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PROCEDURES ENTRY SHEET

SECTION 9.1.1.1

GUIDANCE AND NAVIGATION MALFUNCTION PROCEDURES

SYMPTOM

S/C 012 CHECKLIST ERROR CODES
OCDU DRIVE PROBLEM i
OPTICS DRIVE PROBLEM
OPTICS ZERO ENCODE PROBLEM
ACCELEROMETER PATL (ISS LOOP)
TMU FATL
TUMBLED TMU
LARGE IMU ALIGNMENT ERRORS
cpY X

‘FA1L LIGHT ON
ABNORMAL FDAT ATT FRROR NEEDLES IN G&N ATT

SUSPECTED AGC PROBLEM

COMP FAIL LIGHT ILLUMINATES (MDS)

SYMPTOM
NUMBER

1

i

STEP

1

1

PAGE
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42
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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 DEFLECTTON
RATE N%EDLE REMAINS AT ZERO

OSCILLATING RATE NEEDLE

av COUNTER DRIFTS

RUNAWAY AV COUNTER

AV COUNTER MOVES AT ONE SPEED ONLY

AV COUNTER IS ERRATIC OR ONE-WAY ONLY

AV COUNTER FATLS TO START COUNTING

THRUST FAILS TO CUT-OFF

THRUST PREMATURELY CUTS-OFF

THRUST FAILS TO INITIATE

GPI HARDOVER

GPI NO RESPONSE

FDAT LIGHTING WON'T ADJUST

SYMPTOM
LETTER

A

B

PAGE

W W W W W
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SYNPTOM STEP PROCEDURE ot *;;ié; REMARKS "FRILURE
S/C 012 Check List
Error Code e

00101 Depress error reset. Wait for Optics Mode switch removed from
zero encoder light off. Place Zero Optics position before
Optics Mode switch in Zero end of 60 second wait.

Optics position & wait until
zero encoder light off again.
00102 Depress Error reset Computer unable
to achieve desired
optics mode.

00104 Depress Error Reset on DSKY. - The computer has
Switch Optics Mode to Manual failed to properly
and complete optics drive control .the optics-
wmanually. drive. The OCDU's

may drive with no
desired optics
angles.

00105 Depress Error Reset and continue Internal marks request with
or return to POO and start over. mark system busy.

00106 Depress Error Reset and continue. Too many warks

00107 Depress Error Reset and continue. Mark reject (V52E) with mark

system not in use.

00110 Depress Error Reset. If Mark reject with no effect,
rejection of an accepted mark is i.e., no mark between mark
desired, go back to POO and rejects or all requested marks
start over. have been accepted when V52E

entered.
00112 Depress Error Reset and continue.

Optics mark with none requested.
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SYMPTOM STEP " PROCEDURE ‘{gf’é; " REMARKS ' FAILURE
00122 ; Depress Error Reset. Re-enter Only one mark made for unknown
program and make 2 marks or landmark.

select a known landmark.
|

00123 Depress Error Reset. Re-enter Mark data uwnavailable after
program and try again. restart.

00201 Depress Error Reset. Wait until IMU Mode changed from Zero
zero encoder light off. Reselect Encode before end of 35 sec.
Zero Encode Mode and wait until delay.

zero encode light off again.

00202 Depress Error Reset. Check Computer unable to
: switches. achieve desired mode
00203 ' Depress Error Reset. Check IMU No IMU mode indicated to
status. computer,
00204 Depress Error Reset. Select IMU mode changed with transfer
switch configuration to avoid switch at COMPUTER, but
this situation. computer did not command the
change.
00205 Depress Error Reset. See PIPA Excessive accelero-
failure walfunction procedures. meter output
(Entrance to POO is enabled by . (>18.5 g's)
the alarm.)
00310 Depress Error Reset and ' Error return from
continue (cautiously) routine.
00401 Depress Error Reset and continue Desired gimbal angles yield
or realign if desired. gimbal lock.

(MGA =60°)

FPREPARED BY: win FLIGHT CREW SUPPORT DIYISION APOLLG OPERAT!IONS HANDEOCK
] oATE, | . _ GUIDANCE AND NAVIGATION [s/¢_ 012 Rev FINAL
T Chsore A 10 MALFUNCTION PROCEDURES secTion0.1.1.1 eace 3
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SYMPTOH STEP PROCEDURE Tg;é; REMARKS FAILURE
00402 Depreés Error Reset. Maneuver Star out of FOV.
vehicle to obtain stars.
Reselect program.
00405 Depress Error Reset. Select pro- SCS Mode not in desired state.
prer mode. If no SCS monitor
desired (wasn't disabled by V33E
at the proper time), key
V21INO1E 730E 77776E.
00412 Depress Error Reset. Reselect Time and longitude too far
program and change associated apart.
time by 15 min. or more.
031101 Depress Error Reset. Check Rupt 2 (not expected,
with ground. not wired) Hardware
suspect

01102 Record R2 and R3 contents. AGC self-test error.

Relay to ground. Depress Use computer with
Error Reset. caution.

01103 Depress Error Reset. 1.0 Forbidden step
executed (by
computer). Use
computer with
caution.

01104 Record DSKY display. Depress i C-relay failed

Error Reset. Relay information during test.
to ground.

01201 Depress Error Reset. 1.0 No VAC areas
available. TUse
computer with
caution.

N
PREPARED BY: Gy Q) FLIGHT CREY SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
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SYMPTOM TEP PROCEDURE ngé; REMARKS FAILURE
01202 Depress Error Reset. 150 No correct areas
e available. TUse

computer with
caution.

01203 Depress Error Reset. 1.0 Waitlist overflow

01204 Depfess Error Reset. ai500) Task couldn't be
fit into the
waitlist.

01206 Depress Error Reset. 1.0 {Display system routine

already in use.

01207 Depress Error Reset. 1L510) 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
cavtion.

01302 Depress Error Reset. 1.0 |Possible erasable memory Square root argument

disturbance.

excessively negative.
Use computer with
caution.

Val
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GUIDANCE AND NAVIGATION

/G 012 REV._ FINAL

SYMPTOM STEP PROCEDURE STEP REMARKS FAILURE
01401 Depress Error Reset. Select POO Thrust misalignment exceeds 90°.
and troubleshoot for poor align- L
ment, control system problem
etec. |
) : |
01405 Depress Error Reset. Return to Less than 5 min. to ignition. \
prethrust program via POO and '
try again.
01406 Depress Error Reset.' Select P0OO Error return from maneuver This alarm may
and reselect prethrust program. to ignition attitude. indicate transient
computer error. l
' |
01407 Depress Error Reset. Similar Commanded CDUZ exceeds 60°. |
to pattern 00401. y l
|
01410 Depress Error Reset. Reselect Entry conditions not i
P32 through POO. Change input computable. l
parameters. j
01411 Depress Error Reset. Reselect Target latitude exceeds declina- 1
P32 through PO0. Change tion of orbit. l
latitude of target. If target
beyond max. declination is |
desired, select latitude in !
P32 to avoid 01411 alsrm: }
Reselect desired latitude in
e |
01421 Go to SCS entry procedures. Avg. g not running for entry. !
(Not likely) |
01426 Depress Error Reset. Avoid IMU orientation not %
roll into gimbal lock. satisfactory for entry i
(Computer waits 5 sec and !
proceeds) l
pal
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SYMPTOM STEP " PROCEDURE W’ g;é; REMARKS FAILURE
01427 Depress Error Reset. Add 180° IMU orientation reversed for
to backup bank angle charts. entry (Computer waits 5 sec
0 deg. roll is lift down. and proceeds.)
01430 Depress Error Reset. CM/SM sep. discrete present Since spacecraft
Report condition to ground. with major mode not 11 or 62, not wired for this
discrete, appearance
of this alarm
implies coumputer
transient error.
01431 Depress Error Reset. SIVB sep. discrete present with| Since spacecraft
Report condition to ground. major mode not 11 or 12. not wired for this
discrete, appearance
of this alarm
implies computer
transient error.
01501 Depreés Error Reset 1.0 | Internal display system alarm.
1.0 | Allow program to continue
a. POO displayed es .
b. POO not displayed 2
c. Repeated aborts 153
£ (S & Reselect program, try again
.2 Program is attempting to start
again at an appropriate point
1.3 | Key V36E (Fresh Start).
Reinitialize erasable memory.
PREPARED BY: /«"/;,/ FLIGHT CREW SUPPORT DIVISION . " APOLLO OPERATIONS HANDBOOK
7 Py GUIDANCE AND NAVIGATION 57c 010 REV FINAL
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SYMPTOMS

PROBLEM SUSPECTED
IN G&N OPTICS
LOOP

1. OCDU DRIVE
PROBLEM

2. OPTICS DRIVE
PROBLEM

3. OPTICS ZERO

-~ ENCODE PROBLEM

FATLURES

1. AGC

2. 0CDU

3. AGC OR OCDU
ENCODER

4. TELESCOPE DRIVE

5. SEXTANT DRIVE

CONCL

TROUBLE SHOOTING PRCCEDURES

1. COMMAND ZERO OPTICS
2. VERIFY ZERO ENCODERNSBS
LIGHT COMES ON AND GOES OUT
3. SELECT OPTICS MANUAL
MODE
4. SELECT TELESCOPE STAR
10S MODE

‘ AGC I
NO ZERO

ENCODERLIGHT

OCDU'S DRIVING
CONTINUOUSLY?

YES

‘NO

ARE OCDU'S ZERO

NO

t

CALL UP DISPLAY ON
DSKY OF OCDU ANGLES
(V16N55E)

ARE DSKY R1 & R2
ZERO?

NO

0OCDU

OCDU

AGC
PRO

YESh

DRIVE OPTICS IN SHAFT
AND TRUNNION

DO OCDU'S DRIVE?

$yss

DOES DSKY DISPLAY FOLLOW OCDU'S?

CHANGE CONTROLLER M
SWITCH OR CONTROLLE
SPEED SWITCH

YESI

DOES TELESCOPE FOLLOW

{‘TES

DOES SEXTANT FOLLOW

‘ YES

SYSTEM LOOKS
GOOD

N e AGC OR C
. PROBLEM
NO ’F TELESCO
..
NO SEXTA
| -
R T




NORTH AMERICAN AVIATION, INC.

{//,
|\

CORRECTIVE ACTIONS —

MANUALLY COMMAND

TO ZERO (V24N57EEE)

MDC 22 TO STOP CDU

2, USE MECHANICAL DRIVES

USE MECHANICAL

ONS
L ®
3LEM : O0CDU REGISTERS
AP ——
LURE ©) 4[1. PULL OPTICS CB'S ON
SR ——.
DRIVE
LURE @
i DRIVES
MANUALLY COMMAND
®
M
) V16N55E

OCDU AGC REGISTERS
TO ZERO (V2LNSTEEE)

= DO OCDU'S DRIVE?

Zi.’USE OPERATTONAL MODE

Ino
¥
nconr | @ - PERFORM BACKUP
ALIGNMENTS ONIY

s i
e 4
’(RWE ® USE MECHANICAL DRIVES
RIVE ® - USE TELESCOPE FOR
. SIGHTINGS

\’ SPACE and ! NFORMATION SMYsT i o i

MISSION
SUPPORT
T™M POINTS

CG 3102 V SXT TRUN MOTUR
DRIVE IR PHASE

CG 3112 V SXT SHAFT MOTOR
DRIVE IN PHASE

CG 3133 V SCT. TRUN MOTOR
DRIVE

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

CG 3200 V TRUN CDU MOTOR
DRIVE IN PHASE

CG 3220 V SHAFT CDU MOTOR
DRIVE IN PHASE

APOLLO OPERATIONS HANDRGOX

' e
& .

SECTION &,

012

s/c

NAVIGATION
)CEDURES
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GUIDANCE AND
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Ata ik M

Wit
A

TROUBLE SHOOTING PROCEDURES

"

PERFORM PIPA BIAS

IS THE ACCEL YES el
— A L - MEASUREMENT
‘ FATL LIGHT ON (/L P. 9-16)
| NO
YES
DO MEASURED & PRESENT p—————
BIAS TERMS DIFFER MORE NO
THAN +/-
* \
YES IS THE IMU STABLE REALIGN
1S THE IMU FAIL »| (OBSERVE FDAI IN A [ __gtiawp 100
LIGHT O G&N MODE, S/C RATES | YES| LARGE D
DAMPED)
NO
; NO
HAS IMU TUMBLED YES .
& UNSTABLE V37E51E
- (IMU FAIL LIGHT INHIBITED
BY AGC DURING COARSE ALIGN
MODE) {
IMU DRIFTS YES
BEYOND LIMITS *
BETWEEN FINE
ALIGNMENTS | DID IMU CAGE AT O, O, O NO
(FDAI NAV SYMBOL)
L
PRESS ENTER
(IMU FAIL LIGHT MAY COME ON
AFTER COMPLETION OF COARSE
ALIGN MODE, BUT WILL GO OUT
IN A FEW SECONDS IF STAB
LOOP IS NORMAL)
IS THE IMU STABLE & NO_ Yy37m
THE IMU FAIL LIGHT OUT ’.WEYE(
(&N
YES
COMPLETE P51
(IMU ORIENTATION DETERMINATION) [~
3 : “l @ FLIGHT CREW SUPPORT DIVISION
PREPARED BY — CULDANCE |
oy Jan 27, 1967 MAT,ETTNOTT

WSC Form 460 (Rav Dac 66)




MONITOR IMU FOR
LARGE DRIFTS

CONCLUSIONS
1. PIPA FAILURE
g 2+ USE OF G&N FOR
TVC CONTROL IS
LOST
e | - )
AGC FAIL
. MONITOR
PROBLEM
—— NORMAL
%ggK%%§ DRIFTS AGC FAILURE
LARGE
DRIFTS
CHECK WITH GROUND FOR
*lmax TIME ALTOWED
ool EETWEEN ALTGNMENTS
)
{TEOOR MU STAB LOOP FATLURE
TEOBE
&N POWER DOWY)
\GYROS MAY HAVE BEEN
el DAMAGED

©®

CORRECTIVE ACTIONS

=}

o

N
.

L0SS OF G&N AV AND AUTOMATIC
ZNTRY CAPABILITIES., IMU MAY
22 iLIGNED AND USED AS ATTITUDE

TTRTDTNAR
AL LNGE

XC MISSION IMPACT

IR
PA RV

MISSION IMPACT

DERFORM ADDITIONAL EXTERNAL
CHECKS ON S/C ATTITUDE FOR
AV MANEUVERS

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

PERFORM ADDITIONAL EXTERNAL

CHECKS ON S/C ATTITUDE FOR
AV MANEUVERS

MISSION SUPPORT TM POINTS

E AND NAVIGATION

T ON TPROCM Ii‘ﬁTTE’Q

APOLLO OPERATIONS HANDBOOK

syt

012 REV_FTNAL

SECTION

______ PAGE 9

CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG
CG

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

IMU PRESSURE

PIPA TEMP

IRIG TEMP

IMU HEATER CURRENT

TUM BLOWER CURRENT

-28 VDC SUPPLY

COMPUTER DIGITAL DATA

IMU +28 VDC OPERATE

PIPA FAIL

IMU FAIL

1GA TORQUE MOTOR IMPUT

1GA 1X RESOLVER OUT SINE IN PHASE
1GA 1X RESOLVER OUT COS IN PHASE
MGA 1X RESOLVER OUT SINE IN PHASE
MGA 1X RESOLVER OUT COS IN FPHASE
OGA 1X RESOLVER OUT SINE IN PHASE
OGA 1X RESOLVER OUT COS IN PHASE
1GA SERVO ERROR IN PHASE

MGA TORQUE MOTOR INPUT

MGA SERVO ERROR IN PHASE

OGA TORQUE MOTOR INFUT

OGA SERVO ERROR IN PHASE

1GA CDU 1X RES. ERROR IN-PHASE
MGA CDU 1X RES. ERROR IN FHASE
OGA CDU 1X RES. ERROR IN PASH

/7

IMU Cperations Uhech
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PROBLEM SUSPECTED
IN G&N ICDU LOOP

1. CDU PAIL LIGHT ON.

2. ABNOERMAL FDAI ATT
ERROR NEEDLES IN G&N
ATT. HOLD OR MONITOR.

—~ O\ W o

V3'TEOOE
AME - MONITOR

COMMAND ICDU ZERO ENCODE (VL4ON2OE)

CALL ICDU ANGLES (V16N20E)

VERIFY DSKY DISPLAYS GO TO ZERO
VERIFY ZERO ENCODE LIGHT OUT
VERTFY ISS FINE ALIGN LIGHT ON

0.

Lk

A CDU RUNNING CONTINUOUSLY }_.Yi.“m

FAILURES

1. IMU RESOLVER PROBLEM
2. CDU DRIVE
3. CDU ENCODER
{ | k. CDU ENCODER OR AGC
5. CDU-~SCS INTERFACE
6. AGC-CDU? INTERFACE
7. AGC

7

CALL ICDU DISPLAY ON DSKY
(V16N20E. IS CDU VALUE SAME NO

AS DSKY DISPLAY

.

