0004-0013 SIOAI VLVS-6 02 D CA82 _5,8 23.0 C152A208C829.30

3|07ORtVIER RELAYS 003 HE_55-0116-8002 S31A3K[-½ 04 O CAB2 4.7 C152A208C868,69 _,

3106 GIN ACT IDLE CH ! 003 HE321-0004-00|3 SIOAI 02 O SA 200.0 5_.

3t09 DIM ACT IDLE CH 2 003 HE321-0004-0013 SIOAI 02 O 56 140.0 fx?.

3110 GIN ACT BOST CH I 003 HE321-0004-0013 SIOAI 02 O 8A _2½.0 52

3lit OIH ACT 805T CH 2 003 ME321-000½-0013 SIOAI 02 B S8 140.0 Ex?.
P-_ 52
pa 3112 GIM ACT {]EL VCH I 003 ME321-0004-0013 SIOAI 02 D SA 3-/|.0

_" 3113 GIH ACT{:)EL VCH 2 003 PE321-0004-0013 S[OAI 02 O SB |40.0 100.0 Ct4A25C8_,47

. 31t4 END FEEOLINE HTRS 003 ME363-00t7-0006 $31HR13-18 02 D CA81 100.6 |00.0

p4 3301 SCIENTIFIC EXPER C151AI39C81,2.3

3302 H O.M.-P_R OISTR 003 St5-A5 01 A .98 C2 24.0
I-a 3303 H.O.M.-Pt4R OISTR 003 $15-A5 OI g CAB_ 6.97 C152A205CB23,24
U_ 6. I 5.2 C151AI39C81,2,3

"3313 LASER ALT OPR AVE 003 528A38 01 A .50 C2

3314LASER ALT OPR AVE 003 S28A38 01 O $8 53.9 3i,t SI4AI FI6 55°59

3315 HAP CAMERAHTR 003 528A36 01 O CAB2 36.3 33,7 C152A20C823

33t6 HAP CAMERASTBY 003 628A36 01 D CA62 8.3 5.07 C152A20C823

3317MAPCAMERA OPER 003 528A36 01 O 58 51.8 50,4 SI4At Ft6 55CI51At39C84

3318 _ DEPLOYMECH 003 526A36 01 O CA 52,2
r_ SA 168.4 147.6 Sl4AI FI_ 55

3325PAN CAMERAHTR 003 HH01-12512-234 S28A32 01 O

I_ 3_.7 PAN CAMERABOOST 003 HH01-12512-234 828A32 01 O CA82 20.7 14.8 C152A20C823

_o 3328 PC-AC/BST/SBY/HTR 003 I.'_0t-12512-234 528A32 01 O SA 105.0 96.8 SI4At F14 55, 5cJ

_1 3329 PC-ACIBST/SBY/HTR 003 MH01-12512-234 S28A32 OI A .75 C2 12.5 _1,6 Ct5tAI39CB1,2.3
0 0l D 5A 201.1 196.3 SI4AI F[4 55.59
t<J 3330 PC-AC/ON/STBY/TST 003 MH0t-12512-234 $28A32• 57.8 C151A139C81,2.3

*"J 73.6 SI4AI Ft½ 55.59 i_r-_ 3331PC-AC/ON/STSY/TST 003 MH01-12512-234 528A32 01 A .75 C2 82.0

I-I 21.6 CI51A139C81.2.3v 3332 PC-AC/OFF/STBY/HT 003 HH01-12512-234 528A32 01 D SA 85.4

333] PC-AC/OFF/STBY/HT 003 MH01-12512-234 $28A32 01 A .75 C2 12.5 I--A

_<_ 3334 PC-ACIONIOPR/OFF 003 MH01-12512-234 $28A32 01 O SA 201,1 196.3 SI4AI FI4 55,56 I,_ 1:3.,_o_

L_ 3335 PC-ACION/OPRIOFF 003 MH01-12512-234 528A32 01 A .75 C2 82.0 57.8 C151A138C81,2,3
3336 PC-AC/ON/STSY/OFF 003 MH01-12512-234 828A32 01 D SA 82.9 84,0 S14A1FI4 55,59 '--J Rt-I

0
CO



Table 114-4.1-6. SC-I14 Master Electrical Equipment List Oct. 23, 1972 (Continued)

COOE DESCRIPTION CPC PART OR ID NO. DES|SNTN OTY A/DC PF BUS [0 PEC EVLP TEST CCEPT

3337 PC-AC/ON/STSY/OFF 003 MH01-12512-234 $28A32 01 A .?5 C2 33.Q Z.9 C151A139C81,2.3

I 3338 PC-AC/ONISTBY/HTS 003 MH01-12512-234 S_8A32 OI 0 SA Z68.2 157.6 SI4AI FI4 55.59

3339 PC-AC/ON/STBY/HT5 003 NH01-12512-234 $28A_ O[ A .75 C2 45.5 31.9 CI51AI39C81,2,3

3340 PC-AC/OFF/STY/OFF 003 ftHOl-12512-234 $28A32 0| A .75 C2 12.5 10.0 CI51A[39C81,2.3

3341PC-AC/OFF/OPR/OFF 003 MH01-12512-234 Sc_SA_ 01 A .75 C2 12.5 10.0 C151AI39C81,2.3

3342 LS RECORDERHTR 003 ME435-0046 S_a4B OI O CAB2 36.3 CI52A205CB25

3343 LS RECORDERON 003 ME435-00_6 52BARB OI A C2 14.45 II.O CISIAI39CBI.2.3

3344 LS RECORDERON 003 ME435-0046 528A48 Ol 0 SEI 121.0 105.7 SI4AIF20

3346 LS RECRDREC ONLY 003 ME435-0046 Sc_A_ OI O SB 121.0 105,7 SI4AIF20

3347 LS RECRDREC ONLY 003 H£435-0045 $28A48 OI A C2 14.45 6.8 C151A139C81,2,3

3348 LS RAOAR-STANDSY 003 NE478-0098 Sc"8A47 BI D SA SO.O 4_.4 51½AIF19

3349 LS RAOAR-OPER HF 003 ME478-0098 528A47 01 O _ 145.0 1_:)6.6 514AIF19

}-_ 3350 LS RADAR-OPERVHF 003 ME478-OOgB ,Sc_A47 01 0 SA 145.0 70,6 S14AIF19

-_ 3353 ULTRAVIOLET SPEC 003 NH01-12482-234 S_:_A45 01 O CA82 12.0 6.8 CI52A2OSCB25 59
I

-_ 3354 IR SCAN RAOIOHTER 003 HH01-12522-234 $21_44 OI O C,_2 35.0 18.2 C152A205C823 59

$

I
p.a

I
C/
I
O
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1-.t
v _

_fD

co



Amendment 102
9/1/72

4.2.1 OXYGEN SUPPLY

4.2.1.3 Restrictor Performance

Figure 114-4.2-1 shows oxygen heat exchanger restrictor performance.
The curves illustrate the actual flow rates through installed restrictors
as a function of differential pressure (AP). This AP may be established

by comparing average cryogenic system pressures and (i) surge tank or (2)
during EVA, the EVA panel gage pressure. Figure 114-4.2-2 shows EVA panel
oxygen flow rate versus EVA panel pressure with a constant 900 psla cryo
oxygen supply pressure.

114-4.2.i-i SNA-8-D-027 (I) REV 3



Amendment 102

9/1/72
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Figure 114-4.2-1. Oxygen Heat Exchanger Restrictor Performance

114-4.2. i-2
SNA-8-D-027(1) REV 3



Amendment 102

9/1/72
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Figure 114-4.2-2. EVA Panel Flow Rate vs. Panel Pressure
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Amendment 112

1215/72

4.2.3 PRI_IARY COOLANT CIRCUIT

A,2.3.3 ECS Giycol Accumulator Calibration

Primary and secondary glycol accumulator performance characteristics

for CSM 114 are presented in Figure 114-4.2.3-1.

4.2.3.4 Glycol Evaporator*

4.2.3.4.1 Evaporator and Radiator Temperature Predictions for Lunar

Orbit Nominal Operation

Figures 114-4.2.3-2 and 114-4.2.3-3 show _e CSM water-glycol

evaporator outlet and radiator inlet and outlet temperature predictions

for lunar orbit. These figures indicate that _le maximum coolant-loop

temperature limit will not be exceeded under Apollo 17 nominal operations.

4.2.3.4.2 Contingency Evaporator Outlet Temperature Predictions for Lunar
Orbit*

Figure 114-4.2.3-4 shows the temperature response of the primary

evaporator outlet while in lunar orbit and in SIM bay attitude (SBA) under

the following conditions:

i. One radiator panel off.

2. Water boiler not in use.

3. Three men in the CM until two men were removed at the time _,i

activity initiated.

4. 60 x 170 n mi orbit maintained for 2 revolutions following LOI.

5. 60 x 8 n mi orbit continued for 12 revolutions,

6. Perilune longitude: 30°E

7. Perilune latitude: 25°N

8. Terminator longitude: 1.5°E

9. Subsolar longitude: 91.5°E

These parameters were originally used for Apollo 15 analyses and are
considered suffieiently close for Apollo 17 use.

Analysis of this figure indicates that the CM ECS evaporator outlet

temperature will exceed the 90 F upper limit during Apollo 17 lunar orbit

_ SBA after five revolutions and will reach a maximum temperature of 95 F.

Figure 114-4.2.3-5 utilizes the same conditions as above with the
addition of assuming full secondary glycol activity starting at the time

of loss of one ECS radiator panel. This figure shows the peak primary

evaporator outlet temperature and was reduced by i0 F by activation of the

the secondary loop.

k

*NASA Data Source

114-4.2.3-1 SNA-8-D-027(1) REV 3
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Amendment iii

11/30/72

(NASA DATA SOURCE)
f

APOLLO 17 LUNAR ORBIT
[! ] FT4 PRI EVAP OUTLET (CF00|ST]
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Figure i14-4.2.3-2. Primary Evaporator Outlet Temperature Predictions

for Lunar Orbit (Sheet i of 4) (See Paragraph
• 4.2.3.4.1)

114-4.2.3-3
SNA-8-D-027(1) REV 3



Amendment IIi

11130172

(NASADATA SOURCE)

APOLLOt7 LUNAROROIT
[1 ] FT4 PR| EVAP OUTLET (CFOO|OT)
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Figure 114-4.2.3-2. Primary Evaporator Outlet Temperature Predictions

for Lunar Orbit (Sheet 2 of 4) (See Paragraph
4.2.3.4.1)

114-4.2.3-4
SNA-8-D-027(I) REV 3



Amendment iii

11130172

(NASA DATA SOURCE)

APOLLO 17 LUNAR (_IBIT
[ 1 ] FT4 Pt_I EVAP OUTLET CCF0018T]
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Figure 114-4.2.3-2. Primary Evaporator Outlet Temperature Predictions

for Lunar Orbit (Sheet 3 of 4) (See Paragraph
,., 4o2.3.4.1)

".. /

114-4.2.3-5
SNA-8-D-027(1) REV 3



_nendment iii

11/30/72

(NASA DATA SOURCE)

^_cLo 17 LUN^eORB;T
( ! ] FT4 PRI EVAP OUTLET (CF00IeT)
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Figure 114-4.2.3-2. Primary Evaporator Outlet Temperature Predictions

for Lunar Orbit (Sheet 4 of 4) (See Paragraph
4.2.3.4.1)

114-4.2.3-6
SNA-8-D-027(I) REV 3



Amendment IIi

11130/72

(NASA DATA SOURCE)

APOLLO 17 LUNAR ORBIT
[1] FT89 PRI RAD INLET (SFO260T]
[2] FT95 PRI RAD OUTLET (CFOO2OT]
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-., _ II III_11, l liUttlltllI11111Iltt
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Figure 114-4.2.3-3. Primary Radiator Inlet and Outlet Temperature
Predictions for Lunar Orbit (Sheet 1 of 4) (See

Paragraph 4.2.3.4.1)

I14-4.2.3-7 SNA-8-D-027(1) REV 3



_nendment iii

11/30/72

(NASA DATA SOURCE)

APOLLO 17 LUNAR _ORBIT
[ 1 ] FTB9 PRI RAO INLET (SFO260T)
[2] FT95 PR! RAO OUTLET (CFOO2OT],
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Figure 114-4.2.3-3. Primary Radiator Inlet and Outlet Temperature

Predictions for Lunar Orbit (Sheet 2 of 4)
(See Paragraph $.2.3.4.i)

114-4.2.3-8
SNA-8-D-027(I) REV 3



Amendment iii

11/30/72

(NASA DATA SOURCE)
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Figure 114-4.2.3-3. Primary Radiator Inlet and Outlet Temperature
Predictions for Lunar Orbit (Sheet 3 of 4)

(See Paragraph 4.2.3.4.1)
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Figure 114-4.2.3-3. Primary Radiator Inlet and Outlet Temperature
Predictions for Lunar Orbit (Sheet 4 of 4)
(See Paragraph 4.2.3.4. i)
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Figure 114-4.2.3-4. Primary Evaporator Outlet Temperature Predictions
With Radiator Panel 2 And Water Boiler Off

(See paragraph 4.2.3.4.2)
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100 (NASA DATA SOURCE)

MAXIMUMLIMIT

8O

60
L#J
L_J

L_J

v

LLJ

<

4o
,_=
k_J
F--

2O

0
80 90 l O0

TII.IE (HOURS)

Figure 114-4.2.3-5. Primary Evaporator Outlet Temperature Predictions with
Radiator Panel 2 and Water Boiler Off Utilizing the Secondary Glycol Loop

(See paragraph 4.2.3,4.2)
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4.3.6MISCELLANEOUS

4.3.6.1 Service Module RCS Control Forces and Moments

Service module RCS engine locations are shown in Figures 4.3-I and 4.3-2. Control forces and
moments are defined in Table ] ] 4-4.3-13. These data were generated for the following four vehicle

configurations.

Mission Phase Vehicle Configuration Weight (lb)

Translunar CSM + LM 102,838

Lunar orbit CSM + LM 74,757

CSM 37,538

Transearth CSM 26,892

114-4.3.6-1
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Table 114-4.3-13. Service Module RCS Control

Fo¢¢es &rid Moment=

"X_._U'_SLUNARCSM AND LM, nVDZVJ_UA_ 8M-RCS FIRTl_ ....

• . -$M-.RCS COI',ITRP,.LJ4_,I,K_C_-.(F.T---.-_W_ ......SH.-R-G_CONTROL FOR.C£--6-(-t.R)
. _

JET ROLL AXIS PITCH AXIS YAH AXIS X-AXIS Y-AXIS Z-AXISI

A3 -3.79 839.2-5- -128,42- ...... i01_._ .... 2.25 17.71

,\2 -735.7D, 200.25 664.24 0.00 -98.18 30.48

,\4 -3.79 -3q6.84 97.59 101.24 2.23 17.71

A1 728.16 34. I_% .- 7:t 0-,-8 t - 0.00 102.68 4.93

r_3 -5.58 131.80 783.24 -101.24 -17.71 2.25

0,2 -684.39 -664.24 206.23 0.O0 -3D.48 -98.1_

n4 -5.50 -I00.95 ..... 5_2.8_ I01.2_ -17,71 2.25

B1 673.23 710.81 34.14 O.00 -4.93 102.68

C4 3.79 -781.86 77.81 -101.2t_ -2.23 -17.71

C2 -GGb,.86 -205.23 .... 66b,.24 .... O._G 98.18 -30.43

C3 3.7'] 53q.b, 7 -46.97 101.24 "2.25 -17.7!

C1 672.44 "3_.. 1_ 710.81 O.OO -102.(_8 -t_.93

r}b, 5.38 -74.b,3 ..... 81-5.86 -101.24 17.71 -2.25

D2 -716.21 G54.2b, -206.25 0.00 30.48 gS.IB

D3 3.58 43.59 393.46 101.24 17.71 -2.25

. 91 .727.37 • -71(_.g-I.....---34,-14 - g.O0 4.93 -I_2_68

•MASS PROPERTIES

WEIG_ (LE) io2838.3
co (IN) x lO_Z.l Y 30 Z 34
INERTIA (SLUG-FT**2) IXX 62051.0 I'YY 574768.0 IZZ 577524.0

PXY -izo55.o E(Z -56zo.o Pxz 2009.0
•_fEHEMOMENTS GIVE_ IN THIS TABLE WERE CALCULATED FOR STEADY-STATE ENGINE FIRING

BY USING AN ENGINE THRUST OF 102.80 POUNDS FORCE. FOR PULSE MODE OR
IMPULSE MODE OPERATION OF THE SERVICE MODULE RCS _ THE MOMENTS MAY BE OBTAINED
BY MULTIPLYING THE TABULATED MCM_fS BY THE RATIO OF MEAN ENGINE THRUST TO
102.80 POUNDS FORCE.

•**THE FORCESGIVEN IN THIS TABLE WERE CALCULATED BY USING A SERVICE MODULE RCS
ENGINE.STEADY-STATE THRUST OF 102.80 FOLE_DSFORCE. FOR OTHER VALUES OF ENGINE

THRUST, THE FORCES MAY HE 0BgAINED BY MULTIPLYING THE TABULATED FORCES BY THE
RATIO OF ENGINE THRUBT TO 102.80 POUNDS FORCE. THE NOMINAL STEADY-STATE THM_T

OF THE SERVICE MODULE RCS ENGINES IS 102.80 (+3._, -3.8) POUNDS FORCE AS SHOWN
IN TABLE 4.3-1 OF THIS DOCUMI_iT.

•114 -4. 3.6-2
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Table 114-4.3-13. Service Module RCS Control

Forces and Moments (Cont)

_'£RANSLU_ABCSM AND IM, COMB_ SM-RCSFIRING

.i $r4-RCS CotlTROL MOMEI'_TS(FT-LR) SH-RCS COt,TROt FORCES (LR) JiOOLiOO1_

I _GZO

,JET ROLL AXIS PITCH AXIS VAt._lAXIS X-AXIS Y-AXIS -Z-AXIS ........

A3 ��_0.00 1378.70 -175.39 0.00 0.00 0.00 + PITCH COUPLE
.,_..+-C-_ ..... 0. O0 - -1_78-_-.'70 -_ 17_39 ........ 0,,0O- ......... .O,O0....... ---_'G_ ...... P-t,TCH-- COUPLE-
R3+D3 0.00 175.39 1378.70 0.00 0.00 0.00 + YAW COUPLE
Bl_?Dk 0.00 -175.39 -1578.70 0.00 0.00 0.00 - YAI#/ COUPLE
AI+B1 -.
-AI •� 12801.19 -0.00 0..00 0:00 -0.00 -0:00 + ROLL ._(k JILT} ....

A24B2 ........ "
+C2+D2 -2801.19 0..00 -0.00 0.00 0.00 0.00 - ROLL (_ JET)
AI Š�‚�1400.600.00 0.00 0,;00 Oo00, 0.00 + ROLL :(2 JET)

B1 �×���.....1_,OO.60 ............ 0-,_0- ......... OTOO............ O,O0- ....... OrOO--_ ..... O, O6- ..... -+- ROLL--_ (a"-4ET)---
"-: A2+C2 -1l_00.60 0.00 0.00 0.00 0.00 0.0O - ROLL (2 JET)
"_ R2+r)2 -lb,00.60 0.00 0.00 0.00 0.00 0.O0 - ROLE (2 JET)
| , • ......................

.l= Ab,+Rk ........
+C3 �}�0.00-11b,.7b, 101.2b, kOk.95 0.00 -0.00 }(11 JET)

0',, .*_.l. O_....... O.00 ......... ],Zk...7I,_--..... --..,1.-01-.-,2k--......... J_0_.9S ...... -.O.-,00--------,,_-.O0--- _....__ ( ,Ip.-,,JE._
J Ak+C3 0.00 -57.37 50.62 202.b,8 0.00 0.00 +X TRANS (2 JET)

R_+D3 0.00 -57.37 50.62 202o1_8 " 0.00 0.00 +X TRANS (2 JET).
A3+Ck 0.00 57.37 -50.62 -202.k8 0.0O 0,@O .... X-TRANS (2 JET)-
R3+Ok 0.00 57.37 -50.62 -202.b,8 0.00 0.00 -X TRANS (2 JET)
A1 �}�63.30-172.11 -1375.06 0.00 200.86 -25.55 +Y TRANS (2 JET)

._2.C1 - - ,,63..30 .......... 1.72.-11 • .1._75.06 .... 0.00-_.--300.-86 ..... 25,,.-._ -Y--TRAIt%-(2- JET--)----

BI+D2 -/,,2.97 1375.06 " -172.11 0.00 25.55 200.86 +Z TRANS (2 JET). _2+r)1 k2.97 -1375.06 172.11 0.00 .-25"55 -200.86 -Z TRANS (2 ,JET)
00
I

!
o _o._

_H _rr
O

o
.<
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Table 114 -4.3- 13. Service Module RCS Control

Forces and Moments (Cont)

*LUNAR ORBIT CSM AND LMT T_TDI"_IDUALSM-RCSFIRING
Si'I-RCS COHTROL MOMENTS (FT-LR) Si'I-RCS COIlTROL FORCES (LR)

JFT ROLL AXIS PITCH AXIS YAW AXIS X-AXIS Y-AXIS Z-AXIS

A3 -2.45 895.35 -127.89 -101.24 2.25 17.71

A2 -720.67 324.63 1045.4.9 0.00 -98.!8 30.48

,\4 -2.45 -515.41 79.56 101.24 2.25 17.71

AI 715.78 53.30 -II0q.56 0.00 102.63 4.93

q3 -3.1G 127.89 863.29 -i01.24 -17.71 _.__

_2 -689.58 -i045.4£ 324.63 0.00 -50.48 -98.18

R4 -3.!G -79.5G -483.35 101.24 -!7.71 2.25

_I 683.26 1109.56 53.30 0.00 -4._3 I02.6_

C4 2.45 -863.29 95.83 -101.24 -2.25 -!7.7!

C2 -679.95 -324.65 -1045.49 0.0O 98.18 -30.4_

C3 2.45 433.35 -47.5(_ 101.24 -2.25 -17.7!

CI 684.82 -53.30 1109.58 0.00 -I02.88 -4.93

nr_ 5.1G -95.83 -895.35 -!0!.24 17.71 -2.25

D2 -711.02 1045.49 -324.63 0.00 30.B8 q8 "_

83 3.1G 47.50 515.41 101.24 1.7.71 -2.25

D1 717.34 -1100.55 -53.50 0.00 4.93 -182,68
T

I . . .......................................................... I

_'HASS PROPERTIES

WEI GHT(Lr_) 74757.1
CG (Itl) X 1081.7 Y 1.9 Z l.q
I HERTIA (S LUG-F'F**2 ) IXX 48808.0 IYY 434878.0 IZZ t_40350.0

PXY -7859.0 PXZ -1272.0 PYZ -1190.0

114-4.3.6-4
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Table 114 -4.3- 13. Service Module RCS Control

Forces and Moments (Cont)

_LUNAR 0EBb. CSM AND T_'4.C(]MB_U SM-RCS_'i_NG

SM-RCS COHTROL MOMEHTS {FT-LR) SH-RCS CONTROL FORCES (LR) ........ AI'_u,,,=_J=,b0GIO

JET ROLL AXIS PITCH AXIS YAN AXIS X-AXIS Y-AXIS Z-AXIS

A3+C3 0.00 1378.70 -175.39 0.00 0.00 0.00 + PITCH COUPLE
A4+Ch O+O0 -1378.70 .... 175.39 0.OO ...... 0_00 .... 0,+00 ............ _T-C,H COUPLE....
_3+03 0.00 175.3_ 1373.70 0.00 0.00 0.00 + YAtl COUPLE
B_+D_ 0.00 -175.39 -1378.70 0.00 0.00 0.00 - YAH COUPLE
AZ+R1

”�”�}�2801.19-0.00 O.O0 0.00 -Q.0O -0.00 + ROLL (4 JET)
_2+R2

-2801o19 0;O0 ..... 0.00 0.00 0.00 .... O_Ofl .... ROLL (k JET)
_1+C1 lh00.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)
RI+D1 lk00.fi0 0.00 0.00 0.00 0.00 0.00 + ROLL (2 ,ET)

Z A2+C2 -1_00.60 0.00 g, OO 0.00 _rO0 OrO0 ----RO.LL _2-JE_)
B2 �¥�-1_00.600.00 0.00 0.00 0.00 0.00 - ffOLE (2 dET)
A_+fih " +X TRAH$ (k JET)
+C3+_ 0.00 -64012 6k.12 404.95 0.00 !0"00 "I

_3+R3
��m�}64.12 -64012 -k04.95 0.00 -0.00 -X TRAN$ (4 JET)

| ......

