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4. 7. 1. 1 External 6 V (LGC P30, AEA Revision 10, dated 16 April 1968 

410 + 50000) and LM / AGS Operating Manual, ;,f P 3, 

dated May 1968 

4.7.1.2 Co-elliptic Sequence Initiation Revision 10, dated 13 February 1968 

(LGC P32, AEA 410 + 10000) and LM/ AGS Operating Manual, FP 3, 

dated May 1968 

• 
4. 7. 1. 3 Constant 6 Altitude (LGC P33, Revision 14, dated 13 February 1968 

AEA 410 + 20000) and LM/ AGS Operating Manual, FP 3, 

dated May 1968 

4. 7. 1. 4 Transfer Phase Initiation Revision 12, dated 30 January 1968 

(LGC P34, AEA 410 + 40000) and LM/ AGS Operating Manual, FP 3, 

dated May 1968 

4. 7. 1. 5 Transfer Phase Midcourse Revision 11, dated 13 February 1968 

(LGC P 35, AEA 410 + 40000) and LM/ AGS Operating Manual, FP 3, 
dated May 1968 

4. 7. 2. 1 Rendezvous Out-of-Plane Display Revision 06, dated 29 November 1967 
Routine (R36) 

4. 7. 2. 2 Target 6 V Routine (R32) Revision 06, dated 6 March 1968 

4. 7. 3. 1 AGS Out-of-Plane Maneuver LM / AGS Operating Manual, FP 3, 
dated May 1968 

4. 7. 3. 2 AGS Orbit Insertion LM / AGS Operating Manual, FP 3, 
dated May 1968 

• 4. 8. 1. 1 Ground Track Determination Revision 09, dated 27 November 1967 
Program (P21) 

4. 8. 1. 2 Orbit Parameter Display (PGNCS Revision 08, dated 28 November 1967 
R30 and AGS) and LM / AGS Operating Manual, FP 3, 

dated May 1968 

• 
4. 8. 2. 1 LM Rendezvous Navigation Program Revision 12, dated 5 March 1968 

(P20) 
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Program SUNDANCE: 

4. 8. 2. 2 AGS Manual Rendezvous Radar LM LM / AGS Operating Manual, FP 3, 
State Vector Update dated May 1968 • 4. 9. 1. 1 IMU Orientation Determination Revision 14, dated 27 November 1967 
Program (P51) 

4. 9. 1. 2 IMU Realign Program (P52) Revision 17, dated 27 November 1967 

4. 9. 2, 1 PGNCS / AGS Align LM / AGS Operating Manual, FP 3, 
dated May 1968 

4. 10. 1 DPS Thrust Program (P40) With Revision 20, dated 16 April 1968 and 
AGS Follow Up/In Control LM / AGS Operating Manual, FP 3, 

dated May 1967 

4. 10. 2 APS Thrust Program (P42) With Revision 19, dated 16 April 1968 and 
AGS Follow Up/In Control LM / AGS Operating Manual, FP 3, 

dated May 1968 

4. 10. 3 RCS Thrust Program (P41) With Revision 16, dated 16 April 1968 and 
AGS Follow Up/ In Control LM / AGS Operating Manual, FP 3, 

dated May 1968 

4.10.4 Thrust Monitor Program (P47) Revision 09, dated 15 April 1968 • 4. 10. 5 AGS RCS Axis-by-Axis Thrust LM / AGS Operating Manual, FP 3, 
dated May 1968 

4. 12. 8 AGS FITH LM / AGS Operating Manual, FP 3, 
dated May 1968 
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FOREWORD 

Volume TI of the Apollo Operations Handbook contains the flight crew 
operational procedures for LM 4. Changes to this document will be sub
mitted through MSC CF / 22. GAEC changes will show justification and 
authorization, .and will be submitted to Crew Systems for approval. A 
s_j.milar publication will be prepared for each manned lunar module. 

Volume II consists of normal backup, abort, malfunction, and emer
gency procedures. Normal procedures are used when all subsystems are 
operating normally. Backup procedures are used to accomplish the 
objectives of the normal procedures, when equipment failure or other 
anomaly prevents use of the normal procedures. Abort procedures cover 
crew activity for abort modes. Malfunction procedures provide symptoms, 
diagnoses, and corrective actions for subsystem malfunctions. Emer
gency procedures deal with situations that require immediate action to 
avoid or alleviate a hazardous condition. 

Volume I of the Apollo Operations Handbook is bound separately. It 
describes the LM 4 subsystems and equipment . 
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INTRODUCTION . 

The tasks in this section are presented in numerical sequence. They are further organized, by subgroups, into related functions. The 
following paragraphs explain the tabular format . 

The "CREWMAN" column indicates which crewmember is assigned to perform the specific procedure. The 
following abbreviations are used in this column: CDR (Commander), LMP (LM Pilot), and CMP (Command 
Module Pilot). 

The "PNL" column indicates the location of a particular control or display, by panel number or equipment 
designation. The following equipment designations are used in this column: ECS (ECS module), PGA 
(pressure garment assembly), AOT (alignment optical telescope), ACA (attitude controller assembly), and 
TTCA (thrust/translation controller assembly). (The panels and ECS module are shown in figures E-1 and E-2.) 

The "PROCEDURES" column contains groups of steps, or overall tasks, involved in performing a complete 
operation. 

The "REMARKS" column provides the rationale that supports the adjacent step and the operational procedure. 
The scope of the rationale will increase as the operational procedures are refined through continued application 
by the flight crew during mission simulation, using Apollo evaluators and simulators. 

Controls and displays are identified by their respective placards. Lengthy placards have been shortened herein. The following 
abbreviations are used for controls and displays. 

• 

caut lt . . . . . • • • • . • . • . . • • • • . • • . . • • • . caution annunciator 
CB . • • • . • • • • • • • • • • • . • • • • . . . . . . . . . d-c circuit breaker 
CB/AC . . . . . . . . . . . . . . . . . . . . . . . . . . . a-c circuit breaker 
comp caut lt . . . . . . . . . . . . . . . . . . . . . . . . component caution light 
cont . . . . . . . . . . . . . . . . . . . . . . . . . . . . . continuous rotary control 
ind . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . meter, gage, or digital display 
ind pwr fail lt . . . . . . . . . . . . . . . . . . . indicator power failure light 
ind pwr/sig fail lt . . . . . . . . . . . . . . . . . indicator power/signal failure light 
lt . . . . . . . . . . . . . . . . . . . . . . . . . . . . light 
pb . . . . . . . . . . . . . . . . . . . . . . . . . . . . pushbutton switch (except pushbutton/light) 
pb/lt . . . . . . . . . . . . . . . . . . . . . . . . . pushbutton/light 
sel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . detent rotary switch 
sw . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . toggle switch 
tb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . talkback 
tw 
vlv 

thumbwheel control 
manually operated valve 

warn lt . . . . . . . . . . . . . . . . . . . . . . . . . . . warning annunciator 
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PROCEDURES REMARKS 

4.1 PRELAUNCH CLOSEOUT CHECK 

ri'he prelaunch closeout check is performed by a backup flight crew. It is assumed that a complete prelaunch checkout, including stowage 
pf loose gear, has been performed by ground support personnel before the backup flight crew enters the LM . 

1. All CB' s - open, except: All tb' s indicate no-power condition. 
CB HTR: 

RNDZ RDR STBY - close 
LDG RDR - close 

CB LTG: ANUN/OOCK/COMPNT - close 
CB PGNS: IMU STBY - close 
CB EPS: 

BAT FEED TIE (2) - close 
CROSS TIE BAL LOADS - close 
DES ECA CONT - close 
DES ECA - close 
DC BUS VOLT - close 

2. DES PROPUL: 
FtrEL VENT sw - center ; tb - bp 
OXID VENT sw - center ; tb - bp 

ED: 
DES PRPLNT ISOL VLV sw - SAFE 
MASTER ARM sw - OFF 
DES VENT sw - SAFE 
ASC He SEL sw - BOTH 
LDG GEAR DEPLOY sw - SAFE, tb - bp 
RCS He PRESS sw - SAFE 
DES START He PRESS sw - SAFE 
ASC He PRESS sw - SAFE 
STAGE sw - SAFE (guarded) 
STAGE RELAY sw - OFF 

AUDIO: 
S BAND T/R sw - OFF 
ICS T/R sw - OFF 
RELAY ON sw - RELAY OFF 
S band VOL tw - TBD* *Optimum setting, based on levels to be determined during 
JCS VOL tw - TBD* OCP activities. 
MODE sw - JCS/PTT 
AUDIO CONT sw - NORM 
VHF A sw - OFF 
VHF B sw -OFF 
VOX SENS tw - TBD* 
VHF A VOL tw - TBD* 
VHF B VOL tw - TBD* 
MASTER VOL tw - TBD* 

COAS sw -OFF 
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TTCA 14. 

5 5. 

ACA 16. 

1 17. 

• 

PROCEDURES REMARKS 

PRELAUNCH CLOSEOUT CHECK (cont) 

ORDEAL panel: 
FDAI 1 sw - INRTL 
FDA! 2 sw - INRTL 
EARTH/LUNAR sw - PWR OFF 
LTG sw - OFF 
MODE sw - HOLD/FAST 
SLEW SW - center 
ALT SET cont - TBD nm 

THROTTLE/JETS cont (CDR) - JETS 
Throttle friction cont (CDR) - TBD* 

DES RATE sw - center 
Eng STOP pb/lt - reset (flush - guarded) 
Eng START pb/lt - reset (flush) 
+X TRANSL pb - reset (flush) 
MSN TMR: 

TMR CONT sw - STOP 
SLEW CONT HOURS sw - center 
SLEW CONT MIN sw - center 
SLEW CONT SEC sw - center 

LTG: 
OVERRIDE ANUN sw - OFF 
OVERRIDE NUM sw - OFF 
OVERRIDE INTEGRAL sw - OFF 
SIDE PANELS sw - OFF 
FLOOD cont - BRIGHT 
ANUN/NUM cont - DIM 
INTEGRAL cont - DIM 

PTT pb (CDR) - not depressed 

X POINTER SCALE sw - HI MULT 
MASTER ALARM pb/lt - reset (flush) 
RATE/ERR MON sw _:_LDG RDR/ CMPTR 
ATTITUDE MON sw - PGNS 
SHFT/TRUN ~sw - +50° 
RATE SCALE sw - 25° /SEC 
ACA PROP sw - ENABLE 
ENG THR CONT: 

THR CONT sw - AUTO 
MAN THROT sw - CDR 
ENG ARM sw - OFF 
X TRANSL sw - 2 JETS 
BAL CPL sw - ON 

• • • • 



0, 
0 
"' ;:;· 
0 
0 
CD 

..... 
C11 

i 
..... 
<J:> 
a, 
00 

() 
::r 
0 
:, 

co ., 
0 
0 
CD 

'!'" 
..... 
I 

c., 

• 
CREW- PNL 
MAN 

4.1 

1 

3 8. 

• 
PROCEDURES 

PRELAUNCH CLOSEOUT CHECK (cont) 

ASC He REG 1 sw - center ; tb - gray 
ASC He REG 2 sw - center; tb - gray 
DES He REG 1 sw - center ; tb - gray 
DES He REG 2 sw - cente r ; tb - bp 
PRPLNT QTY MON sw - OFF 
PRPLNT TEMP/ PRESS MON sw - DES 2 
HELIUM MON sel - OFF 
ABORT pb - reset (flush - guarded) 
ABORT STAGE pb - reset (flush - guarded) 
RNG/ ALT MON sw - RNG/RNG RT 
MODE SEL sw - PGNS 
GUID CONT sw - PGNS 

ENG GMBL sw - OFF 
DES ENG CMD OVRD sw - OFF 
RADAR: 

LDG ANT sw - AUTO 
TEST sw - OFF 
TEST / MON sel - ALT XMTR 

RNDZ RADAR: 
SLEW RATE sw - HI 
SLEW sw - center 

RNDZ RADAR sel - AUTO TRACK 
S/C: 

DEAD BAND sw - MIN 
GYRO TEST ROLL sw - ROLL 
GYRO TEST POS RT sw - OFF 
ROLL sw - MODE CONT 
PITCH sw - MODE CONT 
YAW sw - MODE CONT 
PGNS sw - OFF 
AGS sw -OFF 
IMU CAGE sw - OFF 

HTR CONT: 
TEMP MON sel - RNDZ RADAR 
RCS SYS A/B 2 QUAD 1 sw - OFF 
RCS SYS A/B 2 QUAD 2 sw - OFF 
RCS SYS A/B 2 QUAD 3 sw - OFF 
RCS SYS A/B 2 QUAD 4 sw - OFF 

EVNT TMR: 
RESET/COUNT sw - DOWN 
TMR CONT SW - center 
SLEW CONT MIN sw - center 
SLEW CONT SEC SW - center 

• • • 
REMARKS 
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tl.2. 

PROCEDURES REMARKS 

PRELAUNCH CLOSEOUT CHECK (cont) 

LTG: 
SIDE PANELS sw - OFF 
FLOOD sw - OFF 
FLOOD cont - BRIGHT 
LAMP/TONE TEST s e l - OFF 
EXT ERIOR LTG sw - DOCK 

X POINT ER SCALE sw - HI MULT 

ACA/4 J ET sw (CDR) - DISABLE 
TTCA/TRANSL sw (CDR) - DISABLE 
ACA/4 JE T sw (LMP) - DISABLE 
TTCA/ TRANSL sw (LMP) - DISABLE 

Azimuth cont - CL 
Eye guard assembly & density filter - removed 
MARK X pb - not depressed 
MARK Y pb - not depressed 
REJECT pb - not depressed 

RCS: 
SYS A ASC FEED 1 & 2 sw - center 
SYS A ASC FUEL tb - bp For no-power condition, ASC FUEL and ASC OXID tb - bp 
SYS A ASC OXID tb - bp indicates that ascent propellant lines are isolated from RCS 
SYS B ASC FEED 1 & 2 sw - center propellant lines . Specifically, the tb ' s indicate that secondary 
SYS B ASC FUEL tb - bp fuel and oxidizer interconnect valves are closed while primary 
SYS B ASC OXID tb - bp fuel and oxidizer valves are open. For no-power condition, 
SYS A QUAD 1, 4, 2, & 3 sw - center; tb - gray SYS A and B QUAD 1, 2, 3, and 4 tb' s are indicative of valve 
SYS B QUAD 1, 4, 2, & 3 sw - center; tb - gray position . These valves are actually closed. 
CRSFD sw - center; tb - bp 
SYS A MAIN SOV sw - center ; tb - gray 
SYS B MAIN SOV sw - center ; tb - gray 
TEMP/PRESS MON sel - He 

RCCA sw - OFF/RESET 
ACA PROP sw - ENABLE 
MASTER ALARM pb/lt - reset (flush) 
RATE/ERR MON sw - LDG RDR/CMPTR 
ATTITUDE MON sw - AGS 
GYLCOL sel - PUMP 1 
SUIT FAN sel - OFF 
O2/H2O QTY MON sel - ASC 2 

THROTTLE/ JETS cont (LMP) - JETS 
Throttle friction cont (LMP) - TBD* *Optimum setting, based on levels to be determined during 

OCP activities. 

• • • • 
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PROCEDURES 

PRELAUNCH CLOSEOUT CHECK (cont) 

Eng STOP pb/lt - reset (flush - guarded) 
AGS STATUS sw - OFF 

PTT pb (LMP) - not depressed 

All CB' s - open, except: 
CB LTG: FLOOD - close 
CB S/ C: ASA - close 
CB HTR: S BD ANT - close 
CB EPS: 

DC BUS VOLT - close 
DES ECA - close 
DES ECA CONT - close 
CROSS TIE BAL LOADS - close 
BAT FEED TIE (2) - close 

EPS: 
ED VOLTS sw - OFF 
POWER/TEMP MON sel - ED/OFF 
INVERTER sw - OFF 
SE BAT 1 HI & LOW VOLT sw - center ; tb - bp 
SE BAT 2 HI & LOW VOLT sw - center ; tb - bp 
CDR BAT 3 HI & LOW VOLT sw - center ; tb - bp 
CDR BAT 4 HI & LOW VOLT sw - center ; tb - bp 
DES BATS sw - center ; tb - bp 
BAT 5 NORMAL SE FEED sw - center; tb - bp 
BAT 5 BACK UP CDR FEED sw - center ; tb - bp 
BAT 6 NORMAL CDR FEED sw - center ; tb - bp 
BAT 6 BACK UP SE FEED sw - center ; tb - bp 

COMM: UPLINK SQUELCH sw - OFF 

UP DATA LINK sw - OFF 
AUDIO: 

AUDIO CONT sw - NORM 
S BAND T/ R sw - OFF 
ICS T/ R sw - OFF 
RELAY ON sw - RE LAY OFF 
S band VOL tw - TBD* 
ICS VOL tw - TBD* 
MODE sw - !CS/ P TT 
VHF A sw - OFF 
VHF B sw - OFF 
VOX SENS tw - TBD* 
VHF A VOL tw - TBD* 
VHF B VOL tw - TBD* 
MASTER VOL tw - TBD* 

• • 
REMARKS 

*Optimum s etting, based on levels to be determined during 
OCP activities. 

• 

► 'V 
0 ,.. ,.. 
0 

~i 
"'► :Ill' .... 
► ,o ::::!o 
O' z':" "' ,.. 
:z: ~ 
►• z 
C 
11111 
0 
0 
jllli 



..... 
CJ1 

"-< g. 
..... 
'° O> 
(X) 

(') 
J 
C 
::, 
co 
~ 

0 
C 
;-

"'0 
C 
co 
~ 

!"" 
..... 
I 

O> 

CREW- PNL 
MAN 

4.1 

12 

18. 

ECS 19. 

• 

PROCEDURES 

PRELAUNCH CLOSEOUT CHECK (cont) 

COMM: 
S BAND MODULATE sw - PM 
S BAND XMTR/RCVR sw - OFF 
S BAND PWR AMPL sw - OFF 
S BAND VOICE sw - OFF 
S BAND PCM sw - OFF 
S BAND RANGE sw - OFF/RESET 
VHF A XMTR sw - OFF 
VHF A RCVR sw - OFF 
VHF B XMTR sw - OFF 
VHF B RCVR sw - OFF 
TLM BIOMED sw - OFF 
TLM PCM sw - LO 
VHF A SQUELCH tw - TBD* 
VHF B SQUELCH tw - TBD* 
RECORDER sw - 0 FF 
RECORDER TAPE tb - bp 

COMM ANT: 
VHF sel - AFT/PLSS TEST 
TRACK MODE sw - OFF 
PITCH cont - +255° 
YAW cont - -30° 
S BAND sel - AFT 

Ovhd floodlights (CDR & LMP) - rotate aft 
CDR & LMP UTILITY LIGHT sw - OFF 

SUIT GAS DIVERTER vlv - PULL EGRESS 
CABIN REPRESS vlv - CLOSE 
PLSS FILL vlv - CLOSE 
PRESS REG A vlv - CLOSE 
PRESS REG B vlv - CLOSE 
DES 02 vlv - CLOSE 
#1 ASC 02 vlv - CLOSE 
#2 ASC 02 vlv - CLOSE 
SUIT ISOL vlv (CDR) - SUIT FLOW 
SUIT ISOL vlv (LMP) - SUIT FLOW 
ASC H2O vlv - CLOSE 
SEC EVAP FLOW vlv - CLOSE 
PRIM EVAP FLOW NO. 2 vlv - CLOSE 
DES H2O vlv - CLOSE 
PRIM EVAP FLOW NO. 1 vlv - CLOSE 
WATER TANK SELECT vlv - DES 

• 

REMARKS 
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PROCEDURES 

PRELAUNCH CLOSEOUT CHECK (cont) 

SUIT TEMP vlv - COLD 
Cabin temp vlv - NORM 
CABIN GAS RETURN vlv - AUTO 
SUIT CIRCUIT RELIEF vlv - AUTO 
CO2 CANISTER SEL vlv - PRIM 
PRIM CO2 CANISTER - CLOSE 
SEC CO2 CANISTER - CLOSE 
WATER SEP SEL vlv - PULL SEP 2 
Cabin relief & dump vlv (ovhd) - AUTO 
Cabin relief & dump vlv (fwd) - AUTO 

• • • 
REMARKS 
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PROCEDURES REMARKS 

4.2 SUBSYSTEM ACTIVATION 

Subsystem Activation consists of tasks performed by the crew to turn on & check the LM subsystems . 

-4.2.1 INITIAL ENTRY STATUS CHECK Assumptions: (1) CSM has initiated power transfer to LM via 
docking tunnel electrical umbilicals. (2) LMP Intra-vehicular 
Transfer to LM (para 4.14 .1) has been performed. 

All 10 ind pwr fail lts - on due to power transfer: 
X- pointer (2) 
RNG/ALT 
THRUST 
MPS: PRESS 
RCS: PRESS 

QUANTITY 
ECS: PRESS 

GLYCOL 
QUANTITY 

C/W PWR caut lt - on 

1. All CB's - open, except: 
CB HTR: 

RNDZ RDR STBY - close 
LDG RDR - close 

CB LTG: ANUN/ DOCK/ COMPNT - close 
CB PGNS: IMU STBY - close 
CB EPS: 

BAT FEED TIE (2) - close 
CROSS TIE BAL LOADS - close 
DES ECA CONT - close 
DES ECA - close 
DC BUS VOLT - close 

2. All CB's - open, except: 
CB L TG: FLOOD - close 
CB S/ C: ASA - close 
CB HTR: S BD ANT - close 
CB EPS : 

DC BUS VOLT - close 
DES ECA - close 
DES ECA CONT - close 
CROSS TIE BAL LOADS - close 
BAT FEED TIE (2) - close 
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PROCEDURES 

4.2.2 EPS ACTIVATION & CHECKOUT 

1. 

2. 

3. 

4. 

ANUN/ NUM cont - adjust 
CB RCS SYS B: QUAD 1, 2, 3, 4 TCA - close 
CB EPS: DISP - close 
XLUNAR BUS TIE - close 
CB INST: 

SIG SENSOR - close 
PCM/ TE - cl ose 
SIG CONDR 2 - cl ose 

CB RCS SYS A: QUAD 4, 3, 2, 1 TCA - close 
CB EPS: XLUNAR BUS TIE - close 
CB INST: SIG CONDR 1 - close 
EPS: 

SE BAT 1 & 2 tb - LO 
CDR BAT 3 & 4 tb - LO 
DES BA TS tb - gray 
BAT 5 NORMAL SE FEED tb - bp 
BAT 5 BACK UP CDR FEED tb - bp 
BAT 6 NORMAL CDR FEED tb - bp 
BAT 6 BACK UP SE FEED tb - bp 

Check d-c bus voltage: 
EPS: 

POWER/ TEMP MON sel - CDR BUS 
VOLTS ind - 25. 0 to 32. 5 vdc 
POWER/ TEMP MON sel - SE BUS 
VOLTS ind - 25. 0 to 32. 5 vdc 

Activate RCS heaters : 
CB HTR RCS SYS A/ B 1: QUAD 1, 2, 3, 4 - close 
CB HTR RCS SYS A/ B 2: QUAD 1 , 2, 3, 4 - cl ose 
HTR CONT: RCS SYS A/ B 2 QUAD 1, 2, 3, 4 sw - AUTO 

CAUTION 

Do not proceed to step 4 if bus vol tage > 27 vdc . 
If bus vol tage> 27 vdc, continue E P S activation 
until bus vol tage ::::: 27 vdc, then perform step 4 . 

Turn on high voltage : 
EPS: 

SE BAT 1 LOW VOLT sw - OFF/ RESET; tb - bp 
SE BAT 1 HI VOLT sw - ON; tb - gray 

• • 

REMARKS 

All eight RCS Q UAD 1 , 2, 3, & 4 TCA cb' s must be closed 
before closing CB INST: CWEA to prevent erroneous RCS TCA 
warn l t - on , and a ll eight RCS: SYS A and B QUAD tb 's from 
indicating red. 

• • 
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• • 
PROCEDURES 

4.2.2 EPS ACTIVATION & CHECKOUT (cont) 

5. 

6. 

7. 

Repeat for SE BAT 2, CDR BAT 3, & CDR BAT 4 
POWER/ TEMP MON sel - BAT 1, 2, 3, 4 
VOL TS ind - 28. 0 to 32. 5 vdc (each battery) 

Complete EPS activation : 
CB/ AC BUS B: 

BUS TIE INV 2 - close 
BUS TIE INV 1 - close 

CB/ AC BUS A: 
BUS TIE INV 2 - cl ose 
BUS TIE INV 1 - close 
AC BUS VOLT - close 

CB EPS: INV 1 - close 
CB EPS: INV 2 - close 

Initial EPS check: 
EPS: 

POWER/ TEMP MON sel - AC BUS 
INVERTER sw - 1 
VOL TS ind - green band 
INVERTER sw - 2 
VOLTS ind - green band 
POWER/TEMP MON sel - SE BUS 
VOLTS ind - 28. 0 to 32 . 5 vdc 
POWER/ TEMP MON sel - CDR BUS 
VOLTS ind - 28. 0 to 32 . 5 vdc 
POWER/ TEMP MON sel - BAT 4 
VOLTS ind - 28. 0 to 32 . 5 vdc 
AMPS ind - TED 
Repeat for BAT 3, 2, 1 
POWER/ TEMP MON sel - ED/ OFF 
ED VOLTS sw - BAT A 
VOLTS ind - 35. 0 to 37 . 1 vdc 
ED VOLTS sw - BAT B 
VOLTS ind - 35.0 to 37.1 vdc 

CB EPS: INV 1 - open 

CAUTION 

Verify CB S/C : DECA PWR- close before CB 
INST; CWEA - close to prevent erroneous DES 
REG warnlt-on, and remaining on;and a false 
des eng arm TLMindication to MSFN. 

CB S/C : DECA PWR - close 

• • 
REMARKS 

CB EPS: INV 1 i s closed for checkout. Inverter draws power 
while this circuit breaker is closed. 

Green band represents 112 to 118 vac. 

Opening CB EPS: INV 1 prevents unnecessary power 
consumption. 

C/ W PWR caut lt - off 
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PROCEDURES 

EPS ACTIVATION & CHECKOUT (cont) 

CB INST: CWEA - close 

PRIMARY GLYCOL LOOP ACTIVATION 

ECS: 
PRESS ind pwr fail lt - on 
GLYCOL ind pwr fail lt - on 
QUANTITY ind pwr fail lt - on 
GLYCOL comp caut lt - on 

CB ECS: DISP - close 

ECS: 
PRESS ind pwr fail lt - off 
GLYCOL ind pwr fail lt - off 
QUANTITY ind pwr fail lt - off 
GLYCOL sel - PUMP 1 

CB ECS: 
GLYCOL PUMP 2 - close 
GLYCOL PUMP 1 - close 

GLYCOL PUMP AUTO TRNFR - close 

• 

REMARKS 

CWEA status indications are: 
CES AC warn lt - on 
CES DC warn lt - on 
DES REG warn lt - may go on 
PRE AMPS caut lt - on 
HEATER caut lt - on (if quad temp < 120° F) 
ECS caut lt - on (assuming ECS has not been activated) 
GLYCOL caut lt - on (if ECS: GLYCOL temp ind >50°F) 

Comp caut status indications are: 
H2O SEP comp caut lt - on 
GLYCOL comp caut lt - on 

MASTER ALARM pb/lt - off (because pnl 16 CB LTG: 
MASTER ALARM is not closed) 
Except for HEATER caut lt, these indications should not 
be regarded as malfunction symptoms. As subsequent tasks 
are performed, the caut and warn lts will go off. 

Primary glycol loop circulation starts, but primary 
sublimator has not been activated. 

• • • 
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PROCEDURES 

PRIMARY GLYCOL LOOP ACTIVATION (cont) 

ECS: 
GLYCOL press ind - 15 to 45 psia 
GLYCOL comp caut lt - off 

GLYCOL temp ind - < 60°F 

CIRCUIT BREAKER ACTIVATION 

X pointer ind pwr fail lt - on 
THRUST ind pwr fail lt - on 
MPS: PRESS ind pwr fail lt - on 
RNG/ ALT ind pwr/sig fail lt - on 
RCS: 

PRESS ind pwr fail lt - on 
QUANTITY ind pwr. fail lt - on 

X Pointer ind pwr fail lt - on 

All CB's - close, except: 
CB/ AC BUS B: 

S BD ANT - open 
AOT LAMP - open 

CB/ AC BUS A: 
AOT LAMP - open 
RNDZ RDR- open 

CB COMM: CDR AUDIO - open 
CB PGNS: 

LDG RDR - open 
RNDZ RDR - open 
IMU OPR - open 

• • • 
REMARKS 

GLYCOL comp caut lt - off when CB ECS: GLYCOL PUMP 1 -
close . 
If GLYCOL temp ind> 60° F, activate sublimator per para 

Primary sublimator requires minimum of 1200 BTU/ 4.2. 5. 
hr heat input to prevent freezing and bursting. If GLYCOL 
temp ind > 60° F, thermal inertia of vehicle provides sufficient 
heat input. 

Indicator power failure lights go off as circuit breaker for 
RNG/ ALT ind pwr/ sig associated indicator power is closed. 

fail lt remains on when CB FLT DISP: RNG/ RNG RT is 
closed due to lack of synchronization. 

Pwr Fail Lt 

X pointer 

THRUST ind 

MPS: PRESS ind 

RCS: PRESS ind 

RCS: QUANTITY ind 

X pointer 

Circuit Breaker 

CB FLT DISP: CDR X PNTR 

CB FLT DISP: THRUST 

CB PROPUL: TEMP/ PRESS DISP 
FLAGS 

CB RCS SYS B: TEMP/ PRESS 
DISP FLAGS 

CB RCS SYS B: PQGS/ DISP 

CB FLT DISP: SEX PNTR 
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PROCEDURES 

4.2.4 CIRCUIT BREAKER ACTIVATION {cont) 

CB EPS: 

3. 

4 . 

5. 

CROSS TIE BUS - open 
INV 1 - open 

DES PROPUL : 
FUE L VENT tb - bp 
OXID VENT tb - bp 

ED: LDG GEAR DEPLOY tb - bp 

THRUST ind pwr fail lt - off 
X pointer ind pwr fail lt - off 
MPS: PRESS ind pwr fail lt - off 

All CB's - close, except: 
CB LTG: MASTER ALARM - open 
CB S/ C: ATCA - open 
CB ECS: 

SUIT FLOW CONT - open 
SUIT/CABIN REPRESS - open 

CB COMM: 
SE AUDIO - open 
S BD ANT - open 
TV - open 

CB ECS: 
GLYCOL PUMP SEC - open 
CABIN FAN CONT - open 
CABIN REPRESS - open 

CB CAMR: SEQ - open 
CB EPS: Cross TIE bus - open 

6. Enable A TCA: 

• 

CAUTION 

Before cl osing CB S/C : ATCA, ensure : 
GUID CONT sw - PGNS 
S/C: PGNS sw - OFF 

AGS sw - OFF 
Verification of these controls precludes 
possible firing of RCS jets when CB 
S/ C: ATCA is closed . 
An alternate method of ensuring against 
inadvertent RCS jet firing is as follows: 

CB S/C: DECA PWR - open 
CB A/C BUS A: DECA GMBL- open 

• 

REMARKS 

SUIT FAN comp caut lt - on when CB ECS: SUIT FAN 6P is 
closed. 

When CB ECS: CABIN FAN CONT - open, there is an override 

of automatic deactivation of cabin fan, with PRESS REG A or 

PRESS REG B - EGRESS. 
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PROCEDURES 

4.2.4 CIRCUIT BREAKER ACTIVATION (cont) 

CB S/ C: ATCA - close 

7. 

CES AC warn lt - off 
CES DC warn lt - off 
PRE AMPS caut lt - off 

ASC He REG 1 tb - gray 
ASC He REG 2 tb - gray 
DES He REG 1 tb - gray 
DES He REG 2 tb - bp 

8. RCS: 
PRESS ind pwr fail lt - off 
QUANTITY ind pwr fail lt - off 
SYS A ASC FUEL tb - bp 
SYS A ASC OXID tb - bp 
SYS B ASC FUE L tb - bp 
SYS B ASC OXID tb - bp 
SYS A QUAD 1, 4 , 2, 3 tb - bp 
SYS B QUAD 1, 4, 2, 3 tb - bp 
SYS A MAIN SOV tb - gray 
SYS B MAIN SOV tb - gray 
CRSFD tb - bp 

X pointer ind pwr fail lt - off 

4.2.5 PRIMARY SUBLIMATOR ACTIVATION 

1. PRIM EVAP FLOW NO. 1 vlv - OPEN 

2. ECS: GLYCOL temp ind - monitor 

4.2.6 AOT LIGHTING CHECK 

CB/ AC BUS A : AOT LAMP - close 

• • • 
REMARKS 

RCS: ASC FUE L and ASC OXID tb's - bp does not represent 
actual valve status . RCS: QUADtb ' s - bp indicates valves 
closed . Specifically, the tb's indicate that secondary fuel 
and oxidizer interconnect valves are closed while primary fuel 
and oxidizer valves are open. 

Activated primary sublimator requires minimum of 1200 BTU/ 
hr heat input to prevent freezing and bursting. Previous circuit 
breaker activation supplies sufficient heat input . 

GLYCOL caut lt - off when ECS: GLYCOL temp ind decreases 
below 50° F. Time required is function of initial vehicle 
temperature, vehicle orientation, and glycol loop heat load. 
Periodically monitor ECS : GLYCOL temp ind to verify 
temperature is decreasing . 
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PROCEDURES 

AOT LIGHTING CHECK (cont) 

RETICLE BRIGHTNESS cont - deer, then incr; adjust as 
desired 

CB/AC BUS A : AOT LAMP - open 

COAS LIGHTING CHECK 

COAS sw - OVHD 

COAS brightness cont - dim, then bright 

COAS sw - OFF 

CAUTION 

To avoid damage to connectors, 
exercise care when mating or demating 
COAS. 

Remove COAS from overhead position 

Set COAS detent - LW 

lnstall COAS in forward position 

COAS sw - FWD 

COAS brightness cont - dim, then bright 

COAS sw - OFF 

Remove COAS from forward position 

Set COAS detent for overhead position 

lnstall COAS in overhead mounting position 

• • 

REMARKS 

RETICLE BRIGHTNESS cont is on AOT housing. Lights are in 
AOT. Reticle seen through AOT optics, legends on computer 
control reticle dimmer (CCRD), and angle counter should be 
illuminated . 
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PROCEDURES 

LIGHTING A CTI VA TION & CHECKOUT 

LTG: 
SIDE PANELS sw - ON 
FLOOD sw - OVHD/ FWD, then OFF, then ALL 
FLOOD cont - BRIGHT, then DIM, then adjust as desired 
EXTERIOR LTG sw - TRACK, then DOCK, then OFF 

LTG: 
FLOOD cont - BRIGHT, then DIM, then adjust as desired 
ANUN/NUM cont - BRIGHT, then DIM 
OVERRIDE ANUN sw - ON, then OFF 
OVERRIDE NUM sw - ON, t hen OFF 
ANUN/NUM cont - adjust as desired 
INTEGRAL cont - BRIGHT, then DIM 
SIDE PANELS sw - ON 
OVERRIDE INTEGRAL sw - ON, then OFF 
INTEGRAL cont - adjust as desired 

UTILITY LIGHTS ACTIVATION & CHECKOUT 

Remove both utili ty lights from stowage 

CDR UTI LITY LIGHT sw - OFF 
LMP UTILITY LIGHT sw - OFF 

Remove both receptacle dust caps from utility lights. 

WARNING 

Before utility light plugs are connected or 
disconnected, to avoid possible damage in 
mating or demating hot connector, set one 
or both controls as follows: 

CDR and LMP UTILITY LIGHT sw - OFF 
CB LTG: FLOOD (panel 16) - open 

Insert each utility light plug into utility light receptacle . 

CDR UTILITY LIGHT sw - BRIGHT, then DIM, then OFF 
LMP UTILITY LIGHT sw - BRIGHT, then DIM, then OFF 

Clamp each utility light at convenient location 

Panel s 5 or 3 (or both), 
(if desired) . 

• 
REMARKS 

LTG: SIDE PANE LS sw - OFF 
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PROCEDURES REMARKS 

CAUTION & WARNING ARRAY CHECKOUT 

CB INST: CWEA - open 
C/ W PWR caut lt - on C/ W PWR caut lt will remain on while CB INST: CWEA - open. 

LTG: LAMP/ TONE TEST sel - C/ W 1 
Left bank warn Its - on 

LTG: LAMP/ TONE TEST sel - ENG PB C/ W 2 
Left bank warn Its - off 
Right bank warn Its - on 
Eng START pb/ lt - on 
Eng STOP pb/ lt (2) - on 

LTG: LAMP/ TONE TEST sel - C/ W 3 
Right bank warn Its - off 
Left bank caut Its - on 
Eng START pb/ lt - off 
Eng STOP pb/ lt (2) - off 

LTG: LAMP/ TONE TEST sel - C/ W 4 
Left bank caut Its - off 
Right bank caut Its - on 

LTG: LAMP/ TONE TEST sel - CMPNT 
Right bank caut Its - off; except C/W PWR caut lt remains on 
ED: 

STAGE SEQ RLY SYS A comp caut lt - on 
STAGE SEQ RL Y SYS B comp caut lt - on 

EPS: 
BAT FAULT comp caut lt - on 
DC BUS FAULT comp caut lt - on 

SUIT FAN comp caut lt - on 
GLYCOL comp caut lt - on 
CO2 comp caut lt - on 
H2O SEP comp caut lt - on 
RNDZ RADAR: NO TRACK lt - on 
LUNAR CONTACT Its (2) - on 

LTG: LAMP/ TONE TEST sel - OFF 
All lts in step 6 - off 

CB LTG: MASTER ALARM - close MASTER ALARM pb/ lt cannot be reset with CB INST: CWEA 
MASTER ALARM pb/lt (2) - on open. 

• • • • 
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PROCEDURES 

4.2.10 CAUTION & WARNING ARRAY CHECKOUT (cont) 

9 . CB INST: CWEA - close 
ECS caut lt - on 
GLYCOL caut lt - on (if glycol temp> 50° F) 
HEATER caut lt - on (if quad temp <120° F) 
H2O SEP comp caut lt - on 
SUIT FAN comp caut lt - on 

10. MASTER ALARM pb/lt - reset 
MASTER ALARM pb/lt (2) - off 

4.2.11 SET MISSION TIMER 

1. MSN TMR: 
TMR CONT sw - RESET 
SLEW CONT HOURS sw - TENS, then UNITS 

2. Repeat step 1 for MSN TMR: SLEW CONT MIN & SLEW CONT 
SEC SW. 

3. MSN TMR: TMR CONT sw - START 

4.2. 12 ECS ACTIVATION & CHECKOUT 

4.2.12.1 Consumables Check 

1. O2/H2O QTY MON sel - Ase 2 
ECS: 

02 QUANTITY ind - 100% 
H2O QUANTITY ind - 100% 

2 . O2/ H2O QTY MON sel - ASC 1 
ECS: 

02 QUANTITY ind - 100% 
H2O QUANTITY ind - 100% 

3. O2/ H2O QTY MON sel - DES 
ECS: 

02 QUANTITY ind - 100% 
H2O QUANTITY ind - 100% 

REMARKS 
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PROCEDURES 

4.2.12.2 Glycol Pump Check 

GLYCOL sel - PUMP 1 
CB ECS: 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10 . 

GLYCOL PUMP 2 - close 
GLYCOL PUMP 1 - close 
GLYCOL PUMP AUTO TRNFR - close 

CB ECS: GLYCOL PUMP 1 - open 

MASTER ALARM pb/ lt - on 

MASTER ALARM pb/ lt - reset 

ECS: GLYCOL press ind - 15 to 45 psia 

GLYCOL sel - INST (SEC) 
ECS: GLYCOL PRESS ind - monitor 

GLYCOL TEMP ind - monitor 

CB ECS: GLYCOL PUMP SEC - close 

ECS: GLYCOL PRESS ind - increase 
GLYCOL TEMP ind - fluctuates 

CB ECS: GLYCOL PUMP SEC ,.. open 

GLYCOL sel - PUMP 2 

11. ECS: GLYCOL PRESS ind - 15 to 45 psia 

• • 

REMARKS 

Simulates pump No. 1 failure. 

If Glycol Pump Check is performed after ECS is completely 
activated, ECS caut lt and GLYCOL comp caut lt will flicker 
once as pump 2 is activated via GLYCOL PUMP AUTO TRNFR 
circuit. If Glycol Pump Check is performed before ECS is 
completely activated, omit steps 3 and 4. When other signals 
are routed (via OR gates) to ECS caut lt, GLYCOL comp caut 
lt will flicker once and MASTER ALARM pb/ lt will not activate. 
If a failure of PUMP 1 occurs, other than an overcurrent, 
causing CB ECS: GLYCOL PUMP 1 to open, ECS caut lt will 
flicker once, MASTER ALARM pb/lt will activate and GLYCOL 
comp caut lt will remain on until appropriate corrective actions 
are performed. 

GLYCOL PRESS ind will increase 10 to 15 psia above reading 
in step 6. 

If INST (SEC) GLYCOL PRESS monitoring capability has failed, 
indication of secondary glycol loop normal operation can be 
obtained by monitoring fluctations on ECS: GLYCOL TEMP 
ind. These fluctuations will be a function of mission phase and 
thermal inputs. 
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4 .2.12.2 Glycol Pump Check (cont) 

11 12. CB ECS: 
GLYCOL PUMP AUTO TRNFR - open 
GLYCOL PUMP 1 - close 

2 13. GLYCOL sel - PUMP 1 

14. ECS: GLYCOL PRESS ind - 15 to 45 psia 

11 15 . CB ECS: GLYCOL PUMP AUTO TRNFR - close 

4.2 .12.3 SUIT ISOL Valve Check 

ECS 1. SUIT !SOL vlv (LMP): Ac;:TUATOR OVRD - PULL ACT 

2. SUIT ISOL vlv (LMP) - SUIT DISC 

3. SUIT ISOL vlv (CDR): ACTUATOR OVRD - PULL ACT 

4. SUIT !SOL vlv (CDR) - SUIT DISC 

ECS 4.2.12.4 0 2 Supply Adivation 

1. DES 02 vlv - OPEN 

2. PRESS REG A vlv - EGRESS 

3. PRESS REG B vlv - EGRESS 

2 4. ECS: SUIT PRESS ind - 5 ±0. 2 psia 

• • 
REMARKS 

If Glycol Pump Check is performed after ECS is completely 
activated, ECS caut lt and GLYCOL comp caut lt may flicker 
once and activate MASTER ALARM pb/ lt and audible tone . If 
this occurs, reset MASTER ALARM pb/ lt. 
If GLYCO L PUMP CHECK is performed before ECS is com
pletely activated, and other signals are routed (via OR gates) 
to ECS caut lt, GLYCOL comp caut lt may flicker once. 

PRESS REG A and PRESS REG B vlv are set to EGRESS to pre
clude LM from supplying oxygen to LM and CSM while hatches 
are open . 

CSM 02 supply is 5 ±0. 2 psia 
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PROCEDURES 

4.2.12.5 Suit Fan Activation 

1. SUIT FAN sel - 2 

2 . MASTER ALARM pb/ lt - on 
SUIT / FAN warn lt - on, off 

3. MASTE R ALARM pb/lt - reset 

4. ECS: PART P RESS CO2 ind - zero mm Hg 

5. SUIT FAN comp caut lt - off 

6. H20 SEP comp ca ut lt - off 

7. ECS caut lt - off 

4.2.13 l.MP CONNECT TO LM ECS 

1. Unstow 02 umbilical. 

2. Remove plugs from PGA & stow 

3. Connect 02 umbilical to r ight side of P GA, inlet to inlet (blue 
to blue), outlet to outlet (red to red) 

4. SUIT ISOL vlv (LMP) - SUIT FLOW 

5. Request CSM shut off 02 flow in transfer umbilical. 

6. Verify 02 flow to PGA from LM ARS 

4.2.14 LMP VHF ACTIVATION & CHECKOUT 

1. COMM: 
VHF A XMTR sw - ON 
VHF A RCVR sw - ON 
VHF B XMTR sw - DATA 

• • 

REMARKS 

ECS caut l t and H20 SEP comp caut lt go off when H20 
separ ator comes up to speed. 
15 m inutes when wet. 

Time is ~1 minute when dry ; 

Assumptions: (1) ECS Activation and Checkout was comple ted 
(2) crewman is connected to LM ECS. bnmediately after VHF 
Activation and Checkout , crewman must disconnect from trans-
fe r 02 umbilical. 

VHF transceiver warmup time - milliseconds 

• • 
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2. 
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4 . 

5. 
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9. 
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11. 

12. 

13 . 

14. 

• • 
PROCEDURES 

LMP VHF ACTIVATION & CHECKOUT (cont) 

COMM ANT: 
VHF sel - FWD 

Unstow LMP outboard armrest 

AUDIO: VHFA sw- T/ R 
COMM: TLM BIOMED sw - OFF 

Verify CSM configured for VHF simplex A 

Request CSM remove transfer umbilical suit power 

When headset sounds cease, disconnect transfer umbilical 
comm cable from PGA and connect LM comm cable to PGA. 

CB COMM: SE AUDIO - close 

Perform VHF comm check with CSM, using PTT on ACA 

Perform comm check with CSM, using PTT/ keyer on 
umbilical 

Request verification of CSM reception of LM LBR data, if 
desired. 

AUDIO: MODE SW - vox 

Perform comm check with CSM, using VOX 

AUDIO: MODE sw - !CS/ PTT 

• 
REMARKS 

CSM selects VHF ANT- SM LEFT. 

Ensure comm cable is not powered. 

CB COMM: SE AUDIO supplies power to crewman's comm 
carrier . 

• 

MSFN may also receive LM crewman's voice via VHF when in 
LOS. 

CSM reception of LM LBR data is verified as follows: CSM 
receives data via VHF B, data is recorded on DSE, recorded 
data is dumped to MSFN, where it i s again recorded and then 
played back. (CSM has no onboard verification capability.) 

Audio volume, AUDIO: VOX SENS tw, and squelch control 
settings should be adjusted, as necessary, for best results under 
mission conditions . 
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4.2.15 

1. 

2 . 

3. 

4 . 

5. 

4.2 .16 

1. 

2. 

3. 

ECS 4. 

5. 

6 . 

4.2.17 

CDR 8 1. 
LMP 12 

CDR 2 . 

3. 

• 

PROCEDURES 

LMP DISCONNECT TRANSFER UMBILICAL 

Disconnect transfer umbilical 02 connectors from PGA 

Remove PGA 02 receptacle plugs from LMP' s 02 umbilical 
stowage mounting plate & insert in left s ide PGA 02 
receptacles 

Release restraints from PGA 

Return transfer umbilical to CSM 

Return to flight station and attach restraints to PGA 

CDR CONNECT TO LM ECS 

Unstow 02 umbilical 

Remove plugs from right side 02 receptacles & stow in CDR's 
02 umbilical stowage mounting plate. 

Connect 02 umbilical to right side of PGA, inlet to inlet (blue 
to blue), outlet to outlet (red to red) 

SUIT ISOL vlv (CDR) - SUIT FLOW 

Request CSM shut off 02 flow in transfer umbilical. 

Verify 02 flow to PGA from LM ARS 

CDR VHF ACTIVATION & CHECKOUT 

AUDIO: res/TR SW - res T/R 
AUDIO: res/TR SW - res T/R 

Request CSM remove transfer umbilical suit power 

When headset sounds cease, disconnect transfer umbilical 
comm cable from PGA & connect LM comm cable to PGA 

• • 

REMARKS 

Assumpti on: CDR Intravehicular Transfer to LM (ref para 
4.14.4) has been completed. 

Assumption: Crewman is connected to LM ECS. Immediately 
after activati on and checkout, crewman must disconnect from 
transfer 02 umbilical. 

• • 
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• • 
PROCEDURES 

CDR VHF ACTIVATION & CHECKOUT (cont) 

CB COMM: CDR AUDIO - close 

Unstow CDR's inboard armrest 

Perform intercom check 

AUDIO: VHF A sw - T/R 

Perform VHF comm check with CSM, using PTT on ACA 

Perform VHF comm check with CSM, using PTT/keyer on 
umbilical 

AUDIO: MODE sw - VOX 

Perform comm check with CSM, using VOX 

AUDIO: MODE sw - ICS/PTT 

CDR DISCONNECT TRANSFER UMBILICAL 

Disconnect transfer umbilical 02 connectors from PGA 

Remove PGA 02 receptacle plugs from CDR's 02 umbilical 
stowage mounting plate & insert in left side PGA 02 
receptacles 

Release restraints from PGA 

Return transfer umbilical to CSM 

Return to flight station & attach restraints to PGA 

• 
REMARKS 

CB COMM: CDR AUDIO supplies power to crewman's comm 
carrier. 

• 

Audio volume, AUDIO: VOX SENS tw, and squelch control 
settings should be adjusted, as required, for best results under 
mission conditions. 

MSFN may also receive LM crewman's voice via VHF when in 
LOS. 
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PROCEDURES 

4.2.19 ARS/ PGA PRESSURE INTEGRITY CHECK 

CAUTION 

LMP ECS 1. 

LMP ECS 2. 

3. 

2 4. 

5. 

ECS 6. 

7. 

PGA 8. 
ECS 

To prevent overheating suit circuit fan and/ 
or breakthrough in HTS primary sublimator, 
the ARS/PGA shall not be maintained at 
elevated pressure for more than 5 minutes. 

SUIT GAS DIVERTER vlv - PULL EGRESS 

CABIN GAS RETURN vlv - EGRESS 

SUIT CIRCUIT RELIEF vlv - CLOSE 

02/H20 QTY MON sel - DES 

ECS: 02 QUANTITY ind - monitor 

PRESS REG A vlv - CLOSE 

PRESS REG B vlv - DIRECT 02 

When PGA cuff gage indicates 3. 7 to 4. 0 psig: 
PRESS REG B vlv - CLOSE 

PGA 9. Monitor PGA cuff gage for 60 seconds; exercise suit joints 
during pressure decay period 

10. Verify pressure decay< 0. 1 psig 

• • • 

REMARKS 

ARS/PGA Pressure Integrity Check verifies that there are no 
gross leaks in ARS, PGA, or EMU or in any two or all three 
of these. Onboard instrumentation (ECS: SUIT PRESS indicator 
and PGA pressure gage) is too coarse to determine exact 
leakage rates. If one crewman only is connected to ARS, verify 
other crewman's SUIT !SOL vlv - SUIT DISC. 

Steps 1 and 2 should be performed in sequence. If they are 
reversed, suit fan may stall and water separator may slow 
down: 

MASTER ALARM pb/ lt and audible tone - on 
ECS caut lt - on 
SUIT FAN comp caut lt - on 
H20 SEP comp caut lt - on 

If ECS: 02 QUANTITY ind - < 30%, set PRESS REG A vlv to 
DIRECT 02 to limit time to pressurize to 2 minutes. Both 
regulators should then be set to CLOSE in step 8. If ECS: 02 
QUANTITY ind-< 17%, do not depressurize cabin. 

PRESS REG B vlv may be cycled between CABIN and DIRECT 
02 to permit comfortable buildup of pressure. 

If suit pressure decay is excessive, ARS/ PGA pressure 
integrity is compromised: 

SUIT CIRCUIT RELIEF vlv - AUTO 
CABIN GAS RETURN vlv - AUTO 
PRESS REG A vlv - EGRESS 
PRESS REG B vlv - EGRESS 

When undocked: 
PRESS REG A vlv - CABIN 
PRESS REG B vlv - CABIN 

• • 
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PROCEDURES 

4.2.19 ARS/PGA PRESSURE INTEGRITY CHECK (cont) 

ECS 11 . 

12. 

13. 

14. 

15. 

ECS 16. 

17. 

2 18. 

LMP ECS 19. 

20 . 

21. 

CDR 11 22. 

16 23. 

24. 

CO2 CANISTER SEL vlv - SEC 

ECS: PART PRESS CO2 ind - decays to zero 

If pressure falls below 3. 7 psig, repeat steps 7 & 8 

Monitor PGA cuff gage for 60 seconds; exercise suit joints 
during decay period 

Verify pressure decay <O. l psig 

CO2 CANISTER SEL vlv - PRIM 

SUIT CIRCUIT RELIEF vlv - AUTO 

Monitor ECS: SUIT PRESS ind decays to cabin pressure 

CABIN GAS RETURN vlv - AUTO 

PRESS REG B vlv - EGRESS 

PRESS REG A vlv - EGRESS 

CB ECS: CABIN FAN 1 - open 

CB ECS: CABIN FAN 2 - open 

Perform final inspection of EMU: adjust PLSS straps as 
required 

• • 
REMARKS 

CO2 comp caut lt goes on when CO2 CANISTER SEL vlv - SEC. 
Pressure drop can be expected when switching between CO2 
canisters, due to volume change. If secondary CO2 canister 
check is not required, omit steps 11 through 16. 

CO2 comp caut lt goes off when CO2 CANISTER SEL vlv - PRIM 

Returns suit circuit to approximate cabin pressure in 60 
seconds. CSM 02 supply makeup is 5. O ±0. 2 psia . LM 02 
supply makeup is 4. 8 ± O. 2 psia. 

Not required for EVA preparation. 

PRESS REG B and PRES REG A vlv - CABIN, except during 
docked configuration or preparation for EVA. 

Steps 22, 23, and 24 are required during preparation for EVA 
(cabin depressurization and hatch opening). 
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4.2.20 INITIAL SUIT FAN CHECK Assumptions: (1) Suit Fan Activation (para. 4 . 2.12. 5) has been ,_. performed, and (2) both crewmen are connected to LM ARS. 
t11 

Thi s procedure must be accomplished within 60 seconds to a preclude excessive build-up of CO2 in helmets due to lack of 
'< 02 circulation to PGA's. ,_. 
"' a, 

SUIT FAN sel - 2 co LMP 2 1. 

CDR 11 2. CB ECS: SUIT FAN 1 - close 

LMP 16 3. CB ECS: 
SUIT FAN 2 ..: close 

► SUIT FAN ~p - close ,, 
0 

4. CB ECS: SUIT FAN 2 - open When suit fans are deactivated, H2O separator will slow down 
,.. ,.. 

(') and may cause delayed activation of H2O SEP comp caut lt. 0 -:,-
If H2O SEP comp caut lt - on occurs prior to step 8, ECS caut 0 0 ,.. :, 
lt on, MASTER ALARM pb/ lt - on, and audible tone - on. If co 

~~ ID 
this occurs, reset MASTER ALARM. Time for H2O separator 0 

0 to slow down is ~ 15 seconds when wet and 2 . 5 to 3 minutes ...... 
ii" when dry . ► -o :::! 0 

CB ECS: SUIT FAN 1 - open o· CDR 11 5. z ':' 
1,2 6. MASTER ALARM pb/ lt - on "'i :z: Audible tone - on 

► ... SUIT/ FAN warn lt - on z SUIT FAN comp caut lt - on g 
• 1/ 2 7. MASTER ALARM pb/ lt - reset 0 
0 

LMP 2 8. SUIT FAN sel - 1 ~ 
1 SUIT/ FAN warn lt - off 
2 SUIT FAN comp caut lt - on 

ECS caut lt - on ECS caut lt may already have come on with H2O SEP comp 
caut lt. If so, MASTER ALARM will not go on again when 

~ SUIT FAN sel is set to 1. Omit step 9. 0 
co 
ID 

MASTER ALARM pb/ l t - on 1,2 9. 
Audible tone - on 

'f" 1/ 2 MASTER ALARM pb/ lt - reset 
N> 
I 

CDR 11 10. CB ECS: SUIT FAN 1 - close N> 
0 

LMP 16 11. CB ECS: SUIT FAN 2 - close 

• • • • • 
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LMP 16 8. 

• 
PROCEDURES 

INITIAL SUIT FAN CHECK (cont) 

ECS caut lt - off 
H20 SEP comp caut lt - off 
SUIT FAN comp caut lt - off 
02 will flow to PGA's 

SUIT FAN CHECK 

SUIT FAN sel - 1 

CB ECS: SUIT FAN 1 - close 

CB ECS: 
SUIT FAN 2 - close 
SUIT FAN .6.P - close 
SUIT FAN 2 - open 

CB ECS: SUIT FAN 1 - open 

MASTER ALARM pb/ lt - on 
MASTER ALARM pb/ lt - reset 
ECS caut lt - on 
SUIT FAN comp caut lt - on 

SUIT FAN sel - 2 
MASTER ALARM pb/lt - on 
MASTER ALARM pb/lt - reset 
SUIT/FAN warn 1t - on 
SUIT FAN comp caut lt - on 
ECS caut lt - off 

CB ECS: SUIT FAN 1 - close 

CB ECS: SUIT FAN 2 - close 

• • 
REMARKS 

ECS caut 1t - off and H20 SEP comp caut 1t - off will be 
delayed (if H20 SEP comp caut 1t - on). Time for selected 
water separator to come up to speed is ~1 minute when dry 
and ::::::15 minutes when wet. 

• 

This procedure must be accomplished within 1 minute to pre
vent excessive buildup of CO2 in helmets due to lack of 02 
circulation to PGA's. 

When suit fans are deactivated, H20 separator will slow down 
and may cause a delayed activation of H20 SEP comp caut lt. 
If H20 comp caut 1t - on occurs subsequent to SUIT FAN sel -
2, ECS caut lt will come on and remain on in step 6. MASTER 
ALARM pb/lt will activate again if it was reset in step 5. If thie 
occurs, MASTER ALARM pb/lt - reset. Time for H20 
separator to slow down is ::::::15 seconds when wet and 2. 5 to 3 
minutes when dry . 
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4.2.21 SUIT FAN CHECK (cont) 

PROCEDURES 

CDR 
LMP 

1 9. 
2 

SUIT/ FAN warn lt - off 
ECS caut lt - off 

LMP ECS 

1,2 

LMP 12 

H2O SEP comp caut lt - off 
SUIT FAN comp caut lt - off 

10. SUIT FAN sel - 1 
(02 will flow to PGA's) 

4.2.22 INITIAL WATER SEPARATOR CHECK 

1. WATER SEP SEL vlv - PUSH SEP 1 

2 . MASTER ALARM pb/ lt - on 
ECS caut lt - on 
H2O SEP comp caut lt - on 
MASTER ALARM pb/ lt - r ese t 
ECS caut lt - off 
H2O SEP comp caut lt - off 

4.2.23 VHF B SIMPLEX CHECK 

1. Request CSM configure for VHF simplex A & B 

2. COMM: 
VHF B XMTR sw - VOICE 
VHF B RCVR sw - ON 

CDR, 8,12 3. 
LMP 

AUDIO: 
VHF A sw - OFF 
VHF B sw - T/ R 

CDR, 
LMP 

4. Perform comm check with CSM (identify channel as B) 

CDR 8,12 5 . 
LMP 

• 
AUDIO: 

VHF A SW - T/ R 
VHF B sw - OFF 

• • 

REMARKS 

ECS caut lt - off and H2O SEP comp caut lt - off will be 
delayed (if they come on) . Time for selected water separator 
to come up to speed is :::::1 minute when dry and :::::1 5 minutes 
when wet. 

ECS caut lt and SUIT FAN comp caut lt may flicker once and 
actuate MASTER ALARM pb/ lt and audible tone (if H2O SEP 
comp caut lt is off). If this occurs, MASTER ALARM pb/ lt -
reset. If H2O SEP comp caut lt - on and ECS caut lt - on, 
SUIT FAN comp caut lt may flicker once without activating 
MASTER ALARM. 

ECS caut lt and H2O SEP comp caut lt go off when selected 
water separator comes up to speed. Time required is :::::1 
minute when dry; :::::15 minutes when wet. 

Adjust volume and squelch controls as required. 

• • 
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4.2.23 

12 6. 

7 • 

8. 

4.2.24 

12 1. 

8, 12 2. 

12 3. 

4. 

12 5. 

6. 

• • 
PROCEDURES 

VHF B SIMPLEX CHECK (cont) 

Request CSM return to VHF simplex A only 

COMM: 
VHF B XMTR sw - DA TA 
VHF B RCVR sw - OFF 

Perform comm check with CSM 

S-BAND ACTIVATION & CHECKOUT, USING OMNI ANTENNA 

COMM ANT: S BAND sel FWD or AFT 

AUDIO: S BAND T/ R sw - S BAND T/ R 

COMM : 
S BAND XMTR/RCVR sw - PRIM 
S BAND VOICE sw - VOICE 
S BAND PCM sw - PCM 
TLM BIOMED sw - as desired 
TLM PCM sw -' HI 

Perform S-band voice & data check with MSFN. 

COMM: VHF B XMTR sw - OFF 

Inform CSM of VHF B data transmission deactivation 

4.2.25 5-BAND RANGING CHECK 

LMP 12 1. 

2. 

3. 

COMM: S BAND RANGE sw - RANGE 

Verify range check is completed with MSFN 

When directed by MSFN: 
COMM: S BAND RANGE sw - OFF/ RESET 

• 
REMARKS 

Selection of antenna depends on vehicle attitude with respect 
to earth. 

S-band transceivers require 30-second warmup time. 

This switch, in either the LEFT or RIGHT position, applies 
power to selected crewman's bioinstrumentation assembly. 
Power to this switch is supplied through CB COMM: PMP. 

SIGNAL STRENGTH ind is applicable as indication of uplink 
phase lock. 

Adjust volume and squelch controls as necessary. 

CSM will deactivate LBR data recording. 

• 

Ranging check is performed at MSFN direction. Check consists 
of transmission of PRN range code from MSFN and receipt of 
turnaround signal. 

If MSFN does not transmit 30 KC subcarrier to LM during 
ranging, LM must set audio center S-BAND T/ R switches to 
OFF. 
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LMP 12 

LMP 12 

CDR 11 

LMP 16 

12 

• 

4.2.26 

1. 

2. 

3. 

4. 

5. 

6. 

4.2.27 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

PROCEDURES REMARKS 

S-BAND FM CHECK 

COMM: 
S BAND MODULATE sw - FM S-band transceiver warmup time is 5 seconds after change of 
TLM PCM sw - LO modulation. 

Perform S-.band voice & LBR data check with MSFN 

COMM: TLM PCM sw - HI 

Perform S-band voice & HBR data check with MSFN 

COMM: S BAND MODULA TE sw - PM 

Perform S-band voice & HBR data check with MSFN 

SECONDARY S-BAND TRANSCEIVER & POWER AMPLIFIER CHECK 

Verify: 
CB COMM: 

SEC S BD XMTR/ RCVR - close 
SECS BD PWR/ AMPL - close 

Verify: 
CB COMM: 

PRIM S BD PWR AMPL - close 
PRIM S BD XMTR/ RCVR - close 

COMM: S BAND XMTR/RCVR sw - SEC S-band transceivers require 30-second warmup time. 

Perform S-band voice & HBR data check with MSFN 
l 

COMM: S BAND PWR AMPL sw - SEC S-band power amplifiers require 60-second warmup time and 
0. 5 second to lock up . 

MSFN verifies power increase with power amplifier in 
operation. 

Perform S-band voice & HBR data check with MSFN 
I 

COMM: S BAND PWR AMPL sw - PRIM 

Perform S-band voice & HBR data check with MSFN 

• • • • 
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9. 

10. 

11. 

• • 
PROCEDURES 

SECONDARY S-BAND TRANSCEIVER & POWER AMPLIFIER CHECK (cont) 

COMM: 
S BAND PWR AMPL sw - OFF 
TLM PCM sw - LO 

Perform S-band voice & LBR data check with MSFN 

COMM: S BAND XMTR/RCVR sw - PRIM 

4.2.28 S-BAND BACKUP VOICE & KEYING CHECK 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

COMM: 
MODULA TE sw - PM 
S BAND VOICE sw - DN VOICE BU 
S BAND PCM sw - OFF 
TLM BIOMED sw - OFF 

Perform S-band voice check with MSFN 

COMM: 
S-BAND VOICE sw - OFF 
S BAND PCM sw - KEY 

Perform code check with MSFN, using PTT/keyer on 
umbilical 

COMM: 
S-BAND VOICE sw - DN VOICE BU 
S BAND PCM sw - PCM 
TLM PCM sw - LO 

Perform S-band voice & LBR data check with MSFN 

COMM: 
S BAND VOICE sw - VOICE 
TLM PCM sw - HI 
TLM BIOMED sw - as required 

Perform S-band voice & HBR data check with MSFN 

• • 
REMARKS 

If COMM: MODULA TE sw is set to FM and COMM: S BAND 
VOICE sw is set to DN VOICE BU, PMP will automatically 
switch to PM mode. If FM mode is desired for normal voice 
operations after backup voice check, and COMM: MODULA TE 
sw has been left in FM, switch must be cycled through PM and 
back to FM to reset transmitter modulation. 

VOICE sw is set to OFF to maintain CW (Key) gain. 

COMM: TLM BIOMED sw applies power to selected crewman's 
bioinstrumentation assembly. Power to switch is supplied 
through CB COMM: PMP. 
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14 

PROCEDURES 

ASCENT BATTERY ACTIVATION & CHECKOUT 

CB EPS: 
CROSS TIE BAL LOADS - close 
ASA ECA CONT - close 
ASA ECA - close 

CB EPS: 
ASA ECA - close 
ASA ECA CONT - close 
CROSS TIE BAL LOADS - close 

Place both ascent batteries on line: 

CAUTION 

Verify that high-voltage tap of descent 
batteries has been selected before 
placing ascent batteries on line. 

EPS: 
POWER/ TEMP MON sel - BAT 5 
VOL TS ind - 28. 0 to 37. 2 volts 
BAT 5 NORMAL SE FEED sw - ON; tb - gray 
VOLTS ind - 28 . 0 to 32. 5 volts 
AMPS ind - TBD 
POWER/ TEMP MON sel - BAT 6 
VOLTS ind - 28. 0 to 37. 2 volts 
BAT 6 NORMAL CDR FEED sw - ON; tb - gray 
VOLTS ind - 28. 0 to 32. 5 volts 
AMP S ind - TBD 

CAUTION 

To avoid t r ans ients, remove descent 
batteries from line one at a time at 
intervals of no less than 3 seconds. 

• 

REMARKS 

Load of 40 amperes should be on line before performing this 
task . 

Due to reverse current, BATTERY caut lt may go on when 
ascent and descent batteries are paralleled. This is not to be 
regarded as malfunction symptom unless light remains on 
longer than :::::15 seconds. 

• • • 
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LMP 14 4. 

5. 
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• • 
PROCEDURES 

ASCENT BATTERY ACTIVATION & CHECKOUT (cont) 

Remove all four descent batteries from line: 
EPS: 

SE BAT 1 & 2 HI VOLT sw - OFF/ RESET; tb - bp 
CDR BAT 3 & 4 HI VOLT sw - OFF/ RESET; tb - bp 
DES BATS sw - DEADFACE: tb - bp 
POWER/ TEMP MON sel - CDR BUS 
VOLTS ind - 26. 5 to 32 . 5 vdc 
POWER/ TEMP MON sel - SE BUS 
VOLTS ind - 26 . 5 to 32. 5 vdc 

Check backup feed paths from both ascent batteries: 
EPS: 

BAT 5 BACK UP CDR FEED sw - ON; tb - gray 
BAT 6 BACK UP SE FEED SW - ONstb - gray 
BAT 5 NORMA L SE F EED sw - OFF/RESE T; tb - bp 
BAT 6 NORMAL CDR FEED sw - OF F/ RESE T ; tb - bp 
POWER/TEMP MON sel - SE BUS 
VOLTS ind - 26 . 5 to 32 . 5 vdc 
AMPS ind - TBD 
P OWER/TEM P MON sel - CDR BUS 
VOLTS ind - 26. 5 to 32 . 5 vdc 
AMPS ind - TBD 

Place a ll four des cent batteries on line: 
EPS: 

SE BAT 1 & 2 HI VOLT sw - ON; tb - gray 
CDR BA T 3 & 4 HI VOLT SW - ON; tb - gray 
P OWER/ TEMP MON sel - BAT 1 
AMP S ind - 0 amp 
Repeat for BAT 2, BAT 3, & BAT 4 
DES BATS sw - CONNECT 
POWER/TEMP MON sel - BAT 1 
AMPS ind - TBD 
Repeat for BAT 2 , BAT 3, & BAT 4 

Remove both ascent batteries from line: 
E P S: 

BAT 5 BACK UP CDR FEED sw - OFF/RESET; tb - bp 
BAT 6 BACK UP SE FEED sw - OFF/RESET; tb - bp 

• • 
REMARKS 

If power is lost on either bus: 
PNL 11 CB EPS: CROSS TIE BUS (2) - close 
PNL 16 CB EPS: CROSS TIE BUS (2) - close 
PNL 14 EPS: CDR BAT 3 and 4 HI VOLT sw- ON; tb-gray 

SE BAT 1 and 2 HI VOLT sw - ON; tb - gray 
DES BA TS sw - CONNECT; tb - gray 

PNL 11 CB EPS: CROSS TIE BUS (2) - open 
PNL 16 CB EPS: CROSS TIE BUS (2) - open 

Electrical Power Subsystem is now in normal descent battery 
configuration. 

► .,, 
0 ,,-
0 
0 ,.. 
.,, 3 
ffl ► ,., .... 
► ,o :::!o 
0' z':" "' ,.. 
::c 3 
►• z 
0 
CD 
0 
0 
~ 



.... 
<D 
a, 
(X) 

('\ 
=r 
0 
::, 
fQ 
ct 

if>'-
"" I 

"" (X) 

CREW-
MAN 

CDR 

• 

PNL 

4.2.30 

1 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8 •. 

PROCEDURES 

DPS/ APS TEMP/PRESS CHECK 

HELIUM MON sel - AMB PRESS 
MPS: HELIUM ind - 1310 to 1750 psia 

HELIUM MON sel - SUPCRIT PRESS 
MPS: HELIUM in - 620 to 950 psia 

HELIUM MON sel - TEMP 1 
MPS: HELIUM ind - 30° to 140°F 

HELIUM MON sel - TEMP 2 
MPS: HELIUM ind - 30° to 140°F 

HELIUM MON sel - PRESS 1 
MPS: HELIUM ind:- 2720 to 3500 psia 

HELIUM MON sel - PRESS 2 
MPS: HELIUM ind - 2720 to 3500 psia 

-

HELIUM MON sel - AMB PRESS 

PRPLNT TEMP/PRESS MON sw - DES 2 
MPS: 

FUEL TEMP ind - 50° to 90°F 
OXID TEMP ind - 50° to 90°F 
FUEL PRESS ind - 110 to 230 psia 
OXID PRESS ind - 110 to 230 psia 

• 

REMARKS 

Assumption: Circuit breaker activation is completed. 

This pressure range represents the minimum-to-maximum 
descent ambient helium bottle pressures before pressurization, 
as a function of helium temperature and loading mass. For 
other bottle pressure values, see figure 4-1. 

This pressure range is based on supercritical helium loading 
temperature of -453°F and mass of 48 pounds at 120 psia. 
Specific pressure before pressurization is function of total 
elapsed time from tank loading to pressurization, multiplied 
by expected pressure rise (6 to 10 psia/hr). For other tank 
pressures, see figure 4-2. 

Ascent helium tank pressure values, as function of time, will 
remain approximately the same as initial tank loading 
conditions. For expected tank pressures as function of tank 
temperature and initial loading condition, see figure 4-3. 

ASC PRESS warn lt goes on at helium tank pressure of 2773 
psia. 
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DPS-1 
T LAUNCH + 49 HRS. 
T LAUNCH - T LOAD = X HRS. 
P MISSION= P LAUNCH + 49 X 6-10 PSIA/ HR 
T LOAD = TO - 30 HRS 
TO + 4 HR LAUNCH WINDOW 
TDPS-1 = TO + 49 HRS = 83 HRS 
P MIN = 120 + 6 X 83 = 620 PSIA 
P NOM - 120 + 8.5 X 83 =820 PSIA 
P MAX= 120 + 10 X 83 =950 PSIA 

LOADING LAUNCH 

TIME (HOURS) 

Figure 4-2. Theoretical Supercritical Helium Prepressurization 
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4.2.30 

9. 
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4.2.31 

1. 

2. 

3. 

4. 

PROCEDURES 

DPS/ APS TEMP/PRESS CHECK (cont) 

PRPLNT TEMP/ PRESS MON sw - DES 1 
MPS: 

FUEL TEMP ind - 50° to 90°F 
OXID TEMP ind - 50° to 90°F 
FUEL PRESS ind - 110 to 230 psia 
OXID PRESS ind - 110 to 230 psia 

PRPLNT TEMP/PRESS MON SW - Ase 
MPS: 

FUEL TEMP ind - 50° to 90°F 
OXID TEMP ind - 50° to 90°F 
FUEL PRESS ind - 100 to 190 psia 
OXID PRESS ind - 100 to 190 psia 

PRPLNT TEMP/ PRESS MON sw - DES 1 

DES He REG 1 tb - gray 
DES He REG 2 tb - bp 

DPS PRESSURIZATION & CHECKOUT 

ED: 
MASTER ARM sw - ON 
DES PRPLNT ISOL VLV sw - FIRE 
DES START He PRESS sw - FIRE 
MASTER ARM sw - OFF 

HELIUM MON sel - AMB PRESS 
MPS: HELIUM ind - 350 to 1750 psia 

HELIUM MON sel - SUPCRIT PRESS 
MPS: HELIUM ind - 624 to 1750 psia 

PRPLNT TEMP/PRESS MON sw - DES 1 
MPS: 

FUEL TEMP ind - 50° to 90°F 
OXID TEMP ind - 50° to 90°F 
FUEL PRESS ind - 242 to 253 psia 
OXID PRESS ind - 242 to 253 psia 

• 

REMARKS 

For expected ascent propellant temperatures and pressures 
before pressurization, see figure 4-4 . 

Procedure assumes prepressurization check of DPS and APS 
has been performed at appropriate time in mission. 

The following values apply to pressure relief valve assembly: 
Burst-disk rupture pressure - 260 to 275 psia. 

Reseat pressure - 254 psia. 
Relief valve cracking pressure - 260 psia. 
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E! CREW-n· PNL PROCEDURES REMARKS 
0 MAN 
Q 

CD 

4.2.31 DPS PRESSURIZATION & CHECKOUT (cont) 

.... 
CJ1 CDR 1 5. PRPLNT TEMP/PRESS MON sw - DES 2 

E'. MPS: 
FUEL TEMP ind - 50° to 90°F 

.... OXID TEMP ind - 50° to 90° F 
'° FUEL PRESS ind - 242 to 253 psia a, 
00 

OXID PRESS ind - 242 to 253 psia 

6. PRPLNT TEMP/ PRESS MON sw - DES 1 

4.2.32 RCS COLD FIRING CHECK OF PRIMARY COILS Assumptions: (1) This task must be performed before RCS ► ,. 
Pressurization task (2) this task must be performed during 0 
LM communications with MSFN. r-... 

() 0 ::r 
Both ACA's and TTCA's are used to check electrical continuity Q o.-:::, 
from each controller to the jet drivers in t he ATCA. Ground cc 

~~ ~ 
tracking stations will verify which jet drivers were commanded 

0 
Q to perform each maneuver via real-time telemetry data as ..... 
CD follows: ► -o ::! 0 

• Which jet driver outputs were received when each ACA o· z~ 
is set out-of-detent to command ±Pitch, ±Yaw, and "' ... 
±Roll . :cl 

• Which jet driver outputs were received when each TTCA ►~ 
is set out-of-detent to command ±X, ± Y, and ±Z z 
translations . 0 

m 
1. Establish AGS attitude hold/ rate command and AGS manual Ref para 4 . 5. 1. 6 and para 4 . 5. 2. 5 0 

0 
translation control mode (RCS translation): ~ 

CDR/ 1 GUID CONT sw - AGS 
LMP ENG THR CONT: 

X TRANSL sw - 4 JETS 

-0 BAL CPL sw - ON 
Q ACA PROP sw - ENABLE cc 
~ 2 ACA PROP sw - ENABLE 

3 S/C : 
'!'- ROLL sw - MODE CONT 

"° PITCH sw - MODE CONT 
I 

YAW sw - MODE CONT w 
>I>-

AGS sw - ATT HOLD 
PGNS sw - OFF 

TTCA THROTTLE/J ETS cont (CDR & LMP) - JETS 
4 TTCA/TRANSL sw (CDR & LMP) - ENABLE 

• • • • • 
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4.2.32 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13 . 

14. 

15. 

16. 

• • 
PROCEDURES 

RCS COLD FIRING CHECK OF PRIMARY COILS (cont) 

ACA (CDR) - yaw right to soft stop for 1 second, release 

ACA (CDR) - yaw left to soft stop for 1 second, release 

ACA (CDR) - pitch up to soft stop for 1 second, release 

ACA (CDR) - pitch down to soft stop for 1 second, release 

ACA (CDR) - roll right to soft stop for 1 second, release 

ACA (CDR) - roll left to soft stop for 1 second, release 

TTCA (CDR) - move up for 1 second, release 

TTCA (CDR) - move down for 1 second, release 

TTCA (CDR) - move right for 1 second, release 

TTCA (CDR) - move left for 1 second, release 

TTCA (CDR) - push forward for 1 second, release 

TTCA (CDR) - pull aft for 1 second, release 

Verify MSFN receipt of telemetry data 

Repeat steps 2 through 13 with LMP ACA and TTCA 

Verify MSFN receipt of telemetry data 

• • 
REMARKS 

Jet drivers for jets BIL, A2A, A3R, and B4F are commanded 
to perform yaw right. 

Jet drivers for jets AlF, B2L, B3A, and A4R are commanded 
to perform yaw left. 

Jet drivers for jets BID and B2U are commanded to perform 
pitch up. 

Jet drivers for jets Al U and A2D are commanded to perform 
pitch down. 

Jet drivers for jets A2D and A3U are commanded to perform 
roll right. 

Jet drivers for jets B2U and B3D are commanded to perform 
roll left. 

Jet drivers for jets BID, A2D, B3D, and A4D are commanded 
to perform +X translation. 

Jet drivers for jets Al U, B2U, A3U, and B4U are commanded 
to perform -X translation. 

Jet drivers for jets BIL and B2L are commanded to perform 
+Y translation. 

Jet drivers for jets A3R and A4R are commanded to perform 
-Y translation. 

Jet drivers for jets A2A and B3A are commanded to perform 
+Z translation. 

Jet drivers for jets AlF and B4F are commanded to perform 
-z translation . 
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PROCEDURES 

4.2.33 RCS PRESSURIZATIO N 

1. 

2. 

3 . 

4. 

5. 

HTR CONT: 
TEMP MON sel - RCS QUAD 1, 2, 3, 4 
TEMP ind - 120° to 190°F (for each quad) 

RCS: 
A QUANTITY ind - 100% 
B QUANTITY ind - 100% 

RCS: 
TEMP/ PRESS MON sel - He 
A & B PRESS ind - 2775 to 3325 psia 

RCS: 
TEMP/ PRESS MON sel - PRPLNT 
A & B TEMP ind - 40° to 100° F 
A & B PRESS ind - 25 to 30 psia 

Table 4-1. RCS Pressurization Record 

FUELMANF OXID MANF 

QU.t\D I 

QUAD 2 

QUAD3 

QUAD4 

RCS: 

Initial 
Pressure 

A B 

Pressure 
Decrease 

A B 

Initial 
Pressure 

A B 

TEMP/ PRESS MON sel - FUEL MANF 

Pressure 
Decrease 

A B 

A & B PRESS ind - 28 to 130 psia (record pressure) 

• • 

REMARKS 

After 5-hour cold soak, warmup time for RCS thrusters, before 
firing, is :::::1 hour with both sets of heaters operating; 3. 2 
hours if only one set is operating. 

CB RCS: PQGS must be closed for :::::1 minute to obtain 
valid reading. Quantity display remains at 100% until 
propellants in lines are used. Overall quantity accuracy 
(including propellant quantity measuring device accuracy) is 
±9%. 

This range represents the minimum-to-maximum RCS 
theoretical helium bottle loading envelope pressure, before 
pressurization, as a function of helium temperature and loading 
mass. For other bottle pressure values, see figure 4-5. 

Record pressures (steps 5 thru 10) in table 4-1. 
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ii 
4.2.33 RCS PRESSURIZATION (cont) 

.... 
CJl 

6. RCS: g TEMP/PRESS MON sel - OXID MANF 
'< A & B PRESS ind - 28 to 130 psia (record pressure) .... 
"' a, 

LMP 2 7. RCS: a:, 

SYS A QUAD 1 sw - OPEN; tb - gray Pressure should decrease ~7 psia as each thruster-pair 
A PRESS ind - check & record pressure decrease isolation valve is opened. False position indication occurs 

when redundant command is given to Parker latching solenoid 
valve. For example, close command to closed valve results in 
open indication until removal of command. 

► ,. 
8. RCS: 0 

TEMP/PRESS MON sel - FUEL MANF ... ,.. 
('I A PRESS ind - check & record pressure decrease 0 ::r 
Q 

i~ 
:, 

9. Repeat steps 5 through 8 using RCS: SYS A QUAD 2, QUAD 3 When all fuel isolation valves for system A have been opened, co 
<11 

& QUAD 4 sw in step 7 pressure should be ~2 8 psia below value recorded in step 5. 
0 
Q RCS: SYS A QUAD 1, 2, 3 and 4 tb's - gray; RCS: SYS B ..... 
ii QUAD 1, 2, 3 and 4 tb's - gray indicate valves have been. ► o ::! 0 

10. Repeat steps 5 through 8 using RCS: SYS B QUAD 1, QUAD 2, o • z ':' QUAD 3, & QUAD 4 sw in step 7 & reading RCS: B PRESS "' i ind in steps 7 & 8 :z: 
11. RCS: A & B PRESS ind - ~28 psia below initial value of step 5 ► ,111, z 
12. RCS: 

0 
Ill 

TEMP/PRESS MON sel - OXID MANF 0 
A & B PRESS ind - ~24. 5 psia below reading of step 6 0 

~ 
CDR 8 13. ED: RCS pressurization. 

MASTER ARM sw - ON 
RCS He PRESS sw - FIRE 
MASTER ARM sw - OFF .,, 

Q 

RCS: Fuel and oxidizer nominal operating pressure is 178 to 188 psia. co LMP 2 14 . 
<11 

TEMP/ PRESS MON sel - OXID MANF 
A & B PRESS ind - 181 ±3 psia 

'!'"- 15. RCS: N> 
I TEMP/PRESS MON sel - FUEL MANF c.., 

a:, A & B PRESS ind - 181 ±3 psia 

• • • • • 
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PROCEDURES 

4.2.33 RCS PRESSURIZATION (cant) 

16. RCS: 

17. 

TEMP/PRESS MON sel - PRPLNT 
A & B TEMP ind - 40° to 100° F 
A & B PRESS ind - 181 ±3 psia 

RCS: 
TEMP/PRESS MON sel - He 
A & B PRESS ind - 2670 to 3300 psia 

18. RCS: 
A QUANTITY ind - record % remaining % 
B QUANTITY ind - record % remaining % 

4.2.34 RCS HOT FIRING CHECK OF PRIMARY COILS 

LGC Power Up (required) 
IMU Power Up (LGC operating) (required) 
DAP Data Load Routine (R03) (desired) 
RCS Primary Coil Enable 

1. Establish PGNCS Manual Translation Control Mode 
(RCS Translation): 
CB S/ C: ATCA (PGNS) - close 
GUID CONT sw - PGNS 
S/ C: PGNS sw - A TT HOLD 
THROTTLE/ JETS cont (CDR & LMP) - JETS 
TTCA/ TRANSL sw (CDR & LM) - ENABLE 

2. RCS: SYS A & SYS B QUAD 1, 2, 3, & 4 tb's - gray 

3. Verify CSM has attitude control disabled. 

4. TTCA (CDR) - move up, release 

• • • 
REMARKS 

Nominal helium tank pressure reading before pressurization is 
3050 psia at +70°F. 

Assumptions : (1) Cauti on and Warning Array Checkout 
completed, (2) RCS Pressurization completed, (3) LM/ CSM 
docked. 

This procedure verifies that all 16 jets fire when manually 
commanded to fire. One TTCA is used to perform ±X, ±Y, 
and ±Z translation maneuvers . Each maneuver must be 
performed as quickly as possible to minimize propellant 
consumption. The ±X translation maneuvers are performed 
using 4 jets. 

Ref para 4. 6.1.1 
Ref!para 4. 6.1. 3 
Ref para 4. 6.1. 8 
Ref para 4. 5.1.1 

Ref para 4. 5. 2. 5 

Quad 1, 2, 3, and 4 downward jets fire when +X translation is 
commanded. 
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PROCEDURES 

4.2.34 RCS HOT FIRING CHECK OF PRIMARY COILS (cont) 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12 . 

13. 

14. 

15~ 

16. 

17. 

Verify: 
MASTER ALARM pb/lt - off 
Audible tone - off 
RCS TCA warn lt - off 

CAUTION 

If any jet fails to fire upon command, the 
MASTER ALARM pb/lt's, audible tone, and 
RCS TCA warn lt will go on. The 
malfunctioning quad pair will be indicated 
by a red flag. 

TTCA (CDR) - move down, release 

Repeat step 5. 

TTCA (CDR) - move right, release 

Repeat step 5. 

TTCA (CDR) - mov,e left, release 

Repeat step 5. 

TTCA (CDR) - push forward, release 

Repeat step 5. 

TTCA (CDR) - pull aft, release 

Repeat step 5. 

Request CSM return to attitude hold mode. 

RCS: 
A QUANTITY ind - record % remaining __ % 
B QUANTITY ind - record % r ema ining __ % 

• • 

REMARKS 

Quad 1, 2, 3, and 4 upward jets fire when -X translation is 
commanded. 

Quad 1 and 2 left-side jets fire when +Y translation is 
commanded. 

Quad 3 and 4 right-side jets fire when - Y translation is 
commanded. 

Quad 2 and 3 aft jets fire when +Z translation is commanded. 

Quad 1 and 4 forward jets fire when -z translation is 
commanded. 
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4.2.35 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

• • 
PROCEDURES 

OPTIONAL RCS HOT FIRING CHECK OF PRIMARY COILS 

AGS Power Up (required) 
AGS Alignment to PGNCS ThlU 

Establish AGS attitude error display: 
A TTTITUDE MON sw - AGS 
S/C: DEAD BAND sw - MIN 
RATE/ERR MON sw - LDG RDR/CMPTR 

Zero AEA attitude error : 
Select AEA attitude hold submode, 
Key DEDA C 400 + 0OO00E 

GUID CONT sw - PGNS 

Have CSM null attitude rates & then disable CSM attitude 
control. 

Establish AGS pulse niode: 
GUID CONT sw - AGS 
ENG THR CONT: BAL CPL sw - ON 
S/C: PITCH sw - PULSE 
S/C: ROLL sw - PULSE 
S/C: YAW sw - PULSE 
S/C: AGS sw - AUTO 

Establish translation control: 
THROTTLE/JETS cont (2) - JETS 
ENG THR CONT: X TRANSL sw - 4 JETS 
TTCA/TRANSL sw (2) - ENABLE 

Null FDAI error 

ACA (CDR) - yaw left (4 sec) 

Null yaw FDA! error 

TTCA (CDR) - move up (80 msec min) 

• • 
REMARKS 

This procedure provides a minimum-time verification that all 
thrusters are operative. This check should be performed while 
in communication with MSFN. 

Ref para 4. 6. 2.1 
Ref para 4. 9. 2.1 

Ref para 4. 5. 3. 4 

Places AEA in followup. When AEA in followup and in 
attitude-hold submode, zero attitude error signals are output 
to displays every 40 msec. 

Ref para 4. 5.1. 7 
If attitude rates are not zero, AEA attitude errors will 
appear on FDAI error needles. 

AlF, B2L, B3A, and A4R jets fire when yaw left is 
commanded. 

AlL, A2A, A3R, and B4F jets fire when yaw right is 
commanded, to null yaw FDAI error. 

QUAD 1, 2, 3, and 4 downward jets fire when +X translation 
is commanded. 
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4.2.35 OPTIONAL RCS HOT FIRING CHECK OF PRIMARY COILS (cont) 

.... 
u, 

g'. 10. TTCA (CDR) - move down (80 msec min) QUAD 1, 2, 3, and 4 upward jets fire when -X translation is 

'< commanded. 
.... 
(D 

11. Verify CSM attitude control enabled a, 
00 

2 12. RCS : 
A QUANTITY ind - record % remaining % 
B QUANTITY ind - record % remaining % 

► 'V 
4.2.36 RCS IN-FLIGHT CHECK OF SECONDARY COILS The purpose of this task is to check functional continuity of 0 

ACA's, secondary coils, and RCS thrusters. Check occurs 
,.. ,.. 

(') before LM/ CSM separation and during communications with 0 :r 
0 MSFN tracking stations. Each maneuver must be performed or-::, 

as quickly as possible to minimize propellant consumption. (0 z~ (I) 
MSFN evaluates thrust chamber pressure switch readouts to 

0 
D determine that all thrusters fired. RCS pressurization ..... 
;;- completed. ► -o ::! 0 

11 1. CB S/ C: ATT DIR CONT - close (required) o• z~ 
CDR 2. Establish ACA hardover mode: Ref para 4. 5.1. 9 "' i 

4 ACA/ 4 JET sw (CDR & LMP) - ENABLE ::c . 

►-3 S/ C: PGNS sw - OFF z 
AGS sw - OFF 0 • 3. Verify CSM has attitude control disabled 0 

0 
ACA 4. ACA (CDR) - pitch up, hardover for 1 second Refer to table 4-2, RCS Jet Select Logic - Secondary Coils for ~ 

identification of appropriate jets fired to perform pitch, roll, 
and yaw maneuvers when attitude controller is displaced to 
hardover position. 

,, 5. ACA (CDR) - pitch down hardover for 1 second 
D 
(0 
(I) 

6. ACA (CDR - roll right hardover for 1 second 

~ 
7. ACA (CDR) - roll left hardover for 1 second 

N) 

J.. 8. ACA (CDR) - yaw left hardover for 1 second 
N) 

9. ACA (CDR) - yaw right hardover for 1 second 

• • • • • 
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PROCEDURES 

4.2.36 RCS IN-FLIGHT CHECK OF SECONDARY COILS (cont) 

10. Verify MSFN receipt of telemetry data 

11. Repeat steps 4 through 9 with ACA (LMP) 

12. Verify MSFN receipt of telemetry data 

13. Request CSM return to attitude hold mode 

14. RCS: 
A QUANTITY ind - record % remaining __ % 
B QUANTITY ind - record % remaining __ % 

Table 4-2 . RCS Jet Select Logic - Secondary Coils 

System B A B A A B B A B A A B A B A B 
............... Quad 4 4 4 4 3 3 3 3 2 2 2 2 1 1 1 1 

Maneuver ~ u D F R u D A R u D A L u D F L 

Yaw left X X X X 

Yaw right X X X X 

Pitch up X X X X 

Pitch down X X X X 

Roll left X X X X 

Roll right X X X X 

*Thruster Orientation Code 
U = UPWARD 
D = DOWNWARD 
F = FORWARD 
R = RIGHT SIDE 
L = LEFT SDIE 
A = AFT 

• 
REMARKS 
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PROCEDURES 

LANDING GEAR DEPLOY 

CB ED: LDG GEAR FLAG - close 

ED: 
MASTER ARM sw - ON 
LDG GEAR DEPLOY sw - FIRE ; th - gray 
MASTER ARM sw - OFF 

Observe +Z landing gear through forward windows 

After separation from CSM, request CSM to confirm all landing 
gears deployed & locked 

• • 

REMARKS 

• • 
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4.3 SUBSYSTEM DEACTIVATION 

Subsystem Deactivation consists of tasks performed by the crew to place LM subsystems into a powered-down condition that reproduces, 
to the extent practicable, LM prelaunch closeout status. 

1. Perform CDR Intravehicular Transfer to CSM Ref para 4 . 14. 5 

2. Perform LMP Connect to Transfer Umbilical Ref para 4 . 14. 2 

4.3.1 PREPARATION FOR SUBLIMATOR DRYOUT 

1. Perform LGC Power-Down Program (P06) Ref para 4. 6.1. 2. Program 06 transfers ISS/LGC from 
operate to standby. 

2. ORDEAL Panel: 
FDA! 1 sw - INRTL 
FDA! 2 sw - INRTL 
EARTH/LUNAR sw - PWR OFF 
LTG sw - OFF 
MODE sw - HOLD/FAST 
SLEW SW - center 
ALT SET cont - TBD Iim 

3. DES PROPUL: 
FUEL VENT sw - center; tb - bp 
OXID VENT sw - center; tb - bp 

ED: 
DES PRPLNT ISOL VLV sw - SAFE 
MASTER ARM sw - OFF 
DES VENT sw - SAFE 
ASC He SEL sw - BOTH 
LDG GEAR DEPLOY sw - SAFE; tb - gray 
RCS He PRESS sw - SAFE 
DES START He PRESS sw - SAFE 
ASC He PRESS sw - SAFE 
STAGE sw - SAFE (guarded) 
STAGE RELAY sw - OFF 

AUDIO: 
S BAND T/R sw - OFF 
!CS T/R sw - OFF 
RELAY ON sw - RELAY OFF 
MODE sw - !CS/PTT 
AUDIO CONT sw - NORM 
VHF A sw -OFF 
VHF B sw -OFF 
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PROCEDURES 

PREPARATION FOR SUBLIMATOR DRYOUT (cont) 

THROTTLE/JET S cont (CDR) - JETS 
Throttle friction cont (CDR) - TED 

DES RATE sw - center 
Eng STOP pb/lt - reset (flush) 
Eng START pb/lt - r eset (flush) 
+X TRANSL pb - reset (flush) 
MSN TMR: 

TMR CONT sw - STOP 
SLEW CONT HOURS sw ~ center 
SLEW CONT MIN sw - center 
SLEW CONT SEC sw - center 

LTG: 
OVERRIDE ANUN sw - OFF 
OVERRIDE NUM sw - OFF 
OVERRIDE INTEGRAL sw - OFF 
SIDE PANELS sw - OFF 
FLOOD cont - DIM 
ANUN/NUM cont - DIM 
INTEGRAL cont - DIM 

PTT pb (CDR) - not depressed 

X POINTER SCALE sw - HI MULT 
MASTER ALARM pb/ lt - reset (flush) 
RATE/ERR MON sw - LDG RDR/ CMPTR 
ATTITUDE MON sw - PGNS 
SHFT/ TRUN «: sw - ±50° 
RA TE/SCALE sw - 25° /SEC 
ACA P ROP sw - DISABLE 
ENG THR CONT: 

THR CONT sw - AUTO 
MAN THROT sw - CDR 
ENG ARM sw - OFF 
X TRANSL sw - 2 J ETS 
BAL CPL sw - ON 

ASC He REG 1 & 2 sw - center ; tb - gr ay 
DES He REG 1 & 2 sw - center ; tb - gr ay 
PRPLNT QTY MON sw - OFF 
PR P LNT T EMP/PRESS MON sw - DES 1 
HELIUM MON sel - OFF 
ABORT pb - reset (flush) 
ABORT STAGE pb - r e s et (flush) 

• 

REMARKS 
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PROCEDURES 

PREPARATION FOR SUBLIMATOR DRY OUT (cont) , 

RNG/ ALT MON sw - RNG/RNG RT 
MODE SE L sw - PGNS 
GUID CONT sw - PGNS 

ENG GMBL sw - OFF 
DES ENG CMD OVRD sw - OFF 
RADAR: 

LDG ANT sw - AUTO 
TEST sw - OFF 
TEST MON sel - ALT XMTR 

RNDZ RADAR: SLEW RA TE sw - HI 
RNDZ RADAR: SLEW sw - center 
RNDZ RADAR sel - AUTO TRACK 
S/C: 

DEAD BAND sw - l\IlN 
GYRO TEST ROLL sw - ROLL 
GYRO TEST POS RT sw - OFF 
ROLL sw - MODE CONT 
PITCH sw - MODE CONT 
YAW sw - MODE CONT 
PGNS sw -OFF 
AGS sw -OFF 
IMU CAGE sw - OFF 

HTR CONT: TEMP MON sel - RNDZ RADAR 
EVNT TMR: 

RESET/COUNT sw - DOWN 
TMR CONT sw - center 
SLEW CONT MIN sw - center 
SLEW CONT SEC sw - center 

HTR CONT: RCS SYS A/B 2 QUAD 1, 2, 3, & 4 sw - OFF 
LTG: 

SIDE PANELS sw - OFF 
FLOOD sw - OFF 
FLOOD cont - DIM 
EXTERIOR LTG sel - OFF 
LAMP/TONE TEST sel - OFF (ccw) 

X POINTER SCALE sw - HI MULT 

ACA/4 JET sw (CDR) - DISABLE 
TTCA/TRANSL sw (CDR) - DISABLE 
ACA/4 JET sw (LMP) - DISABLE 
TTCA/TRANSL sw (LMP) - DISABLE 

• • 
REMARKS 
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PROCEDURES 

PREPARATION FOR SUBLIMATOR DRYOUT {cont) 

Azimuth cont - CL 
Eye guard assembly and density filter - removed 
MARK X pb - not depressed 
MARK Y pb - not depressed 
REJECT pb - not depressed 

RCS: 
SYS A ASC FEED 1 & 2 sw - center; tb - bp 
SYS B ASC FEED 1 & 2 sw - center; tb - bp 
SYS A QUAD 1, 4, 2, & 3 sw - center ; tb - gray 
SYS B QUAD 1, 4, 2, & 3 sw - center ; tb - gray 
CRSFD SW - center; tb - bp 
SYS A MAIN SOV sw - center; tb - gray 
SYS B MAIN SOV sw - center; tb - gray 
TEMP/PRESS MON sel - He 

RCCA sw - OFF/RESET 
ACA PROP sw - DISABLE 
MASTER ALARM pb/lt - reset (flush) 
RATE/ERR MON sw - LDG RDR/CMPTR 
ATTITUDE MON sw - AGS 
O2/H2O QTY MON sel - DES 

THROTTLE/JETS cont (LMP) - JETS 
Throttle friction cont (LMP) - TBD 

Eng STOP pb/lt - reset (flush) 
AGS STATUS sw - OFF 

PTT pb (LMP) - not depressed 

UPLINK SQUELCH - OFF 

UP DATA LINK sw - OFF 
AUDIO: 

AUDIO CONT sw - NORM 
S BAND T/R sw - OFF 
ICS T/R sw - OFF 
RELAY ON sw - RELAY OFF 
MODE sw - ICS/PTT 
VHF A sw - OFF 
VHF B sw -OFF 
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PROCEDURES 

PREPARATION FOR SUBLIMATOR DRYOUT (cont) 

COMM: 
S BAND MODULA TE sw - PM 
S BAND XMTR/RCVR sw - PRIM 
S BAND PWR AMPL sw - PRIM 
S BAND VOICE sw - OFF 
S BAND PCM sw - PCM 
S BAND RANGE sw - OFF/RESET 
VHF A XMTR sw - OFF 
VHF A RCVR sw - OFF 
VHF B XMTR sw - OFF 
VHF B RCVR sw - OFF 
TLM BIOMED sw - OFF 
TLM PCM sw - HI 
RECORDER sw - OFF 
RECORDER TAPE tb - bp 

COMM ANT: 
VHF sel - last setting 
TRACK MODE sw - OFF 
PITCH cont - last setting 
YAW cont - last setting 
S BAND sel - last setting 

SUIT TEMP vlv - COLD 

Cabin temp. vlv - MAX COOL 

CB LTG: MASTER ALARM - open 

CB/AC BUS B: 
He/PQGS PROPUL DISP - open 
S BD ANT - open 
ORDEAL - open 
AGS - open 
AOT LAMP - open 
SE FDAI - open 

CB/AC BUS A: 
TAPE RCDR - open 
AOT LAMP - open 
RNDZ RDR - open 
DECA GMBL - open 

CB RCS SYS A: 
MAIN SOV - open 
ISOL VLV - open 
ASC FEED 2 - open 
ASC FEED 1 - open 

• • 
REMARKS 

High bit r ate t e lemetry required to monitor glycol 
temper ature in real time. 

CB LTG: MASTER ALARM - open out of sequence to prevent 
erroneous failure signals from activating master alarm. 
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PROCEDURES 

PREPARATION FOR SUBLIMATOR DRYOUT (cont) 

CB FLT DISP: THRUST - open 
THRUST ind pwr fail lt - on 
CB FLT DISP: CDR X PNTR - open 
X pointer ind pwr fail lt - on 
CB FLT DISP: RNG/RNG RT - open 
RANGE ind pwr fail lt - on 
CB FLT DISP: 

CDR FDA! - open 
COAS - open 
ORDEAL - open 

CB AC BUS A: 
RNG/RNG RT - open 
CDR FDA! - open 

CB PROPUL: DES He REG/VENT - open 
CB HTR: 

RNDZ RDR OPR - open 
AOT - open 
DOCK WINDOW - open 

CB S/C: 
ABORT STAGE - open 
ATCA PGNS - open 

PRE AMPS caut lt - on 
CES AC warn lt - on 
CB S/C: 

AELD - open 
A TT DIR CONT - open 
ENG START OVRD - open 

CB ED: 
LDG GEAR FLAG - open 
LOGIC PWR A - open 

CB HTR RCS SYS A/B 1: QUAD 4 - open 
HEATER caut lt - on (if quad temp < 120° F) 
CB HTR RCS SYS A/B 1: 

QUAD 3 - open 
QUAD 2 - open 
QUAD 1 - open 

CB ECS: SUIT FAN 1 - open 
ECS caut lt - on 
SUIT FAN comp caut lt - on 
H2O SEP comp caut lt - on (delayed) 
CB COMM: 

UP DATA LINK - open 
VHF B XMTR - open 
VHF A RCVR - open 
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PROCEDURES 

PREPARATION FOR SUBLIMATOR DRYOUT(cont) 

CB PGNS: 
SIG STR DISP - open 
WG RDR - open 
RNDZ RDR - open 
LGC/DSKY - open 
IMU OPR - open 

CB EPS: 
ASC ECA CONT - open 
ASC ECA - open 
INV 1 - open 

CB FLT DISP: 
EVNT TMR/ SE FOAi - open 
SE X PNTR - open 

X-POINTER ind pwr fail lt - on 
CB RCS SYS B: 

ASC FEED 1 - open 
ASC FEED 2 - open 
ISOL VLV - open 
CRSFD - open 
TEMP/PRESS DISP FLAGS - open 

RCS: PRESS ind pwr fail lt - on 
QUANTITY ind pwr fail lt - on 

CB RCS SYS B: 
PQGS DISP - open 
MAIN SOV - open 

CB PROPUL: TEMP/PRESS DISP FLAGS - open 
MPS: PRESS ind pwr fail lt - on 
CB PROPUL: 

PQGS - open 
ASC He REG - open 

CB LTG: TRACK - open 
CB ED: LOGIC PWR B - open 
CB/S/C: 

AEA - open 
ENG ARM - open 
AELD - open 
ABORT STAGE - open 
A TCA (AGS) - open 
DES ENG OVRD - open 

CB ECS: 
SUIT Fl.OW CONT - open 
SUIT/ CABIN RE PRESS - open 

•· • • 
REMARKS 
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PROCEDURES 

4.3.1 PREPARATION FOR SUBLIMATOR DRYOUT(cont) 

CB COMM: 
VHF A XMTR - open 
VHF B RCVR - open 
S BD ANT - open 
TV - open 

CB ECS: 
GLYCOL PUMP SEC - open 
CABIN FAN CONT - open 
CABIN REPRESS - open 
SUIT FAN 2 - open 
SUIT FAN AP - open 

SUIT FAN comp caut lt - OFF 
CB ECS: 

DIVERT VLV - open 
CO2 SENSOR - open 

CB HTR RCS SYS A/B 2: 
QUAD 1 - open 
QUAD 2 - open 
QUAD 3 - open 
QUAD 4 - open 

CB CAMR: SEQ - open 
CB EPS: 

ASC ECA - open 
ASC ECA CONT - open 

4.3.2 SUBLIMATOR DRYOUT 

1. PRIM EVAP FLOW #1 vlv - CLOSE 

2. ECS: GLYCOL temp ind - monitor 

• • 

REMARKS 

Confirmation of sublimator dryout occurs when rate of in
crease of ECS: GLYCOL temp ind levels off; when temp
erature time curve undergoes second inflection point. First 
inflection occurs during dryout when sublimator effectiveness 
begins to decrease. Dryout will continue until one of following 
conditions exists : 

• Confirmation is obtained 
• ECS: GLYCOL temp ind - 75°F 
• Thirty minutes elapse . 

Dryout is defined as time required to dissipate all water in 
sublimator. Time to accomplish task will vary as function 
of power load and vehicle temperature. If necessary to ex
pedite procedure, first inflection point on temperature-time 
curve will yield 80% sublimator dryout. 
GLYCOL caut lt - on when ECS:GLYCOL temp ind ~ 50°F . 

• • 
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4.3.3 

16 1. 
2 

11 2. 

16 3. 

• 
PROCEDURES 

FINAL SUBSYSTEM DEACTIVATION 

CB INST: CWEA - open 
C/W PWR caut lt - on 

CB/AC BUS B: 
SE WIND HTR - open 
NUM LTG - open 
BUS TIE INV 2 - open 
BUS TIE INV 1 - open 

CB/AC BUS A: 
BUS TIE INV 2 - open 
BUS TIE INV 1 - open 
AC BUS VOLT - open 
CDR WIND HTR - open 
INTGL LTG - open 

CB RCS SYS A: 
QUAD 4 TCA - open 
QUAD 3 TCA - open 
QUAD 2 TCA - open 
QUAD 1 TCA - open 

CB FLT DISP 
MSN TMR - open 
GASTA - open 

CB/AC BUS A: GASTA - open 
CB INST: SIG CONDR 1 - open 
CB S/C: DECA PWR - open 
CB LTG: ANUN/OOCK/COMPNT - open 
CB ECS: 

CABIN FAN 1 - open 
GLYCOL PUMP AUTO TRNFR - open 
GLYCOL PUMP 1 - open 
GLYCOL PUMP 2 - open 

CB COMM: 
SEC S BD XMTR/RCVR - open 
SECS BD PWR AMPL - open 
CDR AUDIO - open 

CB EPS: 
CROSS TIE BUS - open 
DC BUS VOLT - open 

CB RCS SYS B: 
QUAD 1 TCA - open 
QUAD 2 TCA - open 
QUAD 3 TCA - open 
QUAD 4 TCA - open 

• • • 
REMARKS 

CB INST: CWEA - open out of sequence to prevent erroneous 
failure signals from activating CWEA and overloading LCA 
as subsequent CB' s are opened. 

To avoid setting auto transfer circuit, CB ECS: GLYCOL 
PUMP AUTO TRNFR - open before CB ECS: GLYCOL 
PUMP 1 - open. GLYCOL comp caut lt - on. 
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4.3.3 

16 

4. 

ECS 

PROCEDURES REMARKS 

FINAL SUBSYSTEM DEACTIVATION {cont) 

CB LTG: ANUN/DOCK/COMPNT - open C/W PWR caut lt , all component caution lights, and all 
CB S/C: indicator power failure lights will go off. 

ATCA - open 
A TCA (AGS) - open 

CB INST: 
CWEA - open 
SIG SENOOR - open 
PCM/TE - open 
SIG CONDR 2 - open 

CB COMM: 
DISP - open 
SE AUDIO - open 
PRIMS BD PWR AMPL - open 
PRIM S BD XMTR/RCVR - open 
PMP - open 

CB ECS: 
DISP - open 
CABIN FAN 2 - open 

CB EPS: 
DC BUS VOLT - open 
INV 2 - open 
X LUNAR BUS TIE - open 
CROSS TIE BUS - open 

ECS closeout: 
Overhead floodlight (LMP) - rotate aft 
SUIT GAS DIVERTER vlv - PULL EGRESS 
CABIN REPRESS vlv - CLOSE 
PLSS FILL vlv - CLOSE 
PRESS REG A vlv - CLOSE 
PRESS REG B vlv - CLOSE 
DES 02 vlv - CLOSE 
#1 ASC 02 vlv - CLOSE 
#2 ASC 02 vlv - CLOSE 
SUIT ISOL vlv (LMP) - SUIT DISC 
SUIT ISOL vlv (CDR) - SUIT DISC 
ASC H20 vlv - CLOSE 
SEC EVAP FLOW vlv - CLOSE 
PRIM EVAP FLOW #2 vlv - CLOSE 
DES H20 vlv - CLOSE 
PRIM EVAP FLOW #1 vlv - CLOSE 
WATER TANK SELECT vlv - DES 
Cabin t~mp vlv - NORM 
CABIN GAS RETURN vlv - AUTO 

• • • • 
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ECS 

2 

ECS 

5. 
14 

16 

11 

• 
PROCEDURES 

FINAL SUBSYSTEM DEACTIVATION (cont) 

CO2 CANISTER SEL vlv - PRIM 
SUIT CIRCUIT RELIEF vlv - AUTO 
PRIM CO2 CANISTER - CLOSE 
SEC CO2 CANISTER - CLOSE 
WATER SEP SEL vlv - PULL SEP 2 
Overhead floodlight (LMP) - rotate forward 
SUIT FAN sel - OFF 
GLYCOL sel - PUMP 1 
ECS: GLYCOL temp ind - TBD °F (stabilized) 
Oz,'H2O QTY MON sel - ASC 2 
Cabin relief & dump vlv (fwd) - AU'ID 

EPS closeout: 
EPS: 

ED VOLTS sw - OFF 
POWER/TEMP MON sel - ED/OFF 
INVERTER sw - OFF 

All CB' s - open, except: 
CB LTG: FLOOD - close 
CB S/C: ASA - close 
CB HTR: S BD ANT - close 
CB EPS: 

DISP - close 
DES ECA - close 
DES ECA CONT - close 
CROSS TIE BAL LOADS - close 
BAT FEED TIE (2) - close 

All CB' s - open, except: 
CB HTR: 

RNDZ RDR STBY - close 
LDG RDR - close 

CB PGNS: IMU STBY - close 
CB EPS: 

BAT FEED TIE (2) - close 
CROSS TIE BAL LOADS - close 
DES ECA - close 
DES ECA CONT - close 

• • • 
REMARKS 
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PROCEDURES 

4.3.3 FINAL SUBSYSTEM DEACTIVATION (cont) 

EPS: 
SE BAT 1 HI VOLT sw - OFF/RESET; tb - bp 
SE BAT 1 LOW VOLT sw - ON; tb - LO 
SE BAT 2 HI VOLT sw - OFF/RESET: tb - bp 
SE BAT 2 LOW VOLT sw - ON; tb - LO 
CDR BAT 3 HI VOLT sw - OFF/RESET; tb - bp 
CDR BAT 3 LOW VOLT sw - ON; tb - LO 
CDR BAT 4 HI VOLT sw - OFF/RESET; tb - bp 
CDR BAT 4 LOW VOLT sw - ON ; tb - LO 

CB EPS: DISP - open 

6. CSM perform transfer of power from LM to CSM 

7. Perform LMP Intravehicular Transfer to CSM 

• 

REMARKS 

Lights may go off briefly as power is momentarily interrupted 
due to transfer effects. On-line equipment should not suffer 
degradation. Equipment remaining on line via translunar bus: 

S-band steerable antenna heater 
Landing radar heater 
Rendezvous radar standby heater 
IMU heater 
ASA heater 
DES ECA (2) 
DES ECA cont (2) 

Overhead floodlights remain on while overhead hatch is open. 

Ref para. 4.14. 3 
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4.4.1 

• • • 
PROCEDURES I REMARKS 

G & C REFERENCE DATA 

LGC/ DSKY RESTRICTIONS 

The following r estric tions apply to the use of the LGC and DSKY: 

a. For display verbs 01 through 07, monitor verbs 11 through 17, and load verbs 21 through 25, the number of components of 
the verb must not exceed the number of components of the noun being used . If this restriction is not observed, the OPR ERR 
It goes on . 

b . Mixing of octal and decimal data in multicomponent load verbs is not permitted . Data components must be all decimal 
or all octal. 

c. Loaded machine addresses must be in octal form. 

d. The magnitude of data being loaded should not exceed that of the noun being used . If this restriction is not observed, t he 
OPR ERR It goes on. 

e. Decimal data must be preceded by a sign(+ or -) , and the data word must have five digits. If the data word does not 
have five digits, zeros must be entered before the most significant digit. 

f. For displays of time only, three data words (three registers) must be loaded (for hours, minutes, and seconds). 

g. All data loads must be verified before pressing the ENTR pb for the last register being loaded. If any data are incorrect, 
the register can be cleared by pressing the CLR pb . Each successive pressing of the CLR pb clears the preceding 
register. This backing-up action occurs only on components called by the load verb. 

h . Only one of the following extended verbs can be running one at a time: 41, 42, 43, 47, 48, 49, 55, 62, 70, 71, 72, 73, 
74, 78, 82, 83, 84, 89, 90, 91, and 92. 

i. F lashing VERB/NOUN requires operator action. The program in process is halted until appropriate action is taken. 

j. Nouns 40, 44, 45, 50, and 66 cannot be loaded. Channe l No . 7 cannot be loaded via Nl0. 

k. Most nouns contain useful data only when relevent computations are running . The following are exceptions: 

8 , 9, 10 , 20, 21, 27, 36, 46, 47, 48, 65, 72, Rl of 45, and R2 of 66 . 
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PROCEDURES REMARKS 

l. If verb 37 is entered within 18 seconds of a fresh start, ISS turn-on, or restart with the !MUSE flag reset, a PIPA failure 
will not be detected . To correct this condition, perform Torque Gyros, ref para 4.9.1.4; IMU Orientation Determination 
Program (P51), ref para 4. 9. 1.1; or IMU Realign Program (P52), ref para 4. 9. 1. 2. 

m. Final Automatic Request Terminate Routine (R00) is not executed until a proper response is made to flashing V37 by 
keying in two digits (program number), then ENTR. 

n. Performing an ICDU zero, ref para 4.6.1.21, during LM Rendezvous Navigation Program (P20), ref para 4.8.2.1, may 
result in a bad mark or designate. 

o. Use of the PGNCS attitude hold/rate command mode, ref para 4.5.1.3, during powered flight may result in loss of 
attitude control. Attitude control is restored on establishing PGNCS automatic mode, ref para 4. 5 .1. 2. 

p. An efficient attitude hold / rate command mode is not provided when docked with the CSM. 

q. KALCMANU maneuver rate >0.5 / sec should not be used when docked with the CSM. 

r. A 1 ° / sec loss of attitude results if a +X-jet fails on or off and is undetected. 

s. A hardware restart removes track enable. If LM Rendezvous Navigation Program (P20) is in process, P20 is forced 
back to the beginning of RR Designate Routine (R21) and calls Preferred Tracking Attitude Routine (R61). 

t. If an LGC restart occurs, the DAP is disabled for approximately 12 seconds. 

4.4.2 AEA/ DEDA RESTRICTIONS 

The following restrictions apply to use of the AEA and DEDA: 

a. The CLR pb must be pressed before every DEDA entry. 

b. 

c. 

All addresses are in octal form. They must not exceed the number 704 (highest numbered address). 

A sign (+ or -) must be entered after the address when loading data. 

d. An octal quantity with a digit greater than 7 or a number greater than the allowable range of the address, must 
not be entered. 

e. A DEDA entry of -00000 should not be made unless specified in a particular procedure. 

• • • • 
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• • • 
PROCEDURES REMARKS 

f. Entries should not be made in addresses 023, 024, 025, or 063. These addresses contain instructions executed by the 
program. If an entry is made into one of these addresses and is executed by the program, it destroys one or more of the 
memory cells in the section not DEDA-accessible, thereby destroying the program . 

g. If more than 4 hours elapse with the AGS operating and no thrust along the X-axis, perform one of the following to 
prevent overflow of the accumulated velocity counter: 

h. 

i. 

Staged: Key DEDA C404 + OOOOOE 
Unstaged: Key DEDA C404 - 12356E 

If an accelerometer malfunctions, all AGS equations function properly and all guidance modes can be used as long as 
thrusting is performed orthogonal to the axis of the failed accelerometer, and the scale factor and bias compensation 
constant of the failed accelerometer are set to zero as follows: 

X axis : Key DEDA C534 + OOOOOE 
C540 + OOOOOE 

Y axis: Key DEDA C535 + OOOOOE 
C541 + OOOOOE 

Z axis: Key DEDA C536 + OOOOOE 
C542 + OOOOOE 

In attitude hold (400 + 00000) and guidance stee1ing (400 + 10000), X-axis override can be accomplished through any 
desired angle. In Z-axis steering (400 + 20000), Z-axis override can be accomplished through any desired angle. If 
override of any other steering channel is desired, attitude excursion should be < 90° from AGS-computed 
orientation. 

j. Do not enter +00000 into address 414. This is done automatically after completion of any navigation initialization. If 
this entry is made manually, it is treated as a +10000 and causes the program to search the PGNCS downlink for an 
identification word, which, when located, could destroy LM and CSM state vectors. If +10000 is entered manually into 
address 414, PGNCS downlink search can be eliminated by keying the DEDA: C563 + OOOOOE. 

k. If lunar surface flag is inadvertently set during earth orbit, reset lunar surface flag as follows: 

Key DEDA C604 + 00000 (only the sign is significant) 
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PROCEDURES 

4.4.3 THRUSTER GEOMETRY 

• 

~ SYSTEM A 

i SYSTEM B 

+X 

Figure 4-6. RCS Thruster Geometry 
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REMARKS 

• 

300LM4-500 

• 

► "al 
0 
I= 
0 
0 ... 
;:i 
-► .... IC) 
::! 0 o· z~ 
"' i ::c 
► .. z 
0 
11D 
0 
0 
~ 



,_. 
en 
c..., 
s:: 
'< ,_. 
~ 
a, 
(X) 

(') 
:::r 
0 
:, 

<O 

"' 0 
0 ,.. 

-0 
0 

<O 

"' 

':" 
>I> 
I 

en 

• 
CREW- PNL 
MAN 

4.4.4 

• • • 
PROCEDURES REMARKS 

JET SELECT LOGIC 

Table 4 - 3 is a general listing of the basic RCS engine logic for DAP - contro lled translation and rotation maneuvers of the LM. 
Under DAP control the jets selected for a particular maneuver are arranged so that the first entry is t he optimum se lection for 
the specified maneuver . 

Table 4- 3 . RCS J et Select Logic 

B A B A A B B A B A A B A B A B 
Maneuver 4 4 4 4 3 3 3 3 2 2 2 2 1 1 1 1 

u D F R u D A R u D A L u D F L 
A . DAP J ET SELECTION - ROTA TION 

Pitch up X X X X 
X X 

X X 
Pitch down X X X X 

X X 
X X 

Roll right X X X X 
X X 

X X 
Roll left X X X X 

X X 
X X 

Yaw left X X X X 
X X 

X X 
X X 

X X 
X X 

X X 
Yaw right X X X X 

X X 
X X 

X X 
X X 

X X 
X X 
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PROCEDURES 

JET SELECT LOGIC (cont) 

Table 4-3 . RCS Jet Select Logic (cont) 

B A B A A B B 
Maneuver 4 4 4 4 3 3 3 

u D F R u D A 

B. DAP JET SELECTION - TRANSLATION 
+X Translation X X 

X 
X 

-X Translation X X 
X 

X 
+Y Translation 
- Y Translation X 
+Z Translation X 
-z Translation X 
+Y Tack Translation X 

X 
-Y Tack Translation X 

X X 
+Z Tack Translation X 

X 
-Z Tack Translation X X 

LGC PROGRAMS 

No. Phase 

00 LGC Idling Service 
06 LGC Power Down Service 
20 Rendezvous Navigation Coast 
21 Ground Track Determination Coast 
25 Preferred Tracking Attitude Coast 
27 LGC Update Coast 
30 External l&V Prethrust 

• • 

REMARKS 

A B A A B A B A B 
3 2 2 2 2 1 1 1 1 
R u D A L u D F L 

X X 
X 

X 
X X 
X 

X 
X X 

X 
X 

X 
X X 

X X 
X X 

X 
X X 

X X 
X 

X xx 
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PROCEDURES 

LGC PROGRAMS (cont) 

No . 

32 Coelliptic Sequence Initiation (CSI) 
33 Constant 11,,. Altitude (CDH) 
34 Transfer Phase Initiation (TPI) 
35 Transfer Phase Midcourse (TPM) 
40 DPS Thrust 
41 RCS Thrust 
42 APS Thrust 
47 Thrust Monitor 
51 IMU Orientation-Determination 
52 IMU Realign 

LGC ROUTINES 

~ 

00 Final Automatic Request Terminate 
02 IMU Status Check 
03 OAP Data Load 
04 RR/LR Self-Test 
21 RR Designate 
22 RR Data Read 
23 RR Manual Acquisition 
24 RR Search 
25 RR Monitor 
30 Orbit Parameter Display 
31 Rendezvous Parameter Display 
32 Target 11,,.y 
33 LGC/CMC Clock Synchronization 
36 Rendezvous Out-of-Plane Display 
47 AGS Initialization 
50 Coarse Align 
51 Inflight Fine Align 
52 Automatic Optics Positioning 
53 Inflight Sighting Mark 
54 Sighting Data Display 
55 Gyro Torquing 

• 
Phase 

Prethrust 
Prethrust 
Prethrust 
Pre thrust 
Thrust 
Thrust 
Thrust 
Thrust 
Alignment 
Alignment 
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PROCEDURES 

LGC ROUTINES 

No. 

60 Attitude Maneuver 
61 Preferred Tracking Attitude 
62 Crew Defined Maneuver 
63 Rendezvous Final Attitude 
77 LR Spurious Test 

VERB LIST 

~ 

Regular Verbs 

01 Display octal component 1 in Rl 
02 Display octal component 2 in Rl 
03 Display octal component 3 in Rl 
04 Display octal components 1, 2 in Rl, R2 
05 Display octal components 1, 2, 3, in Rl, R2, R3 
06 Display decimal in Rl; or Rl, R2; or Rl, R2, R3 
07 Display double precision decimal in Rl, R2 
11 Monitor octal component 1 in Rl 
12 Monitor octal component 2 in Rl 
13 Monitor octal component 3 in Rl 
14 Monitor octal component 1, 2, in Rl, R2 
15 Monitor octal components 1, 2, 3, in Rl, R2, R3 
16 Monitor decimal Rl; or Rl, R2; or R l, R2, R3 
17 Monitor double precision decimal in R l , R2 
21 Load component 1 into Rl 
22 Load component 2 into R2. 
23 Load component 3 into R3 
24 Load components 1, 2 into Rl, R2 
25 Load components 1, 2, 3, into Rl, R2, R3 
27 Display fixed memory 
30 Request Executive 
31 Request Waitlist 
32 Recycle 
33 Proceed 

• • 

REMARKS 

Test only 

Test only, ground use 

Ground use 
Ground use 
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PROCEDURES 

VERB LIST (cont) 

No. 

Regular Verbs 

34 Terminate 
35 Test lights 
36 Request fresh start 
37 Change program 

Extended Verbs 

40 Zero CDU 
41 Coarse-align CDU 
42 Fine-Align IMU 
43 Load FDAI error needles 
44 Terminate RR continuous designate 
47 Initialize AGS (R47) 
48 Load DAP data (R03) 
49 Start crew defined maneuver (R62) 
50 Please perform 
52 Mark X reticle 
53 Mark Y reticle 
54 Mark X or Y reticle 
55 Increment LGC time (decimal) 
56 Terminate tracking (P20 and P25) 
61 Command LR to position 2 
62 Start RR/ LR self-test (R04) 
69 Restart 
70 Update liftoff time (P27) 
71 Universal update, block address (P27) 
72 Universal update, single address (P27) 
73 Update LGC time (octal) (P27) 
74 Initialize erasable dump via downlink 
76 Minimum impulse command mode 
77 Rate command and attitude hold mode 
78 Start LR spurious test (R77) 
79 Stop LR spurious test (R77) 
80 Update LM state vector 
81 Update CSM state vector 
82 Request orbit parameter display (R30) 

• 
REMARKS 

Specify N20 or N72 
Specify N20 or N72 

Test only 
V41 N72, option 2 
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PROCEDURES 

VERB LIST (cont) 

No . 