ARE VALUES AT NAV SYMBOL NO

L T O

Y,

o PID THE DSKY DISPL

+ |GO _TO ZERO

IS A DSKY DISPLAY ZERO

NO

ON FDAI ZX TO DSKY VALUES

ATT ERROR NEEDELS NULLED | .
YES
| |
1. COMMAND G&N ATT CONTROL (VLLE)

2.

V33EEEE

|

CDU DRIVE TO COMMANDED NO

aNGLES (0,0,0)

-

YES, SYSTEMS LOOKS GOOD _]

NO
ARE CDU's DRIVING? (CONTINUOUSLY)}-—-—-—-—-—-—-"

YES

PREPARED BY:

UL
2l
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NORTH AMERICAN AVIAT

CONCLUSIONS

yES
DISPLAYS

' NO
ol CDU DRIVE PROBLEM @

|
|
Al

% TO IMU OPERATIONS
ok (2. 27)

&  CDU ENCODER PROBLEM | (D)

CDU ENCODER OR AGC l
- ®

PROBLEM ‘

CDU DRIVE OR @

FDAT PROBLEM

SROBTE (PITCH - YAW OR @

FIXED RESOLVER)

—~8>{ AGC/CDU INTERFACE PROBLEM | ©)

AGC PROBLEM

—&|  CALL P-00 ON DSKY (@)
TO STOP CDU DRIVE :

(V3TEOOE)

/

[/
ION, INC. | '@ SPACE and INFORMATION SYSTEMS DIVISION

-7

CORRECTIVE ACTIONS

1 Attitude error indicator abnormal.
1e

No auto G&N modes availab

i IMU useful as an attitude reference only.

2 No auto G&N modes available.

IMU useful as an attitude reference only.

|
|

MISSION SUPPORT TM POINTS

CG 1503X
CG 5001X
CG 5002X
CG 5006G
CH 0100X
CH 0101X
CH 0102X
CH 0103X
CH 1100X
CH 1101X
CH 1102X

CH 1103X.

CH 1104X
CG 0001

CG 2302C
CG 2303C
CG 2112H
CG 2113H
CG 2142H
CG 2143H
CG 2172H
CG 2173H
CG 2206V
CG 2236V
CG 2266V

G&N ICDU Loop Check

IMU +28 VDC OPERATE

IMU PAIL

CDU FAIL

IMU TEMP. LIGHT

G-N AV MODE CONTROL

G-N ATTITUDE MODE CONTROL

G-N ENTRY MODE CONTROL
MONITOR MODE CONTROL

SCS AV MODE CONTROL

SCS ATTITUDE MODE CONTROL

SCS ENTRY MODE CONTROL

SCS LOCAL VERTICAL. MODE CONTRO
MTVC. MODE CONTROL

COMPUTER DIGITAL DATA

IMU HEATER CURRENT

IMU BLOWER CURRENT

1GA 1X RESOLVER OUT. SINE IN F
1GA 1X RES. OUTPUT COS. IN PHA
MGA 1X RES. OUTPUT SINE IN PHA
MGA 1X RES. OUTPUT COS IN PHAS
OGA 1X RES. OUTPUT SINE IN PHA
OGA 1X RES. OUTPUT COS IN PHAS
1GA CDU 1X RES. ERROR IN PHASE
MGA CDU 1X RES. FRROR IN PHASE
OGA CDU 1X RES. ERROR IN PHASE

FLIGHT CREW SUPPORT DIVISION

DATE ¢

Jan 27, 1967

APOLLO OPERATIONS HANDBOOK

GUIDANCE AND NAVIGATION 57C

Q12 Rev FTNAL

MALFUNCTION PROCEDURES
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[

E 7 SYMPTOMS ¥ TROUBLESHOOTING PROCEDURES

| AGC POWER FATI, LIGHT

\ SYSTEQTED AGT) IS AGC POWER FATL TEg JE SLESEEGCH LN BIANDET IS DSKY ad
PROBLEN LIGHT ON IN LEB? . ¥ opERABIE? [

- * O YES

| IS THE COMP YES

FATL LIGHT ON?

[

' WAS PROBLEM A YES REPEAT TASK IN
COMPUTATIONAL [ WHICH PROBLEM
ERROR? OCCURRED
ERROR STILL
NO PRESENT
VERIFY THAT REFSMMAT, NO REPE!
T EPHEMERTS, AND THE OCCUL

STATE VECTOR GOOD BY
COMMANDING AGC TO
COMPUTE ORBITAL
PARAMETERS (V37EOOE,

|

|

|

| VELE) ' CHECKS GO(
| [:f\ ORBITAL PARAMETERS ,

|

l

NOT CORRECT

ORTHOGONATIZE REFSMMAT,
(c/L P. 9-23) AND OBTAIN
NEW T EPHEMERIS AND

STATE VECTOR: NO REPEAT OF PROBLEM
REPEAT VOLE

PROBLEM
STILL PRESENT

PERFORM AGC SELF CHECK
(¢/L P. 9-15)

FROBLEM
NO PROBLEM
IS ONE DSKY YES PERFORM DSKY TEST
DISPLAY —1 (c¢/L P. 9-15
ABNORMAL
Y X0
AGC G&N MODING PERFORM C RELAY TEST
_l— APTIAR N --—1‘/,—.- /C/. . g
APTIAR {]JQRRLSj (c/L P, 9-14) SROBLEM
NOTED
PREPARED BY: [ [S FLIGHT CREW SUPPORT DIVISION
DATE o ¢
FEIP A Jan, 27, 1967 )
s~ S YL L= .
MSC Form 460 (Rev Dec 66)




CONCLUSIONS CORRECTIVE ACTIONS

1 LAUNCH - NO ACTION UNTIL SAFE
ORBIT INJECTION
ALL OTHER
PHASES - AGC INOPERABLE

— AGC FAILURE @)

- S FATLURE DETECTION @

CIRCUIT PROBLEM 2 LAUNCH - NO ACTION UNTIL SAFE

ORBIT INJECTION
ALL OTHER
PHASES - NO IMPACT

- GO TO AGC FAIL 3 COMPUTER APPEARS UNREALIABLE -
INDICATOR CHECKS USE WITH CAUTION

4 COMPUTER APPEARS UNREALIABLE FOR

MISSION TASKS
(0 REPEAT - NOTE

OCCURRENCE & - @ 5 AGC OK - NO MISSION IMPACT
SYSPECTED
6 ALL PHASES - COMPUTER APPEARS
UNREALTABLE
ICKS GOOD j COMPUTER PROBLEM - 7 PERFORM BACKUP MISSION AS
1 CHECK WITH @ DIRECTED BY MCC/MSC
GROUND
OBLEM ORIGINAL STATE
> VECTOR OR @
REFSMMAT
INCORRECT MISSION SUPPORT TM POINTS
CG 0001 COMPUTER DIGITAL DATA
o COMPUTER PROBLEM - ® CG 5030 COMPUTER FAIL LIGHT
CHECK WITH GROUND
INFORM GROUND @
OF AGC STATUS
OBSERVE OTHER DSKY
#~ IF NECESSARY
MODE SYSTEM MANUALLY,
—— TF POSSIBLE -
CHECK WITH GROUND
E _ APOLLO OPERATIONS HANDBOOK AGC Operations Check
GUIDAICE AND NAVIGATION s/c__ 012 REV. FINAL
MALFTICTT0N PROCEDURES section 9,1,1, fpage 11 @

Nt




STHPTOMS TROUBLE SHOOTING PROCEDURES
MDC FATL HT
RESULT OF
xc.‘x‘c:'; FATL AND PGNS o] 1 DSKY KEYBOARD
ILLUMINATES LIGHT 1. CHECK FAIL 2. mmx FAIL LI
AlioEs _f=—we[PRESS ERROR RESET |
~‘_—_———1mmsmxmnsn
FAIL LIGHT OUT
1. PARITY FAIL | RESTART IS FAIL LIGHT
GENERATED -
POSSIBLE, CALL P-00 FALL Lo
CR VERB 36. (MISSION
PHASE MAT NOT ALLOW
THIS) ADDRESS OF PARITY WORD |
2. PERFORM AGC SELFCHECK
ferse P, 9-48)
3. DETERMINE BANK WITH
PARITY PROBLEM NO PARITY PROB. FOUND
4. DETERMINE ADDRESS OF
WORD WITH PARITY
PROG ALARM OBTATN ALARM
8 1 1GRT ON oD (VO5K31E)
T
1
|
{
[T, PRESS EAROR RESET
| 2. IF DSKY INPUT | FALL LIGHT OUT
r POSSIBLE, CALL FAIL LIGHT STILL ON
81 1. RUPT LOCK ®1 P00 O VERB 36.
1.3 5 RESTART IS (MISSION PHASE e IR
GENERATED o |
RECEIVED! 7. PRESS ERROR
—___——q DURING RESET oN
1. T FAIL UPLINK LS
§ =S 1. TRESS RO _LIGHT OUT
vPLDE [ YES | I— L
PROBLEM
fec o L o o i PP
1. SCALAR FAIL and
FAIL LIGHT :
STILL ON IS DSKY )
OPERABLE
IS AGC TIME PES
RUNNING AND | Mo
= CcorRECT?
(V16N16E)
FAIL LIGHT OUT
PRESS ERROR
L 1. commm - FAIL LIGHT ON
FAIL
DETERMINE
FAILURE
SOURCE
DURING OPTICS | YES
DRIVE
‘ NO
DURING ICDU | YES
DRIVE
‘ NO
DURING ES
THRUST
PREPARED BY : M FLIGHT CREW SUPPORT DIVISION ¥
DATE 4 G
Jan 27, 1967 MA]

g
YA 7S

WSC Form 460 (Rev Dec 68)




CONCLUSIONS

L _LIGHT ON .{

AGC PROBLEM |®

P (NOTE OCCURRANCE)
AGC PROBLEM PROCEED
L LIGHT N . g:}'gUOUS ®

ORD FOUND > l

IND AGC PROBLEM
PROCEED

AGC PROBLEX  |@®

See Brror

I ‘Code List

(NOTE OCCURRANCE)
AGC PROBLEM PROCEED

]—ol AGC FAILIRE  |®)
r (NOTE OCCURRANCE)
_—'ﬁ. AGC PROBLEM. PROCEED

Check AGC clock time
and update if necessary

-
__—_r-qzmrrm FAILURE. PROCEED]

—_— AGC PROBLEMS @@

AGC FAILURE 1®

(NOTE OCCURRANCE)

I ’ AGC PROBLEM, PROCEED

_—

AGC PROBLEM |G

‘ OCDU/AGC
l—" PROBLEM ®
| ICDU/AGC
B PROBLEM ®
| PIPA/AGC
- PROBLEM ©®

NORTH AMERICAN AVIATION, INC. @5 SPACE and INFORMATION SYSTEM® DIVISION
O /

CORRECTIVE ACTIONS

MISSION SUPPORT TM POIKTS

USE COMPUTER WITH CAUTION

COMPUTER LOST

SOME LOSS OF CAPABILITY
CHECK GROUND

COMPUTER LOST

NO UP OR DOWNLINK AVAIL-
ABLE FROM AGC. USE VOICE
COORDINATION

MANUAL UPLOAD NECESSARY

NO UP OR DOWNLINK AVAIL-
ABLE FROM AGC. USE VOICE
COORDINATION

COMPUTER LOST

COMPUTER LOST

USE COMPUTER WITH CAUTION

PROBABLE LOSS OF PLATFORM
FINE ALIGN AND NAVIGATION
CAPABILITY

PROBABLE LOSS OF G&N
ATTITUDE CONTROL

BAD OR QUESTIONABLE
ACCELEROMETER DATA

CG 5020 AGC ALARM 1 (PROGRAN)
CG 5021 AGC ALARM 2 (AGC ACTIVITY)
CG 5022 AGC ALARM 3 (T™

5023 AGC ALARM 4 (PROG. CHX. FAIL)

CG

CG 5024 AGC ALARM 5 (SCALAR FAIL)
CG 5025 AGC ALARM 6 (PARITY FAIL)
CG 5026 AGC ALARM 7 (COUNTER FAIL)
CG 5028 AGC ALARM 9 (RUPT. 1OCK)
CG 5029 AGC ALARM 10(TC TRAP)

CG 0001 COMPUTER DIGITAL DATA

CG 1110 2.5 VDC BIAS

[DANCE AND NAVIGATION
JFUNCTION PROCEDURES

APOLLO OPERATIONS HANDBOOK

SAG D2 REV FTNAL

section 9,1,1.1 Jrace 12

AGC Fail Indicator Checks




. WAS A IS THERE IS THE
SYMPTOM A FDAT BALL DOESN T L. s vANEEVER EXTERNAL »{SPS
CORRESPOND TO INPUT “ | COMMAND? | MOTION? YES '|THRUSTIN
NC
—~ L Ha Proe 22
—> Proc e
ARE THE RATE YES 5 Proc
NEEDLES AT
NULL? > Proc 12
NO
| IS THE WAS A
R ERROR NEEDLE AT NULL | _y| ATT SET L MANEUVER
& NOT MOVING '] sw - ow? 'NO COMMAND?
' ! NO
1ms _
COMVMAND A | |
Hene 2 MANEUVER |VEHICLE
| DEADBAND
ERROR NEEDLE 'ERROR NEEDLE
SYMPTOM C G &N
i DIVERGING & MODE 7 [ 3{SELECT SCS ATT DIVERGING &
OSCILLATING , | YES OSCILLATING 2
b@ jﬂﬁ
Proc 20 Proc 20
o 1
' ARE THE RATE |-
. SYMPTOM D ERROR NEEDLE IS IT A MONITOR |__ e B
STEADY DEFLECT MODE? YES NULL? F=—— Proc 12
OUT OF DEADBAND NO
NO
IS THE RATE IS THERE YRS > froc 10
NEEDLE AT NULL? | YES |EXTERNAL MOTION?|
NO
NO
,
WAS A IS IT A
MAVIEEE ¥ TEs av NO
\ COMMANDED? ——)NO Proc 12 MANEUVER
YES YES
‘ e e
SYMETOM B RATI NEEDLE STEADY IS THERE EXTERNAL 2be O | B
' OR INCREASING MOTTON? YES
DEFLECTION -
NO
s IS IT THE
! ROLL ———%*DProc 8
Proc 1 i AXIS XES,
ERROR = Proc
| NEEDLE? | NO




’ I iWIlE VLT OVl Ul WssFivesurn
I 27 ol

é{}if PATEY Jan 27, 1967

THE ! "
! Proc 23 { APOLLO OPERATIONS HANDBOOX )
B Torlt ] TES T | STABILIZATION AND CONTROL s/c 012 rRevFINAL
: |__MALFUNCTION PROCEDURES section 9.1.1.20pacE 2
NO
Proc 3
commpay [was THE 3 Proc 21
T ‘bﬁﬁEgiéﬁ YES e
gﬂﬁL §o  °|WITH DIRECT
Tl ; { CONTROL >» Proc 22
- NO
YES '
e Proc 2
1 ; » Proc
i YES i
g > Proc 10
DBAND? o
G &N
ICDU PRCB.
GO TO G &
PROCEDURE
= <
] ]l. -
——{15 THE FOAT BALL| TR | K Ot | ERROR S Proo 3
19 AT THE ORIGINAL : | DIS 5 DISPLAY y
ATTITUDE? o TO BE EXPECTED | (Proc GOOD
¢ 10 WAS A G & N [ygs > Proc 22
MANEUVER h
COMMANDED? [0 > Proc 2
1. SCS CHANNEL SWS (4) - OFF|——3 prqe 1
2. VT7OE TES
| fvAs TT & |5+ DIRECT RCS - ON
‘ DIRECT MAN? NO 4- N—ULL F’._.[“_\‘L‘JS )
~ _ 5. SCS CHANNEL SWS (4) - ON —
6. DO RATES BUILD UP? B
YES i
IS THE MANSUVERL 5 50 o4 v -
DIRECT ULLAGE? | YES T. RAC-NEUTRAL  |me—> Proc 12
2. DO RATES BUILD| .
NO Up? NO Zroe 21
y

SCS CHANNEL SWS - Of[

i

. 2. DIRECT RCS - ON ~ [Tig -3 Proc 12
3. NULL RATES e

roc 23 l4. THC - NEUTRAL g
5. SOS CHANNEL SWS - ON  [T5 ¥ Froc 10
6. DO RATES BUILD UP? '




TS N BT IS THE ERROR NEEDLE WAS A
SYMPTOM F AT ZERO DIVERGING AND ———————— > MANEUVER |
OSCILLATING? NO COMMAND?
IYES lNO
N
Proc 20 Proc 1
OSCILLATING > Proc 20
OSCILLATING RATE| % DIVERGING roe
SYMPTOM G NIEDLE
OSCILLATING . Bras 15
ABOUT DEADBAND =
SYMPTOM H AV COUNTER s Proc 5 - A
DRIFTS
1.
i RUNAWAY
VRTOM > Proc 5 - B
SIMPTON I AV COUNTER
IEis) AV COUNTER
SYMPTOM J MOVES AT ONE f————>Proc 5 - C
SPEED ONLY
AV COUNTER
n,_ SYMPTOM K IS ERRATIC OR j————>Proc 5 - D
] ONE-WAY ONLY
¥ AV COUNTER
SYMPTOM L FAILS TO START | o Proc 5 - E
. COUNTING ,
o THRUST FAILS
SYMDTOM M 70 CoT—opp . |————>Proc 6 - A
i THRUST PRE- 1. 1
MATURELY CUTS- f———>Proc 6 - B
O
, THRUST PATLS —Proc 6 - C
) 10 INTPIATE )
3 G > Proc 23
HARDOVER
i i1 Proc 2
&5 NO RBSPONSE [ 2+ToC <2
T o TPREPARED BY: @;,72
g / U]
b o FDAT LIGITING 5| Proc 4 .
WO T ADTITST yé




WAS THE  p————> Proc 21
F | IS THERE EXTERNAL MANEUVER YES
ppe] ! TES L R NO Awrre pIRECT |
: : CONTROL S Prog 22
' YES 0
INO
roc 1 Proc 1
REMARKS

"1 1. AL30 CONSIDERS ECO AT IGNITIGN

]
-
; FLIGHT CREW SUPPORT DIVISION
| PN BT, 1967 '

STABILIZATION AND CONTROL
MALFUNCTION PROCEDURES

APOLLO OPERATIONS HANE0!

sye 012 | G,

SECTTON Fa diad s o t

(¥




FRALrANLE W 2 .
| SH W

SCS. 1 PROCEDURE

1. FDAT SELF TRST - ON ONE_RATE NEEDLE RATE DISPLAY |/

2. FDAT SEILF TEST - OFF AT NULL OR HARDOVER LOOP FAIL

3, DO THE RATE NEEDLES

RESPOND? ALL RATE NEFEDLES DISPLAY ECA 2
AT NULL TRANSFORMER OR

SELF TEST SW
FAILURE

ALL RATE NEEDLES DEFECT RATE GYRO |3
4/5 SCALE R-Y RIGHT, P UP FATLURE

1. G&N/SCS - SCS NO RESPONSE IN ATT SET 1
2. AME - ATTITUDE ANY AXIS SW FATILED
3. ATT SET - ON l G&N ATTITT
4. ROTATE ATT SET RESPONSE CORRECT IN G&N MODE ERROR DRIV

DIALS ALL AXIS ORIGINALLY?
5. ATT SET - OFF NO TO BE EXPI
6. ATT ERROR NEEDLE CK IS VAL]

RESPONSE?