A_+C3 O.00 ...._2.06 32.06 202.48 .... G,GO .... 0-.,,OO- *X TRAI_$-(2 JET).
R_+D3 0.00 -]2.06 52.06 202.48 0.00 0.00 +X TRANS (2 JET)
_3 �x�0.O032.06 -32o06 -202°48 0.00 0.00 -X TRANS (2 JET)
R3+D_ 0.00 32.06 -32.06 -202.48 0.00 0,00 -X TRA_S-(2 JET)
A1+C2 35.85 -271.3_ -2155.05 0.00 200.86 -25.55 +Y TRANS (2 JET)
A2+C1 -55.85 271.34 2155.05 0.00 -200.86 25.55 -Y TRAr;S (2 JET)

_1+D2 -27.76 2155.05 -271,34 0.00 25.55 200,86 *Z TRAI_S (2 JET)P2+nl 27.70 -2155.05 271.3k 0.00 -25.55 -200.86 -Z TR^IJS (2 JET)
I i

I

I
o

O
O



Amendment i00
Table 114-4.3-13. Service Module RCS Control 8/3/72

Forces and l%_ornents (Cont)

*LUNAR ORBITz_CSM_ I-NDI_IDUALSM-RCS FIRING• SII-RCS CO_T'ROL IIOHEI;TS ('FT-LB) SII-RCS COIITROL FORCES (LB)

JiT ROLL AXIS PITCH \XIS YAW AXIS X-AXIS Y-,_,IS Z-AXIS

'G -5.17 693.5G -117.81 -I01.2_ 2.25 17.71

"_2 -735.57 -L_0.1,r, -12q.35 0.00 -98.18 30.4.8

A{_ -5.17 -737.L_5 123.39 103.24 2.25 17.71

"I 725.22 -5.73 119.20 0.00 102.68 4.q3

ql -5."",. 111.06 634... -I01.24 -17.71 2.25

'12 -C7%.27 12_3.35 -40.IG 0.00 -30.I_8 -q8.1E

ql_ -i_.31 -I16.64 -678.39 I01.2_ -!7.71 2.25

_i 565.65 -11].20 -5.73 0.G0 -4.93 102.Gg

C4. 5.17 -041.25 52.00 -I01.24 -2.25 -17.71

C2 -665.03 4.0.15 120.35 0.00 98.18 -30.43

C3 5.17 685.14 -57.5q 101.24 -2.25 -17.71

CI 575.53 5.73 -113.20 0.00 -i02.C_ .-4.93

04 5.31 -58.75 -700.51 -!01.24 17.71 -2.25

02 -724.53 -129.55 _O.IG 0.00 30.4.8 98.1_

F)3 5.31 5h.33 71H_.20 I01.21_ 17.71 ..2.25

_ 734.q4 119.20 5.73 0.00 4.n3 -102.68

-_4_SS PROPERTI [15

'.'l.qI OI'T( LR ) 37538.5

Cr; (I',) X g44.1 Y 3.9 Z 3.1
I;:EI[TIA (SLU(3-FT**2 ) IXX 21130.0 IYY 60063.0 IZZ 6t_34.7.0

v 7PXY -24.10.0 P.... 1398.0 PYZ --626.0
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Table 114-4.3-13. Service Module KCS Control

Forces and Moments (Cont)

_UNAR 0_, CSM,COMBiN_JSM-RCS _R_G
St4-RCS COUTROL r1OttEtlTS (FT-L_) SH-RCS COPTROL FORCES (LR) JUPOM,O OCmA-,---...... Z,Oe_O .......

JET ROLL AXIS PITCH AXIS YAW .AXIS X-AXIS Y-AXIS Z-AXIS

_3 m�}�0.001378.70 -175.39 0.00 0.00 O.00 + PITCH COUPLE
Ah+Ck 0.00 -1378.70 175.39 0.00 0.00 0.00 - PITCH COUPLE
83*D3 0.00 175.39 1378.70 0.00 0.00 0.00 + YAU COUPLE
•BJI._D4 . 0,00 ......... 175,39 •-1_78,70 ....... O-,00 ..... 0.,.O_ ...... _rOO--..l-.---'-VA_ ..... COUPL--E-----
AI+R1
+Cl+nl+ 2801.19 0.00 -0.00 0.00 -0.00 -0.00 + ROLL (k JET)
A2*R2+

-2801.190.00 0.00 0.00 0.00 0.00 - ROLL (_ JET)

AI+C1 lk00.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)
._1601 -.-lk00,60 ...... _,.00 ..... 0,00 ...... 0,00 ........ 0.,00 ..... 0,,-4_ ....... _.ROLL (_4-ET-)- ....
A2+C2 -lk00.60 0.00 0.00 0.00 0.00 0.00 - ROLL (2 JET)
B2 �Œ�-1k00.600.00 0.00 0.00 0.00 0.00_ - ROLL (2 JET)__.

.A4+R4 " ........ +X TRAMS (k JET)
' +C3+D3 0.00 -i0h.61 131.61 k0k.95 0.00 -0.00

A3+R3 " --.-.--X-_AN$--(-E.-_T.)---
-+Gk+D4 .. -.O. O0 ...... i0k.61 ...........13i,61 ......... 404.+95"- ....... O+O0- ..... 0++0--
_k+C3 0.00 -52.31 65.80 202.k8 0.00 0.00 +X TRANS (2 JET)

i _k+_3 0.00 -52.31 65.80 202.k8 0.00 0.00 �}�TRANS(2 JET)
A3 m�}52+31 -65,80 -202.k8 0.00 0,00 -X TRA;4S (2 JET)
R3+Ok 0.00 52.31 -65.80 -202.k8 0.00 0.00 -X TRA/_S (2 JET)
A1+C2 60.19 3k.kk 2kR.Sk 0.00 200.86 -25.55 +Y TRAtlS (2 JET)

A2+C1 -60.19 -3k.kk .... 2k8.Sk 0.00- -200.8@ .... 25+_5 ......... Y TRAt _2+dET)--`
RI+D2 -5R.68 -2_8.5k _k.hh 0.00 25.55 200.86 +Z TRAMS (2 JET)

_2+n! 5_.E_ 2h8.5_ -3h.hh 0.00 -25.55 -200.86 -Z TRAP;S (2 dET)
I

I

U
I
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Amendment i00
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Table ]]4 -4.3- 13. Service IV_odule RCS Control

Forces and Moments (Cont)

*TPYuNSEARTEI CSM,I_IDIVI-DUALSM-RCS FIRING
StI-RCS CO!,T;{OL ;1Ot4EIJTS (FT-LR) St I-RCS CONTROL FORCE,'; (LB)

JET P,OLL AXIS PITCH AXIS YAW AXIS - X-AXIS -Y-AXIS ;t.-AXIS

13 -l.2G 736.19 -100.87 -101.24 2,25 17.71

_2 -732.24 27.41 88.28 0.00 -98.18 30.4o°

,\4 -1.2S -701.57 95.4S 101.24 2.25 I_7.7.

,,i 72q.7] 5.21 -108.41 0.00 102.G8 4.°,5

_ -5._! IIq.43 C_5.69 -101.24 -17.7! 2.25

_2 -C1_.75 -83.28 27.41 O.O0 -50.48 --98.I_

q4 -5.41 -115.02 -GGI.07 101.24 -17.71 2.25

- • • • • _ n C,_! <_7 74 108 41 5 21 O.O0 -4 93 ._2.08

C4 L.26 -877.15 78.95 -101.24 -2.25 -.17.7!

C2 -6G$.SG -27.41 -88.28 0.OO 98.18 -.3_.4_

C3 1.2_ 542.51 -74.53 101.2(,, -2.25 -17.71

C1 $7_.88 -5.21 108.41 0.00 -102.88 -4.93

D4 5.41 -60.37 -717.63 -I01.24 17.71 -2.25

")2 -702.04 88.28 -27.41 0.00 30.48 98.18

D3 5.41 55.97 683.01 101.24 17.71 -2.25

DI 712.86 -108.41 -5.21 0.00 4.93 -i02.G_

_' IlSS PqOPEqTI[S

;FI t"HT(L£) 2_£92.1

qC (IH) X 970.7 Y 1.3 7 3._
I r:ZRt I,, (S LUC-FT**2) IXX 15550.0 IYY 45577.0 IZZ 4472G.0

PXY -787.0 PXZ 920.0 PYZ -1233.0

I14 -4.3.6-8
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Table 114-4.3-13. Service Module KCS Control

Forces and Moments (Cont)
TRANSEARTH CSM, COMBINED SM-RCS FIRING

Sll-RCS C_rlTROL ttOHEHTS (FT-LR) srt-RCS COtJTROL FORCES (LR) -AI'OLDO
DOGIO

,JET ROLL AXIS PITCH AXIS YAW AXIS X-AXIS Y-AXIS Z-AXIS

A3+C3 0.00 1378.70 -175.39 0.00 0.00 0.00 + PITCH COUPLE
Ah+C4 0.00 -1378.70 175..39 0.00 0.00 0.00 - PI TCtt COUPLE
BS+D3 0.00 175.39 1!;78.70 0.00 0.00 0.00 + YAW COUPLE
Bk+D_, 0.00 -175.39 -1378.70 0.00 0.00 0.00 - YAW COUPLE
AI 	Â�C+CI+D1 2801.19 -0.00 0.00 0.00 -0.00 -0.00 + ROLL (4 JET)

i A2+R2
*£2.D2 "2801.19 0.00 0.00 0.00 n,00 0.00 - ROLL (4 JET)
AI+CI Ik00.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)

Rl+i31 1400.60 0.00 0.00 0.00 0.00 0.00 + ROLL (2 JET)
A2+C2 -1L_00.60 0.00 0.00 0.00 0.00 0.00 - ROLL (2 JET)
_2+D2 -1400.60 0.00 0.00 0.00 0.00 0.00 - ROLL (2 ,JET)

: AL_+Bt_
"_ +C3+D5 0.O0 -I18.11 k.3.87 - b,Ok. O5 0.00 -0.00 *X TRAN_ (k dET)
!

A3+B3
+Ck+D4 0.00 118.11 -43.87 -404.95 0.00 -0.00 -X TRANS (b, JET)
Ab,+C3 0.00 -59.06 21.95 202.b,8 0.00 0.00 +X TRA['S (2 JET)

o', B4+D3 0.00 -59.06 21.93 202.48 0.00 0.00 +X TRA/IS (2 JET)

,,o= A3+C4 0.00 59.06 -21.93 -202.1_8 0.00 0.00 -X TRAI,IS (2 JET)
B3+D4 I 0.00 59.06 ",21.9_. -202.b,8 0.00 O.O0 -X TRAILS (2 ,JET)
_,1+C2 61.35 -22.20 -196.69 0.00 200.86 -25.55 +Y TRAIJS (2 ,JET)
A2+C1 -61.35 22.20 196.69 0.00 -200.86 25.55 -Y TRAtJS (2 JET)
RI+D2 -Ih.31 196.69 -22.20 0.00 25.55 200.86 +Z TRAI'JS (2 JET)

R2+r)] 1b,.31 -196.69 22.20 0.00 -25.55 -200.86 -Z TRARS (2 JET)

!

!

0 --_Cu

0

N °
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4.4.5MISCELLANEOUS 8/3/72

"-_" 4.4.5.1 Command Module RCS Control Forces and Moments

Control forces and moments data are provided in Table 114-4.4-4 and 114-4.4-5 for both

single and double systems and at various altitudes from 400,000 to 25,000 feet. Angular

accelerations can be obtained by dividing the control moment by the respective spacecraft inertia
(Mass Properties Data Book, Volume III) in each axis.

114-4.4.5-1

SNA-8-D-027(I), Rcv 3



Table 114-4.4-4. Command Module RCS Control Forces

SINGLE SYSTEM A

+PITCHIENGINE 13} *YAW(ENGINE 15) INEll|

ALT x Y Z X Y Z X Y Z

FT L8 L8 LB LB LB LB LB LB LB

400000 -69.823 -4.111 67.208 -70.153 -67.008 4.098 -7.514 5.952 97.229

125000 -69.714 -4.100 67.033 -70.032 -66.846 4.088 -7.202 6.394 96.923
110000 -69.702 -4.101 67.045 -70.032 -66._46 4.088 -7.247 6.322 96°924

95000 -59.714 -4.100 67.033 -70.032 -66.846 4.088 -7.122 6.503 96.821
85000 -69.702 -4.101 67.045 -70.093 -66.927 4.093 -7.353 6.191 97.126

T5000 -68.925 -4.027 65.835 -69.204 -65.688 4.018 -5.201 9.180 94.714

65000 -68.754 -4.011 65.580 -69.021 -65.445 4°003 -4.754 9.812 94°272

50000 -66.507 -3.801 62.142 -66.561 -62.084 3.797 0.582 |7.234 88°333
35000 -62.457 -3.420 55°916 -62.133 -55.978 3.424 [0.689 31.3|3 ?7°209

25000 -57.819 -2.983 48.770 -56.857 _491125 3.005 1.2_2 i5.29[ ......_2.i88 ............

Z
-PITCH(ENGINE 14} -YAW(ENGINE 16| -ROLL(ENGINE |2| , .

, ALT X Y Z X Y Z X Y Z
FT LB LB " LB LB LB LB LB LB LB

400000 -3.894 -10.783 97.62g -70.153 67.008 "4.098 _5.231 -_96.763 ........4.298 ......... ;

e 125000 -3.711 -I0.750 97.338 -70.032 66°846 -4.088 --5.036 --96.686 6.000 :
N ll0000 -3.855 -10.772 97.531 -70.032 66.846 -4.088 -5°066 -96.583 4.047

95000 -3.749 -10.761 97.436 -70.032 66.846 -4.088 -_,989 -96._91 3.929
85000 -3.732 -10.751 97.437 -70.093 66.927 -4.093 -5.126 -96.676 4°|37
75000 -2.622 -10.568 95.682 -69.204 65.688 -6.018 -3.818 -94.899 2.155
65o00 -2.238 -i0.503 95.0_6- =69._zi " 6_4_ ..... _W_o03...... -3_s_---_§_ .........._.7_1 .........
50000 0.620 -I0.001 90.547 -66.561 62.084 -3.797 -0.297 -90.363 -3.|93
35000 6.301 -9.030 8|.762 -62°133 55.978 -3.424 5.847 -82°%49 -12.526

i 25000 0.0 -8.135 73.652 -56.857 49.125 -3.005 7.133 -74.013 -14.203

!

N Z_
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Table I14-4.4-4. Command Module RCS Control Forces (Cont)

SINGLE SYSTEM B

+PITCHIENGINE 23) +YAW(ENGINE 25I +ROLL(ENGINE 211

ALT ........... X .... Y ......... Z ........... -X ...............Y- Z X Y Z

FT LB LB LB LB LB LB LB LB LB

400000 -69.823 4.1L1 67.208 -70.153 -67.008 -4.098 -5.231 96.763 4.298

125000 -69.714 4.100 67.033 -70,032 -66.846 -4.088 -5.034 96.486 6.000

II0000 -69.702 4.101 67.045 -70.032 -66.846 -4.088 -5.066 96.583 4.047
---_565 ....... _;_[4 ........ 4:i55 ........_7:_ -70.03z -66.846 -4.088 -4.989 96.491 3.989

85000 -69.702 4.101 67.045 -70.0g3 -66.927 -4.093 -5.126 96.676 6.137
75000 -68.925 4.027 65.835 -69.204 -65.688 -4.018 -3.818 94.899 2.155

65000 -68.754 4.011 65.580 -69.021 -65.445 -6.003 --3.567 96.616 1.771
50000 -66.507 3.801 62.142 -66.561 -62.084 -3.797 -0.297 90.343 -3.193
35000 -62.457 3.420 55.g16 -6z.t33 -55.978 -3.424 5.847 82.4_9 -lZ.Sz6
25000 -57.819 2.983 48.770 " "56'857 -49.i25 .......-3.005 ..... 7_133 .... 7__013- L14-203 ......

-PITCH(ENGINE 24I -YAW(ENGINE 26) -ROLLIENGINE 22|

i ALT X Y Z X Y Z X Y Z

FT LB LB LB LB LB LB LB LB LB

............ 4.o98
- -400000 ..... -3.894 " lO _783 97.629 -- L70.153 67.008 ................. L_[-_-_ _-952--.... 97'229 ........

-7.202 -6.39_ 96.923
, 125000 -3.711 10.750 97.338 -70.032 66.846 4.088

IIO000 -3.855 10.772 97.531 -70.032 66.846 _.088 -?.247 -6°322 96.924
95000 -}.74g 10.761 g7.436 -70.032 66.866 4.088 -7.122 -6.503 96.821

85000 -3.732 10.761 97.437 -70.093 66.927 4.093 -7.353 -6.191 97.126

75000 -2.622 10,568 95.682 -69,204 65.688 4.018 -5.201 -9.180 96.714
.... 65bbo ..... -z:z38 • 10;503 4_;59_ .... :_.b2i ..... _51_ ....... _:lSb_ ...... =_ ..... :9-2_-_ .... 94.2_ ........

50000 0.620 10,00l 90.547 -66.561 62.084 3.797 0.582 -17.234 88.33335000 6.301 9,030 81.7_2 -62.133 55.978 3.424 10.689 -31.313 77.209
I 25000 O.O 8.135 73.652 -56.857 49.125 3.005 1.232 -15.291 72.188

I

_



Table 114-4.4-4. Command Module RCS Control Forces (Cont)

DUAL SYSTEM

(ENG13 23) G15 �ENG25} +ROLL(ENG II �ENG211

- ALT X Y Z X Y Z X Y Z

FT LB L8 LB LB t8 LB L8 LB LB

400000 -139.646 0.0 134.415 -140.306 -134.017 0.0 -12.745 I02.715 101,526

125!)00 -139.428 0.0 134.065 -140.064 -133.692 0.0 -12.236 102.880 100.923
110000 -13q.405 0.0 134.089 -140.064 -133.692 0.0 -12.313 102.q05 1D0.9/1

95000 -13q.428 0.0 134.065 -140.064 -133.697 0.0 -]2.Iii 102.994 100.750
85000 -139,405 0,0 134.089 -140,185 -133.854 0.0 -12,4T8 102,867 I01.262

75000 -137,850 0.0 131,671 -138,409 -131,375 0,0 -9.019 104,079 96.869

68000 -137,508 0,0 131,16| -138,043 -130.890 0,0 -8.321 104,428 96_0W3

50000 -133,014 O.O 124.283 -133.122 -124.168 0.0 0.286 107.577 85.139
35000 -124,915 0,0 111,832 -124,265 -I11,955 0.0 16,537 113,763 64,683

25000 -115,639 0,0 97,540 -113,715 -98*250 0,0 8*364 89,303 57,985

Z
-PITCH(ENG 14 + ENG 24) -YAWIENG 16 26) -ROLLIENG 12 + ENG 22)

I

ALT X Y Z X Y Z X Y Z
FT LB LB L8 L8 LB LR LB L8 LB

400000 -7,787 0,0 195,258 -140,306 134.017 0,0 -12.745 -i02,715 101,526
I

125000 -7.421 O.O 194,675 -140,064 133.bq_ 0.0 -12.286 -102_880 100,925
110000 -?.711 0.0 195,062 -140,064 133.692 0.0 -12,313 -102,905 |00..971

95000 -7.497 0,0 194,872 -140,064 133,692 0_0 -12,111 -102.994 iO0,YSO
85000 -7,463 0,0 194,873 -140,185 133.854 0.0 -12.478 -102,867 _0_.262

7_000 -5.243 0.0 ]9lo365 -138,409 131,875 0.0 -9,019 -!04,D79 96-_69 .

65000 -4.476 0.0 190,191 -138,043 130.890 0.0 -8,321 -104.428 9&.043
50000 1,240 ().0 18[.095 -133,122 124.168 0.0 0.286 -IOT,577 85,139

35000 12,601 O.O 163,524 -124,265 111,955 O.O 16,537 -113.763 64.683
t 25000 0.0 0.0 147.304 -113,715 98.250 O.O 8,364 --89,303 57,985

I

U .............
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Table 114 -4.4-5. Command Module RCS Control Mornents_

SINGLE SYST_4 A

+PITCH(ENGINE X3} +YAH(ENGINE 151 ENG|NE||l

ALT L M N L M N L M N
...... F_ FT_LB FT-LB FT-L8 FT-LB FT-LB " FT'LB .......... FT-LB ...... FT_LLB - FT'LB -

400000 -2.569 519.885 29.150 -32.620 63.769 687.356 666.086 95o275 28.689

|25000 -2o562 519.0|| 29oi00 -32.34E 63°637 686.672 465_003 93.525 26.896
110000 -2.562 5[8.965 29.097 -32.341 63°637 486.472 664.647 93.753 27o13|

95000 -2.542 519o011 29.100 -32.361 63.637 686.672 645o116 93o06_ 26°493

75000 -2.496 5]2.730 28°746 -31.781 62.866 480.386 449.556 82t|88 16.721
65000 -2.487 5][°375 28.670 -3[.666 62o694 679.053 450.842 79.683 14°443

50000 -2.356 493.465 2?.660 -30°037 60.602 461.040 44,2.754 49,407 --12°690

3500_ -2.120 66Z.|65 25.838 -27.083 56.273 428.563 485°948 -T°855 -64.092
25000 -1.849 426. tSO 23.750 -23.768 5 X.378 3_9225_ T_........_ 4°__6_) ......_6Z301 - _#_3___ ....

-PITCH{ENG[NE 1_1 -YAW{ENGINE [61 -ROL£_{ENG|NE 12)
ALT t " M N L M N L N N

t FT FT-LB FT-LB FT-LB FT-L8 FT-LB FT-L8 - FT_LB FT_LB FT-L8 ....

400000 -6.027 -358.216 -39.804 32.423 6.065 -688.526 --631.893 26.958 81.306

[25000 • -6.009 -357.7152 '39.7_1 .........32.345 .... 40061 -487.660 -431.967 25°864 80°237
, 1[0000 -6.02i -357.978 -39.775 32.345 4.061 _687.640 --432.202 26_042 80=643

95000 -6.015 -357.991 -39.770 32.345 6.061 -487.640 -632.318 25.611 80.033

85000 -6.015 -358.054 -39.776 32.386 6.063 -488.083 -432.225 26.373 80'772
75000 -5.906 -355.292 -39.402 31.784 4.034 -681.540 -433.066 |9.097 73.707

65000 -5.870 -35_.41l -39.281. 31.667 4.027 -680.203 -433.480 17.698 72.390

50000 -5.589 -347.179 -38.306 " " 30.OAO - 3.94[ --_62_1%9 ......_36.--_ ........._0-_505- -5_8-34 .....

35000 -5.047 ' -333.775 -36°475 27.086 3.789 -429.598 -442o386 -34.706 21.931

25000 -4.547 -280.612 -30.992 23.770 3.584 -391.205 ....
10.628

, *CM WEIO_ 12974 LB ODB AMEND 114 9/15/71 _

xco = lO39.oo Yco = O.lO zca = 5.So .................. _
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Table 114-4.4-5. Command Module RCS Control Moments::" (Cont)

SINGLE sYSTEM 8

+PITCH(ENGINE 23) *YAW(ENGINE 75l +ROLL(ENGINE 21i

ALT L M N L . , M N L .............. M.............. N ...........
FT FT-L8 FT-LB FT-LB FT-LB FT-LB ...... FT:LB FT-LB FT-LB FT-LB

400000 |.428 519.885 -30.314 -32,355 4.065 487.356 411.821 2b.958 -81.393
125000 1.425 51q. OII -30.262 -32.277 4.061 486.472 431.900 25.864 -80.321
IlO000 1.425 518.945 -30.259 -32.211 4.061 486.472 432.135 26.042 -80.527
95000 1.425 519.011 -30.262 -32.277 4.061 486.472 432.25] 25_6[I .....CBQ-_!_ .......

85000 1.425 5[8.945 -]0.259 -32.316 4.063 486.915 432.156 26.373 -80,857

75000 1.399 5L2.730 -29.895 -31,717 4.034 480.386 433°0|0 19.097 -73.77L

65000 1.394 511.375 -29.816 -]1.600 4.027 479°053 433.45[ 17.698 -72.&50

50000 1.32I 493.465 -28.768 t -29,977 3.94[ 46[.040 436.401 -0.505 -54.839
35000 1.188 461.165 -26.879 -27.029 5.789 428.563 442.59] -34.706 -Z1.833

25000 1.037 424.150 -24.7)3 -23. 729 .... 3.5._4 .... )99.257 ...... 4IX1_S.86__-_.! -__6.@i__Zi_@_ .........

G -PITCHIENGINE 241 -YAWIENGINE 26) -ROLL|ENGINE 22I

t ALT t M N L M N t M N
FT FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB

400000 4.399 -358.216 39.739 32.352 63./44 -488.526 --445.705 95.275 --28.6|4

z25bb6 ..... 4._86 -357:782 _9.6_6 • 3_.27_..... ___- _$_G-- ----_.g/a ...... _3_s}s_--z-227_Ot_.......v.......I

[I0000 4. 195 -357.978 39.7|| 32.273 63.637 -487.640 -446.263 93.753 --27.252
95000 4.391 -357.991 39.707 32.273 63.637 -487.640 -_46.728 93°06_ --26.61. t
85000 4 191 -358.054 39.713 ]2.312 63.693 -488.08] -446.465 94.402 -27.T81
75000 4 312 -355._92 39.358 31.T14 62.864 -481°540 -451.Z35 8z.taa -,6.808

65000 4 285 -354.4ll 39.244 3t.s97 " 62.694 -480.203 -452.413 79.683 -14.522
.....50000 4080 '347. t7_ '38.3i6 24;_V_ .... %G_d_-z_i_ ---'_64;2}g ........._;V6_ ....... i2.700 .......

