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GUIDANCE AUD NAVIGAT ION 

STABILIZATION AND CONTROL 

SERVICE PROPULS ION 

REACTION CONTROL 

ELECTRICAL POWER 

TELECOMMUl'U CATIONS 

ElifVIRO~~NTAL CONTROL 

SEQUENTIAL 
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9 ,1.4 

9 .1.5 

9 .1.6 

9.1. 7" 



PROCEDURES ENTRY SHEE~r 

SECTION 9 . 1. 1. 1 

GUIDANCE AND NAVIGATION MALFUNCTION PROCEDURES 

SYMPTOM SYMPTOM 
NUMBER STEP PAGE 

s/c 01 2 CHECKLI ST ERROR CODES 1 1 2 

0CDU DRIVE PROBLEM 1 1 9 

OPTICS DRIVE PROBLEM 2 1 9 

OPTICS ZERO ENCODE PROBLEM 3 1 9 

ACCELEROMETER FAIL (ISS LOOP) 1 . 1 10 . 

'IMU FAIL 2 1 ·10 

TUMBLED I MU 3 1 10 

LARGE I MU ALIGJ\TMENT ERRORS 4 1 10 

cDI 
r·-· FAI L LIGHT ON 1 1 11 

ABNORMAL F'DAI ATT ERROR :NEEDLES I N G&N ATT 2 1 11 

SUSPECTED AGC PROBLEM 1 1. 12 

COMP FAIL LIGHT ILLUMINATES (MDS ) 1 1 13 



J PROCEDURES ENTRY SHEET 

SECTION 9 . 1. 1. 2 
· SCS MALFUNCTION PROCEDURES 

SYMPTOM 

FDAI BALL DOESN ' T CORRESPOND TO INPUT 

ERROR NEEDLE AT NULL AND NOT MOVING 

ERROR NEEDLE DIVERGING AND OSCILLATING 

ERROR NEEDLE STEADY DEFLECTION OUT OF DEADBAND 

RATE l'ilyEDLE STEADY OR INCREASING DEFLECTION 
I 

I I 
RATE iEDLE REMAINS AT ZERO 

OSCILLA'I1ING RATE NEEDLE 

AV CO~TER DRIFTS 

RUNAWAY AV COUNTER 

AV COUNTER MOVES AT ONE SPEED ONLY 

AV COUNTER IS ERRATIC OR ONE-WAY ONLY 

Av COUNTER FAILS TO START COUNTING 

.I 

THRUST FAILS TO CUT- OFF 

THRUST PREMATURELY CUTS-OFF 

THRUST FAILS TO INITIATE 

GPI HARDOVER 

GPI NO RESPONSE 

FDAI LIGHTING WON 1T ADJUST 

SYMPTOM 
LETTER PAGE 

A 2 

B 2 

C 2 

D 2 

E 2 

F 3 

G 3 

H 3 

I 3 

J· z 
_) 

K 3 

L 3 

M 3 

N 3 

0 3 

p 3 

Q 3 

R 3 



n- ' r 

SY MPTOM 

s/c 012 · Check L_ist 
Error Code 

00101 

00102 

00104 

00105 

00106 

00107 

00110 

00112 

PREPARED BY , Jfl/l 

I • 

~SC Form 460 ( Rev Dec 66) 

STEP PROCEDURE 

Depres~ error reset. Wait for 
zero encoder light off. Place 
Optics Mode switch in Zero 
Optics position & wait uritil 
zero encoder light off again. 

Depress Erior reset 

Depres s Error Reset on DSKY. 
Switch Optics Mode to Manual 
and complete optics drive 
manually . 

"-'"~ 

Depress Error Reset and continue 
or return to FOO and start over. 

Depress Error Reset and continue. 

Depress Error Reset a~d continue 

Depress Error Reset . If 
rejection of an accepted mark is 
desired, go back to FOO and 
start over . 

Depress Error Reset and continue. 

FLiGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27 , 1967 

NEXT 
STEP 

REMARKS 

-------

Optics Mode switch removed from 
Zero Optics position before 
end of 60 second wait . 

Internal marks request wjth 
mark system busy. 

Too many marks 

Mark reject (V52E) with mark 
system not in use. 

Mark reject with no effect, 
i.e ., no mark between mark 
rejects or all requested marks 
have been accepted when V52E 
entered . 

Optics mark with none requested. 

) 

-FAILURE 

Computer unable 
to achieve desired 
op-tics mode . 
The computer has 
failed to properly 
control.the optics
drive. The OCDU 1 s 
may drive wi th no 
desired optics 
angles . 

APOLLO OPERAT IONS HANDBOOK 

GUIDANCE AND NAVIGATION 
MALFUNCTION PROCEDURES 

S/C 012 j RE V FINAL 
SECTION9 , 1.1 . 1 I PAGE 2 

! 



SYMPTOM 

0012·2 

00123 

00201 

00202 

00203 

00204 

00205 

00310 

00401 

11 /) 

PREPAR ED BY1 ~ r n 
'J 

MSC Form 460 ( Re v Dec 66 ) 

STEP PROCEDURE 

Depress Error Res et . Re-enter 
program and make 2 marks or 
s elect a known landmark. 

Depress Error Reset. Re-enter 
program and try again. 

' 

Depress Error Reset. Wait until 
zero encoder light off. Reselect! 
Zero Encode Mode and wai t unt il 
zero encode light off again. 

Depress Error Reset. Check 
switches. 

Depress Error Reset. Check IMU 
sta tus. 

Depress Error Reset. Select 
switch configuration to avoid 
this situation. 

Depress Error Reset. See PIPA 
failure malfunction procedures. 
(Entrance to FOO is enabled by 
t he alarm.) 

Depress Error Reset and 
cont inue ( cautiously) 

Depress Error Reset and continue 
or realign i f desired . 

FLIGHT CR EW SU PPORT DIV ISION 
DATE 1 

Jan 27 , 1967 

1 
NEXT 
STEP 

REMARKS 

Only one mark made for unknown 
landmark. 

Mark data unavailable after 
res t art. 

IMU Mode changed from Zero 
Encode before end of 35 sec. 
delay. 

No IMU mode indicated to 
computer. 

IMU mode changed with transfer 
switch at COMPUTER, but 
computer did not command the 
change. 

Desired gimba.l angles yield 
gimbal lock. 
(MGA ~60°) 

) 

FAILU RE 

Computer unable to 
achieve desired mode 

Excessive accelero
meter output 
(~18 .5 g's ) 

Error return from 
rout i ne. 

APOLLO OPE RA TIONS HANDBOOK 

GUIDANCE AND NAVIGATI ON 
MALFUNCTI ON PROCEDURES 

S /C 012 l RE V FI NAL 
SE CTI ON 9 . 1. 1. 1 l P AG !:: 3 



.) 
-------· 

SYMPTOM 

00402 

· 00405 

00412 

01101 

01102 

01103 

01104 

01201 

I), 

PREPARED BY, /,/((1 

MS C Fo rm 460 ( Rev Dec 66 ) 

STEP PROCEDURE 

Depress Error Reset. Maneuver 
vehicle to obtain stars. 
Reselect program. 

.. 

Depr __ ess Error Reset. Select pro
per mode. If no SCS monitor 
desired (wasn't disabled by V33E 
at the proper time), key 
V21N01E 730E 77776E. 

Depress Error Reset. Reselect 
program and change associated 

·time by 15 min. or more. 

Depress Error Reset. Check 
with ground. 

Record R2 and R3 contents. 
Relay to ground. Depress 
Error Reset. 

Depress Error Reset. 

Record DSKY display. Depress 
Error Reset. Relay information 
to ground. 

Depress Error Reset. 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 · 

) 
NEXT 
STEP 

REMARKS 

Star out of FOV. 

1 
FAILURE 

SCS Mode not in desired state. 

1.0 

1.0 

• 

Time and longitude too far 
apart. 

GUIDANCE A.i~D NAVIGATION 
MALFUNCTION PROCEDURES 

Rupt 2 (not expecte~ 
not wired) Hardware 
suspect 

AGC self-test error. 
Use computer with 
caution. 

Forbidden step 
executed (by 
computer). Use 
computer with 
caution. 

C-relay failed 
during test. 

No VAC areas 
available. Use 
computer with 
caution. 

APOLLO OPERATIONS HANDBOOK 
s;c 012 ~v FINAL 
SECT!'ON 9 . 1. 1.1 I PAGE 4 



I ' I 
~ 

SYMPTOM STEP PROCEDURE NEXT . REMARKS FAILURE 
STEP 

- -

01202 Depress Error Reset. 1.0 No correct areas 

----- available. Use 
computer with 
caution. 

01203 Depress Error Reset. 1.0 Waitlist overflow 

01204 Depress Error Reset. 1.0 Task couldn 1 t be 
fit into the 
waitlist. 

01206 Depress Error Reset. 1.0 Display system routine 
already in use. 

01207 Depress Error Reset. 1.0 No VAC area 
available for marks. 
Use computer with 
caution. 

01210 Depress Error Reset 1.0 Job already waiting in 
STALL ---

01301 Depress Error Reset. Possible erasable memory Arccos or Arcsin 
disturbance. argument too large. 

Use computer with 
caution. 

01302 Depress Error Reset. 1.0 Possible erasable memory Square root argument 
disturbance. excessively negative. 

Use computer with 
caution. 

f 

~ 

PREPARED BY, (;{lvl FLiGHT CREW SUPPORT DIVISION APOLLO OPE RA TIO NS HAN DBOOK 
17 DATE 1 Jan 27, 1967 GUIDANCE ANil NAVIGATION S/C 01 2 IR EV FINAL 

, ~ ' ) MALFUNCTI ON PROCEDURES SECTION 9 .1. 1. l l PA GE s 
~S C For m 460 ( Re v Dec 66) 



------';,. 
SYMPTOM STEP 

01401 

01405 

01406 

01407 

01410 

. 01411 

01421 

01426 

/1 
PREPARED BY 1 !/J/L,,,1 

i1 
•; /' 

~S C Form 460 (Rev De~ 66) 

PROCEDURE "'-,,I NEXT 
STEP 

Depress Error Reset. Select POO 
and troubleshoot for poor align
ment, control system problem 
etc. 

Depress Error Reset . Return to 
prethrust program via POO and 
try again. 

Depress Error Reset. · Select POO 
and reselect prethrust program. 

Depress Error Reset. Similar 
to pattern 00401. 

Depress Error Reset. Reselect 
P32 through POO. Change input 
parameters. 

Depress Error Reset. Reselect 
P32 through POO. Change 
latitude of target . If target 
beyond max . declination is 
desired, select latitude in 
P32 to avoid 01411 alarm. 
Reselect desired latitude in 
P62. 

Go to SCS entry procedures. 

Depress Error Reset. Avoid 
roll into gimbal lock. 

FLIGHT CREW SUPPORT DIVISION 

REMARKS 

Thrust misalignment exceeds 90° 

Less than 5 min. to ignition. 

Error return from maneuver 
to ignition attitude. 

Commanded CDUZ exceeds 60°. 

Entry conditions not 
computable. 

Target latitude exceeds declina
tion of orbit. 

Avg. g not running for entry. 
(Not likely) 

IMU orientation not 
satisfactory for entry 
(C omputer waits 5 sec and 
proceeds) 

) 

.FAILURE 

This alarm may 
indicate transient 
computer error. 

APOLLO OPERATIONS HANDBOOK 
DATE, 

Jan 27, 1967 
GUIDANCE AND NAVIGATION 
MALFUNCTION PROCEDURES 

S/C 012 jRE V FI NAL 
SECTION 9 .1.1. 1 I PAGE 6 



, 
SYMPTOM 

01427 

01430 

01431 

01501 

PREPARED BY, f{!';,,/ 
7 

/ ', 
USC Fo •m 460 (Rev De c 66) 

STEP 

1.0 

1.1 

1.2 

1.3 

PROCEDURE 

Depre~s Error Reset. Add 180° 
to backup bank angle charts. 
0 deg. roll is lift down . 

Depress Error Reset. 
Report condition to ground. 

Depress Error Reset . 
Report condition to ground. 

Depress Error Reset 

Allow program to continue 

a. POO displayed 
b . POO not displayed 
c. Repeated aborts 

Reselect program, try again 

Program is a ttempting to start 
again at an appropriate point 

Key V36E (Fresh Start) . 
Reinitialize erasable memory . 

FLIG HT CRE W SUPPORT DIVISION 
DATE 1 

.Jan 27, 1967 

NEXT 
STEP 

·., 

REMARKS 

IMU orient ation reversed for 
entry (Computer waits 5 sec 
and proceeds .) 

CM/ SM sep. discrete present 
with major mode not 11 or 62 . 

SIVB sep. discrete present with 
major mode not 11 or 12. 

1.0 I Internal display system alarm. 

1.1 
1.2 
1.3 

FAILURE 

Since spacecraf t 
not wired for this 
discrete, appearance 
of this alarm 
implies computer 
transient error . 

Since spacecraft 
not wired for t his 
dis crete, appearance 
of this alarm 
implies computer 
transient error. 

APOL LO OPERATIONS HANOBOO~ 
GUIDANCE AND NAVIGATION · 
MALFUNCTION PROCEDURES 

S/C 012 ___ IR E Y FINAL 
SECT I ON 9 . 1.1.1 I PAGE 7 



STMP'J'QMS TROUBLE SHOOTING PROCEDURES CONCLt 

PRCBLEM SUSPECTED 
1. COMMAND ZERO OPTICS 1N G&N OPTICS -- AGC Pl 
2. VERIFY ZERO ENCODER- -LlX)P NO ZERO 

LIGHT COMES ON AND GOES Otrr ENCODER LIGHT - 3. SELECT OPTICS MANUAL L OCDU DRIVE --
PROBL™ MODE 

') OPTICS DRIVE 4. SELECT TELESCOPE STAR 
"--. ros MJDE 

PROBLE){ 
3. OPTI CS ZERO 

• ~, .::i:~· ENCODE PROBLEM - -----
1 t 

OCDU I S DRIVING YES - OCDU I FAILURES CONTINUOUSLY? --
1. AGC 
2. OCDU NO 
3. AGC OR OCDU 

ENCODER NO 4. TELESCOPE DRIVE A.RE OCDU'S ZERO - OCDU l --5. SEXTANT DRIVE 

CALL UP DISPLAY ON 
DSKT OF OCDU ANGLES 
(Vl6N55E) 

p 

ARE DSKY Rl & R2 NO - AGC 
ZERO? -- PRO] 

YES ---,. 
DRIVE OPTICS IN SHAFT 
AND TRUNNION 

CHANGE CONTROLLER M 
DO OCDU1 S DRI VE ? ~ SWITCH OR CONTROLLE 

SPEED SWITC H 
JES ,, 

-·· . ' NO DOES DSKT DISPIAY FOLLOW OCDU'S? - AGC OR OC - PROBLEM ~-.,,,-- ... . --......... ..... 
TES - .aw~ -n 

DOES TELESCOPE FOLLOW NO - r TELESCO -- PRC -YES ,, 
DOES SEXTANT FOLLC1t/ NO -- SEXTA 

I - PROBL 
YES 

SYSTEM WOKS 
GOOD 



NORTH AMERI CAN AVIATION , INC. ( ( ~ ) Rl'Arnand ,NI ,>HMATiOS' "'" . 

ISIONS 

IDBL™ © ~ -

.!LURE 1@ 
I 

' @ 
.!LURE 

I .. I 

© 

l. 

2. 

CORRECTIVE ACTION.S -----

MANUALU COMMAND 
OCDU REGISTERS 
TO ZERO (V24N57EU} 

PULL OPTICS CB'S ON 
MDC 22 TO STOP CDU 
DRIVE 
USE MECHANICAL DRIVES 

USE MECHANICAL 
DRIVES 

MANUALLY COMMAND 
OCDU AGC REGISTERS 
TO ZERO (V24N57EEE) 

I 

, ___ __. Vl6N55E .,._ ____ __. 

·+ DO OCDU1 S DRIVE? YE,;' ITJSE OIBRATIONAL MODE 

I 
jwo 

t 
EFCODER 

@ - PERFORM BACKUP - ALIGNMENTS ONLY-
I 

rnm7 © 
.. 1 USE MECHANICAL DRIVES ] ~ _J 

RIVE @ 
.. 1 

USE TELESCOPE FOR 
SIGHTINGS 

MISSION 
SUPPORT 
TM POINTS 

CG 3102 V SIT TRUN MOTOR 
DRIVE Df PHASE 

CG 3112 V SIT SHAPT MJTOR 
DRIVE IN PHASE 

~'G 3133 V SCT. TRON M)TOR 
DRIVE 

CG 3141 V TRUN CDU 16X RES. 
ERROR Ill PHASE 

CG 3200 V TRtJN CDU )«)TOR 
DRIVE n PHASE 

CG 3220 V SHAn CDU MOTOR 
DRIVE IN PHASE 

:d I 
~t-:i . 
a:: ,_. 
C H 

.J z µ., < 
::c 

(I) >· 
z ... 
0 ~ r• 1 -· ►-< ~I a:: 
UJ 
~ 
0 ,-, 
0 . 
..J 0J 
C: ,-1 

o , 

~ c z 
0 -
1--

u u 

' w 
Cf) U1 

z 
0 if)_ 
H f:.l 
8 O:J ~s 
c..'J H 
H ;.i:l 
~u 
~0 
:z; .~ 

0-. 
H zz ~o 

H 
µ:J 8 
uu ~s 
HfI-1 
HH 

5~ 

z 
0 -
(I) 

;: 
-
C i:---
~ \.0 
a:: °'-
0 ,-1 
0.. 
0.. 
=> 
(I) l-
;a: 

( '\J 

UJ 
a:: 
u 

~ -· J 
:r: 
C!> -
..J 
u. 

u, 

1--
<C 
C, 

_...._ 

I I 

I 
I : j 

l l 
I, ... , 

I 1~ 
I J-

~~ 



'., 
}·. , . . - . .. . - -

, . 
/ 
/ . ·. ,l-~ ·:: ~-~~= =~ :-'"-

,/1 • LJL.~~i ::: :•:-,· ALll~_Ni\1:,:N i' 

... IS THE ACCEL 
FAIL LIGHT ON 

NO 

IS THE IMU FAIL 
LIGHT ON 

. NO 

·HAS IMU TUMJ3LED 
& UNSTABLE 

NO 

'I 

IMU DRIFTS 
BEYOND LIMITS 
BETWEEN FINE 
ALIGNMENTS 

PR EPARED BY, ~ 

-"\'''"' ,:., I ~- ~ 

MSC Form 460 (Rev Dec 66) 

TROUBLE SHOOTING PROCEDURES 

YES PERFORM PIPA BIAS 
1----c~~ · MEASUREMENT 

YES 

YES 

YES 

DATE 1 

(C/1 P. 9-16) 

YES 
DO MEASURED & PRESENT 
BIAS TERi1S DIFFER MORE 
THAN+/-

NO 
----

I S THE IMU STABLE 
(OBSERVE FDAI IN A 
G&N MODE, s/ c RATES 
DAMPED) 

!

REALIGN 
,_ .... _ __,. AND LOO 

YES /LARGE D 

NO 

V37E51E 
1 (I MU FAIL LIGHT INHIBITED 
BY AGC DURING COARSE ALIGN 

IMODE) . 

\ DID IMU CAGE AT O, 0 , 0 
. (FDAI NAV SYMBOL) 

YES 

PRESS ENTER 
( IMU FAIL LI GHT MAY COME ON 
AFTER COMPLETION OF COARSE 
gLIGN MODE, BUT WILL GO OUT 
IN A FEW SECONDS IF STAB 
LOOP IS NORMAL) 

IS THE IMU srr·ABLE & 
THE IMU FAIL LIGHT OUT 

YES 
u 

NO 

NO 

!V37EC 
.- lv3 7Eo 

' r<&N 
.. J 

COMPLETE P51 
(rMU ORIENTATION DETERMINATION) 
\ 

FLIGHT CREW SUPPORT DIVISION 
GUIDANCE A 

27 , 1967 Jan l\1_!\_I ,YT_T!',Y'rr1IO 



CONCLUSIONS 

1 1 . PIPA FAILURE 
2. USE OF G&N FOR 

TVC CONTROL IS 
LOST 

- --·-------- ... 1 ____ A_G_C_F_A_I_L ____ _, 
_,.. MONITOR 

PRO:BLEM 

LIGN nm 
LOOK POR 

}E DRIF'TS 

LARGE 
DHIFTS 

;7EOOE 
-7E06-E 

NORMAL 
DRIFT§._ . 

-

--
--

-&N POWER DOWN) 

-. 

E AND NAVIGATION 
rION FRn0Rrnp~s 

:AGC FAILURE 
DETECT PRO:BLEM 

· 1 CHECK WITH GROUND FOR 
.MAX TIME ALLOWED 
1:BETWEEN ALIGNMENTS 

Hl'J STA13 LOOP FAILURE ___________ _, 

:GYROS MAY HAVE :BEEN 
DAMAGED 
MON ITOR IMU FOR 
LARGE DRIFTS 

APOLLO OPERATIONS HANDBOOK 
5/C 012 IREV FINAL 
SEC T I ON O , 7 • 7 • J (PA GE a 

0 

G) 

QORRECTIVE ACTIONS 

1 . :::., SS OF G&N 4 V AND AUTOMATIC 
=2-.~Y CAPABILITIES. IMU MAY 
~~ _.:.LIGNED AND USED AS ATTITUDE 
?-:7"F'.3P.S!\'CE . 

2. _· 2 :MISSION IMPACT 

3. _·o MISSION IMPACT 

4. PERFORM ADDITIONAL EXTERN AL 
CHECKS ON s/c ATTITUDE FOR 
4V MANEUVERS 

5. LOSS OF G&N (AGC MAY BE USED 
TO DISPLAY GROUND ELAPSED 
TIME) 

6. PERFORM ADDITIONAL EXTERNAL 
CRECKS ON s/ c ATTITUDE FOR 
AV MANEUVERS 

MISSION SUPPORT TM POINTS 

CG 6000 
CG 2300 
CG 2301 
CG 2302 
CG 2303 
CG 1101 
CG 0001 
CG 1503 
CG 5000 
CG 5001 
CG 2110 
CG 2112 
CG 2113 
CG 2142 
CG 2143 
CG 2172 
CG 2173 
CG 2117 
CG 2140 
CG 2147 
CG 2170 
CG 2177 
CG 2206 
CG 2236 
CG 2266 

IMU PRESSURE 
PIPA TEMP 
IRIG TEMP 
IMU HEATER CURRENT 
IUM BLOWER CURRENT 
-28 VDC SUPPLY 
COMPUTER DIGITAL DATA 
IMU +28 VDC OPERATE 
PIPA FAIL 
IMU FAIL 
l GA TORQUE MOTOR IMPUT 
lGA lX RESOLVER OUT SINE IN PHASE 
lGA lX RESOLVER OUT COS IN PHASE 
MGA lX RESOLVER OUT SINE IN .PHASE 
MGA lX RESOLVER OUT COS IN PHASE 
OGA lX RESOLVER OUT SINE IN PHASE 
OGA lX RESOLVER OUT COS IN PHASE 
lGA SERVO ERROR IN PHASE 
MGA. TORQUE MOTOR INPUT 
MGA SERVO ERROR IN PH.A~3E 
OGA TORQUE MOTOR INPUT 
OGA SERVO ERROR IN PHA~E 
lGA CDU lX RES . ERROR IN- PHASE 
MGA CDU lX RES . ERROR IN l ' llA;-5£ 
OGA CDU lX RES . ERROR IN f':lAS~ 

IMO L- peratioGs vh <: 1. 



TBOUBLESll>OTDE PROCEDURES . 
1. V37EOOE "' 2 . AME - MONITOR • 

~y 3. COMMAND ICDU ZERO ENCODE (V40N20E) . 
PBOBLlJI SUSPI.CTJID - 4. CALL ICDU ANGLES (Vl6N20E) - IDID THE DSKY DISPL 
DOH ICDU U>OP - r 5. VERIFY DSKY DISPLAYS GO TO ZERO .t 11 GO TO ZERO I 

6. VERIFY ZERO ENCODE LIGHT OUT . 
1. COO FAD. LmRT Olf. 7. VERIFY ISS FINE ALIGN LIGHT ON 

· INo ~ " ... . . .. ... .... 
" " 2. ABIIOBMAL FDAI Aff . 

ERROil IIE!DL!'.S Ill Ga ns _ I Is THE mu TOT.lL I ns I Aff. ll)J.D OR IOfl'l'OR. A COO RUDlll1 C<JITINUOUSLY 
I - I Aff. 8W. IIU:VD«i I 

HO 

I I 

P'AlllJRF.S 
C.lLL ICDU DISP.LlY OIi oon 

IS .l nsn DISPLA.Y zmo; YES 1. DIJ B&50LVER PROBLDI (Vllif20J. IS CDU VAWE SAME IO - I 

2. CDU mm .lS osn DISPIAY - I 

INO J. CDU J!JICODER 
YES 4. CDU EICODER OR AGC 

5. CDU-SCS DT!m'ACE 
' 

6. AGC-CDC, DmlU'ACE 
7. AGC ARE VALUES AT RAV snB>L Jl(l 

OR P'DAI ~ TO DS[I VALU&S 
I 

YES 

I I 

Aff F.RROR NEEDELS HUI.LID I 
RO . 

I 

YES 

1 I 

1. ~ G&N ATT CONTROL (V44E) 

2 . V33EEEE 

I 

CDU DRIVE TO COMMANDED NO I NO 
ANGLES ( 0, 0, 0 ) :-: ARE CDU'e DRIVIRG? (CONTIWOUSLY) 1 

YES 
YES 

I • 

TES• SYSTEMS LOOICS GOOD 

MSC Form 460 (Rev Dec 66) 



NORTH All' E RICAN AVIATION , I NC. ~ SPACE and INFORMATION SYSTEMS DIVISION 

CONCLUSIONS 

DIS"i,~YRlt-N_o _____ :.,..I CDJL D_RIVE _PROBLEM I i;Q 

_ _ _______ ..... ..,., \1 TO IMU OPERATIONS I 
-~CK 1 (P. 27) 

' 

• l __ coo_EN_c_on_n_PRO_B_LDI __ I ® . I 

___________ ... ._.,, .... --~- =- o_n_!2t_ OR- AGC ___ I ® .I 

~-------◄----, CDU DRIVE OR I Ip _ FDAI PROBLEM _ \;;:;;I 

· , coo~~s :t:iriiiifibt I' I 
--- ----------~ PllOBIDf (PITCH - -YAW OR Q) 

. FIXED RESOLVER) _ 

--------------~{ AGC/CDU DfTERJPACE PROBLJ!M I CD 

· DATE 1 

,6) 

AGC PROBIJiJI 
CALL P-00 OIi DSIY 
TO STOP COO DRIVE 

(V37EOOE) 

FLIGHT CREW SUPPORT DIVISION 

Jan 27, 1967 

1 

2 

CORRECTIVE ACTIONS 

Attitude error indicator abnormal . 
No auto G&N modes availabl e . 
I MU useful a s an attitude reference only . 

No auto G&N modes available . 
I MU useful as an ·attitude r eference only. 

MISSION SUPPORT TM POINTS 

CG 15O.)X 
CG 5001X 
CG 5002X 
CG 5006G 
CH OlOOX 
CH OlOlX 
CH Ol02X 
CH Ol0.3X 
CH llOOX 
CH llOlX 
CH ll02X 
CH llOJX. 
CH ll04X 
CG 0001 
CG 23O2C 
CG 23O3C 
CG 2ll2H 
CG 2ll3H 
CG 2142H 
CG 2143H 
CG 2172H 
CG 2173H 
CG 2206V 
CG 2236V 
CG 2266V 

G&N ICDU Loop Check 

nm +28 VDC OPERATE 
nm PAil. 
CDU FAil. 
IHU t'mfi>. LIGHT 
G-N t:,. V K>DE CONTROL 
G-N ATTITUDE IClDE Cctn'ROL 
G-lf lNTRY MODE CONTROL 
IClNITOR MODE CONTROL 
SCS t:,. V K:>DE CONTROL 
SCS ATTITUDE K:>DE CONTROL 
SCS ENTRI MODE CONTROL 
SCS LOCAL VERTICAL.MODE CONTRO 
MTVC IClt')E ~NTBQ!, 
COMPUTm DIGITAL DATA 
IMIJ HF.ATER CURRENT 
IMO BLCMER CURRllfr 
lGA lX RESOLVER OUT. SINE IN P 
lGA lX RES. OUTPUT COS. IN PHA 
MGA lX RES. OUTPUT SINE IN PHA 
MGA lX RES. · OUTPUT COS IN PHAS 
OGA lX RES. OUTPUT SINE IN PHA 
OGA lX RES. OUTPUT COS IN PHAS 
lGA CDU lX RES. ERROR IN PHASE 
MG.A. CDU lX RES. ERROR IN PHASE 
OGA CDU lX RES . ERROR IN PHASE 

APOLLO OPERATIONS HANDBOOK 
GUIDANCE AND NAVI GATION 5/C 012 fREV FINAL 
MALFUNCTION PROCEDURES 

SE CT, ON 9 .1. 1. 1 IPA GE 10 



(. 

SYMPTOMS TROUBLESHOOTING PROCEDURES 
AGC POWER FAIL LI GHT 

YES IS ALWAYS ON I N STANDBY 
SYSJ'E'"~.I'~:' _:._(;-:; t-----"'"'1 IS AGC POWER FAILt------=------------1111-t I S DSKY 
PROBLEM LIGHT ON IN LEB? OPERABLE? 

t NO 

IS THE CO:M:P 
FAIL LIGHT ON? 

NO 

WAS PROBLEM A 
COMPUTATIONAL 
ERROR? 

NO 

YES 

YES REPEAT TASK IN 
WHICH PROBLEM 
OCCURRED 

ERROR STILL 
't PRESENT 

VERIFY THAT REFSMMA.T, 
T EPHEMERIS , AND THE 
STATE VECTOR GOOD BY 
COMMA.NilING AGC TO 
COMPUTE ORBITAL 
PARAMETERS (V37EOOE, 
V64E) 

-
ORBITAL PARAMETERS 
NOT CORRECT ------Lo.----- ·----

I YES 

NO 

NO REPEJ 
OCCUF 

CHECKS GOC 

ORTHOGONALIZE REFSMM.AT, 
(C/L P. 9-23 ) AND OBTAIN 
NEWT EPHEMERIS AND 
STATE VECTOR; 

NO REPEAT OF PROBLEM 

REPEAT V64E 

PROBLEM 
STILL PRESENT 

PERFORM AGC SELF CHECK ___________ _ 
(C / L P . 9- 15) PROBLEM 

NO PROBLEM 

I S ONE DSKY 
DI SPLAY 
ABNORMAL 

YES ~/ __ P_E-RF-'O_R_M_ D_S_KY_ T_E_S_T __ ~---------------- (C /L P . 9- 15 _ 

NO 

AGC Gc'x-.N MODING _ 
Al'H~i\11 INCORREC'rr1-1 --,-~ 

PERFORM C RELAY TEST 
(C/L P. 9- 14) 

PREPARED BY: t)l6 FLIGHT 
DATE 1 

PROBLEM 
NOTED 

CREW SUPPORT DIVISION 

.,. / l hT / _ 
,Tqr: ? '7 1967 

MSC Form 460 (Rev Dec 66) 

C 
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CONCLUSIONS 

--------<ii!~-41 AGC FAILURE 10 

-----'----------+I FAILURE DETECTION I(";;\ 
CIRCUIT PROBLEM 0 

I GO TO AGC FAIL 
--------•-:_-=IN;.;,;;D~I~C;_;A;.;::;T..;;;,.OR::.;.._C=HE~C=K=S-....J 

W REPEAT - NOTE 

_o_c_c_u_RREN __ c_E ___ •~l __ c_o_MP_u_T_ER_P_R_o_B_LE_M __ l '3' 
_ SYSPECTED _ \V 

COMPUTER PROBLEM -GCKS GOOD · Ji 
CHECK WITH © 
GROUND 

:OBLEM ORI GINAL STATE 
VECTOR OR 
REFSMMAT 
INCORRECT 

COMPUTER PROBLEM -
CHECK WITH GROUND 

~ INFORM GROUND 
OF AGC STATUS 

OBSERVE OTHER DSKY 
----- IF NECESSARY 

MODE SYSTEM MANUALLY , 
________ __,...,. IF POSSIBLE -

CHECK WITH GROUND 

G) 

© 

IG) 

APOLLO OPERATIONS - GUIDA11CE A__T\J7) NAVIGATION 5/C 012 IRE V 

~t.\ ~ j: :i:~~ ~"' ·-- '""'- ~:S 2 ~ EDT_Tfw~f S E CT I ON 9. l. 7 .1PAGE -- ... -· 

HANDBOOK 
FINAL 
7 l 

CORRECTIVE ACTIONS 

l LAUNCH - NO ACTION UNTIL SAFE 
ORBIT INJECTION 

ALL OTHER 
PHASES - AGC INOPERABLE 

2 LAUNCH - NO ACTION UNTIL SAFE 
ORBIT INJECTION 

ALL OTHER 
PHASES - NO IMPACT 

3 COMPUTER APPEARS UNREAL IABLE -
USE WITH CAUTION 

4 COMPUTER APPEARS UNREALIABLE FOR 
MISSION TASKS 

5 AGC OK - NO MISSION IMPACT 

6 ALL PHASES - COMPUTER APPEARS 
UNREALIABLE 

7 PERFORM BACKUP MISSION AS 
DIRECTED BY MCC/ MSC 

MISSION SUPPORT TM POINTS 

CG 0001 COMPUTER DIGITAL DATA 

CG 5030 COMPUTER FAIL LIGHT 

AG C Operations Check 



S1HP'NIIS 

CCJCP. FAIL 
LIGHT 
IJ;.IJJKIIUTES 

1. PARITY FAIL 

PROO .lLlRM 
LIGHT C1I 

i __ _ 

PR EPARED BY : 

1. RUPI' LOOK 
2. TC TRAP 

l. TX FAIL 

1. SCALAR FilL 

1. COUIITER 
FAIL 

/J--l,f!. 

. /J/(/{ 

mouBLE SHOOT.Ill, PIIOCWllES 

RESULT OF 

1------------4~ l. OS1t mBO&liD 
ACTI<Jf 

2. PROOBAMyCHECK 
,\~.-,JU) PR.E.5S l\J!ROR RESET FAIL LIGHT c» 

1-----------41~ PRESS ERRCft BESETI---FAI_L_LIG_HT __ OUT _________ _ 

RESTART IS 
GENERATED 

• IF FAIL LIGHT 0 
POSSIBLE, CALL P--00 
<Ii VERB )6. (llISSiat 
PlUSE Kil IOT ALlJM 
THIS) .lDmESS OF PARITY WORD FOUNJ 

2. PEli.fQlK AOC SELFCHBCK 
[<.:.IL I' .. ':}-15,) 

3. DETl!IIMm !WIK WITH 
P.UUTY PROBL1iM NO PARITY PROB. FOUND 

4. IETKBIIDIE ADIJIESS OF 
vam VITI! PAIi.IT! 

OBTADI ilARM 1----------..... COIE (V05Jl3l.E) 

; RESTART IS 
I 

GENERATED 

illR<ll R1!SE1' 
2. IF DSlY IllPUT 

POSSIBLE, CALL 
P-00 CR VlllB )6. 
(MISSICII PHASE 
)JAI IIOr A.LI.<11 

1. =ERR<lt 

LIGHT Cit 

GUT cxrr 

PRESS liRR<Jl RBSET't,.:;.:F:it;:;:.L_:GHT~.,:OUT~---------ilf'I 

DATE 1 

FAIL LIGHT -------. 
STIIJ. C1I IS DSII 1-IIO_._ _______ _ 

OPERABLE 

PRESS mROO 
RESET 

DETERMINE 
FAILURK 
SOURCE 

NO 

NO 

DURING 
THRUST 

YE5 

YES 

YF.5 

IS AGC TIME ..,YES....., __ 

RIINIOO AllD i-,:;. __ ---.-t CCRRECT? 
(n611l.61) 

F HT OUT 

F .UL LIG!ft' <II 

FLIGHT CREW SUPPORT DIVISION 
GU= 

J a n 27 , 1967 MAJ 

MSC Form 460 (Rev Dec 66) 



COOCLUSIONS 

ilL LIGHT 00 •I AGC PROBL.D! I® , (NOTE OCCURF.ANCE) 
AGC PROBLFM PROCEED 

I.IL LIGHT C»1 1,1 CONTINUOUS I® PARITY 

WOOD FOUND •l AGC PROBID( I@ 
DUND ·I AGC PROBI»l 

PROCEED 

~ See Error 
Code List 

(NOTE OCCURlWICE) 
JGC PROBI.Dl PROCEED 

r AGC FAILURE I@ 
,r ~1 (NOTE OCCURRAHCE) 

AGC PROBI»L PROCEED 

r t FCMD PROl;II»( I@ 
~-- I® GROUND PROBUJI 

. 

•I POm PROBI»t I@ 
Check .AGC clock time 
and update if necessary 

•I AGC FAILURE I@ 
~ '.'IOIIITCE Fill.URE. F1tOCEED! 

AGC PROBUXS !8 

---rl (NOTE OCCURRANCE) 
.lGC PROBUX PROCEED 

AGC PROBLEM I@ 

t OCDU/AGC I® __I'1 PROBID( 

I ICDU/AGC I@ _r- PROBI»I 

_r PIPA/AGC I@ PROBLFM 

[DANCE AND NAVIGATION 
~FUN CTI O:N PROCEDURES 

NORTH AMERICAN AVIATION, INC. ~ -Cl!!.-JNl'ORMATION SYSTEM>· l..>1"15101• 

5/C 

CORREx:TIVE ACTIONS 

USE C{l(PlJTER WITH CAUTION 

CCMPIJTER LOST 

S(J(E LOSS OF CAPABILITY 
CHECK GROUJID 

CCMPUTER LOST 

110 UP 00 DCMILDIK AVUL
ABLE FR<I' .lGC. USE VOICE 
COOODIRAfiCll 

1WIUAL UPLOAD KECESSARY 

NO UP OR DOiNLillK AVAIL
ABLE FR()( AGC • USE VOICE 
COCRDINATIOI 

CCMPIJTER LOST 

COIPIJTER LOST 

USE Cc»!PUTER WITH CAUTION 

PROBABLE LOSS OF PLATFORM 
FINE ALIGN AND NAVIGATION 
CAPABILITY 

PROBABU: LOSS OF G&N 
ATTITUDE CONTROL 

BAD OR QUESTIONABLE 
ACCEL&RCMETER DATA 

APOLLO OPERATIONS HANDBOOK 
012 IREV FINAL 

SEC T I ON g . 1.1. 1 'PA GE 12 

MISSION SUPPORT n< POIXTS 

CG 5020 AGC ALARM l (PP.cGRAK) 

CG 5021 AGC AU.RM 2 (AGC ACTIVITr) 

CC 5022 ACC AU.RM J ( 'l'4 

CG 5023 AGC ALARM 4 ( PR<Xi . Cffl: . P'HL) 

CG 5024 AGC ALARM 5 (SCALAR !'AIL) 

CG 5025 AGC ALARM 6 (PARITY Jl'AIL) 

CG 5026 ACC AURK 7 ( COUNT~ Jl'AIL) 

CG 5028 AGC Al.ARM 9 (RUPT. IDC!) 

CG 5029 AGC ALARM lO(TC TIW') 

CG 0001 COMPUTm DIGITAL DATA 

CG lllO 2. 5 VDC BIAS 

AGC Fail Indicator Checks 



SYM.PJ10M A 

SYJIIIPrOM B 
i 

SYMPTOM C 

SYMPTOM D 

i - I I 
, WAS A ' ' I S THERE I I S THE 

FDAI BALL DOESN ' T ;: MANEUVER i EXTERNAL ~ SPS 
I 

I YES I THRUSTIN CORRESPOND TO I NPUT ---
COMMAND? 

J MOTION? ! YES 
l \ __ , - - · l -

, NO NC 
Proc 22 

-~ ,, 
... Proc 3 

1

Proc ARE THE RATE . YES 
NEEDLES AT 
NULL? - Proc 12 

NO 

: 
I 

I S THE WAS A I I S THERE 
ERI10R NEEDLE AT NULL ~ ATT SET . MANEUVER .., EXTERNAL 0 

.. I - / NO 
,. 

l YES MOTION? & NOT MOVING I SW - ON? COMMAND? ~ 

· 1ii6-- - -· 
YES 

YES ' - I 
,it ' 

I ' COMMAND Al IS THE I : j 

- 1 Proc 2 
MANEUVER I VEHICLE 

DEADBAND 

G &_N 
ERROR NEEDLE 
DIVERGING & 
OSCILLATING 

G & N 1ERROR NEEDLE ICDU : 
i------, .,__..,.SELECT SCS ATT--... :DIVERGING & ....,_ _ _... 

MODE f ,
1

1 YE __ S ,
1 

·\ NO GO TO 
,OSCILLA1JRG r + PROCE: 

. __ N_9, l YES . 

Proc 20 '. Proc 20 

1 ARE THE RATE.,._ _____ ____._ 
', YES ERROR NEEDLE 

STEADY DEFLECT 
OUT OF DEADBAND 

IS IT A MONITOR II--___ , .... NEEDLES AT I i 
1------tMODE? I 1

1 YES i • NULL? ---:-:
1 

Proc 12 
1 NO 

BNPF: N 1_,;EDLE STEADY 
OR LNCREAS ING 
DE.F1U :C1I1 I ON 

-·- NO · -

IS THE RATE I ___ JIS THERE ! YES :- : Proc 10 
NEEDLE AT NULL? I YES ',IEXTERNAL MOTION? _' __ ' ___ _ 

! 'NO 
NO 

WAS A I S I T A 
MANEUVER t-:-,YE-S ________ ,..~ IA V 

COMMANDED?,______ Proc 12 MANEUVER 
J\ NO . i 

NO 

YES 'yES 

; ----L--------. 
I S THERE EXTERNAL 

~ MOTION? 

I u 
IS THE I J IS Tl 

1----.. SPS ON? DIRE1 

YES 

NO I _ __., L...i. _ __, 

IS I T THE 

Pr oc 1 

... 
ROLL fv-1:;,S -1 Pr oc 8 
AXIS 1m 
ERROR ., . L , 

INO r Pr oc ' 
NEEDLE? 



THE 
S ~---~=- Proc 23 
RUSTING? 1 j YES 1 

'~ 

Proc 3 

~HERE 
IBNAL ') 
CON? 
-

tNO 

I 

, WAS THE 
I MANEUVER ... 

"' WITH DIRECT 
CONTROL 

YES ---

" . 
THE 
rICLE 
lDBAND? 

G &. N 
ICDU PROB. 
GO TO G & 
PROCEDURE 

l YES 
I ; 

-· 

::1 Proc 
t 

:: ! Proc 
I 

I 

I• ts THE FDAI BALL 
I 

1 
I 

2 

10 

/YES -,. 

~ 

r ' 

YES I 

- 1 

i" NO 
r l 

I 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

Proc 21 

Proc 22 

l I 

...... 
: CHECK ERROR 

DISPLAY 

; i.,ti i t;;;._ Jr1' U u i.lHI ' ,J 

DATE, 
Jan 27, 1967 

APOLLO OPERATIONS HANOBOO K 
sic 012 · REv FINAL 
SECTION 9 .l.l. 2PAGE 2 

ERROR 
~ Proc 3 r 

AT THE ORIGINAL DISPLAY 12 i 
I TO BE EXPECTED (Proc 2) ' ATTITUDE? NO GOOD 

::: 10 f:-W-;".A~S-;--:A~Ga....&~N::;-,... _____ ~, Proc 22 
1
YES 

-----il!MANEUVER 
COMMANDED? i-N-0----➔' Pr oc 2 

SCS CH.AlTIJEL SWS ( 4) - OFFt---, Pr rJc: l ~ 
V 70 E - YES 

-------------------+-lll WAS IT A 
DIRECT MAN? ,NO 

1. 
2 . 
3. 
4. 
s. 
6. 

DIR.EC'::: R.C.S - ON 
NULL RATES 
SC S CR4.IITI'TEL SWS ( 4) - ON 
DO RAT~S BUILD UP? 

IS THE MANEUVER .,_ __ 

DIRECT ·uLLAGE? YES Proc 24 

, NO 

roe 8 
I 1. scs CHANNEL sws - ()J,'/ 1' 

i 2 . DIRECT RCS - ON 
I 
; 3- NULL RATES 
14. THC - NEUTRAL 
5. SCS CHANNEL SWS - <lN 
6 . DO RATES BUILD UP? 

I 

n.:s 

ru 

1. 

2 . 

YES 

RHC - NEUTRAL ~ iYES Pr oc 12 

DO RATES BUILD 
UP? NO Pr oc 21 

l'roc 12 

rroc 10 



SYMPTOM F 
RATE NEEDLE REMAI NS 
AT ZERO t-----~ 

WHAT ARE o~_;c ILLATING RATE 
!' THE ATT 

Nl•'.G~DLE ERROR 
NEEDLES 
DOING? 

1 1 AV COUHTERI ' ) Pr oc 5 I SYE?-:;:-OM H -
, DRIFTS 

SYilf?J70M I I RUNAWAY I 
: AV COUNTER : 

~:Proc 5 -

-

AV COUNTER 
SYMPTOM J , MOVES AT ONE :- ·Proc 5 -

SPEED ONLY 

-

j4V COUNTER 
SYMPTOM K I S ERRATI C OR --"' Proc 5 -

, ONE-WAY ONLY 
• 

A V COUNTER 
SYf,~OM L FAILS TO START ... ·Proc 5 -

! COUNTING -

THRUST FAILS :." Pr oc 6 ~-_:_-:-?-=:- C1~\I M -TO CUT- OFF 

2-_:--=•=?=- ~:.~ I rl'HRUST PRE- 1. 
MATURELY CUTS- ~ Proc 6 -
( )l,' F' 

::-- .__. __ ·_ ,.__._ - 'i'!ffl'll :~'I ' Fi\ [LS "' Proc 6 -;_ 

I I'() lNI'l'IA'rE 
··-

: \ ... ,~~ ..... , -._ ., 

I 
r;JJ l 

I 
> Proc 23 ., : 

H.J\.RDO vsn 
- ·•---· ~--

c;~ l j : J)roc 23 .. ·,. "I• 

. ' .. l'J(J 1{1 1/; l 'CJN~-_;[,: 

-·-··· .. 

l 
F'.l )/\ I' I, I r;1 [rl1 JNC Proc 4 ;:, . . ·.· ' '\1M H .... 
/(lil 1

'1 ' /, \J.T11:-;r 11 " 
I 

A 

B 

C 

D 

E 

A 

B 

C 

IS THE ERROR NEEDLE 
DIVERGING AND 
OSC ILLATING? 

YES 

Proc 20 

OSC ILLATINrr 
& DI VERGING 

OSC ILLATING 
ABOUT DEADBAND 

' 

WAS A 
t--N-

0
----PIMANEUVER -

COMMAND? 

Proc 1 

.. Pr oc 20-

. 
- Proc 12 

Ii. 

l 
I PREPARED BY, (5,-n/, 
I 
I 

"/.~ I 

~ 
V ii 



A IS THERE EXTERNAL 
WVER YES MOTION? NO 1.AND? 

1------• 

NO 
I YES 

roe 1 Proc l 

- j 1 . AL,3O CONSIDERS ECO AT IGNITION 

WAS THE 
MANEUVER 
WITH DIRECT 
CONTROL 

REMARKS 

YES 

NO 

-;-~i. FLIGHT CREW SUPPORT DIVISION 
. 

-

__ ...._ _ _.;..;:.;..;;.;.;.;.... _________ _, STABILIZATION AND CONTROL 
DATE 1 6 

Jan 27, 19 7 MALFUNCTION PROCEDURES 

jl 

Proc 21 

Proc 22 

APOLLO OPERA TIO NS HAN O ~• 
5/C 012 --, . 
SECT I ON 9 , J ;.2; - r 



SvS l 
- ,r--,. 

Q ' 2 

1. 
2 . 
3 . 

1. 
2 . 
3. 
4. 

5. 
6 . 

PROCEDURE 

FDAJ ~:rn1 r◄' 'PF.Srr - ON ONE RATE NEEDLE • RATE DISPLAY I 

FDAI ~, l'.:LI•' TE r;:i - OFF AT NULL OR HARDOVER • LOOP FAIL 
DO Tm: R,i\111': NEEDLES 
RESPOND':·· ALL RATE NEEDLES • DISPLAY ECA 

AT .NU LL • TRANSFORMER OR 
SELF TEST SW 
FAILURE 

-
ALL RATE NEEDLES DEFECT • RATE GYRO 3 
4/ 5 SCALE R-Y RIGHT

1 
P UP .. FAILURE 

G&N/ SCS - SCS NO RESPONSE IN ATT .SET 1 
AME - ATTITUDE ANY AXIS SW FAILED 
ATT SET - ON G&N ATTITl 
ROTATE ATT SET RESPONSE CORRECT I N G&N MODE ERROR DRH 
DIALS ALL AXIS ORIGINALLY, 
ATT SET - OFF TO BE EXPI 
ATT ERROR NEEDLES CK I S VALJ 
RESPONSE? 

; . 

NO RESPONSE 1. FDAI ALIGN PB - PRESS YES 
IN ONE AXIS 2 . ATT ERROR NEEDLES & 

BALL RESPOND CORRECTLY, 
NO 



~LIUhl ~tttW SUPPOHf OIVl~ION 

Jan 27, 1967 

ATTITUDE 2 J G&N J 
R DRI VE }AIL ....,_ __ _.'I MALF 

E EXPECT:3::D 
S VALID 

A'rTITUI)E ERROR 

• DISPLAY FAIL IJll 
• T::IAT AXIS 

.. NrTITUDE SET 
• TIJ:PUT FAIL 

3 

4 

REMArtr-. . 

1 • LAUNCH: NO AC'TJ (V,] 

ERROR INDICATO!'" 
AVAILABLE :\S LJ1\"'.h 
SELF CHECK AF1'ER 

MIDCOURSE, A '{! S E, 

............ 

BALL OR EXTERN1LL r,:~-- · .. · ' ' · \., -..:: ~ ,r- ,.,... - · 

INDICATORS , AND/ 0:. ·::: ':"2- ~. _::_ 2-ESS~~:: .• -
AVAILABLE AS BACI\"CT ·.; .. H··~ :·. ~~ss . 
RATE DISPLAY IN .f,Ti'?1;_,-, .. ('/ ~=G S. 

2 . ALL PHASES: DISPl,r. _:: '. ? ~1::;S 12' 5\'?~~ .. ~ - .. 
LOST. USE CROSS CRk~-• . _·? 3ALL ,J:r:. :.::X:--:: . .,. 
REFERENCES, ATTJTtr·:: ,:,' ' ,_..,R : NDI : J-.".:- ."•~ 
AND/ OR PHYS I CAL ~;FN~; ,;:- ,,~f :'-"~2":<;' r r 

7 

CONTROL RESP ONSE ~' -~ •. :- ::VL\:.NJEP. ,·: "" · 
IF TRANSFORMER F ;\ '"1_, : , ":'' =-~s::.iu.-Y · .. 
FUNCTI ON PROPERL~. 

3 , TBD ~ ~ ~ ( 1./K ,nJ, ) 

1. ALL PHASES : ATTJ n,:i; :;,'i .:'.E'l' ?Uh.~=._-~::; 
FDAI ALIGN STILL !": TT.; __ ~" '-.':: \:, . 

2 . LAUNCH : NO ACTI J T\ 

AND PHYSICAL SENSJ~ '._:\.t:: AVAI 1 .IJ.. ~-

CUES. USE ATTI T:-:·-- 1r i•t\· ~ \T'! ... ~ "'~ - . 

AFTER 11; ~; ,~ ·w 

MIDCOUR3E , A , ' ~ , 
OR EXTERNAI P.;;"T':: •. ;·,,,-· 
AND/ OR PHYSI C, J. :: ,;· .. · : I :_: 

AS BACKUP A:'~= ·:_ ·,: 
ATTITUDE ERR'.)~, }" 1

; -· 

POST O. 0 5G : R,JL; . 'i"t ' ·· \~~; ' ~~:c;.1...,_" 
BE DISI_) li .4.YF:, -, :, -:: · '"\_~ --'~.::-
DI S PLAY IS ? RE:: ~"·,;,- . 
ET?.IWK i NC' I. c1,y_::,~:: 

3 . AL I , I ' I I ,\ ~;ES : ·:· ', ,, . 
~...; c:; Nrrri J TUD:S :.L 

4 , ALL PHASES : ( .,..:-

FDAI 1\LI GN LJ~- , ,., 
DISPLAY ST! ::.,~ · 



l: • 

I • 

· ··--- ~- ~~: i-i(JTIOH 
. . . ·.~---._ ,- ;i{1r1n: 

--· ~:-· [)/J\l.0 -
.2..1. , °' •. Y()X 

~::-- · .. ~ \ i-ll :N- l'l?J<;S 
::-:' : .. : ·: .\ l. Ii liO 

- ·- ~\' ~1N 

l l. 

PROCEDURE 

BALL FIXED OR 
ALIGNS INCORRECTLY 

--------------------~ 1 . 
AND ATT ERROR NOT NULLED 2. 

' IN ONE OR ALL AXES 3. 

;BALL ALIGNS I NCORRECTLY 

'. AND ATT ERROR NULLED 

4. 

5. 

2 . 
3. 

BALL ALIGNS CORRECTLY 4. 

·sELECT FOO 
G&N/SCS- G&N 
KEY Vl6N20E 
MONITOR DSKY 
DISPLAY OF IMU 
ANGLES 
BALL MOVES '110 
IMU ANGLES 

'-----------------------------,JII"" 

1. /SELECT FOO 
G&N/SCS- G&N 
KEY Vl6N20E 
MONITOR DSKY 
DISPLAY OF 

AND ATT ERROR NULLS IMU ANGLES 
BALL MOVES 
TO IMU ANGLES 
CHECK CDU 1 S 
FOR FINE ISS 
FOLLOWING. 

*THES:S VALUES OR THE VALUES FOR THE NEXT MANEUVER MAY BE USED . 

I PREPARED BY I i: ~ 



I 

AGCU ·ELECT 1 . 
N YES 

- FAIL 
lE 
;JCT 
1 IMU 

: SERVO ELECT 2 
l TO NO OR COMMON 
; BALL DRI VE 

FAIL 

-

iAGCU SET! 
I 

IFAIL 

--,-- I 

) I CDU 1S ; G&N BALL 13 
cN ' • I 

! FOLLOW . l DRIVE FAIL 
)E I 

3KY 
~ 

3 
3 
;LES 

I CDU ' S DON' T . ICDU FAILURE ' s ~IGO TO THI S : 4 
CSS I FOLLOW 

!CHECK . JROUTI NE 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

Jan 27, 1967 

REMARKS 

GENERAL FOR LAUNCH PHASB : ~O _.:..C1IO~-~ I? BALL 
DRIVE IS INCONSISTENT . -c SE cr:.12Zs. Cli D s -~rn 
PERFORM TROUBLESHOO'rING ?OLi.A'\vT~G L·Ec=IJ:.J 
INTO ORBIT . 

1 MIDCOURSE & v' s: USE G&H MODES FOR BALL 
DISPLAY OR DSKY CALLUP (V16N20E) WHEN SCS 
MODES ARE NEEDED . SCS ATTI~DE DISPLAY IS 
LOST FOR THE REST OF THE NI SSION . 

I ENTRY : USE G&N ENTRY MODE AND DISPLAY AS 
PRIMARY PATH. VI SUAL "OUT- THE-WINDOW " 

' ORIENTATION I S AVAILABLE UNT IL POST . 05G 
ROLL ING ENTRY I S FINAL BACKUP . 

! 

2 '. MIDCOURSE & V1 S: USE DSKY DISPLAY (V16N20E ) 
1 FOR TOTAL ATTITUDE INDICATION OR READ CDU I s 
I 

AT LEB . 

ENTRY : NORMAL ENTRY EXCEPT NO TOTAL ATTITUDE 
BALL . 

h 
I 
I 

' SAME AS 1 EXCEPT THAT THE AGCU DRIVEN BALL 
: DISPLAY I S AVAI LABLE AS A RELATIVE INDICATOR 

IF THE LOSS OF RESET CAPABILITY DOES NOT 
MAKE THE MENTAL COORDINATE TRANSFORMATION 
PROBLEM TOO DIFFI CULT. 

i 

4 : MIDCOURSE : USE SCS MODES FOR BALL DI SPLAY OR 
DSKY CALLUP (V16N20E) . G&N TOTAL ATTITUDE 
DI SPLAY I S LOST BUT ALL G&N MODES MAY STILL BE 
USED WITHOUT TOTAL ATTITUDE FUNCT I ONAL. 

V1 S: EITHER G&N OR SCS v' s MAY BE PER-
FORMED BUT THE TAKE OVER ATTI TUDE REFERENCE 
MUST BE THE EXTERNAL REFERENCE SUPPLIED BY 
MSFN . 

ENTRY: G&N MANUAL ENTRY IS POSSI BLE BY USING 
PROCEED (V33E) AT THE G&N ENTRY MODE SELECT 
POINT . AN ,CS BALL WITH DSKY DISPLAY OF 
PROGRAMS 61 - 67 WOULD BE USED OR ANY OF THE 
OTHER BACKUP MODES . 

- . 

APOLLO OPERATIONS HANDBOOK 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

s;c 012 REV FINAL 
SEC TI ON 9 , l. l. 2 P AG E 5 



PROCEDURES 

;1; I :J :::;cs I ' . FDAI I LLUM-
t:t<OUJ.., 2 INATION YES 

CLOSEI /\(; I 
ADJUSTS ? 

' . J,' I lf\ f l /l'G . 
: ;v1 - AC 2 . 

NO 

I 1, G&N/ SCS- SCS 
; 2 . AV SW - og i YES ' 

I 
I 

i 3. FDAI LTG. l 

SW - AC 1. 
4. VERIFY AV - ,_ 

COUNTER I S 
GREATER THAN 
ZERO 

5. TVC- 1-ACl 
6. INJ . PREVLVS 

- OFF . NO 
7. THRUST SW-

OFF 
8 . THRUST PB-

i PRESS 

'L THRUST PB 
ILLUMINATES ? 

PREPARED BY, <!tif1r;f 



ACl SW 
------ 1 CONTACT 

FAIL 

iFDAI f. 
i INTEGRAL . 

.._ ______ ...._ ..... I LIGHTING 

,FAILURE 

r---- ------3 

FDAI LTG . & 
---""------ THRUST PB 

XFORMER FAIL 

FLIGHT CREW SUPPORT DIVISION 

DATE I Jan 27' 1967 

1 

13 
. I 

1 / REMARKS 

ALL PHASES : ADJUST FLOODLI :;R'~Il'IG FOR m~ST 
ILLUMINATION AND CONTII~ Wir:l:1H MISSION . 

ALL PHASES : USE AC- 2 SWITCH POSITION FOR 
FDAI LIGHTING SWITCH . ~MRSE THE 'I1VC 
SWITCHING CONVENTION FOR v' s, i . e . ' 

SCS POWER - AC2 
RATE GYROS - AC2 
TVC- 1 - AC2 
BMAG' s - ACl 
ROTATION CONTROL - ACl 
TVC-2 - AC l 
G&N LIGHTING - AC2 
SPS GUAGING - AC2 

ALL PHASES : ADJUST FLOODLIGHT ING FOR BEST 
I LLUMINATION. THRUST ON LIGHT CHECKS NO 
LONGER POSSIBLE . CONTINUE WITH MISSION . 

APOLLO OPERATIONS HANDBOOK 
STABILIZATI ON AND CONTROL 

MALFUNCTION PROCEDURES 
5/C 012 REV FINAL 
SECT I ON 9, l, l, 2 PA GE 



,'V, ' I \'WR - OM 0 

A ·: '\ '\' I I '\✓ l { - V- 1 MN A 
i l, 'i •, : ', V l;Ol) \\\'I 1\ 1:I, 
:~'i \) 1 · flll .ri,,'l'l.NC 

.-\ L~CELEROMETE:h 
LOOP OR l,.V 

__ __....___~ ~ET SW FAIL 

OPEN POT OR 3 
C ~ BAD CONTACT 

-------, ..... ON /J.V SET 

SW 

/:N COUNTER 
D • .ELECTRONI CS 

-------.._ DRIVE FAIL 

+ 

J IS THRUS·rnr~J -:-
- IN PROGRESS '.,_. 

r 

NO 

2 

r'bS 

RESET Ll V l'ES 
~----, COUNTER 

INHIBIT CKT 
LATCH UP FAIL 

- DIRECT ULLAGE -
.._ PUSH (MOMENTARILY ) 
r DOES AV COUNTER 

S1',1-RT 

NO 
-'!It 

/JV COUi~TER 1LEC-... TRONI CS DRIVE .. 
?AIL 

YES · NO DISCRETE J • . FROM THC 

5 

6 

I PR E PAR ED BY I C(f;(/1 

~:;;, 



,j FLIGHT CREW SUPPORT DIVISION 
DATE, 

Jan 27 , 1967 

3. Ufil 1: cv1 1m;n rflHREj~ JlRJn: ~T!1T _1:~ -~ -~E::- . F. 11 l' : 
l.X)UN'l'J,:I\ ~-;1 ,:r:1TING 

4. USE G&N CONTROLLED BURK~ 

S . NEX~l7 BURN ULLAGE V,1 ·_::H OTHER -::1HC 

6 . USE G&N CONTRO LLED BURNS 

STABILIZATION AND SONTROL 
MALFUNCTION PROCEDURES 

APULLO U~tHAI ION~ HANUBOO~ 

5 / C 012 REV FINAL 
SEC TI ON 9 . 1 . 1. 2 PA G E 7 



scs 6 

NO [ 

S THRUST ON LT NO TH 
ON? t--------~oR 

YES 

B"-. ----..wJ-:.~s- Eco LT 1-...;:YE=1=s _ _ G&N tJ v ? t--...:::YE=s---------~. START m I ON? • FCSM G&I 
• FCSM G&I 

NO 

I G&N {JV? 

• FCSM SCS - OVERRIDE/ 
1----~ RESET 

FCSM SCS - SCS 
• THRUST ON - PUSH 
• IF V 50 N 11 J S 

FliASBING PBESS......ENT R 

IF V50 J 
L Pl 

IL __ _ 
i F/\ILURE IN SCS 7, 
' 1:.'HRUST CONTROL 

1
. CK . FOR PROGRAM 

,------ ALARMS OR ERROR 
. CODES I 

YES 

~j THRUST ON 
~ ·PRESS 

i 
I LOGIC __ _ 

! NO 
I 

YES I S '✓ 5 ~ N 11 
t--- --..s FLASHEJG? 

IS THRUST 0 T 

LT ON? 

YES i · DIRECT ULLAGlc 
PB- PRESS 
{.MOMENTARILY\ · 

. I GNITION 
~CllBi? -

l . Tl 
E NO .. 2 . I( 

NO 

YES 



STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES SECTION 9 , ::_ ,::_, ~ :>AS£ S 

JS V 50 N J J 
Ji'-liJ\:~H .I N'.; 
( I I l : ; 1,: , /\ ll'r:PF,R 

~s · · AGC DID NOT 
-~~ f Crt~N MAJ FUNCTION. 

SHUTDOWN) l s F.ND ENG INF 

~o 

' 
IS T~rnUST ON LT 

ON? 
YES 

~o 
, 1, 

THRUST ON DRIVER 2 
~ OR LIGIC FAILED ON 

S(jS AUTO ON/OFF 3 
--- S\l FAILURE 

!\.RT ULLAG}; 

OFF DISCRETE, 

FAILURE I N G&N 
, PORTION OF SPS 

THRUST CONTROL 

3M G&N-OVERRIDE/RE~ET OUGH ENGINE 
3M G&N - G&N 
vso N 11 rs FLASHI NG +---~OMBUSTION 

L PBESS Effl'ER -------..-------' 

.._3T_ ON_P_B_-__.f · 
G&N MALFUNCTION J 

l. THRUS':I1 ON PB -- NO 1. SW YES PRESS 7 IGNIT 

iNo G&N THRUST i 
NO CONTROL LOGIC i THRUST 

FAILED CONTROL 
LOGIC 

NO ULLAGE FAILED 
DISCRETE FROM THC 

1 

4 · 

THRUST CONTROL 5 
SW FAILED 

1. 

2 . 

US}•: : ;(~ ~3 THRUST CON~ROL 

USJ 1: I) I l?Ji'.C11 ON/ OFF OF ~:::::::=::_-:3 = 
sw -T<'mt SUBSEQUENT BURNS . 

- ..... .. ~--....-..-
~ -- -"--·'-- ..,__ 

3. USE G&N TO CONTROL BURl': GF: J:5-::::'~ 
ON/OFF OF THRlJS':2 ~~:~:Ro:;:, s-....- ? C_:-. 

- SUBSRQUENT BURNS . 

4. USE DIRECT ON/OFF OF THRUS? : ONi:='ROL 
SW FOR SUBSEQUENT BURNS 

!5, SPS NON- OPERATI ONAL 

0 . G&N THRUST ~- 'JNTROL LOGIC ?P~Il..DRE, USE 
SCS FOR SUBSEQUENT BURNS . 

7, USE G&N FOR ALL SUBSEQUENT 5URNS. 



MTVC CHECK 11. GIMBAL : 
1 . --~: =~ swr:c~ - AC #1 1 . V SWITCH - ON 

2. ROTATE TRANSLATION CONTROL CE 
YAW #2 

2 . GIMBAL : ,_ . _, l' :; :_ s11rrcH - Ac #2 
START[O S :·.-\:\ :· j''..'i'C!I -#2 r;n,rnAL MOTOR 

, · __ \:: :· ·:·;,,-,' //2 raMEAL MOTQR 
3. ROTATE ROTATION CONTROL POSITIVE 

THEN NEG . IN PITCH 3. GIMBAL 
1
1 . ·;: ·.: : ,,:: :'l':1r~:n ?B.IM POSITIVE 4. ROTATE ROTATION CONTROL POSITIVE 

THEN NEG . IN YAW 
4. l).V SW -

PR~PAl<[ D IJY 1 . ;-r;·c; 
;:.: -.. / ll 

"¥:~ ' / 

5, 6 V SWITCH - OFF 
6. RETURN TRANSLATI ON CONTROL TO 

CENTER 
I 

s. 
6. 

T-

Ve.:cify 
CHANGE 
THEN NE 
CHANGE 
NEGATIV 

GPI MOVEMENT 
t----r-:B-:-:"O~L::=--=L~O:-=:W~S:....,.....::;T..::..:R~IM=-=-----~~ PERFORM MTVC CHECK 

AND RC COMMANDS 

GPI MOVEMENT FOLLOWS 
TRIM AND RC COMMANDS 

DA T E 1 

AT SELECTION 

1 GPI MOVEMENT AWAY FROM TRIJ 
AT SELECTION 

INO GPI MOVE:MENT 
1WITH RC COMMANDS 

GPI MOVEMENT FOLLOW 
ROTATION CONTROL GPI MOVE:MENT AWAY ..___ _________ ~ ... -PERFORM MTVC CHECK 

FROM TRIM 

NO GPI MOVEMENT 
WITH RC COMMANDS 

FLIGHT CREW SUPPORT DIVISION 

.Jan 27, 1%7 

PERFORM MTVC CHECK 

'GPI MOVEMENT AWAY F: 

GPI MOVEMENT FOLLOW'. 
ROTATION CONTROL 

NO GPI MOVEMENT 
FOR RC Il'-.TPUTS 

APOLLO 
STABILIZAT ION AND CONTROL 5 1co12 

MALFUNCTION PROCEDURES SECT I ON 9 , ] 

. ·- •-- "- :_. -- ~-: 



- • ..., tr.J.. vrtJ:'.,vl\. 

EMBAL MOTORS PITCH #2 & 
lW #2 - OFF 
]1BAL MOTORS PITCH #1 
1ART/ON 
]'1BAL MOTORS YAW #1 - START/ON 
r SW - ON 
irif y C&W G IJ\IBAL FAIL LT OFF 
LANGE PITCH TRIM POSITIVE 
r:EN NEGATIVE 
LANGE YAW TRIM POS ITIVE THEN 
~GATIVE 

JLOWS .... 

MANDS PERFORM TVC #1 CHECK . 

: 

CJ 'I MOVEMENT FOLLOWS TRIM AND 'i NORMAL O?ERA~IO Tl 
C&W GIJ\IBAL FAIL LIGHT OFF 

GPI MOVEMENT FOLLOWS TRIM AND I, GHIBAL #1 FAIL .1 C&W GIJ\IBAL FAIL LIGHT ON 

GPI MOVEMENT AWAY FROM TRIM : I #1 CLUTCH FAIL I 
NO GPI MOVEMENT AND C&W · 

---i: TVC #1 AUTO FAIL l GIJ\IBAL FAIL LIGHT ON 
- - .. 

3 

i_1_jT1JRd.IN.._M ______________ ....,...._ __________ -,)I MTVC TRIM FAIL 1+ 

___.:_ ___ ....::.__ ____________ :----------7~ MTVC FAIL 15 

1

6 
'..:'.:lL::1:L~OW~S---------------------------,'II TVC TRIM FAIL _ 
)1 

!:_'A1:_Y_JF~Ri.\:0U':ML.1J'l1Rti.:,I!JML ______________________ ..,1 #2 CLUTCH FAIL I 7 

----------7... __ GP_I_ M_O_VE_ ME_ N_T_ F_O_L_LO_W_S_ T_R_I_M __ ~~I AUTO TRANSFER FAIL 16 

LLOWS _ 
L -

PERFORM 

TVC #1 CHECK L--- -NO_G_P_I_ M_OVE_ ME_ N_T ______ ~: TVC AUTO INPUT FAIL I" 

1 GPI MOVEMENT FOLLOWS TRIM 
' TRAJJSFER RELAY FAIL OH -

TVC #2 FAIL 
PERFORM TVC #1 CHECK 

.NO TELEMETRY_ 
TELEMETRY CHECK TELEMETRY MOVEMENT FOLLOWS TRIM ~ GPI FAIL 

OR ROTATION CONTROL IN TVC #1 , 
, 

MOVEMENT 
MTVC , & TVC #2 CHECKS 

VERIFY GIJ\IBAL MOVEMENT 
BY TELEMETRY AND VOICE -
COMMUNICATIONS NO TELEMETRY MOVEMEN'J.1 

--: ACTUA'J70R 
OLLO OPE RAT ION-S HANDBOOK ·-----

IREV FINAL 
9 , 1 , 1 , 2 !P AGE 9 

10 

I'' 

FAIL I 



V 

PROCEDURE 

I:,;;; CHA11JNEL ROLL ( :~) - OFF 
- . DIELi'r11 HCS - ON YES . COWI1INUE WITH 1. THffLIST ,:'1 

M.,\HUALLY ;:;owmoL ROLL AT·.rITUDE , 
BURN 

I 2 . SELECT' 0( ) · THE SPS I 

LL . IS THE VEHICLE STABLF.? EXCEPI1: L_ 
NO I 3 . MONI'I10R I 

I 



FLIGHT CREW SUPPORT DIVISION 
D ATE I 

Jan 27 , 1967 STABILIZATION fli~D CONTROL 
MALFUNCTION PROCEDUE.Eu 

RE~1ARKS ------------------ ----------- -·------ -·-

tL!S'T ,-,l)NTRl1L SVJ - OFF 
,F,C1I1 scs .i' rr1' HOLD 
1EPI1: Ll.Mn1 CYCLE - OFF 
]TOR FOH OTHER SYMPTOMS 

APOLL O OP ERAT IONS HANDB OOI 
S/CO l ? 

SECT, ON 9 . l . 1 . ? )PA GE 



1. THE VEHICLE DRIFTS 
OUT OF THE ATTITUDE 
DEADBAND IN ONE AXIS 

2 . CHECK ATTITUDE ERROR 
NEEDLES AT NULL? 

w.s 

YES 

NO 

l 
1. THC.: C. W. 
2 . SCS - RCS CIRCUIT BREAKERS 

IN THE AFFECTED AXIS·· 
CLOSED 

3. :NULL ERROR ·NEEDLES 
4. THC - NEUTRAL 
5; D~ES THE VEHICLE DRIFT 

OUT OF THE DEADBAND? 
I 

PREPARED BY, 

PROCEDURE 

NO 

USING PROPORTIONAL CONTRDL 
CAN THE VEHICLE BE 
S~I.1ABILIZED? 

wn -
• 

1. ATTITUDE IMPULSE 
ENABLE ON 

2 . EXERCISE IMPULSE 
CONTROLLER 

3. DOES VEHICLE 
RESPOND? 

YES 

1 . G&N SCS TO OTHER MODE NO - WAS THE ORIGINAL IYES t--__ ...;.._ _____ _.aJ 

-
-. 

_i; 

NO 

YE~ 

2. DOES THE VEHICLE DRIFT 
OUT OF THE DEADBAND ~ -------t--~::..=.::=.::,........:--.J_ I 

-. MODE G&N ATT NO .,____ 
QONTROL? 

YES 



FLIGHT CREW SUPPORT DIVISION 
DAT E, 

Jan 27 , 1967 

BMAG 
FAl.G:c;:O 1 
QDEN 

GO TO G&N 

G&N MO MALFUNCTION l 
PROCEDURES • 

lJET SOLENOID 
------• .. DRI VER 2 

FAI LED 
OPEN 

J .l:!;'1' SWITCHING 
AMPLIFIER 

. NO - 1.1 AI LED OPEN 
3 

- -

YES • rl10TAL ERROR .. 
. AMPLIFIER 4 
FAILED ·· OPEN 

G&N ATTITUDE 
·· DEMODULATOR 5 

FAILED OPEN 
:;is 
) 

SCS ATTITUDE 
DEMODULATOR 6 
FAI LED OPEN 

ATTITUDE 
._ ERROR ------.... AMPLIFIER 7 

FAILED OPEN 

APOLLO OPERA TION S HANDBO O 

STAB IL IZ AT ION AND CONTROL 
MALFUNCTION PROCEDURES 

s IC O 7 :;:> IRE y I•' J I J 1, 

SECTION 9 . 1:1. 2 IPA bl" 

REMARKS 

1 BMAG OPEN . 

LAUNCH - NOT DETEC'rABLE 
ALL OTHER PHASES - SCS AUTO . CONTROL LOST IN ONE PY.!: 

2. DRI VER OPEN : 

G&N , DIRECT & PROPORTIONAL CON111W;l. 
REMAI N. SCS V, M'l1VC (IF FAILURL 
PITCH OR YAW ) & SCS A'=1TITUDE ARE L< 

LAUNCH - NOT DErrECTABLE 
MIDCOURSE & V' S - USE OPPOSITE JET PAIR FOR SINGLE J1 

ATTITUDE CON1rROL A.l'iv / OR TRANSLATIOJ 
(ROLL FAILURES FAIL 1/ 2 OR Y OR Z 
± OR - CONTROL) 

ENTRY - SET UP FOR EI THER AN "A" OR "B" AUTO ENTRY DE
PENDING ON WHETHER OR NOT THE FAILED DRIVER I: 
"B" OR "A" (IGNORE IF IT WAS AN A&C ROLL DRI V: 

3. SWITCHI NG AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER PHASES - AUTO ATTITUDE, RATE, AND PROPORTI OJ 

RATE CONTROL IS LOST IN THIS AXIS . 
DIRECT CONTROL IS THE ONLY REMAINI~ 
RCS CONTROL PATH . 

4. TOTAL ERROR AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER PHASES - AUTO ATTITUDE, RATE, AND PROPORTIO: 

RATE CONTROL IS LOST IN THIS AXIS. 
DIRECT CONTROL I S THE ONLY REMAINil 
RCS CONTROL PATH OTHER THAN MINIMUl 
I MPULSE CONTROL . 

5. G&N ATTITUDE DEMODULATOR OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER PHASES-' G&N AUTO CONTROL LOST I N ONE AXIS. 

DIRECT OR PROPORTI ONAL CONTROL OF 1 

REMAINS. SCS V OR :M.TV.C FOR BURNS 
MANUAL G&N FOR ENTRY. SCS ATTITUD: 
ATTITUDE HOLD. 

6. SCS ATTITUDE DEMODULATOR OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER PHASES - SCS AUTO CONTHOL . LOST IN ONE AXI'. 

G&N, DIRECT, AND PROPORTIONAL CONT: 
ALL REMAIN . tiCS v - (IF FAILURE IS 
PITCH OR YAW ) J\ND SCS ATTITUDE ARE 

7. ATTITUDE ERROR AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER PHASES - AUTO CONTROL }?HOM EITHER G&N OR Sl'.'. 

HOLD SIGNAL~3 LOST IN THIS 1\XIS . 
DIRECT RC:3 CONTROL AND MINIMUM n,;p; 
CONTROL ARE THE ONLY REMAINING RC~ 
CONTROL PATHS FOR THE AFFECTED AXIc 
USE :M.TVC IF PITCH OR YAW. 



PROCEDURE 

! L SCS CHANNEL (4) - OFF NO .. 1. DIRECT RCS - ON RATE NEEDLE NOT AT NULL 
) ARE THE RATES INCREASING? 

. 2 . NULL RATES ATTITUDE ERROR NEEDLES HJ 

3. G&N/scs - scs RATE NEEDLES 
4. AME- ATTITUDE AT NULL 

I. 

1. C/B SCS PITCH (YAW, ROLL ) 
MNA OR MNB- OPEN 

2. ROT. CONT . PWR - OFF 
3. THC - C.W. RATES INCREA~ 

14 . SCS CHANNEL PITCH (YAW , ROLL (2 ) MORE THAN 1 C 
I 

- ON (scs CHANNEL PITCH (YAW, ' 
! ROLL ( 2) - 0FF AND STABI LI ZE s / c 
5. IF NECESSARY ) 

REPEAT STEPS 1 AND 4 FOR THE 
OTHER C/ B(s ) I N THE AFFECTED 
CHANNEL 

NO RATE 
INCREASE 

YES 1. VERIFY C7B SCS PITCH (YAW , 
ROLL ) MNA OR MNB- CLOSED 

2 . ROT. CONT. PWR - AC2 
3. SCS CHANNEL PITCH (YAW , ROLL (2 ) 

- ON (scs CHANNEL PITCH (YAW, 
ROLL (2) - 0FF AND STABILIZE s / c 
I F NECESS ARY) 

4. DID THE RATES INCREASE? 
V1i'Q. 

NO .. 1. AME- MONITOR ... 2 . THC- NEUTRAL 
(scs CHANNEL PITCH 

ROLL (2) - OFF AN 
ILIZE s ic IF NECE; 

3. DID THE RATES INC 

I"'""' ,v, ---~?'._--
r1 7Z7..L 

: _::oNTINUED ON 
; Vlo/ / 

S S - 12. B 'i 



REMARKS : See ?age l3a 

NULL ATE GYRO FAILURE 
)LES HAR.DOVER : RATE MA.G LOOP FAIL URE z. 

ONLY 1 C/ B CAUSES RATE INCREASE JET DRIVER FAILED ON 3 
_______ ____.;. __ ____;;.....,;.;.___;_;;.:..:__;____,;___;_;,;;.:_;___;::.:....:,.:.::.:..:.:..:..:.;__ __________ -II 

1. VERIFY LIMI T CYCLE- OFF 6 
LNCREASE WITH . 2 . SCS CHANNEL PITCH (YAW, Nn J PSEUDO RATE FAILEDj 
IAN 1 C/ B COMBINATI ON ' ROLL ( 2) - 0N/ OFF (STABI LI ZI 

.. 

PITCH (Y,\.W , 
OFF AND STAB
F NECESSARY) 
ES INCREASE? 

s/ c IF NECESSARY ) 
3. DO RATES INCREASE? 

1. 
2. 

3. 

4. 

~ 5. 

""J;J:!jS 

THC-NEUTRAL 
C/B SCS GROUP 1 RATES INCREASE .. ONE TRANSLATI 1 

MN A- OPEN WITH ONLY ONE .. CONTROL FAILE: 
SCS CHANNEL PITCH C/B ON 
(YAW, ROLL (2) )- 0N 
(scs CHANNEL PITCE 
(YAW ,ROLL (2)) - 0FF 
AND STABI LIZE s/c FAILURE IN IF NECESSARY) RATES INCREASE. CONTROL ELEC-REPEAT STEPS 1 WITH BOTH C/B .. TRONICS (RATE 
THRU 3 FOR DEMODULATOR ,R. 
' GROUP 1 MN B C/B ERROR AMPLIFI: 

SCS PARTIAL PWR &- TOTAL ERROR 
RATE GYRO 1rO NON- AMPLIFIER, OR 
AFFECTED BUS SWI TCHING AMP -

LI FIER 1 ONE RHC FAI LED ISOLATION 17 

PROCEDURE T.B.D. 

----- YE.3::::-----------------~=A=T=T:E~i:~u;:_ Ei;:~;:tl ~E_=RR~u=-OR= AMP==L=I:::F:i:I1=
1

~l::::1. :ili:::'A:;;I~LE;;;;...
1 

Dr,O:.:.li 
NO WAS THE ,-~;::===~======:;--------.. BM/\G DEMODULATOR FAILED ON Cf 

DATE , 

ORI GINAL 1 . SELECT POO 
MODE SCS ? 2 . ATT ERROR 

NEEDLES AT NULL 

s 
1 . G&N SCS -('r&N 
2 . AME- ATTI TUDE 
3. SCS CHANNEL PITCH 

(YAW ,ROLL(2)) - 0FF 
AND STABILIZE sic I F 

t 
• 

YES 
.-- - ------------,/, 

G&N ATT DEMOD FAJ Lr.Ji 

NECESS ARY 1----N""""'----11 GO TO G&N MALFUNCTJ ON 1 'l tU\;EDURE 
4 . DID RATES INCREASE? J.,J.- -1 

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOO~ 

Jan 27 , 1967 STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

5/ C 012 1111 V FINAL 
S E CTI ON 9. 1. l . :, l 1•A CE 1~ 



sr,s 12 (B) 

J 

r l.
7 DESIRED DJ w,:,' 1

' 

RCS - ON AND ,~ '11 .'\ls I I , I '. ;F; RATES 

1 
l. C/B SCS m R\•:(' 'I' ~;uNT 

MNA & JVINB - l~l'l-:N 
2 . DO THE Rl\fK; l.NC'REASE? 

., 
1 . C1B SCS GROlTP l JVINA & MNB -

OPEN 
2 . DO THE RATES INCREASE? 

[YES 

' -
NO ... 1. SCS CHANNEL (4) - ON YES • 1. .. 

2 . NULL RATES .. 
2 . 

"3 • clB SCS DIRECT CONT MNA - OPEN -
4 . DIRECT RCS - ON/OFF NO 
5. DID THE RATES INCREASE? 

1. SCS CHANNEL (4 ) - ON YES 1 . 
NO .. 2 . NULL RATES 2 . 

- 3. C/B SCS DIRECT CONT MNA-CLOSED NO 
4. DO THE RATES INCREASE? 1-----

1 . SCS CHANNEL (4) - ON 
NO .. 2 • NULL RATES 

3. C/ B SCS GROUP 2 MNA-CLOSED 
4. DO THE RATES INCREASE? 

YES • . 
NO .. 

1 



~ 
FLIGHT CREW SUPPORT DIVISION 

. DATE 1 

Jan ·27, 1967 

-

Lt 1. C/ B SCS DIRECT CONT MNB - OPEN 
2 . C/ B SCS DIRECT CONT MNA - CLOSED 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

~ RHC #2 FAILED ON 
• (DIRECT ) 

~ RHC #1 FAILED ON I" 
j (DIRECT ) . 

APOLLO OPERATIONS HANDBOC 
5 / C()l :;> IRE V FIN AL 
s E o I ON 9 • 1. 1. 2 IP AGE 

--------,1 
1. C/ B SCS DIRECT CONT MNA - OPEN t------- DIRECT ULLAGE 
2 . C/ B SCS DIRECT CONT MNB - CLOSED SWITCH FAILED 

YES ... C/ B SCS GROUP 2 :MNA - OPEN .. CM]) PILOT ROTATION .. C/B SCS GROUP 2 MNB - CLOSED • CONTROL BREAKOUT 
. --· BIi.AC PWR ~ -- AC2 -~: - -· .. SW SHORTED TO DIRECT . 

13 

NO sws 
I 

-.. 
Bl/AG PWR -_ ACl - 1'3 .. PILOT ROTATI ON 

CONTROL BREAKOUT 
SW SHORTED TO 
DIRECT SWS 

1. S/M RCS A (B , C, D) PROPELLANT 
SW - OFF 

________________________ _,.. 2 . REPEAT STEP 1 UNTIL RATES 
STOP 

3. S/M RCS A (B 1 C, D) PROPELLANT 
SWS - ON (for the non affected

1 

quads) 

j, 



1 1rnTE GYRO HARDOVER FAILURE 

LAUNCH - RATE DISPLAY WILL NOT AGREE WITH ATTITUDE, ATTITUDE ERROR- (IF STILL ACTIVE), AND PHYSICAL SENSES. 
THIS CAN BE CORRECTED BY SELECTING BACKUP 'RATE IN THE AFFECTED AXIS. 

MIDCOURSE - LEAVE THE RATE .GYRO SWITCH OFF MOST OF THE TIME. ·- ATTITB~E--HOLD CAN BE HANDLED BY THE G&1T AND 
LIMIT CYCLE SWITCH OR THE BMAG 1 S AND LIMIT CYCLE SWITCH. FOR MANEUVERS, PLACE THE Br.i.AG 1S TO 
BACKUP RATE OR USE DIRECT AUTO CONTROL IN ALL THREE AXES. IN THE FORMER CASE THE AGCU CAN NO 
LONGER UPDATE . 

v's - scs V MODE IS NO LONGER FUNCTIONAL FOR A PITCH OR YAW AXIS PROBLEM. G&N V WITH A BMAG IN 
BACKUP RATE AND MTVC ARE STILL OPERATIONAL. IN THESE MODES THE RNrE GYROS WOULD BE ON WITH 
BACKUP RATE SELECTED IN THE AXIS AFFECTED. 

ENTRY - IN THESE MODES , THE RATE GYROS WOULD BE ON WITH BACKUP RATE SELECTED IN THE AXIS AFFECTED. THIS 
WILL LOSE THE AGCU BACKUP ATTITUDE REFERENCE. 

2 BMAG LOOP HARDO\TER FAIL URE 

LAUNCH - THE BACKUP ATTITUDE REFERENCE WILL NOT BE FUNCTIONAL BUT THIS WILL NOT BE DETECTABLE DURING A 
NORMAL BOOST . 

MIDCOURSE - G&N ATTITUDE HOLD MUST BE USED FOR HOLD PERIODS. THE AGCU FUNCTION IS LOST. BACKUP RATE IS NOT 
AVAILABLE IN THE AFFECTED AXIS. DISABLE THIS AXIS IF SCS MODE SELECTED. 

·v's - ONLY THE' G&N V MODE REMAINS fUNCTIONAL. scs V AND MTVC ARE BOTH LOST FOR PITCH OR YAW 
FAIL URE. ' 1'7 0R ROLL, DIRECT CONTROL MUST BE USED WITH CHANNEL DISABLED. 

ENTRY - THR BACKUP ATTITUDE REFERENCE WILL NOT BE FUNCTIONAL. BACKUP RATE IS NOT AVAILABLE IN THE AFFECTE 
AXIS. DISABLE AFFECTED AXIS IF SCS MODE IS SELECTED . . DAMPING OR CONTROL IN THE AXIS MUST BE WITH 
DIRECT CONTROL . 

3 DRIVER FAILED ON 

LAUNCH NOT DETECTABLE 
MIDCOlffiSE & 
. VI S - APPLICABLE CIRCUIT BREAKER MUST BE OPEJ\TED AND REMAIN PULLED FOR REMAINDER OF MISSION. SELECT TWO 

,JET ULLAGE AND ROTATE DUTY CYCLE FOR PROPELLANT MANAGEMENT BASED UPON THE TWO JETS LOST. CONTINUE 
MISSION. 

ENTRY - SET UP FOR SINGLE SYSTEM RCS ENTRY ON THE UNF°AILED SYSTEM (lE: FOR AN MNA BREAKER SET UP FOR AH 
AUTOMATIC "B" SYSTEM ENTRY) IF THE FAILURE WAS IN PI'rCH,YAW, OR B&D ROLL. 

·----· - --· ------·~ --
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4 ONE TRANSLATION -CONTROL BAD 

.LAUNCH - NOT APPLICABLE 
MIDCOURSE & 

V1 S - PULL EITHER THE MNA OR MNB BREAKER FOR SCS GROUP -T-POWER-. - ~ET SCS POWER AND TVC #1 POWER TO 
OPPOSITE POSITIONS . USE OTHER TRANSLAT I ON CONTROL . HALF OF THE POWER FOR THE SCS CONTROL 
PANEL IS NOW OFF . 

ENTRY - THE CIRCUIT BREAKER CAN BE RE- CLOSED AS BOTH THE POWER PATHS ARE OPENED BY CM-SM SEPARATION . 

5 FAILURE IN CONTROL ELECTRONICS 

LAUNCH - NOT DETECTABLE 
MIDCOURSE - AFFECTED AXIS MUST BE DISABLED . DIRECT RCS CONTROL AND DIRECT ULLAGE ARE THE ONLY REMAINING 

MEANS OF FIRING THE JETS IN THIS AXIS . 
v ' s - THIS FAILURE GROUP MUST BE .FURTHER ISOLATED TO DETERMINE IF THE TVC CONTROL CAPABILITY HAS BEEN 

AFFECTED , WHEN THERE IS A PITCH OR YAW FAILURE . FOR A ROLL FAILURE, DIRECT ROLL CONTROL MUST 
BE USED . 

THE ISOLATION SHOULD BE ACCOMPLISHED AS FOLLOWS : 

1 . SELECT SCS V MODE 
2 . RECONFIR.i'Vl THRUST CONTROL SWITCH - OFF 
3. RECONFIRM PREVALVE SWITCHES (2 ) - OFF 
4. GIMBAL MOTORS IN AFFECTED AXIS (2 ) - START - ON 
5. CONFIRM R,~SPONSE TO GIMBAL ~'RIM THEN STABILIZATION AT TRIM POINT 
6. THRUST ON FJSHBUTTON - PRESS 
7. CONFIRM Th'RUST ON LIGHT - ON 
8 . OBSERVE GPI IN AFFECTED AXIS . DOES IT REMAIN STABLE? 

(CONFIRM WITH TM IF COVERAGE IS AVAILABLE) 

STABILITY ISOLATES THE FAILURE TO THE TOTAL ERROR AMPLIFIER OR THE SWITCHING AMPLIFIER SO THAT 
ANY OF THE THREE TVC CONTROL METHODS MAY BE USED . DIRECT ULLAGE AND DIRECT ROTATION MUST BE 
USED THOUGH FOR RCS CONTROL . 

LACK.OF STABILITY MEANS NO TVC . RCS DEORBIT MUST BE USED . 

ENTRY - SAME AS MIDCOURSE EXCEPT THAT THE DIRECT ULLAGE DOES NOT APPLY 

--------- - - --- -----~-=-
PREPARED BY • (_t~, FLIGHT CREW SUPPORT DIVI SION APO LLO OPERATIONS HANDBOOK 

'- /:_·/ / 

DATE, 

Jan 27, 1967 STABILIZATION AND CONTROL . , S/C REV 

MS C Form 460 (Rev Dec 66) 



6 PSEUDO RATE FAILED 

LAUNCH & 
ENTRY - NOT DETECTABLE (IN ENTRY THE LIMIT CYCLE SWITCH MUST BE OFF) 
MIDCOURSE & 

v's - LIMIT CYCLE SWITCH MUST BE OFF. HIGHER RCS PROPELLANT CONSUMPTION AND LIMIT CYCLE RATES WILL BE. 
OCCURRING. 

7 ROTATION CONTROL BAD (PROPORTIONAL) 

ALL PHASES - T.B.D. 

8 ATTITUDE ERROR AMPLIFIER FAILED 

LAUNCH · - NOT DETECTABLE 
ALL OTHER 
PHASES - THE AFFECTED AXIS MUST REMAIN DISABLED. ALL CONTROL METHODS USING THE AUTOMATIC RCS COILS 

IN THIS AXIS ARE LOST. PITCH OR YAW FAILURES ALSO LOSE BOTH AUTOMATIC TVC CONTROL PATHS BUT 
· MTvc IS STILL FUNCTIONAL. 

9 BMAG DEMODULATOR FAILURE 

LAUNCH 
ALL OTHER 
PHASES 

- NOT DE'11K~TABLE 

- SCS AUTOMATIC RCS CONTROL AND SCS V MODES (FOR PITCH AND YAW FAILURES) ARE LOST. IF AN SCS 
MODE IS SELECTED THE AXIS MUST BE DISABLED FOR AUTO CONTROL AND DIRECT RCS OR DIRECT ULLAGE 
SUBSTITUTED. 

10 · G&N ATTITUDE DEMODULATOR FAIL URE 

LAUNCH 
ALL OTHER 
PHASES 

I PREPARED BY, ,,r;· 
,/ / / ,,.)_ 

/ 

~SC Form 460 (Rev De c 66) 

NOT DETECATBLE 

- G&N AUTOMATIC CONTROL IS LOST BUT, USING THE TRANSLATION CONTROL LOCKOUT (HANDLE cw), THE COMMAND~ 
CAN BE FLOWN OUT FROM G&N DISPLAY WITH THE PROPORTIONAL CONTROL OR MTVC AS APPROPRIATE. 
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11 ROTATION CONTROL BAD (DIRECT) 

ALL PHASES - THE CIRECT CONTROL CIRCUIT BREAKER FOR THE SHORTED SWITCH CONTACT MUST BE OPENED. ONLY ONE 
ROTATION CONTROL WILL BE EFFECTIVE FOR DIRECT CONTROL. ONLY ONE SIDE OR THE THRUST CONTROL 
SWITCH WILL BE ACTIVE. FULL DIRECT ULLAGE CAN BE OBTAINED USING THE ABORT POSITION OF THE 
TRANSLATION CONTROL THROUGH THE MESC. 

12 DIRECT ULLAGE SWITCH FAILED 

ALL PHASES - THE DIRECT CONTROL CIRCUIT BREAKER FOR THE SHORTED SWITCH CONTACT MUST BE OPENED. ONLY ONE 
ROTATION CONTROL WILL BE EFFECTIVE FOR DIRECT CONTROL. ONLY ONE SIDE OF THE THRUST CONTROL 
SWITCH WILL BE ACTIVE. FULL DIRECT ULLAGE CAN BE OBTAINED USING THE ABORT POSITION OF THE 
TRANSLATION CONTROL THROUGH THE MESC. 

13 BREAKOUT SWITCH POWER SHORTED TO DIRECT CONTROL 

ALL PHASES - THE GROUP 2 MNA OR MNB CIRCUIT BREAKER INVOLVED MUST BE OPEN FOR THE REST OF THE MISSION. THE 
BMAG POWER SWITCH SHOULD BE PLACED TO THE OPPOSITE POWER SETTING. ONE ROTATION CONTROL WILL NO 
LONGER HAVE BREAKOUT SWITCH POWER AND SHOULD NO LONGER BE USED. THE CONTROL CAN BE DETERMINED 
BY: 

1. DISABLING THE RCS CHANNELS 
2. SELECTING THE SCS /j. V MODE . 
3. WAITING FOR AN ATTITUDE ERROR INDICATION FROM THE BMAGS 
4. DISPLACING ONE ROTATION CONTROL PAST BREAKOUT 
5. IF THE BMAG 1S CAGE ATTITUDE ERROR WILL GO TO ZERO AND THE BALL DRIVE WILL START. THIS IS 

THE GOOD ROTATION CONTROL . 

14 RCS QUAD PROBLEM 

ALL PHASES - QUAD USE IS LOST FOR REST OF MISSION. 
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rA:, ,i::. :'. _. \ ''. ~ 
I 

1 -- " ARE RATE NEEDLES RATE .GYRO 
> , 1 \ l,: , ) ii' !' l .\);~; ~ r\11 Nu:l,L YES • FAILED OPEN 

I: . r 11 1 1, l,il1H - • ,. 
I\ 

1
! 1i 1 ,, . ? 

NO ,., 
1. VERIFY V SW - OFF RATE GYRO 2 

~{!i~S 2 . CAN s/c BE MANEUVERED WITH YES • DEMODULATOR 
PROPORTIONAL CONTROL - ' FAILED OPEN 

RATE ERROR 3 
NO • AMPLIFIER 

,. FAILED OPEN 

... PSEUDO RATE 
, OPEN 

scs 21 

, 
Nn 1. VERIFY DIRECT RCS - ON • DIRECT RCS 

2 . VERIFY C/B SCS DIRECT CONT . " SW FAILED OPEN 

l 

MNA & MNB - CLOSED 
3. CAN s/ c BE MANEUVERED YES DIRECT CONTROL 

USING REC #2(1) 
.. 

LOST IN RHC #1(2) .. 2 



l,_IYIII <J\-11 '-'Vfl UI\I 

DATE 1 

Jan 27 , 1967 
STABILIZATION AND co:·;?ROL 

MALFUNCTION PROCED~RES 

REMARKS 

s ; c 012 REV FINAL 
SE CTION 9 . l.l. 2 PAGE 14 

. -- . -· - ·-· ------ -------- - ----- -----,,-------------- ·-- ·--------

See Page :i4a 

1. DIRECT RCS SWITCH FAILED OPEN 

LAUNCH - NOT DE':L1ECTA BLE 
ALL OTHER - DIRECT ROTATION CONTROL IS 
PHASES LOST . AUTOMATIC PROPORTIONAL 

CONTROL , MANUAL FROPORTIONAL 
CONTROL, AND DIRECT AUTO 
CONTROL ALL REMAIN .fOR RCS 
CONTROL . 

2 . DIRECT CONTROL LOST IN ONE ROTATION CON"RC 

ALL OTHER 
PHASES 

KEFF OPERABLE R1J17.il.fl ,1N 
/\.1.r CJ\TI) PILQ'L°~; I ~~

1!11\' l' El~) 

r, r-.. 1T-r• r -
V~.l \_:'. _,_ 



1. RATE. GYRO FAILED OPEN 

LAUNCH - DETECTABLE FROM LACK OF DISPLAY MOTION DURING LAUNCH. CAN BE CORRECTED BY SELECTION OF BACKUP 
RATE RESTORING RATE DISPLAY. 

MIDCOURSE & - SELECTION OF BACKUP RATE PROVIDES AN ALTERNATE RATE SOURCE BY CH.A.i'fflEL FOR MANEUVERS OR TVC. 
ATTITUDE CONTROL DURING LOW RATE CONDITIONS CAN BE HANDLED BY PSEUDO RATE SO THAT THE BMAG 
CAN STILL BE USED FOR ATTITUDE HOLD . THE SCS DELTA V MODE IS LOST THOUGH AND THE BMAG IS 
COMMON TO BOTH G&N DELTA V AND MTVC FOR PITCH OR YAW FAILURES. 

ENTRY - BMAG IS AFFECTED AXIS CAN BE PLACED TO BACKUP RATE FOR G&N OR SCS MODES. UPDATING OF THE AGCU 
WILL BE LOST. ATTITUDE HOLD IN SCS ENTRY MODE MUST BE MANUAL . VISUAL BACKUP ATTITUDE 
REFERENCE IS AVAILABLE. 

2. RATE GYRO DEMOD OPEN 

ALL PHASES - RATE DISPLAYS. REMAIN FUNCTIONAL 
LAUNCH - NOT DETECTABLE 
MIDCOURSE & - ONLY DIRECT CONTROL - DIRECT AUTO CONTROL AND MTVC (FOR PITCH OR YAW CHANNEL PROBLEMS) 
DELTA V1S REMAIN IN THE AXIS . 
PRE 0.05G - ONLY DIRECT CONTROL OR DIRECT AUTO CONTROL B.EMAIN IN THE AXIS AFFECTED. 
POST 0.05G - AUTOMATIC RATE DAMPING LOST IN AXIS. DIRECT AUTO OR DIRECT CONTROL CAN BE USED WITH THE ACTIVE 

RATE DISPLAY OR IN ROLL TO CONTROL ATTITUDE. 

3 . RA'l1E ERROR AMP OPEN · 

ALL I'HASES - RATE DISPLAYS REMAIN FUNCTIONAL 
LAUNCH - NOT DETECTABLE 
MIDCO-pRSE & - ONLY DIRECT CONTROL AND MTVC (FOR PITCH OR YAW CHANNEL PROBLEMS ) REMAIN IN THE AXIS. 
PRE 0.05G - ONLY DIRECT CONTR.01 REMAIN IN THE AXIS AFFECTED. 
POST 0.05G - AUTOMATIC RATE DAMPING LOST IN AXIS . DIRECT CONTROL CAN BE USED WITH THE ACTIVE RATE DISPLAY 

OR IN ROLL TO CONTROL ATTITUDE. 

4. PSEUDO RATE OPEN 

LAUNCH& _ ~ NOT DETECTABLE 
ENTRY 
MIDCOURSE & - RATE OR BACKUP RATE MUST REMAIN ON IN AXIS AFFECTED FOR ATTITUDE HOLD. HIGHER RCS 
PRE DELTA v's PROPELLANT CONSUM?rION WILL EXIST IN THAT AXIS. 

PRE PAR ED BY 1 ( '. ;/7_,,,/, . fLIGHT CREW .SUPPORT DIVISION APOLLO OPERATIONS HANOBOO~ . 
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~ 

oCS 2 ? 

WAS THE MANF.UV1•:n 
G-&N fl ~JT ~) t)R 

RHC #7 i/ ~ 

PR l:.PAKt.lJ tlY: 

PROCEDURE 

:S-J! 
.-\ ', ,, " 

. ARE ~'!flt: A'l"I ' m s AGC/CDU rli.OJ3L ~M 
----. =~JU Nl 1:1, :u1,E~) r-------"-"-;..:;._~ Go TO G[:cN M.A.U' 

PROCEDUW1: XX 

Nt i 

CAN 11HE MJ\.NEUVEl1 
:SE Cl1.MM!\ND F:_D 1---____;;Y=E;;;;.S __ .a&~ 1 . SELF.CT SCS 
lm lNl~ PROT ·ORT10NJ\L • A'rT HOLD 
r;QN111WL 2 . DOES THE VEHICLE 

DEADBAND? 

NO 

cql 

YES 

NO 
1 

.. 2 .. 

CAN s/ c ROTATION BE YES 
COMMANDED USING THE i----==------------------

MINIMUM IMPITT,SE? Nn 

1 . 2~~z:~ ROT CONT . 
_ .. __ =: O~HER BUS . 

2 . _-_:._:: '"' :: :SE COMMANDED 
, · - - :: ::, -J.., lf·,., ( 1) 
, \ - -- - !• / 

T 

1 . I? IN MONITOR MODE 
GO r:::10 SCS ATT MODE 

2 . LIMIT CYCLE- OFF 
3. ARE THE RATE NEEDLES 

OS ILLATING AND 
DIVERGING 

CAN THE s /c BE 
..___ ____________ ~ COMl'vL\ND~D WITH 

RHC #1(2 ) 

1
1. 
2 . 

CHANGE THE DEADBAND 
DOES THE s/c DEADRA.ND? 

1-N;;;.;.0~-----1 DOES THE S/C 
DEADBAND? 

YES 

YES 

YES 

NO 

-



FLIGH R W 3UPPORT DIVI~ UN 
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STABILIZATION AND ~J_'T':::rtOL 

MALFUNCTION PROCED~RES 

, 1 1 Vl\v ' '"''""..iv v n 

.1.1. 2 PA GE 

REMARKS - ---- -----------~-----

1 . CHANGE DEADBAND 
2 . DOES THE VEHI CLE 

DEADBAND? 

YES ,---__ j' G&N ATT DEMOD 
.FAILED OPEN 

~ORIGINAL DEADBAND )~ 
-( CIRCUITRY FAILED . 

A .LJJ.l,LLV J.l l, 
.,__ _____ _. CI RCUITRY FAILED 

J TOTAL ERROR AMP 
------------------------,, FAILED OPEN 

______________________ _.. J~T SWITCHING 
AMP FAILED OPEN 

)? 
ORIGINAL DEADBAND ~ 

t-----------------------111_ CIRCUITRY FAILED 

_YE-:---S ____________________ ___...J. ROTATI ON CONTROL 16 

1 DEMODULATOR FAILE} 

_ , RATE ERROR 
-----------------------~~AMP FAILED OPEN 

1 POWER BUS OR r 
ROT . CONJ' . FWR S~ 
FAILED 

JRHc #1 ( 2) FAILED I 6 

See Page 15a 



1. G&N ATTITUDE DEMOD OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER - C-&N AUTO CONTROL LOST IN ONE AXIS. DIRECT OR PROPORTIONAL CONTROL OF RCS REMAINS. SCS V OR 
PHASES wrvc FOR BURNS AND MANUAL G&N FOR ENTRY. scs ATTITUDE FOR ATTI'rlJ'DE HOLD. 

2. ATTITUDE ERROR AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 
ALL .OTHER - AUTO CONTROL FROM EITHER G&N OR SCS HOLD SIGNALS LOST IN THIS AXIS. DIRECT RCS CONTROL AND 
PHASES MINIMUM IMPULSE CONTROL ARE THE. ONLY REMAINING RCS CONTROL PATHS FOR THE AFFECTED AXIS 

3. TOTAL ERROR AMPLIFIER OPEN 

LAUNCH 
ALL OTHER 
PHASES 

- NOT DETECTABLE 
AUTO ATTITUDE AND RATE PROPORTIONAL RATE CONTROL IS LOST IN THIS AXIS. 
ONLY REMAINING CONTROL PATH OTHER THAN MINIMUM IMPULSE CONTROL. 

4. SWITCHING AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 

DIRECT CONTROL IS .THE 

ALL OTHER - AUTO ATTITUDE -Al~D RATE AND PROPORTIONAL RATE CONTROL IS LOST IN THIS AXIS. DIRECT CONTROL IS THE 
PHASES ONLY REMAINING CONTROL. 

5. DEADBAND CIRCUITRY FAILED 

LAUNCH - NOT DETECTABLE 
ALL OTHER - Y.iANUAL ATTITUDE HOLD REQUIRED WHEN AFFECTED DEADBAND IS SELECTED. 
PHASES 

6. ROTATION CONTROL DEMODULATOR OPEN 

ALL PHASES- THE USE OF PROPORTIONAL RCS CONTROL AND MANUAL TVC ARE LOST FOR THE REMAINDER OF THE MISSION. 

PREPARED BY 1 (l//;/ / 

- .;( ~ ~--~-~,r: .-7·-,, 

MSC Form 460' {Rav Dae 66) 

AUTO TVC MODES WITH RATE DAMPING AND NO MAlWAL INPUT MTVC BACKUP ARE STILL AVAILABLE. DIRECT AND 
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7. RATE ERROR AMPLIFIER OPEN 

ALL PHASES - RATE DISPLAYS REMAIN FUNCTIONAL 
LAUNCH - NOT UETECTAI3LE 
MIDCOURSE 
& v's - DIRECT RCS IS ONLY AVAILA:BLE CONTROL MODE IN THAT AXIS . 
PRE-0.05G - ONLY DIRECT CONTROL AVAILA:BLE IN AFFECTED AXIS 

) 
< 

POST-0.05G - AUTOMATIC RATE DAMPING LOST IN AXIS. DIRECT RCS CAN BE USED WITH THE ACTIVE RATE DISPLAY OR IN 
ROLL TO CONTROL ATTITUDE. 

8. ONE ROTATION CONTROL LOST 

ALL PHASES - USE THE OPERATIONAL ROTATION CONTROL AT BOTH THE G&N LEB STATION AND PILOTS STATION FOR PROPOR
TIONAL CONTROL. DIRECT CONTROL SHOULD STILL BE FUNCTIONAL IN THE OTHER CONTROL. 

PREPARED BY, fi ff.//-\ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIO ~S HANDBOO K 
z.:j!-\J DATE I Jan 27' 1967 

STABILIZATION AND CONTROL S/C 012 IREv FINAL 
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PROCEDURE 

] ' ' l111'.;' s ~ YES .. ARE THE NO .. IS THE BURN YES . , .• ) ~ 

'l'HHl>,TI N~~ ·: 
.. RATE NEEDLES ... CONTROLLED BY 

AT NULL? MTVC? 

NO YES NO ., .,1, ~, 
Proc 7 GPI 1. GO TO MTVC 

FAILURE 2 . DAMP RATES 

1. Re1easo DIREC:r;:' eLLAGE OPEN CONTACT ON PUSHBU rrTON DIRECT ULLAGE SW . 2 . DAMP RATES vri :n w:;s 



l== FLIGHT CREW SUPPORT DIVISION 
DATE 1 
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___ YE ___ S _______ J THRUST CONTROL SW -
rl OFF 

APOLLO OPERATIONS H~NOBOOi 
STABILIZATI ON AND CONTROL S/C 012 lRE v -;;-•,~ _.!-

MALFUNCTION PROCEDURES SECT ION 9 .l.l. 2 IP AGE 

REMARKS 

I. If direc t ullage i s needed us e 
t he abort position of t he THC 
to c ommand di:;::a c .::: t ullage through 
t he s equenc e . 

-
' -- -



PROCEDURES ErfrRY SHJ<]i;f 

SEC~ON 9 , 1 . 2 

SPS 1"IB.i,J?UNC'.11ION PROCEDURES 

SYMPTOM 

SPS ROUGH ECO DURING MISSION CRITICAL BURN 

SPS ROUGH ECO DURING NON- MISSION CRITICAL BURN 

P~TCH OR YAW GMBL DR FAIL C & W LIGHT ILLUMINATES 
DURING MISSION CRITICAL BURN 

PITCH OR YAW GMBL DR FAIL C & W LIGHT ILLUMINATES 
DVB;ING NON-MISSION CRITICAL BURN 

SPS PRESS C & W LIGHT ILLUMI NNI1ES DURING THRUSTI NG 

FUEL AND/OR OX TANK PRESS LOW DURING 'l'HRUSTING 

FUE:L ANn/on ox TANK PRESS HIGH DURING THRUSTING 

SPS PRESS C & W LIGHT ILLUMINATES DURING NON
THRUSTING 

FUEL AND/OR OX TAlTK PRESS LOW DURING NON- THRUSTING 

PUE,_ .cl'ID/OR OX TANK PRESS HIGH DURING NON-THRUSTING 

SPS WALL TEMP HI C & W LIGHT ILLUMINATES 

PROPELLANT F..EATERS FAIL TO RAISE TEMPERATURE 

PROPELLANT TE!YIPERAT1JRE READI NG ABNORMAL 

1110 RESPONSE OF OX FLOW FLAGS TO OX FLOW ADJUSTHEN~ 

ABNORMAL PROPELLANT QUANTITY READClUT 

UN BALANCE ME:r•ER IS ERRATIC OR PEGGED 

LOSS OF SPS HELIUM TA:NX PRESS1JRE 

ABNORJ1AL SPS rIELDJM VALVE TB I NDICATION 

SYMPTOM 
NUJVIBER 

1 

2 

3 

4 

5 

5 

5 

6 

6 

6 

7 

8 

9 

j_ Q 

11 

12 

13 

14 

STEP PAGE 
----

1 2 

1 3 

1 4 

1 5 

1 6 

2 6 

7 7 

1 8 

2 8 

6 9 

1 lO 

l 10 

l 11 

1 11 

1 11 

1 13 

1 13 

1 14 



PROCEDURES EN111RY SHEET 

SEC1rION 9 .1 . 3 

RCS MALFUNCTION PROCEDURES 
SYMPTOM 

SYI1PTOM NUMBER STEP PAGE 

S/M RCS 

S/M RCS C&W LIGHT ILLUMINATES 1 1 2 

S/M RCS TEMP PKG LOW 1 4 2 

S/M RCS TEMP PKG HIGH 1 I 10 3 

· S/M RCS PRESS MANF LOW 1 19 5 

S/M RCS PRESS MANF HIGH l 22 5 

/ S1 M RCS PRESS He LOW OR DECREASING 2 1 7 

C/M RCS 

C/M RCS ENGINE TEMP FAILS TO I NCREASE WITH 3 1 9 
HEATERS ON 

v/M RCS C&W LIGHT ILLUMINATES 4 1 10 

C/M RCS PRESS FOR OX HIGH 4 3 11 

C/M RCS PRESS FOR OX LOW 4 4 11 

C/M RCS PRESS He LOW 5 1 12 



SYM?TOM 

1 S'PS .ROUGH ECO 
DURING MISSION 
CRITICAL BURN 

r STEP 1 

1 

2 

3 

4 

PROCEDURE 

FCSM G&N or SCS SW-OVERRIDE/ 
RESET 

FCSM G&N SCS SW-G&N or SCS 

a . G&N 

b . SCS 

THRUST ON - DEPRESS 

Monitor SPS ROUGH ECO light 

a . Re- illuminates 

b. Remains extinguished 

NEXT 
STEP 

2 

4 

3 

4 

5 

---) 

REMARK S FAILURE 

Light illwninates if 70 ± 20 
msec at a vibration level of 
180g 1 s ·· pe·ak--to-peak or 30-70 
msec at a vibration level of 
360g 1 s peak- to- peak . Light is 
extinguished when FCSM circui
try is reset . THRUST SW- ON 
overrides the FCSM monitors . 
Monitor PRESS ENG INLET FUEL 
and OX for decreased pressure 
or unbalanced pressure and flow 

Excessive engin vi
bration due to 
combustion instabili
ty. 

1 . If in G&N AV, automatic 
restart of the engine will 
occur if (10 sec has elasped 
s ince shutdown . If 710 sec 
V50Nll will flash, and the ENTEl 
must be depressed for automatic 
restart . 

2a . OVERRIDE/RESET has re
started engine . Interruption 
of engine "ON" command .occurs 
during switching transient . 

I 

4b . Transient vibra
tion level sensed in 
SPS engine . 

PREPARED BY, ( '! 7,(// 1 · FLIGHT CREW SUPPORT DIVI SION APOLLO OPERATIONS HANDBOOK 
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SY MPTOM 

2 . SPS ROUGH ECO 
DURING NON- MISSION 
CRITICAL BURN 

PREPARED BY 1 (1 ,:,7/ 

\y( 

l'-:.ISC Form 460 ( Rev Dec 66) 

STF.P PROCEDURE 

5 FCSM G&N or SCS SW- OVERIDELRE-
SET 

a . G&N 

b. SCS 

NEXT 
STEP 

REMARKS 

---> I 5a. Automatic restart of the 
engine will occur if< 10 sec hat; 
elasped since shutdown. If> 10 
sec V50Nll will flash, and the 
ENTER must be depressed for 
automati c restart. 

6 

) 
/ 

FAILURE 

6. 1 THRUST ON-DEPRESS ~ I 6 . Continue normal procedures 

1 

2 

3 

I 

THRUST SW-OFF 

Terminate ullage. 

Reset FCSM logic with any of the 
following switches : 

2 

3 

a . FCSM G&N or SCS SW-OVERRIDE/I ~ 
RESET 

b . ~ V SW- OFF 

c. ATTITUDE/MONITOR/ENTRY SW
MONITOR or ENTRY . 

~ 

-➔ 

Light illuminates if 70 ! 20 
msec a t a vibration level of 
180g 1 s peak- to- peak or 30- 70 
mse c at vibration_level of 
36og 1 s peak-to-peak. THRUST 
SW-ON overr ides the FCSM moni
tors . SPS is operable but FCSM 
may terminate subsequent burns . 

3 . The SPS ROUGH ECO light is 
also reset. 

Excessive engine vi
bration due to com
bustion instability. 

I 

APOLLO OPER ATION S HANDBOOK 
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SYMPTOM 

3. PITCH OR YAW 
GMBL DR FAIL LIGHT 
ILLUMINATES DURING 
MI SSION CRITICAL 
BURN 

STEP 

1 

2 

3 

4 
5 

6 

7 

PROCEDURE 

Monitor FDAI and GIMBAL POSITION 
I NDICATOR for -divergence from 
burn heading . 

If divergence occurs; THC-CW. 

Damp rates using MTVC. 

THRUST SW- OFF: 
THC-CENTER 

With the RCS reorient the s/c to 
burn attitude. 

THRUST SW- NORMAL 

a. G&N 

"'-S rD ~c_~ ~ J .. 1J, ·c~ t VV\., ->? I b . scs 
~ . \AX_,\( j7'~,J . 

PREPARED sv , e,;7-:/1 

½15-
MSC Form 460 (Rev Dec 66 ) 

8 

9 

THRUST ON - DEPRESS 

If divergence OCCURS , THRUST 
SW-OFF 

FLIGHT CRE W SUP PORT DIVISION 
DA TE, 

J an . 27, 1967 

NEXT 
STEP 

3 

4 

5 
6 

7 

8 

REMARKS 

1. SPS is now operating on 
secondary gimbal motor: If 
this motor fails, the SPS must 
be shutdown. 

2. This action initiates MTVC 
operation 

~ l7a. Auto restart of the engine 
will occur if ( 10 sec has 
elasped since shutdown. If )10 
sec, V50Nll will flash, and the 
ENTER must be depressed for au
tomatic restart. 

8 

9 

~ 19 . SPS inoperative as gimbal 
control is lost in an axis 

) 

-FAILURE 

Over or under current 
to primary drive 
mo tor. 