A
NO RESPONSE 1. FDAT ALIGN PB - PRESS YES |

IN ONE AXIS 2. ATT ERROR NEEDLES &
BALL RESPOND CORRECTLY?]




/ FLIGHI UKEW SUPPORT DIVISION
AT E STABILIZATTION ANI) CONTROI
_—
‘ R R 23] MALFUNCTION PROCEDURES
l
RETIVLF g - D ——_ T
1. LAUNCH: NO ACTION
ERROR INDICATORS .- AL §ER
AVAILABLE AS BACK w3,
SELF CHECK AFTEE JEOTION
MIDCOURSE, AV'S & 770*: B
BALL OR EXTERNA, i~ niss ;
INDICATORS, ANDAOR Tirs!0:l SENSE:
AVATLABLE AS BACKTT UES. D
RATE DISPLAY IN AWmuvil AXIS,
2. ALL PHASES: DISPLAL &Y T2ST FONITD
LOST. USE CROSS CEAX .F 3ALL Ok =XT
REFERENCES, ATTITO™ #3RCR INDICLTORS
. AND/OR PHYSICAL SENS#s «UR JCRREOT °
i CONTROL RESPONSE ©rf (#NMAINDER OF 1
o IF TRANSFORMER FAT1F  f) DISPLAY
L FUNCTION PROPERLT .

TBD do e wosthiw (e wek )

ATTITUDE )
R DRIVE FAIL

. EXPECTZD
S_VALID

G&N
MALF

ATTITUDE ERROR | 3

DISPLAY FAIL IN

THAT AXTS

ATTITUDE SET | 4
INPUT FAIL

ALL PHASES: ATTIT{7& SET FUNOTICN
FDAT ALIGN STILL FUm: ' CNAL.

LAUNCH: NO ACTION

AND PHYSICAL SENSES iis AVAIT AT
CUES. TUSE APTITTTE vwR - 10T
AFTER INGF

MIDCOURSE, & /'~,

OR EXTERNAL RETHE )
AND/OR FHYSICAL &y
AS BACKUP ATTIT 00 : CUIS .
ATTITUDE ERROE IL, . ¢ 0N 1K &5

POST 0.05G: ROL1 -~ MManD ANGL: 8 Wi
BE DISPLAYED IK ¥~ b (NG AS '
DISPLAY 1S PRESENT 008 A

ERRORS NO LONGER 77 hliR

ALL PIHASES: S4V ‘ MCEPT BC

2Cs ATTITUDE EREF

ALL PHASES:
FDAI ALIGN LO&T
DISPLAY STIL




PROCEDURE

" DIALS-

0 PRI YO

BALL FIXED OR
ALIGNS INCORRECTLY

AND ATT ERROR NOT NULLED
IN ONE OR ALL AXES

BALL ALIGNS INCORRECTLY

ISAN N

SELECT P00

G&N /SCS-G&N
KEY V16N20E
MONTITOR DSKY
DISPLAY OF IMU
ANGLES

BALL MOVES TO
IMU ANGLES

AND ATT ERROR NULLED

BALL ALIGNS CORRECTLY

AND ATT ERROR NULLS

*THESE VALUES OR THE VALUES FOR THE NEXT MANEUVER MAY BE USED.

IS A PO

Ul

'SELECT POO

G&N/SCS-G&N
KEY V16N20E
MONITOR DSKY
DISPLAY OF
IMU ANGLES
BALL MOVES

TO IMU ANGLES
CHECK CDU'S
FOR FINE ISS
FOLLOWING.

| PREPARED BY: Qﬁ’

0 LK

yad




REMARKS

o GENERAL FOR LAUNCH PHASE: NO ACTION IF BALL
_ AGCU ELECT | 1 DRIVE IS INCONSISTENT. USE OTHER CUES AND
N YES FAIL PERFORM TROUBLESHOOTING FOLLOWING INJECTION
B INTO ORBIT.

' MU 1 MIDCOURSE & V'S: USE G&N MODES FOR BALL

= SERVO ELECT| 2 DISPLAY OR DSKY CALLUP (V16N20E) WHEN SCS
3 TO : OR COMMON MODES ARE NEEDED. SCS ATTITUDE AY T
5 gﬁ?i DRIVE 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.

|AGCU SET ,
FATL 2 MIDCOURSE & V'S: USE DSKY DISPLAY (V16N20E)

FOR TOTAL ATTITUDE INDICATION OR READ CDU's
AT LEB.

ENTRY: NORMAL ENTRY EXCEPT NO TOTAL ATTITUDE
BALL.

; 3  SAME AS 1 EXCEPT THAT THE AGCU DRIVEN BALL
’ COU's G&N BALL '” | DISPLAY IS AVAILABLE AS A RELATIVE INDICATOR
N "FOLLOW 'DRIVE FAIL IF THE LOSS OF RESET CAPABILITY DOES NOT

! MAKE THE MENTAL COORDINATE TRANSFORMATTON
KY PROBLEM TOO DIFFICULT.

; 4 MIDCOURSE: USE SCS MODES FOR BALL DISPLAY OR
: DSKY CALLUP (V16N20E). G&N TOTAL ATTITUDE
= | opy's pon'e [ I0DU FATLURE | 4 DISPLAY IS LOST BUT ALL G&N MODES MAY STILL BE
R /GO TO THIS USED WITHOUT TOTAL ATTITUDE FUNCTIONAL.

g CHECK : ,
. permid 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.

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
. DATE, ¥ STABILIZATION AND CONTROL 5/c010 REV FINAL
Jan 27, 1967 MALFUNCTTON PROCEDURES SEcTIonG.1.1.2 |race 5




(97]
(@]
[o7]
s

CH s SCS
Grouk 2
AC1 CLOSE
FPDAT LTG.

PROCEDURES

FDAT ILLUM-
INATION

ADJUSTS ?

YES

uW - AC 2.

NO

1
[ 2
3.
4.

o\

G&N/SCS-SCS

v SV - &y

FDAI LTG.

SW - AC 1.
VERIFY AV
COUNTER IS
GREATER THAN
ZERO
TVC-1-AC1
INJ. PREVLVS
OFF ,
THRUST SW-
OFF

THRUST PB-
PRESS

THRUST PB

ILLUMINATES ?

YES

4+

NO

PREPARED BY:

ez’

/

e

v




AC1 SW
| CONTACT
FATL

o

FDAT I
 INTEGRAL
| LIGHTING
LFAILURE

| FDAT LTG. &
| THRUST PB
| XFORMER FATL

u

FLIGHT CREW SUPPORT DIVISION

DATE;

Jan- 27, 1967

REMARKS

ALL PHASES: ADJUST FLOODLIGHTING FOR BEST
ILLUMINATION AND CONTINUE WITH MISSION.

ALL PHASES: USE AC-2 SWITCH POSITIQN 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 - AC1

ROTATION CONTROL - ACl
TVC-2 - AC1

G&N LIGHTING - AC2

SPS GUAGING - AC2

ALL PHASES: ADJUST FLOODLIGHTING FOR BEST
ILLUMINATION, THRUST ON LIGHT CHECKS NO
LONGER POSSIBLE. CONTINUE WITH MISSION.

APOLLO OPERATIONS HANDBOOK

STABILIZATION AND CONTROL s/c 012 rev FINAL

MALFUNCTION PROCEDURES secTion 9.1.1.2 [pace

6




i RESET AV
VO PWR - OFF : COUNTER
"ML WR - AC MN A
INEIBIT OKT ]
BRUSHE i w NOY paTcH UP FAIL »
\CCELEROMETE): | 2
B o LOOP OR AV
SET SW FAIL
OPEN POT OR | 3
C BAD CONTACT
® on av sET
SW
AV COUNTER |4
D ELECTRONICS
DRIVE FAIL
TS THRUSTING] e : -
E; ngEREGC. S |pUSH (MOMENTARILY)| YES [wo DISCRETE |°
¥ il DOES AV COUNTER FROM THC
START

NO

AV COUATER ELEC-
_»| TRONTCS DRIVE

ATY
F‘_‘.l L

| PREPARED BY: ]
| Lz

Py

[l('/'




FLIGHT CREW SUPPORT DIVISION

DATE:

Jans2, 1967

3, USKE OTHEI
COUNTER &

4. TUSE G&N

6. USE G&N

STABILIZATION AND CONTROL
MALFUNCTION PROCEDURES

TR RN VYR MIIRTIAT MAANTMTITME
1. USE G&N FCR THRUST MAGNITUDE
~ TS VKT ST T T AT
&w UsSkE G&N ONTROLLEI]

i THREE DRIVE STEEDS

N AT T NS
HTTING

CONTROLLED BURNS

5. NEXT BURN ULLAGE WITH

JONTROLLED BURNS

=l

APULLU UPERAIIONS HANUBOUK

s/c 012

Rev FINAL

section 9.1.1.2

PAGE

=




£ s

SCS 6
P - WAS AGC 1 =
4 THRUSgFIEONTROL o CONTROLLING BURN ‘ 55 LA
MAGNITUDE? | L (10
i
NO L
T
IS THRUST ON LT| NO
ON? OR
YES
47V COUNTER YES
<0
-
Proc 5 - E
B ' YES | G&N AV? YES L. START U
B | IS gﬁg LT | E AV D, FCSM G&l
: 1 5. FCSM G&!
l. FCSM SCS-OVERRIDE/ . IF V50 !
NO el RESEN L Pl
P. FCSM SCS - SCS
5. THRUST ON - PUSH
\j o
lG&l\ﬂv‘ -t ). IF V 50 N 11 IS
. __FLASHING PRESS ENTER
| ¥O | CK. FOR PROGRAM |5
'FAILURE 1IN Scs|7. i No—y phRleT N
| THRUST CONTROL - R TE T T '
i T \*"‘IC R
. ““‘ IS V52 N 11 IS THRUST ON 1. T
S — »4 FLASHINGS l————’ LT ON? ]
47 | NO P
_- T R s !
| WO —xES J' -
| | s I L .DIRECT ULLAGH i
| e PB~PRESS
| {MOMENTARILY T e
| L. IGNITION YES JTWO 1
—QECEBSY DISC




e ¥ - ~ite R n

= YT == : STABILIZATION AND CONTROL 5/c012 Rev SINAL
jng:“‘"" Jan 27, 1967 MALFUNCTION PROCEDURES Secrion O ..l [oees )
15 V S0 N 11 ] o G&N MALFUNOTION, | |
S LA NG YES s/ AGC DID NOT | | 1. USE 505 THRUST CONTROL
(10 _51C_APTER SHUTDOWN) SFND ENGINE f _
OFF DISCRETE, 2. TUSE DIRECT ON/OFF OF TERUST ZOWTROL
NO : SW FOR SUBSEQUENT BURNS.
S 3, TUSE G&N TO CONTROL BURN OF STRICT
IS THRUST ON LT OE/OBF OF WERgET “reanr m 5o
o o
- YES FAILURE IN G&N 1 | - SUBSFEQUENT BURNS.
PORTION OF SPS
- THRUST CONTROL 4. TUSE DIRECT ON/OFF OF THRUST CONTROL
SW FOR SUBSEQUENT BURNS
THRUST ON DRIVER | 2 |
—30R LIGIC FAILED ON ‘5. SPS NON-OPERATIONAL

0, G&N THRUST ONTROL LOGIC FAILURE, USE
SCS FOR SUBSEQUENT BURNS.

SCS AUTO ON/OFF | 3
————{ S FATLURE

7. TUSE G&N FOR ALL SUBSEQUENT BURNS.
l

\RT ULLAGE

M G&N-OVERRIDE/RESET

M G&N - G&N

V50 N.11 IS FLASHING
¢ PRESS ENTER

ROUGH ENGINE
COMBUSTION

G&N MALFUNCTION

N

T ON PB - P~
5
1. THRUST ON PB - no .|+e THRUST CONTROL SWvrs
PRESS e #  DIRECT ON

2. IGNITION OCCUR 2. IGNITION OCCURS

4 |

G&N THRUST K UNEE
o CONTROL LOGIC | | THRUST ’4
- FATILED i | CONTROL

| | LoGIC

| NO ULLAGE { | FAILED .
DISCRETE FROM THC i

| THRUST CONTROL 5
' SW FAILED




VO #2 CHECK ! MTVC CHECK 1. GIMBAI

2 SWITCH - AC.#41 1. V SWITCH - ON i YAW #
D, SWITCH - AC #2 .2. ROTATE TRANSLATION CONTROL CE 2. GIMBAI
) W PITCH #2 GIMBAL MOTOR '3, ROTATE ROTATION CONTROL POSITIVE ! START,
J i, VAW #2 GIMPAL MOTOR 5 THEN NEG. IN PITCH 3. GIMBAI
| b I TRIM POSTITIVE 4. ROTATE ROTATION CONTROL POSITIVE 4. AV sw
, - TIVE THEN NEG. IN YAW 5. Verif;
HANGE YAW TRIM POSITIVE 5. oV SWITCH - OFF . CHANGE
HEN - VECLAPIVE 6. RETURN TRANSLATION CONTROL TO THEN 1
| CENTER 7. CHANGI
‘ NEGAT
| P GPI MOVEMENT FOLLOWS
FOLLOWS Thlﬁ R TRIM AND RC COMMAND
o AND RC COMMANDS LV CHEGE
PERFORM AT SELECTION
R B
TVC # 2 CHECK
\
;
GPI MOVEMENT AWAY FROM TRI
AT SELECTION
‘ ‘ ' NO GPI MOVEMENT
\ WITH RC COMMANDS
| - : GPI MOVEMENT FOLLOW
\ GPI MOVEMENT AWAY ROTATION CONTROL
1 , PERFORM MTVC CHECK
‘ FROM TRIM GPI MOVEMENT AWAY F
NO GPI MOVEMENT GPI MOVEMENT FOLLOW;
WITH RC COMMANDS ROTATION CONTROL
PERFORM MIVC CHECK
NO GPI MOVEMENT
FOR RC INPUTS
h
PREPARLD BY: L7/ FLIGHT CREW SUPPORT DIVISION APOLLO
P
f AN BB o o egy STABILIZATION AND CONTROL s/¢012
. vl gk iy LSO MALFUNCTION PROCEDURES secTion 9. ]




v ffL WHBUK

MBAL MOTORS PITCH #2 &

W #2 - OFF

MBAL MOTORS PITCH #1 -

JART/ON

MBAL MOTORS YAW #1 - START/ON

"sw — ON g

wrify C&W GIMBAL FAIL LT OFF
GE PITCH TRIM POSITIVE

[EN NEGATIVE

[ANGE YAW TRIM POSITIVE THEN

g e GPT MOVEMENT FOLLOWS TRIM AND TR
JLOWS C&W GIMBAL FAIL LIGHT OFF e
VANDS PERFORM TVC #1 CHECK
“+ 9. i N
GPI MOVEMENT FOLLOWS TRIM AND SIS L
C&W GIMBAL FATIL LIGHT ON
GPI MOVEMENT AWAY FROM TRIM 5w s
NO GPI MOVEMENT AND CéW "
GIMBAL FATIL LIGHT ON TVC #1 AUTO FAIL
4
[ TRINM MIVC TRIM FAIL
5
MIVC FAIL
LLOWS $
)ELO TVC TRIM FATL
{ v
AY FROM TRIM #2 CLUTCH FAIL
GPI 8
MOVEMENT FOLLOWS TRIM PO ———
PERFORM
ELOWS '
TVC #1 NO GPI MOVEMENT 3
#1 CHECK TVC AUTO INPUT FATL
N TVC #2 FATL
PERFORM TVC #1 CHECK

TELEMETRY CHECK

NO TELEMETRY TELEMETRY MOVEMENT FOLLOWS TRIM 1"

GPI FAIL

MOVEMENT

VERIFY GIMBAL MOVEMENT
BY TELEMETRY AND VOICE

OR ROTATION CONTROL IN TVC #1,
MIVC, & TVC #2 CHECKS

COMMUNICATIONS NO TELEMETRY MOVEMENT

ACTUATOR FATL

OLLO OPERATIONS HANDBOOK
| RV P TNAL
:2:1'1‘2 PAGE 9

2




TR TN e s v

V. : ___ PROCEDURE

1. THRUST O
2. SELECT 3

EXCEPT: L
NO 3, MONITOR 1!

r | 5. MANUALLY CONTROL ROLL ATTITUDE|
4. IS THE VEHICLE STABLE?