3.684 -333.775 36.580 27.026 56.273 -429.59a -.87.235 -7.855 64.270
35000

t 25000 3319 -280.612 30.992 23.717 5Z.378 -391o205 -385.886 36.30[ 14.273
m

............... _D
0 K_

o
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Table 114-4.4-5. Command ]Vlodttle RCS Control Moz-nents* (Cont)
Z

> DUAL SYSTEMw
>

i +PKTCH(ENG 13 + ENG 23) +YAW(ENG 15 + ENG 251 +ROLL(ENG [! + ENG 211]
ALT L M N L M N L M N

0
FT FT-LB FT-L8 FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB FT-LB

400000 -1.120 [039.771 -1.164 -64.775 67.815 974.713 875.905 122.233 -52.904
125000 :i.117- [038_021 -1.162 -64,618 .... 67,698 .......972.§_5 ...... 8Y6_903 119.388 -53._25
110000 -1.117 1037.890 -1.162 -64.618 67.698 972°945 876.782 119.795 --53.396

95000 -I.117 1038.021 -1.162 -64.618 67,698 972.945 877°367 118.675 -53.623
85000 '-:_|o117 1037.890 -1.162 -64,696 67°756 973.829 877°003 120.775 -53,199
75000 -1.097 1025,461 -1.149 -63.498 66.898 960.773 882.567 101o285 -57.049
65000 -1.093 1022,750 -1.166 -63.264 66.721 958.106 884.293 97°38| -58.007
50000 -1.036 986.929 -1.108 -60.014 64.342 922.079 .... 899.155- - 48_902 -67.529
35000 -0.932 922.330 -1.041 -54.112 60.062 857.126 928°542 -42.561 -85.925
25000 -0.813 848.300 -0,964 -47.487 54.962 780.515 796.269 -5.382 -24°761

-PITCH(ENG 14 t ENG 241 -YAWIENG 16 * ENG 26) -ROLLIENG 12 �ENG22)
ALT L M N L M N L M H
FT FT-LB FT-L8 FT-LB FT-L8 FT-LB FT-LB FT-L8 FT_LB FT-LB

I

400000 -1.627 -716.433 -0.065 64°775 67.815 --977°051 -877.598 122.233 52.692
125000 -1.622 -715.503 -0.062 64o618 67.698 -975.279 -878°585 [19.388 53.221
110000 -1.626 -715.956 -0.064 64.618 67.698 -975.279 -878.465 119°795 53.|91

95000 -1.624 -715.982 -0.062 64.618 67.698 -975.279 -879.046 118.675 53°422
85000 -1.624 -716.107 -0.062 64.696 67.756 -976.166 " _878o6§0-- 120°775 52.991 .........
75000 -i.595 -710,584 -0,044 63,498 66,898 -963,080 -884.181 101,Z85 56,899

65000 -1,585 -708.821 -0,037 63,264. 66.721 -960.407 -885°894 97,381 57,868
" 50000 ..... -[.509 _696_359 ....... 0_010 ........... 6d_0i%- --66 _362 _9 2-4_. 2-98 ....... --¢66_5_ ....... _--8;962 67.534

35000 -1.363 -667,551 0,105 54,Z|2 60.062 -859,197 -929.620 -42°561 86.201

25000 -1.228 -561.223 0.0 47.487 54.962 -782.410 -797.235 -5.382 24.901

, _

o
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4.5.1 SPS PROPULSION PERFORMANCE

4.5.1.3 SPS Start and Shutdown Thrust Transients

*Table 114-4.5.2 CSM 114 Engine SN 069 Transient Data

Predicted Value**

Run-to-run

Single Bore 3-Sigma
Impulse
Tolerance

Item A Bank B Bank Dual Bore (Ib-sec)

Time from FSltO 90 percent of
steady-state thrust (sec) 0.672 0.655 0.576

Start transient total vacuum impulse

from FS I to 90 percent of steady-
state thrust (ib-sec) 453 501 267

Time from FS 2 to i0 percent of
steady-state thrust (sec) 1.092 1.078 1.130

Shutdown total vacuum impulse

from FS 2 to 0 percent of steady-
state thrust (ib-sec) 12,470 12,220 13,300 ,1500

*Refer to paragraph 4.5.1.3

**Values apply to nominal engine operating propellant temperatures of
60 to 80 F and engine inlet pressures as follows:

i. Start (lookup pressures)

Oxidizer 178 ±4 psia

Fuel 178 ±4 psia

2. Steady-state run pressures

Oxidizer 162 ±4 psla

Fuel 169 ±4 psia

114 -4.5.1-i

SNA-8-D-027 (I) REV 3
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4.5.1.6 SPS Mission Performance Predictions Data*

A preflight analysis was made to predict the performance of the CSM 114

SPS for Mission J-3. Both a nominal case and system dispersion cases, which

included the uncertainties in system characterization data, were analyzed to

determine the system's expected steady-state performance values and their

respective 1-sigma uncertainty values.

The analysis was made using the analysis techniques described in the

PATS User's Manual with the majority of the characterization data for the SPS

obtained from SID 66-150!-A (Part 3 of 3), "Performance Data Supplement to

Mission Modular Data Book, Block II Earth Orbital Mission," dated 15 March

1967. Additional data include system feedline fluid resistances calculated

by NR and verified by test data obtained from the WSTF F2-A Block II SPS

ground test vehicle. Fluid resistances were obtained for the CSM 114 pro-

pellant utilization (PU) valve from acceptance test data. The engine fluid

resistances were calculated from data presented in the acceptance test log

for SPS Engine No. 69. These resistances and engine performance characteri-

zations data used in the analysis are presented in Table 114-4.5.1-1. CSM

114/1/I-12 mass property data were obtained from Revision 3 of the CSM/LM

Spacecraft Operational Data Book, Volume III - Mass Properties, dated

14 June 1972, and are presented in Table 114-4.5.1-2. Uncertainties in the

CSM 114 system characterization data used in the dispersion analysis are

given in Table 114-4.5.1-3. The analysis used the SPS burn schedule (delta

velocities) as obtained from the operational trajectory (for a December 7,

1972 launch) and presented in Table 114-4.5.1-4. The burn durations shown

in the table assume that the &V for each burn resulted entirely from the

steady-state SPS impulse, i.e., no RCS or transient SPS impulse was considered.

Previous flight results have consistently shown the inflight mixture

ratio to be significantly less than expected based on engine acceptance test

data. As a result, the majority of SPS burn time was performed with the PU

valve in the primary increase position. The purpose of the PU valve is to

have the capability of adjusting the propellant mixture ratio to 1.60 to 1

(which would ensure a minimum propellant outage). Such mixture ratio shifts,

as experienced on previous flights, greatly reduce this capability. In order

to rectify this situation, new fuel orifice sizes were calculated for Apollo

SPS engines S/N 058 and 063 through 072 based on the following conditions:

1. Oxidizer interface orifice to remain unchanged.

2. Engine mixture ratio to be 1.60 to i.

3. Oxidizer inlet pressure of 162 psia (this is a steady-state flow

condition and is unchanged from that value at which the engines

were acceptance tested).

*NASA DATA SOURCE

114-4.5.1-2
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4. Fuel inlet pressure of 175 psia (this is a steady-state flow

condition and is increased by 6 psia from that value at which

the engines were acceptance tested).

The above requirements and engine acceptance data were used to cal-
culate the resistance as follows:

i. Using the existing oxidizer resistance, the specified inlet

pressures, and the acceptance test value of characteristic

exhaust velocity, the chamber pressure calculations were

iterated to derive values of oxidizer and fuel flow rates a_:
a mixture ratio of 1.60 to 1 for dual bore.

2. Using the fuel flow rate, the required value of the fuel cir-
cuit resistance was calculated. The difference between the

existing resistance and the ca]culated resistance then de-

termined the required decrease in the dimneter of the fuel inter-
face orifice.

The fuel engine feedline resistance for engine S/N 069 was obtained

from the above procedure and is presented in Table 114-4.5.1-1. The fuel

resistance was then biased by -5.9%. This bias was obtained by statistically

analyzing the results of the postflight analyses from Apollo Missions 9, i0,

Ii, 12, 14, and 15. The uncertainty associated with this bias was combined with

the uncertainty in the engine fuel resistance determined during acceptance

testing by the root-sum-square (RSS) method for the purpose of more accurately

estimating the dispersions on engine performance. The nominal simulation

utilized the resistances as determined from the above procedure, with the

result that the total SPS simulation was performed with the PU valve

in the primary normal position.

Both propellant bulk _emperatures uere assnned to be 70°F throughout the

mission. The tank pressures at the start of each burn _:ere set to reflect

the actual tank pressure experLenced on past Apollo missions. The DOI and

CIRC burns _ere performed with only the lo_:er bore of the engine biprope]]ant

valve open. The remainder of the burns used both bores. The first four
seconds of each of these burns were conducted _ith the lo_yer bore. After

four seconds the other bore was opened. CSH ll& SPS performance parameter

nominal valnes are presented in Table 114-4.5.1-5 and Figures 114-4.5.1-1

through 114-4.5.]-8. The results of the dispersion analysis are included
in Table 114-4.5.1-6.

This preflight prediction considers oxidizer gaging system errors due to

oxidizer transfer from the storage tank to the sump tank caused by helium

absorption by the oxidizer following loading, which results in a sump tank

oxidizer level which is above the maximum gageable; and a time-varying error

114-4.5.1-3
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on the oxidizer storage tank gaging probe which results from the zero-adjust-

ment bias that was incorporated to insure a zero storage tank gage readout

after crossover. For this simulation, it was assumed that approximately ii0

ibm of oxidizer was ungageable prior to crossover because of the transfer due

to helium absorption. This assumption was based mainly on data from the Apollo

i0, Ii, 12, 14 ap-I 15 ilissions. _e present Apollo 17 planning calls for the

PU valve to be in the primary-normal position at earth launch. Prior to cross-
over the crew will utilize the PU valve to maintain the indicated unbalance

during steady-state operation to within ±50 ibm of the unbalance-meter reading
at 25 seconds into the LOI burn. After crossover the crew will maintain the

unbalance-meter reading within the "green band" (zero il00 Ibm) during steady-

state operation. The mixture ratio during the simulation was such that no PU

movement was required.

The data presented in this section are valid for nominal system conditions;

the values of propulsion system parameters presented herein do not represent

boundary conditions of operation for the systems, and therefore, should not be
used as limit values.

The time history performance data shown in Figures 114-4.5.1-1 through

114-4.5.1-7 represent the best estimates of the SPS nominal performance

values throughout the SPS duty cycle. The time history performance levels

shown in the figures are dependent on the PU valve position. Figure 114-4.5.1-8

shows the expected gageable oxidizer unbalance throughout the nominal simulation.

_e time history performance of the CIRC burn was excluded from tile figures
because of the short duration (4 sec) of this burn. Typical steady-state

performance values taken from these figures for specific time slices of the

nominal prediction are shown in Table 114-4.5.1-5, in two segments, before

and after propellant crossover. The performance parameters in the first

°segment represent the typical engine steady-state performance level before

crossover while operating in a dual and single bore mode. _e second segment

represents the typical dual bore performance level for the remainder of the

LOI and the TEl burn. The single bore performance level in this segment is

typical of the valve Bank A (lo_er bore) mode of operation. In the case that

actual flight conditions r_quire a different PU valve logic than was predicted

in this analysis, Table 114-4.5.1-7 contains the typical performance parameters

for the possible PU valve positions with the engine operating in both the single
and dual bore modes.

The steady-state performance dispersions, presented in Table 114-4.5.1-6,

were obtained by the RSS (root-sum-square) statistical method. This was accom-

plished by perturbing each parameter in Table 114-4.5.1-3 by an amount equal to

its standard deviation, while maintaining the remaining parameters at their

nominal values. The nominal engine performance values (Isp, thrust, etc.) were

then subtracted from the values obtained from the perturbation to obtain per-

formance deltas, the off-nominal engine performance level deltas associated with

the perturbed parameter. After all the parameters were perturbed, the square

root of the sum of the squared deltas was determined. The values obtained from

this procedure represent SPS dispersions about the nominal performance level

1].4-4.5.1-4
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due to tolerances and uncertainties associated witi_ the SPS during steady-

state operation. These values are applicable only co those time slices

sufficiently removed from ignition to not be influenced by the transients

in the propellant tank pressures which result from the initial tank pressures

beinz different from the steady-state pressures during the burn.

It should be noted that the engine performance levels presented in

Table 114-4.5.].-5 were obtained from unique time slices taken throughout the

mission simulation, and it is not recommended that these values be used to

represent a constant level[ of performance during a burn. In order to obtain

single or "average" values of thrust, lsp and total fiowrate which most

accurately represents these parameters during a particular burn, it is

necessary to determine the "effective" parameters for that burn, i.e., the

unique values of thrust, Isp and total flowrate that are required to achieve

a particular velocity gain. The effective parameters for each burn were

determined from the nominal mission simulation and are presented in Table

114-4.5.1-8. When the need arises, these values may be used to represent

the constant level of performance for a burn.

Variations from the predicted propellant tank pressures at.ignition
will cause significant variations in the e[fective thrust and total flowrate

for those shorter burns which began with large ullage volumes (burns after the

LOl-i burn) because steady-state tank pressures are not reached quickly. There-

fore, the dispersions shown in Table 114-4.5.1-6 are not applicable to the

effective performance values (Table 114-4.5.1-8) for all burns. Table 114-

4.5.1-8 contains the recommended dispersions to be used with the effective

performance values. These dispersions account for the uncertainties associated

with the predicted tank pressures at ignition.

The SPS engine ignition times (referenced to earth launch), burn duration,

velocity gain, propellant remaining, total propellant used and total spacecraft

weight are given for each burn in Table ]14-4.5.1-4. At the start of the LOl

burn, a gageable oxidizer unbalance of -liO Ibm existed, which resulted from

the combination of oxidizer transfer, storage tank gaging probe error and pro-

pellant loading unbalance. At the end of the TEl burn, which was the last

burn analyzed, the remaining usable* propellants were 950.0 ibm of oxidizer

and 626.3 ibm of feel. The propellants remaining in terms of percent gageable

were 2.622 of oxidizer and 2.72Z of fuel with a gageable oxidizer unbalance of

-24 ibm. The total engine burn time was 585.16 seconds, which produced a total
velocity gain of 6631.i ft/sec.

To facilitate performance estimations during the missicn, Table 114-4.5.1-9

presents influence coerLicients which may be used to determine the approximate

changes in thrust, tetal flowrate and mixture ratio which will result [rom the

indicated changes in propellant tank pressures for both the normal and increase

PU valve positions.

*Usable propellant is defined as the, tanked propellant minus the trapped

propellant in the tanks. The oxidizer tanks contain 17[.5 ibm of trapped

oxidizer and the fuel tanks contain 67.6 ibm of trapped fuel.

ii.....).i-5 SNA-8-D-027(1) REV 3



Amendment 106
10/17/72

(NASA DATA SOURCE)

Table 114-4.5.1-1. CSM 114 SPS Engine and Feed System Characteristics

Engine No. 69

Injector No. 147

Chamber No. 369

Initial Chamber Throat Area (in 2) 121.469

Engine and System Fluid Resistances (Ibf-sec2/Ibm-ft 5)

Based on Based on

Accentance Test Reorificing Adjusted

Fuel Engine Feedline 877.9 956.0 899.3

Oxidizer Engine Feedline 491.2

Fuel System Feedline 36.08

Oxidizer System Feedline

PU Valve in the Pri-normal Positon 97.72

PU Valve in Pri-increase 50.41

PU Valve in Pri-decrease Position 170.14

'Characterization Equation for C*:

C* = C*S. C. + 87_i.5 (MR - 1.6) - 273.83 (MR2 - 2.56) - 0.31878 (Pc - 99)

+12.953 (TP - 70) - 0.07414 (TP 2 - 4900) - 5.466 (MR • TP - 112)

+0.03119 (MR • TP2 - 7840.);

where C'S.C. (Engi'ne No. 69) = 6003.9 ft/sec

Characterization Equation for Isp:

Isp = ISPva c - 96.954 (1.6 - MR) - 0.0487 (99 - PC) - 0.06276 (70 - TP)
+ 30.409 (2.56 - MR2) + 0.0004483 (4900 - Tp2);

Where ISPva c (Engine No. 69) = 314.1 _bf-sec/Ibm _IJ__

(I) This value for Isp was obtained from Aerojet-General CEM 360,

"Apollo SPS Injector Performance," dated 2 June 1969, and represents the

updated Isp resulting from the new curve fit equation for the steel chamber
throat area.

i14-4.5.1-6
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(NASA DATA SOURCE)

Table i14-4.5.1-2. CSM II4/LM-12 Mass Properties Data* (LBM)

TOTAL CSM/LM Mass Prior to LOI Firing 102766.2

LM 36241.3
CSM (Loaded) 56524.9
SPS Propellant Loaded

Oxidizer (Tank Total) 24968.3
(Sump - 14403.0, Storage - 10565.3)
Oxidizer (Outside Tanks) 123.7
Oxidizer Total 25092.0

Fuel (Tanked Total) 15625.4
(Sump - 8868.7, Storage - 6756.7)
Fuel (Outside Tanks) 78.6
Fuel Total 15704.0

TOTAL CSM/LM Consumables from LOI to DOI (-) 34.3

LM Consumables 0.0
CSM Consumables (-) 34.3

TOTAL CSM/LM Consumables from DOI to CIRC (-) 36924.1

LM Consumables to Separation (-) 18.0
LM Separation (-) 36743.5
CSM Consumables (-) 162.S

TOTAL CSM Consumables from CIRC to Plane Change (-) 181.2

TOTAL CSM Mass Change from Plane Change to TEl (+) 163.0

*These mass properties were used for the purpose of this analysis.

Reference should be made to Volume III, Spacecraft Operational Data

Book, for current official mass properties data.

114-4.5. 1-7
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(NASA DATA SOURCE)

Table 114-4.5.1-3. CSM 114 SPS System Uncertainty Dispersions

! Standard Deviation
Parameter (Percent I_;)

Characteristics Exhaust Velo,_ity (C*), ft/sec 0.249

Vacuum Specific Impulse, Ibf-sec/Ibm 0.169

Engine Fuel Resistance, Ibf-sec2/Ibm-ft 5 1.655

Engine Oxidizer Resistance, Ibf-sec2/Ibm-ft 5 0.692

Feed System Fuel Resistance, Ibf-sec2/Ibm-ft 5 3.3

Feed System Oxidizer Resistance, Ibf-sec2/Ibm-ft 5 3.3

Ablative Engine Throat Area, In 2 0.I00

• Oxidizer Temperature, °F 7.14

Fuel Temperature, °F 7.14

Temperature difference between oxidizer and fuel 1.43

Helium line resistance on oxidizer side 5.0

Helium line resistance on fuel side 5.0

Parameter Standard Deviation
(Units - I_)

llelium Regulator Outlet Pressure, psia 0.71

Oxidizer Tank Pressure (1) (Prior to Engine Ignition), psia 1.45

- (I_
i:uel Tank wressure" ' (Prior to Engine ignition), psia l.Gl

(1)Applicable only to burns subsequent to the LOI burn.

114-4.5.1-8
SNA-8-D-027(I) REV 3
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Table 114-4.5.1-4. Mission J-3 SPS Preflight Performance Prediction - Engine Burn Schedule

Propellant Remaining Total Propellant Teta] Space-

Used, Ibm Craft Weight

at Start of
Burn G.E.T Burn Delta Oxidizer Fuel

hrs:min:sec Time, Velocity Burn, Ibm
Sec. ft/sec Usable, Gageable Usable Gageable Oxidizer Fuel

Ibm Percent Ibm Percent

24796.8 100.21 15557.8 100.67

LOI 88:55:37.5 397.55 2979.9 8678.5 34.55 54-32.2 34.31 16118.6 10125.6 102766
I

DOI 93:13:08.5 22.85 198.7 7749.9 30.59 4857.7 30.54 928.2 574.5 76488

I
ClRC 11:55:22.7 4.01 70.1 7578,3 29.88 4751.9 29.84 171.6 105,8 38060

LOPC 182:35:45.3 18.43 336.7 6805.9 26.7a 4278.8 26.73 772.4 473.1 37602

TEl 236:39:51.2 142.32 3045.7 950.0 2.62 626.3 2.72 5856.0 3652.5 36519

Z

I> TOTAL 585.16 6631 1 23846.8 14931.5

for each burn include the non-propulsive engine start losses of 8.9 Ibm of oxidizer and 5.5 Ibm

:_ of fuel. _'
<

i



(NASA DATA SOURCE)

Table 114-4.5.1-5. Mission J-3 SPS Preflight Performance Prediction - Nominal Performance

Summary

BEFORE CROSSOVER AFTER CROSSOVER

Dual Bore Single Bore Dual Bore Single Bore

PARAMETER 150 sec of LOI Typical Single 350 sec of LOI 69.2 sec of TEI Typical Single
Burn (Lower)Bore Burn Burn (Lower) Bore

i

_" ISP (sec) 314.22 314.07 314.29 314.29 314.13k.n

F-J

Thrust (l hf) 20640 I q986 20903 PNQ7P '2(30_Q

Mixture Ratio 1,5876 1. 5940 1. 5985 1. 5997 1. 6051

Chamber Pressure 101.47 98.293 102.85 102.98 99.662
(psia)

Oxidizer F1owrate 40.302 39.103 40.914 41.061 39.793
(lbm/sec)

z Fuel Flowrate 25. 385 24. 532 25. 594 25.668 24. 792>
i (lbm/sec)

-M M fb
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Table 114-4.5.1-6. Mission J-3 SPS Preflight Performance Prediction - Steady State

Performance Dispersons

BEFORECROSSOVER AFTER CROSSOVER

PARAMETER
Standard % Standard Standard % Standard

Deviation (I_) Deviation (Io) Deviation (Io) Deviation (Io)

ISP (I bf-sec/l bm) 0.533 0.170 0.534 0.170
I

Thrust (Ibf) 84.0 0.407 85.0 0.407

MiXture Ratio 0.0132 0.831 0.0134 0.838

Chamber Pressure 0.390 0.385 0.395 0.384

(psia)

Oxidizer F1owrate 0.184 0.456 0,187 0.457
(lbm/sec)

Fuel Flowrate 0.162 0.638 0.165 0.645

(lbm/sec)

",4 m"

b..a

<

L_
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Table 114-4.5.1-7. SPS Performance Su._m_.aryat Various PU Valve Positions for Single
and Dual Bore Modes of Operation

BEFORECROSSOVER

LOI - BURN Single Bore Dual Bore

PARAMETER PU - I_ICR PU - NORM PU - DECR PU - INCR PU - NORM PU - DECR

Thrust (Ibf) 20281 19986 19565 20969 20640 20170

Chamber Pressure 99.51 98.29 96.59 102,81 101.47 99.57

{psia)

Total F1owrate 64.58 63.63 62.36 66,75 65.69 64.27

(I bm/sec)

Oxidizer Flowrate 40.24 39.10 37.56 4!=59 40.30 38.57
( 1bm/sec)

Fuel Flowrate 24.34 24.53 24.80 25.16 25.39 25.70
/Ibm/see/

AFTER CROSSOVER
LOI - BURN

Sinqle Bore Dual Bore

PARAMETER PU - INCR PU - NORM PU - DECR PU - INCR PU - NORM PU - DECR

Thrust 20529 20224 19789 21242 20903 20413

_ Chamber Pressure I00.82 99.56 97.79 104.24 102.85 I00.88
Total Flowrate 65.37 64.39 63.04 67.60 66.50 65.01 _

I " "-J (I)

Oxidizer Flowrate 40.84 39.66 38.04 42.25 40.91 39 09 --=_
0 '' _oFuel Flowrate 24.53, 24.73 25.00 25.35 25.59 25.92 -_
"J 0
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Table 114-4.5.1-7. SPS Performance Summary at Various PU Valve Positions for Single
and Dual Bore Modes of Operation (Continued)

AT 2.4 SEC INTO BURN AT 16.4 SEC INTO BURN

DOI - BURN Sinale Bore Sinqle Bore

PARAMETER PU - INCR PU - NORM PU - DECR PU - INCR PU - NORM PU - DECR

Thrust 20878 20568 20126 20718 20410 19970

Chamber Pressure 102.26 100.97 99.17 101.53 100.25 98.46

Total Flowrate 66.49 65.46 64.09 65.98 64.97 63.61

Oxidizer Flowrate 41.74 40.51 38.86 41.31 40.10 38.47

Fuel Flowrate 24.75 24.95 25.23 24.67 24.87 25.14

I

L
f

2.6 SEC INTO CIRC BURN

CIRC Single Bore

BURN PARAMETER PU - INCR PLI- NORM PU - DECR

Thrust 20895 20585 20142
Z
>

Chamber Pressure 102.35 101.06 99.26
C_
I

Total F1owrate 66.54 65.52 64.14

Oxidizer Flowrate 41.75 40.53 38.87

F-e! F!owrate 24_79 24_99 25.27 _

i,
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Table 114-4.5.1-7. SPS Performance Summary at Various PU Valve Positions for Single

and Dual Bore Modes of Operation (Continued)

AT 2.6SEC INTOBURN AT 11.6 SECINTOBURN

LOPC BURN Single Bore Dual Bore

PARAMETER PU- INCR PU - NORM PU - DECR Pu - INCR PH - NORM PU - DECR PU - INCR PU - NORM PU - DECI

Thrust 20803 20498 20061 20735 20429 19992 21460 21116 20627
Chamber Pressure 101.83 100.56 98.76 101.55 100.28 98.49 I05.02 103.60 101.62
Total F1owrate 66.29 65.26 63.88 66..05 65.03 63.66 68.32 67.19 65.67

OxidizerF1owrate 41 .84 40.61 38.95 41.54 40.32 38.67 42.99 41 .61 39.76

Fuel H owl'ate 24.45 24.65 24.93 24.51 24.71 24.99 25.33 25.58 25.91
I

t_

I
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Table 114-4.5.1-7. SPS Performance Summary at Various PU Valve Positions for Single
and Dual Bore Modes of Operation (Continued)

AT 2.2 SEC INTO BURN AT 69.2 SEC INTO BURN

TEl - BURN Sinflle Bore
PARAMETER PU - INCR PU - NORM PU - DECR PU - INCR PU - NORM PU - DECR

Thrust 20769 20463 20025 20594 20288 19851

Chamber Pressure 101.69 100.42 98.63 100.93 99.66 97.89

Total Flowrate 66.16 65.14 63.77 65.58 64.58 63.24

Oxidizer Flowrate 41.66 40.44 38.79 40.99 39.79 38.17

Fuel Flowrate 24.50 24.70 24.98 24.59 24.79 25.07

I

I

AT 69.2 SEC INTO BURN

TEl - BURN Dual Bore

PARAMETER PU - INCR PU - NORM PU - DECR
-- , ,,.,

Thrust 21312 20972 20479

Chamber Pressure 104.36 102.98 100.98

Total Flowrate 67.83 66.73 65.22
I

co, Oxidizer Flowrate 42.41 41.06 39.23 _>

i Fuel Flowrate 25.42 25.67 25.99 o

"4 "J CO

_.1 m'.

b_

°
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Table 114-4.5.1-8. Effective Engine Performance for Mission J-3

BURN LOI

EFFECTIVE_ Before After DOI CIRC LOPC TElPAR#_IETER CrOSsover CrossoVer

Thrust - lbf 20645 20906 20469 20602 20993 20966

Specific Impulse-sec 314.22 314.29 314.16 314.18 314.25 314,29

Total Propellant 65.704 66.520 65.154 65.574 66.805 66.709
Flowrate - lbm/sec

MixtureRatio I.587_ l.5988i l.6165 1.6223 1.6329 1.6032

I
.p-

Effective Engine Performance Dispersions for Mission J-3
(One Standard Deviation)

I

_ _ BU '
o- RN LOI

EFFECTIVE _ Before _fter DOI CIRC LOPC TEI
PARAMETER "_ Crossover _rossover

Thrust-Ibf 84 85 lOl 126 lOl 85

Specific Impulse-sec 0.53 0.53 0.53 0.53 0.53 0.53
co
I Total Propellant 0.25 0.25 0.30 0.38 0.30 0.25 _ m

flowrate - lbm/sec .oo
O "-4

-_ MixtureRatio 0.013 0.013 0.019 0.026 0.019 0.013 _ ¢-t
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Table 114-4.5.1-9. SPS Mission J-3 Performance Influence Coefficients

nk Pressure +l PSIA Ox Tank +l PSIA Ox Tank +I PSIA FUEL T_nk +I PSIA Fuel Tani:

PU Valve in PU Valve in PU Valve in PU Valve in

Primary-lncrease Primary-Normal Primary-lncrease Primary-Normal
Position Position Position Position

_ Parameter
DeltaI

Thrust (lbf) 56 56 27 28
I

Mixture Ratio O.OlO 0.010 -0.011 -0.010

Total Flowrate
(lbm/sec) 0.178 0.]68 0.085 0.095

Chamber Pressure
Z

> (psia) 0.226 0,223 0.173 0.179
I

I b-I _

G

--J "-J f_

<
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4.6.1.1.4 Uncertainty of Ill IMU Alignment from CSM lIFU

The measured alignment angles associated with a talkover alignment of
the LM IMU from the CSM IMU are listed in Table 114-4.6.1-2. The contribu-

tions to the uncertainty in the talkover alignment of the LM IMU are listed

in Table 114-4.6.1-3. The RSS i-_ total uncertainties are summarized as

follows :

LM Axis I-o ESS_ arc rain

Yaw (about X-axis) _15.81 (0.264 deg)

Pitch (about Y-axis) _4.00 (0.067 deg)

Roll (about Z-axis) ,4.03 (0.067 deg)

The above values do not include thermal effects or bending or torque

effects from any cause (i.e., RCS jet firing). Also, the effect of the

maximum allowable e.g. offset in the X-axis of 0.2 inch was not included.