I 

9 . GIMBAL FAILURE 
IN ONE AXIS 

APOLLO OPERATIO NS HAN DBO OK 
Service Propulsion System · 

Malfunction Procedure 
S /C 012 _[R EV FINAL 
SECTION 9. 1 .2 l rAG E 4 



SYMPTOM STEP 

4. PITCH or YAW I 1. 
GMBL OR FAIL LIGHT 
ILLUMINATES DURING 
NON-MISSION CRITICAL 
BURN . I 2. 

3. 

PROCEDURE NEXT 
STEP 

THRUST sw - OFF I 2 

Damp any rates with the RCS. I 3. 
Gimbal motors PITCH or YAW 1 sw
START; release to ON. 

r· 

· REMARKS F.AILURE 

Both GIMBAL MOTORS for PITCH or lOver or undercurrent 
YAW have been turned on. to primary drive 

- -- - motor. 

4. . I Monitor PITCH or YAW GJ{BL or 
FAIL light~ 

5. 

6. 

7. 

8. 

PREPARED BY, rYJ7 / 

~ 
~SC Form 45 0 (R~ v Da e 66 ) 

a. Re-illuminated 

b. Extinguished 

GIMBAL MOTORS PITCH or YAW 2 sw-

5. 
7. 

OFF I 6. 

Rotate PITCH or YAW GIMBAL POSI
TION thumbwheels 

a. Needle deflects 

b~ Needle doesn't deflect 

SPS GIMBAL MOTORS PITCH or YAW 2 
SW - OFF 

Rotate PITCH or YAW GIMBAL POSI
TION thumbwheels. 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan . 27, 1967 

~ 16a. For any subsequent burns, 6a. PITCH or YAW 
the GIMBAL POSITION indicator GM:BL or FAIL light 
must be monitored with the FDAI has failed on. 
for divergence from planned 
heading as these are the only 
means of monitoring the status 
of the gimbal motors. 

~,6b. SPS now functional on sec
ondary gimbal drive motor. Any 
subsequent burns must be moni
tored for gimbal motor failure 
on the GIMBAL POSITION indica-
tor and the FDAI. 

8. 

6b. Over or under
cur£ent to primary 
drive motor. 

APOLLO OPERATIO NS HAN DBOOK 
Service Propulsion System 

Malfunction Procedure 
S/C 012 jR EV FINAL 
SECTION 9 .1. 2 I P!GE _ _ _S_ 



SYMPTOM 

5 SPS PRESS LIGHT 
ILLUMI NATES DURING 
THRUSTING 

FUEL AND/OR OX TANK 
PRESS LOW DURING 
THRUS'I1ING 

I I 

PREPA R ED BY I f},,:;·-1/ 

\JVt:... 

MS~ Fo rm 46 0 ( Ra v Dec 69 ) 

STEP PROCEDURE 

a. Needle deflects 

b. Needle doesn't deflect 

NEXT 
STEP 

RE MARKS FAILURE 

Ba. SPS functional, but gimbal ! Ba. Transient over 
switchover may occur at any t :im:l or under current. 
during thrusting. 

Sb. GMJ3L DR FAIL light should 
also have re-illumi nated. Motor 
is unable to assume t he load 
and drops off the line. 

Light illuminat es if FUEL or OX 
TANK PRESS is > 200 ps ia or < 160 
psia. Normal operating pres
sure is 171-179 psia. 

Sb . . Over or under 
current t o primary 
motor. 

WARNING - IF Pc INDICATOR ~70 PSIA: THRUST sw - OFF 

1. !Monitor FUEL and/or OX TANK PRESS 

a. High I 7 

b. Low 

c. Normal 

2. !Monitor PRESS ENG INLET FUEL 
and/ or OX 

a. Low 

b. Normal 

c. High 

FLIGHT CREW SUP PORT DI VISION 
DATE 1 Jan . 27, 1967 

2 

2 

3 

\ 

2a. If FUEL and/ or OX T.A._1-TIC PRESE1 2a. FUEL AND/OR OX 
NORMAL; FUEL and/or OX TANK PRES$indicator failed. 
INDICATORS ARE INACCURATE 

2b . Monitoring of SPS pressure 
gages is required f or all sub
sequent bur ns 

I 
2c. If FtJEl and/ or OX TANK PREIB 2c. FUEL MID/ OR OX 
NORMAL FUEL and/ or OX TAN'"iC PIESSI INDICATOR :B1AILED. 
I NDI CATORS ARE I NACCURATE . 

APO LLO OPERATIO NS HANDB OOK 
Servi ce Propul sion Sys tem 
Ma lfunction Procedures 

S /C 012 ! REV FINAL 
SECTION __2 .1 . 2 lr AGE 6 



SYriPTOM 

FUEL ANTI/OR OX TANK 
PRESS HIGH DURING · 
THRUSTING. 

PREPARED BY I f:P;t:'i 
Vvt--

~SC For m 48 0 (Rev Dec 66) 

STEP 

3 

4 

PROCEDURE 

If non-critical burn: THRUST sw
OFF. 

Monitor FUEL and OX TANK PRES
SURES 

a. If continues to decrease 

b. If pressure low, but steady 

5. !He VLV sws (2) - ON 

..1(-" IMonitor PRESS ENG INLET FUEL and/ 
or OX 

a. High 

b. Normal 

8.1 !SPS HELIUM sws (2) - OFF 

9-~ jif non-mission critical, TRRUST 
SW - OFF 

FLIGHT CRE W SUPPORT DI VIS ION 

DATE, Jan . 27 , 1967 

NEXT 
STEP 

4. 

REMARKS 

~- Use inlet pressures if TANK 
PRESSURE indicator failed 

FAILURE 

4a. SPS not operable. 2ut ~ •14a. Leak in propel-
~equent repressurization may re- lant system. 
~ult in tank rupture. 

5 

~ !anks are manually repressurized 
or subsequent burns. Burns are 
ot to exceed 20 sec if. propel
ant tank pressure cannot be 
aised during manual repressuri-

,.7 
~

, ation; SPS not operable due to 
r~pellant tank pressure< 160 
sia. 

7b. If indicator failure, inlet 
I 

pressure should remain normal 
owever inlet pressures should 
e monitored to see if a time 
elay may have given inaccurate 
ormal reading. 

/ ·t a With helium supply shut off, 
ropellant tank ullage pressures 
re sufficient to provide 20 s ~c 
nds of operation. After 20 sec-

pnds,0/F ratio becomes too high 
~n6 engine operation may become 
f ough. SPS will not be operable 
~fter this 20 seconds. 

7a. One regulator 
assembly failure open 
7b. Indicator failure 

Service Propulsion System 
Malfunctton Pr ocedures 

APO LLO OPER ATIO NS HAN DBO OK 
S /C 012 · REY FINAL 
SECTIO N 9 . 1 . 2 PAG E 7 



SYMPTOM STEP 

6 SPS PRESS LIGHT I 1. 
ILLUMINATES DURING 
NON-THRUSTING PERIDt 

FUEL AND /OR OX TANK I 2 
PRESS LOW DURING 
NON-THRUSTING 

3 

4. 

PRE PAR ED BY I CJ!:.'?/ 
\!:.& 

~S C For m 420 ( Rev Dec 65 ) 

PROCEDURE 

Monitor FUEL and OX (TANK)PRESS 

a. High 

b. Low 

c. Normal 

Confirm FUEL and OX PRESS with 
ENG INLET PRESS. 

a. Righ 

b. Low 

c. Normal 

Monitor FUEL and OX PRESS 

a. Stable 

b. Decreasing 

SPS HELIUM sws (2).:..oN/OFF when 
press~ 175 :;_)sia. 

FLIGHT CREW SUPPORT DIVISION 

D ATE• Jan . 27, 1967 

NEXT 
STEP 

2 

2 

2 

6 

3 

~ 

4 

REMARKS 

Light illumina,tes if fuel and/ or 
oxidizer . pr.ess1,J.I'e is > 200 ps ia 
or ( 160 psia. Normal operating 
pressures are 171-179 psia. 

La··~~ 

) 

FAILURE 

~t~~":t:-! ,.,;;,ti' 
2a. If F and/ or OX TANK PREE4S 2a. FUEL and/ or OX 
were normal: FUEL and/or OX T TANK PRESS INDICATOR 
pressure indicators are inaccu- FAILED. 
rate. 

2b. If FUEL and/or OX TANK PRESS 
were normal: FUEL and/ or OX 1rAJ\1K 
pressure indicators are inaccu
rate. 

2c. Monitor of SPS press gauges 
will be required. 

2b. FUEL and/or OX 
TANK PRESS INDICATOR 
FAILED. 

2c. c/w circuitry 
failed. 

--,,,, fWARNI NG:- Subsequent repressuri~ 3b. Propellant systec 
zation considered · dangerous . due I leak. 
to possibility of tank rupture. 

4a. Tanks are manually repres-\ 
surized for next burn _if 175 
psia is not obtainable: SPS 
[HELIDM sws (2) - OFF. Major le·ak 
i n pressurization systems SPS 
~ot operable for tank pressures 
<.1 60 ps ia. 

Service Propulsion System 
Malfu...~ction Procedures 

APOL LO OPERATION S HANDBOOK 
S/C 012 I REV :F'lT\fA.L 

SECTION 9.1._2_ J ?AGE 8 



SYMPTOM STEP 

5. 

FUEL ANTI /OR OX TANK I 6 . 
PRESS HIGH DURING 
NON:..THRUSTI NG 

PREPARED BY , [J_J'i,/ 

~~ 

~SC For m 460 ( Re v nsc 66) 

PROCEDURE 

Monitor FUEL AND/OR OX TANK PRES~ 

a.. Stable 

b. -Tiecreas ing 

NONE 

FLIGHT CRE W SUPPO RT DIV ISI ON 
DATE 1 Jan. 27, 1967 

NEXT 
STEP 

--) 

REMARKS 

Sa. SPS is functional 

FAILURE 

Sa. Apparent heat 
leak from SPS system. 

WARNING!- SubseQuent repressurii 5b. PROPELLANT SYS 
zation considered dangerous due 'rEM LEAK 
to possibility of tank rupture. 

6 , Heat leak into SPS 
I 

system. 

I 

APOLLO OPERATIO NS HANDBOOK 
Service Propulsion System 

Malfunction Procedure 
S/C 012 I REV FI NAL 
SECTION 9 . 1 . 2 I PAGE 9 



SYMPiOM 

7. SPS WALL TEMP 
HI LIGHT ILLUMINATES 

STEP PROCEDURE NEXT 
STEP 

REMARKS 

Light illuminates when throat 
surface ._temp_g_J'.'ature is 380°F or 
greater . Ablation rates will 
be so severe that loss of 
chamber may be expected at any
time , result ing in catastrophic 
failure. Maximum temperature 
should occur ~ 30 min after shut 
down. 

FAILURE 

L ., 

MISSION CRITICAL : CONTINUE BURl~ - COMPLETE LOSS OF THE SPS SHOULD BE EXPECTED 

8 . PROPELLANT HEAT
ERS FAIL TO RAISE 
PROPELLANT TEM
PERATURE 

PREPARED BY t ('/-;t' 

I ,Att--
t SC Fo rm 460 (Re v Dec 86 ) 

1 !If t hrusting, THRUST sw - OFF 

1 

2 

A/OFF/AB sw - AB 

Monitor PROP TEMP gage 

a. Propellant temperature 
increases 

b. _Propellant temperature 
decreases 

FLIGHT CRE W SUPPORT DIVISION 

· DATE, Jan . 27 , 1967 

~ I 1. MSFN can confirm wall temp- 1. Excess throat 

2 

erature over 380°F . Loss of chamber ablation 
entire chambe·r very possible rates or instrumenta-=-
upon refiring of SPS tion failure. 

In the A position, the 26 
electrical strip heaters re
ceive 28V ; in AB position an 
additional 26 heaters receive 
28V. 

2a. Double heater operation ii 
required for temp_erature con
t rol. 

2a. System A heaters 
failed OFF. 

2b. If A/B not maintaining tem- 2b. Both heater 
perature above 45°F , attitude sy~tems have failed, 
cons t rai t s must be observed or or SW.failure, or 
SPS may become non-operational . instrumentat ion 
SPS not operabl e if Fue l temp failure. 
(25°F . 

APOLL O OPERATIO NS HANOBOOY. 
S/ C R EV 1i' NAL,_ ___ _ 

SECTION 9 .1. 2 PAGE 10 



SYM?TOM 

9. PROP TEMP READ
ING ABNORMAL 

·10. NO RESPONSE OF 

lox FLOW FLAGS TO ox 
FLOW ADJUSTMENT 
(PRI VALVE) 

11. ABNORMAL PRO
PELLANT QUANTITY 
READOUT 

PREPARED BY, /(~£ 

L&f::: 
SC For m 460 (Rev Dec 66) 

STEP 

1 

1 

2 

1 

PROCEDURE 

Revert to 5 hr-ON, 6 hr-OFF SPS 
LINE HEATER duty cycle. 

Valve sw - SEC 

Use OX FLOW switch as desired to 
adjust flow rate. 

SENSOR SW - PRI 

FLIGHT CRE W SUPPORi DIVISION 
DATE 1 

Jan . 27, 1967 

NEXT 
STEP 

2 

2 

RE MARK S 

1. MSFN will provide back-up 
by monitoring propellant tem
peratures. If telemented FUEL 
TEMJ? abnormal, MSFN must moniton· 
OX TEMP and provide back-up to 
crew for SPS LINE HEATER on-off 
control: 

HEATERS ON T
0

( 45°F 
HEATERS OFF T

0

) 55 °F 
Also, HEATERS ON if any OX line 
temp less than 20°F: HEATERS ON 
if any FUEL line temp, or if 
VALVE BODY temp, less than 25°F. 

} 
FAILURE 

Secondary valve has sufficient IPRI OX FLOW VALVE 
range to compensate for PRIMARY ffailed 
VALVE failure in any position 
and still provide valve open-
ings for INCREASE, NORMAL or 
DECREASE OX FLOW. 

NO~E : Operation of OX FLOW 
valve is not critical to mis
sion AS-204 

Complete any thrusting activity 
prior to check of quantity 
re~dout. 

APOLLO OPERATIO NS HANDBOOK 
S/C REV FINAL I 

SECTION 9 . 1 .2 PAGE 11 



-----
SYMPTOM 

' ( 

PREPARED BY• t:5P:i/ 

~ 
~SC Form 460 (Rev Dec 65 1 

STEP 

2 

3 

4 

5 

PROCEDURE ! NF.XT 
STEP 

. RE MARK S FAILURE 

TEST/AUTO/TEST sw - TEST (upper) 
for 10 sec and monitor 
quantities: 

a. Random reading 

b. Correct reading 

SENSOR sw - AUX 

TEST/ AUTO/TEST sw - TEST (upper )1 
for 10 sec, then sw - TEST 
(~ower) for 10 sec. Read 
quantities: 

a. Random reading 

b. Correct reading 

FLIGHI CRE W SUPPORT DIVISION 
DATE 1 

Jan. 27 , 1967 

3 

4 

In TEST mode the display will 
not move- Lor___t~~ first 4.5 sec. 
Next it will race for~ l sec, 
and then will roll s teadily at 
2 to 4 digits per sec. If 
display reacts as above after 
primary system failure, then 
failure is in a tank probe. If 
t ank probe is not fai led , then 
random or bogey readings will 
be displayed. 

4 IOne or more tank probes has 
failed 

Primary gauging 
failed 

5 

--i)' 

In TEST mode the display will 
~ot move for the first 4.5 sec. 
!Next it will race for ~l sec, anh 
then will roll steadily at 2 to 
4 digits per sec. If display 
reacts as above after primary 
system failure, then failure is 
in a tank probe. If t arrK probe 
is not failed, then random or 
fbogey readings will be disple.yedJ. 

MSFN must now supply any pro
~ellant quantity data. 

Display failed 

--t;,, 1C ontinue in AUX mode. Telemetry 
lwill provide total quantities 
from auxiliary system, and sump 
tank quantities from PRI system. 

APOLLO OPER ATION S HANDBOOK 

5/C Ql 2 !R EV FlNA_I.._; --
SEC T I ON 9 . l . 2 ; PAG E 12 . , 



---
SY MP TO M 

12 . lTN13ALANCE METER 
IS ERRATIC OR 
PEGGED. 

STEP 

1 

2 

3 

4 

5 

13 . LOSS OF SPS I 1 
lillL IUM 'I1ANK PRESS URE 

PREPARED BY 1 ( :;?(/ 

l& 

PROCEDURE 

SENSOR switch - AUX 

TEST/AUTO/TEST sw - TEST (upper: 
for 10 sec. Monitor unbalance 
meter. STil - TEST (lower) for 
10 sec. Monitor unbalance indi
cator 

a. Bogey Reading 

b. Normal reading 

SENSOR sw - PRI 

TEST/AUTO/TEST sw ·- TEST (upper) 
for 10 sec; then sw - TEST 
(lower) for 10 sec. --

SENSOR sw - NORM 

Monitor He PRESS indicator 

a. He temperature drops con
currently with pressure 

b . He temperature does not 
reflect drop concurrent wi th 
pressure . 

FLIGHT CRE W SUPPORT DIVISION 

DATE ' Jan. 27 i 1967 

NEXT 
STEP 

·., 

RE MARKS 

Complete any thrusting activity 
prior to checking unbalance 
meter. 

2 I ' 

·'· · 1 

3 '. 

_..,,. I se AUX mode for operation cf 
jquality guaging system 

4 

5 !Actuation of TEST switch here 
lwill realign digital display to 
PRI MARY system setting. 

MSFN will correlate He tempera
ture· data with He press. 

l 

FAILURE 

UNBALANCE meter 
failed. 

PRIMARY UNBALANCE 
f ailed 

~ Ila . Helium depletion immenent. I la LEAK IN HELIUM 
Leak in helium supply. SUPPLY 

~ jLeak cannot be verified unt il a 
~ PS burn is performed . 

APOLLO OPERATIO NS HAN DBOOK 
S /C 012 JR EV FINAL 
SECT I ON 9 . 1. 2 I PAG E 13_ Ps.--------------.1.------------------'!-----------------...t.--USC For m 460 ( Rev Dec 66 ) 



-----~-
SYMPTOM 

14. AJ3NORMAL SPS 
HELIUM VALVE TB 
INI)ICATION 

PREPARED BY 1 ( if)// 
01(_.., 

~S C rorm 460 ( Re v Dec 66) 

STEP 

2 

1 

PROCEDURE 

Monitor FUEL TANK PRESS -indica
tor during burn 

a. Fuel tank press decays 
from nominal (green band) valve 

b~ Fuel tank uress remains 
steady in green band . 

Monitor He Flags 

a. One or both barberpole 
during non-burn period. 

b. One gray during burn 

c. Two gray during burn 

2.1 Attempt manual operation of 
valve. 

3 .· I SPS He sw ( 2) - ON 

FLIGHT CRE W SUPPORT OIVISiON 
DATE 1 

Jan. 27, 1967 

NEXT 
STEP 

.REMARKS 

-- ---.-.--

. 

~ I Verifies last of He supply pres 
sure. Only 20 sec of safe SPS 
burn time remains after loss of 
Helium supply. 

~ I Instrumentation is erroneous, 
and SPS is fully operational. 

FAILURE 

qelium -supply leak. 

Instrumentat ion 
failed. 

2 la. SPS operable, but propell-~ la. Circuitry or 
ant tank pressures may be sligh -valve failure d±U§e~ 
ly higher than normal. c,tap,. 

2 

3 

3 

lb. SPS operable with one 
helium isolation valve and reg
ulator bank only unless manual 
override is successful 

MISSION CRITICAL - If still 
gray, monitor SPS F~ L (TANK) · 
PRESSURE. If pressure decays 
-from nominal (green) band 
TERMINATE FIRING PRIOR to 20 
seconds. 

If manual override works, SPS 
operable. Helium valves must 

lb. Circuitry or 
valve failure closed 

:•t> 

3. Circuitry or 
valve failure 
closed. 

APOLLO OPERATIONS HANDBO OK 
5/C 012 1R EV FINAL 
SECT I ON 9 .1. 2 ! PAGE 14 



; 

SYM?TOM STEP . PROCEDURE NEXT 
STEP 

RE MARKS FA ILURE 

-
14. Cont . be manually opened at thrust 

on and- closad~a:Lthrust off. 

NON-MISS I ON CRITICAL - If stiil 
' 

grey , TERMINATE FIRING . 

. 

I 

I 

; 
// 

PREPARED BY I O;f;;;/ FLIG HT CRE W SUPPORT DIVI SION APOLLO OPERATIONS HANDBOOK 

j/v{_, DATE I 

Jan. 27, 1967 
S/C Q} 2 I REV FINAL 
S ECTION 9 .1.2 I PAGE Vi 
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SYMPTOM STEP PROCEDURE NEXT 
STEP 

REMARKS 

1 . S/M RCS A (B,C,~I 1. 
Light illuminates 

S /M Rc·s A ( B, C 1 D) He 1 i um 1 & 2 s w~ 
OFF 

2. iLight illuminates if TEMP PKG 
is > 175° or (6 3°; or if PRESS 
MANF is < 155 ps ia or > 215 ps ia. 

2. I RCS INDICATOR sw - S/M A(B,C,D) 

3 . I Monitor S/M RCS TEMP PKG 

a. LOW 

b. HIGH 

c. NORMAL 

3. 

4. 

3. Normal operating range: 
115 - l 75°F 

10. 13b. Boost he·ating may cause thE 
temperature to rise above 200°F, 
but it should drop during the. 
first rev. Prolonged RCS firin@ 
and solar heat soak orientation 
may result in a high TEMP PKG. 

S/M RCS TEMP PKG LOW j 4. If TEMP PKG <_45°F: 

18. 

5. 4. Two SCS CHANNEL sws and 
DIRECT RCS must be disabled to 
elect rically isolate the affec
ted quad,however the opposite 
quad on the S/M is also disabled 
Actuation at temperatures l ower 
than 63°F can re~ult in incom
plete combustion and dangerous 
pressure spikes. 

WARNING : 

SCS CHANNEL sws A&C ROLL 
(B&D ROLL) and PITCH (YAW)-OFF 

5. DIRECT RCS - OFF 6. 

If there was probable engine valve actuation while the quad's PKG rrE'MP was below 45°F : 
PELLANT SW - OFF ; SCS CF...M11TEL sws (2) - ON. Reactivate the quad only in an emergency; -- -- ----HELIUM 1 & 2 sws - ON. I.f the quad is reactivated, the first pulse on each jet of the 
minimum of one s econd in duration in order to attempt disapation_of possible res idue. 

6. 

7. 

S/M RCS A(B,C,D) HELIUM 1&2 sws
ON 

If possible, reorient s/c with 
quad A(B ,C,D ) in sunlight and 
monitor S/M RCS TEMP PKG 

7. 

FAILU RE 

S/M RCS A(B,C,D) PRO 
S/M RCS A(B,C,D) 

quad should be a 

i p R E PAR ED BY 1 (''?;// FLI GHT CREW SU PPORT DIVISION 
RCS Malfunction 

Procedure 

APOLLO OPERATIONS HANDBOOK 

I ;,/ h 
~ 
l / 

DATE, J an . 27 , 1967 S/C 012 ! RE V FINAL 
s EC T l ON 9 . l . 3 Ip AGE 2 

~SC Form 45 0 ( ~cv Dec 6G) 



SYMPTOM 

1. (continued) 

S/M RCS TEMP PKG 
HIGH 

, PRE PARED BY I r_"f// 

L .tfLi 

MSC For m 460 (Rev De c 66 ) 

STEP PROCEDURE 

a. TEMP INCREASES 

b. TEMP DOES NOT INCREASE 

~ ,, 
. NEXT 

STEP 
REMARKS 

, 
FAILURE 

8 . 17a. Temperature of quad must 1:e7a . S/M PKG HEATER 
maintained using solar heating . FAILED OFF 

9. l7b . If the indicat or failed, 7b. C/W CIRCUITRY 
S/M RCS A(B,C,D) light will not TO S/M RCS LIGHT OR 
be illuminated; however if the INSTRUMENTATI ON FAIL
sensor failed the light will be URE . 
on. Us e the temperature of the 
other quads to determine temp 
of the affected quad, and con-
tinuous monitoring of the affec-
ted quad is advised, if the sen-
sor failed. If the indicator 
failed temperatures should be 

' obtained from ground TM 

~- I When RCS A(B,C,D) TEMP PKG >63°F., 9. 
9. SCS CHAN1TEL sws (2) - ON (if ~ 

applicable) -
9. Use system normally 

10. I C/B RCS HEATERS A MN13 (B MN'A, I 11. 
C MNJ3 , D MN'A) - OPEN 

11. I Monitor S/M RCS TEMP PKG 

a. > 210°F 12. 

12. 
b. < 210°F l 14. 

SCS CHANNEL sws A&C ROLL 13. 
(B&D ROLL) and PITCH (YAW) - OFF 

F~IGHT CREW SUPPORT DIVISION 
DATE I Jan . 27, 1967 

10. Boost heating may cause the 
temperature to rise above 200°F, 
but it should drop during the 
first rev. Prolonged RCS firine 
and solar heat soak orientation 
may result in a high TEMP PKG. 

~ 
12. ·Two SCS CHANNEL sws and the 
DIRECT RCS must be disabled to 
electrically isolate the affec
ted quad, however the opposite 
quad on the S/M is also disablec 

RCS Malfunction 
Procedure 

APOLLO OPERATIO NS HANDBOOK 
S/C ·7 . 012 j REV J:<'IlifAL 
SECTION 9 .1.3 !PAGE 3 



) 
SYMPTOM 

1. (continued) 

PR EPAR ED BY, l~w✓YI 

/!!c~' 

~SC f or m ~60 ( Rev Dec 66) 

STEP 

13. 

IJ_4. 

115. 

PROCEDURE 

DIRECT RCS - OFF 

S/M ~cs A(B,C,D) HELIUM l& 2 sws-

') 
NEXT 
STEP 

· REMARKS 

14. ~f the engine-valves are actua
ted above 220°F, deformation of 
the _;.a-iv-e-seats- can occur with 
possible leakage of propellants. 

ON (if applicable) I 15. 

If possible, orient the s/c to 
position the affected quad away 
from the sun to effect cooling 
monitor S/M RCS TEMP PKG 

a. TEMP DECREASES 

b. TEMP DOES NOT DECREASE 

16. 

17. 

~

5a. Use the C/B to manually 
aintain the TEMP PKG with.in 
imits of 70°F-210°F 
AUTION: If temp falls below 
3°F go to RCS 1 step 4 

Sb. If indicator failed, S/M 
CS A(B,C,D) light will not be 

·11uminated. If the sensor fail 
d, the light will be on. Use 
he temperatures of the other 
uads to estimate the temp. of 
he affected quad. Continuous 
onitoring of the quad is advisa 

' FAILURE 

15a. s/M HEATER 
FAILED ON 

15b. PKG TEMP IN
DICATOR OR SENSOR 
FAILED. 

16. !When RCS A(B,C,D) TEMP PKG falls I 17. 
below 200°F. 

17. 
18. 

SCS CHANNEL sws - ON 

MONITOR S/M RCS PRESS MANF 

a. LOW 

b. HIGH 

FLIGHT CRE W SUPPORT DI VI SION 
D ATE 1 

Jan. 27, 1967 

~ 

R 
22. 

17. Use system normally 

18. Normal Helium operating 
pressure: 177 psia - 185 psia. 
In addition to helium manifold 
pressures MSFN can read out 
FlJEL MANIF10LD PRESSURES on all 
quads and OXIDIZER MANIFOLD 
PRESSURES on quads A&D. 

RCS Malfunction 
Procedure 

APOLLO OPERATIO NS HANDBOOK 
S/C 021 I REV FINAL 
SECTION J .T:3 - [ PA GE 4 



) 

SY MPTOM 

1. (continued) 

S/ M RCS PRESS MANF 
LOW 

S/M RCS PRESS MANF 
HIGH 

STEP PROCEDURE 

c. NORMAL 

S/ M RCS A(E,C,D) HELIUM 1&2 sws-

l 
NE XT 
STEP 

--,, 
REMARKS 

18c. RCS SELECTOR sw should be 
left in the affected quad posi
tion after every system status 
checks. 

FAILURE 

18c. c/w circuitry 
t o S/M RCS l ight or 
instrumentation 
failure~ 

19. 
20. 

ON I 20. 

21. 

Operate the quad until RCS press 
manf drops below 100 psia. 

S/ M RCS A(E,C,D) propellant sw -
OFF (Verify striped display) 

22. I When practical, operate the 
thrusters on the affected quad, 
monitor S/M RCS A(E,C,D) press 
MANF 

23. 

24. 

a. DECREASES 

b. REMAI NS CONSTANT 

S/M Res· A(E,C,D) HELIDM 1&2 sws
ON 

vlhen S/ M RCS PRZSS Y.JiliF < 170 
psia~ S/M RCS A(E,C,D) HELIUM 
1 s w - QB' (Verify gray display) 
M ()l\TTfTl(YR q /M _ _RCq P'R~qq M ll l\TH' 

21. 

-P 

24. 

21. Firing jets at pressures 
lower than 100 psia may cause 
engine wall burn-through due to 
inadequate film cooling. Refer 
to S/M RCS 2 (S/M RCS PRESS He 
LOW or DECREASING) Reactivation 
of the quad should only be ac
complished in an emergency. 

21. LEAK I N HELIUM 
~RESSURIZATION SYSTEM 
OR INSTRUMENTATION 
IFAILURE. 

22. Eurst disks receptive at 
220 - 236 psia. Relief valves 
open at 225-248 psia and reseat 
at about 220 psia. Some loss oi 
helium is to be expect ed througtl
out t hese ranges. 

2;. l22b. If indicator failed, S/M ~2b. S/M RCS PRESS 
RCS .A(E,C,D) light will not be F INDICATOR OR 
illuminated. If sensor failed SENSOR FAILED. 
light will be illuminated. 

~ 123.• Continue norma!l operation. 

P REP AR ED BY, e_,?f;r;:1, FL IGHT CREW SUPPORT DI VI S!ON +' J... APOLLO OPERATI ONS HAHD BO O!( 
.; ;./, DAT E 6 RCS Mal .... unc vion s;c 012 IR Ev .l!'INJfL 

:: ~ c.. ' J a n . 2 7 , 19 7 · 
., Procedure sEo r oN 9 .. 1. 3 ! PAG E 5 I 

MSC For m 46 0 ( Rev D8 c 66 ) 



SYMPTOM STEP 

25. 

26. 

~ 

PREPARED BY I (:Y};;// 
' ./l:"'e-

· MS C Form ~- 60 ( Rev Dec 66) 

PROCEDURE 

a. RETURNS HIGH 

b. NORMAL 

S/M RCS A(B,c,n) HELIUM 1 SW -
OFF (Verify striped display) 

S/M RCS A(B,c,n) HELIUM 2 SW -ON 
(Verify gray display) 

FLIGHT CRE W SUPPORT DIVISION 
DATE 1 J an. 27, 1967 

NEXT 
STEP 

REMARKS .FAILURE 

25. 

-> 24b. Quad is fully functional 124b. S/M RCS A(B,C,TI) 
on redundant regulator assembly HELIUM 2 REGULATOR 
If pressure was between 185-194 ASSEMBLt FAILETI. 
psia the primary regulator has 
failed and the secondary regu-
lator was controlling Redun-
dancy in the affected leg lost 
and should be used only as a 
last resort in case of failure 
closed in the other leg. If 
second set of regulators fail 
cycle S/M RCS HELIUM 1 or 2 sw 
to maintain adequate manifold 
pressure. 

26. 

~ I 26. Pressure will decrease 
with use of the quad and the 
light (if on) will extinguish 
when pressure drops bel~w 215 
psia. 

Quad is fully functional on re
dundant regulator assembly. If 
pressure was between 185-194 

-= _ ..a....psia the primary regulator has 
failed and the secondary regu
lator was controlling Redun
dancy in the affycted leg lost 
and should be us~d only as a 
last resort in case of failure 
closed in the other leg. If 
second·set of regulators fail 
cycle S/ M RCS HELIUM 1 or 2 sw 
to maintain a dequate manifold 
ressure. 

'-s/11 ,cs ~<~ 
,.,~• ,ft.n -~ . 

• 

APOLLO OPERATIONS HANDBOO K 
RCS Malfunction 

Procedure 
S/C 0l2 ! REV FINAL 
SECT I ON 9 • 1-:-3 ' PAGE . 0 



! ) 

SYMPTOM I STEP 

--
2 . S/M RCS PRESS I 1 
He LOW OR 
DECREASING . 

I 
2 

3 

4 

5 

6 

7 

PREPAR ED BY 1 (),?;,-'/!' , 
}., .! .. (; ' 

MS C Fo rm 450 (Rev Dec 66) 

PROCEDURE 

SCS CHA.i"llfNEL SWS A & CROLL 
(B & DROLL) AND PITCH (YAW) -
OFF 

DIRECT RCS -- OFF 

, 
NEXT 
STEP 

2 

RE MAR KS 

1. TWO SCS CHANJ\TELS AND DIREC'I 
RCS MUST BE DISABLED TO 
ISOLATE TEE AFFECTED QUAD . 

3 · I CAUTION: Pro pellant quantity 
gauging using PV is i naccurate . 

S/M RCS A(B,C,D) HELIUM 1 & 2 I 4 
SWS - OFF (VERIFY STRIPED 
DISPLAY) 

S/M RCS A(B,C,D) PROPELLANT SW- I 5 
OFF (VERIFY STRIPED DISPLAY) 

MONI TOR s / M RCS PRESS He 

a. REMAINS CONSTANT 
b. DECREAS I NG 

MONITOR S/M RCS PRESS MA1TF 

a. REMAINS CONSTANT 

b. DECREASES 

WHEN IN RllliGE OF MSFN, S / M RCS 
A(B . C . D 'l PRQPET,T,ANT SW QT'iI 

6 
~ I Sb. Configure to original 

conditions and NOfil1AL USE OF 
THE QUAD UNTIL S/ M RCS PRESS 
MANF DROPS BELOW 100 PSIA 
THEN PLACE S/M RCS A(B , C,D) 
PROPELLANT SW - OFF DO NOT 

-;,, 

7 

8 

----OPERATE QUAD IF PRESS MANF 
IS LESS THAN -100 PSIA EXCEPT 
IN AN EMERGENCY . 

6a • . Use quad for emergency 
or separation only by: S/M 
RCS A(B,C,D) PROPELLANT Sw - ON· 

/ 

FAILURE 

5b. HELIUM LEAK UP
STREAM OF HELIUM 
ISOLATION 

6a. PROPELLANT 
LEAK DOWNSTREAM OF 
PROPELLANT ISOLATION 
VALVES . 

FLIGHT CREW SUPPORT DIVISION RCS Malfunction 
Procedure 

APOLLO OPERATIONS HA NDB OOK 
DATE 1 Jan. 27, 1967 S /C 012 j REV FINAL 

SECTION 9 .1. 3 I PAGE 7 



SYMPTOM 

PREPARED BY, (7;:~/ 

/;; l' 

MSG Form 460 (Rev De c 66 ) 

STEP PROCEDURE 

8 I MONI TOR OX ANn/OR FUEL MANIFOL]) 
PRESSURE THROUGH MSFN 

a . REMAINS CONSTANT 

l>. ])ECREASES 

FLIGHT CREW SUPPORT DIVIS ION 
DATE 1 

Jan . 27, 1967 

NEXT 
STEP 

REMARKS 

8 . OX measurements on quads 
~ & Care not available . 

~ 18a . Use only for emergency or 
separation by SCS CHANNEL sws -
9N . PLACE s /M RCS A (B ,c,n) 

~

LI UM 1 & 2 sws - ON 

➔ . THE LEAK COUL]) BE EITHER 
SOR LIQUI]) . USE ONLY FOR 

EMERGENCY OR SEPARATION BY 

~

ACING THE SCS CHANNEL SWS 
]) THE s / M RCS A(B ,c ,n) HELIUM 

WS TO ON . 

/ 

FAILURE 

8a. HELIUM LEAK 
BETWEEN THE HELIUM 
ISOLATION VALVES AN]) 

THE CHECK VALVES . 

8b . LEAK BETWEEN Till 
HELIUM I SOLATION 
VALVES AN]) PROPELLANr 
ISOLATION VALVES . 

APOLLO OPERATIONS HANDBOOK 
RCS Malfunction 

Procedure 
S/C 01 2 _[RE V FINAL 
SE CTI.ON 9 . 1 . 3 ~ PAGE 8 



--, 
I'.. 

.,J 

T : --: 

., SYMPTOM STEP PRO CEDURE 
. . , ; I 
~EXT I REMARK S I FAILURE 
STEP 

I 

3. C/M ·RCS ENGINE 
TEMP FAILS TO 
INCREASE WITH 
HEATERS ON 

. Jf 

~~•J.." 
~ 

l 

2 

3 

4 

t 
,-
0 

7 

PLACE TEST SELECTOR SW TO THE 
OTHER THRUSTER TEMP POSITIONS 
(1 , 2,3,4,11,12) 

CYCLE FUNCTION SELECT SW FROM 
~/M' RCS HTRS TO OFF AND BACK ANI 
MONI TOR DC AMJ'v1ETER . 

a . DC AMPS CHANGE MORE THAN 
5 AMPS 

b . DC AMPS CHA1'JGE LESS THAN 
5 AMPS 

MONITOR DC VOLT METER (ENGINE 
TEMP) 

a. ANY TEMP, ·INCREASING 

2 

3 

3· 

--,. 

b . ALL TEMPS CONSTANT . BUT ANY) . 4 
BELOW 6~ °F (1.8 VDC) 

MESC PYRO sw - SAFE _ ~~ ~ 
. ~U.i C't~~ 

C/M PROP JETT DUMP sw - · ON 

WHEN COLDEST ENGINE REACHES 
~00°F (2 . 5 VDC) OR for 13 mi n
u-::es whichever comes first: 

c/ M PROP . JET'r DUMP SW - OFF 

5 

6 

7 

-- -·-----. -- -

3. INDICATES THRUSTER TEMP . 

3a. USE ONE OF OTHER ENGINE 
TEMPS FOR THAT OF AFFECTED 
ENGINE . 

5 . Al l engines will be heated 
with the excepti_on of the two 
+ pitch engines . 

2b . C/ M HEATER NOT 
FUNCTIONING 

3a . TEMP SENSOR 
FAILURE . 

PREPARED BY, (?-?:-:,jl >. FLIGHT CREW SUPPORT DIVISION .1.,. , ··:ws Malfunction I I 
J f !(j DATE, Procedure 

APOLLO OPERATIONS HANDBOOK 
s;c 012 ! REV ~ IIIJ AL 

'K Jan . 27, 1967 j SECTl0N 9 .1 . 3 l rAGE 2 
MSC For.m 460 (nev Dec 66) 



I} 

i. 

SYMPTO~ 

4. C/M· RCS A QR :S 
LIGHT ILLUMINATES 

STEP 

1 

2 

C/ M RCS PRESS I 3 
FOR. OX - HIGH 

c/ M RCS PRESS I 4 
FOR OX - LOW 

PREPARED BY 1 /,-✓,',;;/,/ . I 

~{(: {_,' 

~SC r orm 460 ( Re v Dec 66 ) 

PROCEDU RE 

RCS INDICATOR SW - CM RCS A OR 13 

MONITOR C/ M RCS PRESS F AND OX 

a . HIGH 
b . LOW 
c . NORMAL 

NONE 

NONE 

FLI GHT CREW SU PPORT DI VISION 

DATE, Jan. 27, 1967 

~ NEXT 
STEP 

2 

3 
4 

--? 

· REMARK S 

1. ILLUMINATES IF FUEL OR 
OXI]?_IZER PRESSURE IS <265 PSIA 
OR >325-PSI:A~--

2. NORMAL 287- 308 PSIA 

)·--
FAILURE 

2c. CONTINUE NORMAL OPERATION ., 2c. c/w CIRCUITRY 
TO C/ M RCS A OR :S 
LIGHT FAILED ON . 

3. CONTINUE USING THE Aft'FECT, 3. REGULATOR 
SYS 1rEM TO DEPLETION • :BURST ASSEMBLY FAILED 
DISC RUPTURES AT 332- 348 PSID . OPEN 
THE RELIEF VALVE CRACKS AT 
332- 360 PSIA AND RESEATS AT 
327 PSIA . 'rHERE WI1L BE A 
LOSS OF HELIUM DUE TO VENTING. 

4 . CONTINUE USING THE AFFECTEl 4. REGULATOR 
SYSTEM: UNTIL HELIUM DEPLETION ASSil'IBLIES FAILED 
OCCURS . IF THE REMAINING CLOSED OR LEAK IN 
SYS'I1EM IS SERIOUSLY DEGRADE:D SYSTEM: . 
THE HELI UM SYSTEMS MAY :SE 
INTERCONNECTED :SY PLACING THE 
C/ M PROP DUMP SW - DUMP 
(MOMENTARILY) AND THEN RETURN-
ING IT TO THE OFF POSITION . 
THIS SHOULD ~E DONE AS A LAST 
RESORT ONLY AS HELIUM FROM THE 
GOOD SYSTEM IS BEING SUPPLIED 
TO A MALFUNCTIONING SYSTEM 
AND COULD :SE LOSfJ:1 • ONCE - THE 
SYSTE~IS ARE INTERCONNECTED , 
1rHEY CAf\illOT :SE ISOLATED . 

APOLLO OP ERATION S HANDBOOK RCS Malfunction 
Procedure 5/C 012 I RC:V FINAL 

SECTION 9 .1 . 3 ! PAGE l Q 



SYMPTOM 

5. C/M RCS PRESS 
He LOW OR DECREAS 
ING 

PREP AR ED BY I (,~/I 

1-1 () 

MSC form 46J {Rev Dec 66 ) 

STEP PROCEDURE 

1 . IRAS THE C/M RCS BEEN PRESSUR
I ZED 

a . YES 

b . NO 

2. !WHEN PiillSS He = 600 psia 

3. IC/ B MESC ARM A BATT -A - CLOSED 

4 . 1c/ B MES C ARM B BATT J3 - CLOSED 
I 

5. jMESC PYRO ARM sws(2 ) - ARM 

6 . 

7 . 

8 . 

9. 

RCS C/M PRESS - Ql'.!/OFF 

MESC PYRO ARM SWS(2) -~ 

C/B MESC ARM A J3ATT A - OPEN 

C/13 MESC ARM B BATT B - OPEN 

FLIG HT CREW SU PP ORT DIVISI ON 
DATE 1 

Jan. 27, 1967 

) ____________ _ \ 
NEXT 
STEP 

RE MARKS 

-----> t la . NORMALLY LOADED AT 4100-
4200 PSIA. CONTI NUE USING THE 

2 . 

3. 

4. 

5 . 

6 .-

7. 

8 . 

9 . 

- •AFFECTED SYSTEM UNTIL HELIUM 
DEPLETI ON OCCURS . I F THE RE
MAI NI NG SYSTEM IS SERI OUSLY DE
GRADED , THE HELIUM SYSTEMS MAY 
BE I NTERCONNECTED BY PLACI NG 
THE C/M PROP DUMP SW - DUMP 
MOMEl-J'TARILY AND THEN RETURNI NG 
IT TO THE OFF POSITION . THI S 
SHOULD BE DONE AS A LAST RESORT 
ONLY AS HELIUM FROM THE GOOD 
SYSTEM I S BEING SUPPLI ED TO A 
MALFUNCTIONING SYSTEM AND COULD 
BE LOST . ONCE THE SYSTEMS ARE 
I NTERCONNECTED , THEY CANNOT BE 
ISOLATED . 

~ 

6 . THIS PIIBSSURIZES THE C/M 
RCS I N ORDER TO TRAP ENOUGH 
~ LIUM DOWNSTREAM FOR USE OF 
SYSTEM . , IF THE OTHER SYSTEM I S 
SERIOUSLY DEGRADED , 1I1HE HELIU1'1 
SYSTEI.JfS MAY BE I NTERCONNECTED 
BY PLACING THE C/M PROP DUMP 
SW - DUMP MOMENTARILY AND THEN 

FA ILU RE 

6 . LEAK I N HELI UM 
SUPPLY 

APOLL O OPERAT IONS HANDBOOK 
RCS YiALFUNCTION 

PROCEDURES 
S/C I RE V FINAL 
SECTION 9 .1 . 3 IPAGE 11 



, , , 

SY MP TO~ STEP PROCEDUR E IIE XT 
STEP 

RE MAR KS FAILU RE 

RETllRNING IT TO THE OFF POSI -
TION . THIS SHOULD BE DONE 
AS A LAST RESORT ONLY AS HELI-
UM FROM THE GOOD SYSIJ.1EM IS BE-
I NG SUPPLIED TO A ~.ALFUNCTION-

' ING SYSTEM AND COULD BE LOST . 
ONCE THE SYSTEMS ARE INTER-
CONNECTED , THEY CANNOT BE 
ISOLATED . 

. 

. 

' 

PREPARED BY I r.~t· FLIGHT CREW SU PPORT DIVISION APO LLO OPE RA TION S HANDBOOK 

rlc/ DATE 1 

Jan. 27, 1967 
RCS MALFUNCTION 5 / C IREV J:i' l NAL 

r . PROCEDURES 9 .1.3 I PAGE 
7 r, 

I SE CT I ON .LL 

MSC Fo rm 46Q (Re v De c 66 ) 



indicates greater 
than· 1-"'4,.ampere 
akmrn e·a.i;s pQi-P±: 
after normal 
recharge time. 

.. 

S:l1 '. .. l ' 

1 

2 

- -- - - ·-· .. -- - ·· -·· - , ... ··--· ... · ·-·. -·- ····--·-- ·-

l ';, ('C]·J'll HJ•~ 
. - - - - ·- --- -- -·-- ------·--·-··-· · ·-

Record time & charge current on 
affected Battery 

Charge to and/or verify proper 
DC AMPS - Charge Status 

a. Proper charge current 
level indicated 

b. Improper charge level 
indicated 

3 I Initiate an additional 2 hour 
charge on affected battery(ies) 
with time starting at final 
charge current r ecorded in 
Step 1. 

4 Monitor (& record time start) 
DC AMPS - Battery Charger 
DC VOLTS - Battery only 

a. DC VOLTS (Battery) <3B.5v 

. b. DC AMPS - _Charger~ 1 amp 
data point after 2 addi
tional hours of charge. 

c. 1 amp < DC AMPS - Charger 
:Sl.5 amp above 1 AH · 
data point after 2 hours 
additional charge 

d . .1?C AMPS> 1. 5 amp above 1 AH 
data point after 2 hours 

.... ad.di tional_ .charge._ __ ______ .. 
;; :. 

·' • :,J_ ~~-~ ri!.- // 
v':J -- ~ --- . . . ~ _··»J-:r 

:·'! ir::it <;,:, :· .. , '.: 1.:ppc:rt Di. ·!i:,.i.on 
!'.·::-~ t (? 

NKX'l' 
S'l' l•'.P I EJ<MAHKS · I 1·'.'\Tl.l)j~ l.; 

··----- -· -· --··-- ---- ------ ----------· ----- ·· ------ - ------·-- ------ ------- -----. - - - ----- - --· ·•• ·---

2 

3 

6 

(1) Normal recharge time i s 
mission dependent. 

(2) Data indicating -1 AH & 
_~2 AH respect ive charger 
!output current i s included 
•in flight data pkg. 

4 1(3) If, during these 2 hours of 
additional charging, the current 
indicates 1.0 amp above 1 AH 
data point-record -time and 
continue the 2 hour re-c·harge 
time. A da~~ .. shee-t is provided 
which will meet needs of this 
procedure & normal charging. 

10 

9 

3 

5 

(4) DC _. VOLTS should be at least 
38.5 volts after this amount 
of charging. 

ingle battery degra
dation or inadvertant 
loading. 

tra-nominal loading 

(4b) 
Inadvertant leading 

(4c) 
Inadvertant lo_ading 

(4d) · 
Circuit failure or 
load shorting. 

EPS BATTERIES 
.\1'1) lll) ('p,.' 1::ll i ,,1 ::; i:,?'. -~l-.,~,._, :~ 
:;/c 204 i,,,v 
:· ,· :' ! _:: . 1 3. 3 



r •··• .. . , .. 

[ _ so:•: · \':t _ -= ~]s·,,c·p 1 ·.~ : ~ --=-= rnoc1-:l't1JlfL_______ ___ _ _ I ~~\h _____ _ _ BJ·NAllKS ____________ .. - --=-r'~Ac:...cILlJ R~~-- -· 

5 !Monitor DC AMPS - Charger 
DC VOLTS 

(While accomplishing step 6) 

6 I Open Circuit breakers 
BAT RELAY BUS BAT A(B) 
COMPRESSOR NO. 1 ( 2) 

7 

8 

9 

SPS GIMBAL MOTOR-YAW-1 (2) -
BAT A(B) 

SPS GIMBAL MOTOR-PITCH -1(2) -
BAT A(B) 

ELS A(B) - BAT A(B) 
EDS 1(3) - BAT A(B) 

a. Sharp decreas e in current 
corresponding to opening 
a single breaker 

b. No change in voltage or 
current 

Verify normal Bat CASE TEMP 
with MSFN (Temp) 60°F) 

Leave faulty load circuit 
breaker OPEN - RESET remaining 
breakers (indicated in step 6) 

Determine time remaining prior to 
next burn and initiate charging 
so·that at least 2 batteries 

·. ~' •: ;,~ ::·r,, ] h,;_7~-1 I·'] ic11t C,: r,.:.; -;,~~~,.:; rt l) i. ,ti :, .i.on . 
_ _ D:.1. t o 

- - ·--- . - -- - - ~ - - ·--- ·· ·-· - -· · · - --·- ·· - ·· • 

) 

6 

f6a) 
8 !Voltage step iucrease may be ILoatl failure. 

noticeable also. · In either 
case the Dc:....AMPS · s·hould approach 
norm.al. 

7 

--+ 1MSFN-Crew option to continue 
charging of affected battery 
at this time based on . 

1. Charged capacity of 
remaining batteries. 

2. Performance .of F/C's 
3. Mission schedule. 

If choice is to charge go to 
step 9 of this procedure. 

9 !Refer to respective system 
procedure for loss of power to 
the particular component. 

Record charging times and adjust 
subsequent cycles accordingly. 
Charge to 2 amphr calibration 

(6b) 
Interm.i.ttant or 
terminal current 
short. 

EPS BATI'ERIES 

f 

\ 1, ) 11 ) l" l' , · ·, t · , ,~ ; ~ · , ~ \. , , , -, <. . (. • <. L, 1 0 1,. , . . , !. , ... ,_ :..- =-. 

:> le 204 p,,.., 
::;_",~·,. :.'iJ: ~ - ·_ -~·-:. :~ . ,. 3-.A-- -

\ I 



PROCEDURES ENTRY SHEET 

EPS VlALFUNCTION PROCEDURES 

SYMPPOKS . 

Cl=/YOGENICS 

02 (H2) PRESS LIGHT ILLUMINA1:J:1ES 

() J2 (H2) r:I.1ANK 1 (AND/OR 2) PRESSURE LOW 

02 (H2) TANK l (AND/OR 2) PRESS1ffiE HIGH 

0 2 ~H2) TfdfIE 1 ( hffD/@Jn. . ) i<HEOOUM3 IIHIII 

}i'lr:E;L CELLS 

F / C 1 ( 2 OR 3) LIGHT ILLU1'1INATES 

FUEL CELL MODULE TEMP CCN EXH HIGH 

FlTEL CELL MODULE TEMP CONT EXH LOW 

·pu-;1 CELL l (2 or 3) CIR & SEP MOTORS (AC) 
_ C/B OP:SN 

FUEL CELL FLOW - 0/Hc) - HIGH 

FU:2L CELL FLOW - o
2 

(H
2

) - LOW 

F/C l ( 2 OR 3) PH - HIGH - FLAG STRIPED 

0 2 RIGG Ol?I1 PRESS HIGH FLAG STRIPED 

H,, REG OUT PRESS HIGH - FLAG STRIPED 
L 

~ 0 2 &. H
2 

REG OUT PRESS - HIGH OR 

0 2 & H
2 

& N 
2 

R~G OU'l1 PRESS HIGH 

F/C 1 (2 or 3) RAD OUT TEMP - LOW 

FUEL CELL 1 ( 2 OR 3) MODULE SKIN TEJVIP LOW 
( <375°F) 

FUEL C:SLL l ( 2 or 3) MODULE SKIN 
TEMP EIGH (-;, 450°F) 

NO . 

1 

1 

1 

1 

l a 

lb 

le 

l.d 

le 

lf 

lg 

l h 

li 

l j . 

lk 

11 

STEP 

1 

2 

20 

1 

1. 00 

2 . 00 

3 . 00 

4.00 

5 . 00 

6 . 00 

7 . 00 

8 . 00 

9 . 00 

10 . 00 

11 . 00 

12 . 00 

PAGE 

2 

2 

6 

10 

11 

14 

16 

17 

18 

20 

22 

24 

25 

26 

27 

29 



SYMPTOMS 

POWER DIS'I'RIBUTI ON 

PROCEDURES EN1I1RY SHEET 

(CONTINUED) 

MN BUS A (B) UNDERVOLT LIGH'.f'- ON 
Ds vovrs -,. 26v 

/ DC VOLTS ME1I1ER I:Nl)I CA'I'ES PYRO BATTERY 
'A(B) BELOW 35 VOLTS 

~ ATTERY CHGR OUTPUT CURRENT DROPS TO ZERO 
& CIRCUIT BREAKERS BATTERY CHARGER MN A&B OPEN ~ J ~ 

BATT CHGR OU1rPUT CURRENT ZERO 
(IN ALL SWITCH POSITION) 

_,.))C ItillICATORS - BAT BUS A(B), DC 
VOLTS 27-30 & DC AMPS I' ZERO WITH 
BUS SWS OFF 

,A3ATT CHGR VOLTAGE 40 VDC AND CURRENT 
V zERO WHEN CHA .. 1lGING BATTljRY A(B ,C ) 

,-,INV l (2 or 3) TEMP ?: 190°F 
(MSFN MONITORING CA?ABILITY ) 

....-1\.C BUS FAIL LIGH'I' ILLUMINATED 

Ai..C BUS FAIL LIGHT & AC BUS 1 (2) 
OVERLOAD LIGHT ILLUMINATED 

AC BUS 1 & 2 FREQUENCY INDICATES 
<393 CPS OR >407 CPS 
(SINGLE INVERTER OPERATION) 

/ AC · BUS FAIL LIGHrr IL1Ul'1INA'I'ED & 
AC BUS 1 (2) VOLTAGE <9ov (DUAL I NVERTER) 

/ AC BUS FAIL LIGHT ON AFTER 
AC I NVERTER 2 (1) IS APPLIED TO AC BUS 2(1) 

A m BUS A & B U1'-IDERVOLT LIGHT , AC BUS l & 2 , 
& F/C BUS DISCONNECT LIGHTS ILLL'I'flNATE 
( T\1-A.T TN-VERTER. CON1"I ,.,Tm A 1l1T r ,N \) J_; ,.. , } . ..J _,_ ,i .!..J ..i.. .J..1 _ _ . ._-;l)a.rl. .... -V.L1 

✓rf:. :FU:3 A&B UNDERVOLT LlGH'.I' , AC BUS 1&2 & 
F/C BUS DISCONNECT LIGHTS 11,1UM1NATE 
(SDfGLE INVER1I1ER cmiF~G1.JRATlCN) 

la 

NO. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

STEP 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

PAGE 

30 

31 

32 

33 

34 

37 

40 

42 

45 

47 

49 

50 



I SYMPTO~ 

1. ·02 · (H2 ) .PRESS 
light illuminates. 

o
2 

(H2) Tank 1 

(and/or 2) pressure 
low 

I' REP AR ED 8 Y 1 ),'{! /.J_4!L,_l .. u 
// \/P j _d f " ~t f~ 1 b ...Q ----- . . .. /.,.., ,/ 

t~ St: Fo im 430 ( Rev Dec ps ) 

STEP PROCEDURE 

) 

NEXT 
STEP 

1 . I Monitor TANK PRESSURE - 0
2 

(H2) 
- 1 & 2 

2 

3 

4 

a. Pressure low 

b. Pressure high 

2 

20 

o2 (H2) HEATERS Sw - 1 (and/or 2J 3 

- OFF (off limit tank(s) 

0
2 

(H
2

) FANS - 1 (a~d/or 2)-0FF 

(off limit tan~.(s) 

Monitor Flow - o2 (ECS) 

4 

REMARKS 

c/w low pressure limits: 
o2:T~ _}-_ & 2 = 800 psia 
H2:Tank 1 &- 2 -= 220 psia 

c/w upper pressure limits 
o2 : Tank 1 & 2 = 950 psia 

H2: Tank 1 & 2 = 270 ps ia 

(2) Low o2 (H2) pressure in one 

tank is not time critical and 
should be verified with MSFN +,o 
determine possible indicator 
failure. The surge tank should 
be isolated when marked decreas 
i ng trend in both o2 tank pres
s ures is noticeable. 

') __ 
-FAILURE 

a. Flow >.45 ,lbs/hr 
• ! I 

-} I (4a.) Reference E.CS symptom No.~ (4a.) Leak in ECS 

b. Flow (. 45 lbs/hr 

5 I Monitor CABIN PRESS 

FLIGHT CREW SUPPO RT DIVISION 
D ATE 1 

Jan 27, 1967 

5 

1 (02 Flow High) 

APOLLO OPERATIO NS HANDBOOK 

EPS-CRYOGENICS s I c Q 12 l R E v F Tl\T A T 

SE CTION 9. 1.4. l l PAGE 2 



( 

SYMPTOM STEP 

6 

7 

PROCEDURE 

a . Pressure> 5. 6 psia 

4-
b. Pressure>5.6 psia 

Monitor TANK PRESSURE 
o2 (H2) - 1 (and/or 2) &'F/C 

FLOW - F/C 1, 2, & 3 

a. Press steady or gradual 
decrease & F/C flow rates equiv
alent. 

b . Flow high in one fuel cell, 
pressure continues to drop 

c. Fuel ceJ.l flow rates equiva
lent & pressure indicates marked 
drop in one tank 

Leave both tank heaters & fans -
OFF . 

PREPARED BY, , / 7 FLIGHT CREW SUPPORT DiVISION 

~ , .:t~---- DATE, Jan 27, 1967 
----/ --, ,-¥_ .... , ,-'/ C ~ ,~,. - ' V ,.,. -

~SC Form 46 0 (R&v Ds c 66) / 

NEXT 
STEP 

REMARKS '---, FAILURE 

--➔ l5a .) Reference ECS symptom No~ j(5a .)Leak in ECS 
21 (Cabin Pressure high) 

6 

8. 

11 

7 

(6a .i ) 
more 
than 
flow 
veal 

Pressure changes will be i('6a.) Motor or 
evident with H

2 
gauge seal pressure switch 1'aiJ 

with O? gauge scale. F/C ure or leak prior tc 
rate comparisons will re- flow sensor. 
purge valve open. 

~c.) Tank vent valve being open 
necessitates a previously high 
pressure or failure of relief 
valve_. o

2 
tank relief vents at 

983 psig and reseats at 970 psjc 
H

2 
relief valves vent at 273 

psig & reseats at 268 psig. 

(6b.) Purge valve 
seat leak or plumb
ing leak. 

(6c .) Tank vent valvE 
open or plumbing 
l _eak. 

~1(7) Surge tank should be isoJated 
when marked decreasing trend in 
both o

2 
tank pressures is 

I 

noticeable . Sufficient flow ma~ 
be obt ained in a pressure decay 
mode of operation . 

APOLLO OPERATIO NS HANDBOOK 
EPS-CRYOGENICS 5/C 012 ( REV 'PTNAT 

s ECT, ON _9 _._L_,1_ . 1 Ip ~GE_ __ 3 



) 
SYMPTOM STEP 

8 

9 

10 

11 

12 

PROCEDURE 

) 
NEXT 
STEP 

o2 (H2 ) HEATERS Sw - 1 (and/or I 9 
2) ON 

02 (H2 ) FANS Sw - · 1 (and/or 2) ~ 10 

ON 

Monitor TANK PRESSURE - 02 (H2 ) 
- 1 ( and/ or 2 ) 

REMARKS 

Minimum cryo systems :pressures 
are: 
02: 

62: 
500 :psi (required for worst 
case cabin repress) 
150 :psi 

Management constraints are: 
a. Quantity remaining in both 
~anks. 

~- Rate of depletion of faulty 
itanks. 

a. Pressure increases steadily I~ I ( 10a) Single switch failure re
sults in loss of automatic 
pressure control in both tanks. 
Manual control is required .• 

I .. 

) 

FAILURE 

( 10a) Motor or 
:pressure switch fail
ure. 

b. Pressure continues to 
gradually decrease 

----jJ(lOb) Tank :pressure will decay l(lOb) Leak :prior to 
and is effectively lost for rest flow sensor. 

Cycle FUEL CELL 1 (2 or 3) -
o

2 
(H2) - PURGE 3 to 5 times 

consecutively & return tcQIT. 

Monitor - FLOW - o2 (H2 ) meter 

:of mission. 

12 

PREPAR ED FLIGHT CR EW SUPPORT DIVISION APOLLO OPERATIO NS HAN DBOOn 
i DATE, EPS-CRYOGENICS · S/C 012 RE V FINAL 
l ----~~ ~.;;:;i:,,,~---,..--- Jan 27' 1967 sEcr, oN .1. .1 PA G E 

MS C ~ 



SYMPTOM STEP 

12 

13 

14 

15 

16 

17 

18 

.?I 

PREPARED B~¥~klf-
' . 'R.. . . - '.!.. 

U_1f~ ~', ,V...:-:~~,;__~ 
~SC Fo rm 46 0 (R ev Dec 66 ) Z7' 

PROCEDURE 

a. Flow returns to normal 

b. Flow remains high 

NEXT 
STEP 

13 

15 

o2 _(H2 ) HEATERS sw - 1 (and/or I 14 

2) - AUTO 

02 (H2) FANS SW - 1 (and/or 2) ,~ 

- AUTO 

Repeat Step I/ 

REMARKS FAILURE 

(12a.)Normal purge maximum flow (12a.) Purge valve 
increases are: s€at open temporar-
o2: o.6 lb/hr ily. 

H2 : 0.75 lb/hr 

(12b) A plumbing leak in the 
area involved here is very re
mote. 

(12b.) Plumbing leak 
down stream of fuel 
cell or purge valve. 

a. Flow remains high 16 I'( 15~) See statement of step 12a.1 

0
2 

(H
2

) HEATERS sw - 1 (and/or 

2) - AUTO 

02 (H2) FANS SW - 1 (and/or 2) 

AUTO 

MOni tor TAN1<: PRESSURE - o2 (H2 ) 

- 1 & 2 

FLIGHT CRE W SUPPORT DIVISION 
DATE 1 Jan 27, 1967 

17 

being open may give a critical • ~~ 
~ 1(17) Fuel cell p:'-rge val:e. ·J ~~ 

operational mode if purge cycle . fr-"• 9 :.f r 
is init i ated during low pressur 
condition of tank. Consumption 
data & mission length should be 
adjusted accordingly. If flow 
rate exceeds flow rate of re~ 
m1:rk 12a, crew - MSFN option to 
shutdown fuel cell. 