Extended Verbs 

83 Request rendezvous parameter display (R31) 
84 Start target AV (R32) 
89 Request rendezvous final attitude maneuver (R63) 
90 Request rendezvous -out-of-plane display (R36) 
91 Show Banksum 
92 Start IMU performance tests 
93 Enable W Matrix Initialization 
95 No update of either state vector 
99 Enable engine ignition 

NOUN LIST 

No. Description/Component Scale - --
01 Specify address (fraction) 

Rl .:xxxxx 
R2 .:xxxxx 
R3 .:xxxxx 

02 Specify address (whole) 
Rl xxxxx 
R2 xxxxx 
R3 xxxxx 

03 Specify address (degree) 
Rl xxx.xx0 

R2 XXX.XX 0 

R3 XXX.XX 0 

05 Angular error/difference 
Rl XX.XXX 0 

R2 -----
R3 -----

• • 

REMARKS 

Temporary for hybrid and systems test group. 
Ground use, do not use in flight. 
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4.4.8 

• 
PROCEDURES 

NOUN UST (cont) 

No. Description/ Component --
06 Option code 

Rl Code 
R2 Desired option 
R3 

08 Alarm data 
Rl 
R2 
R3 

09 Alarm codes 
Rl 
R2 
R3 

10 Channel to be specified 
(L-except channel 7) 

Rl 
R2 
R3 

14 Checklist 
(used by extended verbs only) 

Rl 
R2 
R3 

15 Increment address 
Rl 
R2 
R3 

16 Time of event 
(used by extended verbs only) 

Rl 
R2 
R3 

• • • 
REMARKS 

Scale --

Octal 
Octal 
-----

Octal 
Octal 
Octal 

Octal 
Octal 
Octal 

Octal 
-----
-----

xxxxx Noun 14 changes to noun 25 after initial display 

-----
-----

Octal 
-----
-----

00XXX . hr 
000XX.min 
OXX.XX sec 
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4.4.8 

• 

PROCEDURES 

NOUN UST (cont) 

No. Description/ Component --
18 Desired automatic maneuver 

FDAI angles 
Rl Roll 
R2 Pitch 
R3 Yaw 

19 Bypass attitude trim maneuver 
(Desired FDAI angles) 

Rl Roll 
R2 Pitch 
R3 Yaw 

20 ICDU angles 
Rl Outer gimbal 
R2 Inner gimbal 
R3 Middle gimbal 

21 PIPA's 
Rl X 
R2 Y 
R3 Z 

22 Desired ICDU angles 
Rl Outer gimbal 
R2 Inner gimbal 
R3 Middle gimbal 

24 A LGC clock time 
Rl 
R2 
R3 

• 

REMARKS 

Scale --

XXX.XX 0 

xxx.xx.0 

XXX.XX0 

XXX.XX0 

XXX.XX0 

XXX.XX 0 

XXX.XX 0 

XXX.XX 0 

XXX.XX0 

XXXXX pulses 
XXXXX pulses 
XXXXX pulses 

xxx.:xxo 
XXX.XX0 

XXX.XX 0 

00XXX hr 
000XX min 
OXX.XX sec 

• • • 
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4.4.8 

• 
PROCEDURES 

NOUN LIST (cont) 

No. Description/Component -
25 Checklist reference code 

(Used with V50) 
Rl Code 
R2 
R3 

26 Priority /Delay, address, 
BBCON 

Rl 
R2 
R3 

27 Self test switch (on/off) 
Rl 
R2 
R3 

30 TIG (CSl) 
Rl 
R2 
R3 

31 TIG (CDH) 
Rl 
R2 
R3 

32 Time from perigee 
Rl 
R2 
R3 

33 TIG 
Rl 
R2 
R3 

• 
Scale - -

xxxxx 
-----
-----

Octal 
Octal 
Octal 

xxxxx 
-----
- - ---

00.XXX hr 
000.XX min 
a.xx .xx sec 

00X.XX hr 
000.XX min 
a.xx .xx sec 

00.XXX hr 
000.XX min 
a.xx.xx sec 

00XXX hr 
000XX min 
0XX .XX sec 

• • 
REMARKS 
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4.4.8 

• 

PROCEDURES 

NOUN LIST (cont) 

No. Description/ Component --
34 Time of event 

Rl 
R2 
R3 

36 Time of LGC clock 
Rl 
R2 
R3 

37 TIG (TPI) 
Rl 
R2 
R3 

40 
Rl TFI/ Cut off 
R2 VG 
R3 4. Vm 

41 Target 
Rl Elevation 
R2 Latitude/ 2 
R3 

42 
Rl Ha 
R2 Hp 
R3 4. V (required) 

43 
Rl Latitude- · 
R2 Longftude 
R3 Altitude 

• 

REMARKS 

Scale --

00XXX hr 
000XX min 
0XX .XX sec 

00:XXX hr 
000XX min 
0XX: . XX: sec 

00XXX hr 
000XX min 
0XX.XX sec 

XXBXX min-sec 
XXXX.X fps 
XXXX.X fps 

xxx.xx:o Ground use 
xx:xxxo 
-- ---

XXXX.X nm 
XXXX: . X nm 
XXXX.X fps 

XXX.XX 0 A + display indicates north 
xxx.xx:o A + display indicates east 
XXXX:.X nm 

• • • 
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4.4.8 

• 

PROCEDURES 

NOUN LIST (cont) 

No. Description/ Component --
51 S Band Ant 

Rl Pitch 
R2 Yaw 
R3 

52 
Rl Central angle of 

active vehicle 
R2 
R3 

54 
Rl Range 
R2 Range rate 
R30 

55 
Rl N (Apsidal crossings) 
R2 E 
R3 Central angle 

57 4. R 

Rl 
R2 
R3 

58 
Rl Hp (TPI) 
R2 4. V (TPI) 
R3 4. V (TPF) 

59 
Rl 4.V (LOS) 
R2 
R3 

• 

Scale --

XXX.XX0 

XXX .XX0 

-----

XXX.XX0 

-----
-----

XXXX .X nm 
XXXX .X fps 
XXX.XX 0 

xxxxx 
XXX.XX 0 

XXX . XX 0 

XXXX.X nm 
-----
-----

XXXX.X nm 
XXXX.X fps 
XXXX .X fps 

XXXX.X fps 
XXXX.X fps 
XXXX.X fps 

• 

REMARKS 
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4.4.8 

• 
PROCEDURES 

NOUN UST (cont) 

No. Description/ Component -
65 Sampled LGC time 

Rl 
R2 
R3 

66 
Rl LR slant range 
R2 LR position 
R3 

67 LR velocities 
Rl ~ 
R2 VY 
R3 VZ 

70 
Rl AOT detent/ star 

code (before mark) 
R2 
R3 

71 
Rl AOT detent/star 

code (after mark) 
R2 
R3 

72 RR angles 
Rl Trunnion 
R2 Shaft 
R3 

73 New RR angles 
Rl Trunnion 
R2 Shaft 
R3 

• 
Scale --

00:XXX hr 
000:XX min 
OXX.XX sec 

xxxxx ft 
oooox 
-----

XXXXX fps 
XXXXX fps 
XXXXX fps 

Octal 
-----
-----

Octal 
-----
-----

xxx.:xxo 
xxx .:xxo 
-----

xxx.:xxo 
xxx.:xxo 
-----

• • 
REMARKS 

Fetched in interrupt 

X = 1 or 2 
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4.4.8 

• 

PROCEDURES 

NOUN UST (cont) 

No. Description/Component -
78 

Rl RR range 
R2 RR range rate 
R3 

80 
Rl Data indicator 
R2 fl 
R3 

81 
Rl A X (LV) 
R2 A Y (LV) 
R3 AZ (LV) 

82 
R1 AVX(LV) 
R2 AVY (LV) 
R3 AVZ (LM) 

83 
Rl A VX (LM) 
R2 AVY (LM) 
R3 AVZ (LM) 

84 
Rl AVX (CSM) 
R2 AVY (CSM) 
R3 AVZ (CSM) 

85 
Rl VGX (LM) 
R2 VGY (LM) 
R3 VGZ (LM) 

• 

REMARKS 

Scale --
XXX.XX nm 
XXXX.X fps 
-----

xxxxx 
XXX.X 0 

-----

XXXX.X fps 
XXXX.X fps 
XXXX.X fps 

XXXX.X fps 
XXXX .X fps 
XXXX.X fps 

XXXX . X fps 
XXXX.X fps 
XXXX.X fps 

XXXX.X fps 
XXXX.X fps 
XXXX.X fps 

XXXX .X fps 
XXXX.X fps 
XXXX . X fps 
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4.4.8 

• 
PROCEDURES 

NOUN LIST (cont) 

No. - Description/ Component 

86 
Rl VGX (LV) 
R2 VGY (LV) 
R3 VGZ (LV) 

87 Backup optics/ COAS LOS 
Rl Azimuth 
R2 Elevation 
R3 

88 Planet position vector 
Rl X 
R2 X 
R3 Z 

89 
Rl Latitude 
R2 Longitude/2 
R3 Altitude 

90 Rendezvous out-of-plane 
parameters 

Rl Y 
R2 Y rate 
R3 PSI 

93 A gyro angles 
Rl X 
R2 Y 
R3 Z 

95 Preferred attitude ICDU angles 
Rl 
R2 
R3 

• 
Scale --
XXXX.X fps 
XXXX.X fps 
XXXX.X fps 

xxx.xx:o 
xxx.xx:o 
-----

.xxxxx 

.xxxxx 

.xxxxx 

XX.XXX 0 

XX.XXX 0 

XXX.XX nm 

XXX.XX nm 
XXXX . X fps 
xxx.xx:o 

xxx.xx:o 
xxx.xx:o 
xxx.xx:o 

xxx.xx:o 
xxx.xx:o 
xxx.xx:o 

• 
REMARKS 

Celestial body (sun or planet) one-half unit vector. 

+Z-axis FDAI angles. 
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4.4.8 

4.4.9 

• 

PROCEDURES 

NOUN LIST (cont) 

No. Description/ Component Scale --
96 +X axis ICDU angles 

Rl XXX.XX 0 

R2 XXX .XX 0 

R3 XXX.XX 0 

97 System test inputs 
Rl xxxxx 
R2 xxxxx 
R3 xxxxx 

98 System test results and inputs 
Rl xxxxx 
R2 .xxxxx 
R3 xxxxx 

ST AR/ PLANET LIST 

Alphabetical Octal Code 

Acamar ( 9 Eridani) 6 
Achernar ( a Eridani) 4 
Acrux ( a Crucis) 25 
Aldebaran ( a Tauri) 11 
Alkaid ( '7 Ursae Majoris) 27 
Alphard ( a Hydrae) 21 
Alphecca ( a Coronae Borealis) 32 
Alpheratz ( a Andromedae) 1 
Altair ( a Aquilae) 40 
Antares ( a Scorpii) 33 
Arcturus ( a Bootis) 31 
Atria ( a Trianguli Aus):rinus) 34 
Canopus ( a Carinae) 14 
Capella ( a Aurigae) 13 
Dabih ( /3 Capricorni) 41 

• • 

REMARKS 

Right 
Ascension 

Vis Mag hr min 

3.4 2 57 
0.6 1 36 
1.6 12 24 
1.1 4 34 
1. 9 13 46 
2.2 9 26 
2.3 15 33 
2.1 0 06 
0.9 19 49 
1.2 16 27 

14 14 
1.9 16 43 

-0.9 6 23 
0.2 5 13 
3.2 20 19 

Declination 
deg min 

-40 26 
-57 25 
-62 49 
+16 26 
+49 30 
-08 30 
+26 50 
+29 53 
+08 46 
-26 21 
+19 22 
-68 56 
-52 40 
+45 57 
-14 54 
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4.4.9 

• • 
PROCEDURES 

STAR/PLANET LIST (cont) 

Alphabetical Octal Code 

Deneb ( a Cygni) 43 
Denebola ( /3 Leonis) 23 
Diphda ( /3 Ceti) 2 
Dnoces ( , Ursae Majoris) 20 
Enif ( 8 Pegasi) 44 
Formalhaut ( a Piscis Austrinus) 45 
Gienah ( Y Corvi) 24 
Menkar ( a Ceti) 7 
Menkent ( 8 Centauri) 30 
Mirfak ( a Persei) 10 
Navi ( · Y Cassiopeiae) 3 
Nunki ( er Sagittarii) 37 
Peacock ( a Pavonis) 42 
Polaris ( ·a Ursae Minoris) 5 
Procyon ( a Canis Minoris) 16 
Rasalhague ( a Ophiuchi) 35 
Regor ( y Velorum) 17 
Regulus ( a Leonis) 22 
Rigel ( /3 Orionis) 12 
Sirius ( a Canis Majoris) 15 
Spica ( a Virginis) 26 
Vega ( a Lyrae) 36 
Planet 00 
Sun 46 
Earth 47 
Moon 50 

Octal Code Numerical 

00 Planet 
1 Alpheratz ( a Andromedae) 
2 Diphda ( /3 Ceti) 
3 Navi ( y Cassiopeiae) 

REMARKS 

Right 
Ascension 

Vis Mag hr min 

1.3 20 40 
2.2 11 47 
2.2 0 42 
3.1 8 50 
2.5 21 42 
1.3 22 56 
2.8 12 13 
2.8 3 00 
2.3 14 04 
1.9 3 22 
2.2 0 54 
2.1 18 53 
2.1 20 23 
2.1 1 58 
0.5 7 37 
2.1 17 33 
1.9 8 08 
1.3 10 06 
0.3 5 12 

-1.6 6 44 
1.2 13 23 
0.1 18 36 

Right 
Ascension 

Vis Mag hr min 

2.1 0 06 
2.2 0 42 
2.2 0 54 

• 
Declination 

deg min 

+45 09 
+14 46 
-18 11 
+48 30 
+09 42 
- 29 49 
-17 20 
+03 56 
-36 11 
+49 44 
+60 27 
- 26 20 
-56 51 
+89 06 
+05 19 
+12 35 
-47 14 
+12 09 
-08 15 
-16 40 
-10 58 
+38 45 

Declination 
deg min 

+28 53 
-18 11 
+60 27 
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4.4.9 ST AR/ PLANET LIST 

Octal Code 

4 
5 
6 
7 

10 
11 
12 
13 
14 
15 
16 
17 
20 
21 
22 
23 
24 
25 
26 
27 
30 
31 
32 
33 
34 
35 
36 
37 
40 
41 
42 
43 
44 

• 

PROCEDURES 

(cont) t) 

Numerical 

Achernar ( Eridani) 
Polaris ( Ursae Minoris) 
Acamar ( Eridani) 
Menkar ( Ceti) 
Marfak ( Persei) 
Aldebaran ( Tauri) 
Rigel ( Orionis) 
Capella ( Aurigae) 
Canopus ( Carinae) 
Sirius ( Canis Majoris) 
Procyon ( Canis Minoris) 
Regor ( Velarum) 
Dnoces ( Ursae Majoris) 
Alphard ( Hydrae) 
Regulus ( Leonis) 
Denebola ( Leonis) 
Gienah ( Corvi) 
Acrux ( Crucis) 
Spica ( Virginis) 
Alkaid ( Ursae Majoris) 
Menkent ( Centauri) 
Arcturus ( Bootis) 
Alphecca ( Coronae Borealis) 
Antares ( Scorpii) 
Atria ( Trianguli Austrinus) 
Rasalhague ( Ophiuchi) 
Ve rga ( Lyrae) 
Nunki ( Sagittarii) 
Altair ( Aquilae) 
Dabih ( Capricorn) 
Peacock ( Pavonis) 
Deneb ( Cygni) 
Enif ( P egasi) 

• 

REMARKS 

Right 
Asce~sion 

Vis Mag hr min 

0.6 1 36 
2.1 1 58 
3 .4 2 57 
2.8 3 00 
1.9 3 22 
1.1 4 34 
0.3 5 12 
0 .2 5 13 

-0.9 6 23 
-1.6 6 44 

0.5 7 37 
1.9 8 08 
3.1 8 50 
2 . 2 9 26 
1.3 10 06 
2.2 11 47 
2.8 12 13 
1.6 12 24 
1.2 13 23 
1.9 13 46 
2.3 14 04 
0.2 14 14 
2.3 15 33 
1.2 16 27 
1.9 16 43 
2.1 17 33 
0 .1 18 36 
2.1 18 53 
0 .9 19 49 
3.2 20 19 
2.1 20 23 
1.3 20 40 
2 . 5 21 42 

Declination 
deg min 

-57 25 
+89 06 
-40 26 
+03 56 
+49 44 
+16 26 
-08 15 
+45 57 
-52 40 
-16 40 
+05 19 
-47 14 
+48 30 
-08 30 
+12 09 
+14 46 
-17 20 
-62 49 
-10 58 
+49 30 
-36 11 
+19 22 
+26 50 
-26 21 
-68 56 
+12 35 
+38 45 
-26 20 
+08 46 
-14 54 
-56 51 
+45 09 
+09 42 
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4.4.9 

4.4.10 

• • 
PROCEDURES 

ST AR/ PLANET LIST (cent) 

Octal Code Numerical 

45 Fomalhaut ( Piscis Austrinus) 
46 Sun 
47 Earth 
50 Moon 

CHECKLIST REFERENCE CODES (V50 N25) 

Rl Display 

00011 Key in automatic optics positioning option 
00012 Key is target data 
00014 Key in fine alignment option 
00015 Perform celestial body acquisition 
00016 Key in terminate mark option 
00017 Perform additional sightings 
00031 Key in engine on option 
00035 Perform LGC thrusting preparation 
00036 Perform thrust termination 
00037 Trim finished, please terminate R03 
00062 Switch LGC power down 
00200 By-pass zero AEA clock option 
00201 Switch RR mode to automatic 
00202 Key in sighting check option 
00203 Switch to PGNCS automatic mode 
00204 Key in enable gimbal trim option 
00205 Perform manual acquisition of CSM with RR 

• • 
REMARKS 

Right 
Ascension Declination 

Vis Mag hr min deg min 

1.3 22 56 -29 49 

"Switch" denotes position change of a panel switch. 
"Perform" denotes start or end of a task. 
"Key in" denotes data entry through DSKY. 

Guidance control to PGNCS ; mode and thrust control to AUTO. 
Enable off. 

► .,, 
0 
r
r-
0 

~i 
ffl ► 
"'►""' -0 :::!o o· zc:' 
"' r-
::c ~ 
► ,111,, z 
C 
m 
0 
0 
~ 



g, .. 
n· 
C, 
0 
it 

,_. 
CJ1 

.... 
r:: 
'< ,_. 
(0 
a, 
a, 

() 
=r 
0 
:::, 
(0 

" C, 
0 
it 

.,, 
0 
(0 

" 

CREW- PNL 
MAN 

4.4.11 

4.4.12 

• 

PROCEDURES REMARKS 

OPTION CODES (V04 N06) 

Rl DisEla;y R2 Load Option code is displayed in Rl in conjunction with V04 N06. 
Astronaut keys desired option into R2. 

00001 - Specify IMU orientation 1 = Preferred 
2 = Nominal 
3 = REFSMMAT 
4 = Land site 

00002 - Specify vehicle 1 = LM 
2 = CSM 

00003 - Specify tracking attitude 1 = Preferred 
2 =·Other 

00004 - Specify radar 1 = RR Sundance plus luminary. 
2 = LR 

ALARM CODES (V05 N09) 

R1 1 R2 1 R3 

00105 AOT mark system in use Maximum of three alarm codes may be displayed 
simultaneously. 

00107 More than five mark pairs Rl is first alarm to occur after last reset, R2 is second 
00110 No mark since last mark reject alarm to occur after last reset, R3 is last alarm. (If more 
00111 Mark missing than three alarms have occurred, high-order digit will be 
00112 Mark or mark reject not being accepted (V52, 2: 4.) 

V53, V54 not flashing) 
00113 No inbits 
00114 Mark mode but not desired 
00115 No marks in last pair to reject 
00205 Preferred orientation selected, but not specified 
00206 Zero encode not allowed with coarse-align 

+ gimbal lock 
00207 ISS turn on request not present for 90 seconds 
00210 IMU not operating 
00211 Coarse align error 
00212 PIPA failed, but PIPA not in use 

• • • • 
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• • 
PROCEDURES 

4.4.12 ALARM CODES (V05 N09) (cont) 

Rl, R2, R3 

00213 
00214 
00215 
00216 
00217 
00220 
00401 

00404 
00405 
00406 
00420 
00421 
00501 
00502 
00503 
00510 
00514 
00515 
00520 
00521 
00525 
00526 
00527 
00600 
00601 
00602 
00603 
00604 
00605 
00606 
00610 
00611 
01102 

*01103 
01104 
01105 

IMU not operating with turn-on request 
Program using IMU when IMU turned off 
Orientation not specified 
Bad PIP A reading 
Bad return from stall routines 
Bad REFSMMA T 
Desired gimbal angles yield gimbal lock ( > 60°) 

Two stars not available in any detent 90° test 
Two stars not available 
Rendezvous navigation not operating 
Third call to orbital integration 
W-matrix overflow 
Radar antenna out of limits 
Bad radar gimbal angle input 
Radar antenna designate fail 
Radar automatic discrete not present 
Radar goes out of Auto Mode while in use 
RR CDU fail discrete present 
RADARUPT not expected at this time 
Could not read radar 
4 e >3° 
Range > 400 nm 
RR out of limits in R23 
Imaginary roots on first iteration 
Hp (CSI) < 85 nm 
Hp (CDH) < 85 nm 
CSI to CHD time < 10 minutes 
CHD to TPI time < 10 minutes 
Number of iterations exceeds loop maximum 
A V exceeds maximum 
Computed CDH time > input in TPI time 
No TIG for given elevation angle 
LGC self-test error 
Unused CCS branch executed 
Delay routine busy 
Downlink too fast 

• • 
REMARKS 

00401 is short - and nonabort - type alarm . All others, except 
those identified by an asterisk (*), are nonabort type alarms. 

RADAR out of limits during OPCHK 

*Abort-type alarm 
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PROCEDURES 

4.4.12 ALARM CODES (VOS N09) (cont) 

Rl, R2, R3 

01106 
01107 

01110 
01111 

*01201 
*01202 
*01203 
*01206 

*01207 
*01210 

01211 
*01301 
*01302 

01407 
01411 

*01501 
*01502 

01520 
01560 
01600 

*01601 
01703 
01704 
01705 
01706 

01711 

02000 
02001 
02002 
02003 
02004 
03777 

• 

Uplink too fast 
Phase table failure . Assume erasab le memory 
destroyed. 
Restart with no active phase 
Restart with active phase 

Executive overflow, no VAC areas *Abort - type alarm 

Executive overflow, no core sets 
Waitlist overflow, too many tasks. ABORT 

Second job attempts to go to sleep via DSKY 
program 
No VAC area for marks 

Two programs using device at the same time !MU MODE switch 

Illegal interrupt of extended verb 

ARCSIN-ARCCOS input angle too large . ABORT 
SQRT called with negative argument. ABORT 
VG increasing 
CDU does not agree with command within one 
degree 
DSKY alarm during internal use. ABORT 
Illegal flashing display 
V37 request not permitted at this time 
Verb 46 inoperative when TVC, DAP is on 
Overflow in drift test 
Bad IMU torque ABORT 
< 45 seconds to ignition 

PGNCS automatic mode not selected 
Stick flag not set 
Stage verify discrete not consistent with program 
selected 
State vector integration not finished prior to TIG -
30 sec 
DAP still in progres s at next T5 RUPT 
Jet failures disabled Y-Z translation 
Jet failures disabled X translation 
Jet failures disabled P rotation 
Jet fa ilures disab led U-V rotation 
ICDU failure caused ISS warning 

• 

REMARKS 

• • 
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4.4.13 

• 
PROCEDURES 

ALARM CODES {V05 N09) (cont) 

Rl 1 R 21 R3 

04777 ICDU, PIPA fails; ISS warning 
07777 IMU failure; ISS warning 
10777 !MU, PIPA fails; ISS warning 
13777 !MU, ICDU fails; ISS warning 
14777 !MU, ICDU, PIPA fails; ISS warning 

AOT DETENT / COAS CODES (N70, N71) 

Rl 

R - Front (center) AB2DE 
L - Left ABIDE 
R - Right AB3DE 
Rr - Rear right AB4DE 
Lr - Rear left AB4DE 
CL - Close AB4DE 
COAS AB5DE 

Alternative LOS definition values N41 

COAS (overhead window) 
Rl Azimuth 000.00° 
R2 Elevation 090.00° 
R3 -----

COAS (forward window) 
Rl Azimuth 000.00° 
R2 Elevation 000.00° 
R3 -----

AOT (Rr) 
Rl Azimuth 120 . 00° ± 4 

R2 Elevation 45. 00° ± 4 

R3 -----

• • • 
REMARKS 
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4.4.14 

• 

PROCEDURES REMARKS 

AOT DETENT/COAS CODES (N70, N71) (cont) 

AOT (Lr) 
Rl Azimuth 240.00° ±"" 
R2 E levation 45.00° ±"" 
R3 -----

AOT (CL) 
Rl Azimuth 180.00° ± "" 
R2 Elevation 45.00° ± "" 
R3 -----

AGS SELECTOR LOGIC 

Address Entry 

400 +00000 Attitude hold Submodes of operation 
400 +10000 Guidance steering 
400 +20000 Acquisition steering 

(Z-axis steering-CSM or thrust) 
400 +30000 PGNCS to AGS align 
400 +40000 Lunar align 
400 +50000 Body axis align 
400 +60000 Gyro and accelerometer calibration 
400 +70000 Accelerometer only calibration 

407 +10000 Freeze external ..:i. V velocity-to-be-
gained vector in inertial space 

410 +00000 Orbit insertion 
410 +10000 Coelliptic sequence initiation Ref para 4.6.2.8 
410 +20000 Constant ..:i.h Ref para 4.6.2.8 
410 +30000 Direct transfer search 
410 +40000 Direct transfer execute 
410 +50000 External ..:i.v Ref para 4.6.2 . 8 

411 +00000 RCS or DPS selector +00000 X-body axis steering 
411 +10000 APS selector +10000 canted engine steering 

• • • • 
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• 
4.4.14 AGS SELECTOR LOGIC 

Address Entry 

412 +00000 

413 +10000 

414 +00000 
414 +10000 

414 +20000 
414 +30000 

415 +00000 

415 +10000 

416 +00000 
416 +10000 
416 +20000 

417 +00000 
417 +10000 

507 +00000 
507 +10000 

623 +10000 
623 +10000 

• 
PROCEDURES 

(cont) 

Reinitiate in-flight AGS self-test 

Set lunar surface flag and store azimuth 

Navigation initialization complete 
LM and CSM navigation initialization 
via PGNCS downlink 
LM navigation initialization via DEDA 
CSM navigation initialization via DEDA 

Program reset. Normal value of store 
Z-axis direction cosines command 
Store Z-axis direction cosines 

Select CDH at first apsidal crossing 
Select CDH at second apsidal crossing 
Select CDH at third apsidal crossing 

Select CDH at apisdal crossing 
Select CDH +180 ° , 360°, or 540 ° after 
CSI per address 416 

Normal position 
Orient Z-body axis to desired thrust 
axis 

Normal position 
Crew select guidance yaw steering 
vector 

• 
REMARKS 

Readout only 
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PROCEDURES 

DEDA INPUT LIST 

Address Quantization 

047 Octal Sine of landing azimuth angle 
053 Octal Cosine of landing azimuth angle 
231 1000 ft Radial distance of launch s i te from 

center of earth 
232 1000 ft Targeted injection altitude at orbit 

.insertion 
233 1000 ft Vertical pitch steering altitude 

threshold 
240 1000 ft X-component of LM position 
241 1000 ft Y-component of LM position 
242 1000 ft Z-component of LM positi on 
244 1000 ft X-component of CSM position 
245 1000 ft Y-component of CSM position 
246 1000 ft Z- component of CSM position 
254 0 . 1 min Epoch time of LM ephemeri s data 
260 1 fps X-component of LM velocity 
261 1 fps Y -component of LM velocity 
262 1 fps Z-component of LM velocity 
264 1 fps X-component of CSM velocity 
265 1 fps Y -component of CSM velocity 
266 1 fps Z-component of CSM velocity 
272 0.1 min Epoch time of CSM ephemeris data 
275 0.1 min AGS computer time of CSI maneuver 

(tigA) 
276 0 . 1 min Absolute time of CDH maneuver 

(tigB) 
277 0.1 min Desired TPI time for CSI 

computation 
310 0 . 1 min Rendezvous offset time 
311 0 . 1 min Time from TPI to rendezvous 
313 0.1 min Time from present to next burn 

(T '1 ) 

314 0.01 min Time of node prior to rendezvous 
target 

316 0.1 nm Radar range 
373 0 . 1 min AGS computer time of TPI maneuver 

(tigC) 

• • 

REMARKS 

Valid in TPI only. 

• • 
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4.4.15 

• • 
PROCEDURES 

DEDA INPUT LIST (cont) 

Address Quantization 

377 0 . 1 min AGS computer t ime (t) 
404 N/A Accumulated 4 V in X-body direc-

tion minus descent engine capability 
(updated every 40 ms) 

450 1 fps External 4 V component in hori-
zontal direction paralle l to CSM 
orbit plane 

451 1 fps External 4 V component in hori-
zontal direction perpendicula r to 
CSM orbit plane ( 4 Vy) 

452 1 fps Exter nal 4 V component in radial 
direction 

464 1 fps Vertical pitch steering altitude rate 
threshold 

465 1 fps Orbit insertion, targeted injection 
radius rate 

466 1 fps Orbit inser tion, targeted injection 
hor izontal velocity 

503 1 fps Radar range rate 
504 Octa l PGNCS to AGS misalignment cor-

rection constant, X axis 
505 Octal PGNCS to AGS misalignment cor-

rection constant, Y axi s 
506 Octal PGNCS to AGS m isalignment cor-

rection constant, Z axis 
514 Octal Guidance steering input vector 

(Wbx) 
515 Octal Guidance steering input vector 

(Vby) 
516 Octal Guidance steering input vector 

(Wbz) 
534 Octal X-accelerometer scale factor 
535 Octal Y -accelerom eter scale factor 
536 Octal Z-accelerometer scale factor 
540 - X-axis accelerometer bias 
541 - Y-axis accelerometer bias 
542 - Z-axis accelerometer bias 

• • 
REMARKS 

A + display indicates VG in posigrade direction . 

A + display indicates VG opposite to LM a ngular momentum 
vector . 

A + display indicates VG toward earth . 
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PROCEDURES REMARKS 

DEDA INPUT LIST (cont) 

Address ~uantization 

544 0.01°/hr X-gyro drift compensation constant 
545 0.01° / hr Y -gyro drift compensation constant 
546 0.01°/hr Z-gyro drift compensation constant 
547 - Lunar align azimuth correction 
605 Octal Tangent of desired LOS angle 
607 Octal h display scale factor 
613 Octal Sine of TPI interdict region 
650 Octal Radar misalignment correction 

constant 
656 Octal Constant in final horizontal velocity 

at orbit insertion 
662 Octal Radar misalignment correction 

constant 

DEDA OUTPUT LIST 

Address Quantization 

211 1000 ft Out-of-plane position (y) 
263 1 fps Out-of-plane steering (VG) Valid in CSI, CDH. 
270 1 fps Present LM out-of-plane velocity 

(Vyo) 
274 0.1 min Predicted time from CDH to TPI 

(TC) 
275 0.1 min AGS computer time of CSI maneuver Valid in CSI 

(tig A) 
276 0.1 min AGS absolute time of CDH Valid in CSI and CDH 

maneuver (tig B) 
277 0.1 min Normal time of TPI maneuver 
303 0.01 min Predicted LOS angle at TPI time Valid in TPI 
304 0.01 ° Angle between Z body axis and local 

horizon ( ~) 
305 0.01° CSI iteration error (Co) Valid in CSI and CDH 
306 0.01 min Time to rendezvous (Tr) Valid in TPI 
311 0.01 min Time from TPI to rendezvous 
312 0.01 min Predicted time to LM orbit 

perifocus (T perg) 

• • • • 
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4.4.16 

• • 
PROCEDURES 

DEDA OUTPUT LIST (cont) 

Address Quantization 

313 0.01 min Time from present to CSI, CDH or 
TPI (Tt.) 

314 0.1 min Time of node prior to nominal 
rendezvous time 

315 0.1 nm Predicted altitude of LM apofocus 
317 0.1 nm LM to CSM range (R) 
337 0.1 nm LM altitude (h) 
340 1000 ft X-component of LM position (rx) 
341 1000 ft Y -component of LM position (ry) 
342 1000 ft Z -component of LM position (rz) 
344 1000 ft X-component of CSM position (rcx) 
345 1000 ft Y -component of CSM position (rcy) 
346 1000 ft Z-component of CSM position (rcz) 
347 1000 ft Predicted orbit insertion burnout 

radus (rf) 
360 1 fps X-component of LM velocity (Vx) 
361 1 fps Y - component of LM velocity (Vy) 
362 1 fps Z-component of LM velocity (Vz) 
364 1 fps X - component of CSM velocity (Vex) 
365 1 fps Y-component of CSM velocity (Vey) 
366 1 fps Z-component of CSM velocity (Vcz) 
367 1 fps LM altitude rate 
370 1 fps Magnitude of LM velocity to be 

gained (VG) 
371 1 fps CDH maneuver t.V (Vpo) 
371 1 fps Direct transfer plus braking 

impulse t.V (VT) 
373 0.1 min Time from CSI to CDH (TAo) 
377 0.1 min AGS computer time (t) 
402 0 .1 nm Perigee altitude of predicted LM 

transfer trajectory (Direct Inter-
cept only) (qlD) 

402 0.1 nm Differential altitude at time of 
predicted ( t. r) 

403 0.1 nm Perigee of present LM trajectory 
(q) 

423 1 fps Desired final altitude rate 

• • 
REMARKS 

Valid in CSI guidance mode 
Valid in TPI 

Valid in TPI 

Valid in CSI, CDH 
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4.4.17 

• 

PROCEDURES 

DEDA OUTPUT LIST (cont) 

Address 9uantization 

433 1 fps Magnitude of LM velocity (V) 

440 1 fps Range rate between LM and CSM 
441 1 fps LM velocity normal to CSM orbit 

plane (VY) 
456 1 fps ti. V for CSI maneuver (Vo) 
457 1 ft / sec Horizontal velocity search increment 
463 1 fps Rate of predicted radial velocity at 

CSI time 
470 1 fps ti. V expended minus descent stage 

capability (VDX) 
471 1 . ft / s ec ti. V expended in Y - body direction 

( ti.VDY) 
472 1. ft/ s ec ti. V expended in Z-body direction 

(ti.VDZ) 
500 1 fps ti. V in X direction ( ti. Vgx) 
501 1 fps ti. V in Y direction ( ti. Vgy) 
502 1 fps ti. V in Z direction ( ti. Vgz) 
534 Octal X-accelerometer scale factor 
535 Octal Y -accelerometer scale factor 
536 Octal Z-accelerometer scale factor 
540 Octal X-accelerometer bias compensation 
541 Octal Y -accelerometer bias compensation 
542 Octal Z- accelerometer bias compensation 
574 - Descent section staging flag 
604 - Lunar surface flag 
611 1 fps Predicted LM r adial velocity 
612 - Staging sequence counter 

DEDA ACCESSIBLE PARAMETERS LIST 

Address Quan ti za tion 

033 Octal Rendezvous angle sine 
034 Octal Horizontal unit vector in transfer 

orbit plane (X) 

• • 

REMARKS 

A negative sign indicates LM closing on CSM 

Valid in CSI and CDH 
Valid in CSI and CDH 

Valid in TPI 

• • 
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4.4.17 

• • 
PROCEDURES 

DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address Quantization 

035 Octal Horizontal unit vector in transfer 
orbit plane (Y) 

036 Octal Horizontal unit vector in transfer 
orbit plane (Z) 

040 Octal Unit vector perpendicular to trans-
fer orbit plane (X) 

041 Octal Unit vector perpendicular to trans-
fer orbit plane (Y) 

042 Octal Unit vector perpendicular to trans-
fer orbit plane (Z) 

044 Octal Radar null direction cosines 
045 Octal Radar null direction cosines 
046 Octal Radar null direction cosines (A33S) 
047 Octal Sine of azimuth angle 
053 Octal Cosine of azimuth angle 
054 Octal Unit vector normal to CSM orbit 

(X) 
055 Octal Unit vector normal to CSM orbit 

(Y) 
056 Octal Unit vector normal to CSM orbit 

(Z) 
060 Octal Normalized LM position vector (X) 
061 Octal Normalized LM position vector (Y) 
062 Octal Normalized LM position vector (Z) 
067 Octal Thrust acceleration (fps sq) 
070 Octal Attitude errors (rad) (X) 
071 Octal Attitude errors (rad) (Y) 
072 Octal Attitude errors (rad) (Z) 
104 Octal LM position remainders (ft) (X) 
105 Octal LM position remainders (ft) (Y) 
106 Octal LM position remainders (ft) (Z) 
107 Octal PGNS 9 (counts) 
110 Octal Predicted change in integrated 

gravity (fps) (X) 
111 Octal Predicted change in integrated 

gravity (fps) (Y) 

• • 
REMARKS 
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PROCEDURES REMARKS 

DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address Quantization 

112 Octal Predicted c hange in integr a ted 
gravity (fps) (Z) 

11 3 Octal P GNS V' (counts) 
114 Octa l Gravity time s maj or cycle t ime 

(fps s q) (GX) 
115 Octal Gravity times major cycle ti m e 

(fps sq) (GY) 
116 Octal Gravity t imes major cycle time 

(fps sq) (GZ) 
117 Octal PGNS ef, (count s) 
120 Octal Resolved sensed A velocities a long 

inertial axis (fps) (DVSX) 
121 Octal Resolved sensed A velocities a long 

inertia l axis (fps ) (DVSY) 
122 Octal Resolved sensed A velocities along 

inertial axis (fps) (D VSZ ) 
123 Octal Sine of FDA! 
124 Octal Cosine of CSM eccentric anamoly 
125 Octal Sine of CSM eccentric anamoly -
126 Octal Radar filter posit ion weight at null 
127 Octal Cosine of FDA! 
130 Octal XE-direction cosine (All) 
131 Octal XE - direction cosine (A12) 
132 Octal XE-direct ion cosine (A13) 
134 Octal ZB-direction cosine (A 31) 
135 Octal ZB-direction cosine (A32) 
136 Octa l ZB-direction cos ine (A33) 
140 Octal YB-:direction cosine (A21) 
141 Octal YB-direction cosine (A22) 
142 Octal YB-direction cosine (A23) 
160 Octal XO-direction cosine (AUD) 
161 Octal XO-direction cosine (A12D) 
162 Octal XO-direction cosine (A13D) 
163 Octal LM semi-major axis after CDH trial 

(ft) 
164 Octal XO-direction cosine (A31D) 

• • • • 
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4.4.17 

• • 
PROCEDURES 

DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address Quantization 

165 Octal ZD-direction cosine (A32D) 
166 Octal ZD-direction cosine (A33D) 
167 Octal CSM position magnitude (ft) 
170 Octal Semilatus rectum of LM transfer 

orbit (ft) 
170 Octal Trial horizontal velocity increment 

(fps) 
171 Octal Transfer orbit semi - maj or axis (ft) 
174 1000 ft LM predicted position vector at CSI 

CDH or TPI burn time (X) 
175 1000 ft LM predicted position vector a t CSI 

CDH or TPI burn time (Y) 
176 1000 ft LM predicted position vector at CSI 

CDH or TPI burn t ime (Z) 
200 1000 ft CSM epoch position vector (X) 
20 1 1000 ft CSM epoch position vector (Y) 
202 1000 ft CSM epoch position vector (Z ) 
203 1000 ft Predicted CSM position magnitude 
204 1000 ft Position vector input to orbi t 

parameter s ubroutine (X) 
205 1000 ft Position vector input to orbit 

parameter subroutine (Y) 
206 1000 ft Position vector input to orbit 

parameter subroutine (Z) 
207 1000 ft Prediction position magnitude 
210 1000 ft LM present inertial position 

magnitude 
211 1000 ft LM out-of-plane position 
216 1000 ft QL set on overflow 
217 1000 ft Initial p perturbation 
223 1000 ft Nominal burnout altitude 
224 1000 ft LM predicted ine rtial position 

vector at CDH burn (X) 
225 1000 ft LM predicted inertial position 

vector at CDH burn (Y) 
226 1000 ft LM predicted inertial position 

vector at CDH burn (Z) 

• • 
REMARKS 
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PROCEDURES REMARKS 

DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address ~ uantization 

227 1000 ft LM predicted inert POS MAG at 
CDH burn 

230 1000 ft Ap limiter 
231 1000 ft Nominal lunar radius 
232 1000 ft Orbit insertion a ltitude 
233 1000 ft Vertical pitch steering alti tude -

threshold 
234 1000 ft Calculated range at time of radar 

range measurement (SX) 
235 1000 ft Calculated range at time of radar 

range measurement (SY) 
236 1000 ft Calculated range at time of radar 

range measurement (SZ) 
240 1000 ft LM ephemeris position 

(X-component) 
241 1000 ft LM ephemeris position 

(Y - component) 
242 1000 ft LM ephemeris position 

(Z-component) 
244 1000 ft CSM ephemeris position 

(X-component) 
245 1000 ft CSM ephemeris position 

(Y -component) 
246 1000 ft CSM ephemeris position 

(Z-component) 
254 0.1 min LM epoch 
260 1 fps LM initial velocity (X-component) 
261 1 fps LM initial velocity (Y -component) 
262 1 fps LM initial velocity (Z-component) 
263 1 fps VG component for out-of-CSM-plane 

steering 
264 1 fps CSM initial velocity (X-component) 
265 1 fps CSM initial velocity (Y-component) 
266 1 fps CSM initial velocity (Z-component) 
267 1 fps Velocity to be gained (=/VG) 
270 1 fps LM out-of-CSM-plane velocity 

magnitude 

• • • • 
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• • 
PROCEDURES 

DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address 9uantization 

272 0 .1 min CSM epoch 
274 0.1 min CDH to TPI time 
275 0.1 min Absolute CSI maneuver time 
276 0.1 min Time of CDH 
277 0.1 min Desired TPI time for CSI 

computation 
304 0.01° Z-axis/local horizontal angle 
305 0.01° Best cost saved for DEDA 
306 0.01° Computed LOS 
306 0.01° LM-CSM central angle at CDH 
310 0.01 min Target offset time 
311 0.01 min Desired transfer time 
313 0. 01 min Time from present to CSI, CDH, 

or TPI 
316 0.1 nm Radar range 
317 0.1 nm Computed range 
337 0.1 nm Altitude 
340 1000 ft LM position vector (X) 
341 1000 ft LM position vector (Y) 
342 1000 ft LM position vector (Z) 
344 1000 ft CSM present position vector (X) 
345 1000 ft CSM present position vector (Y) 
346 1000 ft CSM present position vector (Z) 
347 1000 ft Predicted burnout a ltitude 
360 1 fps Present LM inertial velocity 

vector (X) 
361 1 fps Present LM inertial velocity 

vector (Y) 
362 1 fps Present LM inertial velocity 

vector (Z) 
364 1 fps Prese nt CSM inertial velocity 

vector (X) 
365 1 fps Present CSM inertial velocity 

vector (Y) 
366 1 fps Present CSM inertial velocity 

vector (Z) 
367 1 fps Altitude rate 

• • 
REMARKS 
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PROCEDURES REMARKS 

DEDA ACCESSIBLE PARAMETERS LIST (cent) 

Address Quantization 

370 1 fps Velocity gain 
371 1 fps Predicted CDH AV 
371 1 fps Total velocity required for direct 

transfer 
373 0.1 min CSI to CDH coast time (matches 

best cost) (TAO) 
373 0.1 min Absolute TPI time (tigC) 
377 0.1 min Absolute time 
400 Octal AGS function selector 
401 Octal Discrete word one position 
402 0.1 nm LM-CSM at predicted CDH burn 

time 
402 0 . 1 nm LM tran_sfer orbit perigee altitude 
403 0 . 1 nm LM present perigee altitude 
407 Octal Reference frame se lector for 

ext AV 
410 Octal Guidance mode selector 
411 Octal RCS-DPS/ APS selector 
412 Octal In-flight self test status indicator 
413 Octal Store / no store lunar azimuth 

selector 
414 Octal Navigation initialize 
415 Octal Radar gimbal null 
416 Octal CDH apsidal selector 
417 Octal CSI elliptical/circular orbit logic 
420 1 ft/sec CSM epoch velocity vector (X) 
421 1 ft/sec CSM epoch velocity vector (Y) 
422 1 ft/sec CSM epoch velocity vector (Z) 
423 1 ft/sec Desired altitude rate 
424 1 ft/sec Velocity vector input to orbit 

parameter subroutine (X) 
425 1 ft / sec Velocity vector input to orbit 

parameter subroutine (Y) 
426 1 ft / sec Velocity vector input to orbit 

parameter subroutine (Z) 
427 1 ft / sec Present LM horizontal velocity 

• • • • 
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PROCEDURES 

DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address Quantization 

430 1 ft/sec Ellipse predictor velocity vector 
output (X) 

431 1 ft/sec Ellipse predictor velocity vector 
output (Y) 

432 1 ft / sec Ellipse predictor velocity vector 
output (Z) 

433 1 fps Present LM velocity 
435 1 sec Predicted time, TPI to rendezvous 
436 1 sec Time since CSM epoch 
440 1 fps Estimated range rate between CSM 

and LM 
441 1 fps Steering VY 
445 1 sec CSM period 
446 1 fps Horizontal velocity after CSI 
450 1 fps c. V downrange external c. V input 
451 1 fps c. V crossrange DV 
452 1 fps c. V radial input 
454 1 fps VG threshold 
455 Octal DEDA DA TA r eceived FLAG 
456 1 fps c. V for CSI maneuver 
457 1 fps Horizontal velocity search 

increment 
463 1 fps Predicted radial velocity at CSI 

time 
470 1 fps Accumulated total of sensed ve loc-

ity increments updated every 2 sec 
(X) 

471 1 fps Accumulated total of sensed veloc-
ity increments updated every 2 sec 
(Y) 

472 1 fps Accumulated total of sensed ve loc-
ity increments updated every 2 sec 
(Z) 

473 1 fps Descent stage c. V capability 
474 1 fps Components of total velocity-to-be 

gained during a burn (X) 

• • 
REMARKS 

Valid in CDH 
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PROCEDURES 

DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address Quantization 

475 1 fps Components of total velocity-to-be 
gained during a burn (Y) 

476 1 fps Components of total velocity-to- be 
gained during a burn (Z) 

500 1 fps Increments of tota l velocity-to-be 
gained during a burn (X) 

501 1 fps Increments of total velocity-to-be 
gained during a burn (V) 

502 1 fps Increments of total velocity-to-be 
gained during a burn (Z) 

503 1 fps Range rate input (radar) 
504 1 fps PGNCS/ AGS misalignment correc-

tion, X axis 
505 Octal PGNCS/ AGS misalignment correc-

tion, Y axis 
506 Octal PGNCS/ AGS misalignment correc-

tion, Z axis 
507 Octal Orient Z-body axis to thrust axis 
513 Octal Rendezvous angle cosine 
514 Octal Unit vector input for commanding 

yaw when S00 = 1 (X) 
515 Octal Unit vector input for commanding 

yaw when S00 = 1 (Y) 
516 Octal Unit vector input for commanding 

yaw when S00 = 1 (Z) 
517 Octal Gyro calibration counter 
520 Octal CSM epoch MS (sec) 
521 Octal LM epoch MS (sec) 
522 Octal Lower limit of desired derivative of 

radial acceleration (ft / sec cubed) 
523 Octal Lower limit of desired derivative of 

radial acceleration (I /sec) 
524 Octal CSM epoch LS (sec) 
525 Octal LM epoch LS (sec) 
526 Octal Set value of VT (fps) 
527 Octal Final upper limit of a ltitude rate 

at orbit inse rtion (fps) 

• • 

REMARKS 

Staged only 

Staged only 
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• • 
PROCEDURES 

DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address Quantization 

530 Octal X-axis alignment error signals 
(rad) 

531 Octal Y-axis alignment error signals 
(rad) 

532 Octal Z-axis alignment error signals 
(rad) 

533 Octal Discrete word one complement 
534 Octal X-axis accelerometer scale factor 

(fps/pulse) 
535 Octal Y-axis accelerometer scale factor 

(fps/pulse) 
536 Octal Z -axis accelerometer scale factor 

(fps/pulse) 
537 Octal X-axis mass unbalance compensa-

tion (rad / fps) 
540 Octal X-axis compensation, acceler -

ometer bias (fps) 
541 Octal Y-axis compensation, acceler-

ometer bias (fps) 
542 Octal Z-axis compensation, acceler-

ometer bias (fps) 
544 0.01°/hr X-gyro drift compensation, 

constant 
545 0.01°/hr Y-gyro drift compensation, 

constant 
546 0.01°/hr Z-gyro drift compensation, 

constant 
547 Octal Lunar align correction 
550 Octal X-gyro scale factor compensation 
551 Octal Y -gyro scale factor compensation 
552 Octal Z-gyro scale factor compensation 
553 Octal High (+) low (-) angular rate scaling 
554 Octal Upper limit of desired derivative of 

radial acceleration (fps cubed) 
555 Octal Upper limit of desired derivative of 

out- of-plane acceleration (fps 
cubed) 

• • 
REMARKS 
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DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address Si?uantization 

556 Octal Lower limit of desired derivative of 
radial acceleration (fps cubed) 

557 Octal Lower limit of desired derivative of 
out-of-plane acceleration (fps 
cubed) 

560 Octal Position error variance (ft sq) 
561 Octal Position, velocity error covariance 

(ft sq/ sec) 
562 Octal Downlink word counter 
563 Octal Downlink initialize flag (- IS enable) 
564 Octal 6 lower limit (fps) 
565 Octal 6 upper limit (fps) 
566 Octal Pitch cant angle (rad) 
567 Octal Display flag (- IS NA V update cycle) 
570 Octal Downlink IDl (received if neg) 
571 Octal Downlink input (complete if neg) 
572 Octal Memory test (test if neg) 
573 Octal 20 ms branch control 
574 Octal Staged flag (- IS staged) 
575 Octal ATT-HOLD flag (- IS hold) 
576 Octal Calibrate I. C. flag 
577 Octal Steering flag 
600 Octal Initial CSI flag 
601 Octal Radar data flag 
602 Octal Yaw cant angle (rad) 
603 Octal Logic flag for engine control 
604 Octal Lunar surface flag (- IS LUN SURF) 
605 Octal Tangent of desired line of sight angle 
606 Octal Lunar align stop criterion (rad) 
607 Octal Scale factor for attitude rate display 
611 Octal Predicted LM radial velocity (fps) 
612 Octal Staging counter 
613 Octal Central angle limit in TPI 
614 Octal Ullage counter 
615 Octal Minor cycle counter 
616 Octal Ullage counter limit 

• • • • 
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PROCEDURES 

DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address Quantization 

617 Octal Gyro calibrate time 
620 Octal No. of p iterations - 3 
621 Octal Accelerometer calibrate time 
622 Octal Staging time delay (1/25 sec) 
623 Octal Crew selection of s teering vector 
624 Octal ALT/ALT R T display cons tant 
625 Octal Singularity threshold, FDA! (rad) 
626 Octal X- axis a lignment gain constant 

1/RAD 
627 Octal Lunar a l ign constant (RAD / fps) 
630 Octal Lunar align cons tant (1/RAD) 
631 Octal Lunar align stop criterion (rad) 
632 Octal Calibrate gain constant 
633 Octal Ca librate gain constant (1/2 ms) 
634 Octal Accelerometer bias threshold (fps) 
635 Octal Accelerometer calibration gain 

constant 
636 Octal Gravitational constant (ft cubed/ 

sec sq) 
637 Octal - - - -
640 Octal R 0 D3 code special altitude r a te 

limit (ft/sec 3) 
641 Octal F ilter VE L uncert term (ft sq/ 

sec cubed) 
642 Octal Factor in RFDOT computation 

(1/sec) 
643 Octal CSI cost coefficient (RAD/ fps) 
644 Octal Decrease 6 factor 
645 Octal Increase 6 factor 
646 Octal Error term in radar filter (sq) 
647 Octal VG threshold (fps) 
650 Octal Cosine of radar X-body axis angle 
651 Octal Initial position error variance 

(ft sq) 
652 Octal Initial velocity error variance 

(ft sq/ sec sq) 
653 Octal Radar error model constant 

• • 
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PROCEDURES REMARKS 

DEDA ACCESSIBLE PARAMETERS LIST (cont) 

Address ~uantization 

654 Octal Time to burn computation factor 
(1/fps) 

655 Octal Time to burn computation factor 
(1/fps sq) 

656 Octal CSM semi-major axis (ft) 
657 Octal Ascent engine cutoff compensation 

(fps) 
660 Octal Lower limit thrust acceleration 

(ft/sec sq) 
661 Octal Ullage threshold 
665 Octal Max VYB displayable (fps) 
666 Octal Scale factor for attitude error 

output (RAD) 
667 Octal Cycle counts-to-seconds factor 
670 Octal One second plus DEDA time bias 
671 Octal Downlink code 
674 Octal -Mu T (ft cubed/sec sq) 
675 Octal T / 2 (sec) 

Address Conversion Scale Factors 

676 O. 01 ° /hr to rad/20ms scaled at -13 
677 100/1000 ft to ft scaled at 23/25 
700 O .1 min to sec scaled at 18 
701 0.1/1 fps to fps scaled at 13/15 
702 o. 01 ° to rad scaled at 3 
703 0 .1 nm ·to ft scaled at 23/25 
704 0. 01 min to sec scaled at 13 

• • • • 
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PROCEDURES REMARKS 

4.5 G & C REFERENCE MODES 

The G&C Reference Modes covers basic G&C functions in terms of related subsystem operating prerequisites 
and switch positions, and limits its scope to independent subsystem functions. The modes may be repeated 

and, in general , apply to G&C procedures; they are not intended as complete or self-contained procedures . 
Because some procedures do not require all operating prerequisites or switch positions in a given reference 
mode, they are accomplished without referring to that mode. 

When a G&C reference mode refers to another reference mode, reference is made by title and paragraph 
number and, where applicable, options are recommended. 

During time-critical procedures, reference to other sections or paragraphs of this handbook cannot be 
accommodated. Because time-critical procedures must be self-contained, information normally referred 
to by section or paragraph number will be fully repeated within those procedures. 

4.5.1 ATTITUDE CONTROL MODES 

4.5.1.1 RCS Primary Coil Enable 

1. CB RCS SYS A: QUAD 4 TCA - close 

2. CB RCS SYS A: QUAD 3 TCA - close 

3. CB RCS SYS A: QUAD 2 TCA - close 

4. CB RCS SYS A: QUAD 1 TCA - close 

5. CB RCS SYS B: QUAD 1 TCA - close 

6. CB RCS SYS B: QUAD 2 TCA - close 

7. CB RCS SYS B: QUAD 3 TCA - close 

8. CB RCS SYS B: QUAD 4 TCA - close 

Applies d-c power to primary coils of oxidizer and fuel valves 
of RCS systems A and B. This mode alone is not sufficient to 
allow RCS jets to fire via primary coils. 

Applies d-c power to primary coils of oxidizer and fuel valves 
of RCS system A, jets 4R and 4D. 

Applies d-c power to primary coils of oxidize.r and fuel valves 
of RCS system A, jets 3R and 3U. 

Applies d-c power to primary coils of oxidizer and fuel valves 
of RCS system A, jets 2A and 2D. 

Applies d-c power to primary coils of oxidizer and fuel valves 
of RCS system A, jets lF and lU. 

Applies d-c power to primary coils of oxidizer and fuel valves 
of RCS system B, jets lL and 1D. 

Applies d-c power to primary coils of oxidizer and fuel valves 
of RCS system B, jets 2L and 2U. 

Applies d-c power to primary coils of oxidizer and fuel valves 
of RCS system B, jets 3A and 3D. 

Applies d-c power to primary coils of oxidizer and fuel valves 
of RCS system B, jets 4F and 4U . 
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4.5.1.2 PGNCS Automatic In PGNCS automatic mode, LGC provides following: 
.... • Automatic steering (three-axis rotation) c:n 
"-< 
E. • Automatic ullage 
'< 
.... 
<.O • Automatic rate compensation a, 
00 

• Attitude hold to program-defined attitude, X- axis override 
is available, whereby astronaut commands X-axis 
attitude rates proportional to ACA displacement. Attained 
yaw attitude is maintained by LGC (maximum commanded 
rate is either 4° /sec or 20° /sec, as selected in DAP 

► Data Load Routine). ,. 
0 

LGC Power-Up (required) Ref para 4. 6. 1. 1. ,-,-
() 0 
=r- IMU Power-Up (LGC operating) (required) Ref para 4. 6 . 1. 3 . D 

i~ ::, CB PGNS: IMU OPR also supplies d-c power to PSA, which (Q 
(D develops 28 v, 800 cps, single phase for ACA proportional 
0 
D excitation and TTCA throttling. . ...,. 
ii" ~'° DAP Data Load Routine (R03) (required) Ref para 4. 6 . 1. 8 . -0 o• 

IMU Orientation Determination (P51) (required) Ref para 4 . 9.1.1. z 'l"' 
"' i 

RCS Primary Coil Enable (required) Ref para 4. 5 . 1.1. % 
►• 

11 1. CB S/ C: ATCA (PGNS) - close Provides d-c power for selecting PGNCS operation via GUID z 
0 

CONT sw - PGNS, bias to ATCA out-of-<letent relay, and Ill 
enable voltage to ATCA primary preamplifiers via S/C: 0 
PGNS sw - AUTO or ATT HOLD. 0 

CAUTION 
jllllli 

To prevent inadvertent RCS jet firing, 
S/ C: PGNS sw - OFF before CB S/ C: 

"O 
ATCA (PGNS) - close 

D 
(0 

2. Establish PGNCS automatic control : (D 

1 GUID CONT sw - PGNS Sets bank of relays required for PGNCS operation and for 
routing followup signal to AEA. 

~ 
c:n 3 S/ C : PGNS sw - AUTO Provides automatic discrete to LGC and routes +28-vdc enable 
I 

l'v signal to A TCA primary preamplifiers through contact closure 
established when GUID CONT sw - PGNS. Automatic DPS and 
APS engine-off signal path is established for LGC-generated 
engine-off commands . 

• • • • • 
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4.5.1 .2 PGNCS Automatic (cont) 

PITCH, ROLL, YAW sw - MODE CONT or PULSE 

3. Establish X-axis override capability: 
ACA PROP sw - ENABLE 

4. ACA - m aneuver as desired 

4.5. 1.3 PGNCS Attitude Hold/ Rate Command 

LGC Power- Up (requir ,ed) 

IMU Power-Up (LGC Operating) (required) 

DAP Data Load Routine (R03) (required) 

IMU Orientation Determination (P51) (required) 

RCS Primary Coil Enable 

11 1. CB S/ C: ATCA (PGNS) - close 

2. 
1 

CAUTION 

To prevent inadvertent RCS jet firing, 
S/ C: PGNS sw - OFF before CB S/ C: 
ATCA (PGNS) - close . 

Establish PGNCS attitude hold control: 
GUID CONT sw - PGNS 

• • 
REMARKS 

Switches do not affect PGNCS attitude when set to MODE CONT 
or PULSE; if set to DIR, with ACA 2. 5° out-of-detent, RCS jets 
will fire via secondary coils. 

Provides 800-cps power to ACA proportional primary windings. 

In PGNCS attitude hold/rate command mode, LGC provides 
LM stabilization and automatic rate damping . Attitude can be 
changed us ing ACA. When ACA is returned to detent, LGC 
DAP damps rate, stores attitude after rate damping, and 
holds to new attitude. 

Ref para 4 . 6. 1.1. 

Ref para 4. 6. 1. 3 . 
CB PGNS: IMU OPR also supplies d-c power to PSA, which 
develops 28v, 800 cps, s ingle phase for ACA proportional 
excitation and T TCA throttling . 

Ref para 4 . 6. 1. 8 . 

Ref para 4. 9.1.1. 

Ref para 4 . 5 . 1. 1. 

Provides d-c power for selecting PGNCS operation via GUID 
CONT sw - PGNS, bias to ATCA out-of-detent relay, and 
enable voltage to ATCA primary preamplifiers via S/C: 
PGNS sw - AUTO or ATT HOLD . 

Sets bank of relays for PGNCS operation and for routing follow
up signal to AEA. 

► 'V 
0 ... ... 
0 
Ot: 
'V;:a,, 
ffl ► 
lllll► ... 

-0 
::! 0 
O' z ':' "' ... 
::c 3 
► .-io z 
C 
a, 
0 
0 
~ 



cc, 
Q 
"' ;:;· 
c:, 
Q 
;-

.... 
c:n 

E'. 
'< 
.... 
"' O') 
00 

() 
-::r 
Q 
::, 
co .,, 
c:, 
Q 
;-

"ti 
Q 
co .,, 

~ 
c:n 
I 

>I>-

CREW- PNL PROCEDURES 
MAN 

• 

3 

4.5.1.3 PGNCS Attitude Hold/ Rate Command (cont) 

S/ C: PGNS sw - ATT HOLD 

ROLL, PITCH, YAW sw - MODE CONT or PULSE 

3 . Establish rate .command capability: 
ACA PROP sw - ENABLE 

Key V77E 

4. ACA - maneuver as desired 

4.5.1.4 PGNCS Minimum Impulse 

LGC Power-Up (required) 

IMU Power-Up (LGC Operating) (required) 

DAP Data Load Routing (R03) (required) 

IMU Orientation Determination (P51) (required) 

RCS Primary Coil Enable (required) 

11 1. CB S/ C: ATCA (PGNS) - close 

CAUTION 

To prevent inadvertent RCS jet firing, S/ C: 
PGNSsw-OFFbeforeCB S/C: ATCA (PGNS) - close. 

• • 

REMARKS 

Provides attitude hold discrete to LGC and routes +28-vdc 
enable signal to ATCA primary preamplifiers through contact 
c losure established when GUID CONT sw - PGNS. 

Switches do not affect PGNCS attitude control when set to MODE 
CONT or PULSE; when set to DIR, with ACA 2. 5° out of detent, 
RCS jets will fire via secondary coils . 

Provides 800-cps power to ACA proportional primary winding . 

Required to establish rate command capability. Commanded 
rate is proportional to ACAdisplacement. Maximum commanded 
rate is either 4° or 20° / sec, as indicated in DAP Data Load 
Routine (R03). Ref para 4 . 6.1. 8 . 

Releases attitude hold on LM (free drift) and allows one 
impulse per each ACA displacement > 2. 5° from detent. 
Impulse magnitude is proportional to ACA displacement 
(largest impulse causing O. 36° / sec rotation). 

Ref para 4 . 6 . 1. 1. 

Ref para 4. 6.1. 3. 
CB PGNS: IMU OPR also supplies d-c power to PSA, which 
develops 28v 800-cps for ACA proportional excitation and 
TTCA throttling. 

Ref para 4. 6. 1. 8. 

Ref para 4. 9. 1. 1. 

Ref para 4. 5.1.1. 

Provides d-c power for selecting PGNCS operation,via GUID 
CONT sw - PGNS, bias to ATCA out-of- detent relay, and enable 
voltage to ATCA primary preamplifiers via S/C: PGNS sw -
AUTO or ATT HOLD. 
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4.5.1.4 PGNCS Minimum Impulse (cont) 

2. Establish PGNCS minimum impulse control: 
1 GUID CONT sw - PGNS 

3 S/ C: PGNS sw - ATT HOLD 

PITCH, ROLL, YAWsw- MODE CONT or PULSE 

Key V76E 

3. ACA - maneuver as desired 

4.5.1.5 AGS Automatic 

AGS Power-Up (required) 

AGS Checkout (desired) 

AGS LM/ CSM state vector valid (required) 

PGNS/ AGS Alignment (required) 

RCS Primary Coil Enable (required) 

• • 
REMARKS 

Sets bank of relays for PGNCS operation and for routing followup 
signal to. AEA . 

Permits LGC to accept all ACA inputs. Provides attitude hold 
discrete to LGC and routes +28-vdc enable signal to ATCA 
primary preamplifiers through contact closure established when 
GUID CONT sw - PGNS. 

Switches do not affect PGNCS attitude control when set to MODE 
CONT or PULSE ; when set to DIR, with ACA 2. 5° out-of-detent, 
RCS jets will fire via secondary coils. 

Establishes minimum impulse control and removes attitude
hold capability. V77E or V36E terminates minimum impulse 
control and reestablishes attitude-hold and rate-command 
capabilities. 

Provides AEA automatic attitude control. In this mode, 
guidance steering (X-axis) (address 400 + 10000) and Z-axis 
steering (acquisition steering) (address 400 + 20000) should 
not be selected unless specified by particular procedure. 
Selection of either steering mode at other times, while AGS 
automatic mode is in control, may cause LM attitude rate 
changes of 10°/sec in pitch and 5°/sec in roll and yaw. 

Ref para 4. 6. 2.1. 

Ref para 4. 6. 2. 4. 

AGS Initialization Routine (R47), ref para 4. 6. 1. 18; or AGS 
Manual LM State Vector Update/Initialization, ref para 
4. 6. 2. 7, and AGS Manual CSM State Vector Update/Initialization 
ref para 4. 6. 2. 8. 

Ref para 4. 9. 2.1. 
AGS initialization and alignment are required for guidance 
steering and Z-axis steering, but are not required when LM 
is holding attitude in AGS automatic mode. 

Ref para 4. 5.1.1. 
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PROCEDURES 

AGS Automatic (cont) 

CB S/C: ATCA - close 

CB S/ C : A TCA (AGS) - close 

CAUTION 

To prevent inadvertent RCS jet firing, S/ C: 
AGS sw - OFF before CB S/ C : ATCA (AGS) -
close. 

Establish AGS automatic control : 
GUID CONT sw - AGS 

S/ C: AGS sw - AUTO 

PITCH , ROLL , YAWsw-MODE CONT 

ENG THR CONT: BAL CPL sw - ON 

S/ C: DEAD BAND sw - MAX or MIN 

• • 

REMARKS 

Supplies d-c power to ATCA power supply . 

Provides d-c power for selecting AGS operation via GUID 
CONT sw - AGS, bias for A TCA out-of-detent relay, and 
enable voltage to ATCA abort preamplifiers via S/ C : AGS 
sw - A

0

UTO or ATT HOLD. 

Sets bank of relays for AGS operation. 

Provides automatic discrete to AEA and routes +28-vdc enable 
voltage to ATCA abort preamplifiers through contact closure 
established when GUID CONT sw - AGS. Automatic DPS 
and APS engine- off signal path is established for AEA-generated 
engine-off commands. 

Switches route AEA attitude commands to A TCA and enable 
ATCA gimbal trim commands to be routed to DECA via GUID 
CONT sw - AGS. ATCA limits attitude rates except when 
LM is staged and in wide deadband. In this configuration 
attitude rates of 29. 6° / sec could be attained which is greater 
than the AGS ability to follow and could result in loss of valid 
attitude rate data. 

Routes +28-vdc enable signal provided via S/ C: AGS sw - AUTO, 
to ATCA four up-firing abort preamplifiers. ENG THR CONT: 
BAL CPL sw - ON during all mission phases, except during 
APS engine burns. This permits RCS to add to net thrust when 
under AGS control . 

In MAX position, attitude deadband in pitch, roll, and yaw is 
5°. In MIN position, attitude deadband in pitch and roll is 
O. 3°; in yaw, O. 4° . Minimum deadband is provided auto
matically during MPS thrusting, as backup to S/ C: DEAD 
BAND sw. Attitude rate deadband when unstaged is ±0.2°/sec 
(narrow) and ± 3. 33° /sec (wide) . Attitude rate deadband when 
staged is ±0.75°/sec (narrow) and ±12.5°/sec (wide) . 

• • 
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4.S.1.6 AGS Attitude Hold/Rate Command 

16 1. 

1 

3 

1 

3 

2. 

AGS Power-Up (required) 

AGS Checkout (desired) 

RCS Primary Coil Enable (required) 

CB S/ C : ATCA - close 

CB S/ C: ATCA (AGS) - close 

CAUTION 

To prevent inadvertent RCS jet firing, 
S/ C: AGS sw - OFF before CB S/ C: 
ATCA (AGS) - close. 

Establish AGS attitude hold control: 
GUID CONT sw - AGS 

S/ C: AGS sw - ATT HOLD 

PITCH, ROLL, YAWsw- MODE CONT 

ENG THR CONT: BAL CPL sw - ON 

S/ C: DEAD BAND sw - MAX or MIN 

• • • 
REMARKS 

Provides automatic stabilization signals from AEA when ACA 
is in detent, and permits attitude changes with CES rate 
stabilization when ACA is moved out- of-detent. 

Ref para 4. 6. 2.1. 

Ref para 4. 6 . 2. 4. 

Ref para 4. 5.1.1. 

Supplies d-c power to ATCA power supply. 

Provides d-c power for selecting AGS operation via GUID 
CONT sw - AGS, bias for ATCA out-of-detent relay, and 
enable voltage to ATCA abort preamplifiers via S/ C: AGS 
sw - AUTO or ATT HOLD. 

Sets bank of relay for AGS operation. 

Provides followup discrete (attitude hold and ACA out of 
detent) to AEA and routes +28-vdc enable signal to ATCA 
abort preamplifiers through contact closure established 
when GUID CONT sw - AGS. 

Switches route AEA attitude commands to A TCA and enable 
ATCA gimbal trim commands to be routed to DECA via 
GUID CONT sw - AGS. 

Routes +28-vdc enable signal, provided via S/ C: AGS sw -
ATT HOLD, to ATCA four up-firing abort preamplifiers. 
ENG THR CONT: BAL CPL sw - ON during all mission 
phases, except during APS engine burns. This permits RCS 
to add to net thrust when under AGS control . 

In MAX position, attitude deadband in pitch, roll, and yaw is 
5° . In MIN position, attitude deadband in pitch and roll, is 
0.3°; in yaw, 0.4°. Minimum deadband is provided auto
matically during MPS thrusting as backup to DEAD BAND sw. 
Attitude rate deadband when unstaged is ±0. 2°/sec (narrow) 
and ±3. 33° / sec (wide). Attitude rate deadband when staged is 
±0 .75° / sec /narrow) and ±12. 5° /sec (wide). 
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PROCEDURES 

4.5.1.6 AGS Attitude Hold/Rate Command (cont) 

3. Establish rate command capability: 
ACA PROP sw - ENABLE 

4. ACA - maneuver as desired 

4.5.1.7 AGS Pulse 

If all axes are not placed under AGS pulse mode: 

AGS Power-Up (required) 

AGS Checkout (desired) 

PGNS/ AGS Alignment (required) 

AGS state vector valid (required) 

1. Following are required for AGS pulse control: 

RCS Primary Coil Enable (required) 

CB S/ C: ATCA - close 

CB S/ C: ATCA (AGS) - close 

• 

CAUTION 

To prevent inadvertent RCS jet firing, 
S/ C: AGS sw - OFF before CB S/C : 
ATCA (AGS) - close . 

• 

REMARKS 

Provides 800-cps power to ACA proportional primary windings. 

Commanded rate is proportional to ACA deflection . Maximum 
commanded rate is 20° /sec. 

Permits manual initiation of angular acceleration commands 
through low-frequency pulsing of RCS jets by CES on 
individual-axis basis. In selected axis(es), automatic rate 
damping and AEA attitude control are lost (open-loop 
acceleration). 

Ref para 4. 6. 2.1. 

Ref para 4 . 6. 2. 4. 

Ref para 4. 9. 2.1. 

AGS Initialization Routine (R47), ref para 4 . 6.1.18 ; or AGS 
Manual State Vector Update/Initialization, ref para 4. 6. 2. 7, 
and AGS Manual CSM State Vector Update/Initialization, 
ref para 4 . 6. 2. 8. AGS initialization and alignment are required 
for guidance steering and Z-axis steering, but are not required 
when LM is holding attitude in AGS automatic mode. 

Ref para 4. 5.1.1. 

Supplies d-c power to ATCA power supply . 

Provides d-c power for selecting AGS operation via GUID CONT 
sw - AGS, bias for ATCA out-of-detent relay, and enable 
voltage to ATCA abort preamplifiers via S/ C: AGS sw - AUTO 
or ATT HOLD. 

• • 
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4.5.1.7 AGS Pulse {cont) 

2. Es tablish AGS pulse control: 
GUID CONT sw - AGS 

S/ C: AGS sw - AUTO 

Or select: 
S/ C: AGS sw - ATT HOLD 

DEAD BAND sw - MAX or MIN 

ENG THR CONT: BAL CPL sw - ON 

CB S/ C: A TT DIR CONT - close 

S/ C: ROLL, PITCH, YAW sw - PULSE 
(selectable on individual - axis basis) 

• • 
REMARKS 

Sets bank of r elays for AGS operation. 

If all axes are not wanted under pulse control, remaining 
axis(es) can be controlled with S/ C: AGS sw - AUTO or 
ATT HOLD. Do not set S/ C : AGS sw - OFF. S/ C: AGS 
sw - AUTO provides automatic discrete to AEA and routes 
enable voltage to ATCA abort preamplifiers through 
contact closure established when GUID CONT sw - AGS. 
If AUTO position is selected, guidance steering (X-axis) 
(address 400 + 10000) and Z-axis steering (address 400 + 
20000) should not be selected unless specified by particular 
procedure. Selection of either steering mode while in 
AGS automatic mode could result in vehicle attitude rates 
of Ill° / sec in all three axes. 

Provides followup discrete (attitude hold and ACA out of 
detent) to AEA and routes +28-vdc enable signal to A TCA 
abort preamplifiers through contact closure established 
when GUID CONT sw - AGS. 

Deadband is not in effect in axis(es) selected for pulse 
control. Minimum deadband is provided automatically 
during MPS thrusting . In MAX position, deadband in 
pitch, roll, and yaw is 5°. In MIN position, deadband 
in pitch and roll is 0 . 3°; in yaw, 0.4°. 

Routes +28-vdc enable signals provided via S/ C: AGS 
sw - ATT HOLD or AUTO, to ATCA four up-firing abort 
preamplifiers. ENG THR CONT: BAL CPL sw - ON 
during all mission phases, except during APS engine burns. 
This permits RCS to add to net thrust when under AGS 
control. 

Supplies d-c power to S/ C: PITCH, ROLL, YAW sw for 
direct and pulse mode operation . 

Inhibits AEA attitude errors and ACA rate commands to 
ATCA (selected axis only). Inhibits rate damping (open
loop acceleration in selected axis only). Inhibits routing 
of ATCA gimbal commands to DECA (selected axis only). 
Routes ACA pulse commands to A TCA jet logic . 
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PROCEDURES 

4.5.1.7 AGS Pulse (cont) 

3. ACA - maneuver as desired 

4.5.1.8 AGS Direct 

If all axes are not placed under AGS direct mode: 

AGS Power-Up (required) 

AGS Checkout (desired) 

RCS Primary Coil Enable (required) 

PGNS/ AGS Alignment (required) 

AGS state vector valid (required) 

1. CB S/ C: ATCA - close 

CB S/ C: ATCA (AGS) - close 

CAUTION 

To prevent inadvertent RCS jet firing, 
S/ C: AGS sw - OFF before CB S/ C: 
ATCA and CB S/ C: ATCA (AGS) - close. 

• • 

REMARKS 

As long as ACA is held 2. 5° out-of-detent, ATCA issues 
commands (pulse trains) as follows: Pitch or roll, two 
jets, 1.62 pulses/sec , 0 . 18-sec duration; Yaw, four jets, 
1.57 pulses/sec, 0.017-sec duration. 

Permits manual initiation of angular acceleration commands 
through on-off firing of RCS jets (2-jet operation direct to 
secondary coils) on individual-axis basis. In selected 
axis(es), automatic rate damping and AEA attitude control 
are lost (open-loop acceleration). 

Ref para 4. 6. 2.1. 

Ref para 4. 6. 2. 4. 

Ref para 4. 5.1. 1. 

Ref para 4. 9. 2.1. 

AGS Initialization Routine (R47), ref para 4. 6. 1. 18 ; or AGS 
Manual State Vector Update/ Initialization, ref para 4 .6. 2. 7, 
and AGS Manual CSM State Vector Update/Initialization, 
ref para 4. 6. 2. 8. AGS initialization and alignment are 
required for guidance steering and Z-axis steering, but are 
not required when LM is holding attitude in AGS automatic 
mode. 

Supplies d-c power to ATCA power supply. 

Provides d-c power for selecting AGS operation via GUID 
CONT sw - AGS, bias to ATCA. out-of-detent relay, and 
enable voltage for ATCA abort preamplifiers via S/C: 
AGS sw - AUTO or ATT HOLD. 

• • 
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PROCEDURES 

4 .5.1.8 AGS Direct (cont) 

2. Establish AGS automatic or attitude hold control (if desired) : 
GUID CONT sw - AGS 

S/ C: AGS sw - AUTO 

Or select: 
S/C: AGS sw - ATT HOLD 

S/ C: DEAD BAND sw - MAX or MIN 

ENG THR CONT: BAL CPL sw - ON 

3. Establish AGS direct control: 
CB S/ C: ATT DIR CONT - close 

• 
REMARKS 

Sets bank of relays for AGS operation. 

If all axes are not wanted under direct control, remamrng 
axis(es) can be controlled with S/ C: AGS sw - AUTO or 
ATT HOLD. Do not set S/ C: AGS sw - OFF. S/ C: AGS 
sw - AUTO provides automatic discrete to AEA and routes 
enable voltage to ATCA abort preamplifiers through 
contact closure established when GUID CONT sw - AGS . 
If AUTO position is selected, guidance steering (address 
400 + 10000) and Z-axis steering (address 400 + 20000) 
should not be selected unless specified by particular 
procedure. Selection of either steering mode while in 
AGS automatic mode could result in vehicle attitude rates 
of 10° / sec in all three axes . 

Provides followup discrete (attitude hold and ACA out-of
detent) to AEA and routes +28-vdc enable signal to ATCA 
abort preamplifiers through contact closure established 
when GUID CONT sw - AGS. 

Deadband is not in effect in axis(es) selected for direct 
control, Minimum deadband is provided automatically 
during MPS thrusting. In MAX position, deadband in 
pitch, roll, and yaw is 5°. In MIN position, deadband in 
pitch and roll is 0. 3°, in yaw, 0 .4° . 

Routes +28 -vdc enable signal, provided by S/ C: AGS sw -
ATT HOLD or AUTO, to ATCA four up-firing abort pre
amplifiers. ENG THR CONT: BAL CPL sw - ON during 
all mission phases, except during APS engine burns. 
This permits RCS to add to net thrust when under AGS 
control . 

Supplies d-c power to S/ C: PITCH, ROLL, YAW sw for 
direct and pulse mode operation. 

• 

► .,, 
0 
r
r-
0 

~i 
ffl ► :11111..,. 

► '° :::!o 
O' z ':' 
"' r-
::c ~ 
»~ z 
C 
m 
0 
0 
;;Ill; 



m 
0 ., 
;;· 
0 
0 
;;-

..... 
t/1 

e'. 
'< 
..... 
"' a, 
00 

n 
::r 
0 
~ 
Ill 

111 

0 
0 
;;-

.,, 
0 
Ill 

111 

~ 
t/1 
I ..... .,_, 

CREW- PNL 
MAN 

3 

11 

4 

11 

• 

PROCEDURES 

4.5.1.8 AGS Dired (cont) 

S/ C: PITCH, ROLL, YAW sw - DIRECT (selectable on 
individual-axis basis) 

4. ACA - maneuver as desired 

4.5.1.9 ACA Hardover 

1. CB S/ C: A TT om CONT - close 

2. Establish hardover control: 
ACA/ 4 JET sw (CDR/LMP) - ENABLE 

ACA (CDR or LMP) - maneuver as desired 

4.5.2 TRANSLATION CONTROL MODES 

4.5.2.1 Descent Engine On/Off Control 

1. PGNCS control: 

LGC Power-Up (required) 

IMU Power-Up (LGC Operating) (required) 

PGNCS prethrust program (required) 

a. Eng on, 

CB S/ C: DECA PWR - close 

• • 

REMARKS 

Inhibits AEA attitude error and ACA rate commands to ATCA 
(selected axis only). Inhibits rate damping (open-loop 
acceleration in selected axis only). Inhibits A TCA gimbal 
commands to DECA (selected axis only) and routes +28 -vdc 
to DIRECT contacts of ACA . 

As long as ACA is held 2. 5° out-of-detent, RCS jets will 
fire continuously. 

Provides override of attitude control by routing CES on-off 
to RCS secondary coils for four-jet operation. 

Provides 28 vdc to ACA 12° switch (hardover) via ACA/ 4 JET 
sw - ENABLE. 

Routes 28 vdc to ACA 12° switch (hardover) from CB/ SC : 
ATT om CONT. 

Hardover cc-mmand is initiated when ACA is moved 12° out
of-detent (12° switches close) and 28 vdc is routed to RCS 
secondary coils. 

Provides configuration for starting and stopping descent 
engine using PGNCS, AGS, and manual control. Manual 
control includes using Eng START pb/ lt descent engine 
override function and Eng STOP pb/ lt. 

Ref Para 4. 6 .1. 1. 

Ref para 4. 6. 1. 3 . 

Ref para 4. 7 

Provides d-c power to descent engine-arming and engine-on 
relays in DECA . 

• • 
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PROCEDURES 

4.5.2.1 Descent Engine On/Off Control (cont) 

CB S/C: ENG ARM - close 

CB S/ C: ATCA PGNS - close 

ABORT STAGE pb - reset 

Eng STOP pb/ lt - reset 

GUID CONT sw - PGNS 

ENG Tiffi CONT: ENG ARM sw - DES 

LGC eng-on command (P40) 

b. Eng off, 

CB S/ C: ATCA PGNS - close 

CB S/C: ENG ARM - close 

GUID CONT sw - PGNS 

S/ C : PGNS sw - AUTO 

LGC eng-off command (P40) 

Or select: 

Eng STOP pb/lt-push 

ENG Tiffi CONT: ENG ARM sw - OFF 
Or select: 

Eng STOP pb/lt - push 

ABORT pb - reset 

• • • 
REMARKS 

Provides d-c power for automatic engine-on logic and 
energizes relays for routing arming and engine-on commands 
via ENG Tiffi CONT: ENG ARM sw - DES . 

Provides d-c power for selecting PGNCS operation via 
GUID CONT sw - PGNS . 

Prevents descent engine-on relays from becoming deenergized. 

Completes signal path to engine - arming relays from ENG 
Tiffi CONT: ENG ARM sw - DES. 

Sets bank of relays required for PGNCS operation and for 
routing followup signal to AEA. 

Routes d - c power to engine-arming relays through Eng 
STOP pb/ lt reset . 

Issued by LGC at nominal ignition time after automatic ullage 
translation is obtained. 

Provides d-c power for selecting PGNCS operation via GUID 
CONT sw - PGNS. 

Provides d-c power for automatic engine-off logic . 

Sets bank of relays required for automatic engine-off 
command. 

Provides automatic discrete to LGC and establishes automatic 
descent engine-off signal path for LGC-generated engine-off 
commands . 

Issued by LGC when shutoff criteria are reached . 

Provides backup, manual descent engine-off control by 
removing descent engine-arming signal. 

Removes redundant power and arming signal path to descent 
engine- arming relays . 
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4.5.2.1 Descent Engine On / Off Control (cont) 

2 . 

ENG THR CONT: ENG ARM sw - OFF 

AGS control 

AGS Power- Up (required) 

AGS Prethrust Program (required) 

RCS Translation (requi red) 

a . Eng- on 

CB S/C: ENG CONT - close 

CB S/ C: ENG ARM - close 

CB S/ C: DECA PWR - close 

CB S/ C: ATCA (AGS) - close 

ABORT STAGE pb - reset 

ENG STOP pb/ lt - reset 

GUlD CONT sw - AGS 

S/ C: AGS sw - AUTO 

ABORT pb - push 

ENG THR CONT: ENG ARM sw - DES 

AEA eng-on command (Guidance Steering, 400 +10000) 

• • 

Ref par.a 4. 6. 2.1. 

Ref para 4. 7 .1. 

Ref para 4. 5. 2 . 5. 

REMARKS 

RCS translation required for ullage. 

Supplies d-c power to descent engine-arming and engine - on 
relays in DECA . 

Supplies d-c power for automatic engine-on logic and energizes 
relays for routing arming and engine-on commands via 
ENG THR CONT: ENG ARM sw - DES. 

Provides d-c power to descent engine-arming and engine
relays in DECA . 

Provides d-c power for selecting AGS operation via GUID 
CONT sw - AGS. 

Prevents descent engine-on relays from becoming deenergized. 

Completes signal path to engine-arming relays when ABORT 
pb - push or ENG THR CONT: THR CONT sw - DES. 

Sets bank of relays required for AGS operation. 

Provides automatic discrete to AEA, required for automatic 
engine- on command . Automatic DPS and APS engine-off 
signal path is established . 

Provides abort discrete to AEA, required for automatic 
engine - on command and routes d-c power to engine - arming 
and engine-on relays . 

Provides redundant d-c power to descent engine-arming and 
engine-on relays. 

Issued by AEA after manual ullage translation has been 
performed . 

• • 
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PROCEDURES 

4.5.2.1 Descent Engine On/Off Control (cont) 

3. 

b. Eng off 

CB S/ C: ENG ARM - close 

CB S/ C: ATCA (AGS) - close 

ABORT pb - push 

GUID CONT sw - AGS 

S/ C: AGS sw - AUTO 

AEA eng-off command (Guidance Steering, 400 + 10000) 

ENG THR CONT: ENG ARM sw - OFF 

Manual control 

a. Eng on 

CB S/ C: ENG ARM - close 

CB S/ C: ENG START OVRD - close 

CB S/ C: DECA PWR - close 

CB S/ C: ENG CONT - close 

ABORT STAGE pb - reset 

Eng STOP pb/ lt - reset 

• 
REMARKS 

Provides d-c power for automatic off logic. 

Provides d-c power for selecting AGS operation via GUID 
CONT sw - AGS. 

Supplies abort discrete to AEA, which provides automatic 
off command by AEA. 

Sets bank of relays required for AGS operation . 

• 

Provides automatic discrete to AEA, which provides automatic 
off command and establishes automatic DPS and APS engine
off signal path for AEA-generated engine - off commands. 

Issued by AEA when shutoff criteria are reached. 

Provides d - c power for energizing relays for routing engine
arming and engine- on commands via ENG THR CONT: ENG 
ARM SW - DES . 

Provides d-c power for setting manual start relay via 
engine START pb/lt - push . 

Provides d-c power to descent engine-arming and engine-on 
relays in DECA . 

Provides d-c power for energizing manual on relays via 
ENG THR CONT: ENG ARM sw - DES . 

Prevents descent engine-on command relays from being 
reset. 

Completes signal path to engine-arming relays when ENG 
THR CONT: ENG ARM sw - DES. 
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PROCEDURES 

Descent Engine On/ Off Control (cont) 

ENG THR CONT: ENG ARM sw - DES 

Eng START pb/lt - push 

b . Eng off 

CB S/ C: ENG CONT - close 

Eng STOP pb/lt - push 

ENG THR CONT: ENG ARM sw - OFF 

Descent eng override control 

a. Eng on 

CB S/ C: DES ENG OVRD - close 

CB S/ C: ENG START OVRD - close 

CB S/ C: ABORT STAGE - close 

Eng STOP pb/ lt - reset 

ABORT STAGE pb - reset 

ENG THR CONT: ENG ARM sw - DES 

DES ENG CMD OVRD sw - ON 

b . Eng off 

CB S/ C: ENG CONT - close 

• 

REMARKS 

Routes d-c power to engine-arming relays and to manual 
start relay . 

Momentary pb , which energizes manual descent engine start 
relays. 

P r ovides d-c power to manual descent engine s top r e lay 
when engine STOP pb/lt - pus h. 

Routes d-c power to manual descent engine stop relay and 
removes d-c power from descent engine-arming relay. 

Provides backup, manual stop by deenergizing manual descent 
engine start relay. 

Provides d-c power for direct arming and on commands to 
descent engine. 

Provides d-c power for energizing descent engine override 
relay . 

Provides d-c power for energizing descent engine override 
relay. 

Prevents descent engine override relays from becoming 
deenergized. 

Routes d -c power to des cent engine override relays . 

Routes d-c power to descent engine override relays . 

Routes d-c power to descent engine override relays . 

Provides redundant d-c power for deenergizing descent engine 
override relays. 

• • • 
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PROCEDURES 

Descent Engine On/Off Control (cont) 

CB S/ C: ENG ARM - close 
Eng STOP pb/ lt - push 

or 
ENG THR CONT: ENG ARM sw - OFF 
DES ENG CMD OVRD sw - OFF 

Ascent Engine On/Off Control 

PGNCS control 

LGC Power-Up (required) 

IMU Power-Up (LGC Operating) (required) 

PGNCS Prethrust Program (required) 

a. Eng on 

CB S/C: ATCA PGNS - close 

CB S/C: ENG ARM - close 

CB S/ C: ATCA - close 

CB S/ C: AELD - close 

Eng STOP pb/ lt - reset 

GUID CONT sw - PGNS 

ENG THR CONT: ENG ARM sw - ASC 

LGC eng-on command (P42) 

• • • 
REMARKS 

Removes engine-arming and start commands by deenergizing 
descent engine over ride relays . Nominal shutdown procedure 
uses Eng STOP pb/ lt. 

Setting these two switches to OFF safes descent engine. 

Provides configuration for starting and stopping ascent engine 
using PGNCS, AGS, and manual control. 

Ref para 4. 6.1.1. 

Ref para 4. 6. 1. 3 . 

Ref para 4. 7.1. 

Provides d-c power for selecting PGNCS operation via 
GUID CONT sw - PGNS. 

Provides d-c power for automatic on logic and energizes 
relays for routing arming and and engine-on commands via 
ENG THR CONT: ENG ARM sw - ASC. 

Provides d-c power to ATCA power supply, which develops 
power for automatic ascent engine on-off logic. 

Provides redundant d-c power for engine-on commands. 

Completes signal path required for energizing automatic 
engine-on relays. 

Sets bank of relays required for PGNCS operation and for 
routing followup signal to AEA. 

Routes d-c power to engine-arm relays. 

Issued by LGC at nominal ignition time after automatic ullage 
translation is obtained. 
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Ascent Engine On/Off Control (cont) 

b. Eng off, 

CB S/ C: ENG ARM - close 

CB S/ C: A TCA PGNS - close 

GUID CONT sw - PGNS 

S/ C: PGNS sw - AUTO 

LGC eng-off command (P42) 

ENG THR CONT: ENG ARM sw - OFF 

AGS control 
AGS Power-Up (required) 

AGS Prethrust (required) 

RCS Translation (required) 

a. Eng on 

CB S/ C: ENG ARM - close 

CB S/ C: ATCA - close 

CB ED: LOGIC A - close 
CB ED: LOGIC B - close 

CB S/ C: AELD - close 

CB S/ C: A TCA (AGS) - close 

CB S/ C: ABORT STAGE - close 

Eng STOP pb/ lt - reset 

• 

REMARKS 

Provides d-c power for automatic off logic. 

Provides d-c power for selecting PGNCS operation via GUID 
CONT sw - PGNS. 

Sets bank of relays required for PGNCS automatic off 
command. 

Provides automatic discrete to LGC and establishes signal 
path for LGC-generated engine-off commands. 

Issued by LGC when shutoff criteria are reached. 

Removes backup arming function and issues ascent engine 
stop discrete to ascent engine. 

Ref para 4. 6. 2.1. 

Ref para 4. 7. 1. 

Ref para 4. 5. 2. 5. 
RCS translation required for ullage. 

Provic!es d-c power for automatic ascent engine-on logic 
and energizes automatic on relays via ENG THR CONT: 
ENG ARM sw - ASC. 

Provides d-c power to ATCA power supply, which develops 
power for automatic ascent engine on-off logic . 

Provides d-c power for APS pressurization and staging 
sequence relays when ABORT STAGE pb - push. 

Provides redundant d-c power for engine-on commands. 

Provides d-c power for selecting AGS operation via GUID 
CONT sw - AGS. 

Provides d-c power for arming relays and abort stage 
discrete relays when ABORT STAGE pb - push . 

Completes signal path required for energizing automatic on 
relays. 

• • • 
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Ascent Engine On/Off Control (cont) 

GUID CONT sw - AGS 

S/ C: AGS sw -AUTO 

ABORT STAGE pb - push 

ENG THR CONT: ENG ARM sw - ASC 

AEA eng-on command (Guidance Steering, 

b. Eng off 

CB S/ C: ABORT STAGE - close 

CB S/C: ENG ARM - close 

CB S/ C: ATCA (AGS) - close 

ABORT STAGE pb - push 

GUID CONT sw - AGS 

S/ C: AGS sw - AUTO 

AEA eng-off command (Guidance Steering, 

ENG THR CONT: ENG ARM sw - OFF 

ABORT STAGE pb - reset 

• • • 
REMARKS 

Sets bank of relays required for AGS operation. 

Provides automatic discrete to AEA, required for issuance 
of automatic on command. Automatic DPS and APS engine-
off signal path is established. 

Routes d-c power to arming and abort staging discrete relays. 
Abort stage discrete to AEA, required for automatic engine-
on command. 

Provides redundant d-c power to ascent engine-arming .relay. 

400 +10000) Issued by AEA after manual ullage translation has been 
performed. 

Provides redundant power to abort stage discrete relays 
when ABORT STAGE pb - push. Abort stage discrete is 
required by AEA to issue automatic engine-off command . 

Provides d-c power for automatic off logic. 

Provides d-c power for selecting AGS operation via GUID 
CONT sw - AGS. 

Supplies abort stage discrete to AEA, required for automatic 
engine-off command. 

Sets bank of relays required for AGS operation. 

Provides automatic discrete to AEA, required for AEA 
automatic off command, and establishes automatic DPS 
and APS engine-off signal path for AEA-generated engine-
off commands. 

400 +10000) Issued by AEA when shutoff criteria are reached. 

Removes d-c power to arming and abort stage discrete relays. 
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4.5.2.2 Ascent Engine On/Off Control (cont) .... 

CJ1 

a' 3. Manual control -'< .... a . Eng on 
<D 
a, 
00 

11, 16 CB S/C: AELD - close Provides redundant d-c power for engine-on commands. 

11 CB S/C: ENG START OVRD - close Provides d-c power for ascent engine-arming and start relays 
via ENG THR CONT: ENG ARM sw - ASC. 

5,6 Eng STOP pb/lt - reset Prevents ascent engine-arming and start relays from being 

► reset. 

"' 1 ENG THR CONT: ENG ARM sw - ASC Routes d-c power to ascent engine-arming and start relays. 0 ,.. ,.. 
n 

5 Eng START pb/lt - push Momentary pb, which energizes arming and start relays 0 :.-
Q 

i~ 
::, 
cc 

b. Eng off "' 0 
Q 

CB S/C : 
...... 

it ENG CONT - close Provides d-c power for energizing relay that resets manual 
~-0 arming and start relays. -0 
0' 

5,6 Eng STOP pb/lt - push Removes eng-on command by routing d-c power to relay z~ 
that reset, manual arming and start relays . . "' i :a: 

1 ENG THR CONT: ENG ARM sw - OFF Provides backup, manual stop command by deenergizing ► .. 
start relays. z 

0 • 
4.5.2.3 Descent Engine Throttle Control (cont) Establishes configuration for PGNCS (automatic and manual) 0 

0 and AGS (manual only) throttle control of descent engine. Also ;Ill\ 
gives steps for switching from automatic to manual and from 
manual to automatic throttle control. 

1. PGNCS control 
.,, 
Q a. Automatic throttling cc 
"' 
~ 

LGC Power-Up (required) Ref para 4. 6. 1. 1. 

CJ1 DPS thrust program (P40) (required) Ref para 4.10.1. I 

"" 0 

16 CB ATCA - close Supplies d-c power to ATCA power supply, which develops 
power for automatic throttle circuits. 

• • • • • 
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PROCEDURES 

4.5.2.3 Descent Engine Throttle Control (cont) 

Establish PGNCS automatic throttle control: 
GUID CONT sw - PGNS 

ENG THR CONT: THR CONT sw - AUTO 
S/ C: PGNS sw - AUTO 

b. Manual throttling 

CB PGNS: IMU OPR - close 

CB S/ C: ATCA - close 

• 

Following provides backup d-c power to manual throttling 
circuits: 
CB S/C: ENG ARM - close 

ABORT pb - reset 

ENG THR CONT: ENG ARM sw - DES 

CB/ AC BUS A: DECA GMBL - close 

Establish PGNCS manual throttle control: 
GUID CONT sw - PGNS 

ENG THR CONT: MAN THROT sw - CDR or SE 

THROTTLE/JETS cont (CDR and/or LMP) - THROTTLE 

• • 
REMARKS 

Sets relays for PGNCS operation. 

Routes automatic thrust discrete to LGC and permits automatic 
throttle commands from LGC to be routed to throttle valve 
actuator assembly. With ENG THR CONT: THR CONT sw -
AUTO, manual commands from TTCA's may also be routed 
to throttle valve actuator. 

Supplies d-c power to PSA, which develops 28v, 800 cps 
for TTCA throttling excitation. 

Supplies d-c power to ATCA power supply, which develops 
power for manual throttle circuits. 

Provides d-c power for energizing automatic engine on relays. 

Completes return path to CB S/C: ENG ARM. 

Routes 28-vdc power to energize arming relays, which 
route 400-cps power to DECA auxiliary power supply. 

Provides 400-cps power to DECA auxiliary power supply, 
which provides backup voltage for manual throttling circuits. 

Routes 800-cps power from PSA to TTCA. 

Provides manual throttle control authority to CDR or LMP 
and routes 800-cps power to TTCA and to manual throttle 
circuits. 

Enables TTCA throttling capability. 

Throttle friction cont (CDR and/or LMP) - adjust as desired Each control varies force required to move associated TTCA 
in +X-direction. They are operative only when the associated 
THROTTLE/JETS cont - THROTTLE. Force required to move 
TTCA varies from O. 25 to 1 pound (minimum force) to 2. 5 to 
3.5 pounds (maximum force). 
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4.5.2.3 Descent Engine Throttle Control (cont) 

ENG THR CONT: THR CONT sw - MAN 

TTCA (CDR or LMP) - move as desired 

CAUTION 

Operation in transient region (60% to 92 .5%) 
produces full-throttle output and causes 
excessive eng erosion. 

c. Automatic to manual throttle switchover 

Establish configuration for PGNCS manual throttle 
control, except as follows: 
ENG THR CONT: THR CONT sw - AUTO 
TTCA (CDR or LMP) - increase throttle command 

CMD & ENG THRUST ind - monitor 
When thrust = 10% and eng pressures show slight increase: 
ENG THR CONT: THR CONT sw - MAN 

TTCA - adjust thrust level as desired 

d. Manual to automatic throttle switchover 

Establish configuration for PGNCS automatic throttling 
control 

TTCA - decrease to minimum thrust position 

• 

CAUTION 

Operation in transient region (60% to 92.5%) 
produces full-throttle output and causes 
excessive engine erosion. 

• 

REMARKS 

Permits crew to monitor manual throttle commands on CMD 
THRUST ind and removes automatic throttle commands. 

Throttle control varies from 10% to 100%. 

Assumes DPS automatic throttle control was initiated. Switch
over procedure is required to attain smooth transition in 
throttle authority . 

As TTCA thrust command is increased, LGC commands 
decrease correspondingly so that effective thrust level 
remains constant. 

Due to internal bias, CMD THRUST ind cannot read less than 
10%. Full manual a:ithority is established when ENG THRUST 
ind begins to increase in response to TTCA increase. Only at 
this point can ENG THR CONT: THR CONT sw be set to MAN 
without subjecting DPS to ~ thrust command. ENG THR CONT: 
THR CONT sw - MAN removes automatic throttle commands and 
permits crew to monitor manual throttle commands on CMD 
THRUST ind. Automatic DPS shutdown is still enabled . 

Assumes DPS manual throttle mode was initiated. 

When ENG THR CONT: THR CONT sw - AUTO, LGC may 
command thrust level greater than existing thrust level. 

Gradually decrease TTCA to minimum position. LGC will 
increase thrust commands correspondingly if existing thrust 
level is to be maintained . Under automatic throttle control, 
thrust level cannot be less than that commanded by TTCA. If 
manual DPS start was used, manual DPS shutdown is required. 
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PROCEDURES 

4.5.2.3 Descent Engine Throttle Control (cont) mt) 

2. AGS control (manual throttling only) 

CB S/ C: ATCA - close 

Following provides backup d-c power to manual 
throttling circuits : 

CB S/ C: ENG ARM - close 

ABORT pb - reset 

ENG THR CONT: ENG ARM sw - DES 

CB/ AC BUS A: DECA GMBL - close 

Establish AGS manual throttle control: 
GUID CONT sw - AGS 

ENG THR CONT: MAN THROT sw - CDR or SE 

THROTTLE/ JETS cont (CDR/ LMP) - . THROTTLE 

• 

Throttle friction cont (CDR/ LMP) - adjust as desired 

• 
REMARKS 

Supplies d-c power to ATCA power supply, which develops 
a-c and d-c power for manual throttle circuits . 

Provides d-c power for ene_rgizing engine-arming relays. 

Completes return path to CB S/ C: ENG ARM. 

Routes 28-vdc power to energize relay, which routes 400-cps 
power to DECA auxiliary power supply . 

Furnishes 400-cps power to DECA auxiliary power supply, 
which provides backup voltage for manual throttling circuits. 

Routes 800-cps power from ATCA power supply to TTCA. 

Provides manual throttle control authority to CDR or LMP 
and routes 800-cps power to ATCA and to manual throttle 
circuits. 

Enables TTCA throttling capability. 

Each control varies force required to move associated TTCA 
in +X-direction. They are operative only when associated 
THROTTLE/ JETS cont - THROTTLE. Force required to 
move TTCA varies from O. 25 to 1 pound (minimum force) to 
2 . 5 to 3 pounds (maximum force) . 

• 

► 'V 
0 ,.. ,.. 
0 
0~ 
'V> 
ffl ► 
:1111:11 .... 

► '° :::!o 
O' z':"' "' ,.. 
:z: i 
►• z 
C .., 
0 
0 
jlllll; 



,:,:, 

El CREW-;:;· PNL 
0 MAN 
Q 

;- 4.5.2.3 

.... 
<:11 1 
<--< 
i:: 

'< .... 
<O 
O> 
00 

4.5.2.4 
("') 
:r 
Q 
::, 
co 
(D 

0 11 1. Q 

;-

16 

11 

1 

,, 
Q 3 3. co 
(D 

~ 4.5.2.5 
<:11 
I 

"" >I>-

1. 

• 

PROCEDURES 

Descent Engine Throttle Control (cont) 

ENG THR CONT: THR CONT sw - MAN 

TTCA (CDR or LMP) - move as desired 

CAUTION 

Operation in transient region (60% to 92. 5%) 
produces full-throttle outputs and causes 
excessive engine erosion. 

GDA Enable 

CB/ AC BUS A: DECA GMBL - close 

CB S/ C: DECA PWR - close 

CB S/ C: ENG ARM - close 

ABORT pb - reset 

ENG THR CONT: ENG ARM sw - DES 

Or select : 

CB S/ C: ENG CONT - close 

ABORT pb - push 

ENG GMBL sw - ENABLE 

RCS Translation 

PGNCS manual translation control: 

LGC Power-Up (required) 

• • 

REMARKS 

Permits crew to monitor manual throttle commands on CMD 
THRUST ind and removes automatic throttle commands . 

Throttle control varies from 10% to 100%. 

Establishes configuration for enabling pitch and roll gimbal 
drive assembly and associated failure-detection circuitry. 
Assumes LGC gimbal commands or A TCA gimbal commands 
are present . 

Supplies 115v, 400-cps power for GDA pitch and roll trans
ducer and to DECA internal circuits. 

Supplies d-c power for energizing GDA relay coils. 

Provides d-c power for energizing arming relays . 

Completes return path to CB S/ C: ENG ARM. 

Routes 28-vdc power to energize relays, which route a-c and 
d-c power to GDA circuits. 

Provides d-c power for energizing relays. 

Routes 28-vdc power to energize relays, which route a-c and 
d-c power to GDA circuits. 

Enables 400-cps power to GDA pitch and roll switches. 

Establishes configuration for initiating PGNCS or AGS 
manual translation maneuvers and +X-axis translation over
ride contr ol. 

Ref para 4 . 6. 1.1. 

• • 
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PROCEDURES 

4.5.2.5 RCS Translation (cont) 

IMU Power-Up (required) 

DAP Data Load Routine (R03) (required) 

RCS Primary Coil Enable (required) 

CB S/ C: ATCA PGNS - close 

CAUTION 

To prevent inadvertent RCS jet firing, 
S/ C : PGNS SW - OFF before CB S/ C: 
A TCA PGNS - close. 

Establish PGNS translation control: 
GUID CONT sw - PGNS 

S/ C : PGNS sw - AUTO or ATT HOLD 

TTCA/ TRANSLsw(CDR/ LMP)-ENABLE 

THROTTLE / JETS cont (CDR/ LMP) - JETS 
TTCA - move in desired direction of thrust 

2 . AGS manual translation control: 

RCS Primary Coil Enable (required) 

CB S/C: ATCA - close 

CB S/C : ATCA (AGS) - close 

CAUTION 

To prevent inadvertent RCS jet firing, S/C 
AGS sw - OFF before CB S/C: A TCA 
(AGS) - close. 

• • 
REMARKS 

Ref para 4. 6.1. 3. CB PGNS: IMU OPR also supplies d-c 
power to PSA, which develops 28v, 800-cps for ACA propor
tional excitation . 

Ref para 4 .6.1.8. This routine establishes 2- or 4-jet X-axis 
translation. 

Ref para 5. 5. 1. 1. 

Provides d-c power for selecting PGNCS operation via GUID 
CONT sw - PGNS, bias voltage to ATCA, out- of-detent relay 
power, and enable voltage to ATCA primary preamplifiers 
via S/ C: PGNS sw - AUTO or ATT HOLD. 

Sets bank of relays for PGNCS operation. 

Routes 28-vdc enable signal to ATCA primary preamplifiers. 

Routes X-, Y-, or Z-axis translation command discrete to 
LGC when TTCA is actuated. 

Enables TTCA X-axis translation capability. 

Ref para 4. 5.1. 

Supplies d-c power to ATCA power supply . 

• 

Supplies d-c power for selecting AGS operation via GUID CONT 
sw - AGS, bias for ATCA out-of-detent relay, , and enable voltage 
to ATCA abort preamplifiers via S/C : AGS sw - AUTO or 
ATT HOID. 
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PROCEDURES 

4.5.2.5 RCS Translation (cont) 

3. 

Establish AGS translation control: 
GUID CONT sw - AGS 

S/ C: AGS sw - AUTO or ATT HOLD 

ENG THR CONT: BAL CPL sw - ON 

TTCA/ TRANSL sw (CDR/ LMP) - ENABLE 

THROTTLE / JETS cont (CDR/ LMP) - JETS 
ENG THR CONT: 
X TRANSL sw - 4 JETS or 2 JETS 
TTCA (CDR or LMP) - move in desired direction of thrust 

+X-axis translation override control: 

CB S/ C: ATT DIR CONT - close 

+X TRANSL pb - push & hold (continuous firing) ; push 
& release (short bursts) 

4.5.3 DYNAMIC DISPLAY MODES 

4.5.3 .1 PGNCS Total Attitude Display 

1. Inertial display: 

a . Power-up FDAI: 
CB/ AC BUS A: CDR FDAI - close 
CB/AC BUS B: SE FDAI - close 
CB FLT DISP: CDR FDAI - close 
CB FLT DISP: EVNT TMR/ SE FDAI - close 

• • 

REMARKS 

Sets bank of relays for AGS operation. 

Routes 28-vdc enable signal to ATCA abort preamplifiers. 

Routes 28-vdc enable voltage via S/C: AGS sw - ATT HOLD 
or AUTO, to ATCA four up-firing abort preamplifiers . 
ENG THR CONT: BAL CPL - ON during all mission phases, 
except during APS engine burns. This permits RCS to add to 
net engine thrust, if under AGS control. 

Routes X-, Y-, or Z-axis translation commands to ATCA 
when TTCA is actuated. 

Enables TTCA X-axis translation capability. 

Selects 4 or 2-jet X-axis translation. 

Provides 4-jet +X-axis translation via RCS secondary coils. 

Provides +28 vdc to +X TRANSL pb for energizing RCS 
secondary coils. 

Routes +28 vdc to secondary coils of jets BlD, A2D, B3D, 
and A4D. Jets fire continuously as long as pb is pressed . 
If pb fails closed, CB S/C: ATT DIR CONT - open; this 
prevents use of all secondary coils. 

Displays PGNCS total attitude data (inertial) on CDR and/or 
LMP FDAI. First line of each step gives configuration for 
CDR FDAI; second line , configuration for LMP FDAI. 

Applies a-c power to FDAI sphere drive system. 

Applies d- c power to FDAI and to parts of auxiliary relay 
switching box. 

• • 
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PGNCS Total Attitude Display (cont) 

b. Power-up GASTA: 
CB AC BUS A: GASTA - close 

CB FLT DISP: GASTA - close 

c. Select display configuration: 
ATTITUDE MON sw (2) - PGNS 

FDAI 1 sw - INRTL 

FDAI 2 sw - INRTL 

ORDEAL (local horizontal attitude) 

a. Power-up FDAI: 

CB AC BUS A: CDR FDAI - close 
CB AC BUS B: SE FDAI - close 

CB FLT DISP: CDR FDAI - close 
CB FLT DISP: EVNT TMR/SE FDAI - close 

b. Power-up GASTA: 
CB AC BUS A: GASTA - close 

CB FLT DISP: GASTA - close 

c . Power-up ORDEAL: 

CB AC BUS B: ORDEAL - close 

CB FLT DISP: ORDEAL - close 

EARTH/ LUNAR sw - EARTH or LUNAR 

LTG sw - BRT or DIM 

• • 
REMARKS 

Applicable to both FDAI' s for PGNCS total attitude display. 
Applies a -c power to GASTA . 

Applicable to both FDAI' s fo r PGNCS total attitude display. 
Applies d-c power to GASTA . 

Routes PGNCS roll and yaw attitude to both FDAI's ; pitch 
attitude, to ORDEAL assembly. 

Bypasses ORDEAL resolvers and routes PGNCS pitch 
attitude directly to both FDAI' s . 

Displays PGNCS total attitude data (orbital rate) on CDR 
and/or LMP FDAI. Only pitch axis is affected. First line 
of each step gives configuration for CDR FDAI; second line , 
configuration for LMP FDAI. 

Applies a-c power to FDAI sphere drive system. 

Applies d-c power to FDAI and to parts of auxiliary relay 
switching box. 

Applicable to both FDAI's for PCNCS ORDEAL display 
mode. Applies a-c power to GASTA . 

Applicable to both FDAI's for PGNCS ORDEAL display 
mode. Applies d-c power to GASTA . 

Applies a-c power to ORDEAL resolver s. 

Applies d- c power to ORDEAL assembly. 

Routes a-c and d-c power to ORDEAL assembly. Provides 
proper or bital rate scaling. 

Controls brightness of ORDEAL EL panel lighting. 
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4.5.3.1 PGNCS Total Attitude Display (cont) 

d . Select display configuration: 

ATTITUDE MON sw (2) - PGNS 

FDAI 1 sw - ORB RA TE 
FDAI 2 sw - ORB RATE 

4.5.3.2 PGNCS Attitude Error Display 

1. Power-up FDAI: 
11 CB FLT DISP: CDR FDAI - close 
16 CB FLT DISP: EVNT TMR/ SE FDAI - close 

2. Select display configuration: 
1, 2 ATT.ITUDE MON sw (2) - PGNS 

1, 2 RATE / ERR MON sw (2) - LDG RDR/ CMPTR 

11 

1,2 

4.5.3.3 AGS Total Attitude Display 

1. Inertial Display 

a. Power-up FDAI: 
CB AC BUS A: CDR FDAI - close 
CB AC BUS B: SE FDAI - close 

CB FLT DISP: CDR FDAI - close 
CB FLT DISP: EVNT/ TMR/SE FDAI - close 

b. Select display configuration: 
ATTITUDE MON sw (2) - AGS 

• • 

REMARKS 

Routes PGNCS roll and yaw attitude to both FDAl's; pitch 
attitude, to ORD EAL assembly . 

Routes pitch attitude to ORDEAL resolvers, then to FDAI's. 

Displays PGNCS attitude error data with pitch, roll, and yaw 
error needles of CDR and/ or LMP FDAI. Error-needle 
scaling is set at ±2 . 0°. First line of each step gives con
figuration for CDR FDAI; second line, configuration for 
LMP FDAI. 

Applies d-c power to FDAI and to parts of auxiliary relay 
switching box . 

Routes LGC attitude error signals to pitch, roll, and yaw 
error needles of both FDAI's when RATE / ERR MON sw -
LDG RDR/ CMPTR. 

Completes signal path for routing LGC attitude error to 
FDAI error needles. 

Displays AGS total attitude data (inertial) on CDR and/ or 
LMP FDAI. First line of each step gives configuration for 
CDR FDAI; second line, configuration for LMP FDAI. 

Applies a-c power to FDAI sphere drive system . 

Applies d-c power to FDAI and to parts of auxiliary rel ay 
switching box. 

Routes AGS roll and yaw attitude to both FDAl's ; pitch 
attitude, to ORDEAL assembly. 

• • 
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4.5.3.3 AGS Total Attitude Display (cont) 

FDAI 1 sw - INRTL 

2 . 

FDAI 2 sw - INRTL 

ORDEAL (local horizontal attitude) 

a. Power-up FDAI: 
CB AC BUS A: CDR FDAI - close 
CB AC BUS B: SE FDAI - close 

CB FLT DISP: CDR FDAI - close 
CB FLT DISP: EVNT TMR/ SE FDAI - close 

b. Power-up ORDEAL: 
CB AC BUS B: ORDEAL - close 

CB FLT DISP: ORDEAL - close 

EARTH/ LUNAR sw - EARTH or LUNAR 

LTG sw - BRT or DIM 

c. Select display configuration: 
ATTITUDE MON sw - AGS 

FDAI 1 sw - ORB RA TE 
FDAI 2 sw - ORB RA TE 

4.5.3.4 AGS Attitude Error Display 

1. Power-up FDAI: 
CB FLT DISP: CDR FDAI - close 
CB FLT DISP: EVNT TMR/ SE FDAI - close 

• • 
REMARKS 

Bypasses ORDEAL resolvers and routes AGS pitch attitude 
directly to both FDAI' s. 

Displays AGS total attitude data (orbital rate) on CDR and/or 
LMP FDAI. Only pitch axis is affected. First line of each 
step gives configuration for CDR FDAI; second line, con
figuration for LMP FDAI. 

Applies a-c power to FDAI sphere drive system. 

Applies d-c power to FDAI and to parts of auxiliary relay 
switching box. 

Applies a-c power to ORDEAL resolvers. 

Applies d-c power to ORDEAL assembly. 

Routes a-c and d-c power to ORDEAL assembly . Provides 
proper orbital rate scaling. 

Controls brightness of ORDEAL EL panel lighting. 

Routes AGS roll and yaw attitude to FDAI; pitch attitude, 
to ORDEAL assembly. 

Routes pitch attitude to ORDEAL resolvers, then to FDAI. 

Displays AGS attitude error data with pitch, roll, and yaw 
error needles of CDR and/or LMP FDAI. First line of 
each step gives configuration for CDR FDAI; second line, 
configuration for LMP FDAI. 

Applies d-c power to FDAI and to parts of auxiliary relay 
switching box. 
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4.5.3.4 AGS Attitude Error Display (cont) 

2. Select display range: 
S/ C: DEAD BAND sw- MAX or MIN 

3. Select display configuration: 
ATTITUDE MON sw (2) - AGS 

RATE/ERR MON sw (2) - LDG RDR/ CMPTR 

4.5.3.5 Attitude Rate Display 

1. Power-up FDA!: 
CB FLT DISP: CDR FDA! - close 
CB FLT DISP: EVNT TMR/ SE FDA! - close 

2. Select display range: 
RATE Scale sw - ±25°/SEC or ±5°/SEC 

4.5.3.6 RR Shaft Angle/Trunnion Angle Display 

1. Power-up FDA!: 
CB FLT DISP: CDR FDA! - close 
CB FLT DISP: EVNT TMR/SE FDA! - close 

2 . Select display range: 
SHFT/ TRUN 1: sw - ±50° or ±5° 

• • 

REMARKS 

Provides FDA! error-needle scaling of ±14. 4° (maximum) or 
± 1. 7° (minimum) . 

Routes AGS attitude error signals to pitch, roll, and yaw 
error needles of both FDAI's when RATE / ERR MON sw -
LDG RDR/ CMPTR. 

Completes signal path for routing AGS attitude errors to both 
FDA! error needles . 

Displays rate gyro assembly data on FDA! pitch, roll , and 
yaw rate ind . This display mode is independent of PGNCS 
and AGS operation. First line of each step gives configura
tion for CDR FDA! ; second line, configuration for LMP 
FDA!. 

Applies d-c power to FDA! and to parts of auxiliary relay 
switching box. 

Applicable to rate ind on both FDAI's . Selects ±25° /sec 
or ±5° /sec full scale for rate ind. 

Displays RR lX resolver trunnion angles with pitch and 
yaw error needles of CDR and/ or LMP FDA!. First 
line of each step gives configuration for CDR FDA!; second 
line, configuration for LMP FDA!. 

Applies d-c power to FDA! and to parts of auxiliary relay 
switching box. 

Provides scaling for both FDAI's. Set to ±50°, full-scale 
deflection of FDA! pitch and yaw error needles indicates 
shaft and trunnion angles of +50° or -50°, or greater. Set 
to ±5°, full-scale deflection of FDA! pitch and yaw error 
needles indicates shaft and trunnion angles of +5° or -5°, 
or greater . 
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4.5.3.6 RR Shaft Angle/Trunnion Angle Display (cont) 

3. Select display source: 
RATE / ERR MON sw - RNDZ RDR 

4.5.3.7 RR Azimuth Rate/Elevation Rate Display 

1. Power-up X pointer ind: 
CB FLT DISP: CDR X PNTR - close 
CB FLT DISP: SE X PNTR - close 

2. Select display range: 
X POINTER SCALE sw (2) - HI or LO 

3. Select display source: 
RATE / ERR MON sw (2) - RNDZ RDR 

4.5.3.8 Forward Velocity /Lateral Velocity Display, 

1. 

2. 

Power-up X pointer ind: 
CB FLT DISP: CDR X PNTR - close 
CB FLT DISP: SE X PNTR - close 

Select display range: 
X POINTER SCALE sw (2) - Ill or LO 

• • 
REMARKS 

Routes shaft and trunnion angles from RR to pitch and yaw 
error needles of both FDAI's. Establishes RR azimuth 
rate/ elevation rate display mode (para 4. 5 . 3. 7). 

Displays RR LOS azimuth and elevation rates on CDR and/or 
LMP X pointer ind. First line of each step gives configura
tion for CDR X pointer ind; second line, configuration for 
LMP X pointer ind. 

Applies d-c power to both X pointer ind and to parts of 
auxiliary relay switching box. 

Set to Ill, provides display scale of ±20 m rad/ sec. Set to 
LO, illuminates X. 1 multiplier and provides scale of ±2 
m rad/ sec. 

Routes azimuth and elevation rates to X pointer ind and 
illuminates AZ RT and ELEV RT on X pointer ind. 
Establishes RR shaft angle / trunnion angle display mode 
(para 4. 5. 3. 6) . 

Displays forward and lateral velocity on CDR and/or LMP 
X pointer ind. First line of each step gives configuration 
for CDR X pointer ind; second line, configuration for LMP 
X pointer ind. 

Applies d-c power to both X pointer ind and to parts of 
auxiliary relay switching box. 

Set to HI, illuminates XlO multiplier on X pointer ind and 
provides display scale of ±200 fps. Set to LO, provides 
display scale of ±20 fps. 
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PROCEDURES 

4.5.3.8 Forward Velocity/Lateral Velocity Display (cont) 

3. Select display configuration: 
RATE/ERR MON sw - LDG RDR/CMPTR 

MODE SEL sw - LDG RADAR or PGNS or AGS 

4.5.3.9 Altitude/ Altitude Rate Display 

1. Power-up ALT/ALT RATE ind: 
CB/ AC BUS A: RNG/RNG RT - close 

CB FLT DISP: RNG/RNG RT - close 

2. Select display configuration: 
RNG/ALT MON sw - ALT/ALT RT 

MODE SEL sw - LDG RADAR or PGNS or AGS 

4.5.3. 10 Range/Range Rate Display 

1. Power-up RNG/RNG RT ind: 
CB/ AC BUS A: RNG/RNG RT - close 

CB FLT DISP: RNG/RNG RT - close 

• • 

REMARKS 

Routes forward and lateral velocity data to X pointer ind. 

Set to LDG RADAR routes forward and lateral velocity 
data to one or both X pointer ind. Set to PGNS, routes 
LGC-computed forward and lateral velocity to X pointer ind. 
Set to AGS, routes AEA-computed lateral velocity to X 
pointer ind. 

Displays altitude and altitude rate data on ALT/ALT RATE 
ind. Display ranges are as follows: 

Altitude - 0 to 40, 000 feet 
Altitude rate - O ±500 fps 

Applies a-c power to ALT and ALT RATE ind. 

Applies d-c power to ALT and ALT RATE ind. 

Routes data from source selected with MODE SEL sw to 
ALT/ALT RATE ind. 

Set to LDG RADAR, routes LR altitude and altitude rate 
data to ·ALT/ ALT RATE ind. Set to PGNS, routes LGC
computed altitude and altitude rate data to ALT and ALT 
RATE ind. Set to AGS, routes AEA-computed altitude 
and altitude rate data to ALT and ALT RATE ind. 

Displays range and range rate data on RANGE/RANGE RATE 
ind. Display ranges are as follows : 

Range - 0 to 400 nm 
Range rate - 0 to ±4900 fps 

Applies a-c power to RNG and RNG RATE ind. 

Applies d-c power to RNG and RNG RATE ind . 

• • 
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4 .5.3.10 Range/Range Rate Display (cont) 

2. Select display source: 
RNG/ALT MON sw - RNG/ RNG RT 

4.5.3.11 Thrust Display 

Power-up ENG THRUST & CMD THRUST ind: 
CB FLT DISP: THRUST - close 

2. Select display source: 

a . Display automatic thrust commands: 
ENG THR CONT: THR CONT sw - AUTO 

b. Display manual thrust commands: 
CB S/ C: ENG CONT - close 

ENG THR CONT: THR CONT sw - MANUAL 

4.5.3.12 Radar Signal Strength Display 

1. Power-up RADAR: SIGNAL STRE NGTH ind: 

2. 

CB PGNS: SIG STR DISP - close 

Select display source: 
RADAR: TEST MON sel - ALT XMTR 

or 
VELXMTR 

or 
AGC 

• • 
REMARKS 

Routes RR range and range rate data to RNG/ RNG RA TE ind. 

Displays engine and commanded thrust levels. Scaling is 0% 
to 100% in 5% increments. 

Applies d-c power to ENG THRUST and CMD THRUST ind. 

Engine thrust level is displayed regardless of setting of 
ENG THR CONT: THR CONT sw. 

Routes automatic throttle commands from LGC to CMD 
THRUST ind . 

• 

Supplies d-c power for energizing relay, which routes m anual 
thrust commands to ENG THRUST and CMD THRUST ind. 

Routes manual thrust commands from TTCA (CDR or LMP) 
to CMD THRUST ind . 

Displays LR and RR test and flight data on RADAR: 
SIGNAL STRENGTH ind. 

Provides d-c power to RADAR: SIGNAL STRENGTH ind . 

Routes LR altitude transmitter power output to RADAR: 
SIGNAL STRENGTH ind during testing and flight operations . 

Routes LR velocity transmitter power output to RADAR: 
SIGNAL STRENGTH ind during testing and flight operations . 

During testing, specific value (TBD) of RR receiver 
signal strength is displayed. During flight operations 
signal varies. 
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4.5.3.12 Radar Signal Strength Display (cont) 

or 
XMTR PWR 

or 
SHAFT ERR 

or 
TRUN ERR 

4.5.3.13 Heater Control Temperature Monitor Display 

1. Power-up HTR CONT: TEMP ind: 
CB HTR: DISP - close 

2. Select display source: 
HTR CONT: TEMP MON sel - RNDZ RADAR 

or 
LDGRADAR 

or 
RCS QUAD 1 (QUAD 2, QUAD 3, 
QUAD 4) 

or 
S BAND 

• • 

REMARKS 

Displays specific value of transmitter output power during 
flight operations . 

During·testing, displays angle error signals as needle 
fluctuations of equal amplitude. During flight operations, 
these error signals are displayed as needle fluctuations, 
which represent smoothness of servo tracking and are 
usually of unequal amplitude . 

Same as shaft error. 

Displays radar antenna assembly, RCS quad, or S-band 
antenna temp. 

Provides d-c power to HTR CONT: TEMP ind: 

Routes RR antenna assembly temperature to HTR CONT: 
TEMP ind. Display range is -100° to +200°F . 

Routes LR antenna assembly temperature to HTR CONT: 
TEMP ind. Display range is -l00°F to +200°F . 

Routes selected RCS quad temperature to HTR CONT: 
TEMP ind. Display range is +20° to +200°F. 

Routes S-band antenna temperature to HTR CONT: 
TEMP ind. Display range is -100° to +200°F. 

• • 
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PROCEDURES REMARKS 

4.6 G & C GENERAL 

The G & C General Procedures are usually performed during orbital flight and involve both PGNCS and AGS/CES procedures. 
Being basic for G & C operations, they are variously referred to or included as part of the more comprehensive G & C procedures in 
paragraphs 4. 7 through 4.12. In addition, applicable G & C Reference Modes, paragraph 4. 5, are referenced throughout the G & C 
procedures. 

Two assumptions are made before initiating any G & C procedure: (1) Circuit Breaker Activation, paragraph 4. 2. 4, has been 
completed, and (2) RCS Pressurization, paragraph 4. 2. 32 and the appropriate RCS hot and cold firing checks, paragraphs 4. 2. 31, 
4. 2. 33, 4. 2. 34, and 4. 2. 35 have been completed. 

4.6.1 PGNS 

4 .6. 1. 1 LGC Power Up 

1. CB PGNS: LGC/ DSKY - close 
POSS MASTER ALARM pb/lt - on 
LGC warn lt - on (up to 20 sec) 
MASTER ALARM pb/lt - reset; or 
RESTART lt - on 
Key RSET 
STBY lt - on 

2. Key PRO until STBY lt - off 

Key RSET 

3. Perform fresh start 

The purpose of LGC Power Up procedure is to bring LGC 
from off mode to standby mode. 

LGC warn lt - on is due to LGC startup transients. 

Previous progra;rn displayed on DSKY. 
If LGC reverts to STBY after pro is keyed, repeat step 2. 

Ref para 4. 6.1. 20 

• 

4.6.1 .2 LGC Power Down Program (P06) The purpose of LGC Power Down Program (P06) is to transfer 
LGC from operate to standby. In order for LGC to maintain 
an accurate value of GET, it must be brought to operate condi
tion once every 2 3 hours. 