4.6.1.2 Guidance Computer Erasable Memory Constants I

The following listings pertain to the cow,hand module computer (CHC)

pad-loaded erasable memory constants. Mission-time-computed constants,
such as state vectors, etc., are not included except for those specifically

initialized, as no single value can be attached6

Table 114-4.6.1-1 is a tabular listing of t:he erasable load, both

mission tape parameters and launch tape parameters.

_le number in the "REV" column denotes the number of revisions to the

value of the corresponding parameter that have been incorporated in publi-

cations of the Apollo 17 erasable load.

A single or double star (* or **) in the "REV" column denotes that it

is also in the inflight erasable load. These parameters would have to be
verified or reloaded in order to completely initialize the CMC in orbit.

A single star denotes loading by ground uplink; a double star denotes

loading by the astronaut via the DSKY.

INASA DATA SOURCE

114-4.6.1-1 SNA-8-D-027(1) REV 3



(NASA DATA SOURCE)

I Table 114-4.6.1-1. Final CMC E-Load for Apollo 17

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

FLAGWRDI+ 0 0075 00000 0

FLAGWRD3+ 0 0077 _.0000 0

FLAGWRD8+ 0 0104 00200 0

rLAGWR09+ 0 0105 00004 0i.-=
¢,,
I

FLGWRDIO+ 0 0106 00000 0
O_

_' * C31FLWRO+ 0 0374 00000 0
bo

• NO.PASS + 0 0737 37777 16 1.638300000D 06 UNITLESS 1.6383000000 06 UNITLESS

• N26/PRI + 0 1016 00000 '16 0.0 MIN 0.0 CS

• N26/2CAD+ 0 1017 00000 0 0.0
1020 00000

o_ PIPTIME + 0 1063 Olltb 28 9.678000000D 06 CS 9.678000000D 06 CS

1064 26260
Co

I PREDICTEP, VALUF OF AGC CLOCK AT LIO 26/53 _>
I .i-_

"2 _m

.,_ _o

L_



(NASA DATA SOURCE) |

Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued) I
|

REV MNEMONIC AOOR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

PGNCSALT+ 0 1133 00000 29 2.9330708661) 02 FT 8.940000000D OX M
..... tt34- 00055

........ J_ADL4_. -,I,-0--]+1-]-5--306J1i3---- O----2"t' 79_g8666D 02- DEG -T. 7609962 qSD-OI RBV
1136 23562

PAD 3qA
I

c_ _' CDUCHKWD4. 0 13¢! 00005 16 5.0000000000 O0 CS 5.0000000000 O0 CS
i_ .........................

m 41'RTEDI + 0 1362 06510 3 1.660263700[) O0 UNITLESS 1.6602637000 O0 UNITLESS
...... 1363 07025- ..................................

* DVTHt_ESH+ 0--1364 00620 --2 2.0000000000 O0 FTISEC 6.096000000D-03 N/CS

*.HO,O,I-ZALT-+ 0.1365 00000--+2-9 --2.800000000D Ol KM .... 2.800000000D 06 M
1366 33260

$ ALTVAR + 0 136"7 3"7"723 _16 1°521680000D-05 RADIANS2 1.5216800000-05 RADIANS2
c,q

co

t_



(NASA DATA SOURCE)

Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued)

REV MNEMONIC. ADDR OCTAL SF ENGINEERING VALU_ VALUE IN AGC UNITS

I • EMDOT �01350 0|147 3 6.623333333D Ol LBS/SEC 3.004293464D-01 KG/CS

1 • PBIASX • 0 1452 77252 -6-6.233595800D-03 FT/SFC2 -3.247863247D-04 PIPS/CO;

1 _ PIPASCFK_ 0 1453 63554 -9 -7.500000000D 02 PPM -7.500000000D-04 PIPS/PIP

• PBIASY + 0 1456 77602 -6 -2,2965879300-03 FTISFC2 -1o1965811980-04 PIPS/C_

I i * PIPASCFY �0i_-55 74435 -9-2,,1000000000 02 PPM.. -2°I000000000-04 PIPS/PIP....
r i * 0237;-6-z.32 39632s0-02 T,sc21.2136 52130-0,,ps,csG',

i • PIPASCFZ+ 0 1457 62564 -9-8.|000000000 02 PPM -8.100000000D-04 PIoS/PIP,,c-.

I '_ NBOX �01660 00115 -5 6°O00000000D-OI MERU 1.4603427770-04 G PUt./f_S

1 • NB_Y _ 0 1661 77762 -5 -1.0000000000-01 MERU -2.633904628D-05 G PUL/CS

I _t NBDZ 1462 00231 -5 1.200000000D O0 MERU 2.9206855540-04 G PUL/CS

I w_ ADIAX 4- 0 1463 00205 -3 7.0000000000 O0 MERUIG 1.0163347780-03 GPUL/PIP

I * ADIAY + 0 1664 00367 -3 1,3000000000 O1 MERUIG 1,8876788730-03 GPtJL/PIP
CO

!

I ,I, ADIAZ + 0 1465 77615 -3 -6.0000000000 O0 MERU/G -8.7114409500-04 GPUL/PIP

°
',-4 _ _

[_1 "M r*



Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued) (NASA DATA SOURCE) I

REV _iEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS
....................................................

ADSRAX • 0 1466. 77615 -3 -6.0000000000 O0 P4ERU/G -8.7114409500-04 GPULIPIP

| II, AOSRAY + 0-1_&7 0016;' -3 6.0000000000 gO IqERU/G 8.7114409500-04 GPUL/PIP

I * ADSRAZ + 0 1_.70-.77663 -3 -_.0000000000 O0 NERU/G -5.807627300D-O_. GPUL/P|P

TEPHEM �01706 00020 42 1.2576000000 04 HRS 4.52"_60000D 09 CS

i 1710 04000

TEPHEM TO N|DNITE PRIOR TO DEC. 6tlg72
I .....................................

UNITI¢ + 0 1711 00001 0 1.200586557D-0_. UNITLESS 1.200586SSTD-04 UNITLESS
..... t-Tt-2--36_44 ......................

----sL-UN[T-W--- + 2 ITI_ -nO000 0 l.la?_=-.TTZl,'3, :_= U_.ITLE_ -hlg';a_,T?2;,_., ,.q._;2,";I_-LESS....
1714 06172

............ --. .................................. I

I * UNITM + 4 1715 37777 0 9.9999999260-01 UNITLESS 9.999999926D-01 UNITLESS
............................ _-7 ]_-- _7-7-76 ............................................

I

O

"..4 t_N

v M C'_

N _ i..a
_ o



(NASA DATA SOURCE)

Table 114-4.6.1-1. Final CMC E-Load For Apollo 17
(Continued)

REV MNEMONIr_ ADDR OCTAL SF ENGINEERING V_LUE VALUE IN AGC UNITS

1 REFSMMAT.I. 0 1733 12703 1 6.801000010D-01 UNITLESS 6.801000010D-01 UNITLESS1734 14105

REV 1 0_: E-LOAD TAPE

REFSMNATI" 2 1735 01733 I 1.2060000100-01 UNITLESS 1.206000010D-01 UNITLESS

1736 36442

DATE TO WHICH TEPHE_ IS VALID FOR THIS g-LOAD

c_

1 ww EIMPISEC4" 0 1763 01547 14 1.957516800D 04 LBF SEC 8.707668541D 02 KG M/CSi-=
I

1 4' EFIMPOI "="0 1764 02101 14 2.4684268000 04 LBF I.,08glI4501D 03 KGM/CS/S

1 * EFIMPI6 1765 01606 14 2.0281000000 04 LBF q.O21438257D 02 KGM/CS/S

• E3J22R2_+ 0 1766 12160 58 9.2047904791) 16 M51CS2 9.204790479D 16 M51CS2

• _32C31RM �01767 03363 80 1.3128925600, 23 M6/CS2 1.3128925600 23 M6/CS2

U3

I
co
i

I
O

',M

_ -4rt

t_ _
0



'1
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(NASA DATA SOURCE) I

Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued) I

-- REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

I * TRUNSF + 0 1770 00235 27 9.30370370_tD-02 IIDEGISC 1.286I_4000D 06 PIREVICS I
1 * SHAFTSF + 0 1771 00502 25 4.7703703700-02 I/OEG/SC 6.Sg4,560000D 05 PIREVlrS

• HREN_POS+ 0 2000 00137 19 1.0000000000 Ok FT 3.048000000D 03 M

1" WRENDVEL+ 0 2001 00763 0 I.O000000000 Ol FT/SEC 3.0480000000-02 M/CS

• RMAX + 0 2002 00023 19 2.O00000000D OB CT 6.096000000D 02 M
.c--

I
• VMAX + 0 2003 00001 7 2.O00000000D O0 FT/SEC 6.096000000D-03 _/CS

O',

I, WORBPOS + 0 2004 00000 19 0.0 _T 0.0 M
|

• WORBVEL + 0 2005 00000 0 0.0 FTISEC 0.0 MI_S

• 522WSUBL+ 0 2006 00471 19 3.2808398950 04 FT I.O00000000D 04 M

• RPVAR + 0 2007 003E4 28 4.O00000000D 06 H2 4.0000000000 06 M2
2010 04_tO0

506LN + 0 201I 00004 0 2.831146121D-06 PAD 2°831146121D-04 RAD
2012 26336

-.M r't

t_



(NASA DATA SOURCE)

I Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued)

REV HN.CHONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

50_LM _1. 2 2013 00005 0 3.561154008D-04 RAD 3.56115&OO8D-04 _ID

2014 32552

504L_ _- 4 20_5 77776 0 -1,.02091.58060-04 RAO -1.020915806D-04 RA_
2016 52 362

* EHSALT �02017 00002 29 2.900001000D 05 FT 8.8392030480 04 M
F-_
-_- 2020 26244
I

_' AT|GINC _- 0 2021 OO001 28 3,.000000000r1 O0 NIN 1.8000000000 04 CS
2022 03120

I
Go

* PTIGINC _- 0 2023 00001 28 3.000000000_ O0 NIN 1.800000000D 04 CS
2024 03120

t RL$ { 0 2025 00252 27 4.590788501r) 06 -:T 1.399272335D 06 M
2026 31721

PLS 4- 2 2027 00145 27 2.731181408D 06 FT 8.324640931D 05 M
2030 23640

c_
!

U

b_

_ I-_O



(NASA DATA SOURCE)
m

Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued) I
R

RFV NN_NONIC ADOR _TAL SF ENGINEERING VALUE VALUE IN AGC UNITS

* _LS + 6 2031 00110 27 1.9615882920 06 gT 5ogT892111_d) 05 M
2032 3T410

TINENO + 0.--2033.00021 42 1o276|98801B O_ HRS _.594315682D 09 CS
2034 03536
2035 30642-

# VECO_H 2036 00010-203 4. i907364520-65 H/CS9 4.190736452D-65 H/CSS
I

2037 32351

* VECOF_ + 2 2040 77741-203 -1o4440866850-6_ M/_sg -1._440866850-64 M/CS_
I

2041 62531

VECOEM + 4 2042 77761-203 -6°685931021_--65 MICS9 -6.685931021D-65 M/CS9
2043 75274

* VECOEM 2044 77724-177 -1.3987840939-56 MtCS8 -1.3987860930-56 M/CS8
2045 43114

O3

CO

°



I (NASA DATA SOURCE)Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued)

REV MNE_N[_ AODR OCTAL SF ENGINEERING VALUE VALUF IN AGC UNITS

VECOEM + 8 2046 77736-177 -[.062834613D-56 M/CS8 -1.06283_613D-56 M/CS8
2067 6_436

* VECOEM $O7775_177 -6.33388218_-57 M/CS8 -6.33388218#D-57 M/CSB
2051 43672

* VECOEM +12 2052 7761_151 -2.472624812D-68 MICST -2.472_2_812D-48 M/C S/
2053 536#5

W VECOEM +16 205# 00127-151 1.861812921D-68 MICS7 1.861812921D-48 M/CS7
2055 02262

i * VECOFM +16 2056 00036151 6.592662902D-49 M/CS7 6°5926629020-49 M/CS7
o 2057 32472

VECOEN +18 2060 77777-125-6.7761538870-4B M/CS6 -6.776153887D-_3 M/CS6
206I 60706

* VECO_M +20 2062 _350-125 3.3398083620-60 M/CS6 3.339808342D-40 MICS6
2063 300t3



(NASA DATA SOURCE)

114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued) I

i

Table
I

REV MNEMONIC ADOR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

VECOEM +22 2064 0015@-125 1.556920541D-40 MICS6 1.556920541D-40 M/CS6
2065 20031

VECOEM +24 2066 00707 -99 _.389154847D-32 MICS5 _.38q154847D-32
M/CS5

2067 31,360

2.515203499D-32 MfCS5
VECOFM +26 2070 00405 -99 2. 515203_q9D-32 MICS5

2071 06145
I

o_ $ VECOEM +28 2072 00245 -q9 1.59308989a_)-32 M/CS5 I.sg30898q_.D-32 M/CS5

2073 15746
I

_" • VECOEM +30 2074 02240 -73 7.6526820550-24 M/CS4 7=652682055D-24 M/CS_
2075 045176

s VECOEM +32 2076 76573 -73 -4.1667640g09-24 ,4/CS4 -_.L6676_OgOD-24 M/CS_
2077 47135

• VECOEM +34 2100 77506 -73 -1.198334541D-24 MICS4 -1.198334541D-24 MICS4
2101 62104

!

b-LfD

12)



(NASA DATA SOURCE)Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued)

REV MNEMONIC AODR OCTAL S _ ENGINEERING VALUE VALUE IN AGC UNITS

'_ VECOEM •�‚�210276605 -47 -3.3089193850-16 M/CS3 -3.308919385D-16 M/CS32103 40367

'_ VECOEH _B _],0_ 730.75 -67-1.083737@93D-15 M/CS3 -1.083737893D-15 MtCS3210S 62203

=_ VECOEM 4"40 2106 75650 -47 -5.377499574()-16 M/CS3 -5-377499576D-16 M/CS3"_" 2107 41036
c_

_ VECOEH _62, 2110.66556 -2l -1-383366682D-07 M/C52 -1-383366682D-07 M/CS22111 73330I_)

* VF.COEM +4.4 2112 01_50 -21 2-353866303D-08 MICS2 2.353866303D-08 MICS22113 31006

* VECOEM _-46 2114 7765te -2t -2-637870350D-09 M/CS2 -2.6378703_0D-09 M/CS22115 47420

_' VECOEM _-68 2116 00672 5 8.636406328D-01 M/CS 8.636606328D-01 M/CSo_ 2117 02671

--4 to_

_J rf

Lo



(NASA DATA SOURCE)

Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued) I

I

REV HNEqONIC ADOR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

* VECOEN +50 2120 11210 5 q.267249107D O0 M/CS 9.2672491070 O0 M/CS
..... 2_21 32470

VECOEN _52 2122 0_315 5 _o40X546836D O0 MICS 4.401546836D O0 H/CS

2123 22743

* VECOEM +54 2124 05453 31 3.748243120D 08 M 3.748243120D 08 M

2125 25657

!
_ VECO_N _56 2126 7T03t 31 -6.378691600D 07 M -6.378697600D 07 M

2127 53003

' * VECOEM +58 2130 00062 31 6.603960000D 06 M 6.6039600000 06 M
2131 14227

R_$O + 0 213_ 75_[ 38 -6.8592ii253D _0 FT -2_090687590D i0 M
2133 73230

RESO + 2 2134 60335 38 -4.3874163910 11 =T -1.337284516D 11M
2135 45160

i

_o



I (NASA DATA SOURCE)
Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued)

REV NNEHONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

* RESO + 4 2136 71177 38 -1.9024931280 11 FT -5.798799053D 10 M
2137 6_536

-* VESO -*--O--,Zl#O-22597 - -9. 9.8258Z-4941D 06- FTISEC 2.994911442D 02 M/ S
2141 26735

* VffSO .o- 2 2142 75422 9 -1.293075992D 06 FTISEC -3.9412956240 Ol M/"S
_" 2143 71103

_r VESO 4. 4. 2t64 76735 g -5.605686368D 03 _T/SEC -1.708613205D Ol M/CSI--'
_-. 2165 47631

w, OMEGAES + 0 2146 00547-26 1.1772506970-05 DEGISEC 3.270140825D-10 R'_V/CS
2147 21622

DTF *- 0 2356 00036 -14 3.000000000P_OI SEC 3.0000000000 Ol CS

HAMDELH _-0 2367 00000 29 1.500000000_ 01 N.MI. 2.7780000000 04 M
2370 33102

C_

I ............

_ bJ



(NASA DATA SOURCE)

Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 Continued)

REV MNENONIC ADOR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

* WRDTIME + 0 2BTI 00017 28 2.6000000000 03 SEC 2.600000000D 05 C5

* MINBLKT_+ 0 2372 00002 28 3o288000000_ 02 SEC 3.288000000D 06 CS

* TBEFCOMP+ 0 2373 00005 28 8.220000000D 02 SEC 8.2200000000 04 CS

* BRNBLKTM+ 0 237_ 00005 28 8.220000000n 02 SEC 8.2200000000 04 CS

* MAXWTIM_+ 0 2375 00026 28 3.616800000D 03 SEC 3.6168000000 05 CS

_ F[NCMPTM+ 0 2376 00003 28 6.9320000000 02 SEC 6.9320000000 06 fS

* INTVAR + 0 2377 00142 15 1.960000000D 02 M2 1.960000000D 02 M2

1 AZIMUTH + 0 2kO0 70006 0 -8.98_708333D Ol OEG -2.697141206D-01REV
2_1 65703

LATITUDE+ 0 2_2 _426 0 2.8608422180 01 OEG 7.9667839_0D-02 R_V
2403 00022

PAD 39A _

O _



I (NASA DATA SOURCE)
Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued)

REV MNEMONI r ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

1 TAZELI + 0 2432 55006 -1-l.Ob80763BgD 02 DEG -2-966878859D-01 R_V

I TAZELI + I 2433 77221 -2-2.011361111D O0 OEG -5.587114198D-03 REV

1 TAZELI 2434 63611 -I -6.881059444D Ol [_EG -1.911405401D-01 REV

1 TA/EL1 _" 3 2435 77220 -2-2.0159444440 O0 DEG -5.5998456780-03 R":'V
F--L

LAUNCHAZe- 0 2633 06323 0 7.214139300D Ol DEG 2-003927583D-01 RFV
_" 2634 07411
o_

* WMIDPOS + 0 3000 00436 19 3.0000000000 Oat FT 9.1_0000000 03 W
l-J

30,000 FEET

* WMIDVffL _- 0 3001 02732 0 3.000000000D Ol FT/SEC 9.1440000000-02 M/CS

30 FT/SEC

RVAR �03002 00000 -lb 0.0 PERC ERR 0.0 PFRC ERR
oo 3003 00000
Z

I
Co
I

I
0

FaN

i..a
L_ 0

_3



(IIASA DATA SOURCE)

114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued)Table
!

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

* RVARMIN + 0 3004 7T777 40 -4.O00000000D 04 C:T2 -3.716121600D 03 M2
3005 77777
3006 42757

1200FT|2 (A NEGATIVE NUMBER FOR CODING EAS-=.)

* LADPAO + 0 3007 10510 0 2.700000000D-01 UNITLESS 2.700000000D-01 UNITLESS

I-'
* LODPAD + 0 3010 06477 0 Z.OTOOOOOOOD-OI UNITLESS 2.070000000D-01 UNITLE$S

.IZ--
I

k- ALFAPAD + 0 3011 74500 -I-1.897000000D Ol T_EG -5.26944_445D-02 RffV

* P37RANGF+ 0 3012 01457 0 1.0746300000 03 N.MI. 4.gTS138889D-02 REV

I1 * ETOECAY + 0 3013 00100 14 6.405470000D-01 SEC 6._.054700000 Ol CS

* EKPRIMZ + 0 3014 00123 -5 1.5830990000-04 R/CS/RAD 1.583099000D-06 R/DS/RAO

* FKPRIME + 1 3015 00175 -5 2.3"8_.186000D-04 R/CSIRAD 2.384186000D-04. R/CS/R _r)

* EKTLX/I + 0 3016 17433 18 1.2740000000 05 P/AR/SC2 1.274000000D 05 P/AR/S"2

(j)

I b'l_

"_ -4m-



(NASA DATA SOURCE)

Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued)

REV MNEMONIC ADDR _TAL SF ENG]NEERING VALUE VALUE ]N AGC UNITS

EKTLX/I • I 3017 04500 16 9-4720000000 03 P/AR/$C2 9._72000000D 03 P/ARISC2

EKTLX/| • 2 3020 00334 16 8.800000000D 02 P/AR/SC2 8.800000000D 02 P/AR/SC2

EREPFRAC �03021 01000 2 1.250000000D-01UNITLESS 1.25000000_-01UNITLESS

_ THIS VALUE IS DOUBLED BEFORE IT IS USED
I

= EREPFRAC* I 3022 _232 2 3o75000000_-02 UNITLESS 3.7500000000-02 UN[TLESS

I ...... .....

1_ PACTOFF • 0 3023 77747 14 -5.78000000_-01DEG -2.636248683D 01CDU PULS

c_ 1*_ YACTOFF �03024 00120 14 I.B92000000D O0 OEG 7.974710221D 01CDU PULS

HBNIO �03025 37777 0 9.999389648D-01UNTTLESS 9.9993896480-01UNITLE_S

= HBNIIF2 • 0 3026 00000 1 0-0 UN[TLESS 0o0 UNITL_SS

HBNI2 �03027 00000 0 0o0 UNITLESF 0.0 UN[TLESS

• HBCII/2 • 0 3030 54360 I -1.220581055D O0 UNITLESS -1.220581055D O0 UNITLESS

u_ * HB_12 + 0 303i 21075 0 5-3497314450-01 UN[TLESS 5.349731445D-01 UN[TLES_
,



(NASA DATA SOURCE)

Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued) I

REV NNEHONIC ADDR OCTAL SF ENGIN.CERING VALUE VALUF tN AGC UNITS

* HBN20 + 0 303Z 37777 0 9.999389648f1-01 UNITLESS 9.9993896480-0[ UNITLESS

* HSN21/2 + 0 B033 60465 I -9.6215820310-01 UNITLESS -9.6Z15820310-01 UNITL=-SS

,1, HBNZZ + 0 3034 00000 0 0.0 UNITLESS 0.0 UN[TLESS

* HBD21/2 + 0 3035 5/t360 I -1.2205810550 O0 UNITLESS -1.2205810550 O0 UNITLESS

4, H8D22 4- 0 3036 21075 0 5.,3497314650-01 UNITLESS 5.3497314450-01 UNITLESS

I
_-- ,_ HBN30 + 0 3037 37771 0 9.999389648D-01 UN[TLESS 9.999389668D-01 UNITLESS
c_

4, HBN3I/Z + 0 3060 57142 I -1,.0504[50390 O0 UNITLESS -1.050415039D O0 UNITLESS
I

,.o * HBN32 + 0 3041 33106 0 8.4802246090-01 UNITLESS 8.4802246090-01 UNITLESS

HBD311Z + 0 3042 50741 I -l.&41162109D O0 UNITLESS -1.441162109D O0 UNITLESS

HBD3Z + 0 3063 31162 0 7.8820800789-01 UNITLESS 7.882080078D-01 UNITLFSS

_* DAPDATRI+ 0 3065 31102 0

** DAPDATR2+ 0 3066 01111 0

oo_ 1.* LEMMASS �03072 lOOI? 16 3.625540000D 06 LBS 1.644517ZSID 04 KG
I

CJ
I

°t_

I_ fD

.,_ bJ



(NASA DATA SOURCE)

Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued)

REV MNEMONIC ADDR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

I I** CSMMASS + 0 3073 16642 16 6.6893400000 04 LBS 3.03_233584D 04 KG

POLYNUM • 0 3261 00005 16 5.0000000000 O0 UNITLESS 5.000000000{) O0 UNITLESS

POLYNUM + | 3262 77777 5 -3.7352617000-010EG -1.0375726950-03 REV
3263 56777

POLYNUM + 3 3266 00070 -9 2,44361450_-01DEG/SEC 6.7878180560-06 RFV/C$
I 3265 36057

POLYNUM + 5 3266 00356 -23 6.2373017000-03 DEG/SEC2 1.7325838060-09 R_V/CS2
I 3267 03770

0

POLYNUM 3270-767|1 _37 -9.058746_000-05 DEG/SEr3 -2°5163184_5D-13 R_V/CS_
3271 54.007

POLYNUM + 9 3272 03276 -51 1.6850170000-06 DEG/SEC4 4.6806027780-17 PEV/CS4
3273 32634

POLVNUM +11 3274 72561 -65--1.6095034000-08 DEG/SE'Z5 -4.470842778D-21REV/CS5
3275 61245

z
I



(NASA DATA SOURCE)

114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued) ITable

I

REV NNENONIE ADOR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

POLYNUM -+13 3276 02532 -79 4.9817897000-11 DEGISEC6 1.383830ZtT2D-25 REV/CS6
3277 -17255

SATRLRT + 0--3300-00000 O- 1o0000000000 O0 DEG/SEC 2.7777777780--05 R_VtCS
3301 16441

RPSTART �03302 02311 14 1°2250000000 01 SEC 1.225000000D 03 CS

POLYSTOP+ 0 3303 _3110 14. -1.4775000000 02 SEC -1.677500000D 04 CS
,.t-_

0",

SATRATE + 0 3310 00000 12 0.0 OUTPTPUL 0.0 OUTPTPUL
I .....