APOLLO OPERATIO NS HANDBOO K 
EPS CRYOGENICS 

S/C 01 2 RE V FINAL 
SECTION 9 .1. 4 .1 PAGE 5 



I 

SY MP TOM STEP 

18 

19 

o2 (H2) TANK 1 (andA 20 

or 2) PRESS HIGH 

?l 

?2 

23 

..,.., ,.f'/ltL 
PREPARED BY1,./41/_//~kh 

?f:'-;:g:: ,(Jc,,-( -t/ 

~;S C Fo r m 460 ( Rev Dec :vr> 

) ) ,, 
PROCEDURE I NEXT REMARKS FAILURE 

STEP 
a. Pressure returns to normal I~ 

I 

b. Pressure decreases 

Use m~nual pressure control 

02 (H2 ) HEATERS - 1 (and/or 2)-

0FF 

02 (H2 ) FANS - 1 (and/or 2) -

OFF · -
I Monitor o

2 
(H

2
) Tank pressure 

a. o
2 

high 

b. H2 high 

Monitor cryogenic & surge tank 
pressures 

a. Surge tank= 900 ~35 and 
<.<- h i ghest cryo tank -

FLIGHT CRE W SUPPO RT DI VISION 
DATE 1 Jan 27, 1967 

19 I ~ ~1.. 
~~~JIJ,-~~-

?l 120. Note: Purge would norm
ally be initiated when the tank 
pressures trigger the c/w. 
c/w upper pressure limits are: 
0

2
: TANK #1 - 950 psia 

22 

23 

27 

·_i--4,. 

TANK #2 - 950 psia 

IR2: TANK #1 - 2'70 psia 
TANK #2· - 270 psia 

Tank relief valve crack pres-
sures: 
02: Tank #1 - 983 psig 

Tank #2 - 983 psig 

IH2: Tank #1 - 270 psig 
Tank # 2 - 270 psig 

I 

(23a) Loss of sensor capabil- · 
ity necessitates coordination 
with MSFN. 

(23a) 0 Sensor cir
cuit faiiure in tank 
with highest indi
cated pressure . 

APOLLO OPERATIO NS HANDBOOK 
EPS-CRYOGENICS 5/C Ol2_ _ j REV FINAL 

SEC TI ON 9 .1. 4 .1 I PAGE 6 



SYMPTOM STEP I PROCEDURE 

b. Surge tank~ highest cryo 
tank 

24 I PRESS IND SW-SURGE TANK 

25 

26 

27 

28 

29 

,-, A ,fv 
PREPARED By •.l_1f/Jfi,,rjf~ 

--~,::;::,,W~ ,Y _,,., L J ~ 
"--· ;· '· . <.. .L:::::... <Z -t'. -.,,~ 

MSC Form 460 ( Rev De c BW) 

02 ~ATERS SW- 1(&/or 2) - AUTO 

o2 FANS SW-1(&/or 2) - AUTO 

Verify with M..SFN H
2 

tank 
pressure 

(a) Normal 

(b) One or two tanks high 

FUEL_ CELL 1,2, & 3-0
2

(H2) 
PURGE (normal duration) 

Monitor : 
TANK PRESSURE- 0 (H ) - 1 & 2 
TANK QUANTITY- 6/~2)-1 & 2 

(a) Pressure decreases in 1 ~ 
tank 

(b) Press decrease_s in both 
ta.nks & 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 

NEXT 
STEP 

2'8 / 

25 

26 · 

REMARKS 

-.> I (26) Normal configuration is 
mission time dependent 

28 

29 

➔ 

(28) H? purge line heater 
should oe on at least 10 
minutes (no more than 20 min
utes should be required) prior 
to purge . Immediate ·purge may 
be initiated if vent valve 
crack pressures are imminent. 

, ) l (29a) Mission constraint is 
quantity remaining in normal· 
tank . 

FAILURE 

.._ j-• ' -• f.,; I 

(27a) H sensor· 
circuit failure 

(29a) Tan..~ outlet 
line blocked . 

APOLLO OPERATIONS HANDBOO K 

EPS -CRYOGENIGS 5/C __fil2__ _IR EV FINAL 
SECTION g • .l_._4_.JJ PA GE / 



) 

SYMPTOM STEP PROCEDURE 

_JIii\_ ,,, A JI"" 

PR£PAR ED BY, J.11/,f;&;,i LO 
__ ___.,,.jifJ~f:d!l; I 

~S C For m 460 (Rei De 9l6S ) 

(1) ◊ 2 (H )> 950 psia (270 
. ) 2 psia 

(?) 800 psia (210 psia)< o2 (H
2

) < 950 psia (270 psia) 

(a) In min. dQ/dM regio1 

(b) Outside min dQ/dM 
region 

30 I Repeat purge if required 

(a) Pressure decreases 

31 

(b) Pressure high 

Power up (=2. 5a amps per fuel 
cell) e.g. Two inverters, S
Band high mode , battery charger 

FLIGHT CRE W SUPPORT DIVISION 
DATE 1 Jan 27, 1967 

NEXT 
STEP 

30 

REMARKS 

( 29. b. 2) 'l'he mimimum dQ/ dM 
region may be defined as the ; 

27 !region of tank densities where
in design pressures may be 
maintained by tank heat leak 
only. The following tank den
sities correspond approximately 
to entry of min . dQ/dM region. 

H
2 

13..._ 1 bs / tank 

o2 ill lbs/tank 

32 

FAILURE 

.1( 29. b · .. 11 Cryogenic 
control circuitry~- or 
insulation degrada-

·•tion , or a combina
tion of high heat 
leak influence and 
low demand. 

29 I ( 30) If normal :pµrging of fuel 
cells does not sufficiently 
decrease pressure, conti.nuous 
purging is an option or increas
ing cabin pressure (o

2 
only) 

~ 

(31) These indicated loads wil 
probably provide sufficient in
crease in demand 

(30b) Insulation 
degradation 

APOLLO OPERATIONS HANDBOOK 

EPS-CRYOGENICS 5/C 012 (R EV FI_N_AL 
SECTION 9.1 . 4 . l}AGE 8 



SYMPTOl.1 

,,. 

A 
PREPARED 

- · . . . --- - -- -

STEP 

32 

33 

34 

35 

«~?.-~:ti_, -Y:::1-r----
~S C Form 46 0 (Rev Dec 6'v-') 

PROCEDURE i NEXT 
STEP 

REMARKS 

) __ 
FAILURE 

( a) Pressure stabilizes ~ I ( 31a) Maintain present minimum 
1
• ( 31a) Pr edomi nant 

l oad requirements until tank hea t l eak influence 

(b) Pressure increases steadilyl__g 

Manually maintain normal pressur~ 33 
& guantity balance 

Monitor - TANK PRESSURE - 0 (H2) 
- 1(&/or 2) 2 

( a) Pressure remains no'rmal 

(b) Pressure increases 

(1) In one tank 

34 

34 

densities-are- approximately: 
02 : 15 lbs/ft3 

H2: 1.0 lbs/ft3 

(33a) Loss of automatic pres
sure control necessitates use 
of normal control 

(31b) Excessive heat 
leak-possible insala
tion degradation 

(33a) Motor &/or 
pressure switch fail
ure. 

(33.b.l) Insulation 
degradation 

(2) In botn tanks 35 1(34.b.2) Crew option .to manualt(33.b.2) Combinat'ion 
ly or automatically control of high heat leak & 
tank pressure · l ow demand 

Continue manual pressure control 

Increase power &/or purge as 
required to control pressure 
be l ow C/W upper limit 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan 27, 1967 

APOLLO OPERATIO NS HANDBOOK 

EPS-CRY0GENICS 5/C 012 IREV FTN AT 

SECT I ON __(l._l. 4 , JJPAGE g 



SYM:'TO!,l 

' F/C 1 (2 or 3) 
Light Illuminates 

I ;"t. /) ~ 

p RE p AR ED BY '_/;1,i,,6(A1;{_// 
l/.1-, '/. ' 'I -//j 
✓, ,<.« • .,..,_,._✓,·' 
£, •' ,,,, . _r, ) {: ' c _ :.!Yd., t"'t-- ··c5 : -f,J_a.,("..1,1 ~ 

MSC Form 46 0 (R FJ V Oec ; Sa ) 

STEP 

1 

2 

I 

PROCEDURE 

FUEL CELL INTIICATORS - 1(2 or 3) 
Survey F/C meters & annunciators 

a. FUEL CELL MODULE TEMP COND 
EXR ..: _High 

b. FUEL CELL MODULE TEMP CONTI 
EXH - Low 

c. Fuel cell 1 (2 or 3) -
CIR & SEP MOTORS (AC) -
C/B - OPEN 

d. FUEL CELL FLOW - o2(H2) -
High 

e. FUEL CELL FLOW - o2(H2) -
Low 

) 
1 

NEXT 
STEP 

REMARKS 

1.00 ITCE?l75°F (Spec) 

2.00 ITCE ~152°F (Spec) 

3.00 IMay occur independent of 
F/C 1, 2, or 3 light. 

4.00 !Flow ~1.276 lb/hr (.1606 lb/~) 
(Spec) 

5.00 jFlow ~.140 lb/hr (.018 lb/hr) 
(Spec) 

FA I LUR '..: 

f. PH HI-striped 6.00 c/w trigger values ph ~9.0(Spec) 

g. o2 REG OUT PRESS HI-Striped 7.00 o2 press :::_75 psia (Spec) 

h. H2 REG OUT PRESS HI-Striped 

i. o2 REG OUT PRESS HI & 
H2 REG OUT PRESS HI -

STRIPED 
OR 

0 REG OUT PRESS HI & 
H~ REG OUT PRESS HI & 
N; REG OUT PRESS HI -

STRIPED 

j. F/ C RAD TEMP LOW - Striped 

k. FUEL CELL MODULE TEMP SKIN 
Low 

1. FUEL CELL MODULE TFJ1P SKIN 
High 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

J'an 27, 1967 

8.00 H2 press:?. 75 psia (Spec) 

9.00 N2 Press~ 70 psia (Spec) 

10.00. ITemp ~-30°F (Spec) 

11.00 TSKIN ~360°F (Spec) 

12.00 ITSKIN ~500°F (Spec) 

EPS FUEL CELLS 

APOLLO OPERATIO NS HANDBOO K 
S/C 012 I REV FINAL 
SECTI ON _2.l. 4 . 2 ! PAGE 10 



) 
i SYMPTOM STEP PROCEDURE NEXT 

STEP 
REMARKS 

·., 

F.AILURE 

( a) 
f10DULrI! 

FU'~L CELL 11.00 
TF~1P-COND EXH l. OljMonitor - FUEL CELL - 1, 2 & 3 -

Module temp - CONTI EXH 
C/W ·trigger value is 175° F, 
MSFN verification necessary for 
c/w failure. r GH 

a. 1 fuel cell affected 

b. 3 fuel cell affected 

1.02 

. 1.03.;j (1.0lb) TCEn 70°F on fuel cell~ 

considered "high". 

CAUTION: DO NOT EXCEED TCE = 200°F FOR ANY LENGTH OF TIME TO PREVENT H2 PUMP FAILURE 

1.02 IMonitor - Fuel cell - 1 (2 or 3) 
Module temp - CONTIEXH & skin 

a. 

b. 

TCE rises to 190° within 

approximately 10 to 15 min. 
TSKIN increases after 15 

minutes. 

TC~ rises steadily for normal 

TSKIN range. 

1.·03 I FUNCTION SELECT - ,A 

,,.. . ., .,, 

1.061 (1.02a) This set of symptom 
~ndicative of limited, but 
~erious flow restriction of 
boolant - some heat is still 

isl(l.02a)·coolant flo~ 
restriction or leak
age or pump stalled. 

t
eing transferred to the secon
ary loop. When flow is com
letely stopped, C/B may, in 

~ime, open. When flow is stopiec 
~ H

2 
pump is operating, TCE will 

~ise sharply (~8°/min) followed 
by an increase in TSKIN within 

',- .\ r5 to 20 minutes. 

l.03l (1.02b)Steadily ri~e defined · 
ts (. 5° to 2° /min). There may . 
t e 15 minutes to an hour (at a 
r3teady power level) to detect a . 
fmall but o!f - ~omi~al incre~s~ 
lin TSKIN" .1.he time inverval is 

pependent upon the power level. 

1.04, 

(1.02b) Secqnd.ary 
bypass valve or minor 
flow restriction. 

P REPARED 8#1/;:;fJ·ff FLIGHT CRE W SUPPORT DIVISION APOL_LO OPERATIONS HAN DBOO K 

f:j:j< (_;:._ __ ,_ ~' 0 A TE • Jan 2 7 . 19 6 7 EPS FUEL CELLS 51 c O 12 I R c v FIN AL 
I /{.,.C:)(!oJ!-.,_,.- ' · SECT!oN 9 .1.4.2 lr AGE 11 

MSC Form 46 0 (Rev De t 66) 



SYMPTOll 

(~) continued 

STEP PROCEDURE 

1.04 TEST SELECT - 10 (11 or 12) 

1.05 Monitor EPS RAD OUT TEMP 

(a) Normal 

(b) High and increases with TCE 

l.061Monitor - FUEL CELL -1,2,&3 -
1 Module temp - cond exh & skin 

(a) TCE rises rapidly & TSKIN 

rising on 1 or more F/C's 
af ter 15 minutes . 

~ ,.., ✓ _J/ 
PREPARED e Y 'Lfil~4'£,Jf1 FLIGHT CREW SUPPORT DIV ISION 

:..J f I -,_l , / 1/ 'J", tf4:. i..P.- ' ---.--.%., ,<?!'. l,~•c,__,,t -i,;'_,...-

DATE 1 

J an 27, 1967 
LI SC Form 46 0 ( Rev Dec 66 ) P' 

NEXT 
STEP 

1.05 

REMARKS 

1..07 I (1.05a) Normal operating 
--7 tooundaries: . 6V (-10°F) to 2 .Ov 

( +90 °P-,) 

1.07 ··,(1.05b) The TCE will follow any 

·ncrease or decrease in RAD OUT 
EMP if secondary bypass valve 
ailed in 100% bypass position. 

~ ~1. q6a) Rapid rise of TCE de

~ined as 2 -~8°/minute. TSICTN 

) 
FAILURE 

/ ?!.;no 
(1.05a) . Minor flo w 

restriction. 

(1.05b) Secondary 
bypass valve failed 
in 100% bypass posi
tion. 

(1.06a) Glycol pumps 
stalled. 

~

ay rise within 20 minutes for a 
teady power level. This combin 
tion of symptoms is indicative 
f improper coolant flow stallin~ 
the three glycol pumps. The 

~ause of the improper coolant 
low is common to all three fuel 

~

~ell~. The mission constraint 
ay consider faulty fuel cells 
seful for reentry burn or until 
CE meets the above constraints. 

~fter TCE exceeds 299°F the H2 _ 

· umps will seize (at same un-

ut further use of fuel cells is 
vailable. An SPS deorbit could 
e supported with continuous 
urge & immediate entry into 

_ eorbit procedures. 

APOLLO OPER ATIO NS HAN DBOOK 
EPS FUEL CELLS 

S/C 012 ( RE V F'INAL 
SE CTION 9.1.4.2 IP AG E 12 



- \ 
SY MP TOM 

(a) continued 

STEP PROC EDURE 

(b) TCE high steady or slowly 

increasing (all fuel cells) 

1.07. l Open circuit F/ C or purge to 
control TCE below 200°F. 

1.08 1 Continue normal operation with 
appropriate monitoring. 

- ,,,_~ 
PREPARED BY~~w 

' -./. j ' -~ h ./.__ '-

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

,7,,,r / :£,,1,,l'( .-')',,_, Jan 27, 1967 
l~SC Form 460 ( Rev Cec 665y' 

I NEXT 
STEP 

~ 

REMARKS 

(1.06b) This combination of 
symptoms necessitates a powered 
up configuration. Symptom may 
be corrected by powering down 
when convenient. 

1. 08 r(1 .07) Control of TCE may be 

accomplished by limited open 
circuit operation as required 
to restrain TCE below 200°F. 

-~ 

FAILURE 

(1.06b) Inadequate 
glycol to environment 
heat transfer, e.g. 
radiator sootin§. 

APOLLO OPERATIONS HANDBOOK 
EPS FUEL CELLS S/C Dl2 ( REY FINAL 

SECTION9.l . 4.2 lP AGE 1~ 



\ 

SYMPTOM 

'1 (b) FUEL CELL -
jMODULE TEMP - COND 
EXH - LOW 

STEP PROCEDURE 

2.00 

2.011 Function Select - A 
TEST SELECT - 10, 11 & 12 (RAD 
OUT. TEMP; 

2.021 Monitor RAD OUT TEMP & FUEL CELL 
MODULE TEMP - SKIN 

a. 

b. 

c. 

TSKIN rises: rapidly on 1 F/C. 

RAD OUT TEMP low on 1 F/C. 

RAD OUT TEMP~-~0°F . I 
- ~Q_f 3 -Ffv 

1· ./7 • J. A 

NEXT 
STEP 

2.02 

REMARKS 

c/w will trigger F/C 1, 2 or 3 
light when TCE ~150°F. If TCE 

remains low, a performance shift 
may occur. 

2.03 l(2.02a) RAD OUT TEMP will go tc 
a stabilized temperature equiv
alent to the sector ambient. I 
Circuit breaker CIR & SEP MOTORS! 
(AC) should be OPEN or there 
exists an open circuit conditior. 
TSKIN rapid rise corresponds to 

12° to 15° per hour at 1000 watt 
load on F/C. 

") 

FAILURE 

# .. P~~,a--~ 

2.05 l( 2.02b) This failure is 
table in a powered down 
ruration and TCE is low. 

detec- j(2.02b) Coolant BYPASS 
config- fval ve failed in 100% 

bypass position. 

Normal operating RAlJGE: 
.3sv = -20°F 
2.0V = +90°F 
The cond exhaust temp will 
follow increase or decrease of 
RAD OUT TEMP in a 100% Bypass 
position (failure). 

2.051 (2 .02c) Corresponding RAD OUT (2.02c) Cold en-
TEMP c/w limits may follow. vironment. 
Aux DC vol ts of . 3 v corres- ..... \

1 

pond~ to -30°F. 1No~e tr:iat. a lo\\ ' 
( IT is not necessarily indic

atfve of_a cold _e_n_vjxonment. 
PREPARED B.Y•_/z(//;{dfc_~_ ff' FLIGHT CREW SUPPORT DiVISION T T APOLLO OPERATIONS H-ANDBOOK 

'P.1 1 ]Z;:rrr DATE, T EPS FUE.LJ CE.LJLS S/ C m? jRE V FINAL 
J!>~.!Z'· Ucf~1 ___ ,1an 27' 1967 sEcr10N g_ l.Ll.2 IP-'GE 14 

--~i S_C_F_o_rm--.460 (~Dec 6~:( · 



) 

SYMPTOM 

(b) continued 

STEP PROCEDURE 

2.03 l Monitor fuel ~ell performance 
(affected F/C) 

a. F/C assuming load 

b. - F/C current ZERO 

2 .. 04J (option) Use continuous purge 
and/or open circuit to control 
temperatures until current de
cays. 

2.051 Power up s/c as required to 
bring temperatures up. 

2.061 Isolate F/C. 
~Ref EPS Symp. No. ill 

Step No. 6 .• 07. 

PREPARED BY~1/~~~✓ 

-----.--~-Cv: // ,_ ___ _;:;,1 . C , . , ,._,, ,..-: ,e :JJ---

DATE 1 

FLIGHT CREW SUPPORT DIVISION 

Jan 27, 1967 

DS C Form 460 ( RJv Dec t 6) 

NEXT 
STEP 

2.04 
I 

2.06' 

REMARKS 

2 ... 061 2.04 The affected F/C's life 
lrnay be extended 6 to 8 hours by 
Controlling TcEh.elow 200°F. The 

~

ower the power level the more 
ikely an 8 hour extension may 
e obtained. 

~ 

---:::, 

.,/': 

) 

FAILURE 

EPS FUEL CELLS 
APOLLO OPERATIONS HANDBOOK 

5/C 012 REV FINAL ---SECTION9.1. 4 .2 PAGE 15 



) ) . r 

SYMPTOM . STEP PROCEDURE • NEXT REMARKS . FAILURE . I J . STEP I 

( c.} FUEL CELL 1. 3. ool Loss of pump -will cause con- I 
(2 or 3) CIR & SEI' I dens.e~ __ e~~t_ tempere.ture to 
MOTOR~ C/B - OPEN trigger c7w at- TCE = 175°F 

3.011 Attempt to reset C/B 

(a) C/B resets 

(b) C/B cannot be reset 

3.021Fuel cell pump 1 (2 or 3) - Q]1' 

.3.03 Place fuel cell 1 (2 or 3) on 
~PQR eye-le and/or open circuit 
if capable of supplying power. 

~~· 

I I./,,, . L A'V 
PRE PA RED BYr/4~/__.L/ FLIGHT CREW SUPPORT DIVISION 

//, /- / r l /{ / 
I' ·r ,_ ::--_, i<,,._ '-="-=:;-'-
rr: i£. he:-f'-{,~ 

DATE' Jan 27, 1967 

MS C Form 4·5 0 ( Rev Dec 6(;1 

-► (3·:oia) Momentary H2 
pump stall 

3.02 I (3.0lb) NOTE: Glycol pump and 
pH sensor will be lost since 
their AC power to common to the 
~

2 
pump. 

3.03 

(3.03) Keep fuel cell in 
~eserve. Plan to use with con
~inuous purge any time fuel cell 
is used. Fuel cell with con-

~

inuous purge can supply 563 
~atts indefinitely or 1000 watts 
or short periods. 

.Olb) Circulation 
a,- separat ion pump 
failure caused by 
contamination or 
internal pump 
failure. 

APOLLO OPERATIONS HANDBOOK 
EPS FUEL CELLS S/C 012 ( REV FINAL 

SECTION 9.1.4.21PA~E--l6 
{(., 



) 
SYMPTOIA STEP PROCEDURE . ;;~; I 

..i . d. FUEL CBLL 
FLOW - o2(H2) - Hi 

4.00 

REMARKS 

High flowra t e C/W limits are: 
H2: F/C 1 = .161 lb/hr 

F/C 2 = .162 l b/hr 
F/C 3 = .162 lb/ hr 

02: F/C 1 = l.32 lb/hr 
F/C 2 = 1. 30 lb/hr 
F/C 3 = 1. 32 l b/hr 

Procedure applicable to 
conditions of high flowrate 
independent of those occ~ring 
during purge . H2 flow Hi C/W 
may come on during purge . 

I 
l 

FAILUR i: 

4.0l ! Cycle FUEL CELL 1 (2 or 3) - l 

l ,,, ,,1 , ., 

I
··. PREPARED BY7.if/~#~ 

---~LIZ,_...~~ 
'";'11f'-::' t:: '~ MJ.-1:t-. 

USC Form 460 ( Rev Doc 66 ) ~ 

o2 (H2) - PURGE, several time s 
& return to OFF I 

I 
. I 

(a) Flowrat e returns to normal l~ I ( 4.0la) Subsequent purges may, 
again, result , in valve seat 
remaining open. 

( 4. 0la) Purge valve ! 
seat open 

(b) Flowrate remains high 

FLIGHT CRE W SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 

~I ~~w - MSFN option to 
~8~~~c~,o~"~• F;C based on: 

(1) Performance of remaining 
2 F/C 1 s, & condition of 
batteries . 

(2) Time required to complete 
mission vs. cryogenic 
quantity remaining 

.(4.0lb) Faulty l 

purge valve, or j 
regulator vent valve, 
or fuel cell assembl 
leak. The latter is ! 
possible but remot e . 

APOLLO OPERATIO NS HANDBOOK 

EPS FUEL CELLS S/C 012 IREV FINAL 
SE CT l~N ~J.. 4 • 2 PAGE 17 

;r, 
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\ ) 

SYMi>TOlii STEP 

Jl(e) FUEL CELL 1(2or3 ] 5. 00 
FLOW o2 (H2_ - LOW 

PROCEDURE NEXT 
STEP 

REMARKS 

c/w trigger limits are (actual): 

F/C ·T:--;-o13- lb/ hr H
2 .14 lb/hr o2 

F/C 2: .018 lb/hr H
2 

• 11 lb/ hr H2 
F/C 3: .018 lb/ hr H2 

.14 lb/hr H2 

} 
-FAILURE 

5.0ll Verify FUEL CELL 1 (2,3) 5.02 !Verify flag - gray, 
REACTANTS SW - ON 

5. 02 FUNCTION SELECT - & \~,t,, I 5 · 03 

5.03 TEST SELECT - 4(5,6) or . 7(8,9) 5.04 

5. 04 o2 (H
2

) REGULATOR OUTLET PRESSURE 

(a) Normal 

(b) Low 

5.05 

~ 

CAUTION: DO NOT PURGE TO PREVENT PLUGGING OF COMMON VENT LDIE 

5. 05IMonitor FUEL CELL 1 (2,3) 
performance 

; /7 ~ / 

"""" "~tf4'Z1f;(' F FLIGHT CREW SUPPORT DIVISION 
;.J_,..., DATE 1 

dPC"/~2hA,/ Jan 27, 1967 
M~G Fo rm 460 ( Rev Dec Jfi ) 

Normal regulator pressures: 
o2 : 62 PSIA (4.13v) 
02 : 60.5 PSIA (4. 03v) 

(5.04b) Imminent loss of fuel 
cell l (2,3) expected. If H2 regulator pressure is low, 
fuel cell should be shut down 
immediately to prevent flooding 
(possible KOH contami nation.-) 
Refer t o EPS sympt om (f) step 
_6.07 for fue l cell shutdown. 

Reference V - I curve. 

(.5.06b) Blocked 
supply line (from 
cryo tank). 

APOLLO OPERATIO NS HANDBOOK j 
EPS FUEL CELLS 5 / C 012 ~~Y'TNAL I 

SECTION q _ l_._11.~ P.6.GE 18 j 
I. 



\ 
SYMPTOM STEP 

v1 (e) (co.nt inued) 

J ✓-. ., ,., ., 

PREPARED ev.;;;~;;~ 
j/;f ;(.:L 1/ 

k.'-?V:-ZJ7 .,,-,tL--
MSC Form 460 (Rev Dec US ) 

PROCEDURE 

(a) Normal performance 

(b) 4bnormal performance 

FLIGHT CREW SUPPORT DIVISION 
DAT E 1 

Jan 27, 1967 

NEXT 
STEP 

REMARKS 

)_ 
. FAILURE 

~1 (5.05a) System normal (correct I Failed flow indicatOI 
~ flow may_ b_e __ e1?._timated from: 
~ o2 FLOW= 7.9 H

2 
FLOW) 

~ I (5.05b) Refer to normal pro
cedure "FUEL CELL POWER PLANT 
PURGING" to attempt to restore 

\l normal operation. 

Fuel cell degradatior 

APOLLO OPERATIONS HANDBOOK 
EPS F'DEL CELLS S/C 012 lR EV FINAL 

SECTION 9.1. 4 . ~JPAGE 19 



I SYMPTOM 

( (f) F/C 1(2 or 3) 
pH-Hi- Striped 

~ 

STEP i PROCEDURE 

6 . 00 
6 . 01 !Monitor F/C performance 

(Refer to Vl curve) 

a. 

b. 

c. 

Performance Normal 

Decreasing trend in perfor
mance (steady state power) 

DC amps indicating zero 

6.02 IF/C performance over 1. hr. 

a. No decrease 

b. Decrease in performance 

NEXT 
SiEP 

6.02 

·6.03 

6.07 

REMARKS FAILU RE 

~ .Olb) Further F/C degradation' (6.0lb) Limited elec 
can be anticipated. The rate trode flooding 
will depend on extent of flood-
ing. 

(6.02) If KOH (limited) is be:in 

(6 .0lc) Complete fue 
cell flooding. 

~ I transferred. to H
2 

line without . . 
signi ficant loss of performance! (6.0la) C/W failure. 
then it will do so at unpre-

;6,. 0,1 i dictable intervals. This is 
indicative of small quantities 
being transferred and it is not 
a critical situation as long as 
the ph of the water gun output 
does not exceed ::::::11 ph. If 
problem is transient~ dilut ion 
will allow F/C 1(2 or 3) l ight 
to extinguish. 

CAUTION: DO NOT PURGE F/C IF KOH FLOODING IS SUSPECTED. Plugging of common vent line may result. 

6 .031 FUNCTION SELECT-A 

6 .04 TEST SELECT - 7(8 or 9) 

6 .05 I Monitor H2 Reg out press 

a. Reg out press normal 

FLIGHT CRE W SUPPORT DIVISION I "'""'' ,, . -. 
-:J~. I ,f L{.r:/:_..._ DATE 1 

Jan 27, 1967 ,._, ~ i. J r J Ll..·- .(."_ ,.c--C -C~ 

MSC Form 4SD ( Rev Dec 56) 

6.04 

6.05 

6 .• 06 1 (6.05a) 4.2v corresponds to 63 1(6.0Sa) Limited KOH 
psia regulated pressure. flooding due to in

ternal F/C rupture. 

APOLLO OPERATIO NS HANDBOOK 
EPS FUEL CELLS sic m? IR Ev FINAL 

20 



A 

SYMPTOM 

(f) continued 

STtP PROCEDURE 

b. Reg out PRESS LOW 

6.061 Continue use of F/C until F/C 
current zero. 

NEXT 
STEP 

REMARKS 

) 
.FA I LURE 

6.061 (6.05b) This -failure of regula- (6..05b) Limited KOH 
tor is extremely remote. flooding due to LOW 

--- -· - supply press (reg.) 

~ l (6. 06) Note that st~p 6. Olb ex-
( 6. 07)t ~resses F/C output exist. . In 

I either case, (6.05a or 6.05b) 
1there exists 1 to 2 hours of 
F/C use, depending on s/c power 
level. When F/C current zero 
continue t6 step 6.07. 

Loss of F/C output I 6.07 I IvIAIN BUS TIE - BAT A & C 
- BAT B & C 

6.081 (6.07) Monitorrl\ - (Ref. ECS 
procedure No. \_))The initial 
F/C - Bus configuration assumed 

J, /J .. ,? d,_ .., 
p RE p AR ED By ~tiff/ /;;✓lf:ll 

?C 7 .i/ . /r-.1 . 
' !_- ~~"'.: -~~cc• 

/? ,J,:,.~ ": &cJ!-5?-
MS C Form 460 ( Rev De c 6):1) 

6.08 I Tie two normal F/C's t o parallel I 6.09 
main buses A & B, 

6. 09 I Remove faulty F / C from main I 6 .10 
bus (es). 

6.10 I Fuel cell 1 (2 or 3) H
2
o

2 
Valve I 6.11 

C/B - CLOSED . 

6.11 I F/C 1 (2 or 3) - (faulty F/C) I 6 .12 
H

2
&o

2 
REACTANTS - QEE 

6.12 

6.13 

6.14 

FUEL CELL PUMP - l (2 or 3) -OFF1 6.13 

Open FUEL CELL 1 (2 or 3) - C/B' 6.14 

Configure 1 fuel cell t o :MNA & 1 f,./ .5" 
fuel cell to Mlr.B. 

is: I l 

F/C 1 - MNA - ON 
F/C 2 - MNA - ON 
F/C 3 - MNA - OFF 
F/C 1 - MNB - OFF 
F/C 2 - MNB - ON 
F/C ·3 - MNB - ON 

6.15 I (Option) MAIN BUS TIES - OFF ~ 1(6.15) Batteries should be tied 
during high power levels. 

FLIGHT CREW SUPPORT DIVIS ION APOLLO OPER AT IONS HANDBOOK 
DATE, 

Jan 27, 1967 EPS FUEL CELLS 5/C 012 I REV 1i' TNAL 
i---.- , rl ? -
SECTION Q.l.4.2 PAGE ,_l .... 



/ 

I 
I 

SYMPTOM STEP PROCEDURE 

0 

(g) 02 REG OUT PRESSI 7. 00 
Hi-Striped 7.0llDC INTIICATOR sw - FUEL CELL 

7.021Monitor fuel cell performance 
(Ref. VI curves) 

NEXT 
STEP 

t i _ 

REMAR:tS 

7. 02 I This ---symptcJILmay be caused by 
either an actual o2 regulator 
failure or an N2 regulator fail 
ure. This is due to the fact 
that o2 press is referenced 11 
psi above N

4 
press and the 75 

psia O? C; W trigger value is 
reached Defore the N2 C/W 
trigger value of 70 psia. 

FAILURE 

I (e, .). Performance Normal 

(b .);· Performance Abnormal 
(current decreasing 

rapidly or zero) 

7.04 

7.03 
~ 

(7.02b) o2 
failure. 

regulate; I 
7.03lshutdown fuel cell 

(Ref EPS sym. (a) STEP 1.07) 

7.04 fFUNCTION SELECT - A 

7.051TEST SELECT - 1 (2 or 3) 

7 .06 MONrI10R N2 REG OUT PRESS 

(a.)i Normal 

·--?' 1(7.03) Loss of one fuel cell the 
p/w trip limit of 75 psi also 

7.05 

7.06 

-7' 

~

orresponds approximately to the 
oint where fuel cell flooding 
an be anticipated. 

(7.06a) Normal N2 Reg out press
,-~3 psi (3.55v). Loss of o2 c/w . 
lag (except sensor failure) 
ecessitates use of aux DC volt

f-eter to monitor o2 regulator 
performance. 

(7.06a) o2 c/w cir
cuitry failure. 

, J/J,1al 
PREPARED ~~:.,,:..;:~:;.;.;;~"'---- FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIO NS HAN DBOOr. 

DATE, r-., EFS FUEL CELLS S/C 01 2 RE V FINAL 
Jan 27' 19°7 SEC T I ON O .1. . 2 rAGE 22 

MS C For m 4~0 (R ev Dec 68 ) 
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I 
w J 

srnrrori, STEP PROCEDURE NEXT REMARKS FAILURE 
STEP 

1 (g) continued ( b .) High ~ ( 7. 06b) Maximum pressure tol- (7.06b) N2 regulator 
erance of fuel cell assembly failure. permits N2 regulator failure 
with o2 & H2 pressures follow-

' ing. This fuel cell will sub-
sequently run with higher than 
normal skin temp and consumptior~ 

I 
Its efficiency will probably 
improve. 

I 

' 

I 

. 

I• /7 , , ,! 

PREPARED BY•di//~ttt/ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 

lQ:. ' t!,.;.;lt:..-. DATE 1 

1967 
EPS FUEL CELLS S/C 012 !REV F INAL 

7 Jan 27, 
SECTION 9.1.4.2 ( PAGE 23 
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~

- , 

<MPTOM 

.J / x. H" REG OUT 
PRESS~HI - Striped 

¥ 

I 

STEP 

8.00 
8.01 

PROCEDURE 

DC INDICATORS SW - FUEL CELL 
1(2 or 3) 

8: 0 2 I FDNCTI ON SELECT - A 

s.031 TEST· SELECT - 7 t 8 or 9 

8.04 Monitor: DC AMPS meter & 

a. 

H
2 

regulator pressure 

Regular pressure indicates 
high, DC AMPS indicating a 
rapid decrease in F/C output 
or zero. 

b. Regular pressure indicates 
high, low or erratic, and 
no decrease in amperage. 

8.051 Shutdown fuel cell 

NEXT 
STEP 

8,0'3 

e.o4-

8.05 
---=J 

REMARKS 

(8.04a) Continued use of fuel 
cell will eventually cause its 
failure. 

~-

FAILURE 

(8.04a) R
2 

regulator 
failure. 

~ 1(8.04b) Loss of c/w annunciator 1(s .04b) c/w circuit 
necessitates use of AUX DC VOL'IB failure.-
meter to monitor R

2 
regulator 

performance. 

I (Ref. EPS symp. No.(,£ )Step 61.071 ~ 

,, • ,4 I ~- ,, ,, 
PREPARED BY, 4 J/!£~ . - -

FLIGH T CREW SUPPORT DIVISION 

11 !1:.P.~+-- . / . ~ ~-- 0;;;.t_,,.., 
DATE 1 

.Jan 27, 1967 EPS FUEL CELLS 
APOLLO OPERATIO NS HANDBOOK 

S/C 0 12 IR EV FINAL 
SECT I ON 9 .1. 4.- 2_ 1r ~GE_24 

MS C Fa rm 460 ( Re v Dec 66:y 



VI ;i. • 

SYMPTOM STEP 

o2 REG OUT PRESS ,9 . 00 
Hi & 9 .• 0l 
H

2 
REG OUT PRESS 

Hi flags striped 
or 

o
2 

REG ouT PREss l9 · 02 

Hi & H? REG OUT 
PRESS Hi & N

2 
REG OUT PRESS . 
Hi flags-striped 

9. 03 

J} F1 , //J~ 

PREP ARE D BY ,j___//;1£-f',/5/$ 
f!_..:.P ; I"/ • ;;,1. 
;..,t . ;, ~ ( l.Uil'.t 

:::::e .t-"'.' xiJ!::.,{-z.:, -:/ 
r;sc Fo r;~ 48 0 ( Re v.)(e c 66) 

, I 

PROCEDURE 
/ 

NEXT 
STEP 

I 

REM ARKS F.AI LU RE 

TIC INTIICATORS - FUEL CELL 1{2or3]9 . 02 N2 REG .OUT_P~ S_§_ flag will 

follow an o
2 

flag actuation 
in a short time. 

Monitor fuel cell performance 
(Ref. VI curves) 

a. Performance normal or im
proving. 

~ l (9.02a) N regulator failure 
will not fail fuel cell unless 
either the O or H2 regulator 
fails to folfow the increase in 
reference pressure. The in~· 
creased reference pressure may 
i ncrease the efficiency of the 
F/ C and therefore it will 
assume more l oad than it has 
previously. The load sharing 
and respective consumption data 
should be adjusted accordingly. 
The situation is not critical. 

(9.02a) N
2 

regulator 
failure. 

b. Performance abnormal (curren~9.03 
rapidly decreasing or zero) 1----7" 

(9.02b) Tiouble or 
triple failure of N

2 and either H
2 

or o2 

Shut down fue l cell 
(Ref EPS symp. (:r) step ;, 6. 07 

FLIGHT CRE W SUP POR T DIV ISION 
DAT E 1 

Jan 27 , 1967 
EPS FUEL CELLS 

regulators failed or 
all regulators failed 

AP OLLO OPE RAT IO NS HANDBOOK 
S /C 012 (RE'1TINAL 
SEC TI ON 9.1. 4 . 2 I PA GE 25 



SYMPTOM STEP PROCEDURE 

\! j'. F/C 1 (2 or 3) 110.00 
1

RAD OUT TEMP - LOW 

10.0llMonitor TCE & TSKIN 

(a) Normal 

(b) Abnormal 

(1) TCE & TSKIN high 

(2) TCE - low & TSKIN - high 

10. 02 I FUNCTION SELECT - A 
TEST SELECT - 10 ,_lh & 12 

10.03jMonitor Rad out temps 

(a) 1 F/C indicates low Rad 
out temp 

(b) 3 F/C's Rad out temp low 

\ 
NEXT 
STEP 

10.02 

REMARKS 

Flag will trigger at -37°F, 
-39°F, and -42°F for F/C 1, 2, 
or 3 respectively. The con
denser exhaust temp may trig
ger c/w (150°F) before the 
radiator glycol reaches the 
above trip valves . 

(10.0lb.1) Ref. EPS sympto~ No. 

---::,, I (a) FUEL . CELL MODULE TEMP-COND 1 

EXH HIGH 

) 

F!dLURE 

, I 

~ 1(10.0lb.2) Ref EPS symptom No(]) 

( b) FUEL CELL MODULE TEMP:... 1 

10.03 COND F.XH LOW 

-----:\ 1( 10.03) l F/C low Rad out temp 
compared to remaining two and 
TCE & TSKIN normal is indica-

tive of an indicator fai lure, 

10.04 

(10.03a) Indicator 
failure 

(10.03b) Cold environ
ment 

10.041Power up s/c as req'd to maintainl----;,1(10.04) Positiont ng s/c with bay 
temperatures, 4 tovvards sun is an option. 

/ I/) 1 ,1_"'/1!' 
PR EP ARED B~dtfl/:fit4(rf 

V/ 7 f,,._<_·.._ t 
----· ... --..:.-i..- --~-5.....----· ·---______ · .,,_v~:f ~~y(·'-t:...;/,,=;:. 
MSC Form 46 0 (Rev De c ti6) 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 :'an 27, 1967 E}?S FUEL CELLS 

APOLLO OPERATIONS HANDBOOK 
S/C 012 ]REV B'INAL 
SECTION 9. 1. 4 ._2 i"AGE ?6 j 



SYMPTOM 

✓ l(k) FUEL CELL 1(2or3 
MODULE SKIN TEMP 
LOW (<375°F) 

STEP PROCEDURE 

11.0llMonitor fuel cell 1 (2 or 3) per
formance (ref. VI curves) 

a. 

b. 

Performance normal for 
indicated skin temp. 

Performance higher than nor
mal for indicated skin temp. 

11.021If desired: 
Reconfigure fuel cell bus ties 
so that fuel cell 1 (2 or 3) · is 
shared between buses. 

NEXT 
STEP 

~l.02 
-7 

REMARKS 

Inline heater maintains skin 
temp 375-395°F. Performance 
degrades significally below 
this range. 

~ lc11.0lb) Fuel cell normal skin 
temp may be estimated from VI 

burve. 

~l.031(11.02-11.03) Fuel cell recovery 
~ossible from skin temp as low 
~s 330°F by increasing load on 
that fuel cell. MSFN-crew 
option based on: 

. I 
(1) Performance of remaining 

fuel cells and condition of 
batteries. 

(2) Time required to complete 
mission vs. cryogenic 
quantity remaining. 

) 

FAILURE 

(11.0la) Inline . 
heater failure. 

(11.0lb) Fuel cell 1 
(2 or 3) skin temp 
indicat i on failed. 

11.031 Power up spacecraft ~1.04 

11.04 Fuel cell 1 (2 or 3) module skin 
temp 

(a) Increases 

1 I /J ; L'~ / 

PREPARED BY t ;/i[l lf!:!P 
PJ.J · ·~ 

FLIGHT CRE W SUPPORT DIVISION 
DATE, 

Jan 27, 1967 
. SC Form 460 (R ev Oec 06) 

~ l~ll.04a) Increase load allowing 
ruel ~ell to recover. Estimated 

[

oad required to maintain that 
uel cell skin temp above 375°F 
s 20 amps. 

APOLLO OPERATIONS HANDBOOK 
EPS FU'~L CELLS r...S-/_C_0_1 1-2-. IRE V FIN AL 

s E c TI ON 9 • 1 • 4. 2 I P AGE 2 7 
z.. 7 



- ,. 

SY MPTOII! STEP PROCEDURE NEH 
STEP 

REMARKS FAILURE 

(k) cont inued (b) Does not increase & fuel -~ (9.04b) Fuel cell recovery 
cell 1,(2 or 3) performance ~pparently not possible. Open 
does not improve. circuiting by reverse current 

relay ant i cipated. Refer to EPS 
Malfunction Procedure . for fue l 

' cell shut down (Sym (f) - I 

step _6 . 07) 
\" . 

: 

I 

i 

I I /J I/ 
P REPA R ED BY, l!/l/<:{/41{/./ FLIGHT CRE W SUPPORT DIVISION APOLLO OPERAT IO NS HAN DBOOK 

I/ !- J. ;L:__J:_ . DATE, EPS FUEL CELLS S/C 012 IR EV FINAL 
' J./G <c'- l )ozt•·~ 

Jan 27 , 1967 SECT I ON 9.1. 4.2 I PAGE 28 
r~sc Form 46 0 ( Rev Dsc 66)G7·--; 



~MPTOM I STEP 

~ CELL 1(2,3) 11 200 
TEMP SKIN HIGH 
(?450°F) 

PROCEDURE 

,12.011 Monitor F/c ·· 1, (2, 3) performance 
using V-I curve and temp-skin. 

a. Performance normal for in
dicated temp-skin, 

NEXT 
STEP 

REMARKS 

( . 

Normal F/C · operating temp . . 
range - is 3J5..':_::450 °F, depending 
upon e lectricaf-- load. c/w trip 
values are 360 °F and 500 °F.FCPP 
open circuit or continuous purge 
are options. Prolonged opera
tions above 500°F will result ir. 
FCPP failure (time and/ or temp. 
at which failure will occur are 
not predictable) a failure of 
this nature will have no adverse

1 

effect on other FCPPs or s/c 
systems. 

I ~ 

---=;, •1(12. Ola)Fuel cell will perform 
satisfactorily up to C/W trip 

). 

FAILURE 

b. f.
em~. of 500°F.(Howev~r, it is 
nlikely that 500°F will be 
eached during flight). 

Performance· lower than norma~ ----=r t(12 . O.lb) Estimated t~mp-skin_ (frar 
for indicated temp.-skin. I V-I curve) lower than indicated 

emp. 

Temp-skin 
sensor failure 

1 1 /J / ul l 
PREPARED av, ) tr/11--c-kl/U 

-Ji I ((/,, I. f?L =-
I".--: 221.t.P-f.-

MSC Form ~60 ( Rev (lf.l c "(Hr} 

DAT E t 

FLIGHT CR EW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 

Jan 27; 1967 
EPS FUEL CELLS S /C 012 j_R E V FINAL 

SECT I ON 9 ._1. 4 • 2 !!..: ~ E____fl 
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} . , I' 
I. 

sn :P TOM STEP PROCEDURE NEXT REMAR KS FAILU RE I STEP 

l . m, r :BP''' A (B ) d l~ .Ju ~ \ 1 MN BTIS A(B) EESET -RESET-( CEN1rER ) 
UNDEHVOLT LIGHT-ON 
DC VOLTS >26V a. MN BUS A (B) lfl\TDERVOLT LIGHT ~ la. Transient under 

OFF voltage · 

b. "MN BUS A ( B) YN0ERVO LT 2 
LIGHT-ON 

2 MN BUS A(B) RESET-IIBSET-( CEN1l'ER) 
s everal t i mes. 

a. MN BUS A(B) lfl\TDERVOLT LIGHT- ~ --

OFF. 2a. Intermittant 
malf~nction of DC 

/ 

undervol tage sensor . 

b . MN BUS A(B) UNDER.VOLT LIGHT- 3 2b. DC Undervoltage 
ON. sensor failure 

3 MN BUS A(B) RESET-OFF, 
I 

a. MN BUS A(B)_ UNDERVOLT LIGHT- 4 Loss of MN BUS A(B) C/W under-
OFF. volt indication. 

4 Normally maintain DC indicator 
in MN BUS A(B) posi t ion, 

• I /7 /. 4 ~ I :'''A' '' DY, ) 1111':(,1,,4¥- FLI GHT CRE W SUPPORT DIVISION APOLLO OPER ATIONS HAN DBOOK 
DA T E 1 

EPS POWER DISTRIBUTION 5 /C 012 ! REV FINAL ✓-, ,;. I v l 
Jan 27 , 1967 ./',. . ,f <, -~ 

S E CTI ON 9 .1 . 4 . 31PAGE 30 1i~ '/ ,tc-' ,l_y t" 
' - ~~ - C,. . ---0 _j 

' 
1-l SC Fo r r; 4fi0 ( Rev De c GG ) (l 

-";-µ~·--
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!/ SY MPTOM 

~ 2 . DC VOLTS meter 
indicates pyro bat
t ery A(B) below 35 
vo lts 

STEP 

1. 

PROCEDURE 

(When pyro batteries are 
required) 

PYRO A(B) SEQ A(B) CIRCUI'r 
breaker - OPEN • 

NEXT 
STEP 

2 

REMARKS FAILURE 

(Normal pyro open circuit volt- fLoss of pyro Bat A(B) 
age= 36 .9 - 37.2 vdc) 

_ .. --., 1 Loss of pyro Bat A(B) 
(1) Malfunction detected. at EP Internal: 
verification prior '-- f o S)'.VB sep. - Open circuit 
or G&l\T. and/or SCS deorbit entry .- Short circuit 

- Partial short 

2. I MAIN A(B) BAT BUS A(B ) C/B - OPE~, 3 (2) Prepares circuit fo r BAT 
BUS A(B) isolation from MAIN 
BUS A~B) and reduced loading on 
BAT A\B) to assure voltage is 
maintained high enough to oper
ate pyros ,I. 

3. I MAIN A(B) BAT C C/B - CLOSED. 

4. I MAIN B(A) BAT C C/B - OPEN .. 

5. I PYRO A(B), BAT A(B) to PYRO BUS 
TIE C /B - CLOSE • 

6.I Monitor: ' 
DC vovrs METER 
PYRO BAT A(B) 

'\J~ 
°'-)~ )-3&{--J 

4 1( 3) Prepares circuit for 
for application of BAT C to 
MAIN BUS A(B) 

5 1(4) Prepares circuit so that 
BAT C canno t ::be applied to MAIN 
BUS B(A) . This will assure 
equal depletion of batteries 
B(A) & C 

6 1(5) Entry BAT A(B) powering 
PYRO BUS A(B) 

~ 1(6 ) Voltage reaa.ing of>34V 
should be indicated. since pyro 
BUS A(B) power is now furnished 
by entry BAT A(B) with PYRO BAT 
A(B) isol_ .ated from PYRO BUS I (d) ~~ 
A(B)~ ~,. . . . fO~ 

J }/7_ ,,_,1J ___ J_~'o ~ z_?,f-J J L ~ 1/gb,,&~!= 
PR E PARED BY , - ---- FLIGHT CRE W SUPPORT DIVISION - --~ - ---- - APOLLO OPER ATION sU HiilDBOOK 

1- . DATE' 67 EPS PO'vi--:ER DIS'11RIBDTION S/C FINAL 
. -✓.:s , / ,Jan 27 , 19 1 1 t -riY .1° -

MSC Form 460 (Ra v De 



- ) \ 
SY MPTOM I STEP 

3. BATTERY CHGR I 1. 
OUTPUT CURRENT drop~ 
to ZERO & circuit 
breakers BATTERY 

· CHARGER MN A & B -
OPEN. 

2. 

_I__/ L/_1 .. A'd 
PR EP ARED BY, / J6l;f;{_~Ju I ~~~~-:ypp:;;_;,f'.cc 
M~C Form 46 0 ( Rev Dec 66) ' 

PROCEDURE 

(Attempt) Reset Breakers ~ 

(a) Breakers reset, 

(b) .. Breakers OPEN . 

BATTERY CHARGER-OFF 

FLIGHT CREW SUPPORT DIVISION 
DA TE, 

Jan 27, 1967 

NEXT r REMARKS 
STEP 

~ 

2 I (lb) Loss of Battery Charging 
capability. 

~ l (2) llV maneuver preparations 
should be adjusted to ensure 
F/C SKIN TEMP of approximately 
430° F during .gimbaling, (to 
conserve battery energy) . 
Powering a.own unnecessary 
loads just prior to burn is an 
option. Note maximum l oading 
of F/C 1 s during preparations 
(4 to 6 hours) is necessary to 
achieve above SKIN TEMP . 

FAILURE 

(la) Transient bat-
~L , , . ' . ,, t er;; 4 eh~rge:r.1_pverl oad 

(lb) Distribution 
diode short to gr ound 
or Batt Chrgr inter
nal short. 

APOLLO OPE RA TIO NS HAN DBOO K 
EPS POWER DISTRIBUTION s I c O 12 ~_FHJAL 

SE CTIO N 9.L4 .) ' PAG E 32 
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J SYMPTOM 

f 4. BATT CHGR out-
-c•u t CURRENT ZERO 
(in all switch 
positions) 

STEP 

1. 

I • ,,, . ,t / 
PREPARED BY 'd/,/ ./:{~ /4~ 71?;:,~~z_;, I 

~c;; -n_ // _______ _.;_ /_ ____ _ 
;A SC Form 460 ( Rev De!: 66) O 

PROCEDURE 

BATTERY CHARGK.B.-OFF ~ 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27 , 1967 

) 
NEXT 
STEP 

REMAR:tS 

~ !(1) Loss of Battery Charging 
Capability. "1V maneuver pre
parations should be adjusted to 
ensure F/C SKIN TEMP of 430° F 
during gimbaling, (to conserve 
battery energy}. Powering 
down unnecessary loads just 
prior to burn is an option. 
Note maximum loading of F/C 1 s 
during preparations (4 to 5 
hours) is necessary to achieve 
the above SKIN TEMP. 

(1) 

l 
FAILURE 

Control relay 
K4 -Jailure. 

APOLLO OPERATIO NS HAND BOOK 
EPS POWER DISTRIBUTION S/C 07;:, !R EV FINAL 

SE CTI ON 9 . 1.4 _3 -IPA GE Y:5 



'1. 
[ 

3YMPTOr.1 STEP PROCEDURE , NEXT REMARKS FAILURE 
STEP 

5. DC INDICATORS 
EAT BUS A(B), DC 
VOLTS 27-30 & DG 
AMPS >ZERO WITH 
BUS SWS OFF 

1 I /) A , 

PREPARED BY•71~tPU 
~l ~~~L.I ' 

... £~e0 »cJl;v 
~S C Form ~60 (Re v Der,16 6 

1 

2 

3 

4 

MAIN A(B) BAT BUS A(B) CB -OPEN, 

a. DC: VOLTS meter - 34-38 & DC 
AMPS meter - ZERO. 

DC INDICATORS - BAT .,C, 

I 

a. DC VOLTS meter - 34-_3a & 
DC AMPS meter - ZERO. 

MAIN B(A) BAT C CB - CLOSED. 

a. DC VOLTS meter - 27-30 
DC AMPS meter - greater 
than ZERO., 

MAIN B(A) BAT C CB - OPEN . 
(see page 3 5) 

FLIGHT CRE W SUPPORT DIVISION 
DA TE 1 

Jan 27, 1967 

DC VOLTS should read 34-38 & 
DC AMPS should read ZERO " 

2 Qa.J Indicates Bat A(B) was (la) MAIN BUS TIE 
still connected to Main Bus BAT A & C (BAT B & C 
A(B) via MAIN BUS TIE BAT A & C motor switch. 

3 

C(BAT B & C) motor switch closec 
contact; circuit breaker in 
series with contact has dis-
connected Bat (A(B) fromMain 
Bus A(B). 

2a . Indicates Bat C not con~ 
nected to either Main Bus A 
or B. This is a normal situa
tion since MAIN A BAT C & MAIN 
B BAT C CB's are normally open. 

4 1'3a ; Indicates Bat C is con
nected to Main Bus B(A) via 
MAIN BUS TIE BAT A & C (BAT B & 
c) motor switch closed contact; 
circuit breaker in series with 
contact has connected Bat C 
t o Main Bus B(A). This step 
verifies :Sat C functional. 

~ 14 - This places circuit breaker 
back in standard confi guration. 

• 

APOLLO OPERATIONS HANDBOOK 
EPS POWER DISTRIBUTION · js;c 012 REV FINAL 

SECT I ON 9 . l .4 . ) _P AGE _jg 



, ) 

SYMPTOM STEP PROCEDURE NEXT 
STEP 

REMARKS FAILURE 

Warning_: . 

PREPARED BY, 

Future connect or disconnect of Bat A(B) to Main Bus A(B) & Bat C to Main Bus B(A) will have to be 
accomplished with MAIN A(B) BAT BUS A(B) & MAIN B(A) BAT C circuit breakers. Batteries A(B) & C 
cannot be recharged since the failed motor switch now has an -o-p·e·npair -auxiliary contacts which prevent 
the charger from feed i ng B~tteries A(B) & C. 

• 

- ,., .,, 
FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIO NS HANDBOO~ 

DATE, EPS POWER DISTRIBUTION S/C 012 f REV FINAL 
l(~,-7 ,b r,• -t -~?r:::;: 

'nSC Ferm .fso (R~v Dec $ 3) 

Jan 27, 1967 
SECTION 9.l. 4. 3fPA GE 35 



------
SYMPTOM 

6 . Battery Charger 
Voltage 40 vdc and 
Current O when 
charging Battery 
A(B,C) 

STEP 

1 

2 

✓ I /J. JJi/ 

PROCEDURE 

Cycle BATTERY CHARGER SW~A,B, 
and C, and read DC VOLTS AND 
DC AMPS. 

a. DC VOLTS 40 vdc and DC AMPS 
0 for A , B , and C. 

b. DC voms 40 vdc and DC AMPS 
0 Battery A,(B,C) only~ 

c. DC VOHrS 40 vdc and DC AMPS 
O for A and C(B and C). 

NEXT 
STEP 

REMARKS 

Voltage should be >32 but <40 
and current should be >-4 but 
<2 .8 amps 

Assumes DC INDICATOR SW-BAT 
CHARGER, 

~ tia .) Capability to charge 
Batteries and to check Battery 
charge lost. 

--=>!(lb.) Capability to char.ge bat
tery A(B,C) and the check Bat
tery A(B,C) charge lost. 

-·2·, le. Capability to change Bat
teries A and C(B andC) and to 
check Battery A and C (Band C) 
charge lost. 

MAIN A-BAT 13US A (MAIN B BAT BUS 1-9> I 2. CB must be used to .. isolate 
B) CB - OPENr Battery A(B) from Main DC bus 

l 

FAILURE 

(la-.) Battery charger 
circuit open circuits: 

lb. Charging circuit 
for Battery A(B ,C) is 
open circuited. 

(,le.) · Motor switch ' 
failed. 

' 

PREPARED B~~ FLIGHT CRE W SUPPORT DIVISION APOLLO OPERATIO NS HANDBOOK it{ flk1

• /; / DATE, 6 EPS POWER DISTRIBUTTON 5/C 012 ! REV FINAL 
~ · ~' -·-

1
~ • · Jan 27 19 7 ~- - · L: 21/' -~ 1

/J~ ' SECTI ON9 .1. 4 . 3 I PAGE 36 I 

~SC Fo rm 460 ( Re\' Dec 66') 
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' SYMPTOM 

e-' 1·J· INV 1 (2 or 3) 
TEMP..Z 190°F 

(MSFN Monitoring 
Capabilit y) 

STEP 

l 

2 

3 

PROCEDURE 

Set dual inverter confi~ 
Ref EPS Norm. Proc No~ 

Bala~ce and hold loads steady 
for 10 minutes. 

Record 
Mission Elapsed Time 
Approximate history of AC Load 
Switching during the 5 minutes 
prior to symptom activation. 
ECS RADIATOR OUTLET TEMP. 

NEXT 
STEP 

2. 

3 

\ 

\ 

(a) ECS RADIATOR OUTLET I~ 
TEMP above 97°F ~ 

(Ref. ECS SYMPrOM NO. "d 
(b) ECS RADIATOR OUTLET TEMP 

Below 97°F . 

4 IAt end of 10 minutes specified 
in step 2 -
Communication lpads and 
Battery charger to normal 
i ;iver ter 's bus 

I I .;_1_ __ - ,l / _.f 

P REPA RED B Y I JIP ~?;P-
2 P ,{(, z,__,_,.. 1 

'/ 

MS C Form 46 0 (Rev Dae 66) 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan 27, 1967 

4 
\. 

5 

REMARKS 

C/W Trip valves: . , 
Inv 1, 2, 3 Temp . = 241&±30°F 

The thermal response time of 
Inverter ~eating from 155°F to 
190°F is sufficient to ensure 
MSFN monitoring with the 
exception of rapid, total 
loss of coldplate cooling. 
Normal Inverter thermal 
response will be from ambient 
to 125°F in approximately 30 to 
40 minutes. Setting a second 
inverter t o load and its 
temperature i ncreases to 125°F 
within 10 to 30 minutes is 
indicative of coldplate problems 
(assuming proper inverter 
voltage and frequency). 

(3a) The Inverters may be ro
tated as required to keep temp. 
below the c/w trip values. If 
the above C/W trip valves are 
reached the inverter(s) will 
fail within 30 minutes if 
temperature cannot be decreased 

),..__ 
.FAILURE 

' (3a) ECS Glycol Pump 
failure or extensive 
leakage. 

(3b) Rapid AC Load 
Switching or. inter
nal inverter failure. 

APOLLO OPERATIONS HANDBO OK 

EPS POWER DISTRIBUTION 5/C 012 _lR EV FINAL 
SECT, ON 9 ._l_•A .. ~---~j_p~E__3 7 



\_ 

SYMPTOM STEP PROCEDURE NEXT 
STEP 

I · 1 /J . b ,? 

5 I MSFN INV 1, (2 or 3) Temp 
monitoring indicates 

(a) Inv 1(2 or 3) Temp ~l60°F 

(b.) Inv 1(2 or 3) Temp does noi 
show gradual deer.easing 
trend a t end of 2 hours. 

6 ! When MSFN indicates inverter 
temperature is approximately 
160°F or less, balance loads~ 
hold steady for at least l hou1 

6 

, rr 

(a) Faulty inverter temperatur~~ 
stabilizes at a nearly 
equal temperature of 
normal invert er. 

(b) Faulty inverter temperatur~~ 
shows increasing trend~ 

FLIGHT CRE W SUPPORT DIVISION 

REMARKS 

-------- --

(5) Note there is no4P 
measurement across the Inverter 
Coldplate. If internal in
verter failure were the cause 
then AC Volts & Freq would . 
indicate abnormal before in
verter could reach these 
temperatures. 

(6) Temperature of both 
Inverters should stabilize 
be t ween 125°F & 155°F. There 
is a high probability of 
failure of overheated inverter 
but it may be used with dual 
inverter configuration and 
with a minimum of load 
switching. 

(6a) Continue mission schedule 
using affect ed inverter as 
r equired for dual inverter 
conf i guration. 

(6b) Note the original symptom 
does NOT presume faulty voltagE 
or frequency. This combina t ior: 
of sympt oms is remote. MSFN
Crew opt ion to shut-down and 
isolate faul t y inverter depend.·
ing on s ensit ivity of t herma l 
control. 

) 
.FAILURE 

(5b) Coolant flow 
restriction wit hin 
single Inverters 
Coldplat e. 

(6a) Rapid AC Load 
Switching at high 
power levels. 

(6b) Internal inver- [ 
ter problem dependenii 
on load demand. j 

I 

APOLLO OPERATIONS HAN DBOO K PREPARED BY:;,/_~4%~~ 
.. !7-Ni~L,, DATE, 

Jan 27, 1967 EPS POWER DISTRIBUTION 5/C 012 ~RE V FI NAL 
S ECTION 9 ,.J_.4, 3 , PA GE 38 './ 

USC Form 460 ( f cv Dec 66) 



Snt.PTOM STEP PROCEDURE NEXT 
STEP 

REMARKS F.AILURE 

-

7 Shutdown & isolate faulty _;,,-. Establish single or dual 
INVERTER. inver-ter __ QQ.Q(i ~ ration as 

required by mission schedule. 

' 

" 

\ 

( 

i 

J I /'J ./ 
PREPARED BY, / 11/~/,;1,/U FLIGHT CREW' SUPPORT O IV IS I ON APOLLO OPERATIONS HANDBOOK 

//~{:{-J/ ( / DATE 1 EPS POWER DISTRI:BTJTION S/C n7? I REV H'TT\TA T 
Je.n 27, 1967 

SEC T ION 9 .-;i . 4 . 3 I PA GE ')9 
~S C Form 46 0 ( qev Dec 69 ) 



SYMPTOM 

r, ,,, 
/3 . ..,, AC BUS FAIL 
LIGHT ILLUMINATED 

_,.., 

STEP I PROCEDURE 

1 I AC BUS 
0

1 (2) RESET - RESET 
(Center) 

(a) Symptoms extinguish 

(b) Symptoms re-illuminate 

2 I Survey for OPEN C/B 

(a) C/ B Open 

(b) C/B NOT OPEN 

3 IAC Indicators Bus 1 (&/or 2) -
</>A,, B, C 

4 I MONITOR: AC VOLTS 
~FREQ 

5 

//,1 

(a) AC VOLTS & AC FREQ Normal. 

(b) AC VOLTS < 90 Vac 
AC FREQ ( 380 cps , 

(c) AC VOLTS ( 95 ±3 
AC FREQ .= 400 c~s, 

AC INDICATORS BUS 1 ( or 2 )- </>A. 

AC BUS 1 (or 2) RESET - RESET. 
MONITOR AC VOLTS. 

"""'° "'fk~tj/1: ~ FLIGHT CREW SUPPORT DIVISION 
- - · I • ' D AT E 1 

~ ( . J....__....__ 1 

. ;/ & ,-e' : z,0-..?/,...-- Jan 27 ~ 1967 
~SC Form 460 {Rev Qec 66) • 

I, REMARKS I FAILURE 
STEP · 

. (IF AC BUS OVERLOATI LIGHT I ILLUMINATES AT ANY TIME DURING 

I 
T"llESE PROCEDURES, ~ T TO ~ 

2. I PROCEDURESUNDER ~YMFTOM 3~ 
3 . IA,~v;,~ '> 

~ 

-~ 
4 

----o/l (4a) Option to set AC BUS RE
SET - OFF. This will permit 
light to be extinguished but 
also removes capability of 
subsequent C/W ·indication ·and • 
automatic disconnect of In
verter by Over & Under-Voltage 
Sensing Unit. 

5 

6 

5r Monitor AC Volts with 
,."Bus at Reset". 

1 CAUTION ONLY HOLD RESET SW 
IN RESET POSITION MOMENTARILY 
SINCE HIGH VOLTAGE MAY BE 
APPLIED TO AC LOADSo 

• (2a) Load short. 

(2b) Transient 
(ow.:e rruoa d • 

(4a) Inverter Under
voltage. 

APOLLO OPERATIONS HANDBOOK 

EPS POWER DISTRIBU'rION S/C 012 [REV FINAL 
SECTION 9 .1.4.3 l PAGE 40 



SYMPTOM STEP PROCEDURE 

(a) AC VOLTS >128 Vac 

6 !Determine Inverter Configuration 

a. Si,ngle Inverter Conf. 
b. Dual Inverter Conf. 
c. Inverter 3 Required, 

I I /J ,, 

PREPARED BY•//L,¼d'r::/-L!/~ FLIGHT CRE W SUPPORT DIVISION 

, ¥It~~ 17(. 1 

•0:L ~•. j)~✓t---- -
DATE 1 

Jan 27, 1967 

USC F~rm 460 (Rev De c 66) J 

NEXT 
STEP 

6 

REMARKS FAILURE 

(5a) Inverter Over
voltage. 

-1 Ref EPS Norm. Proced. No:@' 
., 

----;;r.. Ref EPS Norm. Proced. No 
___.. R~! EPS Norm. Proced. No. · . 

APOLLO OPERATIONS HANDBOOK 
EPS POWER DISTRIBUTION 

5 / C 012 jR EV FINAL 
SECT I ON 9 • 1. 4 . 3 J~_"_G_E_~4 1 



:------ ) l 
""' NEXT 

1 STEP 
SYMPTOM STEP PROCEDURE REMARKS FAILURE 

q. AC BUS 1(2) FAIL 
LI GHT I1luminated 

AC BUS 1 (2) 
, OVERLOAD light · 
illuminated 

/' 

1. 

2. 

3. 

4. 
5. 

A I i _. ./'7 

, p RE P AR ED BY 4 ?t.¼efc~# 
I '¢? ,/ t(L <J-Z __,:, 
~ . )j< J £ .LJ.dJ2U 

1. SG For m 46 0 ( Re v Dec 68 )./ 

------·-
Monitor: -AC volts 

~ Fre-quency; 

Overload light could take 4 to 
20 seconds _t_Q__i \ luminate after 
illumination of AC Bus Fail 
Light. 

(1) Frequency should be 400 ± 
2 cps with CTE; 400 ± ?cps 
with internal oscillator. 
AC Volts should be 115 

--'1-1, -1.5v. 

~ 

\ 

a. AC volts & frequency normal. I '21· · I I (la) Sensing unit 
failure. 

AC volts & frequency abnorma1l. 2 
I I 

b. 

I AC BUS 1 ( 2) RESET - RESET (cent er 1, 

a. Symptoms ext i nguished , ~ i( 2a) Proceed with mission 
schedule • 

(2a) Transient over
load condition. 

b. Reillumination of symptoms~ 

Survey AC Circuit breakers for 
OPEN breaker. 

3 ~2b) AC Bus 1 (2) FAIL light 

~

nd AC Bus 1 (2) Overload light 
ay or may not illuminate de-

. ending on magnitude and dura
~ion of overload on inverter. 

a. Breaker OPEN, Jj_➔ I (3a) Most probable occurrence. I (3a) AC Load failure. 

b . C/ B does not OPEN, 14 
AC BUS 2 (1) Reset - Reset(center~5 

/ 

Transfer and verify AC loads to 
normal bus. 

FLIGHT CREW SUP PORT DIVISION 

D ATE I Jan 27' 1967 

(4) Continue Bus Reset as 
requir ed to extinguish l amp. 
There will be a t ime de l ay 
after each r eset befor e 
r e-i l l um i nat i on. 

APOLLO OP ER ATIO NS HANDBO OK 
EPS POWER DISTRIBUTION s,, c m ~ IRr:v FINA 1. 

SEC TI ON B . l.4 - 3! PAG E 42 



SYMPTOM 

.. D... 7' ~ '--r 

ST:2P PROCEDURE 

(a) AC BUS 2 (1) FAIL light -
OFF .. 

(b) AC BUS 2 (1) FAIL light-ONb 

6. Monitor:. 

TANK QUANTITY - H2 - 1 & 2 . 

02 - 1 & 2 . 

a. 'Quantities normal. 

b. Quantity erroneous. 

7. I OPEN C/B: CRYOGENIC SYSTEM QTY 
AMPLIFIER-1, 2 - AC 1 (2). 

8. I ECS RADIATOR - 1 (2) A,B-OFF~ 

9 .' OPEN circuit breakers -CRYOGENI C 
FAN MOTORS-1 (2) 
AC 1 (2) - A, ~, C. 
GAS ANAL - ACl 

10. I AC BUS 1 (2) RESET - RESET 
(center) 

(a) Symptoms Ext~nguish 

(b) Symptoms reilluminate 

i i. I AC INVERTER 1(2)-MNA(B)-OFF 
i2. 1 AC INVERTER 1(2)- AC BUS 1(2)-

0FF 

PREPARED BY ,d~ef:Z,lf( 
1//. ,tt ~l ... s 

FLIGHT CREW SUPPORT DIVISION 
DA T E 1 
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· NEXT 
STEP 

6 

REMARKS 

~ 

8 

j 

7 

19 

9 

(6) · Step~ 6 thro~gh ~ .... 
.1

1
ve~ify normalcy of AC loads 
which cannot be transferred from 
one AC Bus to the other. 

(6a) Gauge indication being nor
mal will reveal normal quantity 
amplifier. 

(6b) Quantity amplifier failure 
may give high, low or erratic 
reading on Quantity Gauge. In 
any case, the quantity balance 
data just prior to occurrenc8 of 
symptom are reference points. 

10 1(9) Cryogenic fans inoperatj_ve 
does not present a critical sit-, 
ua~ion. Quantity readout may 
have small error with fans OFF. 

16 

11 

12 1(11) AC BUS 1(2) lost for re
mainder of mission. 

13 

I 

) 

FAILURE 

(5b) AC load failure. 

(6b) Quantity Am
plifier. 

(10b) A!~ BtfS1 SHORlJl , /. 

APOLLO OPERATIO NS HANDBOOK 
EPS POWER DISTRIBUTION S/C 012 ( REV FINAL 
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SYMPTOM l STEP I PROCEDURE 

13 AC BUS 1(2) RESET - OFF 

14 TELCOM-NONESS - OF:B1 

--
15 OPEN c/B' s of faulty AC BUS 

16 I CLOSE C/B GAS ANAL - ACl 

(a) Symptoms Reilluminate · 

NEXT 
STEP 

14 

15 

I~ 

I 18 

REMARKS 

-·•-·•·-·-.--

(15) Maintain faulty bus iso
lated. 

r-AILURE 

(16a) Gas Anal & C/B 
failure. 

(b) Symptoms remain extinguishe~, 17 

17 I CLOSE c/B's CRYOGENIC FAN MOTORS 
1(2) - AC1(2) pA, ¢B, pt:', 
(a) Symptoms Reilluminate I 18 (17~f:cryogenic Fan. 

(b) Symptoms remain extinguished I ~ Jmotor & C/B failure -1 
1 

( 1 7b) ECS RADIATORS 1 

'VALVE CONTROL & C/J3 -· 
failure. 

18 I Isolate faulty load 

19 IAC BUS 1(2) RESET - RESET 
(center) 

20 !Reconfigure AC loads to normal 
positions (if applicable) 

21 - I AC BUS 1(2) RESET -~ 

22 IAC INJ)ICATORS - BUS 1 (2") 
(affected bus) 

, ,.,,, ,I 

PREPARED BY, 61J(l;!/(.,dtlP' 
'?(JI,:(~(_ 1- ~-
•./ /~-- 1/' --~,, ' [/ .. / 
....Ll. ( ,K__ • i,c.,-?:--< / ,v-

MSC For m 460 ( Rev Dec 66 ) ✓ 

FLIGHT CREW SUPPORT DIVISION 

DATE, Jan . 27' 1967 

I 
19 

20 

;-/ 

(18) If faulty load detected _ 
during load transfer (step -
isolate by opening respective 
C/B(s). ,~ 1~6) If faulty load detected in 
either step 16 or 17 then leave 
appropriate breaker o~en. 

22 

-----,I (22) Mission schedule may be 
continued with use of Indicator!: 
to monitor AC BUS 1(2)~ The 
C/ W capability & the automatic 
disconnect capability are lost 
wHh AC BUS RESET - OFF. 

APOLLO OPERATIONS HANDBOOK 
EPS POWER DISTRIBUTION S/C 01 2 I RE'/ FI.N~.T 
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SYMPTOM STEI> PROCEDURE ~;:; I REMARKS I FAILUR:-----7 

l .r} 

10. AC BUS 1 & 2 I 1 
'FREQUENCY INDICATES 
<393 CPS OR >407 CPS! 2 

PHASE LOCK SW - ON,. 

Verify INV PHASE SYNC PWR C:B'S -
OPEN. 

1().) -
·· 1fomoves CTE signal to inverter ... -- ;~· Inverter- on_ipternal oscillator. - -

SINGLE INVERTER 
OPERATION a. Freq within 393 to 407 cps. -4 I Inverter is driven off 400 CPS ! 2a. CTE malfunction. 

by out of tolerance CTE signal, 
1
~eplace INVERTER 1(2) with 

b. Freq 393 CPS or 407 CPS 3 

PHASE LOCK SW - Ol!7 F,. 4-

AC :BUS 1 & 2 RESET -- OFr:-1"" 5"' 

3 

4 

5 AC INVERTER 2(1) - MAIN :B(A) -_£El 6 

6 IAC INVERTER 1(2) - AC :BUS 1 & 2 -I 7 
OFF _, 

7 IAC INVERTER 1(2) - MAIN :BUS A(:B)-1 8 

~-
8 IAC INVERTER 2(1) - AC :BUS 1 & 2 _I 9 

ON - • 
9 IAC :BUS 1 & 2 RESET - ON~ /0 

10 la. FREQ - 400 CPS, -)-

b. FREQ <393 CPS or >407 CPS, 11 

LL __ 1 , 11 IMSFN to closely monitor frequency: 

I 

INVERTER 2(1). 

Since second inverter indicates 
same symptoms, this is indica
tive of freauency meter failure 
If voice communication available 
verify telemetry readings with 
MSFN . 

I • I 

9a. Inverter 1(2) 
oscillator failure. I 

9b. Frequency 
meter failure. 

PREPARED 8 ':.:__,1'.t-,~"f:'s4-{j',/ Fll GH T CREW SUPPORT DIVIS I ON APOLLO OPERATIONS HAN DBOOK 
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SYMPTOM STEP PROCEDURE l NEXT 
STEP 

REMARKS FAILURE 

11 . AC BUS 1 ( 2) 1 AC BUS 1(2) RESET - RES.Err (eenil;,e;), 
' FAIL LIGHT 
illuminated a. Symptoms OUT. ~ ~~la. J Transient, 

AC BUS 1(2) Voltage b. Symptoms Light, 2 ('.1'.b.y Inverter 
<90v (Dual Inverte~ 

' 
overvoltage. ? ., 

2 AC INVERTER 1 ( 2) AC BUS 1 ( 2 )-OEF, 3 (evi UC ut~~ 
3 AC INVERTER 1(2) MNA(B) - DFF 4 ~ __ , 
4 AC BUS 1 ( 2) RESE'r - .OFF, 5 

5 CB INV SYNC FWR (3) - CLOSE, 6 

6 PHASE LOCK - ON, 7 

7 AC INV 3 - MNA (B), 8 

8 AC rnv 3 AC BUS 1(2) - ON, 0 
I ,I 

9 AC BUS 1(2) RESET - RESET ( Cntr ), 10 

10 Verify AC 1 & 2 Bus Voltages & 11 
Frequencies< I 

11 PHASE Lock - OFF. 12 

12 CB INV SYNC PWR ( 3) - OPEN , ~ 

I 

., 
PREPARED BY 'd;./,/ _;.,q{t/J!? FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
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SYMPiOM 

12. AC BUS 2(1) 
FAIL Light 
' ON 

after 
AC INVERTER 2(1) 
is applied to AC 
BUS 2(1). 

STEP PROCEDURE 

1 I AC BUS 2(1) RESET - IglSET (Cntr) 
several times consecutively, 

a. AC BUS 2(1) FAIL light OUT, 

. b. AC BUS 2 (1) FAIL LIGHT ON; 

1. AC BUS 2(1) volts norllll,I 
d: 2. AC BUS 2(1) volts zero~ 

2 I AC INVERTER MNB(A) - OFF , I 

3 I . AC INVERTER AC BUS 2(1) . - OFF, I 

4 I AC BUS 2(1) RESET - OFF ,· I 

5 CB INV SYNC PWR ( 3) - CLOSE. I 

6 PHASE LOCK - ON . I 

7 · I AC INVERTER 3 - MNB(A ). I 

8 I AC INVERTER 3 AC BUS 2(1) - ~, I 

NEXT 
STEP 

13 
2 

3 

4 

5 

6 

7 

8 

q 
/ 

9 I AC BUS 2( 1) RESET - RESET ( Cntr )I. 10 

10 I Verify AC BUS 1 & 2 voltages 
and Frequencies . 

1 L~:1 _,----1~ k'L 

11 

RE~ARKS 

Single to dual switchover 
assumed from Inverter 1(2) 
on AC BUS 1 & 2 to Inverter l 
on AC BUS 1 and Inverter 2 on 
AC BUS 2. 

(1la.') This failure is likely 
be occur again. 

10. Inverter 3 is now 
powering AC BUS 2(1). 

FAILURE 

(ia.) Transient 
condition. 

( lb.l) Sensing Unit· 

( ,1 b. 2) l Motor Swi teh 

P REPARED BY 1,,,,,/1fltfMf;1 FLIGHT CRE W SU PPOR T DIVISION . APOLLO OPERATIONS HAN □ BOO;t 
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1 

SYMPTOM STEP PROCEDURE 

12. (Cont) 11 PR~SE LOCK - OFF, 

12 I CB INV SYNC PWR (3) - OPENt 

13 I AC BUS 2(1) RESET - ~_!, 

14 I AC INDICATORS - AC BUS 2(1), 

A I_,, 

NEXT 
STEP 

12 

14 

REMARKS 

(14,) The C/w indication and 
automatic disconnect capability 
is not functional with AC · 
BUS 2(1) RESET - OFF 

FAILURE 

• 

PREPARED BY{2/ltl~~ • FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
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/ 

SYMPTOM 

13 . MN BUS A & ~ 
UNDERVOLT 
light illuminates 
AC BUS 1 Fail light 

illuminates 
AC BUS 2 Fail light 

illuminates 
F/C BUS disconnect 

light illuminates 

SINGLE INVERTER 
CONFIGURATION 

CAUTION : Note that 
AC BUS OVERLOAD 
light is not illu-

1 mina ted . Do not 
, use this procedure 
if the overload 
light is illuminated 

STEP 

l 
2 
3 
4 
5 
6 
7 
8 

9 

10 

11 
12 
13 

• I A _A ,;/__L_ 

PREPARED Bw~ 

. -/_ l ::-/ -t - ~ -c..~ . 

'/ t~·-,e--::-p_a,e' ~-'t-1 
i,s-c Form 46C ( Rev Dec 63) 7 

PROCEDURE NEXT 
STEP 

AC INVERTER 1(2) - MNA(Bl - OFF ~ 
AC INVE.R.TER 2(1) - MNB(AJ - ON } 
AC BUS 1 - RESET - OFF 41 

AC INVERTER 1 ( 2) - AC BUS 1-0FF 5 \ 
AC BUS 2 - RESET - OFF 6, 
AC INVERTER 1(2) - AC BUS 2-0FF 7 
AC INVERTER 2(1) - AC BUS 1 - ON 8 
AC INVERTER 2 (1) - AC BUS 2 - ON 9· 
AC BUS 1 - RESET - RESET - 10 
(Center) 
AC BUS 2 - RESET - RESET - I ll 
(Center) 
F / C 2 - MAIN B (A ) - ON 1.2 
MAIN BUS A(B) RESET - RESET 1_3· 
Verif y normal systems operation. --4-

FLIGHT CREW SUPPORT DIVISION 

REMARKS 

1. Removal of shorted inverter 
initially will prevent DC BUS 
problems~ - Tt will take 3 to 
9 seconds for 70 amp power 
breaker to an inverter to open. 
MN BUS B(A) volts will recover 
in APPROX 1 SECOND after short. 
The following F/C to BUS 
configuration is assumed: 

F'/C 1 - MNA - ON 
F/C 1 - MNB - OFF 
F/C 2 - MNA - ON 
F/C 2 - MNB - ON 
F/C 3 - MNA - OFF 
F/C 3 - MNB - ON 

FAILURE 

INVERTER DC INPUT 
short ed. 

APOLLO OPERATIONS HANDBOOK 
DATE 1 

Jan 27, 1967 
EPS POWER DISTRIBUTION S/C 012 IREV FINAL 
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~----,-----,----------

' 

STEP I PROCEDURE ,· NEXT 
__ STEP 

SY MPTOM REMARKS 

CAUTION: Total AC POWER LOSS ma;Y,· occ1=1-_r J_n less tr.can _5 seconds . 

_14. MN BUS A & B I 1 
UNDER.VOLT light 
illuminates AC I 2 
BUS 1(2) FAIL light 
il luminates I 3 
F/ C BUS DISCOlWECT 
Light ON 4 
DUAL INVERTER 5 
CONFIGURATION 6 
Caution : Not e t hat 
AC BUS OVERLOAD I 7 
Light is not 
illuminated in this I 8 
case . 9 

10 
11 

I ,,.., A I ,, ,,, 

AC BUS 1 (2 ) RESET Sw - RESET I 2 
(Centr), 
AC I NVERTER 1(2) - MAIN A(B) - I 3 
OFF-- " 
AC INVERTER 1(2) - AC BUS 1(2)-1 4 
OFF, 
AC INVERTER 3 - MAIN A(B) - ON, 
AC BUS 1(2) - RESET - OFF t -

AC I NVERTER 3 - AC BUS:1{2) -
ON 0 

AC BUS 1 (2 ) RESET Sw - RESET 
(Center), 
F/C 2 - MAIN B(A) - ON 

5 
6 
7 
8 

9 

I 
I 

This procedure assumes a two 
inverter configuration at 
time of failure and the 
following F /c to Bus 
configurati on : 

F/C 1 - MNA - ON 
F/ C 1 - MNB - OFF 
F/C 2 - ~iNA - ON 
F/C 2 - MNB - ON 
F/C 3 - MNA - OFF 

- "- . 
F/C 3 - MNB - ON 

MAIN BUS A & B RESET Sw - RESET 10 I --Verify normal systems operation 
If appropriate, 
MAIN BUS TIE - BAT A & C - OFF 

- BAT B & C - OFF 

11 
~ 

I 
I 

\,-.. ·----... 
FAILURE 

7~= 
"])e~~~ 

~" 
(~~d--t.- ,, , ) 
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CJ2n:n:1ous J~ACI<C~f()TJNJ) HOISE I N ONE OR HORE c1mvn,m1. ~; ' 
iffii o~.;m1 

Ui\lE CRE\-!MLl'-T LOSS CF B;rl:HER 01<' THE }'OLLOWI:KG ~2ELE 
CUI'-1:VJUKF:-\'1'101>:~; : V:'d'}' -AJ\1 OR -, BAl{D 

j,_}~1 en:!-'~\· T?-1}~1 II,,SE VH1" --At11
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::i\'h!P TO 'i 

------ ) 
1, One cre1-:man has 
degr2,ded 01.· no 
i:1t.ercom capability . 

I 

STEP RD CEO URE NEXT I 
STEP 

RH1AP.r.S tf,1 LVil i: 

----------------------------------~~ .. ~ ------.. 

~ I Audio Center (A/C) POWER sw -I Alternate position - (VOX or PrT) 

2 

3 

( a) Inter.com normal - I ( la) Crew-rrian limited to PrT 
- After switching to - moc.e of keying . Loss of 

TYnT ! lib ' . , n b' 1 · t LL , ~OT, m.1Ke capa l l y. 
- After switching to 

vox 

(b) No intercom 

Key int ercom using t rans l ational 
controller PTT button (without 
speaking . ) 

(a) No background noise 

(b) B~ckground noise ·present 

,.v1-IB' - J.\JvI 3W - (A/ C) - T/R; 
verify Villi' sid_etone . 

2 

3 

B 

:t_ __ 

(2) Thi s step can be a ccom
plished only by the CP and SP. 
P should go directly to step 6. 

(2a ) Crewman limited to VOX 
mode of keying . Loss of 
VHF - AJVI and S- B2nd voice 
capability. 

(3) VHF sidetone can be veri 
fied regardless of VHF-AM 
(MDC - 20) switch position. 

\ \..,l.t .I u _ - t., .~ ~-

i
r~ , 0 ia'P~one nor n1al 4 

I 
I 
' ' 

(b) No sidetone 5 

( la) VOX ci:~·cuit 
f a.ilur~. 

I i:~)- A/c PTT 
I J_ <..v_lure . 

circuit i 

i 
( 2b) Co bra cable 
circuit f ailure . 

Prir I 

(3a) A/C intercoa 
circuit failure . 

q 

I 

L_ I I 1· I _J 
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SYil.P TO !\! ' N~XT_ 
.....__ \ ':)T'.::P 1---_;1---+-----------------)~ . 

} 

STEP PROCEDURE RE MA RKS F~I LURE 
... 
) 

1. (Cont) (a) Use VRF sidetone for intercom____,.,, (4a) All A/C V1:D? switches must 
or, be in T/R position. 

4 

5 

6 

7 

8 

PREPARED BY, 

t-
~SC form 46~ ( Rev Dec 66) 

(b) Cobra cable electrical 
connector - EMER 

Connect and utilize alternate 
headset 

(a) Intercom normal 

(b) No intercom 

Remove diode and filter assembly 
from cobra cable. 

(a) Intercom normal 

(b) Intercom not normal 

Connect a.nd utilize spare cobra 
cable 

(a) Intercom normal 

(b) No intercom 

Cobra cable electrical 
connector - Ef\1ER 

FLIGHT CRE W SUPPORT D! Y! SlON 
DATE 1 

Jan . 27, 1967 

--------~·---- 4·--·-

1 }I (4b) Two crewmen must share 
one A/c. 

6 

(4a orb) Crewman may use 
whichever is more desirable. 

(5) Requires shirtsleeve 
environment. 

--~ (6a) Removal of diode and 
filter assembly will result in 
increase backgrou_~d noise on 
intercom and down link voice. 

7 

8 

(5a) Headset failure 

(6a) Diode and 
filter assembly 
failure. 

(Ta) Cobra cable 
failure 

(8) Two crewmen rrru.st share one I (8) Audio center 
audio center. module failure 

Telecommunications System 
Malfunction Procedures 

APOLLO OPE RATIONS HANDBO O~ 
S/C 0 1.2 lR EV F I NAL 
SECTION 9 . 1 . 5 lPAG E 3-. __;_, __ _ 



i 
I 

SY M!'lTOM 

2. All crewmen 
have degraded or no 
intercom capability. 

3. Continuous 
background noise in 
one or more crew
men's headset. 

I ""'"' ,, . 
i. 

MSC For m 460 (Rev Dec 66) 

STEP 

1 

2 

3 

1 

2 

3 

PROCEDURE 

INTERCOM sw (ALL) - OFF 

VHF-AM sw (A/C) (ALL) - T/R 

Verify sidetone. 

(a) Nonnal 

(b) No sidetone 

Use VHF sidetone for 
intercommunications. 

Verify: S-BAND .sw (MDC-23) -
MUTE (up) 

Indivio.ually cycle all PrT 
buttons (3 cobra cable and 2 
hand controller buttons) in 
sequence. 

(a) Noise removed 

(b) Noise continues 

If failure was on cobra cable 
use spare cobra cable. 
If failure was on Hand 
Controller discontinue use of 
that PrT button. 

FLIGHT CRE W SUPPORT DIVISION 
DATE 1 Jan . 27, 1967 

.. -r ~~EX~ - , 

• •• ,S iEP 
\ 

3 

-

2 

3 -
4 

REMARKS 

. I 
rlf 

r 
(2b) Refer to EPS malfunction 
symptom No. 

(3) Sidetone may be used 
regardless of VHF-A..M sw 
(MDC-2O) position. The use of 
VOX keying will provide a 
11 hot mike'' sidetone intercom 
and PrT VHF-AM keying. 

(1) USBE receiver unlock 
results in similar symptom. 

FAILURE 

) 

(2a) Intercom bus 
shorted to ground 

(2b) Loss of Flight 
and Post Landing bus 

(2a) Sticking PrT 
button 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIO NS HAN DBO OK 
S / C 012 1RE V Ti'TT\JA T 
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SYMP TO tll STEP 

) 

3. (Cont) 4 

5 

6 

'7 

PREP ARE D BY: 

PROCEDURE 

POWER sw (A/C) (Al l) - PI'T (one 
at a time) -

(a) Noise removed 

(b) Noise continues 

All crewmen - all A/C T/R 
switches (except S-BAND) - RCV 

(a) Single crewman retains noise 

(b) All crewmen lose noise 

! NEXT 
' ..S TEP 

5 

- 6 
1---1 

9 

All A/C switches to original 
configuration (except failed A/C) 

'7 

Failed A/C - Disconnect cobra 
cable and connect spare cobra 
cabl e. 

(a) Noise removed 

(b) Noise not _removed 8 

REMA RK S 

(4a) Keying limited to PI'T 
mode on failed A/C. 

('7b) Hand controller failure 
possible for CP & SP only. 

FAILU RE 

)' 

(4a) One A/C VOX 
circuitry failure 
(continuous key) 

(5a) Groun~ in crew
man1s controller or 
cobra cable PI'T 
circuitry; ground in 
A/c keying line 

(5b) GrotLDd on HF or 
VBF- AJ.~ keying line 

('7a) Cobra cable PI'T 
circuit failure 

(Tb) Hru1a. controller 
PrT failure, or 
audio center keying 
ciri:uit failure 

FLIGHT CRE W SUPPORT DIVISION Telecommunications System APO LLO OPER AT IO NS HAND BOOK 
DATE 1 Jan. 27, 1967 Malfunction Procedures s;c 012 REv FINAL 
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3. 

SYM PTOM 

) 
(Cont ) 

STEP 

8 

9 

10 

4. One crewman lossl 1 
of either of the 
f ollowing communi
cc:cions: VHF-AM or 
S-Bano. 

PRE PA!<ED BY , 

~SC For m 460 ( Rev Da e 66 ) 

PROCEDURE 

Cobra cable electrical 
connect·or - EMER -

A..viy crewman - A/ C HF sw - T /R 

(a) Noise returns 

(b) No noise 

Any crewman - A/C VHF-AM sw -
T/R 

(a) Noise returns 

POWER sw - (A/C) - PI'T 

FLIGHT CRE W SUPP ORT DIVISION 
· DATE 1 

J an . 27 , 1967 

-·------·- ~ --- ·---

I NEXT 
I STE P ' 'f 

_ , 

REMARKS 

(8) Two crewmen must share one 
A/C module. 

-1 (9a) HF usable only in beacon 
mode. Receive capability lost. 
Voice recorder will run con
tinuously until end of tape. 

10 

CAUTION Disconnecting 
tape recorder 

connector under power m~y 
result in dangerous arcing. 

~ (10a) VHF-AM usable only in 
duplex mode. (Notify MSFN). 
RF radiation is present any 
time that VHF-AM SW (MDc~20) 
is in T/R position. 

(1) VHF-AM keyed in PI'T mode 
only. 

FAI LURE 

) 

(9a) Ground on HF 
keying line 

( 10a) Ground on V1-lF
AM keying line. 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIO NS HAN DBOO K 
5/ C 012 i RE V l11 lNAL 

S ECT I ON 2.- L,_S I PAG E 6 



SYMPT ~ I STEP I PROCEDURE I ~;~~ I REMARK S I FA! LURE ___ , 

) I } l 
4. (Cont) 2 Verify normal intercom. 

(a) Intercom normal 

·----

3 

4 

5. All crewmen losel l 
VHF-AM operation 
(in-flight). 

2 

3 

PR E PAR ED BY, 

~SC Form 460 ( Rev Da e 66 ) 

(b) No intercom 

Follow Telecom procedure, "One 
crewma,_D has degraded or no 
intercom11 (Symptom No. 1). 

Cobra cable electrical 
connector - EMER 

Energize USBE i n mode A. 

VHF-AM RCVR SW - 1 

(a) Signal regained 

(b) Signal not regained 

VBF-.AM RCVR SW - 2 

(a) Signal regained 

(b) Signal not regained 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 · J an . 27 , 1967 

- ---- ·- --- ---- - --~---

l} 

3 

- • ( 1+) Two crewmen must share one 
A/C. 

2 (1) Backup mode for VHF-AM 
voice 

---:--1 (2a) VHF-AM limited to the 
simplex mode. 

3 

- • (3a) When switching to No. 2 
receiver, ground must be so 
informed. (MSFN requires a 
minimum of 5 min. to recon
figure.) MSFN will detect a 
continuous carrier if VHF 
keying relay has failed. 

4 

(4) A/c module 
failure 

(2a) VHF~AM front
end No. 2 fa:Llure 

· (3a) VHF-AM receiver 
No. 1 failure or 
VHF-AM keying relay 
failure ( closed) 

Telecommunications System 
Malfu..~ction Procedures 

APOLLO OPERA TIO NS HANDBOOK 
S /C 012 RE V FI NAL 

js EC TtoN 9.1.5 i PAG E 7 
- · · --



SYMPTO!:f SiEP PROCEDURE RE "1 ARK S FAIL UR E ! -
'-----+--~---------------+-

tlEXT 
ST.,.EP 

) 

5 
} 

5. ( Cont) 

6 . All cr ewmen 
lose USBE voice . 
operati on (modes A, 
Bl, B2, or c) 

PR EP ARED BY, 

~SC For m 46 0 ( Rev Dec 66) 

4 

5 

6 

VHF ANTENNA sw - Alternate 
position - (UPPER or LOWER) 

Re-orient s/c for optimum 
antenna coverage, if necessary. 

(a) Signal regained 

(b) Signal not regained 

VRF-AM sw (MDC-20) - OFF 

1 !Ver ify that A/c S-BAND SW 

(MDC-23) is not in MUTE (up) 
posi t i on. 

2 

3 

Obser ve S-BM'TI AJ\lT meter for 
phase lock . 

( a) « half scale 

(b) > half scale 

S-BAND POWER AMPL sw - LOW 

FLIGHT CRE W SUPPORT DIVISION 
DATE 1 

Jan . 27 , 1967 

- • (5a) VHF voice, VHF-FM, and 
UHF data limited to one 
antenna & restricted s/c 
orientation. · 

~ I (5b) Voice limited to S-Band. 

2 

6 

3 

4 

(1) MUTE (up) position disabl e s 
S-Band reception. 

(2) « half-scale indicates 
loss or near loss of lock . 
> half-scale indicates 
receiver phase l ock . 

(5a) Upper or · lower 
VHF SCIN antenna 
fai l ure 

(5b) VHF-AM: system 
f ailure 

Telecommunications System 
Malfu.~ction Procedur es 

APOLLO OPER ATIO NS HAN DBOO K 
S /C 012 JRE V FINAL 
S EC T I ON 9 .1 . 5 ! P AGE C:-

i~·--·- .. :1 



; I I I NEXT 

6. (Cont) 'im 
SYMPTOI:! SiEP PROCEDURE REMARKS FAILURE 

J 

PREPA RED BY, 

~SC Fo rm 460 (Rev Dec 66) 

4 

5 

S-BAND sw - XP0NDER PWR AMPL 

(a) Voice regained 

(b) Voice not regained 

S-BAND VOICE/TV sw - TV 

(a) Voice regained 

(b) Voice not regained 

6 IS-BAND ANTENNA sw - Alternate 
position (UPPER or LOWER ) 

7 !Re-orient s/c for optimum 
antenna coverage, if necessary. 

8 !Observe S-BAND .ANT meter for 
USBE phase lock. 

(a) « half scale 

(b) > half scale 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan. 27, 1967 

--i (4a) S-Band transmitter limited! (4a) Power amplifier 
t o operation with power ampli- by-pass mode failure 
fier only. 

5 

--i (5a) S-Band limited to FM mode.j (5a) PM: mode failure 
S-Band ranging lost. 

9 

7 

8 

10 

-i (8b) S-Band operation limited 
to one antenna & restricted 
s/c orientation. 

(Sb) Upper or lower 
2 KM:C SCDJ antenna 
failure 

APO LLO OPER ATION S HANDBOOK Telecommunications System 
Malfuncti on Procedures S /C 012 jREV FI NAL 

SECTION 9 .1 . 5 IPAGE '.i 



I I NEXT 

_y----r--t-------------- W,,, REMARKS I FAILURE __J 
6. (Cont) ) , _ 

S'l'M!'TOM STEP I PROCEDURE 

9 !Verify CTE operation with MSFN 

10 

11 

7. All crewmen losel 1 
i USBE voice opera-
tion (modes Dor E) 

2 

~ac,,a ,o SY ' 

I 
MSC Form 48 0 ( Rev Dec 66) 

via VRF-AM. 

(a) CTE normal 

(b) CTE not normal 

Manually change to alternate 
transponder unit. 

Configu.re S-Band switches to 
original mode. 

(a) Voice regained 

(b) Voice not regained 

Verify that A/CS-BAND sw 
(MDC-23) is not in :MUTE (up) 
position. - --

S-BAND PWR AMPL sw - HIGH 

(a) Voice regained 

(b) Voice not regained 

FLIGHT CREW SUPPORT DIVISION 

DATE• Jan . 27 , 1967 

10 

--• (9b) TIM operation continues, I (9b) CTE failure 
via S-Band or VRF-FM, but may 

11 

be degraded. Voice limited to 
VRF-AM. 

(10) Refer to abbreviated 
check-list for transponder 
turn-around procedure. 

- (lla) USBE primary 
transponder failure 

--1 (llb) Voice limited to VRF-AM. 

2 

TV, TIM, and ranging still 
available on S-Band. 

(1) MUTE (up) position disables 
S-Band reception. 

---t (2a) Power amplifier operation 
limited to high mode. 

3 

(llb) PMP (voice 
circuit) failure 

(2a) Partial power 
am~lifier failure 
(Low mode) 

Telecommunications System 
Malfu~ction Procedures 

APOLLO OPER ATIONS HANDBOOK . 
S/C 012 IRE V FINAL 
SECT ION 9 ,. 1 . t:_i ' PAGE 1G -



sv•rro• I STEP I PROCEDURE ! ,;xr 
' , ----+---+---------------It ,_s. EP ) ~ ) 

REMARKS HI LURE 

r -
7. (Cont) 

8. MSFN reports 
1 VBF- FM telemetry 
· poor or lost. 

PRE PA RED BY, 

3 I Configure S-Band switches for 
mode A. 

4 

1 

2 

3 

4 

(a) Voice regained 

(b) Voice not regained 

Follow Telecom procedure, "All 
crewmen lose USBE voice opera
tion, modes A, Bl, B2, or C" 
(Symptom No. 6). 

Energize USBE in mode A. (Notify; 
MSFN) . 

Verify normal VHF-AM voice 
operation. 

(a) Voice normal 

(b) No voice 

VHF .M'TENNA sw - Alternate 
position (UPPER or LOWER) 

Re-orient s/c for optimum antenna 
coverage-, if necessary. 

(a) VHF-FM TIM regained 

(b) VHF-FM TIM not regained 
FLIGHT CRE W SUPPORT DIVISIO N 

1------- DATE t Ja'Yl • 27, 1967 
~ 

MSC Form 460 ( Re v Dec 66) 

- '- --~- - - - --,,._~ - -··-··----·-·--· ~- --·--------------- ---· ·-

--i (3a) Voice and R/T TIM limited (3a) FM moae failure 

4 

2 

5 

3 

4 

to USBE PM mode or VHF. or total power 
Playback TIM limited to VHF-FM. amplifier failure. 
Loss of TV. 

(1) Enables R/T PCM via S-Band. 

(2) All VBF & UBF eg_uipment 
share same antenna system (VHF 
SCJJif an.ten...vias) • 

(2a) Rules out antenna failure. 

--, (4a) VEF & UHF operation 
limited to one antenna & 
restricted s/c orientation. 

(4a) Upper or lower 
VBF SCTir antenna 
failure 

5 
Telecommunications System 
Malfunction Procedure s 

APO LLO OPERA TI ONS HAN □ Boor. 

5/C 012 !RE V FINAL 
SECT I ON q . l_ .~PAGE ""}.1 



,_ ''.":;o• I STEP I PROCEDURE (m! I I REMARKS HI I.URE 

) 

8. (Cont) 

9. lJHF Updata and 
Real-time commands 
not received by s/c 

P~EPA ,~ ED BY 1 

US C Form 460 (Rev Dec 66) 

5 !TIM Dil"PUTS PCM sw - Alternate 
position (HIGH or LOW) 

6 

(a) VHF-FM TLM regained 

(b) VHF-FM TIM not regained 

Check status of S-Band telemetry 
with MSFN 

(a) Normal 

(b) Not normal 

7 I VHB'-FM SW - OFF 

1 !Energize USBE in mode A. 

2 !Verify normal VHF-AM voice 
operation. 

(a) Normal 

(b) Not normal 

FLIGHT CREW SUPPORT D!VISION 
DATE, Jan . 27 , 1967 

6 

1 

2 

5 

3 

(5a) Limits telemetry to one 
bit rate mode. If limited to 
low bit rate, many G&N TIM 
parameters are lost. If . 
limited to high bit rate, long 
data dumps are required. 

I ( 6a) USBE must be used ·, for all 
down data. 

(6b) MSFN· may elect to use 
VHF-FM or S-Band telemetry if 
some data is salvageable. 

(1) Enables updata backup mode. 

(2) All VEF & UHF equipment 
share sa111e antenna system (VHF 
SCIN antennas). 

(2a) Rules out antenna failure. 

( 5a ) PCM TLM mode . 
failure (High or 
Low) 

(6a) VHF-FM system 
failure 

(6b) PCM telemetry 
equipment failure or 
PMP (TL.T'v1 circuit) 
failure 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIO NS HANDBOO K 
5/C 012 i RE V 8°INAL __ , 

SECYION 9 . 1 . 5 I P AG E J :2- · 1 



9. 

SYMPTOIA 

) 
(Cont) 

PR EPARED BY, 

• 

STEP PROCEDURE - -, MEXT 

11)E_P 11-------------+1---_:__ 
REMARKS FAILURE 

3 

4 

VHF ANTENNA sw - Alternate 
position (UPPER or LOWER) 

Re-orient s/c for optimum 
antenna coverage, if necessary 

(a) Voice and updata regained 

(b) Updata not regained (Voice 
normal) 

5 IUPDATA sw - S-BAND 

6 !Request MSFN to retransmit 
update. 

7 !Verify S-Band updata normal. 

(a) Normal 

8 

(b) Not normal 

Repeat procedure over another 
ground station 

(a) Normal 

(b) Not normal 

9 IUPDATA sw - OFF 

FLIGHT CREW SUPPORT DIVISION 

4 

5 

6 

7 

(4a) VHF & UHF operation 
limited to one antenna & 
restricted s/c orientation. 

) 

(1-~a) Upper or lower 
VEF SC:rn antenna 
failure 

-t (7a) U:pdata limited to S-Band I (7a) UHF. receiver 
only. Some stations not failure 
equipped for S-Band updata 

8 

9 (8b) All updata capability I (8b) UDL equipment 
-t lost. Voice updating required. failure 

Telecommunications System APOLLO OPERATIONS HANDBOO K 

~ Malfu.n.ction Procedures s;c 012 REv FINAL 

IJSC Form 46 0 (Rev Dec 66) SECT ION 9 .1 . 5 PAGE . 13 
DATE I Jan. 27' 1967 



I SY MPTOM I STEP I PROCEDURE 1, NEXT REMARK S 
, . • . STEP 

) ~ sw - UHF j 1--+--(--l_)_C_o_o_r_d_i_n_a_t_e_w_i_t_h_M_SFN--. ----i•------
FAILURE 

) 
1 IUPDATJ --and real-time I I 

commands not I 0 I u,,...,,,-{ -f',r TTtrl,1 
1 

cc. I V <:;; .J. .J....J..'f u~.u: updata ·normal. 
, received by s/c. 

(S-Band voice 
I normal ). 

11. V.lSFN reports 
part ial or complete 
loss of C-Band 
tracking. 

PRE PARED BYr 

~SC Fo rm /260 ( Rev Dec 66) 

3 

4 

1 

2 

3 

(a) Normal 

(b) Not normal 

!Repeat procedure over another 
ground station. 

(a) Normal 

(b) Not normal 

UPDATA SW - OFF 

Energtze USBE in mode Bl. 
(Notify MSFN). 

C-BAND sw - Alternate position -
( 1 PULSE or 2 PULSE ) 

(a) C-Band tracking required 

(b) Not regained 

Orient s/c to illuminate a 
different C-Band antenna. 

(a) C-Band tracking regained 

FLIGHT CRE W SUPPORT DIVISION 
DATE 1 Jan . 27 , 1967 

- , (2a) Updata limited to UHF . (2a) 70KC updata 
demodulator failure· 

3 -

-
4 

2 

3 

(3b)-All updata capability I (3b) UDL equipment 
lost. Voice updating required. failure 

(1) Enables backup ranging 
mode. 

(2) Coordinate with MSFN. Some 
stations are not equipped with 
2 pulse mode capability. 

(3) Coordinate with MSFN. 

(3a) Partial s/c attitude con
straint due to loss of one 
antenna/receiver. 

(2a) 1 or 2 pulse 
mode failure 

(3a) One of the four 
C-Band antennas or 
~eceivers failed 

Telecommunications System 
Malfunction Procedure s 

APOLLO OPERAT !ONS HAN DBOO ~ 
5/C 012 (REV J?TN/\T 

SECTION 9 . 1 . J ! PAGE 14 



SYMPTOM STEP PROCEDURE rlEMARKS FAILURE 

11. 

I ~Ex.T I 
~ IEP I 

(Cont ; I I (b) Not regained I ) 4 (3b) Ranging limited to S-Band 
and "skin track." 

) 

(3b) C-Band trans
ponder failure 

12. MS'FN reports 
TV reception lost 
(or poor) (S-Band 
voice & data 
normal). 

;13 . No V~ICE MOOM 
~flag indication when 
1 attempting voice 
recording (intercom 
normal). 

PR !:'.PARED BY, 

MSC Form 46D (Rev Dec 66) 

4 

1 

2 

3 

C-BAND SW - OFF 

S-BAND PWR AMPL sw - Alternate 
position (HIGH or LOW) 

(a) TV regained 

(b) TV not regained 

Connect TV cable to No. l TV 
receptacle. 

(a) TV regained 

(b) TV not regained 

S-BAND-VOICE-'I'V SW• .Q.!! 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

J an . 27, 1967 

2 

(la) Power amplifier operation 
limited to one mode. 

(2a) Discontinue use of failed 
rece·ptacle. 

3 I (2b) Loss oi' TV capability -

NOTE Absence of audio on 
track 1 (in excess of 4 
seconds) will cause flag drop
out. If portions of track 1 
were recorded in a PTT mode 
rather than a VOX mode, erratic 
or intermittent flag indica
tions may appear on all other 
tracks. 

(la) Partial power 
amplifier failure 
(High or Low) 

(2a) TV cabling or 
receptacle failure 

(2b) TV system 
failure or total 
power amplifier 
failure 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOG ~ 
S /C 012 , 
SECTION 9 . 1 . c:- I 



S't'MPTOM STEP PROCEDURE I NEXT I REMARKS I FA I LURE I 
~ .TEP 

) ) 

13. (Cont) 1 

2 

Verify instruments RCDR NON ESS 
C/B - CI.OSED 

If recorder not in use has tape 
available, transfer connector to 
that recorder. 

• (a) Flag indicates properly 

3 

4 

5 

PREPARED BY, 

!---....-------
13C For~ 460 (Rev Dec 66) 

(b) No flag indication 

Place hand on recorder. Push 
ITT button and note vibration 
from drive motor. 

(a) Vibration 

(b) No vibration 

Continue using recorder and 
check periodically for end of 
t ape . 

All A/C HF sw - OFF 

FLIGHT CREW SUPPORT DIVISION 
. DATE 1 

2 (1) c/B powers flag mechanism. 

-t (2a) Any recording time 
remaining on failed recorder 
is lost. 

3 

4 -
5 - (3b) Voice recording capa

bility lost. 

(4) Flag indicator failure is 
assumed (providing first 
recorder was not out of tape). 

(5) Switches may be energized 
post landing for HF operation. 

(2a) Fe.ilure of one 
voice recorder or 
recorder end of tape 

(3a) Flag indicator 
failure or drive 
belt failure 

(3b) Voice recorder 
cable or connector 
failure 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
S/C 012 J llEV 

SECTION !P AGE 16 



SYMPTO; I STEP I PRO CE8URE I ~~; I REMAR~ s I f A I LUREJ ---f 

11~. VHF-AM poor or 
lost after splash
c1mm. 

P1E PARED BY, 

~3C For m 460 (Rev Dec 66) 

1 

2 

3 

4 

5 

6 

Verify V1lF ANTENNA sw - RECOVERY 

VRF-AM RCVR sw - Alternate 
position(! or g) 

(a) Signal regained 

(b) Signal not regained 

VRF-AM RCVR sw - 1 

Coax connectors (MTIC-9) - Reverse 
connectors. 

(a) Signal regained 

(b) Signal not regained 

If VRF-AM is unusable, VHF-AM sw 
(MTIC-20) - OFF 

Restore coax connectors to 
original configuration. 

FLIGHT CREW SUPPORT D!VISION 

DATE I J an . 27 ' 1967 

2 

(2) Recovery forces must be 
informed via }IF of change to 
duplex. 

-1 (2a) VHF-AM limited to one model (2a) One receiver 
(Simplex or duplex). front-end 
· inoperative. 

3 

4 

-

5 

6 

(3) Notify recovery forces of 
change to simplex mode via .HF. 

(4a) VHF Recovery beacon & 
VHF-AM must share antenna No. 
(white) & cannot be used 
simultaneously. 

(11-a) VHF Recovery 
11 antenna No. 2 

(black) failure 

(4b) Recovery communications 
systems limited to VHF beacon 
& HF tra..~sceiver. 

(6) s/c VHF recovery antenna 
No. 2 (black) available for use 
with survival transceiver, if 
desired. 

(4b) VHF-AM trans
mitter/receiver 
failure 

Telecomrrrunications System 
Malfun.ction Procedures 

APOLLO OPERATIONS HANDBOOK 
s;c 012 JriEv FINAL 
SECTION 9 ._l. S ! P AGE "']_ '( 



SY MPTOM I STEP I PROCEDURE 11 ~EXT , _____ -----i~----1-----.1----------------- . ..,. TEP I - ) 

RE MARK S FAILURE 

) ) 
15. HF voice poor 
or lost after 
splashdown. 

prn::rARED BY I 

HSC For m 460 (Rev Dec 68 ) 

l Verify POSTLANDING ANTENNA -
A & B sw - DEPLOY 

2 . I Verify visually HF anter1na fully 
deployed. 

3 

4 

(a) Fully deployed 

(b) Not fully deployed 

RECOVERY - HF sw - Alternate 
position (SSB or AM) 

(a) Voice regained 

(b) Not regained 

RECOVERY - HF sw - BCN 

FLIGHT CREW SUPPORT DIVISION 
DATE t Jan . 27, 1967 

1~ 2 

3 

NOTE HF propagation is 
relatively unpredictable. 
Weak signals may be a result 
of adverse propagation 
phenomena r ather than equip
ment failure. · 

(2a) Fully deployed HF antenna 
is approximately 14 feet in 
length. 

6 (2b) Continuous operation of (2b) HF antenna 
t ransmitter in excess of failure 
5 minutes results in probable 
transmitter damage. Avoid BCN 
mode. 

---t (3a) BF limited to one mode of 
operation (SSB or AM). Loss of 
SSB limits comm distance. If 
AM available, BCN probably 
available. 

4 

5 (4) Voice recorder will not run 
due to absence of AC power. 

(3a) HF mode 
failure 

Telecommunications System 
MalfuJ1ction Procedures 

APOLLO OPERATIO NS HANDBOO K 

5/C 012 !REV 1i'l!Ul, l 
SECT I ON q .._J • J ! PAGE . 
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J SH:PTO~ STE? PROCEDURE 1
1

. NEXl I REMARKS I FAILUR' . I 
) ) STEP ·1 

15 . (Co~t) 5 On VHF-A.~ verify with recovery I I 

16 . MSFN reports 
loss of VHF- FM data 
2nd C- Band ranging 
(VHF - AM ana. S- Band 
normal) 

l'(' . MSFN reports 
VHF-FM and S- Ba.n.d 
playback TL'l\ll poor 
or lost . 

6 

1 

1 

forces that HF beacon received . 

(a) Re ceivecl 

(b ) Not received 

RECOVERY HF sw - OF'F 

TELCOM NON ESS sw - Alternate 
position (ACl or AC2) 

Attempt subsequent recordings at 
different recording speeds and/ 
or iri the reverse tape direction. 
Coordinate any deviations from 
normal procedures with MSFN . 

6 

(5a) HF operation limited to 
Beacon only . 

I (5b) Recovery communi cations 
limited t o VHF . 

(1) Flight qual recorder , 
voice recorder , and DSE will 
also be lost . Tripping of 
telecom GROUP 1 CB will have 
the same symptom. 

(1) Diagnostic tests for DSE 
malfunctions are quite limited. 

! 

I 

(5a ) HF voice 
section failure 

(5b) HF system 
failure 

(1) Probable loss of 
one AC power smi.rce 
to telcom noness en
tial switch or 
switch failure . 

(1) Some possible 
failures are : DSE 
drive failure, erase 
or reccrd head 
failure, speea. 
assurance failure, 
TL!.~ input failure, 
or DSE _system 
failure . 

APOLLO O?ERAT!D NS HAND BO OK 
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GLYCOL r.i7EFP Low CfAl Li tc - ON 

ECS RADIATOR ~:1Ii,M:P 1 or 2 ·- LOH 

ECS R/1..D Off.i7J,ET- r111<;MJ> - HIGH 

Glycol evu.por':itor out1et temp - JIIGll 

Glycol ev&por·ator outlet tmnp - LOU 

PRESS GLY DIS ll - LOW 

GLY ACCUI1 Q.UANTlTY -- LOW 

GLY ACCUM QUA1~~ 1l'.l.1Y - HIGH 

\-JP/PER SUPPLY SUBSrS'PEM 

H
2
0 t :cansfer failure 

Wl1TE:R quanti t y decTcase rate HIGH 

Ga, 1 a l~.age i nto H
2
0 subsys t em 

Potal)le ancl \faste water :pre ,:.,sure HIGH 

UnabJo to dump urine 

Low vacuum suc··i on 

FecaJ. canister V[teuwn I ,Otl 

POS~l1 LANDUlG SUBS S1r1<:M 

Inadeq_uat, ventilation after l8t1.ding 
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SY;i:?T : 1.1 STEP .' PROCEDURE ~ 
1 
I .... ='!le",. 

1. C,.., 
L:..~;e :: 

?LO'lJ EI 
O:N 

G&Wi 7 

, . 
·I ., 

'I 

j :~_1J1J¥ J 8 r - l-IIG~:: 
{ .:: 

l 

2 

FLOW q
2

: 

2, . NORM.AL: < 0 . 4 5 1 bs /hr 

b . HIGH : )0 . 45 lbs/hr 

CABIN REPRESS or DIRECT o
2 

VA- -,,., 0P~'--/ovT.1 . l.;1/I.'., - .t<.,1, .d:' 

7i ; ---;,,,r';\-J Ci 
_; ! ~ -- V 2 

a. IXCR8/\SES 

b . NO =l'JCR2ASE 

4 CA3IY ?R~S S : 

i~~·r; T 
STE., 

2 

Li. 

3 

- ~ 

R ELJ,1 Ri- S 

Trigger Val ,re : Fl o-,,,- > 1 . 0 l os;1 
hr for more than ::i..6 sec . FLO':! 
>1. 0 lb/hr u1e,y occur for shori; l 
periods duriEg normal opera- ! 
tions . Flew > 1 . 0 1 bs/hr for 
longer than 10- 15 seconds incii
cates prooable malfunctic··:i. 

2 . Moni tor FLOW 0
2 

r- 1~ I LURE 
----~~, 

3a . 0 'FLOW EI 
r. ., i;T ~-; 'Y•ui· -·-~y v er., • ~-~ -~ I., _ 

failure . 

3b . F:::.:0\-,' O? gag8 
circu~ t~y f~ilure . 

' ' 

;">·2 . . ~5 1bs/:i.r 
KOPJ-r1[.\.1.1 or above : :> 4 . 8 psia 5 

o . 10',-.i : .( 4 . 8 :ps ia 

:) I1TI<.ECT 02 - CLOSED 

6 ' C. :13-11- nr., ·pp_,c-,.., r,·- os-,,D I !Cc l ~~ _r-e:.;~ .• .::'.i00 ·- 1..1.L.;I. D 

' 

I I -~ 
I 
i 
I 

! 6 
I 
l 7 
j : 

5- 7 . Ve:·if:y inadvertantly 
c::.1E-ned valves haven 1 t c2..used 
~ncreased 0" flov. 

c'.. 

I ! l 

4~:i. Possj_Qle C/M 
pm1ctu:::-e. 

~ 

r,,,,~7· ;n~:~r~~ .I._ ·---------------..--:::, i 'c 1 :; i Cf; _j I ,'\POLLO GPERAT ! (l;j2 HM'C3(\0"i . 

i E:;vmm:r-f.S:·~'I'AL cmrr:r:Ro~ s-!.STEI1!: Er. c12 1Rr: \· : ::'.~: .. i. 1 
--~-~ 

FLI CHi CR~; SUPPORT 

: : i.~ / 0; ,·.~ ~J :J < He ·J Ou : S S ) 

I Iv'iH"Gll-;,,r:--nlTQ-:\T -;:X:>'"'('7 .... Y'"TC-;-;''"' l~ - ~ T O - (~ •r· _ :~ • , u __ .J.L' -~\ ... : _ ,_, ..1....!..l\..- .._..:_u..1J..:-=1.J__J.J ,
1

.:>t.\.... I ON .,' . __ • ...,, . , G. , 
--..u-,._ •·----.. --..~-~----- __. .. -~- ---~..c.-.,-T'..,.....,,r-~~ -,...,. ... _ _._......_. . ........ --~ ····-·-·---- ·-·.•· ... 

J.A_.:i: ? ? 7 c5·'7 - ' • -,- I 



~ J- /-~ 
SY:,;PTOLl I STEP ! PROCEDURE I ~~~~ I REMARK S ~ FA! LURE 

1 ::._. (Cont) I 7 ':!ASTE Y1l\.KAGEI'IBKT SELSC10R I 8 I 1 I YALVE - OFF 

8 I FLOW 0
2

: 

a . 'Remai:--is EIGH : >0 .45 lbs/hr 9 

b . NORMAL : <.0 .45 lbs/hr ~ 

9 ~GENCY CABIN PEESS REG SELECT I 10 
- OFF 

10 

E 

:now o
2 

a . Remai ns HIG3 : >0.45 l bs/hr 

b. NORT1AL: ( 0 .45 lbs/hr 

~1ERGENCY CABIN PRESS REG 
SELECT - NO~l'~L 

. 12 I EMERGENCY CP_BIW PRESS EEG SELECT 
- NO . 1 

13 I FLOW 02 : 

14 

a . HIGH : >0.45 lbs/h~ 

8 . NOBJvIAL : <. 0 . 45 lbs/hr 

Ei:-'ISRGE2-TCY CABIN PRESS REG 
SELECT - NO . 2 

11 

12 

18 

:i.4 

-5 

➔ 

Sb . Corre c ted by s~e?S 5- 7. 

14. Loss of redv.ndancy 
regulator capability . 

1 3a . l'io . :i. 
3Dergency cabi~4 
pressure regulator 
fe.ilure 

:.~·:-r.E·r~:r.rn s~, --~' · 1--::, 0 1</:;--j rUGHT c :-irn SUP POiH OIVISIDN ! _ -~ _ -~ _ _ I f\?~D LUl O?EflATlG;:s H.~N DEOOf. 
<-;::--,_-;- //~:--:-:~~--; .. --~-•-.. • I Dt,T £ , i .ti0!J1..R01~1{ENTAL CON..c'EOL SYS TEM !s.1 c 02.2 k,v ~,' :[;'! J., 

' '1... • ' • ..:..:...:._:.::...:.,~::~-.::.L..,,., I -···- r,~ . _ ! · ,- ,:,,,-:-,,.,.,~,ro"r·· -=·"OC7 T'?r;:;-·~s .- · r-:-:--~ . ; --., . - . . •1,v . / 196 I I .Ln.~,. U_ l \Jl H _ _tt ...J-'-'U-s_; {c--:-c -1 0· · 0 7 ', ·,;, - c l 
~,.,.,__ .• ,......., ... ,-rs---r.''_G.,..•~~-;:- • -~~~..:~:"f ... ~~~!~ _t.J!.:::~: c.._ I ' - I .. ~--~p~------~------~---~--~'~ t I" !-=,-;_~_!! . ...._~ .. :_~ 
~"'C ·r:-:r~ ,.so (;-iev 0 cc Ge; 

.l 



(-' _,. ~~------ .- ---- - ------·-- 11. -------- ------------- - ------- _ ' -

i sy;;pro:i I SiEr I PROCEDURE I 11.~xT I 
1 SI EP , 

!c. (con~) I 15 I EMER~ENCY CABIN PRESS REG 16 · 
1 SELECT - NO. 2 

16 

17 

18 

19 

2J 

"., t.'.. ..1.. 

FLOW o
2 

a . "EIGH : > 0 . 45 1 bs/ h r 

b . NORl(AL : <.O. 4 5 1 bs/hr 

:EMFRGENCY CABIN PRESS REG 
SELECT - NO . 1 

SUIT Dnli-\.N~ REG SELECTOR - OFF 

FLOW 0 
2 

17 

➔ 

--:>-

19 

a . Remains HIGH : >0 .45 l bs/hr I 27 

b. NORMAL: <0 .45 lbs/hr I 20 

SUir::1 DE)'.'!:AlliD REG SELECS:-OR - lTO . 11 21 

FLOW o
2 

a . NORMAL : <. 0.45 lbs/hr j 23 

b . HIGH : ~ O . L'l.5 lbs/hr I 22 

REt;JARKS 

16b . Probable transient 
condition . 

17 . Loss of reduI.:.dancy 
regulator capability 

20 . .Ass 1J.1:!'2S ir:.i ti3,l l 8:. 2 
Regulator posi-;;ion . 

FJ."11 LiJ:1E 

16a . NO. 2 
Emerge:cwy Cg, bin 
Fress 1J.::-e regulator 
f2,ilu.re . 

21b . Suit Dem~nd 
Regula tor I\fo . 1 
fa,il·J.re . 

f 
! 

. j 
I 
I 

I 

I 
I 

22 ! SUIT ~EivI.Al~D REG SELEC~OR - ~O . 2 -► 22. Loss of suit pressure j I 
I I I regulation redun:iancy . ! I 

! ----,--...,....- I' I ---~~----------------1---...,,.:;i ____________ ~-----.-- ------------~ t 

·~r;r.i'"';. : R.:..: 3Y, j . :--./, .,,.,r·,-~- FLI UH CRE1:i 2iJP PORT D! ViSlO ,l I - !'.P OLLO !: ?ER ll.TI O:·S -i-Ht;:o :::no;\ l 
~ -----~-- ·---- , ._,i;;._.,_ ·--· --~ . m,P•IRO"Tll0'F~'" A. - ('"1IJ'T1?0L c:;vc:; r-:Ev1· ,"'--~7"'7--- . -- . 1 t -- ~7; /-' " . /,-r-.• ·<< • D1\T [ : J.'..U. , V. c Iu·.1.0_\ _ _ ..J v 1.J '-'• - - l .__,.!_,_,_ •1 ! C/C •~J J,:::. j REV Li' l_r,fA-1.1 
~ / • ( · ,. ' -· , - ; ·-· · - -. \ -.- ,---..-, ---- -. ""'I ·· ~·,,-r , -..--,-,-.. -T nl"""· 1 ,.,_._ ~-· ~-- - --------·--- ~..-,·--- ....... _... -·- ·-------- -1 -------~----·-·~~•-·~~ Tr, r "~ 7 n 1·7 l"r, 1 w•:,(1 t_; " '..LU ;' ...,, __ L'' · )'.J r';,i:) ., ·, ' I ! r 
- - ·~--·~·~_ .. ◄--.. •• --•--------~~:.:,i_ii:.~--•t_:f ~:{~-·---~ •,· J-l"-L\; C. ~ .. -:,- >S:. ~-~-- __ .,_..~ .-::-J.. .:.. · ·-·-- - -~--_ -_

1 
_ _ -_: ~ - \..- - - _.._ _ ~ :-.5_c~~1.2_~~-~!..:.;·:~ .. ~-l:!-G~_2-- -~--~- ~ 

:-;;.:-c !•fJf'~i ~\f.Q (i:cv 'Jc : f:;) 



L SH:iPTC:.l r~;E;-T PROCEDURE I ~~,~ ~- I rmrnRKS · i -·;A·l~~E 

- I . 
.., 
--'- . (Cont) 23 

24 

25 

! 26 

l 
! 

27 

28 

29 

30 

31 

I 32 
l 

i 
! 

SUIT DEr-l41~D REG SELECTOR - NO . 21 24 

FLOW o
2 

a . NORTvlAL : <0 .45 l bs/hr 26 

b . BIGH : >0.45 lbs/hr 2--

SUIT DEMAL'\TD REG SELECTOR - NO . 1 1 _,-.. 

SUIT DEMAND REG SEL~CTOR - 1 & 2 ➔ 

SUir DEi''IAl~D REG SELECTOR - l & 21 28 

Pull S~J_i t Hose Retur:.1. Por t Plug I 29 

~LO'tl o
2 

a. KORJ.'vlAL : <0.45 lbs/hr 

b . Recains HIGH : 'i>0 .45 lbs/~r 

Re- install Suit Hose 
Return Port Plug 

Vacuum SUIT CIRCUIT AIR RETURN 
CEECK VALVE SCREEN (Suit com
pressors off 1,vhile vacu1.,:.1:1::..r:.g 

j s c:::::-een) 
' v,101 .. r O . 

J.' ' " 2 

I a . :NO:slilAL : 0 . L1 S l bs/h--c 
~ . .., 

t 

30 

34 

3 

32 

24 . Possible trans i ent 
condition 

25. Loss of suit pressure 
regul ation redundancy . 

26 . Possible tra~sient 
condi tion . 

240 . Suit De::;iand 
Regula~ or 1'TO. 2 
failure 

32a . Di:::::-ty scree~ . 

I F ~ E; ARED BY , _ ;·· \-J,,,.-1.b;J' ,\, j FLlGli T GREW SU PP ORT OIVi SI O:~ I 
f - ~7;:~7:7.7-,,:.,;,, ~-,-_, 11 Df,TE, .! 

L_ IPIL.LC C?t:r1'.'!'!'.J::s :1i,:j □ ::rnnr. \ 
ENVIROI\o/!ElWAL cmTr.iROL SYSTEM !'s;c' )_l '~, if><' V 1.•'J,J,'•_i;----..'. 

"---~--,:- _ ,.,.. ~ ·, "'' 11 2'7 J 0(.,7 
(v ... - ••-.---..---· ., . .J._f~_,i,J:r·(. .' -~_"'./'] ___ •... ··: ,JJ'_:.._~ f .., ,,/,.) 

!·1L~l.1~-~~\iC~~O~ J?'~·=-'C.SI'li~~i:i (;~;~-~·~·r: .. -~~-~ ~ _ ,) ~:·:::; ·~-=- ------~, -~-~~-· -~·~,.--·~-·-•------~--
~~c rJrm (ri) (~CV Gae SS) 



S't'1,1PTG:.'. PROCEOUR •· E .;C ~~~~~-NEXT 
SiEP 

RE f.lAR KS i LURE 
)7 

. 1. ( Co~1t) b . Remains HIG5: >0 .45 lbs/hr 33 32b. Open suit operation 
rec,,uires air ret"J.rn through 
suit hose . Closed sui~ opera
tion ::-.orm2.l. 

I 
I 
l 

I 
' I ; 

33 

I 34 

I 35 

i 7-,6 
I / 

' ! 

! 
I 
I · n 

Pull Suit Hose Retue1 Port Plug 

Re- install Suit Hose 
Re"curn Port Plug 

H
2

0 ACCUM - AUTO 2 (alter nate) 

FLOW o2 

a,. Re111ains HIGH: :,.0, 45 lbs/hr 

b . NORJVIAL : <0.45 lbs/hr 

H
2

0 ACC1JM - W-1.N 

-> 

35 

36 

37 

-> 

38 

35 . Assumes initial AUTO - 1 
position : 

37 . Shuts off powe~ ~o 
accu11rJ.la tor 0,..,, sole-:2.0::.ds. 

C. 

33 . s~~t circuit 
Retur n c·:1eck val Ye 
Rss-::; ric ted. or 
failed. closed . 

36b . Hr,O ACCUl'-'I 
c.. 

NO . 1 au~o cycle 
co::itrol fai l ure 

'\o r H'T 01,r O . 
/ '- I .. • 1 vv 2 

i 
-;-0 .45 los/hr .ta . Remains HIGE: 39 

b. ~QRLYi.ltL: <. 0 • 4 5 lbs /hr ---y -
1 33b. 
j H?O A'.:::CUivI control. central timer 

1 I I - .c- ;.--; 7 "re ,.,,.~ v'i 11g j . I ~ - , - ·- V . l 0 ·- ' ---

: 1 fa 7 s 0 0 -; ,ry,_c:,' .l..o J,. . - .,_._ ..._, U - C)-J.-·~ - l, 

t i ' ::iv.J...,._ r:v 0 1° con "·rol 
: l f j ) \1·e,· ~--:~,,v~ --'-' --
! I i LJi 'J::'llt:,S . 

L~ .. -~~- ___ J . ,_,...-----~· ----~---l·~-----------1 ~,u,;_;:,;::D B(: _\ \,,.,'r•·-·•· '·1 l HIGHT CREi'i SUPPORT DIVtSi'.l ri I ! APJLLO OPER.':TtC:·lS Hf1/iOJDiJi{ 

Loss of auto cyclic 3S-o . Probable 

U·•~-:-~~~7.(Ff}:!.~:?~:.-i DATE : ,TLN 27. _1967 ~----~ 

• - • ,) ,, ,, 'c. i--------------~------' EN-TIRQFllfi"7Tnl' T cc·-rnoc ~c:~rcT··,-,. . _-•· , f:,i \ _ -~r.'..:!..i.,\JlA._, · l1'J1.
1n IL, .. :h.l l:.ill ls ;;: '.)J_? !,:v .l"P'-T/_·cJ 

:r:1·JC~:;:ry=,3 .~ ;?; __ S, l . c~~-,,~:;;;--·-f __ J\IALYL11JC•:~IOK 

•fl~~;:;~ i~3Ll (?JY n~c f~i) 

-i 



' sv·,~ ,~,, 
' : lf.1 1tJ,\( 

STEP PROCEDURE 

.____, 
i 

;..•~V T I RE ·f s . "'!LU" ~ ~ ... ~ I i.l ,RK I ,· F, ii,:-
.:> T t. P • ; _,, ___ , ____ _ 

r-.. 
\ 1. (Co!1t) :;::Q 

/ H
2

0 ACCTJ11ULATOR l - OFF 

E:
2

0 ACCUMULATOR 2 - OFF 

FLOW o
2 

40 

41 

39&40 . Manual valves . 

40 

41 

42 

43 

I 44 

45 

46 

47 

a . RGmains HIGH : o .45· 1bs/ hr 

b • l'TORVJAL : < 0 . 4 5 1 bs / hr 

I Return E20 accumul ators t o 
normal Oye~at io~ 

! WATER & GLYCOL 11ANKS PRESSURE 
I~LET SELECT - OFF 

FLOW 0
2 

42 

- '> 

43 

44 

dl b . Loss of electri cal 
cycl ic control of H0 0 
accumulators . L 

43 - Assumes NOfu--VU-1..L initial 
i pos i tion 

41b . Possiole 
fa::..:u:-e of bo-:;h 
cyclic O? ::.~~low 
solenoid~valves in 
opsn posi tio:1. 

a . Rem2,ins HIGH : >0 . 45 l bs/hr I 52 

b . KORJ:flAL : < o. 45 bs/nr 

WATER & GLYCOL rrA.:.~KS PRESSURE 
INLET SELZCT - NORlYlAL 

WATER & GLYCOL TAtr~s PRESSURE 
OUTLET SELECT - OFF 

F::.:..ow 0
2 

l 
.i 
i 

45 

46 

47 

I I i 
,( 0 . 45 lbs/bl ~ 47a . loss of pressure to 472.. Glycol & wated 

rel- -, l & . -~ .L ,_ ,- -k~ ~ - ., .L C>'n O 7 C, 1 - ,l - -,-, I 
0 yco 1•.-c:1,c,e r va.L-:; , oJSv~ --" 

2 
-~a.r, ,,.01u- 1 

i I st,,r,"r, o- Dr,:,sn'..J,'8 ' 

8: . ReTJ1e,ins NOR.i"\/fAL : 

• l I ·,•o~~c,; __ - ~-c,: 0 ·- 1 
i · ~------ t l ·- _ ,_ . 8.L val v ,::,.-, . i 

\~FR~ i'/\;, Ec sy, \··_~-,_,-u: -,~ I rUPHT cR1:·;1 SUPPORT 01v1s10N ENVIR.OifJYI:E.t'\JT.AL CONTROL SYSI1EM l___ ,~ ' □-L :.. o CPERAT1or'.~ s Hf,NljBOC~ J 
. ~---- I I I . I ... 
• ·., ✓-; • ,..,-·, , ol, -:-E , r il/i"\T-:,u-T0,,-;-rYj,! -0D f"'\r71 -"t;:::; s.r r)l?RE\' Pr.t;!I_L 1 

·---~~--.. ---~~?:.\-~::--L~:~~,/~m~ -.: JG ?.7-~_J;67 ~ 
11 

~·~ -'-'----✓- .,~,J•.;.J.✓ .J. ·- (:~~~~;~~~~~r0-. -~::;_-;_i---·---
i.SC Form tJO (.{~: □ Jc S~} 



f_,..,,.. \ 

S'C:1P TO i\ 

(Cont) 

} STEP PROCEDUR 

! 
l 
1-

j 

b . HIGH: >0,45 lbs /hr. 

48 f WAT'ER & GLYCOL TANKS PRESSURE 
INLET SELEC~ - NO . l 

,. 9 I FLOW · 0 
2 

a . NORYJAL : , 0.45 lbs/hr 

b . HIGH: >0 ,45 lbs/hr 

50 I WATER & GLYCOL TANKS PR3SSURE 
:iNLET SELECr:::1 - NO . 2 

51 !FLOW 0 2 

a . NOR.i'\li\..L: c .45 lbs/hr 

I 
lo. HIGH: >0.45 lbs/nr 

I 
i 
I 
I 
r 

52 !HNJ~_8:?. & GLYCOL TAL~KS PRESSURE 
I 
1 ~5 1-ET SELECT - NORJ:fi.cAL 

53 !Surge tank pressure 

r !iEXT 
STEP 

48 

49 

-:> 

50 

51 

l 
>-~ 

REt.lARKS FA!LURt: 

49a , Loss of :::e~u1:a.a11t :t~r:.~ I 49a . Water r~ Glycol 
uressur e and r e lie::: capaoility, ;tanks pressure 

.r eg·iJ.lator & rel i ef 
valve KO . 2 failure. 

➔ ! Sla . Loss of redundant tank 
pr essure & relief capabili ty 

51a . Water & Glycol 
t2,r:.ks pressu:-:-e regu-
12,tor & relief 

I 
~ 1 51b . Loss of bot°J. tank 

pressure and r elief valYes . 

• 

53 

v2,l-.re l'W . l failure 

51b . Both W~te r & 
Glycol tank pressure 
r egulator & :::elief 
valves . 

53 , TANK PRESSURE 0
2
- 1/PRESS 

• I ' j I IND - SURG:S T.AJ\1K, 
I . I I I Normal pressure 900 ±35 psi2,. 

L ____ ; ___ ,~ __ L_j ___________ ~~~-----------· 
i f'L'i•,r,ED BY: ._ \ ✓ -,),-s'. ' ·,_' I FLI G;H CnE\'I SUPP'JR, DIV!Sltm j 1?i'•VTRrJ1\Tir;:2:;;'\rpT CO?fT'DQT c:::vsr7f<-:'11 L APQL LO !JFC: RA 71 1}~S :·1wonnr,; 

I. ~f; ,~:~~:~~;~;"3~;}~[~'-L:~' J l\K 2 7 196 7 .J =' 1~"':o~;{;;~~.~~;; ~Q~\;~uRis '=- !~;-~~1-2;-:~-:-c:! ~;;? f 1L 



, . ; l 
SY!i? 101\ I STEP I PRO CEO URE I ~i ~; I REMARKS F Al LURE 

I • I ' . ' --; 11. (con-:) 
\ 

a. L0\-1: < 865 psia 

b . Pressur e : NORMAL 

- ) 

_:;. 

53a. LA.c~GE LEJ.~K . Unable to 
i dentify or isolate. Will 
result in los s of all O? 
regulator control . -

53b . Leak present - leakage 
rate< supply rate therefore 
pressure regulation capability 
sat i sfactory; however, usage 
rate above normal. Monitor , 
o2 usage to verify FLOW o

2 
I 

532.. Prol)able 
C.AJ3IN PRESS REGS 
leaking or 100 psi 
line leakage dm•n1-
s trean:. of f lo-"1 
sensor . 

, I \ I I indication . I 
1:i'TCTE : If leak i:;3 not isolated and the high 02 flow rate continues to deplete 02 supply - missior.. time may be extended. 
t;y· shuttir_g o:f the main 02 regulators a...YJ.d only o:pening valve as required to maintain cabin pressure ar..d co

2 
lev:::l . 

Io~l~t~ vfa~er & Glycol Tanks pressure to retain system operation . Cpen Wa-te ::r:- c,, Glycol tanks vc.l ve! as I'eq1.;_irec~ to 
,:J.a irn:;a:rn pressure . I I I ! 

. 
I 
i 
I 

I 

l 
I 
'· 

~eEP •\RE.D CY, . L~c~':<_?') I FLIGHT CRE W SUP_PO~T DIVISi iJi~ i , _ _ -m , . ~ ~ . L. i,:'>OLLO O?tP ,Hl'Jr"!: i /\N[)80!?:i 
·-·- --✓-;--_-, /./,; ' •· ..- .--, _, • • ; o,,".'E : ENV1ROJ:-TJY!E1'l.LA.u CONTROL SYST.t.JV[ !!" ;:: 01~~ )PE V ,':;:;:-;u, 

' ~ ~--·-:....£_·~'-'-·-· __..!,.: r ,,, 7t. --< ';L_._ ! I Tv' A ,_-::;,-LTCc:lT('\"\T o:::,or'H'DT'J:1-;_,.., -I--·--·---. -· -/ ---- -----·"·--;•-;--..·-···--·· . ,.- .. i .', ~ T'' " - 2~ ,OC...7 U.t'l . .LJl.' _I 1 __ ,l, J..J.C \.., _ a _J_.~,0 ,,·-cr l" "I ·::J ' 0 P ' GC ,u •-p --~---~.--f~: -L~~-~.:..:...r..;.::·-:-~- ' , ·1.'J.:;_...,L:_,L,,_Q.;_~--~~=~~- • , . .::.!.-~~~::...: - . I " ~ - . 
c ~· r : i:: r n 4 l' G ( r, ,! --: ;; :i c 6 s ) 



S''Mr'Hi'..l STEP PflOCEOURE f~CXT 
STEP 

MAR1\S FA! LUP.:: 

;=-~~--~-~----...-: ,,:------~~---------------:-~--,·--------------------r:-----------~--

' 1 
\ 
1 
l 

I 
I 

! 

2. FLOW o2 - LOW 

l Verify MAIN o
2 

REGULATOR_ - NOB.Ml\I 

2 I FLOW 0 2: 

a . Inc :.::'eases 
I I 

1 · 
I b . No change in status 

I 02 PRESS IND - SURGE TANK ~ 
,/ 

4 I TANK PRESSDRS O - 1: 
( SURGE TAf'\TK) 

2 

,: .-y ~ T./)1:! : <.150 psia 

'J . >150 psia 

? 

- > 

3 

4 

I -> 

I 5 

FLOW 02 pegged at 0 . 2 lb/hr . 
Nor:nal flow rate is ) 0 . 2 

0 . 45 lb/hr . FLOW 02 indicato:::
can~ot indicate <0 . 2 lo/h:::-. 

Tnless in 1 O:::'.' 2 due to 
__ .:::'eviou.5 fa i lure . 

3a . If reg . valve ,-,-as O:?F , re
sume normal ops . If was posi 
tio~ed to 1 or 2, redundant 
reg. capability lost . 

Norr.1al su:::·ge te,nk :pressure 
900 ~35 psia . I~let pressure 
to M..A..:::N REG <..150 psia will 
res~lt in loss of control of 
700 T• 0 ~Q O c1· ~0 ·ui· + - _:,._,J.- 2 --~ • v • 

48, . Refer to E~S 
Malfunc cio:1. Procedure NO . 

a. Incorrect reg. 
valve posj_tion ar:..d/ 
or s ingl .::, reg . 
failed closed . 

;'VJTE : In step '.:: mo11i tor 0 1)t'1 t::-2 FLO'.tJ 82 gage ::1:na. SURGE TJ\..NK (assw---:1es surge tank on- line) :pressu:;-:-e indicat:.ons to 
is·Jlc..te failure \\'hen D~~E';I' C,.... ,:-c.:_ v2 is 00enecL If no :Clo·> indication 'di th DIRECT O,.._ e:Y~ercise ~;_(1.<:;3. G,..., DTF~./.'W, 
"'VMil\TD Rf!'" "-··,·r, ~rry,r "'''" ,:,v-:,i:'::'.p,:.0 -;-:•~·",Q';: .c C. I c. · 
....1.-'J'li>J.'i. ..:JV ::J_,.l.J. - ··"')' c.:. ~,.'. l~<-'-'L .. c. '~ ic .. uu,.,. • i 

)r I I'.·T~T°'°':-f1 J ·- op-,:;w /QY'F ll ! .l..~L-,'-,~ V? -J..:J~\/ __ 

~ .. '... ~LO-vJ -~2_ - in_?reases J 6 Sa. ?crifies FLOW o2 ind icator I i 
~------.,...5.L i::~G-~ TJ1r..1<. D.R.E~JRB - d~cre2.ses funct10:".l. -'-- -----J 

{ "'
1 ,"PAkU SY : .. j. ',<•.1 · <.' ) ! FL!G:H CREW S\_IPPO;:tf D:\.lSlON i ~- r,- _ .,., _ .. ,., l APOLLO GPi:P.ATIO:;s HA iOB OQt( ! 

> ------~-.. - ~----,~-------·-- ____ ,_ ' ~1\Tv IRu · •I~ -:\1T ,, T co ,,T'1lh•OL C::v r rr1s /f ·------,-----------1 I ____ ____ .., ,,--· -~ . ,, ' r,r,-~. I •. Jl\ - a\ • . :.:.J •. 1 ~0.-' •· · J..L u~..) . .ul. ls;c 07 r, ir;-·, ,~ -~·-' ·\ . ! 

t -=-~==:~·:k:i{~~~~f!=~~~~~::?-~il -., -- JAN 27 . l9()7; -=--· I I~wF~T~.:<;'rlO:'f f'RGCEi-Tft?S ;;-;~:~1~s~~(t~.i~ __ };~-t·-\l~ ,_! __ ! 
",,· :e r,:: ,;:r.• (:::\/ J?C 68) 
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. j 

i I I 
,I 

SYP.1PTOM STEP PROCEDURE NEXT REl\lARKS FAILURE 
I STEP 

I 2 . (Cont) b . FLOW o
2 

- No c11.a:.1.ge -} I 5b . FLOW o2 indication. lost . Sb . FLOW O" I . c'.. t 
I SLJRGE TANI: PF.ESSURE - DECITTASES 

sensor c1rcu1 ry 

I 
failure . 

l 
! c . FLOW O .2 - No_ cha:'lge 7 t 
I SURGE TANK PP.ESSUHE - No change 

I 1 
i 
\ 6 CABIN PRESSURE !. 

I & 
~ 

! a. LOW (or decreasing) ➔ 6a. Refer to ECS malfunction 
\ Procedure NO . 22 . ! b 

! ! 
! I i Go . FLOW o2 ini ications 6b . FLOW o2 meter 
~ 

b . Normal µ 
➔ I 

r ' 
f invalid o~t of calibration . 
I 
l 

t 7 FLSS o" SUPPLY s/o VALVE CAP - -8 7. Remove cap caref~lly to 

l EEIVI011ED 1 
preclude blowing off ::_f ?LSS i f valve has leaked pressure . 

l 8 FLSS 02 SUPPLY s/o VALVE - OPEN/ 9 8 . No+ 0 0 f'lo·v· from v2lvo 
'l V'-,., 2 ~ - ' •··• ,_ , '-' • 
~ OFF 

! 9 TANK PRESSlJRE o2 1 (SlnGE TANK) ,. 
I 
t 

Decreases (and flow from t a . ➔ 9a . PL~~ va1,,-fi r;;irl.lv O ~om;;~~ 9a . 3ofo YlAIN REGS ! 

t l P1SS vaJ.ve) i to cabin . Monitor CAB~N 
1 

f . l 1. - 1 

. a1 ea o·..., ine I 
i ! PRESSURE for flow co:.1.trol. :Jl(;q;;0g·"' 

b . No change in stat"\..1.S (and no 
flow fro~ FLSS valve) 

-~ 9b . CM Of°' SUF?LY 10Sl1 \jith 
0 . 25 lbs/fir cabin leakage 
and 5 . 0 psia c2)Jin :r::1ressure 
aprox . 3 hrs remai.ning ·l,mtil 
3 . 5 psia cabin pressure . 

9b . 0;:; s~..::.pply hne 
blockage 'J._pstream 
of PLSS valve . 

I 

i 
i 
I 

1 r•r;u.\r:rn sv, -~ \<r-,\q' •, j I HiGHT GRE \'i suripJ;n 01v1s10N - l ___ __.,_,. _____ ~-----.------.....,.!---A-?_ri_L-,_-o-,-o··r--E-R_A_1_1_o~r;_s_~_:A_t_rn_B_'G_o_'f.. -~-i 
~ --------,.---.--:---- ..:./ ·-~--- , o~r - I E:N"VIRON?/lENTAL CON~ROL SYS'rEM ·1c; /C (·l') lrr v PT:,, 111 . 1 
t / C 7_ , · . - -,, ;, -.• ,.-, ,- :,., $ , t.. j \, .- T i:;r-T - - .n,-· ,-,, ,- DD,~ 0":"•7\"TD ·7-:::_• } -·'- . _,.; ,. - "-·- · ~···--~ 
t .... -~--~-~-~ 0

--;;----:.,.--_----:::-- , - - 2~· 10(,7 ' h"i\.l..., _U-l'iC .'..lU.1.~ _L,J•_,.c:,l;l,.L,.~0 I~ ~ ,, .. 6 ~ . ·1··· , 
L,--~ 1 -- ,.-:,~~.::..,ra:,::;c:;·_t.~~ -~- J .JAN i . . ~ ---~~-...:~~~~~-~-------·------· -~-~-~~J "Ec..'..i cri ~~:_~-:.....~_1;:!~.:.--~---·-···1 ~sc rort 160 (~CV 02c CB) 



S'rnPiO:.l STEP PROCEDURE NEXT 
STEP 

REM~RKS ii! LURE -7 

I i 

3. SGRGE TAf\TK 
PR~SSURE HIGn 

1 

2 

3 

I 02 PRESS IND - TK l 

TA..WK P.KESSURE 1 - o
2 

a ... HIGH 

b . NORI1A1 

! TANK PRESSURE 2 - o2 

a . NORMAL 

b . HIGH 

l __ 
I ?H(PAREu 9v . ) ·1 J -:'.;"" i.,. · : · ~ -·x;:.,1_p-\ L ;:us·1r c,H:,: SUPPORT 01v1<:1rr·, l 

2 

- :> 

3 

.:,. 

➔ 

TiU\:1{ PRESSURE o
2 

- 1 > 935 psia 
wi t~ri o

2 
PRESS I,·,D TC) SlJRGE ,;7.AffK 

2a . See EPS CRYO malfunc~ion 
urocedu:r.es NO . 1 step 20, 0~ 
TKl (a·:1d./or 2) p:r.essl;_re higfi . 

2a . CRYO o
2 

StoTage 
Faib;.re · 

3a . Conti:1.ue opera t:i..0:1. in TK 1 I 3a. S'J_rge -'::.k p:::·es-
position . 

3b . See EPS CRYO malfunctior1 
proced1J_res . liiO. l step 20, 0 

2 ~Kl(and/or 2) pressure high . 

sure sensor & sig 
co:c.d. f aiL-:.re. · 

3b . Cryo 0 ,.. 
storage failure. 

I -····-:,; -(.:.L. /' :.:~ . .0--·1. _. ,,., ! ;,;.~·,---~----- · ~ -' ENVIR.ONJ'I-ENr:1'.1AL CON11HOL SYST:2?1 j ArOLto O?EP.AT I rms twrnsoo
1

\ 

~-·---~---/< ,~-~~ ,,-/o_n:'!. -"-;. ~ J.J\":,J 27. 196'7 j J"{/UiFl'ECI1ION P'lOC?ffjPFS ;.
1

c 0
1

.2 jr,[v -,,,-·,:11, 
•·,: ~(wi co <R7,, f3-;ue5°·---•r<'---·-· . _,._ . . . . !s~;;9 :··i"~G~=J~:::,-;·,_-i~· ., 

---1 
( 



L. 

► 1· 

. 

SY1f:PTGal 

STJRGE TANK 
p FLE;:3SlIBZ Lm-i 

I 

! 

ST EP 

1 

I 

! 

I 
i 
! 
I 
l 
I 
1 

I 
' 

PROCEDURE NC: XT 
s·r~P 

PR:8SS - CABIN 

a . >5 . 2 psia (Hi gh) ➔ 

b. ~ 4 . 8 <5 . 2 psia (Normal) ➔ 

I 
' ' 

I 
I 

7 
I 

REr:.ARK S 
i 

FfilLU11E l 
f. 

TANK PRESS-URE o2 - 1 <. %5 ps i a 
wi th PRESS IND - S""J""RGE T1~·TK 

la . Surge t ank pr essu~e 
.(.865 ps i a may r esult (other 
than cab i n r epr es s mod.e) i n 
increased cabin pressur e . 
Ref er t o PRESS - CAEIN ~CS 
malfunction NO . 21. 

I lb . See EPS CRYO Mal f unction , l b . Probable cryo 
Pr oc . NO . 1 s tep 2 ,, 02 TK 1 subsys tem fai l ure . 
(and/or 2) press1_,1_r e .1 0·:1 . 

I 
j 
I 

• 

; 

I 
I 
I 
I 

i 

I .. 

I 
L --- I - ~ - I I i i I p R El ' r.:-: rn s y . , , 1 I I i -· . ·· I. )'S ., n) t: Fl IGH l CREII SUPPORT DIV! S JO:I • ·-, - · ---- ' 1 i . __ -22?~-,~ ;:..,-r ., ' ,:.. "H • 1 EXVJJI: 0'il'IBNT AL CON'rn O L SY smJ-,"¥ L . A_re CL

O 
D PE"' " '" H l[;D eo 

O
" • , / •/ / ' - , _, • - - ",. I" / ,._ r, I ) l-, - . ....., T'' / 

1
--··- ~---L:...W-;;:.:.:-~,..f~.:. ,· 

1 
/, , ; - _J A~~lo(,7 I i'1J\TXtTNC' ' f ON c:pi~.r:r,,7y, p ,--s ---~-;,,.'.;;,_ _______ ,.' __ •/ r- -~ ·,; ,'.lJ ; 

··s~ f'"o rm 4£.i2 (,\ C'.' Le : 6S ) - ~r -- ..-- - -- ,: - I ~ ~--t, _ :~ · - -- .,_ .l. . LA· l.:J_U L c.J __ AJsE~~~ } . 1. (, },\~1z--: ~"-t 



I_ - - snAPTm1 I STEP f PROCEDURE 1· .. ;~E;~-1 RE f,1AR11s - ~L-
t ...,~~- ------{----!----------~-~-----...: STEP . r'- ~ i '.---------~--------
J 5 . KS:FN CF0036P> I Normal system pres suriza tion l O(t 

fA l~~ 

· ~10 psig . Over- ± 10 psig . Only d irect pr essurl 
p r e.3surization of re2-dout is by 1'1SFN CF00 36P 

d 

i 
1 
·l 
l 
1 
l 

100 psig o
2 

ci~cuit 
1 . ICF0036P>110 psig 

2 . o
2 

PRESS INTI - SURGE TANK . 

3 . . TAN1Z ?RESS o
2 

- 1 (SURGE TANX) 

a . Normal : 
1900 ± 35 psig 

b . HIGH : 
> 935 ps i g 

4 . fMA IN REGULATOE - # 1 

5 . !C:5'0036P 

a . No r J1al : 
> 90 <:. 110 psig 

b . HIGH : 
>no psig 

6 . \r:::AnT REGULATOR - # 2 
: 

7 . I CF0036P 

,a. Nor mal 

2 

3 

4 

--:> ! Refe r to ECS Malfunct i on Pr o
ced1fres No. 

5 4. Assumes NORMAL i nitial 
position 

5a . Main r eg . redunciancy l ost · I Sa . J\'.AIN REG Nu . 2 
-~ i Contin:.1.e o-oeration on Reg . NO . L failed OPEY 

6 

7 

- - ~ ~ 7a. Main regulator r edunc3-anq ,- 7a . J\fJ1-IN REG NO . 1 
~ s-'- C .L " •• o-r,er;:::,ti· o.,,, 0,,., I'c,i· 1°a" QDE l1- ' .LO l; . -Onu l .nJ.e -~ ___ ,, , .L , .L J_ c:., ~ ~ _, I 

:J • · 

Re g . NO . 2 . I 

·--·· Remains HIGH I 8 1 I I 
; P~C P AR ED BY : . .1 . \ .J)oVP-1t...-' FLIGHT CR EW SU PPORT DIV1Sl0 1-t ~ DN\TTOR\1l'1:SNTIIJ, COJ,( rR("\ I SY"T1i:~vr ',--~_?O LLIJ OPcR ,'ITI ONS Hfir'IOBOOi{ l 
j - - -.~ ._ . ..--- - ---- [---- •-~-------- ~----- - --1 . .1... J_.,_ , .,_ .J.. .i. _.. - .. V .. 1 i .:) J...:....!.l ..... r , ...... , ,r"'I ~ • . .:,•i--\TfT I J 
i /.c:·./;;::-)--~<-- "c-: 7"-f./ D /I T::: ! jVT/\ -;-.,;yJ•fC!TTON tll)QCEl.JL-::n~s 1~ '.'...::-;' 1__:- _ _.:._, .• v_~~-- --·-) 

- -u,_ /✓" f ·<....--r, .. I,. _,,--,-· Ji-:.-:- T /I~-~ ~ 7 7 0 6 7 r - ~ - . -- - - I . EC r I o:, 9 . l . 6 i? t, G C ~- 5 t 
-.1~~----:r- ... '--.- .......... - .... ~~---~ ..... ~.,: - •_1___ ~ :... ·' ' ..... ..,.~ ~-- -~--~---- - - - ,,_., .,......_,._ .. ____ . ----- --re-..? 

.~,,-, ~- = r, :- i,i /fJ '..: ( U ':l v D c (: C 5 :, 



SHJ PT O~ STE 

f ( 

PRO CEDUR E NEXT 
STEP 

REMA RK S FA!LUfl ~ 

~5 . (Cont) 

I 
8 j CABIN PRESS 

! 
i 
I 
i 

' i a . HI GH: > 5 . 2 ps i a 

i 
' 
b. KORMAL 

i 

~ 

~ - ;::;:.. 

. I 

Sa . Refe r to ECS Malfunction 
procedur e No . 21 

Sb . Probabl e pres s 
xducer f a ilur e . 

~--- -- ~-~---~--- --:--_..,..-------------- _J . i PRe.P AR: o 8Y , - --~- · FLI GHT CREW SUP?ORT oi v : s1uN ! I M OLL& OFF. RA-i!O i\ S MM:osoo ;{ I 
, ~~~-~~~,~- - . ) . . - I . ~ -·' ~-·•j 
1 D.\TI: , Ta,1 r,7 ~ J (, _( ; EHVIP.OP.Xi'-8 ~;r;:'AL co:~"J:1101 SY3T1';M fS /C :)_~;_:;. ~<1:v ,<'..L!-:A:S ,.i 
P --~-~-- ~---•--~~~ U ·,l • c:._ < l ] J I . ,-- - •------- • - - . --·i 
i .:.~ ~~- --~ · - _ L 1YIA1 F1JNCTION ?ROCE.JTJ:;"-IBS is Em 0, ~~-:..L:::.... !r Ac:e: l ~,'' -•- <••J 

;~sr; Fo; ;-,j /r'3:J ,~r: ·,· :iG c GS ) 



PROCEDURE t S'{ ;,;rT(J;,J [ STEP • 

! G . MSFN CF00 36P<. I 
190 psig . Under- l 
• I l~ressurization of · 
J~JO psig o2 circu~t 
I 

I 
1. 

2. 

" .,J • 

Li. . 

CF0036F <._90 psig 

o2 PRESS IND - StP.GE TAN""K 

TANK PRESS 0~ - 1 (SURGE TAlfK) 
c.. 

! 

la . Noroal : 900 :!: 35 ps i a 

b . Low : <s65 psia 

FLOW 0 
I 2 

'a. N0PJfJAL:/0 . 2- 0 . 45 lb/hr. 

b • LO'v.J: < 0 . 2 lb /hr . 

: .. . ._,.,,_. -~··~~ -·---- - --- --~-~--------·- -~--

NEXT 
STEP 

2 

3 

4 

-~ 

RH:H\RKS l r= r,l LURE 

~To ::::-mal sys tern pressuriza.-cio ·~- 10~ .. 
z 10 psig . Only direct press 
read.out is by MSFN CF0036P 

3b . Refer to ECS Malfunction 
Procedures NO . 4 . 

Refe:!:' to ECS Malfunction Pro
cedure NO . 2 

j42 . Reg . calibration! 
lshi~t of both rees. 
1or transducer s~ift . 

l 
~ - l ( :::·(;::C;[D BV: J. l~,.~;~c-'._' l, FL!GiF CR:: 11 SUPP0f1T c1v;s10H 

'...= -==~J2;·:;~i:'.'zJS:: · l om _JN''. 27, 1)67 _____ J_~~ .......... -
z_;;·TIRONr:fr:NTAL CO)Y.r:S.OL SYSTE."0' I APOl.Lu OPi:::,,-;- i a;~s r-:r,No:no:: 1 

E.A7_,:?LJ!.\C::::1F) :i PI\).::;?'JD?...'<;S .3.~ _ _QJ_?. __ ~---..:'·~=·J . ,' T'~/l, , _ 

·---~~~---------~--~~C:i i O:-J } - 1-.r,) t,:~::_~-----
~SG For~ (G. ( Utv ~ac 36) 



SYfi1PTO::. I STEP ROCEDURE :~EX I I REMAP.KS 
STEP 

FA!LU~E 7 
7. CF0120P 
T~>27 9sig . over
pressu=ization of 20 
r, c•..: 0 ~ r ~ .1-1 .c:.c;..Lg 

2 
C..L CU.:. t., 

1 . ;verify WATER & GLYCOL TANKS 
PRESSURE OUTLET SELECT VALVE -
NORMAL 

2 . 1SF0120P 

3. 

4. 

s. 

6 . 

a . NORJ.'iAL : <27 ps i g 

b . Remains HIGH : > 27 psig 

:rOT WATER QUANTITY 
a . 100% 
o. ( 10o% 

Use wate r gun until POT WATER 
QUANTITY <10CP/o 

r.:F0326P 
a. ~UGH 

b . NOPYiAL 

Use ·v.rc.,..!:ie r 
reli9f . 

..L 

Normal regv.lator pressure 20~ 2 
psig . Nor mal system pressure 
18- 27 psig (relief valve set~i~ 
25 ± 2 psig) . Only direct pres 
sure readou~ is MSFN (FQ) 
CF0120P . 

2 . I 1 . Assu.'Tles no previous failure 

~ 12a . Relief valve redu':'ldancy 
lost if selector was in posi

l tion l or 2 . 

3 . 

4 
5 

5 

6 

·. I 

2a . Selector was OFF 
,or si~5le relief 
valve failux e . 

Sa . Bot~ relief 
v~lves ~ailed clos ed 

or line blockages . 

!f e.:_lure . 
gu:1 for syste□ pressurl:·--;>' 6 ~Ioni tor MSFN 1'3-o ~ CF0120P sensor 

;E .. · 1-;;-~~~A R ED BY: -i "~en: ·'. '1 I FLIG HT CRE'ii Sl! PPORT OIV!S!O:-! I . ENVIRQ7\JJV[EJ\TTAT CO:N·HS.Qii svsrnv,1/i L M 0!..'_0 GPERATIO NS l! f. i'l.:!l 300K 
' - • r. '·-· - __ -;. ., __ ~ . .l.. . J_J ...L.... _1,,,. ,J.. __ <.J..~ s - ,... , 1-r-'.'I. 

! -:,·,-- .~ -- ,,.,:;/~ ... --- • · / D,\TE: ( ?" 1'Tf;1-rJ,"''"11TOi\T ui:;r c~nu:?c·7r-, / 5/C ·~'l':? IP. EV l<J.'i\.L i~~:,: __ ·~~~=51::tct:lff=;-~= ! J fa_l\T 27, l967 ~ - _,1'-.cJ. ~· -• v - - ~ . _ , J.C -- ~~ _ _ L J )Sf:32_1 c,i -9. i~~'.. _·1? :1_~:._, l~-~~~~:. 
~~ Fur;~ ~3G (~s~ D:c 66) 

I 



~-~ J 1-----~---- } >---" -
sn,1 PTG'.i I STE P I PROCEDURE I NEXT I RH1ARKS I Fr\! Lt/RC: l 

8 . CFJ120P TM,(18 
ps~g . Underpressur
izetion of 20 psig 
o2 circ.u::_ t 

I 

. i STEP i 
· Normal E:ystem pressurization 20 I . 

± 2 ~sig . Only direct ~ress~re l 

1 ~F0120P ( 18 psig 

2 ICF0326P & CF0327P 

a . Normal :> 18 (27 psig 

b . LOW 

3 ICF0036P 

a . Normal : 100 2: 10 psig 

b . LOW : <_90 psig 

4 \WATER & GLYCOL TA~l<:S PRESS REGU
LATOR SELECTOR - INLET AND OUT 
~ET # 1 (or 2) alternate 
i 

5 jcP0120P 
' I 
,-::, 

i- · 
;,d 

Normal :) 18 ~7 psig 

2 

readout is MSFN (FQ) CF0120P . 
Relief valve setting 25 ± 2 
psig . 

2 . PRESS POTABLE HO DR.~IN 
PRESS WASTE H

2 
0 TANt DPJLIN . 

2-.nd 

I 
'2 n c~n,2np Cc~co~ j _G, • J.. ._J _ \. .., 0 ... ,, L.1.U ..!_ - - ~l 2a. CF0326P & CF0327P only 

other indication of pressure 
20 ps i g circuit 

i n !Failure 

3 

3 . 100 psig 00 circuit pr es -
sure ~ 

4 

- -) l 3b . Refe r to ECS Malfunction 
Pr oced1...1re No. 6 

5 

-➔ 

4 . Asswnes initial position 
' one required .. 

of 

5. Loss of redundant pr essure 
reg . and r el ief . Use No . 1 
positions . 

)
r::1 a, , F . 7 ~ -:IJ ,..._ ai_ure 01 1~ 0 . c.

1 re2. ief valve 

i l_'b.. LOW : (18 ps i g ! 6 
!_, . __ 6 I w_ATER & GLYCOL TA:Nl(S ~P.Ess REGU-- i 7 j ! 
t · I LATOR SELECTOR - TNLET and OUTLETf l 
~~ --~--~-· . ____ : lfo. 2 ( or l) a,ltery,_a te . I . i ! 
',,,,:,,'.11 , C._'JY : r_i. ;,~).':· /..-/P,~ I FLl3HT CREW SUPPORT DiVISIQ:: I E:r-J7JIRO~TivIB!J':1.AL COltrROL SYSTEM L APOLLO 'JPER ATio;,i s HA:/O!JQ;);. 

•-a~-~- :1.;::, v_~~_-, ....... ·_, I D.m: , I-iP.L'FUI~CTION ? :S.CCEI)TTJ2S lS/C' OJ_? ,;r?C: '/ Fif',Tj'~.i 
-·· --J: .. :-~L.-. .::.:;,._:,~~__.,. ___ I - T 7 6. . ~ . ·--~---~. ·7··~--, ·-·-··.,· - . 

; 1/. ,-_'(.,, ;1., --,cf:;--:- , JA.t: 27' ..:..9 7 ! ---- SECT I ')ii )' • .I. . 0 j l' <.GE J.'...) ~t~::-{~ ·Tci~~--r~o~irf~To·;;-,rG·i---~~ ~ ~ ~- ~---
J 

I 



~ I ~~---~--r~, 
SY1!iPTCil l STEP ~ PROCEDURE ~~~~-1 RE MARK S I F/\1 LU RE J 

I 7 I CF0120P I I I l 8 . (C::mt) 

l 

I 
l 

l 
I 
l 

i 
I 
I 
I 
j 

' 

a. Normal :> 18 (27 psig 

b . LOW : ( 18 ps i g 

--~ I ?a . Loss of redundant reg·. · &, 

relief . Use No . 2 positions 
7a. Failure of No . 2 
r elief valve 

~ 7b . Failure to maintain ade - 1·. 7b . Failure of both 
quate positive pressure ::..n rregs to control tatL1-< '. 
\·rater sysiem will result in los 'pres sure to 20 ± 2 
of water inflow to suii and ps i g 
glycol evapora tors . Pos itive 
expulsion of g lysol from g lycol ' 
reservoir will also be lost . 

I ! I I 

! I I I i J 
J ?.~c.,ARED sr , ,~.·\·.J,._. ,_01 ·: I rumn cRrn SUPPO RT 01 v1 s1or-i I J:s::NVIR011MENTA1 CON"'TROL SYSTEM i HOLLO 0Prn1rnm,s HANDBOOK __ j I . ·---:---:/'/'•,er:.._.-,, ., I D,\ H , 1 VtH.h'ij,\'Cf17 7Qi'~ ,::n~o:;~''L;-P"~ ls;c '.)2.2 !·1::v YJ..i':i.L : 
i -~=-:.=~~~-t2it:~~~-j~t1t:---=.1 ____ _JAN 27, 1967 i • -'--•- _, --'- ., ~·- '-"CJ~ -l~•- 1SE(:;:-;~·· .. i~1 .-r--~'A GE j_J --~~-~1 

1:sr. Fo ,9 4'30 < ,"!;,\/ Ca c GB ) 



.---~~~~~ •. 
rSHP S':iWH::i PROCEDURE RHlAR~S 

t , ~; 
i N!:U I 

11 
i~~--y~~~~~----,-
t i -L, • C0 pu 'f1TI I - - J2 - -

C cl W lite - O:N' I 
! 

Trigger value: 
Hge 

CO2 PP >7. 6 m11 

NO~~ = C09 PP level will vary with crew activity; short periods of high CO2 . PP may trigger C &-, W ?ite 
h1x~ r:ot neceGsarily indicate a dangerous situation. 

~-) A""11T PRESS CO. 
-::r,·('tT 2 
J. .!. .l.L .T~2. 

1 

2 

3 

PART PRESS CO n 
c . 

a. ?W?JvlAL : l - 7.6 mm Hg. 

II . RT T- • 7 , T b • " .1. G.t:. : _;,, • 6 mm Hg . 

I STJIT FLO'1v 
I 

I rrv ·. l a. J..Jv VJ . 

! 
I 

I 
f 'o • :JJR.J.V.cAL : 
i 
I 
j Check LiOH cartridge replacement 
i lcg to determine time 2ince last 
' canister cha~ge : 

' ' T r. ~ c -L r. ..,...,, -L • ~ o·o 1"-1 ~ ,..,, 1""'. 1" ::-. • ,a. ~J_ .1.ec-.:::n,., ·~2,~ 1arl.C.e- - l..-- •.C,-lgto. 

16 

2. 

0 

3 

6 

b. If near tige for r2Jlacement:l 4 

2a. Insufficie~t flow in suit 
loop can cause excessive CO

2 PP buildup. Accomplish ECS 
Ka,lfunction P::'ocedure 15. 

..1 I Chanp-::e LiOH car1;ridg9 
' ' , 5 4- Oldest cartridge. 

5 PART PI(CSS S02 

1\Tn- •T1T_A"' I - ' - R 1 , . , e., . .l.~vru.~ L _ ~w.,_· )a . .L esu.me norme.. opera-CJ.er~; 

I '1"l"M2 7 S"'-'-u·raJ..io··7 o+' C"" ~-'---~..:~~-~ 
causec increase ~n CO2 PP. i 

FAILUflE 

briefly, 

-7 
I 

l 
i ~- '·· ' -:;- ~eel, ·- L, __ ,__ _ ac. v-- ~ -t,jc' 

I I .. I 
'----~----L . -~.J-------

?qC:PARED ll'r: _1 --1 .lv_;,v~;h; j F!..:G'H CRE\¥ Sij.PPCiF Ci'¥"!$1:rn i _ l APO U .. G □ P[R.\TlO,'J'.) :!FY030(:': ! m--· · -- . . 1i:l\T'i7 - ,(y ··:,;n:,-iy-T I: T r'IC1W:1R"'T SV""'mF,1vr . ~----·--y--·-,:-7. . . . · 
.-:-.,. .. ;,-1 <'J•·- ~,, - , l D.<\TE, ! _,_,,..Lh~ 11L.iLJH . .n.~, v 1\.,. U .w .1.01 __ J1- ,s ;c 01.2 1 ,,:·✓ .!" .. •i~i\.L I 
/ •. ·_/ r • - -,.. "t'.---:L.,;-, J , _ . I j V,' T -,, -,-nm• '.l"'" .,..._-r.0,-.E]rn.:s~ r-,--- -- ·----------i--- - .. ·-----p••r •I ·;.:;:~ ~c:··l~~--~;r·~~::~;0;:;-✓~: .}_DR ~L ~~67 .. ~---~--~~~- ··-~•~K• 1J..L,. ... i/i.Uu'..L..l· .. J' ...... r:::l_; ' J :l ~-~ -~· ~SEC T•c: 5.1~.)_J:-:r;i:- J'~·, __ , __ _} 



SY ).1 PTO :. 

::..i. (co~t) 

I STEP I PROCEDURE 

b. Remains HIGH 

6 ! DIRECT o2 - FULL OPEN 
(ccw) for 10 seconds . 

7 

8 

9 

I 

I 

PART PRESS CO2 

a • NOfu'\iAL 

b . Drops to normal then 
increases >7. 6 uw Hg. 

c. Remains - HIGH 

Change_ LiOE cartridge 

PART PRESS CO2 

a. NORMAL 

lb. Remai.ns - HIGH 

' CkCTI0\1 : Possible LiOH cartridge supply faulty. 

10 Mon~~cr crew comfort 

2 .• Crew Comf ortable 

lb. Crew Uncomfortable 

r;::xr 
STEP 

6 

7 

- "> 

8 

17 

9 

➔, 

10 

17 

11 

REUAR ~:s 

Sb . Should begin decrea3e 
within one niinut e . 

6. Purge CO2 PP sensor with o2 
to clear possible stagnant 
CO

2 
near sensor. 

7a. Resume normal opera~ions 

7b, Confir ms High CO2 partial 
pres s ure. 

8. Change cildest cartridge. 

9a, Resume normal operation . 
Loss of 12 hr. CO 2 & odor 
removal capability. 

10a. LiOH cartridge working 
properly. 

10b. ?ossible loss of CO2 
removal capability for s u i t 
loop and ca·oin using Li OH 
canister assy. 

FA l LU R .. 

9a. PROBABLE FAULTY 
LiO:a: cartri dge 

I 

I 
!-

I 
i 
I 

lOb . PROBABLE FA.J1TY l 
.LiOH c~rtridge suppl~ 

I 

I 
··;;t rAR '::O 2Y : .). ': ·5,: .h'.'~',I ., L i: LI SH"!' ::;RE\'/ SUPPORT DIV!S!GN l E•,17- ~0N~FHHTAT CONT ROL svnTE,M I ;7o LLo ::i PER /l.TlONS 'H." lDBCO!, 

· ---~---·- ,.. I 1~, 1.tt .[ _L _, l.J --.!. c ' .L0 n !5 - ,, - ,-., j ·· l'J. ,,. . 
, -- - ~; /', ✓ , •• , __ u.; .. ·~✓--•,''.1.,1-,,_;.:. __ ~ i D /\ :' E : f \ fi t-- ~1T--:- j - n--c-,r D:tQr.~1:'-TR~S · '~.::..- .:-L~ ..... ~~:.~-· j i 
;.,, .. ...a.-.,-•,•--•-4 ~-·•·-•·'•- •·-~, - ;,-,T " 7 i J{.'7 l ltiL .:.. ·JNC .111. ___ -.1 .:..:.i~1l,L .. w . r •· Q ·; ;., j ~\ 

k.,.- .- -•--c.,,..-r~...,...-----~--•/ -._,/ . ~ .•~~=l:.-~-- .. ,,_~___:._a,__~~j c:.., : • \J ! , - - -~~J:~~~:~!,__,j'_:__-.~:.~-"-'~J\:~~--••-•--=-'•'•- .. --~ 
:.!C' For'_: 1:·>~ (h - ·.r C8,; GG) 



SYM PTO~i ! STEP I ... PROCEDURE . i ~~~~ I ·~ - REMARKS ! 
11. (Cont) 11 Check e.11 Li OH cartridges for r ·. 1· 

possible uncontaminated 
caT-tridges. 

I 

) 
F/J.! LUR:e 7 

- ~ I lla. CO2 remova l capabi lity I lla. co2 removal l unknow-n. I ca pability degr a ded. 
a. Partial Contaoination 

NA.1'1DAL CO
2 

PP 
COFTROL 

b . I f all contaminated 

12 IDon PGA's , get on suit loop 

13 sun, CIRCUIT PiETURN AI R CI-IECK 
VALVE - CLOSED 

12 

13 

14 113. Isolate suit loop from 
ce,bin . 

~ ! . i 1':O'l1E: Periodic flo',ving of fresh o
2 

int o suit loop purging it into 0abin," and periodic ne l i eving of 
I v' :::_11 control CO2 PP level i n suit Ioop . 

0: ,~. r.1 11. ·cc.J r3 l2c:1ce 

~ I 
I 14 iu1PiECT o2 - OPEN (ccw) as 
I !reou ired ! . - -- . 

I ; 
; 
' I 

;0,.. pp 
1NrICNI10R SENSOR 
IV-JtLf:<7UNCT:i:ON ISOLA-

1 ; ·: C\N 

15 . !CABIN PRESSURE RELIEF - Verify 
IEGRV~AL 

I 
l 

; 16 lr2: 
ja . CO2 PP HI lite - ON 

h. :?ART PRESS CO2 - <7.6 mm Hg . 
I 

.• ~ ,... .. I jc . Crew Comror taol e 

I I 
I l 

15 

b 

.......,> 

14. Open dir ect O valve to 
maintain CO2 PP <.1 . 6 mm Hg . 
0 ..., FLOW HI C & W lite ma>, 

L V 

come on . 

15. Cabin Pres sure relief 
valve will relieve at 5. 6 -
6.2 psia automatica,lly . Manual 
c.1~mp availabl e . 

16 . Loss of CO? PP level high 
C & W capabilit;y . Use PART 

· PRESS CO2 met er. 

16. PROBABLE C & W 
CIRCDIT .FA! LURE 

j f l.. t 
1,"r;r:u .. Rrn '3 Y , 1 \-~; •_) ·1<:J'.u ---"-1---_-F-_L_1_G-HTCRE\';-su;;PO~o iv Is I oH , AF-OLLo oFrn ,m oNs H111rnano ~ 
~ ·,-~,.----v;r_-c~ .,7 ~,.r/'~· ~• ,, ., I OATE, EIWIR01~1ENTAL CO:iJTROL SYSTEM !s ; c OJ. ::' ;;u:v V!~·T/'. 1, 
.• / _ ,, ,. , _ J'c. , •/r>- _( - C/· I _ _____ ·- ·- --- -·-~-- -- -L. :~~· --~-:-:-__ ~_:: -·,·'. ,?,=~::z::;:7}: .... ~ i .JAN 27 , 1261 jV~FUNCTI ON :?RCCEDURES ~<c r: c , l Cti s. l . 5 ~f'A G F. 2:~ 

·, :. C , r- ii'! 4 t' ::J ( f: c \' [• s::: G 6 ) 

1· 

I 



I 
( 
I 
I 

~ 

::.i. 

S\'~1PT0~1 I STEP 1 · PROCEDURE 

(cont) 
1 

17 I IF: 

a. CO
2 

PP HI lite ~ ON after 
LiOH cartridge change and 
sensor purge. 

b. PART P~SS CO - '>7 .6 mm Hg 
after LiOH cartri&ge change 
and sensor purge . 

c. Crew Comfortable after a & b 
have existed fer several mi nutes 

NtX T 
STEP 

➔ 

REMA1~S 

17 . Loss of all CO2 PP 
capability, except ere~ 
physical senses. Gas 
chromograph can be turned on 
ver ify CO

2 
PP_ with grou:1d . 

monito, 

t ~ 

I 

I 

rt, I LURE 

17. PROBABLE co? pp 
SENSOR FAILURE ... 

f COn P? HI C & W 
1 

li ie failure 
18 IF : I >"> ~8 :. L~~s o~ co2 P~Lme~er l 18 . PROBABLE CO2 PP 

t . 

i 
i 

a . CO2 PP HI lite - OFF 

b . PART PRESS CO >7 .6 mm Hg 
and no change wit~ LiOE ca r tridge 
change and sensor purge with o

2
• 

(:;REP·,~~[,~--~-.-l '1/-- ~--~:~-., ---- ----l- F~I GH'f CRE'i/_S_UP.PORT DIV!SIGN -----·---

lTIQlCa GlOTI ~or monlGOring mete r faih:rre. 
CO2 ?P level. 

I 
I 

L · ·· · 11~a,.,LL0 oPERAr ~ or.:~~oiµ, ___ ! 
! "--·-,.;-;:; ,,, :/-:·:.-.~► !.. :/(~?---:.(::,.--:,. f Oh.7E: 
~ ~ .. ~·----~-~-·.;---~·-:~-- - - ... ..,..~ I ~}, :'' 2 ~ 7 ':J67 
1, . .. ""·· ·.,... ...... -·---.-'.,_,,../ :"._, .. ,.~-,'-l.) - _JI. ... , f J-:w.\ !, -- ,,,I 

r 1 c c ... t: REV F ~1'',L..1 , 

=-1-~------~-----~--~~----l s e: C,:~~~· .. 1 .. ~:.§. __ i!:: ;:: 2 ·;_; . i 

El'-THRON1'1Errl1AL CONTROL SYSTEM 
0-:~L?-:rr;cT::;: ON PROCEDURSS 

itSC; •· oi n; AGiJ (f~r,._, '.~ c:; G0) 



SY MP TOC,i STE ? PRO CEO URE ! NEXT 
STEP 

REMARKS Fid LURC: 
-7 

I - '"' T . tb . ~ L'.'. . .ul _ium 1. Full on LiOR cartridge 
removal strap -- or apply 
;nechanica l advantage as req_uired 

1. Li OH is hygroscopi c & 
cartridge swelling results 
to water absorption. In 
addition H2o is produced by 
2LiOH +CO2 = Li2co

3 
+ H20. 

1. Excessive 
Hydr oxi de cartridge 
se::zure within 
canister. 

I I 
to remove the faulty cartridge. 

due swel ling of Li OH 
cartridge. 

NOTE : Any delay in removing a seized cart r idge wili result 'in water saturat i on of the cartridge , increased 
I pressure dr op acr oss seized cartridge with r esulting reduc~d au.it flo~. 

I -
)CAUTION : Immediately following replacement of a Li.OH ca rtridge -- the opposite canister should be oomentarily opened 
j& car tridge canister cl earance be noted. Immediately replace a cartridge suspected of swelling . 

I CACTTION: Continued use of a s eized cartridge will aggreviate s i tuation . Establish single canister operation by 
posit ioning diverter valve to r oute suit flow thru good canister . Flow may be di ver ted th:;:-u seized cartridge 

imomentarily when replacemsnt·o r operational cartridge is required. 

! 

t 

I 
I 
I 
' 

,---;,-;~-'>ARED EY ,_ J ,°\;'.5,-.; H•I,_:;•·-- i ----- --F-LIG~T CREW SUPPORT O!VIStOrl jl · - - . - - -- ! i-\P OL'LO OPERf,T!Oh S Ht\NDBOOK 
~. v"c; /-'1/7 r:L .. . , - - ; DATE, E.:.\ilTlROl\TJ\IB1\JrrAL CONTROL Sr.ST:s1·1 IS/C 012 fr"E\' PDT.AL 
- •~- / - - - , ✓✓ ,:_--r~;~(,::2.:f: -~~;,.~,; ... j ~ N 27 7 or: 7 j "\f A T f'TTN C;-fl T()1\T -PRnn-;:;,-1,r,:;,c · _ (, ,- .,., : • /~. i:::;·,,-,f'..~. •J, ~ ,)i'J. / ; -JUt ' L!J-1_,_,_ ~,.l -~ •- l'. _l'JV,___, __ ,,J;.• ____ J>-) isc:cr ; o~ 5' . J , _; !pl.CE. ~/l 
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t,~f Fer~ -:Bo ( ,av Dec BJ ) 
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13 . 
P .C 
~ui 

SH:PTOa 

:Sallooned 
.. (Closed 
Loop) 

~ 

I STEP I 

1 

2 

3 

4 

" ./ 

: 
1 
I 

I 
i 
I 6 I 

! 
l 7 
i 

PROCEDURE 

PRESS CABIN 

a. Low: <3 -5 psia 

b. Normal 

FLOW o2 

a. HIGH: ► 0.45 lb/hr 

b . NORMAL: <.0 . 45 1 b/rrr 

Verify DIRECT o2 valve - CLOSED 

l~erif: SUIT TEST SELECTOR - OFF 

~;::f1..nt ;:,ta-cus 
t 
' ' Remains ballooned j 3, ~ 

i ,_ N , 
j b . _1cr:na.L 

i 
i s·cr1~: DD!ANJ) REG SELECTOR -
L,-~.-, 7""' (Y?F / 1 & 2 I - ,~f _, - ..,.., , _ 

I 
ls1,, ., .l.. s..1..a+, ,s t....... • _ _L l, l, V V. 

a . Re~ains bal looned 

i C. NOR.V.tAL 

f '· ,-- -, 4 / D · T F 

. ) )·, I i'icXT RE 1'U,R KS FAIUiqE 
i STEP I __ , 

Cabin- to- suit L1P maintained at 
2.5 to 3.5 in R20 . Suit Pres -
sure maintained at 3.75 .±_.25 
psia when Cabin Fressure s3,5 
psia. . 

➔ 
la. Refer to ECS MalfQnction 
Procedure No . 22. 

2 

I 
I ➔ 2a. Refer to ECS Malfunction I 

Procedure No . j _ • I 
3 I 

a 

I 
4 

5 

6 I 
--> 5b . Corrected by 3-4. I 

I 6. 7 Monitor suit s~atus while I 
OFF, I 

7, While SUIT TIEr'lANTI REG 
S~LECTOR - OFF 

13 

8 
~ 

APOLLO OPERATIO NS H~N ORQOK I 
1s1c U.lc i "Ev l'..:..1~AJJ ·7 

r-f·R::-;,R-~o-eT;--T\-~n.; cf-1 ) ,,· - FLIGHT CREW SUPPORT OIY!SION 

f ,...,..,..,:,, _..,...,_ l.-'· (. .·. //r; .. -_:.~_r-:: .. / 'y,.,~y~ ./,. - : . .,. t n 1. ... . 
r _,. ~-- f_,i (;_(_-_._f ,fu.L-._1,_ ___ ,J_t._-0_J_2_7~i ~l~:;;~o~7_, ----~..--.~~~-~r~~~-----

i, ,_____ -. ,. ~ - ..,..,.._.._. r r - - _ _,._ .. , . ~ 

~ s E. c T i eN · O • .L ., b ~Pr,,-; E ,.2 :.,1 i 
•-----•~-----.,.-.._...,· ~ ......... ~ --... ,,,...""'" .. L. _,.,____..,. _ , _ ._, 

EJ\TVIROI:M'.2NTAL C·JJ\TT:S.01 SYSTEM 
iVI.ALFUNCTI mT J?HGC3DTJR.~~s 

rst r~r7 (GO (R 3v Dec GG) 



r--
J 

s·n,?TO:.l 

P-3• (Cont) 

STEP I PROCEDURE 

8 SUIT DWW~D REG SELECTOR - 1 

9 Suit Status 

a. :Ballooned 

b . Normal 

10 1suIT DEfv.lANJ) REG SELECTOR - 2 

11 lsuit Status 

a . Remains Ballooned 
i 

I 
b . Normal 

12 !SUIT 'lEl'LI\ND REG SELECTOR - OFF 

NEXT 
STEP 

9 

10 

➔ 

11 

12 

~ 

13 

n burT coJ1J~IGURATION - OPEN I 14 

14 !Verify SUI T CIRCUIT AIR R.ETUill: CK I 15 
v .AL1TE SCRE:SN clean 8~ flm,; path 
o bstr: .. 1.~-'ced 

15 cvionitor CABIN HUMIDITY & CO 

REhlARKS 

r 
h1l LUH 

9b . Regulator redundancy lost. l9b. Suit Demand 
-, R,:,.a, , ·1,, .,_ 0 1~ '\TO 2 -"-C:v. c:,L, ..... l.\ • 

I tailed op2n, 

I 

lla . Botn Suit 
Demand Regulators 
failed .. open. 

llb . Regulator redu..ndancy lost.p .. lb. Suit Deoand 
Regula tor NO . 1 
failed .. open. 

j rARTIAL PRESSURE 
2 

'I.? T :--T0"R1i'AC:::;'S r"" · -.L.l'lv _l..,.J_.:-1.v.L:J 

I l 

" · 
1 15a. Huoidi ty CO

2 
& Odo?..' 15a . Clogged DBERI S I 

removal c apability lost. Closeq.rH.AP · or plu:nbing · I 
suit configuration i mpossible. 1a.own2tream of DEBRIS I 

1TP~T, 

i 

I i _,_'1£ I 
l ' '--~---·------* j ·,:i:: I' l\R ED BY: , \ ·· \_,.)v ., .. :-:.· , 

t==sz=~·-f :¥~7;~-1 
FLlGYT C~El SUPPORT DIVISION 

DATE: . 

J/uf 27 ~ 1967 

_ ~ ... __ _ ~iiTou.o · OPERA·1 i mis nA:JiJGon;, J 
.tJTVIRC1~NTAL CONTR9.L ~ s_::_S'.1

1
E}1 1~-Cl.::'~ . f:,r-:v FL~AL • l 

1?HOC~Du:S-:;S ~~~~-,-;; ,J~ 1_. 6 -;;~,~;~-;?:) ____ ! MALFDFCTION 

:; ;~ ? or :i ,~ 3 G ( r: c- ': :J 1 c Cf~) 



I 
>------~---------.Jc...,,. . ....,.. ---------------i NEXT ·1 

' l 

I 
i 

J 

l 
l 
l 
~ 

SH1Pl G}l i ST EP I 
13. (Cont) 

I 

! 

! 

I 
i 

; l 
~~:_r>ARED OY: .j .·, . ...1~0{~{'Jt 1 

........ --. ... .--,~:: f:, ~ ,,,-~~,;? ---'2.22'."• .,-_;:-·:· '! __ _,. 

Ullo. . • ~, _•-. ~- __ ,,_ .. ..L><-'. 1:.:~ .. - .. ~-~ ! ✓, • -?~--
r.'.: r; Fe;·;;- .tsc ( f{ ev iJL-: GJ) 

P RO GE □ URE 

b. Remains NOR.liff_4-L 

I 

~LIGHT CRE ~ S~?P0~1 D!VIS!DN 
DAT:':: 

JAN 27 , 1967 

I ~r;~ REMARKS I rAILUnt:: 

➔ 
i 

15b. Closed suit configurat ion i. 15b. Clogged suit 
I 

not possible. ' outlet 'Ilanifold or 
plumbing obst ruction 
upstrea'Jl of debris 
trap . 

I 
! 

I 
• I 

l 
I 
I 

I 

I 
I 
t 

! 
I 
I 

: ENVIROJ:11''.IS~JT t1 CONTROL S:(STKM l MALFTmcs:1:: on PROCZDl!YcES 

j . ilPC.L LO OPEr.t, T 101\:S ;-1.,.r<iJS'.:lli\ :J 
~S/C ___ ;'12 _IR[ '/ • F'IKJ\I, 
l ,. 7 ,,, ' r ·7 . , ;SE CTi CN ) 0 __ . 0 ,F AGC: I.._ ___ _) 



SnlPTOL'. 

1~ . PRESS- SUIT LOW 
(Closed Suit Loop) . 
~vidsnc~d by PGA 
cl.inging . 

STEP I PROCEDUR[ l I I NEXT I REMARKS 
STEP 

Normal Cabin to suit i1 P is 
to 0.13 ps i a. 

0.09 

FAI i. lJRE 

:N"O':LE: Ot ~1e:r.:- than periods of fault isolat i on DIRECT. o
2 

metering valve may be opened for suit purging. 

1 

2 

3 

4 

PRESS - CABI N 

2,. High : > 5.2 ps i a 

b • No r m a 1 : 5 . O .±. 0 • 2 ps i a 

C •· l.JOvi: 4.8 ps i a 

jVerify SUIT FLOW CONTROL 
iValves - SUH FLOW 
i 

1

1

· Verify suit hose connector integ-
:'i t ;y a t FGAs & SUIT FLOW COt~ROL 

I V!-i.LVES . 

I "' a1 -i .1.. <" + P. .l. US ! 0 v- ~ J ,., u .~ t, 

I ,. r-., ·i 1~ :-r-i n r • 1 e,;,. ~'-'- ·- ~e:- ---e:-
! 

I I 

I I ; ; 
! i" l\T ' 1 . . i I J . 1✓ 07; c J_!lging 
I. t 
l 5 !Verify SUIT CIRCUIT RETURN 
l !Ail?. CK VALVE - .CLOSED 
l i 
i I 
I ' , I 

f':cPAREU s·,~ ,; ,·\J,;U,(<.'.- ),_:: FLIGHT Cnct SlJ:i'GF:T D!V!SiO ~· 

2 

5 

la. Suit loop leakage into 
cabin. 

.......,.> I le. See ECS Malfunction .t'ro
cedure NO . 2·2. 

3 

4 

-:>· ! 4a. Unable to isolate SUIT 
loop leakage into cab in . 
Unabl e to maintain suit loop 

4a. Suit loop plumb 
ng or Demand Reg , 

relief va lve f ailed 
press. I open. 

.,,.,,-e.-.... - 4b. Corrected by s tep 2 & 3. 

6 

El'fVIRONJYf.ENT.AL C01""11nOL SYSTEM ~ MCLLC GPERAT i fH-iS K~'\NOBOU .. 
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r--- =---·- ' ;----------------------,---~--- 1----, I SH\PTO~f STEP ' PRO CE:JURE NEXT RE[i:ARKS I F,\J i..URt 
f STEP r 

I ll. . (Cont) 6 PGA Status 
' 
j a. Clinging 7 I 
I 
i 
I I b ~ Not Cl inging - ;:;--: 6b . Corrected by step 5 
I ; I 7 . 4P :-:iUIT COJl'iP 

I 
; a. Normal 10 

i b. · < ~ormal 8 

1 8 Check alternate bus. & com-or essor 9 
! wit~ suit cocipressor sele;tor & 
! CB 1 S. 
l 

~ o 6. u STTTT r:oiyru 
,
1 

;J -. v-'- V li 

l I 

~ la. Normal o~+ .... , 0 ~, --~ 9a . If single COwyressor 1{ 9.a. C~:r.·cu.it~r or 
l failure - redundancy lost . iCs:::-ipresso::r Fai.1.ure, 
J. 

" ~ 1 l 

! i 
ii ' I ! lb. < !Jormal L Cl •<I" . 10 

! 10 f ~~Ti .. t De□ 2.:,.c.. Regulator Selector 
~ ' 
'. l ij a. If i:'1 1 & 2 13 
; ! 

' ~ l \ b . I: :;.n l ( or 2) I 11 
; ' 

i 1 i I 
, : 17 '.c1.nT D-;::'HA":;-D BRG - Al+e,.Ylate ,...eC" 12 I! L l -- j U - J..J -.L. _Ll.:.J ' - v ___ J. ,..I,.. 0 e ,. 

; l l ' ! 
t I 12 . j p $DI'11 CO:MP _ ! 

i 1 , 

1

1 
·, ; ' ~ .~.-- ll.~--- ---~--•<!I, - ........ --"'---~------------:.•-----~-~-----~~1 

FLIGHT Cfi~ ~ sr~PORT □ lul SiON 
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1 r , - I ., · · ·, ,s;c .._, 1.. r~ ~r.cv .tr 1.!·J/~.

1
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. r J I STEP I I NEXT 

I 

I S'fViPTGt.i PROCEDURE REMARKS FAILU RE 
. STEP 

*· (Cont . ) I a . Nor mal ·~> 12a. Eliminates SUI T DEMA.l-l']) 12a.. surri DEMAJ\TD 

' REG redundancy . Continue REGDLATOR l ( 2\ 1,.or J 

operation on selected failed CLOSED. 
r egul ator. 

b. <' Nor mal 13 

1:;:: 
_./ Verify SUIT FLOW RELIEF VALVE - 14 

CLOSED 

I 14 PGA Status 1· 

I 
a. C Not Clinging -::::;, 14a. Resume ops. with SUIT 14ao SUIT FLOW RE-

FLOW RELIEF Valve manually LIEF valve was OPEN 
CLOSED. & relief funct io~ . fail2d, 

b. Clinging -> l4b. Small leak not isolated 

I 
YJ.aintain posit i ve suit by 
opening DIRECT o2 meter ing 
valve. 

' l 
I 

! 
I 

I l 
I 

I 
I 

' ! 
r 
I! i 

t 

I 
.. 

i 
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I 

' ! 
! 

I 
I 

I 
I 
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i 
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SY t,! PTO{ll 'L STEP I PROCECURE I NEX T 1· RHlARKS I FA! LURE 
. ·------- l STEP ( . . ' 

t 15 . LOW SUIT FLOW Norma l Suit Flowrate 35 cfm 
with 10 in H20 pressure rise 
across suit fan. 

i I 
. :\1T·}1-h' • · t ~ !t 

For neriods of high crew activity additional cool ing .ay be required . Swi tch COMPR SELECTOR to AC 1/2 

l 

2 

3 

4 

5 

6 

7 

Verify Suit o
2 

Umbilical connec
tions 

Verify SU I T FLOW CONTROL VALVES 
(3) - SUIT FLOW 

Verify SUIT TEST OFF 

Verify SUI T DEMAL~D PRESS 
REGULATOR - 1 & 2 

Verify SUIT FLOW RELIEF VALVE 
OFF' 

If open suit loop verify SUIT 
CIRCUIT RETURN AIR CHECK VALVE 
OPZ:~~, s creen clean & unob
str·,:i.r.::ted f l owpath 

SUIT FLOW 

a . Normal 

b . Re!:l.e,ins low 

2 

3 

4 

5 

6 

7 6 . 
off 

Suit compressors must be 
~,-;h:i. 1e vs,cuuming retur:i_ D,i ::::

screen . 

--:i> I 7a , ContimJ_g normal operations . 
Corrected by steps l - 6 . 

8 

l, 8 l AP SUIT COMPR \ 
I I 

i I a. Normal : <0 . 4 > 0 . 3 psi 12 j 

I 
I t ·. Lew : < 0 . 3 psi 9 ' I 

- !~-----------~~~-&-----------~~~ '----~~-~ ' f 0~,~L--r~A_R_E_D_fl'_(_: - Jc-""-/---J,-,,-
1 

:_<._"_' .-~-)"-----I FL i GHl CRE.ii SU PPORT O I VIS! ON i ,,1_;-QLi._G PPERfiT I UilS HAND30!H\ •~:, 

\ -~-~·_::;: /'<"-- ><·' ----· - , f DATE, EW-,..TTR()11:1")'.[Sl'•TI1JH, CONTROT , SVSTB1vi fs ;c Ul2 !P.r v _!:l'1Nf\..L 
I -----L~,J.:.:_--,;/;, :.:! ;/::/~) i .JAN 27: J 96 7 ' - . i1~L?;;}~crricm F~OCI~DUP.ES - ·- r;:;--;~-~- )' -: 1-. ;--iPA G[ 51 
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SUPTOt: STEP PilDCEDURE WAHK S ILU~E 

15 . ( Cont) 9 Check a lternate bus & compressor! 10 
with suit compressor selector 

10 

11 

12 

CB Is -

k\P COJ.vIPR 

a . Normal 

b . Remains Low :_<0 . 3J..p 

Go to open suit 

SUIT FLOW 

a . Normal 

b . Remains Low 

12 

11 

10a . If single compressor fail - 1 10a . El ectrical or 
ure compressor redundancy lost . Ccap:i::-essor Failure . 

10b . Probab l e both 
suit c omp~es s ors and 
/or c ircuit ry f a i l 
ure . 

~ Ill . Normal suit loop f~nctions 
are lost . 

---7' 112a ~ Suit Compressor redundancy ! 12a . Si ngle ~S~~t 
los"C . Compressor ra1iure . 

15 

13 

14 

SU IT COMPRESSOR SELECTOR - AC 1/2 1 14 

15 

' l 

SUIT F:SOW 

a . Norrr..al 

b . Remains i, ow 

PGA status 

a ~ Cl ~n.g ing 

-;72~ ~ ~;·;-,~, -.,I\ """·':[_"TJ,_- ,- ·_-. '""".""'\~L---L . --·· '·:·',")'./ l <L !f.G:-;:l-i~T~C~R-;l:-::;'ii--;-S;-;-U-;::-P:::-PO~::-::------
--~::::,'.""';-· ,,,_ _. -/ - . I DATE' - ,~ 

T OlV !SIGN 

,- · · -: - ·- ,·:::_,7.2:2..,-:;-;L'y', ·-c ~'t I JAN 27 J_ 9o f .. '~~· ~=-~~l\~~~-y=·,. !. ~~ r 1~1~',~--=- j ·~---~~'.,...,::_,:_,,:,_.::_;:_::..,;._~ ----- -~---
J 3; ;" (, l !,i •, V V ( ,\ v • LJ 3 (, (; ., ) 

---➔ 1 14a . Two compressor operat i on 
required for crew comfort . 

15 

~ 152. . DIRECT O? meterb.g v2.l ve 
may be opened-(short dur atio';'l) 
for addi tional suit flow . Sui t 
doffing :nay be r equired for I 
~~ew c omfo~t . S~_it _100~ ,fu~1r: - l 

~ "Cions may oe lost. 1'1on:::.. ~or , 

15a., Obstruct i on 
be tween c ompres sor 
Ou~ t l e t 1=md suit i n 
let. 

. l tPQ ~LO OPERft TIO~S HANDBOO K 
z:TYIRCYME)ZTAL ; '. ONTROL SYS77Er1 , S /C 012 .. J:..c:v F I":A~J 1 
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_) 
( I STEP I I SHlPTOt~ PROCEOUP.E 

r 
[ 

15 . ( Cor-t) 

o. Ballooned 

c . Nor:nal 

?RSP A?.ED BY t j \~JO~;,,\_) FLIG HT C~E W SU PPORT UiViSION 

h - •< ~72;/2~?~~~~:~~~~ry~~~• -~. DATE : 

Jilli 27 ' 1967 
~3~ f or~ 400 (Rev Dae 68) 

J- ,. ---

1 ~;:; · I REMARKS 

I I cabin humidity Cc CO
2 

:part:;ial 

--➔ 

\ --,,, 

pressure . 

15b. Mofri tor PGA CUFF PRESSURE 
INDICATORS (3) . DIRECT O? 
metering valve should not -be 
opened while closed suit . Suit 
loop press r elief capa~ility 
prooably lost. 

15c. Suit Flowrate degraded -
but fu:1.ct i onal . 

FAILURE 

15b . Obstruction 
between suit outlet 
and compressir inlet 

, 15c . Small suit loop 
· obstructio~. 

APO LLO OPE RAT IONS H~NDBOO K 
1 :S:i:rTIRO:N1'IBKTAL CC~\IT?..01 s-::s'.::SJ\1 
i }ii1.LF'J0:CT·ION PROCEDUEES :~: , , c~ ~2 ~,: J.. (; _}::: :FI:·1~\~ 



! ' 
I 

I STEP l r r- /J 

I srnr10;:1 PROCEDURE I Nt~T REMARK S F.!\ILURE 
STEP 

16 . TEMP SUIT I NORYlAL SUIT TEMP 51- 55°F I HIGH 
(.>55°F < 60°F) 

1 Crew Comfort 

a. TEr'IP COMFORTABLE ----f> la . Suit Temp sensor 

lb . 
/c ircuitry fai l ure. 

HIGH TEMP, crew discomfort. 2 

2 Verify: 3 
a. SUIT EVAP GLYCOL - ON 

b& SUIT HT/EXCH - GLY/EVAP 

c. SUIT EVAP SW - M.Ai.wAL 

d. SUIT EVAP VALVE - OFF 
I 

I 3 TEMP SUIT 

a . Returns to NORM.AL -> 3a. Corrected by step 2 )a. Contr ol mis -
position~ 

i b. Remains HIGH:) 55°F 4 
I 4 icL '::'.COL EV .AP OUTLET TEI1P 

la. NORMAL (40- 43°F) 5 
lb. EIGH,43°F ~ Refer to ECS Malfunction Pro-
I 

cedure NO . 33 . 
LF,}'~ STJI.11 5 l --"-"- ·~ -

la·< 60°F =='✓ 6a. Possible t r ansient over-
temperature condition due to 

I I 
crew activity, equipment 
operation or s/c attitude. I 

I I I I r:'1i:.vi_p cu1rri HIG-TI -b • • > 60°F 7 I I 
-- .l...~ }.....; - · -- .,_ J...l 

(' ' oo- ) 6 DOFF SUIT - \ /'Q _: . i ! .. ,c , cuNG : Only if Cr in ;2mp cannot be controlled, Den S\ll i s and I proce ed to step , • l 
l~~··- ·- ·- '.·-- ---------~--+- ·-~--~ . _ __, ~ P~i::"ARED DY , ,J .··1..,,;01 ,...~,,:>' l FLIGHT CR E'il SU ?POR: OiViSlOt-; ! tlP 0U.0 OPERATIO NS :lM~OBDOi't l 

i ~ ""-· i -, -7" I · ST , < 
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r ~1 -· I- 1 srnP TO:! STEP PROCEOURE NEX i REM /\ Ri, S I FAI LUR E 
i STEP I ·-I I 
! 

16. (Cont) 

7 SUI T HT/ EXCH - EVAP 8 7. Initiates SUI T HX eva:pora.-
1 SUI T EVAP SW - AUTO t ive mode 
! SUI T EV.AP VALVE - AUTO 

I 8 TEMP SUIT 

a . Returns t o NORJ'1AL ( 51- 55°F) ~ 8a. Cont i nue evapor at i ve mode. Ba . Loss of auto 
I 

t temp control of SUIT 

! HX outlet or divert er , 
~ valcre f ailure. 
~ b . Remai ns HI GH 9 
r 

9 Is olat e surge t ank 10 

10 Open dir ect o
2 

valve, as re q_uird __.;:;, 10 . Loss of SUIT HX 

' fo r sui t cooling evap~rat i v~ & glycol I 
' 

' I cooling mo~es . I 
~ ' l KOTE: O:pen sur ge tank af ter CM/SM separ at i on I 
& I 
I , 
I 
I , 
I 
I 

' t 
1 l 
t 

I 
I 
! 

' • [ 
I 
( 
l 

! 
i 

! . j I 
I l 

' i 

I I I 
i 

! 
I 
~ 

I i 

I 
i 

1 l I ! 
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SHiPTO?. 

1 7 . EIGH SUIT 
'FJMIDITY ( closed 
Suit Loop with SUIT 
FLOW ic TE~ NORM.H) 

STEP 

1 

2 

3 

4 

5 

PROCEDURE 

I H
2

0 ACCUM Switch - MAi.1" 

l H
2

0 ACCUM 1 and then 2 - ON 

10 sec/O?F 

FLOW o
2 

a . Both increase Flow o
2 

b . NO . 1 or 2 increases (alter 
nate) FLOW 0 2 

c . No change in FLOW o
2 

.,_I ,.. 0 ACCUYi - AUTO 1 or 2 
: ( ~ j -!- nr•'1 ,:> 7· ".C> \ 
~ \ C:J_ ..I ,._, J._ .._ .,_ .,, ;J...,,) I Suit HlJallidity 

a . D""cr:::.2 ses 

b. Rem2,ins HIGH 

~ 

I 

I 

NEXT 
SHP 

2 

3 

4 

8 

12 

5 

REMAR'.': S 

High humidity evidenced by 
fogged visors and crew dis 
comfort . 

2 . Monitor FLOW o2 meter for 
increased flow while cyclic 
acc1..,rnulator 1 and 2 solenoid 
valves are operated with ON/OF? 
switch 

3b . AlJ.to and electrical controi 
of NO. 1 or 2 lost . 

FAlliJilt 

3b~ Electrical cir
cuit failure of one 
accumula-c: or 

3c . All auto and elsctrical con-J 3c . Electrical cir-
trol lost . I cuit failure both 

accunula,-sors 

--➔ jSa . Use al..L~ernate accumulator 
auto . Other accumulator use
ao1e with manual switc:i . 

:b.1.I ")a. Au::onat ic cor:.
:rol c~rcui~, (or i L, __ - ...L. - L, .L - ✓ 1 

accu.rrr:..1.le t or failed . 

6 Sb . Autoinat ic cor:.-
t ~ol circuit of bo~h 
2.ccu..:111J.la t.ors lost. 

I I . ,.------~-~-~-----------,----~---------------: f F·fi:::p.,Rrn sY, ,J . /.:)::-: i:< (" '! 1 i-----F_L_I_G_·H_-_, _t;_·R_E_w_s_u_P_P=o_;_~-_i _D_i_i ,_;_1 
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SYi~PTO~l I STEP I 
7 

1,., -I . (Cont) I 6 

7 

8 

9 

10 

11 

) 1-2 

13 

PROCEDURE 

H
2

0 ACCU?•1 Switch - M.A .. N 

NEXT 
STEP 

7 

RH'ARKS 

H20 ACCUM l or 2 - ON 10 sec/OFF I--➔ 
(as r 0 r- 11 -ired .Lo ma-i-nt~-i· ·" 'hum--'-" "':!_V- -- L, - _ .;..!. 0.. .U. ~.L -

idi½Y control . ) 

H
2

0 ACCUM - AUTO 1 or 2 
( alternate) 

Suit HuJnidity 

a . Decreases 

b . Remains HIGR 

H
2

0 ACCUM Switch - ]V.LAJ."\T 

9 

~ I 9a . Use al tern2.te accuJnule.tor 
in auto . 

10 

11 

H
2

0 ACCUM l or 2 - ON 10 sec/OFFl--~ 111 . Alternate accuJnulator. 
( as required for hu:;nidi ty con--
trol) 

II; O ACCTJ1''.C:~LATOR max1ual va.l ve -
Ivi)-.. }lf 1 ( 3.:'H3- then MAN 2) for 10 
i3ec -: De~ OFF 

'"-·T ,()' v O ,-, - ·- c.. 

~ ot~ ~Y1~~-~ PL011 0 Cl, . - - ,, J. .u .. ~ , . 80,Se - f 2 

'c_. NO. l c~ 2 increase 
( 2ltco::::-ne.te) FLOW o

2 

13 

14 

14 

12 . Monitor F:GOW o2 while 
valves open . 

131c. Accumulatcr redundancy 
_ost . 

Ff.\lLURE 

9a , Auto~atic control 
circuit 1 ( •Jr 2) 
acc1..1Jnulator fail ed 

9b . .Auto;rrat ic control 
-~i:::-cl:i t of both 
accumulat ors los t . 

13b. Loss of cyclic 
asc"i..:Jrrula t or NO. 1 or 
2 . 

; , .. ?t r~;z.,.c:u~a-.,-,-_- \,-~1"".J,-,,.-
1
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I 
. } n 

,_,.._, 
SY'.:i?i01,l STEP PROCEDURE rfrXT RErr.ARti S I FA!!...UR'.: 

r STEP 

. 17 . (Cont) c . No cha:1.ge in FLOW o
2 

18 13c . Mois ture renoval capabil~cl l36. Loss of both 
i ty l ost . , cyclic accu.i11ulators 

14 Manually cycle alternate 15 
accv..rnulator as re quired f or 
humidity control. 

7' -) Suit hu..rnidi ty 

a . Decreases ~ 15a . Manual hu.iuidity control 
possible. 

b . Remains HIGH 16 15b . Probable dia-
phram :nJ.pt-ctr e. 

16 Manue,lly cycle orginal accu.mul a - 17 
tor ( if both gave FLOW o

2 
in- i 

I I crease in step 13) I I I 
17 I Suit humidity ' 

I 
. a. Decreases. ~ 17a . Manual hu21.id_i ty control 

I 
:9ossible with one accumulator 
only . 

.,. I 
I i 

l ,,., No ct.ange 18 17b . Mo isture r emoval capabil- 17b . Probable rupture ( ' ~- / . 

I I ity lost . 1both diapr..rams . 
i 

I 
18 ; 7J ""~Rr,"177 0 .L • t . --~ . . . se ~L~~ -

2 
GO main ain crew / 

I comfor t . · 

I 

' I 1 

' I 
~ PRE7AREJ [· '(: .. 

J .\"'S,1 {d•;,) FLIGHT CREW SUPPGRT DIVISION APCLLD OPERATION~ H~~DBGOK r 
l ~=- ' , I · DATE: I ~ --~~7~ C::.:..:~i'r :~>· ~~,. '~-;:-~;-· --f J AJ\J 2 7 J_ 96 7 ., ,,.., ... _..-..-.-., ___ ;-/(_, .. /~:2:.-:· i,f-~:c::.,.._ 

;;~.~ ,=o,;:, ,,8J \,lcv D:!., ,") 
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-=~----~;:,m I me I PRocrnuRE I ~;~; I REMARKS ! ""'"" 
2l . ( Cont) 4 

5 

6 

7 

I 
! 

j I I 

i 
I 

I 

i 
I 
I 

i 2 
l 
r 
f 

I 
,, 
;J 

. --~---.....;:::::.,:; __ ~_; __ ~ 

TANK PRESSURE - 1 . 0
2

: SURGE TAWK 

a . NOR.MAL 

b . LOv 

c . HIGH 

I o
2 

PRESS IND Swi t ch - TAL"\JK 1 

I TANK PRi--SSSlJR.E l - 0 
2 

( TANK l ) 

a . HIGH 

b . NORM.AL 

I T''PK 0~vc"'--R"' ,., 0 .ru~~ .1. J:U'..iv:Ju L.I'..J ,: -
2 

a . HI GH 

b • l'JO?Ji-J._J:..i 

Iv1AnT 0,) REG ·- 1 
L 

1\U-LK FRESSJ3.E J. 
-CS,~H ) 

r 
0 ,.., '-Surge 

a . Pressure increases 

(, 4 F o c:1ange i n s te. tus 

I 

23 

8 

5 

6 

4. Normal s-c.rge tan.k pressure 
900 ~ 35 psia. 

4a . Leak within supply limits . 

4b . La,rge leak 

4c . Surge Tank r e li~f valve 
setting 1045 + 25 psia . 

~ I 6a . Ref er to EPS CR.YO malfunc
i tio:'18 proced.ures NO . l step 20 

lo ~ V '(·P~Q;/or 2\ prosq•vr 0 ~l•g'n' 7 • 2 _LI\_ _!_ ........... .l. - ) · _ .._.., o....; - V ..,_.:.. ~ 

I
. -----7' 7.9., . High o

2 
Crye supply pressu:r, 

Ref e r to EPS C:i.WO malfunction 
I procedures .FO. 1 step 20 , TKl I ( 2.-0.:::1/ or 2) D:!:'e ssure h i g};. . 
, ')Z , '7 h ~ ro~-, ~;...-..L:::, <::::11·, • n-p n""1k "-' ·-1qor I l I "-,} 'l'-J ~• ___ va v ~ >.Jv.~5- .La. ___ .~ --~ 

i ci r-:::ui try f a il'C.re . iJse T.AlifX 
l 1 ?r ? .L.t:· o~r ::::uRC:"F 1·1 A i\1 V. DRF C' C;•un::•w· 
\ -1.. ...,,v ._ _ • ....J .LJ - ---\ .L.l.. _ .u..Jt--~. il\J..:.. • 

0 ! 
7 

i 
--=::-i. l 92,. 

10 

l TJse 
I 
I 

Rego.la t or r ed.,md.a".l.cy los t . 
:cegula tor .ff l. 

.9a. No . 2 Mai r:. 
re~,.1lator .. 

"\ 

n,;•oPAFU..: SY , -::::-;-- r· jr-,,, ....,- , ·: ,-,1 f"!..iG:-:1 C:'1':h Sl.i:J?GRT OIV ISi ON I I _ i,P:JLLO GP,: l~AT IO 'I S Hiii~!JE(lO'\ 

·- ,}'~"51f~1:~i c.m , .fi'l~-~~-:~c;ry -·~-· -~~~-~- i ~l\'\~~~~~:~~1i~u~~~~~~~~,-:J¥~~~:~-{~ss~~l. , .. --~) 
-··1 



r·- } I STEP i ( ~~;i l J ,·~7 
SYMPTOM PROCEDURE REMARKS I FAILURE t 

I 
I 

( Cor.t) 
I 

21. I 

I 

10 I MAIN O 2 REG - 2 I 11 

11 I TANK PRESSUEE 1 - o
2 

(Surge tankJ 

a . Pressure i ncreases 1--7 j ll.a . Eegulator reC.undancy lost .I lla . No . l Main 
Use regtJ_latoy # 2. regulator. 

l 

12 

13 

14 

b . No change in status 

MAIN O 
2 

REG - NOR1'1AL 

SURGE TANK PRESSURF RELIEF - OFF I 

TANK PRESSURE·l - On (Surge tank) 
L 

,::;,, .. Pressure increases 

I b . No change in status 

15 I SURG3 TPF.I{ ?RESSURE RELIEF -
NOfilL!\.1 

16 I SUP.GE TA}~K - CFF 

12 

13 

14 

➔ 14a . Surge tank pressure relief 14a. Surge tank pres-
lost . Requires wonitor~_ng of su:::-e r e lief valve 
Surge TK pressure if surge TK leaking. 
isolated . 

7 c; 
- ./ 

16 

17 

j 17 TAL~K PRESS~RE l - o2 (Surge tank) j I 
i a. Continues to decrease ---7 17a . Gross leak protection and 17a . Leak in surge ! 
i primary source of o

2 
after CSM t2,nk . ! 

,i separation eliminates or d.e- • ! 
( gr~ded . Entry tank will supp l:> 

1 

! 
j ~ lb o2 ~fter CSM separation \ 
I 1 or reeni:;ry . , [ 

j , n 

1

1' j b . Steac_y re2.dou-i; lo _ 

' ' ' lr, sr·R("'r.l n7 I ' ,'fT/' 0·1: - a l ~ d U ,_\,;.n J_ 1-\J.\ i.\. - 1~ l;; 

I . I I ,: j ~ ' k I 
' ~••=•- . -- .--::::::::-,._11_, __ , __ 1. _____________ ~---~ -----r•--~""-----------~-----'"1""'---R. = 
i "R!:F•'P. :: ::i •3 Y, -·~l \:-~,'-·,-z'P.\; ! HIGHT GRE',¥ SU PPOR T 01v:s,ari _, I ~po 1_·_0 o~.s:::ru\T IO 'JS HMH1BOOK ~: 
t ··~--~----~-- ' ' - I l T7' -Ino·Tl\~--mA- C"-- OT - . ' r:----"7•, 7r; l "r·,1· ' . ,;r· ,:c-, ,.·, · . (j~-.,.. · cv? DA Y~ · 1.t.,J'TV r: . .ffr'Dl~l .L ; i,_ll \JlR l ; SYS•j:12:'.;1"[ \ S/C \ ,_ l.c_ ."'i: V .:. _J.~\_l_: t 

,:::~:~=~~~:.~2~t~~--)~~~/1 
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:sc i o ·-., -~CJ ( K:;y Dre 86 -. 



SH1PTOf~ ST: PROCEDURE NUT 
STEP 

E1U1RKS ! 
i rAILUi1E 

21. ( Cor..t) 19 lverify FLSS FILL valve - CLOSED 
and CAP - D.~STALLED 

20 19 . Normally closed and capped_ 

20 ITANK PRESSURE 1 - o
2 

(Surge tank) 

a . Pr essure increases 

lb . No chang e in s tatus 

21 !verify ENTRY Or valve - OFF 
~ 

22 ITAJ\TK PRESSURE 1 - o
2 

(Sur ge tank) 

.a . Pressure increases 

:) . No change in status 

--> I 20a . Resume normaJ. operat i on. 

21 

22 21 . Nor mal ly OFF . 

~ j 22a . Redundant 02 supply lost 
after CSM separat ion . 

-► 22b . Monitor Or supply usage 
.L .L O ' i . . . ra l,e LO ae--cer m1ne mission 

status . 

20a . PLSS F ILL v2.l ve 
was not closed or ~a~, 
leaking through c:-.::.p . 1 

22a . ENTR-Y PILL val --re 
not OFF and leak in 
e:1. try ta.~1k as s e rn.'c ly . 

22b . Leaking o
2 

sug:i]y 
subsys~e□ line up-

l
c-:,trEia~ :Jf oxygen flow 
tra~:sa_ucer . 

• l 
:,fQ':!.1_;~ : If l eak is not isolated and continues to deplete o

2 
~u:9ply · - mission time may be extended by s ·nutting off the · 

.;Ji2.i:-i. Gz r egulators ( or S11 O? Sr:PrLY CONTROL if leak u:9s tre a::n of main regulator) anc, onl;y -:ipenir..g ....,-al ve as re:ir.ired . 
~ <'·r- " 0 JD-~Ty 0 '0NTR('\T · - 0 OFr., · l ' ' 1 ' · -'- · SURGE mAl\TK --:JRT.1'"' '"'-JRE TC' · 0 1 · ~.:... , )i\ \.) 2 0 .c .r'.!.c_ ,_; 1 1 v.!..l l S t 1.1.rnec. l! ; lSO. ate surge 1:,anK --c o main l,aln ' - _,_-_1-i.rL .L .u00 I J. • ..:.. :1: ma.::;__n " r egi;. e, --c ors are 

. / 

s:T.J:c ofi; isolc.te Water & Glycol Tanks :9r ess1;.r e to r etain sys tem operation . Cyc le open ea.ch time o
2 

cycled ON . 

:'i;'()fTn;, ·. r=--:::.:~· Du.s to larg2 cs.bin vch,:;;12 cabin pressure changes for the following s t eps will require tim0. ·t;o be detectable . 

2-Z, tWJAIN O REG - 1 2L1 i I • / 2 , r l 24 0AB!N PRESS 1 
I ! 

1
1
. !a . Decreases .. --~ · 24a . Regulator r edundar:cy lost . l24a . Wo . 1 

jlator . 

I ' 'i\T 1 • ~ ' 2~ ! -~-.,._ __ _.,, ~._ _ __,t ;.2_. __ u.9 c .. -:.an,ge_.lJl.....§.~a:i;;u~ ._ _ '...,__ __ 
?i'C:Pt\RE D B'(, _' ~\ _, \~)::-i~C.f'.j) i Fi..iGHi CREW SUPPORT OIVlSIOK I . ~ ~-P~I_LO GPERAi l GN. ~ -~~N?B~E~---., 

~~,......,-; ; ,. ·.- ,.:L- . - , ! DATE : :ElfvIP.02Wl.2l'?I1AL CONTRO:S SYSTSJ\! s;c r; J ? _____ ;n ,v J.•'l'.11 J~JJ ~ 
C:-•O'O•-l-- ~'<;--- ~-;'...-'.,_;_~-::./~~~-.-:...,:;;;~..,,..,,-- i - /1"'1\J r,. r--, 10 ,·7 X -r.·T-:r,--- rri --- - - ... o,,-,-r:i·7""\-- ,-,r, -----~ r\ · .• -r- ... ...._ ... _ _ A-::.-----.,•:,. 

~-•7 - ~ --•-·-• __ _ .!:,-:.,_/<_,,._, :.-.~.!.:_:.. ____ ,. ____ 0_· ._P~_1 '._~~✓ -~r-,_~.,;-b_. ----~=-~~----l 1•~\..LJ·~--'!_:..,_, 1·_: c_·_.1.-J__o~ __ ,'i;_P_R_ ·~v-.u_· ~-I· ,_u_J-ct;_,,.....,_ ..... ____ ~ :_y L°.:-.; _>_·~--1. _. _b~L::.: __ _:; ___ ,, --~J 
;;St! :- '> fi·• '-.S;J ( :l pv U-J c AG ) 

main regu- 1 

I 
i 

~ -t 



r ·---' J1----.-----------~ . L~. SYr.lPTO ~~ I STEP J PROCEDURE 

I I I ; 21 . (Cont) 25 IMAIN o2 REG - 2 

26 CABIN PRESS 

a . Dec:::-eases 

b . No cha:1.ge in status 

2 7 · MAIN O 2 REG - NOR.i."YJAL 

28 SURGE TANK PRESS RELIEF - OFF 

29 !CABIN PRESS 

a . Decre2,ses 

b . No change in status 

30 !SURGE TAl~K PRESSURE RELIEF -
NOR1'1AL 

31 !SURGE TANK - OFF 

32 CABIN PRESS 
r 

!c, T):::, r-roase~ ,1,,. -.; " l \:,... .._,.. ,.__. ·~ V 

' 
I 
l 
I 
j 
rt- . ?fo c hang·e in status 
j 

! 
3; /S1:~:GE TAJ."\:K - ON 

!\c XT 
STEP 

26 

REl!:AP.KS [ FAILURE 

~ j 26a . Regula tor r edundancy lost . I 26a. No . 1 :main regu
lator. '2 

27 

28 

29 

-➔ 129a . Surge t ank pressure relief 129a. Surge ta:'lk pres -
lost . sure relie~ valve 

1 eaki n,g; . 

30 

31 

32 

~ j 32a . Gross leak protection a!ld 
fprimary source of o

2 
after CS:M 

separ at ion elimi !lated or de 
gr2,d1::d. . Entry tank will supply-
1 lb o

2 
after CSM separation . 

33 

34 

32a . 
ts.;nk . 

Leak in su2..·ge 

3L_ !Ver ify PLSS FILL vslve - CLOSED ! 35 
_ _ !and CAP - INSTALLED I I 

·-~ . C-') - ' ---------~---:._._:".".'""."~---;:----'-~------ ------,-- . -----~-- -·--1 
::--~c: , ARED flY : -..J \ t·;_·,_ •.:'Y, 'i ! fl. lGHT CREW SU PPGR T Dl'/iS.lOf~ _j l__~..!:_r,~ LLO OPtRAT I J:!S i:M,u::l :JO:i ____ j 

L···· ·-':":;<::l'.½S?';'.;:,~,r-1 cm , JM; 27 , 1%7 -----~~t.~~i\:~~,~~~'.-;~;~~/;'~~'.6~~~~~J~~rB~~. :;~~;;~~S.~.S-7 , G . t0(~'{L . l·~·j 
:i;~ F:r,.i r;3Q (ru,· Uec '.:6; 
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~- 1 ., 
STEP I j ?lE/r 

;----, 
SYfilFTDr.l PRO CEDURE REMARK S FAI LU !l E 

I STEP 

21. ( Cont) 35 CABIN PRESS 

a . Decr eases 
.. 

' 35a . Re surr:.e no~mal operat ions . 35a . FLSS F ILL valve 
/ 

was not c losed or ~al 
l eaki ng thr oc.1gh cap . 

:) . N~ change i n s t a tus 36 

I 
36 36 . 

37a . EK'rRY }' I LL valJ 

. Verify ENTRY o
2 

TANK - OFF 37 Normally OFF 

37 CABIN PRESS 

a . Decreases -----;, 37a . Redundant o
2 

supply lost 
after CSM separ a t io~ . n ot OFF and leak i n 

entry tank a s s embly . 

I b . No change i n s t a tus - ? 370 . Moni t or o2 supply ~ate t o '7b -;- c:, ~•k · ,.,. 0 N 1 1 J • ..' .. J\::;a .. . i no. 2 ;:; .,_p -

I determi ne mi ssion sta t us . ply subs ystem l i ne 

I 
upst r e am of cxygen 

i I fl o,,.,r t:car:.sd."J.c Gr . 

I ( 
: wf\."R.N I NG ~ If the l eak i s n ot i so l ated, but CABIN PRESSURE r eturns to nor mal i t he ENTRY O? TA:'\JK cot-:.ld h a ve l c~2-~:ed. ~ o 

j A decr ease i n sur ge t ank :pre ssure indicat es t h e entry tank 
i s z r::ess ive SURGE TANK only s upply a f t er CSM s epar a t ion . 

:§.ad leaked . Pl 2,c e ENTRY o
2 

r:.'A.."NK~valve OFF . i.1 l eak 

t ;X~T~: 2:f leak is not isola ted anc. c ontinues to d eplete o2 supply - mis sion ume may be ext cid.ec. t y sliut.t iLg off t h •= 
, :nsin O? reg,J.12,tor s ( or SM o

2 
SU?PLY CONiJ:iR01.J if l eak ups tream of nain r egula tor ) and onJ y oye~1.::'..~-;_g val ,.:·e as r eq_".l i red . 

J If ~riI o
2 

S~TPPLY _CO~Tli.OL is tu rned ..,.OFF ; i sole,te s ~r ge ta1:-k t-o ~ai ntain ~~RGE TAJ'iK PRF.SSUEE . ~~- rr_2.in C) 2 ~e,?-1.lators a r e 
1 2t:n o:f.'1 : isolate V1a ter & Gly c ol '.L a nks press·J_r e -co r e tain sys1;em ope ration ( cycle open e e..ch -s i :::'.. 2 0,.., c~f•-~l ea. on) . 

1 I I . . . " 
I I 
I 
I 

i 
l 
I 

I 

----~ I 5 
··-~··-~-- ~ ~, ___ _,_ ,___________ i 
' "~ : ., ·,.:;:::c f.l '' , \ ., <_ . · 1 F! \r>i-! 7 C!1E¥ S!JP:lQRT D' VIS !'ON 
~ ni,, . .. ~ ...... _ ..., ...... _ __ (. ,;;:,_,_.__j___J~ ';....J~· {./ I . - iJ.. . . ' I ' • V ..:.. I -~ 
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~ • : '.~ ,· ·;; ::, '• i J ;~ ? c v G c c '"3 5 ) 



. ( J.-----~---------------- )~--------------------- 1~-
1 SYr!PT0 1:1 STEP PROCEDURE N~)(T REMARKS I- ~Al LURE _J 
I StE P _ 
j ' ' 
:22 . PRESS CABI N LOW cabin pressur e ':> 4 . 8 <) · 2 
! ( <: 4 .8 psia) 

1 
WJu1-NHfG : Maintai n fiJ.11 s~_ited mode if cabin pressur e L. 4.s: psia r,nd decreasing . 

~ ------
,-.c"ARC:D BY: '-.s 7•--s(.._~~' I;' ,_,_,, ·, t ·"· 

J_ . IV9rify both CABIN PRESS RELIEF 
7a2. ves - NORJvTAL 

2 . !Verify Wiv.LS OV3D DRAIN-OFF 

3 . !PRESS - CABIN 

a . Increases 

b . Still decreasing 

c . Stabilized< 4.8 psia 

4. !Suit Pressure 

a . No r mal 

b . Low 

FLIGHT CREt SUPPCRT OIVl~ION 
-; ... ,-(/~ ,,t~~- ~-'/-::"": ,•?, -v::-. ✓=I_.{.~ • [ ' AT E: : 

2 

3 

4 __ , 

i:; 
,,/ 

3a . Corrected by valve verifi- 1 
ca tion . j 

4 . IV[])C or cuff pressure i ncii 
ca tor 

4b . Approximately same as 
caoin pressure 

I 
13c . Reg- calibration 

1shift 

l 
i 
! 
4a . Cabin Pressu~e 

!se~Bor/~~di cator 
. faj_lure 
I 

ElfJl.t{UJi/IvTIGYrA1 (;JJ\Jf.l1Ro. 1,. sL::> 1J.'blV:. 
1 

-- ~OLLO !)PERA!! Oi.lS Hl'.NiJ80Cl': r 
riJi.1FUl17Cn:1Im-:- ?ROCEDTJR7:S ,::;_;_c_()½' _, __ ,_, ______ i:1~ ~ _:;--·c :/~ ___ J 

•• , ,.-f-;,..:-·,;_,_ ·~ ·7- T ;\•1T ?'7 l C6'7 
3'"7- -~---li.i. r ;·-~-¥ ~ 'rl _"7 ••• ._ , ->--• L. I ' -.,/ i 

. ________ __J_ 
--------~·---~------' Sill lj~ .. __ :-~ . ~-.:::~- __ :",\SC ti- -----•-- C 

'
1
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I r=---~-
SYf.!PT01,'i 

1 22 ( continued) 

i 
l 
j 
] , 
l 
! 
l 
~ 
' l 

' i 
4 

l 
~ 
1 ., 

l 
~ 

4 
i ., 
i 
l 

i 
~ 
i 
l 
l 
• 1 
I 

~ 
1 
I 
/ 
i 
t 

~ 
' j 
)· 

q 

STEP I 
5 

PROCEDURE 

L . H. CABIN PRESS RELIEF VALVE
CLOSE 

6 !PRESS CABIN 

7 

8 

9 

a . Increases 

b . Low and decr easing 

L . H. CABI N PRESS RELIEF VAL VE -
NORMAL 

R. H. CABIN PRESS RELIEF VALVE -· 
CLOSED. 

PRESS CABI N 

a . Increases 

b . Low and decreasing 

>,~--w . ~ • 
~ '.~::.:AREll sv , .,\ - \~?.,!~:,'.\ ;1 _! FLIGHT CP.E \'/ SUPPORT Dl\ilS!ON 

1, ;-T---------~--
NE~T I STEP l -,------

RE MARK S fd LURE 

6 

--~ I 6a . Mai ntain CLOSE position 6a . L. H. Cnbin 

7 

8 

9 

---} 

---➔-

on L. H. Cab in Pressure Relief Pressure Re lief·ValvE 
Valve and maintain auto cabin failed o:ren. 
press . control by R.H . ce~in 
press r elief vaJ.ve . Red.1..u:-
dancy los-t. 

9a . Mai ntain CLOSE position od 9a . R.H . Cabin 
R . H. ca~i~ ?r~s~ure ~elie! . ~r~ss~re Relief Valv1· 
valve anQ maunain au vO caoin J. aileQ open 
press control by L. H. cabi~ 
press . relief valve . Re:d.un- ·· 
dancy lost . 

9b . Maintain cabin pr essure as 
required by ope:J.i ng DIR .. E:C~: 
0 Va l -r,,, 

2 
_ Vv , 

9b . Bo-sh c2.bin 
p:ress1..1.re. Regs anc. 
b t!l c:.1:2r6 e:;ncy i-c:1--
_ low valves failed 
or excestive cabin 
lec4 kage . 

EJWIROJ\1}'LEJ.ifTAL CONTROL ,-3YSTE~~~LI.O U? ERAT i_GiJS Hld'i0Bri0''. 

1 =_2~·c',/22Jt:::~:-~~.?;,-•·_....,. !- DATE : 

£,~LFT_?CTIOJ>T J?F'_QCRIYJ3.~S ~{) lo;: ·; }J°i';.'.:,, 
,· ,,-;-., "'7 ·, :.:,r.7 1 !-----_---,-- ,----·•,- . -v .·,~, t.: ~ ___ . .., I SECTI0•·1_lJ.). . O _fpt,GE_tl.•.) _ 

l ..... t Y:o rn ~~GG (Hcv Dec 66) 



SYr.JPTO ~ 

2 3 . TEIVY CABIN HIGH 

STEP 

1 

2 

PRCCEDURE 

erify : 

a . CABI N HX exhaus t flow:path 
uno bs·truc ted 

b . Verify individual oper ation o •· 
each CABIN AIR FAN . 

c. CABIN TEMP SWIT CH - AUTO 
d . CABIN TEMP Th1lJMJ3wHEEL -
FULL DEC3.EASE 

CABIN TEMP 

a . Decreases to NORJVJAL 

b . Remains HIGH 

3 !Crew Comfort 

a . Comfortable 

! 
[ 

4 

i.. uIGH ' C .r:- , · 

l
o . ..:-1 . temp - rew uncom1. or-t -
.3_"':) ~e 

!CABIN TEMP SWITCn -· M-4.N 

5 !CABIN TEMP VALVE - F'ULL COOL 

6 