1. Key V37E 06E 
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PROCEDURES 

4.6.1.2 LGC Power Down Program (P06) (cont) 

2. FL V50 N25 - Checklist reference 
Rl 00062 - Switch LGC power down 
R2 -----
R3 -----
Key PRO until STBY lt - on 

3. (Optional) 
CB PGNS: LGC/ DSKY - open 

4.6.1.3 IMU Power Up (LGC Operating) 

LGC Power Up (required) 

1. CB PGNS: IMU OPR - close 

NO ATT lt - on for 90 sec 
NO ATT lt - off 

4.6.1.4 IMU Power Up (LGC Off) 

1, Verify CB PGNS: IMU STBY - closed 

2 • Select PGNS total attitude display mode 

3. CB PGNS: IMU OPR - close 

4. Wait approximately 90 seconds 

5. IMU CAGE s w - on (momentarily) 

• • 

REMARKS 

After P06 is selected, LGC will not accept any DSKY entry 
except PRO. 

Removes power from LGC/DSKY; IMU may be left on for total 
attitude reference. 

If computer power is switched off, it will be necessary to per
form 4. 6. 1. 20, Fresh Start (V36), after power up. 

The purpose of IMU Power Up procedure is to transfer IMU 
from standby mode to operate mode, with LGC operating. 

Ref para 4. 6. 1, 1 

For PIPA stabilization, IMU should be on for at least one hour, 

This is a backup procedure, to be used only when LGC is off 
or failed and IMU is desired as attitude reference only • 

Ref para 4. 5. 3.1. Allows monitor of IMU power up. 

Energizes IMU cage relays and applied gyro-wheel power. 

Causes IMU to go inertial with pre sent body axis as a 
reference. 

• • 
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4.6.1.5 IMU Power Down 

1. CB PGNS: IMU QPR - open 

CAUTION 

When GUID CONT sw - PGNS, CB PGNS: 
IMU OPR open will disable 800- cps ex
citation to ACA & TTCA throttling. 

2. If LGC operating: 
Key V37E--E 

CAUTION 

• 

Only in case of emergency shall IMU be 
powered down beyond standby: set CB PGNS: 
IMU STBY - open, If standby power is re
moved for more than 20 minutes, the ISS 
calibration is no longer valid. 

4.6.1 .6 LGC Idling Program (P00) 

LGC Power Up (required) 

IMU Power Up (LGC Operating) (desired) 

1. Key V37E 00E 

4.6.1.7 LGC Update Program (P27) 

• • 
REMARKS 

The purpose of IMU Powe r Down procedure is to r educe IMU 
power down from operate to standby condition. If LGS is in 
operate mode and is using IMU, IMU should not be powered 
down. 

Select desired programs not requiring IMU. 

The purpose of LGC Idling (P00) is to maintain LGC in a 
state of readiness for any other program entry. 

Ref para 4. 6.1. 1 

Ref para 4. 6. 1, 3 

Enables crew maneuve r via DAP operation. 

The purpose of LGC Update Program (P27) is to insert infor
mation into LGC via digital uplink from MSFN or via DSKY 
input. 
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4.6.1 .7 LGC Update Program (P27) (cont) 

LGC Power Up (required) 

DCA Enable (required) 

1. Key V37E 00E 

2. 

3. 

4. 

If update is automatic (via digital uplink): 
UPLINK ACTY lt - on; go to step 7 
If update i s manual: 
Receive & record data. 

Desired update alternatives : 
a . Key V70E - Update lift-off time (P27) 
b. Key V71E - Universal update-block address (P27) 
c. Key V72E - Universal update-single address (P27) 
d. Key V73E - Update LGC time, octal (P27) 

POSS OPR ERR lt - on; or 
If P27 not displayed, reselect P00 and repeat step 3 

FL V21 N0l (if V71 or V72 entered) 
Rl -----
R2 Unchanged 
R3 UPBUFF 

xxxxx 
Octal 

Accept: 
Reject: 

• 

Key XXXXXE index word (displayed in Rl) 
V34E - Terminate 

• 

Ref para 4. 6. 1. 1 

Ref para 4. 13. 2. 10 

REMARKS 

Load octal index word and display UPBUFF. UPBUFF is 
address of erasable memory location used for temporary 
storage of index word to be loaded next. 

Twenty locations are available for V71 and V72. Index word 
represents total numbers of quantities to be loaded (including 
index word addresses, and data). For V71 and V72, 3 ~ index 
word ~ 24 (octal). The only difference between verbs is that 
V72 requires an index word that must be odd because with V71 
a single address describes where block of data will go; 18 loca
tions are available for update parameters in addition to index 
word and block address. With V72 a separate address is needed 
for each data word, and each block consists of index word in 
successive even-and-odd numbered locations, with up to nine 
pairs of address and data words • 

• • 
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4.6.1.7 LGC Update Program (P27) (cont) 

5. FL V21 N0l - Data load request 
Rl -----
R2 Unchanged 
R3 AAAAA - Calculated machine address 
Accept: 
Key XXXXXE update data 
Repeat data load until all components are loaded 
Reject: Key V34E - Terminate 

6. FL V21 N02 - Load octal identifier 
Rl -----
R2 Unchanged 
R3 UPTEMP 

Accept alternatives: 
a. Key PRO - Use data 

• 

b. Key XXE - Octal identifier for data to be updated, return to 
step 5 

Reject: Key V34E - Terminate 

7. Automatic update complete: 
UPLINK ACTY lt - off 

8. If update was automatic, DSKY may indicate an alarm because of 
a transient condition. Perform DCA Disable, para 4. 13. 2. 11 

9. When data are ready for transfer to selected locations, key PRO 

10. Exit P27, P0O is selected 

• • 
REMARKS 

Flashing continues until all data components are loaded. 

Rl displays data as they are loaded. 

UPTEMP is erasable location for octal identifier. After the 
last word in block being loaded is entered, noun changes to 02 
to permit loading an octal identifier of previously loaded block. 
This permits reloading block if MSFN detects previous value 
to be in error. If index word is to be changed, program should 
be terminated and reselected. 

Loading octal identifier, recycles program to step 5. After 
value is loaded, program continues to step 6, permitting 
additional MSFN changes to be made. 
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4.6.1.8 DAP Data Load Routine (R03) 

LGC Power Up (required) 

1. Key V48E 

2. FL V0l N46 - DAP configuration/ response data code 
Rl ABCDE 
R2 -----
R3 -----
A = 0 - LM only 
A = 1 - LM and CSM 
B = 0 - 2-jet translation (RCS system A alone) 
B = 1 - 2-jet translation (RCS system B alone) 
B = 2 - 4-jet translation (RCS systems A&B) 
C = 0 - Fine scaling ACA - 4 ° / sec max 
C = 1 - Normal scaling ACA - 20 ° / sec max 
D = 0 - Attitude deadband 0. 3° 
D = 1 -Attitude deadband 0. 5° 
E = KALCMANU Rate 

0=0. 2°/sec 
1 = 0.5°/sec 
2 = 2.0 °/sec 
3 = 10.0 °/sec 

Accept: Key PRO 
Reject: Key V21E - Load desired DAP data code 

FL V05 N09 - Alarm 
Rl 01706 - Stage verify discrete does not agree with N46 
R2 XXXXX 
R3 XXXXX 
POSS PROG lt - on 
To change data code: Key PRO & RSET -
Recycle to step 2 & load correct data 
To terminate: Key V34E & RSET - Exit R03 

• • 

REMARKS 

The purpose of Digital Autopilot Data Load Routine (R03) is to 
load and verify DAP data, and DPS gimbal trim angles; and to 
perform engine gimbal trim. 

Ref para 4. 6. 1. 1 

If docked with CSM, the KALCMANU rate loaded should be 0. 2 ° 
or 0.5 °/sec. 

DAP is not programmed for docked APS burns. 

• • 
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PROCEDURES 

4.6.1.8 OAP Data load Routine (R03) (cont) 

3. FL V06 N47 
Rl LM weight 
R2 CSM weight 
R3 

XXXX:X lbs 
XXXX:X lbs 

Accept: Key PRO - If DPS has been staged, exit R03 

Reject: Key V24E - Load desired parameters 
If descent stage is attached, proceed to step 4 

4. FL V06 N48 - Gimbal trim parameters 
Rl Pitch trim XXX. :XX0 

R2 Roll trim XXX. XX• 
R3 -----

• 

To accept displayed parameters & enable gimbal drive to trim: 
ENG THR CONT: ENG ARM sw - DES 
ENG GMBL sw - ENABLE 
Key PRO 
Reject: Key V24E - Load desired parameters, return to 
beginning of step 4 
Enable gimbal drive to trim 
Key V34E, exit R03 

5. FL V50 N48 - Perform continuation of interrupted program 
Rl Unchanged 
R2 Unchanged 
R3 -----
Disable gimbal drive: 
ENG THR CONT: ENG ARM sw - OFF 
ENG GMBL sw - OFF 

To continue interrupted program (other than P00): 
Key PRO, exit R03 to PXX 
To terminate: 
Key V34E, exit R03 to P00 

• 
REMARKS 

In light-ascent stage configuration, it is possible to en
counter a high rate attitude limit cycle if actual LM weight 
is approximately 20% lighter than loaded weight. If the crew 
defined weight does not exceed the empty weight of the stage/ 
vehicle configuration, display will not terminate. 

GDA Enable, ref para 4. 5. 2. 4 

If RESTART lt - on and this display does not occur, gimbal 
drive process has been permanently interrupted; routine must 
be recalled and trim process repeated. 
Display indicates gimbal trim drive has been completed. 

Select desired program. 
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PROCEDURES 

4.6.1. 9 Crew Defined Maneuver Routine (R62) 

LGC Power Up (required) 

LGC Self Test (desired) 

IMU Power Up (LGC Operating) (required) 

IMU Orientation Determination (P51) (required) 

OAP Data Load Routine (R03) (required) 

1. Enable PGNCS attitude control: 
GUID CONT sw - PGNS 
S/C : PGNS sw -ATT HOLD 
S/C: ROLL, PITCH, YAW sw - MODE CONT 
ACA/4 JET sw (2) - ENABLE 
ACA PROP sw (2) - ENABLE 

2. Establish PGNCS total attitude & attitude error display: 
ATTITUDE MON sw - PGNS 
RATE/ERR MON sw (2) - LOG RDR/CMPTR 

3. Key V49E 
POSS OPR ERR lt - ON 
Key RSET, exit R62 

4. FL V06 N22 
Rl OGA XXX. xx• 
R2 IGA XXX. XX

0 

R3 MGA XXX. xx• 
Accept: Key PRO 
Reject: Key V25E - Load new gimbal angles for R60 

• • 

REMARKS 

The purpose of Crew-Defined Maneuver Routine (R62) is to 
provide crew with means of specifying final vehicle attitude 
when using LGC-controlled attitude maneuver. This routine 
can be entered only from P00 • 

Ref pa-ra 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

Ref para 4. 6. 1. 3 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 1. 8 

Ref para 4. 5. 1 

Ref para 4. 3. 5. 1 and 4. 3. 5. 2 

OPR ERR lt - ON if LGC Idling Program (P00) is not in 
process. 

• • 
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4.6.1.9 Crew Defined Maneuver Routine (R62) (cont) 

5. Attitude Maneuver Routine (R60) 
FL V50 Nl8 - Perform automatic maneuver to final FDA! angles: 

Rl Roll XXXX. X 
0 

R2 Pitch 
R3 Yaw 

XXXX.X 0 

XXXX.X 0 

Accept: Select PGNCS automatic mode 
GUID CONT sw - PGNS 
S/ C: PGNS sw -AUTO 
Key PRO 
Reject: Select desired attitude control mode 
Key ENTR 
ACA - Maneuver manually; go to step 7 

6. If auto mode selected: 
V06 Nl8 - Final FDA! angles 

Rl Roll XXX. XX 0 

R2 Pitch XXX. xx0 

R3 Yaw XXX. XX 0 

POSS PROG lt on 
Key V05 N09E - Call alarm 

Rl 00401 - Final attitude yields gimbal lock 
R2 XXXXX 
R3 XXXXX 

Key KEY REL and RSET 
Select Program 52 

Monitor automatic attitude maneuver using FDA! to avoid gimbal 
lock. If manual completion of maneuver is desired select desired 
attitude control mode 

ACA - Maneuver manually 

7. FL V50 Nl9 - Bypass trim maneuver to final FDA! angles 
Rl Roll XXX. XX

0 

R2 Pitch XXX. XX 0 

R3 Yaw XXX. xx 0 

Accept: Key PRO - exit R60, exit R62 

• • 
REMARKS 

Ref para 4. 5. 1. 2 

Ref para 4. 5. 1 

X-axis override capability is inhibited in DAP, until completion 
of automatic maneuver. 

If MGA is > 70°, program alarm is generated and automatic 
maneuver will not take place. X-axis override capability is 
enabled and V50 Nl9 is displayed, step 7. When V05 N09 is 
keyed, alarm code 00401 will replace contents of Nl9 in Rl. 

Ref para 4. 9. 1. 2 

Ref para 4. 5. 1 
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4.6.1 .9 Crew Defined Maneuver Routine (R62) (cont) 

Reject: Perform one of the following: 

a . Automatic maneuver: 
GUID CONT sw - PGNS 
S/C: PGNS sw -AUTO 
Key ENTR - recycle to step 6 

b. Manual maneuver: select desired attitude control mode 
Key ENTR 
ACA - Maneuver manually; 
Return to beginning of step 7. 

4.6.1. 10 Rendezvous Final Attitude Routine (R63) 

LGC Power Up (required) 

LGC Self Test (desired) 

IMU Power UP (LGC Operating) (required) 

IMU Orientation Determination (P51) (required) 

DAP Data Load Routine (R03) (required) 

1. Enable PGNCS attitude control: 
GUID CONT sw - PGNS 
S/ C: PGNS sw - ATT HOLD 
S/ C: ROLL, PITCH, YAW sw - MODE CONT 
ACA / 4 JET sw (2) - ENABLE 
ACA PROP sw (2) - ENABLE 

2. Establish PGNCS total attitude & attitude & attitude error display : 
ATTITUDE MON sw - PGNS 
RATE / ERR MON sw (2) - LDG RDR/ CMPTR 

• • 

REMARKS 

Ref para 4. 5. 1 

The purpose of Rendezvous Final Attitude Routine (R63) is to 

calculat e and display final FDAI angles required to point +z 
or +X axis at CSM; and to call attitude maneuver routine (R60) 

for automatic maneuver capability. This routine is selected 
only during LGC Idling Program (P00). 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

Ref para 4. 6. 1. 3 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 1. 8 

Ref para 4. 5. 1 

Ref para 4. 3. 5. 1 and 4. 3. 5. 2 

• • 
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4.6.1.10 Rendezvous Final Attitude Routine (R63) (cont) 

3. Key V89E 
POSS OPR ERR lt - on 
Key RSET - exit R63 
POSS PROG lt - on 
Key V05 N09E - Call alarm 

Rl 00210 - IMU not on 
00220 - ISS orientation not known 

R2 XXXXX 
R3 XXXXX 

Key KEY REL & RSET 
FL V37 N--

Key XXE, exit R63 

4. FL V04 N06 - Option 
Rl 00003 - Specify tracking attitude 
R2 00001 - Attitude option 
R3 -----
R2 00001 = Preferred (+Z) 

00002 = +X axis 
Accept: Key PRO 
Reject: Key V22E - Load new values 

5. FL V06 N18 - FDAI angles at track attitude 
Rl Roll XXX. XX 0 

R2 Pitch XXX. XX 
0 

R3 Yaw XXX.XX:
0 

Automatic attitude maneuver: Key PRO 
Update Display: Key V32E 
Terminate : Key V34E 
Attitude Maneuver Routine (R60) 

• 

6. FL V50 N18 - Perform automatic maneuver to final FDAI angles 
Rl Roll XXX. XX:

0 

R2 Pitch XXX. XX:
0 

R3 Yaw XXX. XX
0 

Accept: Select PGNCS automatic mode: 
GUID CONT sw - PGNS 
S/C : P GNS sw - AUTO 
Key PRO 

• 
REMARKS 

OPR ERR lt - on, if LGC Idling Program (P00) not in process. 

Perform IMU Power Up (LGC Operating), ref para 4. 6. 1. 3; 
perform IMU Orientation Determination (P51), ref para 
4. 9. 1. 1 

Ref para 4. 5. 1. 2 
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4.6.1.10 Rendezvous Final Attitude Routine (R63) (cont) 

Reject : Se lect desired attitude control mode 
Key ENTR 
ACA - Maneuver manually 
Go to step 8 

7. If automatic mode selected : 
V06 Nl 8 - Final FDAI angles 

R l Roll XXX. XX 0 

R2 Pitch XXX. XX 0 

R3 Yaw XXX. XX0 

POSS PROG lt - on 
Key V0 5 N09E - Call a larm 

Rl 00401 - Final attitude yield s g imbal lock 
R2 XXXXX 
R3 XXXXX 

Key KEY REL & RSET - Select IMU Realign Program (P52) 

Monitor automatic attitude maneuver, using FDAI to avoid g imbal 
lock; if manual comple tion of mane uver: 
Select desired a ttitude control mod e , 
ACA - Maneuve r manually 

8. FL V50 Nl9 - Bypass attitude trim maneuver to final FDAI angles 
Rl Roll XXX. XX 0 

R2 Pitch XXX. XX 0 

R3 Yaw XXX.XX 0 

Accept : Key PRO - Exit R60 & R63 
Reject : Perform a or bas follows : 
a. 

b. 

Automatic maneuver -
GUID CONT sw - PGNS 
S/ C : PGNS sw - AUT O 
Key E NTR , recycle to s tep 7 
Manual maneuver -
Select des ired attitude control mode , 
Key ENTR 
ACA - Maneuver manually 
Return to beginn ing of step 8. 

• • 

REMARKS 

Ref para 4 . 5. 1 

X-axis override capability i s inhibited in OAP until comple tion 
of automatic maneuver. 

If MGA > 70°, program a larm i s generated and automatic 
maneuver will not take place. X- axis override capability i s 
enabled and V50 Nl9 is di splayed , step 8. When V05 N09 is 
keyed, alarm code 00401 will r eplace contents of Nl9 in Rl. 

Ref para 4. 9. 1. 2 

Ref para 4. 5. 1 

Ref para 4. 5. 1 
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4.6.1.11 Rendezvous Parameter Display Routine (R31) 

LGC Power Up (required) 

LGC Self Test (desired) 

IMU Power Up (LGC Operating) (required) 

IMU Orientation Determination (P51) (required) 

1. Key V83E 

2. FL V06 N54 - Rendezvous parameters 
R 1 Range XXX. XX nm 
R2 Range rate XXXX. X fps 
R3 0 XXX. XX:

0 

Display updates every 0. 5 sec 
To terminate display : Key PRO , exit R3 1 

4 .6.1 .12 Show Banksum 

LGC Power Up (required) 

1. Key V91E 
Rl Sum of bank 

• 

R2 Actual bank number 
-0 .g R3 Bugger word 

oooxx 
000YY 
yyyyy 

" 
f" 
a> 
I 

I-' 
w 

2. 

Verify Banksum equals bank number or its 7 ' s complement 
Proceed : Key PRO - Go to step 2 
Terminate : Key V34E - Exit Show Banksum 

Nl5E E--E Bank number starts at zero & increments to the next 
highest bank until Banksum recycles to zero 

• 
REMARKS 

The purpose of Rendezvous Parameter Display Routine (R3 1) 
is to display, at the request of astronaut, LGC calculated ren
dezvous parameters (range , range rate, and 0 ). 

Ref para 4. 6. 1, 1 

Ref para 4. 6. 1. 13 

Ref para 4. 6. 1. 3 

Ref para 4. 9. 1. 1 

The purpose of Show Banksum (V91) procedure is to verify con
tents of fixed memory. 
Recommended : Show Banksum should be completed before LGC 
Self Test, para 4. 6. 1. 13; LGC Idling Program (P00) running. 

Ref para 4. 6. 1. 1 

At start of Show Banksum, +0 is put in SMODE register and 
forces LGC Self Test into backup idle loop. 

Bugger word is a value which, when added to Banksum, makes 
the result equal the bank number or its 7 ' s complement. 
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4.6. 1.13 LGC Self Test 

LGC Power Up (required) 

1. Key V21 N27E OE (Set SMODE for backup idle mode) 

2. Zero SCOUNT , SCOUNT +l, and ERCOUNT registers: 

3. 

4. 

Key V21E N0lE 1365E E - ERCOUNT 
Nl5E E - SCOUNT 

E E - SCOUNT +1 

Alternative to steps 1 and 2: 
Key V36E - Fresh start 
Observe DSKY blanks 

Key V21 N27E AAAAAE 
where AAAAA (SMODE) = one of the 5-digit codes listed below 

One cycle Cycles Check 
--- ---

00001 (+l) 77776 (-1) Perform ±4 and ±5 
00002 (+2) 77775 (-2) Perform ±4 and ±5 
00003 (+3) 77774 (-3) Perform ±4 and ±5 
00004 (+4) 77773 (-4) Perform ERASCHK, 

CNTRCHK and CYCLSHFT 
if no new job is waiting 

00005 (+5) 77772 (-5) Perform ROPECHK if no 
new job is waiting 

00006 (+6) 77771 (-6) Perform ±4 and ±5 
00007 (+7) 77770 (-7) Perform ±4 and ±5 
00010 (+10) 77767 (-10) Perform ±4 and ±5 
00011 (+11) 77766 (-11) Change to +0 
00000 (+0) - Perform backup idle mode; 

looks for new job 
- 77777 (-0) Perform ±4 and ±5 

• • 

REMARKS 

The purpose of this procedure is to initiate and monitor LGC 
Self Test, leaving self test running in the background i.e. , 
when LGC is not otherwise employed. 

Ref para 4. 6. 1. 1 

Steps 1, 2, and 3 are optional. 

ERCOUNT - Error counter 
SCOUNT - Self-test counter 
SCOUNT +1 - Cycle and shift registers check good. 

Fresh start a l so sets SMODE, ERCOUNT, SCOUNT and 
SCOUNT +1 to +0 (backup idle mode) . 

If LGC detects error during one cycle selection (+ nonzero), 

LGC goes to backup idle (+0). If no error is detected, test is 
repeated. If LGC detects error during repeated cycles (- non

zero), LGC tries test again. If no error is detected, test is 
repeated. If -0 is selected and error is detected , test con
tinues from failed l ocation. 

• • 
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PROCEDURES 

4.6.1.13 LGC Self Test {cont) 

5. Key V15 N0lE 1366E 
Rl SCOUNT xxxxx 
R2 SCOUNT +1 XXXXX 
R3 (N/A) 

6. Key V21E N27E 77777E (SMODE = -0) 
POSS PROG lt - on 
Key V05 N09E - Call alarm 

Rl xxxxx 
R2 xxxxx 
R3 xxxxx 
If 01102 appears: 
Key V05 NO SE - Alarm data 
Rl Octal - ALMCADR 
R2 Octal - ALMCADR +1 
R3 Octal - ERCOUNT 

If 01102 does not appear: 
Vi5 N0lE 01357E 
Rl Octal - Contents of SF AIL 
R2 (N/A) 
R3 (N/A) 

4.6.1.14 DSKY Light Test 

LGC Power Up (required) 

1. Key V3 5E - DSKY lights test 

2. UPLINK ACTY lt - on 
NOATTlt-on 
STBY lt - on 
KEY REL lt - on 
OPR ERR lt - on 
TEMP lt - on 

• • 
REMARKS 

LGC self test continues until SMODE is changed by DSKY 
entry or an error is detected. However, once it is started, 
self test runs only in background, when the LGC is idling. 

Alarm can occur anytime after step 4. 

ALMCADR - Contents of SFAIL = 1+ address of failure 
ALMCADR +1 - BBCON of SELFCHK, ERCOUNT -
Amount of self-check failures since last crew-initiated 
fresh start, or manual zero of ERCOUNT. 

The purpose of DSKY Lights Test is to verify correct 
illumination of all DSKY lights except CMPTR ACTY. 

Ref para 4. 6. 1. 1 
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PROCEDURES 

4.6.1.1 4 DSKY Light Test 1t) 

GIMBAL LOCK lt - on 
PROG lt - on 
RESTART lt - on 
TRACKER lt - on 
PROG ind - 88 
VERB ind - 88 (flashing) 
NOUN ind - 88 (flashing) 

Rl +88888 
R2 +88888 
R3 +88888 

3. After 5 seconds: 
UPLINK ACTY lt - off 
NO ATT lt - off 
STBY lt - off 
KEY REL lt - off 
OPR ERR lt - off 
TEMP lt - off 
GIMBAL LOCK lt - off 
PROG lt - off 
RE START lt - off 
TRACKER lt - off 
PROG ind - 00 
VERB ind - --
NOUN ind - - -
Rl -- - --
R2 - - - --
R3 - - -- -

4.6 .1.15 LGC/ CMC Clock Synchronization Routine (R33) 

LGC Power Up (required) 

1. Key V37E 00E 

2. If there is a precise value (difference between the LGC & CMC 
clocks) available from MSFN, go to step 9 

• • 

REMARKS 

If previous program was P00. 

The purpose of LGC/CMC Clock Synchronization Routine (R33) 
is to synchronize LGC clock with CMC clock. 

Ref para 4 . 6. 1. 1 

• • 
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PROCEDURES 

4.6.1.1 S LGC/CMC Clock Synchronization Routine (R33) (cont) 

3. Confirm selection of Routine 33 in CSM 

4. Key V06 N65 (do not enter) 

5. Perform countdown with CMP & key ENTR on mark command 

6. FL V06 N65 - LGC clock time 
Rl 00XXX hr 
R2 000XX min 
R3 0XX.XX sec 
Record LGC clock time; 
Obtain CMC clock time from CSM crew member; 
Compute clock-time difference 

If more clock-difference data points are desired, return to step 4 
& repeat procedures 

• 
REMARKS 

To discontinue procedure, key KEY REL. 

LGC/CMC clock recordings: 
Hours -

LGC -- 00---
CMC _ 00---

+oo--- (difference) 

Minutes -

LGC -- 000--
CMC -- 000--

+ooo-- (difference) 

Seconds -

LGC -- 0----
CMC -- 0----

+o---- (difference) 
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PROCEDURES 

4.6.1.15 LGC/ CMC Clock Synchronization Routine (R33) 

8. Determine the average of all clock-time differences 

9. Key V55E (increment LGC time) 

10. FL V21 N24 
Key clock hr - difference 

FL V22 N24 
Key cl ock min -difference 

FL V23 N24 
Key clock sec-difference 

11. If clock check is desir ed, repeat steps 2 through 6 
T e rminate R33 - Key KEY REL 

4.6.1.16 PIPA Bias Measurement & Loading 

LGC Power Up (required) 

IMU Power Up (LGC Operat ing) (required) 

1. Establish attitude rate display mode 

2. Establish desired attitude control mode 
Ensure attitude rates are <0.1 ° /sec 

3. Set EVNT TMR ind - 00: 00 

4 . S/ C: PGNS sw - OFF 

5. Key V25 N21E E, E , E 
Key V06 N21 (do not enter) 
Key ENTR, & start EVNT TMR ind simultaneously 
Record initial PIPA counts 

Rl X ----- pulse s 
R2 Y ----- pulses 
R3 Z ----- pulses 

• 

REMARKS 

(cont) 

Ref para 4. 6. 1. 1 

Ref para 4 . 6. 1. 3 

R ef para 4. 5. 3. 5 

Ref para 4 . 5. 1 

Ref para 4. 13. 6 

Zeroes PIPA pulse registers. 

PIPA bias worksheet : 
X PIPA 

Final -----
Initial -----

Bias (1452) -----

• • • 
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PROCEDURES 

4.6.1.16 PIPA Bias Measurement & Loading (cont) 

6. When EVNT TMR ind - 05: 20 
Key ENTR 
Record final PIPA counts 

Rl X ----- pulses 
R2 Y ----- pulses 
R3 Z ---- - pulses 

7. Calculate PIPA bias 

F inal count - Initial count= PIPA b" 
1000 ias 

8. Key V06 NOlE - Present bias 
1452E - Record Rl X Bias± ----
1454E - Record Rl Y Bias ± ___ _ 
1456E - Record Rl Z Bias ± ___ _ 

• 

9. If calculated bias (step 5) & present bias (step 6) differ by more 
than 26 ,400, adjust PIPA bias correction, step 10 

10. If PIPA bias correction is required: 
Key V21 NOlE 14XXE (applicable bias) 
XXXXXE - calculated value 

4.6.1.17 Rate of Descent Controller /LGC Interface Check 

LGC Power Up (required) 

1. Key Vll NlOE 16E - Monitor input channel 16 
Rl XXCDX - Rate-of-descent inbit configuration 
R2 
R3 

Y P IPA 
Final ----
Initial ----

Bias (1454) 

Z PIPA 
Final ----
Initial ---- -

Bias (1456) -----

• 
REMARKS 

Time interval chosen for monitoring is a multiple (x lO) of 32 
because of scaling of the quantities PIPA bias X , · Y, z. 

Division in step 7 is also a multiple (xlO) of 100 because of 
another component of scaling; from centiseconds to seconds. 

26,400 is a tentative value. 

Ref para 4 . 6. 1. 1 
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PROCEDURES 

4.6.1.17 Rate of Descent Controller/ LGC Interface Check (cont) 

2. Set DES RA TE sw - center 
Verify C = 0 & D < 4 

3. DES RA TE sw - + (plus) 
Verify D > 3 

4. DES RATE sw - - (minus) 
Verify C = 1 

4.6.1.18 AGS Initialization Routine (R47) 

LGC Power Up (required) 

LGC Self Test (desired) 

IMU Power Up (LGC Operating.) (required) 

IMU Orientation Determination (P51) (required) 

AGS Power Up (required) 

AGS Checkout (desired) 

1. Select AGS Initialization Routine (R47 ) 
Key V47E 

POSS PROG lt - on 
Key V05 N09E - Call alarm 

Rl 00220 - REFSMFLAG not set 
R2 XXXXX 
R3 XXXXX 

Key RSET & KEY REL 

• 

REMARKS 

The purpose of AGS Initialization Routine (R47) is to initialize 
AGS absolute time and/or to initialize / update AGS LM/CSM 
state vector. 

CSM state vector must be updated after each CSM thrust 
maneuver. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

Ref para 4. 6. 1. 3 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 4 

• • • 
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4 .6.1.18 AGS Initialization Routine (R47) (cont) 

Perform IMU Orientation Determination (P51) 

• 
If only AGS LM/CSM state vector update is being performed, 
go to step 3 & select accept option 

2. Load AGS absolute time: 
Key DEDA C 377 + XXX:XX (0. 1 min) (do not enter) 
If X / 0: 
Select reject option, step 6 

3. FL V06 N16 
Rl 00XXX hr 
R2 000XX min 
R3 0XX. XX sec 
To bypass zero of AEA clock, go to step 5; 
To zero AEA clock, key V32 & go to step 4 

4. Start AEA clock and indicate AEA clock zero to LGC 
Key ENTR on DSKY and DEDA simultaneously 
If only AGS time initialization is performed, omit steps 5, 8, 9, 
and 10 

5. Command LM/CSM state vector update via PGNCS downlink 
Key DEDA C 414 +l0000E 

6. Accept or reject Nl6 as follows : 
Accept: Record K, key PRO 
Reject: Use MSFN value , computed value , or K from 
previous R47; key V25E - Load K, key PRO 

7. FL V50 N16 .,, 
.g Rl 00XXX hr 

CD R2 000XX min 
R3 0XX. XX sec 

8. Verify AGS initialization complete : 
Key DEDA C 414R +00000 
To continue an interrupted program - Key PRO, exit R47; 
To terminate - Key V34E, exit R47 

• • 
REMARKS 

Ref para 4. 9. 1. 1 

+00000 will be nominal value unless specific final value of K 
is desired (e.g., an even number of minutes). XXX:XX must 
be subtracted from K. 

Do not enter until step 4. 

This procedure sometimes disable s DAP for about 12 s econds, 
and therefore should not be perform ed during a critical 
maneuver. 

Occurs within 2 seconds. 
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PROCEDURES 

4.6.1.18 AGS Initialization Routine (R47) (cont) 

9. Verify AGS time is incrementing: 

Key DE DA C 377R (0. 1 min) 

10. If update accuracy verification is desired: 

Display LGC rendezvous parameter s (R31) - Key V83E 

F L V06 N54 
Rl Range 
R2 Range rate 
R3 (} 

XXXX.X nm 
XXXX. X fps 
xxx.xx 

11. Read out AGS range rate: 
Key DEDA C 440R XXXXX ( 1 fps) 

Compare PGNCS & AGS values or range rate; 
Values should be within TBD fps -
To terminate R31 - Key PRO 

4.6.1.19 Preferred Tracking Attitude Program (P25) 

LGC Power Up (required) 

LGC/CMC Clock Synchronization (R33) (required) 

IMU Power Up (LGC Operating) (required) 

LGC Update (P27) (desired) 

IMU Orientation Determination (P51) 

OAP Data Load Routine (R03) 

1. Enable PGNCS attitude control: 
GUID CONT sw - PGNS 
S/ C : PGNS sw - ATT HOLD 

S/C: ROLL, PITCH, YAW sw - MODE CONT 

• • 

REMARKS 

Comparison is usable up to 33 , 534,400 ft (5 , 519 nm). 

If IMU orientation has changed since last AGS alignment , per

form AGS/PGNCS Align, ref para 4. 9. 2. l ; wait at least 30 

seconds after CDU zero. 

The purpose of Preferred Tracking Attitude Program (P2 5) 

is to compute LM preferred tracking attitude which will enable 

CSM tracking of LM beacon, and will perform maneuver to 

preferred tracking attitude. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 15 

Ref para 4. 6. 1. 3 

Ref para 4. 6. 1. 7 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 1. 8 
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PROCEDURES 

4.6.1.19 Preferred Tracking Attitude Program (P25) (cont) 

ACA/4 JET sw (2) - ENABLE 
ACA PROP sw (2) - ENABLE 

• 
2. Establish PGNCS total attitude & attitude error display: 

3. 

4. 

ATTITUDE MON sw - PGNS 
RATE/ERR MON sw - LDG RDR/CMPTR 

Select P25 
Key V37E 25E 
POSS PROG lt - on 
Key V05 N09E - Call alarm 

Rl 00210 - IMU not on 
00220 - ISS orientation not known 

R2 XXXXX 
R3 XXXXX 

Key KEY REL & RSET 
FL V37 N--
Key XXE, exit P25 

Preferred Tracking Attitude Routine (R61): 
FL V50 Nl8 - Perform automatic maneuver 

Rl Roll XXX. XX 0 

R2 Pitch 
R3 Yaw 
Accept: 

xxx.xx · 
xxx.xx • 

Select PGNCS Automatic Mode 
GUID CONT sw - PGNS 
S/C: PGNS sw - AUTO 
Key PRO 
Reject: 
Select desired attitude control mode 
KeyENTR 
ACA - maneuver manually 
Go to step 6 

5. If automatic mode selected 
FL V06 Nl8 - Final FDAI angles 

Rl Roll XXX. XX • 
R2 Pitch XXX. XX 0 

R3 Yaw xxx.xx · 

• 
REMARKS 

Perform IMU Power UP (LGC Operating), para 4. 6. 1. 3 
Perform IMU Orientation Determination (P51) para 4. 9. 1. 1 

• 

If final computed FDAI angles produce a ±90 •. yaw, transfor
mation from IMU to FDAI angles in roll and pitch i s indeter
minate; Rl and R2 will be blank. 

Ref para 4. 5. 1. 2 

Ref para 4. 5. 1 

X-axis override capability is inhibited in DAP until completion 
of automatic maneuver. 
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4.6.1.19 Preferred Tracking Attitude Program (P25) (cont) 

POSS PROG lt - on 

6. 

Key V05 N09F - Call alarm 
Rl 00401 - Final attitude yields gimbal lock 
R2 XXXXX 
R3 XXXXX 

Perform one of the following : 
a . Key KEY REL & RSET 

Select IMU Realign (P52) 
b. Key KEY REL &·RSET 

Maneuver vehicle to avoid gimbal lock 

Monitor automatic attitude maneuver , using FDAI to avoid gimbal 
lock. If manual completion of maneuver desired, select desired 
attitude control mode : 
ACA - maneuver manually 

FL V50 Nl9 - Bypass trim maneuver to final FDAI angles 
Rl Roll XXX. XX 0 

R2 Pitch 
R3 Yaw 
Accept : 
Reject: 

XX:X , X:X: 0 

XXX. X:X: 0 

Key PRO, exit R60 / R61 
Perform one of following : 

a. Automatic maneuver, 
GUID CONT - PGNS 
S/C : PGNS sw -AUTO 
key ENTR - recycle to s tep 5 

b. Manual maneuver: 
Select desired attitude control mode 
Key ENTR 
ACA - maneuver manually 
Return to beginning of step ·6 

7. Monitor DSKY : 
P25 operation is now automatic; PGNCS will continuou sly maintain 
the LM +z-axis within 30° of LOS to the CSM 

• • 

REMARKS 

If MGA :::-: 70 °, progra m a larm i s generated and automatic 
maneuver will not take place, X-axis override capability is 
enabled •and V50 Nl9 is displayed, step 6. When V05 N09 i s 
keyed , alarm code 00401 will replace contents of Nl9 in Rl. 

Ref para 4. 9. 1. 2 

Ref para 4. 5. 1 

Ref par a 4. 5. 1 
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4.6.1.19 Preferred Tracking Attitude Program (P25) (cont) 

To terminate P25: 
Key V56E - exit to other program in process 
If no other program in process: 
FL V37 N-
Key XXE 

4.6.1.20 Fresh Start 

LGC Power Up (required) 

1. Key V36E 
Observe DSKY blanks 

• 

2, Confer with MSFN to determine if erasable memory restoration 
is required 

3. If REFSMMAT is acceptable, perform one of the following: 
a. V25 N07E 

Rl 77E 
R2 l0000E 
R3 1E 

b, V06 N0lE 77E 
Rl ABCDE 
R2 XXXXX 
R3 77 

V21E - A+l, B, C, D, E ENTR 

4. Perform LGC Update (P27) if erasable memory restoration is 
required; perform i"MU Orientation Determination (P51), if 
REFSMMAT is not acceptable; perform DAP Data Load 
Routine (R03). 

• • 
REMARKS 

The purpose of Fresh Start procedure is to establish con
figured computer memory from which normal activity can 
proceed (V36 can be used to recover from transient malfunc
tions). 

Ref para 4. 6. 1. 1 

If V36 interrupted state vector integration, the present state 
vector may not be valid. P27 can be used to restore state 
vector. 
DAPBOOLS is set to 21312, If this is not satisfactory, select 
R03 and reload DAP data. 

REFSMFLAG is reset but REFSMMAT is unchanged. 
REFSMFLAG is bit 13 of flag 3 (address 0077). 

Ref para 4. 6. 1. 7 
Ref para 4. 9, 1, 1 

Ref para 4. 6. 1. 8 
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4.6.1.21 ICDU Zero 

LGC Power Up (required) 

1. Key V40 N20E 

POSS PROG lt - on 
Key VOS N09E - Call alarm 

Rl 00206 - Zero encode not allowed with coarse align or 
gimbal lock 

R2 -----
R3 -----

Perform ISS Coarse Align 
Key KEY REL & RSET 

2. NO ATT lt - off 

4.6.1.22 RR CDU Zero 

LGC Power Up (required) 

LGC Self Test (desired) 

1. Key V40 N72E 

POSS PROG lt - on 
Key VOS N09E - Call alarm 

Rl 00510 - Radar automatic discrete not present 
R2 xxxxx 
R3 xxxxx 

Key KEY REL & RSET 

• • 

REMARKS 

The purpose of ICDU Zero procedure is to ensure ICDU 

counters are synchronized with CDU counters in LGC. 

The IMU CDU Zero disables DAP for approximately 12 seconds, 

and is not to be performed during a critical maneuver. 

Ref para 4. 6. 1. 1 

Ref para 4. 9. 1, 3 

The purpose of RR CDU Zero is to zero rendezvous radar 
CDU 's; determine (internally) RR antenna mode; and update 
TRACKER fail light. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

Alarm 00510 is called only when RNDZ RADAR sel is not set 
to LGC, 

• • 
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4.6.1.22 RR CDU Zero (cont) 

2. When TRACKER light is updated, it will go on if any of the 
following occur: 
a. RR CDU fail while in RR automatic mode 
b. LR data fail 
c. RR data fail 

4.6.1.23 load IMU Attitude Error Meters 

1. Establish PGNCS attitude error display mode: 
ATTITUDE MON sw (1) - PGNS 
RATE/ERR MON sw (1) - LDG RDR/CMPTR 

2, S/C: PGNS sw - OFF 

3. Key V43E 
POSS OPR ERR lt - on 
Key RSET, exit V43 

FL V21 N22 - Load error angles 
Rl OGA xxx.xx· 
R2 IGA XXX. XX 0 

R3 MGA xxx.xx· 
Load desired angles: Key V25E 
To terminate: 
Key V34E 

4. V43 - Error meter load verb 
.g Verify specified error angles displayed on FDA! error needles 

(11 

'f> 
0, 
I 

N> ...., 

4.6.1.24 Increment LGC Time 

LGC Power Up (required) 

• • 
REMARKS 

The purpose of Load Attitude Error Meters procedure is to 
display crew-specified angles on FDA! error needles. Pro
cedure can be selected only during LGC Idling Program (P00). 

Ref para 4. 5. 3. 2 

Switch must be off in order for V43 procedure to continue. 

OPR ERR lt - on if IMU is in coarse align; zero CDU mode, 
or if another extended verb is active. 

Maximum angle loaded should be ±5 •. Any value exceeding 
±5 ° will peg error needles. 

The purpose of Increment LGC Time procedure is to change 
LGC clock time using increments loaded by crew. Process 
can be selected only during LGC Idling Program (P00). 

Ref para 4. 6. 1. 1 
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4.6.1.24 Increment LGC Time (cont) 

1. Key V55E 

2. FL V21 N24 - Load D. clock time 
Rl 00XXX hr 
R2 000XX min 
R3 0XX. XX sec 
Accept: 
Reject: 

Load desired time increments 
Key PRO or V34E 

4.6.1 .25 Initialize Erasable Dump Via Downlink 

LGC Power Up (required) 

1. Key V21 N0l E 333E (DUMPCNT) 
Key 04000E for one complete downlink dump 
Key l0000E for two complete downlink dumps 
Key 20000E for four complete downlink dumps 

2. Initialize erasable dump 
Key V74E 

4.6.1.26 Enable W Matrix Initialization 

• • 

REMARKS 

All registers initially blank. 

The purpose of Initialize Erasable Dump via downlink is to 
perform a non-destructive dump of erasable memory to MSFN, 

Ref para 4. 6. 1. 1 

One complete downlink dump ~ 20. 8 sec 
Two complete downlink dumps ~ 41. 6 sec 
Four complete downlink dumps ~ 83 . 2 sec 

DUMPCNT may be preloaded prior to launch or reloaded via 
P27 so that only V74E•is required for starting. 

DUMPCNT can be changed after V74E if change occurs before 
first dump is finished ( < 20 . 8 sec e lapsed). 

The awkward 04000, 10000 , 20000 sequence occurs because the 
3 bits used for control appear in two differential octal d isplay 
digits . 

The purpose of Enable W Matrix Initialization is to request 
reinitialization of rendezvous W matrix. 

Enable W Matrix Initialization resets RENDW FLAG which then 
causes LGC to reinitialize rendezvous W matrix before next 
use. The flag is set, indicating that it can be used again • 

• • 
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4.6.1.26 Enable W Matrix lnitiali1.ation (cont) 

LGC Power Up (required) 

1. Key V93E 

4.6.1.27 ORDEAL lnitiali1.ation 

LGC Power Up (required) 

IMU Power Up (LGC Operating) (required) 

IMU Orientation Determination (P51) (required) 

AGS Power Up (required) 

PGNCS/AGS Align (desired) 

1. Establish total attitude display and ORDEAL controls 

2. Obtain altitude setting by selecting one of the following: 
Orbit Parameter Display Routine (R30) 
Ground Track Determination Program (P21) 
Obtain altitude setting from MSFN 

3. ALT SET cont - adjust to setting determined in step 2 

4. Damp LM rates - Select desired attitude control mode 

5. Obtain pitch angle to local horizontal 
If PGNCS data desired: 
Key V83E - Request Rendezvous Parameter 
Display Routine (R31) 

• 

/ 

I 

• • 
REMARKS 

Ref para 4. 6. 1. 1 

The purpose of ORDEAL Initialization procedure is to align one 
or both FOAi's to local vertical coordinates. Procedure can be 
accomplished using PGNCS or AGS data. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 3 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 2. 1 

Ref para 4. 9. 2. 1 

The IMU and/or AGS must be aligned with +Y axis of the refer
ence along (VxR) where V is velocity vector and R is position 
vector from center of earth. 

Ref para 4. 5. 3. 1 and/or 4. 5. 3. 3 

Ref para 4. 8. 1. 2 
Ref para 4. 8. 1. 1 

Ref para 4. 5. 1 

Ref para 4. 6. 1. 11 
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4.6.1.27 ORDEAL Initialization (cont) 

V06 N54 
Rl Range XXX. XX nm 
R2 Range rate XXXX. X fps 
R3 8 xxx.xx• 
V34E = Terminate R31 

If AGS data desired 
Key DEDA - C 307R (. 01 °) 

OR- 6. MODE sw - HOLD/FAST 
DEAL SLEW sw - UP, center, DOWN (as required to coarse align 

proper angles) 

• 

7. MODE sw - OPR/SLOW 
SLEW sw - UP, center, DOWN (fine adjust FDAI precisely) 

4.6.1.28 LGC Erasable Memory Display /Update 

LGC Power Up (required) 

LGC Self Test (desired) 

1. Key V37E 00E 

2. Review erasable memory: 
Key V0l N0lE 
FL V0l N0l 

Rl ----
R2 ----
R3 -----
Key desired register address (octal) 
Key ENTR 

• • 

REMARKS 

8 (LGC) and , (DEDA) is angle between +z axis and local 
horizontal plane. Positive display indicates +z axis above plane. 

8 or , is from -90 • to +90° 

(180°- 8 ) ( 8) 
velocity vector 

This procedure may be performed in P00 only. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

• • 
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4.6.1.28 LGC Erasable Memory Display/Update {cont) 

3. VOl NOl 
Rl Register content 
R2 -----
R3 Register address 

4. To review next register, key Nl5E 

5. VOl Nl5 
Rl Register content 
R2 -----
R3 Register address 
Key ENTR for each succeeding register 

6. To change data in erasable memory: 
Key \721 NOlE 
FL V21 NOl 

Rl -----
R2 -----
R3 -----
Key desired register address (octal) 
Key ENTR 

7. V21 NOl 
Rl Register content 
R2 -----
R3 Register address 
Load desired data -
Key ENTR 

8. To change next register, key N15E 

9. V21 N15 
Rl Register content 
R2 -----
R3 Register address 
Load desired data -
Key ENTR for each succeeding register 

• • • 
REMARKS 
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4.6.1.29 Restart 

1. Key V69E - Restart 
POSS PROG lt - on 

PROCEDURES 

Key V05 N09E - Call alarm 
Rl 01107 - Phase table failure; assume erasable memory bad 
R2 XXXXX 
R3 XXXXX 
Key RSET 

2. Confer with MSFN to determine if restoration of erasable 
memory is required 

3. To restore erasable memory: 
Select LGC Update Program (P27) 

4. Perform IMU Orientation Determination ( P51) & 

IMU Realign Program (P52) 

4.6.2 AGS/ CES 

4.6.2.1 AGS Power Up 

AGS STATUS sw - OFF (desired) 

1. Disable AGS attitude control: 
GUID CONT sw - PGNS; or 
S/C: AGS sw - OFF; or 
S/ C: ROLL, PITCH, YAW sw - PULSE or DIRECT 

2. CB S/C: AEA - close 

• • 

REMARKS 

The purpose of Restart procedure is to cause computer 
restart. 

DAP is inhibited 15 seconds when restart occurs. 

Initially, all registers are blank. 

Ref para 4. 6. 1. 7 

Ref para 4. 9. 1. 1 
Ref para 4. 9. 1. 2; reestablishes REFSMMAT. 

The purpose of AGS Power Up procedure is to power up AGS 
and to allow for ASA warmup and stabilization. 
CB S/ C: ASA - close (required from prelaunch). 

Avoids possible attitude transients during power up. 

Vehicle is free to drift. 
Vehicle is free to drift. 

Within 20 seconds, AEA can accept CDU discrete from PGNCS 
and can integrate PGNCS EULER angle increments. 

• • 
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PROCEDURES 

4.6.2.1 AGS Power Up (cont) 

3. AGS STATUS sw - STAND BY 

(Note time or start EVNT TMR) 

MASTER ALARM pb/lt - reset 

4. 25 minutes after step 3: 
CB/AC BUS B: AGS - close 
AGS STATUS sw - OPERATE 

5. Perform AEA Readiness Check 

4.6.2.2 AGS Power Down 

AGS Power Up (required) 

1. AGS STATUS sw - OFF 
MASTER ALARM pb/lt - reset 

2. CB S/ C: AEA - open 

3. CB / AC BUS B: AGS - open 

4.6.2.3 AEA Self-Test 

AGS Power Up (required) 

• • 
REMARKS 

The ASA requires 25 minutes in STANDBY or OPERA TE to 
stabilize sufficiently for guidance purposes. 
AGS warn lt - on momentarily, then off ( caused by AEA low
voltage alarm during power supply turn-on). 

• 

AGS warn lt - on momentarily, then off (caused initially by a 
core priming operation which, when performed, interferes with 
a periodic program-inhibit of hardware alarm). 
AEA initial state: 1. Engine off is present 
2. 400, 410, and 417 are set to 00000. 

Ref para 4. 6. 2. 11 

Ref para 4. 6. 2. 1 

AGS warn lt - on momentarily, then off (caused by AEA low 
voltage alarm during power supply turn-off). 

The purpose of AEA Self Test procedure is to verify correct 
operation of AEA self test/CWEA interface . 

Ref para 4. 6. 2. 1 
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PROCEDURES 

4.6.2.3 AEA Self-Test (cont) 

1. Check AEA self test status: 
Key DEDA C 412R +xoooo 
If +10000 displayed, go to step 3 . 

2. Reinitiate AEA self test: 
Key DEDA C 412 +00000E 

Repeat readout between 8 and 30 seconds 
Key DEDA C 412R 

CAUTION 

If +10000 is not stored and displayed 
between 8 and 30 seconds, AGS com-
puter readiness operations are not 
recommended. 

3. Complete AEA Self Test/CWEA interface: 
AEA self-test output to CWEA 

Key DEDA C 412 +70000E 
MASTER ALARM pb/lt - reset 
AGS warn lt - on 

4. Reinitiate AEA self test: 
Key DEDA C 412 +00000E 

4.6.2.4 AGS Checkout 

AGS Power Up (required) 

1. Perform EL lamp and operator error check: 
Key DEDA C 6666 

• 

REMARKS 

X = 1:X = 3:X = 4:X = 7 
AGS warn lt - on when +10000 is not stored and displayed 
between 8 and 30 seconds. 

For AGS to be operating correctly the self test output should be 
412 + 10000. 

The purpose of AGS Checkout procedure is to verify correct 
operation of AEA and DEDA electroluminescent displays and 
pushbutton lights. " 

Ref para 4. 6. 2. 1 

Because the fourth pushbutton is not a + (plus) or - (minus), 
OPR ERR lt will be on • 

• • • 
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4.6.2.4 AGS Checkout (cont) 

Verify 666 in address indicator 
OPR ERR lt - on 

2. Complete EL lamp check: 
Key DEDA C 000 + 88888 
Verify OPR ERR lt - off 
000 in address indicator 
+88888 in data indicator 

3. Complete pushbutton check: 
Key DEDA C 123 - 45679 C 

4. Perform AEA Readiness Check 

4.6.2.5 AGS Gyro and Accelerometer Calibration 

ICDU Zero (desired) 

LGC Power Up (required) 

IMU Power Up (LGC Operating)/IMU Power Up (LGC Off) 

IMU Orientation Determination (P51) (desired) 

AGS Power Up (required) 

AGS Checkout (desired) 

1. Establish desired attitude control mode: 
a. AGS attitude hold/rate command: 

GUID CONT sw - AGS 
S/C: AGS sw -ATT HOLD 

• • • 
REMARKS 

Ref para 4. 6. 2. 11 

The purpose of AGS Gyro and Accelerometer Calibration pro
cedure is to perform an inflight gyro and accelerometer calibra
tion with PGNCS IMU operating. AGS alignment inflight calibra
tion may be performed provided IMU has been .aligned (IMU 
Orientation Determination, P51). 

Ref para 4. 6. 1. 21 (task is required each time CB S/C: AEA 
is closed or IMU is coarse aligned) 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 3/4. 6. 1. 4 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 4 

Ref para 4. 5. 1. 6 (attitude rates should be < O. 1 ° /min). 
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4 .6.2.5 AGS Gyro and Accelerometer Calibration (cont) 

S/C: ROLL , PITCH, YAW sw - MODE CONT 
ENG THR CONT: BAL CPL sw - ON 
S/C: DEAD BAND sw - MAX 

b. During docked flight, request that CSM maintain attitude or 
drifting flight, 
Key Vl6 N20E - ICDU angles 

Rl OG xxx.xx· 
R2 IG XXX. XX 0 

R3 MG XXX. XX 0 

Orient vehicle(s) so that all gimbal angles > 11. 25 ° (e.g. 20°) 

Perform ICDU Zero 
Key V40 N20E 

2. Read out and record gyro and accelerometer bias compensation 
coefficients: 
X accelerometer 

Key DEDA C 540R (octal) 
Y accelerometer 

Key DEDA C 541R (octal) 
Z accelerometer 

Key DEDA C 542R (octal) 
X gyro 

Key DEDA C 544R (0 . 01 ° /hr) 
Y gyro 

Key DE DA C 545R (0. 01 ° /hr) 
Z gyro 

Key DEDA C 546R (0, 01 ° /hr) 

3, Command gyro/accelerometer calibration: 
Key DEDA C 400 + 60000E 

4. Verify calibration complete: 
Key DEDA C 400R + 00000 

• • 

REMARKS 

If docked, request may be for LM attitude con.trol or for verbal 
direction of CSM. 
Ref para 4 . 6. 1. 21 

Display should appear within 302 seconds. 
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4.6.2.5 AGS Gyro and Accelerometer Calibratjon (cont) 

5. Repeat step 2 and compare both sets of bias compensation 
coefficient values • 

4.6.2.6 AGS Manual Absolute Time Initialization 

AGS Power Up (required) 

AGS Checkout (desired) 

MSFN receiving AGS telemetry (LM in LOS to MSFN) 

Communications Basic (required) 

1. Enter initial value in AGS time address 
Key DEDA C 377 + XXXXXE (0. 1 min) 

2. Receive and record AGS time bias from MSFN 
(GET minus AGS time) 

4.6.2.7 AGS Manual LM State Vector Update/Initialization 

AGS Power Up (required) 

AGS Checkout (desired) 

• 

AGS Calibration/AGS Initialization Routine (R47) (required) 

• 
REMARKS 

Nominal accelerometer variations are TED. Accelerometer 
biases are quantized at 400 micro g (earth scaling) and biases 
may all be less than this amount; accelerometer bias readings 
before and after calibration may be the same. Calling up 
biases on DEDA will put them on downlink with the full 18 bits 
for ground monitoring. 

The purpose of AGS Manual Absolute Time Initialization pro
cedure is to provide specific base time value from which time 
incrementing continues (LGC not operating). 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 4 

Ref para 4. 13. 2. 1 

• 

Nominal value is +0000. 0 unless specific final value of time bias 
is desired (e.g. a round number, in minutes). 

MSFN obtains difference via ground checks and AGS telemetry. 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 4 

Ref para 4. 6. 2. 5 or 4. 6. 1. 18. AEA clock overflows 4396 
minutes (approximately 72 hour s) after initialization at zero. 
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4.6.2.7 AGS Manual LM State Vector Update/Initialization (cont) 

1. Obtain LM state vector and epoch time from MSFN 

CAUTION 

State vector is invalid if LM thrusting occurs 
between epoch pvint anc1 update t i rne , or if 
this time is greater than 136. 5 minutes. 

2. Ente r X component of LM position: 
Key DEDA C 240 ± XXXXXE (1000 ft) 

3. Enter Y component of LM position: 
Key DEDA C 241 ± XXXXXE (1000 ft) 

4. Enter Z component of LM position: 
Key DEDA C 242 ± XXXXXE (1000 ft) 

5. Ente r X component of LM velocity : 
Key DEDA C 260 ± XXXXXE (1 fps) 

6. Enter Y component of LM velocity: 
Key DEDA C 261 ± XXXXXE (1 fps) 

7. Enter Z component of LM velocity: 
Key DEDA C 262 ± XXXXXE (1 fps) 

8. Enter LM Epoch Time: 
Key DEDA C 254 + XXXXXE (0. 1 min) 

CAUTION 

LM epoch time must be valid, past-AGS 
time at a multiple of O. 1 min 

9. Command AEA to update LM state vector: 
Key DEDA C 414 + 20000 E 

10, Verify LM state vector update complete : 
Key DEDA C 414R + 00000 

• 

REMARKS 

Entry errors, steps 2 through 8, may be corrected any time 
before step 9. 

Display should appear within 2 seconds after step 9. 

• • • 
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4.6.2.8 AGS Manual CSM State Vector Update/ Initialization 

AGS Power Up (required) 

AGS Checkout (desired) 

AGS Calibration / AGS Initialization Routine (R47) (required) 

1. Obtain CSM state vector and epoch time from MSFN 

CAUTION 

State vector is invalid if CSM thrusting occurs 
between epoch point and update time, or if time 
is greater than 136. 5 minutes. 

2. Enter X component of CSM position: 
Key DEDA C 244 ± XXXXXE (1000 ft) 

3. Enter Y component of CSM position: 
Key DEDA C 245 ± XXXXXE (1000 ft) 

4. Enter Z component of CSM position: 
Key DEDA C 246 ± XXXXXE (1000 ft) 

5. Enter X component of CSM velocity: 
Key DEDA C 264 ± XXXXXE (1 fps) 

6, Enter Y component of CSM velocity: 
Key DEDA C 265 ± XXXXXE (1 fps) 

7. Enter Z component of CSM velocity: 
Key DEDA C 266 ± XXXXXE (1 fps) 

8, Enter LM epoch time: 
Key DEDA C 272 + XXXXXE (0, 1 min) 

CAUTION 

CSM epoch time must be a valid past-AGS 
time at a multiple of o. 1 minute. 

9. Command AEA to update CSM state vector: 
Key DEDA C 414 + 30000E 

10. Verify CSM state vector update complete : 
Key DEDA C 414R + 00000 

• • 
REMARKS 

Ref para 4. 6. 2, 1 

Ref para 4. 6. 2. 4 

Ref para 4. 6. 2. 5/4. 6. 1. 18; AEA clock overflows 4396 minutes 
(approximately 72 hours) after initialization at zero. 

*Entry errors, steps 2 through 8 , may be corrected any time 
before step 9 

Display should appear within 2 seconds after step 9. 
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4.6.2.9 AGS Orbital Rate Steering 

AGS Power Up (required) 

AGS Checkout (desired) 

PGNCS/AGS Align (required) 

AGS Manual LM State Vector Update/Initialization (required) 

1. Disable AGS guidance steering : 
S/C: AGS sw -ATT HOLD; or 
Key DEDA C 400 + 00000E 

2. Options: 
a . Primary option - Command arbitrary attitude using external 

t:,. V option, 
Key DEDA C 410 + 50000E 

Select values of t:,. vx, t:,. vy, t:,. vz for desired attitude, 

Key DEDA C 450 ± XXXXXE (1 fps) 
Key DEDA C 451 ± XXXXXE (1 fps) 

Key DEDA C 452 ± XXXXXE (1 fps) 

b. Secondary option - Command X-axis or Z-axis horizontal 
in- CSM-plane steering using CSI option, 
Select desired target parameters from following, 
a. X-axis retrograde attitude (Z-axis is up) 
b. X-axis posigrade attitude (Z-axis down) 
c. Z-axis posigrade attitude (X-axis up) 
d. Z-axis retrograde attitude (X-axis down) 

• • 

REMARKS 

The purpose of AGS Orbital Rate Steering procedure is to 
command AGS to maintain constant attitude with respect to 
local vertical. 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 4 

Ref para 4. 9. 2. 1 

Ref para 4. 6. 2. 7 

Ref para 4. 5. 1 

Any +X- axis thrusting or selection of 407 + 10000 will terminate 
orbital rate steering and freeze LM attitude in inertial 
coordinates. 

Components ' relative magnitudes control resultant direction 
vector, in octant selected , by combination of a lgebraic signs: 
if only one component is non zero, LM X-axis lies in direction 
established by selection of external t:,. V components ; however , 
the sign in address 450 always controls Z-axis. 

Normally, X-axis guidance steering is selected. 

+ non zero selects posigrade component (Z -axis down) 
+nonzero select s component opposite CSM: angular 
momentum vector 
+ non zero selects component toward gravitational source. 

Configuration normally occurs before CSI maneuver. 

• • 
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4.6.2.9 AGS Orbital Rate Steering (cont) 

Complexity of target-parameter selection recommends 
procedure only before CSI maneuver where it occurs 
naturally, with Z- or X-axis selection remaining 
Select CSI option, 

Key DEDA C 410 + l0000E 

c. Secondary option - Command X-axis or Z-axis horizontal 
in CSM-plane steering using CDH option, 
Select desired target parameters from following, 
a. X-axis retrograde attitude (Z-axis up) 
b. X-axis posigrade attitude (Z-axis down) 
c. Z-axis posigrade attitude (X-axis up) 
d. Z-axis retrograde attitude (X-axis down) 
Complexity of target-parameter selection recommends 
procedure only before CSI manuever where it occurs 
naturally, with Z- or X-axis selection remaining 

3. Perform AGS Orientation to Initial Computer Steering Attitude 

4.6.2.10 Rate Gyro Check 

1. Set controls for checkout: 
CB S/C: ATCA (AGS) - close 
RA TE SCA LE sw - 25 ° /SEC 
S/C : GYRO TEST POS RT sw - OFF 

2. Roll check: 
S/C: GYRO TEST ROLL sw - ROLL 
S/C: GYRO TEST POS RT sw - POS RT 
Verify FDAI roll rate ind - +5° 
S/ C: GYRO TEST POS RT sw - NEG RT 
Verify FDAI roll rate ind - -5° 
S/ C: GYRO TEST POS RT sw - OFF 

- --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - -

• 
REMARKS 

Procedure must take into account CSM position relative to LM: 
ahead or behind, above or below, distance data, radius, and 
predicted state-vector velocities at CDH time. 

Configuration normally occurs between CSI and CDH 
maneuvers. 

Procedure must take into account CSM position relative to LM: 
ahead or behind, above or below, distance data, radius, and 
predicted state-vector velocities at CDH time. 

Ref para 4. 6. 2. 12. 

Rate Gyro Check procedure is to be accomplished only under 
PGNS control . 

Complete checkout, if abnormal condition is noted at any point; 
and check any additional abnormalities before proceeding to 
malfunction diagnostic. 
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4.6.2.10 Rate Gyro Check (cont) 

3 . Pitch check: 
S/C: GYRO TEST ROLL sw -ROLL 
S/C: GYRO TEST POS RT sw - POS RT 
Verify FDAI roll rate ind - +5 ° 
S/C: GYRO TEST POS RT sw - NEG RT 
Verify FDAI roll rate ind - -5 ° 
S/C : GYRO TEST ROLL sw - PITCH 

4. Yaw check: 
S/C : GYRO TEST ROLL sw - ROLL 
S/C : GYRO TEST POS RT sw - POS RT 
Verify FDAI roll rate ind - +5 ° 
S/C: GYRO TEST POS RT sw - NEG RT 
Verify FDAI roll rate ind - -5° 
S/C: GYRO TEST ROLL sw - YAW 

4.6.2.11 AEA Readiness Check 

AGS Power Up (required) 

AEA Self Test (required) 

1. Descent section staging flag status check: 
Key DEDA C 574R 
Negative number = staged; positive number = unstaged 
If incorrect, key DEDA C 574 + 00000E (if unstaged); or 

- 00000E (if staged) 

2. Lunar surface flag status check: 
Key DEDA C 604R 

If +00000 Not displayed: 
Key DEDA C 604 + 00000E 

3. Staging sequence counter status check: 
Key DEDA C 612R 

If unstaged & +00000 not displayed: 
Key DEDA C 612 + 00000E 

• • 

REMARKS 

The purpose of AEA Readiness Check is to verify status of AEA 
descent-section staging flag, lunar surface flag, and staging 
sequence counter. 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 3 

-00000 - on lunar surface 
+00000 - not on lunar surface 

• • 
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4.6.2.12 A~S Orientation to Initial Computed Steering Attitude 

AGS Power Up (required) 

PGNCS/AGS Align (required) 

AGS LM state vector valid (required) 

AGS CSM state vector valid (required) 

AGS Wb Vector Update (required) 

AGS Manual Rendezvous Radar LM State Vector Update (required) 

1. Establish AGS attitude error display mode: 
RATE/ERR MON sw - LDG RDR/CMPTR 

2. Establish desired attitude control mode a or b: 
AEA attitude hold submode -

Key DEDA C 400 +OOOO0E 

a. AGS automatic mode: 
S/C: AGS sw -AUTO 
GUID CONT sw - AGS 
S/C: ROLL, PITCH, YAW sw - MODE CONT 
S/C: DEAD BAND sw - MAX 
ENG THR CONT: BAL CPL sw - ON 

• • 
REMARKS 

The purpose of AGS Orientation to Initial Computed Steering 
Attitude Procedure is to offer crew a minimum fuel option or 
minimum time option for AGS orientation to initial computer 
steering attitude • 

Ref para 4. 6. 2. 1 

Ref para 4. 9. 2. 1 

AGS Initialization Routine (R47), ref para 4. 6. 1. 18 or AGS 
Manual LM State Vector Update / Initialization, ref para 4. 6. 2. 7 
or AGS Manual Rendezvous Radar LM state vector update, 
ref para 4. 8. 2. 2 

AGS Initialization Routine (R47) , ref para 4. 6. 1. 18 or AGS 
Manual CSM State Vector Update/Initialization, ref para 
4. 6. 2. 8 

Ref para 4. 6. 2. 14 

Ref para 4. 8. 2. 2 

A valid AGS LM state vector is not applicable when this proce
dure is used as part of AGS Manual Rendezvous Radar LM 
State Vector Update. 

Ref para 4. 5. 3. 4. If total attitude display is desired, establish 
AGS total attitude display mode, ref para 4. 5. 3. 3 

AEA attitude hold submode configuration is normally established 
after a maneuver in which ABORT or ABORT STAGE pushbutton 
was used. 
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4.6.2.12 AGS Orientation to Initial Computed Steering Attitude (cont) 

b. AGS attitude hold rate command mode: 
S/C: AGS sw - ATT HOLD 
GUID CONT sw - AGS 
S/C: ROLL , PITCH, YAW sw - MODE CONT 
S/C: DEAD BAND sw - MAX 
ENG THR CONT: BAL CPL sw - ON 
Select guidance steering from following: 

X-axis guidance steering, Z-axis parallel to CSM orbit 

plane, 
Key DEDA C 623 + 00000E 
Key DEDA C 400 + l0000E; or 
With yaw orientation specified by Wb vector, 
Key DEDA C 623 + l0000E 
Key DEDA C 400 + l0000E; or 
Acquisition Z-axis steering, 
Key DEDA C 507 + 00000E 
Key DEDA C 400 + 20000E; or 
Thrust guidance Z-axis steering, 
Key DEDA C 507 + l0000E 
Key DEDA C 400 + 20000E 

3. Orient LM to computed steering attitude : 
a. Manual -

S/C: ROLL, PITCH, YAW sw - PULSE or DIRECT 
If "a" was selected in step 2, select desired guidance steering 

from following: 
X-axis guidance steering, 
Key DEDA C 623 + 00000E 
Key DEDA C 400 + l00O0E; or 
With yaw orientation specified by Wb vector, 
Key DEDA C 623 + lO000E 
Key DEDA C 400 + l00O0E; or 
Acquisition Z-axis steering, 
Key DEDA C 507 + 000O0E 
Key DEDA C 400 + 20000E ; or 
Thrust guidance Z-axis steering, 
Key DEDA C 507 + l0000E 
Key DEDA C 400 + 20000E 

• • 

REMARKS 

Ref para 4. 5. 1, 6 

Wb vector is provided for S-band LOS angle for far western 
lunar landing sites. Checkout and / or other use of Wb vector 
is possible for earth orbital flights . 

Minimum fuel option. 

• • 
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4.6.2.12 AGS Orientation to Initial Computed Steering Attitude (cont) 

If "b" was selected in step 2, 
S/C: AGS sw -AUTO 
ACA - Null attitude errors 
S/C: ROLL, PITCH, YAW sw - MODE CONT 

b. Automatic -
If "a" was selected in step 2, select desired guidance steering 
from following: 

X-axis guidance steering, 
Key DEDA C 623 + 00000E 
Key DEDA C 400 + lO000E ; or 
With yaw orientation specified by Wb vector, 
Key DEDA C 623 + l0000E 
Key DEDA C 400 + l0000E; or 
Acquisition Z -axis steering, 
Key DEDA C 507 + 00000E 
Key DEDA C 400 + 20000E ; or 
Thrust guidance z-axis steering, 
Key DEDA C 507 + l0000E 
Key DEDA C 400 + 20000E 

If "b" was selected in step 2 
S/C: AGS sw -AUTO 

4.6.2.13 AGS Accelerometer Calibration 

CAUTION 

AGS accelerometer calibration requires un
accelerated flight, and rotation rates 

:$ 0.1 °/ sec. 

AGS Power Up (required) 

AGS Checkout (desired) 

1. Establish attitude rate display mode: 
RATE SCALE SW - 5° /sec 

• 
REMARKS 

Minimum time option (abrupt 10° /sec maneuver). 

The purpose of AGS Accelerometer Calibration procedure is to 
calibrate AGS accelerometers without using PGNCS IMU. 

Time to complete procedure is :::: 302 seconds; therefore 
drift may be 30 °. 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 4 

Ref para 4. 5. 3. 5 

• 
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PROCEDURES 

4 .6.2.13 AGS Accelerometer Calibration (cont) 

2. Establish desired attitude control mode from following: 
a. AGS attitude hold rate command, 

GUID CONT sw - AGS 
S/C: AGS sw - AT T HOLD 
S/C : ROLL , PITCH, YAW sw - MODE CONT 
ENG THR CONT: BAL CPL sw - ON 
S/C : DEAD BAND sw - MAX 

b. PGNCS mini mum impulse mode, 
GUID CONT sw - PGNS 
S/C : AGS sw - ATT HOLD 
S/C: ROLL , P ITCH, YAW sw - MODE CONT 

c. During docked flight, request that CSM maintain attitude hold 
or drifting flight. 

3. Readout and record accelerometer bias compensation 
coefficients: 

X Accelerometer 
Key DEDA C 540R (octal) 

Y Accelerometer 
Key DEDA C 541R (octal) 

Z Accelerometer 
Key DEDA C 542R (octal) 

4. Command accelerometer calibration 
Key DEDA C 400 + 70000E 

5. Verify calibration comple te 
Key DEDA C 400R + 00000 

6. Repeat step 3 and compare both sets of bias-compensation 
coefficient values. 

• • 

REMARKS 

Ref para 4. 5. 1. 6 

Ref para 4. 5. 1. 4 

Display should appear within 302 seconds; accelerometer 
calibration is completed in :::::: 32 seconds, and calibration may 
be manually terminated after this time by keying DEDA C 400 
+ 00000E • 

Nominal variations are TBD. Accelerometer biases are 
quantized at 400 micro g (earth scaling) for DEDA output. If 
measured biases are < 400 micro g, accelerometer biases 
before and after calibration may be the same. DEDA display 
of these biases a l so telemeters data for ground monitoring . 

• • 
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4.6.2.14 AGS Wb Vector Update 

AGS Power Up (required) 

AGS Checkout (desired) 

• 

1. Receive & record Wb vector components from MSFN, and enter 
components of Wb vector: 

X component, 
Key DEDA C 514 ±XXXXXE (octal) 

Y component, 
Key DEDA C 515 ±XXXXXE (octal) 

Z component, 
Key DEDA C 516 ±XXXXXE (octal) 

4.6.3 RADAR 

4.6.3.1 Rendezvous Radar Power Up 

CB HTR: RNDZ RDR OPR - close (required) 

1. Select display mode: 
HTR CONT: TEMP MON sel - RNDZ RADAR 

2. Verify rendezvous radar temperature: 
HTR CONT: TEMP ind - ~ +10°F 

3. CB/AC BUS A: RNDZ RDR - close 
CB PGNS: RNDZ RDR - close 

• • 
REMARKS 

AGS Wb Vector Update procedure is provided to maintain 
S-band LOS angles for far western lunar landing sites. Check
out or other use of yaw orientation is possible for earth 
orbital flights . 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 4 

Nominally, appropriate Wb vector is loaded prior to launch. 

Assumption: Rendezvous Radar Initial Activation & Checkout 
has been completed. 

Circuit breaker shall be closed for at least two hours before 
using rendezvous radar. 

Ref para 4. 5. 3. 13 

Wait until HTR CONT: TEMP ind - ~ +10°F before continuing 
procedure. 
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4.6.3.2 Landing Radar Power Up 

1. CB PGNS: LDG RDR - CLOSE 

2. Monitor velocity transmitter power 
RADAR: TEST MON sel - VEL XMTR 
RADAR: SIGNAL STRENGTH ind - > 2. 9 vdc 

3. Monitor altimeter transmitter power 
RADAR: TEST MON sel - ALT XMTR 
RADAR: SIGNAL STRENGTH ind - > 2. 9 vdc 

4.6.3.3 Rendezvous Radar Initial Activation & Checkout 

LGC Power Up (required) 

LGC Self Test (desired) 

CB HTR: RNDZ RDR OPR - close 

1. Select displays: 
SHFT / TRUN 4- sw - ± 50° 
RATE/ERR MON sw - RNDZ RADAR 
RNG/ALT MON sw - RNG/RNG RT 

2. HTR CONT: TEMP MON sel - RNDZ RADAR 

Verify HTR CONT: TEMP ind - :?: +10°F 

3. RNDZ RADAR sel - SLEW 

4. Release rendezvous radar antenna restraining device: 
a. Remove locking PIP pin from T-handle mechanism on left 

side of AOT guard 
b. Pull T-handle down to release antenna and take up cable slack 

until detent is engaged 
c. Reinsert locking PIP pin 

• • 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

REMARKS 

CB HTR: RNDZ RDR OPR shall be closed for at least two 
hours before using rendezvous radar. 

Ref para 4. 5. 3. 6 

Ref para 4. 5. 3. 13, Heater Control Temperature Monitor 
Display. 
Wait until HTR CONT: TEMP ind - ?: +10°F before continuing 
procedure • 

Data-no-good signal is inhibited. 

• • 
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4.6.3.3 Rendezvous Radar Initial Adivation & Checkout (cont) 

5. Apply power to rendezvous radar: 
CB/AC BUS A: RNDZ RDR - close 
CB PGNS: RNDZ RDR - close 

6. RNDZ RADAR: NO TRACK lt - on 
RNG/ALT ind pwr/sig fail lt - on 

CAUTION 

If rendezvous radar is manually slewed and 
the RATE/ERR MON sw set to RNDZ RDR, 
to prevent possible X-pointer damage, 
X POINTER SCALE sw should be set to 
HI MULT. 

• 

7. Bring rendezvous radar antenna to mode I with shaft and trunnion 
angles at 0° : 
Hold RNDZ RADAR: SLEW sw - LEFT (trunnion angle display 
on FDAI deflects to right and returns to 0°) 
RNDZ RADAR SLEW RA TE sw - LO 
Hold RNDZ RADAR: SLEW sw - DOWN (shaft angle display on 
FDAI reaches 0°) 

8. Perform Rendezvous Radar Checkout 

4.6.3.4 Landing Radar Checkout 

LGC Power Up (required) 

LGC Self Test (desired) 

Landing Radar Power Up (required) 

1. Select landing radar display: 
RATE/ERR MON sw - LOG RDR/ CMPTR 
MODE SEL sw - LOG RADAR 
RNG/ALT MON sw - ALT / ALT RT 
X POINTER SCALE sw - HI MULT 

REMARKS 

Ref para 4. 6. 3. 5; begin at step 7. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

Ref para 4. 6. 3. 2 

• • 
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4.6.3.4 Landing Radar Checkout 1(cont) 

2. Select self-test mode 
RADAR TEST sw - LOG 

3. Verify self-test signal values : 
RADAR: TEST MON sel -ALT XMTR 
Verify ALT ind - 7865 to 8022 ft 
Verify ALT RATE ind - -225 to -255 fps 
RADAR: TEST MON sel - VEL XMTR 
Verify X pointer ind - off scale, to left and up 

4, Perform LR/RR Self Test (R04) 
Key V62E 

5, 

6. 

FL V04 N06 
Rl Option code for assumed test - 00004 

R2 LGC assumed option - 0000X 
R3 
R2 0000X - 1 - RR 

0000X - 2 - LR 
Accept: Key PRO 
Reject: V22E, 2E (load LR option) 

FL V16 N66 
Rl Range XXXXX ft 
R2 LR position 0000X 
R3 -----
R2 0000X - 1 - LR position 1 

0000X - 2 - LR position 1 
Verify Rl is __ to __ ft (TBD) 
Key PRO 

7. FL V16 N67 - Simulated velocities 
Rl X XXXXX fps 
R2 Y XXXXX fps 
R3 Z XXXXX fps 
Verify Rl is -00226 to -00268 fps 
Verify R2 is +00934 to +00990 fps 
Verify R3 is +00630 to +00686 fps 

• • 

REMARKS 

Record self-test signal for mission evaluation. 

LGC supplies LR parameters to MSFN via downlink, 

Self-test simulated slant range to lunar surface. 

Record, for mission evaluation. 

Record , for mission evaluation . 

• • 
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4.6.3.4 Landing Radar Checkout (cont) 
8 • Key V32E 

9. FL V16 N66 
Rl Range xxxxx ft 
R2 LR position oooox 
R3 -----
R2 0000X - LR position 1 

0000X - LR position 2 

10. RADAR: LDG ANT sw - AUTO 
R2 - 00001 

11. RADAR: LDG ANT sw - DES 
R2 - 00001 

12. RADAR: LDG ANT sw - HOVER 
R2 - 00002 

13. Verify RANGE ind - 7865 to 8023 ft Record self-test, simulated altitude for mission evaluation. 

14. Verify RANGE RATE ind - -411 to -157 fps Record self-test, simulated altitude for mission evaluation. 

15. RADAR: LDG ANT sw - DES 
R2 - 00001 

16. RADAR: LDG ANT sw - AUTO 
R2 - 00001 

17. RADAR TEST sw - OFF 

18. To terminate R04: 
Key V34E 

4.6.3.5 Rendezvous Radar Checkout 

LGC Power Up (required) Ref para 4. 6. 1. 1 

Rendezvous Radar Power Up (required) or, Ref para 4. 6. 3. 1 

Rendezvous Radar Initial Activation & Checkout Ref para 4. 6. 3. 3 
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4.6.3.S Rendezvous Radar Checkout (cont) 

IMU Power Up (LGC Operating) (required) 

LGC Self T est (desired) 

1. Select rendezvous radar display : 
SHFT/TRUN ~ sw -± 500 
RATE/ERR MON sw - RNDZ RADAR 
X POINTER SCALE sw - HI 
RNG/ALT MON sw - RNG/RNG RT 

2. RNDZ RADAR sel - SLEW 
RNDZ RADAR: SLEW RATE sw - HI 

3. Verify: 
RADAR: No TRACK lt - on 
RNG/ALT ind pwr/sig fail lt - on 

CAUTION 

To prevent possible X-pointer damage, when 
RR is manually slewed: set X POINTER 
SCALE SW to HI MULT if associated RATE / 
ERR MON SW is set to RNDZ / RDR. 

4. If RR antenna is in mode II: 
Hold RNDZ RADAR SLEW sw - LEFT (Trunnion angle display 
on FDAI deflects to right and returns to 0 °) 
If RR antenna is not in mode II: 
Hold RNDZ RADAR SLEW sw - LE_FT or RIGHT as required 
until trunnion angle display on FDAI reaches 0° . 

5. RNDZ RADAR: SLEW RATE sw - LO 

6. Hold RNDZ RADAR : SLEW sw - UP or DOWN as required until 
shaft angle display on FDAI reaches O O 

• 

• • 

REMARKS 

Ref para 4. 6. 1. 3. ISS should be on for one hour before 
thrusting maneuver . 

Ref para 4. 6. 1. 13 

Ref para 4. 5. 3. 6 

Ref para 4. 5. 3. 7 
Ref para 4. 5. 3. 10 

Data-no-good signal to CWEA is inhibited. 
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4.6.3.5 Rendezvous Radar Checkout (cont) 

7. RNDZ RADAR SEL - AUTO TRACK 
RNDZ RDR caut lt - on 

1 & 2 MASTER ALARM pb/ lt - on 

3 

2 

1 

3 

8. MASTER ALARM pb - reset 

9. RADAR TEST sw - RNDZ 
RADAR: TEST MON sel - AGC 
RADAR: SIGNAL STRENGTH ind _-__ to __ vdc 
RADAR: TEST MON sel - XMTR PWR 
RADAR: SIGNAL STRENGTH ind - 2. 9 to 4. 1 vdc 

10. RADAR: NO TRACK lt - off 
RNDZ RDR caut lt - off 
RNG / ALT ind pwr / sig fail lt - off 

11. RANGE / RANGE RATE ind - 189 to 198 nm/459 to 511 fps 

12. RNDZ RADAR sel - LGC 

13. Perform RR/LR Self Test (R04), steps 15 through 19. 

14. 

15. 

16. 

Key V62E 

FL V04 N06 
Rl Option code for assumed test 
R2 LGC assumed option 
R3 
R2 0000X = 1: RR 
R2 0000X = 2: LR 
Accept: Key PRO 
Reject : Key V22E lE (RR test) 

FL Vl6 N72 - RR CDU angles 

Rl Trunnion XXX. XX0 

R2 Shaft 
R3 

xxx.xx0 

- 00004 
- oooox 

-----

Verify trunnion & shaft angles with FDAI 

• • 
REMARKS 

Data-no-good signal to CWEA is enabled. 

RR antenna will oscillate and drift during self test. 
Track lockup takes approximately 12 seconds. 
Nominal 1. 25 vdc (± 0. 25) 
Nominal 3. 0 vdc in self test. 
Voltage reading varies inversely with temperature. 

Nominal - 192. 5 nm/473. 5 fps (± 7 fps) 

RR CDU angles will change at 1/ 2 cps due to RR antenna 
oscillation and drift during self test. 

• 



0::, a 
;:;· 
0 
0 
;-

,_. 
c.n 
c.. 

~ ,_. 
"' 0, 
(X) 

(") 
::r 
0 
::, 

IQ 
CD 

0 
0 
;-

"0 
0 

IQ 
CD 

CREW- PNL 
MAN 

3 

3 

1 

3 

2 
1&2 

• 

PROCEDURES 

4.6.3.5 Rendezvous Radar Checkout (cont) 

17. Key PRO 

18. FL V16 N78 
Rl Range XXX.XX nm 
R2 Range rate XXX.XX fps 
R3 -----
Verify Rl - 200. 00 nm 
Verify R2 - 00459 to 00541 fps 
Key V34E - Terminate 
Exit R04 

19. RADAR: TEST MON sel - SHAFT ERR 

20. RADAR: SIGNAL STRENGTH ind - verify smooth needle 
deflection left, from O to 2. 5 vdc & right, from 1. 5 to 3. 5 vdc, 
at :::::: 1/2 cps 

21. RADAR: TEST MON sel - TRUN ERR 

22. Repeat step 20 

23. RNDZ RADAR sel - SLEW 
RNDZ RADAR: NO TRACK lt - on 
RNG/ALT ind pwr/sig fail lt - off 

24. RNDZ RADAR: SLEW sw - null shaft & trunnion angles 

25. RNDZ RADAR sel - AUTO TRACK 

26. RNDZ RDR caut lt - on 
MASTER ALARM pb/lt - on 
MASTER ALARM pb/lt - reset 

27. RNDZ RDR caut lt - off 
RNDZ RADAR: NO TRACK lt - off 
RNG/ALT ind pwr/sig fail lt - off 

28 . Allow :::::: 15 seconds for lock on, 
Verify RR lock on. 

• • 

REMARKS 

Nominal in-flight value - 2. 3 ± O. 5 vdc. 

Automatic track enable is lost, but CWEA is inhibited. 

Removes CWEA inhibit. Track lock up takes :::::: 12 seconds. 

• 

► 'V 
0 ,.. ,.. 
0 

~i 
ffl ► 
:111111 ... 

► ,o :::::!o o• z ':' 
CII r-
::C !: 
► ,II, z 
ic, 
1111 
0 
0 
-'Iii 

• 



c,:, 

a 
;::; · 
0 
Q 
;; 

..... 
'-" 
c:.... 
C: 

'< .... 
<.C 
c:, 
00 

r, 
::r 
Q 
:::, 

<D 
(II 

0 
Q 
;; 

~ 
Q 

<D 
(II 

f> 
O> 
I 

'-" 
'-" 

• 
CREW- PNL 
MAN 

1 

• • 
PROCEDURES 

4 .6 .3 .S Rendezvous Radar Checkout (cont) 

29. Verify smooth transitions at ::::: 1 cps of the following: 
FDAI - Shaft and trunnion 2° to 8° until beyond display range. 
X pointer ind AZ RT and ELEV RT - F ull scale until antenna 
drifts to stops 

30. RADAR TEST sw - OFF 
MASTER ALARM pb/lt - on 

2 RNDZ RDR caut lt - on 
1 & 2 MASTER ALARM pb/ lt - reset 

4.6.3.6 Rendezvous Radar Coarse Align 

LGC Power Up (required) 

LGC Self Test (desired) 

Rendezvous Radar Power Up (required) 

1. Key V41 N72E 

2. FL V21 N73 - Load New RR angles 
Rl Trunnion XXX. XX° 
R2 Shaft XXX. XX° 
R3 -----
Accept: 
Reject: 

Load desired angles 
Key PRO 

3. FL V04 N06 - Option 
Rl 00006 - Assumed RR designate mode 
R2 OOOOX - LGC assumed option 
R3 

• 
REMARKS 

Needle motion will be barely perceptable at ±50° . 

The purpose of Rendezvous Radar Coarse Align procedure is to 
drive rendezvous radar shaft and trunnion to angles specified 
by crew. Procedure can be performed only when no other ex
tended verb is active, or when proceed function i s not in 
process. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

Ref para 4. 6. 3. 1 

All registers initially blank. 

If PRO is keyed, rendezvous radar antenna will go to unknown 
angles; blanks were initially displayed. 
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4.6.3.6 Rendezvous Radar Coarse Align (cont) 

R2 X = 1 - Lock on 
X = 2 - Continuous designate 

Accept: Key PRO 
Reject: Key V22E - Load desired option 

4. V41 - Coarse align CDU's 
NO ATT lt - on 
To monitor RR trunnion & shaft angles during coarse align: 
Key V16 N72E 

Rl Trunnion 
R2 Shaft 
R3 

xxx.xx· 
xxx.xx· 

When finished with display: 
Key KEY REL 

5. POSS PROG lt - on 
Key V05 N09E - Call alarm 

Rl 00502 - Bad angle inputs 
00503 - No data-good discrete in 30-second designate 
00515 - RR CDU fail discrete present (TRACKER lt - on) 

R2 -----
R3 -----
Key KEY REL & RSET 

4.6.3.7 Command Landing Radar to Position 2 

LGC Power Up (required) 

Landing Radar Power Up (required) 

1. Key V61E 
POSS PROG lt - on 
Key V05 N09E - Call alarm 

Rl 00523 - LR did not achieve position 2 
R2 XXXXX 
R3 XXXXX 
Key KEY REL & RSET 

• • 

REMARKS 

Continuous designate mode must be terminated by a DSKY 
entry: V 44E. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 3. 2 
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PROCEDURES REMARKS 

4.6.3.8 Rendezvous Radar Power Down 

1. CB/AC BUS A: RNDZ RDR - open 
CB PGNS: RNDZ RDR - open 

4.6 .3.9 Landing Radar Power Down 

1. CB PGNS: LOG RDR - open 
POSS MASTER ALARM - on 

2. MASTER ALARM pb/lt - reset 

4.6.3.10 Landing Radar Spurious Test Routine (R77) The purpose of Landing Radar Spurious Test Routine (R77) is 
to provide landing radar range and velocity data for input on 
LGC downlink during landing radar spurious return tests (to 
be tested during DPS burns) . 

LGC Power Up (required) Ref para 4. 6. 1. 1 

LGC Self Tests (desired) Ref para 4. 6. 1, 13 

Landing Radar Power Up (required) Ref para 4. 6. 3. 2 

Landing Radar Checkout (desired) Ref para 4. 6. 3. 4 

1. Key V78E Routine may be called only when no other extended verb is in 
process. 

2. To terminate routine : 
Key V79E 

4.6 .3 .11 Rendezvous Radar Manual Side-Lobe Acquisition Check & 
Main-Lobe Acquisition Verification 

COAS Lighting Check Ref para 4. 2. 7 

Rendezvous Radar Power Up (required) Ref para 4. 6. 3. 1 
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PROCEDURES 

4.6.3.11 Rendezvous Radar Manual Side-Lobe Acquisition Check & 
Main-Lobe Acquisition Verification (cont) 

Rendezvous Radar Initial Activation & Checkout (required) 

CSM maintaining preferred tracking attitude 

1. Select RR display: 
SHFT /TRUN 1 SW - ±50° 
RA TE /ERR MON sw - RNDZ RADAR 
RNG/ALT MON sw - RNG/RNG RT 
RADAR: TEST MON sel -AGC 

2. If CSM is not visible, go to step 4 
Turn on COAS: 

Remove COAS from overhead position 
Set COAS detent for forward (left window) position 
Install COAS in forward position 
COAS sw - FWD 

ACA - maneuver LM to bring CSM to center of COAS reticle 

COAS sw - OFF 

3. If shaft & trunnion angles are not nulled and RNDZ RADAR: NO 
TRACK lt - on, perform following: 

RNDZ RADAR ·sel - SLEW 
RNDZ RADAR: SLEW sw - slew to null shaft & trunnion 
angles 

• • 

REMARKS 

Ref para 4. 6. 3. 3 

Ref CSM 104 AOH Vol II 

This procedure is only entered from LM Rendezvous Navigation 
Program (P20), ref para 4. 8. 2. 1 or AGS Manual Rendezvous 
Radar LM State Vector Update; therefore, requirements and 
switch settings for these procedures are not repeated in this 
procedure. 

Figures referenced in this procedure are from test data com
piled on RR electronic assembly No. 9 and antenna assembly 
No. 7. 

Ref para 4. 5. 3. 6 

Ref para 4. 5. 3. 10 

If maneuver is not permissible and range is < O. 5 nm, 
procedure -TBD. 

15 sec are required for lock up. 

Data no-good signal to CWEA is inhibited. 
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4.6.3.11 Rendezvous Radar Manual Side-lobe Acquisition Check & 
Main-lobe Acquisition Verification (cont) 

RNDZ RADAR sel - LGC or AUTO TRACK 

RNDZ RDR caut lt - on 
MASTER ALARM pb/ lt - on 
MASTER ALARM pb/lt - reset 
RND Z RADAR : NO TRAC K lt - off (after 15 sec) 

4. If RNDZ RADAR : NO TRACK lt - on, go to step 6 

RANGE ind - note range 

RADAR: SIGNA L STRENGTH ind - note AGC level (see fig 4-7 
for main lobe and fir s t side l obe as a function of range) 

• 
REMARKS 

Selection is based on procedure referencing this procedure. 
Either position enables data no-good signal to CWEA. 

If CSM not visible and range is < 0. 5 nm, procedure TBD. 

At low AGC level s ( ~ 0. 5 vdc) RANGE ind will display an 
unstable sequence of range values. In t his case acquisition 
is likely to have been made on a side lobe. 

Values nearer the side- lobe curve indicate probable side-lobe 
acquisition. 

Variations in AGC values are due to several variables : CSM 
orientation produces ±6 db variation , CSM transponder output 
produces variations , and RR temperature a l so pr oduces 
variations. T herefore, signal strengt h vs range may not 
always discriminate between main- lobe and side - lobe lock up. 

• 

Figure 4-8 shows the designation loci to stable tracking angles 
(arrows indicate antenna direction of slew after automatic track 
enable) . Figure 4-9 shows main-lobe a nd side-l obe peaks and 
null s and stable tracking points. Side-lobe peaks drop out at 
various ranges and valleys flatten out to zero AGC • 

Figure 4 - 10 shows AGC profiles for shaft traverses at fixed 
trunnion values at selected ranges and figure 4 - 11 shows AGC 
profiles for trunnion traverses at fixed shaft values at selected 
ranges. Note that the profile which traverse through the main
l obe stable tracking point has a single high AGC peak while 
profiles which traverse through other stable tracking points 
have twin high peaks. Steep cliffs on right side of peaks rep
resent right to left slewing with a 3-second delay in frequency 
(range rate) tracker lock up before AGC circuit i s activated. 
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PROCEDURES REMARKS 

4.6.3.11 Rendezvous Radar Manual Side-Lobe Acquisition Check & :Z 

Main-Lobe Acqui,ition Verification · (cont) 

5. Acquire main lobe from side lobe: 
If shaft & trunnion angles on FDAI are not at null, perform 
following: 

S/C: PGNS sw (or AGS sw) -ATT HOLD 
ACA - maneuver to null shaft and trunnion angles 

RNDZ RADAR sel - SLEW 
RNDZ RADAR: SLEW sw - slew (in shaft or trunnion) to find a 
symmetric stable lock-on peak 

Determine middle point between twin peaks 

RNDZ RADAR: SLEW sw - slew in other axis to find higher 
AGC peak. 
RNDZ RADAR sel - LGC or AUTO TRACK 

RNDZ RDR caut lt - on 
MASTER ALARM pb/lt - on 
MASTER ALARM pb/lt - reset 
RNDZ RADAR: NO TRACK lt - on (after 15 sec) 

6. To obtain initial lock on: 
RNDZ RADAR sel - SLEW 
RNDZ RADAR: SLEW sw - slew to null shaft & trunnion angles 

RNDZ RADAR: SLEW sw - continue slewing to search ±5° 
successively in shaft and/or trunnion for AGC peaks. When 
AGC peaks are found, go to step 7 

If no AGC peaks are found, proceed as follows: 

RNDZ RADAR: SLEW sw - continue to slew & offset shaft or 
trunnion by +2 . 5° and traverse in second axis by approximately 
-5° to +5°. Offset another +2. 5 ° and traverse from +5° to - 5° ; 
repeat for -2. 5° offsets 

Data no-good signal to CWEA is inhibited. 

Lowest dip between twin peaks (middle point) is based on 
~ 4 sec slewing from peak to peak or on splitting difference 
between shaft (or trunnion) angles at two peaks. 

Selection is based on procedure referencing this procedure . 
Either position enables data no-good signal to CWEA. 

15 sec required for lock up. 

Data no-good signal to CWEA is inhibited. 
Note any AGC peaks in event AGC is zero at shaft and 
trunnion null. 

Frequency tracker lockup is required to generate AGC voltage 
and at least 3 sec are required for frequency tracker to lockup 
at extreme ranges (close to 400 nm). Therefore, smaller off
sets may be desired to ensure traversing a sufficiently broad 
section of main lobe so that received signal remains above 

- - - - - - - - - - - - - - - - - - - - - - - - - ~ 
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4.6.3.11 Rendezvous Radar Manual Side-Lobe Acquisition Check & 
Main-Lobe Acquisition Verification (cont) 

If AGC peaks still not acquired, proceed as follows: 

SHFT / TRUN -}: sw - ±50° 
RNDZ RADAR : SLEW sw - slew to search ±30° successively in 
shaft and/or trunnion for AGC peaks. When AGC peaks are found, 
go to step 7 

If no AGC peaks are found, proceed as follows: 

RNDZ RADAR: SLEW sw - continue to slew & offset shaft or 
trunnion approximately +3. 3° and traverse in second axis by 
approximately -30° to +30°. Offset another +3 . 3° and traverse 
second axis from -30° to +30°; repeat for -3 . 3° offsets 

7. When AGC response is observed, proceed as follows: 

RNDZ RADAR : SLEW sw - search for highest peak or pair of 
peaks, note shaft and trunnion angles · 
RNDZ RADAR sel - LGC or AUTO TRACK 

RNDZ RDR caut lt - on 
MASTER ALARM pb/lt - on 
MASTER ALARM pb/lt - reset 
RNDZ RADAR: NO TRACK lt - on (after 15 sec) 

If RNDZ RADAR: NO TRACK lt - off, return to step 4 

RNDZ RADAR sel - SLEW 
RNDZ RADAR: SLEW sw - sl ew to previous shaft & trunnion 
angles; search for higher AGC peak in other axis starting from 
highest peak previously found or from bisection of pair of highest 
peaks previously found 

Return to beginning of step 7 

• • 

REMARKS 

threshold level for at least 3 sec. This will permit frequency 
tracker to lockup and generate AGC voltage for display on 
RADAR: SIGNAL STRENGTH ind. 

It is assumed LOS to CSM is known to within 30° 

Selection is based on procedure referencing this procedure. 
Either position enables data no-good signal to CWEA. 

15 sec required for lock up. 

No lock on implies AGC peaks were from second side lobe 
(second side-lobe lock on not possible at > O. 5 nm range) or 
from first side l obe at range too great for lock on (see figure 
4-7). 
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PROCEDURES REMARKS 

4.7 PRETHRUST 

4.7.1 PGNCS/AGS 

Prethrust PGNCS/AGS procedures are in a 2-column format to facilitate presenting these procedures as separate PGNCS or AGS 
procedures, and as integrated PGNCS and AGS procedures: one guidance computer in control and the other in a followup condition 
ready to assume control. The left column presents the PGNCS procedures; the right column presents the AGS procedures. 

4.7.1.1 External ~ V (LGC P30, 410 + 50000) 

LGC Power Up (required) 

LGC Self-Test (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

External A V data received (required) 

IMU Power Up (LGC Operating) 
(required) 

IMU Orientation Determination (P51) 
(required) 

AGS Power Up (required) 

AEA Self Test (desired) 

The purpose of External A V procedure is 
to accept targeting parameters from 
source(s) external to LGC/AEA and from 
these data compute velocity and other 
initial conditions required by LGC/AEA 
for a desired maneuver. PGNCS required 
parameters are TIG and AV vector; AGS 
required parameter is A V vector. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

LGC/CMC Clock Synchronization (R33), 
ref para 4, 6. 1. 15 

LGC Update (P27), ref para 4. 6. 1. 7 

LGC Update (P27), ref para 4. 6. 1, 7 

Ref para 4. 6. 1. 3. ISS should be on 
one hour before a thrusting maneuver. 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 2, 1 

Ref para 4. 6. 2. 3 
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I 
4.7.1.1 External I). V (LGC P30, 410 + 50000) (cont) 

1. Initiate P30: 
Key V37E 30E 

2, FL V06 N33 - TIG 
Rl - 00X:XX hr 
R2 - 000:XX min 
R3 - 0XX.XX sec 

• 

AGS time valid (required) 

AGS LM/CSM state vector valid (required) 

PGNCS/ AGS Align (desired) 

1, Receive and r ecord targeting parameters 
from MSFN. 

2. Select external 11 V routine: 
Key DEDA C 410 + 50000E 

• 

REMARKS 

AGS Manual Absolute Time Initialization, 
ref para 4. 6. 2. 6 or AGS Initialization 
Routine (R47), ref para 4. 6. 1. 18 

AGS Initialization Routine (R47), ref 
para 4. 6. 1. 18, or AGS Manual LM State 
Vector Update Initialization, r ef para 
4. 6. 2. 7 and AGS Manual CSM State 
Vector Update / Initialization, ref para 
4. 6. 7. 8 
If GUID CONT sw - AGS, select AEA 
attitude hold: 
Key DEDA C400 + 00000E; or 
S/ C: AGS sw -ATT HOLD. Prevents 
possible attitude maneuv·er change of 10° / 
sec if AEA attitude hold not selected when 
in AGS control. 

Ref para 4. 9, 2. 1 

Initiate P30 at least 15 min before TIG. 
External 11 V routine must be selected 
before entering targeting parameters 
because orbit insertion, CS!, and CDH 
routines use the same AEA memory loca
tions that contain external 11 V targeting 
parameters. If one of these routines is 
in progress when targeting parameters 
are entered, parameters will be lost. 

• • 
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4.7.1.1 External 6. V (LGC P30, 410 + 50000) (cont) 

Accept: Record TIG, 
Key PRO 
Reject: Key V25E - load desired TIG 

3. FL V06 N82 - AV (LV) 
Rl - X XXXX.X fps 
R2 - Y XXXX. X fps 
R3 - Z XXXX. X fps 
Accept: Key PRO 
Reject: Key V25E - Load desired AV 
data 

• 

3. Enter components of external A V: 

4. FL V06 N42 - calculated parameters 
Rl Ha XXXX. X nm 
R2 Hp XXXX.X nm 
R3 AV XXXX. X fps 

Coordinate data with MSFN, if available; 
or 
Wait until available in P30; or 
Select another program 

Accept: Key PRO 
Reject: Reselect P30 or P27, load 
new parameters 

Horizontal component A Vx 
Key DEDA C 450 ± XXXXXE (1 fps) 

Out-of-CSM plane component A Vy 
Key DEDA C 451 ±XXXXXE (1 fps) 

Radial component A Vz 
Key DEDA C 452 ±XXXXXE (1 fps) 

! -c:: 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -"'- -

• 
REMARKS 

Stored components of impulsive AV 
along LM local vertical axes at TIG. 

Positive value of A Vx indicates com
ponent of velocity-to-be-gained in 
posigrade direction. 

• 

Positive value of A Vy indicates com
ponent of velocity-to-be-gained opposite 
to CSM angular momentum vector. 

Positive value of A Vz indicates a com
ponent of velocity-to-be-gained toward 
gravitational source. 

Apogee and perigee altitudes are meas
ured above launch pad radius. A V is 
magnitude of velocity to be gained at TIG. 
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4.7.1 .1 External AV (LGC P30, 410 + 50000) (cont) 

5. FL V16 N45 

Rl - M XXXXX 
R2 - TFI XXBXX min-sec 
R3 - MGA XXX.XX

0 

6. Begin countdown to TIG: 
Set EVNT TMR to countdown 

Load tim e to go to ignition into EVNT 
TMR 

a. Use TFI from Step 5; or 
b. Use MSFN time 
Key PRO 

4. Begin Countdown to TIG: 

7. FLV37N _ _ 
Key XXE 

• 

Set EVNT TMR to countdown 
Load time to go to ignition into EVNT 
TMR 

a . Use PGNCS TFI from step 5; or 
b. Use MSFN time 

• 

REMARKS 

M will be 00000 if RR tracking data are 
not taken. 
TFI is minus before ignition time and 
plus after. Maximum T FI reading is 
59 : 59. 
MGA at TIG if LM+X axis is aligned to 
initial thrust direction, using current IMU 
alignment ; -00002 if IMU orientation i s 
unknown. 
If MGA is not satisfactory, P52 may be 
selected by keying V37E 52E 

Ref para 4. 13. 6 

Ref para 4. 13. 6 

Go to program selected. 
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4.7.1.2 Co-elliptic Sequence Initiation (LGC P30, AEA 410 + 10000) 

LGC Power Up (required) 

LGC Self Test (desired) 

LGC time valid (required) 

LGC State vector valid (required) 

IMU Power Up (LGC Operating) 
(desired) 

IMU Orientation Determination (P51) 
(required) 

AGS Power Up (required) 

AEA Self Test (desired) 

AGS time valid (required) 

AGS LM/CSM state vector valid (required) 

j ... 
C: .,, 

• • 
REMARKS 

The purpose of Co-elliptic Sequence 
Initiation procedure is to calculate pa
rameters, based on maneuver data ap
proved and keyed into LGC/AEA, for 
CSI and CDH; to display to, and receive 
approval from astronaut/MSFN, depen
dent variables; and to store CSI target 
parameters for use by desired thrust 
program 

Ref para 4, 6, 1. 1 

Ref para 4. 6. 1. 13 

LGC/CMC Clock Synchronization (R33), 
ref para 4. 6. 1, 15 

LGC Update (P27), ref para 4. 6, 1. 7 

Ref para 4. 6. 1. 3 

Ref para 4. 9, 1, 1; display of actual MGA 
in R3, with N45 during final pass, will 
not occur if IMU orientation is not 
known. 

Ref para 4. 6, 2. 1 

Ref para 4. 6. 2. 3 

AGS Manual Absolute Time Initialization, 
ref para 4. 6, 2, 6 or AGS Initialization 
Routine (R47), ref para 4. 6. 1. 18 

AGS Initialization Routine (R47), ref 
para 4. 6. 1. 18, or AGS Manual LM State 
Vector Update/Initialization, ref para 
4. 6. 2, 7 and AGS Manual CSM State 
Vector Update/Initialization, ref para 
4. 6.2 . 8 
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4.7.1.2 Co-elliptic Sequence Initiation (LGC P30, AEA 410 + 10000) (cont) 

1. Establish attitude altitude rate d i splay: 
RNG/ALT MON sw - ALT/ALT RT 
MODE SEL sw- AGS 

1. Initiate P32: 
Key V37E 32E 

2. Receive targeting data from MSFN 

2. FL V06 N30 - TIG (CSI) 
Rl 00XXX hr 
R2 000XX min 
R3 0XX.XX sec 
Accept: Record TIG (CSI) , 
Key PRO 
Reject : Key V25E - Load desired TIG 
(CSI) 

3. FL V06 N55 
Rl N xxxxx 
R2 E xxx.xx· 
R3 -----
Accept: Record values , 
Key PRO 
Reject : Key V25E - Load desired 
parameters 

3. Enter targeting data tigA : 
Key DEDA C 275+XXXXXE (0. 1 min) 
Sel ect apsidal crossing for CDH 
AGS time of TPI 
Key DEDA C 277+XXXXXE (0 . 1 min) 
Key DEDA C 416+X0000E 

• • 

REMARKS 

If GUID CONT sw - AGS, select AEA 
attitude hold 

Key DEDA C 400 + 00000E; or 
S/C : AGS sw - ATT HOLD 

If AEA attitude hold not selected when in 
AGS control , attitude maneuvers at 10°/ 
sec may occur. 
Ref para 4. 5. 3. 9 

When Rl is 00001 , first apsidal crossing 
at which TIG (CDH) should occur; when 
R l is 00002, second apsidal crossing etc. 

• • 

)> 
'U 
0 
r
r-
0 

i i 
m )> 
~ .... 
)> '° ::! 0 
O' 
z';-' 
"' r-
::i:: ~ 
)> ~ 
z 
Cl 
m 
0 
0 
;iii 



8' .. 
;;· 

.... 
"' a, 
00 

n 
':T 
Q . 
::, 
Cl ., 
~ 
ii 

-0 
Q 
Cl ., 

• 
CREW- PNL MAN 

• • 
PROCEDURES 

I 
4.7.1.2 Co-elliptic Sequence Initiation (LGC P30, AEA 410 + 10000) (cont) 

X = 0 - 1st crossing 
X = 1 - 2nd crossing 
X = 2 - 3rd crossing 
Select CDH at apsidal crossing or at 
fixed central angle 
Key DEDA C 417 + X0000E 
X = 0 - Select CDH at apsidal crossing 
X : 1 - Select CDH at CSI + 180° , 360° 
or 540° per address 416 

4. FL V06 N37 TIG (TPI) 
Rl 00XXX hr 
R2 000XX min 
R3 OXX,XX sec 
Accept: Record TIG (TPI) 
Key PRO 
Reject: Key V25E - Load desired 
TIG (TPI) 

5, FL Vl6 N45 
Rl M xxxxx 
R2 TFI XXBXX min-sec 
R3 MGA XXX,XX 0 

Options: 
a. To continue the mark process, 

Key V32E - Go to step 6 
b. To terminate mark process and 

do final pass through the program, 
Key PRO 

4. Enter LOS angle at TPI (Octal B2 
tangent) 
Key DEDA C 605+XXXXXE 

• • 
REMARKS 

Address 416 = + 00000, + 10000, or 
+ 20000 respectively. 

R3 displays - 00001 at any time other 
than last pass through program; -00002 
during last pass, if IMU is not aligned; 
MGA xxx.xx• is displayed on last pass 
if IMU is aligned. 

Nominal value is 10006; Range - 05646 
to 73555 
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4 .7.1.2 Co-elliptic Sequence Initiation (LGC P30, AEA 410 + 10000) (cont) 

• • • 

REMARKS 

Tangents of angles in octal form with 

binary shift (B2) 

Angle Tangent (Octal B2; 
DEDA load is + sign 
and 5 digits) 

20 05646 
21 06111 
22 063 56 
23 06625 ► ,, 
24 0707 7 0 
25 07354 

r-
r-

26 07633 0 
26.6 10006 0 r-,, ~ 

26. 6° is the nominal value between LOS-

to-CSM and local horizontal at desired 

TPI time as used in the CSI computations. 

27 10116 
28 10404 
29 1067 5 
30 11172 

m 
► ,., 

► 
... 
'° ~ 0 

0 I 

w z I 

"' r-

::c ~ 

► ~ z 
31 11472 0 
32 11777 
33 12310 

m 
0 
0 

34 12626 ;;iii 
35 13150 
36 13500 
37 14035 
38 14400 
39 147 52 
40 15332 
4 1 1572 1 
42 16320 
43 16727 
44 17347 
45 20000 

• • 
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4.7.1 .2 Co-elliptic Sequence Initiation (LGC P30, AEA 410 + 10000) (cont) 

5. Select CSI guidance mode 
Key DEDA C 410+10000E 

• • 
REMARKS 

46 20443 
47 21121 
48 21512 
49 22320 
50 23043 
51 23504 
52 24365 
53 25167 
54 26013 
55 26663 
56 27561 
57 30507 
58 31466 
59 32502 
60 33555 
61 34672 
62 36057 
63 37316 
64 40634 
65 42240 
66 43737 
67 45544 
68 47464 
69 51535 
70 53754 
71 56357 
72 61175 
73 64253 
74 67631 
75 73555 

For CSI maneuver it is important that 
CSI targeting parameters are entered 
prior to selecting CSI guidance mode. 
If not, AEA will attempt to perform CSI 
computations based on invalid targeting 
parameters. Computations using desired 
parameters will then require more time 
to converge. 
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4 .7.1.2 Co-elliptic Sequence Initiation (LGC P30, AEA 410 + 10000) (cont) 

• 

6. Check proximity of CSI maneuver to 
apsidal crossing : 
Predicted radial velocity at CSi 
Key DEDA C 463R (1 fps) 
If the magnitude of predicted radial 
velocity < 10 fps, 
select CDH at fixed central angle from 
CSI 
Key DEDA C 417+10000E 

7. Check CSI solution: 
CSI cost function parameter 
Key DEDA C 457R (+ O. 01°) 

After CSI cost function has converged, 
readout the following parameters: 
Velocity to be gained for CSI maneuver 
Key DEDA C 456R (+1 fps) 

Differential altitude at predicted time of 
CDH ( t,_ r): 
Key DEDA C 402R (±0. 1 nm) 

Predicted coast time from CSI to CDH 
Key DEDA C 373R (+O. 1 min) 

• 

REMARKS 

This avoids discontinuous CSI solution 
which occurs if LM passes through 
apofocus or perifocus of its orbit during 
the CSI maneuver. 

Value displayed on DEDA should con
verge to less than +00002 for a valid CSI 
solution in approximately 30 seconds. 
After CSI solution has converged, value 
will change slightly once per 2-second 
computation cycle. This is a natural 
effect and should be ignored. 

A negative value indicates retrograde 
CSI maneuver , in general decreasing 
perigee of orbit. 

Negative value indicates LM higher than 
CSM. Accuracy of solution is degraded 
if value > 100nm. (If CSM orbital 
eccentricity O. 015 limit reduces to 50 
nm) 

10 minutes is currently suggested mini
mum acceptable value for this time • 
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Co-elliptic Sequence Initiation (LGC P30, AEA 410 + 10000) (cont) 

Predicted coast time from CDH to TPI 
Key DEDA C 274R (0. 1 min) 

If step 7 indicates an acceptable CSI solution 
go to step 9; 
If not, perform step 8 

8. Recompute CSI maneuver: 

a. Receive new targeting parameters 
from MSFN; or 

b • Generate a new TPI time 

Exit CSI routine: 
Key DEDA C 410 + X0000E 
Repeat steps 4 through 7 

• • 
REMARKS 

Negative value indicates invalid solution. 
10 minutes is currently suggested mini-
mum acceptable value for this time. 

The following time quantities are also 
available during CSI mode for reference 
purposes. 

1. tigA - Targeted AGS time of 
CSI maneuver. 
DEDA address 27 5 (0. 1 min) 

2. tigB - Predicted AGS time of 
CDH 
DEDA address 276 (0. 1 min) 

3. Targeted AGS time of TPI 
maneuver 
DEDA address 277 (0. 1 min) 

4. t- AGS computer time 
DEDA address 377 (0. 1 min) 

If lighting is an important consideration 
in rendezvous, a new TPI time would 
probably be present TPI time plus one 
orbital period. 

X = 0,2,3,4, or 5; 0 (zero) is 
recommended. 
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4.7.1.2 Co-elliptic Sequence Initiation (LGC P30, AEA 410 + 10000) (cont) 

6. POSS FL V05 N09 - Alarm in up to 3 
registers 

Rl 00XXX 
R2 00XXX 
R3 00XXX 
Possible alarms: 

00600 
00606 
00605 
00601 
00602 
00603 
00604 

Key RSET 
Key V32E - recycle to step 2, adjust 
input parameters 

7. FL V06 N50 
Rl A alt XXXX. X nm (CDH) 
R2AT XXBXX min- sec (CSI/CDH) 
R3 AT XXBXX min-sec (CDH/TPI) 
Record values - Key PRO 

8. FL V06 N81 - CSI AV (LV) 
Rl X XXXX, X fps 
R2 Y XXXX, X fps 
R3 Z XXXX, X fps 
Accept: Record Values, 
Key PRO 
Reject: Key V25E -
Load desired data 

9. FL V06 N82 - CDH AV (LV) 
Rl X XXXX.X fps 
R2 Y XXXX, X fps 
R3 Z XXXX, X fps 
Record value s, 
Key PRO 

• • 

REMARKS 

A new value of A VY based on use of 
R36 may be substituted to obtain out-of
plane corrections, 
For AGS out-of-plane maneuver, ref 
para 4, 7, 3, 1 

If A V(LV) for CSI has been modified by 
crew, modification will not be reflected 
in LGC- A V(LV) computed values for 
CDH displayed. Unlike A V(LV) for CSI, 
these values cannot be written over. 
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4.7.1.2 Co-elliptic Sequence Initiation (LGC P30, AEA 410 + 10000) (cont) 

9. Readout time to maneuver: 
Key DEDA C 313R (0. 01 min) 

10. FL V16 N45 
Rl M xxxxx 
R2 TFI XXBXX min-sec 
R3 MGA xxx.xx· 

R3 will display: 
a. -00001, if this is not the last pass 

through the program 
b. -00002, if this is the last pass 

and the IMU is not aligned 
c. XXX.XX" MGA with + X-axis 

aligned with the thrust vector 

Options: 
a. If this was not last pass through 

program: 
1. To terminate mark process 
and accomplish final pass - Key 
PRO - return to step 6 
2. To continue mark process -
Key V32E, recycle to step 6 

b. If this was the last pass through 
the program: 
Set EVNT TMR to TFI 10. Set EVNT TMR to time to maneuver 

11. Transmit maneuver parameters AV 
(N82) to CSM; 
Key PRO 

• • 
REMARKS 

Rl display of M will be 00000 if RR data 
are not taken. 

If AGS is in followup, radar data accu-
mulated, to be used for last pass, should 
be sent to AGS also; and AGS CSI should 
be reselected to recompute solution. 
Perform AGS Initialization Routine (R47), 
ref para 4. 6. 1. 18; repeat AGS steps 
5-7. 

Ref para 4. 13. 6 
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4.7.1.2 Co-elliptic Sequence Initiation (LGC P30, AEA 410 + 10000) (cont) 

12. FL V37 N--
Select appropriate thrust procedure , 
XXE ; 
Exit P32 

11. Perform appropriate thrust procedure 

4.7.1.3 Constant -6 A ltitude (LGC P33, AEA 410 + 40000) 

LGC Power Up (required) 

LGC Self Test (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

IMU Power Up (LGC Operating) 
(desired) 

IMU Orientation Determination (P51) 
(desired) 

• • 

REMARKS 

Ref para 4. 10 

Unless 417 +10000 was selected, sign of 
the altitude rate ( observable on RANGE 
ind) must not change from beginning of 
maneuver until selection of CDH. 

The purpose of Constant a Altitude pro
cedure is to calculate parameters , based 
upon maneuver data approved and keyed 
into LGC/AEA , for CDH ; to display to, 
and receive approval from astronaut/ 
MSFN, dependent variables for CDH ma
neuver; and to store CDH target param
eters for use by desired thrusting 
procedure. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

LGC/CMC Clock Synchronization (R33), 
ref para 4. 6. 1. 15 

LGC Update (P27), ref para 4. 6. 1. 7 

Ref para 4. 6. 1. 3 

Ref para 4. 9. 1. 1 Display of actual MGA 
in R3 , with N45 during final pass, will 
not occur if IMU orientation is not known . 
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4.7.1.3 Constant ~ Altitude (LGC P33, AEA 410 + 40000) (cont) 

AGS Power Up (required) 

AEA Self Test (desired) 

AGS time valid (required) 

AGS LM/CSM state vector valid (required) 

1. Establish attitude/altitude rate 
display: 
RNG/ALT MON sw - ALT /ALT RT 
MODE SEL sw - AGS 

2, Select CDH routine: 
Key DEDA C 410+20000E 

3, Perform AGS targeting: 

• 
REMARKS 

Ref para 4. 6, 2. 1 

Ref para 4, 6. 2. 3 

• 

AGS Manual Absolute Time Initialization, 
ref para 4, 6. 2. 6 or AGS Initialization 
Routine (R47), ref para 4. 6, 1, 18 

AGS Initialization Routine (R47), ref 
para 4, 6, 1. 18, or AGS Manual LM 
State Vector Update/Initialization, ref 
para 4. 6. 2, 7 and AGS Manual CSM State 
Vector Update/Initializ.ation, ref para 
4. 6. 2. 8 

If GUID CONT sw - AGS, select AEA 
attitude hold 

Key DEDA C 400 + 0000E; or 
S/C: AGS sw -ATT HOLD 

If AEA attitude hold not selected when in 
AGS control, attitude maneuvers at 10°/ 
sec may occur. 

Ref para 4. 5, 3, 9 

CDH solution will be valid before a time 
less than 136 minutes from tigB (time 
of CDH burn). This initially invalid 
solution could occur when CDH is to be 
performed at third apsidal crossing. 

Unless 417+10000 was selected during 
CSI, sign of altitude rate (observable on 
RANGE ind) must not change from begin
ning of maneuver until selection of CDH. 
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4.7.1.3 Constant 6 Altitude (LGC P33, AEA 410 + 40000) (cont) 

a. If CSI performed immediately before 
CDH (and befor e LM and CSM navi-
gation update), no targeting is 
r equired 

, b. Otherwise obtain t igB from MSFN 
and enter into AEA 
Key DEDA C276 + XXXXXE (0, 1 min) 

1. Initiate P33 : 
Key V37E 33E 

2. FL V06 N31 - TIG (CDH) 
Rl 00XXX hr 
R2 000XX min 
R3 0XX, XX sec 
Accept: Record data, 
Key PRO, go to step 11 
Reject : Key V25E - load desired data 

FL Vl6 N45 
Rl M xxxxx 
R2 TFI XXBXX min- sec 
R3 MGA xxx.xx· 
Options: 
a. To continue mark process: 

Key V32E , r ecycle 
b. T o terminate the mark process: 

Perform final pass through program -
Key PRO 

3. POSS FL V05 N09 - Alarm 
Rl 006 11 - no elevation angl e for given 

TIG (CDH) 
R2 -----
R3 -- ---
PROG lt - on 
Key RSET 

• • 

REMARKS 

Rl display of M will be 00000 if RR data 
are not taken. 
R3 displays 00001 at any time other 
than last pass through program. 

• • 
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4.7.1.3 Constant ~Altitude (LGC P33, AEA 410 + 40000) (cont) 

Options: 
a. Key V32E - Recycle to step 2, 

readjust TIG 
b. Key PRO - proceed with inaccurate 

data 
c. Key V34E - Terminate 

4. FL V06 N50 
Rl A alt (CDH) XXXX. X nm 
R2 AT (CDH/TPI) XXBXX min-sec 
R3 AT (TPI/TPI) XXBXX min-sec 
Record data 
Key PRO 

5. FL V06 N81 - CDH A V(LV) 
Rl X XXXX.X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 
Accept: Record data 
Key PRO 
Reject: Key V25E - Load desired 

AV(LV) 

6. FL Vl6 N45 
Rl M XXXXX 
R2 TFI XXBXX min-sec 
R3 MGA XXX. XX 

0 

R3 will display: 
a . -00001 , if not last pass through 

the program 
b. -00002, if this is last pass and IMU 

is not aligned 

4. Verify solutions: 
Display Ar 
Key DEDA (402R (0.1 nm)) 
Compare with Rl A alt 

Display AV for CDH: 
Key DEDA C 267R (1 fps) 
Compare with N81 

Desired final altitude rate: 
Key DEDA C 423R (1 fps) 
Record value 

5. Readout time to next burn: 
Key DEDA - C 313R (0. 01 min) 
Compare with TFI in R2 

• • 
REMARKS 

A negative value indicates retrograde 
attitude, Z-axis up (for X-axis thrust). 
A new A VY value, based on use of R36, 
may be used to obtain out-of-plane 
corrections. 

For AGS Out-of-CSM-Plane burn, ref 
para 4. 7. 3. 1 

Rl display of M will be 00000 if RR data 
are not taken. 
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4.7.1.3 Constant ~ Altitude (LGC P33, AEA 410 + 40000) (cont) 

c. XXX. XX MGA with +X axis aligned 
with thrust vector 

Options: 
If not last pass through program: 
a. To terminate mark process perform 

final pass, key PRO & go to step 3 

b. To continue mark process -
Key V32E - Recycle to step 3 
If this was last pass through the 
program - Set EVNT TMR to TFI 
(in R2) 

6. Set EVNT TMR to T t. 

7. Transmit maneuver parameters t. V 
(N81) to CSM 
Key PRO 

8. FL V37N __ 
Select appropriate thrus\ procedure, 
XXE, exit P33 

7. Select appropriate thrust _procedure 

4.7.1.4 Transfer Phase Initiation (LGC P34, AEA 410 + 40000) 

• • 

REMARKS 

If AGS in follow up, perform AGS Initial
ization (R47), ref para 4. 6. 1. 18, before 
keying PRO for last pass; repeat AGS 
step 4 (verify solution). 

Ref para 4. 13. 6. 

Ref para 4. 10. 

The purpose of Transfer Phase Initiation 
procedure is to calculate required t. V 
and other initial conditions required by 
LGC / AEA for LM execution of TPI 
maneuver, given: 
(a) Time of ignition, TIG (TPI), or the 
elevation angle (E) of the LM/CSM LOS 
at TIG (TPI). 
(b) Central angle of transfer of passive 
vehicle (CSM) from TIG (TPI) to time of 
intercept • 
TPI also calculates TIG (TPI) given E or 
E given TIG (TPI) • 
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4.7.1.4 Transfer Phase Initiation (LGC P34, AEA 410 + 40000) (cont) 

• • 
REMARKS 

I-' 
01 e'. TPI procedure may be performed con-
'< currently with P20 (LGC) If P20 is 
~ operating, radar marks are taken auto-
~ matically, approximately once per min

ute, when enabled by track and update 
flags. 

~ 
(C 
Cl 

LGC Power Up (required) 

LGC Self T est (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

IMU Power Up (LGC Operating) (desired) 

IMU Orientation Determination (P51) 
(desired) 

AGS Power Up (required) 

AEA self test (desired) 

AGS time valid (required) 

I -C: .,. 

If AGS is in control it can display LOS 
elevation angle for a selected time in
terval in the future so that when desired 
angle is displayed, selected time interval 
is available for final crew preparation 
for maneuver. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

LGC/CMC Clock Synchronization (R33), 
ref para 4. 6. 1. 15 

LGC Update (P27), ref para 4. 6. 1. 7 

Ref para 4. 6. 1. 3 

Ref para 4. 9. 1. 1 Display of actual MGA 
in R3, with N45 during final pass, will 
not occur if IMU orientation is not known. 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 3 

AGS Manual Absolute Time Initialization, 
ref para 4. 6. 2. 6 or AGS Initialization 
Routine (R47), ref para 4. 6. 1. 18 
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4.7.1.4 Transfer Phase Initiation (LGC P34, AEA 410 + 40000) (cont) 

• 

AGS LM/CSM state vector valid (required) 

1. Enter initial targeting data: 
a. Enter number of minutes before 
rendezvous that a node occurrence is 
desired -
Key DEDA C 314+XXXXXE (0. 01 min) 

b. Enter time duration of transfer 
Key DEDA C 3ll+XXXXXE (0. 01 min) 

I If AGS in control, go to step 3 I 

2. Select mode and target for AGS in 
follow up: 
a. Select TPI execute -
Key DEDA C 410+40000E 
b. Enter TPI (tigC) 
Key DEDA C 373+XXXXXE (0. 1 min) 
c. Go to step 4 and verify solution 

• 

REMARKS 

AGS Initialization Routine (R47), ref 
para 4. 6. 1. 18, or AGS Manual LM State 
Vector Update/Initialization, ref para 
4. 6. 2. 7 and AGS Manual CSM State 
Vector Update/Initialization, ref para 
4. 6. 2. 8 

If GUID CONT sw - AGS, select AEA 
attitude hold 

Key DEDA C 400 + 00000E; or 
S/C: AGS sw -ATT HOLD 

If AEA attitude hold not selected when in 
AGS control, attitude maneuvers at 10° / 
sec may occur. 