72 ’ FLIGHT CREW SUPPORT DIVISION
LY DATE;
Jan 27, 1967

STABILIZATION AND CONTROL

MALFUNCTION PRO

DURES

APOLLO CPERATIONS HANDBOO!

s/¢012

REV FINAJ

SECTION O,

PAGE

5T CONTROL SW - OFF
i)CT SCS ATT HOLD

PT: LIMIT CYCLE - OFF
TOR FOR OTHER SYMPTOMS




P S T e L
PREPARED BY: W/

L LY
< '/ ]
PROCEDURE
3
1. THE VEHICLE DRIFTS - .
OUT OF THE ATTITUDE
DEADBAND IN ONE AXTS
. CHECK ATTITUDE ERROR | NO c
NEEDLES AT NULL? J
1. THC- C.W.
2. SCS - RCS CIRCUIT BREAKERS
IN THE AFFECTED AXTS - NO
CLOSED
3, NULL ERROR WEEDLES
4. THC - NEUTRAL
5. DYES THE VEHICLE DRIFT
OUT OF THE DEADBAND?
- YES | NO
USING PROPORTIONAL CONTROIL L. gﬁiégngwlMPULSE
CAN THE VEHICLE BE = g e
STABILIZED? ’f . YES
CONTROLLER Ll
3. DOES VEHICLE
RESPOND?

I
o]

1. G&N SCS TO OTHER MCDE
2. DOES THE VEHICLE DRIFT

NO WAS THE ORIGINAI,jzzL_[——

2
g

QUT OF THE DEADBAND <

YES

MODE G&N ATT NO
CONTROL?




7 FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOC
%;;" PATE: Ton 27. 196 STABILIZATION AND CONTROL s7¢012 e
72 BU. 21y LI0T MALFUNCTION PROCEDURES SecTion O 1.1.0 |eAcr
REMARKS
1 BMAG OPEN.
LAUNCH - NOT DETECTABLE
ALL OTHER PHASES - SCS AUTO. CONTROL LOST IN ONE AX!
G&N, DIRECT & PROPORTIONAL CONTROL
REMAIN, SCS V, MIVC (IF FAILURL
PITCH OR YAW) & SCS ATTITUDE ARE L
BMAG 2. DRIVER OPEN:
ScS MODT]  FALLED
—*|_oemn : LAUNCH - NOT DETECTABLE
—b MIDCOURSE & V'S - USE OPPOSITE JET PAIR FOR SINGLE J
GO TO G&N ATTITUDE CONTROL AND/OR TRANSLATIO
can Mond MALFUNCTION (ROLL FAILURES FAIL 1/2 OR Y OR Z
—#| PROCEDURES « * OR - CONTROL)
ENTRY - SET UP FOR EITHER 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 DRIV
ET SOLENOID
"P-DRIVER . 3. SWITCHING AMPLIFIER OPEN
FAILED LAUNCH - NOT DETECTABLE
OPEN ALL OTHER PHASES - AUTO ATTITUDE, RATE, AND PROPORTIO!
TSI RATE CONTROL IS LOST IN THIS AXIS.
\MPLIFIER ' DIRECT CONTROL IS THE ONLY REMAINI,
10 PATLED OPEN |~ RCS CONTROL PATH.
' LS 4. TOTAL ERROR AMPLIFIER OPEN
LAUNCH - NOT DETECTABLE
YES OTAL ERROR ALL OTHER PHASES - AUTO ATTITUDE, RATE, AND PROPORTIO!
AMPLTFIER 4 RATE CONTROL IS LOST IN THIS AXIS.
J FAILED OPEN DIRECT CONTROL IS THE ONLY REMAINT!

[can ATTITUDE
JDEMODULATOR | 5
FATLED OPEN

L

SCS ATTITUDE

DEMODULATOR |6

FATLED OPEN

o

ATTITUDE
ERROR

AMPLIFIER 7
FATLED OPEN

RCS CONTROL PATH OTHER THAN MINIMU
IMPULSE CONTROL.,

G&N ATTITUDE DEMODULATOR OPEN

LAUNCH - NOT DETECTABLE

ALL OTHER PHASES - G&N AUTO CONTROL LOST IN ONE AXIS.
DIRECT OR PROPORTIONAL CONTROL OF !
REMAINS. SCS V OR MIVC FOR BURNS
MANUAL G&N FOR ENTRY. SCS ATTITUD
ATTITUDE HOLD.

SCS ATTITUDE DEMODULATOR OPEN

LAUNCH - NOT DETECTABLE

ALL OTHER PHASES - SCS AUTO CONTKOL. LOST IN ONE AXT:
G&N, DIRECT, AND PROPORTIONAL CONT
ALL REMAIN. $CS V (IF FAILURE IS
PITCH OR YAW) AND SCS ATTITUDE ARE

ATTITUDE ERROR AMPLIFIER OPEN

LAUNCH - NOT DHTECTABLE

ALL OTHER PHASES - AUTO CONTROL FROM EITHER G&N OR S
HOLD SIGNALS LOST IN THIS AXIS.
DIRECT RCS CONTROL AND MINIMUM IMP
CONTROL ARE THE ONLY REMAINING RCS
CONTROL PATHS FOR THE AFFECTED AXI1:
USE MIVC IF PITCH OR YAW.




S8 12 (4) ' PROCEDURE

[,g. SCS CHANNEL (4) - OFF ‘ NO 1. DIRECT RCS - ON RATE NEEDLE NOT AT NULL
>. ARE THE RATES INCREASING? 2. NULL RATES ATTITUDE ERROR NEEDLES H
2, G&N/SCS - SCS RATE NEEDLES
4. AME-ATTITUDE AT NULL
1. C/B SCS PITCH (YAW, ROLL)
MNA OR MNB-OPEN
2. ROT. CONT. PWR - OFF
2. THC - C.W. RATES INCREA
4. SCS CHANNEL PITCH (YAW, ROLL (2) MORE THAN 1
. -ON (SCS CHANNEL PITCH (YAW,
ROLL (2)-OFF AND STABILIZE S/C
5. IF NECESSARY)
REPEAT STEPS 1 AND 4 FOR THE
OTHER C/B(s) IN THE AFFECTED
CHANNEL
NO RATE
INCREASE
YES 1. VERIFY C/B SCS PITCH (YAW,
-~ ROLL) MNA OR MNB-CLOSED
i 2. ROT. CONT. PWR - AC2
Z, SCS CHANNEL PITCH (YAW, ROLL (2)
-ON (SCS CHANNEL PITCH (YAW,
ROLL (2)-OFF AND STABILIZE S/C
IF NECESSARY)
4. DID THE RATES INCREASE?
YES
(o 1. AME-MONITOR
2. THC-NEUTRAL
(SCS CHANNEL PITCH
ROLL (2) - OFF AN
ILIZE S/C IF NECE
3, DID THE RATES INC
[ PREPARED BY: (%j{;
g Ja) /\,/ o
. CONTINUED ON ; A
SCS - 12 B)




REMARKS:

NULL

JLES HARDOVER: RATE NEEDTES AT NULL

ATE GYRO FAILURE |/
IEIAG LOOP FAILURE J?

ONLY 1 C/B CAUSES RATE INCREASE

(NCREASE VITH

1. VERIFY LIMIT CYCLE-OFF

NO

|JE’I‘ DRIVER FAILED ON

o PSEUDO RATE FAILED]6

IAN 1 C/B COMBINATION

. 2. SCS CHANNEL PITCH (YAW,
ROLL (2)-0N/OFF(STABILIZ§

S/C IF NECESSARY) L

3. DO RATES INCREASE? 1

P

3,

THC-NEUTRAL
C/B SCS GROUP 1

RATES INCREASE oJ ONE TRANSLATI

MN A=-OPEN
SCS CHANNEL PITCH
(YAW, ROLL (2))-ON
(SCS CHANNEL PITCH
(YAW,ROLL (2))-OFH
AND STABILIZE S/C
IF NECESSARY)

WITH ONLY ONE | CONTROL FAILE
C/B ON

RATES INCREASE,| PAILURE IN

CONTROL ELEC-

4. REPEAT STEPS 1 WITH BOTE C/B | nponTos (RATE
THRU 3 FOR DEMODULATOR, R
GROUP 1 MN B C/B ERROR AMPLIFI
. 5. SCS PARTIAL PWR &} TOTAL ERROR
RATE GYRO TO NON- AMPLIFIER, OR
AFFECTED BUS SWITCHING AMP
LIFIER
ONE RHC FAILED ISOIATION]’
3 PROCEDURE T.B.D.

YES [ ATTITUDE ERROR ANMPLIVIIR FAILED OF

PITCH (Yiw, | NoplwAs THE | ¥ES NG DEMODULATOR FATLED ON 1*

)FF AND STAB- ORIGINAL N(‘/'l 1. SELECT POO
? NECESSARY) MODE SCS? 2. ATT ERROR (
S INCREASE? NEEDLES AT NULL NO J GO TO G&N MALF PROCEDUH}a‘l F
- __lYES

1. G&N/SCS—&N

2. AME-ATTITUDE
Z

vl

. SOS CHANNEL PTITCH G&N ATT DEMOD FATLID

(YAW,ROLL(2) )-OFF
AND STABILIZE S/C IF

YES
NECESSARY NO JG—C TO G&N MALFUNCTION I'ROCEDURE ,
4. DID RATES INCREASE? > ' ‘ 1

e FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
‘/—"'é DATEn STABILIZATION AND CONTROL s/c 012 rev P TITAT,
% - ey, 1967 MALFUNCTION PROCEDURES section 9.1.1.0 [race 1

o




PREPARED BY o
PREPARED BY C'ﬁu/

e

1. VERIFY DIRF(" - OFF 1. SCS CHANNEL (4)-ON YES 1.
2. ARE RATES INCREASTN 2. NULL RATES 2,
3. C/B SCS DIRECT CONT MNA - OPEN
- 4. DIRECT RCS - ON/OFF NO
i 5. DID THE RATES INCREASE?

' DESIRED DIRbc
RCS-ON AND STARILINE RATES

L

1. C/B SCS DIRKCT CONT 1. SCS CHANNEL (4) - ON YES 4 1.
MNA & MNE — OPEN NO 2. NULL RATES z,
2. DO THE RATIS INCREASE? . 3. C/B SCS DIRECT CONT MNA-CLOSED | wo
4. DO THE RATES INCREASE?

A

—

(re]

4. DO THE RATES INCREASE?

C/B SCS GROUP 2 MNA & MNB - 1. SCS CHANNEL (4) - ON YES
OPEN L NO 2. NULL RATES
. DO THE RATES INCREASE? 3, C/B SCS GROUP 2 MNA-CLOSED =
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3 1. C/B SCS DIRECT CONT MNB
2. C/B SCS DIRECT CONT MNA

"
OPEN RHC #2 FAILED ON
CLOSED (DIRECT)

RAC #1 FAILED ON

(DIRECT)
4
2
s JJ 1. C/B SCS DIRECT CONT MNA — OPEN DIRECT ULLAGE |’
2. C/B SCS DIRECT CONT MNB - CLOSED SWITCH FAILED

) T
YES J'G/B SCS GROUP 2 MNA - OPEN CMD PILOT ROTATION |'°

C/B SCS GROUP 2 MNB - CLOSED CONTROL BREAKOUT

BVAG PWR - ACD | SW SHORTED TO DIRECT
NO SWS ,

BYAG PWR — ACL -+ p1r0r ROTATION |3

CONTROL BREAKOUT
SW SHORTED TO

DIRECT SWS
1. S/MRCS A (B,C,D) PROPELLANT Uy
SW - OFF
2. REPEAT STEP 1 UNTIL RATES
N Soop

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




: ; . )
1 hkaTE GYRO HARDOVER FAILURE ) ~ _

LAUNCH

MIDCOURSE

v's -

ENTRY

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.

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'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,

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.

IN TEESE 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 FATLURE

LAUNCH

MIDCOURSE

e . =

ENTRY -

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

G&N ATTITUDE HOLD MUST BE USED FCR HOLD PERIODS. THE AGCU FUNCTION IS LOST. BACKUP RATE IS NOT
AVATLABLE IN THE AFFECTED AXIS., DISABLE THIS AXIS IF SCS MODE SELECTED.

ONLY THE G&N 7V MODE REMAINS FUNCTIONAL. SCS 7V AND MTVC ARE BOTH LOST FOR PITCH OR YAW

FATLURE." FOR ROLL, DIRECT CONTROL MUST BE USED WITH CHANNEL DISABLED.

THR BACKUP ATTITUDE REFERENCE WILL NOT BE FUNCTIONAL. BACKUP RATE .IS NOT AVATILABLE IN THE AFFECTE

AXIS. DISABLE AFFECTED AXTIS IF SCS MODE IS SELECTED. . DAMPING OR CONTROL IN THE AXIS MUST BE WITH
DIRECT CONTROL.

3 DRIVER FAILED ON i \

LAUNCH - NOT DETECTABLE
MIDCOURSE &
V'S - APPLICABLE CIRCUIT BREAKER MUST BE OPENED AND REMAIN PULLED FOR REMAINDER OF MISSION. SELECT TWO
JET ULLACE 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 (1E: FOR AN MNA BREAKER SET UP FOR AN
AUTOMATIC "B" SYSTEM ENTRY) IF THE FAILURE WAS IN PITCH,YAW, OR B&D ROLL.
PREPARED BY: 1.7/ FLIGHT CREW SUPPORT DIVISION |~ . APOLLO OPERATIONS HANDBOOK
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) ' . )-. | ’4.5

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. TUSE 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 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 AXTIS.

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:

SELECT SCS V MODE

RECONFIRM THRUST CONTROL SWITCH - OFF

RECONFIRM PREVALVE SWITCHES (2) - OFF

GIMBAL MOTORS IN AFFECTED AXIS (2) - START - ON

CONFIRM RESPONSE TO GIMBAL TRIM THEN STABILIZATION AT TRIM POINT
THRUST ON PUSHBUTTON - PRESS

CONFIRM THRUST ON LIGHT - ON

OBSERVE GPI IN AFFECTED AXIS. DOES IT REMAIN STABLE?

(CONFIRM WITH TM IF COVERAGE IS AVAILABLE)

O3 O\ W

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: o7,/ _ FLIGHT CREW SUPPORT DIVISION APOLLO OPERAT!IONS HANDBOOK
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) . v
» gk

)
/
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 REMATIN DISABLED. ALL CONTROL METHODS USING THE AUTOMATIC RCS COILS

IN THIS AXIS ARE LOST. PITCH OR YAW FATLURES ALSO LOSE BOTH AUTOMATIC TVC CONTROL PATHS BUT
"MTVC IS STILL FUNCTIONAL,

9 BMAG DEMODULATOR FAILURE

LAUNCH - NOT DETECTABLE

ALL OTHER

PHASES - 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 - NOT DETECATBLE
ALL OTHER _
PHASES - 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)

) ¥ ; )
) , S

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 POSITICN OF THE
TRANSLATION CONTROL THROUGH THE MESC.

12 DIRECT ULLAGE SWITCH FATLED

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. )
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 AV MODE

3. WAITING FOR AN ATTITUDE ERROR INDICATION FROM THE BMAGS

4. DISPLACING ONE ROTATION CONTROL PAST BREAKOUT

5. IF THE BMAG'S CAGE ATTITUDE ERROR WILL GO TO ZERO AND THE BALL IRIVE WILL START. THIS IS

THE GOOD ROTATION CONTROL.