~~~~I RE:llARKS 

NOP~IAL CA3IN TEMP 70- 80° F 

lb . If one fan is inopera.tive 1 

place fan clo~ure ove~ in~et ' of 
disabled faa . 

2 . Check at outlet wi th hand 
held psychr ometer 

--~12a . Corrected by step 1 

~ 
./ 

I 

3. Unsuited 

2a . 
tion 

FAILURE 

Co·'l.trol 

i 
I 

i 
I 

. . I mis posi- · 

~ I 3a . Crew comfort , or har..c3. :i.e ld 1·3a . Cab:'..n t emp sens or· 
psychrometer ,dry d~lb r eading / circuitry fa ilure 
used for cabin t emp indica tio~s 

4 

5 

6 5 . Manual valve 

a. . Decreases to NORMAL ~ ' 6a . Repos ition manual valve as 6a . Auto control of 
cabin temp . r e q_uired. (s/c coolant t he::-mal 

[

El'{? CABIN 

, ) .L. • ..L • .. . • j I cnange vO main vain caoi~ ~ew? 
! j 1J . Renai~s EI GH - - ~ I 15·0 . If un comf ort abl e Don ?GA 1 s 16b., All cab i~ t emp l ,::::::-__I I I fo r ter:112. control. . ~onuol l<:,:s-..L_L• _· -----j i p :~uAR ED s Y, ~J, l:.:r1<:::'&d) H IGHT CR EW SUPPO RT u 1v 1sioN EJWIHO.NJV.U:::.NtAL CON1l1Ru1 SYSi_f11i_,ivi ! APCLLO O?ERAT10 1~s Hts-:rJsooK 

I ~-- . <· --- ··,,-7 /J/ ,-.,, "~ .. ; ,....,, ., .., DAE, IVI1\ L?L1.1TCT I CJ\T PROCEDUP..ES pie :~ :.2 l1 .Ev ~,'~_J\I , 1.'..., 
=-~~- --.,; _,__~;_.:,~· :_:.:::.!,., .~ :..!.... _ _ -.....;~-~- - - 7 6'7 ,--· - - ·--::;-- . ---- - ---~ . 

,- ·,_/·,_ ,.,-: • 0.,. ,-:· 'f . JAJ:'ii 27: .L9 I ! l, SEC!O'., ) , :_ . u ,p;, r 1: t 17 f 
~ 'rt,( .rr;!' •------- .t-'-- - ._ ........... ,.,~~- ~·· --- - ----- ---- ..._._, .... __ . ~ - -~-~----
~~ c =arm 4~0 ( Re v D! C 65) 



r 
srnPHi) I SiEP I PROCEDURE J 1\ ::XT I REMARKS I 

STEP 
FAILURE 

24. Cabin Tempera
ture low. 1. Verify: 

Normal catin temp. 70- 80°F 
2 

2. 

3. 

l 4. 

5. 
6. 

a. CABIN HX exhause f1owpath 
unobstructed 

b . Verify indiviciual operation 
of each CABIN AIR F AL"\!" 

c. CABIN TEMP SWITCH - AUTO 

d. CABIN TEMP THUMBWF-.EEL- FW,L 
INCREASE 

Cabin temper ature 

a. Increases to NORl"\IJAL 

b. Remains LO\-

Crew comfort 

j a. LOW TEMP ( Crew discomfor.t) 

·o. Comfortable 

CABIN TEMP SWITCH - MANUAL 
i 
I CABIN TEMP VAL VE- FULL HOT 

i TEMP CABIN 

ae Increases to NOF~IAL 

I 

I , I o. Remains low 

lb. If one fan is inoperative 
place fan closure over inlet of 
disabled fan. 

-~ 12a. Corrected by step 1 

3 
I 
3. unsuited 

I 
4. 
~ bb. Crew comfort, or handheld 3b . Cabin temp. 

psychro8eter dry bulb reading senso~/circuitry 
used for cabin temp. indication.failure. 

5. 
6 

- -~ 

5. Manual valve 

6a. Reposition manual valve as 
required (s/c ccola:nt therrr:al 
change) to maintain cabln temp. 

6b. If uncomfortable don PGAs 
for temperature control. 

6b. Cabin temp. 
control lost. 

~'1'Cr~E": Cabin tempe:uature may be increased by powering u:9 e·auipment and s/c orientation • . 
Condensatio, wil1 be evident with cabin temperatur j belo1 50"F. I 

--l.. i _ .. I 

1
-~PRc:o !:! " : .,.) ' 1j ,1 :_f ,: ,~ ) ' FLIGH T GRE\'! SU PPOR T DiVISIUN l ENVIR01IJi\li'P, ;,rmAL CONrr1ROL c::ys•-:-;r;,~,~ '. ~POLLO OPE KAT ! IJ NS HANDDOGK ! h~-w- ~-.,;.___,._;.___,-,, ____ i-,-~-_;;:_ __________________ ,j .L~ l\.llli-~1 I~ L • )J -', , _J_l l e- ,~ - r, I - ,, '· 'T - , ·r I 

----,....., -- --.- ... , f'ATE . _ _ _ _ 
0 

_ -..., p 0 ,.,__,-....-: -. .......,~ 1 .J, - f"\ 1 ·~-~- R:., ~ l\, . . ~ 
__,- <...✓ ,,,. __ • -?.-,".,-;-::-r-'-'.' '-'.J l - . 6 i '"'AL '" LTf\("<rl T N r G , .J ,, i.1:: I ,0 - --· · ·~ -:.. . , ··. :.:.;_...., _ _ __ ~ 

; •·~·----- /1 /~_;:,,- /~1-o·Z•-. _-, - ~ :7f..JI 27: 19· 7 ~ -· _,. -''-' -~ '· ' ~ -- - lsE cr 1u:-. _5kl. 6 )r•\GE 11 2, . ! 
6-;~·"I - t ~ ..,.;__.. -f-L--.:. / ,,.,.;. . .__.1..,..;:..: ~;;.__.::., _____ ________________ ~---~- ---~--- ' ·-- . -------:rw--.--~----"-""'' 

' ~w • orm h60 ~~CV DE C 06 ) 



SYMPTO t,l 

i 

25 . HIGH CABIN 
:.-fu1'-UDITY 
t 
I 
1 

STEP PROCEDURE NEXT 
STEP 

EM ARKS 

Hi gh humidity noted. by cre,•r 
di scomfor t or condensation with
i n the C/M - probably on Cabin 
F..X louver s . Determi.n9 relative 
humi dity or dew point by using 
hand he l d pshchrcLJ.eter .' 

fAILUf<E 

h,oTE : Examine CABIN INTERIOR FOR WATER LEAKS & ISOLATE LEA40 

, 1. 1.\J: erify SUI T CIRCUIT RETURN 
r IR CHECK VALVE - OPEN t intake scree.n ciean and flow
r ath unobstructed . 

2 . f'iUMIDITY . 

~ - No Decrease 

I 
lb . De creases 
t 

2 l. Suit compress ors must be cff 
while vacuuming return air 
.screen. 

--::)12a . Re fer to ECS Malfunction 
Procedure No. 17 

--,, l2b . Corrected by Step 1. 

:,·~~'.·~:::_sY , ✓ . - .l~o-~;·.,-.~,1 j FLIGHT CRE 't'I SU PPORT DIVi SiON E:K\JIR0NlVIB~7rA1 COJ\TTROL SYST'EM APOLLO OPERA7l!W~0300K f 

i r ·;;:-,:<' /.....,.'. 'f ,,/ • 1' D,\TE, I'.ifl\TH'~ .... fTl TOJ'.IT ::;,r\.O CTi'}}LKT:'Cc ~;c 072 i REv ?Ii'1A.L ~.,... ,• ·_ - . .,,.,_,•.'"7•. 7'-::-;;,F;•·> •,•:..C.--(. <..,/ ~ . - 0 g ..... - ......... ..:... -· ..J..L .• - • .-'- - .L., .:......:__..._,; - - .-..----·· • ~ 

.. . ,1\ 1 /!-:i.,/ ,-:- .,.~~ a .JA1'J 27, .1.-:6 i sE c T10;, S , 1 . G -::,0 PGE L19 f. 
- ,.._ ~----'-.;..;..,t~- ;....-- :..::....__... . = ~-.:s,_ _____ ....;....;...._..;;..._,...;,_,_~---·----...d.~----~-----~--~- -~.,....,..----•- ----•,.,,., ___ ...._~-~...........--~ 
, H. :o rr1 1+GO ( Re, Doc 6.6 ) · 



~~ 

Y:;1P1'C i: 
1

-ST~P-,~.-------~~~-~-- --- -----r ~i::/T-·-1-~---- ---- RE:.lARKS i FAILl.iRE / ! 
·-----~-----~~--~~--------;~S-"'i_E_?_:;.•-----~---~---~-----1 ________ I 

',J_. GLYCOL TEMP I I " Lite -tr igger : - 30° F . Glycol -l 
~I?I'! C & ·w Lite - ON i becomes slyshy ® <.- 30°F ; if 

l ! tern~ is not increased radiator I 

l 

I fre~zing is probable with re -
! 1

1 

sulting loss of radiator cool- ; 
I ing capability. Howeve:i::-, r a:1i 
! ator outlet temp should not be 

me.intained ~ 30°F for extended 
periods to preclude slow recov 
ery response and progr essively 
poor er performance . 

! 
\ 
I 

ECS RA.I> OD111LE1r TEMP : 
~ 
I 

I ~ -
! () . 

I 

HOnY:AL : > 30°F 

LOW : <.30°_F 

30 

2 

iFC:f:, ?.A-;J OUi_> ~2:H? 
t 30°F 

LOW c~ 
l 

I 
l ECS RADIAIJ:lOR TEMP 1+2 

I 
2 . Try to ascertain which I 
radiator may be caus i ng probled 

i 
1 ~ 

! I 2. • :BOTH :i:JH?1~'i.L 29 ! 

" _/ 

LL 

b . QI,:E LOW 

c . B8':i:H LOW 

Ve::-ify BCS :r;.AD 77'1 (A) 

Verify ECS BAD # 1 (B) 

OFF 

Open 

21 

3 

t 

5 

3- 6 . Ver ify valve pos1~1ons fol 
condit on of =adiator outlet 
temp.~ 5° F 

-) I Verify ECS RAD /i'.-2 (A) OFF 6 
I 

l 
6 I Verify ECS RAD #2 (3) - O:;ieL 

I I I . 
i. ~ 1

1 " r<S n ,1D nrr.r,r,-:-;irn Ti;:,'i\TI? r ( I ~v .["i_d .. • VUJ..t..; J..:.J _._ J..J.i.. • 

L__~••m I l r. 'f.:!,i'f coic ;·1 su· ooR T Dl\'iS IOIJ -·ROT sv·,~~T71V1 1 .. Rf ' • REi) .,.v . ,LI. h..:1 . ~. . ' E~1TTJTR!11\'r1','f411\JTAL •"'O"f'' .J. ,.~1·~ . ; , .r :, ,.., , . ----~-- ~ - ... \J ' .J.. - 'v~. •l-....1J. , - V - .L.1... . _ , _ - - .,_ 

i -- - I or,r::.: · J a,-ci. 2~,., . ~V?,67 l''u .. f:i T T7.r -
1
rF

1
("'. r,1 TnN ?EOC~l10--:S.:S3 . - ! . "-' ~- ~- --\.,~ -

I ···----·-----------

7 

::i'c'"·.--;, ". {.fJ ~ ~~ ;l Dae G5' 

j r,?OL:..o GPERAT10r~s HAirnaoo;; 

'r$/C ,'11 :~ •1REV:i'·1:]'1",'.,T; 
..__. .. __ ,,_. __ ,...__ . -..-----·----... -~-
SEC".' IO'- ';1 . l . 6 ! rASE 50 ---------~-~------~---- --~~--- -·--:,,.... •·~---•-·•-·--~-~--



=.,_ -,,,;rn< 13 raocrnm l ~i;; L ""'"" FAI Lli r,E 
··- £1 

~, 
.~·· -- .. GLYCOL TE!."\1? 
~~,Cl\\! C & ""vl Lite - OJ\T 

i EC:f:, ?J:;j) 0 Ui_l ~ZH? 
t 30°F 
t-

! 
' 

i 

I 

LOW 

1 

r , 
c_ 

l 

I 
l· 
( 

! 
3 

4 

-) 

6 

'T 

J 
t 
I 

! ECS RA:;) OD111LE1r TEMP : 
I 

• I 
HO?JV-!.AL : > 30°F I a . 

LOW : <.30°F . ·b . 
l . 
1 
! -i:;;cc R.A.D1Af1l0R fflEMP 1 · 2 I _, 0 _ . • . ·· - _..;., , 

I 
a . . :BOTH ~'.JBr1!1'i.L 

b . OI·;E LOW 

c . BOS:H LOW 

Ve::-ify BCS B..AD 0~1 (A) 

Ver ify ECS BAD # 1 (B) 

OFF 

Open 

Verify 

"Jerify 

ECS RAD # 2 (A) - OFF 

I . . ECS RAD # 2 ( 3) - 0:;,eL 

:SCS RAD OUI'LEr:::' TEJ''l? 

( ;•Rf.f'.,,REi) 8 Y: -------- ! 
! =·-- = 1 Dr,E-

FL iG~l CREJ SU~PORT DI VISION 

~L967 
""-•~--------- ~ ! 

rJ..-~.. 27 ~ 
I 

30 

2 

29 

21 

3 

t 

5 

6 

7 

Li te t r igger : - 30° F . Glycol 
becomes slyshy @<.- 30°F ; if 
tern~ is not increased r adiator I 
fre~ ~ing is pr~babl~ :ith re~ . 
sul~ing loss 01 radia~or coo1- , 
i ng capability. Howeve::r , r a:ii 
ator outlet temp should not be 
mai ntained. ~ 30°F for extended 
periods to preclude slow recov 
er y response and progr essively 
poor er performance . 

2 . Trv to ascertai;1. which 
ra.di a,t;r u1ay be caus i ng probler:{ 

i 
t 

l 
! 

3- 6 . Ver ify valve pos1~1ons fol 
condition of =atiator outlet 
temp. ✓-:350 ·~ 

ENVIROJ\"J,SNTAL cmfrROJ.1 S Y'.3~EM 
1ViA:1:,Fi.TNC':0J:ON ?EOC~DLJ3..1.::;c; 

I r,?OL:..o Qf'E:RAT I Of~s HAirnaoo~\ 

t/, ,' 1]_ ~ ~REV;i' ·!: j,1"[, T~ 

·~ .,,, ,.. ,... ~ ··-·--•«- ·-------=-....... ~- !s1:c IO'- ',' . l . 6 ~rAGE 50 
--~---'----~-~ -~~ ~> --••--< 

-!f C ·:1i r:, -t.f J ~ ;1~ v Dae GS' 

-j 



I 

I 
I 

t 

I SYMPTO~l STEP PROCEDURE I r:X-!' REW,Rl\ S FAI LUili 
STEP E7 

-
a . LOW :.(_ 30°F 8 

b . NOfilv'f_AL : > 30°F - p 7b . Exercising radiator iso2-e,-
tion valves has alleviated 
probl em . 

,OTE : Radiator temp can be ' increased by diverting a portion 'of thd hot glycol from _the :9wnps to ti$ radiators by 

P::lE , ARED BY : 

t he GL1{COL EVAP TEr-1:P IN valve . However : ca-c;_tio.n should b e used. t o maintain 4C - 48° F evaporator 

evapo:tator outlet temperature varies wi th mode o f operation 40- 43° F in evap mode, 42 .... 48 ° F i .n n: i:z:ing mode 
temp in Jmi xipg) valve full closed, and t~en to 49- 5Q -5° F before the evap mode is ~nitiated. 

8 

9 

10 

I 

In 

12 

GLYCOL EVAP TEr-1:P I N ( sw) - MAN 

GLYCOL EVAP TEMP IN - max. cool 
(ccw) 

GLY EVAP QlJTLET TEr-iP : 

a . NORMAL : ) 40° , < 48° F 

b . LOW : .(_.6-0 ° F 

GLYCOL EVAP TEMP IN - to HEAT ' 
(cw) 

ECS RAD OUI1LET TEMP 

a . NORMAL : > 30° F 

b ; LOW : ·'('30° F 

FLIGHT CREW SU PPORT DIVISION 
DAT£ : 

9 

10 

12 

11 

10 

13 

9 

9. Divert max . hot glyc8l fl o~ 
to r aciiators . 

10 . Allow t i me for max . hot 
lycol flow to circulate 

through ECS radiators . 

11 . Divert some hot glycol 
flo~ to evaporator to mainta~n 
EVAP outlet temp >40° F' <4B°F 

12b . If ECS RAD OUTLET TEMP 
does not i ncrea se after seve~al 
attempts, proceed to step 17 -

ENVIRO:;.llMENTAL COI'IT'ROL sysr.rEM ! APOLLO OPC:Ri1T I a:i s Hf..N DBO!Jl( 1 
7 L~=-•--~ _______ , ___ _ ~Em . 27 : J_967 MALFUT[G:=1:i:CN }'ROC3.1} GR33 ,s ; c (_):1_'7 r~E V J<'IJ'i;\L 

~~--------! SECTION 'j . 1,6 },.',GE J-
.. ~~-~ FJ r'f. 40Q \ Rev G'3 r. 35 ) 



I 
f 

. ~ 

! 
~ 
u 

i 
I 
~ 

s,;;1rrn:,1 I STEP I PROCEDURE f ~cxr I Rn:ARKS I FtdLu::ti:: 

--------c:--· --•:'-----------~-----M - -
13 !GLYCOL EVAP TEMP IN (sw) - AUTO 1 14 l 13 . Reestablishes a.uto control 

14 IECS EVAP OUTLET 1IEMP 

15 

16 

a . 1'!0Rl"\1.AL : > 40° F 

b . LOW:< 40° F 

Switch e l ectrical pl i.lg from J38 
to J39. 

ECS EVAP ourLET TEMP 

a • . NORYJAL 

b . LOW 

17 

15 

16 

~ 

15 . Switch to spar e glycol ~n
let sensor that controls GLY 
EVAP TEMP I N (mixing) val ve . 

16a . Loss of r edundant sensor 
to Glycol Temp Contro l Unit . 

( 

16a . Glycol senscr ! 
-that in:9uts to Glycol 
~emp Control Unit 
failure . 

16b. Probable GLYCO 
EVAP TEMP i2:J valve o 
Glycol remp Control 
Unit failure. 

; r_g_n; : Los~ of e.rc.to :lnlct glycol temp . c:o:-i.t::-oJ. to glycol evap . Manual override of GLY EVAP TEMP IN vaJ.ve ce.n maintain 
~;\;~_-"!; . ou~let iS!my .> 4c°F , but will require constant crew ,attention.- Powering ·1.1p s/c :Electronics 8."C.d ini tia ti."'.10 

2/C "s low rolF to increase r adiator outlet temp . will alleviate cr ew attention to GLYCOL EVAP TEMP IN valve. However , 
t:r~c:::-ec1,secl water usage will result due to glycol evap . operation to maintai'.l glycol evap . outlet te:np t0 40- 43° F . 

l 
1 
i 
l f-R[PARED E'Y I 

17 :ECS RAD OUTLET S:EMP . 

18 

19 

a . LOW : l30°F 
b . NORM .. ll_L : > 30°:!;1 

,When :possible: Slow r oll s/c to 
r . . S -:\II" ,/ E .l., m,'.::.ximize un, r•1oon, ana or ar vn 

'r ,.e:i,ting · on both radia,tor surfaces 1, 

Power S/C to maximize heat into 
coldpi.ates . 

FLIGHT CRE~ SUPPORT OIVIS!ON 

18 
--➔ 117b. Transient condition . 

19 

20 

18 . Add external heat to 
radiato~ surfaces . 

19 . Add ~eat to glycol loop. 

I iiPOLL O OPE RAT I ON~ H:\NDBOOK - / 
. . . . ~ ;··-· 

j --------------~~ 
l s;c r-:, lr,cv ::;1T1111'.T ' 

'lr,"t-,,.. .. ,._- - .............. _.._._ ________ , _____ ._ __________ ~----------~----..... ~---~ ~-------- - ~~--'-5 :c_:~~-j . =- . 6 _j~:,:·[ . ·'jc~~-~--_J 
DATE: ,Jc..Il . 27 , 1967 

E.ffVIROJ;J'.1'.f.Ei\iTAL CON:VPDL SYSTEM 
i'!;_ALFl:?TC~ ION ?:S.C CED UP.ES 

, fi.: F \) , '11 IGO ( R '.; '/ [JO~ 6G ) 



SYM PTO ~\ 

t, 

t :.:i.. . (Cont) 
l 
1 
l 

I 

ECS R.ll..:OIATCR TEMP 
1 ( or 2) Lm 

P~E~·AR EO 6 '(: 

SiEP I PROCEDURE 

20 I ECS RAD OUTLET TEMP . 

a . NORJY""lAL : ) 30° F 

b . LOW : (30° F 

21 I ECS RAD #1 (or 2) A - OFF 

22 I ECS RAD #1 ( or 2) J3 - Ope.n 

23 I ECS RAD OUT TEMP l ( o~ 2) 

a . NORi.~L : >30°F 

b . LOH: 1( :/Jc- · F 

24 I ECS RAD OUTLET TEMP : 

a . LOW : <-30° F 

b . NORM.A.L : > 30° F 

FLIGHT CRE W SU PPORT J IVI Si ON I 
~ - - --------- . ,,.., r,/" -

• D I\TE, J CJ.'.'" • . c:..? . l 'jb( --~-:-~--I , 
r::;c tcr1i ~t-·J (f\Jv De c 32) 

l'◄ .::XT i REMARK S 
SiEP 

1 
~ I 20a. Mo:ni tor ECS racha tor 

temperatur es until stable con
dition established . 

22 

23 

24 

25 

25 

20b . Loss of r adiator cooling 
ca:9ability should. be expected . 
Glycol evaporator only cooli.n 
means available . If r8quire d : 
s/c ca.n be oriented so one of 
the radiators recieves :naximu_rn 

external heat from Sm:, l11oon 
or Earth . 

21- 23. Che ck for proper RAD 
configuration fo~ one RAD ou t -
10~ +emu l ow r" 0 ~~c11 i·~ v V ".J l __ _ • \-1-i v..L..J... v _ L, 

closed and B circuit open) 

31b . Exe~cising r adiator i s o
lation valves has ·alieviated 

FI\I UJ'. 

I 
EJ:JVIRON1''.iENTAL CONTROL SYSTE:-1 I APOL :.. IJ CP ER,, T l o~s HAN[)BQOit--1 

iV:ALFm,crrrc:r :2:s.ocrr:D7JR_r::s i::..=--:'.l~ 0 
~RE v "li'T\~fll _J 

_____ _,tSf..C T; f)~.j ':1 7 (.., f PI. G[ .--;, , 
-- , ..... ,,,~ ..,..,.._~~~__...~ __,,, ~""l•-c:..-... _ ___..;.:; . • 



;--- SY>P!C\JJ l STEP I PROCEDURE i ~;;{ I REMARKS I FAJLURE )7 
13::... (Cc\n t ) ! problem. 

;, 

' t 
i 
:1 • 
1 
I 

l 

:.:;AT I1ION: 

i 
25 Orient s/c with cold radiator 

towards heat sorce . 
26 25 . Maximize Sun , Moon : Eart h 

heating on radiat or surface . 

Monitor the other radiat or t o avoid loss due to being on the cold side and freeziI'-g 

26 

27 

28 

Power up S/ C 

ECS RAD OUTLET TE~IP : 

1 
f. 27 26 . Maximize heat input t o 

cold plates . 

a . t~ORMA.JJ : > 30 op - > I 27a . Problem alieviated . 

b . LOW: L-- 30 °P 28 

Per iodically □oni~or fo r indica- \ - - ~ 
tion of recovery ' 

27b . Loss of 0% of radiator 
cooling capab lity . 

l 
c o:npl etely . 

l 

I 

27b . Probabl e fr ozen 
radiat or #1 ( or #2) 

l RAD TE:MP I J\TDICATOR/ l SENS,JR MALFUNCT IOJ\T 
I ~,,-· A ·n - (Yi\T i uv J.Jt.-1.

1
.L J_ l. • 

29 1 IF : 
a . 
ON 
b . 

--~129. Loss of glycol temp C & W 
GLYCOL TEMP LOW C & W lite -! and combined ECS Rad outlet 

t e!Ilp indication . Us e ECS RAD 
OUT TEMP 1, 2 meter to moni tor 
radiat or o~t l e t temperatur e . 

29 . PROBABLE FAI LU1.{2:/ 
OF rrEMP SENSOR dri v - l 
i ng C ?,,:, W 1 i t e ancl I 
ECS RAD 0UTLE11 TEMP I 

2- 'l ..,v 

! 

ECS RAD OUTLET TEMP. 
LOW: L - 30°F 
c" ECS RAD OUT TE:rv.P 1 & 2: 
NQBJV.IAL : ) - 30 °P 

IF : 1- -}130 . Loss of radiat e~ gl yc ol 
a.. GLYCOL TEMP LOW C & W lite - outlet temp . low C & W indica-
ON 
b . EC S RAD OUTLET TEMP: 
?,'.)?EAL: 7-30°F 
c: . K:;S RAD OUT' '2:EMP l & 2: 
:7.'TCRMAL : > - 30°F 

t ion. Use meters t o moni t or 
tern~~ 

:n~ t er . 

30 . Probabl e C & W 
ci.r cu :'... t :ry failure. 

I 
I 

. ,... ___ ,"1<;2 _ ..,.._ • ~-- ~ ---·-------------- ------~---1-----..J..-~----------------,----- '----- ~-- -------! ! .,,~ ,:.,A:-1u, nY , _\ \ \ .-".)c_,1<'<- .11, ) I FLIG rl T CREW SUP PO RT 0 1v1s10N i 1\P:JL LO OPcRATICltlS HiV•rnsoo:\ I 
·--·------- •- ---'•-~--- I I I ' ~ --..--:-: '.>,/.~-:-.,,-/, ,,.,_,c,·.u I [)ATE: K~vIROI'Ti18lH AL CONTROL SYSI1El11 s ;c OPR['I F'Ci":"/\T, { 
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H '.ii'TG/i 

32 . HIGH E 
OUTLET TEMP 

CS Ri\D 
>97° F 

I STEP l 
I 

J_ 

• l 

I PROCEDURE I NEXT 
_ STE P 

~cs RADIATOR OUTLET TEMP . Ii -Z.-. 

a . BOTH NORlvJAL: <97 ° F --)1 
I 

b . 130TH HIGH : >97° F 0 
C.. 

c . 1 or 2 HIGH : >97° F 5. 

2 ECS RAD I NLET TEMP 

a . . L.._ 97 ° F 3. 

b . )'97° F 4 . 
; 

3 
I I GLYC81 TO RAD VALVE - CLOSE - } 

I 4 · 
I 

Power down -') 

' 
I 5 Verify RAD isolation valves (4) 6 . 
j ope:r: 

6 Orient s/c -.,-;i th hot R.A.D away fro · --p 
t.ee,t source . 

j 

i 
! 
i ··-

: P R E: ; 1, :1':D 5Y, 

1 
FLIGHT CREW SUP PORT □ i ViSION r r , •• , _______ ___,, I 

t DATE , -, ~ I 
r ·--~ · ---------- l ,Jan . ?.7 , .L 96 ( , 

REMA RKS FA!LU 

--
With ECS RAD OUTLET TEMP >97° F 
the evaporator will be unable t 
maintain normal EVAP OUTLET 
T:WlP (40- 43° F) 

. la, RAD 01 
S-ENSOR/CIR( 
FAILURE .. 

3. r< • ' ' • • C /M oerious nea -cing ir:. 0 J. • 3. Excess 
Possible fire or RCS firing on in s/M. 
RAD . ,-.-4 g:z 
4 . Refer to EPS Malfunction 

~ Procedure NO. 7 section 9 .1 . 4.3 
(Inverter 1, 2, or 3 ~190 ° F) 

/, 
! 
6 . Mo~i tor temps for r ecovery 6. Proba-o 

radiator r 
or s/c ori 

~ --

E 

TLET TEMJ? 
UITRY 

ve 

~ 
~ 

~ i 

e single 
stric~:i'.:'!l 
nt2,ti'.JJ1 

! 
--~---J 

A ? □ lLC OPERAY!D \ ~ aA~C3GCK I ,. 
is /c 0 7 ? l:1r: v Ji'INAi, 
!,-'..----" .-. - •• •- ,-· -·· , . r 

~-·:;~--·-;.,_ ~ ' .. . - ------- - ·=-~- .l-
\ sc:c. ~r cri 5) .1.: jrAG::: )') •-------~--~------~•--•w-. . ·-. .')·~ Fo,m .,t; U ( .:s v !:- n 60) 



I 
~ 

fG l yco 
I , 1 
1ou--c e 

i 
I 
i 

i 

t 
I 

! . 
I 
\ , 
" t 

' i"'PRC:fA 

-~ 
SHi?TO:\l 

:i.. evaporator 
t temp - HIGH 

t7S0 .S 

~---
clEO BY : 

L .. .,-.. -- -- ·-
P) :: Form 4GO (R:.v f.' A:; 6 ;?) 

; 
' I 

• 

! 

l 
l 

I 

. )---, 
STEP P?!OCEDURE NEXT REi~ARf(S FAILURE _ ! STEP ·--

TO BE DETERMINED 

l 
! 
I 

I 
' 

I 

; ,~-· FLIGHT CRE~ SUPPORT OlV!SlCN I 1'POLLC OPE RAT: ONS HMlD500K 

Jan ~n 9 1967 l .:::.r-1v .1...tt·_;~,1v.L61\'.t'i-U.1 v Ul\J'.:.'.uU.!...J ;:;r;:,·1·.2:iv.l !:--- --~--,-----· _ ·--
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L 

[7 
[" 

1· 

SYM PTOM STEP 

:: ~. (Com:,) 
✓ ./ 7 

8 

9 

PROCEDURE 

Ma int.aii! 45 : 3 °F a t GLY EVAP 
OUTLET ~'CH? wi th GLYCOL EVAP 
TEI'{F IN valve . 

GLY:'01.., :;·L-li' OuTLET TEMP 

a . ~ 60°F 

b . :;:, 60.:iF 

Power de,,~ -.: o main t ain GLYCOL 
EV P.? i..X-~LET '-60 °F 

( 
NEXT 
STEP 

REMARKS 

~I 7, Manual contr ol of GLY 
EVAP TEMP :i:N (MIXING) VALVE 
r equir ed . 

~1 Ba . Acceptable t emperatur e 

9 Sb . Tempera tur e t oo high 

' , 

7 -/ 
FAILUR E 

7, Sensor G£ c on
t r oller fail ure 

~~0-:1E : If una bl e to reduc e -:emper a :-1.;.re < 60 °F or power up requ i r ed , manually opera te evapora t or -r.:; o con t r ol ~V_L_~ 
01.:TLET TE~=:? • 

~ 
PREPARED BY • ~ i ,~ V• 

10 

11 

12 

13 

14 

-r-?7,0-¢~ 
/ ~/. / :~?n., f , ,,/ah_L 

MSC Form 460 ( Rev Dec 68) 

Sv.-:'._ -:- : ~: ~-\-_:..._~ SI\ISRS plug to r e
du~t a~-:- recep~ac l e (J 38 or J 39) 

GLYCOL ~VAP OUTLET TEMP 

a . Dec r ease s to NORMAL : 
40- 43°F 

b . Ho change 

GLYCOL EVAP STEAM PRESS - MAN 

11 10 . Check alter na -r.:;e set of 
s ens or s f or evaporat or cont r ol 

~I lla . Sensor r edundancy lost 

12 

13 

lla . J 33 or J39 s en
sors fa i l ed 

GLYCOL EVAP STEAM PRESS swi t ch -I 14 
DECR 

GL':"CO~ EVA.P STEAM PRESS 

a . Decr eases 

b . No change 

FLIGHT CREI SUPPORT DIVISION 
DATE, 

15 l4a ~ Poss ible l oss of aut o
ma t ic back pr e ssur e c ont r ol 

31 14b . Steam duc t blocked 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTI ON PROCEDURES 

APOLLO OPERATIONS HANDBOOI 
S/C 204 JREV 

a 1 /' I . -..., SECT I ON / , , 0 PAGE _2 ( 

--~--



r 
) 

SY MP TOIi STEP 

I- I 33 , (Cont ) 15 

16 

17 
1-

18 

l.J 

20 

21 

22 

23 

24 

__c:-----
PREPARED BY• ~ ~\._~6'___.A._J 

. ~ -t?-~~~A 
.£ ~ bnv-,.A 

.... MSC For m ~60 ( Rev Dec 88) 

\ 

PROCEDURE 

GLYCl'L .2\'Xt UlJ":C LET I1EMP 

a . _:_\.? --::reases 

b . i~ o .::i1ange 

NEXT 
STEP 

16 

17 

REMARKS 
·-

FA I LURE 

Mar:.:pl .. late '.;LY EVAP STEAM PRESS-1 ~ 116 . Maintain Glycol ~vapora
INCR 1D3CR swi t ch tor outlet temperature 40- 43°F 

16 . C-lyc c,l Evap com
t r oller fa i l ure . 

P1ug EVAP TEMP SENSOR UNIT into 
EVAP SNSRS J38 or J 39 

EVAP TEMP SENSOR UNIT swi tch -
WI CK 

-.HCK tem :P 

a.< 4J°F 

b .::> 40°F 

GLY EVAF STEAJ1 PRESS swi t ch -
increase until WICK temp >40 °F 

GLY EVAP STE.AJ1 PRESS swi t ch -
AUTO 

GLYCOL EV_.<\P OUTLET TEMP 

a . 40- 43 °F 

b . >43°F 

18 

19 

20 

23 

21 

22 

~ I 22a. Frozen evap probably 
caused by t r ansient condi t ion 

24 

19a . EVA? F~ozen 

GLYCOL EVAP STEAM PRESS swi tch -I 24 
AUTO 

EVAP TEMP SENSOR UNIT - NULL 

FLIGHT CREW SUPPORT DIVISION 
DATE , 

25 

ENVIRONMENTAL CONTROL SYSI'E.M 
ViALFUNCT I ON PROCEDt1RES 

APOLLO OPERATIONS HANDBOOK 
S/C 2Q.4_ I RE V 

SECTI ON 9 . 1.6 j PAGE JC 



I 

I 

SYMPT OM 

33 . (c ".n-'-) u __ L, 

,---.. 

STEP 

25 

26 

27 

28 

29 

30 

31 

32 

PREPAR ED BY' .....\ < :tsaaD -
;7' ,a . n-? r ~ __ -,,, 

R . ~~-'71.>. ~ 
ll, MSC Form ~60 (Rev Dec 68) -----~-

PROCEDURE 

Nan i p-J.l a :s GLY EVAP H20 swi t ch 
b 2 t -1•:E2:: J :; and OFF. 

GLY ~-.-_:.,_? Oli~LET TEMP 

a . 48-43°:51 

b . >43°F 

EV l-_: ii./) -;ral Ve - OFF 

E2-:-_::._ :-; -.:_::__ s_-:s ~LY EVAP WATER CON
r:i:1ROL 3'::?0SS valve between ON 
and OF? 

GLY 3VAP QTJTLET TEMP 

a . 48-43°:F 

b .> 43°F 

Power down t o maint ain EVAP 
OUTLET T~JV!P <60 °F 

Cycle STE.AN/ URINE DUCT HTR CB 's 
MN .A & MN B. 

GLY EVA.P STEAM PRESS swi tch -
AUTO 

FLIGHT CREW SUPPORT DIVISION 
DATE I 

NEXT 
STEP 

26 

~ 

27 

28 

29 

REMARKS 

25. Ifa:11.;.a l 8CJY ... ~~o l of wa te r 
to wick . 

26a . Auto::-ia -;:; i c EYt-tP control 
los t (wa ter only ) . 11anual con
t r ol ;ossibls ~~s n ~s ~ui red 
us ing ~-uLL pos i t i on of EVAP 
TEMP S:SHSO:::t UlTI~ -,,0 cont r ol 
water f lo~ ~i t t s~i:ch . 

.28 . Manua l c on::c·c, ::_ :::, f -t1a t er 
to wick 

~ I 29a . Macu.a l bypas s v"l y ',ra ter 
c ont r ol ~o evap wi ck . Con
t inue manua l opera :::._c~ as re 
quired . Reaui r es c r s~rna :i a t 
LHEB . 

30 

~ I 30 . Evaporat or unusable . 

32 

33 

1---
FA-ILURE 

26a. GLY ~v":...? con
t r ol l .:;r (-,,-e.~sr sec
ti on) c ~~t r :::,l ler 
f a ilurs . 

29a . EVP-3? -vr_t..~ER valve 
e l ec t rica l [ailur e . 

29b c :SVA? fa i l ure 

APOLLO OPERATIONS HANDBOOl 
ENVIRONMENTAL co:NTROL S~ST:Sr1 

MALFUNCTION PROCEDURES 
s1c 2 0_4_ IREV 

SECT I ON 2__. l. 6 IPAGE 59 
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f · 

' I' ' 

~.·· 

.. 

~ 
. !•. 
t; 
r j 

SY MP TOIi STEP 

33 . ( Cont) 33 

34 

35 

-z;~ ./ . ._,, 

37 

PROCEDURE 

GLY EV i\i' 1
'. , '-' S\•; i t ch - OFF 

Orient s ·c with s t eam dlict out 
le-c to 1112 a cs o1-,rce . 

Monitor CLY EVAP OUTLET' TEMP 

a . Decreases 

b . No decrease 

0 T v .:;,,~ · --. H n - . .; - ~.,- : -,,~ 
\J.u.,_ .'....!\' _-er "

2
v S :·,_ ·_1.,;ri - :-. \J1. U 

NEXT 
STEP 

34 

35 

36 

37 

REMARKS 

33 . Pr event s added we.: er in
flow to evapora t or . 

34 . Attempt to tha~ fr ozen 
duct outle t . Time r e~liirsd may 
be exc essive . 

35a . Duc t cl ear and 8oil i ng 
resumed . 

~ I 36 . EVAP oper atior_ 
r e s -cabilished . 

?ol',-er dO\·m to mai::"te.b F/v-.AI? OUT-I~ 
LET TEMP 60°F 

37 . Evaporator unliS2 Jle as 
long as s team due~ blocked . 

FAILURE 
;-

37 , Blocked steam 
duct . 

WARNING: CAB I N PRESSGRE RELIEF may no t be possible thrm.:i_gh ' s team' duct . 

s: =:---. 
PREPARED BY 1. ~\::sa,1,(',t',A 

r._o ./#~ DATE 1 

E, i~..,...a.,,.,,, 1... L' 
MSC Form 460 ( Rev Dec 88) 

FLIGHT CREW SUPPORT DIVISION 

ENVIRONMENTAL CONTROL SYST:SM 
MALFUNCTI ON PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 20,1 jREv 
SECTION 9 .1. 6 )PA GE. -bO 



1·-- ·=- 1------,.----.---------- ------ -------v 
N~ I i REMARKS I 

--~7 
\ 

~+ 
sn;:--rn>: 

;Gly:::ol evaporator 
! OiJ.,.let temp - LOU 

l l~4o•F) 
I 
t 

r 

STE.., ?RO CED UR •• 

TO BE DETEP~IINED 

FAi LUIE 
S'iE? I - (·------

I 

·-·-1 
i 

' 

l I I LJ I ,~'.,,, oPrnm ~•" ~~'~,'°'.' J 
L_, ,s;c Qlc !" ' ,foAl. 

p,o:p:,RE D 3Y: 

I --~~--------~------- !---,-------- --•·------ --------FLI GHT CREW SUPPORT G!VlSIOH 

1---·--- -
DATE, 

Ja:'° 27, :..967 El'fVIRCJ:Jvf.i.:N~AL CONTROL SYSTEM •'. ·-.............. __ "c-_ ... ~ _., 

' · ;.2':, !'cir!" 420 (~r: ✓ !;er 

i'JJ~,Th-:i 0T I C)}T PROCEDUFJ!~S -------------'---------~-~-~----~~~------e1:--- --~--G6 j 
~.3EC'( Or~ 9., ·l~6 ~r AGE E.~1 



SYMPTOM STEP 

54 . LJi,..- -.:;1yco1 
EVAPORA~·'-_,S, '.}JTLET 
TEMPERA ~-~2::== : '- 4 0 ° F . 

___c;:-:---..,. 
PREPARED BY 1 ~ \. \;::SCl,k"p_,0 

7 ~d?0v:6.c1~1 
/;~l-:L~ .,,~~ 

- M~r: For m 460 (Rev -Dec 8_!1) 

l 

2 

,J 

4 

5 

6 

7 

PROCEDURE 

:32 S ?__.:-_J Of~LErr TEMP 

a. '> 48- 50 . 5°F 

b.L 42°F 

s,.,,ri ten ~v_:.,._:p SENSOR plug to r e
dundant jack (J38 or J 39) 

GLY ~~-q_p OUTLET TEMP 

NEXT 
STEP 

12 

2 

3 

REMARKS 

l'\ ormal r, empe ra tur e r ange 40-
50 . 50F depending on operat i on 
mode . 

la . ~vaporator opsrat i ng wi th 
excessive boiling 

l b . GLY EVAP TEMP rn ( t1IXING) 
VALVE no t allowing adequate 
Glyco l bypass 

FAILURE 
) 

a . Increases to normal (42-48°F1~1 3a. Loss of redundant sensors . 13a. Sens or failure . 

b . Ko change I 4 

GLYC OL EV.AP TEMP IN swit ch - MJ\JJ 

GLYCOL EVAP TEMP IN valve - CW 
(HEAT) 

GLY EVAP OUTLET TEMP 

a. Increases to norcial (42- 48°F 

b . No change 

Adjus t for 45° + 3°F at GLYCOL 
EV_.l\..P OUTLET TEMP . 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

5 

6 

7 7a . Automatic Glycol 
mixi ng control lost . 

8 6b . Possibl e indica~or failure 

~17• Manual control of mixing 
valve required when ECS RAD 
OUTLET TEMP 3B°F to prevent 
wick freezing 

APOLLO OPERATIONS HANDBOOK 
EJ\TVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
5/C 204 jRE V 

SECT ION 9 .1. 6 IP AGE C7 
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I· 

1: 

I-

) 
SY.Mi.TOM 

34 . ( Cont) 

c----... l 
PREPARED BY, -l,1:5'CU<f..l , 

.SJEP 

8 

9 

10 

11 

12 

13 

14 

15 

16 

I-??-.,#.<~('A?< ,, .J, 

R, r:a,.;LJ,av, ~ 
MSC Form (60 (Rev Dec 88) 

PROCEDURE 

GLYCOL EVAP 'i1EMI' IN s,,i t ch -
AUTO 

Plug EVAP TEMP SENSOR UNIT into 
EVAP SiifSRS J 3S or J39 

EVAP TEMP SENSOH UNIT - INLET 

Evapora tor INLET TEMP 

a . 45°F + 3°F 

b . ~ 42 °r' 

Swit ch EVAP SENSOR plug to r e
dundant jack (J 38 or J39) 

GLY EVAP OUTLET TEMP 

a. 40° -43°F 

b . 1'T o change 

.! 
,I 

NEXT I REMARKS 
STEP -

9 

10 

11 

~ 

--:>I llb . Glycol oypass l os ~. Ra
diator out le t tem~er a~ure must 
be maintained >35° tc prevent 
evaporator wick freezing 

13 

I J 
FAILURE 

lla . GLY E•TJ.2 :JUTLET 
TEMP ·indicator f ail
ure 

llb . GLYCGL EVA? ~:2.:l'Ir 
IN ( lliIXIHr;) val ve 
failed closed . 

--:)-I 13a . Normal tem:;:ieratur e . Loss 113a . Sensor faih;.re . 
of redundant senso~ . 

14 

GLYCOL EVAP STEAM PRESS - MAN I 15 

GLYCOL EVAP STEAM PRESS swi t ch -I 16 
INCR (Monitor STEAM PRESS gage) 

GLY EVAP STEAM PRESS 

a. Increases 

b • No chan_ge 
FLIGHT CREW SUPPORT DIVISION 

DATE 1 

17 116a. Loss of automat ic back 
pressure control 

23 

16a. Glycol Evap con
t r oller failed 

APOLLO OPERATIONS HANDBOOI 
ENl!IRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
S/C 204 
SECTION 9 . l.6 

I RE y 

]P~GE (:;2 



f; 
~ .... 1 

:. 

34 . 

SYMPTOM 

( rr,-,,.., -'- l 
\ V ._, __ , / 

STEP 

17 

18 

19 

20 

21 

22 

23 

PROCEDURE 

- ~ 

NEXT 
STEP 

REMARKS 

Manipul ate GLY EVJJl s:=:~;__:.: :??..z:SS I 18 
INCR/DECR swi tch to cont r 'Jl o·).-: -

17 . Manual cont rol of back 
pressure . 

le t t emp . 

GLY EVAP OUTLET TEiviP 

a . 40° - 43°F 

b . <40"F 

Plug EVAP TEMP SENSOR UlTIT' i~l t o 
EVAP SNSRS J38 or J39 , 

EV AP T.2MP SElJSOR 1JIH~ - -viL; K 

WI CK TEMP 

a . ) 40°F 

b . ( 40°F 

GLYCOL EVAP STEAM PRESS - AUTO 

~ .I 18a . Con t. inue manual control as 
r eQuired 

l ~ t1 ~b . Possible ind ica ~o~ fa ilure 

20 

21 

22 

23 

~122 . Automat ic operation of 
evaporator r e- established . 

GLYCOL EV.AP H2o FLOW s1·1i t ch - OF:Fl ~ 123 . De- ener gizes Glycol Evap
or ator operation . 

FAILURE 
) --. 

21a . GLY EVAP OUTLET 
TEMP i ndic2. tor fa ~l 
ure . 

23 . Back pressure 
cont r oller failed . 

~ : Maint~in Radiat or outlet temperature < 60 °F . For hifli load c onditions and entry t he glycol evaporat or can be 
used, but not recommended for normal operation due to probable fre ezing and i neffi eient H

2
0 usags . 

c---..... 
PREPARED BY: ~ :113cu<i0 

Y-c' .__m7~r;h.~- .J~ 

_£_/;f;,,~~ 
N~r. r orm 460 (Rev Dec 66 

FLIGHT CREW SUPPORT DIVISION 
DATE , El-JvIRON11ENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HAHDBOOI 
5/ C 204 (RE V 

S ECT ION 9 . 1. 6 IP AGE 63_ 



--~- -·--. ...._ I wdr I ' ,---g 
~ SHi?T f:' '.'. STEP PRC CED UR E RE~1ARK S FAILURE 

~~ 
I STE P 

~ ....... ,....__._ 
f , 

tPfu~0S GLY D!SCH - TO BE DETERMINED 
I' 

~.3+ !LOW 
; 
~ . 

' \ 

t • 
I 
! 
; 
l 
I 
(. 

I ' ' i 
~ 

f 
I r 
r 
f 
\ ; 
l 
i 
! GLY ACCUM QUANTITY -
;~~:Siri LOW 

TO BE DETEPJVIINED 

• 
> 

\ 

I i 

' \ 
I j 1 r . 
t 
( 

t i ' ~ i 

' 
I 

' i 

.I, I 
I 

i 
! 

~ 

I I 
I 

I . I i 
t :: RF. P ,1 RED 8 ~: t FLIGHT CREW SUPPO RT O! VISION APOLLO CP~RAT!O~S HANODOO~ - I E:tfVIRONMEN'I1A1 CON~ROL SYS'I1:S:,1 S/C 012 l "? EV PINAL I 1 I DATE , Jan 27' 196'7 i t, ~.__,,, ____ . 

i J\1ALF'-JFCTION PROCEDURES SEC, 10'<9,l.b !? AGE 0~. . ! 
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1: · 
r~~ 

SYMPTOM 

1 1 37 . PRESS GLY 
DISCH - LOW: ~ 34 
PSIA or decreasing 

1 1 GLY ACCUM QUANTITY 
LOW: <:: 30% 

STEP 

1 

2 

3 

4 

I · 
5 

6 

I 

I' 

1 
.r=::. 

PREPARED BY, ~,J::'.XlJ<&:V 
/.& -L2?~~/ 

7 

_,f'__, /~~ril').,., 
MS C Form 460 (Rev Dec 66) 

PROCEDURE 

GLY _ACCUM QUANT ITY: 

NEXT 
STEP 

REMARKS FAILURE 

a . NORMAL : 30- 60'.fo ( and s t eady) I 18 
-,-f ( • b . LOW : < 301:- and/ or decreas-

i ng) 

GLYCOL ACCD~1ULATOR valve - OFF 
(cw) 

GLY ACCDI'-1 1rAlfi1I TY 

a . Decreasing 

b . Stabi lized 

2 

3 

4 

5 

l b . Sys t em leakage . 

2 . Isolates accumulator 

3b . Glycol accum not leaking. 

3a . Glycol accumula
t or leaking 

GLYCOL RESERVOIR INLET val ve- 8N I~ I 4 . Reservoir r eplaces accun u.la 
tor for remainder of mi ss ion . 

GLYCOL ACCUMULATOR valve- ON ( CC1,,J 

~LY ~J RAD val ve - CLOSE 

PRESS GLY DISCH : 

a. Remains LOW 

b . NORYlAL : ) 34 psia 

GLY TO RAD valve - O?EN 

FLIGHT CREW SUPPORT DIVISION 
DATE , 

6 

7 

14 
8 

9 

6. As suJnes GLYCOL PRESS RELIEF 
BYPASS valve s - OPEl'J . Bypas ses 
all glycol fl ow around radiator 
Not t o exceed 30 minutes to 
avoid r adiator f r ee zi ng . 

?b . Pr obable leak i n ECS radi
a tors. 

APOLLO OPERATIONS· HANDBOOK 
El-NIRONMENTAL CONTROL SYSTEM 

MA.LFUNCTI ON PROCEDURES 
S /C 204 f REV 

SE CT I ON 9 . 1. 6 ) PAG E t'4 



SYMPTOM 

37 . (Cont) 

~ 

STEP 

15 

16 

17 

18 

19 

20 

PREPA RED BY 1 .j ~ \\-::xa..wPJ) 
r o . 1~~~----... ~ 

8 r 
~ --->_,, 

MSC Form 460 (Rev Dec BB) 

PROCEDU RE 

SUIT EVAP GLYCOL va lve - OFF 

PRESS- GLY DISCH 

a . Remains LOW: 

b . NORMAL : 

f 

NEXT 
STEP 

16 

17 

REHRKS 

15 . Directs glyc ol flow around 
sui t heat exchange r 
7/'::::f67 W,,,tL,,/~ ,.c,,~ 
~a....,~-~ 

16a . Unable to isol ate glyc ol 
system leakage . Eventual loss 
of entir e gl yc ol supply wi th 
resulting loss of total space
craft t hermal co~trol 

FAILURE 
r 

16a . Glyc0l system 
leakag~ . 

I )l l6b. Loss of sui t cooling capa- 16b . Glyc ol lsak in
bi l i ty wi th sui t heat exchanger ternal t o suit heat 
Suit evap . only means available e:zchar1gs r . 
f or sui t circuit cooling . 

SUIT 2,VJ.:P GLYCOL valve - ON I ) 

ECS GLYCOL PUMP SELECTOR ~dITCH-1 18 
Select alterna te f UI!lP and/ or bus 

~I cB,., 
PRESS- GLYCOL DI SC 

a . NQrrr,al : > 34 ps ia 

b . Remains LOW : 

MSFN CF0550P 

~l l9a . Pump or bus r edundancy 
los t . Continue opera t i on on 
ac t ive bus or func t ional gly
col pUI!lp 

20 

20 . Check glycol P across cold 
place net# 2 . 

19a . Elec trical or 
puJTip failur e . 

a. NORMAL : ~l 20a . Los s a t glycol pUI!lp outlet 20a . Glycol Pumps 

'-

pressure i nd icaticn . Use Outlet Pr es s . Sens or 

FLIGHT CREW SUPPORT DIVISION 
D ATE 1 

CF0550P as glyc ol fl ow indica- / Circuitry Failure. 
tion 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APO LLO OPERAT IONS HANDBOOK 
S/ C 20_4__ _ [RE V 

SECT( ON 9 .1. 6 J PAGE 66 



.,, 

SYMPTOM STEP PROCEDURE 

37 . ( Con-c) b . LOW : 

" PREPARED BY I -l \ ~<W FLIGHT CREW SUPPORT DIVISION 

To./#.~~/"'' DATE 1 

R. /~~/'>~ 
MSC Form (60 (Rev Dec 68) -------

NEXT 
STEP REMARKS 

')----. 
FAILURE 

I )I 20b . Compl ete loss or degraded 20b . B(/['}J ~LYSOL 
glycol pump capabil i -cy . Pr ob- PUMPS or c i rcuitr y 
able loss of spacecraf t therma l failure . 
cont r ol. 

ENVIRONMENTAL CONTROL SYS~EN 
IViALFUNCTION PIWCEDTJRES 

APOLLO OPERATIONS HANDBOOl 
5 /C 204 jREV 

SECTION 9 . 1. 6 IPAGE 67 



---- r ✓--- .-
s·u.:~TGM 1ft.:TEP PRO GED URE NE .;T t RHlJ\RK S . STEP 

~·--~··•--- . I ! 

33 . GLY ACSUM 1 Verify I 2 j1. Establish sys t e:n configure.-
~)lJA::.JTITY - HIGH : · · 1 tion 

l increasing;, 70% I :: 
c . 