SATRATE + I 3311 003_ 112 5.700000000D O[ OUTPTPUL 5.700000000D 01 DUTPTPUL

2.5 DEGREE ATTITUDE ERROR, 0,,,75 VOLTS

SATRATE + 2 3312 77_.33 12-5.700000000D 01 OUTPTPUL -5.700000000D 01 t3UTPTPUL

SATRATE + 3 3313 00000 12 0.0 OUTPTPUL 0.0 OUTPTPUL

SATSCALE+ 0 3320 lO000 2 1.0000000000 O0 UNITLESS 1.0000000000 O0 UNTTLESS

0.3 VOLTSIDEG
Co
I n

I

° gb_



I (NASA DATA SOURCE)Table 114-4.6.1-1. Final CMC E-Load For Apollo 17 (Continued)

REV MNEMONIC AOOR OCTAL SF ENGINEERING VALUE VALUE IN AGC UNITS

i ....
* HORISLP �0 3375 00000 0 0o0 UNITLE$$ 0.0 UNITLESS

33?6-00000

LATISPL_ .0-3kO0 02257 0 2ob3§OOOOOOD Ol DEG 7,3194_5D-02 R-V
3_01 06760

LNG(SPLI+ 0 3_02 76365 0 -1,710000000D 01 bEG -_,T500000000-02 REV
3_03 702_3

I

I
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Table 114-4.6.1-2

Measured Hardware Alignments Contributing to Alignment of LM IMU from CSM IMU

Alignment Arc Min

About Y-Axis Z-Axis

Measurement X-AXis (About Z-Axis) (About Y-Axis

COMMAND MODULE

Displacement of CSM IMU axes with - -0.6 +9.6

respect to local vertical*

Displacement of Nav. base axes with -1.3 - -

respect to docking ring*

Displacement of docking ring axes - +1.3 +1.5

with respect to local vertical*

LUNAR MODULE
I

(LM Yaw) (LM Roll) (LM Pitch)

Displacement of docking ring with - -1.78 -2.08

i respect to nav. base axes**

Displacement of nav. base with +2.87 -.02 +3.57

respect to IMU***

*KSC procedures, K-0048 and K-3128. In lieu of S/C axes the local vertical was used
as the common reference axis.

**Spacecraft Operational Data Book, Volume II, LM Data Book, Rev 2, Para. IN12/4.5.1.5.2
***Spacecraft Operational Data Book, Volume II, LM Data Book, Rev 2, Para. LM12/4.5.2.1.2.

i> Data stated as IMU relative to nav. base, therefore, values tabulated above are negative
oo of SODB values because the desired sense of displacement is from nav. base to IMU.
I

i-.-t _ f0

-_1 rt
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Table 114-4.6.1-3

Hardware Contributions to Uncertainty of LM IMU Alignment from CSM IMU

l-o Uncertainty_ Arc Min

Source of Uncertainty About About About
LM X-Axis LM Y-Axis LM Z-Axis

CM IMU to CM Docking Ring 0.2 (i) 0.2 (I) 0.5 (i)

CM Docking Angle Scale 0.2 (I) - _

CM-LM Docking Ring Alignment - 4.0 (2) 4.(9 (2)

LM Docking Angle Pointer 5.0 (3) - ..

Docking Angle Determination 15.0 (4) - ..

LM Docking Ring to LM Nav Base - Negl. (5) Negl, (5)

LMNav Base to LM IMU Negl. (5) Negl. (5) Negl, (5)

RSS l-o Uncertainty, Arc Min 15.81 4.00 4.03

Arc Deg 0.264 0.067 0.067

REFERENCES

(i) Estimates based on alignment measuring methods used in KSC

procedures, K-0048 and K-3128. See Table 114-4.6.1-2.

(2) Apollo ICD MH 01-05053-416 (The included angle measured between the
planes of the docking interfaces of the CM and LM will not exceed
0.2 deg.).

(3) Apollo ICD MH 01-05128-116 (60 deg. !5 arc min.).

(4) Telecon R. Schweickart, NASA astronaut (+--0.5deg., considered to
be 2-o).

(5) Uncertainty in measured alignment considered negligible. See
Table i14-4.6.1-2.

SNA-8-D-027(1) Rev 3

114-4.6.1-24

;_7 U.S. GOVERNMENT PRINTING OFFICE: 1972--779.471/1012



Amendment i01

.......... 8118172

4.7.6 VHFRANGING SYSTEM BIAS ERROR

The CSM/LMVHF ranging system range output correction factors should

be applied to the indicated range output of the digital ranging generator

for the CSM/LM combination shown below:

Correction Factors for Ranges of

Vehicles E_ulvalent Signal Strengths*

CSM II4/LM 12 500 ft to i000 ft -0.01
i000 ft to 15 n mi 0.00

15 n mi to i00 n mi -0.02

i00 n mi to 200 n mi -0.01

Positive factors are to be added and negative factors are to be

subtracted from the DRG indicated range output.

*Correction factors should be verified before respective missions.

I14-4.7.6--i

SNA-8-D-027(I) REV 3

NASA -- MS(::
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4.9.2 LAUNCH ESCAPE PROPULSION PERFORMANCE

Table 114-4.9-5. LES Motor Performance

Part i: Predicted Launch Escape Motor Performance

(S/N ED-310)

r

b Time Axial Thrust Beta Side Thrust

(sec) (ib-f) (deg) (ib-f)

SEA LEVEL
h

70 P
I

0.0 0.0 0.0 0.0

0.039 6026.168 2.808 295.552

0.053 14492.152 2.808 710.763
0.060 20598.996 2.808 1010.272

0.063 26276.613 2.808 1288.732
0.082 90201.938 2.896 4562.375

0.097 122435.688 2.823 6036.699
0.Iii 139097.938 2.798 6798.816

0.121 146826.938 2.789 7152.324

0.140 154672°938 2.780 7511.199
0.160 157433.625 2.777 7637.469

0.179 156996.250 2.778 7617.465

0.194 156512.188 2.778 7595.320

0.344 150737.563 2.784 7331.195

0.450 149472.250 2.786 7273.324
0.634 148437.563 2.787 7226.000

0.871 149985.875 2.785 7296.813
1.021 151081.125 2.784 7346.906

1,312 153750.313 2.781 7469.000

1.409 152622.688 2.782 7417.422

1.699 147778.000 2.788 7195.824
1.893 144023.438 2.792 7024.098

2.086 140210.875 2.797 6849.719

2.570 129893.875 2.811 6377.840

2.861 124013.125 2.820 6108.848
3.054 120041.188 2.827 5927.184

3.151 118063.563 2.830 5836.730

3.209 115365.438 2.835 5713.320

3.248 112674.938 2.840 5590.262
3.316 102541. 125 2.862 5126. 750

3.403 90381. 250 2.895 4570. 574
3.635 67923. 688 2.986 3543. 395

3.829 56255.531 3.062 3009.709

4.119 42574.621 3.156 2347.590
4.506 29601.727 2.808 1451.809

4.894 20617.211 2.808 1011.167
5.281 14782.816 2.808 725.021
6.2110 6417.586 2.808 314.749

6.830 3291.451 2.808 161.428
7.507 1606.177 2.808 78.774

8.712 204.796 2.808 10.044

114-4.9.2-1

SNA-8-D-027 (I) REV 3
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Table 114-4.9-5. LES Motor Performance (Continued)

Part i: Predicted Launch Escape Motor Performance

(S/N ED-310)

Time Axial Thrust Beta Side Thr.st

(see) (ib-f) (deg) (ib-f)

VACUUM

70 F

0.0 0.0 0.0 0.0

0.039 9930. 285 2.619 454.198

0.053 20528.844 2.619 938.964

0.060 27817.770 2.619 1272. 349
0.063 34444. 285 2.619 1575. 437

0.082 99750. 875 2.619 4562. 477

0.097 131981. 625 2.619 6036. 6613

0.iii 148642. 625 2.619 6798.71!9
0.121 156370. 938 2.619 7152.207

0.140 164216. 813 2.619 7511.0613

0.160 166978. 000 2.619 7637.35!9
0.179 166541. 063 2.619 7617. 3711

0.194 166057. 375 2.619 7595. 254

0.344 160286. 813 2.619 7331. 313
0.450 159023. 375 2.619 7273.527

0.634 157990. 625 2.619 7226.28!9

0.871 159540. 563 2.619 7297. 176

i.021 160636. 563 2.619 7347.30!9
i.312 163306. 688 2.619 7469.438
i.409 162179. 438 2.619 7417.87!5

i.699 157335. 438 2.619 7196.32(9

i.893 153581. 125 2.619 7024.60:2
2.086 149769. 000 2.619 6850. 246

2.570 139452. 500 2.619 6378.375
2.861 133572.063 2.619 6109. 414

3.054 129599. 688 2.619 5927. 723

3.151 127622. 625 2.619 5837. 293
3.209 124924.500 2.619 5713. 887

3.248 122234. 063 2.619 5590. 832

3.316 112100.125 2.619 5127. 313

3.403 99940.563 2.619 4571.152
3.635 77482.938 2.619 3543.972

3.829 65814.750 2.619 3010. 286

4.119 52085.148 2.619 2382.310
4.506 38279. 352 2.619 1750.84!)

4:894 27842.164 2.619 1273.468
5.281 20882. 887 2.619 955. 158

6.210 10442. 797 2.619 477.640
6.830 6249. 254 2.619 285.833

7.507 3829.420 2.619 175.153

8.712 117.920 2.619 5.394

114-4.9.2-2

SNA-8-D-027(1) REV 3
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Table 114-4. 9-_. LES Motor Performance

Part 2: Predicted Pitch Control Motor Performance

Time (sec) I Axial Thrust (ib-f)m

70 F, VACUUM (ACCEPTANCE DATA), MOTOR S/N 4]2

0. 0.

0.006 25.285

0.027 763.774

0.053 1726.339

0.071 2153.564

0.097 2558.121

0.140 2885.951

0.175 2995.808

0.210 3048.122

0.237 3055.097

0.263 3056.841

0.298 3046.378

0.341 2997.552

0.359 2960.933

0.385 g891.182

0.411 2807.481

0.446 2685.416

0.490 2531.964

0.533 2376.768

0.588 2120.433

0.612 1872.816

0.639 1461.285

0.664 1159.612

0.691 927.689

0.708 809.112

0.734 673.098

0.769 530.108

0.787 476.051

0.830 360.962

0.857 308.648

0.883 261.567

0.926" 207.509

0.968 162.171

1.023 123.808

1.067 95.908

4.119 75.854

1.154 43.594

1.188 31.388

1.245 0.174

114-4.9.2-3

SNA-8-D-027 (I), l_ev 3
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Figure 114-4.9-7. Axial Thrust, Launch Escape Motor (S/N ED-310)

114-4.9.2-4

SNA-8-D-027(1) REV 3
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Figure 114-4.9-i0. Predicted Thrust, Pitch Control Motor,
S/N 412 (70 F in Vacuum)

114-4.9.2-5
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Figure 114-4.9-13. Side Thrust, Launch Escape Motor (S/N ED-310)

114-4.9.2-6

SNA-8-D-027 (I) REV 3
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DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

- SNA-B-D-027

VOLUMEI__L__PART i DATE 6/17 170

AMENDMENL40 PAGE1 OF 25
I

I

SHORT TITLE OF CHANGESeeBelow
CAUTION:This Amendmentis for Revision3, Volumel'part I of the SODB.

Do not insertin Revision2.

CHANGEDESCRIPTION
Removepages 3.5-3,3.8-I,3.8-2,3.9-I,3.11-9,3.11-10,4.5-13,4.5-14,
4.5-21,4.5-22,4.9-I,4.9-2,4.9-15through4.9-22and llO-I

Insertnew or revisedpages 3.5-3,3.8-],3.8-I.I,3.8-2,3.9-I,3.11-9,
3.11-10,4.5-13,4.5-]4,4.5-21,4.5-22,4.9-I*,4.9-2*,4.9-15,4.9-16",
4.9-17"through4.9-22*,llO-l,II0-4.7.6-I
*Editorialchange

This Amendmentconsistsof:
P. No. Short Title ContractorSSM NASA SSM
P2-272 SPS MinimumImpulse J. Ross,Jr. J. Wood

• P2-276 VHF RangingImprovementFactors W. Dwinell P. Shores
P2-278 ReviseStructuresLimitations M. Silver P. Glenn
P2-279 SPS PerformanceClarifications J. Ross,Jr. J. Wood
P2-280 Solid Motors Oper. Temp. Limits J. Ross,Jr. J. Wood

See Above See Above

CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

�,.

See Above _ _d'_/_ . ,

CHANGE AUTHORITY PD7"// E×T_j_j -'7NASA SUBSYSTEM
APPROVAL

ASPO APPROVAL,R. H. KOHRS,
CHIEF,MISSIONOPERATIONSBR.

p

DATE

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-B-D-027

VOLUMEl PART 1 DATE 6 /30 /70
JL

AMENDMENT 41 PAGE 1 OF 2 2
i

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION

Remove pages 3.8-3, 3.8-4.

Insert new or revised pages 3.8-3, 3.8-4, J-MissionsTAB,CSM-II2TAB, ll2-1,
I12-4.1.6-Ithrough I12-4.1.6-15

This Amendment consists of:

P. No. Short Title Contractor SSM NASA SSM
PI-208 LM/CSM Docked Maneuvers G. Mintz R. Langley
P2-275B CSM-I]2 MEEL M. Silver R. Morton

Kp_ Ahnv_ See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

CHANGE AUTHORITY PD7 EXT2_//_.See Above
/

NASA SUBSYSTEM

APPROVAL
PHONE ASPO APPROVAL, R. H. KOHRS,

CHIEF, MISSION OPERATIONSBR.

i /_.

' DATE d_//c_//_

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I , PART I DATE 7/13 /70

AMENDMENT42 PAGE 1 OF27
i i i

I

SHORTTITLE OFCHANGE See Belowi

CHANGEDESCRIPTIONRemovepages4.l-i,4.l-ii,4.1-12,4.1-13,4.1-14,4.1-15,
4.1-18,4.1-19,4.1-74,4.1-75,7-3,7-4, llO-l,ll2-1.

Insertnew or revisedpages:4.l-i,4.l-ii,4.1-12,4.1-13,4.1-14,4.1-15,
4.1-18,4.1-19,4.1-74,4.1-75,7-3, 7-4, 7-8, llO-l,II0-4.1.4-I,II0-4.1.4-2,
II0-4.2.3-I,II0-4.2.3-2,ll2-1,I12-4.3.6-IthroughI12-4.3.6-6.

This Amendmentconsistsof:

P. No. ShortTitle ContractorSSM NASA SSM
P2-270 PropellantSloshFrequencies W. Fouts C. Lively
P2-275A CSM-II2SM/RCSForces& Moments W. Steinwachs C. Lively
P2-281 ECS GlycolAccum.Calib.for CSM-IIO J. Ross E. Tucker
P2-282 Batt.Inflt.ChargingCurve H. Horii B. Bragg

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASACOMMENTS

See Above CHANGEAUTHORITY PD/7NASA SUBSYSTEM
APPROVAL

PHONE

ASPO APPROVAL

MSC FORM 1794 (AUG 69) REV2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART I DATE 7/17 /70
• I

A"_ PAGE i OF 16AMENDMENT
i|l

I !

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION

Remove Page llO-I

Insert new or revised pages llO-l, llO-4.1.6-1through II0-4.1.6-14

This Amendment consists of:

P. No. Short Title Contractor SSM NASA SSM
P2-286 CSM-IIO MEEL R. Strelow J. Mistrot

See Above Original Signed by Contractor
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above _i -C'_ (-

NASA SUBSYSTEM NA_' SUBSYSTEM APPROVALAPPROVAL

PHONE PHONE L ,-1_- "_

p

ASPO APPROVAL

DATE ),/,", '/) _ '

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME l PART 1 DATE8 /25 / 70
L •

AMENDMENT44 PAGE1 OF 28
i

I

SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 4.3-I, 4.3-2, 4.3-3, 4.3-4, 4.3-19, 4.3-20,
5-7, 5-8, I12-4.1.6-5through I12-4.1.6-15,I12-4.3.6-Ithrough I12-4.3.6;6.

Insert new or revised pages 4.3-I, 4.3-2, 4.3-3, 4.3-4, 4.3-19, 4.3-20,
4.3-20.I, 5-7*, 5-8, I12-4.1.6-5"*through I12-4.1.6-15"*,I12-4.3.6-I**
through I12-4.3.6-6"*.

* EditorialChanges
** Reprint Portion of Amendments #41 and 42

This Amendment consists of:

P. No. Short Title Contractor SSM NASASSM

P2-292 SM PVT Ground Computer Gauging System J. Taggart D. Weary

See Above See Above
C--_)N_P_ACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAl.

PHONE PHONE

NASA COMMENTS

NASA'SUBS_S'TEM APPROVAI,_ ,_:) _ ASPO APPROVAL

MSC FORM 1794 (.AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-B-D-027

VOLUME J _ PART_i DATE9/ 3 / 70

AMENDMENT45 PAGE I OF 9
i

I

SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.10-1, 3.10-2,4.2-5, 4.2-6, 4.3-3*, 4.3-4.

Insert new or revised pages 3.10-1, 3.10-2, 4.2-5, 4.2-6, 4.2-48.1,4.3-3*,
4.3-4.

*Editorial Change

This Amendment Consists of:

PAGE NO. SHORT TITLE CONTRACTORSSM NASA SSM

P2-284 CO2 Buildup Without CO_ Scrubbing J.M. Ross E.M. Tucker
P2-285 Carbon Dioxide Buildup_ J.M. Ross E.M. Tucker

See Above Original Signed by Contractor
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above
NASA SUBSYSTEM
APPROVAL

PHONE

-
w

- ASPO APPROVAL

/_ DAT E (_/_J/_



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

.... SNA-8-D-027

VOLUMEI PART 1 DATE 9 /15 / 70

AMENDMENT46 PAGE 1 OF20
iii ii

i I

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages: 4.l-lO, 4.l-ll, 4.1-12, 4.1-13, 4.1-68
through 4.1-73 and ll2-1.

Insert new or revised pages: 4.l-lO, 4.l-ll, 4.1-12, 4.1-13, 4.1-55.1,
4.1-55.2,4.1-68, 4.1-69, 4.1-70, 4.1-71,4.1-72, 4.1-72.1, 4.1-73, If2-1,
I12-4.7.3-I,I12-4.7.3-2,I12-4.7.5-Iand I12-4.7.6-I.

This Amendment Consists of:

PAGE NO. SHORT TITLE CONTRACTOR SSM NASA SSM

PI-209 Fuel Cell 02 & H2 Purge Reqmt. W. Owens S. Owens
P2-273 Char. of Cellophane-TypeBatts. H. Horii B. Bragg

- P2-275Rl Comm Data for J-Missions W. Dwinell P. Shores/H.Kyle

See Above Original Signed by Contractor
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT

APPROVAL APPROVAL

PHONE PHONE I

NASA COMMENTS

)

j.
See Above "CHANGEAUTHORITY PD7 EXI Zc/j.. _7

NASA SUBSYSTEM _// , ,

PHONE HRSASPO APPROVAL, R. H. K ,
CHIEF, MISSIONOPERATIONS BR.

, -i

MSC FORM 1794 (AUG 69) KEV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-B-D-027

'J,:_0UME I PART 1 DATE 9/28 170, i I
m i

AMENDMENT 47 PAGE ]L OF 6
i

IIIII I i ............

SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.2-I, 3.2-2, I12-4.3.6-3and I12-4.3.6=4

Insert new or revised pages 3.2-I, 3.2-2, I12-4.3.6=3and I12-4.3.6-4"

*Editorial Change

This Amendment Consists of

PAGE NUMBER SHORT TITLE CONTRACTOR SSM NASA SSM
P2-287 Dual Suit Compressor Operation J. Ross E. Tucker

with one Man in CM

See Above Original Signed by Contractor
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above
N'A-SASUBSYSTEM
APPROVAL

PHONE •"_" _- Z_-iI_ ,_

ASPO APPROVAL

/." DATE ':// _//7 "-_

HSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE 10 / 16 / 70

AMENDMENT48 PAGE1 OF 19
iiii i

I

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.l-l, 3.1-2, 3 6-I,'3.6-2,3.6-3, 3.11-3,
3.11-4, 4.2-19 through 4.2_22,4.6-I through 4.6-6.

Insert new or revised pages 3.l-l, 3.1-2, 3.6-I, 3.6-2, 3.6-3, 3.11-3, 3.11-4,
4.2-19 through 4.2-22, 4.6-I through 4.6-6.

This Amendment Consists of:
PAGE NO. SHORT TITLE CONTRACTORSSM NASA SSM
P]-213 CSM Power to LM H. Horii B. Hendrix
PI-214 IMU Power Down Constraint C. Conrad S. Snipes
PI-211 MIT Review of G&N C. Conrad H Howard/S.Snipes

J. Smith/A.Joslyn

See Above Oriqinal Siqned by Contractor
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

SeAowNASA SUBSYSTEM

APPROVAL V

PHONE __,_
ASPO APPROVAL,R. H. KOHRS,

' CHIEF, MISSION OPERATIONSBR.

O,TE

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE10/19 / 70
I • |

AMENDMENT49 PAGE1 OF 24
i

I

SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove page llO-I

Insert new or revised pages llO-l, II0-4.6o5-Ithrough II0-4.6.5-21

This Amendment Consists of:
PAGE NO. SHORT TITLE CONTRACTORSSM NASA SSM
PI-219 CSM-IIO PreliminaryCM Guidance NASA Data Source J. Martin Jr.

Computer Erasable Memory
Constants

NASA Data Source NASA Data Source

CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASACOMMENTS

h_t __-_, CI_ANGEAUTFrDRITYPDy Ex_j_ 7(_ASASUBSYSTEM
APPROVAL

ASPOAPPROVAL,R. H. KOHRS,
CHIEF, MISSION OPERATIONSBR.

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPER_ATIONALDATA BOOK

SNA-B-D-027

VOLUME J PART 1 DATE 10/28/70
I B

AMENDMENT50 PAGE1 OF 16
iii ii

I

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.8-I, 3.8-I.I, 3.8-5, 4.4-7, 4.4-8, 4.4-33,
4.4-34, 4.8-I, 4.8-2, 4.8-7, 4.8-8.

Insert new or revised pages 3.8-I, 3.8-I.I, 3.8-5, 3.8-6, 4.4-33, 4.4-34,
4.4-35, 4.8-I, 4.8-2, 4.8_7, 4.8-8 and I12-4.5.3-I.

This AmendmentConsists of:
PAGE NO. SHORT TITLE CONTRACTORSSM NASA SSM
PI-210 CSM/LM Relative SeparationVelocity J. West P. Glynn/D. Smith
PI-212 CSM Open Hatch Constraint R. Strelow R. Brown/A. Joslyn
P2-290 Thermal Control - Lunar Missions J. Taggart D. Weary/A. Joslyn

_ P2-297R SM-RCS Contaminationof SIM Bay H. Gallanes J. Wood

See Above Original Signed by Contractor
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above CHANGE AUTHORITY PD7 EXTz qNASA SUBSYSTEM

APPROVALPHONE
ASPO APPROVAL, R. H. KOHRS,
CHIEF, MISSIONOPERATIONS BR.

DATE

HSC FORM 1794 (AUG 69) REV 2



F

DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME J PART I DATE 11/10 / 70
I

AMENDMENT51 PAGE 1 OF14
i i

I

SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.10-1, 3oi0-2, 4.4-9, 4.4-I0, 4.5-15, 4.5-16,
4.6-15, 4.6-16, ll2-1

Insert new or revised pages 3.10-1, 3.10-2, 4.4-9, 4.4.-I0,4.5-15, 4.5-15.1,
4.5-16, 4.6-]5, 4.6-16, ll2-1, ll2-3.1O.]-]and I12-4.10.3-I.

This Amendment Consists of:
PAGE NO. SHORT TITLE CONTRACTOR SSM NASA SSM
PI-215 Rev of SPS Act. & CDU Limits B. Fouts P. Littleton
PI-216 Rev of IMU Error Data C. Conrad S. Snipes
PI-220 Rev of CM Eng. Scarf Angle M. Stark D. Weary
P2-275E CSM-II2 Crew Sys. Data F. Wingo Joslyn/Goodman/McAllister

See Above Original Signed by Contractor
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAl.

PHONE PHONE
:±

NASA COMMENTS

NASA SUBSYSTEM "CHANGEAUTHORITY P_ EXT 2APPROVAL

ASPO APPROVAL,R. H. KOHRS,
' CHIEF, MISSION OPERATIONSBR.

MSC FORM 1794 (AUG 69) REV 2



DATACHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 °ATE1111 7 170

AMENDMENT5 2 PAGE 1 OF25
i i i i i

I !

SHORTTITLEOF CHANGE See Below

CHANGEDESCRIPTION Removepages3.l-l,3.1-2,3.3-I,3.3-2,3.8-3,3.8-4,
4.5-5,4.5-6,4.5-7,4.5-8,4.5-25,4.5-26,4.5-27,4.5-28,llO-l,ll2-1

Insertnew or revisedpages3.l-l,3.1-2,3.3-I,3.3-I.I,3.3-2,3.8-3,
3.8-4,4.5-5,4.5-6,4.5-7,4.5-8,4.5-25,4.5-26,4.5-27,4.5-28,llO-l,
II0-4.5.2-I,If2-1, I12-2.0-I,I12-2.0-2,I12-3.1.7-I,I12-3.3.1-I,I12-3.8.2-I

This AmendmentConsistsof:
PAGE NO. SHORTTITLE CONTRACTORSSM NASA SSM
P2-275CR J-SeriesMissionAppendix D. Patterson R. Morton
P2-298 SPS BlowdownPerformance H. Gallanes J. Wood
P2-300 SPS Eng.TransientsCSM-IIO H. Gallanes J. Wood

See Above OriginalSignedby Contractor
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASACOMMENTS

See Above
NASASUBSYSTEM NASA SUBSYSTEM A_PROVAL j
APPROVAL

PHONE PHONE g_"; 7

ASP0 APPROVAL

DATE //////o/_,-_

MSC FORM 1794 (AUG 69) REV 2



DATA C};A;_GENOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

," " SNA-8-D-027

VOLUME I PART 1 DATE12 / 4 / 70

AMENDMENT 5 3 PAGE1 OF ]8
i i i

_rt,_ I

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 4.l-i, 4.l-ii, 4.1-14, 4.1-15, 4.1-73,
II0-4.1.6-5through II0-4.1.6-14.