14 RCS QUAD PROBLEM

ALL PHASES - QUAD USE IS LOST FOR REST OF MISSION.

PREPARED BY: (%~
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SR -1 { | 611 BV 1 -

)
Y7 2

\T NULL

ARE RATE NEEDLES
k | ¥Es

RATE GYRO
FATILED COPEN

NO
1. VERIFY V SW - OFF RATE GYRO |2
2. CAN S/C BE MANEUVERED WITH YES DEMODULATOR
PROPORTIONAL CONTROL FAILED OPEN
[RATE ERROR | 3
NO AMPLIFIER
FAILED OPEN
l*
PSEUDO RATE
OPEN
scs 21
8
1. VERIFY DIRECT RCS - ON NO DIRECT RCS E
2. VERIFY C/B SCS DIRECT CONT. SW FAILED OPEN

MNA & MNB - CLOSED
. CAN S/C BE MANEUVERED
USING RHC #2(1)

DIRECT CONTROL 2
YES
LOST IN RHC #1(2)




2“ DATE, STABILIZATION AND CONTROL s/¢012 Rev FINAL
Jan 27, 1967 MALFUNCTION PROCEDURES secTion9.1.1.2 |eace 14
_REMARKS

1. DIRECT RCS SWITCH FAILED OPEN

LAUNCH - NOT DEPECTABLE

ALL OTHER - DIRECT ROTATION CONTROL IS

! PHASES LOST. AUTOMATIC PROPORTIONAL
i CONTROL, MANUAL FROPORTIONAL
! CONTROL, AND DIRECT AUTO
CONTROL ALL REMAIN FOR RCS
CONTROL.

LAUNCH - NOT DETECTABLE

ALL OTHER - KEEP OPERABRLE ROTATION CONTRCL

|
l 2. DIRECT CONTROL LOST IN ONE ROTATION CONTRCI
i
!
f PHASES AT CMD PILOTS' STATTON

|




)
@ )
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 CHANNEL 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. TUPDATING 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 AUTOMATIC RATE DAMPING LOST IN AXTS. DIRECT AUTO OR DIRECT CONTROL CAN BE USED WITH THE ACTIVE
RATE DISPLAY OR IN ROLL TO CONTROL ATTITUDE.

3, RATE FRROR 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 CONSUMPTION WILL EXIST IN THAT AXIS. ‘
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. WAS THE MANFEUVTR
G&N AUTD OR

RHC #1

PREPAREDL BY:

PROCEDURE

- yps |AGC/CDU TROBLEM
TRROR NIMDLIS T jE IO GAN NATR
S PROCEDURI XX

l NG

CAN
BE
USING

CONTROL

THE MANEUVER
COMMANDIED

YES 1. SELECT 5CS

PROIPORTIONAL

NO

CAN S/C ROTATION BE
COMMANDED USING THE
MINIMUM IMPULSE?

ATT HOLD
2. DOES THE VEHICLE
DEADBAND?

YES

NO

NO

[

NO

1. CHANGE THE DEADBAND

2. DOES THE S/C DEADBAND?

1NSE ROT CONT.

~0 QTHER BUS.

WE T NO,
17 § ' C BE COMMANDED '

o= By #45(7)

N

IF IN MONITOR MODE
GO TO SCS ATT MODE
LIMIT CYCLE-OFF

ARE THE RATE NEEDLES
OSCILLATING AND

DIVERGING

NO

NO DOES THE S/C
DEADBAND?

YES

I
£

5]

CAN THE S/C BE

=
2

.
COMMANDED WITH

RHC #1(2)

NO
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S

Y

. CHANGE DEADBAND YES

G&N ATT DEMCD
FATILED OPEN

DOES THE VEHICLE L
DEADBAND? NO

ORIGINAL DEADBAND
CIRCUITRY FAILED

A 0

CIRCUITRY FAILED

TOTAL ERROR AMP |
FATLED OPEN

YES

’, JET SWITCHING
| AMP_FATLED OPEN

ORIGINAL DEADBAND
CIRCUITRY FAILED

ROTATION CONTROL %
DEMODULATOR FAILE

4

RATE ERROR

v

AMP FATILED OPE]

POWER BUS OR
ROT. CONT. PWR SW

FATLED

| IIRHC #1 (2) FAILED

(67]

__ REMARKS




1. G&N ATTITUDE

)

DEMOD OPEN

LAUNCH

ALL OTHER -

PHASES

NOT DETECTABLE

G&N AUTO CONTROL LOST IN ONE AXIS.
MTVC FOR BURNS AND MANUAL G&N FOR ENTRY.

2. ATTITUDE ERROR AMPLIFIER OPEN

LAUNCH

ALL OTHER =

PHASES

NOT DETECTABLE

AUTO CONTROL FROM EITHER G&N OR SCS HOLD SIGNALS LOST IN THIS AXIS.

3. TOTAL ERROR AMPLIFTER OPEN

LAUNCH
ALL OTHER
PHASES

4. SWITCEING

NOT DETECTABLE

AUTO ATTITUDE AND RATE PROPORTIONAL RATE CONTROL IS LOST IN THIS AXIS.

J

DIRECT OR PROPORTIONAL CONTROL OF RCS REMAINS.

ONLY REMAINING CONTROL PATH OTHER THAN MINIMUM IMPULSE CONTROL.

AMPLIFTER OPEN

LAUNCH

ALL OTHER -

PHASES

NOT DETECTABLE

AUTO ATTITUDE AND RATE AND PROPORTIONAL RATE CONTROL IS LOST IN THIS AXIS.

ONLY REMAINING CONTROL.,

5. DEADBAND CIRCUITRY FAILED

LAUNCH

ALL OTHER -

PHASES

NOT DETECTABLE

MANUAL ATTITUDE HOLD REQUIRED WHEN AFFECTED DEADBAND IS SELECTED.

6. ROTATION CONTROL DEMODULATOR OPEN

SCS ATTITUDE FOR ATTITUDE HOLD.

SCS V OR

DIRECT RCS CONTROL AND
MINIMUM IMPULSE CONTROL ARE THE ONLY REMAINING RCS CONTROL PATHS FOR THE AFFECTED AXIS

DIRECT CONTROL IS THE

DIRECT CONTROL IS THE

ALL PHASES- THE USE OF PROPORTIONAL RCS CONTROL AND MANUAL TVC ARE LOST FOR THE REMAINDER OF THE MISSION.
AUTO TVC MODES WITH RATE DAMPING AND NO MANUAL INPUT MTVC BACKUP ARE STILL AVAILABLE. DIRECT AND
AUTO RCS CONTROL STILL REMAIN FOR ALL MODES. :
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o

7. RATE ERROR AMPLIFTIER OPEN

RATE DISPLAYS REMAIN FUNCTIONAL

ALL PHASES -

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

ATL PHASES - TUSE 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.
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‘ PREPARED BY: (‘M
fu |

A
PROCEDURE
. g 3 YES ARE THE | mo S THE BURN YES
T} NG RATE NEEDLES CONTROLLED BY
AT NOULL? MTVC?
NO JEES ‘lNO
SARE T GPI 1. GO TO MTVC
FATLURE 2. DAMP RATES

P

l. Release DIRECT ULLAGE

CT OPEN CONTACT ON
m“, mi \
- DIRECT ULLAGE SW.




~ FLIGHT CREW SUPPORT DIVISION
ﬁb ey STABILIZATION AND
Jan 27, 1967 ) MALFUNCTTION PROCEDURES SecTiong.1.1.2  |rree

APOLLO OPERATIONS HANDBOOK

CONTROL s/c 012 REVETLL

e

REMARKS

YES of THRUST CONTROL SW -
OFF

b

If direct ullage is needed use
the abort position of the THC

to command direct ullage through
the sequence.




PROCEDURES ENTRY SHEET
SECZTON 9.1.2
SPS mALFUNCTION PROCEDURES
SYMPTOM
SPS ROUGH ECO DURING MISSION CRITICAL BURN
SPS ROUGH ECO DURING NON-MISSION CRITICAL BURN

PITCH OR YAW GMBL DR FAIL C & W LIGHT ILLUMINATES
DURING MISSION CRITICAL BURN

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

SP3 PRESS C & W LIGHT ILLUMINATES DURING THRUSTING
FUEL AND/OR OX TANK PRESS LOW DURING THRUSTING
FUEL AND/OR OX TANK PRESS HIGH DURING THRUSTING

SPS PRESS C & W LIGHT ILLUMINATES DURING NON-
THRUSTING

FUEL AND/OR OX TANK PRESS LOW DURING NON-THRUSTING
FUEj—lND/OR OX TANK PRESS HIGH DURING NON-THRUSTING
SPS WALL TEMP HI C & W LIGHT ILLUMINATES

PROPELLANT HEATERS FAIL TO RAISE TEMPERATURE
PROPELLANT TEMPERATURE READING ABNORMAL

NO RESPONSE OF OX FLOW FLAGS TO OX FLOW ADJUSTUMENT
ABNORMAL PROPELLANT QUANTITY READOUT

UN BALANCE METER IS ERRATIC OR PEGGED

1,0SS OF SPS HELIUM TANX PRESSURE

ABNORMAL SPS HELIUM VALVE TB INDICATION

SYMPTOM
NUMBER

1

2

(@) un o un

(@)Y

ST

ks

a1

P

PAGE




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 IOW | 3 19 5
S/M RCS PRESS MANF HIGH | 1 22 5
* 8/M RCS 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
P
o/M RCS C&W LIGHT ILLUMINATES 4 1 10
C/M RCS PRESS F OR OX HIGH 4 3 13
C/M RCS PRESS F OR OX LOW 4 4 11
C/M RCS PRESS He LOW 5 1 12




)

)

SYKPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

1 8PS .ROUGH ECO
DURING MISSION
CRITICAL BURN

FCSM G&N or SCS SW-OVERRIDE/
RESET

FPCSM G&N SCS SW-G&N or SCS

a. G&N

S O

THRUST ON - DEPRESS
Monitor SPS ROUGH ECO light
a. Re-illuminates

b. Remains extinguished

\Jl

Light illuminates if 70 % 20
msec at a vibration level of
180g's peak-to-peak or 30-70
msec at a vibration level of
360g'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. 0X for decreased pressure
or unbalanced pressure and flow

1. If in G&N AV, automatic
restart of the engine will
occur if {10 sec has elasped
since shutdown. If »10 sec

V50N11 will flash, and the ENTER

must be depressed for automatic
restart. '

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

Excessive engin vi-
bration due to

combustion instabili-|
Ly

3

4b. Transient vibra-
tion level sensed in
SPS engine.
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SYMPTOM STEP PROCEDURE Ps‘ié; REMARKS FAILURE
5 | FCSM G&N or SCS SW-OVERIDE/RE-
SET
a. G&N w—» { 5a. Automatic restart of the
engine will occur if <10 sec hag
elasped since shutdown. If >10
sec V5O0N11 will flash, and the
ENTER must be depressed for
1 automatic restart.
b. SCS 6
6.1 THRUST ON-DEPRESS ~—=> | 6. Continue normal procedures
2. SPS ROUGH ECO M THRUST SW-OFF 2 Light illuminates if 70 = 20 Excessive engine vi-
DURING NON-MISSION msec at a vibration level of bration duve to com-.
CRITICAL BURN 18Cg's peak-to-peak or 30-70 bustion instability.
msec at vibration.level of
360g's peak-to-peak. THRUST
SW-ON overrides the FCSM moni-
tors. SPS is operable but FCSM
may terminate subsequent burns.
2 | Terminate ullage. 5
3 | Reset FCSM logic with any of the 3. The SPS ROUGH ECO light is
following switches: also reset.
a. FCSM G&N or SCS SW-OVERRIDE/| —
RESET /
b. AV SW-OFF _
c. ATTITUDE/MONITOR/ENTRY SW- |—
MONITOR or ENTRY.
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SYMPTOM STEP PROCEDURE g;’é; REMARKS 'FAILURE
5. -PITCH OR YAW i Monitor FDAI and GIMBAL POSITION 1. ©SPS is now operating on Over or under current
GMBL DR FAIL LIGHT INDICATOR for divergence from secondary gimbal motor.” If to primary drive
ILLUMINATES DURING burn heading. this motor fails, the SPS must {motor.
MISSION CRITICAL be shutdown.
BURN
2 If divergence occurs; THC-CW. 3 2. This action initiates MTVC
operation
3 Damp rates using MIVC. 4
4 THRUST SW-OFF: 5
5 THC-CENTER 6
6 With the RCS reorient the S/C to| 7
burn attitude.
i THRUST SW-NORMAL 8
a. G&N —3|7a. Auto restart of the engine
will occur if <10 sec has
elasped since shutdown. If >10
sec, V50N11 will flash, and the
\ ENTER must be depressed for au-
AN ?’Q‘ tomatic restart.
N\ O A o) WL;—’F q
== = GFwn 5 | . SCS 8 /
8 | THRUST ON - DEPRESS 9
9 If divergence OCCURS, THRUST —3i9, SPS inoperative as gimbal 9. GIMBAL FATILURE
SW-OFF - tcontrol is lost in an axis 1IN ONE AXTIS
PREPARED BY1 3~/ FLIGHT CRE¥ SUPPORT DIVISION : . APOLLO OPERATIONS HANDBOOK
WA DATEs . Service Prgpulslon System "5 012 ey BIRAT,
Jats 27 ; 186 Ma1lfunction Procedure NG P N G S g
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SYMPTOM STEP PROCEDURE NEXT REMARKS FAILURE
STEP

4. PITCH or YAW 1. | THRUST sw - OFF i Both GIMBAL MOTORS for PITCH or|Over or undercurrent
GMBL OR FAIL LIGHT YAW have been turned on. to primary drive
ILLUMINATES DURING L motor.
NON-MISSION CRITICAL
BURN. S Damp any rates with the RCS. G

3. | Gimbal motors PITCH or YAW 1 sw-

START; release to ON.

L Monitor PITCH or YAW GIBL or

FATL light.

a. Re-illuminated .

b. Extinguished .

5 GIMBAL MOTORS PITCH or YAW 2 sw-

QFF 6.

6. Rotate PITCH or YAW GIMBAL POSI-

TION thumbwheels

a. Needle deflects —>|6a. For any subsequent burns, |6fa. PITCH or YAW
the GIMBAL POSITION indicator |GMBL or FAIL light
must be monitored with the FDAI jhas failed on.
for divergence from planned
heading as these are the only
means of monitoring the status
of the gimbal motors.

b. Needle doesn't deflect —>[6b. SPS now functional on sec- |6b. Qver or under-
ondary gimbal drive motor. Any curfght to primary
subsequent burns wust be moni- |drive motor.
tored for gimbal motor failure
on the GIMBAL POSITION indica-
tor and the FDAI.

Te SPS GIMBAL MOTORS PITCH or YAW 2
sw - OFF B
85 Rotate PITCH or YAW GIMBAL POSI-
TION thumbwheels.

PREPARED BY: .7/ FLIGHT CREY SUPPORT DIVISION . APOLLO OPERATIONS HANDBOOK
WE Dot Tow. 27, A8EH Service Prgpuls1on System ~{s,c (12 REV RTINAL
Jan. 27, 1967 Malfunction Procedure section  9.1.2 feace 5

MSC Form 450 (Rev Dac 68)




SYHPTOH STEP PROCEDURE g?é; REMARKS FAILURE
a. Needle deflects 8a. SPS functional, but gimbal |8a. Transient over
switchover may occur at any timg or under current.
during thrusting. .
b. Needle doesn't deflect 8b. GMBL DR FAIL light should [8b. Over or under
. also have re-illuminated. Motor|current to primary
is unable to assume the load motor.
and drops off the line.
5 SPS PRESS LIGHT Light illuminates if FUEL or OX
ILLUMINATES DURING TANK PRESS is > 200 psia or ¢160
THRUSTING psia. Normal operating pres-
sure is 171-179 psia.
WARNING - IF Pc INDICATOR £70 PSIA: THRUST sw - OFF
1. {Monitor FUEL and/or OX TANK PRESS
a. High
b. Low 2
c. Normal 2
FUEL AND/OR OX TANK | 2. {Monitor PRESS ENG INLET FUEL %
PRESS LOW DURING and/or OX
) \
e b a. Low 3 |2a. If FUEL and/or OX TANK PRESS2a. FUEL AND/OR OX

b. Normel

c. High

NORMAL ;FUEL and/or OX TANK PRESY indicator failed.

INDICATORS ARE INACCURATE

2b. Monitoring of SPS pressure
gages is required for all sub-
sequent burns

2c. If FULL and/or OX TANK PRESS 2¢. FUEL AND/OR OX
INDICATOR FAILED.