GLYCOL ACCUM S/0 valve- OPEN 
GLYCOL RESERVE valve- CLOSED 
GLYCOL RESERVO I R INLET/OUT-

LET valves - CLOSED 
d . GLYCOL RESERVOIR BYPASS 
valve - .OPEN 

F U'.(E 

:?'TOTE : Glycol acc1JJilU□u.latcir pressure is referenced to Cabin ~PressD.re - hence any glycol accuJnulat0r qnant i Jcy .C.100% 
~ -;-~ot result in coolant loop overpressurization . Nor mal accuJnul ator quantity 30- 60%. 

2 

3 

5 

6 

GLYCOL RESERVOIR I NLET valve -
OPEN 

GLY ACCUM QUANTITY indicator 

c-.._ • • ?CP/o ~ 
b . ~Jo decrease ilZr··.....) 

GLYCOL RESERVOIR )TNLET 
CLOSED Cct-1 ,ot~ . . , 

GLY ..ACC:.1?1 QU.AiiTITY 

valve -

a . ReT1;2.ins normal or s low 
increas-2-

b . Rapid increase 

GLYCOL RESERVOIR TNLET v2.l ve -
OPEN 

l"'':Ti"1~PA ;{ ED R'~ , ~, ·1--.;; .. , ) ..>f> , ) l-' Ll G!H cr~rn Su~'P2R T Dl V!S'.JN j 
_,. . ~...- '- 1 1 ;,- ~ r ,. , 

f ~>-: t;"'·· / ':'.;•·:;,;-;,:...Va;-,. ,-:,.,-_t ·,( <;- I) ATE: - - . ' ~ ~ j 

,---.... 

3 

4 
~ 

5 

2 . Permits transfer of glycol 
from acsumulator t o reservoir . 

~ - ~, .. ) 
3b . Quantity indication lost, 
use res er voir for positive 
accumulator a ction . 

--~ i Sa . Repeat steps 3-4 as re 
quired -:-;o r.ie.intain normal 
preSSlJ.Te. 

6 

- ~ ::-. 
/ 

6. Glycol r esGrvoir used for 
ac.currula tor a.ct ion · 

3b'. Indicator 
failure 

Sa . Slow leakage of 
GLYCOL RESERVE valve 

5b . Large leakage of 
GLYCOL RESERVE valve . 

ENVJR01Cl'1S:ifTAL C·)i'T'l1FWL S-'t 2ri:1:sT.vI 
r-·:~~}T5~_l(l~}O;iS , ; A ri □!_ o_n ;~ _J 
f s;c C•l.? ! <i : v .'..''U•J'd.1 ! 
t •---- ·-·--~---- ------~ - ~- --~ .,~------ ~-----·- - ---~--- ··---· J.A'11 ,'7 I C,t 7 ! ' _; ;,;·· F o 1,;; ,,3 a<;~ a1.>~1~-; ~:·~~;'i-½,J ' · , ~ ' c. 

1 1 

- ./ , • 

Mt~ LFTTNCrr1 Tffi:- Dpn,'"'EDURES i ,· Er-, .., ,_ 'l ·1 6 i·,H:= 68 l •- """------~- -V=--• _:_-:, '- -\ - ._ ,.__, v ;~~:;_:__,.;., _•_.,;'.,:_-_:_._
1 

,..,., _ _ ____ J 



~~- - J ---- 1----------,,------- r~ , 
l SYM PT Oh;"' . I STEP I PROCEDURE NE :,l ! RErr! A?.K S FAILU RE ! 
) I STEP I 
," ~- l 

! 41. PO'J:1ABL:C EOT ! 
t ~1

2
0 TEfvIPEHATURE LOW ! 

I 7 I porn H O = A.TER ! , - I ~ .L -2 = -

( 
~ 
' ~ 
~ 

~ 

~ 

I 
~ 

i 

2 

7., .,. 

4 

c::. . OFF 

o . MN A or B 

POT H
2

0 BMTER · - Jll[N A or B 

POT ·H20 HEATER - alternate Bus 
(1'11\f A or B) 

EOT H
2

0 TEMP . 

I 
F'· · 
' ; 
i 
!, 

'o. 
i 

! 
( 

Tnc:cee,ses 

No Increase 

2 

:z, 
./ 

~ 

4 

-~ 

➔ 

2 . Inadvertant switch pos i t i on 

I 
I 
I 
i I 

4a . Power s up:9ly r edundancy j4a . Circui t r y ~ .. s,ilurb 
l ost . Approx. one hour r ecovsry jf rorn J\fiiJ A or B t.1.:.s . 
time required . I 
4b. Hoi H

2
0 suppl y lost or re - l4b . Heate~ failured 

cover y t i me extended . · l or a.egraded . Leiss 
of one or both heater 
e l ernen ts . 

I I I 

r. __ L-- -- ,- ) I I C l 
i P R '.::P t. liED _'3Y : ·~ .:,,.l -.o l-! O .. ) I FLI GliT CR!: ',t SIJ PP CRT O!V!SION ~ E~'TVIRO:t\11'"1EHTAL CO~ROL SYSTEM l .'\POLLO OP ERATIO',S HANDB OOK 
) ,.~-~~----... . -.. , ---......,-- -- 1 -- ~ •s Q7 •) i - · ,:;i·r,rn 
,, J , G-) .,✓ ... •v: :- ·,'-, .... ,?'",'-C-/·t, ! D A I t.: . I 111A.1 - -:1· r:rrTON n,... 0 0,..,D-F:i.S"' p / C ) .,. ,_ . 1Rc. 1 ,_J\,_~--,----c ' .. ~.===_✓• /_.:,--,i~--_.(,,:..::_=--:•<, __ ., : JA}; 2/, 1967 ~ l _._, _cl,,,!_., __ ~ - r~°'..' v .c.i ·~ .t '·v 1S ECT l ON ) . J , () i'~'.:,G~--0~ 

~ ~ ... C t' :: r I:, .. ; 1 C ~ n c t-1 Jc c f .. J ) 



SYr.:PTO~: I STE-;-1 PROCEDURE r ~~~~ :-: EMA RKS FA ILURE 

~42. POTABLE H20 
ll ~TJA.:;J1I1 I TY fails to 

J:,1creac,e o-::-i trans - · 
1 f,:,r·· . .., ~ 

1 . I WASTE H
2 

0 TK REFILL - 2 (alter 
lnate _ tan.le) 

2 . iWATE:S. Q,UA:'TTITY (?o taole) 

a . I NCRR'\.SES 

b . NO I NCREASE 

3 lcon.1..; ~ ,J.c v.o .,,.,ma, +r<e>ns fe~~ p·,,.o • L, _ _ ._ .f.· ._ ,.;._ _._. - " J.. v - a .. _i,,,... _!_ ...1... -

4 . 

lceciure 

j,,IATE:a QUANTITY (Potable) 
i 
Ja . :'TO CF.ANGE 
i 

! 
! 

Assmne p:r-o:per valve configurc.
tion and. H

2
0. I ND switch - POT. 

2 . 11 . Attempts transfer from re
a.undan ~ SM tank . 

--:> I 2a . One SM WASTE H
2 

0 TAJ\TK 
u:'lusable or empty . 

3 . 

4 . 13. l'fo e ·.ridence of transfer on 
qu.a:nity inoicator; however, 
t :!.'2.nsfe::- J1e.y- be :i..r~ 
indicator fail ed . 

pr og:;:-ess : . .I 

I I ; 

I l I 

No . 1 or 2 SM 
~~S~E HO SOLENOID . - ? 
S/0 Val v-2 C::::' e;ircui-·· 
t ry f a ilure . 

\ ' j I ~ f 4.;;. . Mcni -'-.;or HSFN GF 0126 :? fo:.' i L!.a . Gage .failure 
~ 

lnrssstu:e i~crease to overcome !· 
; -~/,',.ST:C 1.I1A:.-rK INI.:BS:· & RE:GI:;:i:?' ,_:J,1/-TE I 
I/\ 'P - ; ,,1d-i CP +-·' r [J' f u l I P"J"A-;i,T E- I !'.i,irrr.;: . -·-~;8;: ·-·;.;~i to;-NsFi · . .J..J •• • 

!8FOJ27P for i ncresse indicat ing 
I . • ., .;.. ~ ~ Ir ,~ , I 7 

I ,.1 U A . .: ,.~ @ _, a . r-_ J. U ___ .,_ 
'w,e.X~! 

i,o D7=,7CRT:;r,s~s 1---'< 4:". ,,'c:,+e r rl-i ,.:J .,,.,0.1., ·+r::.·,-,sf,-o= , J.,;J _-1:JJ-.... L '" V '" d t_..., Li - -...-... ... . 1..A. L.;. V .J- ~L.'. • ._, _ • 

l,:) ~~,:i1-1c ,.·~ .,_e,~ o,,., ·, " c,,·1= a •.. :,.1."'r 
J.. ..._; L,C ... ;_, ,_... '1/\Cl.l, • - • L.i. - - J 1-•. • \...- - - ~-' ,\c; ... 1.,,,1::,.. _ 

i . I I L1. 'o l\T t~n ,~,,-,.. f ' L.-r s·1~s•-I • l ', ? •-O ,c,::,.,_1::,__ ,./ 

I +ern ,., ~~ 1-,·re or .1·· ~ nc, I ..1 .:. ,. .1, .;...0 ... _L _ I ...... _ · _ ...1.. .,_ ,._, 

l"r. 7 ,-. .,,.,.c,,...c, 
t ",.)..;...._, - .L)..U,t:,, _, • 

! 
I f sup::pl;r r -3rna1nJ.ng . 

_ WA_,_-q~TNG : Moni tor fv.e l cells i'or pos sible f loodi r,f; 
•u• ,( . "\ ! ____ ; _______ _____ _____ ~-----;----~-----~-- -----~---:------•-~---••••----~-----
( " i• Er\RE D BY : ' -~\ ::::v~·i:.-.t·l<F".,\.} '-=._ FLIGHT GRE';'I SUP?ORT f.'iViSlON i E:l:{\T~!._RO~Ji'v;J:;~:l[•AL WNTTI)L SYST~l '1 ~_E_;:_1:,v f'PE!':ATIOr:s i: M, JclOOl, ! 

'"-· • -~r .. - -. -..-...." - ~ .. ----·--•= 1· - I\ - T....,.- •.-.., - ~ "' -,- -,,-, ._. '!'"T""' ,...._ ~..._- ,'"\7 •·"'\ t ,I TJ•, ." I 1• 

1/ <') .. 1/.'~1.-?-vS:/ "!.·:---L_;,,.-y,-~ ... -~t-L,_ Dt\l E: M~1..L.t1j_,.\ CJ1J i_;N rl·t'JS .!.~JJ,; .. b:.~.0 J.., ,1 c '.J.L,::. JR F V .t·_ ... -. . '..,-1 , 
' ~--~--~,-· .... -'--1-,:. . , ;· .. T~r "7 ic,,~7 I . 1·:~_:-:~-s"-:; --·.-.--. - - ,:-.--- -:71----·-. 
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f 
I SYl.ii' 1 Ci:i 

43 . WATER QU.Al'TTITY 
DECREASE RATE HIGH 

I STEP I PR!JCEDURE 

I 
1 WASTE TANK WATER & RELIEF VALVE 

- CLOSE 

2 WATER usage rate 

a . Normal 

! 
I 
I 

I 
b . High 

3 I WASTE TAf\.-i{ WATER & RELIEF 

4 

! 

i 5 

I t) 

VALVE - AUTO 

WATER CONTROL PRESSURE RELIEF -
OFF 

WA1'ER Q,D"LNTII1Y 

a . Dec~eas9 rate normal. 

b . Decrease rate remains hi gh 

W~1.rER. CONTROL PRESSD:'-ill RELIEF- 1 

I 

I \1.:i.T RaiARKS 
STEP 

2 If' 

,--to;> 12a . Potable water being used 
with waste water . Waste 

3 

4 

5 

6 

tank Inlet Relief valve 
must be operated i::-.12..n-J.ally, 
and closed for water 
-!-ransfer . 

ORate of decrease on Potable 
\~ Wate:- qua::'.lti ty i::'.ldicato:-c

greater than expected for 
operation mode or as i~dicated 

i -by MSFK . r 

--y I 5b . Moni tor ca bin hu:nidi ty .. 
Check for water in CM . 

7 

I FAILURE 

2a. Waste Tank 
Inlet Relie: 
valve failure . 

Sb . Line leakage . 

l I . 
l. j 1' i l 

,::i c: PARED sv, ._ FLIGHT CKE ¥! s_u?PORT D1v1s10N ENVIRO:\TJ'1E.L'\JTAL CONTROL SYSTEM AP OLLO crrn Ar10 :~ s HAN DBOOK ! 
DATE: l ll/fl, - •·c"TCrri -- ()"- T.,o oc·,-:,-7 ·i:;·c< S/C 2C4 11:le"V : 

•~-·-------- .. ~ ~ l'l.t L c1J:i ,.i.~ _1_.1. ,_ 1-, J.._L .!:!.,.l,;IJJu~,- - --~ ---_--,,. - i - - - i 
r, S E •~ 110~ 9 , i. , 0 t;> \GE 71 1 

"'~H•'fo"r:;,:. Jo ( He v De: 3G ) ·--· · ~ 1::) l ! 



I 
-'\ 

/ 

1 
srnn G!1 

I 43. 
i 

(Cont) 

! 

I 

! 
I 
j 

l 
I 
l 
! 
i 
I 
i , 
I 
! 

1 
, 
j 

I 
I 
j 

l 
J 
! 
t 
l_ 

l ~~~">AR ED EY : 

I S'iE P 

-(/,,......---~--

I 

! 
I 

I 

7 

~ 

8 

9 

10,-. -

't~ Fn rm t20 (Ro ~ De: 66 ) 

I 

I 
I 

' 

' 

l } 
I I 

J 
PROCEDURE ,~!.:XT RE MARK S FAILURE 

STEP I 
WATER QUANTITY 

a. No cnange - --~ 7a . Relief val ve redundancy 7a . No . 2 WATER 
lost . CONTROL ffi.ESSURE 

RELIEF Valve failed 
OPEN . 

b . Excessive decrease r ate 8 

WATER CONTROL PRESSURE RELIEF - 2 9 

WATER PRESSURE 

a . Rate decreases --~ 9a . Relief val ve redundancy 9a . l~o . l WATER 
lost . l CONTROL PRESSlTRE 

RELIEF valve failed 
OPEN . 

b. Rate r emains high, l ·1 _ u 9b. :Both WATER 
CONTROL PRESSURE 
RELIEF Valves 
failed open . I 

WATER CONTROL PRESSURE ~ 10 . Aut omatic p~essur e relief 
R:SLIEF -· OFF lost . Ref er to ECS Malfunchon 

Procedure No. 45 t o control 
Water :9ressure . Manual relief 
valve operation possible ~hen 
MSFN water pressure infor~ation_ 
available. 

l 
' FLIGHT CREW SUPPORT OIVIS !OH __J APOLLO DPERATIO ~S HAN DBOOK I 
I 

D/,T F. : ENVIR0J\Tivl},"'NTAL CONTROJi SYSTEM rs; c 204 hF.v ------~,iJ,.LFUHC'i1=0l\J P3.0CE:D13RES l5~rr 1t· 0 i c. 7~{\ ~-L:/·:..:.;.,_"'1~ / • -'- • O lfp~1E 1.11 
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S'fl,:PTOM 

44 . GAS :SEP.KAGE 
INTO H20 SU-.SSYSTEi1 

STEP PRO CEDUR E Nc. ,:T 
STEP 

EMA R~S 

It i s possible t o i ntroduce On , 
N2 ~r ~ 2 .into the ~otabl e or c. 

Was-ce v-ia-cer su1::Jsys -c em . 

F.'\ ILU RE 

· l 1,{A.i.l1U NG: Gas in Waste :a:
2
o sub~yste-m i s n ot readilly i dentifiabl e 

j 11.eciuc ed eva por ator perf orma:1.ce may be expected as well as a false 
1 ':"1eas ur ements no t i !ldicativ e of H

2
0 quantity . 

however p r oba l-) l e with gas i n potable H
2

0 s ubsys t em. 
indicat i on of quanti t y of 0:1.- b oa rd H

2
0 . Pres s ur e 

l 
,1 

~ 
J 
I 

I 1 l 

I ! 
~ 

i 

I 

2 

3 

4 

GAS IN POTABLE HnO SUBSYSTEM 
C. 

8 .. . Gas ent r a i nment ev i d ence d 
but n ot excess i ve . 

b . Gas ent r a inmen t exce s s ive 

POTL3LE WATER - Quantity 

a . Cons tant 100% f u ~l 

b . { :full 

FiH fecal bag with gas and .i;;:....s 
,·, 1: ·=-~-4 

-~ 

2 

l a . Moni t or H
2

0/ gas ratio fo r 
con t i nued H

2
0 sub s vs t e-cn 

degr adat i on . 

- -~ I 2a . Refe r t o ECS Mal fun c tion 
Proced1,;.re NO. 1 . 

3 

4 

;_'"F~~ ~-·.i.-,-
Gas chromatogr e .. ~h i ndi cation 

3. 80 mi n cyc le to det e r m:::..ne 
type gas (H

2
: N

2 
or o

2
) .... } w .. 

a . H2 ---~ 

2a. . 0 
2 

1 eake,ge int 0 

E:20 s t1.:pply subs;ystem . 
Probabl e Potable I 
tank bladder leak or 
rup~ure . · l 

1 4a . Excessive H
2 

t -i n rlm· r~o,, P/ C I _ ...... 1- ,,. .L .L --~ . , • 

I 
I 

' . ~ I 
~ ~~'Ei',\H i::D BY : ,J _. \. j '0.;1 ...,~') i-- FLI GHT CH E',~ SUP PG RT D i~v' 12 ! ::~: ~ ENVI PONrflEIJTAL CONTRO L SYSTEM I APO LLO GP ER ATt ON S 1-!flNOSG '.J K ~ 
·1 ·'7-~?. ,,,-,/'',_· c;~--""..--v~e ,.,_,. i D,<r E , i w;_1•:i1i'TWr '. 7 F)N --OB_Q(;V,DiIBES !s i c ()~0 i~r·v "'T',TI'-:-, 1: 
1 -. ... -~~--~1~7_-7,;_.__·-~7;::-~-~ ·1• 11-:\J r•,-, - C'i6.7 ~ ... _\_, .l ,.._, _ 'll - _ _ , - ..L _ ..J_. _ v..i.. i-;__-:---~C'· - ,'-.. --·•:---_.. ... .,_·) 

I 1 , -~ • JI 1 , --,-. /'.; ' ,J ~'ti c'.'. , , .l _✓ , , l J c. ·- T I ON ) • l • J I ? I, G C ( c.. . 
• "T .. ~· , ., ... ___ • ........., . _..L,; _',..l~--~ .... ........-.-, . . .J,'~--·-- ---1- .. - •-----~~~- ·- ---~ - ----~- --~ --~ -- - -· --- --~~- -- ,\. ~-~~---· ~ ---~;::;-: .=z rr.i ,tl'C ( i'.2'1 Der B'.?) 
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I 
SYMPTC?.; STEP PROCEDURE 

J 
NtXT I RE1~ARKS 
STF.P 

)~ 
FAI LURE 

~ 41,. . ( Cor.t) b . N
2 

- > ! 4b. U.se e,l ternate S/M water 
tank for fut her 1·:a ter 
transfer ( if water: had been 
transfered) . 

4b. N2 ~ransfer 
syste'Gl. bladder 
rupture . 

! 

C . , 02 4c . Sma~l o
2 

leak . 

~~ ~:'7~fi"i:D·BY--;-,_:::)-1ol,_.1~, 11 ) Fl_lGKi '.:REW SUPPO::lT DIVISION 1 EN'TTRQJ\Tj\1:El'l'T,'\.L r:m,nl7ROL 3yc·rEM I APOU. O OPERATIONS HMrnB~GK ~ ~~ 
·~•-- ----~ • ' \ - J J. - V • - V - l I ' - 1 ':tr:-,,. / -'1-·:, r::-/'-:-:-,1..---;,~--<'-<. .1,. DAH: -- ' _ ,,,,- l 111:-TFTJNC'T1TQ1\T DP.O"EDTTR"F<''::: iS/C 9)2 f!EV ~'lNAL i 
" U •~"" ··- .. .-~-~::~~.L-:Z.:.:!!'.~7:,;;~- --- J~4-T\T 27: j_ '}o7 ! .H.!L ,, -- .L, -'--l • ., ~ _,v C:;7c~~N 9 .-~.6J~ T5 ' 

· -~·~ i' o im .'i60 (,: e , De c SB) 



r SY:;prn;,: 

45, ?01AJ3LE & 
1:iAS~1E 1N'P/l1:SR SYS'11Er"1 
?F.SSSUR.E HIGH 

l (;~46 psid) 
( HSFl-- CF·J326P 

-:,nd CFJ327P 

STEP 

l 
:>TOr.;:-E : Withdr aw potable 

i 
I 
I 

I 
I 

1 

2 

7 
,) 

PP. OCEO URc. }(._ 

STEP 
RH1ARK S 

Wat er not r el i evi ng overboar d . 
Fai lure t o dump wate :r::- 1.!il::_ 
probably be noted by failure 
to a.ump ur ine . Another in
di cat i cm 'rJ::..11 be I'1SFN over
pressure of POTABLE & WATER 
WATER TANKS . Loss of fuel 
cells 1r..ay be a consequence of 
wate :r::- system overpressurization 

FAILUR r: 

water as r eq_uired to maintain sa fe ~ater pressure . 

I Monitor MSFN for press ure i n
I dica~ions until f ai l ure 
I corre 0 -'-G 0 d I -· -- -

a . Pr essure r emai ns stabl e 

b . Pressure i ncr eas es 

Wi thdr aw Pota1ole Wate :r::- to ma i n
~ain safe pressur e 

-4 

2 

3 

Wa~ te M2,:1agemen t se l e ctor Valve- , 4 
URil\~ ri=EcE3 

OVBD VALVE - DUMP then bot h OFF. 

l a . Over boa r d dump not ob
structed or \Jaste Water tank 
never f illed . 

la . Rel ::.. ef set~ing 
h . .f.' ./... S,~l,_ t, . 

lb . Waste Water t?,nk full and I Jl:l . Overboard dump 
over board a.ump obstructec.. I obs+,rncted 

2 . Cont i nue to wi thd:r::-aw w&,ter 
as r equired Lmtil mal functio:1 
CQ~ricted or re=~ntry ~o pr0-
clude fuel cell floo ding . 

3. Check for suct i on to de 
ter :nine st2,tus of urine du--:rro 
nort . 

. ... ---._ I ·'--- - --- --:""'."."'.:-:-::-::--.::-::--;-;-;~~~---·- -
'~"-L-:'..·-•\R_c:_[1_3v-,- ~~~~::l5:: qJ. ~=--I FLiGHT CR::li SUPPORT DiV !S!GN I ENVIROl'JMENTA .. 1 CONTROL SYSTEIVl APOLLO OPERATIGHS P~NOBOO~ 

~~,;,,. -/~-~~~.~~~:::~::~~ I DA TE : 

.-... ~ -----·-........ _ - --- ---- ·•·· ---- - - - -

.JAN 27: 1967 i I"J~i:::?1~ .. ;cs:iroi: ?R0CEL1;nES sic 
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SYf..'i?iOM STEP 

· 5- (Con t) 4 

5 

6 

7 

8 

PROCEDUR E 

SuCTION 

a . NORMAL 

b . DEGRADED or NONE 

Wi thdr aw Potabl e Water t o mai n
tain sa fe pressur e . 

Cycle PRESSURE RELIEF SELECTOR 
Va lve 

.ATER J?RESS1JRE 

a . DECREASES 

b . NO ])ECREASE 

Wi -th6.:c.s.'•J Potable Water to main-
t a in s a~e pr essure . 

I .. 
1 ill:.:. T 
! STEP 

6 

5 

__.:,,, 

7 

·-7 

8 

REMARK S 

4a. Dump por t vnobstr ucted 

4b , Refer to ECS Malfunction 
Pr ocedure No . 51 . 

5. Continue to wi thdr aw wa te r 
as required unt il ~alfvnc~ion 
cor rec ted or r e- entry to pre
cl ude fuel cell flooding . 

6. Attempt to clear pos sibly 
clogged val ve pos ts . 

7. V.tSFN indicat ion 

?a . Failur e corrected and 
nor mB,l relief available . 

8 . Cont i nue t o wi t hdraw wa te r 
as r equi r ed u,.~til ~e- ent ~y t o 
preclude f uel cell floo di ng . 
Relief capabi l ity los t . Dump 
excess wa t er t hrough waste 
management sys t em or store i n 
ti_rine bags . 

FAILU HE 

4b. Overboard dump 
uor t o·bs truct ed . 

?a . Clot;gsd 
PRESSURE RELI EF 
SELECTOR Ye.}_ve 

7b. Relief Jine 
blockage . or both 
r elief va l ves f ailed 
closec: . 

, f0;~1E : If one or ooth 2,M WASTE H20 TANKS :-.ave been transfered t o CM tanks pl ace t he WASTE H20 TK REFILL switch in 
I pc·c,i ~io::.1 l or ? (,J.sed tarfr::: ) : Excess f uel cell water will be s t or ed in SM WASTE H20 TANKS (56 l b each) lJnti l fill ec. 

1/2.·· er pres s1-.;.:cs w::..11 incr ease agai n when SM tanks f i l l . Normal water t r ans fe r ava i labl e i.-:hen required ; however MS FN 
p:,:·~ssur,2 mo:v,. i tori ng required. to preclude overpressuri zat ion of wa t er system . 
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l 
! 

r-- } I S7F I SYMP (Jiii PP.OCEOURE r,,,_)7 
STEf~ _ _l EMARKS FAILURE" 

-~ 
I 
l 

5:;_ . Ux·iJ~BLE r:i:10 DUMP 
~:-F.LNE . 

1 !Verif y WASTE MAl'iTAGEMENT SELECTOR
URDTE. FECES . 

2 IVerify WASTE MA..WAGEMENT OVBD 
DRAIN - DUMP 

3 f Ve•rify Q/D and urine hose/recep
t acle 

4 ilffi I 1\TE OVERBOARD DUMP 

a . DUMPS 

b . DOES NOT DUMP 

~ l~y:le ECS s:EAM D~CT HTR MN A C/B 

0 I lTR.1J\1E OVERBv.ARD DUJ\'.[P o 

I 

2 

3 

4 

- -~ 14a . Resume normal ops. Cor
rected by steps 1 - 3. 

5 

( 

L. .GJ"PS I~ 
! 

6 . Allow time for urine tip 
htr . opera tio:1. . 

6a. Continue normal ops . 6a . Open C/ B circuit 

• :!'.;i;t;S }foT DiJMP ---- --- ) on l6b: URINE Tf? HTR 
f ailu:ce or . line 
b l ockage . 

6b . O:dent S/C f or max. h~at 
u rine overboard d1...L111p port to 
clear probable ice blockage. 
Use onblard urine c ontainers if 
line r 2mains b locked_. 

l 
•i.?7~•;_: .0./- TT:SRY VENT, . fecal canister vacrn.JJn and OVERBOARD ;,,JAIJ:1ER 

\ --- 1- -,,~ ' 7 , . t ( , ~ s /r, , .L .L • ~ t . ,,... .L . \ 
.J _, _l..];'../.1 1,8, Tp _J_!Il:: .. s lai.;.e { v orienva ,.,ion Ies ri ,J vl OnS J , 

DTJ~{l? capability loss probable . Monitor RAD INLET and · 

I I . 

1- " I . 
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1~~ . I m:?Tui.: I STEP I PRO emu RE I ;; ii I REOARKS I FA !LURE I 

l 
• I l I i 

5 2 . LOvt V ACU1JM 
SJCTION 

1 !Verify WASTE M .. ANAGEMENT SELECTOR
--vAC"UUM CLEANER 

' 2 lverify hose integrity 

3 'S'JCTION 

2 

3 

a . NORJ1AL --~ 13a . Resume normal use . Cor
rec ted by steps 1 & 2 . 

b. No change i n status 

4 !Change FILTER 

5. ISUCTION 

a . NORM..A.L 

! 
b . No cr.ar1.ge in stat us 

6 ,·cycle ECS CABIN AIR FAN AC 1 ( 3) 
C/B 1

s 
! 

i !2T__TCTION 

a. NORMAL 

4 

5 

-4 15a . Resume normal use . 

6 

7 

~ ! 7a . Re sume normal use . 

Sa . filter clogged 
or expended . 

7a . C/B c::..rcuit fail 
ure . 

b . No change i n status ~ i 7b . Vacuum c l eaner u se lost or 
degr aded . 

7b . vacuum cleaner 
FAN failure or line 
blockage . 

bmr::::-E: Su:. t c ircuit return s.ir ck valve a.ssv sc r een must be cleaned rr.s.nually as required . 1- -·- " . 
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) I I ~ . rn;.n·.1:.1 • STEP PRocrnuRi l , .. t ;:;r 
S.,.EP 

53 . FECAL CANISTER 
VACulJM - LO\/, 

1 I Verify FLUSH Vlti.J VE - OPEN I 2 

2 I Verify FECAL CANISTER, hose ! 3 
assembly, and Q/D integrity . 

3 · I Verify WASTE MANAGEMENT SELECTOR1 4 
URINE FECZS 

4 I Verify WASTE MANAGEMENT OVERBOPRD} 5 
DRAIN - DUMP 

5 

REMARKS 

FECAL CANISTER VACUuM 

I a. NOPYlAL 
I 

1 >I Sa . Resume normal ops . Cor-

6 

,,, 
i 

b . Remains LOW 6 

Cycle ECS STEAM DUCT ETR MN 'A C/BJ 7 
I 

I -r,,1;-.,' f\ ·r f ..:. Ll\ .J.h..LJ C-4.NIS~ER VACUUM 
I 

rected by steps l - 4. 

7. Allow time for urine tip 
htr operation . 

)- . 

FAILURE 

i I 
f;, 
·~1 .. 1:-~ l~P~~JiL -----\ ! .:,;/,,;. c~~=r,i-4n· "o ror1'fi ~ l nr: '=' 1· 7 6 -/ , L ", • 'J_.v_ \.A,_.. --'- - _,..C., _._ 1....,£:".:J • ,C.. • a'-. . /•-, : . : ' ; pen C 1 .:.. c 1.rcuJ_ ~ I 

b . Remains LOW ---:;, I 7b . Orient s/c for max. heat en 
urine overboard d1.,1 .... rrrp port to 
clear probable ice blockage . 
Use Fecal bags without canistei 
if vacuura reraains lov1 . 

>J:rc::; : BATTEEY "'TENT : URINJ~ DUMP and OVERBOARD WATER DUMP ca:pabili ty loss probable . Refer to ESS Malfuncti ,1n 
j :?;.0ced.ure FO . ~-5 - r.fonitOf F.AD I NLET and OUTLET temp limits (due tc s/c orientation restrictions 
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~-------... 
·- ' ~ -j ,- i I i NE' r . ~ 
e :'J • Irndequa.te I i me I ventilation arter r- --~~~~~;;~~z~~;;;--:-:;-:-:;--i----~~~~~~-J 
~ .Lanclir~g . 

I 
SYY.PTO '.' STEP PROCEDURE REMARKS 

ATTITu:DE COlf I1ROL SWITCH will 
ai.-1.toma -tically close EXTERI OR 
AIR I:i:HAY,.E and CABIN AIR EX
RA. US ~• valves and shut off f 2,n 

FAILURE 
:;7 

I 

~ 
ij 
I 
~ 

i 
~ 
i 
~ 

i 

1 

2 

3 

4 

Visually verify valYe :;:iosit:i.ons 
( 2) . 

a . Open 3 

b. Closed I 2 

Verify EXTERIOR AIR INTAKE and I 3 
CABIN AIR EXHAUST valve LOCK 
PINS - REMOVED . 

POST LA...WDING VENT FAN - OFF /HIGI-'~ 4 
:1nd LOW 

Visuall;;;· verify valve · positions . 

a . Open 

b . Closed 

if c/M tilts> 60° from ver t :.cal.. 
Assume stable 1 position .. 

3. Try both HIGH and LOW posi
t ions for operation . Assume 
PLVC switch - NORMAL . 

5 I PlVC switch - OPEN 

7 

5 

6 

6 I Valve pos-:i.t i o:1s (2) 

j a . OPEN 

1 o-. CLOSED 

7 

---"> 1 6b . Alternate ventilation re - I 6b . POST LANDING 
quired . Egress may be require::1. VENT valves fa i led 

closed . 

' ..... J:' r... - . .~ .-~~--
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I 
--, 

J 

l 
l 
l 

I 

I 
·I 

snr.PT G~i SiEP PRO CEDU RE i-.k ,...,_ ' 

STEP 
REMARY.S 

Sl. (Cont) 7 VENTihA.T I ON 

a . Adequate ~ 7a . Resume ops . with 
establ i shed switch positions, 

. I - . 
CAU'I:ION : 

! . £ 
Manual val ve cl~sing r equired if goes to stable 2 or>o0° ti l t . 

I I b . Inadequate ~ 7b . Alternate ventilation r e -
quired . Egress r.nay be required 

FAI LURE 

7a . Automat 
of POST LAND 
Valves lost. 

7b . Post la 
ve::i t fan fai 

c mode 
ING 1TENT 

riding 
~'=d . 

KOfJ'E : I f exterior ai r intake open and fan operating, but eL'1.aust closed~ some fl ow can be obtained by placing 
:? • H . Catj_~ Press R·2l ief valve to d.1J1Ilp 

L_ - D I -' 

I 
PRE F ARED BY : .j \ ~ ,t/'' , i 

.,:;.:~~;:7;;~~f&~! om, 

F~!GHT CREW SUPPO~T Dl V!S!ON 

,J.AF 27, 1967 

ENVIRONMENTAL CONTROL SYSr.rEH 
MALFD~ CTION PROCEDlTRES 

AP J LLG OFE RA TI ON S KANOB DO ~ 
f 5 /C 1)12 Jri ~v FINA'G 
i~-;-~;-J. L 6 foA~i: 60 

l 

J 



SYMHO: l STEP I PROCEDURE ( tiE1r I 
STEP 

REMARKS 
-. 
I FAILU 

, J_1 7 
62. Water inflow 

1 ".J.. l . d . i a::: ve:r _an ing . 
l (after cabin press 

relisf valves 
closed) 

ATT ITDDE CONTROL SWITCH will 
auto~atically close EXTERIOR 
AIR INTAJIB and CA:SIN AIR EXP.J1.Usi:I 
valves and shut off fan if C/M 
ti t lts >60° from vertical. 

' l\Tr'T"P. • I - 'l J -'-'• Sone water inflow expected until pressure relief valve clos ed . 

I I 
i 

1 

2 

3 

Verify P.LVC Switch - Normal 

Verify CAEIN PRESS1JRE RELIEF 
VALVES - CLOSED 

Water C/M inflow 

a . Term::_nates 

b . Continues 

4 POST :'."_,A~rnIXG VENT FA.il' - OFF 

5 HATER C/M I NFLOW 

a . Terninates 

1 

l b . Con-tinue;s 

2 

3 

-➔ !3a . PLVC swi t ch misposi t ion. 

4 

5 

~ l5a. Resu.::1e ops . Manual control 
of Vent valves required. 

' -.- 7 l5b . Reopen POST LAf\TDING VEr~ 
Valves f or venti l ation (=r,ay 
incre2,se leak2,ge rat e) . Egr ess 
maybe _r equired . 

Sa . Pench:.h.ur. Ring 
switch did not close 
Vent va.l ves . 

Sb . Probable C/M 
press1,:.re vesse: 
failure . 
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-------~,--· _, .20.Jr'fj J ---------·--'--------------'.'! 

"):-:-c;:•. r .1,~ .• ),t.'•)·~c,'),-,L(.~7 I DATE: ; Elif'JIRON1YIBNTP_L CONTRO~ 2YSTE1'1 ls;c o :_2 jR : vFIN 1U., 
L ~--~-..,___-_f<~..J-.·:~---:-,7;--. •~c ~";r- j J PJJ 27 . 196'7 ~ l{ALF"Jl~CTTON PROC~D-;JRES ! st:CTI ON 9 . l. 6 j n:.s£ ·- Sl 

I APOL LO OPERATIO~S HANDBOOK 

1tF; FC'll r.,30 CR ,iv Loe 58) ~--~----

e 
I 



l AL Fll C 10~ p OC...E \JR :S ( A- Zf)4-) 

( 4- <!..,(!) '-u 1--\ A.) ) 



TO 

FROM 

OPTIONAL FORN, NO, 10 
MAY 1962 EDITION 
GSA fPMR (41 CFR) 101-11.6 

UNITED STATES GOVERNMENT 

Memorandum 
See attached list 

CF/Chief, Flight Crew Support Division 

DATE: JAN 2 5 1967 

In reply refer to: 
CF323-7M-29 

SUBJECT: Final Apollo I malfunction procedures 

Enclosed are the final malfunction procedures for the Apollo I Mission. 

They should be incorporated into section 9 of the Apollo Operations Hand

book. All comments or questions concerning these procedures should be 

directed to Mr. Richard Benson, CF32, extension 4271. 

Enclosure 

CF323:CFDavis:jat 1-23-67 
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PROCEDURES ENTRY SHEET 

SECTION 9 . 1. 1. 1 

::: GUIDANCE AND NAVIGATION MALFUNCTION PROCEDURES 

SYMPTOM SYMPTOM 
NUMBER STEP PAGE 

s/ c 012 CHECKLIST ERROR CODES 1 1 2 

OCDU DRIVE PROBLEM 1 1 8 

OPTICS DRIVE PROBLEM 2 1 8 

OPTICS ZERO ENCODE PROBLEM 3 1 8 

ACCELEROMETER FAIL (ISS LOOP) 1 1 9 

IMU FAIL 2 1 9 

TUMBLED IMU 3 1 9 

LARGE IMU ALIGNMENT ERRORS 4 1 9 

CDU FAIL LIGHT ON 1 1 10 

ABNORMAL FDAI ATT ERROR NEEDLES IN G&N ATT 2 1 10 

SUSPECTED AGC PROBLEM 1 1 11 

COMP FAIL LIGHT ILLUMINATES (MDC) 1 1 12 



SYMPTOM 

S/ C 012 Check List 
Error Code 

00101 

00102 

00104 

00105 

00106 

00107 

00110 

00112 

PREPARED BY, lft1 
,··/J'H/J 

MSC Form 460 (Rev'Dec 66) 

STEP PROCEDURE 

Depress error reset. Wait for 
zero encoder light off. Place 
Optics Mode switch in Zero 
Optics position & wait until 
zero encoder light off again. 

Depress Error reset 

Depress Error Reset on DSKY. 
,. Switch Optics Mode to Manual 

and complete optics drive 
manually. 

Depress Error Reset and continue 
or return to POO and start over. 

Depress Error Reset and continue 

Depress Error Reset and continue. 

Depress Error Reset. I f 
rejection of an accepted mark is 
desired, go back to POO and 
start over. 

Depress Error Reset and continue. 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

Jan 27 , 1967 

NEXT 
STEP 

REMARKS 

Optics Mode switch removed from 
Zero Optics position before 
end of 60 second wait. 

Internal marks request with 
mark system busy . 

Too many marks 

Mark reject (V52E) with mark 
system not in use. 

Mark reject with no effect, 
i.e., no mark between mark 
rejects or all requested marks 
have been accepted when V52E 
entered. 

Optics mark with none reques ted. 

FAILURE 

Computer unable 
to achieve desired 
optics mode. 
The computer has 
failed to properly 
control the optics 
drive. The OCDU's 
may drive with no 
desired optics 
angl es. 

APOLLO OPERATIONS HANDBOOK 

GUIDANCE AND NAVIGATION 
MALFUNCTION PROCEDURES 

5/C 012 IREV FINAL 
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SYMPTOM 

001 22 

00123 

00201 

00202 

00203 

00204 

00 205 

00310 

00401 

1 /l 

PREPARED BY, ]7n 
'J 
, / ::./_'//) 

IISC Form 460 (Rev Dec 66) 

) 

STEP PROCE DU RE 

Depress Error Reset. Re-enter 
program and make 2 marks or 
sel ect a known landmark . 

Depress Error Reset . Re-enter 
program and try again. 

Depress Error Reset. Wait until 
zero encoder light off. Rese l ect 
Zero Encode Mode and wait unti l 
zero encode light off again. 

Depress Error Reset. Check 
switches. 

Depress Error Reset . Check IMU 
status. 

Depress Error Reset . Select 
switch configuration to avoid 
this situation. 

Depress Error Reset . See PI PA 
failure malfunction procedures . 
(Entrance to POO is enabled by 
the alarm . ) 

Depress Error Reset and 
continue (cautiously) 

Depress Error Reset and continue 
or realign if desired . 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 

NEXT 
STEP 

REMARKS 

Only one mar k made for unknown 
landmark . 

Mark data unavailabl e after 
restart . 

IMU Mode changed from Zero 
Encode before end of 35 sec. 
delay . 

No IMU mode indicated to 
computer. 

IMU mode changed with transfer 
switch at COMPUTER , but 
computer did not command the 
change . 

Desired gimbal angles y i eld 
gimbal lock . 
(MGA ~ 60°) 

'; j) 

FAILURE 

Computer unabl e to 
achieve des i red mode 

Excessive accel ero
meter output 
(~18,5 g ' s) 

Error return from 
r outine . 

APOLLO OPERATIONS HANDBOOK 

GUIDANCE AND NAVIGATI ON 
MALFUNCTION PROCEDURES 
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SYMPTOM 

00402 

00405 

00412 

01101 

01102 

01103 

01104 

01201 

/1 
PREPARED BY, {4ff,J 

!/ 

~/JJJ/1 
IISC Form 480 (Rev Dec 88) 

STEP PROCEDURE 

Depress Error Reset. Maneuver 
vehicle to obtain stars. 
Reselect program. 

Depress Error Reset. Select pro
per mode. If no SCS monitor 
desired (wasn't disabled by v33E 
at the proper time), key 
V21N01E 730E 77776E. 

Depress Error Reset. Reselect 
program and change associated 
time by 15 min. or more. 

Depress Error Reset. Check 
with ground. 

Record R2 and R3 contents. 
Relay to ground. Depress 
Error Reset. 

Depress Error Reset. 

Record DSKY display. Depress 
Error Reset . Relay information 
to ground. 

Depress Error Reset. 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 

NEXT 
STEP 

REMARKS 

Star out of FOV. 

FAILURE 

SCS Mode not in desired state. 

1.0 

1.0 

Time and longitude too far 
apart. 

GUIDANCE AND NAVIGATION 
MALFUNCTION PROCEDURES 

Rupt 2 (not expecte~ 
not wired) Hardware 
suspect 

AGC self-test error. 
Use computer with 
caution. 

Forbidden step 
executed (by 
computer). Use 
computer w-;_th 
caution. 

C-relay failed 
during test. 

No VAC areas 
available. Use 
computer with 
caution. 

APOLLO OPERATIONS HANDBOOK 
S/C 07 2 ~ FINAL 
SECTION 9.1.1.1 IPAGE 4 



SYMPTOM 

01202 

01203 

01204 

01206 

01207 

01210 

01301 

01302 

PREPARED BY, yfl"} 

ii 

,d~Jg 
IISC Form 480 (Re~Dec 86) 

STEP PROCEDURE 

Depress Er r or Res et. 

Depress Error Reset. 

Depress Error Reset. 

Depress Error Reset. 

Depress Error Reset. 

Depress Error Reset 

Depress Error Reset. 

Depress Error Reset. 

FLIGHT CREW SUPPORT DIVISION 

DATE, Jan 27, 1967 

NEXT 
STEP 

1.0 

1.0 

1.0 

REMARKS 

1.0 !Display system routine 
already in use. 

FAILURE 

No correct areas 
available. Use 
computer with 
caution. 

Wait list overflow 

Task couldn't be 
fit into the 
waitlist. 

1.0 I I No VAC area 

1.0 IJob already waiting in 
STALL 

Possible erasable memory 
disturbance. 

1.0 !Possible erasable memory 
disturbance, 

GUIDANCE AND NAVIGATI ON 
MALFUNCTI ON PROCEDURES 

available for marks. 
Use computer with 
caution. 

Arccos or Arcsin 
argument too large. 
Use computer with 
caution. 

Square root argument 
excessively negat ive. 
Use computer wi t h 
caution. 

APOLLO OPERATIONS HANDBOOK 
S/C 012 IREV FINAL 
SECT I ON 9. 1. l. l~GE _5 



SYMPTOM 

01401 

01405 

01406 

01407 

01410 

01411 

01421 

01426 

PREPARED BY , 
,'1 

l/}__V, 
f 

.,,71~3,£3 
IISC Form 460 (Rev De c 66) 

STE P PROCEDURE 

Depress Error Reset . Sel ect POO 
and t r oubl eshoot for poor align
ment , control system problem 
etc . 

Depress Error Reset. Retur n t o 
prethrust program via POO and 
try again . 

Depress Error Reset . Sel ect POO 
and reselect prethrust pr ogram . 

Depress Error Reset . Si milar 
to pattern 00401 . 

Depress Error Reset . Rese l ect 
P32 through POO . Change i nput 
parameters . 

Depress Error Reset . Rese l ect 
P32 t hrough POO . Change 
l ati t ude of target . I f target 
beyond max . declination is 
des ired, select l atitude i n 
P32 to avoid 01411 ala rm . 
Res elect desired l atitude i n 
P62. 

Go t o SCS entry procedures. 

Depress Error Reset . Avoi d 
roll into gimbal lock . 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27 , 1967 

NEXT 
STEP 

REMARKS 

Thr ust misalignment exceeds 90° 

Les s t han 5 min . t o i gnit ion . 

Error r eturn f rom maneuver 
to igni tion attitude . 

Commanded CDUZ exceeds 60° . 

Ent r y conditions not 
computa bl e . 

Tar get l atitude exceeds declina
t i on of orbit . 

Avg . g not r unni ng for entry . 
(Not likel y) 

I MU orientation not 
satisfactor y for en t r y 
(Compute r wai t s 5 sec and 
pr oceeds ) 

FAILURE 

Thi s a l a r m may 
i ndi cat e transien t 
computer error. 

APOLLO OPERATIONS HANDBOOK 
GUIDANCE AND NAVIGATION 
MALFUNCTION PROCEDURES 
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SYMPTOM 

01427 

01430 

01431 

01501 

PREPARED BY, rr;; 
I 

'/~~'/2 
MSC Form 460 (Rev Dec 66) 

STEP 

1.0 

1.1 

1.2 

1. 3 

PRO CEO URE 

Depress Error Reset. Add 180° 
to backup bank angle charts . 
0 deg. roll is lift down. 

Depress Error Reset . 
Report condition to ground. 

Depress Error Reset. 
Report condition to ground. 

Depress Error Reset 

Allow program to continue 

a . POO displ ayed 
b. POO not displayed 
c. Repeated aborts 

Reselect program, try again 

Program is attempting to start 
again at an appropriate point 

Key V36E (Fresh Start). 
Reinitialize erasable memory . 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 

NEXT 
STEP 

REMARKS 

IMU orientation reversed for 
entry (Computer waits 5 sec 
and proceeds.) 

CM/SM sep. di screte present 
with major mode not 11 or 62 . 

SIVB sep. discrete present with 
major mode not 11 or 12. 

1. 0 !Internal display system alarm. 

1.1 
1.2 
1.3 

~, 

FAILURE 

Since spacecraft 
not wired for this 
discrete, appearance 
of this alarm 
implies computer 
transient error. 

Since spacecraft 
not wired for this 
discrete , appearance 
of this alarm 
implies computer 
transient error. 

APOLLO OPERATIONS HANDBOOK 
GUIDANCE AND NAVIGATION 
MALFUNCTION PROCEDURES 
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SYMPTO~ 

PROBLEM SUSPECTED 
IN O&N OPTICS 
I.OOP 

1. OCDU DRIVE 
PROBLEM 

2. OPTICS DRIVE 
PROBI»f 

3. OPTICS ZERO 
ENCODE PROBLEM 

FAILURES 
1. AGC 
2 . OCDU 
3. AGC OR OCDU 

ENCODER 
4. TELESCOPE DRIVE 
5. SEXTANT DRIVE 

TROUBIE SHOOTING PROCPIJIJRES 

NORTH AMERICAN AVIAT I ON , INC. ( ~ "PAC:>: and IN HJRMATION HYHH: MH IHVIHIOr 

CONCLUSIONS CORRECT:l:VE >.__CTIONS~ 

l. COMM.UD ZERO OPTICS AGC PROBLEM © MANUALIJ' COMMAND 
OCDU REGISTERS 

2. VERIFY ZERO ENCOD~- I NO ZERO 
LIGHT COMES ON AND GOES OUT ENCODE1'-LIOIIT ~------.......r TO ZERO (V2.4N57ED) 

3. SELF.CT OPTICS MANUAL 
K>DE 

4. SELECT TELESCOPE STAR 
I.OS M:JDE 

ocuu•s DRIVING 1= .. j cam YA!1.1JOE I @ --1 ,. PULL o,m:s c,•s o, 
CONTDIOOUSLT? ~--------' MDC 22 TO STOP CDU 

DRIVE 
NO 2. USE MECHANICAL DRIVES 

ARE OCDU ' S ZERO 

CALL UP DISPLAY ON 
DSKT OF OCDU ANGLES 
(Vl6N55E) 

ARE DSKY Rl & R2 
ZERO? 

NO 

NO 

OCDU FAILURE 

AGC 
PROBLEM 

@ 

(D 

USE MECHANICAL 
DRIVES 

MANUALLY COMMAND 
OCDU AGC REGISTERS 
TO ZERO (V2.4N57EEE) 

TES 14--------------------t Vl6N55E I+-----
DRIVE OPTICS IN SHAFT 
AND TRUNNION 

-------'----------, HO I~=~ g~~~~~~~DE 
DO OCDU ' S DRIVE? DO OCDU ' S DRIVE?~ USE OPERATIONAL MODE 

iio fES 
SPEED SWITCH 

DOES DSKT DISPLAY FOLLOW OCDU'S? NO AGC OR OCDU ENCODER 
@ PERFURM BACKUP 

PROBLEM ALIGNMENTS ONLY 
TES 

DOES TELESCOPE FOLLOW NO TELESCOPE DRIVE @ 
USE MECHANICAL DRIVES PROBLEJ4 

TES 

DOES SEXTANT FOLLOI I NO •I SEXTANT DRIVE I® •I USE TELESCOPE FOR 
PROBLEM SIGHTINGS 

TES 

' SYSTEM LOOKS 
GOOD 

MISSION 
SUPPORT 
TM POIITS 

CG 3102 V Sff TRllJf MOTOR 
· DRIVE 11' PHASE 

CG 3ll2 V SXT SIIAPT KJTOR 
DRIVE DI PHASE 

CG 3133 V SCT. TRUl'f KJTOR 
DRIVE 

CG 3141 V TRUH CDU 16X Im:!. 
ERROR DI PHASE 

CG 3200 V TRDH CDU KlTOR 
DRIVE Ill PHASE 

CG 3220 V SHAFT CDU Jl)T()R 
DRIVE DI PHASE 

G&JI Optic■ Loop Check 



SYMPTOMS 

SUSPECTED PROBLEM 
IN ISS LOOP 

1. ACCEL FAIL 
2 . IMU FAIL 
3 . TUMBLED IMU 
4 . LARGE I MU ALIGNMENT 

ERRORS 

IS THE ACCEL 
FAIL LIGHT ON 

NO 

IS THE IMU FAIL 
LIGHT ON 

NO 

HAS IMU TUMBLED 
& UNSTABLE 

PREPARED BY, 

NO 

IMU DRI FTS 
BEYOND LIMITS 
BETWEEN FINE 
ALIGNMENTS 

ISC For■ 480 (Row Dec BB) 

TROUBLE SHOOTING PROCEDURES CONCLUSIONS 

YES 

YES 

YES 

YES 

OAT£ , 

PERFORM PIPA BIAS 
MEASURfflENT 
(C/L P . 9- 16) 

DO MEASURED & PRESENT 
BIAS TERMS DIFFER MORE 
THAN+/ -__ _ 

YES 

NO 

NORMAL 

1 . PIPA FAILURE 
2 . USE OF G&N FOR 

TVC CONTROL IS 
LOST 

AGC FAIL 
MONITOR 
PROBLEM 

(D 

® 

IS THE IMU STABLE 
(OBSERVE FDAI IN A 
G&N MODE , s/ c RATES 
DAMPED) 

REALIGN IMU 
AND LOOK FOR 
LARGE DRIFTS 

DRIFTS j AGC FAILURE 
DETECT PROBLEM 

0) 

NO 

V37E51E 
(IMU FAIL LIGHT INHIBITED 
BY AGC DURING COARSE ALIGN 
MODE) 

DID IMU CAGE A'r O, O, 0 
(FDAI NAV SYMBOL) 

YES 

PRESS ENTER 
( IMU FAIL LIGHT MAY COME ON 
AFTER COMPLETION OF COARSE 
8LIGN MODE , BUT WILL GO OUT 
IN A F»I SECONDS IF STAB -
LOOP I S NORMAL) 

IS THE IMU STABLE & 
THE IMU FAIL LIGHT OUT 

YES 

COMPLETE P51 

NO 

NO 

LARGE 
DRIFTS 

V37EOOE 
V37EOGE 
( G&N POWER DOWN) 

CHECK WITH GROUND FOR 
MAX TIME ALLOWED 
BETWEEN ALIGNMENTS 

@ 

I IMU STAB LOOP FAILURE I G) 

(IMU ORIENTATION DETERMINATION) I------~~ 
GYROS MAY HAVE BEEN 
DAMAGED © 

FLIGHT CREI SUPPORT DIVISION 

Jan 27 , 1967 
GUIDANCE AND NAVIGATION 
MALFUNCTION PROCEDURES 

MONITOR IMU FOR 
LARGE DRIFTS 

APOLLO OPERATIONS HANDBOOK 

012_ l• EV FINAL 
SECTION 9 . 1 .1 . 1 IPA GE 

CORRECTIVE ACTIONS 

1. LOSS OF G&N /Ji. V AND AUTOMATIC 
ENTRY CAPABILITIES . IMU MAY 
BE ALIGNED AND USED AS ATTITUDE 
REFERENCE . 

2 . NO MISSION IMPACT 

3. NO MISSION IMPACT 

4. PERFORM ADDITIONAL EXTERNAL 
CHECKS ON s/c ATTITUDE FOR 
l!i.V MANEUVERS 

5. LOSS OF G&N (AGC MAY BE USED 
TO DISPLAY GROUND ELAPSED 
TIME) 

6 . PERFORM ADDITIONAL EXTERNAL 
CHECKS ON s/c ATTITUDE FOR 
l!i.V MANEUVERS 

MISSION SUPPORT TM POINTS 

CG 6000 IMU PRESSURE 
CG 2300 PIPA TEMP 
CG 2301 IBIG TEMP 
CG 2302 IMU HEATER CURRENT 
CG 2303 IUM BLOWER CURRENT 
CG 1101 - 28 VDC SUPPLY 
CG 0001 COMPUTER DIGITAL DATA 
CG 1503 IMU +28 VDC OPERATE 
CG 5000 PIPA FAIL 
CG 5001 IMU FAIL 
CG 2110 lGA TORQUE MOTOR IMPUT 
CG 2112 lGA lX RESOLVER OUT SINE IN PHASE 
CG 2113 lGA lX RESOLVER OUT COS IN PHASE 
CG 2142 MGA lX RESOLVER OUT SINE IN PHASE 
CG 2143 MGA lX RESOLVER OUT COS IN PHASE 
CG 2172 OGA lX RESOLVER OUT SINE IN PHASE 
CG 2173 OGA lX RESOLVER OUT COS IN PHASE 
CG 2117 lGA SERVO ERROR IN PHASE 
CG 2140 MGA TORQUE MOTOR INPUT 
CG 2147 MGA SERVO ERROR IN PHASE 
CG 2170 OGA TORQUE MOTOR INPUT 
CG 21 77 OGA SERVO ERROR IN PHASE 
CG 2206 lGA CDU lX RES . ERROR IN PHASE 
CG 2236 MGA CDU lX RES . ERROR IN PHASE 
CG 2266 OGA CDU lX RES . ERROR IN PHASE 

IMU Operations Check @ 



SDIPTCIIS 

F!IOIILlJI SOSPl!Cffll 
II' GH ICDU LOOP 

1. CDU FUL LIGIIT OIi . 

2. AJIIOlllllL l"DlI ATT 
l'lUll:II JIEEDUS II' GH 
ATT . lllLll Cit IDII'IOR. 

~ 

1. DII Rl!SOLllll l'IIOBLIII 
2. COO lllin 
J. CllU l!IICODER 
4. CDU l!IICOD1ll Cit AGC 
5. CllU-SCS DITl!IIFACE 
6. A~DmRFACE 
7. AGC 

NORTH AMERICAN AVIATION , INC .• SPACE and JNF'ORMATION SYSTEMS DIVISION 

ffllUBLl!SIIX7rllllPl!OCEDlllll!S COIICLOSICIIS 

1. V37EOOE 
2 . AME - MONITOR l yr;s 3 . COMMAND IC DU ZERO ENCODE (V40N20E) 

4. CALL I CDU ANGLES (Vl6N20E) I .. I DID THE DSKY DISPLAY~, NC ._ I CDU DRIVE PROBLEM I (D 
5. VERIFY DSKY DISPLAYS GO TO ZERO GO TO ZERO 
6 . VERIFY ZERO ENCODE LIGHT OUT 
7. VERIFY ISS FINE ALIGN LIGHT ON 

,® 

IIO 

C.lLL ICDU DISPLI.Y OIi OOltY 
(Vl61120J'. IS CDU V.U.UZ SAIIE 
AS OOltY DISPL\Y 

YES 

Allll VALIJIS AT UV S!IIIIOL 
OR PD.AI ~ 10 DSFJ VALUIS 

YES 

YES 

1. c<:Nl4J1) GH ATT CClffllOL (V44E) 

2. V33EEEE 

YES 

IO 

I(' 

NO 

COO 111In 10 CQIIWlll!ll I NO 
.ur:= (o,o,o) 

YES 

YES, SIS'!'D(S LOOKS GOOD 

YES GO TO IMU OPERATIONS 
pHECK (P. 27) 

is1nsnnts~ ns •I COO l!IICODER l'IIOBLIII I® 
NO 

COO l!IICCDJlR OR AGC I® PBOBLIII 

CDU DRIVE OR I@ FDAI PROBLEM 

~eiJjCS fii'rilitil:t 
(PTTCR - nv oa jQ) 

FIXl!:D RISOLnR) 

- CIJU'• DRIVIIIG? (CCIITllltlOOSLY) 1110 
• I AGC/COO IIITD!FACE -1 <D 

YES 

~ ~~ llSY IQ) 
10 510P COO lllin 

(V37EOOE) 

PREPARED BY 1 FLIGHT CREW SUPPORT DIVISION 

OATE1 

d'J'>!7f 
Jan 27 , 1967 

MSC Foro 460 (Rev Doc 66) 

CORRECTIVX ACTIOIIS 

1 Attitude e rror indicator abnormal. 
No auto G&N modes available . 
IMU useful as an atti tude r efer ence only . 

2 No auto G&N modes available . 
IMU useful as an attitude reference only. 

IIISSICII SUPPORT 'Ill POIIITS 

CG 150JX INU -+28 VDC OPERATE 
CG 500ll INU FAIL 
CG 5002X CllU FAIL 
CG 5006G INU T!JIP. LIGIIT 
CH OlOOX G-11 6 V !()DE cam!OL 
CH OlOll G-11 ATTITUDE lllDE CClffl!OL 
CH O102X G-11 l!IITRr !()DE CCIITJiOL 
CR OlOJX IIJIII10R lllDE CCIITROL 
CH llOOX SCS 6 V !()DE CCIITROL 
CH llOll SCS ATTITUDE lllD! CCIITBOL 
CH 11O2X SCS mmr! IIJDE CCIITROL 
CR llOJX. SCS LOCAL 'll!l!rICil..11'.)D! camiOL 
CH 1104.l IITYC. lllDE ~ 
CG 0001 OCIIPllTl!lt Dmrr.u. l>lTA 
CG 2J02C lll1 11!,lDll CDlll!l!IIT 
00 2JOJC INU BLalDI CDlll!l!IIT 
CG 2112H lGA ll RESOLVER 00T. SIi'! II' l'IIASI 
CG 2ll3R lGA ll RES. OOTPUT ·cos. II' l'ILl8! 
CG 2142H IGl ll RES . OOTPUT SIi'! II' PIIAS! 
CG 214JR Ila ll RES. OOTPUT COS II' l'IIASI 
CG 2172H OGA ll RES . OOTl'UT SIi'! Ill PIIAS! 
CG 217JH OGA ll RES. OOTPllT COS II' PIIASE 
CG 2206V lGA COO ll RES. l!IIIOI II' PKl5E 
CG 22J6V IO. CDU ll RES. ERRClt DI PIIAS! 
CG 2266V OGA CDU ll RES. ERlillR Ill PHASE 

GH ICDU Loop Check ® 
GITTDANCE AND NAVIGATION 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 

Ql2__ JREv FINAL 
SECT , ON 9 .1. 1. 1 IPA GE 10 



SYSPECTED AGC 
PROBLEM 

SYMPTOMS TROUBLESHOOTING PROCEDURES 

AGC POWER FAIL LIGHT 

IS AGC POWER FAIL' YES IS ALWAYS ON IN STANDBY I IS DSKY 
LIGHT ON IN LEB? Ito OPERABLE? 

NO 

NO 

WAS PROBLEM A 
COMPUTATIONAL 
ERROR? 

NO 

YES 

REPEAT TASK IN 
WHICH PROBLEM 
OCCURRED 

El;IBOR STILL 
PRESENT 

VERIFY THAT REFSMMAT, 
T EPHEMERIS, AND THE 
STATE V.EX:TOR GOOD BY 
COMMANDING AGC TO 
COMPUTE ORBITAL 
PARAMETERS (V37EOOE, 
v6_1±E 

ORBITAL PARAMETERS 
NOT CORRECT -----.1.--- ---

YES 

NO 

NO REPEAT - NOTE 
OCCURRENCE 

CHECKS uOOD 

_CONCLUSIONS 

l AGC FAILURE I CD 

I FAilURE DETECTION I '2' 
CIRCUIT PROBLEM \::./ 

GO TO AGC FAIL 
INDICATOR CHECKS 

COMPUTER PROBLEM 
SY SPEC TED 

COMPUTER PROBLEM -
CHECK WITH 
GROUND 

I<» 

I© 
0 RT HOGON ALI ZE REFSMMAT , 
(C/L P . 9 - 23 ) AND OBTAIN 
NEW T EPHEMERIS AND 
STATE VECTOR ; 

NO REPEAT OF PROBLEM 
ORIGINAL STATE 
VECTOR OR I<» REPEAT v64E REFSMMAT 
INCORRECT 

PROBLEM 
STILL PRESENT 

PERFORM AGC SELF CHECK 1----------------1 
(C/L P . 9- 15 ) 

COMPUTER PROBLEM -
CHECK WITH GROUND 

NO PROBLEM 

PROBLEM 
NOTED 

INFORM GROUND 
OF AGC STATUS 

OBSERVE OTHER DSKY IS ONE DSKY ~ S PERFORM DSKY TEST 
DISPLAY (C / L P. 9- 15 r------------ --1 IF NECESSARY 
ABNORMAL 

NO 

AGC G&N MODING 
APPEAR INCORREC 

PERFORM C RELAY TEST 
(C/L P . 9- 14) PROBLEM 

NOTED 
FLIGHT CREW SUPPORT O IV IS I ON 

Jan 27 , 1967 
GUIDANCE AND NAVIGATION 
MALFUNCTION PROCEDURES 

I© 

ICD 

CORRECTIVE ACTIONS 

l LAUNCH - NO ACTION UNTIL SAFE 
ORBIT INJECTION 

ALL OTHER 
PHASES - AGC INOPERABLE 

2 LAUNCH - NO ACTION UNTIL SAFE 
ORBIT INJECTION 

ALL OTHER 
PHASES - NO IMPACT 

3 COMPUTER APPEARS UNREALIABLE -
USE WITH CAUTION 

4 COMPUTER APPEARS UNREALIABLE FOR 
MISSION TASKS 

AGC OK - NO MISSION IMPACT 

6 ALL PHASES - COMPUTER APPEARS 
UNREALIABLE 

7 PERFORM BACKUP MISSION AS 
DIRECTED BY MCC/ MSC 

MISSION SUPPORT TM POINTS 

CG 0001 COMPUTER DIGITAL DATA 

CG 5030 COMPUTER FAIL LIGHT 

A G C Opera tions Check 

@ 



r 

~ 

...l::ll&. 
CCJIP . P.UL 
LICHT 
ILUIIIHTES 

? 

l!T. 

PROC ALUIN 
LIGHT C>I 

i: RUPT JJXI 
2. TC TRAP 

1. m rilL 

'l'iOOBLE SHOOr:111, PllCCmalS 

RESlll,f Of 
l. DSn UIBCiAiD 

1----------0"1 ..cTIOII 

RESTART IS 
GENERATED 

2 . PR<CR~::1 PUSS ERRat RE.SET J .UL ~HT QI 

• ~sii:~~~ P-00 L___ _ _!'_ill. UCKr 
Cll vmB )6. (Nls.51<11 
PK&SE 11.ll IOT ~ 
1111s) I illJUSS or PARITY warn FOUIID 

2. pgPCll)I .ICC SIU'CKFI:l 
(t: IL ,~ .. , -,s') 

J. IET!mUD BlJll Wint 
,wn PROBLBM I »o P.uun PROB . FOUlfD 

4. IZTBIDCDIE lD!llISS 01 
VOID Wint PWT! 

1----------<o,i~=lE)•I---------___J 

RESTART IS 
GENERATED 

CCliCLUSICWS 

~ I© 

(lion: OCCURRJ.ICE) 
AGCPROBU!J(PROCEED 
----

CCIITDIUO\JS I® PlRlff 

ACC PROBI.D I@ 
AGC PROBLD( 

PROCEED 

---
See Error 
Code List 

(NOl'ZOC:CURUIICE) 
AGC PROBL!M PROCEED 

AGC FllLUU 

1. SC>.LAR. PilL I • l'!'USS ZWll Brml JPilL LIGHT oor I • I -·- p . I 

1.coc.am. 
FAIL 

DURDI> 
THRUST 

(IOTEOCCURJWC!) 
AGC f'ROBLDl PROCm> 

°""'~@ PROBU!ll 

~.:':' I@ 

PIPA/A.GC 18 PROBUlll 

. ....,...,-. 
FLIGHT CREW SUPPORT DIVISION 

DATE, 

Jan 27, 1967 
GUIDANCE AND NAVIGATION 
MALFUNCTION PROCEDURES 

NORTH AMH ICAN AVIATION, INC. ([I) 8PACK-INPORM•~~MB~Yi8K>N 

MISSIQI SUPfORT 1K POlJITS 

SCJm lDSS OF CAP.lBII.IT! 
ClfBCI CROlWD 

CCIIP\JT!K LOST 

IO UP Cll DCWI.Dll .UlIL
J.BLI PRCMAOC. USZYOICX 
CCODIJATICM 

JUSUAL 1.IPLCWl DCES.Silt 

10 UP <II. DOnlLDII A.YA.IL
A.BU FRCJIJ &Ge. USK VOICE 
CCOlDIIJ.nCJII 

CQCPUTIIIIAST 

!JS! CCIIPUTD VI1'tl CAUTI<a 

NOBUla LOSS OP PLlTPaal 
P'ID WGI '11D UYIGJ.Tl(II 
CAP&Bl.Llff 

f'ROBlBU U>S9 OF GIii 
AffI TUm CmftOL 

BAD Cll QUISTICll4BU 
lCC1IlllCKITIR DATA 

APOLLO OPERATIONS HANDBOOK 

012 l•• v FINAL 
SECTION 9 . 1.1.1 jPAGE 12 

CG 5020 AGC I.LUU( l (PRCCWI) 

CG 5021 AGC .u.uo( 2 (AGC ACTlllTI) 

CG S022 1GC ALA.RN ) (TN 

CG 502) AGC AI.l.RM 4 (PBOO. CHI. PAD.) 

CG S024 AGC .lLUN S (SClU.11 1'.lD.) 

00 S02S AGC 4UJIK 6 (PilITl P.lll) 

CC 5()26 .lGC i.WIN 7 (OOUftll. P.lll.) 

00 5028 JGC .lLla 9 (IIIJP!'. LOCI.) 

00 5029 lGC lLlRK 10(.TC !UP) 

00 0001 CCKPUTIR DICITil DATA 

CClll02.SlDC BllS 

AOC rail llld.1cator aa.ca 
@ 
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PROCEDURES ENTRY SHEET 

SECTION 9. 1. 1. 2 
SCS MALFUNCTION PROCEDURES 

SYMPTOM 

FDAI BALL DOESN ' T CORRESPOND TO INPUT 

ERROR NEEDLE AT NULL AND NOT MOVING 

ERROR NEEDLE DIVERGING AND OSCILLATING 

ERROR NEEDLE STEADY DEFLECTION OUT OF DEADBAND 

RATE NEEDLE STEADY OR INCREASING DEFLECTION 

RATE NEEDLE REMAINS AT ZERO 

OSCILLATING RATE NEEDLE 

AV COUNTER DRIFTS 

RUNAWAY t,.V COUNTER 

llV COUNTER MOVES AT ONE SPEED ONLY 

AV COUNTER IS ERRATIC OR ONE-WAY ONLY 

AV COUNTER FAILS TO START COUNTING 

THRUST FAILS TO CUT-OFF 

THRUST PREMATURELY CUTS-OFF 

THRUST FAILS TO INITIATE 

GPI HARDOVER 

GPI NO RESPONSE 

FDAI LIGHTING WON'T ADJUST 

SYMPTOM 
LETTER 

A 

B 

C 

D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

0 

p 

Q 

R 

PAGE 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 



SYMPI'OM A 

SYMPI'OM B 

SYMPJ'OM C 

SYMPI'OM D 

SYMPI'OM E 

I FDAI BALL OOESN IT I 
CORRESPOND TO INPUT 

ERROR NEEDLE AT NULL 
& NOT MOVING 

ERROR NEEDLE 
DIVERGING & 
OSCILLATING 

WAS A IS THERE IS THE 

ltl MANEllVER EXTERNAL SPS I • Pree 23 
YES MOTION? YES THRUSTING/ YES ('()MMAND? 

NO 
Pree 22 

NO 

ARE THE RATE YES 
• Pree 3 Pree 3 

NEEDLES AT 
NULL? , Pree 12 

NO 

IS THE 
ATT SET 
SW - ON? 

WAS A LJIS THERE 
1----~ MANEUVER E~ERNAL 

WAS THE 

1----~ MANEUVER 
NO I ~~~~~~CT NU 

YES 

Pree 2 

SELECT SCS ATT 

COMMAND? I YES ,---,,IMOTION? 

NO 

COMMAND A 
MANEUVER 

ERROR NEEDLE 
DIVERGING & 
OSCILLATING ? 

F 

YES 

IS THE 
VEHICLE 
DEADBAND? 

G & N 
ICDU PROB . 
GO TO G & 
PROCED1 

YES 
Pree 2 

Pree 10 

YES 

NO 

I 
PR EPARED SY , :...:P':tff:1 

~;} -1 DATE, 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

Pree 21 

Pree 22 

w,1,.., .. 1..,, 

FLIGHT CREI SUPPORT DIVISION 

Jan 27 , 1967 

APOLLO OPE RAT I OHS HANDBOOK 
(sic 012 l•• vFINAL 
l sEC T IDN '.) .l.1.2lPAGE 2 

Pree 20 Pree 20 

ERROR NEEDLE 
STEADY DEFLECT 
OUT OF DEADBAND 

RATE NEEDLE STEADY 
OR INCREASING 
DEFLECTION 

ARE THE RATE 
IS IT A MONITOR I JNEEDLES AT I 
MODE? YES .jNULL? '------~ 

NO 

YES 

NO 
Pree 12 

I S THE FDAI BALL 
AT THE ORIGINAL 
ATTITUDE? TO BE EXPECTED 

E Pree 10 ~ WAS A G & N I YES IIS THERE YES MANEUVER ~ Pree 2 
E~ERN AL MOTION? ~ COMMANDED? r-N-=-o-- - . 

Pree 22 

CHECK ERROR I ERROR • 
DISPLAY DISPLAY 
(Pree 2) GOOD 

Pree 3 

IS IT A l-~-S------•1 /J V 

1. 
2 . 
3, 
4 . 
5, 
6 . 

SGS CHANNEL SWS (4) - OFFj ~ Pree 12 
V 70 E - , .'ES 

I COMMANDED"~ ~ Pree 12 MANEUVER 
NO 

YES 

~ W~flA 
DIRECT MAN? I NO 

YES 

DIRECT RCS - ON 1 

NULL RATES -
SGS CHANNEL SWS (4) - ~ 
DO RATES BUILD UP? 

~ IS THE MANEUVER 
DIRECT ULLAGE? 

Pree 24 
IS THERE EXTERNAL 
MOTION? 

NO 

Pree 1 

IYES 

IS IT THE 
ROLL 
AXIS 
ERROR 
NEEDLE? 

YES 

NO 
I' Pree 8 2 . 

3 . 
Pree 23 4 -

5-
6 . 

YES 

NO 

SCS CHANNEL SWS - OFF 
DIRECT RCS - ~ I YES 
NULL RATES 
THC - NEUTRAL 
SCS CHANNEL SWS - ON I NO 
DO RATES BUILD UP?-

1. 

2 . 

RHC - NEUTRAL 
YES 

Pree 12 

DO RATES BUILD uF? ! ,-. _N_0 __ __.3 Pree 21 

Pree 12 

Pree 10 

Pree 22 



SYMPTOM F 

SYMPTOM G 

SYMPI'OM H 

SYMPI'OM I 

SYMPI'OM J 

SYMPTOM K 

SYMPI'OM L 

SYMPI'OM M 

SYMPTOM N 

SYMPTOM 0 

SYMPTOM P 

SYMPI'OM Q 

RATE NEEDLE REMAINS 
AT ZERO t------~ 

IS THE ERROR NEEDLEH WAS A ~=--__,, IS THERE EXTERNAii--------,,, ~:R 
DIVERGING AND MANEUVER , YES MOTION? NO WITH DIRECT 

YES 

OSCILLATING RATE 
NEEDLE 

I AV COUNTER! 
DRIFTS 

I Rffi~AWAY I 
AV COUNTER 

I AV COUNTER I 
MOVES AT ONE I 
SPEED ONLY 

OSCILLATING? COMMAND? CONTROL i----,N-
0
---

YES YES . NO 

Proc 20 

. ,',/HAT ARE I ~"~.'..:'.~5L!. .. ~~ • Proc 20 
THE A'l'T 
ERROR 
NEEDLES 
DOING? 

1 OSCILLATING 
ABOUT DEADBAND ' Proc :!. 2 1~v~•v, I 

~ Proc 5 - A 

J Proc 5 - B 

Proc 5 - C 

Proc 1 Proc 1 

REMARKS 

··-- 1. AISO CONSIDERS ECO AT IGNITION 

IS ERRATIC OR - Proc 5 - D 14 V COUNTER I· 
ONE- WAY ONLY 

I AV COUNTER 
FAILS TO START Proc 5 - E 
COUNTING 

I THRUST FAILS I 
TO CUT- OFF I Proc 6 - A 

I THRUST PRE- 1. 
MATURELY CUTS- :Proc 6 - B 
OFF 

-

I THRUST FAILS I 
TO INITIATE I - Proc 6 - C 

I 
GPI 

I ~ Proc 23 
HARDOVER 

: NO RESPONSE 
I GPI 

I ) Pree 23 

PREPARE D BY , l'.fii I FLIGHT CREW SUPPORT DIVISION I I FDAI LIGHTING I - 1' . -,, I DAT E , Jan 27 , 1967 
I STABILIZATION AND CONTROL 

WON IT ADJUST I -·- MAIFUNCTION PROCEDURES 

Proc 21 

Proc 22 

I ' APOLLO OPERAT IONS HANDBOOK I 
ls 1c 012 IRE v FINAI I 
( SE CTI ON 9,1. 1. 2 (PA GE 3 I 



scs 1 

scs 2 

cq. FLIGHT CREI SUPPORT DIVISION 

DATE, Jan 27 . 1967 

PROCEDURE 

1 . FDAI SELF TEST - ON ONE RATE NEEDLE RATE DISPLAY I 1 

2 . FDAI SELF TEST - OFF AT NULL OR HARDOVER LOOP FAIL 
3 • DO THE RATE NEEDLES 

RESPOND? ALL RATE NEEDLES DISPLAY ECA I :I. 

1. 
2 . 
3. 
4 . 

5. 
6. 

A TRANSFORMER OR 
SELF TEST SW 
FAILURE 

i ALL RATE NEEDLES DEFECT ~ RATE GYRO I 3 
4/5 SCALE R-Y RIGI!T

1 
P UP FAILURE 

G&N/SCS - SCS 
AME - ATTITUDE 
ATT SET - ON 
ROTATE ATT SET 
DIALS 
ATT SET - OFF 
ATT ERROR NEEDLES 
RESPONSE? 

NO RESPONSE IN 
ANY AXIS 

ATT SET 
SW FAILED 

f RESPONSE CORRECT IN ~ G&N MODE 
ALL AXIS ORIGI NALLY, 

G&N ATTITUDE I 2 .I G&N 
ERROR DRIVE FAIL i---------tl MALF 

TO BE EXPECTED 
CK IS ·vALID 

ATTITUDE ERROR 
NO RESPONSE 1. FDAI ALIGN PB - PRESS I YES ~ DISPLAY FAIL 

THAT AXIS IN ONE AXIS 2 . ATT ERROR NEEDLES & 
BALL RESPOND CORRECTLY, 

NO ATTITUDE SET 
~----• INPUT FAIL 

APOLLO OPE RU IONS HANDBOOK 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

S/C 012 l• EV FINAL 
SECTION 9. 1. 1. 2 _IP_AG E_ _ _ ,i 

REMARKS 

1. LAUNCH: NO ACTI ON 
BALL, ATTITUDE 

ERROR INDICATORS, AND PHYSICAL SENSES ARE 
AVAILABLE AS BACKUP RATE CUES. USE DISPLAY 
SELF CHECK AFTER INJECTION. 

MIDCOURSE , A V' S & ENTRY : 
BALL OR EXTERNAL REFERENCES , ATTITUDE ERROR 
INDICATORS, AND/OR PHYSICAL SENSES ARE 
AVAILABLE AS BACKUP RATE CUES . DISREGARD 
RATE DISPLAY IN AFFECTED AXIS. 

2 . ALL PHASES : DISPLAY SELF TEST FUNCTION IS 
LOST . USE CROSS CHECK OF BALL OR EXTERNAL 
REFERENCES , ATTITUDE ERROR I NDI CATORS , 
AND/OR PHYSICAL SENSES FOR CORRECT RATE 
CONTROL RESPONSE FOR REMAINDER OF MISSION. 
IF TRANSFORMER FAILED GPI DISPLAY WILL NOT 
FUNCTI ON PROPERLY. 

3. TBD 

1. 

2 . 

ALL PHASES: ATTITUDE SET FUNCTION LOST . 
FDAI ALIGN STILL FUNCTIONAL . 

LAUNCH : NO ACTION 
BALL , RATE DISPLAYS, 

AND PHYSICAL SENSES ARE AVAILABLE AS BACKUP 
CUES . USE ATTITUDE ERROR INDICATOR CHECK 
AFTER INJECTION . 

MIDCOURSE , A i' S , AND PRE O. 05G ENTRY : BALL 
OR EXTERNAL REFERENCES , RATE DISPLAYS, 
AND/OR PHYSICAL SENSES ARE ALL AVAILABLE 
AS BACKUP ATTITUDE ERROR CUES . DISREGARD 
ATTITUDE ERROR INDICATION IN AFFECTED AXIS . 

POST 0 . 0 5G : ROLL COMMAND ANGLE (/3 ) WILL 
BE DISPLAYED IN Rl AS LONG AS THE Vl6N71 
DISPLAY IS PRESENT . PITCH AND YAW ATTITUDE 
ERRORS NO LONGER ARE REQUIRED . 

3. ALL PHASES: SAME AS 2 EXCEPT BOTH G&N AND 
SCS ATTITUDE ERROR DISPLAY ARE LOST . 

4 . ALL PHASES : ATTITUDE SET FUNCTION LOST. 
FDAI ALIGN LOST . G&N ATTITUDE ERROR 
DISPLAY STILL FUNCTIONAL . 



\ 

PROCEDURE 

scs 3 

1. ARREST SC MOTION 
BALL FIXED OR 
ALIGNS INCORRECTLY 

IF APPROPRIATE 1. SELECT POO 

2 . G&N/SCS- SCS AND ATT ERROR NOT NULLED 2 . G&N/SCS- G&N 

3. AME- ATTITUDE IN ONE OR ALL AXES 3. KEY Vl6N20E 

4. ATT SET DIALS- 4. MONITOR DSKY 

RO P32 Y(}l' DISPLAY OF IMU 

5 . FDAI ALIGN- PRESS I 
ANGLES 

6 . FDAI BALL RO 5 . BALL MOVES TO 

P32 YO ON IMU ANGLES 

7 . PLACE ATT SET 
SW ON 

I BALL ALIGNS INCORRECTLY 

AND ATT ERROR NULLED 

1. SELECT POO 
2 . G&N/ SCS- G&N 
3 . KEY Vl6N20E 

BALL ALIGNS CORRECTLY 4. MONITOR DSKY 
DISPLAY OF 

AND ATT ERROR NULLS IMU ANGLES 
5 . BALL MOVES 

TO IMU ANGLES 
6 . CHECK CDU 1 S 

FOR FINE ISS 
FOLLOWING . 

*THESE VALUES OR THE VALUES FOR THE NEXT MANEUVER MAY BE USED. 

PAEPAREOBY, !:f:iii_ 

AGCU ELECT 1 
YES FAIL 

SERVO ELECT 2 
NO OR COMMON 

BALL DRIVE 
FAIL 

I AGCU sml 
FAIL 

CDU 1 S G&N BALL 3 
FOLLOW DRIVE FAIL 

CDU 1 S DON ' T ICDU FAILURE 

FOLLOW GO TO THIS 
CHECK 
ROUTINE 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

Jan 27 , 1967 

4 

REMARKS 

GENERAL FOR LAUNCH PHASE : NO ACTION IF BALL 
DRIVE IS INCONSISTENT . USE OTHER CUES AND 
PERFORM TROUBLESHOOTING FOLLOWING INJECTION 
INTO ORBIT . 

1 MIDCOURSE & v' s: USE G&N MODES FOR BALL 
DISPLAY OR DSKY CALLUP (V16N20E) WHEN SCS 
MODES ARE NEEDED . SCS ATTITUDE DISPLAY IS 
LOST FOR THE REST OF THE MISSION. 

ENTRY : USE G&N ENTRY MODE AND DISPLAY AS 
PRIMARY PATH . VISUAL "OUT- THE- WINDOW" 
ORIENTATION IS AVAILABLE UNTIL POST . 05G 
ROLLING ENTRY IS FINAL BACKUP. 

MIDCOURSE & V1 S: USE DSKY DISPLAY (V16N20E) 
FOR TOTAL ATTITUDE INDICATION OR READ CDU 1 s 
AT LEE . 

ENTRY : NORMAL ENTRY EXCEPT NO TOTAL ATTITUDE 
BALL . 

3 
~~L!i I~ A ~~~!'iL~~ !HEREt:~~R~c!~~ 
IF THE LOSS OF RESET CAPABILITY DOES NOT 
MAKE THE MENTAL COORDINATE TRANSFORMATION 
PROBLEM TOO DIFFICULT . 

4 MIDCOURSE: USE SCS MODES FOR BALL DISPLAY OR 
DSKY CALLUP (V16N20E) . G&N TOTAL ATTITUDE 
DISPLAY IS LOST BUT ALL G&N MODES MAY STILL BE 
USED WITHOUT TOTAL ATTITUDE FUNCTIONAL . 

V' S: EITHER G&N OR scs v' s MAY BE PER
FORMED BUT THE TAKE OVER ATTITUDE REFERENCE 
MUST BE THE EXTERNAL REFERENCE SUPPLIED BY 
MSFN . 

ENTRY : G&N MANUAL ENTRY IS POSSIBLE BY USING 
PROCEED (V33E) AT THE G&N ENTRY MODE SELECT 
POINT . AN SCS BALL WITH DSKY DISPLAY OF 
PROGRAMS 61- 67 WOULD BE USED OR ANY OF THE 
OTHER BACKUP MODES . 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANO BODI 
s,co12 IRE v FINAL 
SECT/ON ') . 1.1.2 !PA GE 2_ 



scs 4 PROCEDURES 

1. CB ' s SCS I FDAI ILLUM- l GROUP 2 
ACl CLOSE 

INATION 
YES 

2 . FDAI LTG . I ADJUSTS ? I 
SW - AC2 . 

NO 

1. G&N/SCS- SCS 
2 . V SW - V YES 
3. FDAI LTG . 

SW - AC 1. 
4 . VERIFY V 

COUNTER IS 
GREATER THAN 
ZERO 

5. TVC - 1- ACl 
6 . INJ . PREVLVS 

OFF NO 
7 . THRUST SW-

OFF 
8 . THRUST PB-

PRESS 

~- THRUST PB 
ILLUMINATES ? 

--1 

2. 
ACl SW 
CONTACT 
FAIL 

FDAI I. 

INTEGRAL 
LIGHTING 
FAILURE 

:J 

FDAI LTG . & 
THRUST PB 
XFORMER FAIL 

r£:. FLIGHT CREW SUPPORT O IVISION 

DATE,Jan 27, 1967 

REMARKS 

ALL PHASES : ADJUST FLOODLIGHTING FOR B8ST 
ILLUMINATION AND CONTINUE WITH MISSION . 

2 ALL PHASES : USE AC- 2 SWITCH POSITION FOR 
FDAI LIGHTING SWITCH . REVERSE THE TVC 
SWITCHING CONVENTION FOR v' s , i . e .' 

SCS POWER - AC2 
RATE GYROS - AC2 
TVC - 1 - AC2 
BMAG ' s - ACl 
ROTATION CONTROL - ACl 
TVC - 2 - ACl 
G&N LIGHTING - AC2 
SPS GUAGING - AC2 

ALL PHASES : ADJUST FLOODLIGHTING FOR BEST 
ILLUMINATION . THRUST ON LIGHT CHECKS NO 
LONGER POSSIBLE . CONTINUE WITH MISSION . 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANOBOO~ 

'" or2 I•" FIN 
SECT I ON 9 .1.1. -2 ) PAGE 

r 



scs 5 

A 

I YES I RESE.'l' 4 V 
1. TVC 1 PWR - OFF " COUNTER 
2 . TVC 1 PWR - ACl MN A 
3. DOES V COUNTER 

STOP DRIFTING I N 

ACCELEROMETER I a 
n ti T,OOP OR /JV 

SET SW FAIL 

OPEN POT OR I 3 
C J BAD CONTACT 

ON /JV SE.'I' 
SW 

/JV COUNTER I + 
D .I ELECTRONICS 

DRIVE FAIL 

INHIBIT CKT 
LATCH UP FAIL 

DIRECT ULLAGE -I IS T!,IRUS'UN~ ~ PUSH (MOMENTARILY ) 
E • IN PROGRESS ~ DOES /JV COUNTER 

I START 

NO NO 

/JV COUNTER ELEC
-------TRONI CS DRIVE 

FAIL 

NO DISCRE.'l'E 15 

FROM THC 

ca. 
7 

FLIGHT CREW SUPPORT DIVISION 

DATE,Jan 27 , 1967 

~~. ~ 
\\ 

1 . USE G&N FCR THRUST MAGNITUDE CONTROL 

2 . USE G&N CONTROLLED BURNS 

3, USE OTHER THREE DRIVE SPEEDS TO GET PROF-ER 
COUNTER SE.'l'TING 

4 . USE G&N CONTROLLED BURNS 

5 . NEXT BURN ULLAGE WI TH OTHER THC 

6 . USE G&N CONTROLLED BURNS 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

APOLLO UPt.HAI IONS HANUBOO-. 

5/C 012 l•EY FINAL 
SECTION _2 .1.1. 2 I••·· 7 



scs 6 

FLJ GH T CREI SUPPORT DIVIS I DH APOLLO DPERAT I OHS HAHDBDDl 

DATE, Jan 27 , 1967 STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

s,co12 REV FINAL 
SECTION .2. • 1 . 1. 2 (PA GE 

THRUST CONTROL sw -1 I WAS AGC I YES 1 IS v 50 N 11 ~ s G&N MA LFUNCTION. 
OFF ' c.ONTROLLING BURN "'LASHING AGC DID NOT 

MAGNJTTicy;? ( 1n SEC AFTER SHUTDOWN) SEND ENGINE ro OFF DISCRETE, 

NO IS THRUST ON LT I FAILURE IN G&N 

I ON? I YES • PORTION OF SPS 

0 

s THRUST ON L~ NO ITHRUST ON DRIVER 
ON? ~ OR LIGIC FAILED ON 

YES 

Ill V COUNTER 
1-2.-C 

I YES I scs AUTO ON/OFF 
, SW FAILURE 

~---•! Proc 5 - E 

THRUST CONTROL 

NO - RESET 
. FCSM SCS - SCS 

START ULLAGE 
FCSM G&N- OVERRIDE/REcl':T 
FCSM G&N - G&N 

IF V?O p;fi; ~!-i'~ASHING I 
OUGH ENGINE 
OMBUSTION B .r~s~·~ ~s ~ ).::SM scs- OVERRIDE/l t 

G&N [J V? , THRUST ON - PUSF 

~

. IF V 50 N 11 1::, _________ _ _ ___ __ _, 

---- FI ASHING PRESS _ENT 

NO CK . FOR PROGRAM-- - -I YES ·I G&N MALFUNCTION I 
FAILURE IN SCS I 7 . ALARMS OR ERROR " " .I THRUST ON PB - f· 
THRUST CONTROL CQDF/3 -- ·-- ~ PRE$$ 1 

. ___ LOGIC __ 

C 
_ . . IS V 50 N ll 

~ ,~ FLASHIN~ - --

- -~~- I G&t ~LFI 

IS THRUST ON l-,_Jl . THRUST ON PB -

LT ON?__j NO k, i~~ION OCCUR 

IT.S 

. DIRECT ULLAG11 NO 
PB- PRESS 
(.t-lOl·JBllTARILY; 

:1GNITION J YES ,1 NO ULLAGE 
_QgjJlli~?- · DISCRETE FROM THC 

: THRUST CONTROL 
1 SW FAILED 

1. USE SCS THRUST CONTROL 

2 . USE DIRECT ON/OFF OF THRUST CONTROL 
SW FOR SUBSEQUENT BURNS . 

3, USE G&N TO CONTROL BURN OR DIRECT 
ON/Or'F OF THRUS':' -rr:'.'.'ROL SW FOR 
SUBSEQUENT BURNS . 

4, USE DIRECT ON/OFF OF THRUST CONTROL 
SW FOR SUBSEQUENT BURNS 

5, SPS NON- OPERATIONAL 

G&N THRUST ".] NTROL LOGIC FAILURE, USE 
SCS FOR SUBSEQUENT BURNS. 

7, USE G&N FOR ALL SUBSEQUENT BURNS • 

4 

8 



scs 7 

1. 
2. 
3 . 
4. 
5. 

6 . 

TVC #2 CHECK 

TVC #1 SWITCH - AC #1 1. 
TVC #2 SWITCH - AC #2 2 . 
START PITCH #2 GIMBAL MOTOR 3 . 
START YAW #2 GIMBAL MOTOR 
CHANGE PITCH TRIM POSITIVE 4. 
THEN NEGATIVE 
CHANGE YAW TRIM POSITIVE 5. 
THEN NEGATIVE 6 . 

GPI MOVEMENT 
FOLLOWS TRIM 
AND RC COMMANDS 

PERFORM AT SELECTION 

TVC # 2 CHECK -

MTVC CHECK 

V SWITCH - ON 
ROTATE TRANSLATION CONTROL CE 
ROTATE ROTATION CONTROL POSITIVE 
THEN NEG . IN PITCH 
ROTATE ROTATION CONTROL POSITIVE 
THEN NEG. IN YAW 
fl V SWITCH - OFF 
RETURN TRANSLATION CONTROL TO 
CENTER 

1. 

2. 

3-
4. 
5. 
6 . 

7. 

TVC #1 CHECK 
GIMBAL MOTORS PITCH #2 & 
YAW #2 - OFF 
GIMBAL MOTORS PITCH #1 -
START/ON 
GIMBAL MOTORS YAW #1 - START/ON 
llV sw - ON 
Verify C&W GIMBAL FAIL LT OFF 
CHANGE PITCH TRIM POSITIVE 
THEN NEGATIVE 
CHANGE YAW TRIM POSITIVE THEN 
NEGATIVE 

vl:'.l J~UV1'J"llsN'l' t'ULLUW:S I TRIM AND RC COMMANDS PERFORM TVC #1 CHECK 
PERFORM MTVC CHECK 

GPI MOVEMENT AWAY FROM 'PlHM 
AT SELECTION 

NO GPI MOVEMENT 
WITH RC COMMANDS 

GPI MOVEMENT FOLLOWS 

GPI MOVEMENT FOLLOWS TRIM AND 
I NORMAL OPERATION I C&W GIMBAL FAIL LIGHT OFF 

GPI MOVEMENT FOLLOWS TRIM AND "'t GIMBAL #1 FAIL I' C&W GIMBAL FAIL LIGHT ON 

GPI MOVEMENT AWAY FROM TRIM 
I #1 CLUTCH FAIL 12 

NO GPI MOVEMENT AND C&W 
GIMBAL FAIL LIGHT ON I TVC #1 AUTO FAIL 1

3 

·[ MTVC TRIM FAIL 1+ 

~ MTVC FAIL i5 
-: TVC TRIM FAIL 1' ROTATION CONTROL GPI MOVEMENT AWAY 

PERFORM MTYC CHECK 
FROM TRIM GPI MOVEMENT AWAY FROM TRIM : #2 CLUTCH FAIL 17 

GPI MOVEMENT FOLLOWS TRIM 
·: AUTO TRANSFER FAIL 1

8 

NO GPI MOVEMENT GPI MOVEMENT FOLLOWS 
PERFORM 

WITH RC COMMANDS ROTATION CONTROL TVC #1 CHECK NO GPI MOVEMENT 
· : TVC AUTO INPUT FAIL I, PERFORM MTVC CHECK 

~O GPI l10VEMENT GPI MOVEMENT FOLLOWS TRIM J TRANSFER RELAY FAIL OR I 
FOR RC INPUTS I TVC #2 FAIL 

PERFORM TVC #1 CHECK 

I NO TELEMETRY TELEMETRY MOVEMENT FOLLOWS TRIM TELEMETRY CHECK 
1 

GPI FAIL 
OR ROTATION CONTROL IN TVC #1 , 

MOVEMENT 
MTVC , & TVC #2 CHECKS 

VERIFY GIMBAL MOVEMENT 
BY TELEMETRY AND VOICE 
COMMUNICATIONS NO TELEMETRY MOVEMENT 

-

I" 

PR EP ARED BY, (r..,--.,/f/ I Flt GK T CREI SUPPORT O I¥ IS I ON I I APOLLO OPERATI ONS KANOBOOK 
I ACTUATOR FAIL I 

k "d\l. OA TE1 I STABILIZATION AND CONTROL 1s,co12 l••v FINAL 
\ 
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s_i:::_s s 

SCS CHANNEL ROLL (2) - OFF 1. .I CONTI NUE WITH ! 2. DIRECT RCS - ON - YES 
3 . MANUALLY CONTROL ROLL ATTITUDE 'J THE SPS BURN I 
4. IS THE VEHICLE STABLE? 

NO 

PREPARED BY, A#i,/,; I FLIGHT CREW SUPPORT DIVISION 

(3i1i:,, ~', c I Dm, Jan 27 , 1967 

PROCEDURE 

1 • THRUST CONTROL SW - OFF 
2 . SELECT SCS ATT HOLD 

EXCEPT: LIMIT CYCLE - OFF 
3 . MONITOR FOR OTHER SYMPTOMS 

STABILIZATION AND CON'IB'.lL 
MALFUNCTION PR_QCEDURES 

REMARKS 

'·J 

APOLLO OPERATI ONS HANOBfDl 

S/CQ12 . 1REV FINA!, 
S ECT I ON 9 , 1,1,2 1PA GE 10 

1 



~ f.1 

···fJl::J:. , I FLIGHT CREW SUPPORT DI VISION 

-------l'l~°'T'7-'-'-;__ ___ , DATE, Jan 27, 1967 

?ROCEDURE 

1. 

2 . 

THE VEHICLE DRIFTS 
OUT OF THE ATTITUDE 
DEADBAND IN ONE AXIS 

YES 

CHECK ATTITUDE ERROR ::u 
NEEDLES AT NULL ? i,--------, 

1. THC - C. W. 
2 . SCS - RCS CIRCUIT BREAKERS 

IN THE AFFECTED AXIS ·· 
CLOSED 

3. NULL ERROit NEEDLES 
4 . THC - NEUTRAL 
5. Dl;iES THF VEHICLE DRIFT 

OUT OF THE DEADBAND? 

NO 

UdI NG PROPORTIONAL CONTR01 

CAN THE VEHICLE BE 
STABILIZED? 

1 . ATTITUDE IMPULSE 

YES 

l . G&ll SCS TO OTHER MODE 
2 . DOES THE VEHICLE DRIFT 

OUT OF THE DEADBAND : 

ns 

ENABLE ON 
2 . EXERCISE IMPULSE 

CONTROLLER 
3- DOES VEHICLE 

r.:.SPOI!D: 

I NO J WAS 'i'i ll OliIGINAl 
MODE G&N ATT 
CONTROL? 

SCS MO 

G&N MO 

....____liQ_ 

I YES 

D!~AG 
FAlLisD 
0°EN 

GO :· ... ~ ~&J~ 
MAJ FUNCTION 
PROCEDURES 

OTAL ERROR 
AMPLIFIER 
1FA:!:I ~!) 1JP~N 

G&N ATTITUDE 
DEMODULATOR 
FAi l.ED OPEN 

SCS ATTITUDE 
DEMODULATOR 
FAILED OPEN 

ATTITUDE 
ERROR 
AMPLIFIER 
FAIJ.ED OPEN 

14 

16 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

REMARKS 

l BMAG OPEN . 

LAUNCH - NOT DETECTABLE 

S/C 

11 

ALL OTHER PHASES - SCS AUTO . CONTROL LOST IN ONE AXIS . 
G&N , DIRECT & PROPORTIONAL CONTROL ALL 
REMAIN. SCS V, MTVC (IF FAILURE IN 
PITCH OR YAW) & SCS ATTITUDE ARE LOST. 

2 . DRIVER OPEN : 

LAUNCH - NOT DETECTABLE 
MIDCOURSE & V'S - USE OPPOSITE JET PAIR FOR SINGLE JET 

ATTITUDE CONTROL AND/ OR TRANSLATIONS 
(ROLL FAILURES FAIL 1/2 OR Y OR Z 
± OR - CONTROL) 

ENTRY - SET UP FOR EITHER AN "A" OR "B" AUTO ENTRY DE
PENDING ON WHETHER OR NOT THE FAILED DRIVER IS IN 
"B" OR "A" (IGNORE IF IT WAS AN A&C ROLL DRIVER) 

3. SWITCHING AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER PHASES - AUTO ATTITUDE , RATEJ AND PROPORTIONAL 

RATE CONTROL IS LOST IN THIS AXIS . 
DIRECT ,C:ONTROL IS THE ONLY REMAINING 
RCS CONTROL PATH . 

4 . TOTAL ERROR AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER PHASES - AUTO ATTITUDE, RATE , AND PROPORTIONAL 

RATE CONTROL IS LOST IN THIS AXIS . 
DIRECT CONTROL IS THE ONLY REMAINING 
RCS CONTROL PATH OTHER THAN MINIMUM 
IMPULSE CONTROL . 

5 . G&N ATTITUDE DEMODULATOR OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER PHASES - G&N AUTO CONTROL LOST IN ONE AXIS . 

DIRECT OR PROPORTIONAL CONTROL OF RCS 
REMAINS . SCS V OR MTVC FOR BURNS AND 
MANUAL G&N FOR ENTRY. SCS ATTI TUDE FOR 
ATTITUDE HOLD . 

6. SCS ATTITUDE DEMODULATOR OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER PHASES - SCS AUTO CONTROL . LOST IN ONE AXIS 

G&N , DIRECT , AND PROPORTIONAL CONTROL 
ALL REMAIN. SOS V ( IF FAI LURE IS 
PITCH OR YAW ) AND SOS ATTITUDE ARE 1 0.'3:. 

7 . ATTITUDE ERROR AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER PHASES - AUTO CONTROL FROM EI THER G&N OR SOS 

HOLD SIGNALS LOST IN THIS AXIS . 
DIRECT RCS CONTROL AND MINIMUM I MPULSE 
CONTROL ARE THE ONLY REMAINI NG RCS 
CONTROL PATHS FOR THE AFFECTED AXIS . 
USE MTVC I F PITCH OR YAW . 



REMARKS : See Page 13a 

SCS 12 (A) PROCEDURE 

1 1. scs CHANNEL (4) - OFF I •~•TE GYRO FAILURE 1
1 

NO 1. DIRECT RCS - ON RATE NEEDLE NOT AT mn L 

2 • ARE THE RATES INCREASING ?I - 2 . NULL RATES ATTITUllE ERROR NEEDT,ES u,Dnrwn, : D '"'"' ,n=n 1"<: A'l' mn T I ffiMAG LOOP FAILURE lz 
3 . G&N/ SCS - SCS RATE NEEDLES 
4. AME- ATTITUDE AT NULL 

I 

. J JET DRIVER FAILED ON I:, 1. C/ B SCS PITCH (YAW , ROLL) ONLY 1 c/B CAUSES RATE INCREASE 
MNA OR MNE- OPEN 

2 . ROT . CONT . PWR - OFF 1. VERIFY LIMIT CYCLE- OFF 6 
3 , THC - C.W. RATES INCREASE WITH 2 . SCS CHANNEL PITCH (YAW , NO I PSEUllO RATE FAILED I 
4 . SCS CHANNEL PITCH ( YAW, ROLL (2) MORE THAN 1 C/B COMBINATION ROLL ( 2 ) - ON/ OFF(STABILIZI 

- ON (scs CHANNEL PITCH (YAW ' s / c IF NECESSARY ) _u l!,u 

ROLL (2) - 0FF AND STABILIZE s/c 3 . DO RATES INCREASE? 
1 . THC- NEUTRAL -+ 5- IF NECESSARY) 
2 . C/B SCS GROUP 1 RATES INCREASE .I ONE TRANSLATION REPEAT STEPS 1 AND 4 F'OR THE MN A- OPEN WITH ONLY ONE - CONTROL FAI LED 

OTHER C/ B(s) IN THE AFFECTED 
3 . SCS CHANNEL PITCH C/B ON CHANNEL (YAW, ROLL (2)) - m 

INO RATE 
(scs CHANNEL PITCF 

INCREASE ( YAW , ROLL (2)) - on r 
AND STABILIZE s/c FAILURE IN 

YES 1. VERIFY C/ B SCS PITCH (YAW , IF NECESSARY) RATES INCREASE... 
CONTROL ELEC-

ROLL) MNA OR MNB- CLOSED 4 . REPEAT STEPS 1 WITH BOTH C/B - TRONICS (RATE 
2 . ROT . CONT . PWR - AC2 THRU 3 FOR DEMODULATOR , RATE 
3. SCS CHANNEL PITCH (YAW , ROLL (2) GROUP 1 MN B C/B ERROR AMPLIFIER, 

- ON (scs CHANNEL PITCH (YAW ' D· SCS PARTIAL PWR & · TOTAL ERROR 
ROLL (2) - 0FF AND STABILIZE s / c RATE GYRO TO NON- AMPLIFIER, OR 
IF NECESSARY) AFFECTED BUS SWITCHING AMP-

4. DID THE RATES INCREASE? LIFIER 

I =~ -1 ONE RHC FAILED ISOLATION 1
7 

rl PROCEDURE T • B • D • 

~ 1. AME- MONITOR Ir 

2 . THC- NEUTRAL 
~<; J ATTITUDE ERROR AMPLIFIER FAILED ON I 

(SCS CHANNEL PITCH (YA\4 , WAS THE I ""'" .J BMAG DEMODULATOR FAILED ON I' 
ROLL ( 2) - OFF AND STAB- ORIGINAL P21 1 . SELECT FOO I 
ILIZE sic IF NECESSARY) MODE SCS? 2 . ATT ERROR 

J: GO TO G&N MALF PROCEDURE I • --3 . DID THE RATES INCREASE? NEEDLES AT NULL NO 

l YF.S 
1. G&N iSCS--r.&N 

(° 2 . AME- ATTITUllE YES 
:: G&N ATT DEMOD FAILED 

3. SCS CHANNEL PITCH 

--
~ 

(YAW ,ROLL(2) ) - OFF 
AND STABILIZE S/ C IF 

J GO TO G&N MALFUNCTION PROCEDURE I ~ NECESSARY NO 

4 . DID RATES INCREASE? 

·;;,;;,.,o,i~ ,,.,c.~:·_ I FLIGHT CREW SUPPORT DIVISION I I APOLLO OPERATIONS HANOBOOl 

I DA T E1 I STABILI ZATION AND CONTROL 1s1c 012 IREvFINAL 

( CON'l'1NUF:D ON :,:7 
Jan 27 , 1967 MALF1JNCTION PROCEDURES ! SECT I ON 9.1. 1. 2 IPAG[ 12 
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PREPARED "By, 

""/ .r I DATE, 
' ;,- Jan ·27 , 1967 

~ ( FLIGHT CREW SUPPORT DI VISION 

SCS 12 (B) 

1 . VERIFY DIRECT RCS - OFF I NO • 1. SCS CHANNEL (4) -ON ~ 1 . C/ B scs DIRECT CONT MNB - OPEN I 
2 . ARE RATES INCREASING? I • 2 . NULL RATES 2 . C/ B SCS DIRECT CONT MNA - CLOSED I 

3 . C/B SCS DIRECT CONT MNA - OPEN 

YES 
4, DIRECT RCS - ON/ OFF NO 
5 . DID THE RATES INCREASE? 

IF DESIRED DIRECT I 
RCS - ON AND STABILIZE RATES 

l 
1 . C/B SCS DIRECT CONT l 1. SCS CHANNEL (4) - ON ~ 1 . C/B scs DIRECT CONT MNA - OPEN I 

MNA & MNB - OPEN NO • 2 . NULL RATES 2 . C/B SCS DIRECT CONT MNB - CLOSED 
2 • DO THE RATES INCREASE? J • 3 . C/ B SCS DIRECT CONT MNA- CLOSED NO 

4 . DO THE RATES INCREASE? 

s 

1. C/B SCS GROUP 2 MNA &. MNB -~ 1. SCS CHANNEL (4) - ON YES _( C/ B SCS GROUP 2 MNA - OPEN I 

OPEN NO 2 . NULL RATES l C/B scs GROUP 2 MNB - CLOSED I 
2 . DO THE RATES INCREASE? 3 . C/B SCS GROUP 2 MN A-CLOSED BMAG PWR - AC2 

4 . DO THE RATES INCREASE? NO 
·1 BMAG PWR ACl I 

ras 

APOLLO OPERA! I DNS HANDBDDl 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

s,co12 (REV FINAL 
SECTION 9 . 1 . 1 . 2 IP AGE 1 

J RHC #2 FAILED ON I 
"l (DIRECT) 

.I RHC #1 FAILED ON I 
7 (DIRECT) 

-.1 DIRECT ULLAGE l 7 SWITCH FAILED 

T 

.I CMD PILOT ROTATION 13 

CONTROL BREAKOUT 
SW SHORTED TO DIRECT 
sws 

- PILOT ROTATION 
13 

CONTROL BREAKOUT 
SW SHORTED TO 
DIRECT SWS 

1. S/M RCS A (B , C, D) PROPELLANT l'f 

SW - OFF 
.. 2 . REPEATSTEP 1 UNTIL RATES 
r STOP 

3 . S/M RCS A (B , C, D) PROPELLANT 
SWS - ON (for the non affected 
quads) -



1 RATE GYRO HARDOVER FAILURE 

LAUNCH - RATE DISPLAY WILL NOT AGREE WITH ATTITUDE, ATTITUDE ERROR (IF STILL ACTIVE), AND PHYSICAL SENSES. 
THIS CAN BE CORRECTED BY SELECTING BACKUP RATE IN THE AFFECTED AXIS. 

MIDCOURSE - LEAVE THE RATE GYRO SWITCH OFF MOST OF THE TIME. ATTITUDE HOLD CAN BE HANDLED BY THE G&N AND 
LIMIT CYCLE SWITCH OR THE BMAG 1 S AND LIMIT CYCLE SWITCH. FOR MANEUVERS, PLACE THE BMAG'S TO 
BACKUP RATE OR USE DIRECT AUTO CONTROL IN ALL THREE AXES. IN THE FORMER CASE THE AGCU CAN NO 
LONGER UPDATE. 

v's - scs V MODE IS NO LONGER FUNCTIONAL FOR A PITCH OR YAW AXIS PROBLEM. G&N V WITH A BMAG IN 
BACKUP RATE AND MTVC ARE STILL OPERATIONAL. IN THESE MODES THE RATE GYROS WOULD BE ON WITH 
BACKUP RATE SELECTED IN THE AXIS AFFECTED. 

ENTRY - IN THESE MODES, THE RATE GYROS WOULD BE ON WITH BACKUP RATE SELECTED IN THE AXIS AFFECTED. THIS 
WILL LOSE THE AGCU BACKUP ATTITUDE REFERENCE. 

2 BMAG LOOP HARDOVER FAILURE 

LAUNCH - THE BACKUP ATTITUDE REFERENCE WILL NOT BE FUNCTIONAL BUT THIS WILL NOT BE DETECTABLE DURING A 
NORMAL BOOST. 

MIDCOURSE - G&N ATTITUDE HOLD MUST BE USED FOR HOLD PERIODS. THE AGCU FUNCTION IS LOST. BACKUP RATE IS NOT 
AVAILABLE IN THE AFFECTED AXIS. DISABLE THIS AXIS IF SCS MODE SELECTED. 

v's - ONLY THE G&N V MODE REMAINS FUNCTIONAL. scs V AND MTVC ARE BOTH LOST FOR PITCH OR YAW 
FAILURE. FOR ROLL, DIRECT CONTROL MUST BE USED WITH CHANNEL DISABLED. 

ENTRY - THR BACKUP ATTITUDE REFERENCE WILL NOT BE FUNCTIONAL. BACKUP RATE IS NOT AVAILABLE IN THE AFFECTED 
AXIS. DISABLE AFFECTED AXIS IF SCS MODE IS SELECTED. DAMPING OR CONTROL IN THE AXIS MUST BE WITH 
DIRECT CONTROL. 

3 DRIVER FAILED ON 

LAUNCH - NOT DETECTABLE 
MIDCOURSE & 

v's - APPLICABLE CIRCUIT BREAKER MUST BE OPENED AND REMAIN PULLED FOR REMAINDER OF MISSION. SELECT TWO 
JET ULLAGE AND ROTATE DUTY CYCLE FOR PROPELLANT MANAGEMENT BASED UPON THE TWO JETS LOST. CONTINUE 
MISSION. 

ENTRY - SET UP FOR SINGLE SYSTEM RCS ENTRY ON THE UNFAILED SYSTEM (lE: FOR AN MNA BREAKER SET UP FOR AN 
AUTO~TIC "B" SYSTEM ENTRY) IF THE FAILURE WAS IN PITCH,YAW, OR B&D ROLL. 

I PREPARED BY, /3~..// I FLIGHT CREW- SUPPORT DIVISION-··- - - ·-· ... . . -- -------------

DATE 1 

MSC "Form 4 

Jan 27, 1967 
STABILIZATION AND CONTROL 

MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 

5/C 012 iREV FINAL 
sEc110N'1.l.l.2 IPAGE 13_a 



') )) 

4 ONE TRANSLATION CONTROL BAD 

LAUNCH - NOT APPLICABLE 
MIDCOURSE & 

v's - PULL EITHER THE MNA OR MNB BREAKER FOR scs GROUP 1 POWER. SET scs POWER AND TVC #1 POWER TO 
OPPOSITE POSITIONS . USE OTHER TRANSLATION CONTROL . HALF OF THE POWER FOR THE SCS CONTROL 
PANEL IS NOW OFF. 

ENTRY - THE CIRCUIT BREAKER CAN BE RE-CLOSED AS BOTH THE POWER PATHS ARE OPENED BY CM- SM SEPARATI ON . 

5 FAILURE IN CONTROL ELECTRONICS 

MSC Form 

LAUNCH - NOT DETECTABLE 
MIDCOURSE - AFFECTED AXIS MUST BE DISABLED. DIRECT RCS CONTROL AND DIRECT ULLAGE ARE THE ONLY REMAINING 

MEANS OF FIRING THE JETS IN THIS AXIS . 
v's - THIS FAILURE GROUP MUST BE FURTHER ISOLATED TO DETERMINE IF THE TVC CONTROL CAPABILI TY HAS BEEN 

AFFECTED, WHEN THERE IS A PITCH OR YAW FAILURE. FOR A ROLL FAILURE, DIRECT ROLL CONTROL MUST 
BE USED . 

ENTRY 

THE ISOLATION SHOULD BE ACCOMPLISHED AS FOLLOWS : 

1. SELECT SCS V MODE 
2. RECONFIRM THRUST CONTROL SWITCH - OFF 
3. RECONFIRM PREVALVE SWITCHES (2) - OFF 
4. GIMBAL MOTORS IN AFFECTED AXIS (2) - START - ON 
5, CONFIRM RESPONSE TO GIMBAL TRIM THEN STABILIZATION AT TRIM PO INT 
6 . THRUST ON PUSHBUTTON - PRESS 
7. CONFIRM THRUST ON LIGHT - ON 
8. OBSERVE GPI IN AFFECTED AXIS . DOES IT REMAIN STABLE? 

(CONFIRM WITH TM IF COVERAGE IS AVAILABLE) 

STABILITY ISOLATES THE FAILURE TO THE TOTAL ERROR AMPLIFIER OR THE SWITCHING AMPL IFIER SO THAT 
ANY OF THE THREE TVC CONTROL METHODS MAY BE USED. · DIRECT ULLAGE AND DIRECT ROTATI ON MUST BE 
USED THOUGH FOR RCS CONTROL . 

LACK OF STABILITY MEANS NO TVC. RCS DEORBIT MUST BE USED. 

- SAME AS MIDCOURSE EXCEPT THAT THE DIRECT ULLAGE DOES NOT APPLY 

FLIGHT CREW SUPPORT DIVISION 
- . · - - - ·-- ... 

APOLLO OPERATIONS HANDBOOK 
DATE 1 

Jan 27, 1967 STABILIZATION AND CONTROL s;c 



6 PSEUDO RATE FAILED 

LAUNCH & 
ENTRY - NOT DETECTABLE (IN ENTRY THE LIMIT CYCLE SWITCH MUST BE OFF) 
MIDCOURSE & 

v's - LIMIT CYCLE SWITCH MUST BE OFF . HIGHER RCS PROPELLANT CONSUMPrION AND LIMIT CYCLE RATES WILL BE 
OCCURRING . 

7 ROTATION CONTROL BAD (PROPORTIONAL) 

ALL PHASES - T.B.D . 

8 ATTITUDE ERROR AMPLIFIER FAILED 

LAUNCH 
ALL OTHER 
PHASES 

- NOT DETECTABLE 

- THE AFFECTED AXIS MUST REMAIN DISABLED. ALL CONTROL METHODS USING THE AUTOMATIC RCS COILS 
IN THIS AXIS ARE LOST. PITCH OR YAW FAILURES ALSO LOSE BOTH AUTOMATIC TVC CONTROL PATHS BUT 
MTVC IS STILL FUNCTIONAL . 

9 BMAG DEMODULATOR FAILURE 

LAUNCH 
ALL OTHER 
PHASES 

- NOT DETECTABLE 

- SCS AUTOMATIC RCS CONTROL AND SCS V MODES (FOR PITCH AND YAW FAILURES) ARE LOST . IF AN SCS 
MODE IS SELECTED THE AXIS MUST BE DISABLED FOR AUTO CONTROL AND DIRECT RCS OR DIRECT ULLAGE 
SUBSTITUTED. 

10 G&N ATTITUDE DEMODULATOR FAILURE 

LAUNCH 
ALL OTHER 
PHASES 

- NOT DETECATBLE 

- G&N AUTOMATIC CONTROL IS LOST BUT, USING THE TRANSLATION CONTROL LOCKOUT (HANDLE cw), THE COMMANDS 
CAN BE FLOWN OUT FROM G&N DISPLAY WITH THE PROPORTIONAL CONTROL OR MTVC AS APPROPRIATE. 