Zero initial input will allow a valid read
out of VT (DEDA address 371, step 4d). 

To avoid indeterminate values at 0°, 
180° , and 360 •, address 311 must not 
contain following values: 

< 00500 
04200 to < 05300 
09000 to < 10000 

> 13000 

• • 
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4.7.1.4 Transfer Phase Initiation (LGC P34, AEA 410 + 40000) (cont) 

1. Initiate P34: 
Key V37 34E 

2. FL V06 N37 - TIG (TPI) 
Rl 00.X:X:X hr 

3. 

R2 000XX min 
R3 0XX. XX sec 
Accept: Key PRO 
Reject: Key V25E - Load desired 
TIG (TPI) 

FL V06 N55 
Rl 
R2 E X:X:X,XX0 

R3 CENTANG XXX.XX' 
Accept: Key PRO - go to step 8 
Reject: 
a. Key V22E - Load desired E; and/or 

b. Key V23E - Load desired 
CENTANG 

If +00000 loaded, go to step 5; 
If E loaded and if no alarm, go to step 4 
POSS FL V05 N09 - Alarm 

Rl 00611 - No TIG for given E 
R2 XXX:X:X 
R3 XXX:X:X 
PROG lt - on 
Key RSE T and PRO, go to step 2 

3. Select modes and targeting for AGS 
in control; 

a. Select TPI search mode 
Key DEDA C 410+30000E 

b. Enter ti. time from TPI execute 
(counted down to ignition) 
Key DEDA C 313 XXXXXE (0. 01 min) 

• 
REMARKS 

P34 requires an initial value of TIG 
(TPI) to be within 30 minutes of actual 
TPI time. 

E is angle between CSM/LM LOS and 
local horizontal at TIG (TPI) measured 
from direction of flight. CENTANG is 
central angle of passive vehicle (CSM) 
from TIG (TPI) to time of intercept. 
LGC computes TIG (TPI). 

• 

If +00000 is loaded in R2, LGC computes 
E. 
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4.7.1.4 Transfer Phase Initiation (LGC P34, AEA 410 + 40000) (cont) 

4. FL V06 N37 - TIG(TPI) 
Rl 00XXX hr 
R2 000XX min 
R3 0XX. XX sec 
Record TIG(TPI) 
Key PRO , go to step 6 

5. FL V06 N55 

6. 

Rl -----
R2 E XXX.XX° 
R3 CENTANG XXX.XX° 
Record data 
Key PRO 

FL V06 N58 
Rl Hp XXXX. X nm 

R2 t. V(TPI) XXXX.X fps 
R3 t. V(TPF) XXXX. X fps 
Record data 
Key PRO 
If not final pass, go to step 8 

• 

c. Readout 8 LOS 
Key DEDA C 303R (0. 01 ) 

When 8 LOS = preselected value (approxi
mately PGNCS E): 

a. Select TPI execute mode 
Key DEDA C 410+40000E 

b. Readout time to ignition 
KEY DEDA C 313R (0. 01 min) 

• 

REMARKS 

To obtain angle of LM transfer from 
TIG(TPI) to intercept perform following : 

Key V06 N52E 
Rl XXX. XX 0 

R2 -----
R3 

Hp is altitude of perigee above launch pad 
radius. 
t. V(TPI) is required impulsive t. V to 

accomplish intercept maneuver (TPF) 
at calculated time of intercept. 

• • 
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4.7.1.4 Transfer Phase Initiation (LGC P34, AEA 410 + 40000) (cont) 

7. Final pass only : 
FL V06 N81 - t:,. V(LV) 

Rl X XXXX, X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 
Accept: Record data -
Key PRO 

4, Verify TPI solution of TPI: 
a. Readout time to rendezvous 

Key DEDA C 306R (0. 01 min) 

b, Readout LOS angle . 
Key DEDA C 303R (0, 01 ) 

c. Readout t:. V to be gained 
Key DEDA C 267R (1 fps) 

ct. Readout velocity to rendezvous 
Key DEDA C 371R (1 fps) 

e. Readout TPI time: 
Key DEDA C 373R (0. 01 min) 

f. If desired: 
Enter non-zero number of minutes 
before rendezvous that a node 
occurrence desired -
Key DEDA C 314 +XXXXXE 
(0. 01 min) 

• 
REMARKS 

To avoid indeterminate values at o•, 
180° , and 360° , address 306 must-not 
contain following values: 

< 00500 
04200 to < 05300 
0900 to < 01000 

> 13000 

• 
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If address 371 contains + 08000, an over- • 
► flow has occurred: 

a, Obtain all new targeting data; or 
b. Generate new values for address 

311 only and go to AGS step 1, 

t:,. V(LV) are components of required 
impulsive t:,. V at TIG (TPI) in LM local 
vertical coordinates. 
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4.7.1.4 Transfer Phase Initiation (LGC P34, AEA 410 + 40000) (cont) 

8. 

9. 

Reject: Key V25E -
Load desired A V(LV) 

FL V06 N59 
Rl A V(LOS 1) XXXX.X fps 
R2 AV(LOS 2) XXXX.X fps 
R3 AV(LOS 3) XXXX.X fps 
Record data, 
Key PRO 

FL Vl6 N45 
Rl M 
R2 TFI (next burn) 
R3 MGA 

a. Continue marks -

xxxxx 
XXBXX min-sec 
xxx.xx· 

Key V32E, go to step 3; or 
b. Key PRO -

If not final pass, go to step 3 

10. FL V37N __ 
Key XXE 
Exit P34 

• 
Select thrust program 

• 

REMARKS 

To modify A V(LV) for out-of-plane cor
rection obtain data from Rendezvous Out
of-Plane Display Routine (R36), ref 
para 4. 7. 2. 1 

A V(LOS) are components of required 
impulsive A V in an orthogonal coordinate 
system oriented along LM to CSM LOS. 

LOS 1 is component along unit 1 
LOS 2 is component along unit 
(HXl)XI 
LOS 3 is component along unit 
(HXI); where 
I = along LOS to CSM 
H = along LM orbital momentum 
vector. 

M is number of marks since last trust 
maneuver or initiation of P20. TFI 
(next burn) is time from ignition 
( - is before ignition, + after; maximum 
reading is 59B59). 
MGA is middle gimbal angle. 
R3 -00001 other than final pass 

+00002 final pass, IMU orientation 
not known 
+xxx.xx• final pass,IMU orienta
tion known • 

If AGS in follow up, before keying PRO 
for final pass, perform AGS Initialization 
Routine (R47), ref para 4. 6. 1. 18 

Ref para 4. 10 
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PROCEDURES 

4.7.1.5 Transfer Phase Midcourse (LGC P35, AEA 410 + 40000) 

CAUTION 

The AGS uses direct transfer equations for midcourse 
corrections (also used for TPI); therefore, guidance 
mode must not change for this procedure. State vector 
updates provide information for computing midcourse 
corrections. 

LGC Power Up (required) 

LGC Self Test (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

IMU Power Up (desired) 

IMU Orientation Determination (P51) 
(desired) 

AGS Power Up (required) 

AGS Self Test (desired) 

AGS time valid (required) 

• 
REMARKS 

Purpose of Transfer Phase Midcourse 
procedure is to calculate required a V 
and other initial conditions for TPM 
maneuver during LM active rendezvous. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

LGC/CMC Clock Synchronization (R33), 
ref para 4. 6. 1. 15 

LGC Update (P27), ref para 4. 6. 1. 7 and 
LM Rendezvous Navigation (P20), ref 
para 4. 8. 2. 1 

Ref para 4. 6. 1. 3. ISS should be on one 
hour before a thrust maneuver. 

Ref para 4. 9. 1. 1. Display of actual 
MGA in R3, with N45 during final pass, 
if IMU orientation is not known. 

Ref para 4. 6, 2, 1 

Ref para 4. 6. 2. 3 

• 

AGS Manual Absolute Time Initialization, 
ref para 4. 6. 2. 6 or AGS Initialization 
Routine (R47), ref para 4. 6, 1. 18 
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I 
4:7.1.5 Transfer Phase Midcourse (LGC P35, AEA 410 + 40000) (cont) 

1. Initiate P35: 
Key V37E 35E 
Go to step 4 

• 

AGS LM / CSM state vector valid (required) 

1. No retargeting required: 
Set node time prior to nominal rendez
vous to zero: 
Key DEDA C 314 + 00000E (0. 01 min) 
Readout VG -
Key DEDA C 267R (1 fps) 
Null t,. VG with TTCA at desired 
thrusting time 

2. Retargeting required: 
Determine targeted time of TPI burn 
and time duration of transfer 
Original time of rendezvous can be pre
served by specifying a new targeted 
time of TPI burn, and adjusting the 
duration of transfer 
a. Read out AGS computer time of TPI 

(actual midcourse) 
Key DEDA C 372R (0. 1 min) 
Record tigC 

b. Read out time from TPI to rendez
vous 
Key DEDA C 311R (0. 01 min) 

• 

REMARKS 

AGS Initialization Routine (R47), ref 
para 4. 6. 1. 18, or AGS Manual LM State 
Vector Update/Initialization, ref para 
4. 6. 2. 7 and AGS Manual CSM State 
Vector Update/Initialization, ref para 
4. 6. 2. 8. 

If GUID CONT sw - AGS, select AEA 
attitude hold 
Key DEDA - C400 + 00000E, or, 
S/C: AGS sw - A TT HOLD 
If AEA attitude hold not selected when in 
AGS control, attitude maneuvers at 10° / 
sec may occur. 

Setting address 314 to zero avoids possi
bility of thrusting during invalid 2-sec 
computer cycle. 
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PROCEDURES 

I 
4.7.1.S Transfer Phase Midcourse (LGC P3S, AEA 410 + 40000) (cont) 

2, FL V06 N81 - A V(LV) 
Rl X XXXX.X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 
Accept: Record data, 
Key PRO 
Reject Key V25E - Load desired 
A V(LV) 

3. FL V06 N59 
Rl A V(LOS 1) XXXX. X fps 
R2 A V(LOS 2) XXXX. X fps 
R3 A V(LOS 3) XXXX. X fps 
Record data, 
Key PRO 

4. FL V16 N4 5 
Rl M XXXXX 
R2 TFI XXBXX min-sec 
R3 -----
a. Continue marks -

Key V32E, go to step 3 
b. To terminate mark and do final 

pass -

c. Enter time of midcourse 
Key DEDA C 373 + XXXXXE (0. 1 min) 

d. Enter adjusted time duration of 
transfer 
Key DEDA C 311 +XXXXXE 
(0. 01 min) 

e. Set node time prior to nominal 
rendezvous to zero: 
Key DEDA C 314 + 00000E (0. 01 min) 

f. Read out AV 
Key DEDA C 370R (1 fps) 

g. Null VG with TTCA at desired 
thrusting time 

... 
"" ~ 
::c 

"" = .,, 

• • 
REMARKS 

Setting address 314 to zero avoids pos
sibility of thrusting during invalid 2-sec 
computer cycle. 

Rendezvous Out-of-Plane Display (R36) 
may be used to define out-of-plane 
velocity corrections to be achieved by 
altering A VY 

R3 will display: 
-00001 if this is not the last pass 
-00002 if this is the last pass and 
IMU orientation is not known 
XXX. XX MGA with +X-axis 
aligned with thrust vector • 
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PROCEDURES 

I 
4.7.1.5 Transfer Phase Midcourse (LGC P35, AEA 410 + 40000) (cont) 

Key PRO, go to step 2 (if final 
pass go to step 5) 

5. FL V37 N-
Key XXE 
Exit P 35 

4.7.2 PGNCS 

4.7.2.1 Rendezvous Out-of-Plane Display Routine (R36) 

LGC Power Up (required) 

LGC Self T e s t (desired) 

LGC time valid 

LGC state vector valid 

1. Initiate R36 
Key V90E 

2. FL V06 N16 - T (EVE NT) 
R l 00XXX hr 
R2 000XX min 
R3 0XX. XX sec 
Accept : Key PRO 
Reject: Key V25E - Load new T (EVENT) 

3. FL V06 N90 - Out-of-plane parameters 
Rl Y XXX . XX nm 
R2 Y rate XXXX. X fps 
R3 PSI XXX. xx" 

• • 

REMARKS 

If midcourse cor rection is not required 
( t. V less tha n T BD) , continue marks. 

P urpose of R36 is to display LGC cal
culated rendezvous out-of-plane 
parameters. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 3 

LGC/CMC Clock Synchronization (R33), 
ref para 4. 6. 1. 15 

LGC Update (P27 ), ref para 4 . 6. 1. 7 

T (EVENT) i s GE T for which out-of
plane par ameter s are des ired. All 
zeros indi cate pr esent t ime. 

• • 
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PROCEDURES 

4.7.2.1 Rendezvous Out-of-Plane Display Routine (R36) (cont) 

a. To receive another data point: 
Key V32E - go to step 2 

b. To terminate : 
Key PRO, exit R36 

4.7.2.2 Targetb.V Routine (R32) 

LGC Power Up (required) 

1. Initiate R32 : 
Key V84E 

2. FL V06 N84 - o V(CSM) at TIG 
Rl X XXXX. X fps 
R2 Y XXXX.X fps 
R3 z XXXX.X fps 
Accept: Key PRO 
Reject: Key V25E - Load desired oV 

3. FL V06 N33 - TIG(CSM) 
Rl 00XXX hr 
R2 000XX min 
R3 0XX,XX sec 
Accept: Key PRO - Exit R32 
Reject: Key V25E - Load correct TIG 

• • 
REMARKS 

Purpose of R32 is to notify LGC of orbital parameter changes 
by CSM and to provide to LGC o V for CSM impulsive state 
vector update. 

Ref para 4. 6. 1. 1 

Data loaded should be actual oV at TIG. 

To resume state vector updating if P20 is in progress after 
keying PRO, perform one of following : 

a . Key V80E - LM state vector; or 
b. Key V81E - CSM state vector 
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PROCEDURES 

4.7.3 AGS 

4.7.3.1 AGS Out-of-Plane Maneuver 

AGS Power Up (required) 

AEA Self T est (desired) 

AGS time valid (required) 

AGS LM / CSM state vector valid (required) 

1. After CSI solution has converged and solution checks made , or 
CDH solution checks made, read out-of-plane velocity 

Key DEDA C 263R (1 fps) 

2. Determine proportion of out - of-plane velocity to be entered in 
A Vy ( obtain from MSFN) : 

Key DEDA C 45l±XXXXXE (1 fps) 
Read out radial velocity 

Key DEDA C 450R (1 fps) 

Read out horizontal velocity 
Key DEDA C 452R (1 fps) 

• • 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 3 

REMARKS 

AGS Manual Absolute Time Initialization, ref para 4. 6. 2. 6 or 
AGS Initialization Routine (R47), ref para 4. 6. 1. 18 

AGS Initialization Routine (R47) , ref para 4. 6. 1. 18, or AGS 
Manual LM State Vector Update/Initialization, ref para 4. 6. 2. 7 
and AGS Manual CSM State Vector Update / Initialization, ref 
para 4. 6. 2. 8 

If GUID CONT sw - AGS, select AEA attitude hold 
Key DEDA C 400+00000E ; or 
S/C : AGS sw -ATT HOLD 

If AEA attitude hold not selected when in AGS control , attitude 
maneuvers at 10° /sec may occur. 

Two components of AV for external AV option are computed by 
CSI and CDH routines. Other component is read out on DEDA 
from one location and a proportion (TBD) is entered in appro
priate external AV location. External AV option is used for CSI 
or CDH burn. 

Verify flight program has stored downrange component • 

Horizontal velocity should be zero for horizontal maneuver. 

• • 
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PROCEDURES 

4.7.3.1 AGS Out-of-Plane Maneuver (cont) 

Select external ti. V 
Key DEDA C 410+50000E 

Select thrust procedure 

4.7.3.2 AGS Orbit Insertion 

AGS Power Up (required) 

AEA Self Test (desired) 

AGS time valid (required) 

AGS LM/CSM state vector valid (required) 

1. Enter targeting data 

Injection altitude 
Key DEDA C 232+XXXXXE (1000 ft) 

Injection altitude rate 
Key DEDA C 465+:XXXXXE (1 fps) 

Injection Horizontal Velocity 
Key DEDA C 466+XXXXXE (1 fps) 

• 
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• 
REMARKS 

Ref para 4. 10 

The purpose of AGS Orbit Insertion procedure is to enter orbit 
injection parameters into AEA in order to place LM into 
desired orbit. 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 3 

AGS Manual Absolute Time Initialization, ref para 4. 6. 2. 6 or 
AGS Initialization Routine (R47), ref para 4. 6. 1. 18 

• 

AGS Initialization Routine (R47), ref para 4. 6. 1. 18, or AGS 
Manual LM State Vector Update/Initialization, ref para 4. 6. 2. 7 
and AGS Manual CSM State Vector Update/Initialization, ref 
para 4. 6. 2. 8 

If GUID CONT sw - AGS, select AEA attitude hold 
Key DEDA C 400 + OOOOOE; or 
S/C: AGS sw - ATT HOLD 

If AEA attitude hold not selected when in AGS control, attitude 
maneuvers at 10° /sec may occur. 
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PROCEDURES 

4.7.3.2 AGS Orbit Insertion (cont) 

2. Select orbit insertion mode 
Key DEDA C 410+00000E 

3. P erform desired thrusting procedure 

• • 

REMARKS 

During thrust maneuver, it is possible to read out predicted 
burnout radius, DEDA address 347 (1000 ft) . 

Ref par a 4. 10 

• • 
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PROCEDURES 

4.8 NAVIGATION 

4.8.l ORBITAL NAVIGATION 

4.8.1.1 Ground Track Determination Program (P21) 

LGC Power Up (required) 

1. Key V37E 21E 

2 . FL V04 N06 
Rl 00002 - (specify vehicle) 
R2 0000X - (1=LM, 2=CSM) 
R3 -- - --
Accept: Key PRO 
Reject: Key V22E - Load desired code 

3 . FL V06 N34-T EVENT 
Rl 00XXX hr 
R2 000XX min 
R3 0XX.XX sec 
Accept: Key PRO 
Reject: Key V25E-Load desired time 

4 . FL V06 N43 
Rl Lat (+North) XXX . XX 0 

R2 Long (+East) XXX .XX0 

R3 Alt XXXX.X nm 

a . Recycle - Key V32E, go to step 3, 
b. Terminate program - Key PRO 

5. FL V37 N- -
Key XXE 

• • • 
REMARKS 

P21 computes ground track parameters associated with the LM 
or CSM based on the time loaded in step 3 . 

Ref para 4.6 . 1.1 

LGC will assume CSM for all options other than 00001. 

T (EVENT) is time (GET) at which latitude and longitude of 
vehicle position is desired. 

Altitude for earth orbit is above launch pad radius; for lunar 
orbit, above landing site radius . 

or: T EVENT is incremented by 10 minutes. 

Select desired program 
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PROCEDURES 

4.8.1.2 Orbit Parameter Display (PGNCS RJ0 & AGS) 

LGC Power Up (required) 

LGC Self Test (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

AGS Power Up (required) 

AGS Self Test (desired) 

AGS time valid (requi red) 

REMARKS 

The purpose or orbit parameter displ ay i s to provide the 
astronaut with orbital parameters, computed by LGC a nd AEA, 
to supplement orbital information provided by g round . 

Ref para 4 . 6 . 1. 1 

Ref para 4.6 .1.1 3 

LGC / CMC c lock synchronization (R33) , 
ref para 4.6.1.15 

LGC Update (P27), ref para 4 . 6 . 1. 7 

Ref para 4. 6. 2 . 1 

Ref para 4. 5. 2. 3 

AGS Manua l Absolute Time Initialization, 
ref para 4. 6. 2. 6 or AGS Initialization 
Routine (R47) , ref para 4. 6 .1.18 

AGS LM s tate vector valid (required) AGS Initia lization Routine (R47) , ref par a 
4 . 6 .1.18, or AGS Manual LM State Vector 
Update/Initialization , ref para 4 . 6. 2. 7, or 
AGS Manual Rendezvous Radar LM State 
Vector Update, ref para 4.8 . 2.2 

1. Key V82E 
POSS FL V04 N06 - Option code 

Rl 00002 - Specify vehicle 
R2 OOOOX - Assumed option 
R3 -----
X - 00001 = LM 

- 00002 = CSM 
Accept: Key PRO 
Reject: Key V22E - Load desired 

code in R2 

• 

AGS CSM state vector val id (required) 

• 

AGS Initialization Routine (R47) ref para 
4. 6 . 1 . 18 or AGS Manua l CSM State Vector 
Update , ref para 4 . 6 . 2.8 

If average g integration is in process 
(powered flight), option code will not be 
called. 

• • 
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PROCEDURES 

I 
4.8.1 .2 Orbit Parameter Display (PGNCS R30 & AGS) (cont) 

2 . FL V16 N44 - Orbit paramete rs 
Rl Ha XXXX.X nm 
R2 Hp XXXX.X nm 
R3 TFF XXBXX min s ec 

To repeat orbit- paramete r calculations if 
average g integration is not on: 

Key V32E - When finished with display 
key PRD 

If average g integration is in process, 
exit R30 

If average g integration is not in process, 
go to step 3. 

1. Readout apofocus altitude: 

Key DEDA C315R (0 . 1 nm) 
Compare with N49 Ha 

2 . Readout perifocus altitude: 

Key DEDA C403R (0. 1 nm) 
Compare with N44 Hp 

3 . Readout T perg: 

Key DEDA C312R (0. 01 min) 
Compare with N32 

• • 
REMARKS 

If Hp > 300,000 ft (~50 nm), TFF = 
59B59 min-sec until Hp < 300,000 ft. 

TFF counts down if average g integration 
is not on. 

Orbit parameters are updated automatically 
every 2 seconds while average g integration 
is in process 

If orbit is nearly circu lar, T perg display 
will not be stable. 
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3. POSS FL Vl6 N32 - TF (Perigee) 
Rl 00XXX hr 

4.8.2 

R2 000XX min 
R3 0XX . XX sec 

When finished with display, Key PRO -
Exit R30 

LM RENDEZVOUS NAVIGATION 

4.8.2 .1 LM Rendezvous Navigation Program (P20) 

LGC Power Up (required) 

IMU Power Up (LGC Oper a ting) (required) 

LGC Self Test (desired) 

IMU Orientation Determination (required) 

AGS Power Up (desired) 

• • 

REMARKS 

This display appears o nl y in absence of 

average g integration while Hp ~300,000 ft 
( ~ 50 nm) or LM is in lunar orbit. 

The purpose of Rendezvous Navigation Program (P20) is to 

acquire and track CSM transponder by positioning RR antenna 

and / or LM +Z axis along LOS to CSM; and update LM or CSM 

state vectors from tracking data. Program may be used to 

point LM tracking light at CSM. 

Three state update vector options exist: 

1. LM state vector update (VB0E) 

2. CSM state vector update (V81E) 
3. No state vector update (V95E) 

When this program has been completed , it will continue to 

operate automatically and simultaneously with anothe r program 

until terminated by crew selection of LGC idling program 
(P00 or V56E). 

A hardware restart removes track enable and forces P20 to 

beginning of RR Designate Routing (R21) which calls Pre

ferred Tracking Attitude Routine (R61). 

Ref para 4. 6. 1. 1 

Ref para 4. 6 . 1. 3 

Ref para 4. 6 .1. 3 

Ref para 4 . 9.1.1 

Re f para 4.6.2.1 
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PROCEDURES 

4.8.2. 1 LM Rendezvous Navigation Program (P20) (cont) 

AGC Checkout (desired) 

LGC/CMC Clock Synchronization (R33) (desired) 

LGC state vector valid (required) 

Rendezvous Radar Initial Activation & Checkout (required) 

CSM RR Transponder Activation (required) 

CSM maintaining preferred tracking attitude (required) 

Verify / set controls as follows: 

RATE/ERR MON sw (1 ) - RNDZ RADAR 

ATTITUDE MON sw (1) - PGNS 

GUID CONT sw - PGNS 

RANGE / ALT MON sw - RNG/ RNG RT 

RADAR TEST sw - OFF 

RNDZ RADAR sel - SLEW (if choice of auto or manual acquisition 
is desired) 

RNDZ RADAR sel - LGC (if auto acquisition is desired) 

• • 
REMARKS 

Ref para 4. 6 . 2 .4 

Ref para 4. 6. 1. 15 

AGS required to perform AGS acquisition steering as backup 
to preferred tracking attitude routine. 

LGC update (P27), ref para 4 . 6 . 1. 7 

Ref para 4.6 . 3.3 . Rendezvous radar must be turned on one 
hour before use. 

Ref CSM 104 AOH 

Ref CSM 104 AOH 

During attitude maneuvers crew may desire to switch to LDG 
RDR / CMPTR for display of attitude errors. 

Crew will not be given option to acquire target manually if RNDZ 
RADAR sel-LGC. 
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PROCEDURES 

4 .8 .2.1 LM Rendezvous Navigation Program (P20) (cont) 

S/ C : 
PITCH sw - MODE CONT 
ROLL sw - MODE CONT 
YAW sw - MODE CONT 
PGNS sw - ATT HOLD 

2 . Select Program 20 : 

Key V37E 20E 

POSS PROG lt - on 

Key V05 N09E - Call alarm 
Rl 00210 - IMU not on 

00220 - Bad REFSMMAT (ISS orientation not known) 
R2 xxxx:x 
R3 xxxx:x 
Key KEY REL & RESET 
FLV37 N-- Perform change of program 
Key XXE 
Exit P20 

P OSS FL V05 N09 - Alarm 
Rl 00526 - Range >400 nm 
R2 xxxx:x 
R3 xxxx:x 
PROG lt - on 
NO TRACK lt - on 
Key RSET 
Alternatives to a larm: 
a. Wait until range < 400 nm - Key V32E, go t o s t ep 4, or: 
b. Key V56E - Terminate P20, exit to other pr ogr am in 

process or P00 

3. To change state vector to be updated: 
a. Key V81E - Update CSM state vector, or: 
b. Key 95E - No state vector update. 

• • 

REMARKS 

Perform IMU Power Up, ref para 4 . 6 .1. 3. 
Perfor m IMU Orientation Determination (P51 ), ref para 4 . 9 . 1. 1 

Reselect P20 . 

Go to program selected. 

R31- may be called to monitor range, ref para 5. 6 .1 .11 . 
If no othe r pr ogram is in pr ocess , P00 i s automat ically 
entered. 

At beginning of program, LGC automatically set s state vector 
to-be - updated to LM . . Optibn may be changed at any time later 
by manual DSKY entry. 

• • • 
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PROCEDURES 

4 .8.2.1 LM Rendezvous Navigation Program (P20) (cont) 

4. Preferred tracking attitude routine (R61) 

5. 

FL V50 NIB - Perform automatic maneuver to final FDAI angles 
Rl Roll X.XX . XX 0 

R2 Pitch X.XX.XX 0 

R3 Yaw X.XX.XX 0 

Accept: Select PGNCS automatic mode 
GUID CONT sw - PGNS 
S/C : PGNS sw - AUTO 
Key PRO 

Reject: Select desired attitude control mode and guidance section 
Key ENTR 
ACA - Maneuver manually 
Go to step 6 

If auto mode was selected: 
V06 N19 - Final FDAI angles 

Rl Roll 
R2 Pitch 
R3 Yaw 

POSS PROG Lt - on 

XXX.XX 0 

XXX.XX 0 

X.XX.XX 0 

Key V05 N09E - Call alarm 
Rl 00401 - Final attitude yields gimbal lock 
R2 XXXXX 
R3 XXXXX 

a. Key KEY REL & RSET 
Select IMU Realign Program (P52), or: 

b. Key KEY REL & RSET 
ACA - Maneuver manually 

• 
REMARKS 

Alternate procedure for pointing LM + Z axis at CSM: AGS 
Orientation to Initial Computed Steering Attitude, ref para 
4 .6.2 .12. 

• 

If final computerd FDA! angles result in ±90° yaw, transfor mation 
from IMU to FDA! angles in roll and pitch is indeterminate and 
Rl and R2 will be blank. 

Ref para 4 . 5. 1. 2 

Ref para 4. 5. 1 

X-axis override capability is inhibited in DAP until completion 
of automatic maneuver 

If MGA is > 70° , program alarm is generated and automatic 
a ttitude maneuver will not take place. X-axis override 
capability is enabled and V50 Nl 9 is displayed. (Ref step 6. ) 
When V05 N09 is keyed, alarm code 00401 will replace 
contents of Nl 9 . 

Ref para 4 . 9. 1. 2 
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PROCEDURES 

4.8.2.1 LM Rendez:vous Navigation Program (P20) (cont) 

Monitor automatic attitude maneuver, using FDAI to avoid gimbal 
lock 
If manual completion of maneuver is desired : 
Select desired attitude control mode 
ACA - Maneuver manually 

6 . FL V50 Nl9 - Bypass trim maneuver to final FDAI angles 
Rl Roll XXX.XX 0 

R2 Pitch XXX .XX0 

R3 Yaw XXX.XX 0 

Accept: Key PRO - Exit R60/R61 

Reject: Perform one of the following: 
a. Automatic maneuver: 

GUID CONT sw - PGNS 
S/C: PGNS sw - AUTO 
Key ENTR - Recycle to step 5, or: 

b. Manual maneuver: 
Select desired attitude control mode 
Key ENTR 
ACA - Maneuver manually 
Return to beginning of step 6 

If RNDZ RADAR sel - LGC, go to step 12 

7. POSS FL V50 N25 - Checklist reference 
Rl 00201 - P e rform RR automatic mode 
R2 -----
R3 -----

Accept: 
RNDZ RADAR sel - LGC 
Key PRO - Go to step 12 (R21) 
Reject: KEY ENTR - Perform R23, steps 8 through 11 

• • 

REMARKS 

Ref para 4. 5. 1 
LGC proceeds to step 6 . 

If R61 selection was via an LGC request for an attitude 
maneuver in R21 (RR Designate), R61 exits to R21, step 12. 

Ref para 4 . 5.1 

This display is called only whe n RNDZ RADAR sel is not se t 
to LGC. 

Manual acquisition may only be called from this display by 
keying ENTR . 

LGC selects minimum deadband at this time. 

• • 
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4.8.2.1 LM Rendezvous Navigation Program (P20) (cont) 

8 . RR Manual acquisition (R23) 
FL V50 N25 - Checklist reference 

Rl 00205 - Perform manual acquisition of CSM 
R2 -----
R3 -----

Verify RA TE / ERR MON sw - RNDZ RADAR 
RNDZ RADAR: SLEW RATE sw - LO 

Verify RR antenna is in mode 1 

• 

If shaft & trunnion angles are zero & stay at zero when RNDZ RADAR: 
SLEW sw - LEFT, hold sw until trunnion deflects right & returns 
to zero 

Perform square search pattern for CSM: 
RNDZ RADAR: SLEW SW - RIGHT 2.5 ° , stop 

SLEW SW - UP 2.5°, stop 
SLEW sw - LEFT 5°, stop 
SLEW SW - DOWN 5° ' stop 

Continue square search pattern to max increase of 10° until AGC 
signal increases on RADAR: SIGNAL STRENGTH ind 

RNDZ RADAR : SLEW sw - LEFT & RIGHT for AGC peak on 
RADAR: SIGNAL STRENGTH ind 

RNDZ RADAR : SLEW sw - UP & DOWN for AGC peak on RADAR: 
SIGNAL STRENGTH ind 

Perform Rendezvous Radar Manual Side-Lobe Acquisition Check 
& Main-Lobe Acquisition Verification 

When CSM acquisition achieved: 
RNDZ RADAR sel - LGC 
Verify RNDZ RADAR: NO TRACK lt - off after 15 sec 

• 
REMARKS 

During manual acquisition of CSM, the PROG It and RNDZ 
RADAR 'It will go on. Applicable program alarm is 00514; 
rendezvous radar goes out of automatic mode while in use. 

When RNDZ RADAR sel - SLEW, RR range tracker is 
inhibited. RR range data are not usable. 

Hold at each stop 5 sec. 

Ref para 4.6 . 3.11 

Up to 15 sec may e lapse before range tracker locks on and 
data-good discrete is issued. 

• 
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PROCEDURES 

4 .8.2.1 LM Rendezvous Navigation Program (P20) (cont) 

Key PRO - Exit R23 
Go to step 18 (R22) unless: 
POSS FL V05 N09 - Alarm 

R l 0050 1 - RR antenna out - of- limits 
R2 xxxxx 
R3 xxxxx 
PROG lt - on 
RNDZ RADAR: NO TRACK lt - on 
Key RSET 
Alternatives to alarm: 
a. Maneuver again to preferred tracking attitude - Key V32E, 

to step 9 (R61), or: 
b . Key V34E - Te rminate R23 & P20 

FL V37 N-- - Perform change of program 
Key XXE - Exit R23 & P20 

If CSM acquisition not obtained or is by side lobe: 
Key ENTR - Perform perferred tracking a ttitude routine 
(R61), steps 9 through 11 

If unable to acquire CSM manually: 
Perform Rendezvous Radar Checkout 
Request CSM perform transponde r test 
Key V34E - Terminate P20 & R23 

FL V37N-- - Perform change of program 
Key XXE - Exit P20 & R23 

9. P r eferred tracking attitude routine (R61) 
FL V50 N18 - Perform a utomatic maneuver to fina l FDA I angles 

R l Roll XXX.XX 0 

R2 Pitch XXX .XX 0 

R3 Yaw XXX . XX 0 

Accept: 
Select PGNCS automatic mode, 
GU ID CONT sw - PGNS 
S/ C: PGNS sw - AUTO 
Key PRO 
Reject: 
Select desired attitude control mode and guidance section 
Key ENTR 
ACA - maneuver manually, go to step 11 

• • 

REMARKS 

Go to program selected 

Ref para 4.6.3.5 

If final computed FDAI angles result in ±90° yaw, transforma-
tion from IMU to FDAI angles in roll a nd pitch is indete rminate 
and Rl and R2 will be blank. 

Ref para 4 . 5 . 1 . 2 

Ref para 4. 5. 1 
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PROCEDURES 

4.8.2.1 LM Rendezvous Navigation Program (P20) (cont) 

10. If PGNCS automatic mode was selected: 
V06 N18 - Final FOAi angles 

Rl Roll 
R2 Pitch 
R3 Yaw 

POSS PROG It - on 

XXX.XX 0 

x:xx.xxo 
XXX.XX 0 

Key V05 N09E - Call alarm 
Rl 00401 - Final attitude yie lds gimbal lock 
R2 XXXXX 
R3 XXXXX 
Perform "a" or "b" as follows: 
a. Key KEY REL & RSET 

Select IMU Realign Program (P52) 
b. Key KEY REL & RSET 

ACA - Maneuver LM to avoid gimbal lock 

• 

Monitor automatic attitude maneuver using FOAi to avoid 
gimbal lock. If manual completion of maneuver is desired: 
Select desired attitude control mode 
ACA - Maneuver manually 

11. FL V50 N19 - Bypass trim maneuver to final 
FOAi angles 

Rl Roll XXX. XX: 0 

R2 Pitch xxx.xx:o 
R3 Yaw XXX.XX: 0 

Accept: 
Key PRO - Exit R60/R61, repeat step 8 
Reject: 
Perform one of the following: 
a. Automatic maneuver: 

GUID CONT sw - PGNS 
S/C: PGNS sw - AUTO 
Key ENTR - recycle to step 10, or: 

• 
REMARKS 

X-axis override capability is inhibited in DAP until completion 
of automatic maneuver. 

If MGA > 70° program alarm is generated, automatic attitude 
will not take place, X-axis override is enabled, and V50 N19 
is displayed. (See step 11.) When V05 N19 is keyed, alarm 
code 00401 will replace contents in Rl of Nl 9. 

Ref para 4. 9. 1. 2 

LGC goes to step 11. 

• 
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PROCEDURES 

4.8.2.1 LM Rendezvous Navigation Program (P20) (cont) 

b, Manual maneuver: 
Select desired attitude control mode and guidance section 
Key ENTR 
ACA - Maneuver manually 
Return to beginning of step 11 

12 . RR automatic acquisition (RR Designate R21) 

13. 

If acquisition is successful (no alarms), go to step 18 

POSS FL V50 Nl8 - P e rform automatic maneuver 
R e turn to steps 4 through 6 

POSS FL V05 N09 - Alarm 
Rl 00503 - RR unable to acquire target 
R2 XXXXX 
R3 XXXXX 
RNDZ RADAR: NO TRACK lt - on 
Key RSET 
Alternatives to alarm: 
a . Key V32E - Recyc le to start of R21, step 12 

Redesignate RR, or: 
b. Key PRO - Initiate RR search (R24), steps 13 through 17, 

or: 
c . Key V34E - Terminate R21 & P20 

FL V37 N--
Key XXE 

Rendezvous radar search acquisition - Perform RR search (R24) 
FL Vl6 N80 

Rl 
R2 
R3 

n xxx.xx: 0 

If !l does not approach 30°, go to ste p 17 

If !l approaches 30° any time during R24 , key V32E, 
preferred tracking attitude routine (R61) , steps 14 through 16. 

• • 

REMARKS 

Ref para 4 . 5.1 

Routine 21 points rendezvous radar at CSM until target is 
acquired or until a larm 00503 is generated. Designate 
progre ss is automatic unle ss attitude maneuver is requested 
by LGC, or a program a larm occurs. On acquiring target, 
R21 automatically calls RR Data Read Routine (R22), step 18. 
Preferred Tracking Attitude Routine (R61) is called if LOS 
is not within antenna limits. After reorienting LM, P20 
automatically rese lects R21, step 12 . 

RR search process can be entered only from this a larm, 

!l = The angle between RR boresight and LM + Z axis 

Rl will Display 11111 After RR search is successfully 
completed. 

• • 
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PROCEDURES REMARKS 

4.8.2.1 LM Rendezvous Navigation Program (P20) (cont) 

14 . FL V50 N18 - Perform automatic man euve r to final FDAI angles If final computed FDAI ang les result in ±90° yaw, transformation 
Rl Roll XXX.XX 0 from IMU to FDAI angles is ind eterminate , Rl and R2 \\'ill be 
R2 Pitc h XXX.XX 0 blank. 
R3 Yaw XXX.XX 0 

Accept : 
Select PGNS Automatic mode Ref para 4.5.1.2 
GUID CONT sw - PGNS 
S/ C: MODECONTROLsel-AUTO 
Key PRO 
Reject: 
Select desired attitude control mode and guidance section Ref para 4 . 5.1.2 
Key ENTR 
ACA - Maneuver manually 
Go to step 16 

15. If P GNCS auto mode was selected: 
V06 Nl8 - Final FDAI angles X - axis override capability is inhibited in DAP until completion 

Rl Roll XXX.XX 0 of automatic maneuver. 
R2 Pitch XXX.XX 0 

R3 Yaw XXX.XX 0 

POSS PROG It - on If MGA is > 70° program alarm is generated and auto maneuver 
Key V05 N09E - Call a larm will not take place, X- axis override capability is enabled, a nd 

Rl 00401 - Final attitude yeilds gimbal lock V50 Nl9 is displayed. (See step 16.) When V05 N09 is keyed, 

R2 xxxxx alarm code 00401 will replace contents of Rl in Nl9. 
R3 xxxxx 
Perform one of the following: 
a . Key KEY REL & RSET 

Select IMU Realign Program (P52) Ref para 4 . 9 . 1. 2 
b. Key KEY REL & RSET 

ACA - Maneuver LM to avoid gimbal lock 

Monitor automatic attitude maneuver using FDA! to avoid gimbal 
lock. If manual completion of maneuver is desired: Ref para 4 . 5.1 
Select desired attitude control mode LGC goes to step 16. 
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PROCEDURES 

4.8.2.1 LM Rendezvous Navigation Program (P20) (cont) 

16. FL V50 Nl9 - Bypass trim maneuver to final FDAI angles. 
Rl Roll XXJ(.XX 0 

R2 Pitch XXX .XX 0 

R3 Yaw XXX . XX 0 

Accept 
Key PRO - Exit R60/R61, return to step 13. 
Reject: Perform one of the following : 
a. Automatic maneuver: 

GUID CONT sw - PGNS 
S/ C: PGNS sw - AUTO 
Key ENTR - recycle to s tep 15 

b. Manual maneuver: 
Se lect desired attitude control mode 
Key ENTR 
ACA - maneuve r manually, return to beginning of step 16 

17. Permit RR to search until Vl 6 NS0, Rl displays 11111 
When searc h is successfully comple ted, verify CSM acquisition 
is not by side lobe : 
Key PRO - Return to step 2, possible alarm code 00526 
If CSM is not acquired: 
Key V34E - Terminate R24 and P20, r e select P20; and, a t 
step 7, select R23 

18 . RR data read routine (R22) steps 18 through 22 

• • 

REMARKS 

Ref para 4 . 5. 1 

Rl displays lllll if RR search has been successful. 
Ref para 4.6.3. ll 

RR data read routine (R22) process es RR mark data to update 
the LM or CSM or neither state vector, as defined in step 3 . 
Process is automatic unless a n attitude maneuver is requested 
by LGC; number of marks are desired; or a program alarm 
occurs . 
When N and MGA are desired: 
Key Vl 6 N45E 

Rl N XXXXX mar ks 
R2 TFI 
R3 MGA 
Key KEY REL 

XXBXX min- sec 
XXX .XX 0 

TFI and MGA displays are meaningless unless engine burn 
has been defined . 

• • 

► .,, 
0 
rr-
0 
0 r.,, 3 
"'► ::111,._. 

► '° ::! 0 
0' 
z':" 
"' r-
::c 3 
):,,,1:1,, 
z 
0 
DJ 
0 
0 
~ 



0:, e ;;· 
0 
C 

" 
..... 
c.,, 

""' " 
..... 
<O 
a, 
00 

() 
=s
o 
:, 

(C 
(1) 

0 
C 

" 

.., 
C 

(C 
(1) 

':" 
00 
I ..... 

c.,, 

• 
CREW- PNL 
MAN 

1 
3 

• 
PROCEDURES 

4 .8.2.1 LM Rendezvous Navigation Program (P20) (cont) 

POSS PROG Lt - on 
RNDZ RADAR: NO TRACK Lt - on 
TRACKER Lt - on 
Key V05 N09E - Call alarm 

Rl 00521 - Cannot read RR data 
R2 XXXXX 
R3 XXXXX 

• 

Key KEY REL & RSET - Return to step 12 (R21) for automatic 
reacquisition 

POSS FL 05 N09 
Rl 00525 - A () > 3° 
R2 XXXXX 
R3 XXXXX 
PROG Lt - on 
RNDZ RADAR : NO TRACK It - on 
Ket RSET & PRO 

FL V06 N05 
Rl 
R2 
R3 

A () XXX.XX 0 

To Accept: A () for state vector update - Key PRO 
To Reject: Key V32E - Recycle to step 12 (R21) for automatic 

reacquisition 
Routine 61 - Preferred Tracking Attitude 
Routine is performed if RR LOS is not wit hin 30° of +Z axis 
steps 19 through 21 

19. FL V50 N18 - Perform automatic maneuver to final FDA! angles 
Rl Roll XXX . XX 0 

R2 
R3 

Accept: 

Pitch XXX . XX 0 

Yaw XXX.XX 0 

Select PGNCS automatic mode 
GUID CONT sw - PGNS 
S/C: PGNS sw - AUTO 
Key PRO 

Reject: Se lect desi red a ttitude control mode and guidance section 
Key ENTR 
ACA - maneuver manually 
Go to step 31 

• 
REMARKS 

A () = difference between RR indicated LOS and state-vector
indicated LOS 

Display is flashed only when alarm 00525 appears . 

Ref para 4.5.1.2 

Ref para 4. 5 . 1 
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PROCEDURES 

4.8.2.1 LM Rendezvous Navigation Program (P20) (cont) 

If PGNCS automatic mode was selected: 
20. V06 Nl8 - Final FDAI angles 

Rl Roll XXX.XX 0 

R2 Pitch XXX.XX 0 

R3 Yaw XXX.XX 0 

POSS PROG It - on 
Key V05 N09E - Call alarm 

Rl 00401 - Final attitude yields gimbal lock 
R2 XXXXX 
R3 XXXXX 

Perform one of the following: 
a. Key KEY REL & RSET 

Select IMU Realign Program (P32) 

b. Key KEY REL & RSET 
ACA - maneuver LM to avoid gimbal lock 

Monitor automatic attitude maneuver using FDAI to avoid gimbal 
lock. If manual completion of maneuver is desired: 
Select desired attitude control mode 
ACA - maneuver manually 

21. FL V50 Nl9 - Bypass trim maneuver to final FDAI angles 
Rl Roll XXX.XX 0 

R2 Pitch XXX. XX 0 

R3 Yaw XXX.XX 0 

Accept: Key PRO - Exit R60/R61, return to step 18 
Reject: Perform one of the following: 
a. 

b. 

Automatic maneuver: 
GUID CONT sw - PGNS 
S/C: PGNS sw - AUTO 
Key ENTR - recycle to step 20 
Manual maneuver: 
Select desired attitude control mode 
Key ENTR 
ACA - maneuver manually , return to beginning of step 21. 

• • 

REMARKS 

If MGA is > 70°, program alarm is generated and automatic 
maneuver will not take place. X-axis override capability is 
enabled and V50 Nl9 is displayed. When V05 N09 is keyed 
alarm code 00401 will replace contents of Rl of Nl9. 

Ref para 4. 9.1.2 

Ref para 4. 5. 1 
LGC goes to step 21 

Ref para 4. 5 . 1 
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PROCEDURES 

4.8.2 .1 LM Rendezvous Navigation Program (P20) (cont) 

22. POSS FL V06 N49 - Out of tolerance update pa ramete rs 
RI t. R XXX.X.X nm 
R2 t. V XXXX.X fps 
R3 -----
To accept: update: Key PRO 
To reject: update: 
a . Key V32E - Recycle to step 18, R22, or: 

• 

b . Key V34E - Terminate R22 and P20, reselect P20 and 
acquire manua lly if desired 

23. R25 - RR Monitor Routine is called every O. 48 second whenever 
LGC is on 
POSS PROO It - on 

RNDZ RADAR: NO TRACK It - on 
TRACKER It - on 

Key V05 N09E - Call a larm 
Rl 00515 - RR CDU failur e 
R2 XXXXX 
R3 XXXXX 
Key KEY SEL & RSET 

Attempt to continue P20 using V06 N49 display, any additional 
alarm codes, and MSFN to eva luate CDU performance . 
If CDU performance i s unsatisfactory key 
V56E - Terminate 

24. To terminate P20 
Key V56E, exit to other program in process 
Or if no other program in process: 
FL V37N-
Key XXE 

4.8.2.2 AGS Manual Rendezvous Radar LM State Vector Update 

AGS Power Up (required) 

AGS Checkout (desired) 

J 

• 
REMARKS 

Routine 25 minitors RR gimbal angles and commands gimbal 
a ngles to one of two reference positions (dependent on antenna 
mode) if gimbals exceed predefined limits. Routine 25 
zeroes RR CDU when RR is first put into automatic mode and 
monitors RR CDU for possible failure. 

Ref para 5. 2 . 1, malfunction Procedures, Primary Guidance, & 
Navigation Section. 
RR use under LGC control is not possible. RR can be used 
in s lew or automatic track modes. 

Select desired program. 

The purpose of AGS Manual Rendezvous Radar LM State Vector 
Update procedure is to update AGS LM state vector, using 
r e ndezvous radar range, range rate, and LOS data. 

Ref para 4. 6 . 2 . 1 

Ref para 4 . 6 . 2.4 
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PROCEDURES 

4 .8.2.2 AGS Manual Rendezvous Radar LM State Vector Update (cont) 

AGS Alignment to PGNCS IMU (required) 

AGS time valid (required) 

AGS LM/ CSM state vector valid (required) 

Rendezvous Radar Power Up (required) 

Rendezvous Radar Checkout (required) 

1. RADAR TEST sw - OFF 

2. Establish AGS Attitude Hold / Rate Command mode 
GUID CONT sw - AGS 
S/ C: AGS sw - ATT HOLD 
S/ C: ROLL sw - MODE CONT 
S/ C: PITCH sw - MODE CONT 
S/C: YAW sw - MODE CONT 
ENG THR CONT: BAL CPL sw - ON 

S/ C: DEAD BAND sw - MAX 

3. Establish AGS Attitude Error Display mode 

ATTITUDE MON sw (1) - AGS 
RA TE / ERR MON sw - LDG RDR/ CMPTR 

4. Establish Range / Range Rate Display mode 
RNG/ ALT MON sw - RNG/ RNG RT 

• • 

REMARKS 

Ref para 4.9.2 . 1 

AGS Manual Absolute Time Initialization , ref para 4 . 6. 2. 6 or 
AGS Initialization Routine, ref para 4 . 6 .1.18 . AEA clock wi ll 
overflow 4396 minutes (approximately 72 hours) after 
initialization at zero 

AGS Initialization Routine (R47), ref para 4. 6 .1.18 or AGS 
Manual LM State Vector Update / Initialization/ AGS Manual 
CSM State Vector Update / Initialization, ref para 4. 6 . 2. 7 / 

4.6.2. 8 

Ref para 4 . 6 . 3. 1 

Ref para 4.6.3.5 

Disables RR test signals. 

Ref para 4. 5.1. 6 

Ref para 4.5.3.4 
If AGS total attitude di splay desired , establish AGS Total 
Attitude Display ref para 4. 5. 3. 3 

R ef para 4. :i . 3 . 10 
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PROCEDURES 

4.8.2.2 AGS Manual Rendezvous Radar LM State Vector Update (cont) 

5. Compute CSM acquisition maneuver 
Select normal acquisition steering 
Key DEDA C 507 + 00000E 
Command acquisition steering computations 
Key DEDA C 400 + 20000E 

6. Perform AGS Orientation to Initial Computed Steering Attitude 

7. Establish RR contact with CSM 
Establish RR shaft/trunnion angle and azimuth/ elevation 
rate displays: 
SHFT/ TRUN sw - ±5° 
X-PNTR SCALE sw - as desired 
RATE / ERR MON sw .:. RNDZ RDR 
Establish Radar signal strength display 
TEST I MON SW - AGC 
Establish manual control of RR antenna 
RR MODE sel - SLEW 
SLEW RATE sw - as desired 
Slew RR antenna to null RR shaft and trunnion angle display 
one axis at a time. As second axis approaches null, observe 
RADAR: SIGNAL STRENGTH ind to determine and lock onto 
strongest lobe. Slew antenna to check first axis for strongest 
lobe 

8. Establish RR tracking of CSM 
RR RNDZ RADAR sel - AUTO TRACK 
No TRACK It - off 
Establish AGS attitude hold / rate command mode 
S/C : AGS sw - ATT HOLD 

9. Enter RR range data 
Load, store Z-body axis direction cosines 
Key DEDA C 415 +10000 (do not enter) 
S/ C: DEAD BAND sw + MIN 

Rotate LM via ACA to null RR shaft & trunnion angle display 

.. 

• 
REMARKS 

AEA computes attitude errors to point the LM +Z-body 
axis in direction of the AEA, estimated LM/ CSM LOS. 

Ref para 4.6.2.12 

Ref para 4.5.3.6 and 4.5.3.7 

Ref para 4. 5. 3 .12 

Ref para 4.5.1.6 

• 
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PROCEDURES 

4.8.2.2 AGS Manual Rendezvous Radar LM State Vector Update (cont) 

At RR shaft & trunnion angle null, command AEA to store 
Z-body axis direction cosines 
Key DEDA - ENTR 
Note RR range on RANGE ind 

Enter range value 
Key DEDA C 316 + XXXXXE (0 .1 nm) 

S/C : DEAD BAND sw - MAX 

Repeat step 7 at least 5 times at intervals of 4 minutes 

10. Enter range rate data 

Note value, speed and direction of change of range rate on RANGE 
ind. Select a value of range rate which will occur at some time in 
the future ( :a::: 15 sec) 

Load selected range rate value 
Key DEDA C 503 :t XXXXX (0.1 fps) - do not enter 

When RR range rate display reads "value loaded into DEDA'', 
enter range rate 
Key DEDA - ENTR 

• • 

REMARKS 

If null unsatisfactory, recycle to start of step 7. The angle 
data are not locked into the equations until range data are 
entered. 

Enter range value within 30 seconds of Z-body axis direction 
cosines entry. 

This should be performed once after all range data are 
entered. 

It is important that range rate value selected is valid at the 
instant ENTR pushbutton is pushed. 

RR shaft and trunnion angles need not be nulled for range rate 
entry. 

If range rate value is displayed on black portion of RANGE 
ind tape, a positive range rate DEDA entry is indicated . 
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PROCEDURES 

4.9 ALIGNMENT 

4.9.1 PGNCS 

4.9.1.1 IMU Orientation Determination Program (PSI) 

LGC Power Up (required) 

IMU Power Up (LGC Operating) (required) 

DAP Data Load Routine (R03) (required) 

AGS Power Up (desired) 

1. CB HTR: AOT - close 

2. Select total attitude display: 
ATTITUDE MON sw - as desired 

3, CB / AC BUS A: AOT LAMP - c lose 
CB / AC BUS B : AOT LAMP - c lose 
Adjust reticle brightness of CCRD 
AOT ind - 000. 0 ° 
Azimuth cont - F 

4. Key V37E 51E 

POSS PROG lt - on 
Key V05 N09 

Rl 00210 - IMU not on 
R2 XXXXX 
R3 XXXXX 
Perform IMU Power Up 

• • 
REMARKS 

Time and RCS fuel may be saved a nd subsequent IMU realign
ment decisions simplified if IMU is left inertially stabilized 
as close as possible to orientation required by future LGC 
programs. If docked with CSM, CSM should relinquish attitude 
control. P51 determines inertial orientation of IMU; provides 
attitude control and total attitude monitor ing capability. 

Ref para 4. G. 1. 1 

Ref para 4. 6, 1. 3 

Ref para 4. 6. 1. 8 

Ref para 4 . G, 2, 1 

AOT heater should be turned on at least 25 minutes prior to 
selecting this procedure to prevent fogging of the AOT lens . 

Ref para 4. 6 . 1. 3 
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4.9.1.1 IMU Orientation Determination Program (PSl) (cont) 

Key RSET & KEY REL 
FL V37 N--
Key 51E 

5. FL \150 N25 - Checklist reference 
Rl 00015 - Star acquisition 
R2 -----
R3 - - ---
If necessary, select desired attitude control mode 

Maneuver to acquire desired stars 
To bypass coarse alignment 

Key PRO 

To coarse align !MU to LM axes: 
Key ENTR 
\141 N22 - Coarse align 

Rl OGA 000. 00 ° 
R2 !GA 000. 00 ° 
R3 MGA 000. 00 ° 

NO ATT lt - on, then off, return to beginning of step 5. 

6. Inflight sighting mark routine (R53, step 6-9) 
FL VOl N71 

Rl - ABCDE (Detent/ star code) 
R2 -----
R3 - ----
Accept: Key PRO 
Reject: Key V2 1E - Load desired codes 

If detent code is 4 or 5, go to step 7, otherwise go to step 8 . 

7. FL V06 N87 
Rl Azimuth 
R2 Elevation 
R3 

xxx.xx· 
xxx.xx · 

Accept: Key PRO 
Reject: Key V24E - Load desired data 

• • 

\116 N20 may be keyed to a llow monitor of !MU gimbal angles, 

Ref para 4. 5. 1 

AOT Detent Codes , ref para 4, 4 . 11 
Star / P lanet List, ref para 4. 4. 7 

Azimuth is defined as angle measured from LM +z axis to LOS 
projected on LM Y-Z plane; (+) for a negatiYc rotation about 
LM +X axis (yaw right). 

El.cvation is defined as angle measurt\d [rom LOS to LM Y-Z 
plane; (+) for a LOS above the LM Y-Z plane, 
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4.9.1.1 IMU Orientation Determination Program (P51) (cont) 

8. FL V54 N71 - Please mark X or Y 
Select desired attitude control mode: 

• 

Maneuver so target crosses near center of reticle (either AOT 
or COAS) 

Mark X or Y then Y or X as appropriate with FL V52, FL V53, 
or FL V54 

Possible program alarms: PROG lt - ON 
To display alarm code: 
Key V05 N09E 

RI - 00107 - more than 5 mark pairs 
00111 - mark missing 
00112 - mark or mark reject not being accepted 
00114 - mark made but not desired 
00115 - no mark in last pair to reject 

R2 XXXXX 
R3 XXXXX 
Key KEY REL & RSET 

Key PRO to have LGC calculate LOS after marking sequence: 
If star code 00, go to step 9; otherwise go to step 6 to mark 
on second star. After marking second star, go to step 10, 

To clear previous mark data: 
Key ENTR, go to step 6. 

9. FL V06 N88 
RI - • XXXXX - Components of planet unit position vector 
R2 - .XXXXX 
R3 - . XXXXX 
Accept: Key PRO, go to step 6 to mark on second star 
Reject: Key V25E - Load desired components 

IO. Sighting data display routine (R54) 
FL V06 N05 

RI - XXX.XX 0 
- Sighting angle difference 

R2 -----

• 
REMARKS 

Ref para 4. 5. 1 
PGNCS minimum impulse mode (V76E) is recommended, but 
AGS puise or direct may also be used. Disabling PGNCS 
minimum impulse is accomplished by keying V77E. 

Up to 5 pairs of marks (X and Y) may be taken. 

To reject a mark REJECT pb - push 
To reject a pair of marks REJECT - push twice. Only one 
pair of marks may be rejected. 

Components defined at GET in reference coordinates. 
Components may be computed on board, or received from 
MSFN. 

N05 defined as the difference between the indicated angle (from 
marks) and actual angle (stored ephemeris data). 
LGC responds to PRO by calculating REFSMMAT and setting 
REFSMFLAG. · 
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PROCEDURES 

4.9.1. 1 IMU Orientation Determination Program (P51) (cont) 

R3 -----
Accept; Key PRO 
Reject: Key V32E, go to step 5 

11. FL V37 N-
Key XXE 

12. Remove power from AOT as desired: 
CB / AC BUS A; AOT LAMP - open 

CB / AC BUS B: AOT LAMP - open 

4.9.1.2 IMU Realign Program (P52) 

LGC Power Up (required) 

IMU Power UP (LGC Operating) (required) 

IMU Orientation Determination Program (P51) (required) 

DAP Data Load Routine (R03) (required) 

AGS Power Up (desired) 

1. CB HTR : AOT - close 

2. Se lect tota l attitude display; 
ATTITUDE MON sw - as desired 

• • 

REMARKS 

Select desired program 

If docked with CSM, CSM should relinquish attitude control. 

The purpose of IMU Realign Program (P52) is to a lign IMU from 

a known orientation to one of four orientations selected by the 

crew: 
1. Preferred 
2. Nominal 
3. REFSMMAT 
4. La nding site (not availabl e in Sunctance) 

Ref pa ra 4, 6, 1. 1 

Ref para 4. 6. 1. 3 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 1. 8 

Ref para 4. 6. 2. 1 

AOT heate rs should be turned on 25 to 30 minutes before select

ing this procedure to prevent fogging of the AOT lens . 

. c\llows monitor of IMU coarse alignment on PGNS FDAI and 

monitor of LM motion of AGS FDA l. 

► ,, 
0 ,,-
0 
or-
~~ ..... 
► -o :::! 0 
0' z ':' 
"' i :z: 
► ,111,, z 
Cl 
111111 

0 
0 
;illlli 

• • 



,_. 
CJ1 ... 
f:. 
'< ,_. 
«> 

"' 00 

() 
J 
D 
:, 

cD 
tD 

0 
D ;. 

"ti 
D 

cD 
tD 

f' 
«> 
I 

CJ1 

• 
CREW- PNL 
MAN 

11 

AOT 

• 
PROCEDURES 

4.9.1.2 IMU Realign Program (PS2) (cont) 

3. CB/AC BUS A: AOT LAMP - close 
CB/AC BUS B: AOT LAMP - close 
Adjust reticle brightness on CCRD 
AOT ind - 000. 0° 
Azimuth cont - F 

4. Key V37E 52E 
POSS PROG lt - on 
Key V05 N09E - Call alarm 

Rl 00210 - IMU not on 
00220 - IMU Orientation not known 

R2 XXXXX 
R3 XXXXX 
Key KEY REL & RSET 
FL V37 N--
Key XXE 

5. FL V04 N06 - Option 
Rl 00001 - Specify IMU orientation 
R2 OOOOX 
R3 -----
X=l - Preferred 

2 - Nominal 
3 -REFSMMAT 

Accept: Key PRO 
Reject: Key V22E - Load desired option 
POSS FL V05 N09 - Alarm 

Rl 00215 - Preferred orientation not defined 
R2 XXXXX 
R3 XXXXX 

PROG lt - on 

• 

a. Key V32E - Choose nominal or REFSMMA T orientation 
Key RSET 

or 
b. Select program to define preferred orientation: 

Key RSET 
Key V37E - 4XE 

• 
REMARKS 

AOT LAMP CB's BUS A and B are redundant . 

Select P51 after IMU power up, ref para 4. 6. 1. 3 

Reselect P52 after IMU power up, ref para 4. 9. 1. 2 

Select desired program. 

If preferred orientation has been defined, R2 will be 00001; 
otherwise R2 will be 00002. 

Selected desired program P40, P41, or P42. 
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PROCEDURES 

4 .9.1.2 IMU Realign Program (P52) (cont) 

If preferred selected, go to step 7 

If REFSMMAT selected, go to step 9 

6. FL V06 N34 T (EVENT) 
Rl - 00XXX hr 
R2 - 000XX min 
R3 - 0XX. XX sec 
Accept: Key PRO 
Reject: Key V25E - Load desired time 

7. FL V06 N22 - ICDU gimba l angles 
Rl -OGA XXX.XX 0 

R2 - IGA XXX. XX 0 

R3 - MGA XXX. XX 0 

Check MGA < 60 ° 
Accept : Key PRO - IMU coarse a lign 
Reject : 
Select desired attitude control mode 
Maneuver LM to s uitable attitude, 
Key V32E 
or 
Key V37E XXE 

8. Coarse align (R50) 

Verify completion of coarse alignment: 
Monitor FDA I ball motion 
NO A TT lt - on , then off 

9. Inflight fine a lign (R 51), steps 9-22 
FL V50 N25 

Rl Star acquisition 00015 
R2 -----
R3 -----
Select desired attitude control mode 
Maneuver LM to acquire desired stars 

• • 

REMARKS 

Time (GET) at which LM state vector is to be defined for a 
nominal orientation. T (EVENT) will initially be displayed as 
00000, 00000, 00000 indicating, if accepted, that present time 
(GET) will be entered as T (EVENT). 

Gimbal angle s for present LM attitude and selected IMU 
orientation. 

If MGA ~ 60° , PROG a larm lt - on; alarm code 00401 stored. 

Ref para 4. 5. 1 

V32E recycles to update gimbal-angle display. 

Select desired program. 

If all gimbal angle c hanges are < 1 ° , R50 is not performed. 

Once coarse alignment is compl ete, LGC will reset preferred 
orientation flag. 

Ref para 4. 5, 1 

• • 
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4.9.1.2 IMU Realign Program (P52) (cont) 

a. Key ENTR to byµass star selection routine 
or 
b. Key PRO 

POSS FL V05 N09 - Alarm 
Rl 00405 - 2 stars not available in cone of view 
R2 XXXXX 
R3 XXXXX 
PROG lt - on 
a. Key V32E 
or 
b. Maneuver LM to acquire 2 stars in cone of view 
Key PRO & RSET 

Id. FL V0l N70 
Rl --COE 
R2 ----
R3 -----
C = detent code 
DE = Star /Planet code 
Accept: Key PRO 
Reject: Key V21E - Load desired codes 

If detent code is 4 or 5, go to step 11; if star code is 00, go to 
step

1 

12; otherwise go to step 13 

11. FL V06 N87 
Rl Azimuth 
R2 Elevation 
R3 

xxx.xx 0 

xxx.xx 0 

Accept: Key PRO 
Reject: Key V24E - Load desired data 

If star code is 00, go to step 12. 

• 
REMARKS 

Star selection routine considers only those stars within AOT 
forward detent field of view. 

V32E recycles step 9. 

Detent/COAS codes , ref para 4. 4. 11. 
Star /Planet List, ref para 4. 4. 7. 

• 

All detent and COAS codes may be used in conJunction with auto
matic optics (LM) in positioning. 

Attitude required to position specified optics LOS, along line of 
sight to celestial body, will be computed during Routine 60. 

Azimuth and elevation with respect to LM of specified LOS. 
Azimuth is defined as angle measured from LM +z axis to the 
LOS projected to the LM Y-Z plane. Polarity is(+) for a nega
tive rotation about LM +X-axis (yaw right). 
Elevation is defined as angle measured from the LOS to LM 
Y-Z plane. Polarity is(+) for a LOS above the LM Y-Z plane. 
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4.9.1 .2 IMU Realign Program (PS2) (cont) 

12. FL V06 N88 
Rl X ,XXXXX 
R2 Y .XXXXX 
R3 Z . XXXXX 
Accept : Key PRO 
Reject: Key V25E - Load desired components 

13. Attitude Maneuver Routine (R60) 
FL V50 N18 - Perform automatic mane uve r to final FDAI angles 

Rl Roll XXX.XX 0 

R2 Pitch XXX,XX 0 

R3 Yaw XXX. XX 0 

Accept: Select PGNCS automatic mode: 
GUID CONT sw - PGNS 
S/ C: PGNS sw- AUTO 
Key PRO - Go to step 14 

Rej ect: Select desired attitude control mode 
Maneuver manua lly via ACA 
Key ENTR, go to step 15 

14. If a uto mode selected: 
V0G Nl8 

Rl Roll 
R2 Pitch 

XXX , XX 0 

XXX . XX 0 

R3 Yaw XXX.XX 0 

LGC maneuver - monitor FDA! 
(If ACA used or AGS selected, go to step 15) 

POSS PROG lt - on 
Key VO :"> N09E - Call alarm 

Rl 0040 1 - Calculated angles yield gimbal lock 
R2 XXXX.X 
R3 XXXXX 

ACA - Maneuver to avoid gimbal lock , go to s te p lG and select 
rej ect option 
or 
Ke.1· KEY REL & RSET 

• • 

REMARKS 

Components of planet unit position vector defined at GET in 
reference coordinates. Components may be computed manually 
on board on received from MSFN. 

LM will begin to maneuver to final attitude when PRO is 
response by crew. LGC will monitor ACA input which will 
be interpreted as manual override and will terminate automatic 
mane uver. (Go to step 15.) 
Ref para 4. 5. 1. 2 

Ref para 4 . 5. l 

If MGA > 70 °, program alarm is generated and automatic 
maneuver will not take place. X-axis overr ide is enabled and 
Nl9 is displayed , (step 15). 

Alarm code 00401 replaces content of Rl when V05 N09 is keyed. 
Use "accept" option, step 15, and change dete nt or star code 
in step 16 . 

• • 
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4.9.1 .2 IMU Realign Program (PS2) (cont) 

15. FL V50 N19 - Enable bypass of trim maneuver 
Rl Roll XXX. XX 0 

R2 Pitch XXX,XX 0 

R3 Yaw XXX, XX 0 

Accept: Key PRO 
Reject: Select desired attitude control 
a, Automatic mode - Key ENTR, go to step 14 
or 
b. Manual mode - Maneuver via ACA 

Key ENTR - Return to step 15 

16. Inflight sighting mark routine (R53) 
FL V0l N71 

Rl --CDE 
R2 ----
R3 -----
C = detent code 
DE = Star / planet code 
Accept : Key PRO 
Rej ect: Key V21E - Load desired codes 

• 

If detent code is 4 or 5, go to step 17; otherwise go to step 18. 

17. FL V06 N87 
Rl Azimuth 
R2 Elevation 
R3 

xxx.xx 0 

xxx.xx 0 

Accept : Key PRO 
Reject: Key V24E - Load desired data 

18. FL V54 N71 - Please mark X or Y 
Select desired attitude control mode 

Maneuver for target crossing near center of reticle (AOT or COAS) 

Mark X or Y, then Y or X as appropriate with FL V52, V53 or V54, 

• 
REMARKS 

Use "accept" option , step 15, and change detent or star code 
in step 16, 

Ref para 4. 5, 1 

Ref para 4. 5. 1 

Refer to remarks given in step 10. 

Refer to remarks given in step 11. 

Ref para 4, 5. 1, PGNCS minimum impulse mode (V76E) is 
recommended, but AGS pulse or direct may also be used. 
Disabling of PGNCS minimum impulse is accomplished by 
keying V77E . 

Up to 5 pairs of marks (X and Y) may be taken. 
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4 .9.1 .2 IMU Realign Program (P52) (cont) 

POSS PROG lt - on 
To display alarm code: 

Key V05 N09E - Call alarm 
Rl 00107 - more than 5 mark pairs 

00111 - mark missing 
00112 - mark or mark reject not being accepted 
00114 - mark made but not desired 
00115 - no marks in last pair to reject 

Key REL & RSET 

To calculate LOS after marking sequence: 
Key PRO 
If star code 00, go to step 19; otherwise go to step 16 to mark on 
second star. 
To clear prev ious mark data: 

Key ENTR - Go to step 16 

19. FL \106 N88 
Rl X .XXXXX 
R2 Y . XXXXX 
R3 Z • XXXXX 
Accept: 
Reject: 

Ke~· PRO - Go to step 16 to mark on second star 
Ke.,· V25E - Load desired components 

20 . Sighting data display routine (R54) 
FL V06 N06 
Rl XXX. XX - Sighting angle differ ence 
R2 -----
R3 -----
Accept: Key PRO 
Reject: Key V32E - Go to step 22 

21. GYRO Torquing Routine (R55) 
FL \106 N93 - Gyro torquing angles 

Rl X XXX . XX 0 

R2 Y XXX.XX 0 

R3 Z XXX.XX
0 

Accept: Kc~· PRO 
Reject: Key V32E - Go to step 22 

• • 

REMARKS 

To reject a mark, REJECT pb - push 
To reject a pair of marks REJECT pb - push twice. Only 
one pair of marks may be rejected. 

Refer to r emark given in step 12. 

N05 defined as difference between indicated angle (from marks) 
a nd actual angle (stored ephemeris data). 

PRO allows gyro torquing to be performed prior to step 22 . 

• • 
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4.9.1.2 IMU Realign Program (P52) (cont) 

22. FL V50 N25 - Checklist reference 
Rl 00014 - Perform fine align 
R2 -----
R3 -----
Accept: Key PRO - Go to step 9 
Reject: Key ENTR 

23. FL V37N-
Key XXE 

24. Remove power from AOT as desired 
CB/AC BUS A: AOT LAMP - open 
CB/AC BUS B: AOT LAMP - open 

4.9.1.3 155 Coarse Align 

I. Key V41 N20E 
POSS OPR ERR lt - on (if any other extended verb active) 

2. FL V21 N22 - Load CDU angles 
Rl OG XXX.XX: 0 

R2 IG XXX. XX: 0 

R3 MG XXX.XX: 0 

Accept: Load desired CDU angles 
Reject: Key PRO 

3. V41 - Coarse align CDU's 
NO ATT lt - on 
Exit, if PROG lt is not on 

POSS PROG lt - on 

POSS PROG lt - on 
Key V05 N09 - Call alarm 

• 

Rl 00211 - Coarse align error (not within 2 ° of desired angles) 

• 
REMARKS 

Select desired program. 

The purpose of ISS Coarse Align procedure is to align IMU to 
gimbal angles specified by astronaut, and to coarse align to 
0, 0, 0 when in gimbal lock and coarse align. 

All registers initially blank; therefore PRO option in response 
to display should not be used because it will cause coarse 
align to angles, possibly not known to astronaut. 

NO ATT lt will remain on after gimbals have been driven to 
specified angles. Light may be extinguished and coarse align 
mode terminated by V40 N20E (Zero CDU's) or V42 (Torque 
Gyros) 
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4.9.1.3 155 Coarse Align 

R2 XXXXX 
R3 XXXXX 

PROCEDURES 

(cont) 

If ISS malfunc tion is not indicat ed , compare actual with desired 
gimbal angles: 
Key V16 N22E - Desired ICDU angles 

Rl OG XXX. xx• 
R2 m xxx.xx• 
R3 MG XXX. XX 0 

Key V16 N20E - ICDU a ngles 
Rl OG xxx.xx· 
R2 IG XXX. xx• 
R3 MG XXX. xx• 

Reselect coarse align 
Key KEY REL & RSET 

4.9.1.4 Torque Gyros 

LGC Power Up (required) 

IMU Power Up (LGC Operating) (required) 

IMU Orientation De termination (P51) (required) 

1. To load A gyro a ngles > ±99. 999 (for ground use only) 
Load three double precis ion OGC registers : 
Key V21 N02E 02500E 

XXXXXE 
Nl!5E 

XXXXXE , E 
YYYYYE , E 
YYYYYE, E 
ZZZZZE, E 
ZZZZZE 

2, Key V42E 
POSS OPR ERR lt - on (if a nother extended verb active) 
Ex it \'42 

• • 

REMARKS 

The purpose of Torque Gyros proced ure is to fine a lign stable 
me mber by torquing gyros, 

Ref para 4. 6, 1. 1 

Ref para 4. 6. 1, 3 

Ref para 4. 9, 1. 1 

Bit 14 of high order represents 180° ; bit 13, 90° e tc. 

The maximum negative gyro torquing angle is 37777 , 37743 ; 
maximum positive gyro torquing angle is 40000, 40034, An.v 
angle > max imum will produce a commanded torquing angle 
of zero. 
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PROCEDURES 

4.9.1.4 Torque Gyros (cont) 

3. FL V21 N93 - A gyro angles 
Rl X XX.XXX 0 

R2 Y XX.XXX 0 

R3 Z XX.XXX 0 

Load desired A gyro angles 

4. V42 - Fine align 

5. NOATTlt-off 

4.9.1.5 Docked Manual IMU Coarse Alignment 

LGC Power Up (required) 

IMU Power Up (LGC Operating) (required) 

• 

1. Request CSM select narrow deadband attitude hold in an attitude 
convenient for manual transfer coarse alignment 

2. Request docking interface roll calibration angle ( A 11) 

3. Request and record present CSM ICDU angles 

4. Calculate and record LM ICDU angles: 
LM CSM 

(Y) OG = ± A 11-0G-60° 
(P) IG = IG ± 180° 
(R) MG = -MG 

' . , -
.:, 

~ .· .. • •· -:· ·.·. . ... ·· ~ 

REMARKS 

Key PRO only if gyro torquing registers loaded before keying 
V42E. 

Fine align complete (gyros torqued). 

Ref para 4. 6. 1, 1 

Ref para 4. 6. 1. 3 

Present CSM ICDU angles: 
OG ± ---. -
IG ± ---. -
MG ± ---. --

LM ICDU angle calculations: 
CSM A 11 = ± ---. -- 0 

CSM OG = - 0 

- 060. 00 

Final LM OG = ± ---.-- 0 

CSM IG = ± ---. -- 0 

± 180. 00° 
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PROCEDURES 

4 .9.1.5 Docked Manual IMU Coarse Alignment (cont) 

5. Key V41 N20E - Coarse align ICDU 

FL V21 N22 
Key LM OG - XXX.XX 0 E 

FL V22 N22 
Key LM IG - XXX . XX0 E 

FL V23 N22 
Key LM MG - XXX. XX

0
E 

6. NO A TT lt - on 

7. Perform one of two following options: 

a. Key V16 N20E - Monitor ICDU coarse alignment 
Rl OG XXX.XX: 0 

R 2 IG XXX.XX 0 

R3 MG XXX.XX: 0 

R ecord final LM ICDU angles -
Key KEY REL 

b. Key V0l N0lE 1037E - Extinguish NO A TT lt 
Rl ABCDE 
R2 -----
R3 -----
Verify D = 1 
If FL = 4, wait until A < 4 
Key V21E 1037E 
Key A (+4), B, C, D (-1), E 
Key E NTR - NO ATT lt off 

• • 

Final LM IG = ± ---. -- 0 

CSM MG = ± --- . - -
0 

Final LM IG = ± ---. -- 0 

Final LM ICDU angles: 
OG ---. -- 0 

IG ---. -- 0 

MG ---. -- 0 

REMARKS 

NO ATT lt is controlled by bit 4 in DSPTAB +11 decimal. 
Address of DSPTAB is 1024. A < 4 - Coarse align complete; 

D = 1 - NO ATT lt on. 

• • 
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4.9.1.5 Docked Manual IMU Coarse Alignment (cont) 

8. Alternative option to extinguish NO ATT lt: 
Key V0l N0lE 1037E 

Rl ABCDE 
R2 -----
R3 -----
If A ~ 4, wait until A < 4 
Verify D = 1 

Key V25 N07E 
Rl 1037E 
R2 40000E 
R3 lE 

Key ENTR 
Rl 1037E 
R2 l0E 
R3 OE 
NO ATT lt - off 

9. Request & record 18 reference stable member matrix 
(REFSMMA T) values from CSM 

10. Key V21 N0lE 1735E 

Key first component XXXXXE 
Key Nl5E, second component XXXXXE, E 
Key third component XXXXXE , E 
Key fourth through eight eenth component - ··---E, E 

11. Key V0l N0lE 77 E - Reference stable member flag 
(REFSMFLAG) 

Rl ABCDE 
R2 -----
R3 -----
Record Rl - ABCDE 
Key V21E 
Key A (+l) , B, C, D, E 
Kev ENTR 

• • 
REMARKS 

1 ----- 7 ----- 13 -----
2 ----- 8 ----- 14 -----
3 ----- 9 ----- 15 -----
4 ----- 10 ----- 16 -----
5 ----- 11 ----- 17 -----
6 ----- 12 ----- 18 -----

Use LGC Update Program (P27) as an alternate method of 
l oading RE FSMMA T. 
Index value, 24 (octal); ECADR is 1735. 

Setting REFSMFLAG indicates to LGC that reference 
stable member matrix (RE FSMMA T) is valid. REFSMMAT 
defines IMU orientation in inertial space. 
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PROCEDURES 

4.9.1 .5 Docked Manual IMU Coarse Alignment (cont) 

12. Alternate procedure for setting REFSMFLAG: 
Key V2 5 N07E 

Rl 77E 
R2 l0000E 
R3 1E 

4.9.2 AGS 

4.9.2.1 PGNCS/ AGS Align 

AGS Power Up (required) 

AEA Self-T est (desired) 

LGC Power Up (required) 

IMU Power Up (LGC Operating) (required) 

ICDU Zero (required) 

IMU Orie ntation Determinat ion (P51) (required) 

1. Command PGNCS/AGS alignment : 
Key DEDA C 400+30000 

2. Verify alignment is complete : 
Key DEDA C 400+00000 

3. Verify alignment accuracy: 
Establish AGS Total Attitude Display (one FDAI) 
ATT MON sw (1) - AGS 
FDAI 1 sw - INRTL 
FDA I 2 sw - INRTL 

• • 

Ref para 4. 6. 2. 1 

Ref para 4 . 6. 2. 3 

Ref para 4 . 6. 1. 1 

Ref para 4. 6. 1. 3 

REMARKS 

Ref para 4 . 6. 1. 21 ; provides CDU zero discrete which is 
required each time AEA circuit breaker is closed or IMU 
coarse aligned. 

Ref para 4. 9. 1. 1 

Alignment should occur within 2 seconds . 

Ref para 4. 5. 3. 3 
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4 .9.2.1 PGNCS / AGS Align (cont) 

Establish PGNCS Total Attitude Display (other FDAI) 
ATT MON sw (1) - PGNS 

Compare FDAI's total attitude displays : 
FDAI's should agree within 2° . 

~ c:; 
z 

• • 
REMARKS 

Ref para 4. 5. 3, 1 
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PROCEDURES REMARKS 

4.10 THRUST 

The DPS, APS, and RCS thrust procedures (para 4 .10.1, 4 .10. 2, and 4.10. 3) ar e in a 2-colum n format to facilitate presenting these 
procedures as separate PGNCS or AGS procedures ; and as integr ated PGNCS and AGS procedures : one guidance compute r in control and 
the other in a follow-up condition ready to assume control. The left column presents the PGNCS procedures; the right column presents 
the AGS procedures . 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/ IN CONTROL The purpose of DPS Thrust (P40) with AGS Followup/ In Control 
procedure is to compute a preferred IMU orientation and LM 
attitude for DPS thrust maneuver and to maneuver LM to thrust
ing attitude. This procedure contr ols the PGNCS/ AGS during 
countdown, ignition, thrusting and thr ust te rmination. 

MPS Basic (Unstaged) (required) 

Low-thrust start (10%) permits corrective gimbaling; because 
thrust vector at engine start may not be directed through LM 
center of gravity, normal start profile for all descent engine 
starts shall be at 10% throttle for 26 seconds. If descent 
engine is started at high thrust, RCS propellant must be used 
to stabilize vehicle; but extreme, momentary unbalance may 
exceed RCS compensating capability, Descent engine must not 
be operated in throttling range 60% to 92. 5% where operation of 
cavitating venturis in flow control valves becomes unpredictable 
and may cause an incorrect mixture ratio of fuel-oxidizer. 
Operation in the 60% to 92. 5% range will cause excessive engine 
erosion and early combustion chamber burn through. 

MPS Basic (Unstaged) (required) 

ECS Basic (Unstaged) (required) ECS Basic (Unstaged) (required) 

Ref para 4.13.3.1 

Ref para 4 . 13.1.1 

Ref para 4.13, 4. 3 

Ref para 4 . 2 . 30 

EPS Preparation for DPS Burn (required) EPS Preparation for DPS Burn (required) 

DPS Pressurization and Checkout 
(required) 

LGC Power Up (required 

LGC Self Test (desired) 

·-:z: ... 
C: 

~ 

DPS Pressurization and Checkout (required) 

Ref para 4. 6.1.1 

Ref para 4. 6. 1.13 
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PROCEDURES 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

LGC time valid (required) 

LGC state vector valid (required) 

!MU Power Up (LGC Operating) (required) 

!MU Orientation Dete r mination (P51) 
(required) 

DAP Data Load Routine (R03) (required) 

Appropriate prethrust program (required) 

AGS Power Up (required) 

AEA Self Test (desired) 

AGS time valid (required) 

AGS LM state vector valid (required) 

• • 

REMARKS 

LGC/ CMC Clock Synchronization (R33), 
ref para 4, 6, 1.15 

LGC Update (P27), ref para 4 . 6.1. 7 or 
LM Rendezvous Navigation Program (P20) , 
ref para 4 . 8. 2.1 

Ref para 4. 6.1. 3. ISS should be on one )> 
hour before a thrusting maneuver. "O 

0 ,-
Ref para 4 . 9.1 . 1 ,-

0 

Ref para 4 . 6.1. 8 

If docked with CSM, KALCMANU maneuver 
rate loaded in R03 should be O. 5° / sec or 
0. 2° / sec. 

Ref para 4. 7 

0 ,-
"O ~ rn )> 
:IIJ 
)> ..... 
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Ref para 4. 6. 2.1 C 
m 

Ref para 4. 6. 2. 3 0 
0 
~ 

AGS Manual Absolute Time Initialization, 
ref para 4. 6. 2. 6 or AGS Initialization 
Routine (R47), ref para 4 . 6. 1. 18 

AGS Initialization Routine (R47), ref para 
4. 6.1.18, or AGS Manual LM State Vector 
Update/Initialization, r ef para 4. 6. 2. 7, 
or AGS Manual Rendezvous Radar LM 
State Vector Update , ref para 4 . 8. 2, 2 
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PROCEDURES 

4.10.l DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

llf PGNCS in followup, go to step 61 

1. 

2. 

3. 

Establish attitude control: 
S/C: 

PGNS sw - AUTO 
AGS sw - AUTO 

ROLL, PITCH, YAW sw - MODE 
CONT 

Establish PGNCS total attitude & attitude 
error display: 
ATTITUDE MON sw (1) - PGNS 
ATTITUDE MON sw (1) - AGS 
RATE/ERR MON sw (2) - LDG RDR/ 
COMPTR 

Enable ACA/TTCA: 
ACA/4 JET sw (2) - ENABLE TTCA/ 
TRANSL sw (2) - ENABLE 
THROTTLE/ JETS cont (1) - JETS 
THROTTLE/JETS cont (1) - THROTTLE 
ENG THR CONT: X TRANSL sw - 4 JETS 
ACA PROP sw (2) - ENABLE 

i:! -c:: .,, 

AGS CSM state vector valid (required) 

PGNCS/ AGS Align (required) 

AGS Wb Vector Update (required) 

Appropriate prethrust procedure (required) 

• 
REMARKS 

AGS Initialization Routine (R47), ref 
para 4. 6. 1. 18 or AGS Manual CSM state 
Vector Update , ref para 4 , 6. 2. 8 

Ref para 4. 9 . 2, 1 

Ref para 4 . 6. 2. 14 

Ref para 4 , 7; if AGS TPI search pre-
thrust procedure was used, TPI execute 
must have been selected subsequent to 
that procedure. 

Ref para 4 . 5.1 

Ref para 4. 5, 3.1 and 4. 5. 3. 2 
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PROCEDURES 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP / IN CONTROL (cont) 

4, Prepare controls for DPS burn: 
ENG THR CONT: 

THR CONT sw - as required 
MAN THROT sw - as required 
ENG ARM sw - OFF 

ABORT pb - reset 
ABORT STAGE pb - reset 
Eng START pb/ lt - off 
Eng STOP pb/ lt (2) - reset 
DES ENG CMD OVRD sw - OFF 
ENG GMBL sw - ENABLE 
RCCA sw - OFF/ RESET 
ENG THR CONT: BAL CPL sw - ON 
S/ C: DEAD BAND sw - MIN 

5. Prepare PQGS for thrus t monitoring: 
PRPLNT QTY MON sw - DES 1 

• 

lu AGS in followup, go to step 5 I 
1. Establish attitude control: 

Key DEDA C 400+00000E 

GUID CONT sw - AGS 
S/ C: 

AGS sw -AUTO 
PGNS sw - AUTO 
ROLL, PITCH, YAW sw - MODE CON1 

2 , Establish AGS attitude error and total 
attitude display: 
ATTITUDE MON sw (1) - AGS 
ATTITUDE MON sw (1) - PGNS 
RA TE/ ERR MON sw (2) - LDG RDR/ 
COMPTR 

• 

REMARKS 

Prevents possible attitude maneuver 
change of 10° /sec . 

Ref para 4, 5, 3, 4 and 4 . 5, 3, 3 
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PROCEDURES 

DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/IN CONTROL (cont) 

3. Enable ACA/TTCA: 
ACA/4 JET sw (2) - ENABLE 
TTCA/TRANSL sw (2) - ENABLE 
THROTTLE/ JETS cont (1) - THROTTLE 
THROTTLE/ JETS cont (1) - JETS 
ENG THR CONT: X-TRANSL sw - 4 JET 
ACA PROP sw (2) - ENABLE 

4. Prepare controls for DPS burn: 
ENG THR CONT: 

THR CONT sw - MAN 
MAN THROT sw - as required 
ENG ARM sw - OFF 

ABORT pb - reset 
ABORT STAGE pb - reset 
Eng START pb/lt - off 
Eng STOP pb/lt (2) - reset 
DES ENG CMD OVRD sw - OFF 
ENG GMBL sw - ENABLE 
RCCA sw - OFF/RESET 

5. Prepare PQGS for thrust monitoring: 
PRPLNT QTY MON sw - DES 1 
Go to step 6 

6. Select desired guidance steering: 
a. Z-axis parallel to CSM orbit plane 

Key DEDA C 623+00000E 
Key DEDA C 400+10000E 

or 
b. Z-axis specified by Wb vector 

Key DEDA C 623+10000E 
Key DEDA C 400+10000E 

7. Select DPS steering (X-axis) 
Key DEDA C 411 +00000E 

I If AGS in followup, go to AGS step 8 I 

• • 
REMARKS 
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PROC EDURES 

4.10.1 DPS THRUST PROGRAM (P40) W ITH AGS FOLLOW UP/IN CONTROL (cont) 

To switch to AGS: 
ENG THR CONT: THR CONT sw - MAN 
Go to AGS step 8 and disregard guidance 
steering selection 

6. Select P40 
Key V37E 40E 
POSS FL V05 N09 - Alarm 

Rl 01706 - Stage verify discrete 
indicates DPS staged 

R2 XXXXX 
R3 XXXXX 
PROG 1t - ON 
Key V34E & RSET 
FL V37 N--
Key XXE, exit P40 

POSS PROG 1t - on 
Key V05 N09E - Call alarm 

Rl 00210 - !MU not operating 

00220 - ISS orientation not known 

R2 XXXXX 
R3 XXXXX 
Key KEV REL & RSET 
FL V37 N--
Key XXE, exit P40 

7. Attitude Maneuver Routine (R60) 

FL V50 N18 - Perform automatic 
maneuver to final FDA! angles 

Rl Roll XXX. XX 0 

R2 Pitch XXX . XX 0 

R3Yaw XXX.XX 0 

• 

To switch t o PGNCS: 
GUID CONT sw - PGNS 
Go to PGNCS step 6 

• 

REMARKS 

Perform !MU Power Up (LGC Operating) , 
ref para 4. 6. 1. 3 
Perfor m !MU Orientation Determination 
(P51), ref para 4. 9. 1.1 

To obtain optional display of VG (LV): 
Key V06 N86E 

Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 

At this time LGC zeroes attitude error and 
sets 1 ° deadband in RCS DAP . 

If final computed FDA! angles indicate ±90° 
yaw, roll and pitch transformation from 
!MU to FDA! angles is indeterminate; Rl 
and R2 will be blank • 
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PROCEDURES 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

To accept PGNCS automatic maneuver: 
GUID CONT sw - PGNS 
S/C: PGNS sw - AUTO 
KEY PRO 

If PGNS is in follow up, or a 
manual attitude maneuver is 
desired key ENTR, go to 
PGNCS step 9 

8, If PGNCS automatic mode was selected: 
V06 N18 - Final FDAI angles 

Rl Roll XXX. xx· 
R2 Pitch XXX. xx· 
R3 Yaw XXX. xx• 

POS PROG lt - on 
Key V05 N09E - Call alarm 
Rl 00401 - Final attitude yields gimbal 

lock 
R2 XXXXX 
R3 XXXXX 
Key KEY REL & RSET. Select Pro
gram 52 - IMU Realign Program 

.. 
, 

To Switch to PGNCS GUID 
CONT sw - PGNS 
Go to Step PGNCS 9 and 
select automatic trim 
maneuver. 

• 
REMARKS 

X - axis override capability is inhibited 
in OAP until completion of automatic 
maneuver. 

If MGA is > 70°, program alarm is gen
erated and automatic maneuver will not 
take place. X-axis override capability is 
enabled and V50 N19 is displayed, 

• 

When V05 N09 is keyed, alarm code 00401 
will replace contents in Rl of N19. 

Ref para 4 . 9. 1. 2 

If PGNCS IMU is realigned, AGS Align
ment to PGNCS IMU, ref para 4, 9,2, 1, 
and AGS Initialization Routine (R47) (state 
vector update only), ref para 4. 6, 1, 18 
must be performed, 
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PROCEDURES 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

Monitor automatic attitude maneuver 
using FDAI to avoid gimbal lock: 
If manual completion of maneuver is de
sired , select desired attitude control mode 
ACA - maneuver manually 

9. FL V50 N19 - Bypass trim maneuver to 
final FDAI angles 

Rl Roll XXX. XX 0 

R2 P itch XXX. XX 0 

R3 Yaw XXX. XX 0 

llf PGNCS in followup, key PRO, I 
exit R60 , go to GNCS step 10 

If no trim is desired: 
Null AGS yaw attitude error 
Monitor yaw attitude error on FDAI 
error needle 
A CA - null yaw error (yaw override) 

Key PRO, exit R60 

If trim maneuver is desired, perform 
one of the following : 

a. Automatic maneuver: 
GUID CONT sw - PGNS 
S/ C: PGNS sw - AUTO 
Key ENTR, return to step 8 

• • 

REMARKS 

Ref para 4 . 5.1 

With AGS guidance steering, AGS orients 
LM Z-axis in a specified direction. 
PGNCS R60 does not drive LM Z-axi.s to 
any specified orientations, therefore : a 
PGNCS to AGS switchover could result in 
large yaw excursion. Consider FDA! 
attitude error needles as fly-to needles. 
Needles can be nulled by flying from them. 
However, this results in a false null and 
switchover to AGS will r e sult in a 180° 
yaw m aneuver. 

Final Trim is considered essential for 
maneuvers to APS or DPS thrusting 
attitudes. 
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PROCEDURES 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/IN CONTROL (cont) 

10. 

b. Manual Maneuver: 
Select desired attitude control mode 
Key ENTR 
ACA - maneuver manually, return to 
beginning of step 9 

To switch to AGS: 
GUID CONT sw - AGS 
S/C: AGS sw - AUTO 
ENG THR CONT: THR CONT sw-MAN 
Go to AGS step 9 

If PGNCS automatic mode not selected, 
FL V50 N25 - Checklist reference 

Rl 00203 - Switch to PGNCS automatic 
mode 

R2-----
R3 - - - - -

To accept PGNCS automatic control: 
GUID CONT sw - PGNS 
S/C: PGNS sw - AUTO 
ENG THR CONT: THR CONT sw - AUTO 
Key PRO 
To reject PGNCS automatic control: 
GUID CONT - PGNS 
S/C: PGNS sw - AUTO 
ENG THR CONT: THR CONT sw - MAN 
Key ENTR 

Irr PGNCS is in followup key ENTR I 

i! ... 
C: 

~ 

8. Perform AGS orientation to initial com-
puted steering attitude procedure 

9, Monitor X-axis component of velocity 
to be gained 
Key DEDA C 500R (1 fps) 

• • 
REMARKS 

Ref para 4. 6. 2. 12 

Readout will equal total velocity to be 
gained if LM is properly oriented for 
DPS burn. 

·' 
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PROCEDURES 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

POSS FL V05 N09 - Alarm 
Rl 01703 - TFl < 45 sec 
R2 XXXXX 
R3 XXXXX 
PROG lt - on 

Alternatives t o alarm: 
a , To slip TFI 45 sec from PRO, 

Key PRO & RSET; or 

b , To terminate: 
Key V34E & RSET 
FL V37 N--
Key XXE, ex.it P40 

POSS FL V05 N09 - Alarm 
Rl 01711 - State vector integration 

has overlapped average g turn-on 
time (TFI < 30 sec) 

R2 XXXXX 
R3 XXXXX 
PROG lt - on 
Key V34E & RSET 
FL V37 N- -
Key XXE, ex.it P 40 

• 

To switch to PGNCS: 
GUID CONT sw - PGNS 
ENG THR CONT: THR CONT 
sw - as desired 
Go to PGNCS step 12 

• 

REMARKS 

Refer to EVNT TMR and determine with 
MSFN or mission rules whether to s lip 
engine ignition 45 sec from PRO, 

If Alarm 01703 occurs: 
1, PGNCS in control and AGS in followup: 

a . The AGS solution will not be af-
fected by slip of TIG , if AGS is in 
CSI, CDH, or TPI guidance modes 
and EVNT TMR is reset per 
PGNCS procedure. 

b. The AGS solution will not provide 
expected results if AGS is in the 
orbit insertion or external ti. V 
guidance modes . If switchover to 
AGS occurs, effect on expected 
results will not be large if ve-
locity to be gained is nulled . 

2 . AGS in control and PGNCS in followup : 
a. If switchover to PGNCS occurs be-

fore burn, proper burn will occur 
45 seconds after PRO. 

b . If switchover to PGNCS occurs 
during or after burn, PGNCS will 
attempt to perfor m burn 45 sec 
afte r PRO, The r efor e , if AGS r e -
mains in control up to ignition 
t ime PGNCS backup capability is 
l ost. 

c. If EVNT TMR i s reset per PGNCS 
procedures and AGS remains in 
control, results stated in 1 above 
will follow • 
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PROCEDURES 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

11. 

12. 

If TF1 > 35 sec: 
V06 N40 

Rl TFI XXBXX min-sec 
R2 VG XXXX. X fps 
R3 6 Vm 0000. o fps 
Update EVNT TMR 
Verify/set CMD THRUST ind remains 
10% 
If CMD THRUST ind ~ 10%: 
ENG THR CONT: THR CONT sw -
MAN 

When TF1 = -00B30: 
V06 N40 

Rl TF1 XXBXX min-sec 
R2 VG XXXX.X fps 
R3 6 Vm XXXX. X fps 

Verify 6 Vm I: o. 5 fps from TFI = 
- 00B30 to - 00B15 
If 6 V > 0. 5 fps, perform one of 
the following: 

i! 
ii! .,. 

10. Verify/set CMD THRUST ind= 10% 
S/C: DEAD BAND sw - MIN 

I If AGS in followup, go to AGS step 14 

• 
REMARKS 

The following is recommended if 
alarm 01703 occurs: 

a. If PGNCS in control and AGS in 
follow-up: 
1. Reset EVNT TMR and pro-

ceed normally. 

b. If AGS in control and PGNCS in 
follow-up: 
1. Reset EVNT TMR and burn 

45 seconds after PRO under 
AGS control; or 

2. Switch to PGNCS and burn 
45 seconds after PRO. 

R3 displays 00000 until TFI = -0OB30. 
V06 N40 displays are blanked from TF1 
= -0OB35 to -0OB30. 

I If state vector integration has overlapped 
time period (TF1 - 35 sec to TFI - 30 sec), 
beginning and duration of blanking cannot 
be defined. 

6 V > 0. 5 fps indicates excessive PIPA 
bias error. 
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PROCEDURES 

4.10. l DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/IN CONTROL (cont) 

a. Switch to AGS - GUID CONT sw -
AGS ENG THR CONT: THR 
CONT sw - MAN 
Go to AGS step 11; or 

b. If PGNCS in followup or AGS 
capability not available Key V37 
XXE, exit P40 

llf PGNCS in followup, go to PGNCSI 
step 15 

13. If first DPS burn , enable supercritical He 11. If first DPS burn, enable supercritical He 
pressurization: pressurization: 
E D:MASTER ARM sw - ON ED:MASTER ARM sw - ON 

14. When TFI = - 00B07 monitor start ofullage 

CAUTION 

Verify DES ENG CMD OVRD sw - OFF 

ENG THR CONT: ENG ARM sw - DES 

12. When EVNT TMR ind= 00 :06, initiate 
ullage maneuver: 
+X TRANSL pb - push until DPS start ; or 

TTCA - m ove up until DPS start 
Immediately upon initiation of ullage 
maneuver, enable AGS engine control 
and arm descent engine: 
ABORT pb - push 
ENG THR CONT: ENG ARM sw - DES 

• • 

REMARKS 

)> .,, 
0 
r-
r-
0 
0 r-.,, ~ m )> 
"' )> ..... 

'° :::! 0 

If DES ENG CMD OVRD SW is set to ON, 

0 I 

w z I 

Ill r-

::z:: ~ 
)> .,:a. 

engine will start upon arming. z 
C 
CD 
0 
0 
;iii;; 

If redundant engine arming is desired. 
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PROCEDURES 

4.10.1 DPS THRUST PROGRAM (P-40) WITH AGS FOLLOW UP/ IN CONT_ROL (cont) 

15. When TFI = - 00B05 
FL V99 N40 - Engine on enable 

Rl TFI XXBXX min-sec 
R2 VG XXXX. X fps 
R3 t,. Vm XXXX, X fps 
Accept: When o. Vm > XXXX. X fps, 
Key PRO 

I If PGNS in followup select accept option, l 
go to PGNCS, step 18 

16. 

17. 

Reject alternatives: 
a. To perform thrust with RCS, Key 

ENTR, go to PGNCS step 22; or 

b. Key V34E - Terminate 
FL V37 N--
Key XXE, exit P40 

V06 N40 
Rl TFI XXBXX min-sec 
R2 VG XXXX. X fps 
R3 t,. Vm XXXX. X fps 

When TFI = - 00B00, monitor thrust 13. When EVNT TMR = 00:00 monitor thrust 
If no DPS burn: If no DPS burn: 
Eng START pb - push Eng START pb - push 

CAUTION 

If DPS burn is initiated manually (Eng START pb), automatic engine 
shutoff will not occur. 
pb must be pushed. 

When shutoff criteria are reached, Eng STOP 

ii! .. 
C: 

• 
REMARKS 

Rl displays 59B59 min-sec if engine re-
start is attempted. 

If there is no DPS burn in 8 to 10 sec, or 
if DPS burn is interrupted 2 to 4 sec, P40 
returns to step 15. 
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PROCEDURES 

4.10.l DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

18. V06 N40 14. Monitor I!. Vgx 
Rl TFC XXBXX min-sec 
R2 VG XXXX . X fps I If AGS in followup, go to AGS st ep 20 
R3 I!. Vm XXXX.X fps 

TFC and VG decreasing, I!. Vm 
increasing: 

Monitor FDA! 

I If PGNCS in followup, 
step 22 

go to PGNCS I · 

Backup alternatives : 
a . ENG THR CONT: THR CONT sw - MAN 

TTCA - Move up as desired; or 

b . Switch to AGS -
GUID CONT sw - AGS 
ABORT pb - push 
ENG THR CONT: THR CONT sw - MAN 
TTCA - Move up as desired 
Go to AGS, step 15 

19 . When EVNT TMR ind = 59 :XX: 15. When EVNT TMR ind= 59 :XX: 
a . Automatic thrust - TTCA - Move up (maximum) 

ENG THRUST ind ~ 100% 
CMD THRUST ind ~ 100% 

b. Unless burn duration < 95 sec; 
TTCA - Move up (maximum) 

20. If first DPS burn: 16. If first DPS burn: 
ED: MASTER ARM sw - OFF ED:MASTER ARM sw - OFF 

• • 

REMARKS 

I!. Vgx will begin to countdown at engine 

I 
ignition. 
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throttle is commanded to maximum (XX +YY 0 
= 60 sec; YY = 26 sec, nominally). If burn ~ 

duration < 95 sec , no-throttle flag is set 
to inhibit throttle command from going 
maximum, preventing inaccurate engine-
cutoff computations when engine thrust level 
varies . At this time , TFC will start 
counting down. 

If PROG lt - on, key RSET. Probable 
alarm is 01407 -VG increasing , 

• • 



n 
:r 
Q . 
::, 

CQ 
C1' 

C, 
Q 
;; 

~ 
CQ 
CD 

• 
CREW- PNL MAN 

• • • • 
PROCEDURES REMARKS 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/IN CONTROL (cont) 

21. Monitor thrust cutoff: 17. Monitor thrust cutoff when A Vgx = 
a. Early cutoff return to step 15 00000 fps: 

a. Late cutoff 
b. Late cutoff, Eng STOP pb/lt - push PGNCS step 21, b: 

Eng STOP pb/lt push ENG THR CONT: ENG ARMsw-OFF POSS FL V99 N40. If LGC did not 
ENG THR CONT: ENG ARM sw - OFF Eng STOP pb/lt - reset recognize fulfillment of cut-off criteria 
Eng STOP pb/lt - reset ENG GMBL sw - OFF (go to step 15). 
ENG GMBL sw - OFF 

b. Early or Normal cutoff 
c. Normal cutoff, ABORT pb - reset 

ENG THR CONT: ENG ARM sw - OFF ENG THR CONT: ENG ARM sw - OFF 
ENG GMBL sw - OFF ENG GMBL sw - OFF 

To switch to AGS: To switch to PGNCS: 
GUID CONT sw - AGS GUID CONT sw - PGNS 
Go to AGS step 18 Go to PGNCS step 22 

22. FL V16 N40 18. Record final propellant quantity noted 
Rl TFC XXBXX min-sec during thrust: 
R2 VG XXXX. X fps PRPLNT QTY MON sw - OFF 
R3 A Vm XXXX. X fps 
Record thrust parameters at their 
final value Key PRO 

At this time, LGC zeroes attitude 
error and sets o. 3° deadband in RCS 
dap. 

Record final propellent quantity noted 
during thrust PRPLNT QTY MON SW -

OFF 

23. FL V16 N85 - VG (LM) 
Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 

If PGNS in followup, go to PGNCSl 
step 24 

:ii! 
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PROCEDURES 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

If nulling of VG is desired: 
S/ C: PGNS sw - ATT HOLD 
THROTTLE/ JETS cont (CDR) - JETS 
ACA/ TTCA - null VGX, VGY, VGZ 

• 

19. Trim 6 V residual - Verify AEA attitude 
hold submode 
Key DEDA C 400R 
If + 00000 not displayed, Key DEDA C 
400 + 00000E 
S/ C: DEAD BAND sw - MIN 

Trim X-axis 6 V residual -
Key DEDA C 500R (lfps) 
Null 6 Vgx by moving TTCA up or down 

Trim Y-axis 6 V residual -
Key DEDA C 501R (lfps) 
Null 6 Vgy by moving TTCA r ight or left 

Trim Z- axis 6 V residual -
Key DE DA C 502 (lfps) 
Null 6 Vgz by moving TTCA in or out 

S/ C: DEAD BAND sw - MAX 

20. Readout predicted perigee altitude: 
Key DEDA C 403R (0. 1 nm) 
Compare with PGNCS Hp value 

• 

REMARKS 

If this trim maneuver is performed after 
use of orbit insertion routine, it should be 
performed immediately after engine shut
down. Orbit insertion routine drives LM 
to specific point on desired orbit and re
sidual 6 V's will increase naturally after 
engine shutdown. 

Positive value of 6 Vgx require s m oving 
TTCA up. 

Positive value of 6 Vgy requires moving 
TTCA right. 

Positive value of 6 Vgz requires moving 
TTCA in. 

Trim maneuver can be performed by null
ing largest 6 V residual, then next largest, 
then smallest . This slightly more com
plicated procedure should produce a smaller 
trim error. 
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PROCEDURES 

4.10.1 DPS THRUST PROGRAM (P40) WITH AGS FOLLOW UP/IN CONTROL (cont) 

24. 

25. 

26. 

Terminate P40 or select Orbit Parameter 
Display Routine (R30): 
a. Terminate 

Key PRO 
FL V37 N--
Key XXE, exit P40; or 

b, Select R30, 
Key V82E 
FL Vl6 N44 

Rl Ha XXXX. X run 
R2 Hp XXXX. X nm 
R3 TFF XXBXX min-sec 

Key PRO when finished with display to 
re-establish N85 display, exit R30 

Key PRO 
FL V37 N--
Key XXE, exit P40 

Turn off ascent batteries: 
EPS: BAT 5 NORMAL SE FEED sw-OFF; 
tb - bp 
EPS: BAT 6 NORMAL CDR FEEDsw-
OFF; tb - bp 

Verify EPS Basic (Unstaged) 

:ii! -C: 

~ 

21. Readout apogee altitude: 
Key DEDA C 315R (0, 1 run) 
Compare with PGNCS Ha value 

22. Turn off ascent batteries: 
EPS: BAT 5 NORMALSE FEEDsw-OFF; 
tb - bp 
EPS: BAT 6 NORMAL CDR FEED sw -
OFF; tb - bp 

23. Verify EPS Basic (Unstaged) 

• • 
REMARKS 

At this time LGC restores crew-specified 
(R03) deadband limits in RCS DAP. 

While average g is in progress, orbit para-
meters are automatically recomputed 
every 2 sec. 

Ref para 4. 13. 4.1 
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PROCEDURES 

I 
4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/ IN CONTROL 

MPS Basic (Staged) (required) 

ECS Basic (Staged) (required) 

EPS Basic (Staged) (required) 

APS Pressurization & Checkout (required) 

LGC Power Up (required) 

LGC Self Test (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

IMU Power Up (LGC Operating) (required) 

IMU Orientation Determination (P51) (required) 

DAP Data Load Routine (R03) (required) 

Appropriate prethrust program (required) 

• 

MPS Basic (Staged) (required) 

ECS Basic (Staged) (required) 

EPS (Staged) Basic (required) 

APS Pressurization & Checkout (required) 

• 

REMARKS 

The purpose of APS Thrust (P42) with AGS 
Followup/In Control procedure is to com
pute preferred IMU orientation and LM 
attitude for DPS thrust maneuver and to 
maneuver LM to thrusting attitude . This 
procedure controls PGNCS/ AGS during 
countdown, ignition, thrusting and thrust 
termination. 

Ref para 4 .13. 3. 2 

Ref para 4.13 .1.1 

Ref para 4 .13. 4. 3 

Ref para 4.12.2 

Ref para 4. 6.1. 1 

Ref para 4. 6. 1. 13 

LGC/CMC Clock Synchronization (R33), 
ref para 4. 6.1.15 

LGC Update (P.27), ref para 4. 6. 1. 7 or 
Rendezvous Navigation Program (P20) 

Ref para 4, 6.1. 3. ISS should be on one 
hour before a thrusting maneuver. 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 1, 8 

Ref para 4. 7 

• • 
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PROCEDURES 

4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/IN CONTROL (cont) 

AGS Power Up (required) 

AEA Self Test (desired) 

AGS time valid (required) 

AGS LM state vector valid (required) 

AGS CSM state vector valid (required) 

PGNCS/ AGS Align (required) 

AGS Wb Vector Update (required) 

Appropriate prethrust procedure (required) 

I If PGNCS in followup, go to step 5 I 
1. Establish attitude control: 

GUID CONT sw - PGNS 
S/C: 

PGNS sw - AUTO 
AGS sw -AUTO 
ROLL, PITCH, YAW sw - MODE CONT 

• • 
REMARKS 

Ref para 4. 6. 2.1 

Ref para 4. 6. 2. 3 

AGS Manual Absolute Time Initialization, 
ref para 4. 6. 2. 6 or AGS Initialization 
Routine (R47), ref para 4. 6.1.18 

AGS Initialization Routine (R4 7), ref para 
4. 6. 1. 18, or AGS Manual LM State Vector 
Update/Initialization, ref para 4. 6. 2. 7, 
or AGS Manual Rendezvous Radar LM 
State Vector Update , ref para 4. 8. 2. 2 
AGS Initialization Routine (R47) ref para 
4. 6.1.18 or AGS Manual CSM State Vector 
Update, ref para 4. 6. 2. 8 

Ref para 4. 9. 2.1 

Ref para 4 . 6. 2.14 

Ref para 4. 7. If AGS TPI search pre-
thrust procedure was used, TPI execute 
must have been selected subsequent to 
that procedure. 

Ref para 4. 5. 1 
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PROCEDURES 

4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/IN CONTROL (cont) 

2. Establish PGNCS total attitude and attitude 
error display: 
ATTITUDE MON sw - PGNS 
ATTITUDE MON sw - AGS 
RATE/ERR MON sw (2) - LDG RDR/CMPTR 

3. Enable ACA/TTCA: 
ACA/ 4 JET sw (2) - ENABLE 
TTCA/TRANSL sw (2) - ENABLE 
THROTTLE/JETS cont(2) - JETS 
ENG THR CONT: X TRANSL sw - 4 JETS 
ACA PROP sw (2) - ENABLE 

4. Prepare controls for APS burn: 
ENG THR CONT: ENG ARM sw - OFF 
ABORT pb - reset 
ABORT STAGE pb - reset 
Eng START pb/ lt - Off 
Eng STOP pb/ lt (2) - reset 
RCCA sw - ENABLE 
ENG THR CONT: BAL CPL sw - ON 
S/ C: DEAD BAND sw - MIN 

I If AGS in followup, go to AGS step 51 

1. Establish attitude control: 
Key DEDA C 400+00000E 

GUID CONT sw - AGS 
S/C: 

AGS sw -AUTO 
PGNS sw - AUTO 
ROLL, PITCH, YAW sw - MODE CONT 

• • 

REMARKS 
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PROCEDURES REMARKS 

4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/IN CONTROL (cont) 

2. Establish AGS attitude error & t ot al 
attitude display : Ref par a 4. 5. 3 . 4 and 4. 5. 3. 3 
ATTITUDE MON sw (1) - AGS 
ATTITUDE MON sw (1) - PGNS 
RATE/ ERR MON sw (2) - LDG 
RDR/ CMPTR 

3. Enable ACA/ TTCA: 
ACA/4 JET sw - ENABLE 
TTCA/TRANSL sw (2) - ENABLE 
THROTTLE/ JETS cont (2) - JETS 
ENG THR CONT: X TRANSL sw (1) -
4 JETS 
ACA PROP sw (2) - ENABLE 

4. Prepare control for APS burn: 
ENG THR CONT: ENG ARM sw - OFF 
ABORT pb - reset 
ABORT STAGE pb - reset 
Eng START pb/ lt - off 
Eng STOP pb/ lt (2) - reset 
RCCA sw - ENABLE 
Go to step 5 

5. Select desired guidance steering: 
a. Z-axi.s parallel to CSM orbit plane 

Key DEDA C 623 + 00000E 
Key DEDA C 400 + l0000E; or 

b. Z-axi.s specified by Wb Vector 
Key DEDA C 623+10000E 
Key DEDA C 400+10000E 

6. Select APS steer ing: 
Key DEDA C 411 + l000OE 

I If AGS in followup, go to AGS step s I 
I To switch to AGS, go to AGS step 71 I To switch to PGNCS, go to PGNCS step 51 
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PROCEDURES 

4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/IN CONTROL (cont) 

5. Select P42: 
Key V37E 42E 
POSS FL V05 N09 - ALARM 

Rl 01706 - Stage verify discrete 
indicates DPS not staged 

R2 :XX:XXX 
R3 X:XXXX 
PROG lt - on 
Key V34E & RSET 

FL V37 N--
Key XXE , exit P42 

POSS PROG lt - on 
Key V05 N09 - Call a larm 

Rl 00210 - IMU not on 

00220 - ISS orientation not known 

R2 :XXX:XX 
R3 :XXX:XX 
Key KEY REL & RSET 

FL V37 N- -
Key XXE, exit P42 

Attitude Maneuver Routine (R60) 

• • 

REMARKS 

► "Cl 
0 
r-
r-
0 
0 r-
"Cl :t 

Perform IMU Power Up (LGC Operating), 
ref para 4, 6. 1. 3 
Perform IMU Orientation Determination 
(P51), ref para 4, 9. 1. 1. 
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Manual selection of VG (LV) can be per-
formed by following: 

0 

"' Key V06 N86E 
Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 

At this time, LGC zeroes attitude error 
and sets 1 ° deadband in RCS DAP. 

• • 
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4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

6. FL VS0 N18 - Perform automatic maneu-
ver to final FDA! angles 

Rl Roll XXX. xx· 
R2 Pitch XXX. xx· 
R3 Yaw XXX. xx• 

To accept PGNCS automatic maneuver: 
GUID CONT sw - PGNS 
S/C: PGNS sw - AUTO 
Key PRO 

If PGNCS is in followup or a manual 
attitude maneuver is desired key 
ENTR; go to PGNCS step 8 

7. If PGNCS automatic mode was selected: 
V06 N18 - Final FDAI angles 

Rl Roll XXX. xx• 
R2 Pitch XXX. XX 0 

R3 Yaw XXX. XX 0 

POSS PROG lt - ON 
Key VOS N09E - Call Alarm 

Rl 00401 - Final attitude yields gimbal 
lock 

R2 XXXXX 
R3 XXXXX 

Key KEY REL & RSET 
Select IMU Realign Program (PS2) 

Monitor automatic attitude maneuver us
ing FDA! to avoid gimbal lock; 

To switch to PGNCS: 
GUID CONT sw - PGNS 
Go to PGNCS step 8, 
select automatic trim 
maneuver 

• • 
REMARKS 

If final computed FDAI angles indicate 
±90° yaw, roll and pitch transformation 
from IMU to FDAI angles is indeterminate; 
Rl and R2 will be blank. 

X-axis override capability is inhibited un
til completion of automatic maneuver. 

If MGA is > 70°, program alarm is gener
ated and automatic maneuver will not take 
place. X-axis override capability is en
abled and VS0 N19 is displayed (step 8). 
When VOS N09 is keyed, alarm code 00401 
will replace contents of Rl of N19. 

Ref para 4. 9. 1. 2 

If PGNCS IMU is realigned, AGS Align
ment to PGNCS IMU, ref para 4 . 9. 2.1 and 
AGS Initialization Routine (R47), ref para 
4. 6.1.18 (state vector update only) must 
be performed. 
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PROCEDURES 

4.10.2 APSTHRUST PROGRAM (P42) WITH AGS FOLLOW UP/IN CONTROL (cont) 

If manual completion of maneuver is 
desired, select desired attitude control 
mode, 
ACA - maneuver manually 

8. FL V50 N19 - Bypass trim maneuver 
to final FDAI angles 

Rl Roll xxx. xx· 
R2 Pitch XXX. xx· 
R3 Yaw xxx.xx 0 

'

If PGNCS in followup, key PRO, I 
exit R60 

If no trim is desir ed, go to step 9 
Null AGS yaw attitude e r r or 
Monitor yaw attitude error on FDAI 
error needle 
ACA - null yaw error (yaw override) 

Key PRO, exit R60 

If trim maneuver is desired, perform 
one of the following: 

a . Automatic maneuver 
GUID CONT sw - PGNS 
S/C: PGNS sw - AUTO 
Key ENTR, return to step 7 

• • 

REMARKS 

Ref para 4. 5. 1 

With AGS guidance steering, AGS orients 
LM Z-axis in a specified direction. 
PGNCS R60 does not drive LM Z-axis to 
any specified orientations; therefore a 
PGNCS to AGS switchover could result in 
large yaw excursion. Consider FDA! 
attitude error needles as fly-to needles. 
can be nulled by flying from them; however, 
this results in a false null and switchover 
to AGS will result in a 180° yaw maneuver. 

Final trim is considered essential for 
maneuvers to APS or DPS thrusting 
attitudes . 
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PROCEDURES 

4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/IN CONTROL (cont) 

b. Manual Maneuver 
Select desired attitude control mode 
Key ENTR 
ACA - maneuver manually, return to 7. Perform AGS Orientation to Initia l Com-
beginning of step 8 puted Steering Attitude 

To switch to AGS: 
GUID CONT sw - AGS 
S/ C: AGS sw - AUTO 
Go to AGS step 8 

9. If PGNCS automatic mode is not selected: 
FL V50 N25 - Checklist reference 

Rl 00203 - Switch to PGNCS automatic 
mode 

R2 -----
R3 -----

Perform one of the following: 
a. To accept PGNCS automatic control 

GUID CONT sw - PGNS 
S/ C: PGNS sw - AUTO 
Key PRO 

b. To reject PGNCS automatic control 
GUID CONT sw - PGNS 
S/ C: PGNS sw - ATT HOLD 
Key ENTR 

c. If PGNCS is in followup 
Key ENTR 

8. Monitor X-axis component of velocity to 
be gained 
Key DEDA C 500R (1 fps) 
S/ C: DEAD BAND sw - MIN 

I If AGS in followup, go to AGS step 11 ! 

• • 
REMARKS 

Ref par a 4 . 5. 1 

Ref para 4 . 6, 2. 12 

Readout will equal total velocity to be 
gained if LM is properly oriented for burn. 
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PROCEDURES 

4.1 0.2 APS THRUST PROGRAM (P42)WITH AGS FOLLOW UP/IN CONTROL (cont) 

POSS FL V05 N09 - Alarm 
Rl 01703 - TFl <45 sec 
R3 XXXXX 
R3 XXXXX 
PROG lt - on 
Alternatives to alarm: 

a. Slip TFI 45 sec from P.RO 
Key PRO & RSET; or 

b. Key V34E & RSET 
FL V37 N--
Key XXE, exit P42 

To switch to PGNCS 
GUID CONT sw - PGNS 
Go to PGNCS step 10 

POSS FL V05 N09 - Alarm 
Rl 01711 - State vector integration has 

overlapped average g turn-on time 
(TFI < 30 sec) 

R2 XXXXX 
R3 XXXXX 
PROG lt - on 
Key V34E & RSET 
FL V37N--
Key XXE, exit P42 

• • 

REMARKS 

Refer to EVNT TMR and determine with 
MSFN or mission rules whether to slip 
engine ignition 45 sec from PRO. 
If alarm occurs: 
1. PGNCS in control and AGS in followup: 

a. AGS solution will not be affected 
by 45 -second slip of ignition time, 
if AGS is in CSI, CDH, or TPI 
guidance modes and EVNT TMR ► "QI 
is reset per PGNCS procedure . 

b. AGS solution will not provide ex-
pected results if AGS is in orbit 

0 
r-
r-
0 

insertion or external a V guiuance 
modes. If EVNT TMR i s reset 
and velocity to be gained i s nulled, 
deviation from expected results 
will not be large. 

2. AGS in control and PGNCS in followup: 
a . If switchover to PGNCS occurs be-

0 r-
"QI ~ m 
► "' ► .... 
"° ::! 0 

0 I 

w z I 

"' r-

::c ~ 
fore burn, proper burn will occur 
45 sec after PRO under PGNCS 
control. 

► .II, 

z 
g 

"' b. If switchover to PGNCS occurs 0 
during or after burn, PGNCS will 
command engine off and attempt to 

0 
;illlli 

perform burn 45 sec later. Thus, 
if AGS remains in control up to 
ignition time and EVNT TMR is 
not reset, PGNCS backup capabil-
ity is lost. 

c. If EVNT TMR is reset per PGNCS 
procedure and AGS remains in 
control, results stated in 1 above 
will follow. 

• • 
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PROCEDURES 

4.10.2 APS THRUST PROGRAM (P-42) WITH AGS FOLLOW UP/IN CONTROL (cont) 

10. If TFI > -35 sec: 
V06 N40 

Rl TFI XXBXX min-sec 
R2 VG XXXX. X fps 
R3 Vm XXXX. X fps 
Update EVNT TMR if required 

11. When TFI - 00B30: 
V06 N40 

Rl TFI XXBXX min-sec 
R2 VG XXXX. X fps 
R3 1:,. Vm XXXX. X fps 

Verify > Vm :S 0, 5 fps from TFI = 
-00B30 to -00B15 

If 1:,. Vm > o. 5 fps: 
a. Switch to AGS -

GUID CONT sw - AGS 
S/C: AGS sw - AUTO 
Go to AGS step 9 

b. If PGNCS in followup or AGS capability 
not available 
Key V37 XXE, exit P42 

• • 
REMARKS 

If alarm 91703 occurs, the following 
are recommended: 
a. If PGNCS in control and AGS is in 

followup, reset EVNT TMR and 
proceed normally. 

b. If AGS in control and PGNCS is 
in followup, reset EVNT TMR 
and burn 45 sec after PRO under 
AGS control, or switch to PGNCS 
and burn 45 sec after PRO. 

R3 displays 00000 until TFI - 00B30, 

V06 N40 displays are ·blanked from TFI 
-00B35 to -00B30. 
If state vector integration has overlapped 
time period TFI -35 sec to TFI -30 sec, 
beginning and duration of blanking cannot 
be defined. 
1:,. Vm > 0. 5 fps indicates excessive PIPA 
bias error, 
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PROCEDURES 

4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/IN CONTROL (cont) 

12, When TFI - 00B05: 
FLV99 N40 - Engine on enable 

Rl TFI XXBXX min-sec 
R2 VG XXXX.X fps 
R3 6. Vm XXXX.X fps 
ENG THR CONT: ENG ARMsw-ASC 

When TFI = -00B03, monitor ullage 6. V 
Accept: when 6. Vm 

XXXX. X fps, Key PRO 

I If PGNCS in followup, select accept I 
option and go to PGNCS step 15 

Reject alternatives: 
a . To perform thrust with RCS 

Key ENTR - Go to PGNCS step 19 
b, To terminate: 

Key V34E FLV37 N-- Key XXE, 
exit P42 

13. V06 N40 
Rl TFI XXBXX min-sec 
R2 VG XXXX. X fps 
R3 6. Vm XXXX. X fps 

14, When TFI = -00B00: 
monitor APS thrust 
If no APS burn, 
Eng START pb/lt - push 

9, When EVNT TMR = 00:05, initiate ullage 
maneuver: 
a. + X TRANSL pb - push until APS 

start; or 

b. TTCA - move up until A PS start 
Immediately on ullage initiation: 
ABORT STAGE pb - push 

ENG THR CONT: ENG ARM sw - ASC 

10. When EVNT TMR = 00:00: 
Monitor AP S thrust 
If no APS burn, 
Eng START pb/lt - push 

CAUTION 

If APS burn initiated manually, automatic engine shutoff will not 
occur. When shutoff criteria are reached, Eng STOP pb must be 
pushed. 

• • 

REMARKS 

Ullage time and 6. V depends on real-time 
ullage volume. 
Rl displays 59B59 min-sec if engine re
start is attempted. 

Complete protection against effects of 
single-point failures, which would cause 
engine to start as soon as it is armed, is 
not achieved unless ullage maneuver is 
completed before arming the engine. 
Provides redundant engine power. 