NORMAL FUEL and/or OX TANK PHEESS
INDICATORS ARE INACCURATE.
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SYNPTOM STEP . PROCEDURE f;]ﬁg REMARKS / FAILURE
3 If non-critical burn: THRUST sw- e
OFF.
4 Monitor FUEL and OX TANK PRES- /4. Use inlet pressures if TANK
SURES PRESSURE indicator failed
a. If continues to decrease /a,. SPS not operable. Sube 14a. Leak in propel-

sequent repressurization may re-| lant system.
sult in tank rupture.

b. If pressure low, but steady 5

5. |He VLV sws (2) - ON -6 [lanks are manually repressurized
i For subsequent burns. Burns are
not to exceed 20 sec if propel-
lant tank pressure cannot be
rgised during manual repressuri-
rzation; SPS not operable due to
propellant tank pressure <160

FUEL AND/OR OX TANK | /4 |Monitor PRESS ENG INLET FUEL and/ bsia.
PRESS HIGH DURING - or 0X
g a. High : ff7 7a.. One regulator
b. Normal /b. If indicator failure, inlet PEERRLY SAluns opes

: Tb. Indicator failurs
pressure should remain normal

nowever inlet pressures should
pe monitored to see if a time
Helay may have given inaccurate
normal reading.

8.7|SPS HELIUM sws (2) - OFF 7.% Ba. With helium supply shut off,

propellant tank ullage pressures
hre sufficient to provide 20 skc
onds of operation. After 20 sec-
onds ,0/F ratio becomes too high
ond engine operation may become
rough. SPS will not be operable
p.fter this 20 seconds.

9% |{If non-mission critical, THRUST

5 sw - OFF
PREPARED BY: ,i77 // FLIGHT CREW SUPPORT DIiYISION Goroics Pr D aian Boat APOLLO OPERATIONS HANDBOOK
' rvic opulsion System » —
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SYMPTOM STEP PROCEDURE ';%T, REMARKS FAILURE
6 SPS PRESS LIGHT | 1. | Monitor FUEL and OX (TANK)PRESS Light illuminates if fuel and/on
ILLUMINATES DURING oxidizer pressure is >200 psia
NON-THRUSTING PERIOD or <160 psia. Normal operating
pressures are 171-179 psia.

a. High 2

b. Low 2

c. Normal 2 +

FUEL AND/OR OX TANK | 2 | Confirm FUEL and OX PRESS with § lor watoso
PRESS LOW DURING ENG INLET PRESS. ‘—M
NON-THRUSTING %/

a. High 6 2a, 1T F and/or OX TANK PRESS| 2a. FUEL and/or OX
were normal: FUEL and/or OX TANK| TANK PRESS INDICATOR
pressure indicators are inaccu- | FATILED.
rate.

b. Low 3 [2b. If FUEL and/or OX TANK PRESS| 2b. FUEL and/or OX
were normal: FUEL and/or OX TANK| TANK PRESS INDICATOR
pressure indicators are inaccu- | FAILED.

‘ ’ rate.

c. Normal 2c. Monitor of SPS press gauges | 2¢c. C/W circuitry

will be required. failed.
5 Monitor FUEL and OX PRESS

a. Stable 4 /

b. Decreasing el (ARNING: - Subsequent repressuri- 3b. Propellant systen
zation considered  dangerous due | leak.
to possibility of tank rupture.

4. SPS HELIUM sws (2);ON[OFF when Ja,. Tanks are manually repres-\

press 2175 psia.

surized for next burn if 175
psia is not obtainable: SPS
HELITM sws (2) - OFF. Major leak
in pressurization systems SPS
not operable for tank pressures
{160 psia.

PREPARED BY: oy 7/ FLIGHY CREW SUPPORT DIVISION 3 APCLLO GPERATIONS HANDBOOK
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SYMPTOM STEP A PROCEDURE ’;ﬁé; REMARKS FAILURE
5. | Monitor FUEL AND/OR OX TANK PRESY
a. Stable 5a. SPS is functional Sa. Apparent heat
leak from SPS system.d
b. Decreasing WARNING:- Subsequent repressuri- 5b. PROPELLANT SYS-
i zation considered dangerous due |TEM LEAK
to possibility of tank rupture.
FUEL AND/OR OX TANK| 6. | NONE —_ 6, Heat leak into SPS
PRESS HIGH DURING © jsysten.
NON-THRUSTING
{
/
BRERARED BYs o 7/ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
Wi~ PATET  Tam, 27, 1967 Service Propulsion System S/C. D1 D rev FINAL
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SYMPTON STEP PROCEDURE ;$é; REMARKS FAILURE

7. SPS WALL TEMP
HT LIGHT ILLUMINATES

Light illuminates when throat
surface temperature is 3%80°F or
greater. Ablation rates will
be so severe that loss of
chamber may be expected at any-
time, resulting in catastrophic
failure. Maximum temperature
should occur 230 min after shut
down.

MISSION CRITICAL: CONTINUE BURN - COMPLETE LOSS OF THE SPS

SHOULD BE EXPECTED

1., Excess throat

1 | If thrusting, THRUST sw - OFF —> | 1. MSFN can confirm wall temp-
erature over 380°F., Loss of chamber ablation
entire chamber very possible rates or instrumenta-
upon refiring of SPS tion failure.
8. PROPELLANT HEAT-f 1 | A/OFF/AB sw - AB 2 | In the A position, the 26
ERS FATL TO RAISE electrical strip heaters re-
PROPELLANT TEM- ceive 28V; in AB position an
PERATURE additional 26 heaters receive
28V.
2 | Monitor PROP TEMP gage
a. Propellant temperature 2a. Double heater operation is |2a. System A heaters
increases required for temperature con- |failed OFF.
Trol.
b. Propellant temperature 2b. If A/B not maintaining tem-{2b. Both heater
decreases perature above 45°F, attitude |systems have failed,
constraits must be observed or jor SW.failure, or
SPS may become non-operational.|{instrumentation
SPS not operable if Fuel temp |[failure.
<50,
PREPARED BYrt 1y 7 / FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOGK
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SYMPTON

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

9. PROP TEMP READ-
ING ABNORMAL

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

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

HEATERS ON T°< 45°F

HEATERS OFF T'> 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.

10. NO RESPONSE OF
0X FLOW FLAGS TO OX
FLOW ADJUSTMENT
(PRI VALVE)

Valve sw - SEC

Use OX FLOW switch as desired to
adjust flow rate.

Secondary valve has sufficient

VALVE failure in any position
and still provide valve open-
ings for INCREASE, NORMAL or
DECREASE 0X FLOW.

NOTE: Operation of OX FLOW
valve is not critical to mis-
sion AS-204 [

PRT OX FLOW VALVE
range to compensate for PRIMARY ffailed

11. ABNORMAL PRO-
PELLANT QUANTITY
READOUT

-

SENSOR sw - PRI

Complete any thrusting activity
prior to check of quantity
readout.

PREPARED BY: /‘;41’ ///
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NEXT

" REMARKS

D
SYMPTOM STEP PROCEDURE Siee FAILURE
2 | TEST/AUTO/TEST sw - TEST (upper)] 3 |In TEST mode the display will
for 10 sec and monitor not move-for the first 4.5 sec.
quantities: Next it will race for=1l 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
tank probe is not failed, then
random or bogey readings will
be displayed.
3 a. Random reading 4
b. Correct reading 4 Ione or more tank probes has Primary gauging
failed failed
L SENSOR sw := AUX 5
5 TEST/AUTO/TEST sw - TEST (upper) n TEST mode the display will

for 10 sec, then sw - TEST
(Lower) for 10 sec. Read
guantities:

a. Random reading

b. Correct reading

-

b

T
bot move for the first 4.5 sec.

then will roll steadily at 2 to
i digits per sec. If display
reacts as above after primary
system failure, then failure is
in a tank probe. If tank probe
is not failed, then random or
bogey readings will be displayed

MSFN must now supply any pro-
pellant quantity data.

Continue in AUX mode. Telemetry]
will provide total quantities
from auxiliary system, and sump
tank quantities from PRI system.

Next it will race for=1 sec, anf

Display failed
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SYMPTOM STEP PROCEDURE :;é; REMARKS FAILURE
12. UNBALANCE METER Complete any thrusting activit
IS ERRATIC OR prior to checking unbalance
PEGGED. meter.
X SENSOR switch - AUX 2
2 | TEST/AUTO/TEST sw - TEST (upper)
for 10 sec. Monitor unbalance
meter. SW - TEST (lower) for
10 sec. Monitor unbalance indis
cator
a. Bogey Reading Bk UNBALANCE meter
failed.
b. Normal reading —» [Use AUX mode for operation cf
quality guaging system PRIMARY UNBALANCE
failed
3 SENSOR sw - PRI L
4 | TEST/AUTO/TEST sw - TEST (upper) 5 lActuation of TEST switch here
for 10 sec; then sw - TEST will realign digital display to
(lower) for 10 sec. PRIMARY system setting.
5 SENSOR sw - NORM
1%.  LOSS OF SPS 1 | Monitor He PRESS indicator MSFN will \
21 correlate He tempera-
HELIUM TANK PRESSURE ture data with He press.
i&rr§§t§em§?ziture diops con- —> (la. Helium depletion immenent. | 1a LEAK IN HELIUM
J witn pressure Leak in helium supply. SUPPLY
b. He temperature does not 2 |Leak cannot be verified until a |

reflect drop concurrent with
pressure.

ISPS burn is performed.
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SYMPTOM STEP PROCEDURE :gé; 'REMARKS FAILURE
2 | Monitor FUEL TANK PRESS indica-
tor during burn ¥
loss -
a. Fuel tank press decays —> | Verifies last of He supply pres{ Helium -supply leak.
from nominal (green band) valve 1 sure. Only 20 sec of safe SPS
) burn time remains after loss of
Helium supply.
b, Fuel tank oress remzins — | Instrumentation is erroneous, Instrumentation
steady in green band. and SPS is fully operational. failed.
14. ABNORMAL SPS 1 } Monitor He Flags
HELIUM VALVE TB :
INDICATION a. One or both barberpole 2 la. ©SPS operable, but propell-{ la. Circuitry or
during non-burn period. ant tank pressures may be slighf-valve failure o
1y higher than norumal. ormn
b. One gray dufing burn 2 1b. ©SPS operable with one ihae Gd rewitcy Or
helium isolation valve and reg-] valve failure closed
ulator bank only unless manual
override is successful
c. Two gray during burn 3
2.1 Attempt manual operation of
valve.
3.] SPS He sw (2) - ON 3 | MISSION CRITICAL - If still 3. Circuitry or

i operable.

gray, monitor SPS FUEL (TANK)
PRESSURE. If pressure decays }
from nominal (green) band
TERMINATE FIRING PRIOR to 20
seconds.

If manual override works, SPS
Helium valves must

valve failure
closed.
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SYMPTOM STEP' PROCEDURE PS*%T, REMARKS FA!LURE
14. Cont. be manually opened at thrust

on and closed at thrust off.

NON-MISSION CRITICAL - If still

grey, TERMINATE FIRING.
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SYHPTOM STEP . PROCEDURE 'gé; REMARKS FAILURE
1. S/M RcS A (B,c,D} 1. | S/M RCS A(B,C,D) Helium 1 & 2 swy 2. {Light illuminates if TEMP PXG
ight illuminates OFF ig > 175° or €63°; or if PRESS
MANF is <155 psia or > 215 psia.
2. | RCS INDICATOR sw - S/M A(B,C,D) 3.
s Monitor S/M RCS TEMP PXKG 3. Normal operating range:
: _ 115 = 175°F

a. LOW 4.

b. HIGH 10. 13b. Boost heating way cause thqg
temperature to rise above 200°F,
but it should drop during the.
first rev. Prolonged RCS firing
and solar heat soak orientation
may result in a high TEMP PXG.

c. NORMAL 18.

S/M RCS TEMP PXG LOW{ 4. If TEMP PKG <45°F: 5. 4. Two SCS CHANNEL sws and
& SCS CHANNEL sws A&C ROLL DIRECT RCS wust be disabled to
(B&D ROLL) and PITCH (YAW)-OFF electrically isclate the affec-
mam _ O ted quad,however the opposite
e, (| AREIREN = O B. quad on the S/M is also disabled
Actuation at tewmperatures lower
than 63°F can result in incom-
! plete combustion and dangerous
pressure sgpikes.

WARNING: 1If there was probable engine valve actuation while the quad's PKC TEMP was below 45°F: S/M RCS A(B,C,D) PRO-
PELLANT SW — OFF; SCS CHANNEL sws (2) - ON. Reactivate the quad only in an emergency; S/M RCS A(B,C,D)
HELIUM 1 & 2 sws - ON. If the quad is reactivated, the first pulse on eaéﬂ\jet of the quad should be a
minimum of one second in duration in order to attempt disapation of possible residue.

6. {S/M RCS A(B,C,D) HELIUM 1&2 sws-| 7.
ON

7. |I1f possible, reorient S/C with
quad A(B,C,D) in sunlight and
monitor S/M RCS TEMP PXG

PREPARED BY: /97 7 » FLIGHT CREW SUPPORT CIVISION - APOLLO OPERATIONS HANDBOOK |
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SYMPTOM STEP PROCEDURE g?é; REMARKS FAILURE
1. (continued) a. TEMP INCREASES 8. |7a. Temperature of quad must tel7a. S/M PXG HEATER
maintained using solar heating. |FAILED OFF
b. TEMP DOES NOT INCREASE 9. 7p. If the indicator failed, Thie 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 sen-
sor failed. If the indicator
failed temperatures should be
obtained from ground TM

8. | When RCS A(B,C,D) TEMP PXG >63°F.{ 9.

SCS CHANNEL sws (2) - ON (if —>~ 19, Use system normally
applicable)
S/M RCS TEMP PKG 10. | C/B RCS HEATERS A MNB (B MNA, 11. |10. Boost heating way cause thd
HIGH C MNB, D MNA)— OPEN temperature to rise above 200°F,

but it should drop during the
first rev. Prolonged RCS firing
and solar heat soak orientation
may result in a high TEMP PKG.

11. | Monitor S/M RCS TEMP PKG

a. >210°F o,
b £ 210°F _ 14. N
12. | SCS CHANNEL sws A&C ROLL 13. |12. "Two SCS CHANNEL sws and the
(B&D ROLL) and PITCH (YAW) - OFF DIRECT RCS must be disabled to
electrically isolate the affec-
ted quad, however the opposite
quad on the S/M is also disabled
PREPARED BY: .2z~ FLIGHT CREW SUPPORT DIVISION : RCS Malfunction APOLLC OPERATIONS HANDBOOK
ya/i4 PATET Jan. 27, 1967 Procedure L M s rev FLNAL
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SYMPTOM STEP PROCEDURE :?’E(; * REMARKS FAILURE
1. (continued) 13. DIRECT RCS - OFF 14. IIf the engine valves are actua-
‘ ted above 220°F, deformation of
the valve seats can occur with
possible leakage of propellants.
4. |S/M RCS A(B,C,D) HELIUM 1& 2 sws-
ON (if applicable) 15,
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 16. fl5a. TUse the C/B to manually |l5a. S/M HEATER
maintain the TEMP PKG within FATLED ON
limits of TO°F-210°F
CAUTION: If temp falls below
63°F go to RCS 1 step 4
b, TEMP DOES NOT DECREASE 17. [5b. If indicator failed, S/M |15b. PKG TEMP IN-
RCS A(B,C,D) light will not be |DICATOR OR SENSOR
illuminated. If the sensor faildi FATLED.
ed, the light will be on. TUse
the temperatures of the other
puads to estimate the temp. of
the affected quad. Continuous
nonitoring of the quad is advise
16. |When RCS A(B,C,D) TEMP PKG falls |17.
: below 200°F. '
17. |SCS CHANNEL sws - ON —> |17. TUse system normally
18. |MONITOR S/M RCS PRESS MANF 18. Normal Helium oOperating
pressure: 177 psia - 185 psia.
a. LOW 9 In addition to helium manifold
HIGH 2 & | pressures MSFN can read out

FUEL MANIFOLD PRESSURES on all
guads and OXIDIZER MANIFOLD
PRESSURES on quads A&D.

PREPARED BY:/KA;%y”
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SYMPTON STEP PROCEDURE §$é; REMARKS FAILURE
1. (continued) c. NORMAL 'ﬁ" 18¢. RCS SELECTOR sw should be | 18¢. C/W circuitry
left in the affected quad posi- | to S/M RCS light or
tion after every system status instrumentation
checks. failure.
S/M RCS PRESS MANF S/M RCS A(B,C,D) HELIUM 1&2 sws-
LOW 19. | ON 20
20. | Operate the quad until RCS press
manf drops below 100 psia. 2.1
21. | S/M RCS A(B,C,D) propellant sw —

OFF (Verify striped display) =% 101. Firing jets at pressures [21. LEAX IN HELIUM
lower than 100 psia may cause PRESSURIZATION SYSTEM
engine wall burn-through dvue to jOR INSTRUMENTATION
inadequate film cooling. Refer |[FATLURE.
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.

S/M RCS PRESS MANF 22. | When practical, operate the 22. Burst disks receptive at
HIGH thrusters on the affected quad, 220 - 236 psia. Relief valves

monitor S/M RCS A(B,C,D) press open at 225-248 psia and reseat

MANF at about 220 psia. Sowme loss of
helium is to be expected through-
out these ranges.

a. DECREASES 24.

b. REMAINS CONSTANT- 23. |22b. If indicator failed, S/M [22b. S/M RCS PRESS
RCS A(B,C,D) light will not be [MANF INDICATOR OR
illuminated. If sensor failed |[SENSOR FAILED.
light will be illuminated.