FLIGHT CREW SUPPORT DIVISION 
DATE 1· 

Jan 27, 1967 STABILIZATION AND CONTROL 
MALFUNCTI ON PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
REV 



I 

1 y 
11 ROTATION CONTROL BAD (DIRECT) 

ALL PHASES - THE CIRECT CONTROL CIRCUIT BREAKER FOR THE SHORTED SWITCH CONTACT MUST BE OPENED. ONLY ONE 
ROTATION CONTROL WILL BE EFFECTIVE FOR DIRECT CONTROL. ONLY ONE SIDE OR THE THRUST CONTROL 
SWITCH WILL BE ACTIVEo FULL DIRECT ULLAGE CAN BE OBTAINED USING THE ABORT POSITION OF THE 
TRANSLATION CONTROL THROUGH THE MESC. 

12 DIRECT ULLAGE SWITCH FAILED 

ALL PHASES - THE DIRECT CONTROL CIRCUIT BREAKER FOR THE SHORTED SWITCH CONTACT MUST BE OPENED. ONLY ONE 
ROTATION CONTROL WILL BE EFFECTIVE FOR DIRECT CONTROL. ONLY ONE SIDE OF THE THRUST CONTROL 
SWITCH WILL BE ACTIVE. FULL DIRECT ULLAGE CAN BE OBTAINED USING THE ABORT POSITION OF THE 
TRANSLATION CONTROL THROUGH THE MESC. 

13 BREAKOUT SWITCH POWER SHORTED TO DIRECT CONTROL 

ALL PHASES - THE GROUP 2 MNA OR MNB CIRCUIT BREAKER INVOLVED MUST BE OPEN FOR THE REST OF THE MISSION. THE 
BMAG POWER SWITCH SHOULD BE PLACED TO THE OPPOSITE POWER SETTING. ONE ROTATION CONTROL WILL NO 
LONGER HAVE BREAKOUT SWITCH POWER AND SHOULD NO LONGER BE USED. THE CONTROL CAN BE DETERMINED 
BY: 

1. DISABLING THE RCS CHANNELS 
2. SELECTING THE SCS 6.V MODE 
3. WAITING FOR AN ATTITUDE ERROR INDICATION FROM THE BMAGS 
4. DISPLACING ONE ROTATION CONTROL PAST BREAKOUT 
5. IF THE BMAG 1 S CAGE ATTITUDE ERROR WILL GO TO ZERO AND THE BALL DRIVE WILL START. THIS IS 

THE GOOD ROTATION CONTROL. 

14 RCS QUAD PROBLEM 

ALL PHASES - QUAD USE IS LOST FOR REST OF MISSION. 

. - -· 
PRE PAR ED BY I C,.-,f'T';(:'/ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 

r,/)-- DATE 1 

Jan 27, 1967 
STABILIZATION AND CONTROL S/C 012 IREV FINAL 

(A"i' - MALFUNCTION PROCEDURES SECTION 9.1.1.2 IPAGE 13d 
MSC Form 460-(Rev Dec 66) 
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ARE THE RATE 
GYROS OFF AND 
IS THE LIMIT 
CYCLE ON ? 

YES 

scs 21 

P.ROCEll 

ARE RATE NEEDLES 
AT NULL 

1 . VERI FY V SW - OFF 

YES 

2 . CAN s/c BE MANEUVERED WI TH 
PROPORTI ONAL CONTROL 

RATE GYRO 
FAILED OPEN 

RATE GYRO 12 
DEMODULATOR 
FAILED OPEN 

RATE ERROR 
AMPLI FIER 
FAILED OPEN 

't 
PSEIJDO RATE 
OPEN 

1. VERIFY DIRECT RCS - ON I N[) ~ DIRECT RCS 
2 . VERIFY C/ B SCS DIRECT CONT . SW FAILED OPEN 

MNA & MNB - CLOSED 
3. CAN S / C BE MANEUVERED 

USING RHC #2(1) 
DIRECT CONTROL 

mu 111,1 LOST IN RHC #1(2) 

FLIGHT CREW SUPPORT DIVIS I ON 

,(,:"f'"- DATE, Jan 27 , 1967 STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 

s,co12 l••v FINAL 
SECT! ON 9 . 1. 1. 2 I••·· 14 

REMARKS 

See Page 14a 

1 . DIRECT RCS SWITCH FAILED OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER - DIRECT ROTATION CONTROL IS 
PHASES LOST . AUTOMATIC PROPORTIONAL 

CONTROL , MANUAL PROPORTIONAL 
CONTROL , AND DIRECT AUTO 
CONTROL ALL REMAIN FOR RCS 
CONTROL . 

2 . DIRECT CONTROL LOST IN ONE ROTATION CONTROL 

LAUNCH - NOT DETECTABLE 

ALL OTHER - KEEP OPERABLE 'OTATION CONTROL 
PHASES AT CMD PILOTS 3TATION 



1. RATE GYRO FAILED OPEN 

LAUNCH - DETECTABLE FROM LACK OF DISPLAY MOT ION DURING LAUNCH. CAN BE CORRECTED BY SELECTION OF BACKUP 
RATE RESTORING RATE DISPLAY. 

MIDCOURSE & - SELECTION OF BACKUP RATE PROVIDES AN ALTERNATE RATE SOURCE BY CHANNEL FOR MANEUVERS OR TVC. 
ATTITUDE CONTROL DURING LOW RATE CONDI TIONS CAN BE HANDLED BY PSEUDO RATE SO THAT THE BMAG 
CAN STILL BE USED FOR ATTITUDE HOLD. THE SCS DELTA V MODE IS LOST THOUGH AND THE BMAG IS 
COMMON TO BOTH G&N DELTA V AND MTVC FOR PITCH OR YAW FAILURES. 

ENTRY - BMAG IS AFFECTED AXIS CAN BE PLACED TO BACKUP RATE FOR G&N OR SCS MODES. UPDATING OF THE AGCU 
WILL BE LOST. ATTITUDE HOLD IN SCS ENTRY MODE MUST BE MANUAL . VISUAL BACKUP ATTITUDE 
REFERENCE IS AVAILABLE. 

2. RATE GYRO DEMOD OPEN 

ALL PHASES - RATE DISPLAYS REMAIN FUNCTIONAL 
LAUNCH - NOT DETECTABLE 
MIDCOURSE & - ONLY DIRECT CONTROL - DIRECT AUTO CONTROL AND MTVC (FOR PITCH OR YAW CHANNEL PROBLEMS) 
DELTA v's REMAIN IN THE AXIS. 
PRE 0.05G - ONLY DIRECT CONTROL OR DIRECT AUTO CONTROL REMAIN IN THE AXIS AFFECTED . 
POST 0.05G - AUTOMATI C RATE DAMPING LOST IN AXIS . DIRECT AUTO OR DIRECT CONTROL CAN BE USED WITH THE ACTIVE 

RATE DISPLAY OR IN ROLL TO CONTROL ATTI TUDE . 

3. RATE ERROR AMP OPEN 

ALL PHASES - RATE DISPLAYS REMAIN FUNCTIONAL 
LAUNCH - NOT DETECTABLE 
MIDCOURSE & - ONLY DIRECT CONTROL AND MTVC (FOR PITCH OR YAW CHANNEL PROBLEMS) REMAIN IN THE AXIS. 
PRE 0.05G - ONLY DIRECT CONTROL REMAIN IN THE AXIS AFFECTED. 
POST 0.05G - AUTOMATIC RATE DAMPING LOST IN AXIS . DIRECT CONTROL CAN BE USED WITH THE ACTIVE RATE DISPLAY 

OR IN ROLL TO CONTROL ATTITUDE. 

4. PSEUDO RATE OPEN 

LAUNCH & - NOT DETECTABLE 
ENTRY 
MIDCOURSE & - RATE OR BACKUP RATE MUST REMAIN ON IN AXIS AFFECTED FOR ATTITUDE HOLD. HIGHER RCS 
PRE DELTA v' s PROPELLANT CONSUMPrION WILL EXIST IN THAT AXIS. 

PREPARED BY, (!#,,d/' FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK . 
~/",)'[."' DATE, 

1967 STABILIZATION AND CONTROL S /C 012 IREV FINAL 
y,s;;?'L/ Jan 27, MALFUNCTION PROCEDURES SECT, ON 9 .1.1. 2 I PAGE 14a 
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, . ;,- ~ DATE , Jan 2-7, 1967 

c.J::/.; I FLIGHT CREI SUl'PORT DIVISION 

;/f · ~- STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

scs 22 PROCEDURE - - -- - - --- -- ·-- -~ - - _ _ __ REMARKS 

G&N AUTO OR AUTO ERROR NEEDLES GO TO G&N MALF 
WAS THE MANEUVER/ G&N , ARE THE ATT 

I 
YES rGC/CDU PROBLEM 

RHC #1(2) AT NULL PROCEDURE XX 

RHC #1(2) 

1 . CHANGE ROT CONT . 
PWR TO OTHER BUS • 

2 . CAN s/ c BE COMMANDED 
WITH RHC #2(1 

YES 

NO 

CAN THE MANEUVER r;--;:-;:;;-;:;;::;;;-;:::;;::----,....-"'YES!:2,.. _____________________ -4! 
BE COMMANDED YES 1 . SELECT SCS .----------, G&N L~TT DEMOD 
USING PROPORTIONAL ATT HOLD 1. CHANGE DEADBAND YES FAI D OPEN 
CONTROL 2 . DOES THE VEHICLE NO 2 . DOES THE VEHICLE ..__ _____ _.mnr.TNOT. ni;,,m1•11Tn 5' 

DEADBAND? DEADBAND? 

NO .a. 

I V...LJ..~VU...L ... .. ~ ... n. ............. ..... 

CAN S/ C ROTATION BE I YES ~ 'P(Yl'Al . 1'RROR AMP 1~ 
COMMANDED USING THE 
MINIMUM IMPULSE? 

NO 

't 

NO 

1 . CHANGE THE DEADBAND 
2 . DOES THE s/ c DEADBAND? 

YES ORIGINAL DEADBAml is 
CIRCUITRY FAILED 

1 . IF IN MONITOR MODE 
GO TO SCS ATT MODE 

2 . LIMIT CYCLE- OFF 
NO 

~ 
DOES THE S/ C YES ROTATION CONTROL 
DEADBAND? DEMODULATOR FAIL 

3. ARE THE RATE NEEDLES ~-------,
7 OSCILLATING AND I IRATE ERROR I 

DIVERGING YES • AMP FAILED OPEN 

CAN THE s/c BE t---YES-'-='-------------------------------.al 
COMMANDED WITH 
RHC #1{2) NO 

See Page 15a 

~ P~ t~Co) 

S-.&..,f.,.._ ,;C.) 



1. G&N ATTITUDE DEMOD OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER - G&N AUTO CONTROL LOST IN ONE AXIS. DIRECT OR PROPORTI ONAL CONTROL OF RCS REMAINS. SCS V OR 
·PHASES MTVC FOR BURNS AND MANUAL G&N FOR ENTRY . SCS ATTITUDE FOR ATTITUDE HOLD. 

2. ATTITUDE ERROR AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER - AUTO CONTROL FROM EITHER G&N OR SCS HOLD SIGNALS LOST IN THIS AXIS. DIRECT RCS CONTROL AND 
PHASES MINIMUM IMPULSE CONTROL ARE THE ONLY REMAINING RCS CONTROL PATHS FOR THE AFFECTED AXIS 

3. TOTAL ERROR AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER - AUTO ATTITUDE AND RATE PROPORTIONAL RATE CONTROL IS LOST IN THIS AXIS . DIRECT CONTROL IS THE 
PHASES ONLY REMAINING CONTROL PATH OTHER THAN MINIMUM IMPULSE CONTROL . 

4. SWITCHING AMPLIFIER OPEN 

LAUNCH - NOT DETECTABLE 
ALL OTHER - AUTO ATTITUDE AND RATE AND PROPORTIONAL RATE CONTROL I S LOST IN THIS AXIS . DIRECT CONTROL IS THE 
PHASES ONLY REMAINING CONTROL . 

5. DEADBAND CIBCUITRY FAILED 

LAUNCH - NOT DETECTABLE 
ALL OTHER - MANUAL ATTITUDE HOLD REQUIRED WHEN AFFECTED DEADBAND IS SELECTED . 
PHASES 

6. ROTATI ON CONTROL DEMODULATOR OPEN 

ALL PHASES- THE USE OF PROPORTIONAL RCS CONTROL AND MANUAL TVC ARE LOST FOR THE REMAINDER OF THE MISSION. 

PREPARED BY, (1,;p;/, 

£/~}_ 
Wt.:;::- , 

AUTO TVC MODES WITH RATE DAMPING AND NO MANUAL INPUT MTVC BACKUP ARE STILL AVAILABLE . DIRECT AND 
AUTO RCS CONTROL STI LL REMAIN FOR ALL MODES. 

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANOBOO~ 
DATE 1 

1967 
STABILIZATION AND CONTROL 5/C 012 IREV FINAL 

Jan 27, MALFUNCTION PROCEDURES SECTION 9 .1.1. 2 IPAGE 15a 



7. RATE ERROR AMPLIFIER OPEN 

ALL PHASES - RATE DISPLAYS REMAIN FUNCTIONAL 
LAUNCH - NOT DETECTABLE 
MIDCOURSE 
& v's - DIRECT RCS IS ONLY AVAILABLE CONTROL MODE IN THAT AXIS. 
PRE-0.05G - ONLY DIRECT CONTROL AVAILABLE IN AFFECTED AXIS 
POST-0.05G - AUTOMATIC RATE DAMPING LOST IN AXIS. DIRECT RCS CAN BE USED WITH THE ACTIVE RATE DISPLAY OR IN 

ROLL TO CONTROL ATTITUDE. 

8. ONE ROTATION CONTROL LOST 

ALL PHASES - USE THE OPERATIONAL ROTATION CONTROL AT BOTH THE G&N LEB STATION AND PILOTS STATION FOR PROPOR
TIONAL CONTROL. DIRECT CONTROL SHOULD STILL BE FUNCTIONAL IN THE OTHER CONTROL. 

PREPARED BY, (),~, FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 

K.L--Y. DATE 1 

1967 
STABILIZATION AND CONTROL S/C 012 IREV FINAL 

I.Y'~-
Jan 27, MALFUNCTION PROCEDURES SECT, ON 9 .1.1. 2 IPAGE 15b 
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scs 23 PROCEDURE 

___ , IS THE s/c l lilt 
THRUSTING? 

I NO V'H'.C::. JARE THE 
RATE NEEDLES 
AT NULL? 

NO YES 

~ URE 

, 
Proc 7 

scs 24 

1. Release DIRECT ULLAGE 
OPEN CONTACT ON 

PUSHBUTTON 
DIRECT ULLAGE SW. 2. DAMP RATES with RCS 

PREPARED BY1 C' / 

1/t 
I 

I YES 

1. GO TO M'I'VC 
2 . DAMP RATES 

FLIGHT CREW SUPPORT DIVISION 

DATE ' Jan 27, 1967 

THRUST CONTROL SW -
ill'. 

STABILIZATION AND CONTROL 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 

5/C Ql2___ _ IRE VfINAL 
SECTI DN9 .1.1. 2 I••·· 16 

REMARKS 

I . If direct ullage i s needed use 
the abort position of the THC 
to command direct ullage through 
the sequence . 



PROCEDURES ENTRY SHEET 

SECTION 9 .1. 2 

SPS MALFUNCTION PROCEDURES 
SYMPTOM 

SYMPTOM NUMBER STEP. PAGE 

SPS ROUGH ECO DURING MISSION CRITICAL BURN 1 1 2 

SPS ROUGH ECO DURING NON-MISSION CRITICAL BURN 2 1 3 

PITCH OR YAW GMBL DR FAIL C & W LIGHT ILLUMINATES 3 1 4 
DURING MISSION CRITICAL BURN 

PITCH OR YAW GMBL DR FAIL C & W LIGHT ILLUMINATES 4 1 5 
DURING NON-MISSION CRITICAL BURN 

SPS PRESS C & W LIGHT ILLUMINATES DURING THRUSTING 5 1 6 

FUEL AND/OR OX TANK PRESS LOW DURING THRUSTING 5 2 6 

FUEL AND/OR OX TANK PRESS HIGH DURING THRUSTING 5 7 7 

SPS PRESS C & W LIGHT ILLUMINATES DURING NON- 6 1 8 
THRUSTING 

FUEL AND/OR OX TANK PRESS LOW DURING NON-THRUSTING 6 2 8 

FUEL AND /OR OX TANK PRESS HIGH DURING NON-THRUSTING 6 6 9 

SPS WALL TEMP HI C & W LIGHT ILLUMINATES 7 1 10 

PROPELLANT HEATERS FAIL TO RAISE TEMPERATURE 8 1 10 

PROPELLANT TEMPERATURE READING ABNORMAL 9 1 11 

NO RESPONSE OF OX FLOW FLAGS TO OX FLOW ADJUSTMENT 1~ 1 11 

ABNORMAL PROPELLANT QUANTITY READOUT 11 1 11 

UN BALANCE METER IS ERRATIC OR PEGGED 12 1 13 

LOSS OF SPS HELIUM TANK PRESSURE 13 1 13 

ABNORMAL SPS HELIUM VALVE TB INDICATION 14 1 14 



SYMPTOM 

1 SPS ROUGH ECO 
DURING MISSION 
CRITICAL BURN 

PREPARED BY• ( 17,f-7 

y..;r;... 

MSC Form 460 (Rev Dec 68) 

STEP 

1 

2 

3 

4 

PROCEDURE 

FCSM G&N or SCS SW-OVERRIDE/ 
RESET 

FCSM G&N SCS SW- G&N or SCS 

a. G&N 

b. SCS 

THRUST ON - DEPRESS 

Monitor SPS ROUGH ECO light 

a . Re - illuminates 

b. Remains extinguished 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan . 27 , 1967 

NEXT 
STEP 

2 

4 

3 

4 

5 

~ 

REMARKS 

Light illuminates if 70 ± 20 
msec at a vibration level of 
180g ' s peak- to- peak or 30- 70 
mse c at a vibration level of 
360g 's peak-to-peak. Light is 
ext i nguished when FCSM circui
try is reset . THRUST SW- ON 
overrides the FCSM monitors. 
Monitor PRESS ENG INLET FUEL 
and OX fo r decreased pressur e 
or unbalanced pressure and flow 

1 . If in G&N AV , automatic 
restart of the engine will 
occur if ( 10 sec has e l asped 
sd,~Le s hut down . If 7 10 sec 
V50Nll will flash , and the ENTE~ 
must be depressed for automatic 
restart. 

2a . OVERRIDE/ RESET has re
started engine . I nterruption 
of engine "ON" command occurs 
during switching transient . 

FAILURE 

Excessive engin vi
bration due to 
combustion instabili
ty . 

4b , Trans ient vibra
tion level sensed in 
SPS engine. 

APOLLO OPERATIONS HANDBOOK 

Service Propuls ion System 
Malfuncti on Procedure 

S/C 012 (REV FINAL 
SECTION 9 . 1 . 2 IPAGE 2 



SY MP TOIi 

2 . SPS ROUGH ECO 
DURING NON-MI SSI ON 
CRITICAL BURN 

PREPARED BY, CJU/ 

Y£. 
IISC Form 460 (Rev Dec 66) 

STEP 

5 

PROCEDURE 

FCSM G&N or SCS SW-OVERIDE/RE
SET 

a. G&N 

b . SCS 

NEXT 
STEP 

REMARKS 

--+ I Sa . Automatic restart of the 
engine will occur if< 10 sec hat; 
elasped since shutdown. If ) 10 
sec V50Nll will flash, and the 
ENTER must be depressed for 
automatic restart . 

6 

FAILURE 

6.1 THRUST ON- DEPRESS ~ I 6 . Continue normal procedures 

1 

2 

3 

THRUST SW-OFF 

Terminate ullage. 

Reset FCSM logic with any of the 
following switches: 

2 

3 

Light illuminates if 70 ·2: 20 
msec a t a vibration level of 
180g's peak-to-peak or 30- 70 
msec a t vibr a tion __ level of 
360g 's peak-to-peak. THRUST 
SW-ON overrides t he FCSM moni
t ors. SPS is operable but FCSM 
may terminate subsequent burns. 

3. The SPS ROUGH ECO light is 
also reset. 

Excessive engine vi
br ation due t o com
bustion instability . 

a . FCSM G&N or SCS SW- OVERRIDE/ I --4 

RESET 

b. AV SW-OFF 

c . ATTITUDE/MONITOR/ENTRY SW
MONITOR or ENTRY. 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan. 27, 1967 

~ 

---¾ 

Service Propulsion System 
Malfunction Procedure 

APOLLO OPERATIONS HANDBOOK 
s;c 012__ J_iiEv EINAL 
SECTI0N 9 .L 2 IPAGE 3 



SY.IIPTOII 

3. PITCH OR YAW 
GMBL DR FAIL LIGHT 
ILLUMINATES DURING 
MI SSION CRITICAL 
BURN 

\ 

PREPARED BY1 cJ:f;l/ 

~ 
IISC Form 460 (Rev Dec 66) 

STEP 

1 

2 

3 

4 
5 

6 

7 

8 

9 

PROCEDURE 

Monitor FDAI and GIMBAL POSI TION 
INDICATOR for diverge.nee from 
bur n heading. 

If diverge.nee occurs; THC-CW. 

Damp rates using MTVC . 

THRUST SW-OFF : 
THC-CENTER 

With the RCS reorient the s/c to 
burn attitude. 

THRUST SW- NORMAL 

a . G&N 

b. SCS 

THRUST ON - DEPRESS 

If divergence OCCURS, THRUST 
SW-OFF 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan. 27, 1967 

NEXT 
STEP 

3 

4 

5 
6 

7 

8 

REMARKS 

1. SPS is now operating on 
secondary gimbal motor; If 
this motor fails, the SPS must 
be shutdown. 

2 . This action initiates MTVC 
operation 

~l7a. Auto restart of the engine 
will occur if < 10 sec has 
elasped since shutdown . If ) 10 
sec, V50Nll will flash, and the 
ENTER must be depressed for au
tomatic res tart. 

8 

9 

----,1 9. SPS inoperative as gimbal 
control is lost in an axis 

FAILURE 

Over or under current 
to primary drive 
motor . 

9 . GIMBAL FAILURE 
IN ONE AXIS 

APOLLO OPERATIONS HANDBOOK 
Service Propulsion System 

Malfunction Procedure 
5/C 012 IREV FINAL 
SECTION 9 .1. 2 lPAGE 4 



\.. 

SYMPTOM STEP 

4. PITCH or YAW I 1. 
GMBL OR FAIL LIGHT 
ILLUMINATES DURING 
NON-MISSION CRITICAL 
BURN. 2. 

3. 

4. 

5. 

6. 

7. 

8. 

PREPARED BY, all! 
lt& 

MSC Form 480 (Rev Dec 88) 

PROCEDURE 

THRUST sw - OFF 

I Damp any rates with the RCS. 

Gimbal motors PITCH or YAW 1 sw-
START; release to ON. 

I Monitor PITCH or YAW Gr✓J3L or 
FAIL light. 

a. Re-illuminated 

b. Extinguished 

GIMBAL MOTORS PITCH or YAW 2 sw-

I 

NEXT 
STEP 

2 

3. 

I 5. 
7. 

~ 

REMARKS FAILURE 

Both GIMBAL MOTORS for PITCH orlOver or undercurrent 
YAW have been turned on. to primary drive 

motor. 

OFF I 6. 

Rotate PITCH or YAW GIMBAL POSI
TION thumbwheels 

a. Needle deflects 

b. Needle doesn't deflect 

SPS GIMBAL MOTORS PITCH or YAW 2 
sw - OFF 

Rotate PITCH or YAW GIMBAL POSI
TION thumbwheels. 

FLIGHT CREW SUPPORT DIVISION 
O(ITE1 

Jan. 27, 1967 

~16a. For any subsequent burns, 6a. PITCH or YAW 
the GIMBAL POSITION indicator GMBL &8 FAIL light 
must be monitored with the FDAI has failed on. 
for divergence from planned 
heading as these are the only 
means of monitoring the status 
of the gimbal motors. 

~16b. SPS now functional on sec
ondary gimbal drive motor. Any 
subsequent burns must be moni
tored for gimbal motor failure 
on the GIMBAL POSITION indica-
tor and the FDAI. 

8. 

6b. Ove~ or under
current to primary 
drive motor. 

APOLLO OPERATIONS HANDBOOK 
Service Propulsion System 

Malfunction Procedure 
S/C 012 jREV FINAL 
SECTION 9.1.2 IPAGE _5 



SYMPTOM 

5 SPS PRESS LIGHT 
ILLUMINATES DURING 
THRUSTING 

FUEL AND/ OR OX TANK 
PRESS LOW DURING 
THRUSTING 

PREPARED BY I / wr:I/ 
~ 

IISC Form 460 (Rev Dec 66) 

STEP PROCEDURE 

a. Needle deflects 

b. Needle doesn't deflect 

NEXT 
STEP 

REMARKS FAILURE 

Sa. SPS functional, but gimbal !Sa. Transient over 
switchover may occur at any t:irrdor under current. 
during thrusting. 

Sb. GMBL DR FAIL light should 
also have re-illuminated. Motor 
is unable to assume the load 
and drops off the line. 

Light illuminates if FUEL or OX 
TANK PRESS is > 200 ps ia or < 160 
ps~ .. Normal operating pres
sure'is 171-179 psia. 

Sb. Over or under 
current to primary 
motor. 

WARNING - IF Pc INDICATOR ~70 PSIA: THRUST sw - OFF 

1. !Monitor FUEL and/ or OX TANK PRESS 

a. High I 7 

b. Low 

c. Normal 

2. !Monitor PRESS ENG INLET FUEL 
and/ or OX 

a. Low 

b. Normal 

c. High 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan . 27 , 1967 

2 

2 

3 2a. If FU'~L and/ or OX TANK PRE3~ 2a. FUEL AND/OR OX 
NORMAL;FUEL and/or OX TANK PRESSindicator failed. 
INDICATORS ARE INACCURATE 

2b. Monitoring of SPS pressure 12b. C&W Circuitry 
gages is required for all sub- Failure. 
sequent burns 

I 
2c. If Fu~l and/ or OX TANK PREIB2c. FUEL AND/ OR OX 
NORMAL FUEL and/ or OX TANK PIE:BIINDICATOR FAILED. 
INDICATORS ARE INACCURATE. 

APOLLO OPERATIONS HANDBOOK 
Service Propulsion System 
Malfunction Procedures 

S/C QJ 2 ~lR~EV FINAL 
SECTION 9_._1.2 IPAGE 6 

~ 



SYMPTOM 

FUEL AND/ OR OX TANK 
PRESS HIGH DURING 
THRUSTING. 

J_ 

PR'EPAREO BY1_f]fi/ 

. 1tW--

IISC Form 460 (Rev Dec 66) 

STEP 

3 

4 

5. 

~ 

,. 

PROCEDURE 

If non-critical burn: THRUST sw
OFF. 

Monitor FUEL and OX TANK PRES
SURES 

a. If continues to decrease 

b. If pressure low, but steady 

He VLV sws (2) - ON 

Monitor PRESS ENG INLET FUEL and/ 
or OX 

a. High 

b. Normal 

SPS HELF:ws (2) 

~ 
- OFF 

S, IIf non-mission critical, THRUST 
sw - OFF 

FLIGHT CREW SUPPORT DIVISION 
DATE, Jan. 27 , 1967 

NEXT 
STEP 

4. 

5 
6. 

V· 

8· 

~ 

~ 

REMARKS FAILURE 

!
. Use inlet pressures if TANK 
RESSURE indicator failed 

a. SPS not operable. ~~~rr 4a. Leak in propel-
equent repressurization may re-llant system. 
ult in tank rupture. 

anks are manually repressurized 
or subsequent burns. Burns are 
ot to exceed 20 sec if propel
ant tank pressure cannot be 
aised during manual repressuri
ation; SPS not operable due to 
ropellant tank pressure< 160 
sia. 

7b. If indicator failure, inlet 
ressure should remain normal 
owever inlet pressures should 
e monitored to see if a time 
elay may have given inaccurate 
ormal reading. 

a With helium supply shut off, 
ropellant tank ullage pressures 
re sufficient to provide 20 sec 
nds of operation. After 20 sec
nds, 0/F ratio becomes too high 
nd engine operation may become 
ough. SPS will not be operable 
fter this 20 seconds. 

7a. One regulator 
assembly failure oper 
7b. Indicator failure 

Service Propulsion System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
S/C 012 REV FINJIT; 
SECTION 9.1.2 PAGE 7 



SYMPTOM STEP 

6 SPS PRESS LIGHT I 1. 
ILLUMINATES DURING 
NON-THRUSTING PERIDI 

FUEL AND/ OR OX TANK 
PRESS LOW DURING 
NON-THRUSTING 

PRE PAR ED BY I CJ.it;;i2_' 

lM: 
MSC Form 460 (Rev Dec 66) 

2 

3 

4. 

PROCEDURE 

Monitor FUEL and OX (TANK)PRESS 

a. High 

b. Low 

c. Normal 

Confirm FUEL and OX PRESS with 
ENG INLET PRESS. 

a. High 

b. Low 

c. Normal 

Monitor FUEL and OX PRESS 

a. Stable 

b. Decreasing 

SPS HELIUM sws (2)-0N/AUTO when 
press ~175 psia. 

FLIGHT CREW SUPPORT DIVISION 

DATE, Jan. 27, 1967 

NEXT 
STEP 

2 

2 

2 

6 

3 

--? 

4 

REMARKS 

Light illuminates if fuel and/ or 
oxidizer pressure is> 200 psia 
or< 160 psia. Normal operating 
pressures are 171-179 psia. 

2a. If FUEL and/ or OX TANK PRESSI 
were normal: FUEL and/ or OX TA.NE 
pressure indicators are inaccu
rate. 

2b. If F'"JEL and/ or OX TANK PRESS 
were normal: FUEL and/ or OX TA.NE 
pressure indicators are inaccu-
1rate. 
I 

2c. Monitor of SPS press gauges 
~ill be required. 

FAILURE 

2a. FUEL and/ or OX 
TANK PRESS INDICATOR 
FAILED. 

2b. FUEL and/ or OX 
TANK PRESS INDICATOR 
FAILED. 

2c. c/w circuitry 
failed. 

~ 1:t£ARNING:- Subsequent repressurii 3b. Propellant syster 
zation considered dangerous due leak. 
ito possibility of tank rupture. 

4a. Tanks are manually repres-
13urized for next burn if 175 
psia is not obtainable: SPS 
!HELIUM sws (2) - OFF. Major le·ak 
in pressurization systems SPS 
~ot operable for tank pressures 
<.160 psia. 

Service Propulsion System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5/ C 012 IREV .J<'l .NA.1., 

SECTION 9 .._1.2 'PAGE 3 



SYMPTOM STEP 

5. 

FUEL AND /OR OX TANK I 6 • 
PRESS HIGH DURING 
NON-THRUSTI NG 

. PREPARED~Y, _O;y;z; 
-~ 

IISC Form 460 (Rev Dec 66) 

PROCEDURE 

Monitor FUEL AND/ OR OX TANK PRES~ 

a. Stable 

b. Ilecreasing 

NONE 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan. 27, 1967 

NEXT 
STEP 

~ 

REMARKS 

5a. SPS is functional 

FAILURE 

5a. Apparent heat 
leak from SPS system 

WARNING:- Subsequent repressurii 5b . PROPELLANT SYS
zation considered dangerous due ITEM LEAK 
to possibility of tank rupture. 

6 . Heat leak into SPS 
system . 

APOLLO OPERATIONS HANDBOOK 
Service Propulsion System 

Malfunction Procedure 
S/C D_l2_ JREV FINAL 
SECTION _2_.1.2 fPAGE 9 



SYMPTOM STEP PROCEDURE 

7. SPS WALL TEMP 
HI LIGHT I LLUMINATES 

NEXT 
STEP 

REMARKS 

Light illuminates when throat 
surface temperature is 3S0°F or 
greater . Abla tion rates will 
be so severe that l oss of 
chamber may be expected at any
time, resulting in catast~ophic 
failure . Maximum temperature 
should occur ~ 30 min after shut~ 
down . 

FAILURE 

MISSION CRITICAL: CONTINUE BURN - COMPLETE LOSS OF THE SPS SHOULD BE EXPECTED 

8. PROPELLANT HEAT
ERS FAIL TO RAISE 
PROPELLANT TEM
PERATURE 

PREP ARED BY, ~ 
~ 

MSC Form 460 (Re v Dec 66) 

1 I If thrust i ng, THRUST sw - OFF 

1 

2 

A/OFF/AB sw - AB 

Monitor PROP TEMP gage 

a .• Propellant temper ature 
increases 

b. Propellant temperature 
decreases 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan. 27 , 1967 

---+ I 1. MSFN can confirm wall temp- 1. Excess thr oa t 

2 

erature over 380°F . Loss of chamber ablation 
entire chamber very possible rates or i nstrumenta-
upon ref i r ing of SPS tion fa i lure . 

In the A position, the 26 
e l ectrica l s t rip heaters re
ceive 28V ; in AB position an 
additiona l 26 heaters receive 
28V . 

2a . Double heater operation i s 
required for temperature con
t rol. 

2a . Syster A heaters 
failed OFF' . 

2b . If A/B not maintaining tern- 2b. Both heater 
perature above 45°F, a tt itude systems have fai l ed , 
constraits must be observed or or SW failure , or 
SPS may become non- operational. instrumentation 
SPS not operable if Fuel temp failure. 
( 25°F . 

APOLLO OPERATIONS HANDBOOK 
Service Propulsion System 
Malfunction Procedures 

S/C Ol2 IREY FINAI 
S ECTIO N 9 . 1._2 hE __ 10 



SYMPTOII 

9. PROP TEMP READ
ING ABNORMAL 

10. NO RESPONSE OF 
OX FLOW FLAGS TO OX 
FLOW ADJUSTMENT 
(PRI VALVE) 

11. ABNORMAL PRO
PELLANT QUANTITY 
READOUT 

PREPARED BY. /lrL1 
~ 

IISC Form 460 (Rev Dec 66) 

STEP 

1 

1 

2 

1 

PROCEDURE 

Revert to 5 hr-ON, 6 hr-OFF SPS 
LINE HEATER duty cycle. 

Valve sw - SEC 

Use OX FLOW swi tch as desired to 
adjust flow rate. 

SENSOR sw - PRI 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

Jan. 27, 1967 

NEXT 
STEP 

2 

2 

REMARKS 

1. MSFN will provide back- up 
by monitoring propellant tem
peratures. If telemented FUEL 
TEMP abnormal, MSFN must monitor 
OX TEMP and provide back- up to 
crew for SPS LINE HEATER on- off 
control: 

HEATERS ON T
0

( 45 °F 
HEATERS OFF T

0

) 55°F 
Also, HEATERS ON if any OX line 
temp less than 20°F : HEATERS ON 
if any FUEL line temp, or if 
VALVE BODY temp, less than 25°F 

FAILURE 

Secondary valve has sufficient IPRI OX FLOW VALVE 
range to compensate for PRIMARYtfailed 
VALVE failure i n any position 
and still provide valve open-
ings for INCREASE, NORMAL or 
DECREASE OX FLOW. 

NO~E : Operat ion of OX FLOW 
valve is not critical to mis
sion AS-204 

Complete any thrus t i ng activity 
prior to check of quant i ty 
r eadout . 

Service Propuls ion System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
S / C n 7 :;:> ~ 

SECTION 9...l.2 IPAGE 11 



SYMPTOII 

PREPARED BY ,~/ 

~ 
11sp Form 460 (Rev Dec 66) 

\ 

STEP 

2 

3 

4 

5 

PROCEDURE 

TEST/ AUTO/ TEST sw - TEST (upper) 
for 10 sec and monitor 
quantities : 

a. Random reading 

b. Correct reading 

SENSOR sw - AUX 

TEST/AUTO/TEST sw -
for 10 sec, then sw 
(~ower) for 10 sec. 
quantities: 

a. Random reading 

b. Correct reading 

TEST (upper 
- TEST 
Read 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan . 27 , 1967 

NEXT 
STEP 

3 

4 

REMARKS 

In TEST mode the display wil l 
not move for the first 4,5 sec . 
Next it will race for~l sec, 
and then will roll steadily at 
2 to 4 digits per sec. If 
display reacts as above after 
primary system failure, then 
failure is in a tank probe. If 
t ank probe is not failed, then 
random or bogey readings will 
be displayed . 

FAILURE 

4 !One or more tank probes has 
failed 

Primary gauging 
failed 

5 

-+ 

In TEST mode the display will 
eot move for the first 4.5 sec. 
~ext it will race for%l sec, anh 
1then will roll steadily at 2 to 
4 digits per sec. If display 
~eacts as above after primary 
system failure, then failure is 
in a tank probe. If tank probe 
is not failed, then random or 
~ogey readings will be displaye~. 

JMSFN must now supply any pro
wellant quantity data. 

_,., 1Continue in AUX mode. TelemetrJ 
twill provide total quantities 
from auxiliary system, and sump 
tank quantities from PRI system. 

Display failed 

APOLLO OPERATIONS HANDBOOK 

Service Propulsion System 
Malfnnr;tion Procedures 

S/C 07 2 ~FINA T 
SECT I ON 9 .L2 IPAGE 12 

\ 



SY MP TOIi 

12. UNBALANCE METER 
IS ERRATIC OR 
PEGGED. 

STEP 

1 

2 

3 

4 

5 

13. LOSS OF SPS I 1 
HELIUM TANK PRESSURJ 

PREPARED BY,~ 

~ 

IISC Form 460 (Rev Dae 66) 

• PROCEDURE 

SENSOR switch - AUX 

TEST/AUTO/TEST sw - TEST (upper 
for 10 sec. Monitor unbalance 
meter. SW - TEST (lower) for 
10 sec. Monitor unbalance indi 
cator 

a. Bogey Reading 

b. Normal reading 

SENSOR sw - PRI 

TEST/AUTO/TEST sw - TEST (upper) 
for 10 sec; then sw - TEST 
(lower) for 10 sec. 

SENSOR sw - NORM 

Monitor He PRESS indicator 

a. He temperature drops con
currently with pressure 

b. He temperature does not 
reflect drop concurrent with 
pressure. 

FLIGHT CREW SUPPORT DIVISION 

DATE, Jan. 27' 1967 

NEXT 
STEP 

REMARKS 

Complete any thrusting activitJ 
prior to checking unbalance 
meter. 

?. 

3 

~ (Use AUX mode for operation cf 
quality guaging system 

4 

5 !Actuation of TEST switch here 
lwill realign digital display to 
PRIMARY system setting. 

IMSFN will correlate He tempera
ture data with He press. 

~ Ila. Helium depletion immenent. 
Leak in helium supply. 

2 !Leak cannot be verified until a 
~PS burn is performed. 

· -t 

FAILURE 

UNBALANCE meter 
failed. 

PRIMARY UNBALANCE 
failed 

la LEAK IN HELIUM 
SUPPLY 

APOLLO OPERATIONS HANDBOOK 
Service Propulsion System 

Malfunction Procedures 
S/C Ql2 _ jREV FINAL 
SECTION 9.1.2 _[PAGE 13 



SYMPTOM 

14. ABNORMAL SPS 
HELIUM VALVE TB 
INDI CATION 

PREPARED BY I (]?f;P 

~ 

MSC Form 460 (Rev Dec 66) 

STEP 

2 

1 

PROCEDURE 

Monitor FUEL TANK PRESS indica
tor during burn 

a . Fuel tank press decays 
from nominal (green band) valve 

b . Fue 1 tank -orr2e" rem~ i:n s 
steady in green bancl .. 

Monitor He Flags 

a . One or both barberpole 
during non- burn period . 

b . One gray during burn 

c. Two gray during burn 

2.1 Attempt manual operation of 
valve. 

3,1 SPS He sw (2) - ON 

FLIGHT CREW SUPPORT DIVISION 
DATE I 

Jan . 27 , 1967 

NEXT 
STEP 

REMARKS 

~as 

FAILURE 

~ I Verifies ~ of He suppl y pres qelium supply leak. 
sure. Only 20 sec of safe SPS 
burn time remai ns after loss of 
Helium suppl y . 

~ I Instrumentation is erroneous , 
and SPS is fully operational. 

I nst r umentation 
failed. 

2 

2 

3 

3 

la. SPS operable, but propell-~ la. Circuit ry or 
ant tank pressures may be sligh -valve failure e8 1B~eatz, 
ly higher than normal. tr• 
lb . SPS operable with one 
helium isolation valve and reg
ul ator bank only unless manual 
override is successful 

MISSION CRITICAL - If still 
gray, monitor SPS FUEL (TANK) 
PRESSURE. If pressure decays 
from nominal (green) band 
TERMINATE FIRING PRIOR to 20 
seconds. 

If manual override wor ks, SPS 
operable. Helium valves must 

l b . Cir cuitry or 
valve failure close~. 

3. Circuitry or 
valve failure 
closed . 

APOLLO OPERATIONS HANDBOOK 
Service Propulsion System 

Malfunction Pr ocedures 
5/C 012 - - }REV FI NAL 
SE C TION 9,1.2 1PAGE 14 



~ , \ 

SYMPTOM STEP PROCEDURE NEXT REMARKS FAILURE STEP 

14. Cont. be manually opened at thrust 
on and closed at thrust off. 

NON- MISS I ON CRI TICAL - If sti l l 
grey , TERMINATE FIRI NG . 

~ spj /M fec,r IIAi..ve INl> ICA"nO/,J 

(Fo1t,. &a1 ~.<'ir.) 

' 

/I 

PREPARED BY 1 (pjf;,;(/ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
IAA., DATE 1 

Service Propulsion System 
5/C 07 2 IREV FINAL 

Jan. 27, 1967 Malfunction Procedures 
SECTION 9 .1,2 IPAGE l ') 

IISC Form 460 (Rev Dec 66) 



PROCEDURES ENTRY SHEET 

SECTION 9 . 1 . 3 

RCS MALFUNCTION PROCEDURES 
SYMPTOM 

SYMPTOM NUMBER STEP PAGE 

S[ M RCS 

S/ M RCS C&W LIGHT ILLUMINATES 1 1 2 

S/ M RCS TEMP PKG LOW 1 4 2 

S/M RCS TEMP PKG HIGH 1 10 3 

S/ M RCS PRESS MANF LOW 1 19 5 

S/M RCS PRESS MANF HIGH 1 22 5 

S/M RS PRESS He LOW OR DECREASING 2 1 7 

C[M RCS 

C/M RCS ENGINE TEMP FAILS TO INCREASE WITH 3 1 9 
HEATERS ON 

C/M RCS C&W LIGHT ILLUMINATES 4 1 10 

C/ M RCS PRESS F OR OX HIGH 4 3 11 

C/M RCS PRESS F OR OX LOW 4 4 11 

C/M RCS PRESS He LOW 5 1 12 



SYMPTOM STEP 

1. S/M RCS A (B,C,D)I 1. 
Light illuminates 

S/M RCS TEMP PKG LOW 

2. 

3. 

4. 

5. 

PROCEDURE 

S/ M RCS A(B,C,D) Helium 1 & 2 swE 
OFF 

RCS INDICATOR sw - S/M A(B,C,D) 

Monitor S/M RCS TEMP PKG 

a. LOW 

b. HIGH' 

c. NORMAL 

If TEMP PKG <45°F: 
SCS CHANNEL sws A&C ROLL 
(B&D ROLL) aha PITCH (YAW)-OFF 

DIRECT RCS - OFF 

NEXT 
STEP 

REMARKS 

2. !Light illuminates if TEMP PKG 
is ) 175° or (63 °; or if PRESS 
MANF is <155 psia or > 215 psia. 

3. 

4. 

3. Normal operating range: 
115 - l 75°F 

10. 13b. Boost heating may cause thE 
temperature to rise above 200°F, 
but it should drop during the 
first rev. Prolonged RCS firin@ 
and solar heat soak orientation 
may result in a high TEMP PKG. 

18. 

5. 4. Two SCS CHANNEL sws and 
DIRECT RCS must be disabled to 
electrically isolate the affec-

6 
1
ted quad,however the opposite 

• quad on the S/M is also disablec 
Actuation at temperatures lower 
than 63°F can · result in incom
plete combustion and dangerous 
pressure spikes. ~ 

WARNING: If there was probable engine valve actuation while the quad's PKG TEMP was belo{45°F): 
PELLANT SW - OFF; SCS CHANNEL sws (2) - ON. Reactivate the quad only in an eme~; 
HELIUM i & 2 sws - ON. If the quad is reactivated, the first pulse on each jet of the 
minimum of one second in duration in order to attempt disapation of £OSsible residue. 

6. 

7. 

S/ M RCS A(B,C,D) HELIUM 1&2 sws
ON (if appl icable) 

If possible, reorient s/ c with 
quad A(B,C,D) in sunlight and 
monitor S/ M RCS TEMP PKG 

7. 

FAILURE 

S/ M RCS A( B, C,D) PRO 
SIM RCS A(n ,C,D) 

quad should be a 

PREPARED BY 1 ~
1 FLIGHT CREW SUPPORT DIVISION 

RCS Malfunction 
Procedure 

APOLLO OPERATIONS HANDBOOK 
MY) 

/ 
DATE• Jan. '::.7 , 1967 S / C 012 IREY FINAL 

SECTION 9 . 1 . 3 IPAGE 2 
MSC Form ,so (Rev Dec 66) 



SYMPTOII 

1. (continued) 

S/M RCS TEMP PKG 
HIGH 

PREPARED BY,~ 

/JI-£> 
£_ 

IISC Form 460 (R·ev Dec 66) 

. •. 

STEP PROCEDURE 

a. TEMP INCREASES 

b. TEMP DOES NOT INCREASE 

NEXT 
STEP 

8 . 

9, 

8. I When RCS A(B,C,D) TEMP PKG )63°F.I 9. 

9. SCS CHANNEL sws (2) - ON (if ~ 
applicable ) -

10. I C/ B RCS HEATERS A MNB (B MNA, I 11. 
C MNB, D MNA)- OPEN 

11. I Monitor S/M RCS TEMP PKG 

a. >210°F 12. 

b.{210°F 114, 

12. I scs CHANNEL sws A&C ROLL 13. 
(B&D ROLL) and PITCH (YAW) - OFF 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan. 27, 1967 

REMARKS FAILURE 

7a. Temperature of quad must 1::e7a. S/M PKG HEATER 
maintained using solar heating . FAILED OFF 

7b. If the indicator failed, 7b. C/W CIRCUITRY 
S/ M RCS A(B,C,D) light will not TO S/M RCS LIGHT OR 
be illuminated; however if the INSTRUMENTATION FAIL
sensor failed the light will be URE . 
on. Use the temperature of the 
other quads to determine temp 
of the affected quad, and con-
tinuous monitoring of the affec-
ted quad is advised, if the serr 
sor failed. If the indicator 
failed temperatures should be 
obtained from ground TM 

9. Use system normally 

10 . Boost heating may cause the 
temperature to rise above 200°F 1 

but it should drop during the 
first rev. Prolonged RCS firine 
and solar heat soak orientation 
may result in a high TEMP PKG. 

12. Two SCS CHANNEL sws and the 
DIRECT RCS must be disabled to 
electrically isolate the affec
ted quad, however the opposite 
quad on the S/M is also disablec 

RCS Malfunction 
Procedure 

APOLLO OPERATIONS HANDBOOK 
5/C ·7 _012 IREV .l:<'ll'JAL 

SECTION 9 ,1.3 IPAGE 3 



SYMPTOM 

1. ( continued) 

PREPARED BY, (..fziijf(_ 
/ ;/,' , 
f y <-

,::-
ll~C Form 460 (Re~ Dec 66) 

STEP PROCEDURE 

13. DIRECT RCS - OFF 

IJ._4. 

NEXT 
STEP 

REMARKS 

14. ~f the engine valves are actua
ed above 220 °F, deformation of 
he valve seats can occur with 

possible leakage of propellants. 

FAILURE 

S/ M RCS A(B,C,D) HELIUM l& 2 sws-
ON (if applicable ) I 15. 

115, If possible, orient the s / c to 
position the affected quad away 
from the sun to effect cooling 
monitor S/ M RCS TEMP PKG 

a. TEMP DECREASES 

b. TEMP DOES NOT DECREASE 

16. f5a. Use the C/ B to manually 
aintain the TEMP PKG within 
imits of 70 °F-210°F 

vAUTION: If temp falls below 
63°F go to RCS 1 step 4 

17. ~5b, If indicator failed, S/ M 
RCS A(B,C,D ) light will not be 
'· 11uminated. If the sensor fail 
d, the light will be on. Use 
he temperatures of the other 
uads to estimate the temp. of 
he affected quad. Continuous 
onitoring of the quad is advisa 

15a. s /M HEATER 
FAILED ON 

15b. PKG TEMP IN
DICATOR OR SENSOR 
FAILED. 

16. !When RCS A(B,C,D) TEMP PKG falls 117. 
below 200 °F. 

17. 1scs CHANNEL sws - ON 

18 . MONI TOR S/M RCS PRESS MANF 

a. LOW 

b. HIGH 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan . 27 , 1967 

--+ 

t, 
z:z... 

17. Use system normally 

18. Normal Helium operating 
pressure: 177 psia - 185 psia. 
In addition to helium manifold 
pressures MSFN can read out 
FUEL MANIFOLD PRESSURES on all 
quads and OXIDIZER MANIFOLD 
PRESSURES on quads A&D. 

RCS Malfunction 
Procedure 

APOLLO OPERATIONS HANDBOOK 
S/C 021 IREV FINAL 
SECTION 9 .1.3 IPAGE 4 



SYIIPTOII 

1. (continued) 

S/ M RCS PRESS MANF 
LOW 

S/ M RCS PRESS MANF 
HIGH 

PREPARED BY, (3~p'J 
/./Ll 

,( 
IISC Form 460 (Riiv Dec 66) 

STEP PROCEDURE 

c. NORMAL 

S/ M RCS A(B,C,D ) HELIUM 1&2 sws-

NEXT 
STEP 

REMARKS 

--,. 11sc. RCS SELECTOR SW should be 
left in the affected quad posi
t i on after every system status 
checks. 

" 
FAILURE 

18c. c/w circuitry 
to S/ M RCS light or 
instrumentation 
failure. 

19 • .Q!:! 20 . 
J4011LIC'_ 

w4~ 20 Operate the quad unt il RCS PRESS 
MANF drops below JQQ psia. 

21. I S/ M RCS A(B , C, b) PROPELLANT sw -
OFF (Verify striped display) I~ 

22. !When practical, operate the 
thrusters on the affected quad, 
monitor S/ M RCS A(B,C,D) PRESS 
MANF 

a. DECREASES 24 • 

21. Firing jets at pressures ~l. LEAK IN HELIUM 
lower than 100 psia may cause RESSURIZATION SYSTEM 
engine wall burn-through due to OR I NSTRUMENTATION 
i nadequate film cooling. Refer AILURE. 
to S/ M RCS 2 (S / M RCS PRESS Be 
LOW or DECREASING) Reactivation 
of the quad should only be ac-
complished in an emergency. 

22. Burst disks receptive at 
220 - 236 psia. Relief valves 
open at 225-248 psia and reseat 
at -about 220 psia. Some loss oj 
helium is to be expected througt 
out these ranges. 

b. REMAINS CONSTANT ' 23. l22b. If indicator failed, S/ M ~2b. S/ M RCS PRESS 
RCS A(B,C,D) light will not be INDICATOR OR 
illuminated. If sensor failed SENSOR FAILED. 
light will be illuminated. 

23. I S/ M RCS A(B,C,D ) HELIUM 1&2 sws-1 ~ 12 3. Continue normal operation. 
.Qli 

24. When S/ M RCS PRESS MANF < 170 
psia: S/ M RCS A(B,C,D) HELIUM 
1 sw - .Qli (Verify gray display ) 
MnNT'l10R q / M "Rl"'q p-p~qq ___M__li.l\T'H' 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan. 27 , 1967 

RCS Malfunction 
Procedure 

APOLLO OPERATIONS HANDBOOK 
5/C 012 )REV Ji '.Ll'JA L 

SECTION 9 ,.l , 3 jPAGE 5 



SYMPTOM STEP 

25. 

26. 

PREPARED BY, c~ 
I 11,:"r-• 

L 
ISC Form 460 (Rsv Dec BB) 

PROCEDURE 

a. RETURNS HIGH 

b. NORMAL 

NEXT 
STEP 

25. 

~ 

S/ M RCS A(B,C,D) HELIUM 1 sw - I 26. 
OFF (Verify striped display) 

S/ M RCS A(B,C,D) HELIUM 2 s w -ON I~ 
(Verify gray display) -

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan. 27 , 1967 

REMARKS FAILURE 

24b, Quad is fully functional l24b, S/M RCS A(B,C,D) 
on redundant regulator assembl~ HELIUM 2 REGULATOR 
If pressure was between 185-194 ASSEMBLY FAILED. 
psia the primary regulator has 
failed and the secondary regu-
lator was controlling Redun-
dancy in the affected leg lost 
and should be used only as a 
last resort in case of failure 
closed in the other leg. If 
second set of regulators fail 
cycle S/ M RCS HELIUM 1 or 2 sw 
to maintain adequate manifold 
pressure. 

26. Pressure will decrease 
with use of the quad and the 
light ( if on ) will extinguish 
when pressure drops below 215 
ps ia . 

Quad is fully functional on re
dundant regulator assembly . If 
pressure was between 185-194 
psia the primary regulator has 
failed and the secondary regu
lator was controlling Redun
dancy in the affected leg lost 
and should be used only as a 
last resort in case of fa ilure 
closed in the other leg. If 
second set of regulators fail 
cycle S/ M RCS HELIUM 1 or 2 sw 
to maintain adequate manifold 
nr_e_ssll_re _._ 

'1 OJ e, CAL, ! 

RCS Malfunction 
Procedure 

APOLLO OPERATIONS HANDBOOK 
S/C 012 (REV J:<'lNAL 
SECTION 9 . I .,3 IPAGE 6 



SYMPTOII 

2 . S /M RCS PRESS 
He LOW OR 
DECREltS ING. 

PREPARED BY1 (~ 

/ 
/, 

j/;~f 

IISC Form 460 (Rei Dec BB) 

STEP 

1 

2 

3 

4 

5 

6 

7 

PROCEDURE 

SCS CHANNEL sws A & CROLL 
(B & DROLL) AND PITCH (YAW) -
OFF 

DIRECT RCS - OFF 

NEXT 
STEP 

2 

3 

REMARKS 

1. TWO SCS CHANNELS AND DIREC~ 
RCS MUST BE DISABLED TO 
ISOLATE TFE AFFECTED QUAD. 

CAUTION : Propellant quantity 
gauging using PV i s inaccurate. 

S/M RCS A(B ,C,D) HELIUM 1 & 2 I 4 
sws - OFF (VERI FY STRIPED 
DISPLAY) ~ 

s/M RCS A(B ,C,D) PROPELLANT sw- , I 5 
OFF (VERIFY STRI PED DISPLAY) 

MONITOR s/M RCS PRESS He 

a. REMAINS CONSTANT 
b. DEC REAS ING 

MONI TOR S/M RCS PRESS MA.NF 

a. REMAINS CONSTANT 

b. DECREASES 

WHEN IN RANGE OF MSFN, S/M RCS 
A_(B ~G~D LPROPELLANT sw - ON 

6 
~ I 5b , Configure to original 

conditions and NORMAL USE OF 
THE QUAD UNTIL S/M RCS PRESS 
MANF DROPS BELOW 100 PS IA 
TIIBN PLACE S/M RCS A(B , C,D) 
PROPELLANT SW - OFF DO NOT 

➔ 

7 

8 

----OPERATE QUAD IF PRESS MANF 
I S LESS THAN 100 PSIA EXCEPT 
IN AN EMERGENCY. 

6a. Use quad f or emergency 
or separat ion only by: s / M 
RCS A(B , C,D ) PROPELLANT Sw - ON 

\ 

FAILURE 

5b , HELIUM LEAK UP
STREAM OF HELIUM 
I SOLATI ON VALVES 

6a. PROPELLANT 
LEAK DOWNSTREAM OF 
PROPELLANT ISOLATIO~ 
VALVES. 

FLIGHT CREW SUPPORT DIVISIO,r- RCS Malfunction 
Procedure 

APOLLO OPERATIONS HANDBOOK 
DATE 1 Jan. 27, 1967 S/C 012 lREV FINAL 

SECTION 9 . 1 .3 IPAGE 1 



SYM~TOII 

PREPARED BY , ,~AP' 
_lj_{ I 

/ 

MSC Form •so (Rev Dec 68) 

STEP PROCEDURE 

8 I HONITOR OX AND/OR FUEL MANIFOLD 
PRESSURE THROUGH MSFN 

a . REMAINS CONSTANT 

b . DECREASES 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

Jan . 27 , 1967 

NEXT 
STEP 

REMARKS 

8 . OX measurements on quads 
~ & Car e not available . 

FAILURE 

~!Sa. Use only for emergency or Sa . HELIUM LEAK 
BETWEEN THE HELIUM 
ISOLATI ON VALVES AND 
THE CHECK VALVES . i

'separation by SCS CHANNEL sws -
. PLACE S/M RCS A (B , C,D) 
LIUM 1 & 2 SWS - ON 

THE LEAK COULD BE EITHER 
OR LIQUID. USE ONLY FOR 
GENCY OR SEPARATION BY 

LACING THE SCS CHANNEL SWS 
D THE S/M RCS A(B , C,D ) HELIUM 

WS TO ON . 

Sb . LEAK BETWEEN THE 
CHECK VALVES AND 
PROPELLANT ISOLATION 
VALVES. 

APOLLO OPERATIONS HANDBOOK 
RCS Malfunction 

Procedure 
s;c 012 7REv-FINAL 
SECT I ON _SLJ_, 3 )PAGE 8 



~'"') 
SYIIPTOII 

3. C/ M RCS ENGINE 
TEMP FAILS TO 
INCREASE WITH 
HEATERS ON 

STEP 

1 

2 

3 

4 

5 

6 

7 

PROCEDURE 

PLACE TEST SELECTOR SW TO THE 
OTHER THRUSTER TEMP POSITIONS 
(1,2, 3 ,4,11,12) 

CYCLE FUNCTION SELECT SW FROM 
C/M' RCS HTRS TO OFF AND BACK ANI 
MONITOR DC AMMETER . 

a . DC AMPS CHANGE MORE THAN 
5 AMPS 

b. DC AMPS CHANGE LESS THAN 
5 AMPS 

MONITOR DC VOLT METER (ENGINE 
TEMP) 

a. ANY TEMPI ·INCREASING 

) 
NEXT 
STEP 

2 

3 

3 

REMARKS 

3. INDICATES THRUSTER TEMP . 

___. I 3a. USE ONE OF OTHER ENGINE 
~EMFS FOR THAT OF AFFECTED 
ENGINE . 

b. ALL TEMPS CONSTANT . BUT ANyt 4 
BELOW 64°F (1 . 8 VDC) 

MESC PYRO sws ( 2r1.,1..,AFE 
~ ~ 'e.t.y_. - .. ,..,.. .. 
c/ M Pt oP JE~ D~ SW - ON 

When coldest engine reaches 
1OO°F (2 . 5 VDC) or for 13 min
utes whichever comes first : 

C/M PROP JETT DUMP sw .- OFF 

5 

6 

7 

5. Al l engines will be heated 
with the exception of the two 
+ pitch engines . 

) 
FAILURE 

2b . Cj:M HEATERS NOT 
FUNCTIONING 

3a . TEMP SENSOR 
FAILURE . 

PREPARED ev, FLIGHT CREW SUPPORT DIVISION ' --·· l.CS Malfunction I I APOLLO OPERATIONS HANDBOOK 
1 DATE, Procedure 

Jan. 27 , 1967 
s I c O 12 FEV~l!'IIIIKI, 
SECTION 9 . 1 . 3 IPAGE 9 

IISC Form 460 (Rev Dec 66) 



SYMPTOM 

4. C/M RCS A ORB 
LIGHT ILLUMINATES 

C/M RCS PRESS 
FOR OX - HIGH 

C/M RCS PRESS 
FOR OX - LOW 

PREPARED BY, c$2:/ , 
,,,!P,' 

MSC Form 460 (Rev Dec 66) 

STEP 

1 

2 

3 

4 

PROCEDURE NEXT 
STEP 

REMARKS FAILURE 

RCS INDICATOR SW - CM RCS A OR Bl 2 1. ILLUMINATES IF FUEL OR 
OXIDIZER PRESSURE IS <265 PSIA 
OR >325 PSIA . 

MONITOR C/M RCS PRESS F AND OX 

a . 
b . 
c . 

HIGH 
LOW 
NORMAL 

NONE 

NONE 

FLIGHT CREW SUPPORT DIVISION 

DATE I Jan. 27' 1967 

3 

~ 

--+ 

2. NORMAL 287- 308 PSIA 

2c . CONTINUE NORMAL OPERATION .I 2c . C/W CIRCUITRY 
TO C/M RCS A ORB 
LIGHT FAILED ON . 

3 . CONTINUE USING THE AFFECTED 
SYSTEM TO DEPLETION . BURST 
DISC RUPTURES AT 332- 348 PSID . 
THE RELIEF VALVE CRACKS AT 
332- 360 PSIA AND RESEATS AT 
327 PSIA. TlIBRE WILL BE A 
LOSS OF HELIUM DUE TO VENTING . 

3 . REGULATOR 
ASSEMBLY FAILED 
OPEN 

__,., 4 - CONTINUE USING THE AFFECTEl 4. REGULATOR 
SYSTEM UNTIL HELIUM DEPLETION ASSEMBLIES FAILED 
OCCURS . IF THE REMAINING CLOSED OR LEAK IN 
SYSTEM IS SERIOUSLY DEGRADED SYSTEM. 
THE HELIUM SYSTEMS MAY BE 
INTERCONNECTED BY PLACING THE 
C/M PROP DUMP SW - DUMP 
(MOlVJENTARILY) AND THEN RETURN-
ING IT TO THE OFF POSITION . 
THIS SHOULD BE DONE AS A LAST 
RESORT ONLY AS HELIUM FROM THE 
GOOD SYSTEM IS BEING SUPPLIED 
TO A MALFUNCTIONING SYSTEM 
AND COULD BE LOST . ONCE THE 
SYSTEMS ARE INTERCONNECTED , 
THEY CANNOT BE ISOLATED . 

APOLLO OPERATIONS HANDBOOK RCS Malfunction 
Procedure 5/C 012 IREV FINAL 

SECTION 9 . 1 . 3 IPAGE 10 



SYMPTOM 

5. C/M RCS P~ESS 
He LOW OR DECREAS
ING 

-

PREPARED BY, r,~) 

,1/CJ 
7 

IISC Form 460 (Riv Dae 66) 

STEP PROCEDURE 

1 . . IRAS THE C/M _RCS BEEN PRESSUR--
IZED 

a. YES 

-b. NO 

2_. !WHEN PRESS He = 600 psia 

3. IC/B MESC ARM A BATT A - CLOSED 

4. C/B MESC ARM B BA'l'T B - CLOSED 

5. MESC PYRO ARM SWS(2) - ARM 

6 . RCS C/M PRESS - .QB/OFF 

7. jMESC PYRO ARM SWS(2) - SAFE 

8 . IC/B MESC ARM A BATT A - OPEN 

9. jC/B MESC ARM B BATT B - OPEN 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

J.an. 27, 1967 

NE.XT 
STEP 

REMARKS 

____. I la . NORMALLY LOADED ~T 4100-
4200 PSIA. CONTINUE USING THE 
AFFECTED SYSTEM UNTIL HELIUM 
DEPLETION OCCURS . IF THE RE
MAINING SYSTEM IS SERIOUSLY DE
GRADED , THE HELIUM SYSTEMS MAY 
BE INTERCONNECTED BY PLACING 
THE C/M PROP DDMP SW - DUMP . --

2 . 

3. 

4. 

5 . 

6 . 

MOMENTARILY AND THEN RETURNING 
IT TO THE OFF POSITION. THIS 
SHOULD BE DONE AS A LAST RESORT 
ONLY AS HELIUM FROM THE GOOD 
SYSTEM IS BEING SUPPLIED TO A 
MALFUNCTIONING SYSTEM AND COULD 
BE LOST. ONCE THE SYSTEMS ARE 
I NTERCONNECTED, THEY CANNOT BE 
ISOLATED. 

~" 

FAILURE 

7. I 6 . THIS PRESSURIZES THE C/M , 6. LEAK IN HELIUM 
RCS I N ORDER TO TRAP ENOUGH SUPPLY 

8 . I ~LIUM DOWNSTREAM FOR USE OF 
SYSTEM . IF THE OTHER SYSTEM I S 

9. I SERIOUSLY DEGRADED, THE HELIUM 
SYSTEMS MAY BE INTERCONNECTED 

~ I BY PLACING THE C/M PROP DUMP 
SW - DUMP MOMENTARILY AND THEN 

RCS MALFUNCTION 
PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C jREV FINAL 
SECTION 9 .1.3 lPAGE 11 



SYMPTOM STEP PROCEDURE NEXT REMARKS FAILURE STEP 

RETURNING IT TO THE OFF POSI -
TION . THI S SHOULD BE DONE 
AS A LAST RESORT ONLY AS HELI-
UM FROM THE GOOD SYSTEM IS BE-
I NG SUPPLIED TO A MALFUNCTION-
ING SYSTEM AND COULD BE LOST . 
ONCE THE SYSTEMS ARE INTER-
CONNECTED , THEY CANNOT BE 
I SOLATED . 

-

\ 

PREPARED BY I c~ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK _,J; tl DATE, 
Jan . 27 , 1967 RCS MALFUNCTION 5/C IREV .l:<'HJA.L 

,-- PROCEDURES 9,1. 3 IPAGE 12 I SE CTION 
IISC Form 460 (Rev Dec 68) 



/ 

SECTION 9. 1 . 4 

EPS MALFUNCTION PROCEDURES 

SYMPTOMS 

CRYOGENICS 

PROCEDURES ENTRY SHEET 

02 (H2) PRESS LIGHT ILLUMINATES 

02 (H2) TANK 1 (AND/OR 2) PRESSURE LOW 

02 (H2) TANK 1 (AND/OR 2) PRESSURE HI GH 

o2 (H2) TANK 1 (AND/OR 2) PRESSURE HI GH 

FUEL CELLS 

F/C 1 (2 OR 3) LIGHT ILLUMINATES 

FUEL CELL MODULE TEMP CON EXH HIGH 

FUEL CELL MODULE TEMP CONT EXH LOW 

FUEL CELL 1 (2 or 3) CIR & SEP MOTORS (AC) 
C/B OPEN 

FUEL CELL FLOW - o2(H2) - HIGH 

FUEL CELL FLOW - o2(H2) - LOW 

F/C 1 (2 OR 3) PH - HIGH - FLAG STRIPED 

o2 REG OUT PRESS HIGH - FLAG STRIPED 

H2 REG OUT PRESS HI GH - FLAG STRIPED 

02 & H2 REG OUT PRESS - HI GH OR 

02 & H2 & N2 REG OUT PRESS HI GH 

F/C 1 (2 or 3) RAD OUT TEMP - LOW 

FUEL CELL 1 (2 OR 3) MODULE SKIN TEMP LOW 
(<375°F) 

FUEL CELL 1 (2 or 3) MODULE SKIN 
TEMP HIGH ( ? 450°F) 

NO . 

1 

1 

1 

1 

STEP 

1 

2 

20 

20 

1 1 

l a 1. 00 

lb 2. 00 

l e 3. 00 

ld 4. 00 

le 5, 00 

lf 6 . 00 

lg 7 , 00 

lh 8 . 00 

li 9. 00 

lj . 10 . 00 

l k 11. 00 

11 12.00 

PAGE 

2 

2 

6 

6 

10 

11 

14 

16 

17 

18 

20 

22 

24 

25 

26 

27 

29 



PROCEDURES ENTRY SHEET 

(CONTINUED) 

SYMPTOMS NO. STEP PAGE 

POWER DISTRIBUTION 

MN BUS A (B) UNDERVOLT LIGHT-ON 
DC VOLTS "> 26V 1 1 30 

DC VOLTS METER INDICATES PYRO BATTERY 
A(B) BELOW .35 VOLTS 2 1 31 ,. 

BATTERY CHGR OUTPUT CURRENT DROPS TO ZERO 
& CIRCUIT BREAKERS BATTERY CHARGER MN A&B OPEN 3 1 32 

BATT CHGR OUTPUT CURRENT ZERO 
(IN ALL SWITCH POSITION) 4 1 33 

DC INDICATORS - BAT BUS A(B), DC 
VOLTS 2 7-30 & DC AMPS > ZERO WITH 
BUS SWS OFF 5 1 34 

BATT CHGR VOLTAGE 40 VDC AND CURRENT 
ZERO WHEN CHARGING BATTERY A(B,C) 6 1 36 

INV 1 (2 or 3) TEMP 2190°F 
(MSFN MONITORING CAPABILITY) 7 1 37 

AC BUS FAIL LIGHT ILLUMINATED 8 1 40 

AC BUS FAIL LIGHT & AC BUS 1 (2) 
OVERLOAD LIGHT ILLUMINATED 9 1 42 

AC BUS 1 & 2 FREQUENCY INDICATES 
(393 CPS OR >407 CPS 
(SINGLE INVERTER OPERATION) 10 1 45 

AC BUS FAIL LIGHT ILLUMINATED & 
AC BUS 1 (2) VOLTAGE <90v (DUAL INVERTER) 11 1 46 

AC BUS FAIL LIGHT ON AFTER 
AC INVERTER 2 (1) IS APPLIED TO AC BUS 2(1) 12 1 47 

MN BUS A & B UNDERVOLT LIGHT, AC BUS 1 & 2, 
& F/ C BUS DISCONNECT LIGHTS ILLUMINATE 
(DUAL INVERTER CONFIGURATION) 13 1 49 

MN BUS A&B UNDERVOLT LIGHT, AC BUS 1&2 & 
F/C BUS DISCONNECT LIGHTS ILLUMINATE 
(SINGLE INVERTER CONFIGURATION) 14 1 50 

la 



SYMPTOM 

1. _02 (H2) PRESS 
light illuminates. 

o
2 

(H
2

) Tank 1 

(and/or 2) pressure 
low 

PREPARED BY,JJJ/0.J,L// 

/1..;f d Jt..~£ ,," 
,~. ~-b~Pv 

IISC Form 460 (Rev De~) 

STEP PROCEDURE 

1 I Monitor TAl"\f.K PRESSURE - 02 (H2) 
- 1 & 2 

a. Pressure low 

b . Pressure high 

NEXT 
STEP 

2 

20 

REMARKS 

c/w low pressure limits: 
o2 : TANK 1 & 2 = 800 psia 
H2:Tank 1 & 2 = 220 psia 

c/w upper pressure limits 
o2 : Tank 1 & 2 = 950 psia 

H2 : Tank 1 & 2 = 270 psia 

FA ILURE 

2 I o
2 

(H2) HEATERS Sw - 1 (and/or 2J 3 (2) Low o
2 

(H
2

) pressure in one 

tank is not time critical and 
should be verified with MSFN +,o 
determine possible indicator 
failure. The surge tank should 
be isolated when marked decreas 
ing trend in both o

2 
tank pres 

sures is noticeable . 

3 

- OFF (off l imi t tank(s) 

0
2 

(H
2

) FANS - 1 (and/or 2) - 0FF 

( off limit tank(s) 

4 I Monitor Flow - o2 (ECS) 

a. Flow >-45 1 bs/hr 

b. Flow (. 45 l bs/hr 

5 I Monitor CABIN PRESS 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27 , 1967 

4 

---4 I (4a.) Reference ECS symptom No .~ (4a.) Leak in ECS 
1 (o

2 
Flow High) 

5 

APOLLO OPERATIONS HANDBOOK 

EPS-CRYOGENICS 5/C 012 lREV li'TN AT 

SECTION 9.1.4.l lPAGE 2 



SYMPTOM I STEP I 

6 

7 

PREPARED BY, Ut )/iA'.t,L/;,,/ 
ijj ~ .. ' 

/, ~_r;rz. ,c;,,,;~fl -v -

MSC Form 48D (Rev Dec 66J7 

PROCEDURE I ~ ••••••s I FAILURE 
STEP 

a . Pres sur e> 5 . 6 ps i a I~ ~a . ) Refe r ence ECS symptom No, l (5a .)Lea k in ECS 

.( 

b . Pr es s ure> 5 . 6 ps ia I 6 

Monitor TANK PRESSURE 
o

2 
(H

2
) - 1 (and/or 2) &.F/ c 

FLOW - F/C 1, 2 , & 3 

a . Press steady or gradual I 8 . 
decrease & F/ C flow rates equi v
alent . 

b. Fl ow high in one fue l cell, I 11 
pressure continues to dr op 

c . Fuel cell flow rates equiva
lent & pressure indica tes marked 
drop in one tank 

7 

21 (Cabi n Pr es sur e high) 

~ a. ) Pr essure changes will be 
more evident with H

2 
gauge s cal i 

t han wi t h O gauge s cal e . F/C 
f l ow r ate c6mparis ons will r e
vea l pur ge val ve open . 

~c . ) Tank vent valve being open 
necessitates a pr eviously high 
pr essur e or fa i lur e of r el i e f 
val ve . o2 t ank relief vents a t 

983 ps i g and reseats at 970 psjc 
H reli ef val ves vent at 273 
p~ig & reseats at 268 psig . 

(6a . ) Mot or or 
pressure switch rail 
ure or l eak prior to 
flow sensor. 

(6b . ) Purge val ve 
sea t l ea k or pl umb
ing leak. 

(6c . ) Tank vent valve 
open or plumbing ~ 

leak. 

L2ave both tank ·:2E-aters J. fans -I ~ I ( 7) Surge t ank should be isoJated 
OFF . 

I 
FLIGHT CREW SUPPORT DIVISION 

DATE , Jan 27, 1967 

when marked decreas i ng trend i n 
both o

2 
tank pressur es is 

noticeabl e . Suffic i ent flow ma~ 
be obtained in a pressur e decay 
mode of oper ation . 

APOLLO OPERATIONS HANDBOOK 
EPS- CRYOGENICS S /C 012 fREV H'TNA T 

SE CT ION 9.1.Li.llPAGE ,; 



SYMPTOII I STEP I 

8 I 

9 I 

10 I 

11 

12 

· PREPARED BY~t/ ~~ 
V-f. J!.: 
lf.'.u,/'_ DJ-v 

IISC Form 460 (Rev Dec 66f' 

PROCEDURE I NEXT REMARKS I FAILURE 
STEP 

inimum cryo systems pressures 
are: 
02: 500 psi (required for worst 

case cabin repress) t2 : 150 psi 
anagement constraints are: 

a • Quantity remaining in both 

i=s. . Rate of depletion of faulty 
anks. 

02 (H2 ) HEATERS Sw - 1 (and/or I 9 

2) ON 

02 (H2 ) FANS Sw - 1 (and/or 2) ~ 10 

ON 

Monitor TANK PRESSURE - o2 (H2 ) 
- 1 (and/or 2) 

a. Pressure increases steadilyl~l(lOa) Single switch failure re
sults in loss of automatic 

( 10a) Motor or 
pressure switch fail
ure. 

b. Pressure continues to 
gradually decrease 

Cycle FUEL CELL 1 (2 or 3) -
o

2 
(H

2
) - PURGE 3 to 5 times 

consecutively & return tc QKE. 

Monitor - FLOW - o2 (H2 ) meter 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 

f
ressure control in both tanks. 
anual control is required. 

~ ( 10b) Tank pressure will decay I ( 10b) Leak prior to 
1and is effectively lost for rest flow sensor. 
lof mission. 

12 

APOLLO OPERATIONS HANDBOOK 
EPS-CRYOGENICS 5/C 012 IREV FINAL 

SECTION 9.1.4.1 IPAGE 4 



SYMPTOM STEP 

12 

13 

14 

15 

16 

17 

18 

,., 
PREPARED BY@~ 

V/f-; f![', 1{,),.,,_J/-,; 

MSC Form 460 (Re v Dec 66) \1/' 

PROCEDURE 

a. Flow r eturns t o normal 

b. Flow r emains h i gh 

NEXT 
STEP 

REMARKS F.AILURE 

1 3 l ( 12a. )Normal purge maximum flow (12a . ) Purge v alve 
increas ~s are: seat open temporar-
o2 : o.6 l b/hr ily. 

H2 : 0 .75 lb/hr 

15 1( 12b) A plumbing l eak in the 
ar e~ involved her e i s ver y r e 
mot e . 

(12b. ) Plumbing l eak 
down s t r eam of fuel 
cell or purge v alve . 

o2 (H2 ) HEATERS sw - 1 ( and/ or I 14 

2 ) - AUTO 

0
2 

(H2 ) FANS sw - 1 ( and/or 2) I~ 
- AUTO 

Repeat Step 9 

~ - Flow remai ns hi gh 

0
2 

(H
2

) HEATERS sw - 1 ( and/or 

2) - AUTO 

0
2 

(H
2

) FANS sw - 1 (and/ or 2 ) 

AUTO 

Monitor TANK PRESSURE - 0
2 

(H2 ) 

- 1 & 2 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 J an 27, 1967 

16 r( 15a) See st atement of s t ep 12a 

l' :' 

~1 (17 ) Fuel cell purge val ve 
b eing open may give a critical 
oper ational mode if purge cycl e 
i s i nit:i_at ed d-..:ring l ow pr essurE 
condition of tank. Consumption 
dat a & mi ssion l engt h shoul d be 
ad j u s t ed accor di ngl y . If f l ow 
r at e exceeds f l ow r ate of re~ 
mark 12a , cr ew - MSFN option t o 
shutdown fuel cell. 

APOLLO OPERATIONS HANDBOOK 
EPS CRYOGENI CS 

S/C 2 REV FINAL 
S E CT I ON 9 • 1 • 4 • 1 PAGE 5 

J 



SY MP.TOIi STEP 

18 

19 

o2 (H2 ) TANK 1 (andA 20 

or?) PRESS HIGH 

?l 

22 

23 

/) ,,j'A'I ~ 

PRE PAR ED BY 'dd! k-ut?Lh 
g:;J~/ 

_K_ .~ ~ Vo-? -tf 
MSC Form 460 (Rev Dec VJ 

PROCEDURE I NEXT REMARKS FAILURE STEP 
a. Pressure returns to normal 1--, 

b. Pressure decreases 

Use m~nual pres sure control 

02 (H2 ) HEATERS - 1 (and/or 2)-

0FF 

o2 (H2 ) FANS - 1 (and/or 2) -

OFF 

Monitor o
2 

(H2 ) Tank pressure 

a. 0
2 

high 

b. H
2 

high 

Monitor cryogenic & surge tank 
pressures 

a. Surge tank= 900 ~35 and 
<~ highest cryo tank -

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan 27, 1967 

19 

?l 120. Note: Purge would norm
ally be initiated when the tank 
pressures trigger the c/w. 
c/w upper pressure limits are: 
0

2
: TANK #1 - 950 psia 

22 

23 

27 

----24,. 

TANK #2 - 950 psia 

~ 2 : TANK #1 - 270 psia 
TANK #2 - 270 psia 

Tank relief valve crack pres
sures: 
o2 : Tank #1 - 983 psig 

Tank #2 - 983 psig 

IH2: 

'\ 

Tank #1 - 270 psig 
Tank #2 - 270 psig 

(23a) Loss of sensor capabil
ity necessitates coordination 
with MSFN. 

(23a) 0 Sensor cir
cuit faifure in tank 
with hi ghest indi
cated pressure. 

APOLLO OPERATIONS HANDBOOK 
EPS-CRYOGENICS 

S/C 012 IREV FINAL 
SECTION 9.1.4.1 IPAGE 6 



SYMPTOM STEP PROCEDURE 

b . Surge tank ~ highest cr yo 
tank 

24 I PRESS INTI SW- SURGE TANK 

25 

26 

27 

o2 IIEATERS SW- 1(&/or 2) - !UTO 

o2 FANS SW- 1(&/or 2) - AUTO 

Verify with MSFN H
2 

tank 
pressure 

(a) Normal 

(b) One or two tanks high 

28 I FUEL_ CELL 1, 2 , & 3- 02(H2) 
PURGE (normal duration) 

2.9 · I Moni t or : 
TANK PRESSURE- 0 (H ) - 1 & 2 
TANK QUANTITY- 62(~2)-7 & 2 

(a) Pressure decreases in 1 
tank 

' (b) Pres s decreases in both 
tanks & 

V 
PREPARED BY 1/ d'lf:~ #1 FLIGH T CREW SUPPORT DIVISION 

WI. 'J _ 'I 
Ir' e .£J ,d' ..,,, ---

DAT E 1 

Jan 27 , 1967 
IISC Form , so (Re v De c Bir') 

NEXT 
STEP 

2-S / 

25 

26 

REMARKS 

~I (26) Normal configurat ion is 
mi ss i on t ime dependent 

----; 

28 

29 (28) H? purge line heater 
should oe on at least 10 
minutes (no more than 20 min
utes should be required ) prior 
t o pur ge . Immediat e ·purge may 
be initiat ed if vent valve 
crack pressures are imminent. 

----Jl (29a) Mission constraint is 
quantity remaining in n ormal 
tank. 

FAILURE 

( 27a) H s ens or 
cir cui t f a ilur e 

(29a) Tank outlet 
line blocked . 

APOLLO OPERATIONS HANDBOOK 

EPS - CRYOGENICS S /C n7? (REV FINAL 
S ECT I ON g_1__.___.1__._1IPAGE 7 



SYMPTOII STEP PROCEDURE 

( 1) 0 /H )> 950 psia ( 270 
psia) 2 

(2) 800 psia (210 psia)< o 2 (H
2

) < 950 psia (270 psia) 

NEXT 
STEP 

30 

REMARKS FAILURE 

~(2~. b . 1) Cryogenic 
control circuitry or 
insulation degrada
tion, or a combina
tion of hi gh heat 
leak influence and 
low demand . 

(a) In min. dQ/dM regiof 31 

(29 . b . 2) The mimimum dQ/dM 
region may be defined as the 
r egi on of tank densi t ies where
in design pressures may be 
maintained by tank heat leak 
only . The following t ank den
sities correspond approximately 
to entry of min . dQ/dM region. 

_,... _____ L _L_M 

PREPARED BY 1 };,Jg_.!, £ /,) 
fl;[] V.. •/ff I 

ff. ~ ,L:kJ!.--,,, 
IISC Form ~80 (Rev De~88) 

(b) Outside mi n dQ/dM 
region 

30 I Repeat purge if req_uired 

(a) Pressure decreases 

31 

(b) Pressure high 

Power up ~2 . 5i6 amps per f uel 
cell) e.g. Two invert er s , S
Band hi gh mode , battery char ger 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 J an 27, 1967 

H
2 

l.5__ lbs/tank 

o 2 _ill lbs/tank 

32 

29 1(30) If normal pµrging of fuel 
cells does no t sufficient ly 
decr ease pressure, cont inuous 
purging i s an opt ion or increas 
ing cabin pressure (o

2 
only) 

~ 

(31) These indicated loads wil 
pr obably provide suffi cient in
cr ease in demand 

(30b) Insulat ion 
degradat ion 

APOLLO OPERATIONS HANDBOOK 

EPS- CRYOGENICS S/C 012 IREV FI NAL 
SE CT I ON 2_ .1. 4 . 1 IPAGE 8 



SYMPTOM STEP 

32 

33 

34 

35 

,/] • A 

PREPARED B~~~ 

X? n_,-p,,,,,_ 
MSC Form 460 (Rev Dec 6'!;1 

fl 

PROCEDURE 

(a) Pressure stabilizes 

(b) Pressure increases steadily 

Manually maintain normal pressur1 
& guantity balance 

Monitor - TANK PRESSURE - o
2

(H2) 
- 1(&/or 2) 

( a) Pressure remains normal 

(b) Pressure increases 

(1) In one tank 

(2) In both tanks 

Continue manual pressure control 

Increase power &/or purge as 
required to control pressure 
below c/w upper limit 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan 27 , 1967 

NEXT 
STEP 

REMARKS FAILURE 

»I ( 31a) Maintain present minimum ----., ( 31a) Predominant 
load requirements until tank heat leak influence 
densities are approximately: 

o2 : 15 lbs/ft3 

H2 : 1.0 l bs/ft3 

35➔ (31b) Excessive heat 
leak- possible insala
tion degradation 

33 

34 (33a) Loss of automatic pres 
sure control necessitates use 
of normal control 

(33a) Motor &/ or 
pressure switch fail 
ure . 

34 I 1(33 ,b . 1) Insulat i on 
degradation 

35 1(34 , b , 2) Crew option to manual t (33 . b . 2) Combination 
ly or automatically control of high heat leak & 
tank pressure low demand 

APOLLO OPERATIONS HANDBOOK 
EPS -CRY0GENICS sic m:::, IREv li'TNAT 

SECTION 9 .._l_._4_._l lPAGE 9 



SYMPTOM 

F/ C 1 (2 or 3) 
Light Illuminates 

} .- h ~"/ d 

P R
1
E PAR ED BY~ J(J'/;(~##' 

'11 ~U'I" 
/f.' "€ .Pal'' .--u ~ 

MSC Form 460 (lfe_v_D_e~B) 

STEP 

1 

2 

PROCEDURE 

FUEL CELL INDICATORS - 1(2 or 3) 
Survey F/ C meters & annunciators 

a. FUEL CELL MODULE TEMP COND 
EXR - High 

~. FUEL CELL MODULE TEMP COND 
EXH - Low 

c. Fuel cell 1 (2 or 3) -
CIR & SEP MOTORS (AC) -
C/ B - OPEN 

el. FUEL CELL FLOW - o2(H2) -
High 

e. FUEL CELL FLOW - o2(H2 ) -
Low 

f. PH HI-striped 

g. o2 REG OUT PRESS HI-Striped 

h. H2 REG OUT PRESS HI-Striped 

i. o2 REG OUT PRESS HI & 
H2 REG OUT PRESS HI -

j. 

l.,-k. 

I -~-
DATE 1 

STRIPED 
OR 

o2 REG OUT PRESS HI & 
H2 REG OUT PRESS HI & 
N 2 REG OUT PRESS HI -

STRIPED 

F/ C RAD TEMP LOW - Striped 

FUEL CELL MODULE TEMP SKIN 
Low 

FUEL CELL MODULE TEMP SKIN 
High 

FLIGHT CREW SUPPORT DIVISION 

Jan 27, 1967 

NEXT 
STEP 

REMARKS 

1. 00 ITCE?l75°F (S pec) 
4 . 

2.00 TCE ~152°F (S pec ) 

3. 00 May occur independent o~ 
F/ C 1, 2, or 3 light. 

FAILURE 

4. 00 !Flow ~1.276 lb/ hr (.1606 lb/ hr) 
(Spec) 

5.00 !Flow f.14O lb/ hr ( . 018 lb/ hr) 
(Spec) 

6.00 lc/w trigger values ph ?9.0 (Spec) 

7.00 o2 press ?:..75 psia (S pec) 

8. 00 r2 press?. 75 ps ia (s pee) 

9.00 N2 Press~ 70 psia (S pec) 

10 . 00 ITemp ~-3O°F (Spec) 

11.00 TSKIN ~36O°F (Spec) 

12. 00 ITSKIN ~5OO°F (S pec) 

EPS FUEL CELLS 

APOLLO OPERATIONS HANDBOOK 
s;c 012 JREvFINAL 
SECTION 9.1.4.2 IPAGE 10 



SYMPTOM STEP PROCEDURE 

( a) FUEL CELL l.OC)I 
MODUL~ TEMP-COND EXH l. OllMonitor - FUEL CELL - 1, 2 & 3 -
l{IGH Module temp - COND EXH 

a. 1 fuel cell affec"ted 

b. 3 fuel cell affected 

NEXT 
STEP 

1.02 

REMARKS 

c/w trigger value is 175° F, 
MSFN verification necessary for 
c/w failure. 

1.03;1 (1.0lb) TCEn 70°F on fuel cellE 

considered "high". 

FAILURE 

CAUTION: DO NOT EXCEED TCE = 200°F FOR ANY LENGTH OF TIME TO PREVENT H2 PUMP FAILURE 

1 .02IMonitor - Fuel cell - 1 (2 or 3) 

PREPARED BY I ,,/d,l,i;.,.t,.,L'P 
~-i~F/J 't.' _,_ ·- .tf- __ -~~ 

..--'r.'e:'J.c~~ 
MSC Form 460 (Rev Oet 66) 

Module temp - CONDEXH & skin 

a. 

b. 

TCE rises to 190° within 

approximately 10 to 15 min. 
TSKIN increases after 15 

minutes. 

TC~ rises steadily for normal 

TSKIN range. 

1 , 03 !FUNCTION SELECT - A 

14 
FLIGHT CREW SUPPORT DIVISION 

DATE 1 

Jan 27 , 1967 

1. 06 (1. 02a) This set of symptom isl(l. 02a) Coolant flow 
res triction or leak
age or pump stalled. 

·ndicative of limited, but 
erious flow restriction of 
oolant - some heat is still 
eing transferred to the secon-
ry loop. When flow is com

letely stopped, c/ B may, in 
ime, open; When flow is stopi:ec 
H2 pump is operating, TCE will 

ise sharply (~8°/min) followed 
y an increase in TSKIN within 

5 to 20 minutes. 

1. 03 i (1. 02b) Steadily rise defined 
~s (.5° to 2Q/rn i n). There may 
be 15 minutes to an hour (at a 
bteady power level) to detect a 

l . J 4, 

~

mall but off - nominal increase 
n TSKIN" The time inverval is 

ependent upon the power level. 

( 1 . 02b ) Secondary 
bynas s valve or mino1 
fl ow restriction. 

APOLLO OPERATIONS HANDBOOK 

EPS FUEL CELLS s;c 012 (REvFINAL 
SECTION9.1.4.2 jPAGE 11 



SYIIPTOII STEP PROCEDURE NEXT I REMARKS I FAILURE 
STEP 

(~) continued 1. 04 TEST SELECT - 10 (11 or 12 ) t 1. 05 

1. 05 Monitor EPS RAD OUT TEMP 

(a) Normal I 1. 07 b (l. 05a ) Normal operating I (1.osa) Minor flow 
~ oundaries: .6V (-10°F) to 2. 0v restriction. 

(+90°v) 

(b) High and increases with TCE I 1. 07 (1. 05b ) The TCE will follow any 

~ncrease or decrease in RAD OUT 
~EMP if secondary bypass valve 
ailed in 10o% bypass position. 

(1 . 05b) Secondary 
bypass valve failed 
in 100% bypass posi
tion. 

/ 

l. 061Monitor - FUEL CELL -1,2,&3 -
Module temp - cond exh & skin 

A ,,.., ,, .t/ 
PR'EPARED BY'/;,// &/4/.L, 

"-j j' ;J •f F/ 
• /'4£AJ... .a 

(If ,e. Po.-1-v, ---
IISC Form 460 (Rev Dec 66)/ 

(a) 

DATE 1 

TCE rises rapidly & TSKIN 

ris ing on 1 or more F/C's 
after 15 minutes . 

FLIGHT CREW SUPPORT DIVISION 

Jan 27 , 1967 · 

~ ~l . 06a ) Rapid rise of TCE de- (1. 06a) Glycol pumps 
stalled. 

l
ined as 2 ·~8°/ minute. TSKIN 

ay rise within 20 minutes for a 
teady power level. This combin 
tion of symptoms is indicative 
f improper coolant flow stallint 
the three glycol pumps. The 
ause of the improper coolant 
low is common to all three fuel 
ells. The mission constraint 
ay consider faulty fuel cells 
seful for reentry burn or until 
CE meets the above constraints. 

fter TCE exceeds 299°F the H2 
umps will seize (at same un
redictable time or temperature) 
ut further use of fuel cells is 
vailable. An SPS deorbit could 
e supported with continuous 
urge & immediate entry into 
eorbit procedures. 

EPS FUEL CELLS 
APOLLO OPERATIONS HANDBOOK 

5/C 012 IREV FINAL 
SECTION 9._1.4.2 jPAGE 12 



SYMPTOM 

(a) continued 

STEP 

(b) 

PROCEDURE 

TCE high steady or slowly 

increasing (all fuel cells) 

1.071 Open circuit F/ C or purge to 
control TCE below 200°F. 

1 . 081 Continue normal operation with 
appropriate monitoring . 

.,., - I/,~ 

PREPARED BY:j/a{4if{#' 
4 . -/ , _{, .c -• --"--

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 
'~L°.Pcd-"1--

IISC Form ~60 (Rev Dec 68).J 

I . 

NEXT 
STEP 

"--? 

REMARKS 

(1.06b) This combination of 
symptoms necessitates a powered 
up configuration. Symptom may 
be corrected by powering down 
when convenient. 

1.08 r(1. 07) Control of TCE may be 

accomplished by limited open 
circuit operation as required 
to restrain TCE below 200°F. 

~ 

FAILURE 

(1 . 06b) Inadequate 
glycol to environment 
heat transfer, e.g. 
radiator sootinf· 

APOLLO OPERATIONS HANDBOOK 
EPS FUEL CELLS 5/C 012 (REV FINAL 

SECT, ON 9 _L_1. 4. 2 ~~-u 



SYMPTOM 

(b) FUEL CELL -
!MODULE TEMP - COND 
IEXH - LOW 

STEP PROCEDURE 

2.0C 

2.011 Function Select - A 
TESJ SEL~CT - 10, 11 & 12 (RAD 
OUT TEMP ) 

2.021 Monitor RAD OUT TEMP & FUEL CELL 
MODULE TEMP - SKIN 

a. TSKIN rises: rapidly on 1 F/C 

b. RAD OUT TEMP low on 1 F/ C. 

c. RAD OUT TEMP-Z-30°F 

l /l • lA 
PREPARED BY~zt/h;,,,,/4/,~ FLIGHT CREW SUPPORT DIVISION 

!//j ,J{._ ;{(_~ 
£ ~- .k) c:t-f!--y -

DATE 1 

Jan 27, 1967 
IISC Form 460 (Rev Dec sy 

NEXT 
STEP 

2.02 

REMARKS 

C/ W will trigger F/ C 1, 2 or 3 
light when TCE ~150°F. If TCE 

remains low, a performance shift 
may occur. 

2.03 l(2.02a) RAD OUT TEMP will go tc 
a stabilized temperature equiv
~lent to the sector ambient. 
Circuit breaker CIR & SEP MOTOill: 
(AC) should be OPEN or there 
exists an open circuit conditior. 
TSKIN rapid rise corresponds to 

12° to 15° per hour at 1000 watt 
load on F/C . 

..... 

FAILURE 

(2.-02a) H
2 

pump fail
ure. 

2.05 l(2.02b) This failure is 
table in a powered down 
iu-ration and TCE is low. 

detec- ~2.02b) Coolant :BYPASS 
config- alve failed in 100% 

ypass position. 

Wormal operating RANGE: 
• 3sv = -20°F 
2.0V = +90°F 
IThe cond exhaust temp will 
follow increase or decrease of 
~D OUT TEMP in a 10o% :Bypass 
position (failure) • 

2.05 l(2. 02c) Corresponding RAD OUT 
TEMP C/W limits may follow. 
Aux DC volts of .3 v corres
ponds to -30°F. T'Note that a lo~ 
T is not necessarily indic-
lRf~vP nf _a_cold. _ernzirDnment. 

(2.02c) Cold 
vironment. 

en-

APOLLO OPERATIONS HANDBOOK 
EPS FUEL CELLS 

S/C 012 IREV 1!'INAL 
s E c r , ON 9 • 1. 4 • 2 IP AGE 14 



SYIIPTOII 

(b) continued 

STEP PROCEDURE 

, 2. 031 Monitor fuel ~ell performance 
(affected F/c) 

a. F/C assuming load 

b. F/C current ZERO 

2~ 041 ( option) Use continuous purge 
and/or open circuit to control 
temperatures until current de
cays . 

· 2. 0 51 Power up s/c as required to 
bring temperatures up. 

2 . 061 I solate F/C. 
Re f EPS Symp. No. ill 

St ep No. 6 -,07. 

PREPARED BY~/~ FLIGHT CREW SUPPORT DIVISION 
DATE 1 

J an 27 , 1967 R.?.X/aZ--
IISC Form 460 (Rev Dec~8 

NEXT 
STEP 

2.04 

2 . 06 

REMARKS 

2~06 2. 04 The affected F/C's life 
ay be extended 6 to 8 hours by 
ontrolling TcEb~low 200°F. The 
ower the power level the more 
ikely an 8 hour extension may 
e obtained. 

~ 

.---, 

FAILURE 

EPS FUEL CELLS 
APOLLO OPERATIONS HANDBOOK 

5/C 012 REV FINAL 
SECTION9.1.4.2 PAGE 15 



SYMPTOM STEP PROCEDURE 

( c.) FUEL CELL 1 
(2 or 3) CIR & SEP 

!MOTORS C/ B - OPEN 

~,/.,,.~-A/ 
PREPARED BY 1 /4r~.f /,/ 

//4-~ .cLL!L .. 
K ~ -,l;) J ---t,,y 

IISC Form (BD (Rev Dec ee, 

3. oc 

3.011 Attempt to reset C/ B 

(a) C/ B resets 

(b ) C/ B cannot be reset 

3. 021Fuel cell pump 1 (2 or 3) - Q]1' 

3.03 Place fuel cell 1 (2 or 3) on 
open cycle and/ or open circuit 
if capable of supplying power. 

FLIGHT CREW SUPPORT DIVISION 

DATE, Jan 27, 1967 

\ 

NEXT 
STEP 

___,. 

3.02 

3. 03 

REMARKS 

Loss of pump will cause con
denser exit temperature to 
trigger C/ W at TCE = 175°F 

(3. 0lb) NOTE: Glycol pump and 
pH sensor will be lost since 
~heir AC power to common to the 
~2 pump. 

(3. 03) Keep fuel cell in 
~eserve. Plan to use with con
~inuous purge any time fuel cell 
is used. Fuel cell with con-

~

inuous purge can supply 563 
atts indefinitely or 1000 watts 
or short periods. 

FAILURE 

( 3 . 01a ) Momentary R2 
pump stall 

(3. 0lb) Circulation 
& separation _pump 
failure caused by 
contamination or 
internal pump 
failure. 

APOLLO OPERATIONS HANDBOOK 
EPS FUEL CELLS S/C 012 IREV FINAL 

SECTION 9,1.4.2jPAGE 16 
--------------



SYMPTOM 

d. FUEL CELL 
FLOW - o2(H2) - Hi 

STEP PROCEDURE 

4. 00 

4. 0l l Cycle FUEL CELL 1 (2 or 3) -
o2 (H2) - PURGE , several times 
& return to OFF 

NEXT 
STEP 

High 
H2: 

02 : 

REMARKS 

flowrate c/w limits 
F/C 1 = . 161 lb/ hr 
F/C 2 = . 162 l b/hr 
F/C 3 = . 162 lb/ hr 

F/C 1 = 1 . 32 lb/hr 
F/C 2 = 1.30 lb/ hr 
F/C 3 = 1.32 l b/hr 

are: 

Procedure applicable to 
conditions of high f lowrate 
independent of those occuring 
during purge . H2 flow Hi c/w 
may come on during pur ge . 

FAILURE 

( a) Flowrate returns t o normal 1----j'I ( 4. 0la) Subsequent purges may , I (4. 0la) Purge valve 
again, result in valve seat seat open 

(b) Flowrate remains high 

PREPARED BY 1 /;t/'L/_/4 /½ FLIGHT CREW SUPPORT DIVISION 
~~L ,, 

Rf::'~~ Va.£-?d--
DAT E 1 

Jan 27, 1967 
IISC Form 460 (Rev Dec 66) v 

remaining open . 

I )I (4 . 0lb) Crew - MSFN option to 
shut down F/C based on : 

(1) Performance of remaining 
2 F/C ' s, & condition of 
batteries . 

(4 . 0lb) Faulty 
purge valve, or 
regulator vent valve, 
or fue l cell assemblJ 
leak . The latter is 

(2) Time required to completelpossible but remote . 
mission vs. cryogenic 
quantity remaining 

APOLLO OPERATIONS HANDBOOK 

EPS FUEL CELLS S/C J l2 IREV FINAL 
S ECTI ON 9 .1.4. 2 PAGE u 



SYMPTOM STEP 

(e) FUEL CELL 1(2or31 5. 00 
~LOW o2 (H2_ - LOW 

PROCEDURE NEXT 
STEP 

REMARKS 

c/w trigger limits are (actual): 

F/ C 1: . 013 lb/ hr H2 .14 lb/ hr o2 

F/ C 2: . 018 lb/ hr H2 .11 lb/ hr H2 
F/ C 3: .018 lb/ hr H2 ,14 lb/ hr H2 

FAILURE 

5. 011verify FUEL CELL 1 (2,3) 5 . 02 !Verify flag - gray, 
REACTANTS SW - ON 

5.02 ·FUNCTION SELECT - A I 5. 03 

5.03 TEST SELECT -~ or 7(8 ,9 ) 5.04 

5 . 04 o2 (H2) REGULATOR OUTLET PRESSURE 

(a ) Normal 

(b) Low 

5. 05 

~ 

CAUTION: DO NOT PURGE TO PREVENT PLUGGING OF COMMON VENT LINE 

5.oslMonitor FUEL CELL 1 (2 ,3 ) 
1 

performance 

I A I ,, 
P~EPARED BY, L ,# ~LJ/ / FLIGHT CREW SUPPORT DIVISION 

;t~. -~ '#/ 

_£~ ;11,..0., 

DATE 1 

Jan 27, 1967 
MSC Form 460 (Rev Dec !ft> 

Normal regulator pressures: 
02 : 62 PSIA (4.13v) 
H2 : 60.5 PSIA (4. 03v) 

(5.04b) Imminent loss of fuel 
cell 1 (2 ,3) expected. If H~ 
regulator pressure is low, ~ 
fuel cell should be shut down 
immediately to prevent flooding 
(possible KOH contamination. ) 
Refer to EPS symptom (f ) s t ep 
6.07 for fuel cell shutdown. 

Reference V - I curve. 

( .5. 06b) Blocked 
supply line (from 
cryo tank ). 

APOLLO OPERATIONS HANDBOOK 
EPS FUEL CELLS 5 / C 012 IREV FINAI 

SECTION g.].L1..2IPAGE _18 



SYMPTOII STEP PROCEDURE 

(e ) (continued ) (a ) Normal performance 

(b ) Abnormal performance 

//) 1 t1 
PREPARED BY =_/;~~f_/ FLIGHT CREW SUPPORT DIVISION 

//;;/.J. iLU1/ 
k' E!Vc-J ✓1'---

DATE 1 

Jan 27 , 1967 
IIS.C Form ~60 (Rev Dec ~) 

NEXT 
STEP 

REMARKS FAILURE 

~I (5. 05a ) System normal (correct !Failed flow indicator 
flow may be estimated fr om: 

02 FLOW= 7.9 H2 FLOW ) 

~I (5. 05b) Refer to normal pro
cedure "FUEL CELL POWER PLANT 
PURGING" to attempt to restore 
normal operation. 

Fuel cell degradation 

APOLLO OPERATIONS HANDBOOK 
EPS FUEL CELLS S/C 012 'REV FINAL 

SE CTION _2_J_.___4_._2lPAGE 19 



SYMPTOII 

(J) F/ C 1(2 or 3) 
pH-Hi- Striped 

STEP PROCEDURE 

6 . 00 
6 . 01 !Monitor F/ C performance 

(Refer to Vl curve) 

a. 

b. 

c. 

Performan~e Normal 

Decreasing trend in perfor
mance (steady state power) 

DC amps indicating 'zero 
\ 

6 . 02 IF/ C performance over 1 hr. 

a. No decrease 

b. Decrease in performance 

NEXT 
STEP 

6.02 

6.03 

6.07 

REMARKS FAILURE 

~ .Olb) Further F/ C degradation! (6 . 0lb) Limited elec
can be anticipated. The rate trade flooding 
will depend on extent of flood-
ing. 

(6. 02) If KOH (limited) is be:in1 

(6 .0lc) Complete fueJ 
cell flooding. 

~ I transferred to H2 line without . 
significant loss of performance! (6.0la) C/ W failure. 
then it will do so at unpre-

6. 0li dictable intervals. This is 
indicative of small quantities 
being transferred and it is not 
a critical situation as long as 
the ph of the water gun output 
does not exceed ~11 ph. If 
problem is transienttdilution 
will allow F/ C 1(2 or 3) light 
to extinguish. 

CAUTION: DO NOT PURGE F/C IF KOH FLOODING IS SUSPECTED. Plugging of common vent line may result. 

PREPARED BY, 

6 .031 FUNCTION SELECT-A 

6.04 TEST SELECT - 7(8 or 9) 

6 .05 I Monitor H2 Reg out press 

a. Reg out press normal 

FLIGHT CREW SUPPORT DIVISION 
,j:_,,J lLJ_'-- DATE, 

Jan 27, 1967 ff.ZV~--
ISC Form 460 (Re-v Dec lffi) 

6.04 

6.05 

6.061 (6.05a) 4.2v corresponds to 631(6.05a) Limited KOH 
psia regulated pressure. flooding due to in

ternal F/C rupture. 

APOLLO OPERATIONS HANDBOOK 
EPS FUEL CELLS 

S/C 012 IREV FINAL 
SECTION 9.1.4.2 IPAGE .• 20 



SYMPTOM 

(f) continued 

STEP PROCEDURE 

b. Reg out PRESS LOW 

6.061 Continue use of F/ C until F/ C 
current zero. 

NEXT 
STEP 

REMARKS FAILURE 

6.061 (6.05b) This failure of regula-,(&.05b) Limited KOH 
tor is extremely remote. flooding due to LOW 

supply press (reg.) 

~ .I (6. 06) Note that step 6. Olb ex-
( 6.07l}}resses F/ C output exist. In 

either case, (6.05a or 6.05b) 
there exists 1 to 2 hours of 
F/C use, depending on s/c power 
level. When F/C current zero 
continue to step 6.07. 

Loss of F/ C output 16.071 MAIN BUS TIE - BAT A & C 
- BAT B & C 

6.081(6.07) Monitor PH - (Ref. ECS 
procedure No. )The initial 

_l__i_ /J . . ? ,j 

PREPARED BY~/£:Lf/W 
~If/,:_"//:;. 

_.IE._,/~ 0d AL-

IISC Form 460 (Rev Dec ts') 

6.08 I Tie two normal F/C's to parallel I 6.09 
main buses A & B, 

6. 09 I Remove faulty F / C from main I 6 .10 
bus(es) 

6.10 

6.11 

6.12 

6.13 

6.14 

Fuel cell 1 (2 or 3) H2o2 Valve I 6.11 
C/B - CLO~ED 

F/C 1 (2 or 3) - (faulty F/ C) I 6.12 
H2&o2 REACTANTS - QEl' 

FUEL CELL PUMP~ 1 (2 or 3) -OFF~ 6.13 

Open FUEL CELL 1 (2 or 3) - C/ B' 6.14 

Configure 1 fuel cell to MNA & 1 6.15" 
fuel cell to MNB. 

F/ C - Bus configuration assumed 
is: 

F/C 1 - MNA - ON 
F/C 2 - MNA - ON 
F/C 3 - MNA - OFF 
F/C 1 - MNB - OFF 
F/C 2 - MNB - ON 
F/C 3 - MNB - ON 

6.15 I (Option) MAIN BUS TIES - OFF ~ I (5 .15) Batteries should be tied 
during high power levels. 

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
DATE 1 

Jan 27, 1967 EPS FUEL CELLS ~012 REV FINAL 
SECTION Q.l.4 .2 PAGE 21 
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SYMPTOM STEP PROCEDURE NEXT 
STEP 

REMARKS FAILURE 

(g) 02 REG OUT PRESSI 7. 00 
Hi-Striped 7.0llDC INDICATOR sw - FUEL CELL 7. 02 I This symptom may be caused by 

either an actual o2 regulator 
failure or an N2 regulator fail 
ure. This is due to the fact 
that o2 press is referenced 11 
psi above N4 press and the 75 
psia O? c;w trigger value is 
reached oefore the N2 C/ W 
trigger value of 70 psia. 

I J /J _/_Id)' 
PREPARED BY 'd J/ff.,a&/d'1 

f/df.._~, 

7. 02jMonitor fuel cell performance 
(Ref. VI curves) 

~.) Performance Normal 7. 04 

(b .) Performance Abnormal 7. 03 
(current decreasing ~ 

rapidly or zero) 

7.031Shutdown fuel cell 
(Ref EPS sym. (a) STEP 1.07) 

7. 04IFUNCTION SELECT - A 

7. 051TEST SELECT - 1 (2 or 3) 
7. 06 MONITOR N2 REG OUT PRESS 

(a.). Normal 

~ 17.03) Loss of one fuel cell the 
/ W trip limit of 75 psi also 
orresponds approximately to the 
oint where fuel cell flooding 
an be anticipated. 

7.05 

7.06 

--"7 (7. 06a) Normal N2 Reg out press-

!
3 psi (3.55v).Loss of o2 c/w 
lag (except sensor failure) 
ecessitates use of aux DC volt
eter to monitor o2 regulator 
erformance. 

(7,02b) o2 regulator 

failure. 

(7. 06a ) o2 c/w cir
cuitry failure, 

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
DATE 1 EPS FUEL CELLS S/C 012 IREV FINAL 

,R~,8)&1/'~ Jan 27, 1967 
SECTION _2.1.4.2IPAGE 22 
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SYMPTOII STEP PROCEDURE 

(g) continued ( b.) High 

I.Lr7 ,/~ 
PREPARED BY:dJ!le-u,{zu FLIGHT CREW SUPPORT DIVISION 

~j_. rt__. ·-;E 

J! 
DATE, 

Jan 27 , 1967 
IISC Form 460 (Rev Dec 66) 

' 

NEXT 
STEP 

~ 

REMARKS FAILURE 

(7. 06b) N
2 

regulator (7.06b) Maximum pressure tol
erance of fuel cell assembly 
permits N

2 
regulator failure 

with o2 & H2 pressures follow-

failure. 

ing. This fuel cell will sub
sequently run with higher than 
normal skin temp and consumptior ... 
Its efficiency will probably 
improve. 
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SYMPTOM 

h. H2 REG OUT 
PRESS HI - Striped 

STEP 

8.00 
8.01 

PROCEDURE 

DC INDICATORS SW - FUEL CELL 
1(2 or 3) 

8. 0 2 I FUN CTI ON SELECT - A 

8 . 03 I TES~ SELECT - 7, 8 or 9 
8 . 04 Monitor: DC AMPS meter & 

a. 

H
2 

regulator pressure 

Regular pressure indicates 
high, DC AMPS indicating a 
rapid decrease in F/C output 
or zero. 

b. Regular pressure indicates 
high, low or erratic, and 
no decrease in amperage. 

NEXT 
STEP 

8,03 

8.04-

8.05 
~ 

REMARKS 

(8.04a) Continued use of fuel 
cell will eventually cause its 
failure. 

\. 

FAILURE 

(8.04a) H
2 

regulator 
failure. 

~ 1(8 .04b) Loss of C/W annunciator 1( 8 . 04b) C/W circuit 
necessitates use of AUX DC VOL'IB failure. 
meter to monitor H

2 
regulator 

performance. 

8 .0~ Shutdown fuel cell 
(Ref. EPS symp. No.(f)Step 6 .071 ~ 

~ ..i~ . ..i'-L 

PREPARED BY, /~/: J~ ~ __,_- FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 

~IL,L 
~ ~ . LJez/..,,1 

DATE, Jan 27, 1967 EPS FUEL CELLS S/C 012 fREV FINAL 
SECTION 2.1.4.2 )PAGE 24 

MSC Form 460 (Rev Dec 6841' 



i. 

SYMPTOM STEP 

02 REG OUT PRESSl9.00 
Hi & ~.01 
H2 REG OUT PRESS 

Hi flags striped 
or 

o REG ouT PREssl9· 02 
2 Hi & H2 REG OUT 

PRESS Hi & N2 
REG OUT PRESS . 
Hi flags-striped 

)} / ? , ./},' 

9. 03 

PREPARED BY1////£-:J./.p'_/ 

BL~ 
A ':"~ ~ '-z-_,,:,,_ 

MSC Form 460 (Rev)l'ec 66) 

PROCEDURE NEXT 
STEP 

REMARKS 

DC INDICATORS - FUEL CELL 1(2or3j9. 02 IN2 REG OUT PRESS flag will 

follow an o2 flag actuation 
in a short time. 

Monitor fuel cell performance 
(Ref. VI curves ) 

a. Performance normal or im
proving. 

-----=r 1(9 . 02a ) N
2 

regulator failure 
will not fail fuel cell unless 
either the O or H2 regulator 
fails to folfow the increase in 
reference pressure. The in
creased reference pressure may 
increase the efficiency of the 
F/ C and therefore it will 
assume more load than it has 
previously. The load sharing 
and respective consumption data 
should be adjusted accordingly. 
The situation is not critical. 

b. Performance abnormal (currentj 9 . 03 
rapidly decreasing or zero) I--?" 

Shut down fuel cell 
(Ref EPS symp. (f) step~ 

FAILURE 

(9. 02a ) N2 regulator 
failure. 

(9 , 02b) Double or 
triple failure of N

2 and either H2 or o2 
regulators faile d or 
all regulators failed 
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SYMPTOM STEP PROCEDURE NEXT 
STEP 

REMARKS FAILURE 

j. F/C 1 (2 or 3) 110.00 
RAD OUT TEMP - LOW 

Flag wil l trigger at -37°F, 
- 39°F, and - 42°F for F/C 1, 2 , 
or 3 r espectively . The con
denser exhaust temp may trig
ger c/w (150°F ) before the 
radia tor glyc ol reaches the 
above trip valves . 

I //J, ~v/J 
PREPARED BY}iWlii:ilf.kfi 

fll,,f [L/L_ t 

10.0l l Monitor TCE & TSKIN 

(a) Normal 

(b) Abnormal 

(1) TCE & TSKIN high 

10. 02 

(10 . 0lb.1 ) Ref. EPS symptom No. 

~ I (a ) FUEL CELL MODULE TEMP-COND 1 

EXH HIGH 

(2) TCE - low & TSKI N - high 1~1(10 .0lb .2) Ref EPS symptom No. 

(b) FUEL CELL MODULE TEMP

l0. 02 IFUNCTION SELECT - ~ 
TEST SELECT - 10~ & 12 

l 0.03IMonitor Rad out temps 

(a) 1 F/C indicates low Rad 
out t emp 

(b) 3 F/C 1 s Rad out temp l ow 

10. 03 
COND EXH LOW 

---}1(10.03) 1 F/C low Rad out temp 
compared to remaining two and 
TCE & TSKIN normal is indica-

tive of an indica tor failure, 

10. 04 

10. 04 1Power up s/c as req
1
d to maintain1~1(10 . 04) Positioning s/c with baJ 

temperatures. 4 towards sun is an opt i on . 

(10. 03a) Indicator 
failure 

(10. 03b ) Cold environ
ment 

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
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SYMPTOM 

(k) FUEL CELL 1(2or3 
MODULE SKIN TEMP 
LOW ((375°F) 

STEP PROCEDURE 

11. 0~Monitor fuel cell 1 (2 or 3) per
formance (ref. VI curves) 

a. 

b. 

Performance normal for 
indicated skin temp . 

Performance higher than nor
mal for indicated skin temp. 

ll.~21If desired: 
Reconfigure fuel cell bus ties 
so that fuel cell 1 (2 or 3) is 
shared between buses. 

11.031 Power up spacecraft 

NEXT 
STEP 

~1. 12 
- ----9 

REMARKS 

Inline heater maintains skin 
temp 375-395°F. Performance 
degrades significally below 
this range. 

~ 1(11.0lb) Fuel cell normal skin 
temp may be estimated from VI 

burve. 

n1. 03 ~11. 02-11. 03) Fuel cell recovery 
ossible from skin temp as low 
s 330°F by increasing load on 

that fuel cel l. MSFN-crew 
opt ion based on: 

P.1. 04 

(1) Performance of remaining 
fuel cells and condition of 
batteries. 

1

(2) Time required to complete 
mission vs. cryogenic 
quantity remaining. 

FAILURE 

(11. 0la) Inline . 
heater failure. 

(11.0lb) Fuel cell 1 
(2 or 3) skin temp 
indication failed. 

.,11.041 Fuel cell 1 (2 or 3) module skin 
temp 

(a ) Increases 

J I/JJ ,,l✓.1/ 
PREPARED BY I Jltl.lFf fr!I 

l,,t_J .. 
FLIGHT CREW SUPPORT DIVISION 

DATE 1 

Jan 27 , 1967 
MSC Form •so (Rev Dec 66) 

·--r- 111. 04a) Increase load allowing 
uel cell to recover. Estimated 
oad required to maintain that 
uel cell skin temp above 375°F 

·s 20 amps. 
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SYMPTOM STEP 

(k) continued 

J / /} . .1_L 
PREPARED BY,_///W.At,~ 

1/_:t_L g_:__tz . 
- {/ /?,~ ,!;)a-f" -4, 

MSC Form 460 (Rev Dec 66)(/' 

(b) 

DATE , 

PROCEDURE 

Does not i ncrease & fue l 
cel l 1, (2 or 3) performance 
does not improve~ 

FLIGHT CREW SUPPORT DIVISION 

J an 27, 1967 

NEXT 
STEP 

REMARKS FAILURE 

·~ ~ 9 . 04b) Fue l cell recovery 
pparently not possible. Open 

circuiting by reverse current 
elay anticipat ed . Refer to EPS 
lfunction Procedure . for fuel • 

cell shut down (Sym (f) 
s t ep 6 . 07) 

EPS FUEL CELLS 
APOLLO OPERATIONS HANDBOOK 

5/C 012 IREV FINAL 
SE CTION 9 .1.4.2PAGE 28 



SYMPTOM STEP 

.( 1) FUEL CELL 1 ( 2, 3) 112 00 
TEMP SKIN HIGH 
(-:,450°.F) 

PROCEDURE NEXT 
STEP 

REMARKS 

Normal F/C operating temp. 
range is 375°-450 °F, depending 
upon electrical load. c/w trip 
values are 360 °F and 500 °F.FCPP 
open circuit or continuous purge 
are options. Prolonged opera
tions above 500°F will result ir 
FCPP failure (time and/ or temp. 
at which failure will occur are 
not predictable ) a failure of 
this nature will have no adverse 
effect on other FCPPs or s/c 
systems. 