Insert new or revised pages 4.l-i, 4.l-ii, 4.1-14, 4.1.-15,4.1-73, 4.1-73.1,
II0-4.1.6-5through II0-4.1.6-14.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
P2-303 Aux Batt (400 A-H) H. Horii B. Bragg
P2-305 CSM-IIO M.E.E.L. UpDate R. Strelow J. Mistrot

See Above Original Signed by Contractor
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above H_G_O_RI-Ty_/'_ _EX4._s__, _NASASUBSYSTEM
APPROVAL

PHONE (._--_./_/_-_'_<_-_
ASPOAPPROVAL,R. H. KOHRS,
CHIEF, MISSION OPERATIONSBR.

p

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LM SPACECPAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE12118/70

AMENDMENT 5 4 PAGE 1 OF 2 8
i i i

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION Remove pages 4.5-7,4.5-8,4.5-9, 4.5-I0,II0-4.6.5-I

throughII0-4.6.5-21and II0-4.7.6-I.

Insertnew or revisedpages 4.5-7,4.5-8, 4.5-9,4.5-I0,II0-4.6.5-I
throughII0-4.6.5-21and II0-4.7.6-I.

This AmendmentConsistsof:
P. No. SHORT TITLE CONTRACTORSSM NASA SSM
P2-291R SPS ThermalControl H. Gallanes J. Wood/A.Joslyn
P2-309 CSM-IIOVHF RangingBias Error W. Dwinell P. Shores
PI-226 Rev to CSM-IIOCMC NASA Data Source J. Martin

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS _

See Above CHANGEAUTHORITY PD7 EXI
NASA SUBSYSTEM
APPROVAL

PHONE

' ASP0 APPROVAL

DATE1ZS_/2_

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

SNA-B-D-OZ7

VOLUME I PART 1 DATE12/21/70
J_

AMENDMENT5 5 PAGE 1 OF4 6
I

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages 4.l-i,4.l-ii,4.1-8,4.1-9,4.1-48,
4.1-49,llO-l,llO-4.5.l-I

Insertnew or revisedpages 4.l-i,4.l-ii,4.1-8,4.1-9,4.1-48,4.1-49,
llO-l,llO-4.1.3-1,II0-4.1.3-2,II0-4.3.6-IthroughII0-4.3.6-8,II0-4.4.5-I
throughII0-4.4.5-6,and llO-4.5.l-IthroughllO-4.5.1-21

This AmendmentConsistof :
P. No. SHORTTITLE CONTRACTORSSM NASA SSM °
PI-227 CSM-IIOSPS Preflight NASA Data Source J. Wood
P2-299 CM & SM RCS Moments& Forces W. Fouts C. Grover/K.Cox
P2-307 Cryo. Ox. Tk. HeaterPwr. Dissp. H. Horii A. Joslyn/R.Rice

See Above
CONTRACTORSUBSYSYEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE i

NASA COMMENTS

See Above C/C__RITY_p.pD___j _ '
NASA SUBSYSTEM

APPROVAL -?

PHONE / {_P:_ __KOHRS "
s_/-)_A_p_ APPROVAL,R.H. ,

' [CFFIEF, MISSIONOPERATIONSBR.

DATE /_/°

HSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME J PART 1 DATE 1/4 /71

AMENDMENT 56 PAGE ] OF 28
I

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages 3.8-3,3.8-4,4.3-15,4.3-16,4.3-87,
4.3-88,4.5-II,4.5-12.

Insertnew or revisedpages 3.8-3,3.8-4,3.8-4.1,4.3-15,4.3-16,4.3-16.1,
4.3-87through4.3-97,4.5-II,4.5-12,I12-4.9.2-IthroughI12-4.9.2-7.

This AmendmentConsistsof:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
Pl-221 SPS N2 Reg. & ReliefValve H. Gallanes J. Wood
P2-293 Emer. DeActivationof Quad. Htrs. B. C. Johnson D. Weary/A.Joslyn
P2-301 CSM-II2LES & PCM Motor Perfm. H. Gallanes J. Wood

See Above OriginalSignedby Contractor
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS i_' _
See Above CHANGEAUTHORITY PD7 EXT
NASASUBSYSTEM

APPROVAL _/___, _.,.____.
PHONE ASPO APPROVAL,R. H. KOHRS,

CHIEF,MISSIONOPEPJ_TIONSBR.
p

DATE/_/_-/_o

HSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECltAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME__L_I_PART 1 DATE 1 /15/71

AMENDMENT 5 7 PAGE1 OF3 7
illl

I

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages 4.l-i,4.l-ii,4.1-8,4.1-9,4.1-12,4.1-13,
4.1-18,4.1-19,4.1-48,4.1-49,llO-l,llO-4.1.3-1,II0-4.1.3-2.

Insertnew or revisedpages 4.l-i,4.l-ii,4.1-8,4.1-9,4.1-12,4.1-13,4.1-18,
4.1-19,4.1-48,4.1-49,llO-l,II0-3.3.6-I,II0-3.3.6-2,II0-3.3.8-I,I10-3.3.8-2,
II0-3.4.4-I,II0-3.4.4-2,II0-3.4.4-3,II0-3.5.4-I,II0-3.5.4-2,I10-3.5.4-3,
llO-3.5.1O-l,II0-3.5.10-2,llO-3.11.l-l,llO-3.11.1-2,llO-3.11.1-3,llO-4.1.3-1
throughli0-4.1.3-8,I12-4.3.4-I.

This AmendmentConsistsof:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
PI-223 CSM-IIO Press. Temp. Limitations NASAData Source R. Morton
PI-224 CSM-IIO Press. Temp. Relationship NASAData Source R. Johnson/A. Joslyn

" " PI-225 Cryo Tank Characteristics W. Owens F. Plauche
P2-306 PGNCS SM/RCSProp. Usage W. Fouts P. Nelson
P2-308 ECS OxygenReqmnts. R. Strelow D. Hughes
P2-311 H_ Tk. Htrs. Pwr. Dissipation H. Horii R. Rice/A.Joslyn
CONT_CTOR SUBSYSTEM CONT_CTOR MANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/

See Above ,---- .---: " .

NASA SUBSYSTEM CHANGEAUTHORITY P/B7 EX_2JFvAPPROVAL .2

PHONE _ i

ASPO APPROVAL,R. . KOHRS,
' CHIEF,MISSIONOPERATIONSBR.

/

DATE .. .._.

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE 1 /21/71

AMENDMENT 58 PAGE 1 OF34
i i i i

I

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages 3.l-l,3.1-2, 3.5-3,4.1-12 through4.1-15,
4.2-I, 4.2-2,4.5-i, 4.5-ii,4.5-I,4.5-2, 4.6-i,4.6-13through4.6-16,
4.6-49,llO-I.

Insertnew or revisedpages 3.l-l,3.1-2, 3.5-3,4.1-12through4.1-15,4.1-67.1,
4.1-73.2,4.2-I,4.2-2,4.5-i, 4.5-ii,4.5-I,4.5-2, 4.6-i,4.6-ii,4.6-13,
4.6-14,4.6-15,4.6-15.1,4.6-16,4.6-49 through4.6-53,llO-l,llO-3.1.6-1,
II0-3.1.6-2,llO-4.2.l-l,II0-4.2.1-2.

This AmendmentConsistsof:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
PI-218 SPS Min. Burntime H. Gallanes J. Wood
PI-229 EPS Cryo.Tank Press.Temp W. Owens S. Glorioso/A.Joslyn
PI-230 Oxg. Tk. Heat Leak Expulsion W. Owens R. Rice/A.Joslyn
Pl-231 Aux. Batt. V-I Characteristic A. McCauley B. Bragg
P2-312 Small ImpulseSPS/SCSBurn C. Conrad J. Wood
P2-313 CSM-IIOOxygen Restrictor J. Ross D. Hughes
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/./'/"

SEE ABOVE . . I
NASA SUBSYSTEM _____ -_f.//S_) ,

APPROVAL /_'H_NGEAUTHORITY PDy EXT >_,_PHONE

• _SPO APPROVAL,R. H. KOHR_,
CHIEF,MISSIONOPERATIONSBR.

DATE _./_z:._/_/



DATA CHANGE NOTIFICATION FORM
_ CSM/LM SPACECRAFT OPERATIONAL DATA BOOK

SNA-B-D-027

VOLUME I PART 1 DATE l / 26 /71

AMENDMENT59 PAGE 1 OF 13
i i i

!

SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.8-I, 3.8-I.I, 3.8-4.1, 4.1-3, 4.1-4,
4.1-32, 4.1-33, II0-4.2.3-I and II0-4.2.3-2.

Insert new or revised pages 3.8-I, 3.8-I.I, 3.8-I.2, 3.8-4.1, 4.1-3,
4.1-4, 4.1-32, 4.1-33, II0-4.2.3-I, II0-4.2.3-2 and II0-4.2.3-3.

This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSM NASA SSM
P2-304 Rev. to EPS Bus Structure H. Horii B. Hendrix
P2-314 Cabin Over & Under Pres<surization R. Lusk G. Sanders
PI-233 CSM-IIO Evap.Outlet Temperature J. Ross D. Hughes/A. Joslyn

See Above Oriainal Siqned by Contractor
CONTRACTOR SUBSYSTEM CONTRACTOR MANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

7 , /
i s . /t

See Above <_" JY/s//_S'
CHANGEAUTHORITY PD7 / EXI2_.. J ._dNASASUBSYSTEM /

APPROVAL

PHONE  sPoAPPRO,AL.R.H.KO,RS.
CHIEF, MISSION OPERATIONS BR.

m

MSC FORM 1794 (AUG 69) REV 2



•- DATA CHANGENOTIFICATIONFORM
/CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE 1 127/71

AMENDMENT,,6 0, PAGE 1 OF 24
I

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages4.1-12,4.1-13,4.1-56through4.1-67,4.8-I,
4.8-2.

Insertnew or revisedpages 4.1-12,4.1-12.1,4.1-13,4.1-56through4.1-67,
4.8-I and 4.8-2.

This AmendmentConsistsof:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
P1-222 Cr_o. Press:Rise/DecayRates NASA Data Source R. Rice/A.Joslyn
PI-236 Rev. to CSM/LMRelativeSeparation R. Lusk D. Smith

Velocity

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

ii " /

2v/ j
See Above IY_ANGEALITHORITY/_ EX>_// (-/7NASA SUBSYSTEM

APPROVAL ____-SL__
PHONE ASPO APPROVAL,R. H. KOHRS,

CHIEF,,MISSIONOPERATIONSBR.
i

MSC FORM 1794 (AUG 69) REV 2



DATACHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATABOOK

SNA-8-D-027

VOLUME J PART 1 DATE1/28/71

AMENDMENT 61 PAGE 1 OF 2 7
I

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages 4.1-14,4.1-15,II0-4.6.5-21.

Insertnew or revisedpages 4.1-14,4.1-15,4.1-73.4,4.1-73.5,II0-4.6.5-I
throughI10-4.6.5-21.

This AmendmentConsistsof:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
PI-234 Aux. Batt. Temp. Profile H. Horii R.Brown/Joslyn/Bragg
PI-238 CSM-IIOFinal ErasableLoad NASA Data Source J. Martin

See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above S_6_" /___ /_

NASASUBSYSTEM "L't'IA_GEAUTHORI_TYPD7/ EXI2._cf, ._APPROVAL

ASPO APPROVAL,R. H. KOHRS,
' CHIEF,MISSIONOPERATIONSBR.

°ATE

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE1/30/71

AMENDMENT 62 PAGE 1 OF 2 9
i i i I

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages 3.l-l,3.1-2,3.11-1,3.11-2,4.1-14 through
4.1-17,4.1-73.4,4.1-73.5,4.2-19through4.2-22.

Insertnew or revisedpages 3.l-l,3.1-2,3.1-3,3.11-1,3.11-2,3.11-23
through3.11-33,4.1-14through4.1-17,4.1-73.3,4.1-73.4,4.1-73.5,4.2-19
through4.2-22.

This AmendmentConsistsof:
P. NO. --_TLE __ SSM
p_. Batt. Temp. Response __ith
P2-316 Main Bus Upper VoltageLimit.AC H. Horii B. Hendrix
PI-232 OxygenTank TemperatureLimits C. Bowman R. Rice/A.Joslyn
PI-239 ECS Coldplate NASA Data Source D. Hughes/Joslyn
PI-240 CM ThermalPerformancefor NASA Data Source A. Joslyn

ReturnEnhancementBatteryOp.

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/

See Above /_H_NGEAUTHORI'I'YPD7 ' EXI2_,,__2NASA SUBSYSTEM

APPROVAL /_Z_
PHONE J_Z"_ ....

ASPO APPROVAL,R. H. KOHRS,
CHIEF,MISSIONOPERATIONSBR.

. ,

MSC FORM 1794 (AUG 69) REV 2



{

DATACHANGENOTIFICATION FORM
CSM/LMSPACECRAFTOPERATIONALDATABOOK,

SNA-8-D-027

VOLUME I PART I DATE 3/31/71

AMENDMENT63 PAGE. 1 OF67
i

I

SHORTTITLE OF CHANGE See Below
L

CHANGE DESCRIPTION Remove pages v, vi, l-l, I-2, 3.l-l, 3.1-2, 3.3-I, 3.3-I.I,
3.8-3, 3.8-4, 3.1D-i,3.10-2,4.1-i,4.l-ii, 4.1-13, 4.2-i, 4.2-ii, 4.2-19,
4.2-20, 4.2-39, 4.2-40, 4.3-5, 4.3-6, 4.3-16.1,4.3-29, 4.3-30, 4.5-i, 4.5-ii,
4.5-5, 4.5-6, 4.6-39, 4.7-i, 4.7-I, 4.7-2, 4.7-3, 4.7-4, 4.7-9, 4.7-I0, ll2-1,
ll2-2.O-l, I12-2.0-2,I12-3.1.7-I,I12-3.3.1-I,I12-3.8.2-I,ll2-3.1O.l-l,
I12-4.3.4-I,I12-4.3.6-Ithrough I12-4.3.6-6,I12-4.5.3-I,I12-4.7.3-I,
I12-4.7.3-2,I12-4.7.5-I.

Insert new or revised pages v, vi*, l-l*, I-2, 3.l-l, 3.1-2", 3.3-I, 3.3-I.I*,
3.8-3, 3.8-4*, 3.1D-l*, 3.10-2, 4.l-i*, 4.l-ii*, 4.1-13", 4.2-i*, 4.2-ii*,
4.2-19", 4.2-20, 4.2-39*, 4.2-40, 4.3-5, 4.3-5.1,4.3-6, 4.3-16.1,4.3-29,
4.3-30, 4.5-i*, 4.5-ii*,4.5-5, 4.5-6, 4.6-39, 4.6-40*, 4.7-i, 4.7-I through
4.7-4, 4.7-9, 4.7-I0", 4.7-10.I,CSM-IIO, ll2-1, I12,2.0-I*,I12-2.0-2,
I12-4.3.6-Ithrough I12-4.3.6-9,I12-4.4.5-Ithrough I12-4.4.5-7,CSM-II3 TAB,
ll3-1, CSM-II4 TAB and ll4-1.

_ *Editorial(

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTOR_SM NASA SSM
P2-320 Editorial N/A N/A
P2-321 CSMII2 SM-CM RCS Forces & Moments W. Fours K. Cox, C. Grover
P2-324 PGNCS/SM RCS Attitude Hold W. Fouts D. Nelson

Propellant Use

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORKe_NAGEMENT
APPROVAL APPROVAL

PHONE PHONE I

NASACOMHENTS

See Above CHANGE AUTHORITY PD4 EXT
i

PHONE _ASPO APPROVAL,J. R. SEVIER,CHIEF,OPERATIONSANALYSIS BR.
, /

HSC FORH 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART I DATE 4/I6 /71

AMENDMENT64 PAGE1 OF40
iii

I

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION Remove pages 2-3, 2-4, 3.2-I, 3.2-2, 3.6-3, 3.11-3,3.11-4,
4.1-5, 4.1-5.1, 4.1-6, 4.1-7, 4.2-I through4.2-4, 4.2-25 through4.2-28,
4.2-33,4.2-34, ll2-1.

Insertnew or revisedpages 2-3, 2-4, 3.2-I, 3.2-2, 3.6-3, 3.11-3,3.11-4,4.1-5,
4.1-5.1,4.1-6, 4.1-7, 4.1-7.1,4.1-39.1,4.1-39.2,4.1-45.1 through4.1-45.10,
4.2-I through4.2-4, 4.2-25 through4.2-28,4.2-33,4.2-33.1,4.2-34, ll2-1,
I12-4.1.4-Iand I12-4.1.4-2.

This AmendmentConsistsof:
P. No. SHORT TITLE
Pl-235R Fuel-CellNominal& FailureMode Data NASA Data Source S. OweF_s
P2-289R ECS Performance/LimitationReqmnt. J. Stevenson D. Hughes
P2-323 CSM-II2 InflightBatt. Charging Curves H. Horii B. Bragg
P2-325 Apollo S/C ReferenceDimensions J. Potts G. Sanders
Pl-241 Main Bus Upper VoltageLimits for C. Finch/

IMU Heaters C. Conrad A. Joslyn

PI-242 Main Bus Upper VoltageLimits for C. Finch/
the CMC C. Conrad A. Joslyn

See Above See Above
CONTRACTORSUBSYSTEM CONTI_ACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE
I

NASA COMMENTS

J j _ .

See Above CHANGE AUTHORITY pD#¢ EXT _J
NASA SUBSYSTEM v,_d-_7

APPROVAL ______ _,

/

PHONE _PO APPROVAL,J. R. SEVIER,
CHIEF, MISSIONOPERATIONSBR.

, DATE



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE 4/291 71
- m •

AMENDMENT6.5 PAGE I OF38
II

SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.l-l, 3.1-2, 4.l-i,'4.l-ii,4.5-I, 4.5-2,
4.5-13, 4.5-14, 4.5-19, 4.5-20, ll2-1.

Insert new or revised pages 3.l-l, 3.1-2, 4.l-i*, 4.l-ii, 4.5-I, 4.5-2,
4.5-13, 4.5-14, 4.5-19, 4.5-20, 4.5-20.I,4.5-20.2, ll2-1, I12-4.5.2-I,
I12-4.6.1-Ithrough I12-4.6.1-22.
*Editorial Change

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTOR SSM NASA SSM
PI-244 Oxygen Tank TemperatureLimits J. Stevenson Rice/Taylor/Joslyn
PI-245 SPS Class Performance Data NASA Data Source J. Wood
PI-246 CM Guid. Computer Erasable Constants NASA Data Source J. Martin, Jr.
P2-326R CSM-II2 SPS Start and Shutdown H. Gallanes J. Wood

Thrust Transients

See Above See Above
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS
t-)

See Above /_/_._Z]o-C_/'___- z/

NASA SUBSYSTEM CffANGEAUTHORITY P_/ EXT_/_/ _ ;-'APPROVAL

AS_ROVAL, J; R. SEVIER,
, _E_EF, MISSION OPERATIONSBR.

DATE_._J' 7/

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART I DATE5 /I 2 / 71
L

AMENDMENT66 PAGE I OF 34

SHORT TITLE OF CHANGE See Below
L

CHANGE DESCRIPTION Remove pages 2-I, 2-2, 4.l-i, 4.l-ii, 4_I-12, 4.1-12.1
4.1-13, 4.1-14,4.1-15, ll2-1, ll3-1.

Insert new or revised pages 2-I, 2-2, 2-5, 4.l-i, 4.l-ii, 4.1-12, 4.1-12.1,
4.1-13, 4.1-14, 4.1-15, 4.1-67.2,4.1-67.3, 4.1-73.6 through 4.1-73.14,
ll2-1, I12-4.2.3-I,I12-4.2.3-2,ll3-1 and I13-4.9.2-Ithrough I13-4.9.2-7.

This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
P2-317R Oxygen Tank Pressure Decay W. Owens R. Rice
P2-318 Battery Load-Sharing H. Horii B. Bragg
P2-319 CSM-II3 LES Motor Prediction H. Gallanes J. Wood

,:-- P2-327 Glycol Accumulator Perfomance W. Owens D. Hughes
P2-330 SIM Door Jettison R. Lusk G. Sanders

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/H4]
See Above -CHAIIGEAUTHORITY PI>4 EX_..__/__pNASA SUBSYSTEM

PHONE _SPO APPROVAL, d. R. SEVIER,
f/ rCHIEF, OPERATIONSANALYSIS BR.

p

DATE_/3(P/7/

/:

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

i. SNA-8-D-OZ7

VOLUME I PART I DATE 5/251 71

AMENDMENT67 PAGE1 OF34
i i

"SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages ll2-1, I12-4.6.1-5and I12-4.6.1-6.

Insert new or revised pages ll2-1, I12-4.1.3-I,I12-4.1.3-2,I12-4.1.3-3,
I12-4.2.1-I,I12-4.2.1-2,I12-4.2.1-3,I12-4.5.1-Ithrough I12-4.5.1-23,
I12-4.6.1-5and I12-4.6.1-6.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTOR SSM NASA SSM-

P2-331 Oxy. & Hyd. Tank Heater Power H. Horii R. Rice
PI-247 Rev. to CSM-II2 Erasable Load NASA Data Source J. Martin
PI-248 J-l CSM-II2 SPS Preflight Pred. NASA Data Source J. Wood
P2-322 CSM-II20xy. Flow RestrictorData J. Ross D. Hughes

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above /_ xS f
NASA SUBSYSTEM /_-_-// __- _.

APPROVAL ZCH/INGEAUTHORITYPD4_ EXT/7/_'_.....7_ .

, _PO APPROVAL,J. R. SEVIER,CHIEF, OPERATIONSANALYSIS BR.

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

. SNA-8-D-027

VOLUMEJL__ PART 1 DATE 6/21 /71

AMENDMENT68 PAGE 1 OF 30
l| I

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages 4.l-i,4.l-ii,4.2-5,4.2-6,4.5-5 through
4.5-8,4.5-25through4.5-28,]12-1,I12-4.1.3-I,I12-4.5.1-I,I12-4.5.1-2,
I12-4.5.2-I.

Insertnew or revisedpages4.l-i*,4.l-ii,4.2-5,4.2-6,4.5-5 through4.5-8,
4.5-25 through4.5-28,ll2-1,I12-3.1.6-I,I12-3.1.6-2,I12-3.3.8-I,
I12-3.3.8-2,I12-3.4.4-I,I12-3.4.4-2,I12-3.5.10-I,I12-3.5.10-2,ll2-3.11.l-l,
112-3.11.1-2, 112-3.11.1-3, 112-4.1.3-I, 112-4.5.1-I*, 112-4.5.1-1.1" and
112-4.5.1-2".

*Editorial Changes

This AmendmentConsists of:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
P2-332 LM PressurizationData J. Potts D. Hughes
P2-336 LM TunnelVent Valve M. Ross D. Hughes
P2-341 ReorificedSPS B1owdownData H. Gallanes J. Wood
P2-343 ECS OxygenRequirements M. Ross D. Hughes
PI-249 CSM-II2PressTemp Limits Glorioso/Joslyn

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/ zseeAbove
NASA SUBSYSTEM C_'ANB£AUTHORITY PD4 EXT" //
APPROVAL </Gz_,2

PHONE _ _- x__'_
#2#_)APPROVAL,J. R. SEVIER,

, f_CHIEF,OPERATIONSANALYSISBR.

DATE_//_/7/

MSC FORM 1794 (AUG 69) ItEV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART i DATE 6/25/71
IL

AMENDMENT 6 9 PAGE 1 OF 44
i i i

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 4.2-i, 4.2-ii, 4.2-3, 4.2-4, 4.2-5, 4.2-6,
4.2-39, 4.2-40, I12-4.1.3-I,I12-4.1.3-2,I12-4.1.3-3,I12-4.6.1-Ithrough
I12-4.6.1-22,I12-4.7.6-I,and ll3-1.

Insert new or revised pages 4.2-i, 4.2-ii, 4.2-3, 4.2-4, 4.2-4.1, 4.2-5,
4.2-6, 4.2-39, 4.2-39.1,4.2-40, I12-4.1.3-Ithrough I12-4.1.3-7,I12-4.6.1-I
•through I12-4.6.1-22,I12-4.7.6-I,ll3-l,and I13-4.7.6-I.
This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
PI-250 Cryogenic Tank Characteristics C. Bauman F. Plauche'
PI-254 Update of CSM-II2 ErasableMemory Load NASA Data Source J. Martin
P2-342 CSM-II3 VHF Ranging Data W. Dwinell P. Shores
P2-344 Cabin RepressurizationAfter EVA J. Ross D. Hughes
P2-347 VHF RangingUpdate W. Dwinell P. Shores

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

NASA SUBSYSTEM

APPROVAL CHANGE-AUTHORI_ PD4- _dXT_. 2PHONE

' _8_FO--APPROVAL,d. R. SEVIER,
,/*'CHIEF,OPERATIONSANALYSIS BR.

MSC FORM 1794 (AUG 69) REV 2



DATACHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-B-D-027

VOLUMEI PART 1 DATE 6/30/71
i mlL

PAGE 1 OF l 7

AMENDMENT 70
i i i i

I

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.l-l, 3.1-2, 3.3-I, 3.3-I.I, 3.11-9,
3.11-10, 4.1-7.1, 4.1-8, 4.1-9, 4.2-I, 4.2-2, 4.2-25 and 4.2-26.