23. | S/M RCS A(B,C,D) HELTTM 1&2 sws-{ —> |23. Continue normal operation.

ON

24. | When S/M RCS PRESS MANF <170 -

psia: S/M RCS A(B,C,D) HELIUM
1 sw - ON (Verify grey display)
MONITOR S/M _RCS PRESS MANE

PREPARED BY: s 7/
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t
SYMPTOM STEP . PROCEDURE g;é; REMARKS FAILURE
a. RETURNS HIGH 25, ‘
b. NORMAL ~—3 | 24b. Quad is fully functional {24b. S/M RcS A(B,C,D)

on redundant regulator assembly! 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.

25. |{S/M RCS A(B,C,D) HELIUM 1 sw - 26.
OFF (Verify striped display)

26. |S/M RCS A(B,C,D) HELIUM 2 sw -ON | —> | 26. Pressure will decrease
(Verify gray display) with use of the quad and the- 4
light (if on) will extinguish :
when pressure drops below 215

psia.

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

L.psia the primary regulator has "S/b‘ ‘Cs A(&
failed and the secondary regu- MNe b1 & ﬂn
lator was controlling Redun- -
dancy in the affected leg lost ?'-M.
and should be uséd 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.
PREPARED BY: (Wftéﬁ/ FLIGHT CREW SUPPORT DIVISION APOLLC OPERATIONS KANDBOGK
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SYMPTOM STEP . PROCEDURE g?é; REMARKS { FAILURE
2. S/M RCS PRESS 1 SCS CHANNEL SWS A & C ROLL 2 1. TWO SCS CHANNELS AND DIRECT
He LOW OR (B & D ROLL) AND PITCH (YAW) - RCS MUST BE DISABLED TO
DECREASING. OFF : TSOLATE THE AFFECTED QUAD.
2 DIRECT RCS - QFF 3 CAUTION: Propellant quantity
: gauging using PV is inaccurate.
3 S/M RCS A(B,C,D) HELIUM 1 & 2 4
SWS - OFF (VERIFY STRIPED
DISPLAY)

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

5 MONITOR S/M RCS PRESS He

a. REMAINS CONSTANT 6
b. DECREASING —> | 5b. Configure to original Sb. HELIUM LEAK UP-
’ conditions and NORMAL USE OF |STREAM OF HELIUM
THE QUAD UNTIL S/M RCS PRESS | ISOLATION

MANF DROPS BELOW 100 PSIA
THEN PLACE S/M RCS A(B,C,D)
PROPELLANT SW - OFF DO NOT
OPERATE QUAD IF PRESS MANF
IS LESS THAN -100 PSIA EXCEPT
IN AN EMERGENCY.

6 MONITOR S/M RCS PRESS MANF

a. REMAINS CONSTANT .-9 6a. Use quad for emergency fa.. PROPELLANT
or separation only by: S/M LEAX DOWNSTREAM OF
RCS A(B,C,D) PROPELIANT Sw - ON| PROPELLANT ISOLATION]
: : VALVES.
b. DECREASES 7 -

i WHEN IN RANGE OF MSFN, S/M RCS 8
A(B,C.D) PROPELLANT SW - QW

BUGRARED BY: 7 /. FLIGHT CREW SUPPORT DIVISION RCS Malfunction APGLLO OPERATIONS HANDBOCK
s : s
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SYMPTOM STEP PROCEDURE 252; REMARKS FAILURE
8 |MONITOR OX AND/ OR FUEL MANIFOLD 8. OX measurements on gquads

PRESSURE THROUGH MSFN B & C are not available.

a. REMAINS CONSTANT — 8a. Use only for emergency or 8a. HELIUM LEAK
separation by SCS CHANNEL sws - | BETWEEN THE HELIUM
ON. PLACE S/M RCS A (B,C,D) ISOLATION VALVES AND
HELIUM 1 & 2 sws - ON THE CHECK VALVES.

b. DECREASES _? 8b. THE LEAK COULD BE EITHER 8b. LEAK BETWEEN THE
ZAS OR LIQUID. TUSE ONLY FOR HELIUM ISOLATION
FKMERGENCY OR SEPARATION BY VALVES AND PROPELLANT
PLACING THE SCS CHANNEL SWS ISOLATION VALVES.

AND THE S/M RCS A(B,C,D) HELIUM
SWS TO ON.

PREPARED BY, (?5%;’/“ FLIGHT CREW SUPPORT DIVISION . APOLLO OPERATICNS HANDBOOK
Ll DATE, RCS Malfunction " ssc 012 rReyv FINAL
Jan. 27, 1967 . Procedure ik O,1.5 feaee . B
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SYMPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

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

1
v

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 ANT
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 TEMP INCREASING

b. ALL TEMPS CONSTANT. BUT ANY

BELOW 64°F (1.8 VDC)

MESC PYRO sw - SAFE &%no(l»W
Tor cels
C/M PROP JETT DUMP sw - ON

WHEN COLDEST ENGINE REACHES
100°F (2.5 VDC) OR for 13 min-
utes whichever comes first:

C/M PROP JETT DUMP SW - OFF

3.

3a.

5e

INDICATES THRUSTER TEMP.

2b. C/M HEATER NOT
FUNCTIONING

USE ONE OF OTHER ENGINE %a. TEMP SENSOR
TEMPS FOR THAT OF AFFECTED FATLURE.
ENGINE.

A1l engines will be heated
with the exception of the two

+ pitch engines.
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SYMPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

4. C/M'RCS A OR B
LIGHT ILLUMINATES

C/M RCS PRESS
F OR OX - HIGH

C/M RCS PRESS
F OR OX - LOW

RCS INDICATOR SW - CM RCS A OR B

MONITOR C/M RCS PRESS F AND OX

a. HIGH
b. LOW
c. NORMAL

NONE

NONE

1. ILLUMINATES IF FUEL OR
OXIDIZER PRESSURE IS <265 PSIA
OR 2525 PSIA.

2. NORMAL 287-308 PSIA

2c. CONTINUE NORMAL OPERATION.

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 PSTIA. THERE WILL BE A
LOSS OF HELIUM DUE TO VENTING.

4. CONTINUE USING THE AFFECTEIL
SYSTEM UNTIL HELIUM DEPLETION
OCCURS. IF THE REMAINING
SYSTEM IS SERIOUSLY DEGRADED
THE HELIUM SYSTEMS MAY BE
INTERCONNECTED BY PLACING THE
C/M PROP DUMP SW - DUMP
(MOMENTARILY) 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.

2c. C/W CIRCUITRY
TO C/M RCS A OR B
LIGHT FAILED ON.

3. REGULATOR
SSEMBLY FATLED
OPEN

4. REGULATOR
ASSEMBLITES FATLED
CLOSED OR LEAK IN
SYSTEM.

PREPARED BY: »’::’;’7/
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SYMPTOM

S

TEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

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

HAS THE C/M RCS BEEN PRESSUR-
IZED

a., YES

L, NO

WHEN PRESS He = 600 psia

C/B MESC ARM A BATT A - CLOSED

C/B MESC ARM B BATT B - CLOSED

MESC PYRO ARM SWS(2) - ARM
RCS C/M PRESS - ON/OFF

MESC PYRO ARM SWS(2) - SAFE
C/B MESC ARM A BATT A - OPEN

C/B MESC ARM B BATT B - OPEN

la. NORMALLY LOADED AT 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 DUMP SW - DUMP
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
INTERCONNECTED, THEY CANNOT BE
ISOLATED. -

6. THIS PRESSURIZES THE C/M
RCS IN ORDER TO TRAP ENOUGH
HELIUM DOWNSTREAM FOR USE OF
SYSTEM. , IF THE OTHER SYSTEM IS
SERIOUSLY DEGRADED, THE HELIUM
SYSTEMS MAY BE INTERCONNECTED
BY PLACING THE C/M PROP DUMP
SW - DUMP MOMENTARILY AND THEN

6. LEAK IN HELIUM

SUPPLY

PREPARED BY: 6;;M(/
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SYMPTOM STEP PROCEDURE 'S‘%T) REMARKS FAILURE

RETURNING IT TO THE OFF POSI-
TION. THIS SHOULD BE DONE

AS A LAST RESORT ONLY AS HELI-
UM FROM THE GOOD SYSTEM IS BE-
ING SUPPLIED TO A MALFUNCTION-
ING SYSTEM AND COULD BE LOST.
ONCE THE SYSTEMS ARE INTER-
CONNECTED, THEY CANNOT BE
ISOLATED.

BREFARED BY'/‘,,':;Z:/’ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
P a4 DATE: RCS MALFUNCTION i s/cC REV J;".LNAL
' Jan. 27, 196 ; - —-
E T P - PROCEDURES SECT1ON 9.1.5 Jrace i
MSC Form 460 (Rev Dec 6B)




OUTPUT CURRENT
indicates greater
than |4 ampere
ahove—data-point
after normal
recharge time.

BATTERY CHARGER

o PROCHRIRK o sbi s

Record time & charge current on
affected Battery

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

a. Proper charge current
level indicated

b. Improper charge level
indicated

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

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

a. DC VOLTS (Battery) <38.5v

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

c. 1 amp<DC AMPS - Charger
=1.5 amp above 1 AH
data point after 2 hours
additional charge

d. D¢ AMPS >1.5 amp above 1 AH
data point after 2 hours
cadditional chargee . . ...
Mlighb Creew Suppert Division
Pate

NEXT
STEPY

2

10

_. RFMARKS

(1) Normal recharge time is
mission dependent.
(2) Data indicating -1 AH &

'-2 AH respective charger
output current is included

‘in flight data pkg.

(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-charge
time. A data _sheet is provided
which will meet needs of this
procedure & normal charging.

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

EPS BATTERIES

310

A

. FATIURE

Single battery degra-
dation or inadvertant
loading.

Fxtra-nominal loading,

(4v)

Inadvertant leading

(4c)

Inadvertant loading

Circuit failure or

load shorting.

Apollo Qperations 1anidrock

204 _ Roev

3.3
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iy - Ehiloe B0 . W
| Flight Ceew Support Division

e

$ineve o JEOGEINRE &) oo,

Monitor DC AMPS - Charger
DC VOLTS
(While accomplishing step 6)

Open Circuit breakers

BAT RELAY BUS BAT A(B)

COMPRESSOR NO. 1(2)

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 decrease 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

Date

o

NEXT
STEPY

_ REMARKS

PATDHRIG S -

Voltage.step increase may be
noticeable also.” In either

case the DC-AMPS "should approach
normal.

MSFN-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. Migsion schedule.
If choice is to charge go to
step 9 of this procedure.

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

(6a)

Load failure.

(6v)
Intermittant or
terminal current
short.

EPS BATTERIES Apollo Qperations Windtook
S5/C 204, Rev
B 4 HE R ak e D 13 e 3.4




g PROCEDURES ENTRY SHEET

SECTION 9.1.4

EPS MALFUNCTION PROCEDURES

SYMPTOMS . | NO. STEP PAGE
0, (H?) PRESS LIGHT ILLUMINATES 1 1 2
0, (}12) TANK 1 (AND/OR 2) PRESSURE LOW 3 2 2
0, (HZ) TANK 1 (AND/OR 2) PRESSURE HIGH 1 ;26 6
. s - YA o
FUEL CELLS :
F/C 1 (2 OR 3) LIGHT ILLUMINATES i 1 10
FUBL CELL MODULE TEMP CCN EXH HIGH la 1.00 11
FUEL CELL MODULE TEMP CONT EXH LOW 1b 2.00 14
=\
' J 'FUEL CELL 1 (2 or 3) CIR & SEP MOTORS (AC)
~C/B OPEN lc 2,00 16
FUSL CELL FLOW - 02(}1:2) - HIGH 1d 4.00 17
~ WEL CELL FLOW - 02(H2) - LOW ' le 5.00 18
Bic 1 (2 OR 3) PH - HIGH - FLAG STRIPED if 6.00 20
O, REG OUT PRESS HIGH - FLAG STRIPED lg Tk “5 82
H, REG OUT PRESS HIGH - FLAG STRIPED 1h 8.00 24
Bl 0, & H, REG OUT PRESS - HIGH OR
0, & H, & N, REG OUT PRESS HIGH 11 9.00 25
F/C1l (2 or 3) RAD OUT TEMP - LOW - Sy, 10,00 26
FUEL CELL 1 (2 OR 3) MODULE SKIN TEMP LOW
(<375°F) 1k 11.00 27
FUEL CELL 1 (2 or 3) MODULE SKIN ‘
TEMP HIGH (> 450°F) - 11 1ggE e Y




PROCEDURES ENTRY SHEET

(CONTINUED)
SYMPTOMS NO. STEP ~  PAGE
POWER DISTRIBUTION
MN BUS A (B) UNDERVOLT LIGHT-ON
)3 VOLTS » 26V 1 ! 30
_ADC VOLTS METER INDICATES PYRO BATTERY
A(B) BELOW 35 VOLTS 2 1 31
ABATTERY CHGR OUTPUT CURRENT DROPS TO ZERO oy
& CIRCUIT BREAKERS BATTERY CHARGER MN A&B OPEN ¥¢* 3 1 32
BATT CHGR OUTPUT CURRENT ZERO
(IN ALL SWITCH POSITION) 4 1 33
ADC INDICATORS - BAT BUS A(B), DC
VOLTS 27-30 & DC AMPS ? ZERO WITH
BUS SWS OFF 5 ) Rl 34
= BATT CHGR VOLTAGE 40 VDC AND CURRENT
ZERO WHEN CHARGING BATTERY A(B,C) 6 1 36
INV 1 (2 or 3) TEMP >190°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 FATL LIGHT TLLUMINATED &
AC BUS 1 (2) VOLTAGE <90v (DUAL INVERTER) 11 1 46
~AC BUS FAIL LIGHT ON AFTER r
AC INVERTER 2 (1) IS APPLIED TO AC BUS 2(1) 12 15 a7
AN BUS A & B UNDERVOLT LIGHT, AC BUS 1 & 2,
& F/C BUS DISCONNECT LIGHTS ILLUMINATE
(DUAT, INVERTER CONFIGURATION) 13 1 49
~. AN BUS A&B UNDERVOLT LIGHT, AC BUS 1&2 &
F/C BUS DISCONNECT LIGHETS ILLUMINATE

(SINGLE INVERTER CONFIGURATION) 14 O 50

la




) ) )
SYMPTOM STEP PROCEDURE ’;E’E‘; REMARKS FAILURE
1. 0o (Hp) PRESS C/W low pressure limits:
light illuminates. OZ:TANK 1 & 2 = 800 psia
H2:Tank 1 & 2 = 220 psia
C/W upper pressure limits
02: Tank 1 & 2 = 950 psia
Hyt Tank 1 & 2 = 270 psia
1 | Monitor TANK PRESSURE - 0, (H,)
2. a2
=1 & 2
a. Pressure low 2
b. Pressure high 20
0, (H2) Tank 1 2 10, (Hz) HEATERS Sw - 1 (and/or 2} 3 (2) Low 0, (HZ) pressure in one
(and/or 2) pressure - OFF (off limit tank(s) tank is not time critical and
low should be verified with MSFN %o
determine possible indicator
failure. The surge tank should
be isolated when marked decreas-
ing trend in both O, tank pres-
sures is noticeable.
3 10, (H,) FANS - 1 (and/or 2)-QFF !
(off limit tank(s)
4 | Monitor Flow - O, (ECS)
s 4 ! i
a. Flow>.45 lbs/hr —— | (4a.) Reference ECS symptom No.j(4a.) Leak in ECS
1 (02 Flow High)
b. Flow £.45 1bs/hr 5
5 | Monitor CABIN PRESS

i
PREPARED sv:/,‘/ﬁaﬁé/@/
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SYNPTOM

STEP PROCEDURE NEXT REMARKS " FAILURE
STEP
a. DPressure®5.6 psia —>|6a.) Reference ECS symptom No, |(5a.)Leak in ECS
21 (Cabin Pressure high)
b. Pressure?5.6 psia’ 6
6 | Monitor TANK PRESSURE
0, (F )i~ (and/or 2) &'F/C
FLOW - F/C 1, 2, & 3
a. Press steady or gradual 8. |(6a.) Pressure changes will be [(6a.) Motor or .
decrease & F/C flow rates equiv- more evident with H, gauge scalg pressure switch tail
alent. than with O, gauge scale. F/C ure or leak prior tc
flow rate cgmparisons will re- flow sensor.
veal purge valve open.
b. Flow high in one fuel cell, | 11 (6b.) Purge valve
pressure continues to drop seat leak or plumb-
ing leak.
c. Fuel cell flow rates equiva-{ 7 @c.) Tank vent valve being open (60.) Tank vent valve
lent & pressure indicates marked necessitates a previously high open or plumbing
drop in one tank pressure or failure of relief leak.
valve. O2 tank relief vents at
98% psig and reseats at 970 psig
H_relief valves vent at 273
pSig & reseats at 268 psig.
7 Leave both tank heaters & fans - —_ (7) Surge tank should be isdlated

OFF.

when marked decreasing trend in
both Oo tank pressures is

noticeable.
be obtained in a pressure decay
mode of operation.