If no APS burn in 8 to 10 sec or if APS burn 
is interrupted 2 to 4 sec, P42 returns to 
step 12. 
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4.10.2 APS.THRUST PROGRAM (P42) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

15. V06 N40 
Rl TFC XXBXX min-sec 
R2 VG XXXX. X fps 
R3 t.Vm XXXX. X fps 
TFC & VG decreasing, 6 Vm increasing 
Monitor FDAI 

To switch to AGS, 
GUID CONT sw - AGS 
ABORT STAGE pb - push 
Go to AGS step 12 

If PGNS in followup, go to. PGNCS I 
step 19 

16 . Perform APS/RCS Propellant Intercon
nect, steps 1 through 3 

17. When TFC = TBD, perform APS/RCS 
Propellant Interconnect, steps 4 and 5 

18 . Monitor thrust cutoff: 
a. Early cutoff 

Return to step 12 
b . Late cutoff 

Eng STOP pb/lt - push 
ENG THR CONT: ENG ARM sw - OFF 
Eng STOP pb/lt - reset 

c . Normal cutoff 
ENG THR CONT: ENG ARM sw - OFF 

11. Monitor 6 Vgx: 
ENG THR CONT: BAL CPL sw - OFF 

! If AGS in followup, go to AGS step 17 I 
To switch to PGNCS, 
GUID CONT sw - PGNS 
go to PGNCS step 16 

12 . P erform APS/RCS propellant Intercon
nect, steps 1 through 3 

13 . When t. Vgx ~ TBD, perform APS/RCS 
Propellant interconnect, steps 4 & 5 

14. When t. Vgx = 00000, monitor thrust 
cutoff 

If thrust cutoff does not occur, 
Eng STOP pb/lt - push 

15. Disarm APS engine & disable AGS engine 
control 
a . Early or normal cutoff 

ABORT STAGE pb - reset 
ENG THR CONT: ENG ARM sw - OFF 

b. Late cutoff: 
ABORT STAGE pb - reset 
ENG THR CONT: ENG ARMsw - OFF 
Eng STOP pb/lt - res et 

• • 
REMARKS 

6 Vgx begins to countdown at engine igni
tion. 

If PROG lt - on, key RSET. Probable 
a larm is 01407 - angle between 6 Vm and 
VG thrust vector > 45. 

Ref para 4.13. 3, 3 

Ref para 4.13 . 3. 3 

PGNCS step 18, b: 
POSS FL V99 N40 , if LGC did not recog 
nize fulfillment of cutoff criteria, ref 
step 12. 
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PROCEDURES 

4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

To switch to AGS, GUID 
CONT sw - AGS; 
go to AGS step 16 

19. FL V16 N40 
Rl T FC XXBXX min-sec 
R2 VG XXXX.X fps 
R3 t,_ Vm XXXX. X fps 

Record thrust parameters at their final 
value 
Key PRO 

20. FL V16 N85 - VG (LM) 
Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 

If PGNS in followup, go to PGNCS I 
step 21 

If nulling of VG is desired: 
S/ C: PGNS sw - ATT HOLD 
ACA/ TTCA - null VGX, VGY, VGZ 

• 

To switch to PGNCS, 
GUID CONT sw - PGNS; 
go to PGNCS step 19 

16. Trim 6. V residual: 
Verify AEA attitude hold 
submode, 
Key DEDA C 400R 
If +00000 not displayed, 
KEY DEDA C 400 + 00000E 
S/ C: DEAD BAND sw - l\1IN 
ENG THR CONT: BAL CPL sw - ON 
Trim X-axis 6. V residual: 
Key DEDA C 500R (1 fps) 

• 

REMARKS 

At this time, LGC zeroes attitude error 
and sets 0. 3° deadband in RCS DAP. 

If trim maneuver is performed after use of 
orbit insertion routine, it should be per
formed immediately after engine shut down. 
The orbit insertion routine drives LM to a 
specific point on desired orbit, and residual 
t,. Vgx will increase naturally after engine 
shut down. 

• • 
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PROCEDURES 

4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

Null 6 Vgx by moving TTCA up or down 

Trim Y axis 6 V residual: 
Key DEDA C501R (1 fps) 
Null Vgy by moving TTCA right or left 

Trim Z-axis 6 V residual: 

Key DEDA C 502R (1 fps) 
Null 6 Vgz by moving TTCA in or out 
S/ C: DEAD BAND sw - MAX 

17. Readout predicted perigee altitude: 
Key DEDA C 403R (0, 1 nm), 
Compare with PGNCS Hp value 

18. Readout apogee altitude: 
Key DEDA C 315R (0, 1 nm), 
Compare with PGNCS Ha value 

21, Terminate P42 or select Orbit Parameter 
Display Routine (R30): 
a. Terminate 

Key PRO 
FL V37 N--
Key XXE, exit P42; or 

b. Select R30 
Key V82E 
FL V16 N44 

Rl Ha XXXX. X nm 
R2 Hp XXXX, X nm 
R3 TFF XXBXX min-sec 

• • 
REMARKS 

Positive value of 6 Vgx requires moving 
TTCA up • 

Positive value of 6 Vgy requires moving 
TTCA right, 
Positive value of 6 Vgz requires moving 
TTCA in. 

Trim maneuver can be performed by null-
ing largest 6 V residual, then next largest, 
then smallest. This slightly more com -
plicated procedure should produce smaller 
trim error, 

At this time, LGC restores crew-specified 
(R03) deadband limits in RCS DAP. 

Orbit parameters are automatically recom-
puted every 2 sec while average g is in 
progress. 

Maximum TFF reading is 59B59, 
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PROCEDURES 

4.10.2 APS THRUST PROGRAM (P42) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

When finished with display, 
Key PRO, exit R30 
Reestablish N85 display 
Key PRO 
FL V37 N--
Key XXE, exit P42 

4.10.3 RCS THRUST PROGRAM (P41) WITH AGS FOLLOW UP/ IN CONTROL 

ECS Basic (staged or Unstaged) (required) 

LGC Power Up (required) 

LGC Self Test (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

IMU Power Up (LGC Operating) (required) 

IMU Orientation Determination (P51) (required) 

DAP Data Load Routine (R03) (required) 

Appropriate prethrust program (required) 

• 

ECS Basic (staged or Unstaged) (required) 

• 

REMARKS 

The purpose of RCS THRUST (P41) with 
AGS Followup/in Control procedure is to 
compute preferred IMU orientation and LM 
attitude for RCS thrust maneuver and to 
maneuver LM to thrusting attitude. This 
procedure provides suitable displays for 
manual execution of thrust maneuver. 

Ref para 4.13, 3.1 

Ref para 4. 6.1. 1 

Ref para 4. 6.1.13 

LGC/CMC clock synchronization (R33), ref 
para 4 . 6. 1.15 

LGC Update (P27), ref para 4. 6.1. 7 

Ref para 4 . 6. 1. 3. ISS should be on one 
hour before thrusting maneuver 

Ref para 4. 9. 1. 1 

Ref para 4 . 6. 1. 8 

Ref para 4. 7 

• • 
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PROCEDURES 

4.10.3 RCS THRUST PROGRAM (P41) WITH AGS FOLLOW UP/IN CONTROL (cont) 

AGS Power Up (required) 

AEA Self Test (desired) 

AGS time valid (required) 

AGS LM state vector valid (required) 

AGS CSM state vector valid (required) 

AGS/ PGNCS Align (required) 
AGS Wb Vector Update (required) 
Appropriate prethrust procedure (required) 

I If PGNCS in followup, go to I 
PGNCS step 4 

1. Establish attitude control: 
GUID CONT sw - PGNS 
S/C: 

PGNS sw - AUTO 
AGS sw -AUTO 
ROLL, PITCH, YAW sw - MODE CONT 

2 . Establish PGNCS total attitude & attitude 
error display: 
ATTITUDE MON sw (1) - PGNS 
ATTITUDE MON sw (1) - AGS 
RATE/ ERR MON sw (2) - LDG 
RDR/ CMPTR 

• • 
REMARKS 

Ref para 4 , 6, 2, 1 

Ref para 4 , 6. 2, 3 

AGS Manual Absolute Time Initialization, 
ref para 4. 6, 2, 6 or AGS Initialization 
Routine (R47), ref para 4, 6, 1.18 
AGS Initialization Routine (R47), ref para 
4. 6.1. 18, or AGS Manual LM State Vector 
Update/ Initialization, ref para 4. 6, 2, 7, or 
AGS Manual Rendezvous Radar LM state 
Vector Update, ref para 4, 8, 2, 2 
AGS Initialization Routine (R47), ref para 
4, 6 , 1.18 or AGS Manual CSM state Vector 
Update, ref para 4. 6, 2. 8 
Ref para 4. 9. 2, 1 
Ref para 4 . 6, 2 , 14 
Ref para 4. 7. If AGS TPI search prethrust 
procedure was previously selected, TPI 
execute must have been selected subse-
quent to that procedure, 

Ref para 4 , 5, 1 

Ref para 4 . 5, 3 . 1 and 4, 5, 3. 2 
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PROCEDURES 

4.10.3 RCS THRUST PROGRAM (P41) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

3, Enable ACA/ TTCA: 
ACA/4 JET sw (2) - ENABLE 
TTCA/TRANSL sw (2) - ENABLE 
THROTTLE/JETS cont (2) - JETS 
ENG THR CONT: X TRANSL sw - 4 JETS 
ENG THR CONT: BAL CPL sw ~ ON 
S/C: DEAD BAND sw - MIN 
ACA PROP sw (2) - ENABLE 

I If AGS in followup, go to AGS step 41 

1. Establish attitude control: 
Key DEDA C 400 +00000E 
GUID CONT sw - AGS 
S/ C: 

AGS sw -AUTO 
PGNS sw - AUTO 
ROLL, PITCH, YAW sw - MODE CONT 

2, Establish AGS attitude error and total 
attitude display: 
ATTITUDE MON sw (1) - AGS 
ATTITUDE MON sw (1) - PGNS 
RATE/ ERR MON sw (2) - LDG 
RDR/ CMPTR 

3 . Enable ACA/ TTCA: 
ACA/4JET sw (2) - ENABLE 
TTCA/TRANSL sw (2) - ENABLE 
ACA PROP sw (2) - ENABLE 
THROTTLE/ JETS cont (2) - JETS 
ENG THR CONT: X TRANSL sw - 4 JETS 
Go to step 5 

4. Select desired guidance steering: 
a. Z-axis parallel to CSM-orbit plane 

Key DEDA C 623+00000E 
C 400+10000E, or 

• • 

REMARKS 
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PROCEDURES 

4.10.3 RCS THRUST PROGRAM (P41) WITH AGS FOLLOW UP/IN CONTROL (cont) 

b, Z-ax:is specified by Wb vector 
Key DEDA C 623+10000E 

C 400+10000E 

5. Select non-APS steering: 
Key DEDA C 411 +00000E 

I If AGS in followup, go to AGS step 7 j 

! To switch to AGS, go to AGS step 6 I 
4. Select P41: 

To switch to PGNCS: 

Key V37E 41E 
GUID CONT sw - PGNS 
Go to PGNCS step 4 

POSS PROO lt - on 
Key V05 N09E - Call alarm 

Rl 00210 - IMU not operating 

00220 - ISS orientation not known 

R2 XXXXX 
R3 XXXXX 
Key KEY REL & RSET 
FL V37 N--
Key XXE, exit P41 

• 
REMARKS 

Perform IMU Power Up (LGC Operating), 
ref para 4, 6.1. 3 
Perform IMU Orientation Determination 
(P51), ref para 4,9.1.1 

To obtain optional display of VG (LV): 
Key V06 N86E 

Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XXXX, X fps 
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PROCEDURES 

4.1 0.3 RCS THRUST PROGRAM (P41) WITH AGS FOLLOW UP/ IN CONTROL (cont) 

5. Attitude Maneuver Routine 
(R60), steps 5 through 7 

6 . 

FL V50 N18 - Perform automatic 
maneuver to final FDA! angles 

Rl Roll XXX. XX' 
R2 Pitch XXX. XX 0 

R3 Yaw XXX. XX 0 

To accept PGNCS automatic maneuver: 
GUID CONT sw - PGNS 
S/ C: PGNS sw - AUTO 
Key PRO 

If PGNS is in followup or a manual 
attitude maneuver desired: 
Key ENTR 
Go to PGNCS step 7 

If PGNCS automatic mode was selected: 
V06 N18 - final FDA! angles 
Rl Roll XXX. XX 0 

R2 Pitch XXX. xx 0 

R3 Yaw XXX. XX 0 

POSS P ROG lt - on 
Key V05 N09E - Call alarm 

Rl 00401 - Final attitude yields gimbal 
lock 

R2 XXXXX 
R3 XXXXX 

Key KEY REL & RSET 
Select IMU Realign Program (P52) 

• 

To switch to PGNCS: 
GUID CONT sw - PGNS 
Go to PGNCS step 9 and select 
automatic trim maneuver 

• 

REMARKS 

At this time, LGC zeroes attitude error 
and sets O. 3° deadband in RCS DAP. 

If final computed FDAI angles indicate 
±90° yaw, roll and pitch transformation 
from IMU to FDA! angles is indeterminate ; 
Rl and R2 will be blank. 

X-axis override capability is inhibited in 
DAP until completion of automatic 
maneuver. 

If MGA is > 70° , program alarm is gen
erated and automatic maneuver will not 
take place. X- axis override capability is 
enabled and V50 Nl9 is displayed. 
When V05 N09 is keyed, alarm code 00401 
will replace contents of N19 . 

Ref para 4 . 9. 1. 2 

If PGNCS IMU is realigned, AGS Alignment 
to PGNCS IMU ref para 4 . 9. 2.1, and AGS 
Initialization Routine (R47) (state vector 
update only), ref para 4. 6.1.18, must be 
performed • 
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PROCEDURES 

4.10.3 RCS THRUST PROGRAM (P41) WITH AGS FOLLOW UP/IN CONTROL (cont) 

Monitor automatic attitude maneuver 
using FDA! to avoid gimbal lock. If 
manual completion of maneuver is 
desired: 
Select desired attitude control mode -
ACA - maneuver manually 

7. FL V50 N19 - Bypass trim maneuver to 
final FDA! angles 

Rl Roll XXX. XX" 
R2 Pitch XXX. X:X0 

R3 Yaw XXX. X:X0 

I If PGNCS in followup: I 
Key PRO, exit R60 

I If no trim is desired: I 
Go to PGNCS step 8 

Null AGS yaw attitude error: 
Monitor yaw attitide error on FDA! 
error needle 
ACA - null yaw error (yaw override) 

Key PRO, exit R60 

If trim maneuver is desired, perform 
one of the following: 

a. Automatic maneuver: 
GUID CONT sw - PGNS 
S/ C: PGNS sw - AUTO 
Key ENTR, return to step 6; or 

• • 
REMARKS 

Ref para 4. 5. 1 

With AGS guidance steering, AGS orients 
LM Z-axis in specified direction. PGNCS 
R60 does not drive LM Z-axis to any 
specified orientations: therefore PGNCS 
to AGS switchover could result in large 
yaw excursion. Consider FDA! attitude 
error needles as fly-to needles. Needles 
can be nulled by flying from them; however, 
this results in false null and switchover to 
AGS will result in 180° yaw maneuver . 

Final Trim is considered essential for 
maneuvers to APS or DPS thrusting 
attitudes. 
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PROCEDURES REMARKS 

4.10.3 RCS THRUST PROGRAM (P41 ) WITH AGS FOLLOW UP/IN CONTROL (cont) 

b. Manua l Maneuver: 
Sel ect desired a ttitude control mode 
Key ENTR 
ACA - m aneuver manually ; return to 
beginning of s t ep 7 

T o switch t o AGS: 
GUID CONT sw - AGS 
S/C: AGS sw - AUTO 
Go to AGS step 7 

8 . V16 N85 - VG (LM) 
Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 

Monitor DSKY blanks: 
Blanks from TFI = -35 sec to -30 sec 
unless -
POSS FL V05 N09 - Alarm 

Rl 01711 - TFl < 30 sec 
R2 XXXXX 
R3 XXXXX 

PROG lt - on 
Key V34E & RSET 
FL V37 N--
Key XXE , exit P41 

At TFI - 30 sec : 
Vl 6 N85 - VG (LM) 

Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 

Updat e EVNT TMR if required 

6. Per form AGS Orientat ion to Init ial Com
puted Steering Attitude 

y 

7. Monitor velocity to be gained t::. VG: 

Key DEDA C 267R (1 fps) 

Ref par a 4 . 5. 1 

Ref par a 4 . 5. 1 

Determine whether value of VG is ~ 15 fps If state vector integration has overlapped 
for s t ep 9 procedure time period 

8. Display veloci ty t o be gained in desired 
direction: 
a . X- axis 

Key DEDA C 500R (1 fps) 
b. Z-axis 

Key DEDA C 502R (1 fps) 

llf AGS in followup, monitor t::. Vgx and I 
go to AGS step 13 

TFl -35 sec to TFI - 30 sec, beginning and 
duration of blanking cannot be defined. 
Alarm 01711 occurs if state vector integra
tion has overlapped average g tum- on time . 
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4.10.3 RCS THRUST PROGRAM (P41) WITH AGS FOLLOW UP/IN CONTROL (cont) 

To switch to AGS: 
GUID CONT sw - AGS, 
Go to AGS step 9 

9. When EVNT TMR = 00:00 
FL V16 N85 - VG (LM) 

Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 

r If PGNCS in followup, go to PGNCS I 
I step 10 

S/C: PGNS sw - ATT HOLD 
ACA/TTCA - maneuver to null VG 
components 

I 

9. When EVNT TMR = 00:10: 
a. If VG was ~ 15 fps in step 7 

S/C: DEADBAND sw - MIN 
Eng STOP pb/lt - push 
ABORT pb - push 
Go to step 10 

b. If VG was < 15 fps 
S/C: DEADBAND sw - MIN 
S/C: AGS sw - ATT HOLD 

To switch to PGNCS: 
GUID CONT sw - PGNS, 
Go to PGNCS step 10 

10. When EVNT TMR = 00:00: 
a. X-axis selected 

+ X TRANSL pb - push; or 
TTCA - move up 

• • 
REMARKS 

When VG reaches 15 fps, automatic 
selection of AEA attitude hold submode is 
produced; thus preventing gross attitude 
maneuvers as VG appreaches zero fps and 
equations become unstable. 
With no provision of AEA attitude hold, 
manual attitude hold is effected. 

This maneuver is manual; since both 
PGNCS and AGS calculate ti. V values, 
either DAP or CES can be used for stabili
zation and translation, using either com
puter readout of ti. V. 
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PROCEDURES 

4.10.3 RCS THRUST PROGRAM (P41) W ITH AGS FOLLOW UP / IN CONTROL (cont) 

b. Z-axis selected 
TTCA - move in or out 

11 . When AV gx (for A Vgz) +00000: 
a. + X TRANSL pb - release; or 
b. TTCA - release 

12. If st ep 9 , a was selected: 
ABORT pb - reset 
Eng STOP pb/ lt - reset 

13. Readout predicted perigee altitude: 
Key DEDA C 403R (0.1 nm) 
Compar e with P GNCS Hp value 

14. Readout apogee altitude: 
Key DEDA C 315R (0. 1 nm) 
Compare with PGNCS Ha value 

10 . Terminate P41 or select Orbit Parameter 
Display Routine (R30): 
a . Terminate 

Key PRO 
FL V37 N--
Key XXE , exit P 41 

b. Select R30 
Key V82E 
FL V16 N44 

Rl Ha XXXX. X nm 
R2 Hp XXXX. X nm 
R3 TFF XXBXX m in-sec 
Key PRO when finished with display 
to reestablish N85 display ; exit R30 
Key PRO 
FL V37 N--
Key XXE , exit P40 

• • 

REMARKS 

For positive translation, TTCA is moved in 

At this time, LGC restores crew-specified 
(R03) deadband limits in RCS DAP. 

Orbit parameters are automatically recom-
puted every 2 sec while average g is in 
progress. 

• • 
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PROCEDURES 

4.10.4 THRUST MONITOR PROGRAM (P47) 

LGC Power Up (required} 

LGC Self Test (desi red) 

LGC time valid (required) 

LGC state vector valid (required) 

IMU Power Up (LGC Operating) (required) 

IMU Orientation Program (P51) (required) 

OAP Data Load Routine (R03) (required) 

1. Select total attitude display: 
ATTITUDE MON sw - PGNS 
FDAr'1 ·sw - as desired 
FDAI 2 sw - as desired 

2. Select P47: 
Key V37E 47E 
POSS PROG lt - on 
Key V05 N09E - Call alarm 

Rl 00210 - IMU not on 
00220 - IMU orientation not known 

R2 XXXXX 
R3 XXXXX 
Key KEY REL & RSET 
Exit P47 

3. FL V16 N83- a V (LM.) 
Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XX.XX. X fps 

... 
:c ,., 
C: 

~ 

• • 
REMARKS 

The purpose of Program 47 is to monitor LM acceleration dur
ing AGS controlled burns or manual RCS transmations, and to 
display a V's resulting from thrusting maneuvers. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

LGC/CMC Clock Synchronization (R33), ref para 4. 6. 1.15 

LGC Update (P27) , ref para 4. 6.17 and when appropriate, 
Rendezvous Navigation Program (P20), ref para 4. 8. 2. 1 
Ref para 4. 6. 1. 3. ISS should be on one hour before a thrusting 
maneuver • 
Ref para 4. 9. 1.1 

Ref para 4. 6.1. 8 

Ref para 4. 5. 3.1 

·P47 must be called at least one minute before thrusting occurs. 

Perform IMU Power Up (LGC Operating), ref para 4. 6. 1. 3 
Perform IMU Orientation Program (P51), ref para 4. 9. 1.1 

Registers display 0000. 0, except for PIPA bias accumulation, 
until thrusting maneuver is started. N83 is updated every 
2 sec . 
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PROCEDURES 

4.10.4 THRUST MONITOR PROGRAM (P47) (cont) 

4, Perform desired thrusting maneuver, monitoring FDAI to avoid 

gimbal lock 

5, To zero displays for monitoring another burn: 
Key V32E 
To terminate monitoring Key PRO or V34E 

6, FL V37 N--
Key XXE, exit P47 

4.10.5 AGS RCS AXIS-BY-AXIS THRUST 

AGS Power Up (required) 

AGS Self Test (desired) 

AGS time valid (required) 

AGS LM state vector valid (required) 

AGS CSM state vector valid (required) 

PGNCS/ AGS Align (required) 
Appropriate prethrust procedure performed (required) 

• • 

REMARKS 

Rendezvous Parameter Display Routine (R31) may be called to 

display range, range rate, and 6 • 

Terminating P47 as soon as practical after thrusting will keep 

errors associated with average g integration to minimum. 

Select desired program. 

Orbit Parameter Display Routine (R30), ref para 4. 8.1. 2, may 

be called at this time. 

RCS fuel is used more efficiently when a burn is done along 

velocity-to-be-gained vector. However, this procedure can 

be used to perform burns of small ti. V magnitude where 

orientation attitude maneuver is large. 

Ref para 4. 6. 2.1 

Ref para 4. 6. 2. 3 

AGS Initialization Routine (R47), ref para 4. 6. 1. 18 or AGS 

Manual Time Initialization, ref para 4. 6. 2. 6 

AGS Initialization Routine (R47), ref para 4, 6. 1. 18 or AGS 

Manual LM State Vector Update/ Initialization, ref para 4. 6. 2, 7 

or AGS Manual Rendezvous Radar LM state vector update, 
ref para 4. 8. 2. 2 
AGS Initialization Routine (R47), ref para 4. 6. 1, 18 or AGS 

Manual CSM State Vector Update/ Initialization, ref para 
4.6,2.8 
Ref para 4. 9, 2.1 
Ref para 4. 7 

• • 
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PROCEDURES 

4.10.5 AGS RCS AXIS-BY-AXIS THRUST (cont) 

1. Enable ACA/TTCA: 
4 ACA/4 JET sw (2) - ENABLE 

TTCA/TRANSL sw (2) - ENABLE 
TTCA THROTTLE/JETS cont (2) - JETS 

1 ENG THR CONT: X TRANSL sw - 2 JETS 
1, 2 ACA PROP sw (2) - ENABLE 

2, Prepare thrust controls for RCS burn: 

1 ENG THR CONT: ENG ARM sw - OFF 
ABORT pb - reset 
ABORT STAGE pb - reset 

5 Eng START pb/lt - off 
4, 5 Eng STOP pb/lt (2) - reset 

3, Select desired attitude control mode: 
1 a, GUID CONT sw .- AGS 
3 S/C: AGS sw - AUTO 

ROLL, PITCH, YAW sw - MODE CONT 
DEAD BAND sw - MIN 

1 ENG THR CONT: BAL CPL sw - ON 
or 
b, Select AEA attitude hold submode: 

Key DEDA C 400 + 00000E 
Establish AGS automatic mode 
GUID CONT sw - AGS 

3 S/ C: AGS sw - AUTO 

1 

ROLL, PITCH, YAW sw - MODE CONT 
DEAD BAND sw - MIN 

ENG THR CONT: BAL CPL sw - ON 

4, Readout X-axis component of velocity to be gained ( t,. Vgx): 

Key DEDA C 500R (1 fps) 

• 

a. If AGS in external t. V guidance and t,. Vgx is negative or 
zero, go to step 5 

b. If not, go to step 7 

5, Load freeze components of external t,. V in inertial space 
Key DEDA C 407 + l0000E (do not enter) 

. .... 
. :c 

"" = 
~ 

• 
REMARKS 

Ref para 4. 5, 1 

External t,. V routine freezes components of external t,. V in 

inertial space as soon as AGS senses thrust in + X direction. 

If LM does not initially thrust in that direction at the start of 

an external t. V burn, it must be accomplished manually. 

• 

► "U 
0 
~ 
~ 

0 

~i 
ffl ► 
.,► .... 

,0 
:!o o· z ':' "'~ 
::c ~ 
► ... z 
0 
m 
0 
0 
j,111,i 



0 
0 
;; 

,.. 
tJ1 

c... 
c:: 
'< ,.. 
"' a, 
00 

(") 
:r 
0 
::, 

<O 
(1) 

0 
0 
;; 

.,, 
0 

<O 
(1) 

CREW- PNL 
MAN 

• 

PROCEDURES 

4.10.5 AGS RCS AXIS-BY-AXIS THRUST (cont) 

G. When the EVNT TMR = 00 :00 
Key DEDA ENTR 

7. Immediately readout ii Vgx 
Key DEDA C 500R (1 fps) 
Null ii Vgx 
TTCA - move up or down 

8. Trim Y - component of velocity to be gained 
Key DEDA C 501R (1 fps) 
Null ii Vgy 
TTCA - move right or left 

9. Trim Z-component of velocity to be gained 
Key DEDA C 502R (1 fps) 
Null ii Vgz 
TTCA - move in or out 

4. 10.6 APS BURN TO DEPLETION 

LGC Power Up (required) 

LGC Self Test (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

IMU Power Up (LGC Operating) (required) 

IMU Orientation Determination (P51) (required) 

DAP Data Load Routine (R03) (required) 

DCA Enable (required) 

• 

REMARKS 

Positive ii Vgx requires moving TTCA up. 

Positive ii Vgy requires moving TTCA right . 

Positive ii Vgz requires moving TTCA in. 

Ref para 4. 6. 1. 1 

Ref para 4. G. 1. 3 

LGC/ CMC Clock Synchronization (R33), ref para 4. 6.1.15 

LGC Update (P27), ref para 4. 6. L 7 and when appropriate 
Rendezvous Navigation Program (P20), ref para 4 . 8. 2. 1. 
Ref para 4. 6.1. 3. ISS should be on one hour before thrusting 
maneuver. 
Ref para 4 . 9. 1.1 

Ref para 4 . G. 1. 8 

Ref para 4. 13. 2.10 

• • • 
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PROCEDURES 

4.10.6 APS BURN TO DEPLETION (cont) 

1. Target LGC, using data provided by MSFN, for a great enough 
burn magnitude (at least 300 seconds) to achieve objectives of 
burn, to prevent engine shutdown by the LGC, and to ensure 
ascent propellant depletion to begin about 25 minutes after LM 
jettison. 

2. Select P42, and select PGNCS automatic mode (P42, PGNCS 
steps 1 through 6, but do not key PRO). 

3. GUID CONT sw - PGNS 

4 . MPS: ASC He REG 1 & 2 tb - gray 

5. RCS: 
CRSFD tb - bp 
SYS A ASC FUEL tb - bp 
SYS A ASC OXID tb - bp 
SYS A QUAD 1, 4, 2 , & 3 tb - gray 
SYS A MAIN SOV tb - gray 
SYS B MAIN SOV tb - gray 
SYS B ASC FUEL tb - bp 
SYS B ASC OXID tb - bp 
SYS B QUAD 1, 4, 2, & 3 tb - gray 

6, RCCA sw - ENABLE 

7. GLYCOL sel - PUMP 1 

8. S/C: 
ROLL, PITCH, YAW sw - MODE CONT 
AGS sw -AUTO 

• 
REMARKS 

MSFN will provide an external V and time of ignition for use 
with Program 30. 

MSFN can perform all of P42 via digital uplink or continue 
orientation maneuve r by keying PRO after LM jettison. 

The following should be performed before continuing this task: 
CDR Intravehicular Transfer to CSM (ref para 4. 14. 5) 
Equipment transfer to CSM 
LMP Connect to Transfer Umbilical (ref para 4 . 14. 2) 

Positions of switches not constrained by the requirements of 
this task, and positions of momentary contact switches are 
not listed. 

Setting RCCA sw - ENABLE is temporary; set to OFF/RESET 
in step 16, 
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PROCEDURES 

4.10.6 APS BURN TO DEPLETION (cont) 

9. LTG: 
FLOOD sw - ALL 
EXTERIOR LTG sel - TRACK 

10. ACA/ 4 JET sw (2) - DISAB LE 
T TCA/ T RANS L sw (2) - DISAB LE 
ACA PROP sw (2) - DISABLE 

11. Eng STOP pb/ lt (2) - reset/off 

12 . COMM: 
UP DATA LINK sw - DATA 
S BAND MODULATE sw - PM 
S BA ND XMTR/ RCVR sw - OFF 
S BAND PWR AMPL sw - OFF 
S BAND VOICE sw - OFF 
S BAND PCM sw - OFF 
S BAND RANGE sw - OFF/ RESET 
VHF A XMTR sw - OFF 
VHF A RCVR sw - OFF 
VHF B XMTR sw - OFF 
VHF B RCVR sw - OFF 
TLM BIOMED sw - OFF 
TLM PCM sw - HI 
RECORDER sw - OFF 

13 . EPS: 
POWER TEMP/ MON sel - ED/ OFF 
INVERTER sw - 1 

14 . All CB 1s - open, except: 
CB/ AC BUS B: 

BUS TIE INV 2 - cl ose 
B US TIE INV 1 - c lose 

CB/ AC BUS A: 
BUS TIE INV 2 - close 
BUS TIE INV 1 - close 
AC BUS VOLT - close 

• 

REMARKS 

Turn flood lighting sw OFF before leaving LM or when no longer 
required. OVHD/ FWD flood lights will remain on while docking 
hatch i s open, and will turn off at closing of hatch. 

• • • 
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PROCEDURES 

4.10.6 APS BURN TO DEPLETION (cont) 

CB RCS SYS A: QUAD 4, 3, 2, & 1 T CA - close 
CB INST: SIG CONDR 1 - close 
CB S/ C: 

A TCA PGNS - close 
AELD - close 

CB HTR RCS SYS A/ B 1: QUAD 4, 3, 2, & 1 - close 
CB ECS: 

GLYCOL PUMP 2 - close 
GLYCOL PUMP 1 - close 
GLYCOL PUMP AUTO TRNFR - close 

CB COMM: 
UP DATA LINK - close 

CB PGNS: 
LGC/ DSKY - close 
IMU STBY - close 
IMU OPR - close 

CB EPS: 
BAT FEED TIE (2) - close 
CROSS TIE BUS - close 
ASC ECA CONT - close 
ASC ECA - close 
INV 1 - close 
DC BUS VOLT - close 

15. All CB 1s - open, except: 
CB RCS SYS B: QUAD 1, 2, 3, & 4 TCA - close 

PQGS/ DISP - close 
CB LTG: 

TRACK - close 
FLOOD - close 

CB S/C: 
ENG ARM - close 
AELD - close 
ATCA - close 
ATCA (AGS) - close 

CB INST: 
SIG SENSOR - close 
PCM/ TE - close 
SIG CONDR 2 - close 

. ..... 
:z: ,., 
C 
~ 

• • 
REMARKS 

RCS and MPS display circuit breakers must not be opened until 
status of RCS and ascent solenoid valves have been verified. 
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PROCEDURES 

4.10.6 APS BURN TO DEPLETION {cont) 

CB HTR RCS SYS A/ B 2: QUAD 1, 2, 3, & 4 - close 
CP EPS: 

DC BUS VOLT - c lose 
ASC ECA - close 
ASC ECA CONT - close 
CROSS TIE BUS - close 
BAT FEED TIE (2) - close 

16 . ENG THR CONT: ENG ARM sw - ASC 
RCCA sw - RESET/ OFF 

17. Perform LMP Intravehicular Transfer to CSM 

• • 

REMARKS 

There is a single point failure which could cause engine start 
as soon as e ngine is armed. If the a rming is uneventful then 
RCCA is RESET. 

Ref para 4. 14. 3. 

Preparation for jettison, and jettison, are controlled from 
CSM • 

Post jettison coast can be monitored visually from CSM. 

Control of LM is exercised by MSFN via uplink commands to 
DCA. APS burn to depletion begins about 25 minutes after 
jettison at initial range of about TBD feet . (Sufficient that 
probability of collision due to explosion is satisfactorily low. ) 
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4.11 SEPARATION & DOCKING 

• • 
PROCEDURES REMARKS 

...... 
u, 
~ Separation & docking procedures are in a 2-column format to facilitate presenting these procedures as separate PGNCS or AGS '< procedures, and as integrated PGNCS and AGS procedures one guidance computer in control and the other in a follow-up condition 
~ ready to assume control. The left column presents the PG NCS procedures; the right column presents the AGS procedures. cr, 
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4.11. l LM ACTIVE SEPARATION 

LGC Power Up (required) 

LGC Self-Test (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

IMU Power Up (LGC Operating) 
(required) 

IMU Orientation Determination (P51) 
(required) 

DAP Data Load Routine (R03) 
(required) 

AGS Power Up (required) 

AEA Self-Test (desired) 

AGS time valid (required) 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

LGC/CMC Clock Synchronization (R33), 
ref para 4. 6. 1. 15 

LGC Update (P27 ), ref para 4. 6. 1. 7 and 
when appropriate Rendezvous Navigation 
Program (P20) , ref para 4. B. 2. 1 

Ref para 4. 6. 1. 3. ICS should be on one 
hour before a thrus ting maneuver. 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 1. 8 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 3 

AGS Manual Absolute Time Initialization ; 
ref para 4. 6. 2. 6 or AGS Initialization 
Routine (R47) , ref para 4. 6. 1. 18 

• 

► ,, 
0 r,.. 
0 

~i 
ffl ► ;: ~ 
::i 0 o· z ':' 
"' r-z 1 
►• z 
C 
1111 
0 
0 
;Ill; 



...... 
U1 

"-< s 
"< 
...... 
(;;, 
0, 
00 

n 
::r 
0 
:, 
(0 

<1) 

0 
0 
ct 

"" 0 
(0 

<1) 

f> 
,_. 
...... 
I 

"' 

CREW
MAN PNL 

• 

PROCEDURES 

4.11.1 LM ACTIVE SEPARATION (cont) 

AGS LM/CSM state vector valid (required) 

AGS attitude data valid (required) 

1. Select attitude control 1. Se lect attitude control: 

GUID CONT sw - PGNS S/ C: AGS sw - OFF 

S/ C : PGNS sw - OFF 

ROLL, PITCH, YAW sw - MODE ROLL, PITCH, YAW sw -

CONT MODE CONT 

PGNS sw - OFF S/ C: DEAD BAND sw - MIN 

AGS sw - OFF GUID CONT sw - AGS 

DEAD BAND sw - MIN 2. Enab le ACA / TTCA: 

2. Enable ACA / TTCA: 
TTCA / TRANSL sw (2) - ENABLE 
ACA / 4 JETS sw - ENAB LE 

TTCA / TRANSL sw (2) - ENABLE THROTTLE / JETS co nt (2) - JETS 
ACA / 4 JET sw (2) - ENABLE ENG THR CONT: BAL CPL sw - ON 
THROTTL /JETS cont - JETS X TRANSL sw - 2 JETS 
ENG THR CONT: BAL CPL sw - ON 
X TRANSL sw - 2 JETS 

ACA PROP sw (2) - ENABLE 

ACA PROP sw (2) - ENABLE 

3, Select total attitude and attitude error 3, Select total attitude and attitude error 

display: displays: 

FDAI 1 sw - as desired FDAI 1 sw - as desired 

FDAI 2 SW - as desired FDAI 2 sw - as desired 

ATTITUDE MON sw (1) - PGNS ATTITUDE MON sw (1) - AGS 

ATTITUDE MON sw (1) - AGS ATTITUDE MON sw (1) - PGNS 

RATE / ERR MON sw (2) - LDG RDR / RATE / ERR MON sw - LDG RDR / 

CMPTR CMPTR 

• • 

REMARKS 

AGS Initialization Routine (R47), ref para 
4, 6, 1, 18, or AGS Manual LM State Vector 
Update/Initialization, ref para 4. 6. 2. 7 
and AGS Manual CSM State Vector Update/ 
Initialization, ref para 4. 6. 2, 8 

AGS Alignment to PGNCS IMU, ref para 
4. 9, 2. 1 or AGS Alignment to LM Body 
Axes, ref para TBD. Valid attitude data 
are required when guidance steering is 
desired, e.g. , for thrusting maneuvers. 

Ref para 4. 5. 1. 3 

Ref para 4. 5. 1. 6 

Ref para 4. 5. 3. 1 and 4. 5. 3. 2 

Ref para 4. 5. 3. 3 

Ref para 4. 5. 3. 4 
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PROCEDURES 

4. 1 l. l LM ACTIVE SEPARATION (cont) 

4. Select attitude rate displays 4. 
RATE SCALE sw - as desired 

5. Request CSM verify CSM/LM elect rical 5. 
umbilical power sw set to off 

6. Disconnect and stow CSM/LM electrical 6. 
umbilical 

7, Install drogue (LM side) 7. 

8, Close overhead hatch (LM side) 8. 

9, Perform ECS Basic 9. 

10. Perform Heaters Status Check. 10. 

11. Perform Cabin Leak Check. 11. 

12. Set EVNT T MR to count down to 12. 
separation. 

13, Verify CMP installed preloaded 13. 
docking probe. 

14. Verify CMP released docking l atches 14. 

• 

Select attitude rate displays 
RATE SCA LE sw - as desired 

Reques t CSM verify CSM/ LM electrical 
umbil ical power sw set to off 

Disconnect and stow CSM/LM electrical 
umbilical 

Install drogue (LM side) 

Close overhead hatch (LM side) 

Perform ECS Basic 

Perform Heaters Status Check 

Perform Cabin Leak Check 

Set EVNT T MR to count down to 
s eparation 

Verify CMP installed preloaded 
docking probe. 

Verify CMP released docking latches 

• 
REMARKS 

Ref para 4. 14. 10 

Ref para 4. 14. 8 

Ref para 4. 13. 1. 1. SUIT GAS DIVERTER 
vlv is set to PULL EGRESS during MPS 
bur ns. 

Ref para 4. 13. 5 

Ref par a 4. 13. 1. 10 

Ref para 4. 13. 6 

It is assumed preloaded docking probe is 
sufficient to separate LM from CSM • 
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PROCEDURES REMARKS 

4.11.1 LM ACTIVE SEPARATION (cont) 

15. L TG: EXTERIOR L TG s el - DOCK 

16. Verify COAS installed in ove rhead 
window. 

17. Select Thrust Monitor Program (P47): 
Key V37 47E 

18. FL V06 N83 - AV(LM) 
Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 

19. Secure s elf and cabin. 

20. Coordinate countdown separation time 
with CMP 

21. Monitor s eparation when EVNT TMR 
00:00 

If separation doe s not occur: 
S/ C: PGNS sw - ATT HOLD 
TTCA - move down :::::: 2. 5 sec 
(0. 5 fps AV) 

22 . When separated desired number of feet, 
S/ C: PGNS sw - ATT HOLD 

23 . Terminate P47 
Key PRO 

4. 11 .2 LM ACTIVE DOCKING 

LGC Power Up (require1) 

LGC Self-Test (desired) 

• 

15, LTG : EXTERIOR LTG se l - DOCK 

16. Verify COAS installed in overhead 
window. 

17. Secure self and cabin 

18. Coordinate countdown separation time 
with CMP 

19. Monitor separation when EVNT TMR 
00:00 

If separation does not occur:· 
S/ C: AGS sw - ATT HOLD 
TTCA - move down :::::: 2. 5 sec 
(0. 5 fps AV) 

Ref para 4. 10. 4. 

Registers display all zeros except for 
PIPA bias accumulation until a thrust 
maneuver is started. 

20. When separated desired number of feet, Separation distance is mission dependent. 
S/C: AGS sw -ATT HOLD 

• 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 
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PROCEDURES 

4.11 .2 LM ACTIVE DOCKING (cont) 

LGC time valid (required) 

LGC state vector valid (required) 

IMU Power Up (LGC Operating) 
(required) 

IMU Orientation Determination (P51) 
(required) 

DAP Data Load Routine (R03) (required) 

LGC monitoring thrust (required) 

AGS Power Up (required) 

AEA Self-Test (desired) 

AGS time valid (required) 

AGS LM/CSM state vector valid (required) 

AGS attitude data valid (required) 

• 
REMARKS 

LGC / CMC Clock Synchronization (R33), 
ref para 4. 6, 1, 15 

LGC Update (P27), ref para 4. 6. 1, 7 and 
when appropriate Rendezvous Navigation 
Program (P20), ref para 4. 8. 2. 1 

Ref para 4. 6. 1, 3. ISS should be on one 
hour before a thrusting maneuver. 

Ref para 4. 9, 1. 1 

Ref para 4. 6, 1, 8 

Thrust Monitor Program (P47), ref para 
4, 10,4 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 3 

AGS Manual Absolute Time Initialization, 
ref para 4. 6. 2. 6 or AGS Initialization 
Routine (R47), ref para 4. 6.1. 18 

AGS Initialization Routine (R47), ref para 
4, 6. 1. 18, or AGS Manual LM State Vector 
Update/Initialization, ref para 4. 8. 2. 7 
and AGS Manual CSM State Vector Update/ 
Initialization, ref para 4. 6. 2. 8 

AGS Alignment to PGNCS IMU, ref para 
4. 9. 2. 1 or AGS Alignment to LM Body 
Axes, ref para TED. Valid attitude data 
are required when guidance steering is 
desired, e.g. for thrusting maneuvers. 
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PROCEDURES 

4.1 1.2 LM ACTIVE DOCKING (cont) 

1. Select RR displays : 1. 
SHFT /TRUN 4 sw - as desired 
RATE/ERR MON sw (1) - RNDZ RDR 
X POINTER SCALE sw - HI MULT 
RANGE / ALT MON sw - RNG/RNG RT 

2, Select atti tude control: 
Key V77E 
GUID CONT sw - PGNS 
S/ C : 

ROLL , PITCH , YAW sw - MODE 
CONT 
PGNS sw -ATT HOLD 
AGS sw - ATT HOLD 

or 
Same switch se ttings except 
key V76E 

3. Enable ACA / TTCA: 2. 
TTCA/TRANSL sw (2) - ENABLE 
ACA / 4 JET sw (2) - ENABLE 
THROTTLE / JETS cont (2) - JETS 
ENG THR CONT : BAL CPL sw - ON 

"ENG THR CONT: X TRANSL sw -
2 JETS 
ACA PROP sw (2) - ENAB LE 

4. Select total attit ude and attitude error 
display : 
FDA! 1 sw - as desired 
FDA! 2 sw - as desired 
ATTITUDE MON sw (1) - PGNS 
ATTITUDE MON sw (1) - AGS 
RA TE / ERR MON sw - LDG RDR/ 
CMPTR 

• 

REMARKS 

Select RR displays : Ref para 4. 5, 3, 6 
SHFT / TRUN 4 sw - as desired 
RATE/ERR MON sw (1) - RNDZ RDR 
X POINTER SCALE sw - HI MULT Ref para 4. 5. 3. 7 
RNG/ALT MON sw - RNG/RNG RT Ref para 4. 5, 3, 10 

Ref para 4. 5. 1. 3 

► ~ 
0 .... .... 
0 
0 .... 
~ ~ 

Ref para 4, 5. 1. 4 

m )> :a 
)> .... 

,0 
~ 0 

Enable ACA/TTCA : 
TTCA / TRANSL sw (2) - ENABLE Ref para 4. 5. 2 . 5 
ACA/4 JET sw (2) - ENABLE 
THROTTLE/JETS cont (2) - JETS 

0 I 
w z I 

"' .... 
:::c ~ 
)> ~ 
z 

ENG THR CONT: BAL CPL sw - ON 0 
ENG THR CONT: X TRANSL sw -
2 JETS 
ACA P ROP sw (2) - ENABLE 

u:r 
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;iii:; 

Ref para 4. 5, 3. 1 and 4. 5. 3, 2 
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PROCEDURES 

4.11.2 LM ACTIVE DOCKING (cont) 

5. Select attitude rate displays 
RATE SCALE sw - as desired 

6. COAS sw - FWD 
LTG: EXTERIOR LTG sel - DOCK 

7. Radar technique: 
ACA - yaw and pitch as required to null 
shaft and trunnion angles on FDAI 
TTCA - translate along X and Y body 
axes to null LOS rates on X-pointer 
(X-pointer is fly to display) 
Translate along Z-body axis to bring 
range rate to -5 fps 

8. Monitor: 
Between range of 500 and 110 ft main
tain null of azimuth and elevation angles 
and LOS rates. Maintain range rate at 
-5 fps 

3. Select attitude control: 
S/C: AGS sw - ATT HOLD 

PGNS sw - ATT HOLD 
ROLL, PITCH, YAW sw -
MODE CONT 

DEAD BAND sw - MIN 

4. Select total attitude and altitude error 
display 
FDAI 1 sw - as desired 
FDAI 2 sw - as desired 
ATTITUDE MON sw (1) - AGS 
ATTITUDE MON sw (1) - PGNS 
RATE/ERR MON sw - LDG RDR/ 
CMPTR 

5. Select attitude rate displays 
RA TE SCALE sw - as desired 

6. COAS sw - FWD LTG 
LTG: EXTERIOR LTG sel - DOCK 

7. Radar technique: 
ACA - yaw and pitch as required to null 
shaft and trunnion angles on FDAL 
TTCA - translate along X and Y body 
axes to null LOS rates on X-pointer 
(X-pointer is fly to display) 
Translate along Z-body axis to bring 
range rate to -5 fps 

8. Monitor: 
Between ranges of 500 and 110 ft main
tain null of azimuth and elevation angles 
and LOS rates. Maintain range rate at 
-5 fps 

• 
REMARKS 

Ref para 4. 5. 1. 6. AGS pulse and direct 
modes of attitude control are not recom
mended for docking. 

Ref para 4. 5. 3. 3 

Ref para 4, 5. 3. 4 

Ref para 4. 5. 3. 5 

Select display scaling ranges as desired 
for coarse and fine nulling. 
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,_. 4.11.2 LM ACTIVE DOCKING (cont) 
c:.n 
"-< 

" 9, TTCA - at 110 ft translate to null range 9. TTCA - at 110 ft translate to null range .... 
'< ,_. rate so at range of 80 ft range rate rate so that at range of 80 ft range rate 
<O is zero is zero m 
00 

10. ACA & TTCA - rotate and translate to 10. ACA & TTCA - rotate and translate to 
acquire face-to-face orientation (LM acquire face - to -face orientation (LM 
Z-axis aligned with CSM X-axis) and Z-axis aligned with CSM X-axis) and 
null LOS and range rates null LOS and range rates. 

► .,, 
11. Prepare for docking: 11. Prepare for docking: 0 

n RNDZ MDAR sel - SLEW RNDZ MDAR sel - SLEW r-
SHFT / TRON 4- sw - ±50° 

r--::r SHFT/TRUN 4- SW - ±50° 0 0 
::, 

RNDZ MDAR: SLEW SW - LE FT or RNDZ MDAR: SLEW SW - LEFT or (0 0 r-Cb 

i 0 RIGHT to null trunnion RIGHT to null trunnion .,, 
0 RNDZ MDAR: SLEW sw - DOWN RNDZ MDAR: SLEW sw - DOWN m 

► ;. :ii, 
until shaft angle = 50° until shaft angle = 50° ► 

.... 
'° CB / AC BUS A: RNDZ RDR - open CB /AC BUS A : RNDZ RDR - open -t 0 

Install COAS in overhead window Install COAS in overhead window 0 I 

w 
COAS sw - OVHD COAS sw - OVHD z I 

"' r-

::::c i 
12, ACA - pitch down 90° and view ..;sM 12. ACA - pitch down 90° and view CSM 

► ~ through overhead window through overhead window z 
C 

13. ACA - yaw left 120° until COAS reticle 13. ACA - yaw left 120° until COAS reticle A yaw maneuver > 90° causes FDAI pitch 
ICD 
0 

is aligned with CSM standoff target is aligned with CSM standoff target and roll gimbals to flip 180 and gyrate 0 
::::: 3 sec. ~ 

14. TTCA - make final approach along +X 14. TTCA - make final approach along +X Absolute maximum contact velocity is 
axis at closing rate of 0. 1 to 0. 3 fps axis at closing rate to 0. 1 to 0. 3 fps 1 fps. 

" 0 
(0 

15. At contact, thrust until CSM verifies 15. At contact, thrust until CSM verifies Capture thrust must be applied within Cb 

latch capture latch capture 1 sec of contact. This prevents rebound 
f" after contact. 
,_. ,_. 
I 16. Receive verification of soft docking 16. Receive verification of soft docking 00 

from CSM from CSM 

• • • • • 
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PROCEDURES 

4.11.2 LM ACTIVE DOCKING (cont) 

17. Request CSM permit LM attitude control 17. 
of docked modules 

18. S/ C : PGNS sw - AUTO 18. 
AGS sw -AUTO 

19. LTG : FLOOD sw - OVHD / FWD 19. 

20. Pressurize LM/ CSM interlock 20. 

21. LTG: EXTERIOR LTG sel - OFF 21. 

• 
Request CSM permit LM attitude control 
of docked modules 

S/C: PGNS sw - AUTO 
AGS sw -AUTO 

LTG: FLOOD sw - OVHD / FWD 

Pressur i ze LM/ CSM interlock 

LTG: EXTERIOR LTG sel - OFF 

• 
REMARKS 

LM RCS is used for attitude control to 
conserve CSM RCS propellant. 
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PROCEDURES 

4.12 STAGING 

4.12.1 DPS HELIUM & PROPELLANT VENTING 

1. Perform MPS Basic (Unstaged) 

2. Check status of fuel and oxid valves before venting: 
DES PROPUL: FUEL VENT. tb - bp 
DES PROPUL: OXID VENT tb - bp 

3. Check status of descent regulators before venting: 
DES He REG 1 tb - gray 
DES He REG 2 tb - bp 

4. Vent helium and oxidizer : 
ED: 

MASTER ARM sw - ON 
DES VENT sw - FffiE 
MASTER ARM sw - OFF 
DES PROPUL: OXID VENT sw - OPEN; tb - gray 

PRPLNT TEMP/PRESS MON sw - DES 1 
MPS: OXID PRESS ind - $20 psia 
HELIUM MON sel - SUPCRIT PRESS 
MPS: HELIUM ind - ~320 psia 
HELlUM MON sel - OFF 
DES PROPUL: OXID VENT sw - CLOSE; tb - bp 

5. Vent fuel: 
DES PROPUL: FUEL VENT sw - OPEN; tb - gray 
PRPLNT TEMP/PRESS MON sw - DES 1 
MPS: FUEL PRESS ind - ~20 psia 
DES PROPUL: FUEL VENT sw - CLOSE; tb - bp 

4.12.2 APS PRESSURIZATION & CHECKOUT 

1. HELIUM MON sel - TEMP 1 
MPS: HELIUM ind - 30° to 140° F 

• • 
REMARKS 

This task will be performed prior to staging or a fter last DPS 
burn, depending on specific mission profile. 

Ref para 4. 13. 3. 1 

Time required for this task will be a function of quantities 
of helium and propellant remaining in system. Hold switches 
OPEN until required psia value is displayed. 

OXID VENT solenoid latching valve is opened when tb - gray. 

OXID VENT solenoid latching valve is closed when tb - bp. 

FUEL VENT solenoid latching valve is opened when tb - gray. 

FUEL VENT solenoid latching valve is closed when tb - hp. 

Ascent helium tank pressure values, as function of time will 
remain approximately the same as for initial tank loading 
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PROCEDURES 

4.12 .2 APS PRESSURIZATION & CHECKOUT (cont) 

2. HELIU M MON sel - TEMP 2 
MPS: HE LIUM ind - 30° to 140° F 

3. HE LlUM MON sel - PRESS 1 
MPS: HELIUM ind - 2720 to 3500 psia 

4. HE LIUM MON sel - PRESS 2 
MPS: HELIUM ind - 2720 to 3500 psia 

5. PRPLNT TEMP/ PRESS MON sw - ASC 
MPS: 

FUEL TEMP ind - 50° to 90° F 
OXID TEMP ind - 50° to 90° F 
FUEL PRESS ind - TBD 
OXID PRESS ind - TBD 

6. ASC He REG 1 and 2 tb - gray 

7. RCCA sw - ENABLE 

8. ED: 
ASC He SEL sw - BOTH 
MASTER ARM sw - ON 
ASC He PRESS sw - FIRE 
MASTER ARM sw - OFF 

9. PRPLNT TEMP/ PRESS MON sw - ASC 
MPS: 

FUEL TEMP ind - 50° to 90° F 
OXID TEMP ind - 50° to 90° F 
FUEL PRESS ind - 178 t o 203 psia 
OXID PRESS ind - 178 to 203 psia 

10. HELIUM MON sel - PRESS 2 
MPS: HELIUM ind - 2600 to 3500 psia 
HELIUM MON sel - PRESS 1 
MPS: HELIUM ind - 26 00 to 3500 psia 

• • 

REMARKS 

conditions . See figure 4-4, Ascent Helium Loading for expected 

tank pressure as function of tank t emperature a nd initia l loading 
conditions . ASC PRESS warn lt goes on when helium tank pres
sure decreases to 2773 psia. 

See figure 4 - 5, Ascent Propellant Tempe r ature/Pressure 
Before Pressurization, for following case s: 

(1) No helium absorption (sa turation) 
(2) Delayed helium absorption 
(3) Helium absorption 

Select TANK 1 or TANK 2 if pressure r eadings in s t eps 3 or 
4 a r e be low TBD, or a leak is s uspected. 

If LM staged, or staging is imminent, ED: MASTER ARM sw 
m ay be l eft in ON position. 

Following values apply to pressure relie f valve assembly: 
Burst- disk rupture pressure - 226 t o 250 psia 
Reseat Pressure - 225 psia 
Relief valve c r acking pressur e - 245 psia 
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PROCEDURES 

4.12.3 APS PRESSURIZATION & CHECKOUT (Al TERNA TE) 

1. 

2. 

3 . 

4. 

5. 

6. 

7. 

8. 

HELIUM MON se l - TEMP 1 
MPSL: HELIUM ind - 30° to 140° F 

HELIUM MON sel - TEMP 2 
MPS : HELIUM ind - 30° to 140° F 

HELIUM MON sel - PRESS 1 
MPS: HELIUM ind - 2720 to 3500 psia 

HELIUM MON sel - PRESS 2 
MPS: HELIUM ind - 2720 to 3500 psia 

PRPLNT TEMP/ PRESS MON sw - ASC 
MPS: 

FUEL TEMP ind - 50° to 90° F 
OXID TE MP ind - 50° to 90° F 
FUEL PRESS ind - TBD 
OXID PRESS ind - TBD 

ASC He REG 1 sw - CLOSE; tb - bp 
ASC He REG 2 sw - OPEN; tb - gray 

RCCA sw - ENABLE 

ED: 
ASC He SE L sw - BOTH 
MASTER ARM sw - ON 
ASC He PRESS sw - FIRE 
MASTER ARM sw - OFF 

.,, ... 
> .,, 
z 
C> 

• • 
REMARKS 

This optiona l procedure pr ovides checks fo r helium 
r egulators independently , befor e pressurization. Ascent 
helium tank pr essure values , as a function of time , will 
r ema in approximately the same as for initia l t ank loading 
conditions. See figure 4- 4 , Ascent Helium Loading, for 
expected t ank pressure a s a function of tank temperature and 
initia l loading conditions. ASC PRESS warn lt is on when 
helium tank pressure decreases to 2773 psia . ASC He REG 
primary solenoid latching valve is closed when tb - bp. 

See figure 4-5, Ascent Propellant Temp/Press Before 
Pressurization for following ca s es: 

• No helium absorption (saturation) 
• Delayed helium absorption 
• Helium absorption 

ASC He REG primary solenoid latching valve is closed when 
tb - bp. 

Select TANK 1 or TANK 2 if pressur es indicated in steps 3 
or 4 are below TBD; or if there is possibility of leak. 

If LM staged, or staging imminent, ED : MASTER ARM sw 
may be left in ON position • 
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PROCEDURES 

4.1 2.3 APS PRESSURIZATION & CHECKOUT (ALTERNATE} (cont) 

9. PRPLNT TEMP/ PRESS MON SW - ASC 
MPS : 
FUEL TEMP ind - 50° to 90° F 
OXID TEMP ind - 50° to 90° F 
FUEL PRESS ind - 178 to 182 psia 
OXID PRESS ind - 178 to 182 psia 

10. ASC He REG 1 SW - OPEN; tb - gray 

11. PRPLNT TEMP/ PRESS MON sw - ASC 
MPS: 

FUEL TE MP ind - 50° to 90° F 
OXID TEMP ind - 50° to 90° F 
FUEL PRESS ind - 184 to 190 psia 
OXlD PRESS ind - 184 to 190 psia 

12. HELIUM MON sel - PRESS 2 
MPS: HELIUM ind - 2600 to 3500 psia 
HELIUM MON sel - PRESS 1 
MPS: HELIUM ind - 2600 to 3500 psia 

4.12.4 EPS PRESTAGING CHECK 

1. EPS : 
POWER/ TEMP MON sel - BAT 5 
VOLTS ind - 28 . 0 to 37 . 2 vdc 
BAT 5 NOR MAL SE FEED sw - ON; tb - gray 
VOLTS ind - 28. 0 to 32. 5 vdc 
AMPS ind - T BD 

2. EPS: 
POWER/ TE MP MON sel - BAT 6 
VOLTS ind - 28 . 0 to 37. 2 vdc 
BAT 6 NORMAL CDR FEED sw - ON : tb - gray 

• 

REMARKS 

Following values apply to pressure relief valve assembly: 
Burst-disk rupture pressure - 226 to 250 psia 
Reseat pressur e - 225 psia 
Relie f valve cracking pressure - 245 psia 

ASC He REG primary solenoid latching valve is open when tb -
gray. 

BATTERY caut It may go on when ascent and descent batteries 
are in parallel, due to reverse current. If light r emains on 
longer tha n ~ 15 seconds, this is to be regarded as a malfunct ion 
symptom. 

• • • 
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4.12.4 EPS PRESTAGING CHECK (cont) 

VOLTS ind - 28. 0 to 32. 5 vdc 
AMPS ind - TBD 

3. CB/ AC BUS A: DECA GMBL - open 
CB FLT DISP: THRUST - open 
CB PROPUL: DES He REG/VENT - open 
CB HTR: LOG RDR - open 
CB S/ C: DECA PWR - open 
CB ED: LOG GEAR FLAG - open 
CB PGNS: LOG RDR - open 
CB EPS: CROSS TIE BAL LOADS - open 
CB EPS: INV 1 - close 

4. CB EPS: CROSS TIE BAL LOADS - open 

5. EPS: 
INVERTER sw - 1 
POWER/TEMP MON sel - AC BUS 
VOL TS ind - green band 

6. EPS: 

CAUTION 

To avoid transients, remove descent 
batteries from line, one at a time, at 
intervals of no less than 3 seconds. 

SE BAT 1 & 2 HI VOLT sw - OFF/ RESET; tb - bp 
CDR BAT 3 & 4 HI VOLT sw - OFF/ RESET; tb - bp 

7. EPS: DES BATS sw - DEADFACE ; tb - bp 

8. EPS: 
POWER/ TEMP MON sel - SE BUS 
VOLTS ind - 26. 5 to 32. 5 vdc 

.,, .... ... 
en z 
c:, 

• • 
REMARKS 

DES REG warn lt may go on if CB S/ C: DECA PWR - open 
before CB INST: CWEA - open. 

If power is lost on either bus: 
CB EPS: CROSS TIE BUS - close 
CB EPS: CROSS TIE BUS - close 
EPS: DES BATS sw - CONNECT; tb - gray 
SE BAT 1 and 2 HI VOLT sw - ON; tb - gray 
CDR BAT 3 and 4 HI VOLT sw - ON; tb - gray 
CB EPS: CROSS TIE BUS - open 
CB EPS: CROSS TIE BUS - open 
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PROCEDURES 

4.12.4 EPS PRESTAGING CHECK (cont) 

9. EPS: 
POWER/ TEMP MON sel - CDR BUS 
VOL TS ind - 26. 5 to 32. 5 vdc 

10. EPS: 
SE BAT 1 & 2 HI VOLT sw - ON; tb - gray 
CDR BAT 3 & 4 HI VOLT sw - ON; tb - gray 

11. EPS: DES BATS sw - CONNECT; tb - gray 

4.12.5 ECS PREST AGING CHECK 

1. Perform ECS Basic (Staged) 

2. Perform ECS Periodic Monitoring (Staged) 

4.12.6 EPS POSTSTAGING CHECK 

1. Perform EPS Basic (Staged), except: 
CB ED: LOGIC PWR A - open 
CB S/ C: ABORT STAGE - open 
CB ED: LOGIC PWR B - open 

2. EPS: 
POWER/ TEMP MON sel - BAT 5 
VOLTS ind - 28. 0 to 32. 5 vdc 
AMPS ind - TBD 

3. EPS: 
POWER/TEMP MON sel - BAT 6 
VOL TS ind - 28 . 0 to 32. 5 vdc 
AMPS ind - TBD 

4. EPS: 
POWER/ TEMP MON sel - AC BUS 
VOL TS ind - green band 

• 

REMARKS 

Ref para 4. 13. 1. 1 

Ref para 4. 13. 1. 3 

Ref para 4. 13. 4. 2 

Steps 2 and 3 determine that both ascent batteries are supplying 
approximately the same current. 
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4.12.7 RCS STAGING 

LGC Power Up (required) 

LGC Self Test (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

IMU Power Up (LGC Operating) (required) 

IMU Orientation Determination (P51) (required) 

DAP Data Load Routine (RO3) (required) 

EPS Prestaging Check (required) 

ECS Basic (required) 

AGS Power Up (required) 

AEA Self Test (desired) 

AGS time valid (required) 

AGS LM/CSM state vector valid (required) 

• • 
REMARKS 

The purpose of the RCS Staging procedure 
is to perform manual staging of ascent and 
descent stages using RCS translation 
maneuver. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 13 

LGC /CMC Clock Synchronization (R33), 
ref para 4. 6. 1. 15 

LGC Update (P27), ref para 4. 6. 1. 7 and 
when appropriate Rendezvous Navigation 
Program (P20), ref para 4. 8. 2. 1 

Ref para 4. 6. 1. 3. IBS should be on one 
hour before a thrusting maneuver. 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 1. 8 

Ref para 4. 12. 4 

Ref para 4. 13.1. 1 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 3 

AGS Manual Absolute Time Initialization, 
ref para 4. 6. 2. 6 or AGS Initialization 
Routine (R47), ref para 4. 6. 1. 18 

AGS Initialization Routine (R47), r ef par a 
4. 6. 1. 18, or AGS Manual LM state Vector 
Update/Initialization, ref para 4. 6. 2. 7 and 
AGS Manual CSM state Vector Update/ 
Initialization, ref para 4. 6. 2. 8 
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PROCEDURES 

4.12.7 RCS STAGING (cont) 

PGNCS/ AGS Align 

EPS Prestaging check (required) 

ECS Basic (required) 

1. Select attitude control: 1. Se lect a ttitude control: 
GUID CONT sw - PGNS GUID CONT sw - AGS 
S/ C: S/C: 

ROLL, P ITCH, YAW sw - ROLL, PITCH, YAW sw -
MODE CONT MODE CONT 
PGNS sw - A TT HOLD AGS sw - A TT HOLD 
AGS sw - ATT HOLD PGNS sw - ATT HOLD 
DEAD BAND sw - MIN DEAD BAND sw - MIN 

2. Enable ACA/ TTCA: 2. Enable ACA/ TTCA: 
TTCA/ TRANSL sw (2) - ENABLE TTCA/TRANSL sw (2) - ENABLE 
ACA/ 4 JET sw (2) - ENABLE ACA/ 4 JET sw (2) - ENABLE 
THROTTLE / JETS cont (2) -JETS THROTTLE / JETS cont (2) - JETS 
ENG THR CONT: BAL CPL sw - ON ENG THR CONT: BAL CPL sw - ON 
ENG THR CONT: X TRANSL sw - 4 JETS ENG THR CONT : X TRANSL sw - 4 JETS 
ACA PROP sw (2) - ENABLE ACA PROP sw (2) - ENABLE 

3. Select total attitude and 
attitude error displays: 
FDAI 1 SW - as desired 
FDAI 2 sw - as desired 
ATTITUDE MON sw (1) - PGNS 
ATTITUDE MON sw (1) - AGS 
RATE /ERR MON sw (2) - LDG RDR/ 
CMPTR 

3. Sele ct total attitude and 
attitude error displays: 
FDA! 1 sw - as desired 
FDAI 2 sw - as desired 

• • 

REMARKS 

Ref para 4. 9. 2. 1 

Ref para 4. 12. 4 

Ref para 4. 13. 1. 1 
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4.12.7 RCS STAGING (cont) 

4. Select attitude rate display 
RA TE SCALE sw - as desired . 

5. Secure self and cabin 

6. Set EVNT TMR to stage time 

7. Select thrust: 
Monitor Program (P47) 
Key V37E 47E 

Poss PROG lt - on 
Key V05 N09E - Call alarm 

Rl 00210 - IMU not on 
00220 - Bad REFSMMAT 
(orientation not known) 

R2 :xxxxx 
R3 :xxxxx 

• 
PROCEDURES 

4. 

ATTITUDE MON sw - AGS 
ATTITUDE MON sw - PGNS 
RATE/ERR MON sw (2) - LDG 
RDR/COMPTR 

Select attitude rate display 
RA TE SCALE SW - as desired 

5. Secure self and cabin 

6. Set EVNT TMR to stage time 

7. Call Vdx 
Key DEDA C 470R (1 fps) 

Key KEY REL and RSET, exit P47 

8. FL V16 N83 - V (LM) 
Rl X XXXX.Xfps 
R2 y XXXX.Xfps 
R3 z XXXX.Xfps 

To switch to AGS 
control. 
GUID CONT sw - AGS 

9. ACA - maneuver to desired 
thrusting attitude 

Monitor FDAI to avoid gimbal lock 

"' ;! 
a, 
:ii 
a, 

To switch to PGNCS 
control 
GUID CONT sw - PGNS 

8. ACA - maneuver to desired 
thrusting attitude 

Monitor FDAI to avoid gimbal lock 

• 
REMARKS 

Ref para 4. 5. 3. 4 

Ref para 4. 5. 3. 5 

Registers display all zeros except for 
PIPA bias accumulation until a thrust 
maneuver is started. NB3 is updated 
every 2 sec. 

• 
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PROCEDURES 

4.12.7 RCS STAGING (cont) 

10. EPS: SE BAT 1 HI VOLT 9. EPS: SE BAT 1 ID VOLT 
sw - OFF / RESET; tb - bp sw - OFF/ RESET; tb - bp 
EPS: SE BAT 2 HI VOLT EPS: SE BAT 2 HI VOLT 
sw - OFF/ RESET; tb - bp sw - OFF/RESE T ; tb - bp 
EPS: CDR BAT 3 HI VOLT EPS: CDR BAT 3 HI VOLT 
sw - OFF/ RESET; tb - bp sw - OFF/RESET; tb - bp 
EPS: CDR BAT 4 HI VOLT EPS: CDR BAT 4 HI VOLT 
sw - OFF/ RESET; tb - bp sw - OFF /RES.E T; tb - bp 
EPS : DES BATS sw - EPS: DES BATS sw -
DEADFACE; tb - bp DEADFACE; tb - bp 
ED: MASTER ARM sw - ON ED: MASTER ARM sw - ON 

11. When E VNT TMR - 00:00 10. When EVNT TMR - 00:00 
TTCA - move up and hold TTCA - move up and hold 
ED : STAGE s w - FIRE ED : STAGE sw - FIRE 
TTCA - hold up for TBD sec to obtain a V TTCA - hold up for TBD sec to obtain 
of TBD fps of TBD fps 

12. ED: MASTER ARM sw - OFF 11. ED: MASTER ARM sw - OFF 

13. Key PRO or V34E to terminate aV 
monitoring 

14. FL V37 N __ 

Key XXE 
Exit P47 

4.1 2.8 AGS FITH 

• • 

~ 

REMARKS 
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Orbital Paramet er Display Routine (R30), 
ref pa ra 4. 8. 1. 2 m ay be called at this 
time 
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The purpose of AGS FITH procedure is t o 
compute a preferred IMU orientation and 
LM attitude for APS thrust maneuver and 
to maneuver LM to thrusting attitude. This 
procedure controls the PGNCS/ AGS during 
countdown, ignition, s t aging , thrus ting, 
and thrust termination. 

• • 
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4.12.8 AGS FITH (cont) 

LGC Power Up (required) 

LGC Self Test (desired) 

LGC time valid (required) 

LGC state vector valid (required) 

PROCEDURES 

IMU Power Up (LGC Operating) (required) 

IMU Orientation Determination (P51) (required) 

DAP Data Load Routine (RO3) (required) 

Appropriate prethrust program (required) 

MPS Basic (Staged) (required) 

ECS Basic (Staged) (required) 

EPS Prestaging Check (required) 

APS Pressurization & Checkout (required) 

• • • 
REMARKS 

A PGNCS follow up/in control capability 
with AGS FITH is not available at this time 
since present P42 logic requires t ermina
tion if staging has not occurred. It is 
assumed P42 will be modified to include 
this capability and is offered for complete
ness. Therefore, if AGS procedure cannot 
be continued before staging, RCS staging 
must be performed, ref para 4, 12. 7. 

Ref para 4. 6. 1. 1 

Ref para 4. 6. 1. 3 

LGC/CMC Clock Synchronization (R33), 
ref para 4. 6. 1. 15 

LGC Update (P27), ref para 4. 6. 1. 7 or 
LM Rendezvous Navigation Program (P20), 
ref para 4. 8. 2. 1. 

Ref para 4. 6. 1. 3. ISS should be on one 
hour before a thrusting maneuver. 

Ref para 4. 9. 1. 1 

Ref para 4. 6. 1. 8 

Ref para 4. 7 

Ref para 4. 13. 3. 2 

Ref para 4.13.1. 1 

Ref para 4. 12. 4 

Ref para 4. 12. 2 or 4. 12. 3 
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4.12.8 AGS FITH (cont) 

• 

PROCEDURES 

AGS Power Up (required) 

AEA Self Test (desired) 

AGS time valid (required) 

AGS LM state vector valid (required) 

AGS CSM state vector valid (required) 

PGNGS/ AGS Align (required) 

AGS Wb Vector Update (required) 

Appropriat e prethrust procedure (required) 

MPS Basic (staged) (required) 

ECS Basic (staged) (required) 

EPS Prestaging check (required) 

APS Pressurizations & Checkout (required) 

1. Establish attitude control: 
Key DEDA C 400 + 00000E 
GUID CONT sw - AGS 
S/C: 

AGS sw - AUTO 

PGNS sw - AUTO 
ROLL, PITCH, YAW sw -
MODE CONT 

• 

Ref para 4. 6. 2. 1 

Ref para 4. 6. 2. 3 

REMARKS 

AGS Initialization Routine (R47), ref para 
4. 6. 1. 18 or AGS Manual Absolute Time 
Initialization, ref para 4. 6. 2. 6 

AGS Initialization Routine (R47), ref para 
4. 6. 2. 7 or AGS Manual Rendezvous Radar 
LM stat e Vector Update, ref para 4. 8. 2. 2 

AGS Initialization Routine (R47), ref para 
4. 6. 1. 18 or AGS Manua l CSM State Vector 
Update/Initia lization , ref para 4. 6. 2. 8 

Ref para 4. 9. 2. 1 

Ref para 4. 6. 2. 14 

Ref para 4. 7. If AGS TPI s earch prethrust 
was used, TPI execute must have been 
selected subsequently to be used here . 

Ref para 4. 13. 3. 2 

Ref par a 4. 13. 1. 1 

Ref para 4. 12. 4 

Ref par a 4. 12. 2 or 4. 12. 3 
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PROCEDURES 

4.12.8 AGS FITH (cont) 

2. Establi s h AGS total a ttitude 
& a ttitude error display: 
ATTITUDE MON sw (1) - AGS 
ATTITUDE MON sw (1) - PGNS 
RATE/ERR MON sw (2) - LDG RDR/ 
CMPTR 

3. Enable ACA/TTCA: 
ACA/4 JET sw (2) - ENABLE 
TTCA/TRANSL sw (2) - ENABLE 
THROTTLE/JETS cont (2) - JETS 
ENG THR CONT: X TRANSL sw -
4 JETS 
ACA PROP sw (2) - ENABLE 

4. Prepare thrust controls for APS burn: 
ENG THR CONT: ENG ARM sw - OFF 
ABORT pb - reset 
ABORT STAGE pb - reset 
Eng START pb/lt - off 
Eng STOP pb/lt (2) - reset 
RCCA sw - ENABLE 

5. Select APS steering: 
Key DEDA C 411 + l0000E 

1. Select P42 
Key V37E 42E 

Poss FL VOS N09 - Alarm 
Rl 01706 - Stage verify discrete 

indicates DPS has not staged 
R2 xxxxx 
R3 xxxxx 
PROG lt - on 
Key RSET and V34E 
FL V37 N __ 
Key XXE 
Exit P42 

. I 

• • 
REMARKS 

Ref para 4. 5. 3. 3 and 4. 5. 3. 4 

P42 terminates at this time; the remaining 
PGNCS steps are offered for information only • 
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PROCEDURES 

4.12.8 AGS FITH (cont) 

Poss PROG lt - on 
Key VOS N09E - Call alarm 

Rl 00210 - IMU not on 
00220 - IBS orientation not known 

R2 XXXXX 
R3 XXXXX 
Key KEY REL & RSET 
FL V37 N--
Key XXE 
Exit P42 

Attitude Maneuver Routine (R60), steps 2 & 3 

2. FL V50 Nl8 - Perform automatic 
maneuver to final FDAI angles 

Rl Roll XXX. XX" 
R2 Pitch XXX. XX" 
R3 Yaw XXX. XX" 
KeyENTR 

3. FL V50 Nl9 - Bypass trim 
maneuver to final FDAI angles 

Rl Roll XXX. XX" 
R2 Pitch XXX. XX" 
R3 Yaw XXX. XX" 
Key PRO, exit R60 

• 
6. Perform AGS Orientation to Initial 

Computed Steering Attitude 

• 

REMARKS 

Perform IMU Power Up (LGC Operating), 
ref para 4. 6. 1. 3. Alarm 220, perform 
IMU Orientation Determination (P51), 
ref para 4. 9. 1. 1. 

To obtain optional display of VG(LV), 
perform following: 

Key V06 N86E 
Rl X XXXX.X fps 
R2 Y XXX:X.X fps 
R3 Z XXXX.X fps 

At this time LGC zeroes attitude error & 
sets 1° deadband in RCS DAP. 

If computed final FDAI angles result in 
±90° yaw, transformation from IMU to 
FDAI angles in roll and pitch is indeter
minate; Rl and R2 will be blank. 

PGNCS capability to perform automatic 
maneuver will be compromised if LM 
attitude is changed by manual inputs after 
this time. 

Ref para 4. 6. 2. 12 
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PROCEDURES 

4.12.8 AGS FITH (cont) 

7. Monitor X-axis component of velocity to 
be gained ( ~ Vgx) : 
Key DEDA C 500R (lfps) S/ C: . 
DEAD BAND sw - MIN 

4. If PGNCS automatic mode not selected 
FL V50 N25 - Checklist reference 

Rl 00203 - switch to PGNCS 
automatic mode 

R2 -----
R3 -----

Key ENTR 
POSS FL V05 N09 - Alarm 

Rl 01703 - TFI 45 sec 
R2 XXXXX 
R3 xxxxx 
PROG It - on 

Alternatives to alarm: 
Slip TFI 45 sec from PRO 
Key PRO & RSE T 

or 
Terminate 
Key V34E & RSET 
FL V37 N __ 
Key XXE, exit P42 

5. Poss FL VOS N09 - Alarm 
Rl 01711 - TFI < 30 sec 
R2 XXXXX 
R3 XXXXX 
PROG It - on 
Key V34E & RSE T 
FL V37 N __ 
Key XXE, Exit P42 

• • 
REMARKS 

Value will equal total velocity to be 
gained if LM is properly oriented for burn. 

► .,, 
O: ,.. 
6 

Refer to EVNT TMR and determine with 
MSFN or mission rules whether to slip 
engine ignition 45 seconds from PRO. 
If V05 N09 alarm occurs: 

a. If switchover to PGNCS occurs 
during or after burn, PGNCS will 
command engine off and attempt to 
perform burn 45 seconds later; 
Thus, if AGS remains in control 
up to ignition time and EVNT TMR 
is not reset, PGNCS backup 
capability is lost. 
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b. If the EVNT TMR is reset per 
PGNCS procedure and AGS remain1 
in control, results stated above 
will follow. 

If V05 N09 alarm occurs and if AGS in 
control and PGNCS is in followup, reset 
EVNT TMR and burn 45 seconds later 
under AGS control, or switch to PGNCS 
and burn 45 seconds after PRO. 
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PROCEDURES REMARKS 

4.12.8 AGS FITH (cont) 

6. If TFI > -35 sec 
V06 N40 

Rl TFI XXBXX min-sec 
R2 VG XXXX. X fps 
R3 6 Vm 0000. 0 fps 
Update EVNT TMR if required 

7. When TFI = -00B30 
V06 N40 

Rl TFI XXBXX min-sec 
R2 VG XXXX. X fps 
R3 6 Vm XXXX. X fps 

Verify 6 Vm fc 0. 5 fps from 
TFI = -00B30 to 00B15 

If VM > 0. 5 fps 
Terminate P42 
Key V37 XXE, exit P42 

8. When TFI = -00B05 
FL V99 N40 - Eng on enable 

Rl TFI XXBXX min-sec 
R2 VG XXXX. X fps 
R3 6 Vm XXXX. X fps 

Accept: When A Vm > XXXX. X fps 
Key PRO 

If PGNCS in followup, 
select accept option 
and go to PGNCS 
step 11. 

• 

8. ED: MASTER ARM sw - ON 

9. When EVNT TMR = 00:06, 
initiate ullage maneuver with 
one of following: 

a. TTCA - move up until APS atart 

R3 displays 00000 until TFI = -00B30 

V06 N40 displays are blanked from 
TFI = -00B35 to -00B30. If state vector 
integration has overlapped time period 
TFI = -00B35 to -00B30, beginning and 
duration of blanking cannot be defined. 

A Vm > 0. 5 fps indicates excessive 
PIP A bias error. 

Ullage time & A V depends on real time 
ullage volumn. 

Complete protection against effects of 
single-point failure, which would cause 
engine to start as soon as it is armed , 
is not achieved unless ullage is completed 
before arming engine. 

b. .+X ~ANSL pb - push until APS start In PGNCS step 7, Rl displays 59B59 min
sec, if an engine restart is attempted. 

Immediately on initiating ullage 
ABORT STAGE pb - push 
ENG THR CONT: ENG ARM sw - ASC 

• • 
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PROCEDURES 

4.12.8 AGS FITH (cont) 

9. 

10. 

11. 

Reject alternatives (in the event of 
recycle to TIG -5 sec afte r staging): 

a. Perform thrust with RCS 
Key ENTR, go to 
PGNCS step 15 

or 

b. Terminate 
Key V34E FL V37 N--
T<:ey XXE, exit P42 

V06 N40 
Rl TFI XXBXX min-sec 
R2 VG XXXX.X fps 
R3 11 Vm XXXX.X fps 

When TFI = -00B00, monitor thrust 10. When EVNT TMR = 00:00, 

In no APS burn - TBD If no APS burn - TBD 

Caution 

If APS burn is initiated manually, automatic engine shutoff 

V06 N40 
Rl 
R2 
R3 

will not occur. When shutoff criteria are reached, STOP 
pb/ lt must be pushed. 

TFC 
VG 
11 Vm 

XXBXX min-sec 
XXXX. X fps 
XXXX.X fps 

;! 
!!? z .... 

• • 
REMARKS 

Provides r edundant engine arming. 

monitor thrust 

If no APS burn within 8 to 10 sec or if 
APS burn is interrupted for 2 to 4 sec, 
P42 returns to step 7. 
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PROCEDURES 

4.12.8 AGS FITH (cont) 

TG and VG decreasing, A Vm increasing 
Monitor FDAI 

To switch to AGS control : 
GUID CONT sw - AGS 
ABORT STAGE pb - push 
Go to AGS step 12 

If PGNCS in follow-up, 
go to PGNCS step 15 

12. Perform APS/RCS Propellant 
Interconnect, ref para 4.13. 3. 3, 
steps 1 through 3 

13. When TFC = TBD: 
Perform APS/RCS Propellant 
Interconnect, ref para 4. 13. 3. 3 
steps 4 & 5 

14. Monitor Thrust cutoff 

a. Early cutoff: 
Return to step 12 

b. Late cutoff: 
Eng STOP pb/lt - PUSH 
ABORT STAGE pb - reset 
ENG THR CONT: ENG ARM sw - OFF 
Eng STOP pb/Lt - RESET· 
ED: MASTER ARM sw - OFF 

c. Normal cutoff: 
ABORT STAGE pb - reset 
ENG THR CONT: ENG ARM sw - OFF 
ED: MASTER ARM sw - OFF 

• 

11. Monitor A Vgx display on DEDA 
ENG THR CONT: BAL CPL sw - OFF 

To switch to PGNCS control: 
GUID CONT sw - PGNS 
Go to PGNCS step 12 

12. Perform APS/RCS Propellant 
Interconnect, ref para 4.13. 3. 3, 
steps 1 through 3 

13. When A Vgx = TBD: 
Perform APS/RCS Propellant 
Interconnect, ref para 4. 13. 3. 3, 
steps 4 & 5 

14. Monitor Thrust cutoff when A Vgx 
display on DEDA reads -00000 

If cutoff does not occur 
Eng STOP pb - push 

• 

REMARKS 

A Vgx beings to countdown at eng ignition. 

If PROG lt on, key RSET. Probable alarm 
is 01407, angle between A Vm and VG 
thrust vector is > 45° • 

POSS FL V99 N40 if LGC did not meet 
cutoff criteria (ref step 8). 
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4.12.8 AGS FITH (cont) 

To switch to AGS control 
GUID CONT sw - AGS 
Go to AGS step 16 

15. FL V16 N40 
Rl TFC XXBXX min-sec 
R2 VG XXXX. X fps 
R3 a Vm XXXX. X fps 
Record thrust parameters at 
their final value 
Key PRO 

16. FL V16 N85 - VG(LM) 
Rl X XXXX. X fps 
R2 Y XXXX. X fps 
R3 Z XXXX. X fps 

If PGNCS in followup , go to 
PGNCS step 17 

• 
PROCEDURES 

15. Disarm engine & disable 
AGS engine control : 

a. Early or normal cutoff: 

or 

ABORT STAGE pb - reset 
ENG THR CONT: · ENG ARM sw - OFF 
ED: MASTER ARM sw - OFF 

b. Late cutoff: 
ABORT STAGE pb - reset 
ENG THR CONT: ENG ARM sw - OFF 
ENG STOP pb - reset 
ED: MASTER ARM sw - OFF 

To switch to PGNCS control 
GUID CONT sw - PGNS 
Go to PGNCS step 15 

• 
REMARKS 

At this time LGC zeros attitude error 
and sets 0.3° deadband in RCS DAP. 

• 
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PROCEDI IRES 

4.12.8 AGS FITH (cont) 

If nulling of VG components is desired: 16. Trim AV residual: 
S/C: PGNS sw - ATT HOLD 
ACA/TTCA - null VGX, VGY, and VGZ Verify AGS attitude hold submode 

Key DEDA - C 400R 
If +o0000 not displayed, 
key DEDA C 400 + 00000E 
S/C: DEAD BAND sw - MIN 
ENG THR CONT: BAL CPL sw - ON 

Trim X-axis residual: 
Key DEDA C 500R (1 fps) 
TTCA - move up or down to null A Vgx 

Trim Y-axis residual 
Key DEDA C 501R (1 fps) 
TTCA - move right or left to null A V gy 

Trim Z-axis residual 
Key DEDA C 502R (1 fps) 
TTCA - move in or out to null AVgz 

S/C: DEDA BAND sw - MAX 

17. Terminate P42 or select Orbit 17. ~.eadout predicted perigee altitude (qLT) 
Parameter Display Routine (R30) Key DEDA C 403R (0. 1 nm) 

Compare with PGNCS Hp 

a. Terminate 
Key PRO Readout apogee altitude (qa): 
FL V37 N __ Key DEDA C 315R (0. 1 nm) 
Key XXE, exit P42 Compare with PGNCS Ha 

b. Initiate R30 
Key V82E 
FL Vl6 N44 

Rl Ha XXXX. X nm 

• • 

REMARKS 

If trim maneuver is performed after use of 
orbit insertion routine, it should be per-
formed immediately after engine shut down. 
Orbit insertion routine drives LM to a 
specific point on desired orbit and residual 
A Vgx will increase naturally after engine 
shut down. 

A positive value of AV gx requires moving ► TTCA up. 
,, 
0 ,.. ,.. 

A positive value of A Vgy requires moving 
TTCA right. 

0 
0 ,.. ,, 3 

A positive value of A Vgz requires moving 
TTCA in. 

Trim maneuver can be performed by null-
ing largest A V residual, then next largest 
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then smallest. This slightly more com- 0 
plicated procedure should result in smaller 
trim error. 

m 
0 
0 
~ 

At this time LGC restores crew-specified 
(R03) de.adband limits in RCS DAP. 

Orbit parameters are recomputed every 
2 seconds while average g routine is 
running • 

• • 
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4.12.8 

• 
AGS FITH (cont) 

R2 Hp XXXX.Xnm 
R3 TFF XXBXX min-sec 

Key PRO when finished with R30 ; 
re-establish P42 N85 displays & 
Exit R30 

Key PRO 
FL V37 N--
Key XXE, exit P42 

;! ... 
:i! .... 

• • 
PROCEDURES REMARKS 

Maximum TFF reading is 59 :59 
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ECS 

4.13 SUBSYSTEM MANAGEMENT 

Subsystem management procedures are a compilation of procedures that are common to more than one mission phase . The procedures 
involve basic switch configurations, integrity and status checks, servicing, and periodic monitoring . The procedures consist of the 
following: 

• Basic switch configurations of the ECS, communications, propulsion, and EPS 

• Integrity checks of cabin pressure, water separator, communications relay modes, data transmisson and TV operation, 
and heaters status check. 

• Servicing of primary and secondary CO2 canisters 

• Periodic monitoring of ECS, DPS, APS, and RCS. 

4.13.1 ECS 

4.13.1.1 ECS Basic (Unstaged & Staged) 

Unstaged 

1. SUIT GAS DIVERTER vlv PUSH CABIN 
CABIN REPRESS vlv AUTO 
PLSS FILL vlv CLOSE 
PRESS REG A vlv CABIN 
PRESS REG B vlv CABIN 
DES 02 vlv OPEN 
#1 ASC 02 vlv CLOSE 
#2 ASC 02 vlv CLOSE 
SUIT ISOL vlv (LMP) SUIT FLOW 
SUIT ISOL vlv (CDR) SUIT FLOW 
SEC EVAP FLOW vlv CLOSE 
PRIM EVAP FLOW #2 vlv CLOSE 
WATER TANK SELECT vlv DES 
SUIT TEMP vlv adjust 
ASC H20 vlv CLOSE 
DES H20 vlv OPEN 
PRIM EVAP FLOW #1 vlv OPEN 
CABIN GAS RETURN vlv AUTO 

Staged 

PULL EGRESS 
CLOSE 
CLOSE 
CABIN 
CABIN 
CLOSE 
OPEN 
CLOSE 
SUIT FLOW 
SUIT FLOW 
CLOSE 
CLOSE 
ASC 
adjust 
OPEN 
CLOSE 
OPEN 
AUTO 

SUIT GAS DIVERTER vlv - PULL EGRESS, during unstaged 
main engine firing. 
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PROCEDURES REMARKS 

4.13.1.1 ECS Basic (Unstaged & Staged) (cont) 

Unstaged Staged 

CO2 CANISTER SE L vlv PRIM PRIM 
SUIT CffiCUIT RELIEF vlv AUTO AUTO 
PRIM CO2 CANISTER CLOSE CLOSE 
SEC CO2 CANISTER CLOSE CLOSE 
WATER SEP SEL vlv PUSH SEP I PUSH SEP I 
CABIN TEMP vlv NORM NORM 

2. Cabin relief & dump vlv (ovhd) AUTO AUTO 
Cabin relief & dump vlv (fwd) AUTO AUTO 

3. CB ECS: 
SUIT FAN 1 close close 
CABIN FAN 1 close close 
GLYCOL PUMP 2 close close 
GLYCOL PUMP 1 close close 
GLYCOL PUMP AUTO 
TRNFR close close 

4. GLYCOL sel PUMP 1 PUMP 1 
SUIT FAN sel 1 1 
O2/H2O QTY MON sel DES ASC 1 
ECS: 

PRESS ind pwr fail lt off off 
GLYCOL ind pwr fail lt off off 
QUANTITY ind pwr fail lt off off 
GLYCOL comp caut lt off off 
SUIT FAN comp caut lt off off 
CO2 comp caut lt off off 
H2O SEP comp caut lt off off 

5. CB ECS: 
SUIT FLOW CONT close close 
SUIT/CABIN REPRESS close close 
DISP close close 
GLYCOL PUMP SEC open open 
CABIN FAN 2 close close 
CABIN FAN CONT close close 
CABIN RE PRESS close close 

• • • • 
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4.13.1.1 ECS Basic (Unstaged & Staged) (cont) 

Unstaged 

SUIT FAN 2 close 
SUIT FAN t. P close 
DIVERT VLV close 
CO2 SENSOR close 

4.13.1.2 ECS Periodic Monitoring (Unstaged) 

1. ECS: 
CABIN TEMP ind - 70° to 80 °F 
PRESS ind pwr fail lt - off 
SUIT PRESS ind - 4. 6 to 5. 0 psia 
CABIN PRESS ind - 4. 6 to 5. 0 psia 
PART PRESS CO2 ind - < 7. 6 mm Hg 

GLYCOL ind pwr fail lt - off 
GLYCOL temp ind - 32° to 50°F 
GLYCOL press ind - 15 to 45 psia 
GLYCOL comp caut lt - off 
SUIT FAN comp caut lt - off 
CO2 comp caut lt - off 
H2O SEP comp caut lt - off 

2. O2/H2O QTY MON sel - DES 
ECS: 

QUANTITY ind pwr fail lt - off 
02 QUANTITY ind - TBD% 

H2O QUANTITY ind - TBD% 

• 
Staged 

close 
close 
close 
close 

• • 
REMARKS 

Assumption: ECS Basic (Unstaged). 

MASTER ALARM pb/lt, ECS caut lt, and CO2 comp caut lt go on 
when 2 . 274 ±0. 025 volts is sensed at CWEA comparator. When 
CO2 partial pressure is sensed at 5. 0 psia, actual CO2 partial 
pressure could be between 5. 35 a nd 8. 25 mm Hg. ECS: PART 
PRESS CO2 ind will read~ 8 mm Ilg. 
When CO2 partial pressure is s ensed at 3. 7 psia, actual CO2 
partia l pressure could be between 6.45 and 10 mm Hg when 
MASTER ALARM pb/lt, ECS caut lt, and CO2 comp caut lt go 
on. ECS: PART PRESS CO2 ind will read 7.6 mm Hg. To 
be certain that actual CO2 partial pressure is 8 mm Hg, ECS: 
PART PRESS CO2 ind should read 6 mm Hg. 

Quantity of consumables displayed is function of mission 
ela psed time . 
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PROCEDURES 

4.13.1.2 ECS Periodic Monitoring (Unstaged) 

3. O2/H2O QTY MON sel - ASC 1 
ECS: 

02 QUANTITY ind - 100% 
H2O QUANT ITY ind - 100% 

4 , O2/H2O QTY MON s el - ASC 2 
ECS: 

02 QUANT ITY ind - 100% 
H2O QUANTITY ind - 100% 

5. O2/H2O QTY MON sel - DES 

4.13 .1.3 ECS Periodic Monitoring (Staged) 

1. ECS: 
CABIN TEMP ind - 70 ° to 80°F 
PRESS ind pwr fail lt - off 
SUIT PRESS ind - 4. 6 to 5. 0 psia 

CABIN PRESS ind - 4. 6 to 5. 0 psia 

PART PRESS CO2 ind - < 7. 6 mm Hg 

GLYCOL i nd pwr fail lt - off 
GLYCOL temp ind - 32° to 50° F 
GLYCOL press ind - 15 t o 45 psia 
GLYCOL comp caut lt - off 
SUIT FAN comp caut lt - off 
CO2 comp caut lt - off 
H2O SEP comp caut lt - off 

• 

REMARKS 

(cont) 

MASTER ALARM pb/ lt, ECS caut lt , and CO2 comp caut lt go on 

when 2 . 274 ±0. 025 volts is sensed at CWEA comparator. When 
CO2 partial pressure is sensed at 5. 0 psia, actual CO2 partial 

pressure could be between 5. 35 and 8. 25 mm Hg. ECS: PART 
PRESS CO2 ind will read ::::: 8 mm Hg. 

When CO2 partial pressure is sensed at 3. 7 psia, actual CO2 
partial pressure coul d be between 6.45 and 10 mm Hg when 

MASTER ALARM pb/ lt, ECS caut lt , and CO2 comp caut lt go 

on. ECS: PART PRESS CO2 ind will read 7. 6 mm Hg. To 
be certain that actual CO2 partial pressure i s 8 mm Hg, ECS: 

PART PRESS CO2 ind s hould read 6 mm Hg . 

• • • 
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4 .13.1.3 ECS Periodic Monitoring (Staged) (cont) 

2. 02/H20 QTY MON sel - ASC 1 
ECS: 

QUANTITY ind pwr fail lt - off 
02 QUANTITY ind - TBD% 

H20 QUANTITY ind - TBD% 

3. 02/ H20 QTY MON sel - ASC 2 
ECS: 

02 QUANTITY ind - 100% 
H20 QUANTITY ind - TBD% 

4. 02/ H20 QTY MON SEL - ASC 1 

4.13.1.4 Secondary Coolant Loop (HTS) Activation 

CAUTION 

Puncturing of seal between water Manage-
ment Section and secondary coolant loop 
is nonreversible. This task should only be 
performed if primary coolant loop fails. 

1. WATER TANK SELECT vlv - SEC 

2. CB ECS: GLYCOL PUMP SEC - close 

3. GLYCOL sel - INST (SEC) 
ECS caut lt - off 

4. SEC EVAP FLOW vlv - open 

• • 
REMARKS 

Quantity of consumables displayed is function of mission 
elapsed time. 

Activation of heat transport section secondary coolant loop 
assumes either failure of both primary glycol pumps, loss of 
primary glycol or inability to maintain primary glycol loop 
temperature below +50° F. 

GLYCOL comp caut lt remains on after secondary coolant 
loop is activated. 

Following are not cooled by secondary coolant loop: 
LGC PTA 
CDU C-Band 
PSA DFI 
GASTA Descent batteries 
LCA Cabin 
DSE 
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PROCEDURES 

4.13.1.4 Secondary Coolant Loop (HTS) Activation 

5. CB ECS: 
GLYCOL PUMP 2 - open 
GLYCOL PUMP 1 - open 
GLYCOL PUMP AUTO TRNFR - open 

6 . PRIM EVAP FLOW NO. 1 vlv - CLOSE 
PRIM EVAP FLOW NO. 2 vlv - CLOSE 
ASC H2O vlv - OPEN 
DES H2O vlv - CLOSE 

7. CB ECS: 
CABIN FAN 2 - open 
CABIN FAN 1 - open 

4.13.1.5 Water Separator Check 

1. WATER SEP SEL vlv - PULL SEP 2 

2. MASTER ALARM pb/ lt - on 
ECS caut lt - on 
H2O SEP comp caut lt - on 

3. MASTER ALARM pb/lt - reset 
ECS caut lt - off 
H2O SEP comp caut lt - off 

4 • WATER SEP SEL vlv - PUSH SEP 1 

5. MASTER ALARM pb/ lt - on 
ECS caut lt - on 
H2O SEP comp caut lt - on 

6. MASTER ALARM pb/ lt - reset 
ECS caut lt - off 
H2O SEP comp caut lt - off 

• 

REMARKS 

(cont) 

ECS caut lt and H2O SEP comp lt go off when selected 
water separator comes up to speed. Time required is 
1 minute when dry ; ~ 15 minutes when wet. 

• • • 
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4 .13.1.6 Primary liOH Cartridge Replacement 

CAUTION 

If LiOH cartridge is replaced while cabin 
is depressurized (perform steps 1 and 2). 

1. Verify following 
CB ECS: 

SUIT FLOW CONT - close 
SUIT/CABIN REPRESS - close 
CABIN REPRESS - close 

2. CABIN REPRESS vlv - AUTO 

3. CO2 CANISTER SEL vlv - SEC 
CO2 comp caut lt - on 

4. ECS: PART PRESS CO2 ind - monitor 

5. PRIM CO2 CANISTER VENT pb - push 

6. Grasp primary CO2 canister cover handle; press latch trigger with 
thumb and hold 

7. Rotate primary CO2 canister cover counterclockwise to detent, 
so that index on handle covers index on canister cover, & 
aligns with OPEN INDEX on canister rim. Release latch trigger. 

8. Verify cover is in OPEN detent and remove from canister. 

9. Rotate & remove primary LiOH cartridge from canister. 

10. Open primary LiOH stowage container & remove unused 
cartridge. Insert used cartridge in stowage container & 
secure cover. 

11. Insert new cartridge in primary CO2 canister, align lugs, 
& rotate cartridge to secure in canister. 

12. Replace primary CO2 canister, verify index on handle 
covers index on canister cover (OPEN detent position). 

• 
REMARKS 

Ascent engine cover must be cleared of stowed equipment to 
gain access to LiOH cartridge • 

ECS: PART PRESS CO2 ind should indicate pressure decay 
to O mm Hg. 
Step 3 vents ti. P across canister . 
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PROCEDURES REMARKS 

4.13.1.6 Primary LiOH Cartridge Replacement (cont) 

13, Align indexes on canister cover with index on canister rim, 

14 • Grasp primary CO2 canister cover handle , press latch trigger, 
& rotate cover clockwise . 

15. Release trigger, verify primary CO2 canister cover i s i n 
CLOSE D detent & handle index is aligned with CLOSE index 
on canister rim, 

16, CO2 CANISTER SEL vlv - PRIM 

17 . CO2 comp caut lt - OFF 

18 . ECS: PART PRESS CO2 ind - monitor Perform ARS/PGS Pressure Integrity Check (Ref para 4 . 2, 19) . 

4 .13.1.7 Secondary LiOH Cartridge Replacement Ascent engine cover must be cleared of s towed equipm ent to 
gain access to ECS LiOH cartridge. 

CAUTION 

If LiOH c artridge is replaced while cabin There i s no spare secondary LiOH cartridge onboard LM. The 
is depressurized (perform steps 1 & 2) PLSS LiOH cartri dge will have to be us ed as a replacement in 

ECS (ref para 4 . 15. 23). 

1. Verify following 
CB ECS: 

SUIT FLOW CONT - close 
SUIT/ CABIN REPR ESS - close 
CABIN REPRESS - c lose 

2. Cabin repress vlv - AUTO 

3. CO2 CANISTER SE L v lv - PRIM 
CO2 comp caut lt - off 

4. SEC CO2 CANISTER VENT pb - push Step 4 vents ll P across canister. 

5. Grasp s econdary CO2 canister cover handle, press 
latch trigger with thumb and hold. 

• • • • 
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4.1 3.1 .7 Secondary LiOH Cartridge Replacement (cont) 

G. Rotate cover counterclockwise to detent, so that index on 
handle covers index on cover, and a ligns with OPEN index on 
canister rim. Release latch trigger • 

7. Verify cover is in OPEN detent and remove from canister. 

8 . Rotate & remove LiOH cartridge from canister. 

9. Insert fresh secondary LiOH cartridge in canister, align lugs 
& rotate cartridge to secure in canister. 

10. Replace canister cover & verify index on handle covers index on 
cover (OPEN detent position). 

11. Align indexes on cover with index on canister rim. 

12. Grasp cover handle, depress latch trigger and rotate 
cover clockwise. 

13. Release trigger, Verify cover is in CLOSE detent position with 
handle index aligned with CLOSE index on canister rim. 

ECS 14. CO2 CANISTER SEL vlv - SEC 

2 15. CO2 comp caut lt - on 

16. ECS: PART PRESS COO ind - < 7. 6 mm Hg 

4. 13 .1 .8 Cabin Depressurization 

1. Perform ARS/PGA Pressure Integrity Check. 

2. PRESS REG A and B vlv - EGRESS 

3. SUIT GAS DIVERTER vlv - PULL EGRESS 

4. CABIN GAS RETURN vlv - EGRESS 

• 
REMARKS 

Assumption: (1) ECS Basic (Unstaged) and (2) both crewmen on 
ECS, and (3) LM undocked. 

Ref para 4.2.19 

Setting PRESS REG A vlv or PRESS REG B vlv to EGRESS 
automatically deactivates cabin fans . 
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PROCEDURES 

4.13.1.8 Cabin Depressurization (cont) 

5. CB ECS: CABIN FAN 1 - OPEN 

6. CB ECS: CABIN FAN 2 - OPEN 

7. Cabin relief & dump vlv (fwd) - Cycle from AUTO to 
DUMP until cabin pressure is reduced to ~ 3. 2 psia. 

8. Cabin relief & dump vlv (fwd) - AUTO 

9. Verify suit pressure stabilizes between 3. 6 & 4. 3 psia. 

10. Cabin r e lief & dump vlv fwd - DUMP & reduc e cabin 
pressure to zero ps ia. 

4.1 3.1.9 Cabin Repressurization 

1. Cabin relief & dump vlv (fdw) - AUTO 

2. Cabin relief & dump vlv (ovhd) - AUTO 

3. CABIN REPRESS vlv - AUTO 

4. CB ECS: 
Suit/ Cabin REPRESS - close 
Cabin REPRESS - close 

5. PRESS REG A vlv - CABIN 
MASTER pb/lt - on 
CABIN warn lt - on 
CABIN REPRESS vlv opens 

6. MASTER ALARM pb/lt - reset 

7 • PRESS REG B vlv - CABIN 

• • 

REMARKS 

Prevents activation of cabin fans in depressurized cabin. 

Prevents activation of cabin fans in depressurized cabin. 

Holding cabin pressure at ~ 3. 2 psia during this verification 
precludes catastrophic situation if suit integrity is lost. 

During cabin depressurization, SUIT CillCUIT RELIEF vlv 
closes when cabin & ARS pressure drops to 4. 3 psia. To 
verify proper operation (closure) of valve, cabin pressure 
·must be below 4. 3 psia. 

Both crewmen are on ECS in a depressurized cabin. 

PLSS high 02 flow warning tone - on (3000 cps warble tone) if 
an active PLSS connected to PGA(s) . 
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4.13.1.9 Cabin Repressurization (cont) 

8 . Verify CABIN REPRESS vlv - close 
CA BIN warn lt - off 

9. Verify cabin pressure stabilizes at 4. 8 ±0. 2 psia 

CDR 11 10. CB ECS: CABIN FAN 1 - close 

LMP 16 11. CB ECS: CABIN FAN 2 - close 

12. Controls - ECS Basic (Unstaged) 

4.13.1.10 Cabin Leak Check 

LMP ECS 1. PRESS REG A & PRESS REG B vlv - EGRESS 

2 2. ECS: CABIN PRESS ind - monitor periodically (2 hours) 

• • • 
REMARKS 

CABIN REPRESS vlv closes and CABIN vlv warn lt goes off 
when pressure reaches 4. 45 ±0.15 psia 

Cabin pressure stabilizes ::::: 2 minutes after CABIN REPRESS 
vlv closes. 

Ref para 4.13.1.1. Not applicable after EVA. 

CAUTION 

When performing ECS basic, set CABIN 
GAS RETURN vlv - AUTO before SUIT 
GAS DIVERTER vlv - PUSH CABIN 
Reversing this sequence may cause suit 
fan to stall and water separator to slow 
down with following results: 

MASTER ALARM pb/lt - on 
Audible tone - on 
ECS caut lt - on 
SUIT FAN comp caut lt - on 
H2O SEP comp caut lt - on 

Assumptions: (1) ECS Basic (Unstaged) (2) Undocked LM. 
Task can be accomplished in parallel with other non-ECS tasks , 
to save time. 

Action sets SUIT GAS DIVERTER vlv - PULL EGRESS and turns 
off cabin fans. If operation of cabin fans desired: 
CB ECS: CABIN FAN CONT - open 
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4.13.1.10 Cabin Leak Check (cont) 

LMP 2 3. ECS: CABIN PRESS ind - decay < O. 3 psi 

4 . Controls - ECS Basic (Unstaged) 

4.13.2 COMMUNICATIONS 

4.13.2.1 Communications Basic 

CDR 11 1. CB/ AC BUS B: S BD ANT - open 

8 

• 

CB/ AC BUS A: TAPE RCDR - clos e 

CB COMM: 
UPDATA LINK - open 
SEC S BD XMTR/ RCVR - close 

SEC S BD PWR/ AMPL - close 
VHF B XMTR - close 
VHF A RCVR - close 
CDR AUDIO - close 

2 . AUDIO: 
S BAND T/ R sw - S BAND T / R 

ICS T / R sw - ICS T / R 
RELAY ON sw - RELAY OFF 
MODE sw - !CS/ PTT 
AUDIO CONT s w - NORM 

• • 

REMARKS 

A O. 3-psia pressure decay is based on cabin- free volume of 

235 cubic feet; initially 4. 8 psia leaking O. 2 pounds of 0 2 pe r 

hour. Corrections must be made for fluctuations in cabin 

temperature, and for metabolic consumption, MSFN can verify 

specified leak rates with only 30-minutes of monitoring cabin 

pressure. 

Ref para 4.13.1.1. When performing ECS basic, CABIN GAS 

RETURN vlv - AUTO before SUIT GAS DIVERTER vlv - PUSH 

CABIN. Reversing this sequence may cause suit fan to stall and 

water separator to slow down with following results: 

MASTER ALARM pb/ lt - on 

Audible tone - on 
ECS caut lt - on 
SUIT FAN comp caut lt - on 

H2O SEP comp caut lt - on 

This is communications switch configuration after a ll initia l 

communications checks have been completed. 
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4.13.2 .1 Communications Basic (cont) 

VHFA sw-T/R 
VHF B sw - OFF 

3. CB COMM: 
DISP - close 
SE AUDIO - close 
VHF A XMTR - close 
VHF B RCVR - close 
PRIM S BD PWR AMPL - close 
PRIMS BD XMTR/RCVR - close 
S BD ANT - open 
PMP - close 
TV - open 

CB HTR: S BD ANT - close 
CB CAMR: SEQ - open 

4. COMM: UPLINK SQUELCH sw - OFF 

5. UPDATA LINK sw - OFF 
AUDIO: 

S BAND T/R sw - S BAND T / R 
res T/R sw - res T / R 
RELAY ON sw - RElA Y OFF 
MODE sw - ICS/ PTT 
AUDIO CONT sw - NORM 
VHF A sw - T/R 
VHF B sw - OFF 

6. COMM: 
S BAND MODULATE sw - PM 
S BAND XMTR/RCVR sw - PRIM 
S BAND PWR AMPL sw - OFF 
S BAND VOICE sw - VOICE 
S BAND PCM sw - PCM 
S BAND RANGE sw - OFF 
VHF A XMTR sw - ON 
VHF A RCVR sw - ON 
VHF B XMTR sw - OFF 
VHF B RCVR sw - OFF 

• • 
REMARKS 

• 
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4.13 .2.1 Communications Basic {cont) 

TLM BIOMED sw - as r equired 
TLM PCM sw - HI 
RECORDER sw - OFF 

NOTE 

The recorder when enabled, records 
continuous ly when AUDIO: MODE sw 
is set to !CS/ PTT. Total recording 
time is 10 hours . 

7. COMM ANT: 
VHF sel - AFT/PLSS TEST 
TRACK MODE sw - OFF 
PITCH cont - +255° ( ante nna lock position) 
YAW cont - 30° (antenna lock position) 
S BAND sel - AFT 

4.13.2.2 Relay Mode: EVA 

1. Controls - Communications Basic, exc ept: 
2. AUDIO: 

VHF A sw - RCV (T / R to transmit) 
VHF B sw -RCV 

3. AUDIO : RELAY ON sw - RELAY ON 
COMM: VHF B RCVR sw - ON 

4. On completion of Relay Mode: EVA - Communications Basic 

4.13.2.3 Relay Mode: CSM Voice to MSFN 

1. Controls - Communications Basic, except: 

• • 

REMARKS 

LMP is EVA. 
Task provides full conference capability between EVA, LM, 
CSM and MSFN. 

Ref para 4. 13. 2.1 

When out of LOS MSFN PNL 14 COMM: UPLINK SQUELCH sw -
ENABLE 

Ref para 4.13. 2.1 

• • 
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4.13.2.3 Relay Mode: CSM Voice to MSFN (cont) 

2. AUDIO: 
VHF A sw - RCV 

3. AUDIO: S BAND T / R sw - RCV 
RELAY ON sw - RELAY ON 

4. On completion of Relay Mode: 
CSM Voice to MSFN - Communications Basic 

4.13.2.4 VHF B Data Enable 

1. CB COMM: VHF B XMTR - close 
2. COMM: 

VHF B XMTR sw - DATA 
TLM PCM sw - LO 

4.13.2.5 5-Band LBR Data Enable 

1. CB COMM: 
PRIMS BD XMTR/RCVR - close 
PMP - close 

2. COMM: 
S BAND MODULATE sw - PM 
S BAND XMTR/RCVR sw - PRIM 
S BAND PCM sw - PCM 
TLM PCM sw - LO 

COMM ANT: S BAND sel - FWD or AFT 

4.13.2.6 DSEA Check 

1. COMM: RECORDER sw - ON 

2. Transmit voice (VOX or PTT) 

• • 
REMARKS 
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3. RECORDER TAPE tb - gray during voice transmission 

4. COMM: RECORDER sw - OFF 
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4.13.2.6 DSEA Check (cont) 

5. Transmit voice (VOX or PTT) 

6. RECORDER TAPE tb - bp during voice transmission 

4.13.2.7 S-Band Steerable Antenna Check 

LGC Power Up (required) 

LGC Self Test (de sired) 

IMU Power Up (LGC Operating) (required) 

IMU Orientation Determination (P51) (required) 

DAP Data Load Routine (R03) (required) 

1. Establish PGNCS Attitude Hold/Rate Command mode 
GUID CONT sw - PGNS 

2. 

3. 

S/ C: PGNS sw - ATT HOLD 
PITCH, ROLL, YAW sw - MODE CONT 

Controls - Communications Basic except: 
C/B AC BUS B: S BD ANT - close 
CB COMM: S BD ANT - close 
COMM ANT: S BAND sel - FWD or AFT 

Perform S-band voice and data check with MSFN 

4. Display FDAI angles and transmit to MSFN: 
Key V06 N20E 

Rl OGA XXX. XX 0 

R2 IGA XXX. XX 0 

R3 MGA XXX. XX 0 

• • 

REMARKS 

This procedure points S-band steerable antenna at MSFN 
tracking station and verifies lock on. 

Assumption: MSFN is receiving telemetere'1 ICDU angles in 
sufficient time to permit MSFN computati on of S-band steerable 
antenna gimbal angles. 

Ref para 4. 6 .1 .1 

Ref para 4. 6. 1.13 

Ref para 4. 6.1. 3 

Ref para 4 . 9 . 1.1 

Ref para 4. 6.1. 8 (recommend ±5° dead band). 

Ref para 4. 5. 1. 3 

Ref para 4.13. 2.1 

S-band sel setting depends on LM attitude with respect to earth. 

MSFN uses N20 ICDU angles to compute pitch and yaw gimbal 
angles. Computation may take up to 15 minutes. Dead band of 
±5° is assumed to be acceptable. Checkout will be performed 
over later station pass. 
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4.13.2.7 5-Band Steerable Antenna Check (cont) 

5. Request MSFN transmit S-band steerable antenna pitch and ya w 
gimbal angles required to point antenna at MSFN tracking station 

6. COMM ANT: 
PITCH cont - 90° 
TRACK MODE sw - SLEW 
PITCH CONT - computed angle 
YAW CONT - computed angle 
S-Band sel - SLEW 

7. COMM ANT: 
SIGNAL STRENGTH ind - verify > 1, 0 
TRACK MODE sw - AUTO 
SIGNAL STRENGTH inr' - verify >1. 0 

8, Perform S band voice and data check with MSFN 

9. Key KEY REL 

4.13.2.8 DCA Enable 

LGC Power Up (required) 

1. Coordinate uplink requirements with MSFN 

2. Verify CB COMM: UP DATA LINK - close 
UP DATA LINK sw - DATA 

3. Clear inlink counter before initial MSFN uplink transmission 
Key V21 N0lE, 00045E, 00000E 

• 
REMARKS 

Assumption: There is no change in vehicl e inertial attitude 
after step 5. 

When angle between COMM ANT: PITCH cont setting and actual 
position is > 180°, antenna will seek selected angle by rotating 
through shortest path into its mechanical limit. Presetting 
antenna to 90° with COMM ANT: Pitch cont will prevent this 
problem. If problem does occur and antenna goes to one of 
its mechanical limits, perform the following: COMM ANT: 
PITCH CONT - 75°, s lowly move to +225°, then to desired 
setting. 

Ref para 4. 6, 1.1 

MSFN is a lso capable of clearing and resetting inlink counter . 
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PROCEDURES 

4 .13.2.9 DCA Disable 

LGC Power Up (requir ed) 

1. UP DATA LINK sw - DATA 

2 . Key RSET a nd CLR to reset any LGC initiated a larms 

4.13.3 PROPULSION 

4.13.3.1 MPS Basic (Unstaged) 

1. CB/AC BUS B: He/PQGS PROPUL DISP - close 
CB PROPUL: DES He REG / VENT - close 

2 . CB PROPUL: 
ASC He REG - close 
TEMP/ PRE SS DISP FLAGS - close 
PQGS - clos e 

3. PRPLNT QTY MON sw - OFF 
HELIUM MON s el - SUPCRIT PRESS 
PRPLNT TEMP/PRESS MON sw - DES 1 
DES He REG 1 tb - gray 
DES He REG 2 tb - bp 
ASC He REG 1 tb - gray 
ASC He REG 2 tb - gray 

4. RCCA sw - OFF/ RESET 

5. DES PROPUL: 
FUEL VENT tb - bp 
OXID VENT tb - bp 

4.13.3.2 MPS Basic (Staged) 

1. CB/AC BUS B: He/ PQGS PROPUL DISP - close 
CB PROPUL: DES He REG/VENT - open 

• 

REMARKS 

Ref para 4 . 6.1.1 
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CREW- PNL PROCEDURES 
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LMP 16 

4.13.3.2 MPS Basic (Staged) (cont) 

2. CB PROPUL: 
ASC He REG - close 
TEMP/PRESS DlSP FLAGS - close 
PQGS - open 

CDR 1 3. PRPLNT QTY MON sw - OFF 
HELIUM MON sel - PRESS 2 
PRPLNT TEMP/PRESS MON sw - ASC 
ASC He REG 1 tb - gray 
ASC He REG 2 tb - gray 

LMP 2 4. RCCA sw - ENABLE 

4.13.3.3 APS/RCS Propellant Interconnect 

WARNING 

Ullage settling requirements for APS 
propellant must be met before opening 
interconnect, (thrusting maneuver or 
+g field). Interconnect must be closed 
before termination of thrusting maneuver 
to prevent helium injection into RCS 
causing RCS engine damage 

CDR TCA 1. Thrust for TBD seconds 

LMP 2 2. RCS: 
SYS A ASC FEED 1 & 2 sw - ASC FEED 1 & 2 
SYS A ASC FUEL & ASC OXID tb - gray 
SYS A MAIN SOV sw - CLOSE: tb - bp 
TEMP/PRESS MON sel - FUEL MANF 
A PRESS ind - 172 to 203 psia 
TEMP/PRESS MON sel - OXID MANF 
A PRESS ind - 172 to 203 psia 

• • • 
REMARKS 

Assumptions: (1) Ascent propulsion section is pressurized, 
(2) ascent propellants settled in tanks, and (3) +X-axis RCS 
thrusters are firing. 

APS/RCS interconnect can be used for +X-axis translation 
maneuvers on APS propellants as long as required RCS ullage 
maneuver has been completed and +X-translation has not been 
interrupted. 

Time for propellant to settle is dependent upon mission 
elapsed time. 

RCS: SYS A ASC FUEL tb - gray and RCS: SYS A ASC OXID tb -
gray indicates primary and secoqdary fuel and oxidizer ascent 
feed interconnect valves have opened. 
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PROCEDURES 

4.13.3.3 APS/RCS Propellant Interconnect (cont) 

3. RCS: 
SYS B ASC FEED 1 & 2 sw - ASC FEED 1 & 2 
SYS B ASC FUEL & ASC OXID tb - gray 
SYS B MAIN SOV sw - CLOSE tb - bp 
TEMP/PRESS MON sel - OXID MANF 
B PRESS ind - 172 to 203 psia 
TEMP/PRESS MON sel - FUEL MANF 
B PRESS ind - 172 to 203 psia 

4. TBD seconds before termination of APS thrust: 
RCS: 

SYS A & B MAIN SOV sw - OPEN: tb - gray 
SYS A & B ASC FEED 1 & 2 sw - CLOSE 

SYS A & B ASC FUEL & ASC OXID tb - bp 

TEMP/ PRESS MON sel - FUEL MANF 
A & B PRESS ind - 178 to 192 psia 
TEMP PRESS MON sel - OXID MANF 
A & B PRESS ind - 178 to 192 psia 

5. RCS: TEMP/PRESS MON sel - He 

4 .13.3.4 DPS Periodic Monitoring 

1. HELIUM MON sel - SUPCRIT PRESS 
MPS: HELIUM ind - TBD psia 

2. PRPLNT TEMP/PRESS MON sw - DES 1 
MPS: 

FUEL TEMP ind - 50° to 90°F 
OXID TEMP ind - 50° to 90° F 

• 

REMARKS 

SYS B ASC FUEL tb - gray and SYS B ASC OXID tb - gray 
indicate primary and secondary fuel and oxidizer ascent 
feed interconnect valves have opened. 

Procedure for closing APS/RCS interconnect 

Ascent feed valves can be opened after ascent engine has been 
shut down provided +X- axis RCS thrusters are firing before 
reopening valves . 

SYS A and SYS B ASC FUEL tb - bp and ASC OXID tb - bp 
indicate that the secondary fuel and oxidizer ascent feed valves 
are closed while the primary fuel and oxidizer ascent feed 
valves are open. 

This procedure checks status of propellants and helium before 
each burn and at intervals during coast periods. Range of 
pressures will be based upon information provided in figure 4-2. 

The following values apply to the pressure relief valve assembly: 
Burst-disk rupture pressure - 260 to 275 psia 
Reseat pressure - 254 psia 
Relief valve cracking pressure - 260 psia 

• • • J 



CCI a 
;:; · 
CJ 
0 
it 

..... 
CJ1 

~ q 
..... 
'° a, 
00 

(") 
';S" 
0 
::, 
(0 
(1) 

CJ 
0 
it 

.,, 
0 
(0 
(1) 

:"' 
..... 
c,., 
I 

Nl ..... 

• 
CREW- PNL 
MAN 

CDR 1 

CDR 1 

• 
PROCEDURES 

4.13.3.4 DPS Periodic Monitoring (cont) 

FUEL PRESS ind - 229 to 253 psia 
OXID PRESS ind - 229 to 253 psia 

3. PRPLNT TEMP/PRESS MON sw - DES 2 
MPS: 

FUEL TEMP ind - 50° to 90° F 
OXID TEMP ind - 50° to 90° F 
FUEL PRESS ind - 229 to 253 psia 
man PRESS ind - 229 to 253 psia 

4. PRPLNT TEMP/PRESS MON sw - DES 1 

5. MPS: PRESS ind pwr fail lt - off 

4.13.3.5 APS Periodic Monitoring 

1. HELIUM MON sel - TEMP 1 
MPS: HELIUM ind - 30° to 140° F 

2. HELIUM MON sel - TEMP 2 
MPS: HELIUM ind - 30° to 140° F 

3. HELIUM MON sel - PRESS 1 
MPS: HELIUM ind - 400 to 3400 psia 

• • 
REMARKS 

Light goes on when power to MPS FUEL and OXID PRESS 
ind is interrupted. 

This procedure checks status of propellants and helium before 
each burn and at intervals during coast periods. 

Decreases in temperature and pressure are expected during 
APS use. Temperature range during engine burn is -120° 
to 140° F; after burn, range is -140° to +70° F. See figures 
4-12 an.d 4-13 for APS helium tank temperatures and pressure 
during burn. 

Ascent helium tank pressure varies as function of time and 
is dependent on same as initial tank loading conditions. See 
figure 4-2 for expected helium tank pressure prior to 
pressurization • 

ASC PRESS warn lt goes on when helium tank pressure 
< 2773 psia; it is inhibited after staging. 
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PROCEDURES 

4.13 .3.S APS Periodic Monitoring (cont) 

4. HELIUM MON sel - PRESS 2 
MPS: HELIUM ind - 400 to 3400 psia 

5. PRPLNT TEMP/ PRESS MON sw - ASC 
MPS: 

FUEL TEMP ind - 50° to 90 ° F 
OXID TEMP ind - 50° to 90° F 
FUEL PRESS ind - 172 to 203 psia 
OXID PRESS ind - 172 to 203 psia 

6. If unstaged: 
PRPLNT TEMP/ PRESS MON sw - DES 1 
HELIUM MON sel - SUPCRIT PRESS 
MPS: PRESS ind pwr fail lt - off 

4.13.3.6 RCS Periodic Monitoring 

1. RCS: 
PRESS ind pwr fail lt - off 
QUANTITY ind pwr fail lt - off 

2. RCS: A & B QUANTITY ind - monitor & record percentage 
of usable propellant remaining __ % 

3. RCS: 
TEMP PRESS MON sel - He 
A & B PRESS ind - monitor & record _ psia 

4. RCS: 
TEMP/PRESS MON sel - PRPLNT 
A & B TEMP ind - 40° to 100° F 
A & B PRESS ind - 177 to 192 psia 

• 

REMARKS 

Light goes on when power to MPS FUEL and OXID PRESS ind 
is interrupted. 

This procedure checks status of propellants, helium, and 
valve positions before each burn and at intervals during coa st 
periods . 