Insert new or revised pages 3.l-l, 3.1-2, 3.3-I, 3.3-I.I, 3.11-9, 3.11-10,
3.11-10.1, 4.1-7.1, 4.1-7.2, 4.1-8, 4.1-9, 4.2-I, 4.2-2, 4.2-25 and 4.2-26.

This Amendment Consists of: --------CON_TOR SSM
P. NO. _ W-_---DwTnellJoslyn/laylor
P -296R SIMTe emetry Data Johnson

P2-337 Oxygen Heat Exc. RestrictorPerformance W. Owens D. Hughes
P2-338 Fuel-Cell Life with Reactant Valve Closed W. Owens Plauche'/Joslyn
P2-351 Change to EVA SIM Experiment j. Potts C. Thomas

See Above See Above
CONT_CTOR SUBSYSTEM CONT_CTOR _NAGEMENT
APPROVAL APPROVAL

PHONE PHONE •

NASA COMMENTS

..oveNASA SUBSYSTEM I
APPROVAL

_PPROVAL, d. •" CHIEF, OPERATIONSANALYSIS BR.

S/-/

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

:'- SNA-8-D-027

VOLUME I PART 1 DATE7/ 7 /71

AMENDMENT 71 PAGE1 OF 87
i

| I

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages 3.10-1,3.10-2,4.l-i,4.l-ii,4.1-13through
4.1-17,4.1-32,4.1-33,4.1-73,4.1-73.1,4.1-73.6through4.1-73.14,4.3-3,
4.3-4,4.3-19through4.3-22,4.3-37through4.3-42,4.10-i,4.10-1through
4.10-4,I12-4.1.6-IthroughI12-4.1.6-15.

Insertnew or revisedpages 3.10-1,3.10-2,4.l-i,4.l-ii,4.1-13through4.1-17,
4.1-32,4.1-33,4.1-73,4.1-73.1,4.1-73.6through4.1-73.41,4.3-3,4.3-4,
4.3-19through4.3-22,4.3-37through4.3-42,4.10-i,4.10-1through4.10-4,
4.10-12,4.10-13,I12-4.1.6-IthroughI12-4.1.6-16.

This AmendmentConsistsof:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
PI-253 EPSBus Resistance Model H. Horii B. Hendrix
P2-329R EVAWarning System Data J. Ross F. McAllister
P2-333 Entry Batt. Load-Sharing H. Horii B. Bragg
P2-335R CSMUpdated MEEL E. Strelow J. Mistrot
P2-340 Entry/Aux. Batt. Load Sharing H. Horii B. Bragg
P2-346 Aux. Batt, Change to 415 A-H H. Horii B. Bragg
P2-345 SMRCSGauging System F. Svenson Nelson/Weary/Joslyn

PI-252 PLSSUsage Constraint R. Wingo J. Mistrot

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE
_, I

NASA SUBSYSTEM
APPROVAL

_PO APPROVAL,d. R. SEVIER,
.... - CHIEF,OPERATIONSANALYSISBR.

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME J PART 1 DATE 7 / 9 /71
JL

AMENDMENT72 PAGE1 OF3 8
i | i i

I

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.5-I, 3.5-2, 4.1-12, 4.1-12.1,
4.1-67.1,4.3-ii, 4.3-12, 4.3-65 through 4.3-68,4.5-11, 4.5-12, I12-4.6.1-I
through 112-4.6.1-22.

Insert new or revised pages 3.5-I, 3.5-2, 4.1-12, 4.1-12-.I, 4.1-12.2,
4.1-67.1, 4.3-11, 4.3-12, 4.3-65 through 4.3-68, 4.5-11, 4.5-12, 112-4.6.1-I
through 112-4.6.1-22.
This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
PI-257 CSM-II2 Final Erasable Constants I_ASAData Source J. Martin
P2-350 Rev to Helium Press/Prop. Consumption F. Svenson D. Weary/Joslyn
P2-352 Oxygen Tank Heat Leak Expulsion J. Ross L. Owen/Joslyn
P2-353 Min. U11age Pressure for SPS Burns H. Gallanes J. Wood

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL.

PHONE PHONE

NASACOMMENTS

See Above J _ _ "

NASASUBSYSTEM _HANGEAUTHORIT_ P_4 EXT_APPROVAL

PHONE _ _, ,

_O-APPROVAL, J. R. SEVIER,
, v- CHIEF, OPERATIONSANALYSIS BR.

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATION FORM
CSM/LM SPACECRAFT OPERATIONAL DATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE 7114171

AMENDMENT 73 PAGE 1 OF20

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 4.1-8, 4.1-9, 4.1-46, 4.1-47, I12-4.1.6-b
through I12-4.1.6-16.

Insert new or revised pages 4.1-8, 4.1-9, 4.1-46, 4.1-46.1, 4.1-47, 4.1-47.1 and
I12-4.1.6-5 through I12-4.1.6-16.

This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSM -NASA SSM

P2-348 Cryo. Tank PVT Accuracy R. Strelow R. Rice/A.Joslyn
P2-355 Revised CSM-II2 MEEL M. Silver J. Mistrot

See above See above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE _

NASA COMMENTS

See above CHANGEAUTHORITY PD4 EXT

NASA SUBSYSTEM _---__<j -_" __ ,
APPROVAL "-_'z /,_- _ . /_--'-_' ---

PHONE JASPO APPROVAL, J. R. SEVIER,
CHIEF, OPERATIONS ANALYSIS BR.

' DATE._7_/3/_ _

MSC FORM 1794 (AUG 69) REV 2 p



DATA CHANGE NOTIFICATION FORM
CSM/LM SPACECP_AFTOPERATIONAL DATA BOOK

i SNA-8-D-027

VOLUME__!__I_ PART i DATE 7121 171

AMENDMENT 74 PAGE 1 OF 4 1

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.2-I 3.2-2, 3.3-I, 3.3-I.I, 3.11-5, 3.11-6,
3.11-7, 3.11-8, 3.11-11, 3.11-12, 4.2-15, 4.2-16, 4.2-63, 4.2-64, 4.3-5,
4.3-5.1, 4.3-II, 4.3-12, 4.3-65, 4.3-66, I12-3.4.4-I, I12-3.4.4-2,
I12-4.2.3-I, I12-4.2.3-2, I12-4.6.1-I and I12-4.6.1-2.

Insert new or revised pages 3.2-I, 3.2-2, 3.3-I, 3.3-I.I, 3.10-3, 3.10-4,
3.11-5, 3.11-6, 3.11-7, 3.11-8, 3.11-11, 3.11-12, 4.2-15, 4.2-16, 4.2-63,
4.2-64, 4.3-5, 4.3-5.1, 4.3-II, 4.3-12, 4.3-65, 4.3-65.1, 4.3-66,
I12-3.3.6-I, I12-3.3.6-2, I12-3.4.4-I through I12-3.4.4-3, I12-3.5.4-I
through I12-3.5.4-3, I12-4.2.3-I through I12-4.2.3-4, I12-4.6.1-I, I12-4.6.1-2,
I12-4.6.1-23 and I12-4.6.1-24.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTOR SSM NASA SSM
P2-354 SM RCS + SPS Temp. Measurement H. Gallanes L. William/Brown
PI-255 Potable Water Measurement R. Strelow R. Morton
Pl-251 PGNCS/SM RCS Att. Hold Prop. Use NASA Data Source Mayfield/Nelson
PI-267 Rev. to Constraint 3.3.1.7 M. Silver C. Thomas
PI-260 Urine System Operation NASA Data Source Hughes/A. Joslyn
PI-261 Press. Temp. Limits for CSMTanks NASA Data Source R. Morton
PI-258 Evaporator Outlet Temp. Pred. NASA Data Source Hughes/A. Joslyn
PI-265 Docking Temperature Limits R. Lusk White/A. Joslyn
PI-264 SM RCS Blowdown Data J. Taggart J. Capps
PI-268 LM IMU Alignment from CSM IMU NASA Data Source P. Shaffer
PI-269 Add Constraint 3.10.3.7 NASA Data Source F. Zieglschmid

See Above See Above
CONTP.ACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL.

// /)See Above i
f" / /

NASA SUBSYSTEM , // _ / / /

PHONE /-_ " '_"C_ /

_CHANGE AUTHORITY PD4 EXT_/_%_ 7

_ _ APPROVAL, J. R. SEVIER,
_HIEF, OPERATIONSANALYSIS BR.

DATE_

HSC FORM 1794 (AUG 69) REV 2 _,_



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-B-D-027

VOLUME I PART 1 DATE 7/25171
I •

PAGE I OF 37
AMENDMENT 75

i i

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.8-I.2,3.10-3, 3.10-4, 4.1-12.2,4.2-5,
4.2-6, 4.2-45, 4.2-46, I12-2.0-Iand I12-2.0-2, I12-4.2.3-Iand I12-4.2.3-2.

Insert new or revised pages 3.8-I.2, 3.10-3, 3.10-4, 3.11-2.1,4.1-12.2,
4.1-12.3,4.1-67.4 through 4.1-67.12,4.2-5, 4.2-6, 4.2-45, 4.2-45.1,4.2-46,
I12-2.0-Ithrough I12-2.0-4,I12-3.11.4-Ithrough I12-3.11.4-6,I12-4.2.3-I,
I12-4.2.3-2,I12-4.2.3-5through I12-4.2.3-7.

This Amendment Consists of:
SHO_TLE _SSM N--ATASSM

P. NO........ s_yn
PI-270 EvaporatorOutlet for Lunar Orblt NASA Data
PI-266 Oxygen Htr. Temp. Prediction NASA Data Source Rice/joslyn
PI-262 LM Tunnel Vent Valve J. Ross D. Hughes
PI-256 CSM-II2 SIN Bay Alignment j. Potts j. Craig
P2-349R Unified Crew Hatch R. Lusk Taylor/Joslyn
P2-356 Temp. Pred. for Transearth SIM EVA B. Johnson Taylor/Joslyn/
See Above Hughes

CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE ii

NASA COMMENTS

See Above _
NASA SUBSYSTEM " •

APPROVAL _HAI_GEAUTHORITY PD4 EXT_/_

_SPO APPROVAL,J. R. SEVIER,
' _ CHIEF, OPERATIONSANALYSIS BR.

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-B-D-027

VOLUME l PART 1 DATE7 /26171i I

AMENDMENT 76 PAGE 1 OF 5

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION

Insert new or revisedpages 112-3.10.5-I,112-3.10.5-2,112-3.10.5-3.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
P2-328 CSM Attitude for EVA Strelow Taylor/Joslyn

".

See Above See Above
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

_,, %_J_._-"L ./.59/_ " CHANGE AUTHORITY PD4 EXT

N_ A S0BS YS _A PPR0 VA L /L_.' X_/2/7,2_%'_ _B_PO APPROVAL

PHONE _>1_ i _ d%/_I //7---" DATE__ _____.... ,,<;V
MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE 7/29/71
I ii IL

AMENDMENT 77 PAGE1 OF 8
l i

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.11-5, 3.11-6, I12-3.10.5-2,
I12-3.10.5-3,I12-3.11.4-5and I12-3.11.4-6.

Insert new or revised pages 3.11-5,3.11-6, I12-3.10.5-2",I12-3.10.5-3,
ll2-3.11.4-5**andI12-3.11.4-6"*.

* Editorialchange - Reversal of THETA and PHI on Figure ll2-3.10-1.
**Reprint of previous pages with more readable copies.

This AmendmentConsists of:
P. NO. SHORT TITLE CONTRACTOR SSM NASA SSM
P2-357R SM RCS Propellant IsolationValve B.C. Johnson Weary/Josly_,

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

"- "_SA SUBSYSTEM APPR_A/L

_HON5 Y ¢77 f _/_/ DAT£7"Z?'7 /

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE'NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

_ SNA-8-D-027

VOLUME I PART i DATE 7/30/71

AMENDMENT 78 PAGE 1 OF 4
i i i

SHORT TITLE OF CHANGE Skin Burn Hazard

CHANGE DESCRIPTION

Remove pages 3.10-3 and 3.10-4

_nsert new or revised pages 3.10-3 and 3.10-4

This AmendmentConsist of:

P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
Pl-271 Skin Burn Hazard NASA Data Source W.Hawkin/J.Peacock

_e Above - See AboveCONTRACOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASACOMMENTS

CHA_RITY PD4 EX_F'g_7._C'>_rF,

/AS_APPROVAL, J. R. SEVIER, U

,(+f,__y///E__ _ _HIEF, OPERATIONSANALYSIS BR.

/

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-8,D-O?7

VOLUME I PART 1 DATE 8 /3 /71
" ii

AMENDMENT 79 PAGE 1 OF 6
i i

I

SHORT TITLE OF CHANGE Effect of Loss of PrimaryCoolant Loop or CSM EVA

CHANGE DESCRIPTION

Remove pages 4.2-II,4.2-12

Insert new or revised pages 3.2-3, 4.2-II, 4.2-12 and 4.2-60.I

This Amendment Consist of:

P. NO. SHORT TITLE CONTRACTORSSM NASA SSM

PI-272 Effect of Loss of Rrimary W. Owens Mayo/Joslyn
Coolant Loop or CSM EVA

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

_c_ C_UTHO IT 4 EXT_-_e I /

NASA SUB/_Y_EM cJ "/'_"_/_/'/i_L
APPROVA_ /_

PHONE <"""_ / /_____x__.__.
o/_ _SPO APPROVAL, J. R. SEVIER,

_'_,._2C_.__ e_ _--CHIEF, OPERATIONSANALYSIS BR.'

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART i DATE 91I0171

AMENDMENT80 PAGE 1 OF45
i i i

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages v, vi, l-l, I-2, 4.3-5, 4.3-5.1, 4.3-6,
4.3-9, 4.3-I0", 4.3-II*, 4.3-12, 4.3-39, 4.3-40,4.3-41, 4.3-42, 4.3-45
through 4.3-50, 4.3-57, 4.3-58*, 4.3-61, through 4.3-64, 4.5-25 through
4.5-28, 4.5-41 through 4.5-46, 4.6-39, 4.6-40, 4.6-45 through 4.6-48.

Insert new or revised pages v, vi, l-l, I-2, 4.3-5, 4.3-6, 4.3-9, 4.3-I0",
4.3-II*, 4.3-12, 4.3-39, 4.3-40, 4.3-41, 4.3-42,4.3-45 through 4.3-50,
4.3-57, 4.3-58*, 4.3-61 through 4.3-64, 4.5-25 through 4.5-28, 4.5-41
through 4.5-46, 4.6-39, 4.6-40, 4.6-45 through 4.6-48 and CSM-II2.

Note: *PI-217R, all other pages are editorial

This AmendmentConsists of:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
PI-217R SCS ControlledManeuver Data W. Fouts K. Cox

See Above

CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE
'-- _fJ i

Y_ "_11 rlTl I I

NASA COMMENTS

See Above _T VP__D4__XT#_/
CHA E E _dC6_._.._/NASA SUBSYSTEM

A  ,OVL

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I _ PART 1 DATE10 1 7 /71
iL

AMENDMENT8 1 PAGE....1 OF15
i iii

SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION

Remove and insert revised page ll3-1. Add new pages I13-4.1.3-I,I13-4.1.3-6
and I13-4.1.3-7.

This amendmentconsists of DCN P2-360 and a checklistof effective pages
P. NO. SHORT TITLE CONTRACTOR SSM NASA SSM
P2-360 Hydrogen and Oxygen Tank H. Horii R. Rice

Heater Power Dissipation

See Above See Above
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/.,, J J

SeeAbove CHA_GEAUTHORITYPD4"EX_J--_
NASA SUBSYSTEM

PHONE v_JISO_APPROVAL,d. R. SEVIER,
CHIEF, OPERATIONSANALYSIS BR.

DATE

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

• SNA-8-D-027

VOLUME I PART 1 DATE11/ 9 /71
i •

AMENDMENT 82 PAGEi OF 16
i i a 1

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION

Remove and insert new or revised pages 4.5-i, 4.5-ii, 4.5-I, 4.5-2, 4.5-33,
4.5-34, 4.5-37, 4.5-38, ll3-1, I13-4.1.4-I,I13-4.1.4-2,I13-4.2.3-I,
I13-4.2.3-2 and I13-4.5.1-I.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTOR SSM NASA SSM
P2-363 Inflight Battery Charging Cutoff H. Horii B. Bragg
P2-364 ECS Glycol AccumulatorCalibration J. Ross D. Hughes
P2-365 SPS Start & Shutdown Thrust Transients H. Gallanes J. Wood
PI-273 SPS Heater On-Time & Deletion of Para. H. Gallanes J. Wood

4.5.1.4

See Above See Above
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above f" , )

NASA SUBSYSTEM ,_/>_I____i_ _-j_
APPROVAL CHANGE AUTHORITY PD4 '

PHONE __ _/ 7 _ ",-

' jj_P_'APPROVAL, J. R. SEVIER,
_CHIEF, OPERATIONS ANALYSIS BRANCH

DATE/°_____--_-_

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE12/14171

AMENDMENT,,83 , PAGE1 OF27

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION

Remove and insert new or revised pages 4.2-3, 4.2-4, ll3-1, I13-4.6.1-I
through I13-4.6.1-22.

This Amendment Consistsof:
P. NO. SHORTTITLE. CONTRACTORSSM NASASSM
P2-366 Update of Cabin Pressure Relief J. Ross D. Hughes

Data
PI-284 Preliminary CSM-II3 CMGuidance NASAData Source J. Martin Jr.

Computer Erasable Memory
Constants

See Above See Above
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/

NASASUBSYSTEM )RI '
APPROVAL HH_ _/_(/; -.7 , J

, A_O/APPROVAL, J. R. SEVIER,
,.,@fIEF,OPERATIONSANALYSIS BRANCH

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-B-D-027

VOLUME I PART 1 DATE12/28/ 71
J II

AMENDMENT 84 PAGE 1 OF 29
i i i

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION Remove and insert new or revised pages "3.4-I, 3.4-2,
"3.8-1.2, "3.10-3, 3.10-4, "3.11-2.1, 4.9-3, 4.9-4, 4.9-5, 4.9-6, 4.9-9/4.9-10,
4.9-11/4.9-12, 4.9-13/4.9-14, *'6-I through 6-11.

*Editorial Change
**Remove all of section 6-5 and insert new section 6-,5.

This Amendment Consists of
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
P2-368 Bending Modes and Docking Face Loads C. Conrad W. Renegar
PI-283 Skin Burn Hazard NASAData Source J. Zieglschmid
PI-280 CM RCS Impingement on LM J. Potts J. Taylor/

A. Joslyn
PI-274R Events Sequences Update Whiteley/Johnson

West/Weary

See Above See Above
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASACOMMENTS

/ /
/

See Above / _ ,,._ .'NASA SUBSYSTEM /_ //_//__.._ ..APPROVAL _.U <_ .- i

CHANGEAUTHORITY PD4 /
PHONE PHONE 9/_ Y .. ,

J-

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-B-D-027

VOLUME I PART 1 DATE 1 114172
|

AMENDMENT B5 PAGE 1 OF 38
i i i

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.8-I, 3.8-I.I, 3.8-I.2, 3.8-2, 3.8-3, 3.8-4,
3.8-4.1, 3.10-1 through 3.10-4, 4.1-15, 4.1-16, 4.1-73.2, 4.1-82, 4.1-83, ll3-1.

Insert new or revised pages 3.8-I, 3.8-I.I, 3.8-I.2, 3.8-2, 3.8-3, 3.8-4,
3.10-1 through 3.10-4, 4.1-15, 4.1-16, 4.1-73.2,4.1-82, 4.1-82.1, 4.1-83,
]13-1, I13-3.10.5-Ithrough I13-3.10.5-3,I13-4.1.6-Ithrough I13-4.1.6-16.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTOR SSM NASA SSM
PI-275 CSM StructureUpdate R. Lusk P. Smith
PI-277 EPS SubsystemUpdate H. Horii B. Bragg
PI-278 IMU Heater Power-PeakPower C. Conrad S. Snipes/H.Kolkhorst
P2-359 CSM113 Attitude for EVA R. Strelow Taylor/Joslyn
P2-374 Flotation Bay Usage J. West R. White/A. Joslyn
P2-375 CSM113 MEEL R. Strelow R. Morton

See Above See Above
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/
/

See Above _(<.___./_/" _ •]' _.__ _i
Nasa SUBSYSTEM CHANGE AUTHORITY_ PD4
APPROVAL PHONE .-1 ,_ "

._O_PPROVAL, d. R. SEVIER,
' VCHIEF, OPERATIONSANALYSIS BRANCH

DATE J/0__/____

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART i DATE 1/21/72
L I

AMENDMENT 86 PAGE I OF 2 ]

• SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.3-I, 3.3-I.I, 3.11-3, 3.11-4, 4.2-3, 4.2-4,
113-I.

Insert new or revised 3.3-I, 3.3-1.1, 3.11-3, 3.11-4, 4.2-3, 4.2-4, 4.2-32.1,
113-I, 113-3.1.6-I, 113-3.1.6-2, 113-3.3.8-I, 113-3.3.8-2, 113-3.4.4.-I,
113-3.4.4-2, 113-3.5.10-I, 113-3.5.10-2, 113-3.11.]-I through 113-3.11.1-3.

This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORS{M NASASSM
P2-372 RCSUsage During EVA J. Potts D. Weary
PI-281 Revision to Table 3.11-2 C. Conrad J. Taylor/A. Joslyn
PI-285 CSM-II3 Fracture Mechanic Limits R. Lusk S. Glorioso
PI-276 CMHatch Leakage Rate J. Ross 0. Hughes

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above /'j
NASASUBSYSTEM / \_. ___ _<_/ f 2 _ . ,_
APPROVAL "CHANGEAUTHORITY PD4 .,

PHONE PHONE _J _ }7

, /_-/_O--]_TPPROVAL,d. R. SEVIER,
_HIEF, OPERATIONSANALYSIS BRANCH

/

/ i

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE 1/28/72

AMENDMENT 87 PAGE 1 OF ]9

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.8-3, 3.8-4, ll3-1, I13-4.9.2-Ithrough
I13-4.9.2-7.

Insert new or revised pages 3.8-3, 3.8-4, ll3-1, I13-3.8.3-I,If3-3.11.4-1
through I13-3.11.4-6and I13-4.9.2-Ithrough I13-4.9.2-7.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
P2-369 Temp. Pred. for Transearth SIM EVA P. Merhoff F. McAllister
P2-373 Temp. Pred. for Transearth SIH EVA P. Merhoff J. Taylor/

A. Joslyn

: P2-377 LES Motor Data Deletion H. Gallanes J. Wood
PI-282 DecelerationLoads CSM-II3 NASA Data Source R. Drexel/

E. Henderson

See Above See Above
CONTRACTORSUBSYSTEM CONTEACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

-)

NASA SUBSYSTEM /_-._//-J " -

APPROVALpHoNE CHANGEpHo__L_, AUTHORITY4j_../P_D4 .

_o APPROVAL,J R SERVER
CHIEF, OPERATIONSANALYSIS BRANCH

DATE_7_

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

.... SNA-B-D-027

VOLUME I PART 1 DATE2 /I6/72
i I

AMENDMENT 88 PAGE 1 OF 36
i

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 2-I, 2-2, 2-5, 3.10-1 through 3.10-4, 3.11-2.1
3.11-10, 3.11-10.1, 4.1-15, 4.1-16, 4.8-i, 4.8-I, 4.8-2, 4.9-3 through 4.9-6,
4.9-9/4.9-I0,4.9-13/4.9-14,4.10-3, 4.10-4, ll3-1, ll3-3.1O.5-1through
I13-3o10.5-3,ll3-3.11.4-1,I13-3.11.4-2,I13-3.11.4-5,I13-3.11.4-6.

Insert new or revised pages 2-I, 2-2, 3.1O-I through 3.10-9, 3.11-2.1, 3.11-1O,
3.11-10.1, 4.1-15, 4.1-16, 4.1-16.1, 4.8-i, 4.8,1, 4.8-2, 4.8-10, 4.9-3 through
4.9-6, 4.9-9/4.9-I0,4.9-13/4.9-14,4.10-3, 4.10-4, ll3-1, ll3-3.11.4-1and
I13-3.11.4-2.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
Pl-274Rl Events SequencesUpdate H. Horii Johnson/West/Weary
PI-287 CSM Crew & Crew SystemsUpdate J. Ross Hughes/McAllister/Joslyn
P2-376 Heat Dissipationof Elect. Equip R. Strelow Panter/Lattier/Hendrix
P2-379 SIM Door Ejection Velocity D. Thompson R. Morton

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/

7 t//

NASA SUBSYSTEM / _-'_THOR{I-Y" / _._r-j_HANGE U PD4 _.J
APPROVAL PHOQ_LE _ _ 7

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

" SNA-8-D-027

VOLUME I PART 1 DATE 2/25/72

AMENDMENT 8 9 PAGE 1 OF 2 6
i i

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION

Insert new pages 113-4.5.1-2 through 113-4.5.1-25.

This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
PI-290 SPS Preflight Performance NASAData Source J. Wood

Prediction Mission J-2

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASACOMMENTS

/
/

See Above / " "/ _ -'
NASA SUBSYSTEM /\-C#'<_I'/'_// .....
APPROVAL /'CHANGEAUTHORITY PD4

PHONE L- __--_-_..._

_._PO APPROVAL, J. R. SEVIER,
' _ CHIEF, OPERATIONS/ANALYSISBRANCH

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NSTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-8-D-OZ7

VOLUME I PART 1 DATE 3/8 /72
i •

AMENDMENT 90 PAGE 1 OF 32
i i i

I

SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 4.7-I, 4.7-2, 4.7-5 through 4.7-I0.I,
I13-4.6.1-Ithrough I13-4.6.1-22.

Insert new or revised pages 4.7-I, 4.7-2, 4°7-5 through 4.7-I0, I13-4.6.1-I
through I13-4.6.1-22.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTOR SSM NASA SSM
PI-289 CSM CircuitMargin Update NASA Data Source J. Porter
PI-292 CSM-II3 FRT CM Guidance Computer NASA Data Source J. Martin

ErasableMemory Constants

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above "/.L) iNASA SUBSYSTEM / -_ - . /'-
APPROVAL IHANGE AUTHORITY PD4 ./

PHONE PJ_ID_E,,lJ_//_/._/_,_ _ ,

A_APPROVAL, J. R. SEVIER,
' _HIEF, OPERATIONSANALYSIS BRANCH

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

SNA-8-O-027

VOLUME I PART 1 DATE3 /17/72

AMENDMENT 9l PAGE 1 OF 4_
i i i

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages 3.10-3through3.10-8,3.11-10*,3.11-10.1,
4.4-3 through4.4-8,4.4-27 through4.4-32,ll3-1,I13-3.3.8-I,I13-3.3.8-2,
I13-3.4.4-I,I13-3.4.4-2,ll3-3.11.l-l,ll3-3.11.1-2,I13-4.1.3-I,
I13-4.1.6-5throughI13-4.1.6-16.