FAILURE 

0 1 2 .011 Monitor F/ C 1, (2,3) performance 
using V-I curve and temp-skin. 

a. 

b. 

i l/7, ,Al 
PREPARED BY,_j__Jfl UAl,r,CZ,, 

ffJ }. tl,_: LI I DATE 1 

-/1, ~ &..1/-e,. 
MSC Form 460 (Rev Dec "BlrJ 

--... 

Performance normal for in
dicated temp-skin, 

-~ ~2.0la)Fuel cell wi ll perform 
satisfactorily up to c/w trip 

~

emp. of 500 °F.(However, it is 
nlikely that 500 °F will be 
eached during flight ) . 

Performance lower than norma~----::;, ~l:::'. 01b) Estimated temp-skin ( frar 
for indicated temp.-skin. I -I curve ) lower than indicated 

emp. 

Temp-skin 
sens or failure 

I>' 
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I 
SYMPTOM 

/. MN BUS A (B) 
UNTIERVOLT LIGHT-ON 
DC VOLTS >26V 

STEP 

1 

2 

3 

PROCEDURE 

MN BUS A(B) RESET -RESET-( CENTER) 

NEXT 
STEP 

a. MN BUS A (B) UNTIERVOLT LIGHTf~ 
OFF 

b. MN BUS A (B) UNDER.VOLT 
LIGHT-ON 

MN BUS A(B) RESET-RESET- (CENTER) 
several times . -·--

2 

a. MN BUS A ( B) UNTIERVOLT LIGHT-~ 
OFF. 

b. MN BUS A(B) UNTIERVOLT LIGHT
ON . 

MN BUS A(B) RESET-OFF, 

3 

REMARKS 

a. MN BUS A(B) UNTIERVOLT LIGHT
OFF. 

4 !Loss of MN BUS A(B) c/w under
volt indicat ion . 

FAi°LURE 

la. Transient under 
voltage 

2a . Intermittant 
imalfunction of DC 
undervoltage sensor 

2b. DC Undervoltage 
sens or failure 

4 I Normally maintain DC indicator 
in MN BUS A(B) position, 

I 
J /] ,, ? ·~ 

PREPARED BY, J,tfk/.,RfJ FLIGHT CREW SUPPORT DIVISION 
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SYMPTOM I STEP 
_L 

# DC VOLTS meter . 
indicates pyro bat
tery A(B) below 35 
volts 

1. 

PROCEDURE 

(When pyro batteries are 
required) 

PYRO A(B) SEQ A(B) CIRCUIT 
breaker - OPEN , 

NEXT 
STEP 

2 

REMARKS FAILURE 

(Normal pyro open circuit volt- ~oss of pyro Bat A(B) 
age= 36 . 9 - 37.2 vdc) 

(1) 
Loss of pyro Bat A(B) 

Malfunction detected at EPa Internal : 
verification prior to SIVB sep. t Open circuit 
or G&N and/or SCS de or bit entry.- Short cir cuit 

Partial s hort 

2 . I MAIN A(B) BAT BUS A(B) C/B - OPEtl. 3 (2) Prepares circuit for BAT 
BUS A(B) isolation from MAIN 
BUS A(B) and reduced loading on 
BAT A(B) to assure vol tage is 
maintained high enough to oper
ate pyros .. 

lJ/7 < ~ 
PR E PAR ED BY J::f_j{/E,.;', Ji,£, 

o/' .- - . I }Z;LJ 
Jef:,_/£ ,bh.£ ~ / 

MSC Form 460 (Rev Dec~) 

3 . 

4. 

5 . 

MAIN A(B) BAT C C/B - CLOSED. 

MAIN B(A) BAT C C/B - OPEN .. 

PYRO A(B) , BAT A(B) to PYRO BUS 
TIE C /B - CLOSE . 

6 . I Monitor :· 
DC VOLTS METER 
PYRO BAT A(B) 

FLIGHT CREW SUPPORT DIVISION 
DATE I 

Jan 27, 1967 

\ 

4 

5 

6 

( 3) Prepares circuit for 
for application of BAT C t o 
MAIN BUS A(B) 

( 4) Prepares circui t so that 
BAT C canno t be applied t o MAIN 
BUS B(A) . This will assure 
equal depletion of batteries 
B(A) & C 

(5) Entry BAT A(B) powering 
PYRO BUS A(B) 

~1(6) Voltage reading of>34V 
should be indicated since pyro 
BUS A(B) power is now furnished 
by entry BAT A(B) with PYRO BAT 
A(B) is olated from PYRO BUS 
A(B) . 

APOLLO OPERATIONS HANDBOOK 
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SYMPTOM 

I BATTERY CHGR 
OUTPUT CURRENT drop~ 
to ZERO & circuit 
breakers BATTERY 
CHARGER MN A & B -
OPEN . 

STEP 

1. 

2 . 

~ J I/J . .Jd 
PREPARED BY , /Jt/ ~ 

I'.;,./"/ 17-----:-ru ··r- . ..1_ ,F , __ t- t:( 

~ lbJCA-/ 1--
IISC Form 460 (Rev Dec 66) 

PROCEDURE 

(Attempt ) Rese t Breakers, 

(a) :Breakers reset, 

(b) . :Br eakers OPEN . 

BATTERY CHARGER-OFF 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27 , 1967 

NEXT 
STEP 

__... 

REMARKS 

2 l (lb) Loss of Battery Char ging 
capability . 

~1 (2) ~ V maneuver preparat ions 
should be adjusted t o ensure 
F/C SKIN TEMP of approximately 
430° F during gimbaling , (to 
conserve battery energy) . 
Powering down unnecessary 
loads just prior t o burn is an 
option. Note maxi mum loading 
of F/C 's during pr eparations 
(4 to 6 hours) is necessary to 
achieve above SKIN TEMP . 

FAILURE 

(la) Transient bat
terf-cha-rger overload 
(lb) Distribution 
diode short to gr ound 
or Batt Chrgr inter
nal short . 

EPS POWER DISTRIBUTION 
APOLLO OPERATIONS HANDBOOK 

5/C 012 jREV FINAL 
SECTJON 9 . 1.4.) ~G_E_ 32 



SYMPTOII STEP 
~ 

V. BATT CHGR out
put CURRENT ZERO 
(in all 'switch 
positions) 

I • ,, .t/ 
PREPARED BY17;L7 k.,L,/4/4 

ttl.J:. ,}Li-~ I 
--y?,7z~ lJaY --u 

IISC Form 460 (Rev Dec 66) / 

1. 

PROCEDURE 

BATTERY CHARGER-OFF I 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 

NEXT 
STEP 

REMARKS 

~1(1) Loss of Battery Charging 1(1) 
Capability. 41 V maneuver pre
parations should be adjusted to 
ensure F/C SKIN TEMP of 430° F 
during gimbaling, (to conserve 
battery energy}. Powering 
down unnecessary loads just 
prior to burn is an option. 
Note maximum loading of F/C's 
during preparations (4 to 5 
hours) is necessary to achieve 
the above SKIN TEMP. 

FAILURE 

Control relay 
K4 failure. 

APOLLO OPERATIONS HANDBOOK 
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SYMPTOM 

r/. DC INDICATORS
'BAT BUS A(B) ' DC 
VOLTS 27-30 & DC 
AMPS >ZERO WITH 
BUS SWS OFF 

1 I ,,"') A , 

PREPARED · BY, h7Z.?',,,1, J',// 

pYJ,7:_[I' 
K" ~ »J,v 

IISC Form 460 (Rev Devf,6) 

STEP 

1 

2 

3 

4 

PROCEDURE 

MAIN A(B) BAT BUS A(B) CB - OPEN , 

a . DC VOLTS meter - 34 -38 & DC 
AMPS meter - ZERO. 

DC INDICATORS - BAT C, 

a. DC VOLTS meter - 34- . 38 & 
DC AMPS me t er - ZERO . 

MAIN B(A) BAT C CB - CLOSED , 

a . DC VOLTS meter - 27- 30 
DC AMPS meter - great er 
than ZERO, 

MAIN B(A) BAT C CB - OPEN . 
(see page 35) 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 

NEXT 
STEP 

2 

REMARKS 

DC VOLTS should read 34- 38 & 
DC AMPS should read ZERO # 

~1) 

FAILURE 

la. I ndicates Bat A(B) was (la) MAIN BUS TIE 

~ 

still connected to Main Bus BAT A & C (BAT B & C 

3 

A(B) via MAIN BUS TIE BAT A & C motor switch . 
C(BAT B & C) motor switch closec 
contact ; circuit breaker in 
series with contac t has dis-
connec t ed Bat (A(B) from Main 
Bus A(B) . 

2a . Indicates Bat C not con~ 
nected t o either Main Bus A 
or B. This is a normal situa
tion since MAIN A BAT C & MAIN 
B BAT C CB ' s are normally open . 

4 13a. Indicates Bat C is con
nected t o Main Bus B(A) via 
MAIN BUS TIE BAT A & C (BAT B & 
c) mo t or switch closed contact; 
circuit breaker in series with 
contact has connec ted Bat C 
to Main Bus B(A) . This step 
verifies Bat C funct i onal. 

~1 4, This pl aces circui t breaker 
back in standard configuration. 

APOLLO OPERATIONS HANDBOOK 
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SYMPTOM STEP PROCEDURE NEXT 
STEP 

REMARKS FAILURE 

Warninfl,: 

PREPARED BY, 

Future connect or disconnect of Bat A(B) to Main Bus A(B) & Bat C t o Main Bus B(A) will have to be 
accomplished with MAIN A(B) BAT BUS A(B) & MAIN B(A) BAT C circuit breakers. Batteries A(B) & C 
cannot be recharged since the failed motor switch now has an open pair auxiliary contacts which prevent 
the charger from feeding Batteries A(B) & C . 

... " 
J.11JJ'B'~L 'll FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
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SYMPTOM 

I/. Bat tery Charger 
Voltage 40 vdc and 
Current O when 
charging Battery 

7 A(B , C) 

STEP 

~ ,1- 11 

2 

~ J /7. ,,,11/ 
PREPARED BY •7 fi1~~ 

:ll'j)W' • ·1.·r/ 
l~ - j(._i___,._k ~ 

,,k/ '£'- ,t)cJ /J -
MSC Form 460 (Rev Dec Bin 

PROCEDURE 

Cycle BATTERY CHARGER SW~A,B, 
and C, and read DC VOLTS AND 
DC AMPS . 

a . DC VOLTS 40 vdc and DC AMPS 
0 for A, B, and C. 

b. DC VOLTS 40 vdc and DC AMPS 
0 Battery A,(B, C) only ~ 

c . DC VOLTS 40 vdc and DC AMPS 
0 fo r A and C(B and C) . · 

NEXT 
STEP 

REMARKS 

Vol t age should be >32 but <40 
and current should be >• 4 but 
< 2 . 8 amps 

Assumes DC INDICATOR SW- BAT 
CHARGER, 

----+[ia .) Capabili t y t o char ge 
Batteries and t o che ck Batter y 
char ge los t. 

~l(lb .) Capabili t y to char ge bat
tery A(B, C) and the check Bat
t er y A(B , C) char ge los t. 

2 1 ~ . Capabili t y t o change Bat
teries A and C(B and C) and t o 
check Battery A and C (Band C) 
charge los t. 

FAILURE 

IO-a .) Batter y char ger 
circuit open ci rcuitff 

lb . Chargi ng circuit 
for Battery A(B , C) is 
open ci rcuited . 

(le.) Motor awitah 
failed. 

MAIN A-BAT BUS A (MAI N B BAT BUS l--+1 2. CB mus t be used to isolate 
B) CB - OPEN , Battery A(B ) f rom Main DC bus 

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
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I SYMPTOM 

k{' INV 1 (2 or 3) 
TEMP.2 190°F 

(MSFN Monit oring 
Capability) 

STEP PROCEDURE 

1 ! Set dual i nverter configurat i on 
Ref EPS Norm. Pr oc No . 

2 I Balance and hold loads s teady 
f or 10 minutes. 

3 I Rec ord 
Mission El apsed Time 
Approximate hist ory of AC Load 
Switching during t he 5 minutes 
prior t o sympt om activation. 
ECS RATIIATOR OUTLET TEMP. 

NEXT 
STEP 

2.. 

3 

(a) ECS RADIATOR OUTLET I~ 
TEMP above 97°F 

(Ref . ECS SYMPTOM NO . __ ) 

(b) ECS RADIATOR OUTLET TEMP 
Be l ow 97°F . I 4 

4 IAt end of 10 minutes specified 
in step 2 -
Communication loads and 
Battery cha rger to normal 
inverter ' s bus 

5 

L_} A _ J / 1 

PREPARED BY1LIJI &~ 
:!2t.1i·£ -

'l 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan 27, 1967 

IISC Form ~60 (Rev De c 68) 

REMARKS 

C/W Trip valves : 
Inv 1 , 2 , 3 Temp . = 241&±30°F 

The t hermal r espons e time of 
Inverter heating f rom 155°F to 
190°F i s suff i c i ent to ensur e 
MSFN moni tor i ng wi th the 
exception of rapi d , total 
l oss of col dpla te cool ing . 
Normal Inverter thermal 
response will be fr om amb i ent 
to 125°F in appr oxima tely 30 to 
40 minutes . Sett i ng a second 
i nver ter to l oad and i ts 
temperatur e incr eases to 125°F 
wi thi n 10 to 30 mi nutes is 
i ndi ca t i ve of coldplate :problems , 
( assumi ng proper i nver ter 
vol t age and frequency) . 

(3a ) The Inverters may be ro
t a ted as required to keep temp . 
below the c/w trip values. If 
the above C/W trip valves are 
rea ched the inverter(s) will 
fa i l within 30 minutes if 
temperature -cannot be decreased 

FAILURE 

(3a ) ECS Glycol Pump 
failure or extensive 
leakage . 

(3b) Rapid AC Load 
Switching er inter
nal inverter failure . 

APOLLO OPERATIONS HANDBOOK 
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:-., 

SYMPTOM STEP PROCEDURE NEXT 
STEP 

REMARKS FAILURE 

I I/} , ~ ,f 
PREPARED BY, /1(/~/d 

!!LJ:.7¥ ci... C/ / 
V 

MSC Form 460 (Rev Dec 66) 

5 I MSFN INV 1, (2 or 3) Temp 
monitoring indicates 

(a) Inv 1(2 or 3) Temp ~160°F 

(b) Inv 1(2 or 3) Temp does noi 
show gradual decreasing 
trend at end of 2 hours. 

6 I When MSFN indicates inverter 
temperature is approximately 
160°F or less, balance loads~ 
hold steady for at least l hom 

6 

17· I (5) Note there is no~ P 
measurement across the Inverter 
Coldplate . If internal in
verter failure were the cause 
then AC Volts & Freq would 
indicate abnormal before in
verter could reach these 
temperatures. 

(6) Temperature of both 
Inverters should stabilize 
between 125°F & 155°F. There 
is a high probability of 
failure of overheated inverter 
but it may be used with dual 
inverter configuration and 
with a minimum of load 
switching. 

(a) Faulty inverter temperatur1~ 
stabilizes at a nearly 

(6a) Continue mission schedule 
using affec ted inverter as 
required for dual inverter 
configuration. 

equal temperature of 
normal inverter. 

(b) Faulty inverter tempera tur~~ 
shows increasing trend, 

(6b) Note the original symptom 
does NOT presume faulty voltagE 
or frequency. This combinatior 
of symptoms is remote. MSFN
Crew option to shut-down and 
isolate faulty inverter depend
ing on sensitivity of thermal 
control. 

(Sb) Coolant flow 
res t riction within 
single Inverters 
Coldplate. 

(6a) Rapid AC Load 
Switching at high 
power levels. 

(6b) Internal inver
ter problem dependeni 
on load demand. 

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
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SYMPTOM STEP PROCEDURE 

7 I Shutdown & isolate faulty 
INVERTER. 

/l/1 J~,/ 
PREPARED BY i!f//,f:£1-1:tr 

I 1~ - t_ .,, 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27, 1967 
IISC Form ~60 (Rev Dec 66) 

NEXT 
STEP 

REIIARltS 

~I Establish single or dual 
inverter configuration as 
required by mission schedule. 

FAILURE 

APOLLO OPERATIONS HANDBOOI( 
EPS P01.1ER DISTRIBUTION 5/C l'Jl 2 IREV "l<'TNAT 

S E C T I ON Ll___.___4_. ~ G E :S 9 



111 

SYMPTOM STEP I PROCEDURE 

18' . AC BUS FAIL 
LIGHT I LLUMINATED 

1 I AC BUS 1 (2) RESET - RESET 
(Center) --

(a) Symptoms extinguish 

(b) Symptoms re- illuminate 

2 I Survey f or OPEN C/B 

(a) C/B Open 

(b ) C/ B NOT OPEN 

3 I AC Indicators Bus 1 (&/ or 2) -
<J, A,- B, C 

- 4 I MONITOR : AC VOLTS 
AC FREQ 

(a) AC VOLTS & AC FREQ Normal . 

(b ) AC VOLTS ( 90 Vac 
AC FREQ ( 380 cps 

(c ) AC VOLTS ( 95 ±3 
AC FREQ = 400 cps , 

5 I AC INDI CATORS BUS 1 ( or 2) - <J, A . 

AC BUS 1 (or 2) RESET - RESET. 
MONI TOR AC VOLTS. 

-'~- _._ -- iY/1 
PREPARED BY I _du/~ h ff /Y FLIGHT CREW SUPPORT DIVISION 

~II/ · / · . , 
~ .. DATE 1 

V ~ -L': .Va-f L--
MSC Form 480 (Rev Dec 88) • 7 

Jan 27, 1967 

NEXT I 
STEP 

REMARKS I FAILURE 

(IF AC BUS OVERLOAD LIGHT 
ILLUMINATES AT ANY TIME DURING 
THESE PROCEDURES, REVERT TO 

2 PROCEDURES UNDER AC SYMPTOM 3~ 

3 

1=:1 I (2a) Load short , 

(2b ) Transient 

I 4 

~I (4a) Option to set AC BUS RE
SET - OFF. This will permit 
l i ght to be ext i nguished but 
al so removes capability of 
subsequent c/w indicat i on and 
aut omatic disconnect of In
ver ter by Over & Under-Vol t age 
Sens ing Uni t . 

5 

6 

5 . Monitor AC Vol t s wi th 
."Bus at Reset ". 

1 CAUTION ONLY HOLD RESET SW 
I N RESET POSITION MOMENTARILY 
SINCE HIGH VOLTAGE MAY BE 
APPLIED TO AC LOADS • 

rnverload. 

(4a) Inverter Under
voltage. 

APOLLO OPERATIONS HANDBOOK 
EPS POWER DISTRIBUTI ON s I c 0_1_2~- IRE v FINAL 

SECT I ON 9 . 1.4_.5 IPAGE 40 



SYMPTOM STEP PROCEDURE NEXT REMARKS FAILURE STEP 

(a) AC VOLTS >128 Vac 6 (5a) Inver ter Over-
voltage . 

6 Determine Inverter Confi gurat i on 

a. Si ngl e Inverter Conf. 
~ Ref EPS Norm . Proced . No . ___ 

b . Dual Inverter Conf . 
~ Ref EPS Norm . Proced . No . ___ 

c. Inverter 3 Required , 
~ Ref EPS Nor m. Proced . No . ___ 

I I ./1 ~ 

PREPARED BY, d /,IL/../,.~£/ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
,...lfc/t~~ P '/ DATE 1 

EPS POWER DISTRIBUTI ON 
S/C 012 I REV FINAL 

'W L ,e . ,VcJ/ -{ -
Jan 27, 1967 

SE CTI ON 9 . 1.4 . 3 IPAGE 41 
0 IISC Form 460 (Rev Dec 66) 



SYMPTOM STEP PROCEDURE NEXT 
STEP 

) 

REMARKS FAILURE 

~------------+----+---------------------+----+-------------------+--------------t 
q. AC BUS 1(2 ) FAII 
LIGHT Illuminated 

AC BUS 1 (2) 
OVERLOAD light 
illuminated 

1. 

2. 

3. 

4. 
5 • 

..,.. , I!/_ ✓7 

PREPARED BY~ 

, .l ., 
A<v E.LJ~ 

MSC Form 460 (Rev Dec BB)J 

Monitor: -AC volts 
Frequency, 

a. AC volts & frequency normal. I 21 

b. AC volts & frequency abnormall2 

AC BUS 1 (2) RESET - RESET(center,. 

Overload light could take 4 to 
20 seconds to illuminate after 
illumination of AC Bus Fail 
Light. 

(1) Frequency should be 400 ± 
2 cps with CTE; 400 ± ?cps 
with internal oscillator. 
AC Volts should be 115 

-41--1, -l.5v. 

(la) Sensing unit 
failure. 

a. Symptoms extinguished , ~ K2a) Proceed with mission 
schedule. 

(2a) Transient over
load condition. 

b. Reillumination of syQptoms" 

Survey AC Circuit breakers for 
OPEN breaker. 

3 

!
2b ) AC Bus 1 (2) FAIL light 
nd AC Bus 1 (2) Overload light 
ay or may not illuminate de
ending on magnitude and dura
ion of overload on inverter. 

a. 

b. 

Breaker OPEN, l_12_..;,I (3a) 

c/ B does not OPEN 4 

AC BUS 2 (1) Reset - Reset(center 5 (4) Continue Bus Reset as 
required to extinguish lamp. 
There will be a time delay 
after each reset before 

Most probable occurrence.l(3a ) AC Load failure. 

Transfer and verify AC loads to 
normal bus. 

FLIGHT CREW SUPPORT DIVISION 

DATE I Jan 27' 1967 

re-illumination. 

APOLLO OPERATIONS HANDBOOK 
EPS POWER DISTRIBUTION 5/C 07 ;::> JREV FTNAI 

SECTION \) .l,4,3IPAGE 42 



SYMPTOM I STEP I PROCEDURE 

6. 

7. 

8. 

(a) AC BUS 2 (1) FAIL light -
OFF, 

(b) AC BUS 2 (1) FAIL light-ON. 

I Monitor:-

-1 

TANK QUANTITY - H2 - 1 & 2 

02 - 1 & 2 

a. Quantities normal, 

b. Quantity erroneous. 

OPEN C/ B: CRYOGENIC SYSTEM QTY 
AMPLIFIER-1, 2 - AC 1 (2) . 

ECS RADIATOR - 1 (2) A,B-OFF, 

9. I OPEN circuit breakers CRYOGENIC 
FAN MOTORS-1 (2) 
AC 1 (2) - A, B, C. 
GAS ANAL - ACl 

10. I AC BUS 1 (2) RESET - RESET 
(center) --

(a ) Symptoms Extinguish 

(b) Symptoms reilluminate 

11. I AC INVERTER 1(2)-MNA(B)-OFF 
12!., AC INVERTER 1(2)- AC BUS 1(2)-

0FF 

PREPARED BY. dw'4rtf:.{.:,(/ 
1/;_ J ,. d . .. DATE, 

FLIGHT CREW SUPPORT DIVISION 

Jan 27 , 1967 - j v<.-: r_ --:J. .1-J -1? 

MSC Form 460 (Rev Dec 66) C' 

I 

I 

NEXT 
STEP 

6 

8 

7 

19 

9 

REMARKS 

(6-) Steps 6 through 9 
verify normalcy of AC loads 
which cannot be transferred from 
one AC Bus to the other. 

(6a) Gauge indication being nor
mal will reveal normal quantity 
iamplifier. 

(6b) Quantity ampl ifier failure 
may give high, low or erratic 
reading on Quantity Gauge. In 
any case, the quantity balance 
data just prior to occurrence of 
symptom are reference points. 

10 1(9) Cryogenic fans inoperative 
,does not present a critical sit
uation. Quantity readout may 
have small error with fans OFF. 

16 

11 

12 1(11 ) AC BUS 1(2) lost for re
mainder of mission. 

13 

FAILURE 

(5b) AC load failure. 

(6b) Quantity Am
plifier. 

(10b) AC BUS SHORT 

APOLLO OPERATIONS HANDBOOK 
EPS POWER DISTRIBUTION S/C 012 IREV FINAL 

SECTION 9.1.4. 3 IPAGE _43 
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SYMPTOM STEP 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

LI A 

PR~PARED BY,i;.~ 

. , ,ft :...cl->, 
'-"%'. £. ~o...t-¥' 

ISC Form 460 (Rev Dec 66)' 

PROCEDURE 

AC BUS 1(2) RESET - OFF 

TELCOM-NONESS - OFF --
OPEN C/B's of faulty AC BUS 

I CLOSE C/ B GAS ANAL - ACl 

(a) Symptoms Reilluminate 

NEXT 
STEP 

14 

15 

REMARKS 

~ I (15) Maintain faulty bus iso
lated. 

18 

FAILURE 

(16a) Gas Anal & C/ B 
failure. 

(b) Symptoms remain extinguishe~ 1 17 

I CLOSE C/ B's CRYOGENIC FAN MOTORS 
1(2) - AC1(2) pA, #B, ~ 

(a) Symptoms Reilluminate I 18 

(b) Symptoms remain extinguished I__,. 
(17a) Cryogenic Fan 

!motor & C/B failure 
1

(17b) ECS RADIATORS 
'VALVE CONTROL & C/ B 
failure. 

I Isolate faulty load 

AC BUS 1(2) RESET - RESET 
(center) --

I Reconfigure AC loads to normal 
positions (if applicable) 

AC BUS 1(2) -RESET - ..Q]l' 

AC INTIICATORS - BUS 1 (2) 
(affected bus) 

FLIGHT CREW SUPPORT DIVISION 

DATE, Jan 27, 1967 

I 
19 

20 

(18) If faulty load detected 
during load transfer (step 
isolate by opening respective 
C/ B(s). ,~ (20) If faulty load detected in 
either step 16 or 17 then leave 
appropriate breaker open. 

22 

---.::,I (22) Mission schedule may be 
continued with use of Indicatcm 
to monitor AC BUS 1(2), The 
c/w capability & the automatic 
disconnect capability are lost 
with AC BUS RESET - OFF. 

APOLLO OPERATIONS HANDBOOK 
EPS POWER DISTRIBUTION 5 1 c O 12 IRE v FIN.AT 

SECTION 9 .1.4.3 IPAGE Ll.Ll. 



SYMPTOM STEP 

10 . AC BUS 1 & 2 I 1 
'FREQUENCY INDICATES 
< 393 CPS OR >407 CPS I 2 

SINGLE INVERTER 
OPERATION 

3 

4 

5 

6 

PROCEDURE 

PHASE LOCK SW - ON, 

Verify INV PHASE SYNC PWR CB ' S -
OPEN. 

a . Freq within 393 to 407 cps . 

b . Freq 393 CPS or 407 CPS 

PHASE LOCK SW - OFF 

AC BUS 1 & 2 RESET - OFF _..,--

AC INVERTER 2(1) - MAIN B(A) - 0 N _,, 
AC INVERTER 1(2) - AC BUS 1 & 2 -
OFF , 

NEXT 
STEP 

REMARKS 

r~ l ) 
Removes CTE signal to inverter . 
Invert er on internal oscillator,. 

FAILURE 

-4 ! Inverter is driven off 400 CPS I 2a . CTE mal function 
by out of tolerance CTE signal. 
,Repl a ce INVERTER 1 (2) wi th 

3 

4-

b 

6 

7 

i NVERTER 2( 1 ) . 

7 IAC INVERTER 1(2) - MAIN BUS A(B) -1 ~ 

.,.., 
PREP ARED BY , 4ftf/1:Vf 

J _ LC :._ 

)f: ,_E' .R.J ,,--. _v f. 
MS C Form ,eo (Rev Dec 6~ 

S?!!, 
8 IAC INVERTER 2(1) - AC BUS 1 & 2 _I 9 

ON _._, 

9 AC BUS 1 & 2 RESET - ON~ /0 

10 la. FREQ - 400 CPS . ---+ 

b. FREQ ( 393 CPS or >407 CPS, 11 

11 MSFN to closel y monitor f r equenc~ 
FLIGHT CREW SUPPORT DIVISION 

Since s econd inverter indicat es 
same symptoms , this is indica
tive of frequency meter failure 
If voice communication available 
verify telemetry readings with 
MSFN . 

9a. Inverter 1(2) 
oscillator failure . 

9b . Frequency 
meter fai l ure . 

APOLLO OPERATIONS HANDBOOK 
DATE 1 

Jan 27 , 1967 EPS POWER DISTRI BUTION S/C 012 jREV FINAL 
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SYMPTOM STEP PROCEDURE NEXT REMARKS FA ILU RE STEP 

11. AC BUS 1(2) 1 AC BUS 1 ( 2) RESET - RESET ( ee.nke;· ), 
FAIL LIGHT 
illmnina ted a . Symptoms OUT. ...... (la . ) Tr ansient, 
AC BUS 1 (2 ) Vol tage b . Symptoms Light , 2 ( lb . ) Inverter 
<90v (Dual Invertetj over vol tage . 

2 AC I NVERTER 1(2 ) AC BUS 1 ( 2)-0FF, 3 

3 AC I NVERTER 1(2) MNA(B) - DFF --· 4 

4 AC BUS 1 (2) RESET - OFF, 5 

5 CB INV SYNC PWR (3) - CLOSE, 6 

6 PHASE LOCK - ON , 7 

7 AC INV 3. - MNA (B) , 8 

8 AC INV 3 AC BUS 1 ( 2) - ON , 9 

9 AC BUS 1 ( 2) RESET - RESET ( Cn tr), 10 

10 Verify AC 1 & 2 Bus Voltages & 11 
Frequencies , 

11 PHASE Lock - OFF• 12 
-

12 CB INV SYNC PWR ( 3) - OPEN , ___.. 

. 
PREPARED BY'dU/ ~,., ',/R FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 

,-'9(j£, ~-. //: DATE 1 EPS POWER DISTRIBUTION 5/C 012 IREV FINAL 
rr £ :. 1 - £/.A Jan 27, 1967 
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SYMPTOM STEP PROCEDURE 

12. AC BUS 2(1) 
FAIL Light 

ON 
after 

AC INVERTER 2(1) 
is applied to AC 

I BUS 2(1). 1 I AC BUS 2( 1) RESET -~ (Cntr) 
s everal t imes cons ecutively, 

a. AC BUS 2(1) FAIL light OUT .. I 
I 

b. AC BUS 2 (1) FAIL LIGHT ON; 

1. AC BUS 2(1) vol t s noruai 
2 . AC BUS 2( 1) volts zero~ 

2 I AC INVERTER MNB (A) - OFF , 

3 I AC INVERTER AC BUS 2 ( 1) - OFF , I 

4 I AC BUS 2( 1) RESET - OFF. I 

5 

I 
CB INV SYNC PWR (3) - ~. I 

6 PHASE LOCK - ON . I 

7 I AC INVERTER 3 - MNB(A ). I 

8 I AC INVERTER 3 AC BUS 2( 1) - ON, I 

9 I AC BUS 2(1 ) RESET - RESET (CntrJ 

10 I Ver ify AC BUS 1 & 2 vol tages 
and Frequencies. 

J I ."J. ,_V/ 

PREPARED B~x;~--yr 
I I <.. ~ -- .-

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

ff'. F, J,,1~----- I• 

Jan 27, 1967 
IISC Form 480 (Rev Dec 86}~ 

NEXT I REMARKS I FAILURE 
STEP 

Single to dual swit chover 
assumed from Inverter 1 (2 ) 
on AC BUS 1 & 2 to Inverter 1 
on AC BUS 1 and Inverter 2 on 
AC BUS 2. 

I ( la.) This failure is likely (la.) Transient 
be occur again. condition. 

I 

13 (lb.l) Sensing Unit 

2 (lb.2) Motor Switch 

3 

4 

5 

6 

7 

8 

9 

10 I 10 . Inver t er 3 i s now 
powering AC BUS 2( 1). 

11 

APOLLO OPERATIONS HANDBOOK 
EPS POWER DISTRIBUTION 5/C 012 JREV FINAL 

SECT I ON 9 ~]PAGE 4 7 - -
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SYIIPTOII STEP PROCEDURE 

12. (Cont) 11 PHASE LOCK - OFF, 

12 I CB I NV SYNC PWR (3) - OPEN , 

13 I AC BUS 2(1) RESET - g__F_I , 

14 I AC INDICATORS - AC BUS 2( 1), 

_A___ Lt_ 

PREPARED B~ 

L -L.... -"---

,:/ /? ..__L_._ I:) a/ A, 
IISC Form 480 (Rev Dec 88) -Jl 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan 27, 1967 

NEXT 
STEP 

12 

14 

REMARKS FAILURE 

(14.) The C/w indi cat ion and 
automati c di sconnect capability 
is not functi onal with AC 
BUS 2(1) RESET - OFF 

APOLLO OPERATIONS HANDBOOK 

EPS POWER DISTRIBUTION 5/C 012 I REV FINAL 
SECTION 9 -1_~ _ _4 . __ 2_}AGE 48 



SYMPTOM STEP 

13 • MN J3US A & J3 
UNDERVOLT 
light illuminates 
AC J3US 1. Fail light 

illuminates 
AC BUS 2 Fail light 

illuminates 
F/c BUS disconnect 

light illuminates 

SINGLE INVERTER 
CONFIGURATIOl-J 

CAUTION: Note that 
AC J3US OVERLOAD 
light is not illu
minated. Do not 
use this procedure 
if the overload 
light is illuminated 

1 
2 

3 
4 
5 
6 
7 
8 

9 

10 

11 
12 
13 

I A ,I //,,)I 

PREPARE D 8~ r6£/ 
_U_,i_ - __:_:_-=-=_c. . .. ~ 

21( ~ -- ~J--y 
MSC Form 460 (Rev Dec 66) / 

PROCEDURE NEXT 
STEP 

AC INVERTER 1(2) - MNA(J3) - OFF Z 
AC INVERTER 2(1) - MNJ3(A) - ON 3 
AC J3US 1 - RESET - OFF 4 
AC INVERTER 1(2) - AC J3US 1-0FF 5 
AC J3US 2 - RESET - OFF 6 
AC INVERTER 1(2) - AC BUS 2-0FF 7 
AC INVERTER 2(1) - AC J3US 1 - ON 8 
AC INVERTER 2(1) - AC J3US 2 - ON 9' 
AC J3US 1 - RESET - RESET - 10 
(Center) 
AC J3US 2 - RESET - RESET - I 11 
(Center) 
F/C 2 - MAIN B(A) - ON 12 
MAIN BUS A(J3) RESET - RESET 13 
Verify normal systems operation. --4, 

FLIGHT CREW SUPPORT DIVISION 

REMARKS 

1. Removal of shorted inverter 
initially will prevent DC BUS 
problems. It will take 3 to 
9 seconds for 70 amp power 
breaker to an inverter to open. 
MN J3US J3(A) volts will recover 
in APPROX 1 SECOND after short. 
The following F/C to BUS 
configuration is assumed: 

F/C 1 - MNA - ON 
F/C 1 - MNJ3 - OFF 
F/C 2 - MNA - ON 
F/C 2 - MNJ3 - ON 
F/C 3 - MNA - OFF 
F/C 3 - MNJ3 - ON 

FAILURE 

INVERTER DC INPUT 
shorted. 

APOLLO OPERATIONS HANDBOOK 
DATE 1 

Jan 27, 1967 
EPS POWER DISTRIBUTION S/C 012 jREV FINAL 

SECTION :} .1.4.iliAGE 49 



) 

SYMPTOM STEP 

14. MN BUS A & B 1 
UNDERVOLT l ight 
illumi nates AC 2 
BUS 1(2) FAIL light 
illuminates 3 
F/C BUS DISCONNECT 
Light ON 4 
DUAL INVERTER 5 
CONF IGURATION 6 
Caut ion: Not e that 
AC BUS OVERLOAD 7 
Light is not 
illuminated in this 8 
case . 9 

10 
11 

I - -1 ,,/1 

PREPARED BY'f!l!;fr:'~,fr 
, /-.1 ~ , ~ -'-
A:✓ f £1 m/.rt. 

MSC Fo r11 460 ( Rev Dec 6-6 )'-" 

PROCEDURE NEXT 
STEP 

REMARKS 

--..; 

FAILURE 

CAUTION : Total AC POWER LOSS may occur in l ess than 5 s econds . 

AC BUS 1(2) RESET Sw - RESET 2 This pr ocedur e assumes a two 
(Centr) ., -- , inver ter confi guration at 
AC I NVERTER 1(2) - MAIN A(B) - 3 time of fa ilur e and the 
OFF f fo llowing F/ C to Bus 
AC INVERTER 1(2) - AC BUS 1( 2)- 4 conf i gurat i on : 
OFF , 
AC I NVERTER 3 - MAIN A(B) - ON , 5 F/C 1 - MNA - ON 
AC BUS 1(2) - RESET - OFF. - 6 F/C 1 - MN13 - OFF 
AC INVERTER 3 - AC BUS1T°2) - 7 F/ C 2 - MNA - ON 
ON • F/ C 2 - MN13 - ON 
AC BUS 1(2 ) RESET Sw - RESET 8 F/ C 3 - MNA - OFF 
(Center ), -- F/C 3 - MNB - ON 
F/C 2 - MAIN B(A) - ON, 9 
MAIN BUS A & B RESET Sw - RESET 10 
Verify normal syst ems ope rat i on 11 
I f appr opria te , ~ 

MAIN BUS TIE - BAT A & C - OFF 
- BAT B & C - OFF 

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
DATE 1 

Jan 27, 1967 EPS POWER DISTRIBUTION sic en:~ lRE v 1<1_1_,_,.n_ , 
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PROCEDURES ENTRY SHEET 

SECTION 9.1.5 

TELECOMMUNICATIONS MALFUNCTION PROCEDURES 
SYMPTOM 

SYMPTOMS NUMJ3ER 

ONE CREWMAN HAS DEGRADED OR NO INTERCOM CAPABILITY 1 

ALL CREWMEN HAVE DEGRADED OR NO INTERCOM CAPABILITY 2 

CONTINUOUS BACKGROUND NOISE IN ONE OR MORE CREWMENS' 3 
HEADSET 

ONE CREWMAN LOSS OF EITHER OF THE FOLLOWING TELE- 4 
COMMUNICATIONS: VHF-AM OR S~ BAND 

ALL CREWMEN LOSE VHF-AM OPERATION (IN-FLIGHT) 5 

ALL CREWMEN LOSE USBE VOICE OPERATION (MODES A,Bl,B2,0R C) 6 

ALL CREWMEN LOSE USBE VOICE OPERATION (MODES DORE) 7 

MSFN REPORTS VHF-FM TELEMETRY POOR OR LOST 8 

UHF UPDATA AND REAL-TIME COMMANDS NOT RECEIVED BY s/c 9 

S-BAND UPDATA AND REAL-TIME COMMANDS NOT RECEIVED 10 
BY s/c (S-BAND VOICE NORMAL) 

MSFN REPORTS PARTIAL OR COMPLETE LOSS OF C-BAND TRACKING 11 

MSFN REPORTS TV RECEPTION LOST (OR POOR) S-BAND VOICE 12 
& DATA NORMAL) 

NO VOICE RECORD FLAG INDICATION WHEN ATTEMPTING VOICE 13 
RECORDING (INTERCOM NORMAL) 

VHF-AM POOR OR LOST AFTER SPLASHDOWN 14 

HF VOICE POOR OR LOST AFTER SPLASHDOWN 15 

MSFN REPORTS LOSS OF VHF-FM DATA AND C-BAND RANGING (VHF- 16 
AM ANTIS-BAND NORMAL) 

MSFN REPORTS VHF-FM A.ND S-BAND PLAYBACK TLM POOR OR LOST 16 

STEP 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

PAGE 

2 

4 

4 

6 

7 

8 

10 

11 

12 

14 

14 

15 . 

15 

17 

18 

19 

19 



SYIIPTOII STEP 

---1. One crewman has I 1 
degraded or no 
intercom capability. 

PROCEDURE 

Audio Center (A/C) POWER sw -
Alternate position - (VOX or PI'T) 

(a) Inter~om normal -
- After switching to 

PI1T 
- After switching to 

vox 

(b) No intercom 

2 !Key intercom using translational 
controller PI'T button (without 
speaking.) 

3 

PREPARED BY•,/(/ .i'jA,,.,,.p-,I[,.) 
~.,.R__,/ 

Yo(I- ~ . 
IISC Form 46O~(Rev Dec 66) 

(a) No background noise 

(b) Background noise present 

VHF-AM sw - (A/C) - T/R, 
verify VHF sidetone. 

(a) Sidetone normal 

(b) No sidetone 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan·. 27 , 1967 

\.. 

NEXT 
STEP 

REMARKS 

(la) Crewman limited to PI'T 
·-• mode of keying. Loss of 

"hot mike" capability. 
2 

3 

(2) This step can be accom
plished only by the CP and SP. 
P should go directly to step 6. 

7 I (2a) Crewman limited to VOX 
~ mode of keying. Loss of 

VHF-AM and S-Band voice 
capability. 

6 -

4 -> 

5 

(3) VHF sidetone can be veri
fied regardless of VHF-AM 
(MDC-20) switch position. 

FAILURE 

(la) VOX circuit 
failure. 

(2a) A/C PI'T circuit 
failure. 

(2b) Cobra cable PI'T 
circuit failure. 

(3a) A/C i ntercom 
circuit failure. 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
S/C 012 ~ INAL 
SECTION 2 .1.5 IPAGE 4 



SYMPTOM STEP 

1. (Cont) 4 

5 

6 

7 

8 

PREPARED BY~~ 

~ 
k:~/ Fs-e 

IISC Form 460~v Dec 66) 

PROCEDURE NEXT 
STEP 

REMARKS FAILURE 

(a) Use VHF sidetone for intercom1~1 (4a) All A/C VHF switches must 
or, be in T/R position. 

(b) Cobra cable electrical 
connector - EJVIER 

Connect and utilize alternate 
headset 

(a) Intercom normal 

(b) No intercom 

Remove diode and filter assembly 
from cobra cable. 

(a) Intercom normal 

(b) Intercom not normal 

Connect ana utilize spare cobra 
cable 

(a) Intercom normal 

(b) No intercom 

Cobra cable electrical 
connector - EMER 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan. 27, 196 7 

~I (4b) Two crewmen must share 
one A/c. 

6 

7 

8 

(4a orb) Crewman may use 
whichever is more desirable. 

(5) Requires shirtsleeve 
environment. 

(6a) Removal of diode and 
filter assembly will result in 
inc-rease background noise on 
intercom and down link voice. 

1----(8) Two crewmen must share one 
audio center. 

(5a) Headset failure 

(6a) Diode and 
filter assembly 
failure. 

(7a) Cobra cable 
failure 

(8) Audio center 
module failure 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5/C 012 JREV FINAL 
SECTION 9.1. 5 IPAGE 3 ~---



SYMPTOM STEP PROCEDURE 

2. All crewmen 1 INTERCOM sw (ALL) - OFF 
have degraded or no 
intercom capability.f 2 I VHF-AM sw (A/C) (ALL) - T/R 

3 

Verify sidetone. 

(a) Normal 

(b) No sidetone 

Use VHF sidetone for 
intercommunications. 

3. Continuous 
background noise in 
one or more crew
men's headset. 

1 !Verify: S-BAND sw (MDC-23) -
MUTE (up) 

2 

3 

PREPARED BY, ~ ~ 

'L f 

~~ .L 1/:::.v-'J,, 
MSC Form 411O-(R~ Dec BB) 

Individually cycle all PPr 
buttons (3 cobra cable and 2 
hand controller buttons) in 
sequence. 

(a) Noise removed 

(b) Noise continues 

If failure was on cobra cable 
use spare cobra cable. 
If failure was on Hand 
Controller discontinue use of 
that PI'T button. 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan . 27 , 1967 

NEXT 
STEP 

3 -

REMARKS 

---I (2b) Refer to EPS malfunction 
symptom No. 

2 

3 -
4 

(3) Sidetone may .be used 
regardless of VHF-AM sw 
(MDC-2O) position. The use of 
VOX keying will provide a 
"hot mike" sidetone intercom 
and PrT VHF-AM keying. 

(1) USBE receiver unlock 
results in similar symptom. 

FAILURE 

(2a) Intercom bus 
shorted to ground 

(2b) Loss of Flight 
and Post Landing bus 

(2a) Sticking PI'I1 
button 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5 / C O 1~ ~RIN..li 
SECTION 9 .1. 5 IPAGE 4 



SYMPTOM STEP 

3. (Cont) 4 

5 

PROCEDURE 

POWER SW (A/c) (All) - PrT (one 
at a time) -

(a) Noise r emoved 

(b) Noise continues 

All crewmen - all A/c T/R 
switches (except S-BAND) - RCV 

NEXT 
STEP 

·----
5 

REMARKS 

(4a) Keying limited to PrT 
mode on failed A/C. 

FAILURE 

(4a) One A/c VOX 
circuitry failur e 
(continuous key ) 

(a) Single crewman r etains noise I 6 ___._ (5a) Ground in crew
man's controller or 
cobr a cable Prr 
circuitry; ground in 
A/c keying line 

6 

(b) All crewmen lose noise 

All A/C switches to original 
configuration ( except failed A/c)! 

7 !Failed A/C - Disconnect cobra 
cable and connect spare cobra 
cable. 

(a) Noise removed 

(b) Noise not removed 

PREPARED BY~ff ~ FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan . 27, 1967 V~4/'4J, 
MSC For■ 480 ('111v Dae 881 

----2_ 

7 

8 I (7b) Hand controller failure 
1 

• possible for CP & SP only. 

(5b) Ground on HF or 
VHF-AM keying line 

(7a) Cobra cable PrT 
circuit failure 

(7b) Hand controller 
PrT failure, or 
audio center keying 
circuit failure 

APOLLO OPERATIONS HANDBOOK Teleconmrunications System 
Malfunction Procedures 5/C 012 IREV FINAL 

SECT I ON ~l. 5 IPAGE 2 



SYMPTOM STEP 

3. (Cont) 8 

9 

10 

4. One crewman lossl 1 
of either of the 
following communi
cations: VHF-AM or 
S-Band 

PROCEDURE 

Cobra cable electrical 
connector - EMER 

Any crewman - A/c HF sw - T/R 

(a) Noise returns 

(b) No noise 

Any crewman - A/c VHF-AM sw -
T/R 

(a) Noise returns 

POWER sw - (A/C) - PrT 

.. , ... ,, =#p~a/ 1 "" ,,1,.T ,R,. s,,,.RT •1•1s1•• 1 
~•TE, 

g · · . I Jan . C:.( , l:)b( 

MSC Form .... 46O (IU!{ Dec 66) 

\ 

NEXT 
STEP 

REMARKS 

-t (8) Two crewmen must share one 
· A/c module. 

FAILURE 

---t (9a) HF usable only in beacon I (9a) Ground on HF 
mode. Receive capability lost. keying line 

10 

Voice recorder will run con-
tinuously until end of tape. 

CAUTION Disconnecting 
tape recorder 

connector under power may 
result in dangerous arcing. 

---1 (10a) VHF-AM usable only in 
duplex mode. (Notify MSFN). 
RF radiation is present any 
time that VHF-AM sw (MDC-20) 
is in T/R position. 

2 I (1) VHF-AM keyed in PrT mode 
only • 

(10a) Ground on VHF
AM keying line. 

APOLLO OPERATIONS HANDBOOK Telecommunications System 
Malfunction Procedures S/C 012 .b'lNAL 

SECTION 9 .1 . 5 

'--.: 



SYMPTOM STEP 

4. (Cont) 2 

3 

4 

5. All crewmen losel 1 
VEF-AM operation 
(in-flight). 

2 

3 

PREPARED BY~) 

. //~7£22 ~ 
MSC Form- 460 ~av Dec 66) 

PROCEDURE 

Verify normal intercom. 

(a) Intercom normal 

(b) No intercom 

Follow Telecom procedure, "One 
crewman has degraded or no 
intercom" (Symptom No. 1). 

Cobra cable electrical 
connector - EMER 

Energize USBE in mode A. 

VEF-AM RCVR SW - 1 

(a) Signal regained 

(b) Signal not regained 

VEF-AM RCVR SW - 2 

(a) Signal regained 

(b) Signal not regained 

FLI-OHT CREW SUPPORT DIVISION 
DATE 1 Jan. 27, 1967 

NEXT 
STEP 

4 

3 

REMARKS 

--• (4) Two crewmen must share one 
A/C. 

2 (1) Backup mode for VEF-AM 
voice 

---1 (2a) VEF-AM limited to the 
simplex mode. 

3 

--• (3a) When switching to No. 2 
receiver, ground must be so 
informed. (MSFN re~uires a 
minimum of 5 min. to recon
figure.) MSFN will detect a 
continuous carrier if VEF 
keying relay has failed. 

4 

~ -, 

' 
FAILURE 

(4) A/c module 
failure 

(2a) VEF~AM front
end No. 2 failure 

(3a) VEF-AM receiver 
No. 1 failure or 
VEF-AM keying relay 
failure ( closed) 

Telecomnmnications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5/C 012 IREV FINAL 
SECTION 9,1,5.PAGE 7 



SYlllPTOII 

5. (Cont) 

6. All crewmen 
lose USBE voice 
operation (modes A, 
Bl, B2, or c) 

STEP PROCEDURE 

4 IVHF ANTENNA sw - Alternate 
position - (UPPER or LOWER) 

5 Re-orient s/c for optimum 
antenna coverage, if necessary. 

(a) Signal regained 

(b) Signal not r egained 

6 I VHF-AM SW (MDC -20) · - OFF 

1 I Ver ify t hat A/C S-BAND sw 
(MDC-23) is not in MUTE (up) 
position. -

2 !Obser ve S-BAND ANT meter for 
phase lock . 

3 

(a) « half scale 

(b ) > half scale 

S-BAND POWER AMPL sw - LOW 

PREPARED BY•~/ FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan . 27 , 1967 ,Y,4f~. 
IISC Form 460-(R'av Dec 66) 

NEXT 
STEP 

5 

REMARKS 

-• (5a) VHF voice, VHF-FM, and 
UHF data limited to one 
antenna & restricted s/c 
orientation. 

---6._I (5b) Voice limited to S-Band. 

2 

6 

3 

4 

( 1) MUTE (up) position disables, 
S-Band reception. 

(2) « half-scale indicates 
loss or near loss of lock. 
> half-scale indicates 
receiver phase lock. 

FAILURE 

(5a) Upper or lower 
VHF SCIN antenna 
failure 

(5b) VHF-AM system 
failure 

Telecomnrunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5/C 012 [REV FI NAL 
SECTION 9 .1. 5 IPAGE 8 



SYMPTOM 

6. (Cont) 

STEP 

4 

5 

PROCEDURE 

S-BAND sw - XPONDER PWR AMPL 

(a) Voice regained 

(b) Voice not regained 

S-BAND VOICE/TV SW - TV 

(a) Voice regained 

(b) Voice not regained 

6 IS-BAND ANTENNA sw - Alternate 
position (UPPER or LOWER) 

7 !Re-orient s/c for optirrrum 
antenna coverage, if necessary. 

8 !Observe S-BA.ND ANT meter for 
USBE phase lock. 

(a) « half scale 

(b) > half scale 

PREPARED B~-44 j I FLIGHT CREW SUPPORT DIVISION I 
DATE 1 

Jan . 27, 1967 
V 1JJ'G:.J 

IISC Form 46tf (,1tev Dec 66f 

NEXT 
STEP 

REMARKS FAILURE 

-----1 (4a) S-Band transmitter limitedl (4a) Power amplifier 
to operation with power ampli- by-pass mode failure 
fier only. 

5 

---1 (5a) S-Band limited to FM mode.I (5a) PM mode failure 
S-Band ranging lost. 

9 

7 

8 

10 

-t (8b) S-Band operation limited 
to one antenna & restricted 
s/c orientation. 

(8b) Upper or lower 
2 KMC SCilir antenna 
failure 

APOLLO OPERATIONS HANDBOOK Telecommunications System 
Malfunction Procedures 5/C 012 jREV FINAL 

SECTION 9.1.5 )PAGE 9. 



SYMPTOM 

6. (Cont) 

STEP PROCEDURE 

9 !Verify CTE operation with MSFN 
via VBF-AM. 

(a) CTE normal 

(b) CTE not normal 

10 !Manually change to alternate 
transponder unit. 

11 Configure S-Band switches to 
original mode. 

(a) Voice regained 

(b) Voice not regained 

7. All crewmen losel 1 
USBE voice opera-

Verify that A/CS-BAND sw 
(MDC-23) is not in MUTE (up) 

tion (modes Dor E) 

2 

position. - --

S-BAND PWR AMPL sw - HIGH 

(a) Voice regained 

(b) Voice not regained 

FLIGHT CREW SUPPORT DIVISION 

DATE, Jan. 27 , 1967 

\ 

NEXT 
STEP 

10 

REMARKS FAILURE 

-1 (9b) TIM operation continues, I (9b) CTE failure 
via S-Band or VBF-FM, but may 

11 

-

be degraded. Voice limited to 
VBF-AM. 

(10) Refer to abbreviated 
check-list for transponder 
turn-around procedure. 

-t (llb) Voice limited to VBF-AM. 

2 

TV, TIM, and ranging still 
available on S-Band. 

(1) MUTE (up) position disables 
S-Band reception. 

--t (2a) Power amplifier operation 
limited to high mode. 

3 

(lla) USBE primary 
transponder failure 

( llb) PMP ( voice 
circuit) failure 

(2a) Partial power 
amplifier failure 
(Low mode) 

Telecomnrunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
S/C Q1_2~ __ lREV' FINAL 
SECT I ON ___9_.._1.1 IPAGE _10 __ 



SYMPTOM 

'7. (Cont) 

8. MSFN reports 
VHF-FM telemetry 
poor or lost. 

STEP 

3 

4 

PROCEDURE 

Configure S-Band switches for 
mode A. 

(a) Voice regained 

(b) Voice not regained 

Follow Telecom procedure, "All 
crewmen lose USBE voice opera
tion, modes A, Bl, B2, or C" 
(Symptom No. 6). 

1 !Energize USBE in mode A. (Notif'.y 
MSFN). 

2 !Verify normal VHF-AM voice 
operation. 

3 

(a) Voice normal 

(b) No voice 

VHF ANTENNA sw - Aiternate 
position (UPPER or LOWER) 

4· !Re-orient s/c for optimum antenna 
coverage, if necessary. 

(a) VHF-FM TIM regained 

- . (b) VHF-FM TIM not regained 
"''"" •~ FLIGHT CREW SUPPORT OIVISIOH 

• DATE, Jan. 27 ' 1967 
i1/ 

MSC Form 480 ~ev Dec BB 

NEXT 
STEP 

REMARKS 

,, 

FAILURE 

---1 (3a) Voice and R/T TIM limited (3a) FM mode failure 

4 

2 

5 

3 

4 

to USBE PM mode or VHF. or total power 
Playback TIM limited to VHF-FM. amplifier failure. 
Loss of TV. 

(1) Enables R/T PCM via S-Band. 

(2) All VHF & UHF equipment 
share same antenna system (VHF 
SCIN antennas) • 

(2a) Rules out antenna failure. 

-, (4a) VHF & UHF operation 
limited to one antenna & 
restricted s/c orientation. 

(4a) Upper or lower 
VHF SCIN antenna 
failure 

5 
Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5/C 012 IREV FINAL 
SECTION 9 ._l_, J )PAGE 11 



SYIIIPTOIII 

· 8. (Cont) 

9. UHF Updata and 
Real-time commands 
not received by s/c 

STEP 

5 

PROCEDURE 

TIM INPUTS PCM sw - Alternate 
position (HIGH or LOW) 

(a) VHF-FM TIM regained 

(b) VHF- FM TIM not regained 

6 !Check status of S-Band telemetry 
with MSFN 

(a) Normal 

(b) Not normal 

7 IVHF-FM SW - OFF 

1 !Energize USBE in mode A. 

2 IVerif'y normal VHF-AM voice 
operation. 

(a) Normal 

(b) Not normal 

"'""° ~ _,/ FLIGHT CREW SUPPORT DIVISION 
DATE, Jan. 27, 1967 

~ ~ 
IIISC Form 480 (lffv Dae 88) 

\ 

NEXT 
STEP 

REMARKS 

----I (5a) Limits telemetry to one 
bit rate mode. If limited to 
low bit rate, many G&N TIM 
parameters are lost. If 
limited to high bit rate, long 
data dumps are required. 

6 

7 -
-

2 

5 

3 

(6a) USBE must be used for all 
down data. 

(6b) MSFN may elect to use 
VHF-FM or S-Band telemetry if 
some data is salvageable. 

(1) Enables updata backup mode. 

(2) All VHF & UHF equipment 
share same antenna system (VHF 
SC IN antennas) • 

(2a) Rules out antenna failure. 

FAILURE 

(5a) PCM TLM mode 
failure (High or 
Low) 

(6a) VHF-FM system 
failure 

(6b) PCM telemetry 
equipment failure or 
PMP (TIM circuit) 
failure 

Telecorrrrnunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5/C 012 REV FINAL 
SECTION 9.1. 5 PAGE lJ,t: --



SYIIPTOII 

9. (Cont) 

STEP 

3 

4 

PROCEDURE 

VHF ANTENNA sw - Alternate 
position (UPPER or LOWER) 

Re-orient s/c for optimum 
antenna coverage, if necessary 

(a) Voice and updata regained 

(b) Updata not regained (Voice 
normal) 

5 IUPDATA SW - S-BAND 

6 !Request MSFN to retransmit 
update. 

7 !Verify S-Band updata normal. 

(a) Normal 

s 
(b) Not normal 

Repeat procedure over another 
ground station 

(a) Normal 

(b) Not normal 

9 IUPDATA SW - OFF 

'''''''' -~ J FLIGHT CREW SUPPORT DIVISION 
DATE, Jan. 27' 1967 

ff_. " 
IISC Form 461'.J(lfrav Dec 661'-

NEXT 
STEP 

4 

REMARKS 

-----t (4a) VHF & UHF operation 
limited to one antenna & 
restricted s/c orientation. 

5 

6 

7 

-----t (7a) Updata limited to S-Band 
only. Some stations not 
equipped for S-Band updata. 

s -

-

FAILURE 

(4a) Upper or lower 
VHF SCJN antenna 
failure 

(7a) UHF receiver 
failure 

9 I (Sb) All updata capability I (Sb) UDL equipment 
--1 lost. Voice updating required. failure 

Teleconrrnunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
S/C 012 jREV FINAL 
SECTION 9 ,1. 5 !PAGE / •• 13 



SYMPTOM 

10. S-Band Updata 
and real-time 
commands no.t 
received by s/c. 
(S-Band voice 
normal). 

11. MSFN reports 
partial or complete 
loss of C-Band 
tracking. 

STEP 

1 

2 

3 

4 

1 

2 

3 

PREPARED B~ 2 
(/ ~fi/G2,, 

ISC Form 460'<(Re"v Dec 66) 

PROCEDURE 

IUPDATA SW - UHF 

!Verify UHF updata normal. 

(a) Normal 

(b) Not normal 

!Repeat procedure over another 
ground station. 

(a) Normal 

(b) Not normal 

UPDATA sw - OFF 

Energize USBE in mode Bl. 
(Notify MSFN ). 

C-BAND sw - Alternate position -
( 1 PULSE or 2 PULSE ) 

(a) C-Band tracking r egained 

(b) Not regained 

Orient s/c to illuminate a 
different C-Band antenna. 

(a) C-Band tracking regained 

FLIGHT CREW SUPPORT DIVISION 
DATE, Jan. 27 , 1967 

\ 

NEXT 
STEP 

2 

REMARKS 

(1) Coordinate with MSFN. 

------1 (2a) Updata limited to UHF. 

3 -
-

FAILURE 

(2a) 70KC updata 
demodulator failure 

4 (3b)-All updata capability I (3b) UDL equipment 
lost. Voice updat ing required. failure 

2 

----, 

3 

(1) Enables backup ranging 
mode. 

(2) Coordinate with MSFN. Some 
stations are not e quipped with 
2 pulse mode capability. 

(3) Coordinate with MSFN. 

----1 (3a) Partial s/c attitude con
straint due to loss of one 
antenna/receiver. 

(2a ) 1 or 2 pulse 
mode failure 

( 3a) One of the four 
C-Band antennas or 
receivers failed 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
S/C 012 JREY i<1TNAT 

SECTION 9 . 1 . 5 lPAGE 14 
'----' 



SYMPTOM 

11. (Cont) 

12. MSFN reports 
TV reception lost 
(or poor) (S-Band 
voice & data 
normal). 

13. No VOICE RECORD 
flag indication when 
attempting voice 
recording (intercom 
normal). 

STEP 

4 

1 

2 

3 

PREPARED BY•~./ 

. .. ' / 
/'/ ;::/"/~., 

MSC .Form 46D (Wev Dec B'!t) 

PROCEDURE 

(b) Not regained 

C-BAND SW - OFF 

S-BAND PWR AMPL sw - Alternate 
position (HIGH or LOW) 

(a) TV regained 

(b) TV not regained 

Connect TV cable to No. 1 TV 
receptacle. 

(a) TV regained 

(b) TV not regained 

S-BAND-VOICE-TV sw - OFF 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

J an . 27, 1967 

NEXT 
STEP 

4 -

2 

REMARKS 

(3b) Ranging limited to S-Band 
and "skin track. 11 

(la) Power amplifier operation 
limited to one mode. 

-I (2a) Discontinue use of failed 
receptacle. 

3 I (2b) Loss of TV capability -
NOTE Absence of audio on 
track 1 (in excess of 4 
seconds) will cause flag drop
out. If portions of track 1 
were recorded in a PrT mode 
rather than a VOX mode, erratic 
or intermittent flag indica
tions may appear on all other 
tracks. 

FAILURE 

(3b) C-Band trans
ponder failure 

(la) Partial power 
amplifier failure 
(High or Low) 

(2a) TV cabling or 
receptacle failure 

(2b) TV system 
failure or total 
power amplifier 
failure 

Teleconrrnunications System 

Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
S/C 012 IREV FINAT 
SECTION <:l .LS k~G_E_l5 



SYMPTOM STEP 

13. · (Cont) 1 

2 

3 

4 

5 

PREPARED B~ (y,ut-e§,_/ 
,L.-Cd 

4://I[~. 
MSC Fciril 480' (hv Dae 8-8) 

PROCEDURE 

Verify instruments RCDR NON ESS 
C/B - CLOSED 

If recorder not in use has tape 
available, transfer connector to 
that recorder. 

(a) Flag indicates properly 

(b) No flag indication 

Place hand on recorder. Push 
PIT button and note vibration 
from drive motor. 

(a) Vibration 

(b) No vibration 

!Continue using recorder and 
check periodically for end of 
tape. 

IAll A/c HF sw - OFF 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

NEXT 
STEP 

2 

REMARKS 

(1) C/B powers flag mechanism. 

-----1 (2a) Any recording time 
remaining on failed recorder 
is lost. 

3 

4 -
5 - (3b) Voice recording capa

bility lost. 

(4) Flag indicator failure is 
assumed (providing first 
recorder was not out of tape). 

(5) Switches may be energized 
post landing for HF operation. 

FAILURE 

(2a) Failure of one 
voice recorder or 
recorder end of tape 

(3a) Flag indicator 
failure or drive 
belt failure 

(3b) Voice recorder 
cable or connector 
failure 

Telecormnunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5/C 012 REV FINAL ---SECTION 9,1.5 PAGE i6 

) 



.~ 

SYMPTOM 

14. VBF-AM poor or 
lost after splash
down. 

STEP PROCEDURE 

1 !Verify VBF ANTENNA sw - RECOVERY 

2 IVBF-AM RCVR sw - Alternate 
position(! or g) 

3 

4 

5 

6 

(a) Signal regained 

(b) Signal not regained 

VHF-AM RCVR sw - 1 

Coax connectors (MDC-9) - Reverse 
connectors. 

(a) Signal regained 

(b) Signal not regained 

If VHF-AM is unusable, VBF-AM sw 
(MDC-20) - OFF 

Restore coax connectors to 
original configuration. 

PREPARED ~~L·_,; 
·7 

FLIGHT CREW SUPPORT DJVISION 
DATE, Jan. 27' 1967 

0:711C-=L., 
IIISC Form 480 ~Rev Dec 88) 

NEXT 
STEP 

2 

REMARKS 

(2) Recovery forces must be 
informed via HF of change to 
duplex. 

) 

FAILURE 

----t (2a) VBF-AM limited to one model (2a) One receiver 
(Simplex or duplex). front-end 

3 

4 

-

5 -
6 

(3) Notify recovery forces of 
change to simplex mode via .HF. 

inoperative. 

(4a) VHF Recovery beacon & 
VHF-AM must share antenna No. 
(white) & cannot be used 
simultaneously. 

(4a) VHF Recovery 
llantenna No. 2 

(black) failure 

(4b) Recovery communications 
systems limited to VHF beacon 
& HF transceiver. 

(6) s/c VHF recovery antenna 
No. 2 (black) available for use 
with survival transceiver, if 
desired. 

(4b) VHF-AM trans
mitter/receiver 
failure 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
s;c 012 I REvFINAL 
SECTION 2_.].~ IPAGE "'1_

4
( 



SYMPTOM 

15. HF voice poor 
or lost after 
splashdo~. 

STEP 

1 

2 

3 

4 

PREPARED BY~b:?4_,. ~ 

/;;:/:' ,I ;f(__,,__1 J 

IIISC Form_ 480 f,Aev· Dae BB) 

~ 

PROCEDURE 

Verify POSTLANDlliG ANTENNA -
A & B sw - DEPLOY 

Verify visually HF antenna fully 
deployed. 

(a) Fully deployed 

(b) Not fully deployed 

RECOVERY - HF sw - Alternate 
position (SSB or AM) 

(a) Voice regained 

(b) Not regained 

RECOVERY - HF sw - BCN 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan. 27 , 1967 

NEXT 
STEP 

2 

3 

6 -

REMARKS 

NOTE HF propagation is 
relatively unpredictable. 
Weak signals may be a result 
of adverse propagation 
phenomena rather than equip
ment failure. 

(2a) Fully deployed HF antenna 
is approximately 14 feet in 
length. 

(2b) Continuous operation of 
transmitter in excess of 
5 minutes results in probable 
transmitter damage. Avoid BCN 
mode. 

FAILURE 

(2b) HF antenna 
failure 

------t (3a) HF limited to one mode of I (3a) HF mode 
operation (SSB or AM). Loss of failure 

4 

5 

SSB limits comm distance. If 
AM available, BCN probably 
available. 

(4) Voice recorder will not run 
due to absence of AC power. 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5/C 0 12 _lfi_E_v FTNAJ 
SECTION____9_._l. C'j IPAGE . , 18 

• 



SYMPTOM 

15. (Cont) 

16. MSFN reports 
loss of VHF-FM data 
and C-Band ranging 
(VHF-AM and S-Band 
normal) 

17. MSFN reports 
VHF-FM and S-Band 
playback TIM poor 
or lost. 

STEP 

5 

6 

1 

1 

PREPARED · BY~ ~/4 _j 
, C~- ,,,.,, 

#' ,:r ,I tfc___,,;____/' 
MSC Form 460 (Kev·oec 68) 

PROCEDURE 

On VHF-AM verify with recovery 
forces that HF beacon received. 

(a) Received 

(b) Not received 

RECOVERY HF sw - OFF 

TELCOM NON ESS sw - Alternate 
position (ACl or AC2) 

Attempt subsequent recordings at 
different recording speeds and/ 
or in the reverse tape direction. 
Coordinate any deviations from 
normal procedures with MSFN. 

FLIGHT CREW SUPPORT DIVISION 
DATE, Jan. 27, 1967 

NEXT 
STEP I REMARKS 

1---1 ( 5a) HF operation limited to 
Beacon only. 

I ~ ( 5b) Recovery communications 
limited to VHF. 

(1) Flight qual recorder, 
voice recorder, and DSE will 
also be lost. Tripping of 
telecom GROUP 1 CB will have 
the same symptom. 

(1) Diagnostic tests for DSE 
malfunctions are quite limited. 

;:. 

I FAILURE 

I ( 5a) HF voice 
section failure 

I ( 5b) HF system 
failure 

(1) Probable loss of 
one AC power source 
to telcom nonessen
tial switch or 
switch failure. 

(1) Some possible 
failures are: DSE 
drive failure, erase 
or re-cord head 
failure, speed 
assurance failure, 
TIM input failure, 
or DSE system 
failure. 

Telecommunications System 
Malfunction Procedures 

APOLLO OPERATl~NS HANDBOOK 
5/C 012 fREV FINAL 
SECTION 9 .1. S IPAGE 19 ·---



PROCEDURES ENTRY SHEET 

SECTION 9 .1.6 
ECS MALFUNCTION PROCEDURES 

SYMPTOM 

OXYGEN SUPPLY SU13SYSTEM 

o2 FLOW Hi C&W Lite - ON 

FLOW o2 indicator - HIGH 

FLOW o2 indicator - LOW 

SURGE TANK PRESSURE HIGH 

SURGE TANK PRESSURE LOW 

100 psig o2 circuit pressure HIGH 

100 psig o2 circuit pressure LOW 

20 psig o2 circuit pressure HIGH 

20 psig o2 circuit pressure LOW 

PRESSURE SUIT CIRCUIT SU13SYSTEM 

CO 2 PP Hi C&W Lite - ON 

PART PRESS CO 2 indicator - HIGH 

LITHIUM HYDROXIDE CARTRIDGE SEIZURE 

Ballooned P.G.A. 

Clinging P.G.A. 

LOW SUIT FLOW 

Suit temperature HIGH 

Suit humidity HIGH 

CABIN PRESS & TEMP CONTROL SUBSYSTEM 

CABIN PRESS - HIGH 

CABIN PRESS - LOW 

CABIN TEMP - HIGH 

CABIN TEMP - LOW 

SYMPTOM 
NUMBER 

1 

1 

2 

3 

4 

5 

6 

7 

8 

11 

11 

12 

13 

14 

15 

16 

17 

21 

22 

23 

24 

STEP 

1 

4 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

PAGE 

3 

3 

11 

13 

14 

15 

16 

17 

18 

20 

20 

24 

25 

28 

31 

34 

36 

39 

45 

47 

48 



Cabin humidity HIGH 

WATER/GLYCOL COOLANT SUESYSTEM 

GLYCOL TEMP Low C&W Lite - ON 

ECS RAD OUTLET TEMP - LOW 

ECS RADIATOR TEMP 1 or 2 - LOW 

ECS RAD OUTLET TEMP - HIGH 

Glycol evaporator outlet temp - HIGH 

Glycol evaporator outlet temp - LOW 

PRESS GLY DISCH - LOW 

GLY ACCUM QUANTITY - LOW 

GLY ACCUM QUANTITY - HIGH 

WATER SUPPLY SUESYSTEM 

Potable HOT H20 temperature LOW 

H20 transfer failure 

WATER quantity decrease rate HIGH 

Gas leakage into H
2
0 subsystem 

Po table and Waste water pressure HIGH 

WASTE MANAGEMENT SUBSYSTEM 

Unable to dump urine 

Low vacuum suction . 

Fecal canister vacuum LOW 

POST LANDING SUESYSTEM 

Inadequate ventilation after landing 

Water inflow 

25 

31 

31 

31 

32 

33 

34 

37 

37 

39 

41 

42 

43 

44 

45 

51 

52 

53 

61 

62 

1 

1 

2 

21 

1 

1 

1 

1 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Page 2 

49 

50 

50 

53 

55 

56 

61 

64 

64 

68 

69 

70 

71 

72 

74 

76 

77 

78 

78 

81 



~. 

SYMPTOM STEP 

11 1 

I~ 

l1 
\ •· 

1. o2 FLOW HI C & W 
Lite - ON 

FLOW o2 - HIGH: 

>0.45 lbs/ hr 

PREPARED av, 26!.-;fcu@d 

. If+ -ze~ 
~ - MSC Form 480 (Rev Dec 88) 

1 

2 

3 

4 

5 

6 

PROCEDURE 

FLOW q2 : 

a. NORMAL : < 0 .45 lbs/hr 

b . HIGH: ) 0.45 lbs/hr 

CABIN REPRESS or DIRECT o2 VALVE - OPEN/OFF 

FLOW o2 

a . INCREASES 

b . NO INCREASE 

CABIN PRESS: 

a . NORMAL or above : >4 . 8 psia 

b . LOW : < 4 . 8 psia 

DIRECT o2 - CLOSED 

CABI N REPRESS - CLOSED 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27 , 1967 

NEXT 
STEP 

2 

4 

3 

---+ 

4 

5 

__. 

6 

7 

REMARKS 

Trigger Valve: Fl ow ) 1 . 0 1 bs/ 
hr for more than 16 sec. FLOW 
>1. 0 lb/hr. may occur for short 
periods during normal opera
tions. Flow > 1. 0 1 bs/hr for 
longer than 10-15 seconds indi
cates probable malfunction. 

2 . Monitor FLOW o2 

5-7. Verify inadvertantly 
opened val ves haven't caused 
increased o2 flow. 

FAILURE . 

3a. o2 FLOW HI 
C & W circuitry 
failure . 

3b. FLOW o2 gage/ 
ci rcuitry fai l ure. 

4b . Possible c/M 
puncture . 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTI ON PROCEDURES 
5/C 012 1REV FINAL 
SECTION 9.1. b 1PAGE 3 



SYMPTOM 

-~ 11. (Cont) 

STEP 

_A1 
PROCEDURE 

WASTE MANAGEMENT SELECTOR 
VALVE - OFF 

8 I FLOW 02 : 

a . Remains HIGH : ) 0.45 l bs/hr 

NEXT 
STEP 

8 

9 

REMARKS FAILURE 

b . NORMAL : <0.45 lbs/hr ~ Sb . Corrected by steps 5-7. 

9/ EMERGENCY CABIN PRESS REG SELECT ! 10 
- OFF 

1{ FLOW o2 

a . Remains HIGH : >0.45 l bs/hr I 11 

b . NORMAL : <. 0 . 4 5 1 bs / hr I 12 

yt EMERGENCY CABIN PRESS REG I 18 
SELECT - NORMAL 

1/ EMERGENCY CABIN PRESS REG . SELECT I 13 
- NO. 1 

1{ I FLOW 02 : 

a. HIGH : >0.45 lbs/ hr 

b. NORMAL: <0.45 lbs/hr 

-1'4 I EMERGENCY CABIN PRESS REG 
SELECT - NO. 2 

I 14 

15 

➔ 14 . Loss of r edundancy 
r egulator capability . 

PREPARED BY, --;L~k:'t 'l) L_ FLIGHT CREW SUPPORT DIVISION 
~ . I~ ,n-?c...£!-<,y ~ 

R. avdu./7'1.,)J~ I JAN 2 7 1 19 6 7 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
IISC Form 460 (Rev Dec 66) 

13a. No. ::;_ 
Emergency cabin 
pressure r egulator 
failure 

APOLLO OPERATIONS HANDBOO K 
5 /C 012 JREV FINAL 
SEC T ION 9.1.6 IP AG E _4_ 



SYMPTOM 

1. (Cont) 

p fi E PAR ED BY 1 ~ C:,'l,.) 

STEP 

;B1 

.Ji 

1 

PROCEDURE 

EMERGENCY CABIN PRESS REG 
SELECT - NO . 2 

FLOW o2 

a. ·HIGH: >0.45 lbs/hr 

b. NORMAL: ~0.45 lbs/hr 

17 EMERGENCY CABIN PRESS REG 
SELECT - NO. 1 

18/' SUIT DEMAND REG SELECTOR - OFF 

_yl FLOW o2 

NEXT 
STEP 

16 

17 

➔ 

-+ 

19 

a. Remains HIGH: )0.45 lbs/hr I 27 

rj. NORMAL : < 0 .45 lbs/hr I 20 

20 I SUIT DEMAND REG SELECTOR - NO. 11 21 

I FLOW 02 
I 

21 

a. NORMAL: < 0 .45 lbs/hr I 23 

b. HIGH: >0.45 lbs/hr I 22 

22 SUIT DEMAND REG SELECTOR - NO. 21 -+ 

FLIGHT CREW SUPPORT DIVISION 

REMARKS 

16b. Probable transient 
condition. 

17. Loss of redundancy 
regulator capability 

I 20. Assumes initial 1 & 2 

I 
Regulator position. 

22. Loss of suit pressure 
regulation redundan~y. 

FAILURE 

16a. NO. 2 
Emergency Cabin 
Pressure regulator 
failure. 

21b. Suit Demand 
Regulator No . 1 
failure. 

APOLLO OPERATIONS HANDBOOK 
.:z:-E:2_ . /n?<,-'4-,n-,?-~ DATE, 

J2, /~7u r-d'1> o JAN 27, 1967 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
S/C 012 jREV FINAL 
SECTION 9.1 .6 jPAGE 5 

IISC Form 460 (Rev Dec BB) 



.... ,,_ 
SYMPTOII 

1. ( Cont ) 

STEP PROCEDURE NEXT 
STEP 

2j SUI T DEMAND REG SELECTOR - NO . 21 24 

~ FLOW o2 

s/. NORMAL: ~0 . 45 l bs/hr 26 

b . HIGH : ) 0 . 45 lbs/hr 
I 

25 

REMARKS FAILURE 

24b. Suit Demand 
Regulator N0 . 2 
fai lur e 

25 
✓ 

I SUI T DEM.AND REG SELECTOR - NO . 11 - I 25. Loss of suit pressur e 
regulation redundancy . 

~ SUIT DEMAND REG SELECTOR - 1 & 2 ➔ 26. Pos s i ble t rans ient 
condition. 

n SUIT DEMAND REG SELECTOR - 1 & 2 28 

'2/' I Pull Sui t Hose Return Port Plug I 29 

~ I FLOW 02 

Yo NORMAL: <0 . 45 l bs/hr I 30 

1:(. Remains HIGH: >0 .45 l bs/hr I 34 

y Re-install Suit Hose 
Return Port Pl ug 

yr Vacuum SUI T CI RCUIT AIR RETURN 
CHECK VALVE SCREEN (Suit com-
presser s off whi le vacuuming 
screen) 

°Y' I FLOW o2 L NORMAL : 0 .45 lbs/hr 

PREPARED av, _J_~_b-:u-<1W FLIGHT CREW SUPPORT DIVISION 

Li?, /✓6~~--e-7 DATE 1 

R.&Cl~ .. ~ J Alif 2L 1967 
ISC Form 460 (Rev Dec 66) 

I 31 

I 32 

1 ➔ I 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTI ON PROCEDURES 

I 32a . Dirty screen. 

APOLLO OPERATIONS HANDBOOK 
S/C 012 jREV FINAL 
SE CTION 9.1. 6 IPAGE . 6 



SYMPTOM STEP PROCEDURE NEXT I REMARKS 
STEP 

FAILURE 

1. (Cont) 1/ Remains HIGH: >0 .45 lbs/hr 33 I 32b. Open suit operation 
requires air return through 

'suit hose. Closed suit opera-
tion normal. 

.)l5 I Pull Suit Hose Return Port Plug I --+ 
I 

33. Suit circuit 
·Return Check valve 
Restricted or 
failed closed. 

34 

35 

36 

37 

38 

PREPARED BY, sj . \:>ru:<,?A) 
7ZJ-~~~L 

g r:Ln: .I~ D 

ISC Form 480 (Rev~ Dec 68) 

I Re-install Suit Hose I 35 
Return Port Plug 

I H20 ACCUM - AUTO 2 (al ternate) 36 35. Assumes initial AUTO - 1 
position. 

I FLOW 02 

a. Remains HIGH: >0.45 lbs/hr I 37 

b . NORMAL: ( 0 .45 lbs/hr 

H20 ACCUM - MAN 

FLOW o
2 

a. Remains HIGH: ">0.45 lbs/hr 

b. NORMAL: <0.45 lbs/hr 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27, 1967 

I -+ 

38 

39 

__. 

37. Shuts off power to 
accumulator o2 solenoids. 

38b. Loss of auto cyclic 
H20 ACCUM control. 

ENVIRONMEN"TAL CONTROLSYSTEM 
MALFUNCTION PROCEDURES 

36b. H20 ACCUM 
NO. 1 auto cycle 
control failure 

38b. Probable 
central timer 
failure, giving 
false signal to 
auto cycle _c ontrol 
units. 

APOLLO OPERATIONS HANDBOOK 
5/C 012 jREV FINAL 
SECTION 9.1.6 IPAGE 7 



SYIIPTOII STEP 

1. (Cont) r 
I 

~ 
41 

PROCEDURE 

H20 ACCUMULATOR 1 - OFF 

H20 ACCUMULATOR 2 - OFF 

FLOW o2 

NEXT 
STEP 

40 

41 · 

REMARKS FAILURE 

39&40. Manual valves. 

a. Remains HIGH : ~0 .45 lbs/hr I 42 

b. NORMAL: <0.45 lbs/hr 

.,...it2 I Return H20 accumulators to 
normal operation 

,.,)3 WATER & GLYCOL TANKS PRESSURE 
INLET SELECT - OFF 

44 I FLOW o2 

~(145 

:::~ If" ) I 46 

47 

a. Remains HIGH: ~0.45 lbs/hr 

b. NORMAL: <.0.45 lbs/hr 

WATER & GLYCOL TANKS PRESSURE 
INLEI1 SELECT - NORMAL 

WATER & GLYCOL TANKS PRESSURE 
OUTLET SELECT - OFF 

FLOW o2 

~ 

43 

44 

52 

45 

46 

47 

41b. Loss of electrical 
cyclic control of H2o 
accumulators. 

43. Assumes NORMAL initial 
position 

41b. Possible 
failure of both 
cyclic o2 inflow 
solenoid valves in 
open position. 

'l1 \ a. Remains NORMAL: ~ 0.45 lbs/mi ➔ 47a. ~ass of pressure to 
glycol & water tanks . 

47a . Glycol & water 
system O leak down
stream ot pressure 
relie_f_yalves_. 