During vehicle deactivation when CB RCS SYS B: TEMP/ PRESS 
DJSP FLAGS and CB RCS SYS B: PQGS DISP are open, RCS: 
PRESS ind pwr fail lt and RCS: QUANTITY ind pwr fail lt are on. 
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PROCEDURES 

4.13.3.6 RCS Periodic Monitoring (cont) 

5. RCS: 
TEMP/PRESS MON sel - FUEL MANF 
A & B PRESS ind - 177 to 192 psia 

6. RCS: 
TEMP/PRESS MON sel - OXID MANF 
A & B PRESS ind - 177 to 192 psia 

7. RCS; 
SYS ll. ASC FUE.L tb - bp 
SYS A A&C OXID tb - bp 
SYS B ASC FUEL tb - bp 
SYS B ASC OXID tb - bp 
SYS A QUAD 1 tb - gray 
SYS A QUAD 4 tb - gray 
SYS B QUAD 1 tb - gray 
SYS B QUAD 4 tb - gray 
SYS A QUAD 2 tb - gray 
SYS A QUAD 3 tb - gray 
SYS B QUAD 2 tb - gray 
SYS B QUAD 3 tb - gray 
CRSFD tb - bp 
SYS A MAIN SOV tb - gray 
SYS B MAIN SOV tb - gray 
TEMP/PRESS MON sel - He 

8. Verify RCS quad temperature readings: 
HTRCONT: 

TEMP MON sel - QUAD 1, 2, 3, 4 
TEMP ind - 120° to 190° F (each quad) 
RCS SYS A/B 2 QUAD 1, 2, 3, 4 sw - AUTO 

4.13.4 EPS 

4.13.4.1 EPS Basic (Unstaged) 

1. All Panel 11 EPS CB's-close, except: 
CB EPS: 

• • 
REMARKS 
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PROCEDURES REMARKS 
\ 

4.13.4.1 EPS Basic (Unstaged) (cont) 

INV 1 - open 
CROSS TIE BUS - open 

2. All Panel 16 EPS CB ' s - c lose, except: 
CB EPS: 

CROSS TIE BUS - open 

3. EPS: 
POWER/TEMP MON sel - CDR BUS 
INVERTER sw - 2 
SE BAT 1 & 2 tb - gray 
CDR BAT 3 & 4 tb - gray 
DES BA TS tb - gray 
BAT 5 NORMAL SE FEED tb - bp 
BAT 5 BACK UP CDR FEED tb - bp 
BAT 6 NORMAL CDR FEED tb - bp 
BAT 6 BACK UP SE FEED tb - bp 

4.13.4.2 EPS Basic (Staged) 

1. All Panel 11 EPS CB's-close, except: 
CB EPS: 

CROSS TIE BUS - open 
DES ECA CONT - open 
DES ECA - open 
INV 1 - open 

2 . All Panel 11 EPS CB ' s c lose, except: 
CB EPS: 

DES ECA - open 
DES ECA CONT - open 
CROSS TIE BUS - open 

3. EPS: 
POWER/TEMP MON sel - CDR BUS 
INVERTER sw - 2 
SE BAT 1 & 2 tb - bp 
CDR BAT 3 & 4 tb - bp 

• • • • 
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PROCEDURES 

4.13.4.2 EPS Basic (Staged) (cont) 

DES BATS tb - bp 
BAT 5 NORMAL SE FEED tb - gray 
BAT 5 BACK UP CDR FEED tb - bp 
BAT 6 NORMAL CDR FEED tb - gray 
BAT 6 BACK UP SE FEED tb - bp 

4.13.4.3 EPS Preparation for DPS Burn 

1. Perform EPS Basic (unstaged) except: 
CB EPS: 

INV 1 - close 
CROSS TIE BAL LOADS - open 
CROSS TIE BAL LOADS - open 

2. Check ac voltage from Inverter No. 1; 
EPS: 

POWER/TEMP MON sel - AC BUS 
INVERTER sw - 1 
VOL TS ind - green band 

3. Place both ascent batteries on line: 
EPS: 

BAT 5 NORMAL SE FEED sw - ON; tb- gray 
BAT 6 NORl\iIAL CDR FEED sw - ON; tb - gray 

4. Check voltage of all six batteries: 
EPS: 

POWER/TEMP MON sel - BAT 1 
VOLTS ind - 28. 0 to 32. 5 vdc 
Repeat check for BA TS 2, 3, 4, 5, and 6 

5 • Check d-c voltage on both busses: 
EPS: 

POWER/TEMP MON sel - CDR BUS 
VOLTS ind - 26. 5 to 32. 5 vdc 

• • 
REMARKS 

Ref para 4. 13. 4. 1 

Due to reverse current, BATTERY caut lt may go on when 
ascent and descent batteries are paralleled. This is not to 
be regarded as malfunction symptom unless light is on longer 
than ~ 15 seconds. 
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PROCEDURES 

4.13 .4 .3 EPS Preparation for DPS Burn (cont) 

P OWER/ TEMP MON sel - SE BUS 
VOLTS ind - 26 . 5 to 32. 5 vdc 

6. EPS: POWER/ TE MP MON sel - CDR BUS 

4.13.5 HEATERS STATUS CHECK 

1. HTR CONT: 
TEMP MON sel - RNDZ RADAR 
TEMP i nd - 54° to +148° F 
TEMP MON sel - LDG RADAR 
TEMP ind - -19° to +148° F 
TEMP MON sel - RCS QUAD 1, 2, 3, 4 
TEMP i nd - +119 to +190° F (each quad) 
TEMP MON sel - S BAND 
TEMP ind - - 64 ° to +153° F 
TEMP MON sel - RNDZ RADAR 

4.13.6 SET EVENT TIMER 

1. EVNT TMR: 
RESET/ COUNT sw - RESET 
SLEW CONT MIN sw - TENS 
SLEW CONT MIN sw - UNITS 
SLEW CONT SEC s w - T ENS 
SL EW CONT SEC sw - UNITS 
RESE T/COUNT sw - UP or DOWN 
T MR CONT sw - START 

• 

REMARKS 

Thi s procedure is performed before LM/CSM separation 
and during L M manned coasting periods, to verify that a ll 
heater temperatures are within t olerance. Assumption: All 
heat er ci rcuit breakers ar e c losed. 
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4.13.7 WASTE MANAGEMENT 

WARNING 

If germicide pouch is accidentally 
ruptured, proceed as follows: 

• Germicide on LM surface or hardware -
wipe up with tissue. 

• Germicide on crewman's skin -
blot with tissue & flush with water. 

• Germicide in crewman's eyes -
flush with water from water gun & blot 
with tissue. 

• Germicide ingested - take high-protein 
food; do not induce vomiting. 

4.13.7.1 Installation of large Urine Collection Assembly 

1. Disconnect LM connecting hose from waste management tube 
cover and remove cover from tube. 

2. Remove urine collection assembly from tube and stow. 

3. Remove large urine collection assembly from stowage. 

4. Insert connector through tube cover. 

5 • Place large urine collection assembly in waste management tube. 

6. Connect LM connecting hose to collection assembly connector on 
tube cover, and install cover on waste management tube. 

4.13.7.2 Transfer Urine to Waste Management System 

• 
REMARKS 

Procedure may be performed by either or both crewman. 

Assumptions: Large urine collection assembly is installed 
in waste management system, and crewman are wearing 
helmet and gloves. 
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PROCEDURES 

4.13 .7.2 Transfer Urine to W aste Management System (cont) 

1. Remove urine transfer hose from stowage, expose 
PGA urine connector, & connect hose to PGA . 

2. SUIT GAS DIVERTER vlv - PULL EGRESS 

CABIN GAS RETURN vlv - EGRESS 
SUIT CIRCUIT RELIEF vlv - CLOSE 
PRESS REG A vlv - open 

3. ECS: 
SUIT PRESS ind - O. 5 to O. 75 psi above CABIN PRESS ind 

4. PRESS REG A vlv - CABIN 

5. Waste management vlv - OPEN and hold. 

6. Monitor flow via sight gage in transfer hose. 

7. Waste Management vlv - close 

8. SUIT CIRCUIT RELIEF vlv - AUTO 
CABIN GAS RETURN v lv - AUTO 
SUIT GAS DIVERTER vlv - PUSH CABIN 

9. Disconnect urine transfer hose from PGA & stow. 

10. Install PGA connector cap. 

• • 

REMARKS 

Sequence in steps 2 and 8 should be performed as shown. If 
sequence is changed, suit fan may stall and water separator 
may slow down caus ing following results: 

MASTER ALARM pb/lt - on 
Audible tone - on 
ECS caut lt - on 
SUIT FAN comp caut lt - on 
H2O SEP comp caut lt - on 

PRESS REG B v lv can be used in lieu of PRESS REG A vlv. 

Alternative method of transferring urine from PGA is to 
manually squeeze fluid from Urine Collection Transfer 
Assembly (UCTA). 

Valve is spring-loaded to CLOSE. 

Release valve when transfer is completed. 
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4.13.7.3 Transfer Urine to Small Urine Collection Assembly 

1. Remove small urine collection assembly from stowage . 

2. Expose PGA urine connector and attach collection assembly to PGA. 

ECS 3. SUIT GAS DIVERTER vlv - PULL EGRESS 

2 4. 

CABIN GAS RETURN vlv - EGRESS 
SUIT CIRCUIT RELIEF vlv - close 
PRESS REG A vlv - OPEN 

ECS 5. 

6. 

ECS: SUIT PRESS ind O. 5 to O. 75 psi > CABIN PRESS ind 

PRESS REG A vlv - CABIN 

When urine transfer is completed: 

7. 

SUIT CIRCUIT RELIEF vlv - AUTO 
CABIN GAS RETURN vlv - AUTO 
SUIT GAS DIVERTER vlv - PUSH CABIN 

Remove small urine collection assembly from PGA and 
install cap on PGA connector. 

8. Open stowage tube cover, disconnect LM connecting hose 
from large urine collection assembly, & connect small urine 
collection assembly to large urine collection assembly. 

9. Manually squeeze urine into large assembly. 

10. Disconnect small collection assembly from large assembly, & 
reconnect LM connecting hose to large assembly, 

• 
REMARKS 

Assumption: Both crewman are wearing helmets and gloves. 

Sequence in steps 3 and 6 should be performed as shown. If 
sequence is changed, suit fan may stall and water separator 
may slow down causing following results: 

MASTER ALARM pb/lt - on 
Audible tone - on 
ECS caut lt - on 
SUIT FAN comp caut lt - on 
H20 ·sEP comp caut lt - on 

PRESS REG B vlv can be used in lieu of PRESS REG A vlv. 

Alternative method of transferring urine from PGA is to 
manually squeeze fluid from UCTA. If this method is used, 
omit steps 3 through 8. 
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4.13.7.3 Transfer Urine to Small Urine Collect ion Assembly (cont) 

11. Secure cover on stowage tube. 

12. Stow small urine collection assembly . 

4.13.8 INSTALLATION OF BACTERIA FILTER 

1. Remove f ilter from stowage. 

2. Install filter on cabin relief & dump valve (fwd). 

3. Verify that filter is properly seated. 

4. Verify that filter is latched & secure. 

• 

REMARKS 

Filter must be removed from dump vlave and stowed before 
main engine burn. 
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4.14 INTRAVEHICULAR TRANSFER 

4.14. l LMP INTRA VEHICULAR TRANSFER TO LM 

1. Perform Open Overhead Hatch (CSM Side) 

2. Verify LM cabin overhead floodlights are on with hatch open 

3. Read relative roll indication on docking ring & transmit reading 
to CSM 

4. Enter LM cabin, head first & facing forward 

5. Maneuver into cabin above ascent engine cover, grasp assist bar 
forward of hatch fitting in LM ceiling, pull self into cabin & walk 
backward down open hatch, ascent engine cover, & midsection 
bulkhead until feet are on cabin floor 

6. Unstow radiation survey meter 

7. Scan entire cabin interior with radiation survey meter & verify 
normal radiation level 

8. Stow meter 

9. DES H2O vlv - OPEN 

10. Unstow water dispenser to check that there is no H2O leakage, 
then stow 

11. Overhead floodlights - adjust for forward illumination 

• 
REMARKS 

Assumptions: (1) Docking tunnel clear; (2) CSM, LM, and 
docking tunnel pressurized; (3) crewman wearing helmet and 
gloves ; (4) transfer umbilical connected to left side of PGA; 
and (5) CSM has initiated power transfer to LM via docking 
tunnel electrical umbilicals. 

Only one crewman at a time can transfer, because there is 
only one transfer umbilical. 

Ref para 4. 14. 8 
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PROCEDURES 

LMP INTRAVEHICULAR TRANSFER TO LM (cont) 

Remove interim stowage assembly from front panel pos it ion & 
place over PLSS in recharge station 

Unstow checkl ist & DEDA desk; place checkli st on desk 

CAUT ION 

Do not exceed 14. 4 amps power limitation 
through CSM / LM electrical umbilicals 

LTG: FLOOD sw - ALL 

Unstow mirror & mount on panel 4 

Attach inboard restraint cables to PGA 

Move mirror to panel 16 

LMP CONNECT TO TRANSFER UMBILICAL 

Receive transfer umbilical from CSM 

Verify that 02 is not flowing in transfer umbilical 

Remove plugs from left side PGA 02 connectors and stow 

Connect transfer umbilical oxygen hoses to PGA left side, inlet 
to inlet (blue to blue) , outlet to outlet (red to red) 

Request CSM verify no transfer of umb ilical suit power 

COMM: TLM BIOMED sw - OFF 

CB COMM : SE AUDIO - open 

• • 

REMARKS 

Mirror is used to assist in securing r estraints to PGA. 

Use restraints as required during flight. 

► 'V 
0 ... ... 
0 
or-
~~ 
:11111..,. 

Mirror mounts on panels 4, 11 a nd 16 are to be used as required 
► ,0 :::!o o· z ':' during flig ht. 

This task is appropriate for both pressurized a nd vacuum 
conditions. 

Steps 6 and 7 are performed to ensure LMP comm cable is not 
powered. 

LMP loses comm. 
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4.14.3 
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4.14.4 

1. 

c -
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PROCEDURES 

LMP CONNECT TO TRANSFER UMBILICAL (cant) 

Disconnect LM comm cable from PGA and connect transfer 
umbilical comm cable to PGA 

Hand-signal CSM to apply transfer umbilical suit power 

Request CSM start 02 flow through transfer umbilical 

SUIT !SOL vlv (LMP) - SUIT DISC 

Verify 02 flow to PGA through transfer umbilical 

Disconnect LM umbilical 02 hoses from PGA 

Remove plugs from stowage & place in PGA right side. 

Stow LM umbilical 

LMP INTRAVEHICULAR TRANSFER TO CSM 

Unstow & install interim stowage assembly over panels 1 & 2 

Overhead floodlights - rotate aft 

DES H2O vlv - close 

Release hatch from ascent engine cover 

Cabin relief & dump vlv (ovhd) - AUTO 

Perform Close Overhead Hatch (CSM Side) 

CDR INTRA VEHICULAR TRANSFER TO LM 

Enter LM cabin, head first & facing forward 

• 
REMARKS 

CDR assumed to be in position to observe and assist LMP 
transfer. 

This constitutes comm check via umbilical comm cable. 

Ref para 4. 14. 9 
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4.14.4 CDR INTRA VEHICULAR TRANSFER TO LM (cont) 

"' "-< 
s 2. Maneuver into cabin above ascent engine cover , grasp assist bar 
'< forward of hatch fitting in LM ceiling , pull self into cabin & walk 
I-' 
<D backwar d down open hatch, ascent engine cover, & midsection en 
00 bulkhead until feet are on cabin floor 

3. Stand in fl ight st ation, face forward , & attach restraints 

4. 14.5 CDR CONNECT TO TRANSFER UMBILICAL & TRANSFER TO CSM Assumption : Equipment transfer to CSM , if required, must be ► 'V 
accomplished before CDR connects to transfer umbilical. 0 ... ... 

() CDR 1. Verify CSM has pressurized docking tunnel If vacuum transfer is required, omit steps 1 and 2. 0 :r 
Q 0 I'"' ::, 

IQ 
2. Cabin relief & dump vlv (ovhd) - OPEN -vi (1) 

0 ffl ► 
Q . .... 
it 3, Overhead hatch - UNLOCK, open & secure to ascent engine ► "° 

cover ::! 0 o· 
4. Verify tunnel is clear If probe and drogue are in tunnel, crew must remove and stow. 

z ':' 
"' I'"' 

CSM crewman may connect CSM / LM electrical umbilical during ::c i 
this time. LM crewman may reach transfer umbilical stowage ►~ 
himself. z 

0 
ID 

5. Receive transfer umbilical from CSM 0 
0 

6. Verify that 02 is not flowing in transfer umbilical ;:Ill; 

7. Remove plugs from left side PGA 02 connectors & stow 

..., 8 • Connect transfer umbilical oxygen hoses to PGA left side , inlet 
Q 

to inl et (blue to blue), outlet to outlet (red 'to red) IQ 
(1) 

f" 9. Request CSM verify no transfer umbilical suit power 

I-' 
,I:. 

TLM BIOMED sw - RIGHT I LMP 12 10. COMM: Steps 10 and 11 are performed to ensure CDR comm cable is 
,I:. 

not power ed • 

• • • • • 
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4.14.5 CDR CONNECT TO TRANSFER UMBILICAL & TRANSFER TO CSM (cont) 

11 • CB COMM: CDR AUDIO - open 

12. Disconnect LM comm cable from PGA & connect transfer 
umbilical comm cable to PGA 

13. Request CSM apply transfer umbilical suit power 

14. Request CSM start oxygen flow thru transfer umbilical 

15. SUIT !SOL vlv (CDR) - SUIT DISC 

16 • Verify 02 flow to PGA tbru transfer umbilical. 

17. Disconnect LM umbilical 02 hoses from PGA 

18. Remove plugs from stowage & place in PGA right side 

19. Stow LM umbilical 

20, Transfer into CSM 

4.14.6 TUNNEL PRESSURE EQUALIZATION FROM LM 

1, CB ECS: CABIN FAN CONT - open 

2, PRESS REG A vlv - EGRESS 
PRESS REG B vlv - EGRESS 

3 • SUIT GAS DIVERTER vlv - PULL EGRESS 

4. Cabin relief & dump vlv (ovhd) - OPEN 

c -

• 
REMARKS 

CDR loses comm. LMP coordinates switching. 

This constitutes comm check via transfer umbilical comm 
cable. 

This is a backup procedure. Equalization of tunnel pressure is 
normally a CSM task. 

CB ECS: CABIN FAN CONT - open overrides automatic 
deactivation of cabin fans, when PRESS REG A and PRESS REG 
B vlvs - EGRESS . 

Prevents LM from supplying oxygen to both LM and CSM while 
interconnecting tunnel is open. 
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4.14.6 TUNNEL PRESSURE EQUALIZATION FROM LM (cont) 

5. ECS CABIN PRESS ind - monitor 

4.14.7 OPEN OVERHEAD HATCH (LM SIDE) 

1. 

2. 

Cabin r elief & dump vlv (ovhd) - OPEN 

Grasp hat ch handle & push 

3. Rotate handl e counter clockwi se to UNLOCK & pull hatch open 

4. Cabin relief & dump vlv (ovhd) - AUTO 

5. Guide hatch to ascent engine cover 

6. Latch hatch flange to ascent engine-cover fitting to secure open 

• • 

REMARKS 

Cabin pressure will decrease approximately O. 4 ps ia , bas ed on 
following : 

L M free volume - 235 cu ft. 
Combined docking tunnel volume - 21. 5 cu ft. 
In itia l LM pressure - 4. 8 psia 

CSM must equa lize pressure with tunnel at 4. 4 psia. Final 
pressure delay will be a function of how l ong LM maintains 
tunnel pressurization. Initial tunnel leakage (during ini tial seal 
latching) is O. 25 lb/hr at 5 psia. After completion of final seal 
l atching, leakage is O. 1 lb/hr at 5 psia. 

Docking tunnel and LM cabin pressure m ust be equal. If 
Tunnel Pressure Equalization from LM (ref para 4 . 14. 6) was 
not performed, perform following before step 1: 

CB ECS : CABIN FAN CONT - open 
PRESS REG A vlv - EGRESS 
PRESS REG B vlv - EGRESS 
Verify SUIT GAS DIVERTER vlv - PULL EGRESS 

Opening CB ECS: CABIN FAN CONT overrides automatic 
deactivation of cabin fans when PRESS REG A and PRESS REG B 
are set to EGRESS or in event cabin pressure falls below 3. 0 
psia. PRESS REG A and PRESS REG Bare set to EGRESS to 
prevent LM from supplying 02 to LM and CSM while hatches 
are open. 
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4.14.8 OPEN OVERHEAD HATCH (CSM SIDE) 

1. Cabin relief & dump vlv (ovhd) - Pull to DUMP 

2. Grasp hatch handl e & pull 

3. Rotat e handle clockwise to UNLOCK 

4. Open ha t ch & guide inward to L M a s cent engine cover 

5. P ush hat ch s o that hatch flange l atches to ascent engine cover 
fitting 

4.14.9 CLOSE OVERHEAD HATCH (LM SIDE) 

1. Unlatch hatch flange fr om ascent engine - cover fitting 

2. Guide hatch to closed position 

3. Grasp handle & push 

4. Rota te handle clockwise to LOCK 

5. Verify handle pops out - of-detent, then r elease 

6. Cabin relief & dump vlv (ovhd) - AUTO 

4.14.10 CLOSE OVERHEAD HATCH (CSM SIDE) 

1. Unlatch hatch flange from a s cent engine-cover fitting 

2. Cabin relief & dump vlv (ovhd) - AUTO 

3. Enter LM / CSM tunnel fee t fir s t 

4. Grasp hatch handle & guide hatch to closed position 

< .... 

• 
REMARKS 

CSM m ust verify docking-tunnel and LM-cabin pre ssure 
equalization. 

Ex ternal handle of cabin r elief & dump vlv (ovhd) is spring-
l oaded to allow r e turn to automatic , when releas ed. 
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PROCEDURES 

4.14.10 CLOSE OVERHEAD HATCH (CSM SIDE) (cont) 

5. Pull handle & rotate counterclockwise to LOCK 

6. Verify handle pops out-of-detent, then release 

4.14.11 INSTALL DROGUE (LM SIDE) 

1. Veridy drogue support-locking fitting is in unlocked position 

2. Request CMP to pass drogue thru tunnel 

3. Receive drogue & grasp by handles 

4. Align drogue lugs with LM drogue support-fitting ramps 

5. Push drogue toward CSM until drogue lugs engage support 
fitting 

6. Rotate drogue counterclockwise through full travel 

7. Lock drogue in place by rotating lever counterclockwise, perpen
dicular to tunnel wall ; then rotating lever parallel to LM X-axis 

4.14.12 INSTALL DROGUE (CSM SIDE) 

1. Verify drogue support-locking fitting is in unlocked position 

2. Retrieve drogue from stowage 

3. Insert drogue into tunnel past drogue support fittings, using 
drogue handles to control movement thru tunnel 

4. Rotate drogue 180° & grasp drogue forward edge with both hands 

5. Align drogue lugs with LM drogue support-fitting ramps 

• • 

REMARKS 

Lever parallel to LM Y -z plane and rotated clockwise against 
tunnel wall. 

Full travel is ::::: 5° . 

Lever, out- of-detent and rotated counterclockwise against 
tunnel wall. 
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4.14.12 INSTALL DROGUE (CSM SIDE) (cont) 

6. Pull drogue toward CSM until lugs engage support fittings 

7. Rotate drogue clockwise thru full travel 

8. Lock drogue in place by rotating lever clockwise perpendicular to 
tunnel wall, & push into detent 

4.14.13 REMOVE DROGUE (LM SIDE) 

1. Unlock drogue by rotating lever upward & parallel to LM Y -z 
plane; rotate clockwise against tunnel wall 

2. Grasp drogue handles & rotate drogue clockwise thru full travel 

3. Pull drogue until lugs disengage from support fittings 

4. Rotate drogue so that CMP can grasp drogue handles and pull 
drogue into CSM 

4.14.14 REMOVE DROGUE (CSM SIDE) 

1. Pull drogue locking lever out-of-detent & rotate counterclockwise 
to tunnel wall 

2. Grasp drogue forward edge with both hands & rotate counter -
clockwise thru full travel 

3. Push drogue toward LM until lugs have disengaged from drogue 
support fittings 

4. Rotate drogue 180 ° & grasp both drogue handles 

5. Guide drogue thru tunnel into CSM 

Full travel is 

Full travel is 

Assumption: 

Full travel is 

• 
REMARKS 

~ 50. 

~ 5 o . 

CMP is in position to assist LM crewman. 
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• 

PROCEDURES 

4.14.15 CONNECT TO LM ECS & COMMUNICATIONS 

1. Unstow LM umbilical 

2. Verify PGA right-side 02 connectors clear 

3. Connect 02 hoses to PGA right-side 02 connectors, 
(blue to blue) & outlet to outlet (red to red) 

4. SUIT ISOL vlv (LMP) - SUIT FLOW 
or 
SUIT ISOL vlv (CDR) - SUIT FLOW 

5. Terminate flow from PLSS or CSM 

6. Verify 02 flow to PGA from LM ARS 

7. Verify: 
COMM: TLM BIOMED sw - OFF or LEFT 
or 
COMM: TLM BIOMED sw - OFF or RIGHT 

8. Verify: 
CB COMM: SE AUDIO - open 
or 
CB COMM: CDR AUDIO - open 

9. Disconnect PLSS or CSM comm cable from PGA 

10. Connect LM comm cable to PGA 

11. CB COMM: SE AUDIO - close 
or 
CB COMM: CDR AUDIO - close 

12. Disconnect PLSS (or CSM) 02 hoses 

• 

REMARKS 

Assumptions: (1) LM ECS and communications are configured 
to support crewman, (2) procedure to be used at any time other 
than initial entry, and (3) procedure used for pressurized or 
unpressurized cabin • 

inlet to inlet 
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PROCEDURES 

4.14.16 DISCONNECT FROM LM ECS & COMMUNICATIONS 

1. Verify PGA left side 02 connectors clear 

2. Connect PLSS (or CSM) 02 hoses to PGA left side 02 connectors, 
inlet to inlet (blue to blue), & outlet to outlet (red to red) 

3. Initiate flow from PLSS (for CSM) 

4. SUIT !SOL vlv - SUIT DISC; verify flow from PLSS (or CSM) 

5, Disconnect LM 02 hoses from PGA 

6. Verify PLSS (or CSM) comm cable is not powered 

7. COMM: TLM BIOMED sw - OFF or LEFT 
or 
COMM: TLM BIOMED sw - OFF or RIGHT 

8, CB COMM: SE AUDIO - open 
or 
CB COMM: CDR AUDIO - open 

9, Disconnect comm cable from PGA 

10. Connect PLSS (or CSM) comm cable to PGA 

11. Stow LM umbilical 

• 
REMARKS 

Assumptions: (1) Each crewman is in position to observe and 
assist other crewman, and (2) procedure used for pressurized 
or unpressurized cabin. 
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PROCEDURES 

4.15 EXTRAVEHICULAR ACTIVITY 

4.15.1 OPEN FORWARD HATCH (CABIN SIDE) 

1. Grasp forward hatch handle & push 

2. Rotate hatch handle counterclockwise to UNLOCK 

3. Pull hatch open 

4. Cabin relief & dump vlv (fwd) - AUTO 

4.15.2 OPEN FORWARD HATCH (OUTSIDE) 

1. Grasp forward hatch handle & pull 

2 . Rotate hatch handle clockwise to UNLOCK 

3. Push hatch open 

4.15.3 CLOSE FORWARD HATCH (CABIN SIDE) 

1. Guide forward hatch to closed position 

2. Grasp hatch handle & push 

3. Rotate hatch handle clockwise to LOCK 

4. Verify hatch handle pops out-of-detent, then release 

5. Cabin relief and dump vlv (fwd) - AUTO 

•• • 
REMARKS 

Assumption: Cabin depressurized. 

Forward hatch is self-securing in any open position. 

Assumption: Cabin depressurized. 

Forward hatch is self-securing in any open position. 
If hatch cannot be opened, set cabin relief & dump vlv 
(fwd) to PULL TO DUMP and hold, to bleed off any 
accumulated pressure. External handle of cabin relief 
and dump vlv (fwd) is spring-loaded to return to automatic 
when released. 

No special constraints or protection required for hatch seal. 
Crewman may wipe seal with gloved finger to verify no debris 
on seal. 
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CREW- PNL PROCEDURES 
MAN 

4.15.4 CLOSE FORWARD HATCH (OUTSIDE) 

1. Grasp forward hatch handle and guide hatch to closed position 

2. Pull hatch handle & rotate counterclockwise to LOCK 

3. Verify hatch handle pops out-of--detent, then release 

4.15.5 CONNECT TO LM ECS & COMMUNICATIONS 

1. Unstow LM umbilical. 

2. Verify PGA right-side 02 connectors clear. 

3. Connect 0 2 hoses to PGA r ight-side 02 connectors, inle t to inlet 
(blue to blue) & outlet to outlet (red to r ed) 

LMP ECS 4. SUIT !SOL vlv (LMP) - SUIT FLOW 
or 

CDR 
SUIT !SOL vlv (CDR) - SUIT FLOW 

5. Terminate flow from PLSS or CSM. 

6. Verify 02 flow to PGA from LM ARS 

LMP 12 7. Verify: 
COMM: TLM BIO1\1ED sw - OFF or LEFT 
or 

CDR COMM: TLM BI01\1ED SW - OFF or RIGHT 

LMP 16 8. Verify: 
CB COMM: SE AUDIO - open 
or 

CDR 11 CB COMM: CDR AUDIO - open 

9. Disconnect PLSS (or CSM) comm cable from PGA 

10 • Connect LM comm cable to PGA 

• • • 

REMARKS 

Assumptions : (1) LM ECS and communications a re configured to 
support crewman, (2) procedure to be used at any time other 
then initial entry, and (3) procedure used for pressurized or 
depressurized cabin. 
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CREW- PNL PROCEDURES 
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4.1 5.5 CONNECT TO LM ECS & COMMUNICATIONS (cont) 

LMP 16 11. CB COMM: SE AUDIO - close 

12. Disconnect PLSS (or CSM) 02 hoses 

4.15.6 DISCONNECT FROM LM ECS & COMMUNICATIONS 

1. Verify PGA left side 02 connectors clear 

2. Connect PLSS {or CSM) 02 hoses to PGA left side 02 connectors, 
inlet (blue to blue ), & outlet to outlet (red to red) 

3 • Initiate flow from PLSS (or CMS) 

4. SUIT ISOL vlv - SUIT DISC; verify flow from PLSS (or CSM) 

5. Disconnect LM 02 hoses from PGA 

6. Verify P LSS (or CSM) comm cable is not powered 

LMP 12 7. COMM: TLM BIOMED sw - OFF or LEFT 

4. 15.6 DISCONNECT FROM LM ECS & COMMUNICATIONS 

LMP 16 8. CB COMM: SE AUDIO - open 
or 

CDR 11 CB COMM: CDR AUDIO - open 

9. Disconnect comm cable from PGA 

10. Connect PLSS (or CSM) comm cable to PGA 

11. Stow LM umbilical 

• 
REMARKS 

Assumptions: (1) Each c rewman is in position to observe and 
assist other crewman, (2) procedure used for pressurized or 
depressurized cabin. 
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PROCEDURES REMARKS 

SUBSYSTEMS CONFIGURATION FOR EVA PREPARATION 

(To be supplied) 

CREW & EQUIPMENT PREPARATION FOR EGRESS 

(To be supplied) 

PLSS/ OPS DONNING 

(To be supplied) 

PLSS/SSC ELECTRICAL CHECK 

(To be supplied) 

FINAL SUBSYSTEMS CONFIGURATION FOR EGRESS 

(To be supplied) 

FINAL EVA EQUIPMENT PREPARATION FOR EGRESS 

(To be s upplied) 

CREW PREPARATION FOR CABIN DEPRESSURIZATION 

(To be supplied) 

PRESSURE INTEGRITY CHECK 

(To be supplied) 

CABIN DEPRESSURIZATION (BEFORE EVA) 

(To be s upplied) 

EGRESS CABIN 

(To be supplied) 
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• 
PROCEDURES 

INGRESS CABIN 

(To be supplied) 

CABIN REPRESSURIZATION (AFTER EVA) 

(To be supplied) 

POST EVA SUBSYSTEMS CONFIGURATION 

(To be supplied) 

PLSS/ OPS DOFFING 

(To be supplied) 

POST EVA FINAL SUBSYSTEMS CONFIGURATION 

(To be supplied) 

POST EVA CABIN & EQUIPMENT CONFIGURATION 

(To be supplied) 

PLSS RECHARGE 

(To be supplied) 

Power Supply (Battery) 

(To be s upplied) 

LiOH Cartridge 

(To be supplied) 

Oxygen Recharge 

(To be supplied) 

• • 
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PROCEDURES REMARKS 

Feedwater Reservoir Recharge 

(To be supplied) 

STOWED OPS CHECK 

(To be supplied) 

• • • • 
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LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

GUIDANCE, NAVIGATION, & CONTROL SUBSYSTEM 

INTEGRATED GUIDANCE, NAVIGATION, & CONTROL SUBSYSTEM FLIGHT DISPLAYS 

PRIMARY GUIDANCE & NAVIGATION SECTION 

ABORT GUIDANCE SECTION 

CONTROL ELECTRONICS SECTION 

DESCENT PROPULSION SECTION 

ASCENT PROPULSION SECTION 

REACTION CONTROL SUBSYSTEM 

ELECTRICAL POWER SUBSYSTEM 

COMMUNICATIONS SUBSYSTEM 

. ENVIRONMENTAL CONTROL SUBSYSTEM 
I 

EXPLOSIVE DEVICES 

LIGHTING 

HEATERS 
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LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

5.2 MALFUNCTION PROCEDURES 

The malfunction procedures enable recognition· of subsystem malfunctions, determination of their cause, correc
tion or isolation of the failure, and determination of the effect on the subsystem and the scheduled mission. The 
procedures cover all significant single failures. To prevent the procedures from becoming complex and unman
ageable, double unrelated failures are not covered. The malfunction procedures are arranged by subsystem, or 
subsystem section (PGNS , AGS, CES, DPS, APS, etc), in a three-column format as follows : 

Symptom Column. Symptom logic blocks in this column allow entry into the malfunction 
procedure. When applicable, data under these blocks explain and qualify the symptom or 
condition . The symptoms are arranged numerically within each subsystem, or subsystem 
section. 

Procedure Column. The "procedure " column contains a step-by- step logic flow diagram , 
consisting primarily of action blocks, decision blocks, and failure blocks that enable 
failure correction and isolation. Caution and warning blocks are included for conditions , 
which, if not corrected, may degrade the operational integrity of a subsystem or may 
adversely affect crew safety. Remote event symbols refer to related remarks, to 
another step of the procedure, or to a step in another malfunction procedure. 

Remarks Column. The "remarks" column contains supplemental data related to, and 
referenced from, the logic blocks in the "symptom" and "procedure" column. 

Basic Date 15 July 1968 Change Date ___ __ _ Page _ __.5~ 2~--2 _ __ _ 
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LMA790-l-LM 4 
APOLLO OPERATIONS HANDBOOK 

5.2.1 GUIDANCE, NAVIGATION, & CONTROL SU BSYSTEM 

The Guidance, Navigation, and Control Subsystem (GN&CS) consists of a primary guidance and navigation 
section (PGNS), abort guidance section (AGS), control electronics section (CES), and radar section. 
GN&CS malfunction procedures are divided as follows: 

• Integrated GN&CS flight displays, para 5. 2. 2 

• Primary guidance and navigation section, para 5. 2, 3 

• Abort guidance section, para 5. 2. 4 

• Control electronics section, para 5. 2. 5 

Radar section malfunctions are manifested by abnormal flight display readings or improper LGC operation. 
Therefore , these malfunctions are included in the malfunction procedures for the integrated GN&CS flight 
displays and primary guidance and navigation section. 

The following major GN&CS malfunction symptoms (A & B) serve as entry points for GN&CS malfunction 
procedure paragraphs 5. 2. 2 through 5. 2. 5. 

Table 5-1. GN&CS Procedure Entry Sheet 

Sym Page 
Symptom No. No. 

Total attitude abnormal A 5.2-5 

FDA! error needles abnormal B 5. 2. 5 

Table 5-2. GN&CS Failure/ Symptom Cross-Reference Index 

Sym Page 
Failure Symptom No. No. 

Abnormal vehicle dynamics FDA! error needles abnormal B 5.2- 5 

ORDEAL failure Total attitude abnormal A 5. 2-5 

Basic Date __ 1_5_J_u_l;;.y_l_9_6_8 _ _ Change Date _ ____ _ Page __ 5_._2-_3_/_5_._2_-_4 __ 
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SYMPTOM 

A 

Total attitude abnormal 

B 

FOAi error needles 
abnormal 

SYMPTOM 

Basic Date __ 15_Ju_l_Y_1_96_8_ 

FOAi OFF flag visible? 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

YES 

INTEGRATED 
GN&CS 

FLT DISP 

PROCEDURE 

Symptom remains? ORDEAL FAILURE 

Error needles failed at zero? 

Manual maneuver commanded 
when symptom appeared? 

YES 

ABNORMAL VEHICLE DYNAMICS 

INTEGRATED 
GN&CS 

FLT DISP 

YES CES 

YES 

14 I 

INTEGRATED 
GN&CS 

FLT DISP 

6 I 

PROCEDURE 

INTEGRATED 
GN&CS 

FLT DISP 

X 
tm:d 

CES 

I I 

What mode? 

I 
mm 

GUIDANCE, NAVIGATION, & CONTROL SUBSYSTEM 

Change Date ______ _ 

PROPORTIONAL 

~ 

REMARKS 

(D Drift between ISS & ASA & computa
tional difference between LGC & AEA 
do not constitute a symptom fo, th is 
procedure. 

PGNCS caused error needle anom• 
alies have not been integrated be
yond step 5. 

G) Drifting criteria are observed three
axis drift and/o, absence of RCS jet 
firings. 

300I.M-'-592 

REMARKS 

Page _5_. 2_-_5_1_5_. 2- 6 
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• APOLLO OPERATIONS HANDBOOK 

5.2.2 INTEGRATED GUIDANCE, NAVIGATION, & CONTROL SUBSYSTEM FLIGHT DISPLAYS 

Table 5-3. INTEGRATED GN&CS FLT DISP Procedure Entry Sheet 

• Sym Page 
Symptom No. No. 

Attitude error is zero in one axis (remains zero) while other axes display ac tual 1 5. 2-11 
attitude errors 

AGS in fo llow-up, attitude error is not zero in one axis while other axes are la 5. 2- 11 
held at zero 

RANGE ind pwr / sig fail lt 2 5.2-12 

X pointer ind pwr fail lt goes on when X pointer is in use 3 5. 2-13 

FDA! pwr tb appears while FDA! is in use 4 5.2-13 

One FDA! total attitude display goes to (and remains at) specific attitude 5 5.2-13 

One FDA! total attitude display erratic or inaccurate 5a 5.2-13 

FDA! rate needles abnormal 6 5.2-14 

• Table 5-4. INTEGRATED GN&CS FLT DISP F a ilure/Symptom Cross-Reference Index 

Sym P age 
Failure Symptom No. No. 

AEA - FDA! interface failure One FDA! tot a l a ttitude display goes to 5 5,2-13 
(and r em ains at) specific attitude 

One F DA! total attitude display erratic 5a 5.2-13 
or inaccurate 

A TCA/ r ate gyro interface failed open. FDA! r ate needles abnormal 6 5.2-14 
Rates in affected axis cannot be dis-
played. Needle movement possibly due 
to vibration 

D-c power to FDA! failed or FDA! pwr tb appears while FDA! is 4 5.2-13 
FDA! shorted in us e 

• F ailure from MODE SEL sw to RANGE ind pwr/sig fail lt 2 5.2-12 
RANGE ind 

F ailure of LR or AGS output to RANGE RANGE ind pwr/ sig fail lt 2 5.2-12 
ind or failure of one deck of S/ C: 
AGS sw 

Failure of RR output or line to RANGE ind pwr/ sig fail lt 2 5.2-12 
RANGE indicator 

• FDA! attitude error display failed Attitude error is zero in one axis 1 5. 2-11 
(remains zero) while other axes 
display actual attitude errors 

Basic Date 
15 J uly 1968 Change Date _____ _ Page __ 5_._2_-_7 ___ _ 



LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK • Table 5-4. INTEGRATED GN&CS FLT DISP Failure/ Symptom Cross-Reference Index (cont) 

Sym Page 
Failure Symptom No. No . 

AGS in follow-up, attitude error is not la 5. 2-11 
zero in one axis while other axes are • held at zero 

FDA! pwr tb failed on FDA! pwr tb appears while FDA! is 4 5.2-13 
in use 

FDA! rate needle failure FDA! rate needles abnormal 6 5.2-14 

IMU - FDA! interface failure One FDA! total attitude display goes to 5 5. 2-13 
(and remains at) specific attitude 

One FDA! total attitude display erratic 
or inaccurate 

5a 5.2-13 

One FDA! total attitude display inter- One FDA! total attitude display goes to 5 5.2-13 
connect failure from AGS (and remains at) specific attitude 

One FDA! total attitude display erratic 
or inaccurate 

5a 5. 2-13 

One FDA! total attitude display inter- One FDA! total attitude display goes to 5 5.2-13 
connect failure from PGNS (and remains at) specific attitude 

One FDA! total attitude display erratic 5a 5.2-13 
or inaccurate • One or three AEA attitude error Attitude error is zero in one axis 1 5. 2-11 

channels failed biased (remains zero) while other axes display 
actual attitude errors 

AGS in follow-up, attitude error is not la 5. 2-11 
zero in one axis while other axes are 
held at zero 

One of three AEA attitude error Attitude error is zero in one axis 1 5. 2-11 
channels failed open (remains zero) while other axes display 

actual attitude errors 

AGS in follow-up, attitude error is not la 5. 2-11 
zero in one axis while other axes are 
held at zero 

One of three LGC attitude error Attitude error is zero in one axis 1 5. 2-11 
signals failed open or failed biased (remains zero) while other axes display 

actual attitude errors 

AGS in follow-up, attitude error is not la 5. 2-11 
zero in one axis while other axes are 
held at zero • Open condition downstream of CB RANGE ind pwr/ sig fail lt 2 5.2-12 

Power to X pointer ind failed or X pointer ind pwr fail lt goes on when X 3 5.2-13 
X pointer ind shorted pointer is in use 

RANGE indicator shorted RANGE ind pwr/ sig fail It 2 5. 2-13 

Rate gyro failed on FDA! rate needles abnormal 6 5.2-14 • 
Basic Date 15 July 1968 Change Date _____ _ Page ___ 5_._2_-_s ___ _ 
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Table 5-4. INTEGRATED GN&CS FLT DISP Failure/Symptom Cross-Reference Index (cont) 

Sym Page 
Failure Symptom No. No. 

• RATE SCALE sw failed open. Max FDA! rate needles abnormal 6 5.2-14 
rate displayed = 5° / sec • . 
S/ C: DEAD BAND sw failed open in Attitude error is zero in one axis 1 5. 2-11 
previous position (remains zero) while other axes display 

actual attitude errors 

AGS in follow-up, attitude error is not la 5. 2-11 
zero in one axis while other axes are 
held at zero 

Signal path from AGS to one FDA! Attitude error is zero in one axis 1 5. 2-11 
attitude error display failed (remains zero) while other axes display 

actual attitude errors 

AGS in follow-up, attitude error is not la 5. 2-11 
zero in one axis while other axes a r e 
held at zero 

Signal path from PGNCS to one FDA! Attitude error is zero in one axis 1 5. 2-11 
a ttitude error display failed (remains zero) while other axes display 

actual attitude errors 

• AGS in follow-up, attitude error is not la 5. 2-11 
zero in one axis while other axes are 
held at zero 

Total attitude display failure One FDA! total attitude display goes to 5 5.2-13 
(and remains at) specific attitude 

One FDA! total attitude display erratic 5a 5.2-13 
or inaccurate 

X pointer ind pwr fail lt failed on X pointer ind pwr fail lt goes on when 3 5. 2-13 
X pointer is in use 

• 
• 

Basic Date 15 July 1968 Change Date Page __ 5 _.2_-_9.;../ _5_.2_-_l_O_ 



1 

SYMPTOM 

Attitude error is zero in 
one axis (remains zero) 
while other axes display 
actual attitude errors 

SYMPTOM 

11 
Switch input to FOAi 

• ATTITUDE MON sw - AGS 

Symptom remains? 

NO 

13 

Switch same input to other 
FOAi 

• ATTITUDE MON sw - PGNS 
(other FOAi) 

Symptom appears? 

NO 

14 

SIGNAL PATH FROM PGNCS 
TO ONE FOAi ATTITUDE ER
ROR DISPLAY FAILED 

Basic Dote __ 1s_Ju_1_y_1_9_6_8_ 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

Symptom remains? 

Switch same input to other 
FOAi 

• ATTITUDE MON sw-AGS 
(other FOAi) 

SIGNAL PATH FROM AGS 
TO ONE FOAi ATTITUDE 
ERROR DISPLAY FAILED 

S/C, DEAD BAND~ FAILED 
OPEN IN PREVIOUS POSITION 

CAUTION 

GUID CONT sw-AGS will 
result in abnormal vehicle 
dynamics 

.,_ ___ __,_ •ATTITUDE MON sw- PGNS 

YES ONE OF TH REE LGC ATTI
TUDE ERROR SIGNALS FAIL
ED OPEN OR FAILED BIASED 

(COR and LMPJ 
•GUIO CONT sw-PGNS 

•ATTITUDE MON sw-AGS 
(COR and LMP) 

PROCEDURE 

INTEGRATED GN&CS FLIGHT DISPLAYS 

Change Dote ______ _ 

REMARKS 

(D Attitude errors are normally held 
• at zero in AGS follow-up when 

GUIO CONT sw · PGNS 
SIC, AGS sw - ATT WOLD 
or 
GUIO CONT sw- PGNS 
SOO= 0 
or 
S/C, AGS sw -ATT HOLD 
ACA • out of detent 

Q) FOAi attitude error display will show 
erroneous nonzero value in affected 
axis. 

Q) When GUIO CONT & ATTITUDE MON 
sw -AGS, attitude error signals go 
to FOAi & CES. Failure affects con• 
trot of LM & display. 

© One FOAi attitude error display is 
lost in one axis. 

© SIC O DEAD BAND sw-MAX or MIN 
capability is lost in one axis . 

© When ATTITUDE MON sw-PGNS, 
· LGC attitude error signals go to 

FOAi's. Failure affects display only. 

300IM.j.584 

REMARKS 

Page _s_. 2_-_1_1 _ 



Signal is lost 
Either a-c or d-c power 
is lost 

SYMPTOM 

Basic Date __ 1_5_J_u_1y_19_6_B_ 

Check for short 

• CB FLT DISP, RNG /RNG RT-open 
or 
• CB/AC BUS A, RNG/RNG RT-open 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

YES 

PROCEDURE 

Normal condition when tracking 
lock - on is lost 

RANGE INDICATOR SHORTED 

RANGE ind pwr/sig fail It - off? .. v_ES _______ -

NO 

Check alternate path for open 

• Close CB (procedure 6) 
• Open other ci rcu it breaker 

Verify status of indicator - driving 
source (radar or AEA) 

• Radar - Check transmitter power 
of source system (RADAR, SIGNAL 
STRENGTH ind) 

or 
• AEA- Observe normal operation 

of DEDA displays 

Source operating normally? 

NO 

YES 
10 

OPEN CONDITION DOWNSTREAM 
OF CB 

Select alternate display source ~ 
1--lw_h_en_o_p_er_at_in_gl ____ --4 ~~Iv 

RANGE ind pwr/sig fa il It off due 1-"=....,-t 
to new signal source? 

13 

RR 
ONLY 

RR 
& 
LR or AGS 

12 

L--------t FAILURE Of LR OR AGS OUTPUT TO 
RANGE IND OR FAILURE Of ONE 
DECK Of S/C, AGS SW 

FAILURE FROM MODE SH SW TO 
RANGE IND 

PROCEDURE 

INTEGRATED GN&CS FLIGHT DISPLAYS 

Change Date ______ _ 

REMARKS 

(D LI will normally be on when power 
is supplied and indicator is not 
used by AGS, LR, or RR. 

(D Range ind pwr / sig fail It is 
on when : 
RNG /ALT MON sw - ALT/ALT RT 
MODE SH sw - PGNS 

G) Alterna te display sources, 
a. RR range, RR range rate N78 
b. LGC, range, range rate, 9 N54 
c. Latitude, longitude, altitude N43 
d, DEDA address 337, LM altitude (h) 
e. DEDA address 367, LM altitude 

rate 
f. DEDA address 317, LM to CSM 

range (R) 
g. DEDA address 440, range rate 

between LM and CSM. 

JOOLM-4.583 

REMARKS 
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SYMPTOM 

X pointer ind pwr fail It 
goes oo when X pointer 
is in use 

FOAi pwr tb appears 
while FOAi is in use 

SYMPTOM 

Select zero signal 

X pointer ind-zero? 

NO 

POWER TO X POINTER INO FAILED OR 
X POINTER IND SHORTED 

• Corresponding FOAi (I or 2) sw to 
other position (ORB RATE or 
INRTU 

FOAi moves' 

ATTITUDE MON sw1 

Switch input source to 
FOAi 

• ATTITUDE MON sw-AGS 

Symptom remains' 

• ATTITUDE MON sw- PGNS 
(other FOAi) 

Basic Dote __ 1_s _J_u_1y_19_6_B_ 

LMA790-J-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

YES 

YES 

YES 

Switch input source to FOAi 

• ATTITUDE MON sw-PGNS 

Symptom remains' 

YES 

TOTAL ATTITUDE DISPLAY 
FAILURE 

ONE FOAi TOTAL ATTITUDE 
DISPLAY INTERCONNECT 
FAILURE FROM PGNS 

FOAi that displays symptom 
can be driven from one 
source only 

PROCEDURE 

• ATTITUDE MON sw -AGS 
(other FOAi) 

X POINTER IND PWR FAIL LT 
FAILED ON 

FOAi PWR TB f AILED ON 

YES 

D-C POWER TO FOAi FAILED OR 
FOAi SHORTED 

ONE FOAi TOTAL ATTITUDE 
DISPLAY INTERCONNECT 
FAILURE FROM AGS 

CAUTION 

FOAi that displays symptom 
can be driven from one 
source only. 

INTEGRATED GN& CS FLIGHT DISPLAYS 

Change Date -------

REMARKS 

CD Assumptioo, 
Ordeal is operating. 

0 ORB RATE & INRTL total att ilude 
displays are identical 1 minute per 
orbital period. Therefore, wa iting 1 
minute resolves possible ambiguity 

CD Specific attitude, o•, 90• , 180° 
270 • , or 45 °, 135 °, 225 °, 315• . 

(D fai lure includes following, 
One of six IMU output lines fails 
(complete loss or magnitude/ polarity 
error) or GASTA failure. 

(D failure includes following, 
One of six AEA output channels fa iled 
(complete loss, or magnitude /polarity 
error) or ooe of three AEA return lines 
failed. 

JOOLM.(.~98 

fiEMARKS 
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6 

SYMPTOM 

FOAi rate needles 
abnormal 

S~MPTOM 

Both FOAi rate needles agree' 

YES 

• Stabilize vehicle via out-the
window indications 

• Compare rate needles with 
vehicle motion 

Indicated rates greater than vehicle 
motion? 

NO 

Rate needles at zero when 
maneuver was commanded? 

NO 

RATE SCALE SW FAILED OPEN. MAX 
RATE DISPLAYED - 5°/SEC 

Basic Date _1_5_J_u_1_y_1_9_6_B_ 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

YES 

PROCEDURE 

FOAi RATE NEEDLE FAILURE 

WARNING 

Do not switch to AGS until affected 
axis S/C, ROLL, PITCH, or YAW sw 
has been set to PULSE or DIR 

ATCA/RATE GYRO INTERFACE 
FAILED OPEN. RATES IN AFFECTED 
AXIS CANNOT BE DISPLAYED. 
NEEDLE MOVEMENT POSSIBLY DUE 
TO VIBRATION 

PROCEDURE 

INTEGRATED GN &CS FLIGHT DISPLAYS 

Change Date ______ _ 

RATE GYRO FAILED ON 

RATE GYRO FAILED ON 

REMARKS 

(D Rate needles are not abnormal if 
they are fol lowing vehicle dynamics. 

(D Presumes that LM was in AGS and 
entry point was abnormal vehicle 
dynamics. 

0 Switching to AGS might result in 
large vehicle rates. Being in "NO'' 
branch implies PGNCS is in control. 

(D Roll, pitch, or yaw rate needles 
read same on both FOAi's. 

(D Automatic maneuvering, rate 
commands, & attitude hold have 
been lost in affected axis when 
AGS is in control. 

300LM4-529 

REMARKS 
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LMA790-3-LM 4 

• APOLLO OPERATIONS HANDBOOK 

5.2.3 PRIMARY GUIDANCE & NAVIGATION SECTION 

T able 5- 5. PGNS Procedure Entry Sheet 

• Sym Page 
Symptom No. No. 

ISS warn lt 1 5.2-19 

ISS warn lt & TRACKER lt 2 5.2-20 • ISS warn lt & PROG lt 3 5.2-20 

LGC warn lt 4 5. 2-21 

LGC warn lt & RESTART lt 5 5. 2- 21 

RNDZ RDR caut lt 6 5. 2-22 

RNDZ RDR caut lt & RNDZ RADAR: NO TRACK lt 7 5. 2-22 

LDG RDR caut lt 8 5. 2- 23 

TRACKER lt 9 5. 2-23 

PROG lt & TRACKER lt 10 5.2- 23 

• TEMP lt 11 5.2-24 

GIMBAL LOCK lt 12 5. 2- 24 

Abnormal DSKY response 13 5.2-25 

Missing numerics or EL segments appear in PROG ind, VE RB ind, 13a 5.2-25 
NOUN ind, or registers 

Mark verb continues flashing after crew response 13b 5.2-26 

V50 N25 continues flashing after crew response 13c 5.2-26 

V50 N19 continues flashing after crew response 13d 5. 2-26 

Table 5-6. PGNS Failure/ Symptom Cross-Reference Index 

• 
Sym Page 

Failure Symptom No. No. 

AOT pb (CDR) or LGC logic fa iled Mark verb continues flashing after crew 13b 5. 2- 26 
response 

CWEA failure ISS warn It 1 5. 2-19 

LDG RDR caut lt 8 5.2- 23 

• LGC warn lt 4 5. 2- 21 

RNDZ RDR caut lt 6 5. 2-22 

Basic Date 15 July 1968 Change Date _____ _ Page __ 5_._2_- _1_5 ___ _ 



LMA790- 3-LM 4 
APOLLO OPERATIONS HANDBOOK 

Table 5- 6. PGNS Failure/ Symptom Cross-Reference Index (c ont) 

Failure 

DSKY ENTR or PRO pb failed 
(depending on pb used) 

DSKY power supply (275 V , 800 cps) 

DSKY relay(s) failed 

EL light failed 

ENGTHRCONT: THRCONTsw 
AUTO position failed open or LGC 
inbit failed open 

ENTR pb failed open 

Gimbal lock detection circuit failure 

GUID CONT sw PGNS position failed 
open or LGC inbit failed open 

ICDU A/ D section failure 

ICDU D/ A section failure 

IMU failure 

IMU has entered gimbal lock. Inertial 
reference is lost 

IMU temp control failure 

Integral lighting failed 

ISS transient condition or false 
indication 

LGC failure 

LGC power failure 

LR data- good logic failure causing 
absence of data-good signal to LGC 

Numeric pb failed open 

One DSKY pb failed closed 

PIPA failure 

Basic Date 15 July 1968 

Symptom 

Abnormal DSKY response 

Abnormal DSKY response 

Missing numerics or EL segments 
appear in PROG ind, VERB ind, 
NOUN ind, or registers 

Missing numerics or EL segments 
appear in PROG ind, VERB ind, 
NOUN ind , or registers 

V50 N25 continues flashing after crew 
response 

V50 Nl9 continues flashing after crew 
response 

GIMBAL LOCK lt 

V50 N25 continues flashing afte r crew 
respons e 

ISS warn lt 

ISS warn lt 

ISS warn lt 

GIMBAL LOCK lt 

TEMP lt 

Abnormal DSKY response 

ISS warn lt 

LGC warn lt 

LGC warn lt and RESTART lt 

LGC warn lt 

LDG RDR caut lt 

Missing numerics or EL segments 
appear in PROG ind, VERB ind, 
NOUN ind, or registers 

Missing numerics or EL s egments 
appear in PROG ind, VERB ind, 
NOU ind, or registers 

ISS warn lt and PROG lt 

Change Date _____ _ 

Sym 
No . 

13 

13 

13a 

13a 

13c 

13d 

12 

13c 

1 

1 

12 

11 

13 

1 

4 

5 

4 

8 

13a 

13a 

3 

Page 
o . 

5,2-25 

5.2-25 

5.2-25 

5.2-25 

5, 2- 26 

5.2-26 

5.2-24 

5.2-26 

5. 2-19 

5.2-19 

5. 2-19 

5.2-24 

5.2-24 

5.2-25 

5. 2-19 

5. 2-21 

5.2-21 

5.2-21 

5.2-23 

5. 2-25 

5, 2-25 

5. 2-20 
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LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

• Table 5- 6. PGNS F ailure/ Symptom Cross-Refer ence Index (cont) 

Sym Page 
Failure Symptom No. No. 

• Possible LGC failur e not detected by LGC warn lt 4 5.2-21 
self- test, or failed LGC warn lt 
circuitry LGC warn lt and RESTART lt 5 5. 2-21 

Possible RR failure or transponder RNDZ RDR caut lt and RNDZ RADAR: 7 5.2-22 

■ failure not detected by self-tests NO TRACK lt 

PRO pb failed open V50 N19 continues flashing after crew 13d 5.2-26 
response 

V50 N25 continues flashing after crew 13c 5.2-26 
response 

RNDZ RADAR: NO TRACK lt failed off RNDZ RDR caut lt 6 5.2-22 

RNDZ RADAR: NO TRACK lt failed on RNDZ RDR caut lt and RNDZ RADAR: 7 5.2-22 
NO TRACK lt 

RNDZ RADAR sel LGC position failed V50 N25 continues flashing after crew 13c 5.2-26 
open or LGC inbit failed open response 

RNDZ RDR caut lt failed on RNDZ RDR caut lt and RNDZ RADAR: 7 5.2-22 
NO TRACK lt 

• RR CDU failure TRACKER lt 9 5.2-23 

RR frequency tracker failure RNDZ RDR caut lt and RNDZ RADAR: 7 5. 2-22 
NO TRACK lt 

RR range tracker failure RNDZ RDR caut lt and RNDZ RADAR: 7 5.2-22 
NO TRACK lt 

RR transmitter failure RNDZ RDR caut lt and RNDZ RADAR: 7 5.2-22 
NO TRACK lt 

S/ C: PGNS sw - AUTO position failed V50 N25 continues flashing after crew 13c 5.2-26 
open or LGC inbit failed open response 

Temporary loss of track corrected by RNDZ RDR caut lt and RNDZ RADAR: 7 5.2-22 
AGS acquisition NO TRACK lt 

Temporary loss of track corrected by RNDZ RDR caut lt and RNDZ RADAR: 7 5.2-22 
P20 NO TRACK lt 

TRACKER lt logic or CDU fail discrete TRACKER 1t 
circuit failure 

9 5.2-23 

Transient condition PROG lt and TRACKER lt 10 5.2-23 

• Transient condition at time of symptom Mark verb continues flashing after crew 13b 5.2-26 
response 

Transient condition in gimbal lock GIMBAL LOCK lt 12 5.2-24 
detection circuit 

Transient condition in !MU temp TEMP lt 11 5.2-24 
control circuit 

• Transient condition in LGC, PGNCS LGC warn lt and RESTART lt 5 5.2-21 
operative 

Basic Dote 15 July 1968 Change Dote Page 5.2-17 



LMA790-3-LM 4 
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Table 5-6. PGNS Failure/ Symptom Cross-R eference Index (cont) • 
Sym P age 

Failure Symptom No. No. 

Transient condition in PIPA loop, ISS warn It and PROG lt 3 5. 2-20 
PGNCS is operative 

Transient condition in RR CDU circuit PROG It and TRACKER It 10 5.2-23 • TRACKER It 9 5.2- 23 

Transient condition in RR or fail detect RNDZ RDR caut It 6 5. 2-22 
circuit, or double failure 

Transient condition in RR or failure RNDZ RDR c aut It and RNDZ RADAR: 7 5. 2- 22 
detection circuit NO TRACK It 

Transponder failure RNDZ RDR caut It and RNDZ RADAR: 7 5.2- 22 
NO TRACK It 

+ 14-vdc power failure to CDU ISS warn It and TRACKER It 2 5.2-20 

• 

• 
• 

Basic Date 15 July 1968 Change Date 5. 2-18 Page _______ _ 



SYMPTOM 

1 

ISS 

RED 

Light on if: 

IMU fa ils 

ICDU fails 

PIPA fails during thrust 

SYMPTOM 

16 

Basic Dote __ 1s_J_u_lY __ 19_6_B_ 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

Switch to AGS control 

MPS thrusting? 

NO 

PROCEDURE 

CAUTION 

Enable automatic eng off command: 
• ABORT pb - push (DPS thrust) 

!ABORT STAGE pb-push IAPS thrust) 
When eng shutdown complete: 
• ENG THR CONt ENG ARM sw - OFF 

-------!•ABORT pb or ABORT STAGE pb
reset 

NO 

IMU Check 

• Compare CDR (PGNCSI & LMP 
(AGSJ FOAi total attitude 

Extended IMU check 

Pertorm LGC or dynamic check 

• Key Vil NIOE 30E 
RI AXXXX 
R2 · · 
R3 · · · · · 
A - 0 or even-lMU fa il inbit 
present 
A= Odd-lMU fail inbit not 
present 

A= Odd? 

ICDU D/A SECTION FAILURE 

CWEA FAILURE 

YES PGNS 

YES 

YES 

2 I 

PGNS 

3 2 

IMU FAILURE 

Perform attitude maneuver 

• S/C:AGS sw -ATT HOLO 
• ACA- maneuver LM about all axes 

FOAi responds correctly' 

YES 

ICDU AID section check 

• Pertorm Crew Defined Maneuver 
Routine (R62), ref para 4.6.1.9, to 
where NIB is displayed 

• Compare CDR FOAi total attitude 
with Nl8 display 

COR FOAi & DSKY registers agree' 

YES 

15 ICDU D/A section check 
Load error counter manually: 
• Pertorm Load IMU Attitude Error 

Meters, ref para 4.6.1.23 
or 
Monitor CDU fail inbit 
•Key Vil NIOE 30E 

RI XBXXX 
R2 -
R3 · 
B = I or 3-CDU fail inbit 
present 
B = 5 or 7-CDU fait inbit not 
present 

FOAi error needles = loaded 
values or B = 5 or 7? 

PROCEDURE 

YES 

PRIMARY GUIDANCE & NAVIGATION SECTION 

MSFN monitor ISS pertormance 

ISS power- down 

• CB PGNS: IMU OPR · open 
• Select desired program not re-

quiring IMU 

CAUTION 

When CB PGNS: IMU QPR open, 
28V, BOO-cps mitation power to 
ACA & TTCA under PGNCS control 
is lost 

ISS TRANSIENT CONDITION OR 
FALSE INDICATION 

• Continue using ISS & monitor 
performance 

Change Dote _ _ ____ _ 

CD 

REMARKS 

ISS warn It is not usable for 
failure detection. 

0 All ISS functions are lost. 

(D LGC can pertorrn functions not re
quiring IMU inputs. After each 
thrust maneuver, state vectors 
must be updated via P27. 

(D Select dynamic check if time & 
propellant permi t. 

0 If automatic attitude maneuver is 
in process, manual attitude maneu• 
ver may not be required. 

© ICOU is incapable of supplying data 
to LGC. (Refer to ICDU functions 
Table.) 

0) ICOU is incapable of supplying data 
from LGC. (Refer to ICDU functions 
Table.) 

ICDU functions Table 

function A/0 0/A 
Failure Failure 

fine alignment NO YES 

Coarse alignment NO NO 

Attitude error signals NO NO 

Total attitude to FOAi YES YES 

Gimbal angles to LGC NO YES 

IMU stabilization loop YES YES 

Cage mode YES YES 

IMU fail detect circu it YES YES 

Coarse al ign in gimbal 
lock mode NO YES 

NO = function not available 
YES • function available 

300lMA-.567 

REMARKS 

Page _ s_._2_-1_9_ 



SYMPTOM 

ISS 

RED 

TRACKER 

YELLOW 

lights on if + 14 - v<lc 
power supply IS lost to 
RR CDU and ICDU 

3 

ISS 

RED 

PROG 

YELLOW 

lights on if PIPA fails 
during thrust 

SYMPTOM 

Ba sic Date __ 15_J_ul_y_l_9_6_B_ 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

Switch to AGS control 

• GUID CONT sw -AGS 

PROCEDURE 

Switch to AGS control 

• GUID CONT sw -AGS 
• Key RSET 

CAUTION 

Enable automatic eng-off command: 
• ABORT pb-push (DPS thrusU 
or 

MPS thrusting' YES • ABORT STAGE pb-push (APS 
t---t~ thrusU 

'------r:N'"'o____ When eng shutdown complete: 
• ENG THR CONT: ENG ARM sw-OFF 
• ABORT pb or ABORT STAGE pb -

reset 

TRANSIENT CONDITION IN PIPA 
LOOP. PGNCS IS OPERATIVE 

YES 
• Key RSET 

PROG II-off? 

Mooitor PIPA's as desired 

• Key Vl6 N21E 
RI X XXXXX pulses 
R2 Y XXXXX pulses 
R3 Z XXXXX pulses 

MSFN monitor ISS perlormance 

PROCEDURE 

PRIMARY GUIDA NCE & NAVIGATION SECTION 

Cha nge Da te ______ _ 

MSFN monitor & evaluate ISS 
performance 

PIPA FAILURE 

REMARKS 

(D RR COU and ICDU are incapable of 
supplying data to & from the LGC: 
a. Attitude error si gnals are not 

available. 
b. Normal IMU alignment is dis· 

abled. 
c. RR use under LGC cootrot is 

disabled. (RR can be used in 
automatic track & slew modesJ 

G) LGC can perlorm following, 
a. Functions not requiring IMU or 

RR inputs 

0 

b. Receive state vector updates 
via P27 

c. Update AGS state vectors via 
R47. 

Thrust maneuvers should not be 
perlormed under PGNS control. LGC 
can be used for all normal proced
ures not requiring PIPA data. State 
vector update must be perlonned 
after each thrust maneuver (via 
P2n. 

G) Monitor registers for erratic pulse 
counts. II is assumed that if PIPA 
failed during thrust maneuver, PIPA 
will still exhibit erratic behavior 
during coast. 

300lM4•568 

REMARKS 
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s 

SYMPTOM 

LGC 

RED 

light on if, 

LGC prime power fa ils 

Scaler fails 

Counter fails 

These failures can occur 
when the LGC is in oper
ate or standby mode 

YELLOW 

lights on when LGC IS in 
operate mode if: 

Parity fa il occurs 

RUPT Lock occurs 

TC TRAP occurs 

Night Watchman occurs 

Vollage fails 

Oscillator fails 

SYMPTOM 

Basic Date __ 15_ J_ul_y_l_9_6_8_ 

RESTART lt-on1 

NO 

Switch to AGS control 

•GUID CONT sw-AGS 

MPS thrusting? 

LMA790-J-LM 4 
APOLLO OPERATIONS HANDBOOK 

YES 

PROCEDURE 

PGNS 

5 I 

I CAUTION I 
Enable automatic eng - off com
mand, 
• ABORT pb-push (DPS thrust) 
or 
• ABORT STAGE pb-push (APS 

thrust) 
When eng shutdown complete, 

NO • ENG THR CONT. ENG ARM sw-Off 
~-------l •ABORT or ABORT STAGE pb - reset 

YES 

Attempt LGC operate 

• Key PRO & hold 

P06 d,splayed' 

• Key VIG N36E 

LGC clock running' NO 

Self-test successful' 

CWEA FAILURE 

Attempt DSKY entry 

OSKY responds? 

LGC FAILURE 

MSFN monitor LGC pertormance 

MSFN monitor & evaluate LGC 
performance 

CAUTION 

Enable automatic eng-off command, 
• ABORT pb-push (OPS thrust) 

LGC warn II & RESTART II-off? l'N.;.:0;_--1~"'""' Switch to AGS control 
or 
• ABORT STAGE pb-push (APS 

thrust) 
YES 

TRANSIENT CONDITION IN LGC. 
PGNCS OPERATIVE 

• GUIO CONT sw-AGS 

MPS Thrusting' 

NO 

Pertorm LGC Self-Test (para 4.6.1) 

LGC FAILURE 

PROCEDURE 

When eng shutdown complete, 
• ENG THR CONT, ENG ARM sw-Off 

YES • ABORT pb or ABORT STAGE pb-
r----1- reset 

POSSIBLE LGC FAILURE NOT 
DETECTED BY SELF-TEST. OR 
FAILED LGC WARN LT CIRCUITRY 

PRIMARY GUIDANCE & NAVIGATION SECTION 

Change Date ______ _ 

REMARKS 

CD LGC warn II is not usable for 
failure detection. 

0 If power can be restored, pertorm 
normal system operation. 

Q) This can be a scaler, counter, or a 
+ 4- or + 14- vdc failure. If + 
4-or + I4-vdc failure occurs, 
RESTART It may also go on. See 
symptom 5. If LGC is not functional, 
IMU can be used as backup for at
titude reference. 

(D LGC pertormance may be unreliable. 

CD RESTART It remains off as long as 
RSET is keyed. 

0 LGC pertormance may be unreliable. 

Q) LGC is not functional: IMU can be 
used as backup for attitude 
reference. 

300LM•-569 

REMARKS 
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SYMPTOM 

6 

RNDZ RDR 

YELLOW 

Light on when RR is in 
automatic track mode if 
RR loses CSM lock-on 

7 

RNDZ RDR 

YELLOW 

r-RNiiiRADAR-;-1 I NO TRACK I 
I 
I O I L ______ J 

YELLOW 

Light on when RR is in 
automat ic track mode if 
RR loses CSM lock-on 

Assumption: If thrusting 
is in process when this 
symptom occurs, th/ust 
maneuver will be com· 
pleted before proceeding 
will diagnosis 

SYMPTOM 

10 

RN DZ RADAR: NO TRACK lt-on7 

RR AGC loop check 

• RADAR: TEST MON sel - AGC 
• RADAR: SIGNAL STRENGTH 

ind - see figure 4-7 

AGC within nominal operational 
limits? 

•RNDZ RADAR sel -AUTO TRACK 

RNDZ RADAR caut It and RNDZ 
RADAR: NO TRACK It-off' 

YES 

Attempt AGS Acquisition Steering 
and manual lock- on 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

NO 

YES 

PROCEDURE 

• RNDZ RADAR sel-SLEW 

RNDZ RADAR caut It- off? 

TRANSIENT CONDITION IN RR OR 
FAIL DETECT CIRCUIT, OR DOUBLE 
FAILURE 

RR transmitter check 

• RADAR: TEST MON sel -XMTR 
PWR 

RADAR: SIGNAL STRENGTH ind 
2: 2.1 vdc? 

RNDZ RDR CAUT LT FAILED ON 

GUID CONT sw' 

Attempt automatic LGC acquisition 
via P20, ref para 4.8.2.1 

Target acquired? 

Transponder self-test 

RR RANGE TRACKER FAILURE 

PROCEDURE 

NO 

RR TRANSMITTER FAILURE 

1-----..••RNDZ RADAR sel-AUTO TRACK 

RNDZ RADAR: NO TRACK It - off' 

YES 

TRANSIENT CONDITION IN RR OR 
FAILURE DETECTI ON CIRCUIT 

TRANSPONDER FAILURE 

PRIMARY GUIDANCE & NAVIGATION SECTION 

Basic Date _ 1_5_J_u_l_y_1_9_6_8_ Change Date ______ _ 

REMARKS 

G) RNDZ RDR caut It is not usable for 
fa ilure detection. Use RNDZ RADAR: 
NO TRACK It for monitoring. 

(D If this failure occurs, it is assumed 
that no other failure will be encoun
tered. RNDZ RADAR: NO TRACK It 
is not usable for monitoring 

G) RR /transponder failure requires 
MSFN and/or CSM assistance & 
use of LGC - derived data when 
performing rendezvous. 

(D If this failure occurs it is assumed 
that no other failure will be 
encountered. 

RNDZ RDR caut It is not usable for 
monitoring. Use RNDZ RADAR: No 
TRACK It. 

(D Wait z 15 sec for range 
tracker to lock-up. 

0 Temporary loss of track may be 
due to LM attitude excursions. 

© RNDZ RADAR: No TRACK It is not 
usable for monitoring. 

© Rendezvous radar will maintain 
tracking and provide good range 
rate data, good shaft & trunnion 
angles to FOAi error needles, & 
good azimuth & elevation rates to 
X pointer ind. 

(D Possible data good logic failure. 
Continue using RR & monitor per
formance. 

300LM,t.570 

REMARKS 

Page _ 5_. 2_-_2_2 _ 

• 
• 

• 

• 
• 



SYMPTOM 

LOG RDR 

YELLOW 

9 

TRACKER 

YELLOW 

Light on while RR is 
under LGC control if RR 
CDU fails 

RNDZ RADAR, NO TRACK 
It may also be on, but 
does not represent a 
malfunction if lock-on 
has not been achieved. 

10 

PROG 

YELLOW 

TRACKER 

YELLOW 

Light on if data good loss 
occurs during LGC data 
read sequence or RR CDU 
failure occurs while Ren-
dezvous Navigation Pro-
gram (P20) is in progress. 

SYMPTOM 

Basic Date 15 July 1968 

TRACKER It - on 1 

YES 

• Key RSET 

TRACKER It- off? 

NO 

RR CDU check 

• RATE/ERR MON sw - RNDZ RADAR 
• Perform RR Coarse Align, ref para 
4.6.3.6. 

DSKY registers & FOAi error 
needles display input shaft & trun-
nion angles? 

TRACKER LT LOGIC OR CDU FAIL 
DISCRETE CIRCUIT FAILURE 

• Key RSET 

PROG It & TRACKER 11 - off? 

Call alarm 

• Key V05 N09E 

Alarm code? 

• Key KEY REL & RSET 

Attempt to continue P20, ref para 
4.8.2.1 

CDU performance satisfactory' 

NO 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

NO 

LR DATA-GOOD LOGIC FAILURE 
CAUSING ABSENCE Of DATA-GOOD 
SIGNAL TO LGC 

MSFN monitor & evaluate RR CDU 
performance 

RR CDU FAILURE Perform manual RR acquisition 

If LM under PGNCS control , 
• Perform Preferred Tracking Alli-

tude Program (P25), ref para 
4.6.1.19. 

• RADAR, TEST MON sel-AGC 
•RATE/ERR MON sw-RNDZ RADAR, 
• X POINTER SCALE sw-as desired 
• RNOZ RADAR, SLEW sw-slew 

antenna until RADAR, SIGNAL 
STRENGTH ind peaks 

• Perform side-lobe check 
• RNOZ RADAR sel-AUTO TRACK 
If LM under AGS conlrol , 
• Perform AGS Manual Rendezvous 

Radar LM State Vector Update, 
(para 4.8.2) 

TRANSIENT CON DIT ION 

• Key KEY REL & RSET 
PGNS 
) 11 

Continue P10 

PROCEDURE 

PRIMARY GUIDANCE & NAVIGATION SECTION 

Change Date ______ _ 

REMARKS 

0 TRACKER It goes on if LR velocity 
or range data are no good. Discrete 
is present during LGC data- read 
sequence. In LM 4, this implies a 
failure of the data - good logic. 

CD LM 4 is wired such that velocity & 
range data - good signals are 
always present 20 seconds after 
power is turned on. LOG RDR caut 
It should go on only if there is 
CW£A or data - good logic failure. 

0 

■ 
LR data are transmitted to MSFN 
regardless of status of data-good 
discretes. 

0 During RR Coarse Align respond to 
V04 N06 - Option with 00002 con-
tinous designate option. To permit 
comparison of DSKY registers & 
FOAi error needles, load 000.00• for 
both shaft & trunnion angles. 

CD RR is not usable under LGC control. 
Select slew & automatic track 
modes. 

0 TRACKER It is not usable for 
monitoring. Use program alarms 
for monitoring. 

0 Alarm codes: 
00521 - Data good lapses 
00515-RR CDU fail 

CD If data good lapses, RNOZ RADAR-
NO TRACK It will go on. 

0 Program 20 automatically selects 
RR designate routine for automatic 
reacquisition. 

300LM4-571 

REMARKS 

Page _5._2_-_23_ 



SYMPTOM 

TEMP 

YELLOW 

light on if IMU temp is 
not within 126.3 • F to 
134.J• f 

GIMBAL 
LOCK 

YELLOW 

Light on if MGA 
>:::t:. 70° from zero 
position 

SYMPTOM 

Basic Date 15 July 1968 

• Key RSET 

TEMP It-off? 

YES 

TRANSIENT CONDITION IN IMU 
TEMP CONTROL CIRCUIT 

• Key RSET 

NO ATT It -on' 

NO 

Monitor present gimbal angles 

• Key Vl6 N20E 
RI OGA XXX.X x• 
R2 IGA XXX.X x• 
R3 MGA XXX.X x• 

R3 (MGA) > ± 70° 1 

NO 

• Key KEY REL 

GIMBAL LOCK It-off' 

TRANSIENT CONDITION IN GIMBAL 
LOCK DETECTION CIRCUIT 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

NO 

YES 

PROCEDURE 

IMU HAS ENTERED GIMBAL LOCK. 
INERTIAL REFERENCE IS LOST. 

PROCEDURE 

IMU TEMP CONTROL FAILURE 

MSFN evaluate ISS performance. 
If MSFN not available or if MSFN 
confirms ISS not usable, switch to 
AGS control , 
• GUIO CONT sw-AGS 
If thrusting, 
• ABORT pb-push (OPS thrust) 
or 
• ABORT STAGE pb-push (APS thrust) 
When eng shutdown complete, 
• ENG THR CONT, ENG ARM sw-OFF 
• ABORT or ABORT STAGE pb · reset 

IMU gimbal angles will hold at 
present altitude 
• Pertorm P51 (para 4.9.1) to 

establish inertial reference 

Avoid gimbal lock 

• Key KEY REL 
• Pertorm P52 to realign IMU 
or 
• ACA- maneuver to avoid gimbal 

lock 

PRIMARY GUIDANCE & NAVIGATJO ' SECTION 

Change Date _ _ ____ _ 

0 

REMARKS 

IMU stabilization loop accuracy is 
degraded (depending on temp ex
cursion from nominal range). Vel
ocity measurement accuracy is lost. 

(D To prevent gimbal oscillations, LGC 
commands a coarse alignment 
when MGA >± 85° 

Q) Gimbal lock is imminent. LM 
attitude or IMU orientation must 
be changed. 

0 GIMBAL_ LOCK It is not usable for 
momtonng. 

JOOlM-4-572 
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SYMPTOM 

13a 
Missing numerics or El 
segments appear in 
PROG ind, VERB ind, 
NOUN ind, or registers 

SYMPTOM 

Basic Date __ 1_s_J_u_Iy_19_6_8_ 

NO 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

YES 
OSKY POWER SUPPLY FAILED (275 V, 
800 CPS) 

Missing EL segments or numerics 1-Y_ES ___ ot-;..;..,-'--l 
in PROG, NOUN, or VERB ind or 
registers? 

YES INTEGRAL LIGHTING FAILED 

YES PGNS 
13b I 

YES PGNS 
13c I 

YES PGNS 

13d l 

NO 

to 
DSKY continues to flash some DSKY ENTR OR PRO PB FAILED 
other verb/noun (DEPENDING ON PB USED) 

Attempt DSKY relay test 

• Key V21 N27E, llE 

DSKY responded as key was 
ONE DSKY PB FAILED CLOSED • Perform LGC Power Down, 

pushed' ref para 4.6.l .2 

NO 
DSKY RELAYISI FAILED DSKY relay test successful' 

DIGIT 
NUMERIC PB FAILED OPEN 

SEGMENT 

El LIGHT FAILED Possible ambiguity in readout 

PROCEDURE 
PRlMARY GUIDANCE & NAVIGATION SECTION 

Change Date _ _____ _ 

REMARKS 

CD El displays are lost. Display of 
keyboard or computer data is pos
sible. MSFN can update & control 
LGC. 

(D Capability of inserting data & 
initiating or cootrolling computer 
operations is lost. 

CD Capability of inserting data & 
initiating or controlling computer 
operations is lost. 

(D Operation of displays is lost or im-
proper. 

(D Capability to load failed digit is 
lost. MSFN can update & control 
LGC. 

300LM•-573 

REMARKS 
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SYMPTOM 

1lb 
Mark verb continues 
flashing after crew 
response 

13c 

VSO N25 continues 
flashing afler crew 
response 

13d 
VSO Nl9 continues 
flashing afler crew 
response 

SYMPTOM 

Basic Date __ 1_5_J_u_ly_l9_6_B_ 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

lnbit verification 

• Key V 11 NIOE t6E 
• Push & hold appropriate AOT pb 

(CCRD) 
RI XXXDE 

D • O Neither MARK Y nor REJECT 
inbits present 

D -1 MARK Y inbit present 
D-2 REJECT inbit present 
D • 3 MARK Y & REJECT 

inbits present 
E -0 MARK X inbit not present 
E =4 MARK X inbit present 

Rt displays inbit correspornling to NO 
AOT pb being pushed? 

YES 

Rl code? 

002D3 

Input channel verification 

To call GUID CONT sw and ENG 
THR CONT, THR CONT sw inbits, 
• Key VO! NIOE JOE 

Rl XBXDX 
B•6 GUID CONT discrete 

present 
D=l or 5 ENG THR CONT, THR 

CONT sw-AUTO, discrete 
present (DPS only) 

To call S/C, PGNS sw inbit, 
inbit, 
• Key VO! NlOE 31E 

R!W.J:1. 
A- t Of 5 AUTO discrete present 

A= 1 orS? 

Automatic maneuver commanded? 

Automatic maneuver performed? 

00062 

NO 

YES 

PROCEDURE 

AOT PB (CCRD) OR LGC LOGIC 
FAILED 

TRANSIENT CONDITION AT TIME OF 11----..i 
SYMPTOM 

14 

Input channel verification 

To call RNDZ RADAR sel inbit 
• Key VO! NIOE 33E 

Rl XXXXE 
E = 1 or 5 rendezvous auto 

discrete present 
(RNDZ RADAR sel-LGC) 

E•l or 5? 

GUID CONT SW PGNS POSITION 
FAILED OPEN OR LGC INBIT 
FAILED OPEN 

ENG THR CONT, THR CONT SW 
AUTO POSITION FAILED OPEN OR 
LGC INBIT FAILED OPEN 

PRO PB FAILED OPEN 

S/C, PGNS SW- AUTO POSITION 
FAILED OPEN OR LGC INBIT FAILED 
OPEN 

Trim bypassed ' 

YES 

PRO PB FAILED OPEN 

PROCEDURE 

P RIMARY GUIDANCE & NAVIGATION SECTION 

Change Date ______ _ 

• KEY REL pb - push 
Note, If further thrusting is to be 
penormed, switch to AGS. 

• KEY REL pb-push 
• Continue normal procedures 

PRO PB FAILED OPEN 

For thrusting, 
• GUID CONT sw-AGS 

Switch to manual throtling 

• ENG THR CONT, THR CONT 
sw-MAN 

SWitch to AGS control 

• GUID CONT sw-AGS 

ENlR PB FAILED OPEN 

• For proceed function. use V33E 
in place of PRO 

REMARKS 

(D Penorm LGC self-test, if desired, 
to confirm LGC capability. PGNS 
star sightings are no longer pos
sible. Normal IMU al ignment proce
dures are not usable. Extended V41 
N20 may be penormed, but should 
not be used for PGNS thrust con
trol. 

Q) After thrusting, PGNS requires 
state vector update if it is to be 
used for futher prethrust calcula
tions. 

(D VSO N25 codes, 
00062- Switch LGC power down 
00201-Switch RR mode to auto 
00203-Switch to PGNCS auto mode. 

Q) V33E cannot be used for STBY 
function as requested by FL VSO 
N15. 

(D Automatic rendezvous radar ac
quisition is not possible under LGC 
control. 

0 ENG THR CONT, THR CONT sw auto
matic discrete (register position D) 
applicable to DPS burns only. 

0 LGC cannot be used f0< LM control. 

© Automatic thrust control is lost. 
manual throttling is required. 

0) 

CD 

PGNCS automatic control is 
lost. 

Capability of inserting data initia
ting or controlling computer oper
ations is lost. 

300LM4-574 
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LMA790-3-LM 4 
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5.2.4 ABORT GUIDANCE SECTION 

Table 5- 7. AGS Procedure Entry Sheet 

Symptom 

AGS warn lt 

DEDA response is abnormal 

DEDA and/ or FDAI anomaly when AGS STATUS sw pos it ion is changed 

AGS Initialization complete code is not displayed within 10 seconds after DSKY 
display changes or goes blank 

No change in DEDA t;. V display during thrusting 

Attitude error needles failed at zero 

In deadband, attitude hold error signals are displayed when guidance or 
acquisition steering submodes of operation are com manded 

Attitude error signals are non zero when GUID CONT sw - P GNS, S00 = 0 

Attitude error signals are non zero when GUID CONT sw - P GNS , S/C : 
AGS sw - ATT HOLD S00 = 1 or 2 

Attitude error signals are non zer o when S/C: AGS sw - ATT HOLD, ACA -
0·1t of detent S00 = 1 or 2 

PGNCS and AGS total attitude displays disagree in one or m ore axes immediately 
following AGS - IMU alignment 

Table 5-8. AGS F ailu re / Symptom Cross-Reference Index 

Failure Symptom 

AEA power supply failure AGS warn lt 

AGS accelerometer failure No change in DEDA t;. V display 
du r ing thr us ting 

AGS self-test de tected failure AGS warn l t 

AGS STATUS sw - STAND BY contacts DEDA and/ or F DAI anomaly when AGS 
failed open STATUS sw position is changed 

ASA heater, C WEA, or AEA test mode AGS warn lt 
fail discrete failure 

ASA heater failure AGS warn lt 

Auto discrete ( /3 4) failed off Attitude error needles fa iled at zero 

Basic Dote _ 1_5_J_u_l_y_l_9_6_s __ Change Dote 

Sym Page 
No . No. 

1 5. 2- 31 

2 5.2-32 

3 5. 2-33 

4 5. 2-33 ■ 5 5. 2-34 

6 5. 2- 34 

7 5. 2-35 

8 5. 2-35 

Sa 5. 2- 35 

Sb 5. 2-35 

9 5. 2-35 

Sym Page 
No. No. 

1 5. 2-31 

5 5, 2-34 

1 5. 2- 31 

3 5. 2- 33 

1 5.2-31 

1 5. 2-31 

6 5. 2- 34 

Page __ 5_._2_-_2_7 ___ _ 



LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK • Table 5-8. AGS Failure/Symptom Cross-Reference Index (cont) 

Sym Page 
F ailure Symptom No. No . 

Automatic discrete ( {3 4) failed off In deadband, attitude hold error signals 7 5.2- 35 
are displayed when guidance or acquisi- • tion steering submodes of operation are 
commanded 

Automatic discrete ( {3 4) failed on Attitude error signals are non zero Sa 5.2- 35 
when GUID CONT sw - PGNS S/ C: 
AGS sw - ATT HOLD S00 = 1 or 2 

CDU zero from LGC failed PGNCS and AGS total attitude displays 9 5.2-35 
disagree in one or more axes immedi-
ately following AGS-IMU alignment 

CLR pb failed open or OPR ERR lt DEDA response is abnormal 2 5. 2- 32 
failed on 

CWEA or AEA tes t m ode fail discrete AGS warn lt 1 5. 2-31 
failure 

DEDA failure DEDA response is abnormal 2 5. 2-32 

DEDA failure or DEDA-AEA inter- AGS Initialization complete code is not 4 5. 2- 33 
c onnection failure displayed within 10 seconds after DSKY 

display changes or goes blank 

Digit pb failed c los ed DEDA response is abnormal 2 5. 2- 32 • Digit pb failed clos ed or +/- pb DEDA response is abnormal 2 5. 2- 32 
failed c losed 

Digit pb failed open DEDA response is abnormal 2 5. 2-32 

EL display failed off DEDA response is abnormal 2 5. 2- 32 

ENTR pb failed clos ed DEDA response is abnormal 2 5. 2- 32 

Follow-up discrete ( /3 3) failed Attitude error needles failed at zero 6 5. 2- 34 

Guidance control path of followup Attitude error signals are non zero 8 5. 2- 35 
discrete ( {3 3) failed off when GUID CONT sw - PGNS S00 = 0 

Attitude error signals are non zero 
when GUID CONT sw - PGNS S/ C: 

Sa 5.2-35 

AGS sw - ATT HOLD S00 = 1 or 2 

HOLD pb failed clos ed DEDA response is abnormal 2 5. 2- 32 

One axis out-of-detent path fo llowup Attitude error signals are non zero Sb 5. 2- 35 
failed off when S/ C: AGS sw - ATT HOLD 

ACA - out of detent S00 = 1 or 2 • One EL light failed off DEDA response is abnormal 2 5. 2- 32 

Out- of- detent path of fo llowup Attitude error signals are non zero 8b 5.2-35 
discrete ( /3 4) failed off when S/ C: AGS sw - A TT HOLD 

ACA - out of detent S00 = 1 or 2 

Out-of- detent switch or relay fa iled Attitude error needles failed at zero 6 5. 2- 34 
closed • 

Basic Date 15 July 1968 Change Date _____ _ P 
5, 2- 28 age _______ _ 



LMA790-3-LM 4 

• APOLLO OPERATIONS HANDBOOK 

Table 5-8. AGS Failure/ Symptom Cross-Reference Index (cont) 

Sym Page 
Failure Symptom No • No. 

• One of six AEA Euler angle inputs failed PGNCS and AGS total attitude displays 9 5.2-35 
disagree in one or more axes immedi-
ately following AGS-IMU alignment 

OPR ERR lt failed off DEDA response is abnormal 2 5.2-32 

OPR ERR lt failed on DEDA response is abnormal 2 5.2-32 

+ or - pb failed open DEDA response is abnormal 2 5.2-32 

+ pb failed open DEDA response is abnormal 2 5.2-32 ■ - pb failed open DEDA response is abnormal 2 5.2-32 

READ OUT pb failed open No change in DEDA 6V display 5 5.2-34 
during thrusting 

DEDA response is abnormal 2 5.2-32 

Stop pulse from PGNCS not received AGS Initialization complete code is not 4 5 . 2-33 
or PGNCS downlink register failure displayed within 10 seconds after DSKY 

display changes or goes blank 

• Transient condition triggering self-test AGS warn lt 1 5.2-31 
fail discrete 

Transient malfunction, such as ID word AGS Initialization complete code is not 4 5.2-33 
not found during first execution of R47 displayed within 10 seconds after DSKY 

display changes or goes blank 

• 
• 

Basic Dote 15 July 1968 Change Dote _____ _ 5.2-29/5.2-30 Page _______ _ 



SYMPTOM 

AGS 

RED 

+ 28 or + 12 vdc to ASA 
fails 

28V, 400 cps to AEA fa ils 

AEA lest mode discrete 
signals a fail condition. 

ASA heater fails on, caus
ing temp sensor to open 
+ 12 - vdc supply to 
ASA 

SYMPTOM 

Basic Date __ 1_5_J_u_lY_1_9_68_ 

Switch to PGNCS control 

• GUID CONT sw- PGNS 

AGS self-lest check 

• Key OEDA C4 12R 

DEDA responds 7 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

NO 

NO 

PROCEDURE 

Self-test initiate 

•Key OEOA C4 12 + OOOOOE 
• Key DEOA C412R 

+ 10000 displ ayed{wi th in 8 to 
3Osec)7 

PROCEDURE 

ABORT GUIDANCE SECTION 

AEA POWER SUPPLY FAILURE 

ASA HEATER. CWEA, OR AEA TEST 
MODE FAIL DISCRETE FAILURE 

ASA heater failure may cause !MU 
to overheat. 

Change Date _ _____ _ 

REMARKS 

(D AGS operations are not recommended. ■ 

Q) AGS self-test status, 
412 + xoooo 
X = I - Test successful 
X - 3-logic test failure 
X = 4- Memory test failure 
X = 7 - logic & memory test 

failure 

Q) Close MSFN monitoring of ASA 
heater status is required. 

300LM4-587 

REMARKS 
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2 

SYMPTOM 

DEDA respoose is 
abnormal 

SYMPTOM 

11 

Registers remain blank? 

DEDA controls freeze, but 
can be returned to normal 
via CLR pb? 

NO 

EL display normal? 

YES 

LMA790-J- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

YES 

NO 12 
l,.!!!:-------------------i~~ONE EL LIGHT FAILED OFF 

+ OR -
~----'-------, ,-..----------, 15 
13 Input negative data? i_:N:::D ________ ___ -'-' + PB FAILED OPEN 

DEDA failed to respond to 
pb (+or - , digit, READOUT, 
ENTR, HOLD, or CLR) 

C R ENTR 
HOLD READO UT 

YES 

Was HOLD function being 
exercised when READOUT 
pb pushed? 

NO 

NO 

16 
• Digit pb-push 

QPR ERR It-on? 

28 
• CLR pb-push 

Registers blank? 
NO 

YES 

30 

31 
HOLD PB FAILED OPEN 

PROCEDURE 

ABORT GUIDANCE SECTION 

- PB FAILED OPEN 

HOLD PB FAILED CLOSED 

29 
DIGIT PB FAILED CLOSED 

Basic Date __ 1_5 J_ul_y_l_9_5_B_ Change Date-------

REMARKS 

0 DEDA failure may indicate ooe or 
more of the following: 
a. DEDA pwr reg fa ilure 
b. CLR pb failed closed 
c. ENTR pb fai led closed 
d. Numeric Its pwr fa ilure 
e. CLR pb failed open 
f. AGS STATUS sw-STANDBY 

position failed closed 

0 READOUT & ENTR functioos are 
lost. AGS flight display data are 
still available. These will become 
less and less reliable because AGS 
cannot be aligned, updated, or cal
ibrated. 

Q) ENTR functioo is restricted to all 
+ or all - data. If + pb fails 
apen, AGS can no longer be aligned, 
updated, or calibrated. AEA roo
tines, via SXX entry, are lost. 

© Operator error display is lost. 

(D Possible readout ambiguity. 

© Failure indicates one or more of 
following, 
a. Digit pb failed closed 
b. CLR pb failed apen 
c. HOLD pb fa iled closed 

300LM4-586 
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SYMPTOM 

3 

position is changed 

4 

AGS In itialization com
plete code is not dis
played within 10 sec
onds after DSKY display 
changes or goes blank 

SYMPTOM 

• Key OEDA READ OUT 

+ 00000 displayed' 

NO YES 

• Key OEDA-C414R 

+ 00000 displayed wi thin 10 
seconds after OSKY changes or 
blanks? 

YES 

TRANSIENT MALFUNCTION, SUCH AS 
10 WORD NOT FOUND DURING FIRST 
EXECUTION OF R47 

Basic Date __ 1_5_J_u_ly_1_9_68_ 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

NO READOUT 

PROCEDURE 

AGS STATUS SW-STAND BY 
CONTACTS FAILED OPEN 

STOP PULSE FROM PGNCS NOT 
RECEIVED OR PGNCS DOWNLINK 
REGIST ER FAILURE 

PROCEDURE 

ABORT GUIDANCE SECTION 

Change Date _____ _ _ 

DEDA FAILURE OR OEDA-AEA 
INTERCONNECTION FAILURE 

•Pertorm AGS update manually 

REMARKS 

CD AEA went to operate status immed
iate ly. AEA was accessib le via DEDA 
with AGS STATUS sw - STAND BY. 
Flight displays (e.g., FDAIJ were driv

en by AGS. AEA remained operating 
& accessible via DEDA. Fl ight dis
plays continued to be driven by 
AGS. 

CD AGS will operate properly after 
nominal 25-minute ASA warmup. If 
an ASA powered down configuration 
is required, AGS STATUS sw - OFF. 

CD System status, 
OEDA ENTR & READOUT capability 
is lost. AGS flight display informa
tion (FOAi, lateral velocity, altitude. 
and altitude rate) still available. 

CD MSFN can verify abnormal PGNCS 
downlink. 

300LM4-585 

REMARKS 
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SYMPTOM 

5 

6 

Attitude error needles 
failed at zero 

SYMPTOM 

Basic Date __ 1_5_J_u_ly_1_96_B_ 

Updating resumed' 

• GUID co•:; sw- PGNS 

GUID CONT sw ' 
SIC, AGS sw1 

PGNSIAUTO 

AUTO DISCRETE (,84) FAILED 
OFF 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

YES 

PROCEDURE 

• Proceed normal ly; HOLO pb may 
have been pushed 

Select other OEDA readouts 

Readouts possible' 

NO 

READ OUT PB FAILED OPEN 

• Key DEDA C400 + OOOOOE 
• SIC, AGS sw-AUTO 

Symptom remains? 

YES 

FOLLOW-UP DISCRETE 1,8-) FAILED 
ON 

PROCEDURE 

ABORT GUIDANCE SECTION 

YES 

Change Date ______ _ 

AGS ACCELEROMETER FAILURE 

OUT-OF-OETENT SWITCH 
OR RELAY FAILED CLOSED 

REMARKS 

0 t>.V displays IOEDA), 
Addrnss Parameter Quantization 

I fps 500 t>.Vgx 
501 6Vgy I fps 
501 t::.Vgz l fps 
370 t::.VG l fps 

(D · AGS can still drive FOAi & can be 
aligned lo IMU. 

0 SOD + XOOOO 
X = I or 1 

(D Other logical switch setting combin
ations are not relevant to this mal
function. 

0 
CD 

CD 

Assumption, GUIO CONT sw -AGS 

AGS capabiltiy to turn MPS on or 
off automatically is lost. AGS can 
still compute & display guidance 
acquisition steering attitude signals, 
& retains attitude hold capability 
when S/ C, AGS sw- AUTO 

AGS capability is same as in Re
mark l except attitude · hold capa
bi lity is lost. 

AGS attitude error computation is 
limited to attitude hold . 

JOOLMA-582 

REMARKS 

Page _s_._2_-3_4_ 

• 
• 

• 

• 
• 
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•

1--__ S_Y_MP_T_OM __ ---4-_______________ P_RO_C_ED_U_R_E ---------------+----R_E_M_AR_KS ___ ~ 
7 CD ATTITUDE MON SW -AGS 

In deadband, attitude 
hold error signals are dis
played when guidance or 
acquisition steering sub
modes of operation are 
commanded 

CD AGS attitude error compution is 
limited to attitude hold mode. 

•

~__,____--------+---------1 
8 CD ATTITUDE MON sw - AGS 

• 

1----------------IIM GUIDANCE CONTROL PATH OF FDL· 

8a 
Attitude error signals are 
non zero when GUID 
CONT sw - PGNS, S/C, ~1--~f-'--' 
AGS sw - A TT HOLD 

Select AEA attitude hold 

SDO=lor1 

8b 
Attitude error signals are 
non zero when S/C, AGS 
sw - ATT HOLD, ACA - out 
of detent 
S00=lor1 

• Key DEDA C400 + OOOOOE 

Symptom remains? 
'----~-N

0 
___ __, YES 

AUTOMATIC DISCRETE (.84) FAILED 
ON 

Move ACA out of detent in another 
axis and / or other ACA, move out 
of detent 

Symptom remains in one axis of 
one ACA' 

• GUID CONT sw -PGNS 

Symp_tom remains? 

• Key OEDA C400 + OOOOOE 

Symptom remains? 

LOWUP DISCRETE (/l3) FAILED OFF 

ONE AXIS OUT-OF-DETENT PATH Of 
FOLLOWUP FAILED OFF 

OUT-Of.DETENT PATH OF FOLLOW
UP DISCRETE l/l3)FAILED OFF 

• Recycle GUID CONT sw lo attempt 
to close contacts 

CD 

0 

Rotation at 10° /sec may occur 
when switching to AGS. 

Capability to change AEA attitude 
hold inertial reference with ACA is 
lost. 

•-9 ~------------1----~ 

• 
PGNCS and AGS total 
attitude displays 
disagree in one or more 
axes immediately 
following AGS-IMU 
alignment 

SYMPTOM 

NO 

YES 

GOU ZERO FROM LGC FAILED 

PROCEDURE 

ABORT GUIDANCE SECTION 

ONE Of SIX AEA EULER 
ANGLE INPUTS FAILED 

AGS-IMU alignment should not be 
attempted . 

CD AGS may be aligned using backup 
orbital technique . 

300LM4-581 

REMARKS 

■ 

Basic Date 15 July 1968 Change Date _ _ ____ _ Page _s_. z_-_35_ !_5_. 2-36 



LMA790-3-LM 4 

• 
APOLLO OPERATIONS HANDBOOK 

5.2.5 CONTROL ELECTRONICS SECTION 

T able 5-9. CES Procedure Entry Sheet 

• Sym Page 
Symptom No. No. 

Abnormal vehicle dynamics 1 5, 2- 44 

PRE AMPS caut lt 2 5 . 2- 46 

CES AC warn lt 3 5.2-46 

CES AC warn lt & PRE AMPS caut lt 4 5. 2- 46 

CES DC warn lt 5 5, 2- 47 

MPS thrusts as soon as eng is armed via ENG THR CONT: ENG ARM sw 6 5. 2- 48 

MPS does not thrust when EVNT TMR ind - 00:00 7 5.2-49 ■ DPS does not respond to thrust increase command 8 5. 2- 50 

ENG THRUST & CMD THRUST ind do not agree during DPS burn 9 5. 2- 51 

No auto MPS shutdown 10 5, 2- 52 

• 
Unsuccessful manual APS shutdown 11 5,2- 52 

Rate Gyro Check fails 12 5.2- 53 

LM drifts 13 5. 2- 54 

Single RCS jet failed on 14 5.2-55 

CDR (LMP) ACA jammed out of detent . P roport ional signals always present 15 5. 2-55 

Abnormal response to CDR (LMP) ACA commands 16 5. 2- 56 

Abnormal proportional mode response 16a 5,2-56 

Abnormal response to CDR (LMP) ACA puls e mode commands 17 5. 2-57 

Abnormal response to CDR (LMP) ACA direct mode commands 18 5, 2- 58 

Absence of normal translation via CDR (LMP) TTCA 19 5. 2- 59 

• 
• 

Basic Date 15 July 1968 Change Date _____ _ Page _______ _ 5, 2- 37 
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• Table 5-10. CES Failure/ Symptom Cross-Reference Index 

Sym Page 
Failure Symptom No. No . 

ACA out-of-detent sw (internal) LM drifts 13 5.2-54 
failed closed • AEA did not issue eng-off cmd or No auto MPS shutdown 10 5.2-52 
remove eng-on command, or AELD 
failure 

AELD failure No auto MPS shutdown 10 5.2-52 

Affected axis rate gyro failed Rate Gyro Check fails 12 5.2-53 

Affected axis S/ C: ROLL, PITCH, or Abnormal response to CDR (LMP) ACA 17 5.2-57 
YAW sw deck No. 1 failed in DIR,_if pulse mode commands 
neg rotation is lost; deck No. 4, if 
pos rotation is lost 

Affected axis S/ C: ROLL, PITCH, or Abnormal response to CDR (LMP) ACA 17 5.2-57 
YAW sw deck No. 1 failed in MODE pulse mode commands 
CONT position, if neg rotation is lost; 
deck No. 4, if pos rotation is lost 

Affected axis S/ C: ROLL, PITCH, or Abnormal response to CDR (LMP) ACA 18 5.2-58 
YAW sw deck No. 2 failed in PULSE direct mode commands 
position 

Affected axis S/ C: ROLL, PITCH, or Abnormal response to CDR (LMP) ACA 17 5.2-57 
YAW sw deck No. 2 failed open or in pulse· mode commands • MODE CONT position 

Abnormal response to CDR (LMP) ACA 18 5.2-58 
direct mode commands 

Affected axis S/ C: ROLL, PITCH, or Abnormal response to CDR (LMP) ACA 17 5.2-57 
YAW sw deck No. 2 failed in DIR pulse mode commands 
position 

Affected axis S/ C: ROLL, PITCH, or Abnormal response to CDR · (LMP) ACA 18 5.2-58 
YAW sw deck No. 2 failed open or in direct mode commands 
MODE CONT position 

Affected axis S/ C: ROLL, PITCH, or Abnormal response to CDR (LMP) ACA 18 5.2-58 
YAW sw deck No. 2 failed open or in direct mode commands 
MODE CONT position, or ACA 2. 5° sw 
(internal) failed open 

Affected axis S/ C: ROLL, PITCH, or Abnormal response to ·CDR (LMP) ACA 17 5.2-57 
YAW sw deck No. 3 failed open or in pulse mode commands 
MODE CONT position 

Affected axis S/ C: ROLL, PITCH, or Abnormal response to CDR (LMP) ACA 18 5.2-58 
YAW sw deck No. 3 failed open, or in direct mode commands 
MODE CONT or PULSE position • 
Affected TTCA enable sw deck No. 1 Absence of normal translation via CDR 19 5.2-59 
failed open or 28-volt line to TTCA (LMP) TTCA 
failed 

AGS did not issue eng-on command or MPS does not thrust when EVNT TMR 7 5.2-59 
did not remove eng-off command, or ind - 00:00 
relay KS of S & C control assy No. 2 
failed open • 

Basic Date 15 July 1968 Change Date _____ _ Page ___ 5_._2-_3_8 ___ _ 
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Table 5-10. CES Failure/ Symptom Cross-Reference Index (cont) 

Sym P age 
Failure Symptom No. No . 

• Auto throttle circuit failure DPS does not respond to thrust 8 5.2- 50 
increase command 

f3 1 internal to AGS failed on or relay MPS thrusts as soon as eng is armed via 6 5.2- 48 
driver in AELD failed on ENG THR CONT: ENG ARM sw 

/32 internal to AGS failed on or relay MPS thrusts as soon as eng is armed via 6 5.2- 48 
driver in AELD failed on ENG THR CONT: ENG ARM sw 

f3 3 followup discrete to AGS failed on No auto MPS shutdown 10 5.2-52 

CDR ACA hardover (single contact) sw Single RCS jet failed on 14 5.2-55 
failed closed -
CDR (LMP) ACA 800- cps fus e blown or Abnormal response to CDR (LMP) 16 5.2-56 
CDR (LMP) ACA PROP sw failed open ACA commands 

Abnormal proportional mode response 16a 5.2- 56 ■ 
CDR (LMP) ACA jammed out of detent. CDR (LMP) ACA jammed out of detent. 15 5.2-55 
Proportional signals a lways present. Proportional signals always present. 

CDR (LMP) ACA out- of-detent sw Abnormal response to CDR (LMP) 16 5.2-56 
(internal) failed open in affected axis ACA commands 

• Abnormal proportional mode response 16a 5. 2-56 

CDR (LMP) ACA single axis moveable Abnormal response to CDR (LMP) 16 5.2-56 
xducer coil (internal) hung up in other ACA commands 
than detent position 

Abnormal proportional mode response 16a 5.2- 56 

CDR (LMP) ACA 2. 5° sw (internal) Abnormal response to CDR (LMP) 17 5. 2-57 
failed closed ACA pulse mode commands 

Abnormal response to CDR (LMP) 18 5. 2-58 
ACA direct mode commands 

CDR (LMP) ACA 2. 5° sw (internal) Abnormal response to CDR (LMP) 17 5.2-57 
failed open ACA pulse mode commands 

CDR (LMP) ACA xducer sw (internal) Abnormal response to CDR (LMP) 16 5.2- 56 
or xducer coil (internal) failed open ACA commands 

Abnormal proportional mode response 16a 5.2- 56 

CDR (LMP) eng STOP sw failure Unsuccessful manual APS shutdown 11 5.2-52 

• CDR (LMP) TTCA failure or ENG THR DPS does not respond to thrust increase 8 5.2-50 
CONT: MAIN THROT sw deck No. 1 or command 
2 failed to LMP (CDR), or (LMP) TTCA 
fus e blown 

CDR or LMP ACA hardover sw (single Abnormal vehicle dynamics 1 5.2-44 
contact) failed closed 

CDR or LMP ACA pulse/ direct sw Abnormal vehicle dynamics 1 5.2-44 
(internal) failed closed 

• CES d- c power supply failure CES DC warn lt 5 5. 2-47 

Basic Date 15 July 1968 Change Date _____ _ Page __ 5_._2-_3_9 ___ _ 
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Table 5-10, CES Failure/Symptom Cross-Reference Index (cont) 

Failure 

CMD THRUST ind failure or ENG 
THR CONT: THR CONT sw deck No, 3 
failed to auto 

CMD THRUST ind failure or ENG 
THR CONT: THR CONT sw deck No. 3 
failed to manual 

CWEA failure 

DPS eng pressure transducer failure 

DPS experienced excessive throat 
erosion 

ENG ARM SW failure 

ENG START sw failure 

ENG THR CONT: MAIN THROT sw 
deck No. 2 failed open or manual 
throttle circuit failure 

ENG THRUST ind failure 

LGC did not issue eng-off command or 
remove eng-on command 

LGC did not issue eng-on command or 
did not remove eng-off command 

LGC did not issue translation command 

LMP ACA hardover (single contact) sw 
failed closed 

No enable voltage to primary preamps. 
S/ C: PGNS sw deck No. 2 failed open 

Out-of-detent relay K7 failed closed 

Out-of-detent relay KS failed closed 

Pre amp power supply failure 

Rate gyro failed on 

Rate needle failure 

RA TE SCALE sw failed open 

RCS oxid valve & fuel valve failed 
open (double failure) or solenoid 
driver shorted to ground 

Basic Date _1_5_J_u_ly_1_9_6_8 __ 

Symptom 

ENG THRUST & CMD THRUST ind 
do not agree during DPS burn 

ENG THRUST & CMD THRUST ind 
do not agree during DPS burn 

CES AC warn lt 

C ES DC warn lt 

ENG THRUST & CMD THRUST ind 
do not agree during DPS burn 

ENG THRUST & CMD THRUST ind 
do not agree during DPS burn 

MPS does not thrust when EVNT 
TMR ind - 00:00 

MPS does not thrust when EVNT 
TMR ind - 00:00 

DPS does not respond to thrust 
increase command 

ENG THRUST & CMD THRUST ind 
do not agree during DPS burn 

No auto MPS shutdown 

MPS does not thrust when EVNT TMR 
ind - 00:00 

Absence of normal translation via 
CDR (LMP) TTCA 

Single RCS jet failed on 

Absence of normal translation via CDR 
(LMP) TTCA 

LM drifts 

LM drifts 

PRE AMPS caut lt 

Abnormal vehicle dynamics 

Rate Gyro Check fails 

Rate Gyro Check fails 

Single RCS jet failed on 

Change Date _____ _ 

Sym 
No. 

9 

9 

3 

5 

9 

9 

7 

7 

8 

9 

10 

7 

19 

14 

19 

13 

13 

2 

1 

12 

12 

14 

Page 
No • 

5,2-51 

5.2-51 

5.2-46 

5,2-47 

5.2-51 

5,2-51 

5,2-49 

5,2-49 

5,2-50 

5,2-51 

5.2-52 

5.2-49 

5.2-59 

5.2-55 

5,2-59 

5,2-54 

5.2-54 

5,2-46 

5,2-44 

5.2-53 

5,2-53 

5.2-55 

Page __ 5_._2_-_4_0 ___ _ 
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Table 5-10. CES Failure/ Symptom Cross-Reference Index (cont) 

Sym Page 
Failure Symptom No. No • 

• Relay driver in AELD failed closed MPS thrusts as soon as eng is armed 6 5.2-48 
via ENG THR CONT: ENG ARM sw 

Relay K2, K3, or K4 in S & C control Abnormal response to CDR (LMP) 16 5.2- 56 
assy No. 2 failed open ACA commands 

Abnormal proportional mode response 16a 5. 2-56 

R elay K2, K3, or K4 in S & C control Abnormal response to CDR (LMP) 16 5.2- 56 
assy No. 2 failed open or ATT CONT ACA commands 
sw deck 3 failed to pulse or direct 

Abnormal proportional mode response 16a 5.2-56 

Relay K5 in S & C control assy No. 2 Abnormal response to CDR (LMP) 16 5.2-56 
or PGNCS relay KS failed open ACA commands 

Abnormal proportional mode response 16a 5.2-56 ■ 
R elay K14 in S & C control assy No. 2 Unsuccessful manual APS shutdown 11 5.2-52 
failed c losed 

• 
Relay K14, K16 or K19 II in S & C MPS thrusts as soon as eng is armed 6 5.2-48 
control assy No. 2 failed closed via ENG THR CONT: ENG ARM sw 

Relay K14 or K19 II in S & C control MPS thrusts as soon as eng is armed 6 5.2-48 
assy No. 2 failed closed via ENG THR CONT: ENG ARM sw 

R elay K19 II in S & C control assy MPS thrusts as soon as eng is armed 6 5.2- 48 
failed c losed via ENG THR CONT: ENG ARM sw 

R elay K19 II or Kl6A in S & C control MPS thrusts as soon as eng is armed 6 5.2-48 
assy No. 2 failed cl osed via ENG THR CONT: ENG ARM SW 

Relay Kl9 (yaw), K20 (pitch) LM drifts 13 5. 2-54 
or K21 (roll) in A TCA 
failed open 

S/C: AGS sw deck No. 2 failed open. LM drifts 13 5.2-54 
No enable voltage to abort pre amps 

S/ C: AGS sw deck No. 3 failed open. LM drifts 13 5. 2-54 
No enable voltage to abort pr e amps 

Absence of normal translation via CDR 19 5.2-59 
(LMP) TTCA 

S/ C: GYRO TEST POS RT sw failed Rate Gyro Check fails 12 5.2-53 

• 
into unaffected rate (pos or neg) 

S/ C: GYRO TEST ROLL sw failed Rate Gyro Check fails 12 5.2-53 
open in affected axis 

S/ C: GYRO TEST ROLL sw or Rate Gyro Check fails 12 5.2-53 
GYRO TEST POS RT sw failed open 

I or loss of test voltage 

• 
Basic Date 15 July 1968 Change Date _____ _ Page __ 5~._2_-4_1 ___ _ 
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APOLLO OPERATIONS HANDBOOK • Table 5-10 . CES Failure/ Symptom Cross-Reference Index (cont) 

Sym Page 
Failure Symptom No. No • 

S/ C: PGNS sw deck 2 or S/C: AGS Abnormal response to CDR (LMP) 16 5,2- 56 
sw deck 3 failed open ACA commands • Abnormal proportional mode response 16a 5. 2- 56 

S/ C: PGNS sw deck No. 5 failed open. LM drifts 13 5, 2-54 
No attitude hold inbit supplied to LGC 

Single axis in single direction failure Absence of normal translation via 19 5. 2- 59 
of CDR (LMP) TTCA CDR (LMP) TTCA 

Solenoid driver failed off Abnormal response to CDR (LMP) 16 5.2- 56 
ACA commands 

Abnormal proportional mode response 16a 5, 2- 56 

Abnormal response to CDR (LMP) 17 5,2-57 
ACA pulse mode commands 

Solenoid driver failed on Abnormal vehicle dynamics 1 5. 2-44 

Solenoid driver failure Absence of normal translation via CDR 19 5, 2-59 
(LMP) TTCA 

TCA valve failed open Abnormal vehicle dynamics 1 5. 2- 44 

Throttle valve actuator failure or DPS does not respond to thrust incr eas e 8 5,2-50 • DPS failure command 

Transient out-of-limit condition CES AC warn lt 3 5.2-46 
triggered lt 

CES DC warn lt 5 5.2-47 

TTCA enable sw No. 2 failed open Absence of normal translation via CDR 19 5.2-59 
(LMP) TTCA 

TTCA/ TRANSL AGS trans lation sw Abnormal vehicle dynamics 1 5. 2- 44 
(internal) failed closed 

TTCA/ TRANSL PGNS trans lation sw Abnormal vehicle dynamics 1 5.2- 44 
(internal) failed closed 

26 V, 800-cps, three-phase failure CES AC warn lt 3 5.2- 46 

28 V, 800-cps, single-phase failure CES AC war n lt and PRE AMPS caut lt 4 5. 2-46 

CESA warn lt 3 5. 2-46 

+X TRANSL pb (single deck) failed Single RCS jet failed on 14 5.2-55 
closed • +X TRANSL sw failed on Abnormal vehicle dynamics 1 5, 2-44 

• 
Basic Dote 
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SYMPTOM 

1 (Sheet 1 of 2) 

Abnormal vehicle 
dynamics 

SYMPTOM 

Basic Date 15 July 1968 

as necessary, 

Safe sys 

• SIC, PGNS sw- OFF 
• S/C,AGS SW -OFF 
• ACA/4 JET sw (CDR & LMP) -

DISABLE (if in DIR model 
• SIC, ROLL, PITCH, & YAW sw 

PULSE 
• CB S/C, ATT DIR CONT - open 
• RCS SYS AIB) ASC FEED l & 2 sw -

CLOSE (if lb gray) 
• RCS, SYS AIBI QUAD I, 2, 3, & 

4 sw-CLOSE lit OPEN) 

Configure for troubleshooting 

• SIC, ROLL, PITCH, & YAW sw
PULSE 

• RCS, CRSFD sw-CLOSE 
(momentarily) 

• RATE /ERR MON sw- LDG RORI 
CMPTR 

• TTCA/TRANSL sw (CDR & LMP)
DISABLE 

• GUID CONT sw-AGS 

• RCS, SYS A (Bl QUAD 1, 2, 3, & 
4 sw-OPEN (individually) 

12 

• CB S/C, ATT DIR CONT-close 

Failure recurs? 

NO 

17 

• SIC ROLL, PITCH, & YAW sw
DIR (individually) 

Failure recurs? 

(Sheet 21 

LMA790-J-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

Terminate burn if eng is firing 

•Eng STOP pb/ lt-push 
•ENG THR CONT, ENG ARM sw-OFF 
•ABORT (ABORT STAGE) pb-reset 
•RCS, SYS A (Bl ASC FEED 1 & 2 

sw-CLOSE 
• Key DSKY, V34E 

• RCS, SYS A 181 QUAD 1, 2, 3, & 4 
sw-CLOSE 

• RCS, SYS A (Bl MAIN SOV sw
OPEN 

RATE GYRO FAILED ON 

TCA VALVE FAILED OPEN 

+ X TRANSL SW FAILED ON 

CDR OR LMP ACA PULSE/DIRECT 
SW IINTERNAU FAILED CLOSED 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

WARNING 

When GUID CONT sw-AGS, do not 
set fa iled axis S/C, ROLL, PITCH, 
or YAW sw to MODE CONT. 

•Failed quad RCS, SYS A (Bl QUAD 
1, 2, 3, or 4 sw · CLOSE 

Determine affected thruster 

• CB S/C, ATT DIR CONT - open 
• CB RCS SYS A, QUAD 2 & 4 TCA 
-close 

• CB RCS SYS B, QUAD 1 & 3 TCA 
-close 

15 
• Open quad valves closed in step 

14, individually, unt il failed jet 
fires 

•Firing jet RCS, SYS A 181 QUAD 
1, 2, 3, or 4 SW · CLOSE 

Change Date _ _____ _ 

REMARKS 

(D Steps listed are suggested as order 
of priority. If situation is time - crit
ical, sys may be sated as follows, 
• SIC, AGS SW - OFF 
• SIC, PGNS sw -OFF 
• CB S/C, ATT DIR CONT -open 
•RCS, SYS A & B MAIN SOV sw-

CLOSE 
•Perform step 5 
•RCS, SYS A & 8 MAIN SOV sw · OPEN 

Perform slep 5 to extent necessary 
to safe sys. See remark 3. 

0 RCS TCA warn It will go on & 
numerous RCS, SYS A (Bl QUAD 
lb' s will show red until reset by 
closing RCS, SYS A (Bl QUAD sw. 

Q) This step can be omitted if sw was 
not moved in step 5, in which case 
proceed along "NO" branch. 

(D Alternate failure isolation proce
dure is to open CB S/C, ATT DIR 
CONT. This results in loss of + X 
TRANSL pb & hardover & direct 
modes for all jets 

(D Pul se & direct modes in affected 
axis are lost. 

300LM4-589 . 1 
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SYMPTOM 

(Sheet 1 of 1) 

1 (cont) 

Abnormal vehicle 
dynamics (cont) 

SYMPTOM 

Ba sic Dote 15 J u ly 1968 

20 

• ACA/4 JET sw (CDR & LMP)
ENABLE (tndividually) 

13 

28 

31 

Failure recurs? 

NO 

• SI C, AGS sw -ATI HOLD 

Failure recurs? 

NO 

• HCA/TRANSL sw (CDR & LMP) • 
ENABLE (tndiv1dually) 

Fa ilure recurs? 

NO 

eS,C PGNS sw · ATI HOLD 
• TICA/TRANSL sw (CDR & LMP)

OISABLE 
• GUID CONT sw · PGNS 

Fa ilure recurs? 

• HCA/TRANSL sw (C DR & LMP)
ENABLE (individually) 

Failure recurs? 

• SIC, ROLL. PITCH. & YAW sw
MODE CONT 

RCS Jets fire' 

• Immediately set GUID CONT sw
AGS 

RCS 1ets fire' 

• Regam control of LM using 
hardover as necessary 

• SIC, ROLL. PITCH. & YAW sw
PULSE 

• Consul! MSFN for additional real
lime troubleshooting 

LMA790-3-tM 4 
APOLLO OPERATIONS HANDBOOK 

NO 

14 

PROCEDURE 

CDR OR LMP ACA HARDOVER SW 
(S INGLE CONTACT) FAILED 
CLOSED 

• SI C, AGS SW- OFF 
• S/C, ROLL, PITCH, & YAW sw

MODE CONT 
• ACA ICDR)-out of detent Ito 

establish new attitude hold 
reference) 

• Affected TICA/TRANSL SW (CDR 
or LMP) · DISABLE 

• Affected HCA/TRANSL sw (CDR 
or LMP)-DISABLE 

• Affected ACA/4 JET sw (CDR or 
LMP) · DISABLE 

I----~ • Monitor RCS TCA warn II and 
RCS, SYS A (Bl QUAD tb's to de
termine fa iled- on Jet 

27 

SOLENOID DRIVER FAILED ON 

HCA/TRANSL PGNS TRANSLATION 
SW (I NTERNAL) FAILED CLOSED 

1--'N:..:.O _ __,~ TBD 

PROCEDURE 

CO:--ITROL ELECTRONICS SECTION 

Change Dote ______ _ 

REMARKS 

■ 

300tM,'5S9. 2 
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SYMPTOM 

2 

PRE AMPS 

YELLOW 
Light on 1f either - 4 7- vdc 
regulated power supply that 
provides bias voltage to RCS 
Jet preampl1flers goes out of 
l1m1I L1m1I 11 - 42 to - 52 
vdc 

3 

CES AC 

REO 

light on if 28 vac, single 
phase: or 26 vac, three 
phase goes out of limits. 

limits are as follows, 

28 vac, single phase 16 
to 30 volts 

26 vac, three phase 23 
to 29 volts 

4 

CES AC 

REO 

PRE AMPS 

YELLOW 

light on if 28 vac, single 
phase goes out of limit. 
limit is 26 to 30 vac 

SYMPTOM 

Oamping lost? 

NO 

Continue maneuver ? 

NO 

12 
Shut down MPS 

• Eng STOP pb/11 - push 
• ENG THR CONT, ENG ARM 

sw -Off 
• ABORT pb-reset IAGS 

OPS) 
• ABORT STAGE pb-reset 
IAGS APS) 

Basic Date _1_5_Ju_I_y_1_9_6_8_ 

YES 

LMA790-3-LM 4 
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PROCEDURE 

Complete maneuver 

• GUIO CONT sw- AGS 
• S/C, AGS sw -ATT HOLO 
•ACA • maneuver LM via 

proportional mode 

• S/C, PGNS sw - ATT HOLD 
• GUID CONT sw - PGNS 
• S/C, GYRO TEST POS RT 

sw-POS RT 

CES AC warn II - on? 

NO 

YES 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

Change Date ______ _ 

10 
CWfA FAILURE 

CD 
0 

CD 

0 

G) 

CD 

CD 

0 

REMARKS 

This caut It is inhibited after 
staging 

It is impossible to determine 
whether one or both bias voltages 
are out of limit or whether CWfA 
failed. If both bias voltages are 
out of limit. noise in ATCA may 
cause intermittent, sporadic, single 
RCS jet firings. RCS jet firing via 
ATCA will not be degradedother• 
wise. 

Proper response to proportional 
commands is smooth rotation 
with damping. 

AGS can no longer maintain attitude 
or control vehicle rotation. Manual 
throttle control of DPS is also Jost 
in AGS. 

Gyro testing in AGS causes RCS 
jets to fire as tong as S/C, GYRO 
TEST POS RT sw is not set to Off. 

Onboard capab1hly of momtormg 
CESac is lost. 

AGS can no longer maintain attitude 
or contra{ vehicle rotation. Manual 
throttle control of DPS is also lost 
in AGS. 

This caut It 1s inhibited after 
staging. 

300LM4-517 

REMARKS 
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SYMPTOM 

5 

CES DC 

RED 

CES d -c failure may cause DPS to 
go to 100% thrust level 1f ignited 
IPGNS or AGSI and 'or erratic RCS 
thrust control (AGSJ 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

light on 1f any of following 
ATCA power supplies goes 
out of limit: 

a. +15vdc 
Above symptoms accompany l1ght 1 ~Y;..:E;::S _____________________ -, 

b. -15 vdc 
c. + 6vdc 
d. - 6vdc 
e. +4.3 vdc 

limits are: 

a. + 14 to + 16vdc 
b. -14 to -16 vdc 
c. + 5.4 lo + 6.6vdc 
d. -5.4 lo -6.6 vdc 
e. + 3.8 to +4.8 vdc 10 

SYMPTOM 

Basic Date __ 1_5_J_u_ly_l9_6_8_ 

NO 

Continue maneuver? 

NO 

Shut down MPS 

• Eng STOP P>l lt-push 
• ENG THR CONL ENG ARM sw

Off 
• ABORT pb- reset (AGS DPS) 
• ABORT STAGE pb- reset (AGS 

APS) 

Complete maneuver 

• GUIO CONT sw-PGNS 

Verify CES d-c failure 

• SI C, AGS sw-ATT HOLO 
• GUID CONT sw -AGS 
• Monitor deadband limits 
• ACA-command single-axis 

rotation 
• FOAi-monitor for smooth rotation 

when proportional mode is 
commanded 

All above check out' 

YES 

• SIC, PGNS sw- ATT HOLO 
• GUIO CONT sw - PGNS 
• SIC, GYRO TEST POS RT sw- POS 

RT 

CES DC warn It-on? 

NO 

TRANSIENT OUT-Of-LIMIT 
CONDITION TRIGGERED LT 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

Change Date -------

• SIC, PGNS sw -ATT HOLD 
• GUID CONT sw -PGNS 

CWEA FAILURE 

0 
REMARKS 

Depending on which power supply 
failed or is degraded, one or more 
of following symptoms may appear, 
a. Jets come on at full thrust 

rather than % duty cycle when 
maneuver is commanded. 

b. Deadband is inoperative. 
c. Jet select logic is not opera

tiooal. 
d. Pulse ratio modulators are not 

operatiooal. 
e. DPS goes to 100% thrust. 

(D If DPS goes to 100% thrust. throt
tling capability of DPS is lost in 
either AGS or PGNCS. 