Insertnew or revisedpages 3.10-3through3.10-8,3.11-10,3.11-1O.l,4.4-3
through4.4-8,4.4-27through4.4-32,ll3-1,I13-3.3.8-I,I13-3.3.8-2,
I13-3.4.4-I,I13-3.4.4-2,ll3-3.11.l-l,ll3-3.11.1-2,I13-4.1.3-Ithrough
I13-4.1.3-5,I13-4.1.6-5throughI13-4.1.6-16.

*Editorial

This AmendmentConsistsof:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
PI-288 Sun Look-Angle Envelope Apollo-16 NASAData Source Taylor
PI-291 Cryogenic Tank Characteristics M. Owen F. Plauche
PI-293 Update of Fracture Mech. Curves NASAData Source S. Glorioso
P2-381 CMRCSPropellant Depletion Burn J.F. Taggart D. Weary
P2-388 CSM-II3 MEELUpdate D. Hafner J. Mistrot
See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above CHANGE/AUTHORITYPD4

NASA SUBSYSTEM pHONE ._6; 5'

APPROVAL /_j//f/_/J_4; __.¢__/__..____ /
PHONE (-_Pb _F_O_C#_>_,J/_ IER,

cH , OPER TIg S NALYSlSBRANCH

' _ /_-72.DATE _ -

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

_ SNA-B-D-027

VOLUME I PART 1 DATE3 /27/72

AMENDMENT02 PAGE1 OF 67

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION Remove pages 3.l-l, 3oi-2, 3.3-I, 3.3-I.I,4.1-6 through
4.1-12.1,4.1-28 through 4.1-31, 4.1-45.7,4.1-45.8, 4..I-46through 4.1-47.1,
4.1-54, 4.1-55, 4.1-67.1, 4.10-3, 4.10-4, 4.10-5, 4.10-6, ll3-1, I13-3.4.4-I,
I13-3.4.4-2,I13-4.1.3-I,I13-4.1.3-4,I13-4.1.3-5.

Insert new or revised pages 3.l-l, 3.1-2, 3.3-I, 3.3-I.I,4.1-6 through 4.1-12.1,
4.1-28 through 4.1-31, 4.1-45.7,4.1-45.8, 4.1-46 through 4.1-47.1, 4.1-54,
4.1-55, 4.1-67.1, 4.10-3, 4.10-4, 4.10-5, 4.10-6, ll3-1, I13-2.0-I,I13-2.0-2,

• I13-3.3.6-I,I13-3.3.6-2,I13-3.4.4-Ithrough 113-3.4.4-3,I13-3.5.4-Ithrough
I13-3.5.4-3,I13-4.1.3-I,*I13-4.1.3-4,I13-4.1.3-5,113-4.2.1-Ithrough
I13-4.2.1-3,I13-4.3.6-Ithrough I13-4.3.6-9,I13-4.4.5-Ithrough I13-4.4.5-7
and I13-4.10.5-I.

*Editorial Change

This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
P2-387 CSMRCSMoments & Forces K. Conrad K. Cox
P2-383 CSM-II3 02 Consumption D. Hefner D. Hughes
P2-386 SMRCS Jet Firing Constraints B. Thompson Weary/Joslyn
P2-382 CSM-II3 Oxygen Supply Restrictor

Performance J. Stevenson D. Hughes
P2-392 Space Vehicle Configuration D. Patterson R. Morton
PI-294 Press-Temp Limits for RCSHe & GN2 NASAData

Source R. Morton
P2-378 Crew Metabolic Rate J. Ross J. Waligora
PI-279 Elect. Pwr Subsystem Update C. Bouman S. Owen
P2-394 Stowage Crew Systems K, Shaw R. Morton

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

NASA COMMENTS

NASA SUBSYSTEM CH_J_d F_O_[_.7, • /_."

/_A_O APPROVAL',J-'R. _EVIER, "ICH
..... _C_CHIEF, OPERATIONSANALYSIS BRANC

' _// DATE S//S_I/_-

MSC FORM_ 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA B_)K

SNA-B-D-027

VOLUME I PART 1 DATE 3130172

PAGE 1 OF39
AMENDMENT 93

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages 3.8-3,3.8-4,4.2-4.1,4.2-7 through4.2-I0,
4.2-39through4.2-42,I13-4.6.1-IthroughI13-4.6.1-22.

Insertnew or revisedpages 3.8-3,3.8-4,4.2-4.1,4.2-7 through4.2-I0,
4.2-39 through4_2-42,I13-4.6.1-IthroughI13-4.6.1-24.

This AmendmentConsistsof:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
PI-286 ECSSection Update j. Stevenson Rotter/Joslyn
PI-295 BoomRetraction Restriction M. Silver R. Morton
PI-297 Final CSM-II3 Erasable MemoryConstants NASAData Source J. Martin
P2-385 Rapid Pressurization of CMCabin B. Thompson D. Hughes
P2-390 Suit Heat Exchanger J. Ross D. Hughes
P2-391 Flow Limiters ECS J. Ross D. Hughes
P2-393 Cabin Pressurization on Reentry J. Ross D. Hughes
PI-296 Unc. of LM IMU Align from CSMIMU C. Conrad P. Shaffer
See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE •

NASA COMMENTS

See Above /_CH_qGEAUTHO'RITY PD4_ (/NASA SUBSYSTEM

APPROVAL PHONE

_P-_'APPROVAL,J. R. SEVIER,
. ,CHIEF, OPERATIONSANALYSISBRANCH

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

.- SNA-8-D-027

VOLUME I PART I DATE 4/3 172

AMENDMENT__94 PAGE 1 OF 8
i

SHORTTITLE OF CHANGE See Below

CHANGE DESCRIPTION

Remove pages I13-2.0-Iand I13-2.0-2,I13-4.2.1-2and 113-4.2.1-3.

Insert new or revised pages I13-2.0-Ithrough I13-2.0-.4,I13-4.2.1-2and
*I13-4.2.1-3.

*Editorial Change

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
P2-389 CSM-II3 SIM Bay Alignment J. Potts G. Sanders

See Ahow See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

1-7

seeAbove
NASA SUBSYSTEM
APPROVAL / "

PHONE PHQ_ c

A_S_A-PPROVAL.,J. R. SEVIER,
#ll_I_IEF, OPER_,TIONSANALYSIS BRANCH

DATE

MSC FORM 1794 (AUG 69) REV 2



• DATA CHANGENOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-O27

VOLUME I PART 1 DATE 4 /11/72

AMENDMENT 95 PAGE.,,1 OF 4
i i

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION

Remove pages I13-4.1.6-15and I13-4.1.6-16

Insertrevisedpages I13-4.1.6-15and I13-4.1.6-16

This AmendmentConsistsof:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM

P2-395 CSM-II3EEL Update D. Hafner J. Mistrot

Sp_ Ahnvp See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS __/. (D_4'_E_X'T_7See Above CHANGEAUTHOR']_TY
NASASUBSYSTEM
APPROVAL

PHONE (_.__, _ PO A_ROVAL

. _ ._ATE _________,,_."

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUMEJL___ PART i DATE 4/I2 172

AMENDMENT96 PAGE I OF 16
i | |

II

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION

Remove pages I13-4.2.3-Iand I13-4.2.3-2.

Insertnew or revisedpages I13-4,2.3-IthroughI13-4.2.3-14.

This AmendmentConsistsof:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
PI-298 Nominal& ContingencyEvaporator NASA Data Source Hughes/Joslyn

OutletTemperaturePredictionfor
Lunar Orbit

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above . _ ./,/j {i'_-j >9 /,"'

APPROVALNASASUBSYSTEM f.._t._._. C._/ /_- i/;_ _ /_HANGEAUTHORITY..PD4 i)

PHONE , ('___ _ _ "7 .

'_-0 APPROVAL,J. R. SEVI_ER-ANCH

_HIEF, OPERAT_NS AN_ALYSI5_"
.. DATE //,/// 2------

/ i

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-B-D-027

VOLUME,,,I PART I DATE 4 /14/72

AMENDMENT 97 PAGE 1 OF ,4
i i

SHORTTITLE OF CHANGESee Below

CHANGE DESCRIPTION

Remove pages I13-4.5.1-16and I13-4.5oi-17.

Insert new or revised pages I13-4.5.1-16and I13-4.5.1-17.

This Amendment Consists of:

P. NO. SHORT TITLE CONTRACTOR SSM NASA SSM
PI-299 Mission J-2 (CSM-II3)SPS Preflight. NASA Data Source D. Freeburn

PerformancePredictionRevision

See Above See Above.
CONTRACTORSUBSYSTEM 'CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE
=,_ r

NASA COMMENTS

NASA SUBSYSTEM CHANGE AUTHORITY

APPROVAL PHONE Z/_',{_'_
x 1/ .._J" /

PHONE j_L/._,_ /_j,__j.
, p
,_AS 0 APPROVAL, j. R. SEVIER,

-f- CHIEF, OPERATIONSANALYSIS BRANCH

/J/7' / DATE .-_ ....

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
,- CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUMEJL__ PART i DATE (5/14/72

AMENDMENT 98 PAGE 1 OF 1 1

SHORT TITLE OF CHANGE Editorial

CHANGE DESCRIPTION

This amendment is to be used as a checklist to ascertain that his data
book is up-to-date.

N/A N/A

CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE
m II

NASA COMMENTS
)

J Y/7_

C IAN/C_UTHORITY PD4 EXT

NASA SUBSYSTEM /_/ //_.//_
APPROVAL , /' /
PHONE / , _-- ,_'

/ _SPO APPROVAL, J. R.'SEVIER,
,_PYT_-/CHIEF, OPERATIONSANALYSIS BR.

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA B_)K

SNA-B-D-027

VOLUMEl_J__._PART i DATE 8/2 /72

AMENDMENT9 9 PAGE 1 OF 2 1
J | ,

I

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Removepages v, vi*, 4.4-5,4.4-6,4.4-27,4.4-28,4.10-i,
4.10-1through4.10-4and ll4-1.

Insertnew or revisedpages v, vi*, 4.4-5,4.4-6,4.4-27,4.4-28,4.10-i,
4.10-1through4.10-4,ll4-1,I14-4.9.2-IthroughI14-4.9.2-7.

*Editorial

This AmendmentConsistsof:
P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
PI-301 CommandModule Stowage M. Silver R. Morton
P2-396 CM RCS He BottlePress.Drop Recovery F. Svenson D. Weary
P2-397 CSM-II4LES Motor Pred Performance H. Gallanes J. Wood

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/ /

See Above "CHANGEAUTHORITY PD4 _ EXT,/_' 2

NASA SUBSYSTEM

,,.ov,,,HO,,
A_ APPROVAL,d. R. SEVIER,

jCVHIEF, OPERATIONSANALYSISBR.
p-

' DATE__________ _--

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

_- SNA-B-D-027

VOLUME I PART 1 OATE8/ 3 /72

AMENDMENTl 0 0 PAGE1 OF10

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION

Remove pages I14-I.

Insert new or revised pages ll4-1, I14-4.3.6-Ithrough I14-4.3.6-9,
I14-4.4.5-Ithrough I14-4.4.5-7.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTOR SSM NASA SSM
PI-302 CM and SM RCS Control Forces and C.K. Conrad K. Cox

Moments for Apollo 17

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above /j
NASA SUBSYSTEM _ .
APPROVAL / -

PHONE CHAI_ AUTHORITY
PHONE_ _//_/

PPROVAL,d. R. SEVIER,
OPERATIONSANALYSIS BRANCH

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
, CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I _ PART i DATE 8 /18/72
L

AMENDMENT101 ' PAGE1 OF 1 1

SHORTTITLE OF CHANGE _oo Re]nw

CHANGE DESCRIPTION Remove page ll4-1

Insert new or revised pages CSM-II3, I14-I, I14-4.1.3..I,I14-4.1.3-6,I14-4.1.3-7,
I14-4.1.4-I,I14-4.1.4-2,I14-4.5.1-Iand I14-4.7.6-I..

This Amendment Consistsof:

P. NO. SHORT TITLE CONTRACTORSSM NASA SSM
P2-400 H2 and 02 Tank lltr.Pwr. Dissipation H. Horii R. Rice

P2-401 Inflight Battery Charging Cutoff H. Horii B. Bragg
P2-402 VHF Ranging Sys. Bias Error C. Zamenick P. Shores

....... P2-403 SPS Thrust Transients H. Gallanes J. Wood

S_ Ahnv_ See Above
CONTRACTORSUBSYSTEM CbNTI_ACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE
II

NASA COMMENTS .._'_ ...

See Above "CHAIIGEAUTHORITY PD4 EXT_/_,NASASUBSYSTEM

APPROVALPHONE (__ #_:_.
#_HIE APPROVAL, J. R. SEVIER,

F, OPERATIONS ANALYSIS BR.

' _________7"3--
DATE

..f

HSC FORM 1794 (AUG 69) REV 2



DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

_" SNA-B-D-027

VOLUMEJL__ PART 1 DATE 9/1 /72

AMENDMENT 102 PAGE 1 OF 18
i i

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION Remove pages3.11-10,3.11-10.1,4.1-82,4.1-82.1,
4.2-5,4.2-6, ll4-1.

Insertnew or revisedpages 3.11-10,3.11-10.1,4.1-82,4.1-82.1,4.2-5,
4.2-6,ll4-1,I14-2.0-I,I14-2.0-2,I14-3.1.6-I,I14-3.1.6-2,I14-4.2.1-I,
I14-4.2.1-2,I14-4.2.1-3,I14-4.2.3-Iand I14-4.2.3-2.

This AmendmentConsistsof:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM ,
PI-303 Cryo H2 Tank Press-Temp Limit R. Lusk Ecord/Taylor/Joslyn
P2-398 SIM CommTemperature Limit P. Merhoff Taylor/Joslyn/

Johnson/Ensley
P2-404 Inverter Hot-Spot Temperature H. Horii Taylor/Hendrix/Joslyn

_-- P2-405 ECS GlycolAccu Calibration J. Stevenson D. Hughes

P2-406 CSM-II402 Supply Restrictor J. Stevenson D. Hughes
Performance

P2-407 Cabin PressureReliefValve J. Stevenson D. Hughes
Upper Limit

P2-408 CSM-II4Configuration D. Patterson R. Morton

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above "_
NASA SUBSYSTEM / /_'%_} //x.M_...._dh J
APPROVAL CHANGEAUTHORITY _PD4' (J
PHONE PHONE L/_,_.., ..

- . / •

, ASP_ROVAL, J. R. SEVIER, -
Cm_ZF,OPERATIONSANALYSISBRANCH

DATE

MSC FORM 1794 (AUG 69) REV 2



-- DATA CHANGENOTIFICATIONFORM
CSM/LMSPACECRAFTOPERATIONALDATA BOOK

SNA-B-D-O27

VOLUMEJ__L__ PART i °ATE 9/13/72

AMENDMENT 103 PAGE 1 OF 20
i i i

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION Remove pages ll4-1,11¢-4.1.3-I

Insertnew or revisedpages ll4-1,I14-4.1.3-I,I14-4.1.6-Ithrough
I14-4.1.6-16

This AmendmentConsistsof:
P. NO. SHORTTITLE CONTRACTORSSM NASA SSM
P2-409 CSM-II4OxygenConsumption J. Stevenson D. Hughes
P2-41O CSH-ll4MEEL D. Hafner J. Mistrot

See Above See Above

CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS _./_
I" 1 J -f/" /

k
See Above CHANGEAUTHORITY PD4 .)

,ASASU S S ,M .,.APPROVAL

PHONE
J ASPO APPROVAL,J.-R. SEVIER,
f CHIEF,OPERATIONSANALYSISBR.

p

DATE//_

MSC FORM 1794 (AUG 69) REV 2



5

" DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-8-D-027

VOLUME J PART 1 DATE 9/29/72

AMENDMENT104 PAGE 1 OF 25

I

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION

Re,lovepage ll4-1.

Insert new or revised pages ll4-1, Ii4-4.6.1-Ithrough I14-4.6.1-22.

This A_lend_entConsists of:
P. I_O. SHORT TITLE CONTI_CTOR SSI,I NASA SSII

PI-304 Guidance Computer Erasable Memory NASA Data Source J. llartin
• Constants

See Above _]ASAData Source
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

h

See Above ./, ' ]
NASASUBSYSTEM _'i,_._;dj<C".- ,I -_.
APPROVAL CHAN_GEAUTHOR!TY J P'_D4

, ASP-'_'OAPPROVAL,-J. R. SEVIER,
"- _ CHIEF, OPERATIONSANALYSIS BRANCH

DATE _/T_//7"_



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-B-D-027

VOLUME I PART 1 DATE 1O/6 / 72
I

PAGEi OF22
AMENDMENT I0..5

i i i

,mmI

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION llemove pages 3.11-5, 3.11-6, 4.3-I, 4.3-2 and 114-I.

Insert new or revised pages 3.11-5, 3.11-6, 4.3-I, 4.3-2, 114-I, 114-3.3.6-I,
114-3.3.6-2, 114-3.3.8-I, 114-3.3.8-2, I14-3.4.4-I, 114-3.4.4-2, 114-3.4.4-3,
114-3.5.4-I, 114-3.5.4-2, 114-3.5.4-3, I14-3.5.10-I, 114-3.5.10-2, 114-3.11.1-I,
114-3.11.1-2 and 114-3.11.1-3.

This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSH [IASA SSII
PI-306 Press-Temp Limits SII RCS& CMRCS NASAData Source Ecord/Taylor/

& SPS Tanks Joslyn
PI-307 Apollo 17 Thermal Limits NASAData Source Ecord/Taylor/Joslyn
PI-308 SMRCS, SPS, Helium & GH2 Limits NASAData Source R. I1orton
P2-413 SH RCS Propellants J. Taggart D. lleary

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASACOMMENTS

/

SeeAbovo J
NASA SUBSYSTEM / C".-_'_/C,- .,/ _'.,'_'J'_._,
APPROVAL CHANGE AUTHORITY ._D4" /

PHONE _ _7/_/_"/'/

, _PPROVAL, a ° R. SEVlER,

_FCHIEF $ OPERATIONS ANALYSIS _RANCH

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE I0/I7/72
" L

AMENDMENT 106 PAGE 1 OF 2 8

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION

Remove pages 114-1o

Insert new or revised pages 114-I, 114-3.8.3-I, 114-4.5.1-2 through
114-4.5,1-25.

This Amendment Consists of:
P, NO. SHORT TITLE COMTRACTOR SSI.I NASA SSI.I
PI-305 Entry Phase DecelerationLoads NASA Data Source Drexel/Henderson

-_ PI-309 SPS Preflight Performance Prediction NASAData Source J. Wood

See Above See Above

CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/ *
/ !

See Above J j // _ /
NASA SUBSYSTEM _, ,_ _J._/-//.>_Z____
APPROVAL "_G__ AUTHORI/TY ]_D4 (]

PHONE-. I-'_c.._PHONE

/A_SPOAPPROVAL,d. R. SEVIER,

/_HIEF, OPERATIONSANALYSIS BRANCH

DATE "4

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-B-D-027

VOLUME I PART i DATE I0/27/72

AMENDMENT l0 7 PAGE 1 OF__I1
ii i

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION

Remove pages ll4-1, I14-2.0-I,and I14-2.0-2.

Insert new or revised pages ll4-1, 114-2.0-Ithrough I14-2.0-4, and ll4-3.11.4-1
through I14-3.11.4-4.

This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSM NASASSI.I
P2-411 SIH Thermal Data (EVA) P. Merhoff Taylor/Joslyn
P2-412 SIH Bay Alignment CSM-II4 J. Potts G. Sanders

See Above See Above
CONTRACTOR SUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/ . "

See Above _____ _ _/// I
NASA SUBSYSTEM I /
APPROVAL -'

_HAITGEAUTHORITY 'PD4'"
PHONE PHONE _/_C_-/_ 7 "

' _,, 0 APPROVAL,J-. R: _EVIER
w,H,CHIEF,OPERATIONSANALYSIS BRANCH

•_ DATE J___...

MSC FORM-1794 (AUG 69) REV 2



DATACHANGENOTIFICATIONFORM
-" CSM/LMSPACECRAFTOPERATIONALDATA BOOK

SNA-B-D-027

VOLUMEI__L__PART i DATE ]1/ 8 172

AMENDMENT 108 PAGE1 OF 18i

I

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION

Removepages 4.2-5, 4.2-6, 4.2-43, 4.2-44, I14-4.1.6-5 through 114-4.1.6-16.

Insert new or revised pages 4.2-5, 4.2-6, 4.2-43, 4.2-44, 114-4.1.6-5 through
114-4.1.6-16.

This AmendmentConsists of:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
P2-414 CSM-II4 MEELUpdate D. Hefner J. Mistrot
P2-415 CMHatch Pressure Equalization J. Stevenson Hughes/

--- Valve White

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASACOMMENTS

See Above / /

NASA SUBSYSTEM .. 9 ,

AUTHORITJ_i_ 4 (]/

PHONE PJ_{)NE-_ _/_ _ "-) . .

.,_IKO APPROVAL,J. R. SEVIER,
_v_/_HTEF,OPERATIONS ANALYSlSBRANCH

DATE

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

SNA-B-D-027

VOLUME I PART 1 DATE11 1211 72
L " HU

AMENDMENT109 PAGE1 OF..,34

SHORTTITLE OF CHANGE See Below

CHANGEDESCRIPTION

Remove pages 114-I, 114-4.1.3-I, 114-4.1.6-15, 114-4.1.6-16, 114-4.6.1-I
through 114-4.6.1-22.

Insert new or revised pages 114-I, 114-4.1.3-I through 114-4.1.3-5,
114-4.1.6-15", 114-4.1.6-16", 114-4.6.1-I through 114-4.6.1-24.

*Reprint due to printing error.

ThisAmendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
PI-310 Cryogenic Tank Characteristics C. Bouman F. Plauche
PI-311 LM IMU Align from CSMIMU J. Robert P. Shaffer

_- PI-312 Final CMCE-Load NASAData Source J. Nartin

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

SeeAboveNASASUBSYSTEM
APPROVAL CHA_E AUTHO

PHONE ._ ,_..__._.,__..__j_

, _PO APPROVAL,J. R. SEVIER,/_CHIEF, OPERATIONSANALYSIS BRANCH

.- / /

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFTOPERATIONALDATA BOOK

- SNA-8-D-027

VOLUME I PART 1 DATEI1/28/72
i ii IL

AMENDMENT 110 PAGE I OF 8

' ' "_ "' I III I I IIII I rll i i

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION

Remove pages 4.2-I, 4.2-2, 4.2-5, 4.2-6, 4.2-47 and 4.2-48.

Insert new or revised pages 4.2-I, 4.2-2, 4.2-5, 4.2-6, 4.2-47 and 4.2-48.

This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
P2-399R2 Oxygen Enrichment After J. Stevenson D. Hughes

Orbital Insertion

)--.

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

/ / ")
/ / /

See Above ..-J . / ×_ " i

NASA SUBSYSTEM _ s_<_/,,f/#/.I. iy ',_--- /CHANGEALITHO_TY PD4

APPROVAL __'_

, PHONE

_O_APPROVAL, d. R. SEVIER,
'" _HIEF, OPERATIONS ANALYSIS BRANCH

DATE ," 7_,_ _7_ '_'_

MSC FORM 1794 (AUG 69) REV 2



DATA CHANGE NOTIFICATIONFORM
CSM/LM SPACECRAFT OPERATIONALDATA BOOK

SNA-8-D-027

VOLUME I PART 1 DATE11/30/72
g

' AMENDMENT,,,I11 PAGE 1 OFI3

SHORT TITLE OF CHANGE See Below

CHANGE DESCRIPTION

Remove pages ll4-1, I14-4.2.3-Iand I14-4.2.3-2.

Insert new or revised pages ll4-1, I14-4.2.3-Ithrough I14-4.2.3-10.

This Amendment Consists of:
P. NO. SHORT TITLE CONTRACTOR SSM NASASSM
PI-313 Glycol EvaporatorTemperatures NASA Data Source Hughes/Joslyn

._ Predictionfor Apollo 17

See Above See Above
CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL. APPROVAL

PHONE PHONE

NASA COMMENTS

See Above _f _/_/
NASASUBSYSTEM

_TITA_GF_UTH_ICYf PD6 C--
APPROVAL PHO_/ _f_2./ 17 > i-

PHONE / _ S/____
/z_ APPROVAL,_. R. SEVIER, L/

' _rL_ CHIEF, OPERATIONSANALYSlS BRANCH

r °ATE
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DATA CHANGE NOTIFICATIONFORM
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VOLUME J PART 1 DATE12/5 /72
u •

PAGE I OF6
_i_NDMENT112

I__ ' _J_IIm_- .... ---ii

SHORT TITLE OF CHANGE See Below

CHANGEDESCRIPTION

Remove pages I14-4.2.3-Iand I14-4.2.3-2

Insert new or revised pages I14-4.2.3-I,I14-4.2.3-2,I14-4.2.3-IIand
I14-4.2.3-12
This Amendment Consists of:
P. NO. SHORTTITLE CONTRACTORSSM NASASSM
PI-3i4 Glycol Evaporator Contingency NASAData Source Hughes/Joslyn

Mission Data

See Above See Above

CONTRACTORSUBSYSTEM CONTRACTORMANAGEMENT
APPROVAL APPROVAL

PHONE PHONE

NASA COMMENTS

See Above

NASA SUBSYSTEM CHANGE AUTHORITY PD4
APPROVAL PHONE -- _,.-

. PHONE I' ,._'_ '_?'_E_

, -_- ASP6"APPROVAL,J.R.SE_IE_,
o CHIEF, OPERATIONS ANALYSIS BRANCH

/ ""/ /DATE ''_ '_

/
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