PREPARED BY, J '\~al\...~; 
~~~-¼>~-k,, 

R. P.._J/V :/.,__,uc:, A b 
IISC Form 480 (Rev-Dec 88) 

i 

DATE, 

FLIGHT CREW SUPPORT DIVISION 

JAN 27 1 1967 

\ 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDUES 

APOLLO OPERATIONS HANDBOOK 
5/C 012 lREV FINAL 
SECTION 9.1.6 IPAGE 8 



SYMPTOM 

n.. (Cont) 

PREPARED BY, j .· \.~\.',,\ 

7ro~a-d".. 

STEP PROCEDURE 

b. HIGH: > 0.45 lbs/hr. 

48 WA'l1ER & GLYCOL TANKS PRESSURE 
INLET SELECT - NO. 1 

41 FLOW o2 

/. NORMAL: <0.45 lbs/hr 

y HIGH: >0.45 lbs/hr 

J WATER & GLYCOL TANKS PRESSURE 
/ v INLET SELECT - NO . 2 

,? FLOW o2 

17 
I 

t.v. 
/ 

NORMAL : <0.45 lbs/hr 

HIGH: ~0.45 l bs/hr 

52 !WATER & GLYCOL TANKS PRESSURE 
INLET SELECT - NORMAL 

53 !Surge tank pressure 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

R. F-1-~~.-m,,, ~ JAN 27, 1967 
MSC Form 480 (Rev Dec BB) 

NEXT 
STEP 

48 

49 

REMARKS 

,. 

FAILURE 

~ 1 49a. Loss of redundant tank 49a . Water & Glycol 

50 

51 

➔ 

~ 

53 

pressure and relief capability.I tanks pressure 
regulator & relief 
valve NO. 2 failure. 

51a. Loss of redundant tank 
pressur e & relief capability 

51b. Loss of both tank 
pressure and relief valves. 

53. TANK PRESSURE o2 I/PRESS 
I ND - SURGE TANK . 
Normal pressure 900 ±35 psia. 

51a. Water & Glycol 
tanks pressure regu
lator & relief 
val ve NO . 1 failure 

51b . Eoth Water & 
Glycol tank pressure 
regulator & relief 
valves. 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK · 
5/C 012 I REV FINAL 
SECTION 9.1. 6 (PAGE 9 



SYMPTOII STEP PROCEDURE 

1. ( Cont) a. LOW: <865 psia 

b. Pressure: NORMAL 

NEXT 
STEP 

-+ 

➔ 

REMARKS 

53a. LARGE LEAK. Unable to 
identify or isolate. Will 
result in loss of all o2 regulator control. 

53b, Leak present - leakage 
rate< supply rate therefore 
pressure regulation capability 
satisfactory; however, usage 
rate above normal. Monitor 
o2 usage to verify FLOW o2 indication. 

FAILURE 

53a. Probable 
CABIN PRESS REGS 
leaking or 100 psi 
line l eakage down
stream of flow 
sensor. 

!NOTE: If leak is not isolated and the high 02 flow rate continues to deplete 02 supply - mission time may be extended 
by shutting off the main 02 regulators and only opening valve as required t o maintain cabin pressure and co

2 
level. 

!Isolate Water & Glycol Tanks pressure t o retain sys t em oper8:tion . Open Water & Glycol tanks valvef as required t o 
~aintain pressure. 

PREPARED BY. J _ l~~0 
777-~~~~ DATE 1 

~. & ... kmM 
IISt Form 460 (Rev Dec 66) 

FLIGHT CREW SUPPORT DIVISION 

.TAN 27 . 1967 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 012 !REV FINAL 
SECT I ON 9 .1. 6 jPAGE --ro 

,/ 



SYMPTOM I STEP I PROCEDURE I NEXT 
STEP 

REMARKS I FAILURE 

2. FLOW o2 - LOW I I I FLOW 02 pegged at 0 .2 lb/ hr. 
Normal flow rate is ) 0.2 
<0.45 lb/ hr. FLOW 02 indicator 
cannot indicate < 0 . 2 lb/ hr. 

1 I Verify MAIN o2 REGULATOR - NOmw.l 2 11. Unless in 1 or 2 due to 
previou_. failure. 

2 

3 

4 

FLOW o2: 

a. Increases 

b. No change in status 

o2 PRESS IND - SURGE TANK 

TANK PRESSURE O 2 - 1: 
(SURGE TANK) 

a. LOW: (150 psia 

b . >150 psia 

➔ 

3 

4 

➔ 

5 

3a. If reg. valve was OFF, re
sume normal ops. If was posi
tioned to 1 or 2; redundant 
reg. capability los t . 

4. Normal surge tank pressure 
900 ,±35 psia. Inlet pressure 
to MAIN REG <.150 psia will 
result in loss of control of 
100 psia o2 circuit. 

4a. Refer to ECS 
Malfunction Procedure NO . 4 

3a. Incorrect reg. 
valve position and/ 
or single reg. 
failed closed. 

NOTE: I n step 5 monitor .both the FLOW 02 gage and SURGE TANK (assumes surge tank on-line) pressure indications to 
isolate failure when DIRECT o2 valve is opened. If no flow indication with DIRECT o2 exercise EMER o2 INFLOW, 
DEMAND REG SUIT FLOW and EMER REPRESS . 1 1 1 

5 

PREPARED BY, \j ~ \"5a_.K'.r.A_) 

~ /?/~ --- .0, ~ 
kf~11---

ISC For■ 460 (Rev Dec 66) 

DIRECT o2 - OPEN/OFF 

a. FLOW o2 - increases 
SlJRGETANK PRESSURE _-decreases 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

JAN 27, 1967 

6 15a. Verifies FLOW o2 indicator 
function. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 5/C 012 REV FINAL 

MALFUNCTION PROCEDURES SECTION 9.1.6 PAGE 11 



SYMPTOM STEP 

2. ( Cont) 

6 

7 

8 

9 

PREPARED BY I .J •"\-S<:UCW 
~~sL.""",_J· 
~ 

MSC For■ 480 (Rev Dec 88) 

PROCEDURE 

b. FLOW o2 - No change 

SURGE TANK PRESSURE - DECREASES 

c. FLOW o2 - No change 
SURGE TANK-PRESSURE - No change 

CABIN PRESSURE 

a. LOW (or decreasing) 

b. Normal 

PLSS 02 SUPPLY s/o VALVE CAP -
REMOVED 

PLSS 02 SUPPLY s/o VALVE - OPEN/ 
OFF 

TANK PRESSURE o2 1 (SURGE TANK) 

a. Decreases (and flow from 
PLSS valve) 

b. No change in s t atus (and no 
flow from PLSS valve) 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 2'l__.__l967 

NEXT 
STEP REMARKS FAILURE 

➔ I 5b. FLOW o2 indication lost. 5b. FLOW o2 sensor/ circuitry 
failure. 

7 

~ 

➔ 

8 

9 

➔ 

➔ 

6a. Refer to ECS malfunc t ion 
Procedure NO. 22. 

6b. FLOW o2 indications 
invalid 

7. Remove cap carefully to 
preclude blowing off if PLSS 
valve has leaked pressure. 

8. Note o2 flow from valve. 

9a. PLSS valve only o
2 

source 
to cabin. Monitor CABIN 
PRESSURE for flow control. 

9b. CM 02 SUPPLY LOST \Jith 
0.25 lbs/ fir cabin leakage 
and 5.0 psia cabin pressure 
aprox. 3 hrs remaining until 
3.5 psia cabin pressure. 

6b. FLOW O met er 
out of cali~ration. 

9a. Both MAIN REGS 
failed or line 
blockage. 

9b. o2 supply line 
blockage upstream 
of PLSS valve . 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 012 IREV FINAL 
SECT I ON 2._.J. 6 jPAGE · 12 



SYIIPTOII STEP PROCEDURE 

l/4· SURGE TANK 
PRESSURE HIGH 

) 

V o2 PRESS IND - TK 1 

l TANK PRESSURE 1 - o2 

/4. HIGH I 

NORMAL I 
J -1 TANK PRESSURE 2 - 0

2 

r- NORMAL I 

~b. HIGH I 

PREPARED BY, j ·1.--sa,~J.",,\) FLIGHT CREW SUPPORT DIVISION 
~-~- c/ DATE, 

'<'-~~- JAN 27, 1967 
IISC For■ 480 (Rev Dec 88) 

NEXT I 
STEP 

REMARKS I FAILURE 

ITANK PRESSURE O - 1 > 935 psia 
with 02 PRESS I~D TO SURGE TANK 

2 

I 2a. See EPS CRYO malfunction I 2a. CRYO o2 Storage ➔ 

procedures NO . 1 step 20, 0 Failure 
TKl (and/or 2) pressure hig~. 

3 

➔ l3a. Continue operation in TK 11 3a. Surge tk pres-
position. sure sensor & sig 

cond failure. 

➔ 13b, See EPS CRYO malfunction 3b. Cryo 0 
procedures. NO. 1 step 20, o

2 
storage faifure. 

TKl(and/or 2) pressure high. 

ENVIROIDIBNTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 lREV EINAT 
SECTION ~1.6 IPAGE 13 



SYMPTOM STEP PROCEDURE 
~ 

V 1/2 SURGE TANK /l PRESSURE LOW 

/ I PRESS - CABIN 

a . '>5 . 2 psia (High) 

b. >4. 8 <5 . 2 psia (Nor mal) 

PREPARED BY I \j .-\~< l.-U FLIGHT CREW SUPPORT DIVISION 
7./2~1 ,-./ --- - DATE, 

R. ~. '1J,...VX L) .TA N ?7_ 7q(i 7 
MSC Form 480 (Rev Dec 88) 

NEXT 
STEP 

REMARKS 

TANK PRESSURE o2 - 1 < 865 psia 
with PRESS IND - SURGE TANK 

➔ Ila. Surge tank pr es sur e 
~865 psia may r esul t ( ot her 
than cabin r epress mode) i n 
increased cabin pressure . 
Ref er t o PRESS - CABIN ECS 
malfuncti on NO . 2 1. 

~ llb. See EPS CRYO Malfunct ion 
Proc. NO . 1 step 2 , o

2 
TK 1 

(and/or 2) pres sure l ow. 

FAILURE 

l b . Probabl e cryo 
subsystem failure. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL . CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
5/ C 012 IREV FINAL 
SE CTION 9 .1.c7PAGE 14 



SYMPTOII 

I,( MSFN CF0036P) 
~ :10 psig. Over-
, pressurizat'ion of 

100 psig o2 circuit 

h 
;~~ 

STEP 

1. 

(2. 
3. 

~ 
4. 

5. 

PROCEDURE 

CF0036P>110 psig 

o
2 

PRESS IND - SURGE TANK . 

TANK PRESS o2 - 1 (SURGE TANK) 

a. Normal: 
900 ± 35 psig 

,b. HIGH: 
>935 psig 

MAIN REGULATOR - # 1 

CF0036P 

a. Normal: 
> 90 <:.. llO psig 

b. HIGH: 
>no psig 

6. IMAIN REGULATOR - # 2 

7. ICF0036P 

a. Normal 

b. Remains HIGH 

PREPARED BY, 0. T3a_k'P'.Ji, FLIGHT CREW SUPPORT DIVISION 
77:7-~~~_j~J DATE 1 

·7r.,~--rr::-- .TAN 2_1_.__l 96 7 
IISC Form 460 (Rev Dec BB) 

NEXT 
STEP 

2 

3 

4 

REMARKS 

Normal system pressurization lOm 
± 10 psig. Onl y direct pressur 
readout is by MSFN CF0036P 

-.. I Refer to ECS Malfunction Pro
cedures No. 3. 

5 4. Assumes NORMAL initial 
position 

FAILURE 

5a . Main reg. redundancy lost.l5a. MAIN REG NO. 2 
~ I Continue operation on Reg. NO.l failed OPEN 

6 

7 

~I 7a. Main regulator redundancy 
lost. Continue operation on 
Reg. NO . 2. 

8 

7a. MAIN REG NO. 1 
failed OPEN 

APOLLO OPERATIONS HANDBOOK ENVIORNI'1EN'rA1 CONTROL SYSTEM 
MH~UNCll1ION PROCEDURES S/C 012 IREV FINAL 

SECT I ON 9 .1. 6 }PAGE 15 



SYMPTOM STEP PROCEDURE 

5. (Cont) 8 CABIN PRESS 

a. HIGH:> 5 .2 psia 

b. NORMAL 

PREPARED BY, FLIGHT CREW SUPPORT DIVISION 

_g11~~ 
DATE1 Jan. 27, 1967 

MSC Form 460 (Rev Dec 66) 
I 

NEXT 
STEP 

--. 

_. 

REMARKS 

8a. Refer to ECS Malfunction 
procedure No. 21 

FAILURE 

8b. Probable press 
xducer failure. 

APOLLO OPERATIONS HANDBOOK 
ENVIRORNMENTAL CONTROL SYSTEM S/C 012 REV FINAL 

MALFUNCTION PROCEDURES sEcT10N 9.1. PAGE 15a 



SYIIPTOII 

M MSFN CF0036P<.. 
psig. Under

pressurization of 
100 psig o2 circuit 

PREPARED BY, J_. T:::3a.~0 

STEP PROCEDURE 

1. ICF0036p<_90 psig 

2. 10
2 

PRESS IND - SURGE TANK 

3 . !TANK PRESS b
2 

- 1 (SURGE TANK) 

a. Normal: 900 ~ 35 psia 

b. Low: < s65 psia 

4. IFLOW 02 

a. NORMAL:/0.2-0,45 lb/ hr. 

b. LOW: <0. 2 lb/hr. 

FLIGHT CREW SUPPORT DIVISION 

""y7},~,~ ... ~.-,c... DATE 1 

JAN 27, 1967 R 1-;i;u.L,.,,~ 
IISC Form 46D (Rev~Dec 66) 

NEXT 
STEP 

2 

3 

4 

REMARKS 

Normal system pressurization 101 
± 10 psig. Only direct press 
readout is by MSFN CF0036P 

~l3b. Refer to ECS Malfunction 
Procedures NO. 4. 

-. 

-. Refer to ECS Malfunction Pro
cedure NO. 2 

FAILURE 

4a. Reg. calibration 
shift of both regs. 
or transducer shift. 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEUDRES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 l~EV FINAL 
SECTION 9~1.b 'PAGE lb 



SYIIPTOII 

7, CF0120P 
TM>27 psig. over
pressurization of 20 
psig o2 circuit 

STEP PROCEDURE 

1. !Verify WATER & GLYCOL TANKS 
PRESSURE OUTLET SELECT VALVE -
NORMAL 

2. ICF0120P 

3. 

4. 

5. 

a. NORMAL: S27 psig 

b. Remains HIGH:.) 27 psig 

WOT WATER QUANTITY 
a. lOOfo 
b . (lOOfo 

Use water gun until POT WATER 
QUANTITY <1oajo 

CF0326P 
a. HIGH 

b. NORMAL 

NEXT 
STEP 

REMARKS 

Normal regulator pressure 20± 2 
psig. Normal system pressure 
18-27 psig (relief valve settin£' 
25 ± 2 psig). Only direct pres 
sure readout is MSFN (FQ) 
CF0120P. 

2. 11. Assumes no previous failure 

~ I 2a. Relief valve redundancy 
lost if selector was in posi
tion 1 or 2. 

3. 

4 
5 

5 

FAILURE 

2a. Selector was OFF 
or single relief 
valve failure. 

6 5a. Both relief 
valves failed closed 

or line blockages. 

~ 

6. Use water gun for system pressuri~l 6 Monitor MSFN 
relief. 

5b. CF0120P sensor 
failure. 

PREPARED BY, .j _}3a,uc>,1) FLIGHT CREW SUPPORT DIVISION ENVIRONMENTAL CONTROL SYSTEM APOLLO OPERATIONS HANDBOOK 
T~- ~...--~-- _4_J_J 

R. ~,,;,,.~.,,,. 
DATE, 

JAN 27, 1967 
MALFUNCTION PROCEDURES s;c 012 REvFINAL 

SECTION . PAGE 1 
ISC Form 480 (Rev Dae BB) 



SYMPTOII 

8. CF0120P TM<l8 
psig. Underpressur
ization of _20 psig 
92 circuit 

PREPARED BY, l\, T~PAJ 
L-CJ./,J-;1ffe,n•11-

_£',_ /~~ P., -~ 
MSC Ferm 460 (Rev Dec 66) 

STEP PROCEDURE 

1 ICF0120P(18 psig 

2 ICF0326P & CF0327P 

a. Normal :> 18 (27 psig 

b. LOW 

3 ICF0036P 

a. Normal: 100 ~ 10 psig 

b. LOW: <90 psig 

4 (WATER & GLYCOL TANKS PRESS REGU
LATOR SELECTOR - INLET AND OUT
LET# 1 (or 2) alternate 

5 ICF0120P 

6 

a. Normal:) 18 ~7 psig 

b. LOW: (18 psig 

WATER & GLYCOL TANKS PRESS REGU
LATOR SELECTOR - INLET and OUTLET 
No. 2 _Lor 1J_ alternate . 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

JAN 27, 1967 

NEXT 
STEP 

2 

REMARKS 

Normal system pressurization 20 
± 2 psig. Only direct pressure 
readout is MSFN (FQ) CF0120P. 
Relief valve setting 25 ± 2 
psig. 

2 . PRESS POTABLE ~-2 0 DRAIN and 
PRESS WASTE H20 TANK DRAIN. 

-1 
FAILURE 

~12a. CF0326P & CF0327P only 12a. CF0120P Sensor 
other indication of pressure in Failure 

3 

4 

20 psig circuit 

3. 100 psig o2 circuit pres
sure 

----+ I 3b. Refer to ECS Malfunction 
Procedure No. 6 

5 4. Assumes initial position of 
one required. 

---i 15. Loss of redundant pressure 
reg. and relief. Use No. 1 

6 
, positions. 

7 

5a, Failure of No. 2 
relief valve 

ENVIRONMENTAL CONTROL SYSTEM APOLLO OPERATIONS HANDBOOK 
MALFUNCTION PROCEDURES S/C 1 REV FINAL 

PAGE 18 



SYMPTOM STEP PROCEDURE 

8. (Cont) 7 CF0120P 

a. Normal:.::> 18 (27 psig 

b. LOW: ( 18 psig 

PREPARED BY, -J , '\:3::1.1,a_f) FLIGHT CREW SUPPORT DIVISION 
'7?7- ,/';??n,~,-. .I ~., DATE 1 

g . r,,c-:. . IJ_,,,,K;. JAN 27_, 1967 
MSC Form 460 (Rev Dec 66) 

NEXT 
STEP REMARKS FAILURE 

~I 7a. Loss of redundant reg. & 
relief. Use No. 2 positions 

7a. Failure of No.2 
relief valve 

~ I 7b. Failure to maintain ade- ~-7b. Failure of both 
·quate positive pressure in regs to control tank 
water system will result in los pressure to 20 ± 2 
of water inflow to suit and psig 
glycol evaporators. Positive 
expulsion of glycol from glycol 
reservoir will also be lost. 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 012 jREV FINAL . 
SECT, ON _3___._L 6 I PAGE 19 



; 

SYMPTOM 

I ✓. CO2 pp HI 
~ & W lite - ON 

STEP PROCEDURE NEXT 
STEP 

REMARKS 

Trigger value: CO2 PP >7. 6 mm 
Hg. 

FAILURE 

NOTE: CO2 PP level will vary wi th crew activity; short periods of high CO2 PP may trigger C & W Jite briefly, 
but not necessarily _indic.ate a dangerous situation. 

PART PRESS CO2 HIGH 

PREPARED BY I j ·13a➔(f :3,) 
o/7:I -~~~<:£...--- ~ 

-~; /...I.Cr., )',,.,...n:,,, 
MSC Form 460 (Rev Dec 68) 

1 

2 

3 

4 

5 

PART PRESS CO
2 

a. NORMAL : < 7. 6 mm Hg . 

b . HIGH: > 7 • 6 mm Hg. 

SUIT FLOW 

a . LOW : 

b. NORMAL : 

Check LiOH cartridge replacement 
log to determine time since last 
canister change: 

16 

2 

~ I 2a. Insufficient flow in suit 
loop can cause excessive CO2 PP buildup. Accomplish ECS 
Malfunction Procedure 15. 

3 

a. If recent cartridge change: I 6 

b. If near time for replacement:I 4 

Change LiOH cartridge 

PART PRESS CO2 

a. NORMAL 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

J AN 27, 1967 

5 4. Oldest cartridge • 

.... I 5a. Resume normal operation; 
normal saturation of cartridge 
caused increase in CO2 PP. 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 jREV FINAL 
SECTION 2_.1.6 IPAGE 20 



SYMPTOII STEP PROCEDURE 

11. (Cont) 

6 

b. Remains HIGH 

DIRECT o2 - FULL OPEN 
(ccw) for 10 seconds. 

7 !PART PRESS CO2 

a. NORMAL 

8 

9 

b. Drops to normal then 
increases >7.6 mm Hg. 

c. Remains - HIGH 

Change LiOH cartridge 

PART PRESS CO2 

a. NORMAL 

b . Remains - HIGH 

CAUTION: Possible LiOH cartridge supply faulty. 

10 !Monitor crew comfort 

a. Crew Comfortable 

b. Crew Uncomfortable 

PREPARED BY, J. \6a+q4-:? FLIGHT CREW SUPPORT DIVISION 
7:22 -~ ~/ 

k'. ✓~-~ J,.- --

DATE, 

JAN 27, 1967 
IISC Form 460 (Rev Dec 66) 

NEXT 
STEP 

6 

7 

➔ 

8 

17 

9 

REMARKS 

5b. Should begin decrease 
within one minute. 

6. Purge CO2 PP sensor with o2 
to clear possible stagnant 
CO

2 
near sensor. 

17a. Resume normal operations 

7b. Confirms High CO2 partial 
pressure. 

I 

I 8. Change oldest cartridge. 

FAILURE 

-:,, I 9a. Resume normal operation. 9a. PROBABLE FAULTY 
LiOH cartridge 

10 

17 

11 

Loss of 12 hr. CO2 & odor 
removal capability. 

10a. LiOH cartridge working 
properly. 

lOb. Possible loss of CO2 removal capability for suit 
loop and cabin using LiOH 
canister assy. 

10b. PROBABLE FAULTY 
LiOH cartridge suppl~ 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
5/C 012 JREV FINAL 
SECT, ON 9. 1. 6 I PAGE --21 



SYMPTOM 

11. (Cont) 

MANUAL CO2 PP 
CONTROL 

STEP PROCEDURE 

11 !Check all LiOH cartridges for 
possible uncontaminated 
cartridges. 

a. Partial Contamination 

b. If all contaminated 

12 IDon PGA's, get on suit loop 

13 !SUIT CIRCUIT RETURN AIR CHECK 
VALVE - CLOSED 

NEXT 
STEP 

REMARKS 

--+ Illa. CO2 removal capability 
unknown. 

12 

13 

14 13. Isolate suit loop from 
cabin. 

=") 

FAILURE 

lla. CO2 removal 
capability degraded. 

NOTE: Periodic flowing of fresh o
2 

into suit loop purging it into cabin, and periodic ~elieving of cabin t o space 
will control CO2 PP level in suit Ioop. 

co pp 
I~ICATOR SENSOR 
MALFUNCTION ISOLA
TION 

PR1EPARED BY, J ·Bc.u,:;£".,-,1 

14 !DIRECT 02 - OPEN (ccw) as 
required 

15. !CABIN PRESSURE RELIEF - Verify 
NORMAL 

16 IIF: 

a. CO2 PP HI lite - ON 

b. PART PRESS CO2 - <7.6 mm Hg. 

c. Crew Comfortable 

FLIGHT CREW SUPPORT DIVISION 
T t:J . ~~ ~ ....... _,, J ,J DATE, 

£-5:', £~ .l'.n rll .>! ~ JAN 27, 1967 
MSC Form 460 (Rev Dec 68) 

15 14. Open direct o2 valve to 
maintain CO2 PP <r.6 mm Hg. 
o2 FLOW. HI C & W lite may 
come on. 

_.. 115. Cabin Pressure relief 
valve will relieve at 5.6 -

~ 

6.2 psia automatically. Manual 
dump available. 

16. Loss of CO2 PP level high 
C & W capability. Use PART 
PRESS CO2 meter. 

16. PROBABLE C & W 
CIRCUIT FAILURE 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
S/C 01~ IREV FINAL 
SECTION 9.1.6 ]PAGE 22 



SYMPTOM 

11. (cont) 

CO PP HI C & W 
liie failure 

PREPARED BY, _J_ ,'J,~...k'$>.A ) 

STEP 

17 

18 

_T_a/n'~J 
g /~: /n ,_ L 

1,c Form 460 (Rev Dec 66) 

PROCEDURE 

IF: 

a. CO2 PP HI lite - ON after 
Li OH cartridge change and 
sensor purge. 

b. PART PRESS CO - ")7.6 mm Hg 
after LiOH cartri~ge change 
and sensor purge. 

c. Crew Comfortable after a & b 
have existed for several minutes 

NEXT 
STEP 

➔ 

IF: I ..... 
a. CO2 PP HI lite - OFF 

b. PART PRESS CO >7.6 mm Hg 
and no change wit~ LiOH cartridge 
change and sensor purge with o

2
• 

REMARKS FAILURE 

17. Loss of all CO2 PP monito~ 17. PROBABLE CO2 PP 
capability, except crew I SENSOR FAILURE 
physical senses. Gas 
chromograph can be turned on tc 
verify CO2 PP with ground. 

18. Loss of co2 PP meter 
indication for monitoring 
CO2 PP level. 

18. PROBABLE CO2 PP 
meter failure. 

FLIGHT CREW SUPPORT DIVISION ENVIRONMENTAL CONTROL SYSTEM APOLLO OPERATIONS HANDBOOK 
MALFUNCTION PROCEDURES S/C 012 REV FINAL 

SECTION 2_.1.6 PAGE 2 
DATE, 

JAN 27, 1967 



SYMPTOII 

f1 /. Lithium 
~iydroxide cartridge 
seizure within 
canister. 

STEP PROCEDURE 

1. Pull on LiOH cartridge 
removal strap -- or apply 
mechanical advantage as required 
to remove the faulty cartridge. 

NEXT 
STEP 

REIIARKS 

1. LiOH is hygroscopic & 
cartridge swelling results due 
to water absorption. In 
ad~ition H20 is_produced by 
2LiOH +CO2 = Li2co

3 
+ H20. 

FAILURE 

1. Excessive 
swelling of LiOH 
cartridge. 

NOTE: Any delay in removing a seized cartridge wili result 1in wa~er saturation of the cartridge, increased 
pressure drop across seized cartridge with resulting reduced suit flow. 

CAUTION: Immediately following replacement of a LiOH cartridge -- the opposite canister should be momentarily opened 
& cartridge canister clearance be noted. Immediately replace a cartridge suspected of swelling. 

CAUTION: Continued use of a seized cartridge will aggreviate situation. Establish single canister operation by 
positioning diverter valve to route suit flow thru good canister. Flow may be diverted thru seized cartridge 
momentarily when replacement of operational cartridge is required. 

PREPARED BY, J,°1.:)B::K,f•,0 r FLIGHT CREW SUPPORT DIVISION 
re;. m~ , DATE, CJ~::::2 JAN 27, 1967 

IISC Form 480 (Rev Dec BB) 

EN--vIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 jREV FINAL 
SECT( ON 9 .1. 6 IPAGE 24 



SYIIPTOII STEP PROCEDURE 

t Ballooned 
. G.A. (Closed 

it Loop) 

PREPARED BY• J _, \:5Cl.,{<.f"'_V 

vc> -/ff,..,,..s;4;~,) 
R, f~~1o~Ah 

MSC Form 480 (Rev Dec 88) 

1 IPRESS CABIN 

a . Low: <.3-5 psia 

b. Normal 

2 IFLOW 02 

a. HIGH: } 0 .45 lb/ hr 

b. NORMAL: ,0.45 lb/ hr 

3 !Verify DI RECT o2 valve - CLOSED 

4 !Verify SUIT TEST SELECTOR - OFF 

5 

6 

7 

Suit Stat us 

a. Remai ns ballooned 

b. Norma l 

SUIT DEMAND REG SELECTOR -
cycle OFF/ 1 & 2 

Suit Status 

a. Remains ballooned 

c. NORMAL 
FLIGHT CREW SUPPORT DIVISION 

DATE 1 

JAN 27, 1967 

NEXT 
STEP 

➔ 

2 

REMARKS 

Cabin-to-suit AP maintained at 
2.5 to 3.5 in H2o. Suit Pres
sure maintained at 3.75 .±_.25 
psta when Cabin Pressure -'3 ■ 5 
psia. 

la. Refer to ECS Malfunction 
Procedure No. 22 .-

➔ I 2a. Refer to ECS Malfunction 
Procedure No. 1. 

3 

4 

5 

6 

➔ I 5b. Corrected by 3-4. 

7 

13 

8 

6. Monitor suit status while 
OFF. 

7. While SUIT DEMAND REG 
SELECTOR - OFF 

FAILURE 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
S/C 012 lREV .l<' lNAL 

SECT I ON _9 .1. 6 IPAGE 25 



sr11PTOII 

13. (Cont) 

STEP 

8 

9 

PRO CEO URE 

SUIT DEMAND REG SELECTOR - 1 

Suit Status 

a. Ballooned 

b. Normal 

10 ISUIT DEMAND REG SELECTOR - 2 

11 !Suit Status 

a. Remains Ballooned 

b. Normal 

12 SUIT DEMAND REG SELECTOR - OFF 

13 UIT CONFIGURATION - OPEN 

14 erify SUIT CIRCUIT AIR RETURN CK 
ALVE SCREEN clean & flow path 

obstructed 

15 ~onitor CAllIN HUMIDITY & CO2 ARTIAL PRESSURE 

• INCREASES 

PREPARED BY I J ... -\>sct~~z'Ji) FLIGHT CREW SUPPORT DIVISION 

V:-~-/?'P"~-- -
/<, (-kn:./~ n,J<,, 

DATE, 

JAN 27, 1967 
IISC ForRI 460 (Rev Dec 66) -

I 

NEXT 
STEP 

9 

10 

➔ 

11 

12 

REMARKS FAILURE 

9b. Regulator redundancy lost. l9b. Suit Demand 
Regulator NO. 2 
failed open. 

lla. Both Suit . 
Demand Regulators 
failed open. 

➔ lllb. Regulator redundancy lost~llb. Suit Demand 
Regulator NO. 1 
failed open. 

13 

14 

15 

➔ 15a. Humidity CO2 & Odor i5a. Clogged DEBRIS 
removal capability lost. Close RAP or plumbing 
suit configuration impossible. d~stream of DEBRIS 

I 
APOLLO OPERATIONS HANDBOOK 

ENVIRONME:NTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

5/C 012 IREV FINAL 
SECTION 9.1.6 IPAGE 26 



SYIIPTOII STEP 

13. (Cont) b. 

PREPARED ev, J~Ba~:cr'.JO 
Y.~-~~--- DATE, 

_R', /-L... ~~or-3JT:::' 
IISC Form 480 (Rev Dae 88) 

PROCEDURE 

Remains NORMAL 

FLIGHT CREW SUPPORT DIVISION 

JAN 27, 1967 

NEXT 
STEP 

REIIARllS FAILURE 

➔ 15b. Closed suit configuration 
not possible. 

15b. Clogged suit 
outlet manifold or 
plumbing obstruction 
upstream of debris 
trap. 

ENVIRONMENTAL CONTROL SYSTEM 
MA~FUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOO~ 
5/C 012 JREV FINAL 
SECTION~ IPAGE 2_] 



SYMPTOM STEP PROCEDURE NEXT 
STEP 

REMARKS 

Normal Cabin to suit~P is 0.09 
to 0.13 psia. 

FAILURE 

1'f. PRESS-SUIT LOW 
~ losed Suit Loop). 
Evidenc$d by PGA 
cl.i.uging. I . . 
NOTE: Other than periods.of fault isolation DIRECT o2 metering valve may be opened for suit purging. 

1 

2 

3 

4 

5 

PREPARED ev, J .T30.,1<.L_-'L} 

I'. Z::,~~~~o-,..,,u 

£ 13--n0'.llf7.lh.L 
MSC Form 480 (Rev Dec 88) 

PRESS-CABIN 

a. High:) 5.2 psia 

b. Normal: 5.0 .±. 0.2 psia 

c. Low: 4.8 psia 

2 

5 

la. Suit loop leakage into 
cabin. 

-+ I le. See ECS Malfunction Pro
cedure NO. 22 • 

Verify SUIT FLOW CONTROL I 3 
Valves - SUIT FLOW 

Verify suit hose connector integ-1 4 
rity at PGAs & SUIT FLOW CONTROL 
VALVES. 

Suit Status 

a. Clinging 

b. Not clinging 

Verify SUIT CIRCUIT RETURN 
AIR CK VALVE - CLOSED 

FLIGHT CREW SUPPORT DIVISION 

..-+ 14a. Unable to isolate SUIT 
loop leakage into cabin. 
Unable to maintain suit loop 
press. 

-+ I 4b. Corrected by step 2 & 3. 

6 

4a. Suit .loop plumb
ing or Demand Reg. 
relief valve failed 
open. 

APOLLO OPERATIONS HANDBOOK 
DATE 1 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES S/C 012 IREV FINAL 

JAN 27 1 1967 SECTION ~.l.b 'PAGE 28 



SYMPTOII STEP PROCEDURE NEXT 
STEP I REMARKS I FAILURE 

14. (Cont) 6 PGA Status 

a. Clinging 7 

b. Not Clinging _. l6b. Corrected by step 5 

7 l.d p SUIT COMP 

I a. Normal 10 

b. · < Normal I 8 

8 lcheck alternate bus & compressor I 9 
with suit compressor selector & 
CB'S. 

9 AP SUIT COMP 

a. Normal 

b. < Normal 

10 ISuit Demand Regulator Selector 

a. If in 1 & 2 

b. If in 1 (or 2) 

11 ISUIT DEMAND REG - Alternate reg. 

12 IAP SUIT COMP 

PREPARED BY I J --~ .... 9'},) FLIGHT CREW SUPPORT DIVISION 

~-~~ DATE, 

,,{~ ,3:...;--,.,, j_,.,£/'> D JAN 27, 1967 
11st Form 460 (Rev Dec 68) 

,~ I 9a. 
I 

If single compressor '9a. Circuitry or 
failure - redundancy lost. (compresso~ Failure, 

I 10 

13 

11 I 

12 
I 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

I , 

APOLLO OPERATIONS HANDBOOK 
5/C 012 lREV FINAL 
SECTION 9.1.6 lPAGE 29 



SYMPTOM STEP PROCEDURE 

13. (Cont.) a. Normal 

b. <-Normal 

13 !Verify SUIT FLOW RELIEF VALVE -
CLOSED 

14 IPGA Status 

a. Not Clinging 

b. Clinging 

FLIGHT CREW SUPPORT DIVISION 

r~-~~~- DATE 1 

JAN 27, 1967 /2-: J'5-n-, ✓IJ. ,.- LIZ 

IISC Form 460 (Rev Dec 66) 

NEXT 
STEP 

REMARKS 

_,. I 12a. Eliminates SUIT DEMAND 
REG redundancy. Continue 
operation on selected 
regulator. 

13 

14 

......,. I 14a. Resume ops. with SUIT 
FLOW RELIEF Valve manually 
CLOSED. 

-+ I 14b. Small leak not isolated 
Maintain positive suit by 
opening DIRECT o2 metering 
valve. 

FAILURE 

12a. SUIT DEMAND 
REGULATOR 1 (or 2) 
failed CLOSED. 

l4a. SUIT FLOW RE
LIEF valve was OPEN 
& relief function 
failed. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
s;c 012 r REV FINAL 
SECTION __9___.__l_._6 __ lPAGE 30 



SYIIPTOII STEP PROCEDURE NEXT 
STEP I REMARKS I FAILURE 

\r. LOW SUIT FLOW !Normal Suit Flowrate 35 cfm 
with 10 in H20 pressure rise 
across suit fan. 

I 
NOTE: For periods of high ere~ activity additional cooling-may be required. Switch COMPR SELECTOR to AC 1/2 

PREPARED BY, J. 'L:Sa~ 
/.61 -~- c;; ____ ~ 

R. I~~ ,1'° J;;. ., 
MSG Form 460 (Rev Dec 66) 

1 I Verify Suit o2 Umbilical connec
tions 

2 I Verify SUIT FLOW CONTROL VALVES 
(3) - SUIT FLOW 

3 I Verify SUIT TEST - OFF 

4 I Verify SUIT DEM.AND PRESS 
R:EDULATOR - 1 & 2 

5 I Verify SUIT FLOW RELIEF VALVE -
OFF 

6 

7 

If open suit loop verify SUIT 
CIRCUIT RETURN AIR .CHECK VALVE 
OPEN, screen clean & unob
structed flowpath 

SUIT FLOW 

a. Normal 

b. Remains low 

8 I AP SUIT COMPR 

a. Normal: <'. 0. 4 > 0. 3 psi 

b. Low:< 0. 3 psi 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

JAN 27, 1967 

2 

3 

4 

5 

6 

7 6. Suit compress ors must be 
off while vacuuming return air 
screen. 

~ 17a. Continue normal operations. 

8 

12 

9 

Corrected by steps 1 - 6. 

ENVIRONMENTAL CONTROL SYSTE:M 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 012 (REV FINAL 
SECTION 9.1.6 fPA~l 



SYMPTOM STEP 

15. ( Cont) 9 

PROCEDURE NEXT 
STEP 

Check alternate bus & compressor! 10 
with suit compressor selector & 
CB 1 s 

REMARKS FAILURE 

10 I ~p QOMPR 

a. Normal 12 10a. If single compressor fail-1 10a. Electrical or 
ure compressor redundancy lost. Compressor Failure. 

PRE PAR ED BY • . j . T:kA< ~ A) 

-r,-t:). /?n;J/2,L~~ 

11 

12 

13 

14 

15 

g~~d 
MSC Form 460 (Rev Dec 66) 

b. Remains Low: <0.3A.P 

Go to open suit 

SUIT FLOW 

a. Normal 

b. Remains Low 

11 

--"?Ill. Normal suit loop functions 
are lost. 

10b. Probable both 
suit compressors and 
/ or circuitry fail
ure. 

~112a. Suit Compressor redundancy' 12a. Single Suit 
lost. Compressor failure. 

15 

SUIT COMPRESSOR SELECTOR -AC 1/ 21 14 

SUIT FLOW 

a. Normal 

b. Remains Low 

PGA status 

a. Clinging 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27, 1967 

~114a, Two compressor operation 
required for crew comfort. 

15 

--4 ll5a. DIRECT o2 metering valve 
may be opened (short duration) 
for additional suit flow. Suit 
doffing may be required for 
crew comfort. Suit loop func
tions maL be lost. Monitor 

15a. Obstruction 
be t ween compressor 
outlet and suit in
let. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
5/C 012 IREV FINAL 
SECT, ON 9. 1. 6 IPAGE 32 



SYIIPTOII I STEP I PROCEDURE 

15. ( Cont) 

b . Ballooned 

c. Normal 

PREPARED BY, J. -l.--?->VO',\ 1 FLIGHT CREW SUPPORT DIVISION 
Tel-;??~,~ DATE 1 

KL,--<- . ., l7 _.-; JAN 27, 1967 
IISC Form 480 (Rev Dec 88) 

I NEXT 
I REMARKS I FAILURE STEP 

I cabin humidity · & CO 2 partial 
pressure. 

l~I 15b. Monitor PGA CUFF PRESSURE 15b. Obstruction 
INDICATORS (3) . DIRECT o2 between suit outlet 
metering valve should not be and compressir inlet 
opened while closed suit. Suit 
loop press relief capability 
probably lost. 

1---> I 1sc. Suit Flowrate degraded - 115c. Small suit loop 
but functional. obstruction. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
5/C 012 (REV FINAL 
SECTION .2_._1.6 IPAGE 33 



SYIIPTOII 

16. TEMP SUIT 
HIGH 
(>55°F ( 6O°F) 

TEMP SUIT HIGH 
(>60°F) 

STEP 

1 

2 

3 

PROCEDURE 

Crew Comfort 

a. TEMP COMFORTABLE 

b. HIGH TEMP, crew discomfort. 

Verify: 

a. SUIT EVAP GLYCOL - ON 

b. SUIT HT/EXCH - GLY/EVAP 

c • · SUIT EV AP SW - MANUAL 

d. SUIT EVAP VALVE - OFF 

TEMP SUIT 

a. Returns to NORMAL 

b. Remains HIGH:> 55°F 

4 IGLYCOL EVAP OUTLET TEMP 

a. NORMAL (4O-43°F) 

b. HIGH~43°F 

5 ITEMP SUIT 

a.< 6O°F 

6 
b. > 6O°F 
DOFF SUIT 

NEXT 
STEP 

--+ 

2 

3 

REMARKS 

NORMAL SUIT TEMP 51·-55°F 
l 

--t, I 3a. Corrected by step 2 

4 

5 

4 I Refer to ECS Malfunction Pro
cedure NO. 33. 

-+ j 6a. Possible transient over
temperature condition due to 
crew activity, equipment 
operation or s/ c attitude. 

7 

" --..._,:, 

FAILURE 

:1 

la. Suit Temp sensor 
/ circuitry failure. 

3a. Control mis
position. 

WARNING: Only if Crin iemp cannot pe controlled, Don suils andlproceed to step 7. 

PREPARED BY, J_\jq.j,W r FLIGHT CREW SUPPORT DIVISION 

r.-c:J-~~~ DATE, 
. R&u~rn~ J AN 27, 1967 

IISC Form 46~ (Rev Dec BB) 

ENVIRONMENTAL CONTROL SYSTEM 
~ALFUNCTION PROCEnTrn~s 

APOLLO OPERATIONS HANDBOOK 
S/C 012 )REV FINAL 
SECTION 9.1.6 IPAGE __3-4 



SYIIPTOII 

16. (Cont) 

STEP 

7 

8 

9 
10 

PRO CEO URE 

SUIT HT/EXCH - EVAP 
SUIT EVAP SW - AUTO 
SUIT EVAP VALVE - AUTO 

TEMP SUIT 

a. Returns to NORMAL (51-55°F) 

b. Remains HIGH 

Isolate surge tank 

NEXT 
STEP 

8 

REMARKS 

7. Initiates SUIT HX evapora
tive mode 

FAILURE 

~ 1sa. Continue evaporative mode. 18a. Loss of auto 
temp control of SUIT 
HX outlet or diverter 
valve failure. 

9 
10 

Open direct o
2 

valve, as require::l ~ 
for suit cooling 

10. Loss of SUIT HX 
evaporative & glycol 
cooling modes. 

NOTE: Open surge tank ~fter CM/SM separation 

PREP,ARED BY, 1..Tka.fc9'Ji) 

7. C, . /)?;,-~------~ ~ DATE, 

,R. &?.l!uHJY~ 
IISC Form 480 (Rev Dec 88) 

FLIGHT CREW SUPPORT DIVISION 

JAN 27! 1967 

ENVIRONMENTAL CONTROL SYSTEM APOLLO OPERATIONS HANDBOOK 
MALFUNCTION PROCEDURE S/C 012 REV FINAL 

SECTION 9.1.6 PAGE 32_ 

( 



SYMPTOM 

1 7 . HIGH SUIT 
HUMIDITY (closed 
Suit Loop with SUIT 
FLOW & TEMP NORMAL) 

PREPARED BY, J.-kScu..-s-_1) 

STEP 

1 

2 

3 

4 

s 

~ ✓,.;P_0-,9S~~-Y 
. J:2 A~;tJ,,-~,, 

IISC Form •eo (Rev Dec 68) 

PROCEDURE 

H20 ACCUM Switch - MAN 

H20 ACCUM 1 and then 2 - ON 

10 sec/ OFF 

FLOW o2 

a. Both increase Flow o2 

b. NO. 1 or 2 increases (alter
nate) FLOW o2 

c. No change in FLOW o2 

H20 ACCUM - AUTO 1 or 2 
(alternate) 

Suit Humidity 

a. Decreases 

b. Remains HIGH 

FLIGHT CREW SUPPORT DIVIS ION 
DATE, 

JAN 27, 1967 

NEXT 
STEP 

2 

3 

4 

8 

12 

s 

REMARKS 

High humidity evidenced by 
fogged visors and crew dis
comfort. 

2. Monitor FLOW o2 meter for 
increased flow while cyclic 
accumulator 1 and 2 solenoid 
valves are operated with ON/ OFF 
switch 

3b. Auto and electrical control 
of NO. 1 or 2 lost. 

', .) 

FAILURE 

3b. Electrical cir
cuit failure of one 
accumulator 

3c. All auto and electrical coni 3c. Electrical cir-
trol lost. I cuit failure both 

ac9umulators 

~!Sa. Use alternate accumulator :inl Sa. Automatic con- , 
auto. Other accumulator use- trol circuit 1 (or 2 
able with manual switch. accumulator failed. 

6 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION ·PROCEDURES 

Sb. Automatic con
trol circuit of both 
accumulators lost. 

APOLLO OPERATIONS HANDBOOK 
5/C 012 lREV FINAL 
SECT, ON 2. 1. 6 I PAGE )6 



SYMPTOM 

17. (Cont) 

PREPARED BY, _J .·IJ_qNJ!'.J>) 

o/,""E,,. ~,,.~.,...,,_,_,.. .J-

STEP 

6 

7 

8 

9 

10 

11 

12 

13 

L<. &f'.J~""' 
MSC Form 460 (Rev Dec 66) 

PROCEDURE NEXT I REMARKS 
STEP 

H20 ACCUM Switch - MAN 7 

I H20 ACCUM 1 or 2 - ON 10 sec/OFFl--4 
(as required to maintain hum-
idity control.) 

H20 ACCUM - AUTO 1 or 2 
(alternate) 

Suit Humidity 

a. Decreases 

b. Remains HIGH 

H20 ACCUM Switch - MAN 

9 

--419a. Use alternate accumulator 
in auto. 

10 

11 

H20 ACCUM 1 or 2 - ON 10 sec/OFFl~lll. Alternate accumulator. 
(as required for humidity con-
trol) 

H20 ACCUMULATOR manual valve -
MAN 1 (and then MAN 2) for 10 
sec then OFF 

FLOW o
2 

a. Both increase FLOW o
2 

b. NO. 1 or 2 increase 
(alternate) FLOW o2 

FLIGHT CREW SUPPORT DIVISION 

13 

14 

14 

12. Monitor FLOW o
2 

while 
valves open. 

13b. Accumulator redundancy 
lost. 

FAILURE 

9a. Automatic control 
circuit 1 (or 2) 
accumulator failed 

9b. Automatic control 
circuit of both 
accumulators lost. 

13b. Loss of cyclic 
accumulator NO. 1 or 
2. 

APOLLO OPERATIONS HANDBOOK 
DATE, 

JAN 27, 1967 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
S/C 012 fREV FINAL 
SECTION 9.1.6 IPAGE 37 



SYIIPTOII STEP 

17. ( Cont) 

14 

15 

16 

17 

18 

' 
PREPARED BY, J 15_Q,_Ac'!:,\>Ji~ 

o/:tt:7. ~~-"-~ 41-

R. /~/,!,. ,-61",, 

IISC Form 460 (Rev Dec 66) 

PROCEDURE 

c. No change in FLOW o2 

Manually cycle alternate 
acc~ulator as required for 
humidity control. 

Suit humidity 

a. Decreases 

b. Remains HIGH 

NEXT 
STEP 

18 

15 

REMARKS 

13c. Moisture removal capabil~ 
ity lost. 

-----,115a. Manual humidity control 
possible. 

16 

Manually cycle orginal accumula-1 17 
tor (if both gave FLOW o2 in-
crease in step 13) 

Suit humidi ty 

a. Decreases 

b. No change 

-----,117a. Manual humidity control 
possible with one accumulator 
only. 

18 17b. Moisture removal capabil
ity lost. 

Use DIRECT o2 to maintain crew I~ 
comfort. 

"• 

FAILURE 

13c. Loss of both 
cyclic accumulators 

15b. Probable dia
phram rupture. 

17b. Probable rupture 
both diaphrams. 

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
DATE, 

JAN 27, 1967 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
5/C 012 IREV FINAL 
SECTION 9.1.6 IPAGE 38 



SYIIPTOM 

/1 . · PRESS CABIN -
11'1UGH 

STEP 

1 

2 

3 

PROCEDURE 

Verify CABIN PRESSURE RELIEF 
Valves (2) - NORMAL 

FLOW o2 

a. HIGH:20.45 lb/ hr 

b. NORMAL: ~0.45 lb/hr 

NEXT 
STEP 

. REIIARKS 

2 11. Normal cabin pressu~e 4.8 -
5.2 psia. Cabin pressure relief 
valves open at 3. 6 - 6.2 psia. 
With cabin pressure 5~6 - 6.2 
o

2 
consumption will be exces

sive. 

2. o2 FLOW HI C & W lite On 
at flow rate >1.0 lb/ hr. 

~ 12a. Refer to ECS malfunction 
procedure# 1 step 2 

3 2b. Malfunction or leak upstrean 
of oxygen flow transducer. 

o2 PRESS IND switch - SURGE TANKI 4 

FAILURE 

2a. Malfunction• or 
leak downstream of 
oxygen flow trans
ducer. 

WARNING: When surge t ank drops below 800 psia, isolate surge tank and verify entry tank ilolated to maintain Entry 
o2 supply and proceed to step 23. 

NOTE: Surge tank pressure will give indication of leakage rate. For example: (Typical for s/c 008 -
data not available 

Leaka~ 

4 lb/ hr. 

6 lb/ hr. 

7.5 lb lhr. 

PREPARED BY1 ~_'\~cut<..t,'-

r.,:?, a?~~--~ DATE 1 

g (";n/41.u/71/>6 
IISC For• 480 (Rev Dec 88) 

Surge Tank Press DroE 

150 PSI 

499 PSI 

750 PSI 

FLIGHT CREW SUPPORT DIVISION 

JAN 27, 1967 

f or s/c 012 this date) 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTIQN PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 I REV FINAL 
SECT I ON 9. 1. 6 I PAGE 39 



SYMPTOM I STEP I PROCEDURE 

21. ( Cont) I 4 I TANK PRESSURE - 1.02: SURGE TANK 

. ~ 

PREPARED BY,~ ~~>7,t] 

a. NORMAL 

b. LOW 

c. HIGH 

5 I o2 PRESS IND Switch - TANK 1 

6 I TANK PRESSURE 1 - o2 (TANK 1) 

a. HIGH 

b. NORMAL 

7 I TANK PRESSURE 2 - o2 

8 

9 

a . HIGH 

b. NORMAL 

MAIN o2 REG - 1 

TANK PRESSURE 1 - o2 (Surge 
tank) 

a. Pressure increases 

b. No change in status 

FLIGHT CREW SUPPORT DIVISION 

V-&.~~~ DATE 1 

JAN 27, 1967 E'_~~-Y. 
IISC Form 460 (Rev Dec 66) 

NEXT 
STEP 

23 

8 

5 

6 

REMARKS 

4. Normal surge tank pressure 
900 :t 35 psia. 

4a. Leak within supply limit~. 

4b, Large leak 

4c, Surge Tank relief valve 
setting 1045 + 25 psia. 

~ 16a. Refer to EPS CRYO malfunc
tions procedures NO. 1 step 20, 

7 
o2 TK l(and/or 2) pressure high 

~17a, High o2 Cryo supply pressurE 
Refer to EPS CRYO malfunction 
procedures.NO. 1 step 20, TKl 

23 

9 

(and/or 2) pressure high. 
7b. Probable Surge Tank sensor/ 
circuitry failure. Use TANK 
1 & 2 for SURGE TANK PRESSURE. 

\ 

FAILURE 

~l9a. Regulator redundancy lost.I 9a. No. 2 Main 
Use regulator# 1. regulator. 

10 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 012 I (REV FINAL 
s E cT, oN _2:.__1~---~~o 



SYIIPTOII STEP PROCEDURE NEXT I 
STEP 

REMARKS I FAILURE 

21. ( Cont) 10 MAIN o2 REG - 2 11 

11 I TANK PRESSURE 1 - o2 (Surge tank: 

a. Pressure increases 1~1 lla. Regulator redundancy lost.Illa. No. 1 Main 
Use regulator# 2. regulator. 

~ 

PREPARED BY 1 -l ,l6a,i-<£..J, 
,)7:7:),/;?~v,._.,~~ -

b. No change in status I 

12 MAIN o2 REG - NORMAL I 

13 SURGE TANK PRESSURF RELIEF - OFF I 

14 jTANK PRESSURE 1 - o2 (Surge tank) 

a. Pressure increases 

b. No change in status 

15 I SURGE TANK PRESSURE RELIEF -
NORMAL 

16 I SURGE TANK - OFF 

17 IT.ANK PRESSURE 1 - o2 (Surge tank) 

a. Continues to decrease 

b. Steady readout 

18 I SURGE TANK - ON 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

/-.!. t:i ~ ?.,,...,.,,.it/ J.AN 27, 1967 
IISC Form 480 (Rev Dec 88) 

J J 

12 

13 

14 

➔ 

15 

16 

17 

~ 

18 

19 

14a. Surge tank :pressure relj.ef 
lost. Requires monitoring of 
Surge TK :pressure if surge TK 
isolated. 

17a. Gross leak :protection and 
:primary source of o2 after CSM 
separation eliminates or de
graded. Entry tank will su:p:pl;y 
1 lb o2 after CSM separation 
for reentry. 

14a. Surge tank pres 
sure relief valve 
leaking. 

17a. Leak in surge 
tank. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
5/C 012 IREV FINM 
SECTION 9.1.6 jPAGE 41 



SYMPTOM 

21. ( Cont) 

STEP PROCEDURE 

19 !Verify FLSS FILL valve - CLOSED 
and CAP - INSTALLED 

20 ITANK PRESSURE 1 - o2 (Surge tank) 

a. Pressure increases 

b. No change in status 

21 !Verify ENTRY o2 valve - OFF 

22 ITANK PRESSURE 1 - o2 (Surge tank) 

a. Pressure increases 

b. No change in status 

NEXT 
STEP 

20 

REMARKS 

19. Normally closed and capped 

~120a. Resume normal operation. 

21 

22 21. Normally OFF. 

~ l22a. Redundant 02 supply lost 
after CSM separation. 

~l22b. Monitor o2 supply usage 
rate to determine mission 
status. 

FAILURE 

20a. FLSS FILL valve 
was not closed or was 
leaking t hrough cap. 

22a. ENTRY FILL valve 
not OFF and leak in 
entry tank assembly. 

22b. Leaking o2 suw];y 
subsystem line up
stream of oxygen flow 
transducer. 

NOTE: If leak is not isolated and continues to deplete o2 supply - mission time may be extended by shutting off the 
main 02 regulators (or SM o2 SUPPLY CONTROL if leak upstream of main regulator) and only opening valve as required. 
If SM O SUPPLY CONTROL is turne~ OFF; isolate surge tank to maintain SURGE TANK PRESSURE. If main o2 regulators are 
shut off; isolate Water & Glycol Tanks pressure to retain system operation. Cycle open each t ime o2 cycled ON. 

NOTK: Due to large cabin volume cabin pressure changes for the following steps will require time t o be detectable. 

~ 
PREPARED BY, ---.1 .._\5:z.tt'~ 

r. 0. J/W.,, .... .c;,1.,,, _ _,_ -

R./1:r-· J ...... ..f~ 

IISC Form 460 (Rev Dec 66) 

23 JMAIN o2 REG - 1 

24 lcABIN PRESS 

a. Decreases 

b. No chang-e in stR.t1rn 
FLIGHT CREW SUPPORT DIVISION 

DATE 1 

JAN 27, 1967 

24 

~l24a. Regulator redundancy lost. l24a. No. 1 main regu
lator. 

2c::; 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 01-z---- TREV FINAL 
SECT, ON 9. 1. 6 I PAGE 42 



SYIIPTOII 

21. (Cont) 

_C""i 
PREPARED BY, ~ \ l~.M.9.ll 

rai. /??~tn,,,< ~ 

STEP PROCEDURE 

25 MAIN o2 REG - 2 

26 CABIN PRESS 

a. Decreases 

b. No change in status 

27 MAIN o2 REG - NORMAL 

28 SURGE TANK PRESS RELIEF - OFF 

29 · CABIN PRESS 

a. Decreases 

b. No change in status 

30 jSURGE TANK PRESSURE RELIEF -
;NORMAL 

31 ISURGE TANK - OFF 

32 ICABIN PRESS 

a. Decreases 

b. No change in status 

33 ISURGE TANK - ON 

34 !Verify PLSS FILL valve - CLOSED 
and CAP - INSTALLED 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

«. L-ft-r/ /w...-.lA ,,.J JAN 27, 1967 
IISC Form 460 (Rev Dec 66) 

NEXT 
STEP 

26 

REMARKS FAILURE 

~126a. Regulator redundancy lost. j26a. No. 1 main regu
lator. 

27 

28 

29 

~129a. Surge tank pressure reliefl29a. Surge tank pres-
lost. sure relief valve 

leaking. 

30 

31 

32 

~ 32a. Gross leak protection and 
primary source of o2 after °CSM 
separation eliminated or de
graded. Entry tank will supply 
1 lb o2 after CSM separation. 

32a. 
tank. 

Leak in surge 

33 

34 

35 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 012 jREV FINAL 
SECTION __9__J_.__6_ IPAGE 43 

) ) 



SYIIPTOII 

21. ( Cont) 

STEP PROCEDURE 

35 I CABIN PRESS 

a. Decreases 

b. No change in status 

36 !Verify ENTRY o
2 

TANK - OFF 

37 I CABIN PRESS 

a. Decreases 

b. No change in status 

NEXT 
STEP 

REMARKS FAILURE 

-} 1 35a. Resume normal operations.I 35a. FLSS FILL valve 

I 
36 

37 I 36. Normally OFF 

~I 37a. Redundant 02 supply lost 
after CSM separation. 

~I 37b. Monitor o2 supply rate to 
determine mission status. 

I 

was not closed or wai 
leaking through ca·p. 

37a. ENTRY FILL valvE 
not OFF and leak in 
entry tank assembly. 

37b. Leaking o2 sup
ply subsystem Iine 
upstream of oxygen 
flow transducer. 

WARNING: If the leak is not isolated, but CABIN PRESSURE returns to normal, the ENTRY 02 TANK could have leaked to 
zero. To check the ENTRY o

2 
TANK, monitor the surge tank O pressure and place the ENTRY o

2 
TANK valve to FILL. 

A decrease in surge tank pressure indicates the entry tank tad leaked. Place ENTRY o
2 

TANK valve OFF. If leak 
excessive SURGE TANK only supply after CSM separation. 

NOTE: If leak is not isolated and continues to deplete o
2 

supply - mission time may be extended by shutting off the 
main o

2 
regulators (or SM· o

2 
SUPPLY CONTROL if leak upstream of main regulator) and only opening valve as required. 

If SM O SUPPLY CONTROL is turned OFF; isolate surge tank to maintain SURGE TANK PRESSURE. If main o2 regulators are 
shut off; isolate Water & Glycol Tanks pressure to retain system operation (cycle open each time o

2 
cycled on). 

___c--,.. 
PREPARED BY 1 ~ \~Ac-'$'.J 

TO./"}?_~~~- DATE 1 

t<,~,,;v 
ISC Form 480 (Rev Dec 88) 

FLIGHT CREW SUPPORT DIVISION 

JAN 27, 1967 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 JREV FINAL 
SECT, ON 9 .1. 6 IPAGE 4.4. 



SYMPTOM 

IA . PRESS CABIN LOW 
If (( 4.8 psia) 

STEP PROCEDURE NEXT 
STEP 

REMARKS 

Normal cabin pressure)> 4 . 8 <._5.2 
psia. 

FAILURE 

WARNING: Mainta,in fi1ll suited mode if cabin pressure ~ 4.8: psia p-nd decreasing . 

...i...S::::::: 
PREPARED BY, '4 _ ~~ 7 

T. CJ, ~~d--. ~•-- D 

1. !Verify both CABIN PRESS RELIEF 
valves - NORMAL 

2 . !Verify WMS OVBD DRAIN-OFF 

3 . I PRESS-CABIN 

a. Increases 

b. Still decreasing 

c. Stabilized< 4.8 psia 

4 . !Suit Pressure 

a. Normal 

b. Low 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

~(:,Lum >, J JAN 27, 1967 
MSC Form 460 (Rev Dec 66) 

2 

3 

4 

·~ 

~ 

5 

3a. Corrected by valve verifi
cation. 

4. MDC or cuff pressure indi
cator 

4b. Approximately same as 
cabin pressure 

3c . Reg-calibration 
shift 

4a. Cabin Pressure 
sensor/indicator 
failure 

ENVIRO-NMENTAL---u:YNTHU L 0 r 0 'l'ruv1 

MALFUNCTION PROCEDURES 
APOLLO OPERATIONS HANDBOOK 

5/C 012 jREV FINAL 
SECTION 9.1.6 IPAGE 45 

) 



SYMPTOM STEP 

22 (continued) 5 

6 

7 

8 

9 

~ 

PREPARED BY, ,\ , ~J.-'>'.A 

'o/70~ .-1,if...-~~~ 
R,~-

IISC Form 460 (Rev Dec BB) 

PROCEDURE 

L. H. CABIN PRESS RELIEF VALVE
CLOSE 

PRESS CABIN 

a. Increases 

b. Low and decreasing 

L. H. CABIN PRESS RELIEF VALVE -
NORMAL 

R.H. CABIN PRESS RELIEF VALVE -
CLOSED 

PRESS CABIN 

a. Increases 

b. Low and decreasing 

FLIGHT CREW SUPPORT DIVISION 
.DATE, 

JAN 27, 1967 

NEXT 
STEP 

6 

REMARKS FAILURE 

--, I 6a . Mai ntain CLOSE position 
on L. H. Cabin Pressure Relief 
Valve and maintain auto cabin 
press. control by R . H. cabin 
press rel ief valve. Redun
dancy lost. 

6a. L. H. Cabi n 
Pressure Relief ValvE 
failed open. 

7 

8 

9 

--4 I 9a. Maintain CLOSE position o19a . R. H. Cabin 
R.H. cabin pressure relief Pressure Rel i ef ValvE 
valve and maint a i n auto cabin failed open 
press control by L. H. cabin 
press. relief valve . Redun-
dancy l ost. 

~I 9b . Maintain cabi n pressure as 9b . Both cabin 
re~uired by opening DIREGT pressure Regs and 
o

2 
valve . both emergency in

flow valves failed 
or exces~ive cabin 
leakage. 

ENVIRONMENTAL CONTROL SYST APOLLO OPERATIONS HANDBOOK 
MALFUNCTION PROCEDURES S/C 012 REV FINAL 

SECTION 9 .1. 6 PAGE 46 



I 

SYMPTOII 

~- TEMP CABIN HIGH 

= 

STEP PROCEDURE 

1 (Verify: 

a. CABIN HX exhaust flowpath 
runobstructed 

~- Verify individual operation o 
each CABIN AIR FAN. 

c. CABIN TEMP SWITCH - AUTO 
d. CABIN TEMP THUMBWHEEL -

.lFULL DECREASE 

2 ~1IBIN TEMP 

a. Decreases t o NORMAL 

~ . Remains HIGH 

3 ICrew Comfort 

a. Comfortable 

[b. HIGH temp - Crew uncomfort
able 

4 lcABIN TEMP SWITCH - MAN 

5 !CABIN TEMP VALVE - FULL COOL 

6 tr1EMP CABIN 
a. Decreases to NORMAL 

ro. Remains HIGH 

PREPARED av, ,-,J. l-1::usr,1) 
~~-/J?l1?t.5k..,._ 4~~ ~ DATE, 

FLIGHT CREW SUPPORT DIVISION 

R. t-:i.d{, L n,~ JAN 2L 1967 
IIS~ For■ 480 (Rev Dec 88) 

NEXT 
STEP 

REMARKS 

NORMAL CABIN TEMP 70-80° F 

lb. If one fan is inoperative, 
place fan closure over inlet of 
disabled fan. 

2. Check at outlet with hand 
held psychrometer 

~12a. Corrected by step 1 

3 

3. Unsuited 

FAILURE 

2a. Control misposi
tion 

~13a. Crew comfort, or hand held,3a. Cabin temp senso 
psychrometer dry dulb reading / circuitry failure 
used for cabin temp indications 

4 

5 

6 5 . Manual valve 

~16a. Reposition manual valve as 
required (s/c coolant thermal 
change) to maintain cabin temp 

---->l6b. If uncomfortable Don PGA's 
for tern~ control. 

6a. Auto control of 
cabin temp. 

6b. All cabin temp 
control lost. 

.J:!;l'JVlHONMENTAL CONTROL SY0'l'.J:!;1Vl 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 JREV lt'lNAL 

SECT, ON 9 .1.6 IPAGE 4 7 

J 



2/· 
SYIIPTOII 

Cabin Tempera
ture low. 

STEP 

1. 

2. 

3. 

4. 
5. 
6. 

PROCEDURE 

Verify: 

a. CABIN RX exhause flow:path 
unobstructed 

b. Verify individual operation 
of each CABIN AIR FAN 

c. CABIN TEMP SWITCH - AUTO 

d. CABIN TEMP THDMBWHEEL-FULL 
INCREASE 

Cabin temperature 

a. Increases to NORMAL 

b. Remains LOW 

Crew comfort 

a. LOW TEMP (Crew discomfort) 

b. Comfortable 

CABIN TEMP SWITCH - MANUAL 

CABIN TEMP VALVE-FULL HOP 

TEMP CABIN 

a. Increases to NORMAL 

b. Remains low 

NEXT 
STEP 

2 

REIIARltS 

Normal cabin temp. 7O-8O°F 

lb. If one fan is inoperative 
place fan closure over inlet of 
disabled fan. 

~ 12a. Corrected by step 1 

3 

3. Unsuited 

4. 

FAILURE 

~ 13b. Crew comfort, or handheld ~b. Cabin temp. 
psychrometer dry bulb reading ensor/circuitry 
used for cabin temp. indication.failure. 

5. 
6 5. Manual valve 

--.:;> 16a. Reposition manual valve as 
required (s/c coolant thermal 
change) to maintain cabin temp. 

6b. If uncomfortable don PGAs 
for temperature control. 

6b. Cabin temp. 
control lost. 

NOTE: Cabin tempe~ature may be increased by powering up ~auipment and s/c orientation. 
Condensatiol willl be evident with cabin temperatur, belo150°F, 

PREPARED ev, J .. \3ruso) FLIGHT cREw suPPoRT D1v1s10N ENVIRONMENTAL CONTROL SYSTEM 
~o.~ v DATE, 

6 
MALFUNCTION PROCEDURES . J). , JAN 27, 19 7 

APOLLO OPERATIONS HANDBOOK 
S/C OJ 2 fREV FINAL 
SECTION 9.1.6 IPAGE 48 

IISC Form 480 (Rev Dec 88) 



SYIIPTOII 

l?Jf. HIGH CABIN 
..--t"HUMID ITY 

STEP PROCEDURE NEXT 
STEP 

REMARKS 

High humidity noted by crew 
discomfort or condensation with
in the C/ M - probably on Cabin 
HX louvers. Determine relative 
humidity or dew point by using 
hand held pshchrometer. 

FAILURE 

NOTE: Examine CABIN.INTERJOR FOR WATER LEAKS & ISOLATE LEAKS 

PREPARED BY 1 -.) .]~'<"C'.A) 

Te:9-~- ,,./ _ 
_Lf.~J,-~~~ 

IISC Form 480 (Rev Dec 88) 

1. ~erify SUIT CIRCUIT RETURN 
~IR CHECK VALVE - OPEN 
& intake screen clean and flow
~ath unobstructed. 

2 • lITJMID ITY 

~- No Decrease 

lb. Decreases 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

JAN 27, 1967 

2 1. Suit compressors must be off 
while vacuuming return air 
screen. 

~2a. Refer to ECS Malfunction 
Procedure No. 17 

-----,l2b. Corrected by Step 1. 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 012 IREV FINAL 
SECTION9_._l.6 )t>AGE 49 

) 



;J ) i) ) 5) 

SYMPTOM STEP PROCEDURE NEXT REMARKS FAILURE 
STEP 

~ GLYCOL TEMP Lite trigger: -30° F. Glycol 
LOW C & W-Lite - ON becomes slyshy @(.-30°F; if 

temp is not increased radiator 
freezing is probable with re-
sulting loss of radiator cool- , 
ing capability. However, radi-
ator outlet temp should not be 
maintained C 3O°F for extended 
periods to preclude slow recov 
ery response and progressively 
poorer performance. 

1 ECS RAD OUTLET TEMP: 

a. NORMAL: > 3O°F 30 

b. LOW: <.3O° F 2 

ECS RAD OUT TEMP LOW 2 ECS RADIATOR TEMP 1+2 2. Try to ascertain which 
3O°F radiator may be causing probleTI 

a. BOTH NORMAL 29 

b. ONE LOW 21 

c. BOTH LOW 3 

3 Verify ECS RAD #1 (A) - OFF 4 3-6. Verify valve positions fo1 
condition of radiator outlet 

4 Verify ECS RAD #1 (B) - Open 5 temp<' 35° F 

5 Verify ECS RAD #2 (A) - OFF 6 

6 Verify ECS RAD #2 (B) - Open 7 

7 ECS RAD OUTLET TEMP 

PREf'ARED BY, FLIGHT CREW SUPPORT DIVISION 
ENVIRONMENTAL CONTROL SYSTEM 

APOLLO OPERATIONS HANDBOOK 
DATE, Jan. 27, 1967 MALFUNCTION PROCEDURES 

S/C 012 IREvFINAL 
/<. I:.<- o, .- r. o _ SECTION 9 .1. 6 IPAGE 50 

MSC Form 480 (Rev Dec 88) 



SYMPTOM STEP PROCEDURE 

3L (Cont) a. LOW:<_30°F 

b. NORMAL: >30°F 

NEXT 
STEP 

8 

~ 

REMARKS 

7b. Exercising radiator isola
tion valves has alleviated 
problem. 

FAILURE 

~: Radiator temp can be' increased by diverting a portion 'of the' hot glycol from the pumps to tr$ radiators by 
panually overriding the GL¥COL EVAP TEMP IN valve. However, caution should be used to maintain 40-48° F evaporator 
:outlet temperature. 

~: Normal evaporator outlet temperature varies with mode of operation 40-43° Fin evap mode, 42~48° Fin-mixing mode 
!until Glycol temp in 

1
(mixipg) valve full closed, and then t~ 49-5Q-5° F before the evap mode is initiated. 

8 I GLYCOL EVAP TEMP IN (sw) - MAN 

9 GLYCOL EVAP TEMP IN - max. cool 
(ccw) 

10 IGLY EVAP OUTLET TEMP: 

11 

12 

PREPARED BY, 

XJ. 13.rw A,, T7V1 o 
IISC Form 460 "(ilev Dec 66 

I 

' 

a. NORMAL:) 40°, (48° F 

b. LOW: <.40° F 

GLYCOL EVAP TEMP IN - to HEAT 
(cw) 

ECS RAD OUTLET TEMP 

a. NORMAL: >30° F 

b. LOW: ~30° F 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan. 27, 1967 

r 

9 

10 

12 

11 

9. Divert max. hot glycol flo~ 
to radiators. 

10. Allow time for max. hot 
glycol flow to circulate 
through ECS radiators. 

10 I 11. Divert some hot glycol 
flow to evaporator to maintain 
EVAP outlet temp ;>40° F <48°F 

13 

9 12b. If ECS RAD OUTLET TEMP 
does not increase after severaJ 
attempts, proceed to step 17. 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 lREV FINAL 
SECT I ON 9 .1. 6 )PAGE 51 

( 

\._ 



SYIIPTOII STEP PROCEDURE 

31. (Cont) 13 GLYCOL EVAP TEMP IN (sw) - AUTO 

14 ECS EVAP OUTLET TEMP 

a. NORMAL: > 40° F 

b. LOW:< 40° F 

15 fSwitch electrical plug from J38 
to J39. 

16 IECS EVAP OUTLET TEMP 

a. NORMAL 

b. LOW 

NEXT 
STEP 

14 

17 

15 

16 

----
...... 

REMARKS 

13. Reestablishes auto control 

15. Switch to spare glycol in
let sensor that controls GLY 
EVAP TEMP IN (mixing) valve. 

16a. Loss of redundant sensor 
to Glycol Temp Control Unit. 

FAILURE 

16a. Glycol sensor 
that inputs to GlycoJ 
Temp Control Unit 
failure. 

16b. Probable GLYCOL 
EVAP TEMP IN valve 01 

Glycol Temp Control 
Unit failure. 

NOTE: Loss of auto inlet glycol temp. control to glycol evap. Manual override of GLY EVAP TEMP IN valve can maintain 
evap. outlet temp>40° F, but will require constant crew attention, Powering up s/c Electronics and initiating 
S/C "slow roll" to increase radiator outlet temp. will illeviate crew attention to GLYCOL EVAP TEMP IN valve. However, 
increased water usage will result due to glycol evap. operation to maintain glycol evap. outlet temp to 40-43° F. 

17 jECS RAD OUTLET TEMP. 

a. LOW: l.30°F 18 
b. NORMAL: ;> 30°F ~ 

18 !When possible: Slow roll s/c to I 19 
maximize Sun, Moon, and/or Earth 
heating on both radiator surfaces 

17b. Transient condition. 

18. Add external heat to 
radiator surfaces. 

19 !Power S/C to maximize heat into I 20 
coldplates. 

19. Add heat to glycol loop. 

PREPARED BY, 

DATE 1 

l..:'._L L...~ 4,, --A 
ISC Form 460 (Rav Dae 66) 

FLIGHT CREW SUPPORT DIVISION 

Jan. 27, 1967 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
APOLLO OPERATIONS HANDBOOK 

S/C 012 jREV FINAL 
SECT, ON 9. 1. 6 IPAGE 22 



SYIIPTOII 

31. (Cont) 

ECS RADIATOR TEMP 
1 (or 2) LOW 

PREPARED BY, 

I STEP I PROCEDURE 

I 
20 ECS RAD OUTLET TEMP. 

a. NORMAL: ) 30° F 

b. LOW: (30° F 

21 IECS RAD #1 (or 2) A - OFF 

22 IECS RAD #1 (or 2) B - Open 

23 IECS RAD OUT TEMP 1 ( or 2) 

a. NORMAL: > 30°F 

b. LOW: 4'30° F 

24 IECS RAD OUTLET TEMP: 

a. LOW: ~30° F 

b. NORMAL: .>30° F 

FLIGHT CREW SUPPORT DIVISION 
DATE, Jan. 27, 1967 

R. ~ ~_,;n_h,L -

IISC Fa rm ,Bo -( Rev Dec BB) 

I NEXT I 
STEP 

REMARKS 

1----+I 20a. Monitor ECS radiator 
temperatures until stable con-
dition established. 

-41 20b. Loss of radiator cooling 
capability should be expected. 
Glycol evaporator only cooling 
means available. Ir required, 
s/c can be oriented so one of 
the radiators recieves maximum 
external heat fr om Sun , Moon 
or Earth. 

22 

23 

24 

25 

25 

21-23. Check f or proper RAD 
configuration for one RAD out
let temp low. (A circuit 
closed and B circuit open) 

~I 31b. Exercising radiator iso
lation valves has alieviated 

I FAILURE 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 

S/C OJ 2 tEV FJNAT 
SECTIONq.7.6 \,AGE ~) 



SYMPTOM STEP 

31. ( Cont) 

25 

PROCEDURE 

Orient s/c with cold radiator 
towards heat sorce. 

NEXT 
STEP 

26 

REMARKS 

problem. 

25. Maximize Sun, Moon, Earth 
heating on radiator surface. 

FAILURE 

CAUTION: Monitor the other radiator to avoid loss due to being on the cold side and freezing completely. 

RAD TEMP INDICATOR/ 
SENSOR MALFUNCTION 
ISOLATION. 

c----. ..... 
PRE PAR ED BY 1 ::\ \\Sa.K&:1) 

26 Power up S/C 

27 ECS RAD OUTLET TEMP: 

a. NORMAL: ,. 30 °F 

b. LOW: ~ 30°F 

27 26. Maximize heat input to 
cold plates. 

~ I 27a. Problem alieviated. 

28 27b, Loss of 50% of radiator 
cooling capability. 

28 I Periodically monitor far indica-,~ 
tion of recovery 

29 IF: ---, 29. Loss of glycol temp C & W 
a. GLYCOL TEMP LOW C & W lite - and combined ECS Rad outlet 
ON temp indication. Use ECS RAD 
b. ECS RAD OUTLET TEMP. OUT TEMP 1, 2 meter to monitor 
LOW: ~-30°F radiator outlet temperature. 
c, ECS RAD OUT TEMP 1 & 2: 
NORMAL: )-30°F 

30 IF: ~ 30. Loss of radiator glycol 
a. GLYCOL TEMP LOW C & W lite - outlet temp. low C & W indica-
ON tion. Use meters to monitor 
b . EC S RAD OUTLET TEMP: temp . 
NORMAL: .?-30°F 
c. ECS RAD OUT TEMP 1 & 2: 
NORMAL: ;;,, - 30 °F 

27b. Probable frozen 
radiat or #1 (or #2) 

29. PROBABLE FAILURE 
OF TEMP SENSOR driv
ing C & W lite and 
ECS RAD OUTLET TEMP 
meter. 

30. Probable C & W 
circuitry failure. 

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 

/.~::>. ,?~~n-,c..e.-4' DATE 1 ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

5/C 012 (REV FINAL 
SECTION _2_.1.6 IPAGE SL!. R --,q,_, I.., '79/1 ;,; JAN 27. 1967 

MSC Form 460 (Rev Dec BB) 



SYIPTOII 

i i2. HIGH ECS RAD 
/ OUTLET TEMP >97 ° F 

PREPARED BY, 

STEP 

1 

PROCEDURE 

ECS RADIATOR OUTLET TEMP. 

a. BOTH NORMAL: <97° F 

b. BOTH HIGH: )97° F 

c. 1 or 2 HIGH: >97° F 

2 I ECS RAD INLET TEMP 

a . .(. 97° F 

b.)> 97°F 

NEXT 
STEP 

2. 

5. 

3. 

4. 

' 7 

REIIARltS 

With ECS RAD OUTLET TEMP >97° F 
the evaporator will be unable tc 
maintain normal EVAP OUTLET 
TEMP (40-43° F) 

3 I GLYCOL TO RAD VALVE - CLOSE ~13- Serious heating in S/M. 
Possible fire or RCS firing on 
RAD. 

4 I Power down 1-----¼14• Refer to EPS Malfunction 

5 I Verify RAD isolation valves (4) I 6. 
open 

Procedure NO. 7 section 9.1.4.3 
(Inverter 1, 2, or ·3 .?190° F) 

6 I Orient s/c with hot RAD away fro,----,16. Monitor temps for recovery 
heat source. 

FAILURE 

la. RAD OUTLET TEMP 
SENSOR/CIRCUITRY 
FAILURE. 

3. Excessive heatint 
in s/M. 

6. Probable single 
radiator restriction 
or s/c orientation 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

ENVIRONMENTAL CONTROL SYSTEM APOLLO OPERA fl ONS HANDBOOK 

R,lkwJ0m,c,a Jan. 27, 1967 MALFUNCTION PROCEDURES S/C 012 REV FINAL 
SECTION 9.1.6 PAGE 55 

IISC For■ 480 (Rev Dae 88) 



SYIIPTOII 

33. HIGH GLYCOL 
EVAPORATOR OUTLET 
TEMP (>50.5°F) 

PREPARED BY, 

I 

STEP 

1. 

2. 

3. 

4. 

R ~~ -~ ,; 
ISC Form 480 {Rev Dec 88) 

PROCEDURE 

I ECS RAD OUTLET TEMP 

a. < 49° F 

b. > 49° F 

c. > 97° F 

GLYCOL PRESS RELIEF BYPASS valve: 
1 and 2 - OFF 

I GLYCOL EVAP OUTLET TEMP 

a. Decreases 

I b. No change 

GLYCOL PRESS RELIEF BYPASS valve 
1 and 2 open one at a time to 
isolate failed open relief valve 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

JAN 27, 1967 

NEXT 
STEP · 

2 

15 

REMARKS 

Normal Glycol Evaporator Out
let temp 40-50. 5° F depending 
on mode of operation. In the 
Evap mode, 40-43° F; mixing 
mode, 42-48° F and then when 
mixing valve full closed, 
49-50.5° F before the Evap mode 
is initiated. 

la. Evaporator operation not 
required. 

~ Ile. Refer to ECS Malfunction 
Procedure No. 31. 

3 

4 

5 

15 4. Radiator auto bypass relief 
redundancy lost and possible 
evaperator malfunction. Refer 
to step 15 to verify EVAP 
operation. 

FAILURE 

le. HIGH ECS RAD 
OUTLET TEMP. 

4. GLYCOL PRESS RE
LIEF BYPASS valve 1 
and/ or 2 relief 
failed open. And 
possib:Le EVAP 
MALFUNCTION. 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 lREV "!<'TN.AT 

SECTION 9.1.6 IPAGE 56 



SYMPTOM STEP PROCEDURE 

33. (continued) 

NEXT 
STEP 

REMARKS FAILURE 

WARNING: While switching J38-J39, electrically deactivate,evaporator and mixing valves. 

5 Switch EVAP SNSRS plug to redun
dant receptacle (J38 or J39) 

6 I GLYCOL EVAP OUTLET TEMP 

6 5. Check alternate set of sen
sors f or control of mixing 
valve. 

a. Decreases to NORMAL: 45±3°Fl---t l6a . Sensor redundancy lost. 6a . J38 or J39 sen
sors failed 

b. No change 

7 GLYCOL EVAP TEMP IN switch - MAN 

8 I GLYCOL EVAP TEMP IN valve - COOL 

9 

10 

11 

12 

PREPARED BY, 

k'. /.<, _ .~ • .,.... -· ✓ 

MSC Form 480 (bv Dec 88) 

GLYCOL EVAP OUTLET TEMP 

a. Decreases: 45±3° F 

b. No response 

Maintain 45±3° F at GLY EVAP 
OUTLET TEMP with GLYCOL EVAP 
TEMP in val ve 

Plug EVAP TEMP SENSOR UNIT into 
J38 or J39. 

EVAP TEMP SENSOR UNIT switch -
INLET 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27 , 1967 

7 

8 

9 

10 

11 

8 . Set carefully to keep GLY 
EVAP OUTLET TEMP 45±3° F. 

9b. · All control of mixing valvE 
l ost or EVAP OUTLET TEMP gage 
failure. 

~ 110. Manual control of GLY EVAP 
TEMP IN (MIXING) valve required 
in mixing mode. 

12 

13 

10. Sensor or 
controller failure. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
S/C 012 JREV FINAL 
SECTION q_7 .6 IPAGE 57 

- ~ 



SYMPTOM STEP 

33. (Cont) 13 

14. 

PROCEDURE 

GLY EVAP INLET TEMP 

a. < 50 . 5° F 

b. ) 50.5° F 

Power down to maintain GLY EVAP 
OUTLET i. 60°F ( while in mixing 
mode) 

~ 

NEXT 
STEP 

REMARKS 

~ll3a. Auto mixing usable, mon
itor inlet temperature 

14 

~ I 14. Temperatures > 50. 5 4( 60° F 
indicates a malfunction, but 
are acceptable for limited 
operation. 

FAILURE 

13a. EVAP OUTLET 
TEMP gage failure 

13b. GLYCOL EVAP 
TEMP IN (MIXING) 
valve failure 

NOTE: If unable to"reduce temperature(60°F or power up reQuired, manually operate evaporator to control EVAP OUTLET 
TEMP. . • 

PREPARED BY, 

15. I GLY EVAP STEAM PRESS 

a . ( 0 . 09 ps ia 16. 115a. Pressure low. 

b. ) 0.09 4'0.18 psia 52 

c. '10 .18 psia 26 

16. I GLYCOL EVAP STEAM PRESS-MAN 17 

17. I GLYCOL EVAP STEAM PRESS Switch -I 18 
INCR (full closed) 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

15b. Pressure within operating 
range. Possible glycol evap 
outlet temp gage failure or 
eroneous steam pressure indica
tion. 

15c. Pressure high. Possible 
back pressure valve controller 
failure or blocked steam duct. 

17. Check for frozen or dry 
wick . 

APOLLO OPERATIONS HANDBOOK 
s;c QJ 2 IREV FINA I 

P, ~ ii, O'MIZ ·--
JAN 27, 1967 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

SECTION 9.1.6 IPAGE---5.8. 

ISC For■ 480 (Rev Dec 88) 



SYIIPTOII STEP PROCEDURE 

33. (Cont) 18 I POWER DOWN s/c 

191 GLY EVAP STEAM PRESS 

a. Increases: 0.12-0.14 psia 

b. No increase 

20 I GLY EVAP WATER CONTROL BYPASS -
ON 30 Sec/ OFF 

2°1 I GLY EVAP WATER CONTROL BYPASS -
ON 1 MIN/ OFF 

NEXT 
STEP 

REIIARltS 

19 118. Reduce electrical load to 
contain over temp condition 

I 20 

121 
22 

I 22 

19a. Wick was frozen and not 
completely dry. 

19b. Wick dry. 

21. Wick servicing. Delay 5 
tmin. before reactavating Glycol 
evaporator in auto mode. 

FAILURE 

22 Switch EVAP SNSRS plug to redun- I 23 
dant receptacle (J38 or J39) 

23 I GLYCOL EVAP STEAM PRESS - AUTO 

24 IGLY EVAP STEAM PRESS 

a. NORMAL 

b. LOW 

25 IGLY EVAP OUTLET TEMP 

a. NORMAL 

b. HIGH 

26 !GLYCOL EVAP STEAM PRESS - MAN 

PREPARED BY, FLIGHT CREW SUPPORT DIVISION 
DATE 1 

..ts: .. .1..f;< ,/111,.,,. AA 
JAN 27, 1967 

11st For■ 480 (Rev Dec 88) 

24 

25 

31 

~J25a. Sensor redundancy l ost. 25a, J38 or J39 
sensor or controller 
failure. 

31 

. 27 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012_ JREV FINAL 
SECT I ON 9, l, 6 jPAGE ")9 



,......._.. 
SYIIPTOII 

33. ( Cont) 

STEP PROCEDURE 

27 I GLYCOL EVAP STEAM PRESS switch 

28 I GLYCOL EVAP STEAM PRESS 

a. Decreases 

b. No change 

NEXT 
STEP 

28 

REMARKS 

29 l28a. Possible loss of auto
matic back pressure control 

45 128b. Steam duct blocked 

~) 
~ 

FAILURE 

WARNING: While switching J38-J39, electrically deactivate.evapofator and mixing valve. 

PREPARED BY1 

29 Switch EVAP SNSRS plug to re
dundant receptacle (J38 or J39) 

30 I GLYCOL EVAP OUTLET TEMP 

a. NORMAL 

b HIGH 

31 I Plug EVAP TEMP SENSOR UNIT into 
EVAP SNSRS J38 or J39 

32 I EVAP TEMP SENSOR UNIT switch -
WICK 

33 I WICK temp 

a. L40° F 

b. 740° F 

34 I GLY EVAP STEAM PRESS switch -
increase until WICK temp 40° F 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

_/4.' ,~11.t./tJ2-
JAN. 27, 1967 

ISC For■ 480 (Rev Dec 88) 

30 

~l30a. Sensor redundancy lost. 

31 

32 

33 

34 l33a, Probable frozen wick. 

37 

35 134, Closes back pressure valve 
to thaw wick and reestablish 
boiling about 15-30 min. 
required. 

30a. J38 or J39 
sensors failed. 

33a EVAP Frozen 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 f REV FINAL 
SECT, ON 9 .1. 6 lPAGE 60 



SYIIIPTOII 

33, ( Cont) 

PREPARED BY, 

STEP 

35 

PROCEDURE 

GLY EVAP STEAM PRESS switch -
AUTO 

36 I GLYCOL EVAP OUTLET TEMP 

a. 40-43° F 

b. >43° F 

37 I GLYCOL EVAP STEAM PRESS switch -
AUTO 

38 I EVAP TEMP SENSOR UNIT - NULL 

39 I Manipulate GLY EVAP H20 switch 
between ON and OFF. 

40 I GLY EVAP OUTLET TEMP 

41 

42 

a. 40-43° F 

b. >43° F 

EVAP H
2
0 valve - OFF 

Manipulate GLY EVAP WATER CON
TROL BYPASS valve vetween ON 
and OFF 

43 I GLY EVAP OUTLET TEMP 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

/.?, ✓-< ~ _,,,.._A.,,, J.AN 27, 1967 
IISC Form 460 (Rev Dec 66) 

NEXT 
STEP 

36 

REMARKS 

~ 136a . Frozen evap probably 
caused by transient condition 

38 

38 

39 

40 139, Manual control of water to 
wick. 

~l40a. Automatic EVAP control 
lost (water only) . Manual con
trol possible when required 
using NULL position of EVAP TEM1 
SENSOR UNIT to control water 
flow with switch. 

41 

42 

43 142, Manual control of water to 
wick 

FAILURE 

40a. GLY EVAP con
troller (water sec
tion) controller 
failure. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
5/C ill2___ IREVFTNAT 
SECTION 9.lJ) __ IPAGE 60a_ 



SYMPTOM STEP 

33, ( Cont) 

44 

45 

1( 46 

uflD47 
8 

49 

50 

51 

PREPARED BY, 

.K./~~~1:111,,.~ 
. ISC Form 460 (Rev Dec 66) 

PROCEDURE 

a. 40-43° F 

b. >-43° F 

Power down to maintain EVAP 
OUTLET TEMP <60° F 

Cycle STEAM/URINE DUCT HTR CB's 
MN A & MN B. 

GLY EVAP STEAM PRESS switch -
AUTO 

GLY EVAP H
2
o switch - OFF 

Orient s/c with steam duct out
let to heatsource. 

Monitor GLY EVAP OUTLET TEMP 

a. Decreases 

b. No decrease 

GLY EVAP H
2
0 switch - AUTO 

Power down to maintain EVAP OUT
LET TEMP <60° F 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27, 1967 

NEXT 
STEP 

REMARKS 

----, 143a. Manual bypass only water 
control to evap wick. Continue 
manual operation as required. 
Requires crewman at LHEB. 

44 

46 

47 

48 

49 

50 

51 

47, Prevents added water inflo, 
to evaporator. 

48, Attempt to thaw frozen 
duct outlet. Time required may 
be excessive. 

49a, Duct clear and boiling 
resumed. 

~150, EVAP operation reestab
ished. 

~151, Evaporator unusable as 
long as steam duct blocked. 
Cabin Pressure relief may not bE 
possible through steam duct. 

:--, 

FAILURE 

43a. EYAP WATER 
valve electrical 
failure. 

43b. EVAP failure 

51. Blocked steam 
duct. 

ENVIRONMENTAL CONTROL SYSTEM 
'MAT:iFUNC1l'ION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 012 IREV J:''11\JAL 

SECTION9---:-I.6 )PAGE bOb . 



SYIIPTOII STEP PROCEDURE NEXT REMARKS FAILURE STEP 

33. (Cont) 52 Plug EVAP TEMP SENSOR UNIT into 53 
J38 or J39. 

53 Kv AP TEMP SENSOR 54 
UNIT switch - INLET 

54 GLY EVAP INLET TEMP 

a. >GLY EVAP OUTLET TEMP ~ 54a. Gly Evap out-
let temp gage fail-
ure. 

b. $,GLY EVAP OUTLET TEMP 16 

PREPARED BY, FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK ENVIRONMENTAL CONTROL SYSTEM 
5/C 012- IREV FINAL. DATE 1 

JAN 27, 1967 MALFUNCTION PROCEDURES ,If;/ /:=i-,_ h .Jr,; • 
SECTION 9 .1.6 IPAGE 60c. 

ISC Form 460 (Rei Dec 66) 
I 



SYMPTOM 

·3¼. LOW GLYCOL 
EVAPORATOR OUTLET 
TEMPERATURE: <40°F. 

STEP 

1 

PROCEDURE 

ECS RAD OUTLET TEMP 

a. >'49-50.5°F 

b. < 42°F 

NEXT 
STEP 

12 

2 

.) 

REMARKS 

Normal temperature range 40-
50.50F depending on operation 
mode. 

la. Evaporator operating, but 
improper boiling. 

lb. GLY EVAP TEMP IN (MIXING) 
VALVE not allowing adequate 
Glycol bypass. 

FAILURE 

!WARNING: While switching J 38-J39, electrically deactivate ~vaporJtor and mixing valve. 

2 

3 

4 

5 

6 

7 

PREPARED BY, 

K. 1£ Z 1rn~ ,,, 

. ISC Form 460 (Rev Dae 66) 

Switch EVAP SENSOR to redundant 
plug_ .. (J38 or J39) 

GLY EVAP OUTLET TEMP 

a. Increases to norma1(42-48°F) 
b. No change I GLYCOL EVAP TEMP IN switch - MAN 

GLYCOL EVAP TEMP IN valve - CW 
(IIBAT) 

I GLY EVAP OUTLET TEMP 

a. Increases 

b. No change 

I Adjust for 45° ±3°F at GLYCOL 
EVAP OUTLET TEMP. 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan. 27, 1967 

3 

--;>I 3a. Loss of redundant sensors 3a. Sensor failure •. 
4 
5 
6 

7 

8 

~ 

6b. Possible indicator failure 

7. Manual control of mixing 
valve required when ECS RAD 
OUTLET TEMP 40°F to prevent 
wick freezing. 

J38-J39-

6a. Automatic Glycol 
mixing control lost. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
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SYIIPTOII 

34. ( Continued) 

STEP 

8 

9 

10 

11 

12 

PROCEDURE 

GLYCOL EVAP TEMP IN switch -
AUTO 

Plug EVAP TEMP SENSOR UNIT into 
EVAP SNSRS J 38 or J39 

EVAP' TEMP SENSOR UNIT - INLET 

Evaporator INLET TEMP 

a. 45°F ±3°F 

b. (42°F 

GLY EVAP STEAM PRESS 

a • ( 0 • 0 9 ps ia 

b. ) O. 09 < O .12 ps ia 

c. )0.12 

NEXT 
STEP 

9 

10 

11 

___. 

REMARKS 

__,. I llb. Glycol bypass lost. Ra
diator outlet temperature must 
be maintained > 40° to prevent 
evaporator wick freezing and 
out of tolerance evap outlet 
temp. 

13 

16 

19 

12a. Boiler cold or freezing. 

12c. Probable Evap outlet 
temp gage failure. 

13. GLYCOL EVAP STEAM PRESS - MAN l 14 

14. GLYCOL EVAP STEAM PRESS-INCR(full 15. 14. Close back pressure valve. 

15. GLY EVAP STEAM PRESS 

a. Increases: 70 :12 

b. No increase 

16 

~ I 15b. Control of evaporator 
lost . 

• 

FAILURE 

lla. GLY EVAP OUTLET 
TEMP indicator fail
ure. 

llb. GLYCOL EVAP 
TEMP IN (MIXING) 
valve failed closed. 

15b. Back pressure 
valve failed open. 

WARNING: While switching J38-J39, electrically deactivate evaporator and mixing valve. 

PREPARED BY, 

16. !Switch evap sensor to redundant 
plug (J38 or J·39) and GLYCOL 
EVAP STEAM PRESS AUTO 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

R,/3 ~.I,.,,..,.,~ Jan. 27, 1967 
IISC Form 480 (Rev Dec 88) 

~ 
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' SYIIPTOII 

34, (continued) 

STEP 

17 

18 

19 

20 

21 

22 

23 

PROCEDURE 

GLY EVAP STEAM PRESS 

a. NORMAL 

b. LOW 

GLY EVAP OUTLET TEMP 

a. 40-43°F 

b. (40°F 

Plug EVAP TEMP SENSOR UNIT into 
EVAP SNSRS J38 or J39, 

EVAP TEMP SENSOR UNIT - WICK 

WICK TEMP 

a. > 40°F 

b . <40°F 

GLYCOL EVAP STEAM PRESS - AUTO 

~ 

NEXT 
STEP 

18 

19 

20 

21 

22 

23 

REMARKS 

18a. Sensor redundancy lost 

____. I 22. Automatic operation of 
evaporator re-established. 

GLYCOL EVAP H20 FLOW switch - OFFl ___. ~3. De-energizes Glycol Evap
)rat or operation. 

,.__', 

FAILURE 

18a. Sensor J38 or 
J39 failed. 

21a. GLY EVAP OUTLET 
TEMP indicator fail
ure. 

23 . Back pressure 
control ler failed. 

NOTE: Maintain Radiator outlet temperature<60°F. For high load conditions and entry the glycol evaporator can be 
-- used, but not recommended for normal operation due to. probable freezing and inefficient H20 usage . 

PREPARED BY, FLIGHT CREW SUPPORT DIVISION 

_R, /.Jwn, JL rtJAJL_~ 

DATE , Jan. 27, 1967 

IISC Form 460 (Rev Dec 60) 

ENVIRONMENTAL CONTROL SYSTEM 
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APOLLO OPERATIONS HANDBOOK 
5/C 012 (REV FINAL 
SECTION _2,1,6 )P~GE 63_ 



SYIIIPTOII STEP PROCEDURE NEXT 
STEP 

REIIARKS FAILURE 

PRESS GLY 
DISCH - LOW: ,34 
PSIA or decreasing 

I 

~ ACCUM QUANTITY 
LOW: <30% 

PREPARED BY, ~.\~..k'PA) 

~~/??.- c--J 

_R. ~.;.,.~ 
IISC Form 460 (Rev Dec 66) 

1 I GLY _ACCUM QUANTITY: 

a. NORMAL: 30-60% (and steady)I 18 

b. LOW:< 30% (and/or decreas- 2 I lb. System leakage. 
ing) 

2 I GLYCOL ACCUM1JLATOR valve - OFF 
(cw) 

I 3 I 2. Isolates accumulator 

3 I GLY ACCUM QUANTITY 

a. Decreasing I 4 I 13a. Glycol accumula-
tor leaking 

I I 3b. Glycol accum not leaking. 
I 

b. Stabilized 5 

4 GLYCOL RESERVOIR INLET valve-ON 1~14• Reservoir replaces accumula 
tor for remainder of mission. 

5 

6 

7 

GLYCOL ACCUMULATOR valve-ON (CC\-l1 6 

GLY TO RAD valve - CLOSE 

PRESS GLY DISCH: 

a. Remains LOW 

b. NORMAL: ;> 34 psia 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27, 1967 

7 

13 
8 

6. Assumes GLYCOL PRESS RELIEF 
BYPASS valves - OPEN. Bypasses 
all glycol flow .around radiator 
Not to exceed 30 minutes to 
avoid radiator freezing. 

7b. Probable leak in ECS radi
ators. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
S/C 012 (REV FINAL 
SECTION 9.1.6 - (PAGE b4 



SYMPTOM 

37. (Cont) 

PREPARED BY, 

STEP PROCEDURE 

8 ECS RADIATOR (4) - OFF 

9 GLY TO RAJ) valve - OPEN 

10 IPRESS GLY DISCH: 

. 

11 

12 

a. Remains NORMAL 

b. Decreases: < 34 psia 

GLY TO RAD valve - CLOSED 

Open ECS Radiator Isolation 
valves one at a time (monitor 
glycol discharge pressure for 
decrease) to isolate leaking 
radiator circuits. Re-close 
valve where leak indicated. 

13 IGLY TO RAD valve - OPEN 

14 !Verify: 

SUIT EVAP switch - MAN 

SUIT EVAP water valve - OFF 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

~·~ /:<. ,h.,,J"'!r . .A ,L 

JAN 27, 1967 

ISC Form 480 (Rev Dec 88) 

NEXT 
STEP 

9 

10 

12 

11 

REMARKS 

8. Radiator isolation valves 
closed (17 sec required for 
valve travel). 

~Ill.Leak cannot be isolated to 
individual radiator circuit. 
Radiators must be isolated to 
conserve glycol. Loss of all 
radiator glycol cooling. Gly
col evaporator only cooling 
means available. 

~ 

14 

15 

12. Leaking sections of 
radiator isolated. About 25% 
cooling lost for each circuit 
isolated. 

13. Re-establish flow to 
radiators. 

14. Assure Suit Evaporator does 
not start when Glycol bypassed 
around suit heat exchanger. 

) 

FAILURE 

10b. Leakage in S/M 
lines. 

12. Partial Radiator 
failure; with leakage 
in Rad la, lb, 2a and 
/or 2b. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
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SYMPTOM 

37. ( Cont) 

"' 

STEP 

15 

16 

17 

18 

19 

20 

PREPARED BY 1 ~ t "\-:x;u;iJ) 
5Fo- l?I'~ 

R, ~ J.urn ~ 
MSC Form 480 (Rev Dec BB) 

PROCEDURE 

SUIT EVAP GLYCOL valve - OFF 

PRESS-GLY DISCH 

a. Remains LOW: 

b. NORMAL: 

NEXT 
STEP 

16 

17 

REMARKS 

15. Directs glycol flow around 
suit heat exchanger 

16a. Unable to isolate glycol 
system leakage. Eventual loss 
of entire glycol supply with 
resulting loss of total space
craft thermal control 

FAILURE 

16a. Glycol system 
leakage. 

I )ll6b . Loss of suit cooling capa- 16b. Glycol leak in
bility with suit heat exchanger ternal to suit heat 
Suit evap. only means available exchanger. 
for suit circuit cooling. 

SUIT EVAP GLYCOL valve - ON I~ 

ECS GLYCOL PUMP SELECTOR SWITCH-I 18 
Select alternate pump and/or bus 
and verify C/B's. 
PRESS-GLYCOL DISC 

a. Normal: > 34 psia 

b. Remains LOW: 

MSFN CF0550P 

a. NORMAL: 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27, 1967 

~ll9a. Pump or bus redundancy 
lost. Continue operation on 
active bus or functional gly
col pump 

20 

20. Check glycolAP across cold 
plate net# 2. 

19a. Electrical or 
pump failure. 

~l20a. Loss a t glycol pump outlet 20a . Glycol Pumps 
pressure indication. Use Outlet Press. Sensor 
CF0550P as gl ycol flow indica- / Circuitry Failure . 
t ion 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S/C 012 IREV FINAL 
SECT, ON 9 .1. 6 J PAGE 66 



.......... 

' 

SYMPTOM STEP PROCEDURE NEXT 
STEP 

REMARKS FAILURE 

37. (Cont) b. LOW: \. 2Ob. Compl ete loss or degraded 2Ob. :BOTH GLYCOL 
/ 

glycol pump capability. Prob- PUMPS or circuitry 
able loss of spacecraft thermal failure . 
control. 

" PREPARED BY, ,,i\ ,~j"f'l) FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 

ro. ~,rJ - DATE 1 ENVIRONMENTAL CONTROL SYSTEM 5/C n7? IREV li'Tl\TliT 

R. ✓-<J' ,,, - _.--:;- JAN 27, 1967 MALFUNCTION PROCEDURES SE CTION 9.1.6 IPAGE 67 
MSC Form 460 (Rev Dec 66) 



SYIIPTOII 

I J. GLY ACCUM 
~UANTITY - HIGH: 

increasing "7 7CP/o 

STEP 

1 

PROCEDURE 

Verify 

a. GLYCOL ACCUM S/ O valve-OPEN 
b. GLYCOL RESERVE valve-CLOSED 
c. _GLYCOL RESERVOIR INLET/OUT
LET valves - CLOSED 
d. GLYCOL RESER.VO IR BYPASS 
valve - OPEN 

NEXT 
STEP 

2 

REMARKS 

1. Establish system configura
tion 

FAILURE 

NOTE: Glycol accumumulatdr pressure is referenced to Cabin'Pressure - hence any glycol accumulat~r quantity<:lOCP/o 
~ot result in coolant loop overpressurization. Normal accumulator quantity 30-6CP/o. 

2 

3 

4 

s 

6 

_c:::-...._ 

PREPARED BY 1 ~ , ~,,f 

'r. t?~ ~,#'},~---"'-
R.B~_; 

IIS~ Form 480 (Rev Dec 88) 

GLYCOL RESERVOIR INLET valve -
OPEN 

GLY ACCUM QUANTITY indicator 

a. 7CP/o 

b. No decrease 

GLYCOL RESERVOIR INLET valve -
CLOSED 

GLY ACCUM QUANTITY 

a. Remains normal or slow 
increase 

b. Rapid increase 

GLYCOL RESERVOIR INLET valve -
OPEN 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27, 1967 

3 

4 

2. Permits transfer of glycol 
from accumulator to reservoir. 

,-.. 13b. Quantity indication lost, 
S use reservoir for positive 

accumulator action. 

~ I Sa, Repeat steps 3-4 as re
quired to maintain normal 
pressure. 

6 

~ 6. Glycol reservoir used for 
accumulator action 

3b, Indicator 
failure 

Sa, Slow leakage of 
GLYCOL RESERVE valve 

Sb. Large leakage of 
GLYCOL RESERVE valve. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
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SYMPTOM STEP PROCEDURE 

41. POTABLE HOT 
If2o TEMPERATURE LOW 

L:::::::, 
PREPARED BY 1 ~ , \ ~.J.,Jf'_)) 

77o,mn.5f4,.~ 
LZ /5ri- ~ ,,71x,, 

MSC Form 480 (Rev Dec 88) 

1 

2 

3 

POT H
2

0 HEATER 

a. OFF 

b. MN A or B 

POT H
2

0 HEATER - MN A or B 

POT H20 HEATER - alternate Bus 
(MN A or B) 

4 IHOT H2o TEMP. 

a. Increases 

b. No Increase 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27, 1967 

NEXT 
STEP 

2 

3 

REMARICS FAILURE 

4 I 2. Inadvertant switch position 

4 

➔ 4a. Power supply redundancy 
lost. Approx. one hour recovery 

4a. Circuitry failu~ 
from MN A or B bus. 

➔ 

time required. 
4b. Hot H20 supply lost 
covery time extended. 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

or re-14b. Heater failured 
or degraded. Loss 
of one or both heater 
elements. 

APOLLO OPERATIONS HANDBOOK 
5/C 012 IREV FINAL 
SECTION ·9.1.b IPAGE 69 



SYMPTOM STEP PROCEDURE NEXT 
STEP 

REMARKS FAILURE 

42. POTABLE H20 
QUANTITY fails to 
increase on trans
fer. 

\)\ 
\ 

;"/ 

~ 

I 

I 

I 
I 

PREPARED BY, )d ~) 
'iF0 -M~~ -,, 

/?. /~ ~ 0 -

IIS~ Form 460 (Rev Dec 66) 

1. !WASTE H20 TK REFILL - 2 (alter 
nate tank) 

2 . !WATER QUANTITY (Potable) 

a. INCREASES 
I 

lb. NO INCREASE 

3. !Continue normal transfer pro-
cedure 

4. lATER QUANTITY (Potable) 

a. NO CHANGE 

b. DECREASES 

2 . 

Asswne proper valve CQnfigura
tion and H20 IND switch - POT . 

1. At tempts transfer from re
dundant SM tank. 

--4 I 2a. One SM WASTE H20 TANK 
unusable or empty. · 

(56#! 2a . No . 1 or 2 SM 
WASTE H

2
0 SOLENOID 

S/0 Val ve or circui
try failure. 

3. 

4. 13. No evidence of transfer on 
quanity indicator; however , 
transfer may be in progress if 
indicator failed. 

----414a. Monitor MSFN CF 0126 P forl4a. Gage failure 
pressure increase to overcome 
WASTE TANK INLET & RELIEF VALVE 

jtip - indicating full POTABLE 
TANK . Then monitor MSFN 
CF0127P for increase indicating 
potable tank full 

~4b . Water did not transfer. 
Potable water only sure water 
supply remai ning . 

4b . N
2 

transfer sys
tem failure or line 
blockage . 

!WARNING: Monitor fuel cells for possible flooding 
I 

FLIGHT CREW SUPPORT DIVISION I ENVIRONMENTAL CONTROL SYSTEM 
DATE, MALFUNCTION PROCEDURES 

JAN 27, 1967 
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SYMPTOM 

WATER QUANTITY 
ECREASE RATE HIGH 

PREPARED BY, 

STEP 

1 

2 

3 

4 

5 

6 

~~ ,h.,, ,-r#U) 

MSC Form 480 (Rev Dec BB) 

PROCEDURE 

WASTE TANK WATER & RELIEF VALVE 
- CLOSE 

WATER usage rate 

a. Normal 

b. High 

WASTE TANK WATER & .RELIEF 
VALVE - AUTO 

WATER CONTROL PRESSURE RELIEF -
OFF 

WATER QUANTITY 

a. Decrease rate normal. 

b. Decrease rate remains high 

I WATER CONTROL PRESSURE RELIEF-1 

FLIGHT CREW SUPPORT DIVISION 
DATE, 

JAN 27, 1967 

NEXT 
STEP 

2 

REMARKS 

~12a. Potable water being used 
with waste water. Waste 

3 

4 

5 

6 

tank Inlet Relief valve 
must be operate~ manually, 
and closed for water 
transfer. 

Rate of decrease on Potable 
Water quantity indicator 
greater than expected for 
operation mode or as indicated 
by MSFN. 

~15b. Monitor cabin humidity. 
Check for water in CM. 

7 

FAILURE 

2a. Waste Tank 
Inlet Relief 
valve failure. 

5b. Line leakage. 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
5/C 012 jREV FINAL 
SECTION 9.1.6 IPAGE 71 



SYMPTOM STEP PROCEDURE 

43. ( Cont) 7 WATER QUANTITY 

a. No change 

b. Excessive decrease rate 

NEXT 
STEP 

REMARKS 

~j7a, Relief valve redi.mdancy 
lost. 

8 

FAILURE 

7a. No. 2 WATER 
CONTROL IBESSURE 
RELIEF Valve failed 
OPEN. 

8 

9 

WATER CONTROL PRESSURE RELIEF - 2 I 9 

PREPARED BY, 

WATER PRESSURE 

a. Rate decreases 

b. Rate remains high. 

10~;- -1 WATER CONTROL PRESSURE 
RELIEF - OFF 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

R,~,... JAN 27, 1967 
IISC Form 480 (Rev Dec 88) 

~19a. Relief valve redi.mdancy 
lost. 

10 

-----+110. Automatic pressure relief 
lost. Refer to ECS Malfi.mction 
Procedure No. 45 to control 
!water pressure. Manual re1ief 
valve operation possible when 
tMsFN water pressure information 
available. 

9a. No. 1 WATER 
CONTROL PRESSURE 
RELIEF valve failed 
OPEN. 

9b. Both WATER 
CONTROL PRESSURE 
RELIEF Valves 
failed open. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
... 5-/ C-0-12- IRE V FINAL 

SECT, ON 9 .1. 6 IPAGE 71A 



SYMPTOII 

44. GAS LEAKAGE 
INTO H20 SlIBSYSTEM 

STEP 

\ 

PROCEDURE NEXT 
STEP 

REMARKS 

It is possible to introduce o2 , 
N2 or H2 into the Potable or 
Waste Water subsystem. 

FAILURE 

WARNING: Gas in Waste H20 subsystem is not readilly identifiable however probable with gas in potable H
2
0 subsystem. 

Reduced evaporator performance ·may be expected as well as a false indication of quantity of on-board H
2
0. Pressure 

measurements not indicative of H20 quantity. 

1 

2 

3 

4 

PREPARED BY 1 _J_.'~•,t 
--y-:~/~P,~ 

__k', j~/.J,1 .--?V"ro 

IISC Form 460 (Rev Dec 66) 

GAS IN POTABLE H2o SlIBSYSTEM 

a. Gas entrainment evidenced - I~ 
but not excessive. 

la. Monitor H20/gas ratio for 
continued H20 subsystem 
degradation. 

b. Gas entrainment excessive 

POTABLE WATER - Quantity 

a. Constant 100% full 

b. < full 

Fill fecal bag with gas and Gas 
chromatograph sniffer installed 
in bag. 

Gas chromat ograph indication 

a. H
2 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27, 1967 

2 

~I 2a. Refer to ECS Malfunction 
Procedure NO. 1. 

3 

4 

_. 

3. 80 min cycle to determine 
type gas (H2 , N2 or o2) 

--'-

2a. o2 leakage into 
H20 supply subsystem 
Probable Potable 
tank bladder leak or 
rupture. 

4a. Excessive H2 inflow from F/C. 

APOLLO OPERATIONS HANDBOOK ENVIRONMENTAL CONTRO L SYSTEM 
MALFUNCTI ON PROCEDURES S/C 012 IREV _F_TNAI 

SECT, ON 9. 1. 6 IPAGE 72 



SYMPTOII STEP PROCEDURE NEXT REMARKS FAILURE 
STEP 

44 . (Cont) b . N2 ~ 4b, Use alternate s/M water 4b , N2 transfer 
tank for f uther water system bladder 
transfer (if water had been rupture . 
transfered). 

c . 02 ~ 4c, Small o2 leak . 

-

PREPARED BY I J: \_.2 _ ;•Ji ) FLIGHT CREW SUPPORT DIVISION ENVIRONMENTAL CONTROL SYSTEM APOLLO OPERATIONS HANDBOOK 
)7""'✓..-,_ -- ~ ~,.(., 

DATE 1 MALFUNCTION PROCEDURES S/C 012 IREV FINAL 
_K. [./ '. ,V. •- "'L J AN 27, 1967 SECTION 9.1.6 IPAGE 73 
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SYMPTOII 

4 5 . POTABLE & 
WASTE WATER SYSTEM 
PRESSURE'HIGH 
(i4s psid) 
MSFN CF0326P 
and CF0327P 

STEP PROCEDURE NEXT 
STEP 

REMARKS 

Water not relieving overboard. 
Failure to dump water will 
probably be noted by failure 
to dump urine. Another in
dication will be MSFN over
pressure of POTABLE & WATER 
WATER TANKS. Loss of fuel 
cells may be a consequence of 
water system overpressurization 

~""" ) 

FAILURE 

NOTE: Withdraw potable water as required to maintain safe ~ater pressure. 

I .<~ 
PREPARED BY I s\ i1'3:i<rA< 

TtP -/ff-'~,:,-,,,,," J, 

R.&~~ 
IISC Form ,so (Rev Dec 66) 

1 

2 

3 

Monitor MSFN for pressure in
dications until failure 
corrected 

a. Pressure remains stable 

b. Pressure increases 

Withdraw Potable Water to main
tain safe pressure 

--+ 

2 

3 

la. Overboard dump not ob
structed or Waste Water tank 
never filled. 

lb. Waste Water tank full and 
overboard dump obstructed . 

2. Continue to withdraw water 
as required until malfunction 
corrected or re-entry to pre
clude fuel cell flooding. 

la. Relief setting 
shift. 

lb. Overboard dump 
obstructed 

Waste Management selector Valve-I 4 
URINE FECES 

3. Check for suction to de
termine status of urine dump 
port. 

OV13D VALVE - DUMP then both OFF. 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27, 1967 
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SYIIPTOII STEP 

45. ( Cont) 4 

5 

6 

7 

8 

PROCEDURE 

SUCTION 

a. NORMAL 

b. DEGRADED or NONE 

NEXT 
STEP 

6 

5 

REMARKS 

4a. Dump port unobstructed 

4b. Refer to ECS Malfunction 
Procedure No. 51. 

Withdraw Potable Water to main- I ~ I 5. Continue to withdraw water 
tain safe pressure. as required until malfunction 

corrected or re-entry to pre
clude fuel cell flooding. 

Cycle PRESSURE RELIEF SELECTOR 
Valve 

WATER PRESSURE 

a. DECREASES 

b. NO DECREASE 

Withdraw Potable Water to main-

7 6. Attempt to clear possibly 
clogged valve posts. 

7. MSFN indication 

~ I 7a. Failure corrected and 
normal relief available. 

8 

8. Continue to withdraw water 
tain safe pressure. I I as required until re-entry to 

preclude fuel cell flooding. 
Relief capability lost. Dump 
excess water through waste 
management system or store in 
urine bags. 

FAILURE 

4b. Overboard dump 
port obstructed. 

7a. Clogged 
PRESSURE RELIEF 
SELECTOR Valve 

7b. Relief line 
blockage or both 
relief valves failed 
closed. 

NOTE: If one or both SM WASTE H20 TANKS have been transfered to CM tanks place the WASTE H20 TK REFILL switch in 
position 1 or 2 (used tank). Excess fuel cell water will be stored in SM WASTE H20 TANKS (56 lb each) until filled. 
Water pressure will increase again when SM tanks fill. Normal water transfer available when required; however MSFN 
pres_~ure moni taring_ required to preclude overpressurization of water system. 

PREPARED BY I ~ ~c:.W 
V.CJ. /,pp ~.J.L 

DATE, 

.k'. ~'.,t..u-6./2~ 
IIS~ Form 480 (Rev Dec BB) 

FLIGHT CREW SUPPORT DIVISION 

JAN 27, 1967 

\ 
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SYIIPTOII 

51. UNABLE TO DUMP 
URINE. 

\ 

STEP PROCEDURE 

1 !Verify WASTE MANAGEMENT SELECTOR
URINJp FECES. 

2 !Verify WASTE MANAGEMENT OVBD 
DRAIN - DUMP 

3 !Verify Q/D and urine hose/ recep
tacle 

4 IURINE OVERBOARD DUMP 

a. DUMPS 

b. DOES NOT DUMP 

5 ICycle ECS STEAM DUCT HTR MN A C/B 

6 URINE OVERBOARD DUMP. 

a. DUMPS 

b. DOES NOT DUMP 

NEXT 
STEP 

2 

3 

4 

REMARKS 

~ 14a. Resume normal ops. Cor
rected by steps 1 - 3. 

5 

6. Allow time f or urine tip 
htr. operation. 

---?' I 6a. Continue normal ops. 

\ 

FAILURE 

6a. Open C/B circuit 

on16b. URINE TIP HTR ~ I 6b. Orient s/c for max. heat 
urine overboard dump port to 
clear probable ice blockage. 
Use onblard urine containers if 
line remains blocked. 

failure or line 
blockage. 

NOTE: BATTERY VENT, fecal canister vacuum and OVERBOARD WATER DUMP capability loss probable. Monitor RAD INLET and 
OUTLET temp limits (due ~o s/c orientation restrictions). 

PREPARED BY 1 ~-f,'\ja.L-' ~~J 
o/"7"o . )?f'~ -~ .n ~ DATE 1 

X'. &~ .J✓ ✓ ,_'it;, , 
IISC Form 460 (Rev Dae 66) 

FLIGHT CREW SUPPORT DIVISION 

JAN 27, 1967 
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SYIIPTOII 
/ 

k-{.' LOW VACUUM 
SUCTION 

STEP 

1 

2 

3 

4 

5 

6 

7 

PROCEDURE 

!Verify WASTE MANAGEMENT SELECTOR-
VACUUM CLEANER 

Verify hose integrity 

SUCTION 

a. NORMAL 

b. No change in status 

Change FILTER 

SUCTION 

a. NORMAL 

b. No change in status 

!Cycle ECS CABIN AIR FAN AC 1 (3) 
C/B 1 s 

lsucTION 
a. NORMAL 

b. No change in status 

NEXT 
STEP 

2 

3 

REMARKS 

~ I 3a. Resume normal use. Cor
rected by steps 1 & 2. 

4 

5 

--415a. Resume normal use. 

6 

7 

~17a. Resume normal use. 

---4 I 7b. Vacuum cleaner use lost or 
degraded. 

FAILURE 

5a. Filter clogged 
or expended. 

7a. C/ B circuit fail
ure. 

7b. vacuum cleaner 
FAN failure or line 
blockage. 

NOTE: Suit circuit return air ck valve assy screen must be cleaned manually as requireJ. 

PREPARED BY, ~ ~i-i~.A~ I FLIGHT CREW SUPPORT DIVISION 

~ IDATE, ~L~-~~ ~ JAN 27, 1967 
IISC Form 460 (Rev Dec BB) 
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'l 

\J 

SYMPTOM 

53 . FECAL CANI STER 
VACUUM - -LOW 

I STEP I PR OCEDURE I NEXT I STEP 

I 
1 Ver ify FLUSH VALVE - OPEN I 2 

2 Verify FECAL CANI STER , hose I 3 
a ssembl y, and Q/ D i ntegrity . 

3 I Verif y WASTE MANAGEMENT SELECTOR-f 4 

4 

5 

URINE FECES 

Verify WASTE MANAGEMENT OVERBO.AR.DJ 5 
DRAIN - DUMP 

FECAL CANI STER VACUUM 

REMARKS 

a. NORMAL ~I 5a , Resume norma l ops . Cor-

6 

7 

b . Remains LOW 

Cyc l e ECS STEAM DUCT HTR MN A C/ B 

FECAL CANISTER VACUUM 

I 
6 

7 
I 

rected by s teps 1 - 4, 

7, Allow time f or urine t i p 
htr operat i on. 

~ 

I FAILURE 

a. NORMAL ~I 7a , Cont i nue nor mal ops. I 7a, Open C/ B circui t 

b. Remains LOW ~ I 7b , Orient s/ c f or max . heat or 
ur ine overboard dump port t o 
clear probabl e i ce blockage. 
Use Fecal bags without canister 
if vacuum remai ns low. 

NOTE: BATTERY VENT , URINE DUMP and OVERBOARD WATER DUMP capability loss pr obab l e . Refer t o ECS Malfunction 
Procedure NO. 45. Mrni t or RAD INLEl' and OUTLET t emp limits' ( due (o S/C or i entation restrictions 

PRE P ARED BY, ~ . ,-s~.A) 
ro. M~;~4~~ DATE 1 

12 /A;,,,, ~..L, ~_A.,, 

MSC Form 460 (Rev Dec 66) 
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J AN 27, 1967 
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/ SYMPTOM 

-y;{. Inadequate 
Ventilation after 
landing. 

PREPARED BY, ~,S';) 

STEP 

1 

2 

3 

4 

5 

6 

V.O.Ut',r ,;;z_.,,.._,,,~--
;?, /3_~..J),, .-ho"' 

MSC Form 460 (Rev Dec 66) 

PROCEDURE 

Visually verify valve positions 
(2) . 

a . Open 

b. Closed 

Verify EXTERIOR AIR I NTAKE and 
CABIN AIR EXHAUST val ve LOCK 
PI NS - REMOVED. 

NEXT 
STEP 

3 

2 

3 

REMARKS 

ATTI TUDE CONTROL SWITCH will 
automatically cl ose EXTERIOR 
AIR INTAKE and CABIN AIR EX
HAUST valves and shut off fan 
if c/M tilts.) 60° from vertical.. 
Assume stable 1 position .. 

FAILURE 

POST LANDING VENT FAN - OFF/HIG~ 4 
and LOW 

3. Try both HIGH and LOW posi
ti ons for operation. Assume 
PLVC switch - NORMAL . 

Visually verify valve positions. 

a. Open 

b. Closed 

PLVC switch - OPEN 

Valve positions (2) 

a. OPEN 

b. CLOSED 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

JAN 27, 1967 

... .... 

7 

5 

6 

7 

-+ 6b. Al ternate ventilation re- I 6b. POST LANDING 
quired. Egress may be require:i. VENT valves failed 

closed. 

ENVIRONMENTAL CONTROL SYSTEM 
MALFUNCTION PROCEDURES 

APOLLO OPERATIONS HANDBOOK 
S /C 012__ IREV FINAL 
SECTION 9.1. 6 IPAGE 79 



SYMPTOM STEP PROCEDURE 

61. (Cont) 7 VENTILATION 

a. Adequate 

NEXT 
STEP 

REMARKS 

~ 1 7a. Resume ops. with 
established switch positions. 

FAILURE 

7a. Automatic mode 
of POST LANDING VENT 
Valves lost . 

CAUTION: Manual valve cl~sing required if goes to stable 2 or>60° tilt. 

b. Inadequate . ~ 17b. Alternate ventilation re- ,7b. Post larlding 
quired. Egress may be required vent fan failed. 

NOTE: If exterior air intake open and fan operating, but exhaust closed, some flow can ·be obtained by placing 
R.H. Cabin Press R~lief valve to dump 

PREPARED BY I J.\~9~ j 
:-ELJ .. . ~ h>fJ~'W-R'o/ DATE 1 

_,k', /.1-m.,~(.l?/.,}1 
IISC Form 460 (Rev Dec 68) 

FLIGHT CREW SUPPORT DIVISION 

JAN 27, 1967 
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SYIIPTOII 

62. Water inflow 
after landing. 
(after cabin press 
relief valves 
closed) 

STEP PROCEDURE NEXT 
STEP 

REMARKS 

ATTITUDE CONTROL SWITCH will 
automatically close EXTERIOR 
AIR INTAKE and CABIN AIR EXHAUS'I 
valves and shut off fan if C/ M 
titlts ) 60° from vertical. 

FAILURE 

NOTE: Some water inflow expected until pressure relief valve closed. 

1 

2 

3 

4 

5 

Verify PLVC Switch - Normal 

Verify CABIN PRESSURE RELIEF 
VALVES - CLOSED 

Water C/M inflow 

a. Terminates 

b. Continues 

POST LANDING VENT FAN - OFF 

WATER C/ M INFLOW 

a. Terminates 

b. Continues 

PREPARED BY, ,L~t;'f'AJ L__ FLIGHT CREW SUPPORT DIVISION 
'"r.CJ_, /4? d),-X,,.., ~ tom. 

R. ~hV'>-:,r I JAN 27, 1967 
IISC Form 460 (Rev Dec 66) 

2 

3 

~ l3a. PLVC switch misposition. 

4 

5 

--; l5a. Resume ops . Manual control 
of Vent valves required. 

---j l5b. Reopen POST LANDING VENT 
Valves for ventilation (may 
increase leakage rate). Egress 
may be required. 

5a . Pendulum Ring 
switch did not close 
Vent valves . 

5b . Probab~e C/ M 
pressure v-~ssel 
failure. 

APOLLO OPERATIONS HANDBOOK 
ENVIRONMENTAL CONTROL SYSTEM 

MALFUNCTION PROCEDURES 
5/C 012 lREV FINAL 
SECT I ON 9. l .~PAGE 81 



PROCEDURES ENTRY SHEET 

SECTION 9.1.7 
SEQUENTIAL MALFUNCTION PROCEDURES 

SYMPrOM 
SYMPrOM NUMBER 

LIFT - OFF lightout & DET 1 s not counting 1 

NO AUTO ABORT light - ON 2 

LET fails to JETT 3 

SIVB fails to shutdown 4 

SLA seperation not sensed 5 

SLA seperation sensed but L/ V ENGINE #1 light ON 5b 

C/M - S/M failt to seperate 6 

APEX COVER fails to automatically jettison 7 

One or both drogue chutes fail to deploy automatically 8 

Drogue chute fails to release or pilot chute fails 9 
to deploy automatically 

One or more pilot chutes fail to deploy automatically 10 

One or two drogue chutes fail to release 11 

Main chutes fail to release 12 

C/M in stable II position with no audible sound 13 
of 1 and 2 compressor 

C/M in stable II position and compressors are running 14 

Audible sound of two compressors but not in stable I 14a 
condition in 10 min. 

Audible sound of one compressor but not in stable I 
condition in 15 min. 

14b 

STEP 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

1 

PAGE 

2 

2 

2 

5 

5 

6 

6 

7 

7 

8 

8 

9 

9 

10 

10 

11 

12 



SYMPTOM I STEP I PROCEDURE 

1. LIFT _OFF light -1 1 ILIFT OFF/NO AUTO ABORT light -
not illuminated & press. 
DET's - not 
counting 

2 START/STOP SW - STARr. 

NEXT I REMARKS 
STEP 

2 I (1) EDS auto abort circuit 
will be activated from alter
nate source. 

(2) DET's will start counting. 

FAILURE 

(1 & 2) Neither of 
the redundant lift 
off signals received 
from SIVB IU - there
fore EDS auto abort 
circuit is inactive. 

NOTE: 61 sec TD's will never be activated (no effect on mission since OX DUMP AUTO switch will be used as back-up 
at 61 sec elapsed time from lift off). LIFT/ OFF light will remain extinguished. 

2 . NO AUTO ABORr 
light - illumi
nates at lift off 

3. Launch escape 
tower fails to 
jettison when LES 
MODE/TWR JETT SPS 
MODE switches 1 & 2 
are placed to TWR 
JETT SPS MODE. 

a. Firing of 
frangible nuts only 
(audible) 

PREPARED BY, 

/., 

MSC Form 460 (Rev Dec 66) 

1 !LIFT OFF/NO AUTO ABORr light -
press. 

(a) NO AUTO ABORT light -
extingi.i_ishes. 

(b) NO AUTO ABORr light -
remains illuminated. 

(la) EDS auto abort circuit 
is fully enabled. 

(lb) One or both of the EDS 
auto abort circuits is inac
tive & any subsequent abort 
should be initiated manually. 

(i) One or both of 
the redundant EDS 
enable circuits is 
not activated. 

~11--u. ~ ~ s; .. ,,~ H r 

1 LES MOTOR FIRE sw - press. 

(a) Tower jettisons. 

FLIGHT CREW SUPPORT DIVISION 

DATE I Jan 27' 1967 

-• (la) Tower jettisoned with 
LE motor. 

(1) TJM failed to 
operate. 

APOLLO OPERATIONS HANDBOOK 
Sequential System 
Malfunction Procedures 

5/C 012 jREV FINAL 
s E c r I ON 9 . 1. 7 IP AGE 2 



.... 

SYMPTOM 

3a. (Cont) 

b. Firing of tower 
jettison motor only 
(visual & audible) 

_J_ 

PREPARED BY, 

--4'yf,,IH.-. 
IISC Form 460 (Rev Dec 66) 

STEP 

2 

3 

PROCEDURE 

(b) Tower fails to jettison. 

LES MODE/TWR JETT SPS MODE -
1 & 2 sw - TWR JETT SPS MODE. -------
ABORT - THC - CCW ROT (Mode II) 

NOTE Modified SPS ABORT MODE II 
procedure to be established. 

1 !Cycle LES MODE/TWR JETT SPS 
MODE 1 & 2 sw - from TWR JETT 
SPS MODE to LES MODE then back 
to TWR JETT SPS MODE. 

2 

3 

-------
(a) Frangible nuts fire. 

(b) Frangible nuts did not fire. 

LES MOTOR FIRE PB - press. 

LES MODE/TWR JETT SPS MODE -
1 & 2 sw - LES MODE. 

4 !ABORT - THC - CCW ROT (Mode lC) 

5 Follow abort mode lC until 
frangible nuts fire and tower 
is jettisoned with apex cover 
thrusters. 

FLIGHT CREW SUPPORT DIVISION 
DATE r 

Jan 27 , 1967 

NEXT 
STEP 

2 

3 

2 

3 

REMARKS 

(la) Audible indication of 
frangible nuts firing can be 
detected. 

-• (2) Tower jettisoned with 
LE motor. 

4 

5 

6 (5) Frangible nuts will fire 
through separate circuit pat h 
by ELS baroswitch closure. 

FAILURE 

(lb) Probable dual 
umbilical discon
nect. 

(1) Frangible nuts 
failed to fire. 

APOLLO OPERATIONS HANDBOOK Sequential System 
Malfunction Procedures 5/C 012 JREV FI NAL 

SECTJON 9 .l. 7 jPAGE ) 



SYMPTOM 

3b. (Cont) 

c. Firing of tower 
jettison motor but 
only partial firing 
of frangible nuts. 

PREPARED BY, 

~/ r.cr/< A 

MS~ Form 460 (Rev Dec 66) 

STEP 

6 

7 

8 

9 

1 

2 

3 

~ 

PROCEDURE 

Set ELS-AUTO/MAN sw - MAN at 
t<l. 6 seconds after apex cover 
jettison 

Allow CM to · free fall for 
20 seconds. 

ELS-AUTO/MAN sw - AUTO (approxi
mately 15, 000 feet~ 

Complete descent. 

Cycle LES MODE/TWR JETT SPS 
MODE 1 & 2 sw - from TWR JETT 
SPS MODE to LES MODE then back to 
TWR JETT SPS MOD~ -------
(a) Remaining frangible nuts 
fire. 

(b) Remaining frangible nuts 
did not fire. 

LES MOTOR FIRE PB - press. 

(a) Tower jettisons. 

(b) Tower fails to jettison but 
CM separates from SM. 

Proceed to Symptom 3b, step 3. 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 Jan 27, 1967 

NEXT 
STEP 

7 

8 

9 

-

2 

2 

3 

REMARKS 

( 6 ) Inhibits drogue parachute 
deployment after tower is 
jettisoned with apex cover to 
assure drogues do not deploy 
into tower structure. 

(7) Allows time to gain dis
tance between CM and tower 
structure. 

(8 ) Drogue parachutes will 
deploy within 2 seconds. 

(la) Audible indication of 
frangible nuts firing can be 
detected. 

(2a ) Tower jettisoned with 
LE motor. 

(2b) Tension ties and 
umbilical fails. 

FAILURE 

(1) Partial failure 
of tower frangible 
nuts firing cir
cuits (2 or more). 

APOLLO OPERATIONS HANDBOOK 
Sequential System 
Malfunction Procedures 

5/C 012 IREV FINAL 
SECTION 9,1. 7 ~GE_ _4_ 
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SYMPTOM 

3c. (Cont) 

d. Neither the 
frangible nuts or 
the tower jettison 
motor fire. 

4. SIVJ3 fails to 
shutdown at proper 
time during orbital 
insertion-(L/V 
ENGINE #1 light does 
not come on. ) 

STEP 

1 

PROCEDURE 

Cycle LES MODE/TWR JETT SPS 
MODE 1 & 2 switches ·from TWR 
JETT SPS MODE to LES MODE & back 
to TWR JETT SPS MODE. 

(a) Tower jettisons. 

(b) Tower fails to jettison. 

NEXT 
STEP 

REMARKS 

-•(la) Tower has been jettisoned 
via redundant tower jettison 
circuits. 

2 I.LES MODE/TWR JETT SPS MODE - I 3 
1 & 2 sw - LES MODE 

3 I ABORT - THC - CCW ROT (MODE lC) !-!Frangible nuts & tower jettison 
motor will fire thru separate 
circuit path by ELS Baroswitch 
closure. 

1 Rotate THC full CCW & return to 
neutral within one (1) second. 

- 1 (1) SIVJ3 engine will shut down 
via the SPS abort circuitry 
and a s/M direct ullage will 
take place during the time 
the THC is in the CCW position. 

WARNING: If THC is Jeld C
1

CW for 1. 7_§_ec-1 an SPS abort will be initiated. 

Sa. SLA separation I 1 I Return THC to neutral. 
not sensed, & L/V 
ENGINES #1 light 
fails to go out 
1. 7 sec after THC is•j 2 I DIRECT ULLAGE PB - .E_ress & hold. 
rotated CCW while 
in earth orbit. 3 

4 

ADAPT SEP PB - press. 

REACTION CONTROL SYS-CMD sw - ON 

2 

3 

4 

5 

(1) Adapter separation will 
take place utilizing backup 
procedures. 

FAILURE 

(1) Tower jettison 
[motor has failed to 
ignite & frangible 
puts have failed to 
fire via redundant 
tower jettison 
circuits. 

(1) Loss of SIVJ3 
engine cutoff signal. 

(1) Redundant SPS 
abort circuits have 
failed to function. 

PREPARED BY1 FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK 
DATE 1 

--rw.:r, 1 /---

ISC Form 480 (Rev Dec 88) 

Jan 27, 1967 
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SYMPTOM 

5a, (Cont) 

b. SLA separation 
is sensed but 
L/V ENGINES #1 
light remains ON 
1.7 sec after THC 
is rotated CCW 
while in earth 
orbit. 

6. c/M-S/M fails 
to separate when 
c/M-S/M SEP sw' s 
are placed on. 

STEP PROCEDURE 

5 I Initiate +X translation with 
THC. 

6 I DIRECT ULLAGE PB - release. 

(a) Separates. 

1 

1 

(b) Does not separate. 

Procedure will be added. 

Reset any of the following CB's 
& sw's that may be open. 
a. MESC A ARM BAT A (MDC-22) 
b. MESC B ARM BAT B (MDC-22) 
c. MESC A LOGIC BAT A (MDC-22) 
d. MESC B LOGIC BAT B (MDC-22) 
e. PYRO A SEQ A (MDC-15O) 
f . PYRO B SEQ B 
g. RCS C/M-S/M TRANSFER MNA 
h. RCS C/M-S/M TRANSFER MN B 
i. C/M PROP JETT sw - LOGIC 
j. MESC LOGIC ARM 1 & 2sw- ON 
k. MESC PYRO ARM 1 & 2 sw - ON 

2 IC/M-S/M SEP . switches - back to 
ON. 

NEXT 
STEP 

6 

REMARKS 

( 6b) Refer to procedure .for 
S/M RCS Deorbit with SIVB 
attached. 

(1) Non rigid attachment of 
harness between CSM & SIVB. 

There is no other backup to 
C/M-S/M separation; therefore 
the only procedure is to check 
sw's & CB's and repeat the 
manual function. 

FAILURE 

(1) S/M - SIVB/ 
adapter umbilical 
disconnect failed 
to separate. 

Redundant C/M-S/M 
separation circuitry 
has failed to 
function. 

PREPARED BY•Ra--zr~ I FLIGHT CREW SUPPORT DIVISION I Sequential System APOLLO OPERATIONS HANDBOOK 
s,c m? JR Ev FINAL 
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SYMPTOM 

'7. APEX COVER 
fails to jettison 
automatically 
between 24,900 & 
21,500 feet during 
entry. 

8. One or both 
drogue chutes fail 
to deploy auto
matically 1.6 
seconds after Apex 
Cover jettisons 
during entry. 

STEP 

1 

2 

1 

PREPARED BY1£(L "7Y'~ 

.,,fW:YH."' 
IISC Form 460 (Rev Dec 66) 

PROCEDURE 

APEX COVER JETT PB - pres s . 

a. Apex Cover jettisons. 

b. Apex Cover fails to jettison. 

CANARD DEPLOY PB - press & hold 
for 4 seconds. ~ 

DROGUE DEPLOY PB - press. 

(a) One or two drogues deploy . 

NEXT 
STEP 

2 

REMARKS 

(la) Apex cover jettisons via 
back up circuit. Subsequent 
ELS EVENTS may have to be 
accomplished manually. 

(2) Apex cover will jettison in 
3.4 seconds. This procedure 
will operate the ELS activate 
circuits bypassing the ELS 
LOGIC switch, and permit auto
matic operation of APEX COVER 
& subsequent ELS EVENTS. 

(1) Drogues will deploy via 
alternate redundant source 
which will bypass 2 sec 
timers. Subsequent ELS EVENTS 
may have to be accomplished 
manually. 

-• (la) Continue earth landing 
normally with one or two 
chutes. 

:. ~ii 

FAILURE 

(1) Redundant auto
matic ELS activate 
circuits have failed 
to function. 

(1) Redundant auto
matic drogue deploy 
circuits in SECS 
failed to function 
properly. 

(b) Neither of the drogues chutes! 2 
have deployed. 

FLIGHT CREW SUPPORT DIVISION 
DATE I 

Jan 27 , 1967 
Sequential System 
Malfunction Procedures 
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SYIIPTOII STEP 

8. (Cont) 2 

3 

9. Drogue chutes I 1 
fail to release & 
pilot chute or 
chutes fail to 
deploy automatically 
at an indicated 
altitude of 9,000 
feet during entry. 

to. One or more I 1 
pilot chutes fail 
to deploy 
automatically. 

PREPARED BY1/2_a, ~ 

_;.,/L'J//%~ ..... 
MSC Form 480 (Rev Dec 88) 

PROCEDURE 

Continue descent to 10,000 feet 
& at same time accomplish the . 
following to enable scs/RCS 
rate damping. 

(a) REACTION CONTROL SYS CMD 
SW - ON. 

(b) SCS CHANNEL sw (3) - B&.D R.OLL, 
PITCH, & YAW (up). 

At indicated altitude of 10,000 
feet, accomplish the following: 

(a) REACTION CONTROL SYS CMD -
SW - OFF. 

(b) SCS CHANNEL - B&D ROLL, 
PITCH, & YAW sw (3) - OFF. 

(c) MAIN DEPLOY PB - press. 

MAIN DEPLOY PB - press. 

MAIN DEPLOY PB - press. 

NEXT 
STEP 

3 

REMARKS 

(1) Drogues will release & 
pilot chutes will deploy via 
alternate redundant source 
which will bypass 14 sec 
timers & lOK baro-switches. 

(1) Pilot chutes will deploy 
via alternate redundant source 
which will bypass 14 sec 
timers & lOK b~roswitches. 

FAILURE 

(1) Redundant auto
matic drogue release 
& pilot chute deploy 
circuits in SECS 
failed to funct ion 
properly. 

(1) Redundant auto
matic pilot chute 
deploy circuits in 
SECS failed to 
function properly. 

I FLIGHT CREW SUPPORT DIVISION I Sequential System APOLLO OPERATIONS HANDBOOK 
S/C 012 lREV FINAL Malfunction Procedures DATE 1 

Jan 27, 1967 
SECTION 3_._:L_.7 IPAGE ·- 6 



SYMPTOM STEP PROCEDURE 

10. (Cont) 

NEXT 
STEP 

REMARKS FAILURE 

I 

CAUTION: The Main Deploy PB is to be operated within 1.0 sec after automatic pilot chute firing to insure 
simultaneous deployment of the main chute. 

11. One or two 
drogue chutes fail 
to release with 
main chutes deploy
ing via pilot 
chutes. 

12. Main chutes 
fail to release 
when MAIN CHUTE 
RELEASE switch is 
placed on (up) 
after touch down. 

1 

1 

2 

3 

4-

PR(PARED BY, £a ·n~ 
// 'J/LJ'_,, 7 ~___,,.,, 

ISC Form 4B0 (R·ev Dec 66) 

No attempt should be made to 
release drogue chutes. 

(a) C/M in Stable I condition 
(APEX UP). 

(b) C/M in Stable II condition 
( APEX DOWN) . 

Repeat actuation of MAIN 
CHUTE RELEASE s w - on ( up ) . 

(a) Main chutes release. 

(b) Main chutes fail to release. 

2 

4 

(1) Release of drogue chutes 
could damage or foul main 
chutes. 

-• (2a) Go to Touchdown & 
Stabilization Procedure. 

3 

Remove forward hatch, climb to ,_ 
top deck, and cut chutes loose 
with machete from survival kit. 

Repeat actuation of MAIN CHUTE 
RELEASE sw. 

(a) Main chutes release. (4a) Go to Touchdown & 
Stabilization Procedure. 

(1) Redundant auto
matic drogue chute 
release circuits 
failed to function 
properly. 

(la) One or both 
of the release cir
cuits in ELSC failed 
to function. 

APOLLO OPERATIONS HANDBOOK FLIGHT CREW SUPPORT DIV Is I ON I Sequential System 
I nni:-. _ - ~ - • Malfunction Procedures Jan 27, 196'( 

5/C 012 JREV FINAL 
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SYMPTOM 

12. (Cont) 

13. c /M in 
Stable II condition 
(APEX DOWN ) and a 
medium audible 
sound of 1 or 2 
compressors i s not 
heard when FLOAT 
BAG 1, 2 & 3 
switches are 
placed to FILL 
position. --

14. c/M in Stable 
II condition (Apex 
down) - POST LAND
IND FLOAT BAG 1, 2, 
& 3 switches FILL 

STEP 

5 

PROCEDURE 

(b) Main chutes fail to release . 

Actuate flotation system, 

(a) C/ M uprights 

(b) c/M does not upright 

1 ISet DC I NDICATOR sw - BAT BUS 
A(B). 

2 !Reduce battery loads by pulling 
CB's & switching off the func
tions t hat are not req ' d . 

3 

1 

Repeat actuation of FLOAT BAG 
switches. 

(a) Compressors operate & C/M 
assumes Stable I. 

(b) Compr essors do not ope rate . 

DC INDICATOR sw - BAT BUS A ~} 

(a) Battery voltage low. 

PREPARED BY, £/"'L -;,y~ FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27 , 1967 
-~, 

MSC Form 460 (Re v Dec BB) 

NEXT 
STEP 

5 

2 

2 

3 

REMARKS 

( 5b ) Go to Stable II egress 
checklist. 

(1) Nominal voltage shoul d be 
27-29 VDC (c ompl et e syst em 
draws approximately 35A). 

-• (3a) Go to Post Stabilization 
& Ventilation Procedure. 

1----~ (3b) Go to Stable II Egress 
Procedure. 

2 

(1) No communications in 
Stable II. 

(la ) Nomi nal voltage should 
be 27-29 V DC (compl et e system 
draws approximately 35 amps). 

FAILURE 

(.) Batterie s weak. 

(la) Batteries weak 
& causing low com
pres sor output. 

Sequential System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5/C 012 JREV FINAL 
SECT I ON 9_.1. 1 I PAGE 10 



SYMPTOM 

14a. Audible 
sound of two 
compressors heard 
but C/ M does not 
upright to Stable I 
condition in 10 
minutes 

NOTE 

Nominal upright 
time with two com
pressors= 6 min
utes. Upright with 
one bag fail= 10 
minutes. 

~ 

STEP 

2 

3 

4 

5 

6 

PREPARED BY, £<,l_.'~ 

~£j/--,,~ 
MSC Form •so (Rev Dec 68) 

PROCEDURE 

(b) Battery voltage normal. 

Reduce battery loads by pulling 
CB's & switching off any func
tions not required. 

POST LANDING FI.OAT BAG 1 & 2 
SW - OFF. 

POST LANDING FLOAT BAG 3 sw -
FILL. 

(a) c/ M uprights t o Stabl e I 
within 3 minut es. 

(b) C/M remains in Stable II 
after 3 minutes. 

POST LANDING FLOAT BAG 2 sw -
FILL. 

POST LANDING FLOAT BAG 3 sw -
OFF. 

(a) C/M uprights to Stable I 
within 3 minutes . 

(b) C/ M remains in Stable II. 

FLIGHT CREW SUPPORT DIVISION 
DATE 1 

Jan 27 , 1967 

NEXT 
STEP 

3 

3 

4 

REMARKS 

(4) Compressors will furnish 
air t o +Z bag only. 

-• (4a) Comply with Post Stabili
zation & Ventilation Procedure 
& BAG 3 SW - OFF. 

5 

6 

(6 ) Compr essors will furnish 
air to -Y bag only . 

-• (6a) Comply with Post Stabili
zation & Ventilator Procedure 
& BAG 2 sw - OFF. 

7 ( 6b ) Prepare for Stable II 
Egress Checklist. 

'~ 

FAILURE 

(lb) Possible l eak 
in +Z, -Y, or +Y 
bag. 

(4a) Possible leak 
in +Y and/or -Y bag. 

(4b) Possible leak 
in +Z bag and/or 
weak battery causing 
low compressor 
output. 

(6a ) Possible leak 
in +Zand/ or +Y bag. 

( 6b ) Possible leak 
in -Y bag &/ or weak 
battery causing low 
compressor out_nut. 

Sequential System 
Malfunction Procedures 

APOLLO OPERATIONS HANDBOOK 
5/C 07 ~ IREV FINAL 
s E c r , DN 9 . 1. 7 IP AGE 11 



SYIIPTOII 

14a. (Cont) 

b. Audible sound 
of one compressor 
heard but C/M does 
not upright to 
Stable I in 15 
minutes. 

NOTE 

Nominal upright 
time with one com
pressor= 12 
minutes. 

STEP PROCEDURE 

7 I POST LANDING FLOAT BAG 1 SW -

FILL. 

8 

1 

2 

3 

POST LANDING FLOAT BAG 2 sw -
OFF. 

(a) c/M uprights to Stable I 
within 3 minutes. 

(b) C/M remains in Stable II 
after 3 minutes. 

DC INDICATOR sw - BAT BUS A & B. 

(a) Battery voltage low. 

(b) Battery voltage normal. 

Reduce battery loads by pulling 
CB's & switching off any 
functions not req'd. 

UPRIGHTING SYSTEM - COMPR NO. 1 
or COMPR NO. 2 - pull CB's on 
bad compressor. 

PREPARED BY I J2. a. -~ .J A FLIGHT CREW SUPPORT DIVISION 

~.;~.,, 
DATE,Jan 27' 1967 

IISC For■ 480 (Rev Dec 88) 

NEXT 
STEP 

8 

REMARKS 

(8) Compressors will furnish 
air to +Y bag only. 

(8a) Comply with Post Stabili
zation & Ventilation Procedure 
& BAG 1 SW - OFF. 

-• ( 8b) Comply with Stable II 
Egress Checklist. 

2 

3 

3 

4 

(1) No communications in 
Stable II. Nominal voltage 
should be 27-29 V DC. 

FAILURE 

(8a) Possible leak 
in +Zand/or -Y bag. 

(8b) Possible leak 
in +Y bag and/or 
weak battery causing 
low comp. output. 

(1) One compressor 
has failed. 

(la) Batteries weak 
& causing low output 
on good compressor. 

(lb) Possible leak 
in +Z, -Y, or +Y 
bag. 

Sequential System 
Malfunction Procedures 
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SECTJON9.l.7 IPAGE , 12 



SYMPTOM STEP PROCEDURE 

14b. (Cont) 4 POST LANDING FLOAT BAG 1 & 2 
SW - OFF. 

5 I POST LANDING FLOAT BAG 3 SW -

FILL. 

(a) C/M uprights to Stable I 
within 4 minutes. 

(b) C/M remains in Stable II I after . 4 minutes. 

;1 I 

6 I POST LANDING FLOAT BAG 2 SW - I 
FILL. 

7 I POST LANDING FLOAT BAG 3 
RW - OFF. 

(a) C/M uprights to Stable I 
within 4 minutes. 

(b) C/M remains in Stable II I af'ter 4 minutes. 

8 I PO ST LANDING FLOAT BAG 1 s w - I FILL. 

PREPARED BY, k'_, a.. ~_;.A FLIGHT CREW SUPPORT DIVISION 

DATE, Jan 27, 1967 
-TYL.Yh' .. ./.-~ 

MSC Form 460 (Rev Dec 66) 

JI ., 

NEXT I 
STEP REMARKS I FAILURE 

5 -I (5) Compressor will furnish 
air to +Z bag only. 

(5a) Comply with Post Stabili-1 (5a) Possible leak 
zation & Ventilation in +Y and/or -Y bag. 
Procedures & BAG 3 sw - OFF. 

6 I t (5b) Possible leak 
in +Z bag and/or 

I 
weak battery causing 

1 low output on com-
pressor. 

I I 
7 -I (7) Compressor will furnish 

air to -Y bag only 

(7a) Comply with Post Stabili- I (7a~ Possible leak 
zation & Ventilation Pro- in +Zand/or +Y bag. 
cedures & BAG 2 sw - OFF. 

8 I (Tb) Prepare for Stable II I (7b) Possible leak 
Egress Checklist. in -Y bag and/or 

9 I 

Sequential System 
Malfunction Procedures 

weak battery causing 
low output on 
compressor. 

I / . ,, 
APOLLO OPEff,!TI ONS HANDBOOK 

5/C 012 T JREV .l!'l.NAL 

SECTION 9.1.7 IPAGE 1) 

J/ 



SYMPTOM STEP 

14b. (Cont) 9 

PROCEDURE 

POST LANDING FLOAT BAG 2 sw -
OFF. 

(a) C/M uprights to Stable I 
within 4 minutes. 

(b) c/M remains in Stable II 
after 4 minutes. 

NEXT 
STEP 

l 
REMARKS 

(9) Compressor will furnish air 
to +Y bag only. 

~ .,_ 
FAILURE 

1;---1(9a) Comply with Post Stabili- 1( 9a) Possible l eak 
zation & Ventilation Procedures in +Zand/ or -Y bag . 
& BAG 1 SW - OFF. 

---•(9b) Comply with Stable II 
Egress Checklist. 

(9b) Possible leak 
in +Y bag and/or 
weak battery causing 
low output on 
compressor. 

PREPARED BY, JZ,c,l,=7'J~ I FLIGHT cREw suPPoRT D1v1s10N I Sequential System 
Malfunction Procedures 
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