0 Power supplies have an interlocking 
feature· if one supply output IS 
shorted', other d-c supplies also 
fail. If short eliminates itself, all 
supphes return lu normal operation. 
If one supply is degraded. other 
supplies are not degraded. 

© AGS control is lost. 

© Gyro testing in AGS causes RCS 
jets to fire as long as SIC, GYRO 
TEST POS RT sw is not set to OFF. 

(D Dnboard capability of monitoring 
CES de is lost. 

300LM4-518 

REMARKS 
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SYMPTOM 

SYMPTO M 

Basic Dat e 
I 5 .July IJG~ 

Reject eng - on enable request 

fl V99 N40 
• Key DSKY-ENTR 

• fng STOP pb/lt - push 

Eng shu t down? 

• ENG THR CONT, ENG ARM 
sw - OFF 

• ABORT pb - reset (DPS) 
• ABORT STAGE pb - reset 

(APSJ 

DPS APS 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

Continue burn? 

NO '---~----' 

AGS 

YES 

NO 

I WARNING. 

Do not rely on eng STOP 
pb/ 11 to shut down MPS. 
Also, automatic shutdown 
will not function. 

Which MPS section? 

DPS 

AGS 

RELAY Kl9 Il OR Kl6A IN 
S & C CONTROL ASSY NO 2 
FAILED CLOSED 

PGNS 

Troubleshooting is impossi• 

~\ii· i;0 
t~c~: :~::i~t~~ 1--1--t~P_Sl--l 

use ENG THR CONL ENG 
ARM sw as on - off control. 

GUID CONT sw' 

PGNS 

GUID CONT sw' 

AGS 

'--- ----11- RELAY Kl4. Kl6 OR Kl9 Il 
IN S & C CONTROL ASSY 
ND 2 FAILED CLOSED 

PROCEDURE 

CO\THOL ELECTllO'- ICS SECT TO\ 

Change Da te 

CD 

0 

0 

0 

REMARKS 

The possibility of this failure (un
detectable via displays) implies a 
requirement not to arm MPS until 
ullage criterion is reached. 

Shutdown criteria: 
DEDA C. Vgx XXXXX fps 

DSKY TG XXBXX min - sec 
VG XXXX.X fps 

C. VM XXXX.X fps 

Step 6 & 13 are to be accom
plished almost simultaneously. 
Crew can detect which action re
sults in MPS shutdown. 

ENG !HR CONL ENG ARM sw 
must be used as on- off control 
for MPS 

J()()LM4 ,519 

REMARKS 
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SYMPTOM 

MPS does not thrust when 
EYNT TMR ind - 00,00 

What start mode was attempted? 

10 

SYMPTOM 

Ba sic Da te __ 15_J t_,l_Y_1_9_6_3_ 

AUTOMATIC 
START 

Att empt manual start 

• Eng START pb /11-push 
• Key DSKY-PRO 

• ABORT pb-push !DPS) 
• ABORT STAGE pb-push (APSJ 

ENG ARM SW FAILURE 

LMA790-J- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

Attempt automatic start 

• Key DSKY - PRO 

Eng start' 

•TTCA-vary as required 

ENG START SW FAILURE 

GUID CONT sw' 

AGS 

AGS DID NOT ISSUE ENG-ON COM-
'--------1-MAND OR DID NOT REMOVE ENG

Off COMMAND. OR RELAY K8 
OF S & C CONTROL ASSY NO. 2 
FAILED OPEN 

PROCEDURE 
CONTROL ELECTRONICS SECTION 

Change Date ______ _ 

0 

0 

REMARKS 

Successful eng ignition is only way 
of isolating this failure. There are 
no other onboard capabili ties for 
detecting this failure. 

This procedure assumes PGNCS is 

in control with appropriate pro
gram running, but manual start & 
throttle control are desired. 

It is unrealistic to postulate an 
AGS au tomatic burn with manual 
start. 

Automatic shutdown is expected. 

Regain manual throttle control with
in 26 seconds of eng ignition. 

(D Manual shutdown. using eng STOP 
pb/ lt. is required. 

CD Assumption, GUID CONT sw -PGNS. 
When AGS is in control. redundant 
arming signal 1s present. 

300LM4-520 

REMARKS 
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SYMPTOM 

8 
OPS does not respond 
to thrust increase 
command 

ENG THR CONT, THR CONT sw7 

MAN 

CMO THR ind followed TTCA 
increase? 

• ENG THR CONT, MAN THROT 
sw-SE !CORI 

• LMP (CORI THROTTLE/JETS 
cont-THROTTLE 

•TTCA-increase 

DPS responds 7 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

YES 

PROCEDURE 

Select manual control 

• ENG THR CONT, THR CONT sw-MAN 
• HCA- increase as reQui red 

Eng responds' 

NO 

'-------..-- THROTTLE VALVE ACTUATOR 
FAILURE OR OPS F~.ILURE 

YES COR ILMPI TTCA FAILURE OR ENG 
1--------------- THR CONT, MAN THROT SW DECK 

'----~-N-0-----' ~~ 1CM~Mtl}i~E T~L~:: (CORI, 

SYMPTOM 

Basic Dote __ 1_s_J_u_1y_19_6_B_ 

ENG THR CONL MAN THROT 
SW DECK NO. 2 FAILED OPEN 
OR MANUAL THROTTLE 
CIRCUIT FAILURE 

Switch to automatic throttle 

• GUIO CONT sw-PGNS 
• SIC, PGNS sw- AUTO 
• ENG THR CONT, THR CONT sw

AUTO 

• Monitor displays for shutdown 
criteria 

12 
Shut down eng 

• Eng STOP pb/ lt-push 
• ENG THR CONT, ENG ARM sw-Off 
• ABORT pb-reset 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

Change Dote -------

0 
REMARKS 

In automatic control, symtom 
means eng did not follow time 
line. 

(D Auto shutdown is still enabled. 

(D Ability to throttle OPS is lost. 

© Assumption: P40 is in progress. 

Option exists at this time to shut 
down OPS & set up for automatic 
OPS burn. Thrust profile may pre
vent switching to automatic throt
tle while OPS burn is in progress, 
due to nature of this failure. 

REMARKS 
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SYMPTOM 

9 

ENG THRUST & CMD 
THRUST ind do not 
agree during DPS burn 

SYMPTOM 

Basic Date _ 1_5_J_u_l.:_y_1_9_6_B_ 

ENG THR CONT, THR CONT sw' 

AUTO 

CMD THRUST ind follows 
time line? 

YES 

Check eng thrust with MSFN 

MSFN confirms thrust nominal? 

NO 

MSFN confirms abnormality 
due to excessive ablation? 

YES 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

NO 

YES 

PROCEDURE 

Indicated thrust follows TTCA' 

DPS ENG PRESSURE 
TRANSDUCER FAILURE 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

CMO THRUST IND EAILURE OR ENG 
THR CONL THR CDNT SW DECK 
NO. 3 FAILED TO AUTO 

CMD THRUST IND FAILURE OR 
ENG THR CONL THR CONT SW 
DECK NO. 3 FAILED TO 
MANUAL 

• Continue mission usmg ENG 
THRUST ind to derive DPS 
eng performance data 

ENG THRUST IND FAILURE 

• Continue missmn using CMO 
THRUST ind lo derive DPS 
eng performance data 

DPS EXPERIENCED EXCESSIVE 
THROAT EROSION 

Ch a nge Date ______ _ 

CD 

0 

REMARKS 

.. NO" branch assumes ENG THRUST 
md is following time lme. 

DPS throat erosion is expected to 
decrease CMD thrust "'1 % below 
time line and ENG THRUST"' 5% 
below time line. Thus a 4% dif
ference could be nominal. 

300LM4-523 

REMARKS 
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SYMPTOM 

10 

No auto MPS shutdown 

11 

Unsuccessful manual 
APS shutdown 

SYMPTOM 

LMA790-J-LM 4 
APOLLO OPERATIONS HANDBOOK 

Shut down MPS manually 

• Eng STOP pb/lt- push 
• ENG THR CONL ENG ARM sw -Off 
• ABORT pb - reset IOPSJ 
• ABORT STAGE pb - reset IAPSJ 

• SIC, AGS sw -ATT HOLD 
• ATTITUDE MON sw 12)-AGS 
• Monitor FOAi err or needles 

FOAi error needle at zero? 

YES 

Attempt shutdown. using other 
eng STOP pb / 11 

• LMP (CDRJ eng STOP pb /lt -push 

APS shul down' YES 

PROCEDURE 

Check eng on/off outbits from LGC 

• Key OSKY -VOi NIOE, IIE 
RI AXXXX 

A displays' 

A=2 

AEA DID NOT ISSUE ENG-OFF COM
MAND OR REMOVE ENG-ON COM
MAND. OR AELD FAILURE 

• ENG THR CONL ENG ARM sw- Off 1----------------tl
• ABORT STAGE pb - resel 

PROCEDURE 

CONTROL EL EC TTlONICS SECTION 

AELD FAILURE 

fJ 3 FOLLOWUP DISCRETE 
TO AGS FAILED ON 

CDR ILMPJ ENG STOP 
SW FAILURE 

RELAY K1 4 IN S & C CONTROL 
ASSY NO. 2 FAILED CLOSED 

Bosi c Do te _ 1_5_J_,_, 1_Y_1_9_6_"_ Cha nge Do te ______ _ 

REMARKS 

CD AGS attitude hold cannot be used, 
because AGS is outputting zero 
atti tude error signals. AGS will 
not issue eng on or off commands. 

CD Unsuccessful manual OPS shutdown 
was not considered, because it 
involves double failure. 

(D Use ENG THR CONL ENG ARM 
sw as on- off control for 
subsequent APS burns. 

JOOlM, . .52, 

REMARKS 
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SYMPTOM 

Basic Date 15 J uly 1968 

14 

Rate needles on both 
FOAi's agree' 

NO (BOTH 
DIRECTIONS) 

All rate needles peg 
in both direct ions? 

RATE SCALE SW FAI LED OPEN 

NO 

YES 

NO 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

S/C GYRO TEST POS 
RT SW FAILED INTO 
UNAFFECTED RATE 
(POS OR NEG) 

PROCEDURE 

All rate needles remain 
al 01 

NO 

How many rate needles 
remain at O? 

ONE 

Perform dynamic check 

• GUID CONT sw -AGS 
• SIC, AGS sw - ATT HOLD 
• SIC, ROLL, PITCH, & YAW 

sw-MODE CONT 
• ACA - command rate in af

fected axis 
• Monitor vehicle for smooth 

rate with damping 

Vehicle response normal? 

YES 

CONTROL EL ECTRONICS SECTION 

Change Da te ______ _ 

S/C, GYRO TEST ROLL SW 
FAILED INTO UNAFFECTED 
AXIS, OR DOUBLE GYRO 
FAILURE 

AFFECTED AXIS RATE 
GYRO FAILED 

S/C, GYRO TEST ROLL 
SW FAILED OPEN IN 
AFFECTED AXIS 

CD 

CD 

REMARKS 

Before entering procedure, test 
all three axes in both directions 
& note discrepancies, ref para 
4.6.2.10. 

Dynamic check (step BJ may be 
desired at this point. 

0 Assumption, RATE SCALE sw is set 
to 25° /SEC. but switch failed open 
when test was run. Failure results 
in selection of 5° /SEC scale. 

300LM4-525 

REMARKS 
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SYMPTOM 

13 

LM drills 

LM drift is characterized 
by absence of RCS firing 
in one or more axes, 
increasing error of FOAi 
total attitude and /or error 
needles in one or more 
axes. 

SYMPTOM 

Basic Date 15 July 1968 

• Control vehicle via hardover (if 
necessary) to avoid gimbal lock 

Prepare for troubleshooting 

• GUID CONT sw - AGS 
• SI C, DEAD BANO sw-MIN 
• S/C, AGS sw-ATT HOLD· 
• S/C, PGNS sw-ATT HOLD 
• S/C, ROLL, PITCH, & YAW sw-

MODE CONT 
• Select FDArs on alternate sources 

• ACA -command single -axis 
proportional rate (all three axes 
+or-) 

Any axis responds (vehicle motion)? 

All axes responded? 

YES 

Error needles on both FDArs 
establish new reference when ACA 
returned to detent' 

15 

PGNS 
DRIVEN 

AGS 
DRIVEN 

• GUID CONT sw-PGNS 
• ACA-rotate in single axis only 
l+or-) 

Jets fire (vehicle motion)? 

NO 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

4 

S/C, AGS SW DECK NO. 2 FAILED 
OPEN. NO ENABLE VOLTAGE TD 
ABORT PRE AMPS 

ONE AXIS DID 
NOT RESPOND 

18 

S/C, PGNS SN DECK NO. 5 FAILED 
OPEN. ND ATTITUDE HOLD INBIT 
SUPPLIED TD LGC 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

• GUID CONT sw-PGNS 

RELAY K!9 NAW), K20 (PITCH), OR 
K21 (ROLL) IN ATCA FAILED OPEN 

Establ ish attitude hold via DEDA 

• Key DEDA C 40o+OOOOOE 
• SIC AGS sw-AUTO 
To establish new reference and 
maneuver: 
• SIC AGS sw - ATT HOLD 
• SIC, ROLL, PITCH, & YAW sw - as 

desired 
• ACA- maneuver 
When maneuver complete: 
• S/C, AGS sw -AUTO 
• S/C, ROLL, PITCH, & YAW sw -

MOOE CONT 

• GUIO CONT sw - AGS 

Change Date ______ _ 

CD 

0 

REMARKS 

AGS proportional mode, pulse mode, 
attitude hold, guidance steering, & 
translation are lost. 

AGS proportional mode, attitude 
hold, & guidance steering in affect· 
ed axis are lost. 

Q) If both FOAi's establish new refer
ence, PGNS attitude hold discrete 
is verified. PGNS proportional 
mode, attitude hold, guidance steer
ing, & translation are lost. 

(D Use PGNS for computational pur
poses only. 

(D Neither PGNS nor AGS can display 
attitude error. 

If PGNS guidance is desired, 
• GUID CONT sw- PGNS 
• S/C, PGNS sw-OFF (momentarily) 
• SIC, PGNS sw-AUTO 
As rotation maneuvers are required: 
• SIC, PGNS sw-ATT HOLD 
• ACA • maneuver 
When maneuver is complete, 
• SIC, PGNS sw - OFF (moment

arily) 

S/C, PGNS sw is momentarily set 
to OFF to allow CDU's to be driven 
to existing vehicle orientation. If 
sw is not set to OFF, vehicle will 
be driven to attitude previously 
stored in CDU's . 

(j) AGS cannot display attitude errors. 

JOOlMA...535, 

REMARKS 
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LMA790-3- LM 4 
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SYMPTOM PROCEDURE 

I cp 
14 0 i 

I ~w 
l2J 2J 

Isolate failure Single RCS jet failed on . f' . Regain control of vehicle Attempt lo stop 1et 111ng 

Detected by, 

Increased RCS propellant 
consumption 

Continuous RCS jet fir ing 

Attitude error needles 
oscillating at high rates 
within deadband 

1S 

CDR (LMP) ACA JAMMED 
OUT Of DETENT. PRO
PORTIONAL SIGNALS AL
WAYS PRESENT. 

SYMPTOM 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• CB S/C, ATT DIR CONT-open 
• S/C, PGNS (AGS) sw · AT1 • ACA/4 JET sw (CDR) 

HOLD -DISABLE 
NO • S/C, ROLL, PITCH, & YAW • ACA/4 JET sw (LMP) 

Je t fires? .. sw-MODECONT 
,_. 

-DISABLE 

YES 
• ACA - null rates via propor• • CB S/C, ATT DIR CONT 

tional mode - close 

Jet fires? 

NO 

~ 
Isolate failed quad sys A WJ Isolate fail ed quad sys B 

• RCS, SYS A MAIN SOV sw · OPEN 
• RCS, SYS A QUAD I, 2. 3,& 4 sw-

CLOSE until jet firing slops • RCS, SYS B QUAD 1. 2, 3.& 4 sw-

~ 
CLOSE until jet firing stops 

Jet firing stops? • RCS, SYS B QUAD sw-OPEN (not 
associated with failure) 

. YES • CB S/C, ATT DIR CONT -close 

+ LW 
• RCS, SYS A QUAO sw-OPEN (not ~ 

associated with failure) ~ RCS OXID VALVE & FUEL VALVE 
• CB S/C, ATT DIR CONT-close FAILED OPEN (DOUBLE FAILURE) 

OR SOLENOID DRIVER SHORTED 
TO GROUND 

' 

~ 
• ACA/4 JET sw ICDR)-ENABLE 

Jet fires' 

NO 

WJ 
LMP ACA HARDOVER (SING-
LE CONTACD SW FAILED 
CLOSED 

Disable failed ACA 

• CDR (LMP) ACA PROP sw - DISABLE 
oCOR (LMP) ACA/4 JET sw - DISABLE 
• S/ C, ROLL, PITCH, & YAW sw - MODE 

Reorient LM 

CONT 
• LMP (CDR) ACA - maneuver to 

desired attitude 

PROCEDURE 

YES .. 

YES 
~ 

Basic Date _1_5 __ Ju_l_y_1_9_6_B_ 

CONTROL ELECTRONICS SECTION 

Change Date ---- ---

~ 
+X TRANSL PB (SINGLE 
DECK) FAILED CLOSED 

+ 0 
~ 

Determine affected jells) 

• CB S/C, ATT OIR CONT - open 
• RCS, SYS A QUAD 2 & 4 

sw-CLOSE 
• RCS, SYS B QUAD 1 & 3 

sw-CLOSE 
• CB S/C, ATT DIR CONT-close 
• RCS, SYS A QUAD 2 & 4 

sw-OPEN 
• RCS, SYS B QUAD 1 & 3 

sw-OPEN 
• Affected quad RCS, SYS A 

or B sw- CLOSE 
• Reconfigure S/C switches 

as desired 

1.2.1 
CDR ACA HARDOVER (SING-
LE CONTACD SW FAILED 
CLOSED 

+ 
~ 

• ACA/4 JET sw ICDR) 
-DISABLE 

• ACA/4 JET sw (LM P) 
-ENABLE 

REMARKS 

(D lwARNING. 

A single RCS jet failed on when 
compensated for by opposing jets 
firing will consume 0.12% /sec of 
total RCS propellant. 

0 S/C, PGNS IAGS) sw associated 
with controlling guidance section 
is affected only. 

Q) Alternative failure isolation 
procedure is to open CB S/C, 
ATT DIR CONT. This results in 
loss of + x TRANSL pb, 
hardover. & direct modes 

0 

0 

Assumption, it is obvious which ACA 
failed. ACA is jammed so it cannot 
be used in any axis. 

Determine if ACA jammed 2.5 • or 
more out of detent. If ACA is >2.5 ° 
out ol detent, do not select S/C, 
ROLL, PITCH, YAW sw · DIRECT or 
PULSE. 

300LM4-526 

REMARKS 
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SYMPTOM 

16 

Abnormal response to CDR 
(LMP) ACA commands I+------, 

Abnormal proportional 
mode response 

SYMPTOM 

GUID CONT sw 1 

AGS 

10 

• GUID CONT sw - PGNS 
• Perlorm Rate Gyro Check, 

ref para 4.6.2.10 

Successful ? 

22 
• CDR ILMP) TTCA - com

mand single axis transla· 
lion(+&-) 

Jets fire? 

NO 

25 

S/C, PGNS SW DECK 2 OR 
SIC, AGS SW DECK 3 
FAILED OPEN 

Basic Date __ 15_J _ul_y_1_9_6_B_ 

PGNS 

NO 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

£stablish troubleshooting 
configuration 

• SIC, PGNS sw - ATT HOLD 
• SIC, AGS sw -ATT HOLD 
• SIC, PITCH, ROLL, & YAW 

sw -MODE CONT 

• CDR (LMP) ACA- introduce 
single axis commands in all 
three axes I+ &-) 

Coupled motion resulted in 
any axis? 

ND 

• GUID CONT sw - AGS 

How many axes did not 
respond properly? 

• LMP (CORI ACA · rotate in 
all axes( + or -) 

LM responds ? 

YES 

CDR (LMP) ACA SINGLE AXIS 
MOVABLE XDUCER COIL 
(INTERNAU HUNG UP (IV" 
OTHER THAN Dmef' 
POSITiy-

FOAi error needles zeroed 
when ACA moved out of 
detent in failed axis? 

YES 

14 

• LMP (CORI ACA rotate in 
failed axis . 

LM responds , 

NO 

RELAY K1. K3. OR K4 IN S & C 
CONTROL ASSY NO. 2 FAILED 
OPEN OR ATT CONT SW DECK 
3 FAILED TO PULS£ OR 
DIRECT 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

Change Date ______ _ 

Close attected thruster pair 
isolation valves 

• RCS, SYS A or B QUAD sw
CLOSE (affected oairl 

CDR ILMP) ACA XDUCER 
SW (INTERNAU OR XDUCER 
COIL (I NTERNAU FAILED 
OPEN 

REMARKS 

(D Under PGNCS control, LM will 
not rotate. Under AGS control, 
vehicle will rotate, jut will be driven 
back to original attitude when ACA 
is released. 

0 CDR (LMP) ACA propor
tional mode is lost in all 
axes (PGNCS & AGS). PGNCS 
minimum impulse mode is 
also lost. 

0 CDR (LMP) ACA proportional 
mode is lost in affected axis 
(PGNCS &AGS). PGNCS mini
mum impulse mode is also 
lost in affected axis. 

0 Proportional mode and manual 
throttle capability in controlling 
guidance section is lost. 

(D Proportional mode in failed axis. in 
controlli ng guidance section. is lost. 

300lM4--528 

REMARKS 

Page _s_._ 2-_5_6_ 

• 
• 

• 

• 
• 



LMA790-3- LM 4 

• 

r-----:::::::::::---,----- ---A-PO_LL_o_o_P_E_RA_ T1_o_N_s_H_A_N_D_B_o_o_K _____ r--------~ 
SYMPTOM PROCEDURE REMARKS 
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17 
Abnormal response to CDR 
(LMP) ACA pulse mode 
commands 

• GUID CONT sw-AGS 
• SIC, ROLL, PITCH, & YAW sw

PULSE 

Jets fire immediately when pulse 1-Y:.::ES:.._ ____________ _.J 
mode is selected' CDR (LMP) ACA 2.5 • SW (INTERNAU 

NO FAILED CLOSED 
_______ .. 

• CDR (LMP) ACA- rotate in + &
direction in all axes 

Jets fire' 

NO 

YES 

YES 

• Affected axis SIC, ROLL, PITCH, 
or YAW sw-DIR 

• ACA · command + or - rotation 

Jets fire? 

YES 

Balanced couple (single-axis 
motion)? 

SOLENOID DRIVER FAILED OFF 

AFFECTED AXIS SIC, ROLL. PITCH, 
OR YAW SW DECK NO. 3 FAILED 
OPEN OR IN MODE CONT POSITION 

AFFECTED AXIS SIC, ROLL, PITCH, 
OR YAW SW DECK NO. 2 FAILED 
OPEN OR IN MODE CONT POSITION 

12 11 

SYMPTOM 

Basic Dote __ 15_Ju_l_y_l_9_68_ 

• Attected axis SIC, ROLL PITCH, 
or YAW sw-DIR 

• ACA- command rotation in fa iled 
direction 

Jetsfire? 

NO 

NO 

AFFECTED AXIS SIC, ROLL, PITCH, 
OR YAW SW DECK NO. 2 FAILED IN 
DIR POSITION 

AFFECTED AXIS SIC, ROLL, PITCH. 
OR YAW SW DECK NO. I FAILED IN 
DIR, IF NEG ROTATION LOST; DECK 
NO. 4. IF POS ROTATION LOST 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

16 

AFFECTED AXIS SIC, ROLL PITCH. 
OR YAW SW DECK NO. I FAILED 
IN MODE CONT POSITION. IF NEG 
ROTATION IS LOST; DECK NO. 4, IF 
POS ROTATION IS LOST 

Cha nge Dote _ _ ____ _ 

0 Failures to be considered affect one 
axis only. Procedures apply to 
affected axis only and are appli• 
cable to any axis. 

Q) Pulse and di rect mode control is lost 
in affected axis. 

Q) Pulse mode control is lost in 
affe<:ted axis. 

JOOLMA-530 

REMARKS 

Page _5_. _2-_5_7_ 

I 



SYMPTOM 

18 

I 
I 
I 

cp 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEOURE 

I 
Abnormal response to CDR ~ L!J 
(LMP) ACA direct mode • GUID CONT sw -AGS 
commands I • SIC, ROLL, PITCH, & YAW sw-DIR 

I W 
0 

SYMPTOM 

I Jets fire immediately when DIR is 1-Y'-'E'-S _______________ CDR (LMP) ACA 2.5" SW (INTERNAL) 
I selected' FAILED CLOSED t NO ._ _______ _. 

I 

w 
• CDR (LMP) ACA-rotate + & - ~ 

inallaxis 
~---------l NO AFFECTED AXIS S/C, ROLL, PITCH, 

i.;.:: ______________ .,__ OR YAW SW DECK NO. 3 FAILED 
Jets fire' 

YES 

w 

w •Affected axis S/C, ROLL. PITCH, 
or YAW sw-PULSE 

• CDR (LMPI ACA- rotate 

Jets fire' 

NO 

l1!J 
AFFECTED AXIS S/C, ROLL, PITCH, 
OR YAW SW DECK NO. 2 FAILED 
OPEN OR IN MODE CONT POSITION 

OPEN, OR IN MODE CONT OR PULSE 
POSITION 

YES (BALANCED COUPLES) 

Jets;~, (D 1 _______ .,. 
w 

AFFECTED AXIS S/ C, ROLL, PITCH, 
OR YAW SW DECK NO. 2 FAILED 
OPEN OR IN MODE CONT POSITION, 
OR ACA 2.5 ° SW {INTERNAU 
FAILED OPEN 

YES {BALANCED COUPLES) 

PROCEDURE 

LU 
AFFECTED AXIS S/C, ROLL, PITCH, 
OR YAW SW DECK NO. 2 FAILED IN 
PULSE POSITION 

~ 
AFFECTED AXIS S/C, ROLL, PITCH, 
OR YAW SW DECK NO. 2 FAILED 
IN PULSE POSITION 

Basic Date __ 15_Ju_l_Y_1_96_8_ 

CONTROL ELECTRONICS SECTION 

Change Date -------

REMARKS 

(D Failures to be considered affect one 
axis only. Procedures apply to 
affected axis only and are appli
cable to any axis. 

0 Do not set affected axis S/C, ROLL, 
PITCH, or YAW sw in PULSE or DIR 
positions. 

G) Direct mode control is lost in 
affected axis. 

0 Pulse & duect mode control is 
lost in affected axis. 

300LM4-531 

REMARKS 

Page _ 5._2_-5_8_ 

• 
• 

• 
• 
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• 
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SYMPTOM PROCEDURE 

19 

Absence of normal trans
lation via CDR (LMP) TTCA 

SYMPTOM 

Basic Dote 15 July 1968 

Change guidance systems, 
• GUID CONT sw-AGS (PGNS) 
• S/C, PGNS (AGS) sw -ATT 

HOLD 
Using alternative TTCA 
• LMP (CDR) TICA-translate 
If needed 
• ACA-rotate as required to 

allow + X translation 
• +X TRANSL pb-push & rel 

• GUID CONT sw-AGS 
• SIC, AGS sw - ATT HOLD 
• S/C, ROLL. PITCH, & YAW 

sw- PULSE 
• ACA (CORI - command rota

tion about all three axes 

Any jets fire in any axis? 
NO S/C, AGS SW DECK NO. 3 
t,=-----1- FAILED OPEN. NO ENABLE .------,-

~---,.,.,YE"'S--~ VOLTAGE TO ABORT PRE
AMPS 

Balanced couples fired in 
all three axes? 

YES 

• Affected TTCA-lranslate 
+ &-in all axes 

Successful? 

NO 

NO 
SOLENOID DRIVER FAILURE 

Successful' 

NO 

axes, 11 

YES AFFECTED TTCA ENABLE SW 
DECK NO. 1 FAILED OPEN 
OR 28-VOLT LINE TO TTCA 
FAILED 

13 

• S/C, ROLL, PITCH, & YAW 
sw - MOOE CONT 

• ACA-command 
proportional mode in 
single axis 

Jetsfire? 

YES 

LGC DID NOT ISSUE 
TRANSLATION COMMAND 

PROCEDURE 

CONTROL ELECTRONICS SECTION 

Change Dote ______ _ 

• Isolate driver 

NO ENABLE VOLT AGE TO 
PRIMARY PREAMPS. S/C, 
PGNS SW DECK NO. 2 
FAILED OPEN 

REMARKS 

(D Absence of normal translation will 
~e indicaled by, 

0 

a. High oscillation rate on error 
needles if only one RCS jet fires. 

b. Reading on RANGE RATE ind is 
constant. 

c. Lack of, or degraded.acceleration. 
d. Reading on RCS, A & B QUANTITY 

ind is constant. 

AGS cannot cause RCS jets to fire 
for proportional & pulse mode ro
tation, translation, attitude hold, 
and guidance steering. 

(D Affecled TTCA cannot command 
translation maneuver in PGNCS. 

(D PGNCS cannot cause RCS jets to 
fire for proportional & minimum im
pulse mode rotation, translation, at
titude hold, and gu idance steering. 

(D Affected TTCA cannot command 
translation maneuver in AGS. 

300LM4-536 

REMARKS 

I 

P 5. 2-59 / 5. 2-60 age ___ _ 
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5.2.6 DESCENT PROPULSION SECTION 

T able 5-11. DPS Procedure Entry Sheet 

• 
Sym Page 

Symptom No. No. 

Off-nomina l helium pressure or pr opellant temp or pressure indication 1 5. 2- 64 

DES REG warn lt 2 5.2- 66 

DES QTY warn lt 3 5.2-67 

ENG GMBL caut lt 4 5.2-67 

MPS: PRESS ind pwr fail lt on 5 5.2- 67 

DES He REG 1 (2) tb - bp 6 5. 2- 68 

DES He REG 2 (1) tb - gray 7 5. 2- 68 

Before venting: DES PROPUL: FUEL (OXID) VENT tb - gr ay 8 5.2- 68 

After venting: DES PROPUL: FUEL (OXID) VENT tb - bp 9 5. 2- 68 

Abnorm al PQGS indica tion 10 5. 2- 69 ■ 
• T ab le 5- 12. DPS Failure/ Symptom Cross-Reference Index 

Sym Page 
Failur e Symptom No. No. 

Cold soak or slow leak. Verify Off-nominal helium pressure or pro- 1 5. 2- 64 
with MSFN pellant temp or pr essure indication 

C/ W circuitry failur e DES QTY warn lt 3 5.2-67 

C/ W circuitry failure or liquid low- DES QTY warn lt 3 5. 2- 67 
level sensor in propellant tank failed on 

CWEA failure DES REG warn lt 2 5. 2-66 

ENG GMBL caut lt 4 5.2-67 

• 
Descent helium reg 1 failed c losed DES REG warn lt 2 5. 2- 66 

Descent helium r eg 1 failed open DES REG warn lt 2 5.2-66 

Des cent helium r eg 1 failure DES REG warn lt 2 5.2-66 

Fuel (oxid) vent SOV fa iled closed After vent ing: DES PROPUL: FUEL 9 5.2-68 
(OXID) VENT tb - bp 

Fuel (oxid) vent SOV failed open Befor e venting: DES P ROPUL: FUEL 8 5.2- 68 

• 
(OXID) VENT tb - gray 

Basic Date 
15 July 1968 Change Date _____ _ 5.2- 61 Page _______ _ 
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Table 5-12. DPS Failure/ Symptom Cross-Reference Index (cont) 

Failure 

Fuel (oxid) vent SOV transient failure 

GDA failed on 

Heat soak 

Helium leak 

Helium leak between secondary descent 
helium reg & quad check vlvs 

Helium leak downstream of quad check 
vlvs 

Helium leak downstream of quad check 
valves in affec ted leg_ 

Helium leak in ambient tank 

Helium leak upstream of secondary 
descent helium reg 

Helium pressure xducer failure 

Helium reg 1 (2) SOV failed closed 

Helium reg 1 (2) SOV inadvertently 
unlatched 

Helium reg 2 (1) SOV failed open 

Helium reg 2 (1) SOV inadvertently 
opened 

Ind failure 

Instr um entation failure 

MPS: FUEL & OXID QUANTITY 
ind failure 

MPS: PRESS ind pwr fail lt failed on 

Possible propellant leak 

Power to MPS: FUEL & OXID PRESS 
ind is lost 

PQGS failure 

PQGS failure in propellant tanks 
No. 1 (2) 

PQGS power failure 

Basic Dote __ 1_5_J_u_l_y_1_9_6_8 __ 

Symptom 

Before venting: DES PROPUL: FUEL 
(OXID) VENT tb - gray 

ENG GMBL caut It 

Off-nominal he lium pressure or pro
pellant temp or pressure indication 

DES REG warn It 

Off-nominal he lium pressure or pro
pellant temp or pressure indication 

Off-nominal helium pressure or pro
pellant temp or pressure indication 

DES REG warn lt 

Off-nominal he lium pressure or pro
pellant temp or pressure indication 

Off-nominal helium pressure or pro
pellant temp or pressure indication 

Off-nominal helium pressure or pro
pellant temp or pressure indication 

DES He REG 1 (2) tb - bp 

DES He REG 1 (2) tb - bp 

DES He REG 2 (1) tb - gray 

DES He REG 2 (1) tb - gray 

Off-nominal helium pressure or pro
pellant temp or pressure indication 

DES REG warn lt 

Abnormal PQGS indication 

MPS: PRESS ind pwr fail lt on 

Abnormal PQGS indication 

MPS: PRESS ind pwr fail lt on 

Abnormal PQGS indication 

Abnormal PQGS indication 

Abnormal PQGS indication 

Change Dote 

Sym 
No. 

8 

4 

1 

2 

1 

1 

2 

1 

1 

1 

6 

6 

7 

7 

1 

2 

5 

5 

10 

Page 
No . 

5.2-68 

5.2 - 67 

5. 2-64 

5,2-66 

5. 2-64 

5. 2-64 

5,2-66 

5.2-64 

5, 2-64 

5. 2- 64 

5.2-68 

5.2- 68 

5.2-68 

5. 2-68 

5.2- 64 

5. 2- 66 

5. 2-69 

5.2-67 

5.2-69 

5,2-66 

5.2-69 

5.2-69 

5,2-69 

5,2- 62 Page _______ _ 

• 
• 

• 

• 
• 



• 
• 

• 
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LMA790-3-LM 4 
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Table 5-12. DPS F a ilure/ Symptom Cross-Reference Index (cont) 

Failure 

Primary descent he lium reg failed 
high or low 

Primary descent he lium reg 
regulating low 

Probable heat or cold soaJ, 

Probable xcluc er failure . Verify 
with JVISF N 

Propellan t leak in off-nominal 
propellant section 

Propellant leak or degraded eng 
performance 

Peopellant leak, ve rify interface 
pressure with IVISFN 

Quantity- sensing probe fa ilure 

Secondary descent helium r eg 
fa il ed c losed 

Seconda ry descent helium r eg 
fail ed high or open 

Signal line to incl is lost 

Tb failure 

Tb failure or instrumentation failure & 
inadvertently stuck valve 

Tb or instrumentation failure 

Transient drive signal 

Xclucer failure 

Xclucer failure in affec ted s ys 

Ba sic Date __ 1_5 J_u_l~y_l_9_6_8 __ 

Symptom 

Off- nominal helium pressure or pro
pellant te mp or pressure indication 

Off-nominal pressure or propellant 
temp or pressure indication 

Ofl"-nom inal he lium pressure or pro
pellant temp or pressure indication 

Off-nom inal he lium pressure or pro
pellant temp or pressure ind ication 

DES REG warn lt 

DES QTY warn lt 

Off-nominal he lium pressure or pro
pellant temp or pressure indication 

Abnormal PQGS indication 

Off-nominal he lium pressure or pro
pe JJ ant te mp or pressm:e indication 

Off- nominal helium pressure or pro
pellant temp or pressure indication 

Abnormal PQGS indication 

After venting: DES PROPUL: FUEL 
(OXID) VENT tb - bp 

DES He REG 2 (1) tb - gray 

Before venting: DES PROPUL: FUEL 
(OXID) VENT tb - gray 

DES He REG 1 (2) tb - bp 

ENG GIVIBL caut lt 

Off-nominal helium pressure or pro
pellant temp or pressure indication 

Off-nominal helium pressure or pro
pellant temp or pressure indication 

Change Date _____ _ 

Sym 
No . 

1 

1 

1 

1 

2 

3 

1 

1 

1 

10 

9 

7 

6 

4 

1 

1 

Page 
No . 

5. 2-64 

5. 2- 64 

5. 2- 64 

5. 2-64 

5. 2-66 

5.2-67 

5.2-64 

5. 2- 69 

5. 2-64 

5. 2-64 

5. 2-69 

5. 2-68 

5. 2-68 

5. 2-68 

5.2-68 

5. 2-67 

5.2-64 

5.2-64 

5. 2-63 Page _______ _ 

■ 



SYMPTOM 

1 IS!leet 1 of 2) 

Off-nominal helium 
pressure or propellant 
temp or pressure 
indication 

SYMPTOM 

21 

Basic Dote _ _ 1_5_J_u_ly'-1_9_6B_ 

Select alternative source 

• Cycle HELIUM MON sel or 
PRPLNT TEMP /PRESS MON sw 

Associated ind responds? 

(sheet 2) 

Temp & pressure indications off
nominal in same direction? 

NO 

MSfN verifies pressure reading 
anomaly with interface pressure 
reading? 

NO 

XDUCER FAILURE 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

NO 

YES 

YES 

YES 

YES 

PROCEDURE 

CAUTION 

MSFN must monitor affected 
helium pressures or propellant 
temp or pressure 

Propellant tank pressures normal? 

• OES He REG 1 sw-CLOSE 
• DES He REG 2 sw-OPEN 

Propellant tank pressures normal? 

NO 

Off-nominal in high direclioo? 

YES 

PRIMARY DESCENT HELIUM REG 
REGULATING LOW 

PROCEDURE 

DESCENT PROPULSION SECTION 

Consult MSFN (no ooboard 
diagnostic capability) 

PRIMARY DESCENT HELIUM REG 
FAILED HIGH OR LOW 

PROBABLE XDUCER FAILURE. 
VERIFY WITH MSFN 

COLD SOAK OR SLOW LEAK. 
VERIFY WITH MSFN 

HEAT SOAK 

Switch to secondary reg 

• DES He REG 1 sw - CLOSE 
• DES He REG 2 sw -OPEN 

Change Dote _____ _ _ 

REMARKS 

Q) MSFN must monitor all APS/DPS 
temp & pressures for affected ind. 

(D Open xducer results in low 
indication; shorled xducer, in high 
indication. 

Possibility exists that, upon initial 
pcwer-up, completely depleted am
bient helium tank will have effect 
of open xducer. This cannot be de
termined ooboard without MSFN 
assistance. 

Q) MSFN has alternative pressure 
telemetry point. 

lOOLM'-595 · 1 

REMARKS 

Page 5. 2-64 
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SYMPTOM 
{Sheet 2 of 2) 

1 (cont} 
Off-nominal hel ium 
pressure or propellant 
temp or pressure 
indication 

SYMPTOM 

Basic Date 15 July 196B 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

DPS pressurized? NO Which sys abnormal? Ambient helium pressure low or 
decreasing? 

YES PRPLNT NO 

34 
Propellant pressure' HELIUM PRES_SURE XDUCER 

FAILURE 

HIGH LOW 

24 

SECONDARY DESCENT HE-
LIUM REG FAILED HIGH OR 
OPEN 

WARNING 

Burst disk may rupture if 
pressure remains at 288 psia. 
Do not set DES He REG 2 sw 
to OPEN 

Ambient helium pressure low? 

31 

HELIUM LEAK BETWEEN SECONDARY 
DESCENT HELIUM REG & QUAD 
CHECK VLVS 

YES 

Propellant pressure low & 
decreasing? 

NO 

HELIUM LEAK DOWNSTREAM Of 
QUAD CHECK VLVS 

l,......--a,o1 SECONDARY DESCENT HELIUM REG 
FAILED CLOSED 

30 

1-'-=''---a,ol HELIUM LEAK UPSTREAM Of SEC
ONDARY DESCENT HELIUM REG 

PROCEDURE 

DESCENT PROPULSION SECTION 

35 

40 

WARNING 

Do not fire ambient helium 
isolation valve 

HELIUM LEAK IN AMBIENT TANK 

PROBABLE HEAT OR COLD SOAK 

XDUCER FAILURE 

[ CAUTION J 
When ambient helium tank 
depleted, 
• DES He REG 2 sw-CLOSE 

WARNING 

Change Date ______ _ 

YES 

REMARKS 

© DES REG warn It - on when am
bient helium pressure decays to 
"'22Opsia. 

300LM-4-59.S -2 

REMARKS 

Page 5. 2-65 
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SYMPTOM 

2 

II I 
1 

DES REG 
•DES He REG l sw-CLOSE 

RED 

Light on if helium pres- 2 

~ sure downstream of regs Descenl eng tiring? 
<220 or >260 psia 

NO 

---1 CAUTION j--

If eng is armed, eng arming 
signal must be removed 
to prevent eng from firing 

~ 
If eng armed, 
•ENG THR CONL ENG ARM 

sw-OFF 

0 
15 

~ C/W circuitry enabled' 

YES 

~ 
• PRPLNT TEMP/PRESS 

MON sw-DES l 
• MPS, FUEL or OXID PRESS 

ind-monitor 
HIGH 

Ullage pressure? 

LOW NORMAL 

20 

Fuel & oxid pressure both 
YES 

<220 psia? 

NO 

SYMPTOM 

Basic Date 15 July 1968 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

M WARNING 1--
If ullage pressure continues 
to decay after opening re-
dundant hel ium leg, eng 
must be shut down imme-
diately. 

! 
2..1 

•DES He .REG 2 sw - OPEN cp •PRPLNT TEMP/PRESS 
MON sw-DES l 

•MPS, FUEL or OXID 
~ PRESS ind- monitor 

Ullage pressure' HIGH - DESCENT HELIUM REG l 
FAILED OPEN 

LOW NORMAL 

µ_J f !.l DES REG warn It-off' DESCENT HELIUM REG l 
FAILURE 

NO 

WJ 
- INSTRUMENTATION FAILURE 

8 r w Pressure returning to 
normal? DESCENT HELIUM REG l 

FAILED CLOSED 

t 
~ 

Shut down descent eng ~ 
• PRPLNT QTY MON sw-.. •Eng STOP pb/ lt-PUSH DES l, DES 2 .!!l •ENG THR CONl ENG YES 

ARM sw-OFF MPS, FUEL & OXID I+ HELIUM LEAK 
• DES He REG 2 sw-CLOSE QUANTITY ind- normal? 

NO 

.!!J .!!J 
CWEA FAILURE - PROPELLANT LEAK IN OFF-

NOMINAL PROPELLANT 
SECTION 

CD 
..!!l 

- DESCENT HELIUM REG l 
FAILED OPEN 

.!!I - CWEA FAILURE 

© 
~ - HELIUM LEAK UPSTREAM 

OF QUAD CHECK VALVES 

© 
E.J 

- HELIUM LEAK DOWNSTREAM 
OF QUAD CHECK VALVES 
IN AFFECTED LEG 

PROCEDURE 

DESCENT PROPULSION SECTION 

Change Date ______ _ 

REMARKS 

(D Depending on ullage volume, 
pressure may slowly return to 
normal. 

DES REG warn It is enabled after 
ENG THR CONL ENG ARM sw is set 
to DES for first time, or if ABORT 
pb eng-arming signal is delayed 
6 seconds afler eng-oo command. 

Q) Burst disk will probably rupture & 
bleed ullage pressure to < 225 
psia, at which point DES REG warn 
It will go off. 

© This requires supercritical helium 
tank depletion. 

300LM4,.5.'7 

REMARKS 

Page 5. 2-66 
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SYMPTOM 

DES QTY 

RED 

light on if burn time 
remaining to propellant 
depletion <2 minutes 
at =25% thrust level 

4 

ENG GMBL 

YELLOW 

During DPS burn, light on 
if there is discrepancy 
between gimbal drive sig
nal & gimbal response 
signal 

s 
MPS, PRESS ind pwr 
fail It on 

RED 

Descent eng firing' 

NO 

C/W CIRCUITRY FAILURE 

Descent eng firing? 

If eng gimbal & descent eng 
is not shut down immediately, 
excessive RCS propellants 
will be consumed 

• ENG GMBL sw-OFF 
• RCS A & B QUANTITY ind 
- monitor for excessive 
firing 

If desired to stop burn, 
perform normal shutdown, 
• Eng STOP pb-push 
•ENG THR CONT, ENG ARM 

sw-OFF 
• ABORT pb-reset 

ENG GMBL caut It-on? 

YES 

13 
CWEA FAILURE 

Determine status of MPS, FUEL & 
OXID PRESS ind by checking 
ascent fuel & oxid pressures 

• PRPLNT TEMP /PRESS MON sw
ASC 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

Monitor propellant quantity 

• PRPLNT QTY MON sw-DES 1, 
then DES 2 

MPS, FUEL or OXID QUANTITY ind 1-Y_ES ___ o,4 

<6%? 

NO 

C/W CIRCUITRY FAILURE OR 
LIQUID LOW-LEVEL SENSOR IN 
PROPELLANT TANK FAILED ON 

PROPELLANT LEAK OR DEGRADED 
ENG PERFORMANCE 

Ullage maneuver being Terminate ullage 
performed? 

NO 
If in PGNS, 
• Key V34E 

If in AGS, 
• TTCA (C DR)- release 

YES 

• ENG THR CONT, ENG ARM 
sw-OFF 

• ABORT pb- reset 

ENG GMBL caut It - off? 

YES 

Verify failure with MSFN •ENG THR CONT, ENG ARM 
sw-ON 

YES 
ENG GMBL caut II- on? 

GOA FAILED ON 

WARNING 

Descent eng must be shut down 
when propellant quantity reaches 
<6% to prevent possible eng 
explosion 

Shut down eng at < 6% propellant 
remainin 

• Eng STOP pb/11-push 
• ENG THR CONT, ENG ARM sw-

OFF 
If in PGNS, 
• Key -V34E 
If in AGS, 
• ABORT pb-reset 

NO 

CWEA FAILURE 

TRANSIENT DRIVE SIGNAL 

light on if 28-vdc power 
to MPS, FUEL & OXID 
PRESS ind is lost 

Pointers of MPS, FUEL & OXID 1-Y-'ES'------------ ------..a 
PRESS ind -both move' 

MPS, PRESS IND PWR FAIL LT 
FAILED ON 

NO 

SYMPTOM 

Basic Date __ 1_5_J_u_ly_1_96_B_ 

PROCEDURE 

DESCENT PROPULSION SECTION 

Change Date ______ _ 

POWER TO MPS, FUEL & OXID 
PRESS IND IS LOST 

REMARKS 

0 DES QTY warn It is inhibited by 
staging deadface, enabled only if 
descent eng is on. 

0 When ENG THR CONT, ENG ARM 
sw-OFF, delay is 3 seconds for 
sw action. 

Q) MSFN coordination is required, to 
determine failure. 

(D II may be possible to reset gimbal 
angles, using IMU Realign Program 
(P52) or AGS & ACA. 

0 ASC position of PRPLNT TEMP/ 
PRESS MON sw provides different 
signal input to determine whether 
ind failed. If ind did not fail, it 
reads ascent propellant pressures. 
If ind failed, pointers remain where 
they were when power was lost. 

0 MPS, PRESS ind is operable. There 
will be no indication that 18 vdc 
to ind is lost. 

Q) MSFN must monitor propellant 
pressures. 

300LM4-548 

REMARKS 

Page _5_. 2_-_6_7_ 
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• SYMPTOM PROCEDURE REMARKS 

CD Descent helium reg SOV's are 6 normally set as follows, 

DES He REG I (2) tb-bp Cycle primary (secondary) SOV 

DES He REG 1 sw - OPEN: lb -gray 
DES He REG 2 sw - CLOSE: tb-bp 

It is preferable lo ver ify SOV 
• DES He REG I (2) sw-CLOSE. position with MSFN before cycling. 

then OPEN 

TB remains bp? 
NO HELIUM REG I (2) SOV 

INAOVERTENTL Y UNLATCHED • TB OR INSTRUMENTATION FAILURE 

(D Helium reg redundancy is lost. 

• DES He REG 2 (1) sw-OPEN 

7 CD Descent helium reg SOV's are 
normally set as follows, 

DES He REG I-OPEN; lb-gray 

DES He REG 2 (1) tb-grJy Determine status of secondary 
DES He REG 2-CLOSE, tb-bp 

(primary) SOV 

• DES He REG 2 (I) sw-CLOSE 

TB remains gray? NO HELIUM REG 2 (1) SOV 
INADVERTENTLY OPENED 

TB FAILURE OR INSTRUMENTATION 
FAILURE & INADVERTENTLY STUCK 
VALVE • NO 

HELIUM REG 2 (1) SOV FAILED OPEN 

8 
Before venting, DES 
PROPUL: FUEL (OXIO) Close fuel (oxid) vent SOV 
VENT lb- gray 

• DES PROPUL: FUEL (OXIO) VENT 
sw-CLOSE 

TB remains gray? 
YES 

TB OR INSTRUMENTATION FAI LU RE 
NO 

CD If this failure occurs before venting. 
associated explosive valves isolate 
fuel or oxid. 

FUEL (OXIDI VENT SOV TRANSIENT 
FAILURE FUEL (OXIO) VENT SOV FAILED OPEN 

9 
After venting, DES • PROPUL: FUEL (OXIO) • PRPLNT TEMP/ PRESS MON sw-
VENT tb-bp DES I 

MPS: FUEL (OXIO) PRESS ind - YES 
TB FAILURE decreasing? 

NO 

FUEL (OXIO) VENT SOV FAILED 
CLOSED 

300lJM...549 • SYMPTOM PROCEDURE REMARKS 

DESCENT PROPULSION SECTION 

Basic Dote 15 July 1968 Change Dote Page 5. 2-68 



10 

SYMPTOM 

Abnormal PQGS 
indication 

SYMPTOM 

Basic Date 15 J uly 1968 

Descent eng fir ing? 

NO 

MPS, FUEL & OXID QUANTITY ind
blank? 

NO 

One or both ind read zero? 

ONE 

Switch to other QUANTITY ind 

• PRPLNT QTY MON sw- DES 111) 

Ind still reads zero? 

NO 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

BOTH 

YES 

PROCEDURE 

• PRPLNT QTY MON sw- OES 1 Ill 

MPS, FUEL & OXIO QUANTITY ind 
normal? 

MSFN receiving PQGS telemetry' 

NO 

PROCEDURE 

DESCENT PROPULSION SECTION 

PQGS FAILURE IN PROPELLANT 
TANKS NO. 111) 

POSSIBLE PROPELLANT LEAK 

Descent eng must be shut down 
as soon as possible to prevent 
possible eng explosion 

Shut down descent eng 

• Eng STOP pb/ lt - push 
• ENG THR CONTc ENG ARM sw-OFF 
• ABORT pb - rese t 

MPS, FUEL & OXID QUANTITY IND 
FAILURE 

POGS POWER FAILURE 

QUANTITY - SENSING PROBE 
FAILURE 

16 

SIGNAL LINE TO IND IS LOST 

Change Date _ _____ _ 

REMARKS 

0 auantityindicationsarenot 
rel:able until after ullage 
settling. 

G) PQGS has life of 15 minutes 
(according to specification). 

G) Onboard capability to monitor 
descent propellant quantity is 
lost. 

(D Propellant quantity is sti ll available 
from MSFN. 

(D One propellant tank can sti ll be 
monitored onboard. 

300LM4-550 

REMARKS 

Page 5. 2-69 / 5. 2- 70 

■ 
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5.2.7 ASCENT PROPULSION SECTION · 

Table 5- 13. APS Procedure Entry Sheet 

• Sym Page 
Symptom No. No. 

Off-nominal helium or propellant temp or pressure indication 1 5.2- 73 

ASC PRESS warn lt 2 5.2- 74 

ASC HI REG caut lt 3 5. 2-75 

ASC QTY caut lt 4 5.2- 76 

ENG GMBL caut lt 5 5 . 2-77 

MPS: PRESS ind pwr fail lt on 6 5.2-78 

ASC He REG 1 (2) tb - bp 7 5. 2- 78 

Table 5-14 . . APS Failure/ Symptom Cross-Reference Index 

• Sym Page 
Failure Symptom No. No. 

■ Ascent He reg failed open in leg ASC HI REG caut lt 3 5. 2-75 
determined by MSFN 

Ascent He reg 1 (2) failed open ASC HI REG caut lt 3 5. 2- 75 

Caution/warning or SCEA circuit ENG GMBL caut lt 5 5.2- 77 
failure 

Cold soak ASC PRESS warn lt 2 5.2- 74 

CWEA failure ASC PRESS warn lt 2 5.2-74 

ASC HI REG caut lt 3 5.2-75 

CWEA or instrumentation failure ASC HI REG caut lt 3 5.2-75 

Fuel or oxid leak ASC QTY caut lt 4 5. 2-76 

Heat or cold soak Off-nominal helium or propellant 1 5.2-73 
temp or pressure indication 

• Helium leak between reg 1 or 2 ASC PRESS warn lt 2 5. 2- 74 
SOV & quad check valves 

Helium leak downstream of ASC PRESS warn lt 2 5. 2-74 
compatibility explosive valves 

Helium leak downstream of quad check ASC PRESS warn lt 2 5.2-74 
valves in affected line 

• Helium leak upstream of reg 1 or 2 SOV ASC PRESS warn lt 2 5. 2-74 

Helium pressure xducer failure ASC PRESS warn lt 2 5. 2-74 

Basic Date 15 July 1968 Change Date Page __ 5_.2_-_7_1 ___ _ 
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Table 5-14. APS Failure/Symptom Cross-Reference Index (cont) 

Failure 

Helium reg 1 (2) SOV failed closed 

Helium reg 1 (2) SOV inadvertently 
unlatched 

Helium tank leak 

Ind failure 

Initial shutdown was due to random 
rough combustion 

Instrumentation failure 

Loss of power to MPS: FUEL & OXID 
PRESS ind 

MPS: PRESS ind pwr fail lt failed on 

Persistent rough combustion 

Probable heat or cold soak. Confirm 
with MSFN 

Propellant leak 

Propellant leak downstream of 
compatibility explosive vlvs 

RCCA failure 

Rough combustion 

Tb failure, or instrumentation failure 
and inadvertent stuck valve 

Xducer failure 

Xducer failure in affected sys 

Basic Date 15 July 1968 

Symptom 

ASC He REG 1 (2) tb - bp 

ASC He REG 1 (2) tb - bp 

Off-nominal helium or propellant 
temp or pressure indication 

ASC PRESS warn lt 

Off-nominal helium or propellant temp 
or pressure indication 

ENG GMBL caut lt 

ASC QTY caut lt 

MPS: PRESS ind pwr fail lt on 

MPS: PRESS ind pwr fail lt on 

ENG GMBL caut lt 

Off-nominal helium or propellant temp 
or pressure indication 

ASC PRESS warn lt 

Off-nominal helium or propellant temp 
or pressure indication 

ENG GMBL caut lt 

ENG GMBL caut lt 

ASC He REG 1 (2) tb - bp 

Off-nominal helium or propellant temp 
or pressure indication 

Off-nominal helium or propellant temp 
or pressure indication 

Change Date _____ _ 

Sym Page 
No. No • 

7 5.2-78 

7 5.2-78 

1 5.2-73 

2 5.2-74 

1 5.2-73 

5 5.2-77 

4 5.2-76 

6 5.2-78 

6 5.2-78 

5 5.2-77 

1 5.2-73 

2 5.2-74 

1 5.2-73 

5 5.2-77 

5 5.2-77 

7 5.2-78 

1 5,2-73 

1 5.2-73 

5.2-72 Page _______ _ 

• 
• 
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SYMPTOM 

Qff.nominal helium or 
propellant temp or 
pressure indication 

Select alternative source 

• Cycle HELIUM MON sel or 
PRPLNT TEMP/PRESS MON sw 

Associated ind responds normally 
for all swilch positions? 

YES 

Anomaly in helium or propellant 
tanks? 

HELIUM 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

13 

PROCEDURE 

Verify condition with MSFN. 
Troubleshoot after burn. 

APS pressurized? 

NO 

Propellant pressure decreasing? 

NO YES 

YES 

INO FAILURE 

Helium pressure decreasing? 

PROBABLE HEAT OR COLD SOAK. 
CONFIRM WITH MSFN 

'--------,~ PROPELLANT LEAK DOWNSTREAM 
OF COMPATIBILITY EXPLOSIVE VLVS 

Propellant temp & pressure 
indications off-nominal in same YES 
direction? 1-----M-' 

HEAT OR COLD SOAK 
NO 

16 

SYMPTOM 

Basic Date __ 1_s_J_u_Jy_19_6_s_ 

Alternative pressure (temp) source YES 17 
gives normal indication? 1--..... ...-~ 

NO 

APS pressurized? 

NO 

Helium pressure decreasing? 

NO 

Helium temp & pressure indications 
off-nominal in same direction? 

XDUCER FAILURE 

PROCEDURE 

ASCENT PROPULSION SECTION 

XDUCER FAILURE IN AFFECTED SYS 

HELIUM TANK LEAK 

PROBABLE HEAT OR COLD SOAK. 
CONFIRM WITH MSFN 

25 

HELIUM TANK LEAK 

Change Date ______ _ 

REMARKS 

(D If descent source is selected after 
staging, ind will peg low. 

0 MSFN must monitor all APS/DPS 
temp & pressures for affected ind 

(D Open xducer results in low 
indication, shorted xducer, in high 
indication. 

300lM4-596 

REMARKS 

Page _ s_. 2_-_7_3 _ 

■ 



SYMPTOM 

2 

ASC PRESS 

RED 
Light on if, 

Pressure in either helium 
tank is < 2775 psia. 

Pressure in either fuel or 
oxid tank is < 120 psia 

Monitor fuel & oxid tank 
inlet pressure 

• PRPLNT TEMP/PRESS 
MON sw-ASC 

MPS, FUEL or OXID 
PRESS ind < 120 psia & 
decreasing? 

NO 

•HELIUM MON sel-PRESS 1, 
PRESS 2 

NO 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

• Eng STOP pb / lt-push 
• £NG THR CONT, ENG ARM 

sw-OFF 
• ABORT STAGE pb- reset 

LM staged? 

•H£LIUM MON sel-PRESS 1, 
PRESS 2 

•MPS, HELIUM ind-monitor 

11 

Either helium tank 
pressure <2775 psia? 

PROPELLANT LEAK 

CWEA FAILURE 

YES 

• ASC He REG 1 & 2 sw
CLOSE 

• PRPLNT TEMP/PRESS MON 
sw-ASC 

MPS, FUEL or OXID PRESS 
ind- low or decreasing? 

Helium is leaking. Hazardous 
condition may exist. System 
capability is degraded. Sys
tem may be operable but 
unsafe. 

•MPS, HELIUM ind-monitor 

SYMPTOM 

Basic Date __ i 5_Ju_l_y_l_95_B_ 

Either helium tank 
pressure < 2775 psia? 

NO 

Monitor fuel & oxid tank 
inlet pressure 

• PRPLNT TEMP/PRESS 
MON sw-ASC 

MPS, FUEL or OXID PRESS 
ind< 120 psia? 

YES 

21 

Helium tank pressure 
decreasing? 

Monitor temp of helium in 
affected tank 

NO 

•HELIUM MON sel - TEMP I 
or TEMP 2 

MPS, HELIUM ind< 30° F? 

YES 
20 

CWEA FAILURE 

COLD SOAK 

• ASC He REG 1 & 2 sw
CLOSE 

• HELIUM MON sel -PRESS 1, 
PRESS 2 

•MPS, H£LIUM ind-monitor 

Either helium tank pressure 
decreasing? 

NO 

15 

Monitor fuel & oxid tank 
inlet pressure 

•PRPLNT TEMP/PRESS 
MON sw-ASC 

MPS, FUEL or OXID PRESS 1-Y ... ES _____ .., 
ind-decreasing? 

NO 

17 

'-------tH£LIUM LEAK BETWEEN REG 
I OR 2 SOV & QUAD CHECK 
VALVES 

NO 26 

'---------------HELIUM LEAK DOWNSTREAM 
OF COMPAT,BILITY EXPLO
SIVE VALVES 

PROCEDURE 

ASCENT PROPULSION SECTION 

Change Date -------

CD 

REMARKS 

ASC PRESS warn It does not 
indicate low propellant pressure, 
however, propellant tank ullage 
pressure can be read on MPS: 
FUEL & OXID PRESS ind. 

ASC PRESS warn it remains on. 

3001.M4-521 

REMARKS 

Page _ 5_._2-_7_4_ 
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SYMPTOM 

ASC HI REG 

YELLOW 

Light on if helium manifold 
pressure > 220 psi a 

SYMPTOM 

If eng is firing, continue firing 

• ASC He REG I & 2 sw - CLOSE 
• PRPLNT TEMP/PRESS MON sw - ASC 
• MPS, FUEL & OXIO PRESS ind-

monitor 

Maintain fuel & oxid tank inlet pres
sure until completion of firing 

When fuel & oxid pressure < 220 
psia or ASC HI REG caut It goes 
off, 
• ASC He REG I sw - OPEN 
When fuel & oxid pressure > 220 
psia: 
• ASC He REG I sw - CLOSE 
• ASC He REG 2 sw - OPEN 

ASCENT He Reg 1 (2) FAILED OPEN 

Basic Date __ 1_5_J_u_l_y_1_9_68_ 

LMA790-3-LM 4 
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PROCEDURE 

APS pressurized' 

Oo not open either helium reg SOV 
until after initiation of next ascent 
eng firing 

tank inlet pressure 

PROCEDURE 

NO 

ASCENT PROPULSION SECTION 

10 

CWEA FAILURE 

MPS, FUEL/ OXIO PRESS ind must 
be monitored during subseQuent 
burns to determine if fuel or oxid 
tank inlet pressure >220 psia 

Can MSFN delermine which leg 
failed' 

YES NO 

ASCENT He REG FAILED OPEN IN 
LEG DETERMINED BY MSFN 

Change Date _ _ ____ _ 

REMARKS 

(0 If propellant tank pressure drops 
below "'135 psia, ASC PRESS warn 
It goes on 

(D Possibility exists of approaching 
maximum design operating pressure 
if leg with failed - open reg is pres
surized and propellant tanks are 
locked up at greater than normal 
operating pressure. 

0 ASC HI REG caut It will not indicate 
high helium manifold pressure. 
However, MSFN can monitor redun
dant helium manifold pressure 
xducer to provide real-time data on 
helium manifold status. 

0 Eng wrll continue to burn in blow
down mode. 

(D Helium reg redundancy is lost. 

300LM4-541 

REMARKS 

Page _5_. _2-_7_5_ 
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SYMPTOM 

ASC QTY 

YELLOW 

Light on when=> 10 Jeconds of 
prOj)ellant burn time remains. 

Ascent eng firing? 

fuel & oxid ascent feed interconnect 
valves must be closed before ter
mination of thrusting maneuver, to 
prevent helium ingestion into RCS 
thrusters 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

INSTRUMENTATION FAILURE 

Shut down APS/RCS fuel & oxid 
interconnect 

• RCS, SYS A & B MAIN SOV sw
OPEN 

• RCS, SYS A ASC FEED I & 2 sw • 
CLOSE 

• RCS, SYS B ASC FEED I & 2 sw
CLOSE 

CAUTION 

Loss of ASC QTY caut It removes 
cue to close ascent feed intercon
nect valves during APS firing 

Shut down ascent eng 

• Eng STOP pb/11-push 
• ENG THR CONT, ENG ARM sw-Off 

------------------------l : :~R:esi:iEI tir::e~CLOSE 

SYMPTOM 

• Monitor OSKY for AV to go 

If AV is required, 
• + X TRANSL pb-push and hold 
• Continue burn with RCS thrusters 

Basic Date __ 15_J_ul_y_1_9_6_B_ 

• PRPLNT TEMP/PRESS MON sw-ASC 
• MPS, FUEL & OXID PRESS ind

monitor for decrease 
• Compare status of fuel & oxid 

pressure with MSFN 

MSFN verifies fuel & oxid quantities 
normal? 

NO 

FUEL OR OXIO LEAK 

CAUTION 

ProPellanl may be leaking into ve
hicle causing damage to compon· 
ents of other subsystems 

PROCEDURE 

ASCENT PROPULSION SECTION 

INSTRUMENTATION FAILURE 

loss of ASC QTY caut It removes 
cue to -::lose ascent feed intercon
nect valves during subsequent APS 
firing 

Change Date _ _____ _ 

REMARKS 

(D Malfunction does not exist if ASC 
QTY caut It goes on al nominal 
lime. 

0 ASC QTY caul II is inhibited 
when ascent eng is not firing. 

(D MSFN receives same low~evel dis
crete as ASC QTY caut It. MSfN 
also has program lhat comJXJtes 
propellant quantil)' from low-bit· 
rate data received on telemetry. 

300lM4-542 

REMARKS 

Page _ 5_. 2_-_7_6_ 
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5 

ENG GMBL 

YELLOW 

During APS burn, light oo 
RCCA senses 1200 g's 
ak-to-peak at center 

freQuency of 7 .5 kc to 
2.5 kc for 20 to 40 milli
seconds 

SYMPTOM 

Terminate ullage 

If in PGNS, 
• Key V34E 
If in AGS: 
• TTCA (CORI- release 

• RCCA sw-OFF/RESET 
• RCCA sw-ENABLE 

ENG GMBL caut lt-007 

YES 

RCCA FAILURE 

MSFN verifies GOA pitch 
(roll) channel failed on? 

lS • Pnl II (16) CB STAB/ 
CONT, AELD-open 

Of 
• RCCA sw-OFF/RESET 

Basic Date _ _ 15 __ Ju_l_y_i_9_5_B_ 

NO 

NO 

LMA790-3-LM 4 
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ROUGH COMBUSTION 

PROCEDURE 

• Monitor APS status & 
confirm with MSFN 

APS status normal? 

YES 

Prepare for next ascent eng 
fi ring. if desired 

• Eng STOP pb/ lt- reset 
• ENG THR CONT, ENG ARM 

sw-ASC 
• ABORT STAGE pb-push 
• Start eng by performing 

APS program with AGS 
followup/in control (P42) 

RCCA shuts down ascent 
eng? 

NO 

10 

Eng restart possible. 
Confirm with MSFN 

INITIAL SHUTOOWN WAS 
DUE TO RANOOM ROUGH 
COMBUSTION 

PROCEDURE 

ASCENT PROPULSION SECTION 

Do not restart eng 

PERSISTENT ROUGH 
COMBUSTION 

• ENG THR CONT, ENG ARM 
sw-o·rr 

• ABORT STAGE pb - reset 

Hazardous condition may 
exist. Do not restart engine 
without MSfN coordination 

Change Date ___ ___ _ 

REMARKS 

0 When LM is staged, ENG GMBL caut 
It-on indicates RCCA failure. 

0 Ascent eng will sJiul down within 
"'250 miliseconds of sensed insta
bility 

G) Cautioo/warning or SCEA failure 
will not sJiut down ascent eng. 

0 If RCCA is set to OFF/RESET and 
then to ENABLE before PGNS has 
detected no-thrust condition, as
cent eng will start unless ENG THR 
CONT, ENG ARM sw has been set to 
OFF. If ABORT STAGE pb had been 
pusJied, it must be reset to remove 
ene arm signal. 

© Y34E terminates thrust program & 
sJiuts down - X thrusters that are 
maintaining ullage. 

Due to sJiort duration of burn , pro
pellant may freeze in injector. This 
would cause a potential explosioo 
hazard if eng is restarted. 

3001.M.&-5'3 

REMARKS 

Page 5. 2-77 



SYMPTOM I 
I Q) 6 I 

I MPS, PRESS ind pwr fa il ~ w 
It on Determine status of MPS, FUEL & 

OXID PRESS ind by checking 
descent fuel & oxid pressure 

RED 
• PRPLNT TEMP/ PRESS MON sw-

DES I 
light on if 28-vdc power 
to MPS, FUEL & OXID Both pointers on MPS, FUEL & 
PRESS ind is lost. OXID PRESS ind - zero or normal' 

NO 

I 

7 Q) 

I ~1J ASC He REG I 11) lb-bp Determine status of primary 
(secondary) SOV 

• ASC He REG I or 1 sw-OPEN 

TB remains bp? 

YES 

1 

3 
MSFN verifies associated SOV 
open? 

NO 

SYMPTOM I 

Basic Date __ 15_J_ul_Y __ l9_6_B_ 

LMA790-3-LM 4 
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YES 

NO 

YES 

PROCEDURE 

CD 
w -

MPS, PRESS IND PWR FAIL LT 
FAILED ON 

Q) 
w 

LOSS Of POWER TO MPS FUEL & 
OXID PRESS IND 

~ -
HELIUM REG I (2) SOV INADVER-
TENTLY UNLATCHED 

..!..I 
TB FAILURE, OR INSTRUMENTATION - FAILURE AND INADVERTENT STUCK 
VALVE 

CD 
l1J 

HELIUM REG I 12) SOV FAILED 
CLOSED 

PROCEDURE 

ASCENT PROPULSION SECTION 

Change Date-------

REMARKS • 0 DES I position of PRPLNT TEMP/ 
PRESS MON sw is used to provide 
different signal input to determine 
status of ind. Provided ind has not 
failed, it will read descent propell· 
ant pressures if unstaged; zero, if 
staged. If ind has failed, pointers 
will remain in position ind icated 
when power was lost. 

(D Ind is operable. There will be no 
indication if 28 vdc to ind is lost. • (D MSFN will have to monitor 
propellant pressures. 

G) APS helium reg t & 2 SOV-s are 
normally open at all times. 

(D Helium reg redundancy is lost. • 

• 
• 30(XM,l.5,I.I 

REMARKS 

Page 5. 2-78 



• 
• 

• 

• 
• 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

5.2 .8 REACTION CONTROL SUBSYSTEM 

5. 2. 8. 1 Assumptions 

5. 2. 8. 1. 1 General 

• The integrity of the RCS has been verified before entering the off-nominal condition 
indicated in the "symptom" column of each RCS malfunction procedure. 

5. 2. 8. 1. 2 RCS c aut lt 

• An RCS propellant leak can cause the RCS caut lt to go on, but this will only happen 
if a leak occurs when the propellant quantity is very low or if the propellant tanks 
rupture . (The probability of the propellant tanks rupturing is very remote.) 

5. 2. 8. 1. 3 RCS TCA warn lt 

• A translation maneuver must be completed before any action is taken regarding the 
RCS TCA warn lt, except if two or more red tb's appear for the s ame RCS system 
(A or B) . Appear ance of the red tb's would indicate that the main SOV's or ascent 
feed vlvs unlatched or failed closed. 

• Cr ossfeed vlvs ar e not open. 

• As cent feed vlvs are not open, except during +X-translation. 

5. 2. 8. 1. 4 Tb Anom aly 

• The sta tus of a ll tb' s is checked and verified before entering the tb anomaly 
m alfunction pr ocedure . 

5. 2. 8. 1. 5 PQMD Off Nom inal 

• Temp c ompens ation of the PQMD pressure xducer has considerable time lag. 
During peri ods of high propellant use, the PQMD may indicate 5% to 10% low 
for sever a l minutes . 

• The PQMD m alfunction procedure is primarily for detection of leaks and xducer 
failures . It is not applicable to off-nominal performance of the thrusters or 
digital autopilot. 

5. 2. 8. 1. 6 Off- Nom inal RCS Propellant or Helium Indication 

• A helium reg failure is not considered in this malfunction procedure. because the RCS: 

RCS caut lt 

A & B PRESS ind ar e not s ensitive enough to reflect regulated helium pressure 
changes less than 20 psia. However, the RCS A & B REG warn lt alerts the crew to 
high and low r eg1.1la ted he lium pressure. 

T able 5-1 5. RCS Procedur e Entry Sheet 

Sym Page 
Symptom No. No . 

1 5.2-83 

RCS A REG warn lt & RCS B REG warn lt 2 5. 2- 84 

RCS TCA warn lt 3 5.2-85 

RCS isola tion vlvs , main SOV , crossfeed vlvs , ascent feed vlvs tb anomaly 4 5.2- 85 

PQMD off-n om inal 5 5. 2- 86 

Basic Date 15 J uly 1968 Change Date Page __ 5_.2_-_7_9 ___ _ 
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LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK • Table 5- 15. RCS Procedure Entry Sheet (cont) 

Sym Page 
Symptom No. No . 

Off-nom inal RCS propellant or helium indication 6 5. 2- 87 • RCS: PRESS ind pwr fail lt on 7 5. 2- 87 

RCS: QUANTITY ind pwr fail lt on 8 5. 2- 87 

T able 5- 16. RCS F a ilure/Symptom Cross-Reference Index 

Sym Page 
Failure Symptom No. No. 

C/W circuit failure RCS TCA warn lt 3 5. 2-85 

CWEA failure RCS A REG warn It & RCS BREGwarnlt 2 5.2- 84 

RCS caut lt 1 5. 2-83 

Fuel or oxid isolation vlv unla tched RCS TCA warn It 3 5. 2-85 • Helium leak RCS caut lt 1 5.2 - 83 

Helium p/ t sensor failure PQMD off-nominal 5 5. 2-86 

Instrum entation failure RCS caut lt 1 5. 2- 83 

J et failed off RCS TC A warn It 3 5.2-85 

J e t failed on RCS TCA warn lt 3 5. 2- 85 

Leak in lines downstream of thruste r PQMD off- nominal 5 5.2-86 
pair isolation vlvs or failed-open 
TCA vlv 

Measurement indicating abnormality Off-nominal RCS propellant or helium 6 5.2-87 
has instrumentation failure indica tion 

Power to RCS: A & B _PRESS ind RCS : PRESS ind pwr fail lt on 7 5. 2-87 
is lost 

Power to RCS: A & B QUANTITY ind RCS: QUANTITY ind pwr fail lt on 8 5.2-87 
is lost 

PQMD failed in affected sys PQMD off-nominal 5 5.2- 86 • Propellant leak upstream of m ain SOV PQMD off-nominal 5 5.2- 86 
vlvs or helium tank leak 

Propellant manifold leak in affected sys PQMD off-nominal 5 5.2- 86 

RCS fuel or oxid tank pressure xducer RCS A REG warn It & RCS B REG 2 5. 2- 84 
or instrumenta tion failure warn lt • 

Basic Date 15 July 1968 Change Date _____ _ 5 . 2- 80 Page _______ _ 
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• Table 5-16. RCS Failure/ Symptom Cross-Reference Index (cont) 

Sym P age 
Failure Symptom No. No . 

• RCS sys A (B) reg failed closed RCS A REG warn lt & RCS B REG 2 5. 2-84 
warn lt 

RCS sys A (B) reg failed high (dual RCS A REG warn lt & RCS B REG 2 5. 2-84 
reg in one sys) warn lt 

RCS: A (B) TEMP or PRESS ind failure Off-nominal RCS propellant or helium 6 5.2-87 
or RCS: TEMP/PRESS MON sel failure indication 

RCS: PRESS ind pwr fail lt failed on RCS: PRESS ind pwr fail lt on 7 5.2-87 

Short below CB RCS: QUANTITY ind pwr fail lt on 8 5. 2-87 

Sys A (B) fuel or oxid main SOV or RCS TCA warn lt 3 5. 2-85 
sys A (B) ASC feed fuel or oxid vlv 
hard fail close 

Sys A (B) fuel or oxid main SOV or RCS TCA warn lt 3 5.2- 85 
sys A (B) ASC feed fuel or oxid vlv 
unlatched 

Tb failure RCS isolation vlvs, main SOV, cross- 4 5. 2- 85 

• feed vlvs, ascent feed vl vs tb anomaly 

Vlv unlatched RCS isolation vlvs, main SOV, cross- 4 5.2- 85 
feed vlvs, ascent feed vlvs tb anomaly 

■ 

• 
• 

Basic Date 15 July 1968 Change Date Page _ 5_._2_-8_1_/_5_._2_-8_2 __ 



SYMPTOM 

1 

RCS Monitor helium lank pressure for 
affected sys 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

YELLOW RCS, A or 8 PRESS ind <1.700 psia?i.:N:.::O:._ _____________ __. CWEA FAILURE 

Light on if helium tank 
pressure (sys A or 8) 
:s 1.700 psia. 

SYMPTOM 

Basic Date __ 15_J_ul_y_l_9_6_B_ 

Y£S 

NO 

YES 

HELIUM LEAK 
Helium explosive vlvs blown? 

NO 

1 CAUTION 1 
Do not pressurize unless leakage 
rate is low enough to permit use 
of affected sys (A or 8) 

PROCEDURE 

REACTION CONTROL SUBSYSTEM 

INSTRUMENTATION FAILURE 

Shut down failed sys 

• RCS, CRSFD sw-OPEN 
• RCS, SYS A or 8 MAIN sov SW 

CLOSE 

If decision is not to pressurize 

• RCS, CRSFD sw-OPEN 
• RCS, SYS A or 8 MAIN SOV sw

CLOSE 

Change Date ______ _ 

REMARKS 

G) If RCS, TEMP/PRESS MON sel is sel 
to He, RCS caut It goes oft. 

(D RCS caut It ·cannot be reset. Helium 
tank pressure should be monilored 
frequently on RCS, A or B PRESS ind. 

0 For subsequent burns: 
a. Prapellant quantity remaining in 

sys A & 8, as indicated on QUAN
TITY ind, should be approximat
ely the same for both sys. 

b. RCS, TEMP/PRESS MON sel · He 
c. Sys A & 8 helium pressures, as 

indicated on PRESS ind. should 
be appro,imately same for both 
sys. 

Sys redundancy is lost when pres· 
sure of affected helium tank dr.ops 
to between 400 and 500 psia. 

300I.M4-532 

REMARKS 
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SYMPTOM 

2 

II 
RCS A REG 

1: 
RED 

II 
RCS B REG I 

RED 

ight on if helium regulated L 
p 
h 
t,. 

ressure of sys A or B is 
igh (2 205 psia) or low 
165 psia). light inhibited 

w hen main SOV is closed. 

1 

Helium eKplosive vlvs & main 
SOV open' 

YES cp 
2.J 

Check helium manifold pressure of 
affected sys 

• RCS, TEMP/ PRESS MON sel -
PRPLNT 

RCS, A or B PRESS ind' 

< 165 PSIA 1>205 PSIA 

..!..I 
Check fuel manifold pressure of 
affected sys 

' 
• RCS, TEMP/ PRESS MON sel- FUEL 

MANF 

RCS, A or B PRESS ind < 165 psia 7 

NO 

U!J 
Check o,id manifold pressure of 
affecied sys 

• RCS, TEMP/ PRESS MON sel-OXID 
MANF 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

3.J NO - CWEA FAILURE 

cp 
~ NORMAL 

CWEA FAILURE 

L:J 
Check fuel manifold pressure of cp affected sys 

• RCS, TEMP/ PRESS MON sel-FUEL 
MANF .!.l YES 

RCS, A or B PRESS ind > 105 psi a' ~ RCS SYS A 1B) REG FAILED HIGH 

NO (DUAL REG IN ONE SYS) 

(!) 
.2..l 

- RCS FUEL OR OXID TANK PRESSURE 
XDUCER OR INSTRUMENTATION 

YES 
FAILURE 

5 

~WARNING 
l!J YES 

RCS, A or B PRESS ind <165 psia 7 --- RCS SYS A (B) REG FAILED ~ II may be hazardoos to operale RCS 
NO © 

CLOSED with manifold pressure <140 psia. 

U!.I + cp 
RCS FUEL OR OXID TANK PRESSURE 

l.!E.J XDUCER OR INSTRUMENTATION 
FAILURE When manifold pressure< 140 psia. 

isolate sys A 18) & use sys B (A) 
prapellant lo feed all 16 thrusters 

• RCS, SYS A (B) MAIN SOV sw -
CLOSE 

• RCS, CRSFD sw-OPEN 

SYMPTOM PROCEDURE 

REACTION CONTROL SUBSYSTEM 

Basic Date _1_5_ J_u_l_y_1_9_6_B_ Change Date ______ _ 

REMARKS 

(D Normal reg pressure is 179 to 187 
psia. Burst disks rupture at 
234 ± 12 psia, and relief vlvs 
crack at 238 ± psia and reseat at 
120 psia. 

CD Monitor RCS reg pressure; there 1s 
no warning of reg malfunc tion. Light 
remains on. 

(D Some propellant in sys A 1B) will not 
be usable. 

Helium venting may occur . RCS caut 
It goes on if helium tank pressure 
drops below 1.700 psia. 

0 Rely on sys B (A) RCS reg pressure. 
to estimate sys A (B) reg pressure. 
RCS A 1B) REG warn II remains on. 

(D A helium manifold pressure < 140 
psia may cause TCA failure. 

(D Sys redundancy is lost. All prapellant 
remaining in sys A (8) is not usable. 

300LM ... 533 

REMARKS 
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SYMPTOM 

RCS TCA 

REO 

light on ii, 

One or more thrusters 
fail on or off . 

Collinear thrusters are 
firing simultaneously. 

4 

RCS isolation vlvs. main 

Any lb red' 

• Affected quad RCS, SYS 
A or B QUAD sw-ClOS[ 

• SIC, ROLL PITCH. & YAW 
sw-PULSE 

• SIC, AGS sw -ATT HOLO 
• Affected quad RCS, SYS 

A or B QUAO sw-OPEN 

Vehicle motion results? 

C/W CIRCUIT FAILURE 

NO 

SOY, crossleed vlvs, as· L_' __ ,--
Isolation vlv lb red' 

cent feed vlvs tb anomaly 

Gray or Barber pole 

SYMPTOM 

Basic Date _ 1_5_Ju_l_y_l_9_6_B_ 

ND 

Cycle vlv and leave in desired 
position 

TB agree? 

NO 

Check status of vlv with MSFN 

LMA790-J- LM 4 
APOLLO OPERATIONS .. HANDBOOK 

PROCEDURE 

In same sys? 

NO YES 

• RCS, SYS A or B MAIN 
SOV sw-OPEN 

II interconnecting, 
• RCS, SYS A or B ASC 

FEED I & 2 sw - ASC 
FEED I & 2 

Reset quad talkback 

• CB INSL CWEA-open 
• CB INSL CWEA-close 

JET FAILED ON 

11 

FUEL OR OXID ISOLATION 
VLV UNLATCHED 

YES 

YES 

8 

Reset C/W cb 

• CB INSL CWEA-open 
• CB INST, CWEA- close 

SYS A (Bl FUEL OR OXIO 
MAIN SOV OR SYS A (Bl 
ASC mo FUEL OR OXID 
VLV HARD FAIL CLOSE 

iET FAILED ON 

• Affected quad RCS, SYS 
A or B QUAD sw- CLOSE 

• CB RCS, SYS A (Bl QUAD 
I. 2. 3. or 4 TCA-open 

JET FAILED OFF 

PROCEDURE 

REACTION CONTROL SUBSYSTEM 

Change Date ______ _ 

Ci 'I/ CIRCUIT FAILURE 

SYS A (Bl FUEL OR OXID 
MAIN SOV OR SYS A (Bl 
ASC mo FUEL OR OXID 
VLV UNLATCHED 

• Affected quad RCS, SYS A 
or B QUAD sw-CLOSE 

• CB RCS, SYS A (Bl QUAD 
I, 2, 3, or 4 ! CA-open 

TB FAILURE 

VLV UNLATCHED 

REMARKS 

CD Under two,jet translation condit ion, 
failure.(letection logic may oppose 
commanded translation. Monitor 
6V readout on DSKY or DEDA. Ter· 
minate translation if this occurs. 

Q) This failure is only applicable ii 
main SOY is closed. 

(D RCS TCA warn II will not go on 
again until failed jet is commanded 
to lire. 

© II isolation vlv (fuel or oxid) fails 
closed, indication could be same. 
Thruster pair would still be inop· 
eratfve. 

© Only RCS TCA failure indication will 
be tb of remaining RCS thruster 
pairs. 

CD Unlatching could occur due to 
vibration or contamination. 

JOOlM.(.566 

REMARKS 
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SYMPTOM 

POMO off-nominal 

SYMPTOM 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

Check helium tank p°ressure of sys 
showing low quantity 

• RCS, TEMP/PRESS MON seI-He 
• RCS, A or B PRESS ind -monitor 

Helium tank pressure? 

If, during burn, RCS A (BJ PQMD 
approaches 19%, close isolation 
vlvs and main SOV in affected sys 
to prevent possibili ty of injection. 

PROCEDURE 

NORMAL 
POMO FAILED IN AFFECTED SYS 

Open RCS, QUAD switches of affected sys individually & monitor manifold pressures 

• CB RCS SYS A or B, QUAD 4, 3, 2, 1 !CA-open 
• RCS, SYS A or B QUAD 1. 2, 3, 4 sw-CLOSE, tb-bp 
• RCS, SYS A or B MAIN SOV sw -CLOSE, tb-bp 
• RCS, A or B PRESS ind - note helium tank pressure for subsequent use in diagnostic 

procedure 
• RCS, TEMP/PRESS MON sel-FUEL MANF 
• RCS, A or B PRESS ind-monitor pressure of manifold associated with low propellant 

quantity 

Propellant manifold pressure? 

Open RCS, QUAD switches of affected 
sys individually & monitor manifold 
pressures 

• RCS, SYS A or B QUAD 1 sw
OPEN, lb-gray 

• RCS, TEMP/PRESS MON seI
FUEL MANF & OXIO MANf 

• RCS, A or B PRESS ind-monitor 
• Repeat above sequence for RCS, 

SYS A or B QUAD 2, 3, & 4 sw 

Propellant manifold pressure drops 
to vapor pressure ? 

NO 

Monitor helium tank pressure 

• RCS, TEMP/PRESS MON seI- He 
• RCS, A or B PRESS ind-monitor 

13 

Any pressure decay from helium 
tank pressure noted in step 4? 

NO 

HELIUM P/1 SENSOR FAILURE 

LEAK IN LINES DOWNSTREAM Of 
THRUSTER PAIR ISOLATION VlVS 
OR FAILED-OPEN TCA VlV 

PROPELLANT LEAK UPSTREAM Of 
MAIN SOV VLVS OR HELIUM TANK 
LEAK 

PROCEDURE 

REACTION CONTROL SUBSYSTEM 

PROPELLANT MANIFOLD LEAK IN 
AFFECTED SYS 

• RCS, SYS A or 8 QUAD sw 
(associated with leak, last one 
opened) -CLOSE 

• RCS, SYS A or B QUAD SW 
(remaining switches in fa iled sys) 
-OPEN 

• RCS, SYS A or B MAIN SOV sw
OPEN, tb- gray 

• CB RCS SYS A or B, QUAD 1, 1, 3, 
or 4 TCA (all cb·s. except cb for 
fai led quad TCA)-close 

Reconfigure affected sys 

• RCS, SYS A or B MAIN SOV sw
OPEN, lb-gray 

• CB RCS SYS A or B, QUAD 4, 3, 
2, I !CA-close 

• RCS, CRSFD sw-OPEN 
• RCS, SYS A or B MAIN SOV sw 

(good SYSJ -CLOSE 

12 

• When quantity of propellant 
remaining in affected sys ~19%, 
shut down main SOV of failed sys 
& open main SOV of good sys. 

Basic Date __ 1_5_J_u_ly=--1_96_B_ Change Date ______ _ 

REMARKS 

(D for subsequent burns, monitor RCS, 
PRESS & QUANTITY ind & determine 
quantity of propellant remaining in 
affected sys as follows, 
• Compare helium tank pressure 

readings for both sys. Readings 
should be approximately equal. 

• Note quantity of propellant re
maining in good sys. Reading rep
resents quantity of propellant 
remaining in affected sys. 

(D If QUANTITY ind failed internally, 
MSFN can give indication of quan
tity remaining for affected system. 
If POMO failed, MSFN will not be 
able to provide indication of quan
tity. 

0 Use this propellant as last alterna
tive. 

Vapor pressure of fuel and oxidizer 
is a function of their temperature. 
If fuel manifold pressure reading 
is< 5 psia and /or oxidizer manifold 
pressure reading < 30 psia then 
vapor pressure is being displayed. 

Q) With MSFN coordination, it may be 
possible to use any amount of RCS 
residual in leaking sys. 

300IM-<-576 

REMARKS 
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SYMPTOM 

6 
Off - nominal RCS pro
pellant or helium indic
ation 

7 

RCS, PRESS ind pwr 
fail It on 

RED 

Light on if 28-vdc power 
to RCS, A & B PRESS ind 
is lost 

8 

RCS, QUANTITY ind 
pwr fail It on 

RED 

Light on if 28-vdc power 
to RCS, A & B QUANTITY 
ind is lost 

SYMPTOM 

Basic Date 15 July 1968 

• RCS, TEMP/PRESS MON sel -
cycle 

Pointers move? 

YES 

Cross-check RCS, SYS A 1B) helium 
PRESS & QUANTITY ind 

One sys low or decreasine? 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEOURE 

NO RCS, A 1B) TEMP OR PRESS INO 
FAILURE OR RCS, TEMP/PRESS 
MON SEL FAILURE 

i,;N.;.;O ______________ ,. MEASUREMENT INDICATING ABNOR-
MALITY HAS INSTRUMENTATION 
FAILURE 

• Go to abnormal propellant quan- t----i---.---1 
tity measuring device trouble 
shooting procedures 

A & B 

• RCS, TEMP/PRESS MON sel -
cycle through all positions 

Both pointers move? 

NO 

YES 
RCS, PRESS INO PWR FAIL LT FAIL
ED ON 

..._ _ ________________ _,..._ POWER TO RCS, A & B PRESS INO IS 

SYS 

CB remain closed? 

YES 

PROCEDURE 

REACTION CONTROL SUBSYSTEM 

LOST 

RCS, A & B QUANTITY INO PWR 
FAIL LT FAILED ON 

Change Date _ _____ _ 

REMARKS 

0 Propellant temp is indicated only in 
PRPLNT position, ind pointer pegs 
to lowest position. 

G) Use indicatioo in ot her sys as 
indication of laded measurement. 

0 Ind is operable. There will be no 
indication if 28 vdc to ind is lost. 

G) MSFN must monitor all helium & 
propellant pressures . 

0 MSFN must monitor for propellant 
quantity remaining. 

G) Ind is operable. There wi ll be no 
indication if 28 vdc to ind is lost. 

3001.M..t-57.S 

REMARKS 
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LMA790-l-LM 4 
APOLLO OPERATIONS HANDBOOK 

5.2.9 ELECTRICAL POWER SUBSYSTEM 

5. 2. 9. 1 Assumptions 

• Troubleshooting will be pe rformed when mission phase and task loading permit. 
Accordingly, certain malfunction procedures will not be performed until a m ain eng 
burn or critical maneuver is completed . 

• Malfunction procedures are entered from norm al operational modes . (Procedures 
a r e not included for checkout modes.) 

• Inver ter No . 2 is on line . 

• No EPS a- c power cir cuit breaker has popped before entering these procedures . 

• These malfunction procedures make no distinction as to whether a circuit breaker 
popped or was initially open. 

T able 5-17. EPS Procedure Entry Sheet 

Sym 
Symptom No. 

DC BUS wa rn lt (UNSTAGED) 1 

DC BUS warn lt (STAGED) 2 

C/ \V PWR caut lt (UNSTAGED) 3 

DC BUS FAULT comp caut lt 3a 

EPS tb - bp 3b 

Flood lights lost if on 3c 

EL lighting lost if EPS: INVE RTER sw - 2 3d 

C/ W PWR caut lt (STAGED) 4 

All EPS tb - bp 4a 

Flood lights lost if on 4b 

EL lighting lost if E PS: INVERTER sw - 2 4c 

BATTERY caut lt (UNSTAGED) 5 

BATTERY caut lt (STAGED) 6 

INVERTER caut lt 7 

P age 
No. 

5.2- 92 

5.2- 94 

5. 2-96 

5. 2- 96 

5.2- 96 

5. 2- 96 

5. 2-96 

5, 2- 97 

5, 2- 97 

5. 2-97 

5, 2- 97 

5.2- 98 

5. 2-99 

5.2- 100 

Basic Date 15 July 19G8 Change Date _ ____ _ 5.2- 89 Page _______ _ 
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LMA790-3-LM 4 
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• Table 5-18. EPS Failure/ Symptom Cross-Reference Index 

Sym Page 
F a ilure Symptom No. No . 

A- c bus A short (bus los t, including EPS INVERTER caut lt 7 5.2-100 
a - c instrumentation) • A-c bus B short INVERTER caut lt 7 5. 2-100 

Bat lost because of ECA failure or short BATTERY caut lt (UNSTAGED) 5 5.2- 98 
between bat & ECA 

Bat main fed contactor inadvertently C/ W PWR caut lt (STAGED) 4 5. 2-97 
opened 

Bat overtemperature BATTERY caut lt (UNSTAGED) 5 5.2- 98 

C/ W PWR caut lt (STAGED) 4 5. 2- 97 

Bat 6 (5) overtemperature DC BUS warn lt (STAGED) 2 5. 2 - 94 

Bat 1 short (bat lost) C/ W PWR caut lt (UNSTAGED) 3 5.2- 96 

Bat 2 short (bat lost) C/ W PWR caut lt (UNSTAGED) 3 5.2- 96 

Bus short C/ W PWR caut lt (STAGED) 4 5. 2-97 

DC BUS warn lt (UNSTAGED) 1 5.2- 92 

CDR bus short DC BUS warn lt (STAGED) 2 5.2-94 • CDR (SE) bus part ial s hort DC BUS warn lt (STAGED) 2 5.2- 94 

CDR (SE) bus voltage signal DC BUS warn lt (UNSTAGED) 1 5. 2 - 92 
conditioner failed 

CDR (SE) signal conditioner failure DC BUS warn lt (STAGED) 2 5.2-94 

CWEA failure BATTERY caut lt (STAGED) 6 5.2-99 

BATTERY caut lt (UNSTAGED) 5 5. 2 - 98 

DC BUS warn 1t (STAGED) 1 5.2-92 

DC BUS warn lt (UNSTAGED) 2 5. 2 - 94 

CWEA or instrument fa ilure INVERTER caut lt 7 5. 2-100 

ECA contact inadvertently opened BATTERY caut lt (UNSTAGED) 5 5.2- 98 
(normal operation is res tored) 

EPS: INVERTER sw fa iled open in a ll INVERTER caut lt 7 5. 2- 100 
positions (a-c power is los t) 

Fault between ECA 3 & bat 5 C/ W PWR caut lt (STAGED) 4 5. 2- 97 • Feeder short between ECA & bus C/ W PWR caut lt (STAGED) 4 5. 2- 97 

DC BUS warn lt (STAGED) 2 5. 2- 94 

Instrumentation failure INVERTER caut lt 7 5. 2-100 

Inverter 2 failure INVERTER caut lt 7 5. 2-100 ·• 
Basic Date 15 July 1968 Change Date _____ _ 5.2-90 Page _______ _ 



LMA790-3-LM 4 

• APOLLO OPERATIONS HANDBOOK 

Table 5-1 8. EPS Failure/Symptom Cross-Reference Index (cont) 

Sym Page 
F ailure Symptom No. No. 

• Loss of battery due to reverse current DC BUS warn lt (UNSTAGED) 1 5 , 2- 92 

Open circuit between bat & ECA C/ W PWR caut lt (STAGED) 4 5. 2-97 

Open circuit between ECA & bus C/ W PWR caut lt (STAGED) 4 5. 2-97 

Overcurrent contact c losed without DC BUS warn lt (STAGED) 2 5.2-94 
coil action 

Overtemperature or false ECA BATTERY caut lt (STAGED) 6 5. 2-99 
indication 

Reverse current BATTERY caut lt (STAGED) 6 5. 2-99 

BATTERY caut lt (UNSTAGED) 5 5 . 2 - 98 

C/ W PWR caut lt (STAGED) 4 5.2-97 

SE bus short C/W PWR caut lt (UNS TAGED) 3 5 . 2-96 

Short between bat & current- sensing DC BUS warn lt (STAGED) 2 5 . 2-94 
coil , or bat expended 

• Short between current-monitoring DC BUS warn lt (STAGED) 2 5. 2-94 
coil & m a in contact 

Short between deadface & bus C/ W PWR caut lt (UNSTAGED) 3 5. 2-96 
(bat 1 & 2 lost) 

Short between ECA & ba t 6 DC BUS warn lt (STAG ED) 2 5. 2-94 

Short between ECA & deadface C/ W PWR caut lt (UNSTAGED) 3 5 . 2-96 
(bat 1 & 2 lost) 

Short between m ain contact & bus DC BUS warn lt (STAGED) 2 5. 2-94 

Shorted bat 4 (3) DC BUS warn lt (UNSTAGED) 1 5. 2-92 

Short on feeder line from inverter 2 to INVERTER caut lt 7 5.2-100 
buses A & B causing loss of invert er 

Short on inverter 1 path (loss of inverter) INVERTER caut lt 7 5. 2- 100 

• 

Basic Date _1_5_J_u_l_y_1_9_6_8 __ Change Date _____ _ 5.2-91 Page _______ _ 



SYMPTOM 

Sheet t of 1 

1 UNSTAGED 

DC BUS 

RED 

Light on if either or both 
buses < 16.5 vdc . 

BATTERY caut It-on? 

NO 

14 
• EPS, POWER/TEMP MON 

sel - COR BUS, then 
SE BUS 

•EPS, VOLTS ind- read 

CDR (SE) bus voltage low? 

YES NO 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

NO 

11 

• EPS, POWER/TEMP MON 
sel . rotate thru BAT 
positions 

EPS, BAT FAULT comp caut 
II-on 

BAT LOST DUE TO 
REVERSE CURRENT 

• Fau lty battery HI VOLT sw 
- OFF /RESET; tb-bp 

• CB EPS, CROSS TIE BAL 
LOADS 11) -close 

COR bus is lost 

Crew can be asphyxiated in I min
ute if suit flow stops when crew is 
fully suited. 
e SUIT FAN sel-1 

BAT 3 (4)TB-BP 

EPS, COR BAT 3 & 4 tb 1 

BOTH TB-BP 

CAUTION 

Before repowering bus, 
remove these loads: 
• CB PGNS, IMU OPR-open 
• CB PGNS, LGC /OSKY-open 
•TBO 

~--L-------, Vbat 3:::: Vbat 4 _ 18 vdc 
16 

Recover good bat and 
remove fa iled bat from line 

SYMPTOM 

Basic Date _ 1_5_J_u_ly:.._1_96_8_ 

• EPS, POWER/TEMP MON 
sel-BAT 4, then 3 (BAT 1, 
then I) 

(Vbat I:::: Vbat 1 2: 18 vdc I 
CURRENT NORMAL 

Vbat 3 :::: Vbat 4 < 18 vdc 
(Vbat I:::: Vbat 1 < 18 vdc) 
CURRENT NOT NORMAL 

18 

Remove noncritical high -
current & high-voltage sen
sitive loads from low voltage 
bus 

• CB EPS, CROSS TIE BAL 
LOADS (1) - close 

Both CB's remain closed? 

21 

• EPS, POWER/TEMP MON 
sel - BAT 3 & 4 II & 11 

22 

Apply ascent bat power to 
good bus. 

• EPS, BAT 5 161 NORMAL SE 
(CORI FEED sw - ON; tb -
gray 

• EPS, DES BATS sw
OEAOFACE; tb-bp 

• Pnl 16 Ill) CB EPS, BAT 
FEED TIE (1) -open 

CB EPS, CROSS TIE BAL 
LOADS (1) · closed? 

(Sheet 11 

PROCEDURE 

•Pnl 11 CB EPS, BAT FEED 
TIE (1)-open 

DC BUS FAULT comp caut 
It-on' 

•Pnl 11 CB EPS, BAT 
FEED TIE (1)-close 

•EPS, BAT 5 NORMAL SE 
FEED sw- ON; tb -gray 

•EPS, DES BATS SW -
OEAOFACE; tb -bp 

EPS, DC BUS FAULT comp 
caut It-on? 

(Sheet 1J 

ELECTRICAL POWER SUBSYSTEM 

Change Date -------

• EPS, COR BAT 4 (31 HI 
VOLT sw-OFF / RESET; 
tb-~ 

• EPS, DC BUS FAULT 
comp caut It-off 

• BATTERY caut It- off 
• EPS, COR BAT 3 (41 HI 

VOLT sw - ON; tb-gray 
•DC BUS warn It - off 
•CB EPS, CROSS TIE BAL 

LOADS (1) -close 

REMAR KS 

(D It is assumed that one or both of 
the CB EPS, CROSS TIE BAL LOADS 
have opened. 

(D COR bus functions lost 
COMM, 

CDR AUDIO 
UP DATA LINK 

ECS, 
GLYCOL PUMP AUTO TRNFR 
GLYCOL PUMP I 
GLYCOL PUMP 1 
SUIT FAN I 

ED; 
LOG GEAR FLAG 

FLT OISP, 
COAS 
GASTA 
MSN TMR 
ORDEAL 
RNG /RNG RT 
THRUST 

HTR, 
AOT 
DOCK WINDOW 
LOG ROR 
RNOZ ROR 

INST: 
SIG CONOR I 

PGNS, 
IMU 
LOG RDR 
LGC /DSKY 
RNDZ RDR 
STR DISP 

PROPUL, 
DES He REG /VENT 

Q) If EPS, CDR BAT 3 lb- bp when 
overcurrent kicks bat 3 off line, 
bat 3 is good, but overcurrent 
results from feeding shorted 
bat 4. If EPS, CDR BAT 4 tb - bp, 
condition is reversed. 

CD CB EPS, CROSS TIE BAL LOADS 
may open depending upon bus 
toad and battery condition. If 
this CB opens, then CB EPS, 
CROSS TIE BUS 111 should 
beclosed. 

(D DC BUS warn II remains on. Low 
bus voltage C/W monitoring 
is lost. 

300l.M-4-510..1 

REMARKS 
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FAILURE 

Sheet 1 of 1 

1 UNSTAGED 

23 

DC BUS warn II !cont) 

SHORT BETWEEN ECA 
ANO OFR 

PROCEDURE 

BAT I & 1 LOST 
H-------------~ • EPS, SE BAT I & 1 HI VOLT sw 

-OFF/RESET; tb-bp 

----l---

25 

SHORT BETWEEN OFR 
AND BUS 

t-:----------BA_T_l_&_2_LO_S_T ---~ • EPS, SE BAT I & 1 HI VOLT sw 
-OFF/ RESET, tb-bp 

--, 
27 

SHORT BETWEEN ECA & 
OFR (BAT 3 & 4 Losn 

----I 

32 
morn SHORT BETWEEN 
OFR & BUS(BAT 3 & 4 
Losn 

FAILURE 

• EPS, COR BAT 3 & 4 HI VOLT sw 
- OFF/RESET, tb -bp 

DESCENT & ASCENT BATS 

To power both buses from descent 
and ascent bats 

• Pnl II CB EPS, BAT mo TIE 11) 
-open 

• CB EPS, CROSS TIE BUS 111 - close 
• EPS, DES BATS sw-CONNECT, 

lb-gray 

• EPS, COR BAT 3 & 4 HI VOLT sw 
- OFF/RESET, tb-bp 

DESCENT & ASCENT BA TS 

To power both buses from descent 
and ascent bats 

• Pnl II CB EPS, BAT mo TIE 
121 - open 

• CB EPS, CROSS TIE BUS 121 -
close 

• EPS, DES BATS sw-CONNECT; 
lb-gray 

CAUTION 

Before repowering bus, remove 
these loads, 
• CB PGNS, IMU CPR-open 
• CB PGNS, LGC /DSKY-open 

30 

Repower bus as required: 

ASCENT 
BATS 

To power both buses from ascent 
bats only 

• EPS, BAT 6 NORMAL COR mo 
sw-ON, tb-gray 

• CB EPS, CROSS TIE BAL LOADS 111 
- close 

CAUTION 

Before repowering bus, remove 
these loads, 
• CB PGNS, IMU OPR -open 
• CB PGNS, LGC/DSKY-open 

35 

Repower bus as required: 

ASCENT 
BATS 

To power both buses from ascent 
bats only 

• EPS, BAT 6 BACK UP SE FEED 
sw-ON; lb- gray 

• CB EPS, CROSS TIE BUS 121 -
close 

PROCEDURE 

ELECTRICAL POWER SUBSYSTEM 

DESCENT BATS 

To power both buses from two de
scent bats only 

• Pnl 11 CB EPS, BAT FEED TIE 121 
-open 

• CB EPS, CROSS TIE BUS 121-close 
• EPS, DES BATS sw-CONNECT; 

lb-gray 
• EPS, BAT 5 NORMAL SE FEED 

sw-OFF/RESET, tb-bp 

DESCENT BATS 

To power both buses from two de· 
scent bats only 

• Pnl II CB EPS, BAT mo TIE 121 
-open 

• CB EPS, CROSS TIE BUS 121 - close 
• EPS, DES BATS sw-CONNECT; 

lb-gray 
• EPS, BAT 5 NORMAL SE mo 

sw-OFF/RESET, tb- bp 

Basic Date __ 1_s _J_ul_y_1_9_6B_ Change Date _ _____ _ 

REMARKS 

■ 

300LM4-510-2 

REMARKS 

Page _s._2_-9_3_ 



SYMPTOM 

Sheet 1 of 2 

2 STAGED 

DC BUS 

RED 

light goes on if either or 
both buses < 26.5 vdc 

SYMPTOM 

BATTERY caut It - on' 

NO 

NO 

GRAY 

23 

• fPS, POWER/TEMP MON 
sel-CDR, Sf BUS 

fPS, VOLTS ind- CDR 
(Sf) bus low? 

Basic Date _1_s_J_u_lY __ 19_6_8_ 

NO 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

Crew can be asphyxiated in 1 min
ute if suit flow stops when crew 
is fully suited. 

• SUIT FAN sel - 2. 

•EPS, BAT 6 NORMAL CDR 
mo sw-Off/RESET; 
tb -bp 

• Pnl 11 CB EPS, BAT 
mo TIE 11)- open 

[PS, DC BUS FAULT comp 
caut It-on? 

12 
CAUTION 

Before repowering CDR 
bus, remove these loads: 
TBD 

DVfRCURRfNT CONTACT 
CLOSED WITHOUT COIL 
ACTION 

PROCEDURE 

• EPS, POWER/TEMP MON 
sel - CDR, SE BUS 

• fPS, VOLTS ind
determine that CDR (Sf) 
bus is low 

• EPS, BAT 6 BACK UP SE 
FEED sw-ON; lb- gray 

• CB EPS, CROSS TIE BUS 
12)-close 

•fPS, BAT 6 BACK UP mo 
sw-ON; lb - gray 

• EPS, BAT 6 NORMAL CDR 
mo SW-Off/RESET; 
tb - bp 

•fPS, DC BUS FAULT 
comp caut It-off 

• f PS, BAT 6 15) BACK UP 
Sf (CDR) mo sw-ON; 
lb-gray 

• CB fPS, CROSS TIE BUS 
(2)- close 

ELECTRICAL POWER SUBSYSTEM 

Change Date -------

• fPS, POWER/TEMP MON 
sel - BAT 6, 5 

• f PS, BAT FAULT comp 
caut It - on for BAT 6 (5) 

• EPS, BAT 6 (5) NORMAL 
CDR (Sf) mo sw - OFF / 
RESET; tb-bp 

• CB f PS, CROSS Tlf BUS 
(2) - close 

19 

ECS 
6 15 

SHORT BETWEEN ECA & 
BAT6 

Repower CDR bus with only 
bat 5 

• CB f PS, CROSS TIE BUS 
12)-close 

REMARKS 

0 It is assumed that one or both of 
the CB fPS, CROSS TIE BAL LOADS 
have opened. 

(D Bat voltage reading should 
confirm low bus voltage 
indication. 

(D CDR bus functions lost 
COMM, 

CDR AUDIO 
UP DATA LINK 

ECS, 
GLYCOL PUMP AUTO TRNFR 
GLYCOL PUMP I 
Gl YCOL PIIMP 2 
SUIT FAN I 

FLT DI SP, 
COAS 
GASTA 
MSN TMR 
ORDEAL 
RNG /RNG RT 
THRUST 

HTR, 
AOT 
DOCK WINDOW 
RNDZ RDR 

INSL 
SIG CONDR 1 

PGNS, 
IMU 
LGC/DSKY 
RNDZ RDR 
SIG STR DISP 

SIC, 
ATCA (PGNS) 
ATT DIR CONT 
ENG CONT 
ENG START OVRD 

(D Both ascent bats now power 
Sf bus. 

DC BUS warn It remains on. Low bus 
voltage C/W monitoring is lost. 

300lM4-511-1 

REMARKS 

Page _ s_._2-_9_4_ 
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LMA790-3-LM 4 
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SYMPTOM PROCEDURE 

Sheet 2 of 2 

2 STAGED 
DC BUS warn It (cont) ~ cp 

• EPS, POWER/TEMP MON sel -
BAT 6 (5) CURRENT & VOLTAGE l3!J NORMAL 

EPS, VOLTS & AMPS ind' - COR (SE) SIGNAL CONDITIONER 

'RRENT > NORMAL cu 
VO 

FAILURE 

LTAGE < NORMAL cp 
CURRENT '>a NORMAL ~ VOLTAGE< NORMAL 

SHORT BETWEEN BAT & 
CURRENT - SENSING COIL. OR 
BAT EXPENDED 

♦ 
~ 

'~ Bat is lost. Obtain correct voltage 

l!!J 
on COR (SE) bus 

Remove noncritical high-current & •EPS, BAT 6 (5) NORMAL COR (SE) 
FEED sw - OFF /RESET; lb - bp high-voltage sensitive loads from 

• EPS, BAT 5 161 BACK UP COR ISEJ COR ISEJ bus 
FEED sw - ON; tb - gray 

• CB EPS, CROSS TIE BAL LOADS ~ 121- close 

~ 
• Pnl 11 (16) CB EPS, BATFEED 

One or both CB's open> TIE 12) - open 

NO CURRENT > 0 
BAT 6 (5) EPS, AMPS ind? 

E.J CURRENT= 0 

• Pnl 11 (16) CB EPS, BAT mo TIE 
12)-open 

CB EPS, CROSS TIE BAL LOADS 121 - NO 
remain dosed? 

YES 

34 

EPS, VOLTS & AMPS ind' 

CURRENT CURRENT= 0 • • >O VOLTAGE"" 32.5 

~ - COR (SE) BUS PARTIAL SHORT 

~ 
• CB EPS, CROSS TIE BAL LOADS 111 
-open 

• EPS, BAT 6 151 NORMAL COR (SE) 
FEED sw-OFF/RESET; tb- bp 

• EPS, BAT 6 151 BACK UP SE (CORI 
FEED sw-ON; tb-bp 

llli 
• EPS, BAT 6 151 NORMAL COR (SE) 

CURRENT> 0 
FEED sw- Off /RESET; tb-bp 

VOLTAGE "" 32.5 
EPS, VOLTS & AMPS ind? 

CURRENT= 0 
VOLTAGE"" 32.5 

• 
~ ~ 

SHORT BETWEEN CURRENT- SHORT BETWEEN MAIN CONTACT MONITORING COIL & MAIN & BUS CONTACT 

t ~ 
(Sheet 1) 

SYMPTOM PROCEDURE 

ELECTRICAL POWER SUBSYSTEM 

Basic Dote 15 July 1968 Change Dote ______ _ 

REMARKS 

(D Batteryis lost. 

JOOLM.4.511 -2 

REMARKS 

Page _ 5_. 2_-_9_5 _ 
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SYMPTOM 

YELLOW 
Light on if CWEA power 
failure occurs. 

3a 
,- -----, 
I DC BUS 
I FAULT 

: Jr\\ I 
I ~ I 
L-----J 

YELLOW 
Light on if COR or SE bus 
or feeder is shorted to 
ground 

3b 

EPS tb-bp 

3c 
Floodlights lost if 
on 

EL lighting lost if 
EPS, INVERTER 
sw-2 

SYMPTOM 

Basic Dote 15 July 1968 

NO 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

EPS: DC BUS FAULT comp caut 
It-off? 

NO 

•EPS: SE BAT 2 HI VOLT sw -
OFF /RESET 

EPS: DC BUS FAULT comp caut 
It-off? 

•EPS, BAT 6 NORMAL COR FEED 
sw-ON 

•EPS, DES BATS sw-OEAOFACE 

EPS, DC BUS FAULT comp caut 
lt 0 off? 

YES 

DESCENT & ASCENT BATS 

To power both buses from 
descent and ascent bats 

• CB EPS, CROSS TIE BUS (2)- close 
•Pnl 16 CB EPS, BAT FEED TIE 

(2) -open 
•EPS: DES BATS sw-CONNECT; 

lb-gray 

• Pnl 16 CB EPS, BAT FEED TIE (2) 
-open 

20 

EPS: DC BUS FAULT comp caut 
It-off? 

YES 

DESCENT & ASCENT BATS 

To power both buses from descent 
and ascent bats 

• CB EPS, CROSS TIE BUS 12) -close 
• EPS: DES BATS sw-CONNECT: 

lb-gray 

• 

PROCEDURE 

BAT I SHORT (BAT Losn 

BAT 2 SHORT (BAT LOSTI 

To power both buses from ascent 
bats only 

• EPS, BAT 5 NORMAL SE FEED 
sw-ON; lb-gray 

• CB EPS, CROSS TIE BAL LOADS 
(2)-close 

19 

21 

To avoid feeding into short. do 
not place EPS, DES BATS 
sw-CONNECT while vehicle 
is unstaged. 

SE BUS SHORT 

Repower bus as required: 

ASCENT 
BATS 

To power both buses from ascent 
bats only 

•EPS, BAT 5 BACK UP COR FEED 
sw-ON: lb -gray 

• CB EPS, CROSS TIE BUS (2J -close 

PROCEDURE 

To power SE bus with good 
descent bat 

• CB EPS, CROSS TIE BAL LOADS 
(2) -close 

•EPS,Good bat HI VOLT sw-ON: 
lb-gray 

DESCENT BATS 

13 

To power both buses from two 
descent bats only 

•Pnl 16 CB EPS, BAT FEED TIE 
(2)-open 

•CB EPS, CROSS TIE BUS (2)- close 
• EPS, DES BATS sw-CONNECT: 

lb-gray 
•EPS: BAT 6 NORMAL COR FEED 

sw-OFF/RESET; tb-bp 

To power both buses from two 
descent bats only 

• CB EPS, CROSS TIE BUS (2)-close 
• EPS: DES BATS sw-CONNECT: 

lb -gray 
• EPS: BAT 6 NORMAL COR FEED 

sw-OfF/RESET: tb-bp 

ELECTRICAL POWER SUBSYSTEM 

Change Dote ______ _ 

REMARKS 

(D SE bus is lost. 

(D TB's will indicate bp and cannot 
be used until power is restored 
to SE's bus. 

Q) SE bus functions lost, 
COMM: 

OISP 
PMP 
S 80 ANT (steerable) 
SE AUDIO 
TV 

ECS, 
CABIN FAN CONT 
CABIN REPRESS 
CO2 SENSOR 
OISP 
DIVERT VLV 
GLYCOL PUMP SEC 
PRIM GLYCOL EVAP FLOW 
SUITFANt. P 
SUIT FLOW CONT 
SUIT /CABIN REPRESS 

FLT DISP: 
EVNT TMR 

EPS, 
DISP 

HTR, 
OISP 
S 80 ANT 

INST: 
CWEA 
PCM/TE 
SIG CONOR 
SIG SENSOR 

LTG, 
FLOOD 
MASTER ALARM 
TRACK 

PROPUL: 
ASC He REG 
PQGS 
TEMP/PRESS DISP FLAGS 

RCS SYS 8: 
CRSFO 
PQGS/OISP 
TEMP/PRESS OISP FLAGS 

S/C, 
AEA 
ASA 
ATCA 
ATCA (AGS) 
ENG ARM 
DES ENG OVRO 

© C/W PWR caut It remains on. EPS 
tb's remain nonoperational. 

0 Two descent bats cannot supply 
two fully loaded buses. 

REMARKS 

Page 5.2-96 
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SYMPTOM 

4 STAGED 

II C/W PWR 1: 
1 I 

SE bus is lost 

YELLOW EPS, DC BUS FAULT comp caut 

Light on if CWEA power 
It-on? 

fails NO 

4a 

I All EPS tb-bp f-, 

4b 

IFloodl ightslostif on~, 

4c cp 
IEL lighting lost 1f 
EPS, INVERTER sw -
2 

I I 

I 
~ I 

I • EPS; BAT 5 NORMAL SEFEED sw-
I OFF /RESET, then ON 

Power restored? 

po 
lill 
• Pnl 16 CB EPS, BAT FEED TIE 12) -

open 
• CB EPS, CROSS TIE BUS 12)-close 
• EPS, POWER/TEMP MON sel -BAT 5 

EPS, BAT FAULT comp caut It-on? 

f NO 
lill 

• Pnl 16 CB EPS, BAT FEED TIE 
12) - close 

EPS, BAT FAULT comp caut It-on? 

NO 

I l!!J 
• EPS, BAT 5 BACK UP CDR FEED 

sw -ON; lb - gray 

EPS, AMPS ind -normal? 

YES 

.!!l 
OPEN CIRCUIT BETWEEN ECA & BUS 

I 
I 

SYMPTOM 

Basic Date _ 1_5_J_u_l_Y_1_9_6_8_ 

LMA790-J-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

2..1 
•EPS, BAT 5 NORMAL SE FEED sw 

~ -OFF/RESET w 
~ FAULT BETWEEN ECA 3 & BAT 5 EPS, DC BUS FAULT comp caut 

It-off' 

NO t ~CAUTION q 
repoweri ng bus remove 
oads, TBO 

.!..J Bat 5 is lost. To repower bus 

•EPS, BAT 6 BACK UP SE FEED sw -

' 
ON 

• CB EPS, CROSS TIE BAL LOADSl2)-

J.J close 

• Pnl 16 CB EPS, BAT mo TIE 12) -
open 

~ 
EPS, DC BUS FAULT comp caut ~ FEEDER SHORT BETWEEN ECA & BUS 
It -off' 

f NO • 
i 2 ~CAUTIONq 

BUS SHORT 
repowering bus, remove 
oads, TBO 

♦ • ,--I WARNING l--
~WARNING~ 

To avoid feeding into short, do 'd feeding into short, do 
not close CB EPS, CROSS TIE se Pnl 16 CB EPS, BAT 
BUS 12) and CB EPS, CROSS TIE IE 12) 
BAL LOADS 12) 

• .2J w • CB EPS, CROSS TIE BUS 12) - close To place both ascent bats on •EPS, BAT 5 BACK UP CDR FEED 
COR bus sw - ON; tb - gray 

•EPS, BAT 5 BACK UP CDR FEED 
sw-ON 

l!!l YES -
BAT MAIN FEED CONTACTOR 
INADVERTENTLY OPENED 

J1J 
~ BAT OVERTEMPERATURE 

1W ~ REVERSE CURRENT 

CAUTIONq 
ll!J --i 

Before repowering bus, remove 
these loads, TBD 

OPEN CIRCUIT BETWEEN BAT & ECA • ~ 
~ Bat 5 is lost. To regain SE bus 

power: 

• EPS, BAT 5 NORMAL SE FEED sw -
OFF/RESET 

•If ON, EPS, BAT 5 BACK UP CDR 
FEED sw -OFF /RESET; tb - bp 

• EPS, BAT 6 BACK UP SE FEED sw -
ON; tb - gray 

• Pnl 16 CB EPS, BAT FEED TIE 11) -
close 

• CB EPS, CROSS TIE BUS 11) - close 

PROCEDURE 

ELECTRICAL POWER SUBSYSTEM 

Change Date ______ _ 

• 

-<D 

REMARKS 

0 To regain El lighting, 
Pnl 14 EPS, INVERTER sw - 1 
Pnl 11 CB EPS, INV 1- close 

(D Except for CB S/C, DES ENG OVRO. 
SE bus functions lost are as listed 
in remark 3 of EPS symptom 3. 

(D Cause of contact opening is not de
fined. Monitor for remainder of 
mission. Closing both CB EPS, 
CROSS TIE BUS may be desirable to 
ensure continued power to SE bus. 

lOOIM.-4-513 

REMARKS 

Page _ s_. _2-_9_7_ 



SYMPTOM 

S UNSTAGED 

BATTERY 

YELLOW 

light on if, 

Bat overtemperature ~ 
145• f (nominal) 

Bat reverse current > 
IO amp for 4 to 6 sec 

• CB EPS, CROSS TIE BUS 12)-
close 

• EPS, POWER/TEMP MON sel 
- rotate thru descent bat 
positions 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

NO 

YES 

Bat overcurrent, minimum 
ultimate trip • 150 to 

EPS, BAT FAULT comp caut It-off? 1---------------- CWfA FAILURE 

200 amp 

SYMPTOM 

NO 

NO 

On CB panel associated with faulty 
bat 
• CB EPS, BAT FEED TIE 12) - open 
• Good bat HI VOLT sw-Off/ 

RESIT; tb-bp 

EPS, BAT FAULT comp caut It-off? 

NO 

12 

BAT OVERTEMPERATURE 

Basic Dote __ 1_5_J_u_1y_19_6_B_ 

Bat stays on line' 

NO 

REVERSE CURRENT 

PROCEDURE 

ELECTRICAL POWER SUBSYSTEM 

ECA CONTACT INAOVERTENTLY 
OPENED (NORMAL OPERATION 
RESTORED) 

Change Dote ______ _ 

REMARKS 

(D CB EPS, CROSS TIE BUS 12) must 
be kept closed to ensure suffi 
cient bus power. 

(D Bat monitoring via CWfA is lost. 

(D Cause of bat disconnect is not 
defined. Monitor for remainder 
of mission. 

0 One descent bat is lost. 

(D fa ilure of overcurrent, overtemp
erature, or reverse-current contact 
may cause fault, in addition to true 
overtemperature condition. These 
failures cannot be separated. 

© faulty bat can be kept on line as 
long as ii supplies positive current. 
BATTERY caut II will remain on; bat 
monitoring via CWfA is lost. 

300l.M4-514 

REMARKS 

Page 5_ 2-98 
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SYMPTOM 

6 STAGED 

BATTERY 

YELLOW 

Light on if, 

Bat reverse current > 10 amp 
for 4 to 6 sec 

Bat overcurrent , minimum 
ultimate trip-150 to 200 amp 

SYMPTOM 

• EPS, POWER/TEMP MON sel 
-BAT 5, 6 

EPS, BAT FAULT comp caut It-on? 

YES 
BAT 516) 

YES 

• CB EPS, CROSS TIE BUS 12) · close 
• Pnl 16 Ill) CB fPS, BAT mo Tlf 121 

-open 

fPS, BAT FAULT comp caut II-on? 

NO 

REVERSE CURRENT 

10 

• fPS, BAT 5 16) NORMAL Sf (CDR) 
mo sw-OFF/RfSfT; tb-bp 

• fPS, BAT 615) BACK UP Sf (CORI 
FffO sw- ON; tb-gray 

Basic Dote __ 15_J_ul_y_1_9_6_8_ 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

NO 
CWEA FAILURE 

NO 

YES 

• CB fPS, CROSS Tlf BUS 12)-close 
•Pnl 16 (11) CB fPS, BAT mo 

TIE 12) -open 
•fPS, POWER/TEMP MON sel 

-BAT 615) 
• fPS, AMPS ind- monitor 
•Pnl 16 (11) CB EPS, BAT mo 

TIE 12)-close 

Bat 6 (51 current decreases? 

INCREASES 

PROCEDURE 

YES 

• CB fPS, CROSS TIE BAL LOADS 
121-close 

• CB fPS, CROSS Tlf BUS 12)- open 

ELECTRICAL POWER SUBSYSTEM 

Chunge Dote ______ _ 

REMARKS 

(D C/ W cannot be used for bat 
malfunction indications. 
Maintain close check of bat 
status. 

0 Bat 5 feeds pnl 16 CB fPS, BAT 
mo Tlf 12). Bat 6 feeds pnl II CB 
fPS, BAT mo Tlf (2). 

(D Bat may be place<I on line as 
long as it supplies positive 
current and OC BUS warn It 
remains off. 

(D Because BATTERY caut It remains 
on, monitoring capability is lost 
when faulty bat is on line. 

300LM4-515 

REMARKS 

Page _ 5_. 2_-_9_9 _ 



7 

SYMPTOM 

INVERTER 

YELLOW 

l ight on ifc 

C voltage< 112 volts 

Frequency < 398 cps 

Frequency >402 cps 

SYMPTOM 

Basic Date 15 July 1968 

EPS, VOL TS ind - green band' 
YES 

NO 

• CB /AC BUS B, BUS TIE INV 
1- open 

• CB/AC BUS A, BUS TIE INV 
I-open 

INVERTER caut lt-on7 

YES 

• CB/AC BUS B, BUS TIE INV 
I-close 

• CB/AC BUS A, BUS TIE INV 
I - close 

• CB EPS, !NV 1- close 
• EPS, INVERTER sw - I 

INVERTER caut It - on 7 

YES 

11 

• CB /AC BUS B, BUS TIE INV 
2&1 - open 

• CB /AC BUS A, BUS TIE INV 
2-open 

INVERTER caut It - on? 
NO 

NO 

• CB/AC BUS B, BUS TIE INV 
I- close 

• CB/AC BUS A, BUS TIE INV 
I-open 

A. C BUS B power-on? 

NO 

EPS, INVERTER SW FAILED 
OPEN IN All POSITIONS 
!A- C POWER IS LOSD 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

• CB EPS, INV I - close 
• EPS, INVERTER sw- 1 

INVERTER 2 FAILURE 

INVERTER 2 FAILURE • CB EPS, INV 2- open 

• CB /AC BUS B, BUS TIE 
INV I - close 

A-C BUS B SHORT 

16 

To reestablish inverter 
configuration oo bus A: 

• CB/AC BUS B, BUS TIE INV 
I-open 

A-C BUS A SHORT (BUS • INVERTER caut It-off 
LOST, INCLUDING EPS A-C • CB/AC BUS Ac BUS TIE INV 
INSTRUMENTATION) 2- close 

• EPS, INVERTER sw- 2 
• CB EPS, INV I-open 

PROCEDURE 

ELECTRICAL POWER SUBSYSTEM 

Change Date-------

To reestablish inverter 
configuration: 

• EPS, INVERTER sw -2 
• CB EPS, INV I -open 
INVERTER caut It remains 
on. MSFN will verify loss of, 

SIG CONDR 
CWEA 
SYNC SIG 

SHORT ON FEEDER LINE 
FROM INVERTER 2 TO 
BUSES A & B CAUSING 
LOSS OF INVERTER 

CD 

© 

© 

0 

REMARKS 

Assumption, Inverter No 2 
is on. 

Frequency failure of inverter. In-
verier No. 2 (or No. I ) is not ren-
dered inoperable due to frequency 
failure, because it will free-run at 
390 to 410 cps whenever PCMTEA 
signal line or inverter sync circuit 
fails. Inverter frequency can be 
monitored by MSFN. 

A- C BUS B is out, with loss of 
following functions, 

AGS 
He /PQGS PROPUL OISP 
NUM LTG 
ORDEAL 
S BO ANT 
SE FOAi 
SE WINO HTR 

A -C BUS A is out, with loss of 
following functions, 

AC BUS VOLT 
CDR fDAI 
CDR WINO HTR 
DECA GMBL 
GASTA 
INTGL LTG 
RNG /RNG RT 
RNDZ ROR 
TAPE RCOR 

(D INVERTER caut It may go off if 
contact is made . 

300LM4-516 

REMARKS 

Page _ 5_. 2_-_1_00_ 

• 
• 

• 

• 
• 



• 
• 

• 

• 
• 

LMA790-3-LM 4 
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5.2.10 COMMUNICATIONS SUBSYSTEM 

5. 2. 10. 1 Assumptions 

• Troubleshooting procedures such as checking sw's, cb's, redundant PTT pb's, 
alternative antennas, etc are performed before entering malfunction procedures • 

• These malfunction procedures do not assume a particular Communications 
Subsystem sw configuration other than that required to operate the equipment 
before entry into the procedures . 

• Malfunction procedures are entered from normal operational modes. (Procedures 
are not included for checkout modes.) 

Table 5-19. CS Procedure Entry Sheet 

Symptom 

Loss of intercom 

One crewman has abnormal (unselected) hot mike condition 

Loss of VHF A simplex voice comm with MSFN or CSM 

Loss of VHF A simplex voice comm with CSM. MSFN not available - not within LOS 

Cannot acquire S-band 0 lock 

Loss of S-band voice comm 

MSFN reports loss of S-band ranging 

MSFN reports loss of S-band telemetry, S-band voice OK 

Table 5-20. CS Failure/ Symptom Cross-Reference Index 

Failure Symptom 

Audio center failure Loss of intercom 

Audio center JCS circuitry failure Loss of intercom 

Audio center mike amplifier One crewman has abnormal (unselected) 
continuously keyed hot mike condition 

Audio center removing key has Loss of VHF A simplex voice comm 
abnormal hot mike condition with MSFN or CSM 

Comm carrier or comm cable failure Loss of intercom 

Common S-band rcvr or SPA 30 kc Loss of S-band voice comm 
subcarrier output circuit failure 

CSM or LM xmtr or rcvr. failure Loss of VHF A simplex voice comm 
with CSM. MSFN not available (not 
within LOS) 

Sym 
No. 

1 

2 

3 

4 

5 

6 

7 

8 

Sym 
No. 

1 

1 

2 

3 

1 

6 

4 

Page 
No. 

5.2-105 

5.2-106 

5.2-107 

5.2-108 

5.2-108 

5.2-109 

5.2-110 

5.2-110 

Page 
No. 

5.2-105 

5.2-105 

5. 2-106 

5.2-107 

5.2-105 

5.2-109 

5.2-108 

Basic Dote _ 1_5_J_u_l_Y_1_9_6_8 __ Change Dote _____ _ 5.2-101 Page ________ _ 
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Table 5-20. CS Failure/Symptom Cross-Reference Index (cont) • 
Syrn Page 

Failure Symptom No. No. 

Failure in CSM Loss of VHF A simplex voice comm 4 5.2-108 
with CSM. MSFN not available 
(not within LOS) • Hot mike failure Loss of intercom 1 5.2-106 

lntermittant PTT switch One crewman has abnormal (unselected) 2 5.2-106 
hot mike condition 

Loss of 512 kc from PCMTEA Loss of S-band voice comm 6 5.2-109 

PCMTEA HBR circuit failure MSFN reports loss of LM S-band 8 5. 2-110 
telemetry, S-band voice OK 

PMP audio rcvr power supply failure Loss of S-band voice comm 6 5.2-109 

Loss of VHF A simplex voice comm 4 5. 2-108 
with CSM. MSFN not available (not 
within LOS) 

PMP failure (e.g. , high-pass filter, MSFN reports loss of LM S-band 8 5. 2-110 
data modulator amplifier) or telemetry, S-band voice OK 
PCMTEA failure 

PMP failure (e.g., PM mixer) MSFN reports loss of LM S-band 8 5. 2-110 
telemetry, S-band voice OK • PMP power supply failure Loss of S-band voice comm 6 5.2-109 

PMP PM circuitry failure (e.g., Loss of S-band voice comm 6 5.2-109 
PM mixer) 

PMP S-band voice circuit failure Loss of S-band voice comm 6 5.2-109 

Primary S-band rcvr failure Cannot acquire S-band Sf lock 5 5.2-108 

Primary S-band rcvr 30 kc output Loss of S-band voice comm 6 5.2-109 
circuit failure 

Primary S-band xrntr failure Loss of S-band voice comm 6 5.2-109 

Primary xrntr/rcvr ranging circuit MSFN reports loss of S-band ranging 7 5.2-110 
failure 

PTT keying circuit failure Loss of intercom 1 5.2-105 

PTT switch failed on One crewman has abnormal (unselected) 2 5.2-106 
hot mike condition 

PTT switch failure Loss of intercom 1 5.2-105 • S-band antenna system failure (e.g., Cannot acquire S-band Sf lock 5 5.2-108 
RF switch, coax, diplexer, or xcvr 
RF diode switch) 

Short in range enable circuit MSFN reports loss of S-band ranging 7 5. 2-110 

Short on VHF A keying line Loss of VHF A simplex voice comm . 3 5. 2-107 
with MSFN or CSM 

VHF A coax cable failure Loss of VHF A simplex voice comm 3 5.2-107 • with MSFN or CSM 

Basic Date __ 1_5_J_u_l..::.y_1_9_6_8_ Change Date Page ___ 5~•~2~-~1~0~2 __ 
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Table 5- 20 . CS Failure/ Symptom Cross-Reference Index (cont) 

Sym Page 
Failure Symptom No. No. 

• VHF A rcvr failure Loss of VHF A simplex voice comm 3 5.2-107 
with MSFN or CSM 

VHF antenna system failure Loss of VHF A simplex voice comm 4 5.2-108 
with CSM. MSFN not available (not 
within LOS) 

VHF antenna system failure; (e.g. , Loss of VHF A simplex voice comm 3 5. 2-107 
diplexer or RF switch) with MSFN or CSM 

VHF A xmtr or keying circuit failed Loss of VHF A simplex voice comm 3 5.2-107 
open with MSFN or CSM 

VHF keying circuitry common to both Loss of VHF A simplex voice comm 3 5. 2-107 
xm trs failed open with MSFN or CSM 

VOX circuit failure Loss of intercom 1 5. 2-105 

One crewman has abnormal (unse lected) 2 5. 2-106 
hot mike condition 

• 

• 
• 

Basic Dote _ 1_5_ J_u_ly_ 1_96_8 __ Change Dote _____ _ 5.2-103/5 .2-104 Page _______ _ 



SYMPTOM 

1 

loss of intercom 

SYMPTOM 

Basic D,;te 15 July 196B 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

Operate intercom 

• AUDIO, MOOE sw-Alternate 
positions 

1----ln-le_rc_om-OK-,----11--'YE;.:.S+-►r 

NO 

• Check VHF or S-band voice with 
CSM or MSFN 

PROCEDURE 

VOX mode faile<l 

ICS/PTT mode failed 

PTT mode failed 

•AUDIO, MOOE sw-PTT 
•Operate alternative PTT sw 

Intercom OK ? 

NO 

t-----------t YES 11 

VOX CIRCUIT FAILURE 

HOT MIKE FAILURE 

YES 
PTT SWITCH FAILURE 

PTT KEYING CIRCUIT FAILURE 

~---vo_ic_,e_o_K?_. --~f------,~ AUDIO CENTER ICS CIRCUITRY FAILURE ----~ 

NO 

• AUDIO CONT sw-BU 

1----ln-te-rc-om- OK- ,----11--'-yE::S _____________ ~~ 

NO 

15 

PROCEDURE 

COMMUNICATIONS SUBSYSTEM 

Change Date ______ _ 

AUDIO CENTER FAILURE 

COMM CARRIER OR COMM 
CABLE FAILURE 

REMARKS 

(D Relay capability is lost. 

Crewman has option of remaining 
oo his audio center at expense of 
intercom functioo. Crewman's side• 
tone sienal cannot be used as a 
backup 10 in1ercom. 

G) All comm (ooe crewman) is lost. 

30DIM"-503 

REMARKS 

Page 5. 2-105 

■ 
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SYMPTOM I PROCEDURE REMARKS • 2 

One crewman has abnormal ..!J 
(unselected) hot mike rr-- •AUDIO, MODE sw-PTT 
condit ion •Talk without keying 

1.l NO 
Side tone heard? - VOX CIRCUIT FAILURE 

-YES 

...u • •Individually cycle PTT switches 
on comm cable and ACA- Talk 
without keying .!I NO 

Side tone heard? INTERMITTENT PTT SWITCH 

YES 

+ 5 

Do not use failed switch 

' 
~ 

•AUDIO CONT sw-BU 
•AUDIO, MODE sw (second 

crewman) PTT 
•Talk without keying lJ NO 

Side tone heard? AUD IO CENTER MIKE AMPLIFIER 
CONTINUOUSLY KEYED 

YES 

• q) (D Hot mike in all modes. 

8 

• AUDIO CONT sw-NORM 

q) 0 VHF comm (one crewman) is lost. • L!J 
~- I 

Continuous key on VHF xmtr pre-
PTT SWITCH FAILED ON •AUDIO CONT sw-NORM eludes use of simplex. Duplex is 

• AUDIO, VHF A sw-OFF available for use. but consumes 
considerable power . 

• 
3()()UM.,O, • SYMPTOM I PROCEDURE REMARKS 

COMMUNlCATIONS SUBSYSTEM 

Basic Date 15 July 196B Change Date ______ _ Page 5, 2-106 



SYMPTOM 

Loss of VHF A simplex 
voice comm with MSFN 
or CSM 

SYMPTOM 

Basic Date 
15 July 1968 

LMA790-J-LM 4 
APOLLO OPERATIONS HANDBOOK 

MSFN available (within LOS)? 

YES 

Establish S-band voice comm 
wi th MSFN 

• AUDIO,S BAND T /R sw-S BAND T /R 

No voice transmission or reception 

No down voice 

No up voice 

VHF A RCVR FAILURE 

Xmtr continuously keyed 

YES 

19 

AUDIO CENTER REMOVING KEY HAS 
ABNORMAL HOT MIKE CONDITION 

PROCEDURE 

Establish VHF B simplex voice 
comm with MSFN 

• COMM, VHF B XMTR sw-VOICE 
• COMM, VHF B RCVR sw - ON 
•AUDIO, VHF B sw-T /R 

VHF B simplex voice OK ? 

NO 

Establish VHF B simplex voice 
comm with MSFN 

• COMM, VHF B XMTR sw-VOICE 
• COMM, VHF B RCVR sw-ON 
• AUDIO, VHF B sw- T /R 

VHF B simplex voice OK ? 

11 

VHF KEYING CIRCUITRY COMMON 
TO BOTH XMTRS FAILED OPEN 

SHORT ON VHF A KEYING LINE 

PROCEDURE 
COMMUNICATIONS SUBSYSTEM 

Change Date 

VHF A COAX CABLE FAILURE 

VHF ANTENNA SYSTEM FAILURE; 
(e .g., DIPLEXER OR RF SWITCH) 

VHF A XMTR OR KEYING CIRCUIT 
FAILED OPEN 

14 
Establish VHF B simplex voice 
comm with MSFN 

•COMM, VHF B XMTR sw-VOICE 
•COMM, VHF B RCVR sw-ON 
•AUDIO, VHF B sw-T /R 

Establish VHF B simplex voice 
comm with MSFN 

•COMM, VHF A XMTR sw-OFF 
•COMM, VHF A RCVR sw-OFF 
•COMM, VHF B XMTR sw- VOICE 
•COMM, VHF B RCVR sw-ON 
•AUDIO, VHF B sw- T /R 

CD 

0 

© 

© 

CD 

© 

CD 

© 

REMARKS 

May require short VHF voice 
check for complete status. 

MSFN must not transmit voice on 
S-band during this step. 

VHF A simplex & VHF A duplex 
are lost. 

All VHF capability is lost. 

VHF A simplex & VHF A duplex 
are lost. 

All VHF comm is lost. 

VHF A simplex & VHF B duplex 
are lost. 

VHF A simplex & VHF B duplex 
are lost. VHF A duplex is ava ilable 
but operation in this mode 
consumes considerable amounts 
of power due to continuously 
keyed A XMTR. 

300I.M<-505 

REMARKS 

Page 
5. 2-107 

■ 



SYMPTOM 

4 

s 

Loss of VHF A simplex 
voice comm with CSM. 
MSFN not available 
(not within LOS) 

Cannot acquire S-band 
</, lock. 

Loss of uplink lock is 
indicated by noise in 
headset and COMM ANt 
SIGNAL STRENGTH ind 
reading < I 

SYMPTOM 

Basic Date _1_s_J_u_ly_19_6_8_ 

• COMM, VHF B XMTR sw - VOICE 
• COMM, VHF B RCVR sw - ON 
• AUDIO, VHFB sw-T/R 

VHF voice OK ? 

NO 

Establish S-band voice comm 
with MSFN as soon as possible 

• AUDIO, S BANDT /R sw- T /R 

S-band voice OK ? 

YES 

Establish VHF A simplex voice 
comm with MSFN 

• AUDIO, VHF B sw-OFF 
• AUDIO, S BAND T/R sw-OFF 

VHF voice OK ? 

NO 

• Use VHF for voice comm 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

YES 

NO 

YES 

PROCEDURE 

• COMM, S-BAND XMTR /RCVR sw-SEC 
(Reacquire 4> lock) 

4> lock reacquired ? 

NO 

CSM OR LM XMTR OR RCVR FAILURE 

FAILURE IN CSM 

VHF ANTENNA SYST EM FAI LU RE 

PRIMARY S-BAND RCVR FAILURE 

'-------e-t S-BAND ANTENNA SYSTEM FAILURE 
(e.g., Rf SWITCH, COAX, DIPLEXER, 
OR XCVR RF DIODE SWITCH) 

PROCEDURE 

COMMUNICATIONS SUBSYSTEM 

Change Date _ _____ _ 

REMARKS 

CD Predetermined procedures (TBO). 

0 

0 

Both spacecraft will configure 
for VHF B simplex. 

Exact fa ilure will be determined 
by VHF A comm check with MSFN 
as soon as possible. 

(D All voice reception is lost. 

(D LM /CSM VHF voice comm is lost. 

(D All VHF capability is lost. 

CD Reacqu isition requires up to 20 
seconds. 

(i) All S-band functions are lost. 

JOOLM-4-506 

REMARKS 

Page 5. 2- 108 
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• 

• 
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• 
• 

LMA790-3-LM 4 
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SYMPTOM PROCEDURE 

6 

Loss of S-band voice comm ~----iEstablish VHF voice comm with MSFN 

Assumes ,/, lock (COMM 
ANT, SIGNAL STRENGTH 
ind reading > I) 

SYMPTOM 

Basic Date 15 July 1968 

• AUDIO, VHF A sw -T /R 

• COMM, S SANO XMTR/ RCVR sw-SEC 
(Reacquire </> lock) 

NO 
PMP AUDIO RCVR POWER 
SUPPLY FAILURE 

Voice & PCM OK? i,....:;YE::::S ___________ _..,..-,PRIMARY S-BAND XMTR FAILURE 
.__ ___ """T_NO---~ 

• COMM, S BAND MODULATE sw- FM 

--- Vo-ic_e_&-PC_M_O_K_? __ -i.:.;YE::::S ___________ _..,..- PMP PM CIRCUITRY FAILURE 

• COMM, S BAND VOICE sw-DN 
VOICE BU 

• COMM, S BAND PCM sw - OFF 

Voice OK' 

NO 

• COMM, S BAND XMTR /RCVR sw-SEC 
(Reacquire </> lock) 

(e.g., PM MIXER) 

YES LOSS OF 512 KC FROM PCMTEA 

,__ _ _ ______ ... YES 16 
Voice OK ? 1-"':_-------------t.i, PRIMARY S-BAND RCVR 30 KC 

'----~-N-0 _ _ _ ..., OUTPUT CIRCUIT FAILURE 

11 

PROCEDURE 
COMMUNICATIONS SUBSYSTEM 

Change Date ______ _ 

REMARKS 

(D All voice reception is lost. 

Q) May requiie short S-band voice 
check for complete status. 

(D Crew has option of ,estorin& 5-band 
voice at expense of S-band rang
ing. by selecting ON VOICE BU. 

© Reacquisition requires up to 20 
seconds. 

(D 5-band PCM & ranging is lost. 

© 5-band capability, except ranging 
is lost. 

Q) 5-band up-voice capability is lost. 

© COR'S AUDIO CONT sw must 
be set to NORM . 

lOOt.M-4-507 

REMARKS 

Page 5. 2-109 



7 

8 

SYMPTOM 

MSFN reports loss of 
S-band ranging 

MSFN reports loss of LM 
S-band telemetry, S-band 
voice OK 

SYMPTOM 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

• COMM, S-BANO XMTR /RCVR sw-SEC 
~----------i.::YE:;:S ____________ _.--,- PRIMARY XMTR /RCVR 

Ranging OK ? RANGING CIRCUIT FAILURE 
NO 

• COMM, S-BANO MODULATE sw-FM 

MSFN reports PCM OK ' 

NO 

• COMM, TLM PCM sw-LO 

MSFN reports PCM OK? 

NO 

YES 

YES 

PROCEDURE 
COMMUNICATIONS SUBSYSTEM 

PMP FAILURE (e.g., PM MIXER) 

PCMTEA HBR CIRC UIT FAILURE 

PMP FAILURE (e.g., HIGH-PASS 
FILTER, DATA MODULATOR 
AMPLIFIER! 
or 

PCMTEA FAILURE 

Basic Date _1_5_J_u_ly_ l9_6_B_ Change Date ______ _ 

REMARKS 

CD S-band ranging capab ility is lost. 

CD Simultaneous ranging and PCM 
capability is lost. Crewman has 
option of retaining S-band PCM as 
configured, or he may reconfigure 
for ranging at expense of PCM as 
follows: 
• COMM, S BAND MODULATE sw - PM 
• COMM, S BAND RANGE sw - RANGE 

0 HBR PCM capabilily is lost. 

G) S-band telemetry capability is lost. 

JOOLM4-508 

REMARKS 

Page _ 5_._2_-1_1_0_ 

• 
• 
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• 
• 
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5.2.11 ENVIRONMENTAL CONTROL SUBSYSTEM 

Table 5-21. ECS Procedure E ntry Sheet 

• Sym Page 
Symptom No. No. 

ECS caut lt 1 5, 2-117 

ECS caut lt & SUIT FAN comp caut lt 2 5, 2-117 

ECS caut lt & CO2 comp caut lt 3 5, 2-118 

ECS caut lt & H2O SEP comp caut lt 4 5. 2-118 

GLYCOL comp caut lt 5 5, 2-119 

MASTER ALARM pb/ lt, ECS caut lt, & GLYCOL comp caut lt 5a 5. 2-119 

GLYCOL caut lt 6 5, 2- 120 

CABIN warn lt 7 5.2-121 

WATER QTY caut lt 8 5, 2-122 

ECS: CABIN TEMP ind high 9 5, 2-123 

• ECS : SUIT PRESS ind >4. o psia 10 5.2-123 

02 QTY caut lt 11 5,2-124 

Abnormal decay of descent 02 before C/ W activation 12 5. 2-125 

SUIT/ FAN warn lt 13 5. 2-126 

High cabin pressure 14 5. 2-127 

ECS: PRESS, GLYCOL, & QUANTITY ind pwr fail lts on 15 5. 2-128 

ECS: GLYCOL ind pwr fail lt on 16 5 . 2-128 

ECS: PRESS ind pwr fail lt on 17 5.2-129 

ECS: QUANTITY ind pwr fail lt on 18 5. 2-129 

Table 5- 22 . ECS Failure/Symptom Cross-Reference Index 

■ • Sym Page 
Failure Symptom No. No. 

Ascent 1 (2) 02 line leak inside cabin High cabin pressure 14 5. 2-127 

Ascent 1 02 line l e ak inside cabin High cabin pressure 14 5.2-127 

Ascent 2 02 line leak inside cabin High cabin pressure 14 5. 2-127 

• Ascent 2 (1) 02 le ak inside cabin High cabin pressure 14 5, 2- 127 

Ascent tank No . 1 (2) 02 supply i s lost CABIN warn lt 7 5, 2-121 

Basic Date 15 July 1968 Change Date _____ _ 5. 2-111 Page _______ _ 
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• Table 5-22 . ECS Failure/ Symptom Cross - Reference Index (cont) 

Sym Page 
Failure Symptom No . No . 

Auto operation of cabin temp vlv failed ECS: CABIN TEMP ind high 9 5, 2- 123 

Burst diaphragm relief vlv relieved & Abnormal decay of descent 02 before 12 5.2- 125 
reseated C / W activation • 
Cabin fan No , 1 circuitry failure ECS: CABIN TEMP ind high 9 5.2 - 123 

Cabin fan No. 2 circuitry failure ECS: CABIN TEMP ind high 9 5. 2-123 

Cabin pressure xducer or indicator High cabin pressure 14 5. 2-127 
failed 

Cabin puncture CABIN warn lt 7 5,2-121 

Cabin relief & dump vlv (fwd) leaks CABIN warn lt 7 5. 2-121 
in auto 

Cabin relief & dump vlv (ovhd) leaks CABIN warn lt 7 5, 2-121 
in auto 

CABIN REPRESS vlv leak High cabin pressure 14 5, 2-127 

CABIN REPRESS vlv leaks in AUTO Abnormal decay of descent 02 before 12 5. 2-125 
position C / W activation 

High cabin pressure 14 5.2 - 127 • Cabin temp xducer failed ECS: CABIN TEMP ind high 9 5. 2- 123 

CB ECS: DISP - open inadvertently ECS: PRESS, GLYCOL, & 15 5.2-128 
QUANTITY ind pwr fail lts on 

CO2 partial pressure sensor failure ECS caut lt and CO2 comp caut lt 3 5. 2-118 

C/ W circuitry failure ECS caut 1t 1 5.2-117 

ECS caut lt ECS caut lt and CO2 comp caut lt 3 5.2-118 

CWEA contacts for low suit pressure SUIT/ FAN warn lt 13 5. 2 - 126 
failed closed 

CWEA failure WATER QTY caut lt 8 5. 2- 122 

02 QTY caut lt 11 5. 2-12 4 

CWEA or glycol low-level sensor failure , GLYCOL caut lt 6 5, 2- 120 
or slow leak in primary glycol loop 

CWEA or signal conditioner failure CABIN warn lt 7 5.2-121 

CWEA or signal conditioner failure, CABIN warn lt 7 5. 2- 121 • or short circuit between CABIN REPRESS 
vlv & cabin pressure sw 

CWEA signal conditioner failure, suit CABIN warn lt 7 5. 2- 121 
isol v lv electrical contacts failed closed, 
or short circuit between CABIN REPRESS 
vlv & cabin pressure sw 

• 
Basic Date 15 July 1968 Change Date 

5. 2-112 Page _______ _ 
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Table 5-22. ECS Failure/Symptom Cross-Reference Index (cont) 

• 

• 

• 

Failure 

Descent 02 leak outside cabin 

Descent 02 line leak inside cabin 

Descent 02 quantity xducer failed 

Descent 02 supply is lost 

Descent 02 xducer calibration shift 

ECS: PART PRESS CO2 ind failure 

ECS: PRESS ind pwr fail lt failed on 

ECS: QUANTITY ind pwr fail lt 
failed on 

Electrical contacts of one suit isol vlv 
failed closed or short circuit between 
CABIN REPRESS vlv & cabin pressure sw 

Glycol pump fl P s witch failed closed 
(low) 

Glycol pump No. 1 & auto transfer 
failed 

Glycol pump No. 1 failed 

Glycol pump No. 2 failed following auto 
transfer 

Glycol temp signal conditioner or 
instrumentation failure 

H2O leak in ascent tank No. 1 

H2O leak in ascent tank No. 2 

H2O or N2 leak in descent tank, or 
instrumentation failure 

H2O or N2 leak in tank with lesser 
quantity 

H2O separator failed 

H2O separator instrumentation failure 

• 7K5 relay grounded 

Leak in #1 ASC 02 line inside cabin 

Basic Date 15 July 1968 

Symptom 

Abnormal decay of descent 02 before 
C/W activation 

02 QTY caut lt 

High cabin pressure 

02 QTY caut lt 

CABIN warn lt 

Abnormal decay of descent 02 before 
C / W activation 

ECS caut lt and CO2 comp caut lt 

ECS: GLYCOL ind pwr fail lt on 

ECS: PRESS ind pwr fail lt on 

ECS: QUANTITY ind pwr fail lt on 

CABIN warn lt 

GLYCOL comp caut lt 

GLYCOL comp caut lt 

GLYCOL comp caut lt 

MASTER ALARM pb/ lt, ECS caut lt, 
& GLYCOL comp caut lt 

GLYCOL comp caut lt 

GLYCOL caut lt 

WATER QTY caut lt 

WATER QTY caut lt 

WATER QTY caut lt 

WATER QTY caut lt 

ECS caut lt and H2O SEP comp caut lt 

ECS caut lt and H2O SEP comp caut lt 

ECS: CABIN TEMP ind high 

02 QTY caut lt 

Change Date _____ _ 

Sym 
No. 

12 

11 

14 

11 

7 

12 

3 

16 

17 

18 

7 

5 

5 

5 

5a 

5 

6 

8 

8 

8 

8 

4 

4 

9 

11 

Page 
No. 

5.2-125 

5.2-124 

5.2-127 

5.2-124 

5.2-121 

5.2-125 

5. 2-118 

5. 2-128 

5. 2-129 

5. 2-129 

5.2-121 

5. 2-119 

5. 2-119 

5. 2-119 

5.2-119 

5. 2-119 

5.2-120 

5.2-122 

5.2-122 

5.2-122 

5. 2-122 

5. 2-118 

5. 2- 118 

5. 2-123 

5. 2-124 

Page __ 5_._2_-_1_1_3 __ _ 
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Table 5-22. ECS Failure/Symptom Cross-Reference Index (cont) 

Failure 

Leak in #1 ASC 02 outside cabin 

Leak in descent 02 supply between 
DES 02 vlv & descent 02 supply line 
penetration of cabin 

Loss of power to ECS: SUIT & CABIN 
PRESS ind 

Low descent 02 quantity & pressure 

Low H2O quantity, or N2 leak 

Normal mission use 

Open circuit between CB ECS: DISP & 
ECS indicators 

Perform ARS/ PGA pressure integrity 
check to isolate leak 

P ower to ECS: GLYCOL ind is lost 

Power to ECS: PRESS ind is lost 

Power to ECS: QUANTITY ind is lost 

PRESS REG A failed open 

PRESS REG A vlv failed open 

PRESS REG A vlv regulating high or 
failed open 

PRESS REG B failed open 

PRESS REG B vlv failed open 

PRESS REG B vlv regulating high or 
failed open 

Prim evap flow No. 1 vlv closed 
temporarily 

Prim evap flow No. 2 vlv or sec 
evap flow vlv leaks in close position 

Primary glycol loop leak 

Primary glycol loop pumps No. 1 & 2 
inoperative 

Primary LiOH cartridge failed or 
saturated 

Basic Date _ 1_5_J_u_ly_ l_9_6_B __ 

Symptom 

02 QTY caut lt 

Abnormal decay of descent 02 C/W 
activation 

ECS: SUIT PRESS ind > 4. 0 psia 

02 QTY caut lt 

WATER QTY caut lt 

02 QTY caut lt 

ECS: PRESS, GLYCOL, & QUANTITY 
ind pwr fail lts on 

SUIT/FAN warn lt 

ECS: GLYCOL ind pwr fail lt on 

ECS: PRESS ind pwr fail lt on 

ECS: QUANTITY ind pwr fail lt on 

High cabin pressure 

Abnormal decay of 02 before C/W 
activation 

High cabin pressure 

ECS: SUIT PRESS ind > 4. 0 psia 

Abnormal decay of descent 02 before 
C/ W activation 

High cabin pressure 

High cabin pressure 

ECS: SUIT PRESS ind > 4. 0 psia 

GLYCOL caut lt 

WATER QTY caut lt 

GLYCOL comp caut lt 

GLYCOL comp caut lt 

ECS caut lt and CO2 comp caut lt 

Change Date _____ _ 

Sym Page 
No. No . 

11 5. 2-124 

12 5. 2- 125 

10 5. 2-123 

11 5. 2-124 

8 5.2-122 

11 5.2-124 

15 5.2- 128 

13 5.2-126 

16 5. 2-128 

17 5. 2-129 

18 5. 2-129 

14 5. 2-127 

12 5.2-125 

14 5. 2-127 

10 5. 2-123 

12 5. 2-125 

14 5. 2-127 

14 5.2-127 

10 5. 2-123 

6 5. 2- 120 

8 5. 2-122 

5 5. 2-119 

5 5. 2-119 

3 5. 2-118 

Page ___ 5_._2_-_1_14 __ _ 
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Table 5- 22. ECS F a ilure/ Symptom Cross-Refer ence Index (cont) 

Sym Page 
F ailure Symptom No. No . 

• Primary pressure reg failed c losed or GLYCOL caut lt 6 5. 2-120 
a line blockage 

Primary sublimator failure GLYCOL caut lt 6 5. 2- 120 

Re lay 7K5 failed open ECS: CABIN TEMP ind high 9 5. 2-123 

Re lay 7K7 contacts failed closed CABIN warn lt 7 5. 2- 121 

Relay 7K9 failed closed GLYCOL comp caut lt 5 5. 2-119 

Short circuit between CABIN REPRESS CABIN warn lt 7 5. 2-121 
vlv & cabin pressure sw 

Short circuit in ECS display c ircuitry ECS: PRESS , GLYCOL, & QUANTITY 15 5. 2-128 
ind pwr fail lts on 

Short circuit of suit fan 1 ECS caut lt & SUIT FAN comp caut It 2 5. 2- 117 

Suit/ fan CWEA failed SUIT/ FAN warn lt 13 5 . 2-126 

Suit fan t. P sensor failed ECS caut lt & SUIT FAN comp caut It 2 5. 2- 117 

• Suit fan t. P sw (internal) failed c l osed SUIT / FAN warn lt 13 5.2 - 12 6 

Suit fan 1 failed ECS caut lt & SUIT FAN comp caut lt 2 5. 2-11 7 

Suit fan 1 output degraded ECS caut It & SUIT FAN comp caut lt 2 5.2- 11 7 

Suit fan No. 2 fa iled SUIT/ FAN warn lt 13 5. 2-127 

Suit pressure xducer fa iled ECS: SUIT PRESS ind >4. O psia 10 5. 2-123 

SUIT/ FAN warn lt 13 5. 2-126 

Temporary closure of pump t. P switc h GLYCOL comp caut lt 5 5. 2-119 

Temporary closure of pump e.P switch GLYCOL comp caut lt 5 5. 2-119 
caused auto transfer 

Temporary leak inside cabin High cabin pressur e 14 5.2 - 127 

Temporary overcurrent MASTER ALARM pb/ lt, ECS caut lt , 5a 5.2-119 
& GLYCOL comp caut lt 

■ Temporary overcurrent opened CB ECS : CABIN TEMP ind high 9 5.2-12 3 

• Temporary overcurrent to suit fan 1 ECS caut lt & SUIT FAN comp caut lt 2 5. 2-11 7 

Temporary unseating of cabin relief & CABIN warn lt 7 5. 2-121 
dump vlv (fwd or ovhd) 

Temporary unseating of CABIN REPR ESS Abnorm al decay of descent 02 before 12 5 . 2- 125 
vlv or temporarily fa iled- open pressur e C/ W activation 
reg 

Thermal overload or degraded perform- GLYCOL caut lt 6 5. 2-120 

• ance of primary sublimator 

Xducer failed or loss of ascent 1 02 02 QTY caut lt 11 5. 2- 124 

Basic Date 15 July 1968 
Change Date Page 5. 2- 115 
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Table 5- 22, ECS Failure/ Symptom Cross- Reference Index (cont) 

Sym Page 
Failure Symptom No. No. 

Xducer failure 02 QTY caut lt 11 5. 2-124 • Xducer failure, loss of H20 , or WATER QTY caut lt 8 5. 2-122 
N2 leak in ascent tank No. 1 

Xducer failure or loss of #1 ASC 02 02 QTY caut lt 11 5. 2-124 
outside cabin 

Xducer failure or loss of #2 ASC 02 02 QTY caut lt 11 5.2- 124 
outside cabin 

Xducer failure , or N2 leak in ascent WATER QTY caut lt 8 5. 2-122 
tank No. 2 

• 

• 
• 

Basic Date 15 July 1968 Change Date _____ _ Page __ 5_.2_-_1_1_6 __ _ 



SYMPTOM 

1 I 
I 

II ECS IH 
YELLOW 

2 

ECS 

YELLOW 

,--------, 
I SUITFAN I 
I 
I O I I I 
L------ .J 

YELLOW 

light on if fan ti. P<6 
inches H2 O 

light off if fan ti. P >8 
inches H2 O 

SYMPTOM 

Basic Date 15 July 1968 

11 

YES 

SUIT FAN t.P SENSOR 
FAILED 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

CO2 comp caut It-on' 

lwARNINGl 

CREW CAN BE ASPHYXIATED 
IN 1 MINUTE IF SUIT FLOW 
STOPS WHEN CREW IS FULLY 
SUITED 

• CB ECS, SUIT FAN !-close 
• SUIT FAN sel-1 

Suit loop flow? 

NO 

PROCEDURE 

TEMPORARY OVERCURRENT 
TO SUIT FAN 1 

SHORT CIRCUIT OF SUIT 
FAN 1 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Date ______ _ 

C/W CIRCUITRY FAILURE 

SUIT FAN 1 FAILED 

CD 

CD 
0 

0 

0 

Q) 

© 

REMARKS 

ECS caution monitoring is 
degraded. MASTE ALARM 
pb/lts & comp caut Its are 
only indication to crew of 
symptoms 2, 3, & 4. 

SUIT FAN 1 was selected. 

Suit loop flow is sensed by crew. 
H2 0 SEP comp caut It may go on as 
result of no flow from ARS. This 
does not indicate second failure. 

SUIT /FAN warn It will 
come on momentarily. This 
does not indicate second 
failure 

Crew may not have sensed 
reduction in suit flow. 

life support system is degraded; no 
backup suit fan. 

SUIT / FAN warn It is inoperative, 
H20 SEP comp caut It & sensing of 
surt flow are only indication to crew 
of failed suit flow. 

300LM4-551 

REMARKS 
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SYMPTOM 

3 

ECS 

Light on if, ECS, PART 
PRESS CO2 ind>7.6 
mm Hg 

4 

ECS 

YELLOW 

i-H02SEP -1 
: ~: 
I VJ I L _____ ..J 

YELLOW 

Light on if separator 
speed < 800 rpm 

SYMPTOM 

NO 
1<7.6 mm Hg) 

• CO2 CANISTER SEL vlv-SEC 

ECS cautlt -off' 

ECS, PART PRESS CO2 IND FAILURE 

SUIT FAN comp caut It-on? 

Basic Date __ 1s_ J_u_iy_19_6_8_ 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

CANISTER sel vlv - SEC 

ECS, PART PRESS CO2 ind -decays 
ECS caut It-off? 

NO 

C/W CIRCUITRY FAILURE 

H20 SEP comp caut It- off? 

4 

f15~ Fiit~~rTOR INSTRUMENTA-

PROCEDURE 
ENVIRONMENTAL CONTROL SUBSYSTEM 

• Remove & replace primary LiOH 
cartridge 

• CO2 CANISTER SEL ,Iv - PRIM 

H20 SEPARATOR FAILED 

• WATER SEP SEL vlv - PUSH SEP 
1 (PULL SEP 21 

Change Date _ _____ _ 

REMARKS 

CD ECS caut It & CO;,._ comp caut It 
go on at different EGS, PART PRESS 
COz ind readings, depending on op
erating pressure. 

© 

0 
© 

CD 

© 
0) 

© 

CD 
© 

0 

© 

CD 

PSIA 

5 
3.7 

ECS, PART 
PRESS CO2 
(mmHg l 

8 
7.6 

ACTUAL 
CO2 

(mmHg l 

5.35 to 8.25 
6.45 to 10 

CO2 partial pressure level on ind 
should drop to zero mm Hg in less 
than 1 minute. 

CO2 comp caut It remains on when 
CO2 CANISTER SEL vlv-SEC 

Normal life of primary LiOH cart-
ridge is 41 man-hours, of secondary 
cartridge, 6 man-hours. 

LiOH must be changed, based on 
time crewman are on suit loop. 
See remark 4. 

Sensor failure is indicated by 30 
mm Hg. 

System is degraded. Crew must 
read CO!, partial pressure level on 
ind to etermine when to change 
LiOH cartridge. 

Capability of verifying saturated 
LiOH cartridge by reading PART 
PRESS CO2 ind is lost. 

H20 separator 1 (2) is selected. 

Time for newly selected H20 sep-
arator to come up to speed varies 
up to several minutes, dependent 
upon whether dry or wet suit loop 
02 is being circulated. 

System degraded; no H20 sep-
arator backup. 

Failed or degraded suit fan oper-
ation will cause H20 SEP comp 
caut It to go on as suit loop flow 
decays or stops. 

Life support system is degraded. 
Crew comfort is only indication of 
H20 separators operating properly . 

300LM4-597 

REMARKS 
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LMA790-3-LM 4 

•
',--------.---------A_P_o_L_Lo_o_P_E_R_A_T_1o_N_s_H_A_N_o_e_o_o_K _____ ,-----------, 

SYMPTOM PROCEDURE REMARKS 

s ,--- -----7 
I GLYCOL I 
I I 
I Qlll---+----.1 
: I .... _______ ...J 

YELLOW 

light on if pump L>P 
< 3 psia 

Sa 

MASTER ALARM 

RED 

ECS 

YELLOW 
(Momentary on) 

,.-------. I GLYCOL : 

I Q,11-----t-" 
I 
I I L _____ J 

YELLOW 

(Momentary on) 

SYMPTOM 

Basic Date 15 July 196B 

ECS caut It- on' 

YES 

• GLYCOL sel-PUMP 2 
• CB ECS, GLYCOL PUMP 

AUTO TRNFR - open 
• GLYCOL sel-PUMP 1 

WARNING 

An overcurrent condition in 
pump No. 1 causing CB ECS, 
PUMP 1 to open will cause 
an auto transfer to pump 
No. 2 & result in a MASTER 
ALARM It & a momentary on 
of the ECS caut It & GLYCOL 
comp caut It. 

TEMPORARY CLOSURE OF 
PUMP L> P SWITCH 
CAUSEO AUTO TRANSFER 

20 

PROCEDURE 

• CB ECS, GLYCOL PUMP 
AUTO TRNFR- open 

• GLYCOL sel-PUMP 1 

ECS, GLYCOL press ind -
15 to 45 psia' 

YES 

• CB ECS, GLYCOL PUMP 
AUTO TRNFR-open 

• CB ECS, GLYCOL PUMP 
2-open 

• GLYCOL sel- PUMP 1 

ECS, GLYCOL press ind 
15 to 45 psia 1 

NO 

PRIMARY GLYCOL LOOP 
PUMPS NO. I & 2 
INOPERATIVE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

NO (< 15 PSIA) 

GLYCOL PUMP NO, 1 FAILEO 

PRIMARY GLYCOL LOOP 
LEAK 

21 

•WATER TANK SEL vlv-SEC 
•GLYCOL sel-lNST (SEC) 
•CB ECS, GLYCOL PUMP 

SEC-close 
•SECf\/AP FLOW vlv-OPEN 

22 

Reconfig,re electrical 
loads for seconda ry glycol 

· loop operation per normal 
procedures 

• GLYCOL sel -PUMP 2 
• CB ECS, GLYCOL PUMP 

AUTO TRNFR-open 
•GLYCOL sel-PUMP 1 
•CB ECS, GLYCOL PUMP 

AUTO TRNFR- close 

Change Date ______ _ 

CD Auto transfer monitoring capability 
is lost. 

(D Primary loop redundancy is lost. 

G) Primary loop flow must be started 
within 2 minutes to prevent 
freeze-up of primary sublimator. 

CD 

0 

Failu re causes auto transfer signal. 
Glycol pumps No. 1 and 2 are 
operating. ECS caut It and GLYCOL 
comp caut It do not RO off with 
GLYCOL sel-PUMP 1 or PUMP 2. 
GLYCOL sel - INST (SEC) causes ,CS 
caut It to go off, does not cause 
GLYCOL comp caut It to go off. 
Monitoring of primary loop temp 
and pressure is lost with GLYCOL 
sel -lNST (SEC). 

Possible contamination of ascent 
H2 0 with glycol. 

Assumption, PUMP 1 initially 
selected 

Primary loop pump redundancy 
is lost. 

300LM4-555 

REMARKS 
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LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

SYMPTOM PROCEDURE 

6 

II GLYCOL =====::.ii L ~ ' GLYCOL temp ind > 50'F? ~ ~EA OR GLYCOL LOW LEVEL SEN- 1---t-3"-'I j I ii EC ·, SOR FAILURE, OR SLOW LEAK IN •ECS, GLYCOL press ind-monitor 
,_ ___ ....,___, ___ _. PRIMARY GLYCOL LOOP_ 

cp 

YELLOW 

Light on if, 

Glycol temp > + 50'F 

Glycol remaining in ac
cumulator < 10% (pri
mary loop only) 

SYMPTOM 

Basic Date 15 July 1968 

YES If pressure decreases to (15 psia, 

CV 

~ S, SUIT TEMP ind increasing at ~ - ~COL TEMP SIGNAL CONDI-I TSO rate? I TIONER OR INSTRUMENTATION 
YES FAILURE 

slow leak confirmed. When GLYCOL 
comp caut It goes on, proceed 

w 
• WATER TANK SELECT vlv-SEC 
• GLYCOL sel-lNST (SEC) 

cp 

• CB ECS, GLYCOL PUMP SEC
close 

•SEC EVAP FLOW vlv-OPEN 
• Reconfigure electrical load for 

secondary glycol loop operation 
per normal procedure 

~M EVAP FLOW No. 1 vlv-OPEN? 1-N_O __ t-!;;.i!RIM EVAP FLOW NO. 1 vlv-OPEN 

Within TBO minutes, ECS, GLYCOL ~ L!J 
YES temp ind-decreases? ~~6~Eo~fM~~IlO. 1 VLV 

t 
101 
•PRIM EVAP FLOW NO. 2 vlv-OPEN l.!!J 
Within TBD minutes, ECS, GLYCOL ~ 
temp ind-decreases? ~~6~~/~~r~~JcJit FAILED 

t 
ill 
•PRIM EVAP FLOW NO. 2 vlv

CLOSE 
•Reduce electrical heat load on 

glycol loop r,. T 
Within TBD minutes, ECS, GLYCOL NO .,:;.i 
temp ind-decreases? ~ PRIMARY SUBLIMATOR FAILURE 

l!!J 
THERMAL OVERLOAD OR DEGRAOED 
PERFORMANCE OF PRIMARY SUB
UMATOR 

PROCEDURE 

~ 
Primary sublimator dryout required 
before attempted restart per nor
mal procedure 

l!!l 
If primary sublimator is not restart
~d. secondary glycol loop must be 
activated. Proceed to step 4. 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Date-------

CD 

0 

0 

REMARKS 

If CWEA or low level sensor failed, 
primary gylcol loop monitoring cap
ability is lost. GLYCOL caut It will 
remain on. 

ECS caut It & GLYCOL comp caut It 
go on when pressure < 10 psia. 

Glycol temp monitoring is lost. GLY
COL caut It remains on. 

Primary glycol is inoperative. Only 
secondary glycol loop is opera
tional. 

© Subsystem is degraded; limited to 
ascent water use. 

3CIOlM,4.552 

REMARKS 
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7 
$YMPTOM 

CABIN 

RED 

Light on if cabin pressure 
<4.3 psia 

SYMPTOM 

Basic Date 15 July 1968 

• PRESS REG A & B vlv
EGRESS 

ECS, CABIN PRESS ind 
4.8 ± 0.2 psia? 

• Cabin relief & dump vlv 
(fwd & ovhd) -CLOSE 

23 

After 5 minutes, cabin 
pressure stable? 

CWEA OR SIGNAL CONDIT
IONER FAILURE, OR SHORT 
CIRCUIT BETWEEN CABIN 
REPRESS VLV & CABIN PRES
SURE SW 

SHORT CIRCUIT BETWEEN 
CABIN REPRESS VLV & 
CABIN PRESSURE SW 

-open 
• CABIN REPRESS vlv

CLDSE 
•PRESS REG A & B vlv -

CABIN 

YES 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

ELECTRICAL CONTACTS Of 
ONE SUIT ISOL VLV FAILED 
CLOSED OR SHORT CIRCUIT 
BETWEEN CABIN REPRESS 
VLV & CABIN PRESSURE SW 

• Cabin relief & dump vlv 
(ovhd) -AUTO 

14 

After 5 minutes, cabin 
pressure decays? 

NO 

• Cabin relief & dump vlv 
(fwd)-AUTO 

After 5 minutes, cabin 
pressure decays? 

NO 

CWEA OR SIGNAL CON
DITIONER FAILURE 

WARNING 

Automatic function of SUIT 
GAS DIVERTER vlv is degrad
ed. VLV should be left in 
PULL EGRESS position. Hel
met & gloves should remain 
on. 

PROCEDURE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Date ______ _ 

CWEA SIGNAL CONDITIONER 
FAILURE, SUIT ISDL VLV 
ELECTRICAL CONTACTS FAIL
ED CLOSED, OR SHORT CIR· 
CUIT BETWEEN CABIN RE· 
PRESS VLV & CABIN PRES· 
SURE SW 

• Cabin relief & dump vlv 
(ovhd)- CLOSE 

• Cabin relief & dump vlv 
(fwd)- AUTO 

• Configure ECS to cabin 
mode 

• PRESS REG A & B vlv -
CABIN 

• CABIN REPRESS vlv -
CLOSE 

• #112) ASC 02 vlv-OPEN 

REMARKS 

0 CLOSE & DIRECT 02 posilions are 
used only during initial manning & 
suit checkout. This malfunction 
procedure is only apprtcable to 
egress & cabin modes. 

(D Detectable to crew by absence of 
hissing (gas flow). 

(D CABIN warn It rema ins on. II is no 
longer functional. 

0 Torn-suit protection is lost. 

© Mission is degraded. 

(D Restricted to egress mode of 
operation. 

(i) Assumption, # l ASC 0~ is used 
initially. If #2 ASC 02 IS used 
initially, numbers in parentheses 
apply. 

0 

Redundant cabin relief & dump vlv 
is lost. 

Automatic cabin repressurization 
capability is lost. 

300LM4-562 

REMARKS 
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SYMPTOM 

8 

WATER QTY 

YELLOW 

light on if, 

Descent H2 0 Quantity 
<16% 

When unstaged , either 
ascent H~O tank Quan-
tityis<9 % 

When staged, H2 0 
Quantity in ascent tank 
No. l * ascent tank 
No. 2 by >15% 

• 

SYMPTOM 

Staged? 

YES 

15 

• O;, /H2 0 QTY MON sel
ASC l 

XDUCER FAILURE, LOSS OF 

~ti T~~lrii/1EAX IN AS· 

Basic Date _1_5_J_u_ly_l_9_6_B_ 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

NO 
(,>,{)%) 

ECS, H2 0 QUANTITY ind 
>95%1 

YES 

•ff!~2 0 QTY MON sel

fCS, H2 0 QUANTITY ind 0%? 

18 

XDUCER FAILURE, OR N2 
LEAK IN ASCENT TANK 
NO. 2 

PROCEOURE 

11 

~~S~~O QUANTITY ind 

YES 

H;,O LEAK IN ASCENT TANK 
NU. l 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Date-------

• When MSFN confirms loss 
of H2 0 feed, or crew no
tices glycol temp begins to 
rise, WATER TANK SELECT 
vlv - ASC 

• PRIM EVAP FLOW NO. 2 
vlv-CLOSE 

• SEC EVAP FLOW vlv
CLOSE 

REMARKS 

Q) Normal mission use. 

0 H2 0 Quantity remaining in descent 
tank is unknown. Increase in glycol 
temp above +50°F is only indi
cation that descent tank is de
pleted. 

System capability is degraded by 
loss of H2 0. 

© H2 0 Quantity status is limiled to 
reading of fCS, H2 0 QUANTITY ind . 

H2 0 Quantity remaining in ascent 
tank is unknown. 

Fire - suppression system capability 
is unknown. 

300IM+563 

REMARKS 
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SYMPTOM 

ECS, CABIN TEMP ind 
high 

Nominal range+ 70 ° 
to+ 80° 

10 

ECS, SUIT PRESS ind 
>4.0 psia 

PRESS REG A & B vlv · 
EGRESS (Nominal suit 
pressure is 3.8 ± 0.2 
psia) 

SYMPTOM 

Basic Date 15 July 1968 

NO 

Either cabin fan on? 

NO 

• CB ECS, CABIN FAN CONT 
-open 

7K5 RELAY GROUNDED 

ECS, PRESS ind pwr fail It -on? 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

ECS, GLYCOL temp ind
normal? 

YES 

NO 

NO 

AUTO OPERATION OF CABIN 
TEMP VLV FAILEO 

Determine failed fan 

• CB ECS, CABIN FAN !
open 

CABIN FAN NO. 1 
CIRCUITRY FAILURE 

SUIT PRESSURE XDUCER FAILED 

PRESS REG B VLV REGULATING 
HIGH OR FAILED OPEN 

PROCEDURE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

• CB ECS, CABIN FAN ! 
close 

• CB ECS, CABIN FAN 2 -
open 

I WARNING. 

T orn•suit protection is inoperative 
when suit pressure xducer fails 
high Df low . 

• PRESS REG B Ylv- CLOSE 
• PRESS REG A Ylv-EGRESS 

Change Date ______ _ 

CD 
CD 

REMARKS 

Assumption: Cabin is pressurized. 

It may become necessary to deter
mine whether lloth cabin fans are 
on, by operating cabin fan CB's 

(D It may take several minutes for 
cabin temp to decrease. 

© Cabin temp monitoring is lost. 

(D Only manual control of cabin temp 
is available. 

(D Cabin temp control is degraded. 

CD 

CD 

0 

Callin circulation & temp control is 
lost. 

CB ECS, CABIN FAN 1 & 2 must 
lie opened liefore dumping cabin. 

Assumption, Egress mode, cabin is 
depressurized. 
During cabin dump the suit 
pressure follows cabin pressure 
down to 4.15 ± 0.15 psia. (Reseat 
pressure of SUIT CIRCUIT RELIEF 
vlv). Crew metabolic consumption 
and ARS leakage lowers the 
pressure to regulated egress mode 
pressure of 3.8 ± 0.2 psia. 

ECS, SUIT & CABIN PRESS ind are 
lost. Readout will not change. On
board suit pressure indication is 
limited to PGA cuff pressure gage 
(2) while in hard suit. Suit/ cabin 
pressure is monitored Dy MSFN 

Suit pressure is limited to 4.45 ± 
0.15 psia by SUIT CIRCUIT RELIEF 
Ylv. 

Pressure indication is limited to 
PGA cuff pressure gage while in 
hard suit. ECS, CABIN PRESS ind 
may l>e used to monitor suit pres
sure only when cabin is pressurized. 

02 demand pressure regulator 
redundancy is lost. 

Crew consumption and leakage will 
reduce ECS, SUIT PRESS ind from 
high reading to regu lated egress 
pressure 13.8 ± 0.2 psia), when 
failed regulator is closed. 

300LM4-5-45 

REMARKS 

Page _5._2_-_12_3_ 

■ 



SYMPTOM 

11 

YELLOW 

light on if, 

Descent quantity < 5% 

Either ascent Q;, tank 
quantity < 80'!\ before 
staging 

Ascent 02 tank No. 1 
quantity < 10% after 
staging 

SYMPTOM 

Vehicle staged? 

25 

•~t~2 0 QTY MON sel -

~~~~ QUANTITY ind 

YES 

XOUCER FAILURE OR LOSS 
Of # 1 ASC 02 OUTSIDE 
CABIN 

Basic Date __ 1s_ J_u_1y_ 19_6_B_ 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

YES 

YES ECS 

12 1 

NORMAL MISSION USE 

ECS, CABIN PRESS ind -
decreasing? 

YES 

• DES 0;,, vlv-CLOSE 
• #1 ASC 02 vlv-OPEN 
• CABIN REPRESS vlv-

CLOSE 
• SUIT GAS DIVERTER vlv

PULL EGRESS 
• CABIN GAS RETURN vlv

EGRESS 

LEAK IN :t 1 ASC 02 LINE 
INSIDE CABIN 

~~o~'i QUANTITY ind

NO (,=0%) 

e #l ASC 02 vlv-CLOSE 
• #2 ASC 02 vlv-OPEN 

• PRESS REG B vlv
OIRECT 02 for::::10 min 

LEAK IN #2 ASC 02 LINE 
INSIDE CABIN 

PROCEDURE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Date ______ _ 

MSFN confirms loss of 02 

16 

• # I ASC 02 vlv · CLOSE 
• #2ASC 02 vlv -OPEN 

=~~ 2?t vt:i~~iEPEN 
• 02/H_~O @Y MON sel -

C/W RlSET, then ASC I 
• CABIN REPRESS vlv

CLOSE 

XDUCER FAILURE OR LOSS 
Of #2 ASC 02 OUTSIDE 
CABIN 

28 

• 02/H20 QTY MON sel -
C/W RESET, then DES 

0 

REMARKS 

Assumption, # 1 ASC 02 used 
initially. 

Q) Loss of CWEA requires observation 
of ECS, 02 QUANTITY ind for 02 
status. 

0 MSFN monitors 02 man~old pres
sure to verify loss of 02 . PLSS 
02 fi ll vlv must be opened & appli
cable tank selected for monito<ing. 

© Onboard O;, quantity monitoring 
capability is lost. 

(D 02 is lost. Mission is degraded 

JOOlM-4-564 

REMARKS 
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LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

SYMPTOM PROCEDURE REMARKS 

CD Assumption, Cabin mode of 
operation, & crew has been 
alerted to this situation. 

NO 
>5 psia' 

=~~~1~'kl~RE~~
0
~;-CLOSE 

YES • # I ASC 02 vlv-OPEN 
• SUIT GAS OIVERTER vlv-PULL 

CD EGRESS Decision to use remaining descent 
• 02 /H2 0 QTY MON sel-OES 02 o, lo switch to ascent 02 tank 

No. I will be determined real time, 
ECS, 02 QUANTITY ind-02 

based on remaining quantity & de· 
quantity decay continues? cay rate of descent 02 . 

NO 

0 Descent ~ quantity display is de· 
graded. I will read less than ac-
t_ual 02 remaining. 

Stable al~33% 02 quantity? 

YES 0 Descent 02 supply is degraded. 
Burst diaphragm vlv assembly vents 
descent O tanks to maximum pres-
sure of 1,&x\ psia & reseats to pro-

BURST DIAPHRAGM RELIEF VLV • #I ASC 02 vlv-CLOSE vide one cabin repreSSurization up 

• SUIT GAS DIVERTER vlv-PULL 
RELIEVED & RESEATED 

=~~~1~\l~Ri~E~v-AUTO 
to I hour alter initial rupture. 

EGRESS • SUIT GAS DIVERTER vlv-PUSH CD • DES 02 vlv-CLOSE CABIN High pressure leaking in to cabin 
• CABIN REPRESS vlv-CLOSE maintains cabin pressure at dump -
• Dump cabin pressure to 4.8 psia. vlv - activation level. 

NO 
(INCREASES) LEAK IN DESCENT 02 SUPPLY BE· 

ECS, CABIN PRESS ind - stable? TWEEN DES 02 VLV & DESCENT 

YES 
~_l'B~NUPPL Y LINE PENETRATION OF 

(STABLE) 

10 

• PRESS REG A vlv - CLOSE © Excess 02 flow from failed vlv 
• DES 02 vlv -OPEN 

NO 
increased cabin pressure to dump 
vlv relief pressure. 

ECS, CABIN PRESS ind 4.6 to 5.0 1>5 psia) 
psia? PRESS REG B VLV FAILED OPEN •PRESS REG B vlv-CLOSE Descent 02 supply is degraded. 

•PRESS REG A vlv-CABIN Remaining quantity determines 
YES • CABIN REPRESS vlv-AUTO mission continuation. 

• SUIT GAS DIVERTER vlv - PUSH 
CABIN 

• PRESS REG B vlv - CLOSE 
• PRESS REG A vlv-CABIN NO 

ECS, CABIN PRESS ind 4.6 lo 5.0 
1>5 psia) 

psia? PRESS REG A VLV FAILED OPEN • PRESS REG Aviv-CLOSE 
• PRESS REG B vlv-CABIN 

YES • CABIN REPRESS-vlv-AUTO 
• SUIT GAS DIVERTER vlv- PUSH 

CABIN 
16 

• PRESS REG B vlv-CABIN NO G) AUTO position of CABIN REPRESS 
• CABIN REPRESS vlv-AUTO (INCREASES vlv is inoperative. 

> 5 psia) 17 
ECS, CABIN PRESS ind-stable? 

CABIN REPRESS VLV LEAKS IN 
YES AUTO POSITION 

© Cycling pressure regs & cabin 
repress vlv may have corrected 

19 malfunction. 

TEMPORARY UNSEATING OF CABIN 
REPRESS VLV OR TEMPORARILY 

■ 
FAILED-OPEN PRESSURE REG 

300LM4-553 

SYMPTOM PROCEDURE REMARKS 
ENVIRONMENTAL CONTROL SUBSYSTEM 
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SYMPTOM 

13 

SUIT/FAN 

RED 

light on if suit pressure 
< 3.12 psia or suit fan 
No. 2 fails when select
ed. 

SYMPTOM 

Cabin pressurized? 

If SUIT ISOL vlv (CDR & LMP) 
- SUIT DISC, set to SUIT 
FLOW within 1 minute to 
prevent asphyxiation. 

YES 

Basic Date __ 1s_J_ul_y_1_9_6_B_ 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

CABIN warn It- on? 

SUIT ISOL vlv (CDR & LMP) 
- rema in in SUIT FLOW? 

NO YES 

NO 
<3.3 psia 

CWEA CONTACTS FOR LOW 
SUIT PRESSURE FAI LED 
CLOSED 

WARNING 

SUIT ISOL vlv (CDR & LMP) -
SUIT DISC, set to SUIT FLOW 
within 1 minute to prevent 
asphyxiation. 

• PRESS REG A & B vlv
CABIN 

• CABIN GAS RETU RN vlv
AUTO 

• SUIT ISOL vlv (CDR & 
LM P) - SUITFLOW 

SUIT PRESSURE XOUCER 
FAILED 

-open 
t-----------i~ • SUIT ISOL vlv (CDR &LMP) 

PROCEDURE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Date -------

- SUIT FLOW 

Verify cabin pressurized. If 
suit fan No. 1 is inoperable, 
helmet must be removed. 

0 

0 

REMARKS 

Assumption, crew fully suited. CAB
IN warn It provides prior knowledge 
of loss of cabin and suit pressure 
when crew is in soft suit. 

Assumption: successful integrity 
check was performed before cabin 
depressurization. 

EVA is considered unsafe at this 
time. 

(D Torn-suit protection system is lost. 

© fan-failure warning system is lost. 
Reliance on MASTER ALARM pb/ lt 
ECS caut It, and H2 O SEP comp 
caut It is necessary . 

REMARKS 
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SYMPTOM 

14 

High cabin pressure 

Pressure > 5 psia. 

SYMPTOM 

I 
I 
I, 
I 

I 
I 
I 
!YES 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Basic Date 15 July 1968 

ECS, SUIT & CABIN PRESS ind
equal' 

YES 

i~~j' QUANTITY ind 80% to 

NO (:::el00%) 

LMA790-l-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

NO (SUIT PRESS = 4.6 TO 5.0 PSIA) CABIN PRESSURE XOUCER OR 
INDICATOR FAILED 

=~&1~H~~ %1JE~~rR stDP~LL 
EGRESS 

•CABIN GAS RETURN vlv -EGRESS 
•DES Oz vlv-CLOSE 
•Cabin relief & dump vlv (fwd & 

ovhd)-CLOSE 

ECS, CABIN PRESS ind - increases? 

YES 

•Configure to cabin mode 

CABIN REPRESS VLV LEAK •PRESS REG A & B vlv-CABIN 

PRESS REG B FAILED OPEN 

PRESS REG A FAILED OPEN 

PROCEDURE 
ENVIRONMENTAL CONTROL SUBSYSTEM 

Change Date ______ _ 

REMARKS 

(D ECS, SUIT PRESS ind can be used 
to monitor cabin pressure in cabin 
mode. 

(D Oz is lost. System is degraded. 

Q) Excess Oz into cabin was dumped 
overboard thru cabin pressure 
relief valves. 

Rate of pressure increase is 
function of Oz leak rate into 
cabin. 

AUTO position of CABIN REPRESS 
vlv is rost. 

© PRESS REG VIV redundancy is lost. 

G) Assumption, # 1 ASC o2 is used 
initially. If #2 ASC Oz JS used 
initially, numbers in parentheses 
apply. 

PRESS REG vlv can be set to 
CABIN mode as function of 
remaining Oz quantity. Real-time 
decision. 

(D Open #2 1#1) ASC 02 when 
# 1 (#21 ASC Oz tank is depleted. 

300LM4-565 

REMARKS 

Page _s_._2_-1_2_1_ 
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SYIIPTDII 

15 
ECS: PRESS, GLYCOL 
& QUANTITY ind pwr 
fail Its on 

REO 

lights on if ind 28-vdc 
power is lost. 

16 

ECS: GLYCOL ind pwr 
fail It on 

RED 

Light on if ind 28-vdc 
power is lost. 

SYIIPTDII 

Basic Date __ 1_s_J_u1_y_1_9_6B_ 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

CB ECS: OISP- open? eCB ECS: OISP - close 

NO 

OPEN CIRCUIT BETWEEN CB ECS: 
OISP & ECS INDICATORS 

._ ______ ~ All crew ECS - monito,ing capabil-
ity is lost. 

I 2 
CAUTION 

To prevent freeze-up of HTS pri- •CB ECS: GLYCOL PUMP AUTO 
mary sublimato,, this procedure .,_ ___ "'4 TRNFR -open 
must be accomplished within 1 min- •CB ECS: GLYCOL PUMP 1 - open 
ute. 

ECS: GLYCOL press ind ::::: 15 psia? 

YES 

ECS: PRESS IND PWR FAIL LT FAIL
ED ON 

PROCEDURE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

CB ECS: OISP- OPEN INADVERTENTLY 

• CB ECS: GLYCOL PUMP 1 - close 
•CB ECS: GLYCOL PUMP AUTO 

TRNFR - close 

Change Date ______ _ 

REMARKS 

CD Onboard capability fo, monttorin1 
ECS parameters is lost. 

MSFN can monito, ECS parameters 
wtiile in LOS. 

(D CWEA still alerts crew to ECS mal
functions, but fault isolation is im
possible . 

CD Assumption, Pump No. 1 initially 
selected. MASTER A!ARM pb/ll 
ECS caut II, & GLYCOL comp caut 
II go on. 

(D To prevent setting glyool pump 
automatic transfer circuitry, do 
not reverse sequence. 

(!) Onboard capability fo, monitoring 
glycol temperature pressure is lost. 

CWEA still alerts crew to primary 
glycol - loop malfunction. 

MSFN can monito, primary glycol -
loop operation while in LOS. 

:lOOlM .. 599 

REMARKS 

Page _s_._2-_1_2_s_ 
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17 CD Assumption, Helmet & gloves are 

ECS, PRESS ind pwr fail 
It on 

RED 

Light on if ind 28-vdc 
power is lost. 

18 

ECS, QUANTITY ind 
pwr fail It on 

RED 

Light on if ind 28-vdc 
power is lost. 

SYMPTOM 

Cabin pressurized? 

NO 

• CB ECS, CABIN REPRESS - open 
• PGA pressure gage - monitor 
• PRESS REG A vlv - CABIN until 

PGA pressure gage 4.3 psig, then 
EGRESS 

ECS, 

POWER TO ECS, PRESS IND IS LOST 

Vehicle staged' 

NO 

YES 

• SUIT GAS DIVERTER vlv - PULL 
EGRESS 

• CABIN GAS RETURN vlv - EGRESS 
• SUIT CIRCUIT RELIEF vlv - CLOSE 
• PRESS REG A vlv - OPEN for 5 

seconds, then CABIN 

ECS, SUIT PRESS ind-increases? 

QTY MON sel - DES 

Both pointers move? 

POWER TO ECS, QUANTITY IND IS 
LOST 

PROCEDURE 

ENVIRONMENTAL CONTROL SUBSYSTEM 

• SUIT CIRCUIT RELI EF vlv · AUTO 
• CABIN GAS RETURN vlv · AUTO 
• SUIT GAS DIVERTER vlv · PUSH 

CABIN 

donned. 

PGA pressure gage is not useful at 
this time because minimum reading 
is 2.5 psig. 

(D Onboard capability for monitoring 
suit & cabin pressure is lost. 

CWEA still alerts crew to low suit 
or cabin pressure. 

MSFN can monitor suit & cabin 
pressure while in LOS. 

CD DES position of 02 /H2 0 QTY MON 
sel is used to provide a different 
signal input to determine status of 
indicator. If indicator has failed, 
pointers will remain in position in
dicated when power is lost. 

(D Onboard capability for monitoring 
02 and H2 0 quantity is lost. 

(D Assumption, No. 1 ASC 02 is being 
used; therefore, CWEA still alerts 
crew to low No. I ASC 02 quan· 
tity. 

(D Allows MSFN to monitor I ASC 02 
and H2 0 quantity when in LOS. 

(D MSFN can monitor descent quan· 
tity when in LOS. 

(D CWEA still alerts crew to low de· 
scent 02 or H2 0 quantity or leak 
in ASC 02 or H2 0 tanks. 

300LM4-600 

REMARKS 

■ 

Basic Date __ 1_5_J_u_ly_ l _96_B_ Change Date _ _ ____ _ Page 5. 2-129 / 5. 2-1 30 
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5.2. 12 EXPLOSIVE DEVICES 

Table 5-23. ED Procedure Entry Sheet 

• 
Sym Page 

Symptom No. No. 

ED RELAYS caut lt 1 5.2-133 

Ascent fuel or oxid tank r emains at blanket pressure after ascent pressurization 2 5.2-134 

ED: STAGE SEQ RLY SYS A & B comp caut lt not on when attempting to set ED: 3 5.2-134 
MASTER ARM sw to ON 

Table 5-24. ED Failure/Symptom Cross-Reference Index 

Sym Page 
Failure Symptom No. No. 

Ascent tank pressure indicator or Ascent fuel or oxid tank remains at 2 5.2-134 

• 
circuitry failure blanket pressure after ascent 

pressurization 

CWEA failure ED RELAYS caut lt 1 5.2-133 

Double failure of ED: ASC He PRESS sw Ascent fuel or oxid tank remains at 2 5.2-134 
blanket pressure after ascent 
pressurization 

Double failure of ED: ASC He SEL sw or Ascent fuel or oxid tank remains at 2 5.2-134 
explosive vlvs blanket pressure after ascent 

pressurization 

ED: ASC He PRESS sw contacts did not Ascent fuel or oxid tank remains at 2 5.2-134 
make on first attempt blanket pressure after ascent 

pressurization 

ED: MASTER ARM sw contacts did not ED: STAGE SEQ RLY SYS A & B comp 3 5.2-134 
make on first attempt caut lt not on when attempting to set ED: 

MASTER ARM sw to ON 

ED: MASTER ARM SW failed off ED: STAGE SEQ RLY SYS A & B comp 3 5.2-134 
(double failure) caut lt not on when attempting to set ED: 

MASTER ARM sw to ON 

• ED: MASTER ARM sw jammed off ED: STAGE SEQ RL Y SYS A & B comp 3 5.2-134 
caut lt not on when attempting to set ED: 
MASTER ARM sw to ON 

ED sys A relay Kl, K3, K4, K5, or ED RELAYS caut lt 1 5.2-133 
K6 failed closed 

ED sys A ,stage command relay K2 ED RELAYS caut lt 1 5.2-133 
temporarily failed closed 

• ED sys B relay Kl, K3, K4, K5, or ED RELAYS caut lt 1 5.2-133 
K6 failed closed 

ED sys B stage command relay K2 ED RELAYS caut lt 1 5.2-133 
temporarily failed closed 

Basic Date 15 July 1968 Change Date _____ _ Page 5. 2-131/5. 2-132 



SYMPTOM 

ED RELAYS 

YELLOW 

Light on if contacts of 
master arm relay Kl or 
relay K2 through K6 in 
staging sequence (stage 
command, cable cutting, 
deadfacing, and separa
tion of nuts & bolts) fail 
closed. 

SYMPTOM 

Bas ic Date 15 July 1968 

ED, STAGE SEQ RLY SYS A comp 
caut It-on? 

NO 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

Reset relay 

• ED: STAGE RELAY sw-RESET 

ED: STAGE SEQ RLY SYS A comp 
cau t It-off? 

NO 

ED SYS A RELAY Kl, K3, K4, K5, 
OR K6 FAILED CLOSED 

CWEA FAILURE 

Reset relay 

• ED: STAGE RELAY sw-RESET 

ED: STAGE SEO RLY SYS B comp 
caut It-off? 

NO 

PROCEDURE 

EXPLOSIVE DEVlCES 

ED SYS A STAGE COMMAND RELAY 
K2 TEMPORARILY FAILED CLOSED 

• CB ED: LOGIC PWR A-open 

CAUTION 

When FITH is to be pertormed, re· 
dundancy of ED system must be 
regained. After ABORT STAGE pb -
push, CB ED: LOGIC PWR A IB)
close 

9 

ED SYS B STAGE COMMAND RELAY 
K2 TEMPORARILY FAILED CLOSED 

CAUTION 

When FITH is to be pertormed, re
dundancy of ED system must be 
regained. After ABORT STAGE pb -
push, CB ED, LOGIC PWR A IB)
close 

Change Date ______ _ 

REMARKS 

Q) MSFN can confirm failure via 
telemetry. 

JOOLM-4-538 

REMARKS 

Page 5, 2- 133 



SYMPTOM 

2 I Ascent fuel or oxid tank 
remains at blanket pres-
sure after ascent pres-
surization. 

3 
ED, STAGE SEQ RL V SVS 
A & B comp caut It not 
on when attempting to 
set ED, MASTER ARM SW 
to ON 

SYMPTOM 

I 

Basic Date 15 July 1968 

LMA790-3- LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

1 2..1 MSFN, All ascent tanks VES 
pressurized? ASCENT TANK PRESSURE INDICATOR 

DR CIRCUITRY FAILURE 

t 
2..1 Attempt pressurization 

e m ASC He SH sw-unpressur-
ized tank 

•m MASTER ARM sw-DN 
e ED, ASC He PRESS sw-FIRE 

~ e m MASTER ARM sw-Dff 

Tank pressurized? VES ED, ASC He PRESS~ CONTACTS 
DID NOT MAKE ON FIRST ATTEMPT 

t 
.!..l 

Attempt pressurization 

• CB S/C, ABORT STAGE (2)-open 
• ABORT STAGE pb-push 
• ABORT STAGE pb-reset 
• CB S/C, ABORT STAGE (2) -close 

.!..I m Tank pressurized? DOUBLE FAILURE Of ED, ASC He 

. ND 
PRESS~ 

w 
DOUBLE FAILURE Of ED, ASC He 
SH ~ OR EXPLOSIVE VLVS 

e m MASTER ARM sw- recycle 

ED, MASTER ARM sw move to ON 1-N'--O;._ _______________ .,. 
position? 

ED, MASTER ARM SW JAMMED Off 

ED, MASTER ARM SW CONTACTS 
DID NOT MAKE ON FIRST ATTEMPT 

ED, MASTER ARM SW FAILED Off 
(DOUBLE FAILURE) 

PROCEDURE 

EXPLOSIVE DEVICES 

3 Alternative method of arming ED 
bus 

• CB S/C, ABORT STAGE 12) -open 
• ABORT STAGE pb-push 
• ED sw (desi red function)-FIRE 
• ABORT STAGE pb-reset 
• CB S/C, ABORT STAGE 12)-close 

This method results in ascent 
tank (fuel & oxid) pressurization 
as soon as ABORT ST AGE pb is 
pushed. 

Change Date -------

REMARKS • 
• 

• 

• 
300I.M,4-539 • REMARKS 
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5.2. 13 LIGHTING 

Table 5-25. L TG Procedure Entry Sheet 

Sym Page 

• Symptom No. No . 

Overhead floodlights do not go on 1 5.2-139 

Overhead floodlights remain on with LTG: FLOOD sw set to OFF & 2 5.2-139 
· overhead hatch closed 

EL numerics failed on 3 5. 2-139 

EL numerics failed off 4 5.2-140 

EL panel lights failed off 5 5. 2-141 

EL panel lights failed on 6 5.2-142 

MASTER ALARM pb/ lt and tone come on without C/W, or comp caut lt 7 5.2-142 

Docking lts do not go on 8 5.2-142 

Tracking lt does not go on 9 5.2-142 

• Table 5-26. LTG Failure/Symptom Cross-Reference Index 

Sym Page 
Failure Symptom No. No. 

A-c dimmer failure EL numerics failed off 4 5.2-140 

Burned-out lamp or blown fuse in EL numerics failed off 4 5.2-140 
single output of lighting control 
assembly transformer 

CB failure or short in forward panels EL panel lights failed off 5 5. 2-141 
EL circuitry 

CB left open Docking lts do not go on 8 5. 2-142 

Circuitry failure in a-c dimmer EL panel lights failed off 5 5.2-141 
high- power assembly 

• Docking hatch s w or LTG: Overhead floodlights remain on with 2 5.2-139 
FLOOD sw failed c losed LTG: FLOOD SW set to OFF & 

overhead hatch closed 

Docking lights circuit open Docking lts do not go on 8 5.2-142 

Failure in CWEA MASTER ALARM pb/lt and tone come 7 5.2-142 
on without C/W, or comp caut lts 

Failure in d-c circuit of lighting MASTER ALARM pb/lt and tone come 7 5.2-142 

• control assembly on without C/W, or comp caut lts 

Basic Date 15 July 1968 Change Date _____ _ Page __ 5_.2_-_1_3_5 ___ _ 
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Table 5-26, LTG Failure/Symptom Cross-Reference Index (cont) 

Failure 

Failure in dimmer circuitry 

Failure in EL dimming circuitry or 
control, or in LTG: OVERRIDE 
INTEGRAL sw 

Failure in L TG: FLOOD sw or 
floodlight circuitry 

Failure in numerics dimming circuit or 
control, or in LTG: OVERRIDE 
NUM SW 

Failure of lamps or exterior lighting 
control circuitry 

Failure of SLA pressure sw on LM. 
Outrigger or associated circuitry, or 
failure of lamps or exterior lighting 
control circuitry 

Hatch pressure sw failed open 

Lamp failure in annuciator associated 
with malfunction 

L TG: ANUM/ NUM cont open winding or 
bad wiper contact 

L TG: FLOOD cont winding open 

LTG: FLOOD sw OVHD/ FWD position 

LTG: OVERRIDE INTEGRAL sw failed 
open in both positions 

LTG: OVERRIDE NUM SW failed or 
numeric lighting circuitry open 

LTG: SIDE PANELS sw failed 

One set of floodlights failed 

Open circuit in EL lamp 

Open winding in dimmer control or 
bad wiper contact 

Short in a-c dimmer low-power 
assembly or in LTG: ANUM/NUM cont 

Short in a-c dimming assembly 

Short in both side panels EL circuitry 

Short in CDR side panels EL circuitry 

Basic Date 15 July 1968 

Symptom 

MASTER ALARM pb/ lt and tone c.ome 
on without C/ W, or comp caut Its 

EL panel lights failed on 

Overhead floodlights do not go on 

EL numerics failed on 

Docking Its do not go on 

Docking Its do not go on 

Overhead floodlights do not go on 

MASTER ALARM pb/ lt and tone come 
on without C/W, or comp caut lts 

EL numerics failed off 

Overhead floodlights do not go on 

Overhead floodlights do not go on 

EL panel lights failed off 

EL numerics failed off 

EL panel lights failed off 

EL panel lights failed on 

Overhead floodlights do not go on 

EL panel lights failed off 

EL panel lights failed off 

EL numerics failed off 

EL panel lights failed off 

EL panel lights failed off 

EL panel lights failed off 

Change Date _____ _ 

Sym 
No. 

7 

6 

1 

3 

8 

8 

1 

7 

4 

1 

1 

5 

4 

5 

6 

1 

5 

5 

4 

5 

5 

5 

Page 
No . 

5,2-142 

5,2-142 

5,2-139 

5.2-139 

5.2-142 

5.2-142 

5.2-139 

5,2-142 

5.2-140 

5. 2-139 

5.2-139 

5.2-141 

5. 2-140 

5.2-141 

5.2-142 

5,2-139 

5,2-141 

5. 2-141 

5.2-140 

5,2-141 

5.2-141 

5. 2-141 

Page __ 5.;..;•;...2_-...;1..;;.3..;;.6 __ _ 
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Table 5- 26. L TG Failure/ Symptom C rnss-Reference Index (cont) 

Sym 
Failure Symptom No, 

• Short in LMP side panels EL circuitry EL panel lights failed off 5 

Short in numeric lighting assembly or EL numer ics failed off 4 
CB/ AC BUS B: NUM L TG failure 

Tracking It or circuitry failu r e Tracking lt does not go on 9 

• 

• 
• 

Basic Date 15 July 1968 Change Date Page 
5 

Page 
No . 

5. 2-141 

5. 2-140 

5.2-142 

. 2-137/5. 2-138 
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•

r----:::=:::-::-----,---------A-P_o_L_Lo_o_P_E_R_A_T_IO_N_s _H_A_N_D_e_o_o_ K __ 
SYMPTOM PROCEDURE 

1 

Overhead floodlights do 
not go on 

2. 

• LTG: FLOOD sw -OVHD/FWD 

Overhead & forward floodlights-on?t-Y_E_S_!N_OR_M_A_L O_P_ER_A_TI_ON.;..I _______ __,_ 

10 

NO 

• LTG, FLOOD sw-ALL 

Overhead, forward, & side panel 
floodlights-on? 

YES 

LIG, FLOOD SW OVHD/FWD 
POSITION FAILED 

FAILURE IN LTG: FLOOD SW DR 
FLOODLIGHT CIRCUITRY 

Overhead floodlights 
remain on with LTG, 
FLOOD SW set to Off & ,-:------------------------------~ 
overhead hatch closed 

EL numerics failed on t--+---------------------------aJ 

SYMPTOM PROCEDURE 

LIGHTING 

LTG: FLOOD CONT WINDING OPEN 

LMP can direct light on flight 
instruments while CDR pilots 
vehicle 

DOCKING HATCH SW OR LTG: 
FLOOD SW FAILED CLOSED 

FAILURE IN NUMERICS DIMMING 
CIRCUIT OR CONTROL, OR IN LTG, 
OVERRIDE NUM SW 

Use numerics only when required. 
When numerics are not required: 
• CB/AC BUS B: NUM LTG · open 

Basic Date 15 July 1968 Change Date ______ _ 

REMARKS 

0 II is assumed that CB LTG: FLOOD is 
clos,d. 

G) This failure is delectable only when 
hatch is open. 

G) If visual task permits, turn remain
ing set of floodlights on bright or 
use utility lights, penlights, or some 
combination of these lights. 

(D Lower brightness range is lost. 

JOOIM.I.Sn 

REMARKS 

Page 5. 2-139 
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SYMPTOM 

EL numerics failed ott 

SYMPTOM 

How many readouts failed? 

•LTG: ANUN /NUM cont-adjust 

Numerics on? 

NO 

•LTG: OVERRIDE NUM sw-ON 

All numerics on? 

NO 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

PROCEDURE 

ONE 
t-"--'----------------t~ BURNED-OUT LAMP OR BLOWN 

OPEN 
•LTG: OVERRIDE NUM sw- ON 
• CB/AC BUS B: NUM LTG - close 

SHORT IN A-C DIMMER LOW-POWER 
ASSEMBLY OR IN LTG: ANUN/NUM 
CONT 

LTG: ANUM/NUM CONT OPEN WIND
ING OR BAD WIPER CONTACT 

A-C DIMMER FAILURE 

CAUTION 

FUSE IN SINGLE OUTPUT OF LIGHT
ING CONTROL ASSEMBLY TRANS
FORMER 

Monitoring capability of MSN TMR 
ind, EVNT TMR ind, MPS: FUEL & 
OXID QUANTITY ind, & MPS: HE
LIUM ind is lost. Only MSFN capa
bility remains for monitoring read
outs. 

When numerics not required: 
• CB/AC BUS B: NUM LTG-open 

12 Monitoring capability of MSN TMR 

~1tf:i?~~H\~NUGMcf:J~~~~~:N .----0-i ~:iD ~i1Jrf~ i~~d. Mn,,:~ELHt 
LIUM ind is lost. Only MSFN capa
bility remains for monitoring read
outs. 

PROCEDURE 

LIGHTING 

Basic Date _1_s_J_u_ly_1_9_6_B_ Change Date -------

REMARKS ·• 
• 

(D Ligt,ts shou ld be on full bright. 

• 

• 
JOOLM-4-578 • REMARKS 

Page _s._2_-_14_0_ 
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SYMPTOM PROCEDURE 

5 cp Q) 

I EL panel lights failed off 

1 

~_!J 
~ 

How many EL lamps failed off? LTG, SIDE PANELS SW FAILED 
i-----, 

•LTG, SIDE PANELS sw (LMP Of 
CDR)-OFF 

ALL ONE •LTG, FLOOD sw -ALL or OVHD/ FWD 

- ~ OPEN CIRCUIT IN EL LAMP - - I 5 I 
•LTG, FLOOD sw-ALL or OVHD /FWD 

(if neede<l) 

6 
OPEN WJ 

Po~tion of CB/AC BUS A, INTGL •LTG, SIDE PANELS sw (CDR)-OFF 
LTG? •LTG, SIDE PANELS sw (LMP)-OFF 

CLOSED •CB/AC BUS A, INTGL LTG-close 

YES CB/AC BUSA, INTGL LTG - remains ~ 
closed? •LTG, OVERRIDE INTEGRAL sw-ON 

•CB/AC BUS k INTGL LTG-close 

CD 
~ ; f-!:l - YES 

SHORT IN A-C DIMMING ASSEMBLY - CB/AC BUS A, INTGL LTG - remains 
closed' 

NO 

l.!!.J 
CB FAILURE OR SHORT IN 
FORWARD PANELS El CIR-
CUITRY 

lill 12 

•LTG, SIDE PANELS sw (CDR)-ON 
~ •LTG, FLOOD sw-ALL or OVHD/FWD 

CB/AC BUS k INTGL LTG- remains ~ •LTG, SIDE PANELS sw (CDR)-OFF 
closed? •LTG, SIDE PANELS sw (LMP)-ON 

YES 
•CB/AC BUS A, INTGL LTG- close 

CB/ AC BUS k INTGL LTG remalns ~ 
~ 

l!!J closed? SHORT IN BOTH SIDE PANELS EL 
CIRCUITRY 

+YES SHORT IN LMP SIDE PANELS 
EL CIRCUITRY 

l.!!.J 
SHORT IN CDR SIDE PANELS EL + • CIRCUITRY 

L!!J 
1 •LTG, FLOOD sw-OVHD/FWD or ALL 

(as desire<!) 
19 -
•LTG, INTEGRAL cont- adjust over 

complete range 
l!l 

El lights-on? ~ •LTG, OVERRIDE INTEGRAL sw-ON 

.YES !!.J 
El lights-on? ~ LTG, OVERRIDE INTEGRAL SW 

L?!J .YES 
FAILED OPEN IN BOTH POSITIONS 

OPEN WINDING IN DIMMER CONT-
ROL OR BAD WIPER CONTACT ~ 

' CIRCUITRY FAILURE IN A-C DIMMER 
HIGH-POWER ASSEMBLY 

SYMPTOM PROCEDURE 

LIGHTING 

Basic Date 15 July 196B Change Date ______ _ 

REMARKS 

(D EL lamps on panels 12. 14, & 16, Of 
8& 11. 

Q) Floodlighting remains available. 

Q) Dimming capabili1y is lost. 

30()LM4..579 

REIWIIS 

Page 5. 2-141 
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SYMPTOM I PROCEDURE REMARKS 

6 r cp (D El lamps oo panels 12. 14. & 16. 

1 L!J Of panels 8 & 11. 

EL panel lights failed oo How many El lamps failed on? SOME 
(D EL side panel Its may still be regu-LTG, SIDE PANELS SIi FAILED ON 

lated by LTG, INTEGRAL cont & LTG, 

• 
fALL 

OVERRIDE INTEGRAL sw aloog with 

CD the rest of the El lighting. 

L!.I ~ 
FAILURE IN El DIMMING CIRCUITRY - • CB/AC BUS A, INTGL LTG-open G) Cootinuoos use of failed - oo panel 
OR CONTROL. OR IN LTG, OVERRIDE • LTG, FLOOD sw-ALL or OVHD/ FWD Its is not recommended, because 
INTEGRAL SW of possible short. • ! 

7 
i 
I 

MASTER ALARM pb/lt H YES l2J 
and tone come on with- C/W PWR caut It-on? - FAILURE IN CWEA 

out C/W, or comp caut 
Its I t I 

w 
• LTG, OVERRIDE ANUN sw-ON 

l.!..I YES 
C/W lt(s)- on? - FAILURE IN DIMMER CIRCUITRY 

t 
UJ ,------j CAUTION 

•LTG, LAMP/TONE TEST sel-cycle 

.!.I lnformatioo oo C/W malfunctioo 

C/W lt(s) -007 ~ FAILURE IN 0-C CIRCUIT Of ~ must now be derived from MSFN, 

LIGHTING CONTROL ASSEMBLY Of relayed via CSM. 

. ONE 

L!J 
LAMP FAILURE IN ANNUNCIATOR 
ASSOCIATED WITH MALFUNCTION • I 

8 0 1 
q) (D Condition of docking lights can be 

determined by CSM Of EVA ooly. 
1 TRANSPOSITION w DOCKING 

Docking Its do not go oo Mission phase? - FAILURE OF SLA PRESSURE SW ON 
LM. OUTRIGGER OR ASSOCIATED t RENDEZVOUS 
CIRCUITRY, OR FAILURE Of LAMPS 
OR EXTERIOR LIGHTING CONTROL 

ORBITAL OOCKING CIRCUITRY 0 LTG, EXTERIOR LTG sw must be sel 

3 ~ ~ 
to DOCK before launch, for electrical 

FAILURE Of LAMPS OR EXTERIOR 
continuity. 

CB LTG, ANUN /DOCK/COMPNT? LIGHTING CONTROL CIRCUITRY 

tOPEN 

~ G) There is no practical way to 
• CB LTG, ANUN/DOCK/ CMPNT- discriminate between these 

close 
l2J failure modes. 

Docking lights -on? ~ DOCKING LIGHTS CIRCUIT OPEN 

f ES 

.!.l 
CB LEFT OPEN 

I • 
9 0 (D Determined only by external 

observation. 

I Tracking It does not go I L!J TRACKING LT OR CIRCUITRY 

°" I I - FAILURE 

I 
300lM .. 580 • SYMPTOM I PROCEDURE REMARKS 

LIGHTING 

Basic Date __ 1_s _Ju_l_y_1_96_B_ Change Date _ _____ _ Page _ s ._2_-_14_2_ 
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5.2. 14 HEATERS 

5. 2. 14. 1 Assumptions 

5. 2. 14. 1. 1 HEATER caut lt (RCS) 

• No action will be taken during a critical mission phase. 

• One heat system (4/QUAD) can maintain temp above 119° F. 

HEATER caut lt (RR) 

HEATER caut lt (LR) 

HEATER caut lt (RCS) 

HEATER caut lt (S-BAND) 

Table 5-27. HTR Procedure Entry Sheet 

Symptom 

Table 5-28. HTR Failure/Symptom Cross-Reference Index 

Failure Symptom 

Automatic heater sys failure HEATER caut lt (RCS) 

CB, heater, or heater electronics HEATER caut lt (LR) 
failure 

HEATER caut lt (RR) 

CWEA LR heater circuitry failure HEATER caut lt (LR) 

CWEA RR heater circuitry failure HEATER caut lt (RR) 

CWEA S-band heater circuitry failed HEATER caut lt (S-BAND) 

Heater control circuitry failure HEATER caut lt (RR) 

LR heater or heater electronics HEATER caut lt (LR) 
failure 

LR temp xducer No. 1 failure HEATER caut lt (LR) 

Quad 1, 2, 3, or 4 instrumentation HEATER caut lt (RCS) 
failure 

RR overheating due to mission HEATER caut lt (RR) 
conditions 

Basic Date 15 July 1968 Change Date _____ _ 

Sym Page 
No. No. 

1 5.2-145 

2 5. 2-145 

3 5. 2-146 

4 5. 2-147 

Sym Page 
No. No. 

3 5. 2-146 

2 5.2-145 

1 5. 2-145 

2 5. 2-145 

1 5.2-145 

4 5. 2-147 

1 5.2-145 

2 5.2-145 

2 5. 2-145 

3 5.2-146 

1 5.2-145 

5.2-143 Page _______ _ 



LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK • Table 5- 28. HTR Failure/Symptom Cross-Reference Index (cont) 

Sym Page 
Failure Symptom No. No • 

RR temp xducer No. 1 failure or HEATER caut lt (RR) 1 5.2-145 
RR TEMP ind failure • S-band antenna heater failed HEATER caut lt (S-BAND) 4 5.2-147 

T emp reg failed HEATER caut lt (S - BAND) 4 5. 2-147 

•• 

• 
• 

Basic Date 15 July 1968 Change Date _____ _ Page __ 5_._2_-_14_4 ___ _ 
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SYMPTOM 

1 RR 

HEATER 

YELLOW 

light on if RR heater 
temp< -54°F or 
>l48°F 

2 LR 

HEATER 

YELLOW 

light on if LR heater 
temp<- l9° F or 
>148°F 

• HTR CONT, TEMP MON seI-

10 

RNDZ RADAR 

HTR CONT, TEMP ind > 148' F? 

NO 

NO 

NO 

CWEA RR HEATER CIRCUITRY 
FAILURE 

• HTR CONT, TEMP MON sel-
RNDZ RADAR 

HTR CONT, TEMP ind- normal' 

YES 

• HTR CONT, TEMP MON sel-LDG 
RADAR 

HTR CONT, TEMP ind >148° F? 

NO 

HTR CONT, TEMP ind<- 19°F? 

NO 

NO 

CWEA LR HEATER CIRCUITRY 
FAILURE 

LMA790-3- LM 4 
APOLLO OPERATION S HANDBOOK 

YES 

YES 

NO 

PROCEDURE 

•CB HTR, RONZ ROR OPR & RNOZ 
ROR STBY -close? 

NO 

RR OVERHEATING DUE TO MISSION 
CONDITIONS 

11 

•CB PGNS, RNDZ RDR- open 
When temp normal: 
• CB PGNS, RNDZ RDR-close 

CB, HEATER, OR HEATER 
ELECTRONICS FAILURE 

RR TEMP XDUCER NO. 1 FAILURE 
OR RR TEMP IND FAILURE 

LR HEATER OR HEATER 
ELECTRONICS FAILURE 

CB, HEATER, OR HEATER 
ELECTRONICS FAILURE 

LR TEMP XDUCER NO. I FAILURE 

HEATER CONTROL CIRCUITRY 
FAILURE 

• CB HTR, RNOZ ROR OPR-open 
If temp normal, 
• Continue mission 
If temp > 148' F, 
• CB HTR, RNDZ RDR STBY -open 

• CB PGNS, RNDZ RDR -close 
When temp normal, 
• Use RR 

• CB HTR, LOG RDR- open 
If temp stabilizes, 
• Continue mission 
If temp increases, 
• CB PGNS, LOG RDR- open 

• CB PGNS, LOG RDR- close 
When temp normah 
• Continue mission 

REMARKS 

300t.M-4-590 
r----:S::-:Y:-:-MP::T::-:OM::----t---------------P-RO_C_ED_U_RE---------------+----R-E-M-AR_K_S ___ _, 

HEATERS 
Basic Dote __ 1_5 _J_ul_Y_1_9_68_ Change Dote ______ _ Page 5. 2-145 

■ 



LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

SYMPTOM 

3 RCS 

HEATER 

YELLOW 

Light oo if RCS healer 
temp <119' For 
>190' F 

SYMPTOM 

•HTR CONT, TEMP MON sel -
RNOZ RADAR 

<-54' F 
HTR CONT, TEMP ind' 

> 148'F 

• HTR con TEMP MON sel-LDG 
RADAR 

<- 19' F 
HTR CONT, TEMP ind? 

>148' F 

• HTR CONT, TEMP MON sel-RCS 
QUAD I, 2, 3, or 4 

1----------t>l90' F 
HTR CONT, TEMP ind? 

Firing RCS at temp < 105' F may 
result in TCA failures 

NO 

Basic Dote _i_s_J_u_ly_l9_s_B_ 

PROCEDURE 

HTR 

I 2 

HTR 
2 

13 

3 

RCS QUAD I, 2, 3, or 4 temp 
>TBD? 

NO 

•Affected quad RCS, SYS A & B 
QUAD I, 2, 3, or 4 sw-CLOS[ 

TR CONT RCS SYS A/B-2 
, 2, 3, or4sw 

QUAD I, 2, 3, OR 4 INSTRUMENTA
TION FAILURE 

14 

• Affected quad HTR CONT, RCS 
SYS A/B-2 QUAO I. 2, 3, or 4 sw
AUTO 

• Affected quad HTR CONT, TEMP 
MON sel - RCS QUAD I. 2, 3, or 4 

PROCEDURE 

HEATERS 

YES 
• Affected quad RCS, SYS A & B 

QUAD I, 2, 3, or 4 sw-CLOSE 

• CB HTR RCS SYS A/B L QUAO 
I, 2, 3, & 4-open 

• CB HTR RCS SYS A/B 1, QUAD 
I. 2, 3, & 4- open 

AUTOMATIC HEATER SYS FAILURE 

• Affected quad HTR CONT, TEMP 
iod - monitor 

• When temp >120'F, RCS SYS A 
& B QUAD I, 2, 3, or 4 sw-OPEN 

Change Dote ______ _ 

REMARKS 

Q) Since 200° F is xducer limit when 
it pegs high, crew must close all 
RCS. SYS A & B QUAD I , 2, 3, & 4 
switches. TCA vlv seat deformation 
can occur al high temperatures. 

(D MSFN monitors power coosumptioo 
to determine heater performance. 

300!..M,4.59-4 

REMARKS 
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SYMPTOM 

S-BAND 

HEATER 

YELLOW 

light on if S-band 
antenna heater temp 
<- 64° F or :>,153° F 

SYMPTOM 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

•HTR CONT, TEMP MON seI-RNOZ 
RADAR 

HTR CONT, TEMP ind normal' 

• HTR CONT, TEMP MON sel-LDG 
RADAR 

12 

HTR CONT, TEMP ind- normal' 

• HTR CONT, TEMP MON sel-RCS 
QUAD 1, 2, 3, & 4 

HTR CONT, TEMP ind-normal? 

• HTR CONT, TEMP MON sel
S-BAND 

HTR CONT, TEMP ind -normal? 

PROCEDURE 

NO HTR 

1 1 

NO 

NO 

• CB HTR, S BO ANT- close 

S-BAND ANTENNA HEATER FAILED 

CWEA S-BAND HEATER CIRCUITRY 1----------------4 
FAILED 

PROCEDURE 

HEATERS 

TEMP REG FAILED 

•COMM ANT, S BAND sel - 1 or 2 

1asic Date __ 1_5_J_u_ly_1_96_B_ Change Date ______ _ 

REMARKS 

(D Each s-band heater assembly 
consists of two thermostats and 
one heater. 

Eight assemblies are used to 
control temp. Heater assembly 
locations are as follows, 
4-Electronics packages 
I -Microwave network 
1-X-gimbal housing 
1 - Y-gimbal housing 
1-X-gimbal spindle 

Failure of microwave network 
heater assembly results in 

11rogressively degraded pertormance 
until unit temp reaches-100° F. 
Thereafter, S-band steerable auto 
tracking fails. This failure cannot 
be detected until after it occurs, 
because single temp-monitoring 
point is within electronics package. 

300LM'-593 

REMARKS 
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CREW- PNL PROCEDURES 
MAN 

REMARKS 

CDR/ 1, 2 
LMP 1 

ECS 

ECS 
1 

ECS 

LMP ECS 

CDR/ 1, 2 
LMP 

5.3 EMERGENCY PROCEDURES 

Emergency procedures enable the crew to perform corrective action in the event of hazardous situations. These procedures require 
instant response on the part of the crew to prevent the situation from becoming worse. The procedures cover the following : 

I 
• Excessive cabin leak • CDR vacuum transfer to CSM 

• Fire in cabin • LMP vacuum transfer to CSM 

• Suit leak in depressurized cabin • Emergency transfer using OPS 

• Vacuum changeover - PLSS to LM • Emergency forward hatch opening (cabin side) 

5.3.1 EXCESSIVE CABIN LEAK Assumption: ECS is in Basic (Unstaged) configuration when 
cabin leak occurs. If configuration is ECS Basic (Staged), 
only steps 1, 2, and 5 are required. 

1. When cabin pressure drops to 4 .15 ±0 .15 psia, following occurs 
automatically: 

2. 

3. 

4. 

5. 

MASTER ALARM pb/lt - on 
CABIN warn lt - on 
CABIN REPRESS vlv opens 
SUIT GAS DIVERTER vlv - PULL EGRESS 

PRESS REG A & B vlv - EGRESS 
CABIN warn lt - off 
CABIN REPRESS vlv closes 
Cabin fans go off. 

CABIN REPRESS vlv - CLOSE 

CB ECS: CABIN REPRESS - open 

MASTER ALARM pb/ lt - reset , 

If helmet and gloves were removed, they should be donned before 
step 2. 
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• 

PROCEDURES 

5.3.2 FIRE IN CABIN 

1. PRESS REG A & B vlv - EGRESS 

2. Cabin relief and dump vlv (fwd and ovhd) - DUMP 
or 
Operate water hose to extinguish fire 

3. Perfor m Emergency Power-Down - TBD 

5.3.3 SUIT LEAK IN DEPRESSURIZED CABIN 

1. MASTER ALARM pb/ lt - on 
CABIN warn lt - on 
SUIT/ FAN warn lt - on 
CABIN REPRESS vlv - opens 
SUIT !SOL vlv (CDR) - SUIT DISCONN 
SUIT !SOL vlv (LNIP) - SUIT DISCONN 

2. Forward hatch - close 

3. Forward hatch handle - LOCK 

4 • Cabin relief & dump vlv (fwd ) - AUTO 

5. Verify CABIN REPRESS vlv has opened. 

6. PRESS REG A vlv - CABIN 

7. PRESS REG B vlv - CABIN 

• 

REMARKS 

Method of extinguishing fire will be real-time decision. If 
water is used, cloud of droplets may form under zero g 
conditions. If water is used and cabin is subsequently de-
pressurized, water will flash to ice. 

These events occur simultaneously and automatically when 
SUIT PRESS ind falls below 3. 1 psia. 

Crewman with intac t suit will perfo rm s teps 2 through 10. 
Omit steps 2 through 4 if forward ha tc h is c losed and forward 
cabin r e lie f and dump valve is not set to DUMP. 

If valve has not opened: CABIN REPRESS vlv - MANUAL. 
When CABIN PRESS ind r eads 4 .15 ±0 .15 psia; CABIN 
REPRESS vlv - AUTO . 

SUIT/ FAN warn lt - off when suit pressure > 3. 1 psia. 
CABIN warn lt - off when cabin pressure > 4.15 ±0.15 psia. 

• • 
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• 
PROCEDURES 

5.3.3 SUIT LEAK IN DEPRESSURIZED CABIN (cont) 

8. SUIT !SOL vlv (CDR) - SUIT FLOW 

9. SUIT !SOL vlv (LMP) - SUIT FLOW 

10. MASTER ALARM pb/ lt - reset 

5.3.4 VACUUM CHANGEOVER - PLSS TO LM 

L Remove purge valve from PGA & hand to CDR for stowage. 

2. Disconnect OPS 02 hose from PGA. 

3. Remove LM 02 umbilical from stowage & hand to LMP. 

4. Connect LM 02 umbilical to right-side PGA connectors & 

verify locked (red to r ed, blue to blue). 

5. FEEDWATER vlv - CLOSED 

6. SUIT !SOL vlv (LMP) - SUIT FLOW 

7. FLOW DIVERTER vlv - IV (horizontal) 

8. FAN sw - OFF 
PUMP sw - OFF 
MODE sel - OFF 

9 • Verify flow from LM ARS to PGA. 

10. Disconnect PLSS electrical umbilical from PGA & connect 
LM communications cable to PGA. 

11. Disconnect PLSS 02 hoses from PGA. 

• • 
REMARKS 

Steps 8 and 9 are performed when cabin pressure > 3. 1 psia. 

Assumption: Cabin cannot be pressurized. 

If PLSS sublimator freeze-up is a problem, do not proceed 
until LCG liquid circulation temperature starts to rise. 
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• 

5.3.5 CDR VACUUM TRANSFER TO CSM 

1. Perform CDR Connect to Transfer Umbilical & Transfer to CSM. 

5.3.6 LMP VACUUM TRANSFER TO CSM 

1. Perform LMP Connect to Transfer Umbilical. 

5.3.7 EMERGENCY TRANSFER USING OPS 

1. Cabin r elief & dump vlv (ovhd) - OPEN 

2. Cabin relief & dump vlv (fwd) - OPEN 

5.3.8 EMERGENCY FORWARD HATCH OPENING (CABIN SIDE) 

1. If latch is jammed in LOCK position: 

a. Pull lanyard to remove lock pin; 
b. Rotate cam plate to uncover latch. 
c. Grasp handle & pull hatch open 

• • 

REMARKS 

Ref para 4. 14. 5. 

Refer para 4. 14. 2. 

Assumptions: (1) LM or CSM cannot be pressurized and (2) 
CDR and LMP have OPS donned and activated. 

With two OPS's operating and each flowing 02 at the rate of 
8#/hr , cabin equilibrium pressure will be~ 0. 075 psia when 
exhausting through both cabin relief and dump valves. If LM 
and CSM are docked, both CSM hatches should be open to allow 
LM overhead cabin relief and dump valve to exhaust to vacuum. 
If exhausting is through one cabin relief and dump valve, cabin 
equilibrium pressure will be ~ O. 15 psia, which may cause 
difficulty in opening hatch(es). 

Lanyard is to left of hatch latch, on hatch jamb. 
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Symbol or Abbreviation 

AAP 

abs 

ac 

ACA 

AEA 

AEAA 

AELD 

AFC 

AGC 

AGS 

ALT 

a mp 

AMPL 

A T 

ANUN 

AOT 

APS 

ARS 

ASA 

ASC 

ASD 

ASI 

ASSY 

ATA 

Basic Date __ 1_5_J_u_l"'"y_l_9_6_8_ 

LMA790-3-LM 4 
APOLLO OPERATIONS HANDBOOK 

APPENDIX D 

Table D-1. Definition of Symbols and Abbreviations 

Definition 

Abort autopilot 

Absolute 

Alternating current (a-c, v. m.) 

Attitude controller assembly 

Abort e lectronics assembly 

Ascent engine arming assembly 

Ascent engine latching device 

Automatic frequency control 

Automatic gain control 

Abort guidance section 

Altitude 

Ampere(s) 

Amplifier 

Antenna 

Annunciator 

Alignment optical telescope 

Ascent propulsion section 

Atmosphere r ev italization section 

Abort sensor assembly 

Ascent 

Apollo standard detonator 

Apoll o standard initiator 

Assembly 

Abort timing assembly 

Change Date _____ _ Page ___ D_-_i ____ _ 
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• Table D - 1. Definition of Symbols and Abbre\"iations (cont) 

Symbol or Abbreviation Defi nition 

A (cont) 

ATCA Attitude and translation control assem bl~· • ATM Altimeter transmitter multiplier 

ATT Attitude 

AUTO Automatic 

Ji 

BAL Balance 

BAT Battery 

BD Band 

biomed Biomedical 

BU Backup 

_g, 

caut lt caution l ight • 
CB d - c circuit breaker 

CB / AC a - c circuit breaker 

CBW Constant bandwidth 

CBX C -band transponde r 

CDH Constant t,. altitude 

CDH apsis Future apsidal crossing (apogee or perigee) of ac t ive vehicle 
at which TIG (CDH) should occur. 

CDR Co mmander 

CDU Coupling data unit 

CES Control electronics section 

CL Close • 
CLR Clear 

CMP Command Module Pilot 

CMPTR Computer 

Co CSI iteration error (AGS) • 
Basic Date __ 1_5_J_u_l..._y_l_9_6_8_ Change Date _____ _ Page ___ D_ -_z ___ _ 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

C (cont) 

COAS 

COMM 

comp caut lt 

cont 

CONT 

cos 

CO2 

CPL 

cps 

CRSFD 

cs 

CSI 

CSM 

C/ W 

CWEA 

D 

D/ A 

DAP 

db 

de 

DCA 

DECA 

DECR 

DEDA 

DEMOD 

DES 

DET 

Basic Date __ 1_5_J_u_l..:;.y_l_9_6_8_ 

Defini tion 

Crewman optical alignment s ight 

Communications 

Component caution light 

Continuous rotary con trol 

Control 

Cosine 

Carbon dioxide 

Couple 

Cycles per second 

Crossfeed 

Communications Subsystem 

Coelliptic sequence initiation maneuver 

Command / Service Module 

Caution and Warning 

Caution and warning electronics assembly 

Digital to analog 

Digital autopilot 

Decibel 

Direct current (d-c, v. m . ) 

Digital command assembly 

Descent engine control assembly 

Decrease 

Data entry and display assembly 

Demodulator 

Descent 

Detector 

Change Date _____ _ Page ___ D_-~3 ____ _ 
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• Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation Definition 

D (cont) 

DFI Development Flight Instrumentation • DFR Deadfast relay 

DID Display inertial data (discrete) 

DIF Differential 

DISP Display 

DIST Distribution 

DN Down 

DPS Descent propulsion section 

DRE Deadfast relay box 

DSEA Data storage electronics assembly 

DSKY Display and Keyboard 

DV Differential velocity • E -
E Elevation angle (angle between LM/CSM LOS and LM local 

horizontal plane at TIG, measured from direction of flight) 

ECA Electronic control assembly 

ECS Environmental Control Subsystem 

ED Explosive device 

EDS Explosive Devices Subsystem 

EKG Electro-cardiograph 

EL Electroluminescent 

EM! Electromagnetic interference 

EMU Extravehicular mobility unit • ENG Engine 

ENTR Enter 

EOS Emergency oxygen system 

EPS Electrical Power Subsystem • 
Basic Date 15 July 1968 Change Date Page --=D~-4-=------
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

E (cont) 

ERA 

ERR 

EVA 

EVVA 

F 

F 

FDAI 

FDBK 

FITH 

FL 

FM 

fps 

ft 

FWD 

G 

g 

GASTA 

gc 

GDA 

GET 

GETI 

GMBL 

15 July 1968 

Definition 

Electronic replaceable assembly 

Error 

Extravehicular astronaut 

Extravehicular visor assembly 

X-component of attitude error 

Y -component of attitude error 

Z-component of attitude error 

Fahrenheit 

Flight director attitude indicator 

Feedback 

Fire in the hole 

Flash 

Frequency modulation 

Field of view 

Foot (feet) per second 

Foot (feet) 

Forward 

Gravity 

Gimbal angle sequencing transformation assembly 

Gigacycle(s) 

Gimbal drive actuator 

Ground elapse time 

Ground elapse time of ignition 

Gimbal 

Change Date Page _ ___;D;;;,_-5.;;...._ ___ _ 
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Symbol or Abbreviation Definition 

G (cont) 

GN&CS Guidance, Navigation and Control Subsystem • GOX Gaseous oxygen 

GSE Ground support equipm ent 

GUID Guidance 

.!!. 

H Altitude of active vehicle above launch pad rad ius at TIG 

h LM altitude above lunar landing site (ft.) 

Ii H dot = LM altitude rate (fps) 

Ha Apogee 

He He li um 

Hg Mercury 

Hp Perigee • HRF High (+) Low (-) Angular rate scal ing 

HTR Heater 

HTS Heat transport section 

HV High Voltage 

H20 Water 

H/ X Heat Exchanger 

.L 

IAM In cidental amplitude modulation 

ICDU Inertial coupling data unit 

ICS Intercommunication system • ID Ident ifi cation 

IF Intermediate frequency 

IG Inne r gimbal (pitch) 

IGA Inner gimbal angle 

IMU Inertial measurement unit • 
Basic Date __ 15_J_u __ ly ___ 1_9_6_8_ ·change Date Page __ D_-6 ____ _ 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation Definition 

• 
I (cont) 

INCR Increase 

ind indicator 

ind pwr fail lt Indicator power failure light 

ind pwr / sig fail lt Indicator power/ signal failure light 

Ji. 

K Ground elapsed time of AEA clock zero 

KALCMANU Maneuver calculation 

kc Kilocycle(s) 

Kmc Kilomegacycle(s) 

kpps Kilopulse(s) per second 

• L 

LA T Lateral 

LDG Landing 

LGC LM guidance computer 

LH Left hand 

LiOH Lithium hydroxide 

LM Lunar Module 

LMP LM Pilot 

LOR Lunar orbital rendezvous 

LOS Line of sight 

LPD Landing point designator 

• LR Landing radar 

LSD Least signifi cant digit 

lt light 

LTG Lighting 

• LV Local vertical boxes (axes) or low voltage 

Basic Date 15 July 1968 Change Date _____ _ Page __ D_-_7 ____ _ 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

M. 

MAN 

MANF 

max 

me 

MG 

MGA 

MID 

min 

mm 

MOD 

MON 

MPS 

MPX 

MSD 

mse c 

MSFN 

usec 

mv 

mw 

li 

N 

n 

NA 

NB 

NC 

nm 

NO 

Basic Date ___ 1_5_J_u_la..y_1_9_6_8 

Manual 

Manifold 

Maximum 

Megacycle(s) 

Middle gimba l (roll) 

Middl e gi mbal angle 

Midcoursc 

Minimum 

Millime ter(s) 

Modulation 

Monitor 

Main Propulsion Subsystem 

Multiplexer 

Most s ignificant digit 

Millisecond(s) 

Manned Space Flight Network 

Microsecond(s) 

Millivolt(s) 

Milliwatts(s) 

Noun , number of marks 

Definition 

Mean orbital angular rate of LM in transfer orbit (rad/ sec) 

Kot appli cable 

Kavigation base 

Normally closed 

Nautical mile(s) 

Normally open 

Change Date _____ _ D-8 Page _______ _ 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation Definition 

N (cont) 

• No. Number 

NORM Normal 

NRZ N onreturn-to-zero 

N2H4 Hydrazine 

N204 Nitrogen tetroxide 

0 

OCPS Oxygen cabin pressure section 

OG Outer gimbal (yaw) 

OGA Oute r gimbal angle 

OPR Operate 

OPR ERR Operator error 

• ORDEAL Orbital rate display - earth and Lunar 

osc Oscillator 

OSCPCS Oxygen supply and cabin pressure control section 

oss Optical subsection 

OVBD Overboard 

OVHD Overhead 

man Oxidizer 

02 Oxygen 

p -
p Semi - latus rectum (semi-parameter) of LM transfer orbit (ft.) 

• p' Previous value of p in the iteration (ft) 

PA Powe r Amplifie r 

PAM Pulse a mplitude modulation 

para P aragraph 

• 
pb Pushbutton switch (except pushbutton/ light) 

pb / lt Pushbutton / light 
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• Table D-1. Definition of Symbol s and Abbreviations (cont) 

Symbol or Abbreviation Definition 

P (cont) 

PBW Proportional bandwidth 

PCA Program coupler assembly • 
PCM Pulse code modulation 

PCMTEA Pulse-code-modulation and timing e lectronics assembl.v 

PDA P ower distributi on assembly 

PGA Pressure garment assembly 

PGNCS Primary guidance, navigation and control section 

PGNS Primary guidance and navigation section 

Pi or 1r 3.1416 

PIP Pulse integrating pendulum 

PIPA Pulse integrating pendulous accelerom e ter 

FLSS Portable life support system • PM Phase modulation 

PMP Premodulation processor 

Poss Possible 

p-p Peak-to-peak 

ppm Pulse(s) per minute 

pps Pulse(s) per second 

PQGS P ropellant quantity gaging system 

PRA Program reader assembl~· 

PRE Program reader electronics 

PRESS Pressure 

PRF Pulse repetition frequency • PRIM Primary 

PRM Pulse ratio modulator 

PRN Pseudorandom noise 

PRPLNT Propellant • 
Basic Dote 15 July 1968 Change Dote Page __ D_- _10 ____ _ 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

Basic Date 

P (cont) 

PS 

PSA 

psi 

psia 

psid 

PSK 

PT 

PTA 

PTT 

PVT 

PWR 

Q 

q 

qa 

QI 

q / D 

q LT 

QTY 

quad 

.B. 

R 

r 

R / C 

RC 

RCCA 

RCR 

15 July 1968 

Definition 

Power Supply 

Power and servo assembly 

Pound(s) per square inch 

Pound(s) per square inch absolute 

Pound( s} per square inch differential 

Phase - shift Keyed 

Pressure transducer 

Pulse torque assembly 

Push-to-talk 

Pressure-volume-temperature 

Power 

Perigee (AGS) 

Apofocus Attitude of LM trajectory 

Quality indicator 

Perigee altitude of predicted LM trajectory (AGS} (Direct 
intercept only} 

Perigee altitude of LM trajectory 

Quantity 

Quadrant 

Rankine, geocentric radius vector, or LM-to-CSM range (AGS) 

LM altitude rate 

Reverse Current 

Resistance -C apacitance 

Rough Combustion Cutoff assembly 

Reverse-Current relay 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

R (cont) 

RCS 

RCVR 

RCU 

rcx 

rcy 

rcz 

RD 

RH 

RDR 

REF 

REFSMMAT 

REG 

RES 

RF 

rf 

RGA 

RJB 

rms 

RNDZ 

RNG 

RR 

RRE 

RRSX 
RRSY 
RRSZ 

RT 

rx 

ry 

Basic Dote __ 15_ J_u...;ly __ 1_9_68_ 

Definition 

Reaction Control Subsystem 

Receiver 

Remote Control unit 

X-component of CSM position (AGS) 

Y -component of CSM position (AGS) 

Z-component of CSM position (AGS) 

Relay driver 

Right hand 

Radar 

Reference 

Reference stable member matrix 

Regulator 

Resolver 

Radio frequency 

predicted orbit insertion burnout radius (AGS) 

Rate gyro assembly 

Relay junction box 

Root means square 

Rendezvous 

Range 

Rendezvous Radar 

Rendezvous radar electronics 

Calculated Range at time of radar range measurement 

Resistance thermometer 

X-component of LM position (AGS) 

Y - component of LM position (AGS) 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

R (cont) 

rz 

RZ 

s 

SBPA 

SBX 

SC 

S/ C 

SCEA 

SCERA 

S 6E 

SE 

sec 

sel 

SENS 

SEP 

SEQ 

SHe 

SG 

SHFT 

SIG 

Sin 

SOO 

sov 

SPA 

SPDT 

State Vectors 

STBY 

Basic Date __ 1_5_J_u_l-'-y_1_9_6_8_ 

Definition 

Z-component of LM position (AGS) 

Return-to-zero 

S-band power amplifier 

S-band transponder 

Signal conditioner 

Stabilization/Control 

Signal-conditioning electronics assembly 

Signal/conditioner electronic replaceable assembly 

T erm proportional to the sine of 6 E 

Systems Engineer 

Second(s); secondary 

Selector 

Sensitivity 

Separator 

Sequence 

Supercritical helium 

Signal Generator 

Shaft 

Signal 

Sine 

1 

Shutoff valve 

Signal -processing assembly 

Single-pole double-throw 

Position, velocity and time 

Standby 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

Basic Date 

S (cont) 

SW 

SYS 

T 

T 

T (Align) 

TAo 

TBD 

TC 

T 

TCA 

tco 

TA 

T t:.V 

TE 

TEMP 

TFF 

TFI 

TFINT 

TG 

THR 

Ti 

Tig 

TigA 

TigB 

T igC 

15 July 1968 

Definition 

Switch 

System 

(Transfer) Desired transfer time (sec) 

AGS computer time (AGS) 

State vector time (GET) selected to define IMU and LM 
orientation 

Absolute time 

Time from CSI to CDH 

To be determined 

Thermo cycle 

Time from CSI to CPI (AGS) 

Thrust chamber assembly 

Predicted time from CDH to TPI 

Time to CDH, CSI or TPI 

Target AV (AGS) 

Timing electronics equipment 

Temperature 

Time of free fall to 300,000 ft. 

Time from Tig 

Time from intercept 

Time-to-go to engine cutoff 

Thrust 

Time to CSI (AGS) 

Time of ignition 

AGS computer time of CSI maneuver (AGS) 

Absolute time of CSI maneuver in (AGS) 

AGS computer time of TPI or midcourse maneuver (AGS) 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

Basic Date 

T (cont) 

TLE 

TLM 

T Perigee 

TPF 

TPI 

TPM 

Tr 

TRANSL 

TRUN 

TTCA 

TTI 

TTig 

TV 

TVC 

tw 

TX 

u 

UDMH 

UHF 

UPTEMP 

usec 

V 

V 

vac 

vco 

15 July 1968 

Tracking light electronics 

Telemetry 

Trim negative 

Trim positive 

Time to perigee 

Definition 

Transfer phase final maneuver 

Transfer phase initiation 

Transfer phase midcourse 

Time to rendezvous (AGS) 

Translation 

Trunnion 

Thrust/translation controller assembly 

Time to initiate 

Time to ignition 

Television 

Thrust vector control 

Thumbwheel 

Telemetry transmitter 

Unsymmetrical dimethylhydrazine 

Ultrahigh Frequency 

Microsecond(s) 

Microsecond(s) 

Verb, inertial velocity vector at TIG, or LM Velocity (AGS) 

Volts, alternating current 

Voltage-controlled oscillator 
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Table D- 1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

Basic Date 

:!_ (cont) 

V 
ex 

V 
cy 

V 
CZ 

Vdc 

Vdx 

VDy 

VDz 

VEL 

VG 

VGX (LM) 

VGX (LV) 

VGY (LM) 

VGY (LV) 

VGZ (LM) 

VGZ (LV) 

VHF 

VLV 

Vo 

VOL 

vox 

VPI 

vpo 

Vpy 

Vpy 

vrms 

VT 

15 July 1968 

X Component of CSM. Velocity 

Y Component of CSM Velocity 

Z Component of CSM Velocity 

Volts, direct current 

Definition 

Minus descent stage capabi lity 

AV expended in V-body direction (updated every 2 seconds) 

AV expended in Z body direction (updated every 2 seconds) 

Velocity 

Magnitude of velocity vector required by the LM for transfer orbit 
injection (Fps) or Magnitude of LM Velocity to be gained 

Component of VG vector resolved along present X-axis 

Component of VG vector to TIG along (RXV) XR 

Component of VG vector resolved along present Y-axis 

Component of VG vector at TIG along VXR 

Component of VG vector resolved along present Z-axis 

Component of VG vector at TIG along - R 

Very high frequency 

Valve 

A V for CSI maneuver (AGS) 

Volume 

Voice operated relay 

Valve position indicator 

CDH maneuver AV (AGS valid in CSI) 

V. elocity perpendicular to CSM orbit (AGS) 

VG component for out-of-plane steering in CSI and CDH 

Volts root means square 

Total velocity required to rendezvous (Direct interception only) 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

Basic Date 

V (cont) 

\TX 

Vy 

\Tyo 

Vz 

warn lt 

W / B 

Wbx 

Wby 

Wbz 

Wcx 

Wey 

Wcz 

X 

XB 

XMTR 

XP DR 

XTAL 

.Y 

y 

Ycx 

Ycy 

Ycz 

yf 

15 July 1968 

Definition 

Ve locity along X-axis, altitude rate, or X-component of LM 
velocity (AGS) 

Lateral velocity, velocity a long X - axis, or Y component of LM 
velocity (AGS) 

LM Velocity normal to CSM orbit plane (AGS) 

Forward velocity, velocity along Z - axis , or Z-component of 
LM velocity (AGS) 

warning light 

water boiler 

X unit vector for commanding attitude (AGS) 

Y unit vector for comwanding attitude (AGS) 

Z unit vector for commanding attitude (AGS) 

X unit vector normal to CSM orbit (AGS) 

Y unit vector normal to CSM orbit (AGS) 

Z unit vector normal to CSM orbit (AGS) 

LM Vertical axis 

Transmitter 

Transponder 

Crystal 

LM Late ral axis 

X component of CSM position (AGS) 

Y component of CSM position (AGS) 

Z component of CSM position (AGS) 

Predicted value of out-of-CSM - orbit plane position (AGS) 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

Y (cont) 

Yx 

Yy 

Yz 

z 

AE 

Ah 

Ah 

AH 

AP 

Ap 

AR 

Aro 

AT 

ATRANS 

AV 

AV (CDH) 

AV (CSI) 

AVgx 

AVgy 

AVgz 

AVm 

AV (MID) 

Basic Date __ 1_5_J_u_l_y_1_9_6_8_ 

Definition 

X component of LM position (AGS) 

Y component of LM position (AGS) 

Z component of LM position (AGS) 

LM fore-aft axis 

Difference between initial and fina l eccentric anomalies of 
transfer orbit (rad) 

Altitude differential 

AGS computer time (AGS) 

Altitude between active and passi\•e vehicle at TIG 

Pressure differential 

Change in p for next iteration (ft) 

Magnitude of difference between position state vector before 
and after incorporation of mark data 

Differential altitude in coell iptic orbit (AGS Valid in CSI, CDH) 

Ti me increment until TPI used in guidance TPI search routine 

Time required for transfer from TIG (TPI) to time of intercept 

Velocity change (differential) or magnitude of differe nce between 
state vector before and after incorporation of mark data 

Required impulsive AV to accomplish CDH maneuver at TIG (CDH) 

Required impulsive AV to accomplish CSI maneuver at TIG (CSI) 

A V in X-direction (AGS) 

A V in Y -direction (AGS) 

A V in Z-direction (AGS) 

Measured AV magnitude 

Required impulsive AV to accomplish next midcourse maneuver at 
TIG (MID) 
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Table D-1. Definition of Symbols and Abbreviations (cont) 

Symbol or Abbreviation 

Basic Dote 

A (cont) 

AV (TPF) 

AV (TPI) 

AVy 

AVX (LM) 

AVX (LV) 

AVY (LM) 

AVY (LV) 

AVZ (LM) 

AVZ (LV) 

Q 

<I> 

00 

> 

0 

0LOS 

<I> 

q, 

n 

15 July 1968 

Definition 

Required impulsive AV to accom plish intercept (TPF) maneuver 
at calculated time of intercept 

Required impulsive AV to accomplish TPI maneuver TIG (TPI) 

Exte rnal AV component in hori zontal direction perpendicular to 
CSM orbit plane (AGS) 

Component of integrated acceleration along the LM +X-axi s 

Component of AV applied at TIG along (RXV) XR 

Component of integrated acceleration along LM +Y-axis 

Component of AV applied at TIG a long VXR 

Component of integrated acceleration a long LM +Z - axis 

Compone nt of AV applied at TIG along - R 

Angular difference between RR indicated LOS & State vector LOS 

angle 

ALPHA - Semi-major axis of transfer orbit (ft) 

Phase 

infinity 

is equal to or less than 

is equal to or greater than 

is less than 

is greater than 

Angle between LM +Z-axis and local horizontal plane (AGS) 

Angle between LM +Z-axis and local horizontal plane (pitch) 

Predicted LOS angle at TPI time (AGS TPI only) 

Yaw 

Roll 

Angle between RR LOS and LM +z-axis 
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