Sufficient flow may
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SYMPTOM STEP PROCEDURE g;é; RENMARKS FAILURE
Minimum cryo systems pressures
are:

0,: 500 psi (required for worst
case cabin repress)
H2: 150 psi
Management constraints are:
a. Quantity remaining in both
[tanks.
b. Rate of de?letion of faulty
tanks.
8 0, (H,) HEATERS Sw - 1 (and/or 9
2) oN
9 0, (H2) FANS Sw - 1 (and/or 2) 4 10
ON
10 Monitor TANK PRESSURE - 0, (H,)
2

- 1 (and/or 2)

a. Pressure increases steadily |——3|(102) Single switch failure re- |(10a) Motor or
sults in loss of automatic pressure switch fail-
pressure control in both tanks. |ure.

Manual control is required.

b. Pressure continues to —>| (10b) Tank pressure will decay |[(10b) Leak prior to

gradually decrease and is effectively lost for rest| flow sensor.
of mission.

111 | Cycle FUEL CELL 1 (2 or 3) - 12
0, (Hy) - PURGE 3 to 5 times
consecutively & return 4c OFF
12 Monitor - FLOW - O, (H,) meter
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SYMPTOM STEP . PROCEDURE ’S‘ié; REMARKS FAILURE
i a. Flow returns to normal 13 (12a.)Normal purge meximum flow (l2a.> Purge valve
increases are: seat open temporar-
0, 0.6 1b/hr ily.
Hy: 0.75 1lb/hr
b. Flow remains high - 15 {(12b) A plumbing leak in the (12v.) Plumbing leak
area involved here is very re- down stream of fuel
mote. cell or purge valve.
13 0, (Hz) HEATERS sw - 1 (and/or 14
2) - AUTO
1k 0, (H2) FANS sw - 1 (and/or 2) |—=
- AUTO
15 Repeat Step , ’ Il
a. Flow remains high 16 (155) See statement of step 12a.

16 | 0, (H,) HEATERS sw - 1 (and/or | 17

2) - AUTO

17 | 0, (H,) FANS sw - 1 (and/or 2) 1 _18, (17) Fuel cell purge valve e e Yo
AUTO being open may give a critical 2
s operational mode if purge cycle W f"'

is initiated during low pressurs
condition of tank. Consumption
data & mission length should be
adjusted accordingly. If flow
rate exceeds flow rate of re=
mark l2a, crew - MSFN option to
shutdown fuel cell.

18 Monitor TANK PRESSURE - O, (He)

-1&2
2
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SYMPTOM STEP PROCEDURE :%T, REMARKS FAILURE
18 a. Pressure returns to normal [—>
b. Pressure decreases 19 ~Sro-rmsad uﬁb%
O idndd :
19 Use manual pressure control Msh
0, (H,) TANK 1 (andf 20 | 0. (H.) HEATERS - 1 (and/or 2)-| 21 |20. Note: Purge would norm-
R 2 "2 ' ally be initiated when the tank
or 2) PRESS HIGH OFF r : ot ol
St pressures trigger the C/W.
C/W upper pressure limits are:
0,: TANK #1 - 950 psia
TANK #2 - 950 psia
H,:  TANK #1 - 270 psia
TANK #2 - 270 psia
Tank relief valve crack pres-
sures: .
0,: Tank #1 - 983 psig
Tank #2 - 983 psig
fi,:  Tank #1 - 270 psig
Tank #2 - 270 psig
o1 0, (He) FANS - 1 (and/or 2) - 22
OFF
02 Monitor O, (H,) Tenk pressure
a. 02 high 23
b, H2 high 27
23 Monitor cryogenic & surge tank
pressures ’
a. Surge tank = 900 +35 and _24. |(23) Loss of sensor capabil- |(23a) O, Sensor cir-
<L highest cryo tank ity necessitates coordination cuit failure in tank |
with MSFN. with highest indi-
| - cated pressure.
v/, /‘/:/ 7%/! FLIGHT CRE¥ SUPPORT DIVISION APCLLO OPERATIONS HANDBOOK
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SYMPTOM STEP PROCEDURE 2%1 REMARKS FAILURE
b. Surge tank 2 highest cryo 28’
tank
24 PRESS IND SW-SURGE TANK 25
25 | 0, HEATERS SW-1(&/or 2) - AUTO 26
26 | 0, FANS SW-1(&/or 2) - AUTO —>| (26) Normal configuration is
mission time dependent
27 Verify with MSFN H2 tank
pressure
(a) Normal _— (27a) H, sensor
circuit %ailure
(b) Ome or two tanks high 28
28 | FUEL CELL 1,2, & 3-0,(H,) 29 1(28) H, purge line heater
PURGE (normal duratibn) should Be 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.
29 Monitoxr:
TANK PRESSURE-O,(H_ )-1 & 2
TANK QUANTITY- 6,(K,)-1 & 2
(a) Pressure decreases in 1 —|(292) Mission constraint is (29a) Tank outlet

R

tank

(b) Press decreases in both
tanks &

gquantity remaining in normal
tank.

line blocked.
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NEXT

cell) e.g. Two inverters, S-
Band high mode, battery charger

probably provide sufficient in-
crease in demand

SYMPTOM STEP PROCEDURE STEP REMARKS FAILURE
™ o o(B,)> 950 psia (270 | 30 1(29.v.1) Cryogenic
p31a) control circuitry or |
insulation degrada-
Jtion, or a combina-
tion of high heat
leak influence and |
low demand. I
(2) 800 psia (210 p51a)¢:0
(H ) €950 psia (270 psia) (29.1.2) The mimimum dQ/dM
region may be defined as the
(a) In min. dQ/dM regiodh 27 |region of tank densities where-
in design pressures may be 1
maintained by tank heat leak .
only. The following tank den- .%
sities correspond approximately »1
to entry of min. dQ/dM region. 1
H, 15 1bs/tank |
0, 135 1bs/tank l
(b) Outside min dQ/dM 32
region
30 | Repeat purge if required 29 |(30) If normal purging of fuel
cells does not sufficiently
(a) Pressure decreases decrease pressure, continuous
purging is an option or increas-
ing cabin pressure (02 only) 1
(b) Pressure high 30,4 (30b) Insulation |
degradation i
31 | Power up (=2.5A amps per fuel (31) These indicated loads will ‘
|
l
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SYNPTOM STEP PROCEDURE §$é; REMARKS FAILURE

(a) Pressure stabilizes —>(312) Maintain present minimun  (3la) Predominant
load requirements until tank heat leak influence
densities are approximately:

Byt 15 1bs/ft3
Hyr 1.0 1bs/ft3
(b) Pressure increases steadily| 35 (31b) Excessive heat
>[ leak-possible insala-
tion degradation
32 | Manually maintain normal pressurg 33
& guantity balance
33 | Monitor - TANK PRESSURE - 02(H2)

- 1(&/oxr 2)

() Pressure remains normal 34 |(33%a) Loss of automatic pres- {(33a) Motor &/or
sure control necessitates use pressure switch fail-
of normal control ure.

(b) Pressure increases

(1) In one tank 34 (BB.b.l) Insulation
degradation
(2) 1In both tanks 35 | (34.b.2) Crew option to menual$(33.b.2) Combination
ly or automatically control of high heat leak &
tank pressure low demand
34 | Continue manual pressure control
35 | Increase power &/or purge as

required to control pressure
below C/W upper limit

g4 g AP 2.
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SYMOTOY STEP PROCEDURE ’;?é; REMARKS FAILURY
F/c 1 (2 or 3) 1 FUEL CELL INDICATORS - 1(2 or 3) ]
5 Lo
Light Tlluminates 2 Survey F/C meters & annunciators ]
a. FUEL CELL MODULE TEMP COND [1.00 |T _2175°F (Spec) |
: CE |
EXH - High |
b. FUEL CELL MODULE TEMP COND [2.00 |T., €152°F (Spec)
CE
EXH - Low
c. Fuel cell 1l (2 or 3) - 3.00 |May occur independent of |
CIR & SEP MOTORS (AC) - F/C 1, 2, or 3 light.
C/B - OPEN
d. FUEL CELL FLOW - 02(H2) - 4.00 {Flow 21.276 1b/hr (.1606 1b/hr)
High , (Spec) |
e. FUEL CELL FLOW - 02(H2) - 5.00 |[Flow £.140 1b/hr (.018 1lb/ar) 4
Low (Spec) '
f. PH HI-striped 6.00 |C/W trigger values ph 29.0(Spec) !
g. 02 REG OUT PRESS HI-Striped {7.00 02 press 375'psia (Spec) i
h. H, REG OUT PRESS EI-Striped [8.00 H, press 275 psia (Spec) 1
i. 0, REG OUT PRESS HI & 9.00 [N, PressZ 70 psia (Spee) |
H, 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 110.00 |Temp £-30°F (Spec)
k. FUEL CELL MODULE TEMP SKIN {11.00|T. .. £360°F (Spec)
1 SKIN
QW
1. FUEL CELL MODULE TEMP SKIN [12.00 |Tq . 2 500°F (Spec)
High

e

fo i >
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SYMPTOM STEP PROCEDURE NEXT REMARKS FAILURE
STEP
(&) FUEL CELL 1.00
10DULR® TEMP-COND EXH { 1.0l |Monitor - FUEL CELL - 1, 2 & 3 - C/W trigger value is 175° F
J1GH Module temp - COND EXH MSEN verification necessary for
C/W failure.
{a. 1 fuel cell affected 1.02
b. 3 fuel cell affected 1.0%1 (1.01b) Tog>170°F on fuel cells
: "} considered "high".
CAUTION: DO NOT EXCEED TCE = 200°F FOR ANY LENGTH OF TIME TO PREVENT H2 PUMP FAILURE
1.02 {Monitor - Fuel cell - 1 (2 or 3)
Module temp - CONDEXH & skin
8, TCE rises to 190° within 1.06] (1. 02a) This set of symptom is{(1.02a) Coolant flow
approximately 10 to 15 min. indicative of limited, but restriction or leak-
T increases after 15 Berious flow restriction of age or pump stalled.
SKIN 3 coolant - some heat is still
minutes. peing transferred to the secon-
Hary loop. When flow is com-
bletely stopped, C/B way, in
sime, open. When flow is stopped
i3 H2 pump is operating, T CE will
hise sharply («8°/min) followed
oy an increase in TSKIN within
¥ 15 to 20 minutes.
b. T, rises steadily for normall 1.03] (1.02b)Steadily rise defined (1.02b) Secondaxy
. ¢ S_— bs (.5° to 2°/win). There may | bypass valve or minoz
SKIN FOPess hbe 15 minutes to an hour (at a | flow restriction.
Steady power level) to detect a
small but off - nominal increase
: et : . -
in TSKIN' The time inverval is
dependent upon the power level.
1.03 | FUNCTION SELECT - A 1.04
ya%;
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SYMPTOM STEP PROCEDURE ggg REMARKS FAILURE
(a) continued 1.04| TEST SELECT - 10 (11 or 12) 1.05
1.05{Monitor EPS RAD OUT TEMP L s g,
(a) Normal 1.07 | (1.05a) Normal operating (1.05e). Minor flow
—> pboundaries: .6V (—10°F) to 2.0v |restriction.
] (+90°p)
(b) High and increases with O 1.07 | (1.05b) The Top Will follow any (1.05b) Secondary
increase or decrease in RAD OUT ?Zpig§7vilv:q§a11:§
'EMP if secondary bypass valve Keddls ¢ DYPaan e
_ failed in 100% bypass position. :
1.06|Monitor - FUEL CELL -1,2,&3 -
Module temp - cond exh & skin
. . 0N \ e
(a) Top Tises rapidly & Top o —s=» | (1.062) Rapid rise of Top de (1.06a) Glycol pumps

I

rising on 1 or more F/C's

after 15 minutes.

; o
fined as 2 —8°/minute. TSKIN

nay rise within 20 wminutes for a
steady power level. This combin
2tion of symptoms is indicative
of improper coolant flow stallin
the three glycol pumps. The
bause of the iwmproper coolant
flow is common to all three fuel
bells. The mission constraint
hay consider faulty fuel cells
hseful for reentry burn or until
DCE meets the above constraints.
Nfter TCE exceeds 299°F the H
bumps will seize (at same un-
bredictable time or temperature)
out further use of fuel cells is
bvailable. An SPS deorbit could
be supported with continuous
burge & immediate entry into
georbit procedures.

2

stalled.

vy
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NEXT

PROCEDURE I AILUR
SYMPTOM STEP URE STEP REMARKS FAILURE
(a) continued (v) Top high steady or slowly |-—s | (1.06b) This combination of (1.06b) Inadequate
' : ; symptoms necessitates a poweredjglycol to environment
TR (all fuel cells) up configuration. Symptom may {heat transfer, e.g.
be corrected by powering down radiator sooting.
X ] when convenient.
1.07; Open circuit F/C or purge to 1.08 [ (1.07) Control of T., may be
control T __ below 200°F ' e
CE i accomplished by limited open
circuit operation as required
to restrain TCE below 200°F.
1.08] Continue normal operation with | —s

)

2.

appropriate monitoring.

PREPARED BY ://////&j/////r

FLIGHT CREW SUPPORT DIVISIGN

s . (L lE

144 {{hd&r//7,—

DATE;

Jan 27, 1967

APOLLO OPERATIONS HANDBOOK

EPS FUEL CELLS

syc 012

rev BINAL

SECTIONG , 1 ,4.2

PAGE

il

KSC Form 450 (Rev.Lec 68)//




\
¥

)

SYMPTOM STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

(b) FUEL CELL - 2.00

MODULE TEMP - COND
EXH - LOW

2.01

2,02

Function Select - A :
TEST SELECT - 10, 11 & 12 (RAD
OUT TEMP)

Monitor RAD OUT TEMP & FUEL CELL
MODULE TEMP - SKIN

Bie ot

¥ y o ™/
SKTN rises: rapidly on 1 F/CJ

b. RAD OUT TEMP low on 1 F/C.

c. RAD OUT TEMP=-30°F

= 3%2;‘ A Yle

2.02

205

2.05

2.05

|ponds to =-30°F.

C/W will trigger F/C 1, 2 or 3

. 7 o
light when TCE X1H0°R, If TCE

remains low, a performance shifg
may occur.

(2.02a) RAD OUT TEMP will go t9
a stabilized temperature equiv-
alent to the sector ambient.
Circuit breaker CIR & SEP MOTORS
(AC) should be OPEN or there
exists an open circuit conditiom
TSKIN rapid rise corresponds to

12° to 15° per hour at 1000 watt
load on F/C.

(2.02b) This failure is detec-
table in a powered down config-

uration and TCE is low.

Normal operating RANGE:

.38V = =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).

(2.02¢c) Corresponding RAD OUT
TEMP C/W limits way follow.
Aux. DC wolss. of 3 v eorres-

‘(Note that a low
is not necessarily indic-

AL
¢ %951

Lve.of a cold environment.

(2.02b) Coolant BYPASS
valve failed in 100%
bypass position.

(2.02¢) Cold en-

A A&a~1r';a‘;1&-e

vironment.
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SYMPTOM STEP PROCEDURE g;g REMARKS FAILURE
(b) continued 2.0%; Monitor fuel cell performance
(affected F/C)
a. F/C assuming load 2.04
b. -F/C current ZERO 2.06
2.04] (option) Use continuous purge 2.06] 2.04 The affected F/C's life
and/Qr open circuit to control mey be extended 6 to 8 hgurs by
temperatures until current de- controlling Toghelow 200°F. The
cays. lower the power level the more
likely an 8 hour extension may
be obtained.
2.05 Power up S/C as required to —
bring temperatures up.
2.06 g 0 >
Isolate F/

‘Ref TPS Symp. No. (f)
Step No. 6..07.

PREPARED BY :jé;;g/;f///,é/

FLIGHT CREW SUPPORT DIVISICON

EPS FUEL CELLS

APOLLO OPERATIONS HANDBOOK

Ll boiha, ° DATE, s/c__ 012 Rev FINAL
jf’gﬁ?5%:%ﬁ>” Jan 27, 1967 secTion9.1.4.2 frace 15

HSC Form 460 (Rav Dec %6)




\

}

NEXT

gl ) o S

oper—cyTle and/or open circuit
if capable of supplying power.

Co&j;~n¢-6uuuxb-

reserve. Plan to use with con-
tinuous purge any time fuel cell
is used. Fuel cell with con-
tinuous purge can supply 563
vatts indefinitely or 1000 watts
for short periods.

SYMPTOH STEP PROCEDURE STEP REMARKS FAILURE
(c) FUEL CELL 1 2,00 Loss of pump will cause con-
(2 or 3) CIR & SEP denser exit temperature to
MOTORS C/B - OPEN trigger C/W at Top = 175°F
3.01f Attempt to reset C/B
(a) C/B resets Sanarthe (3.0la) Moméntary H,
pump stall
(b) C/B cannot be reset 2,02} (3.01b) NOTE: Glycol pump and .01b) Circulation
PH sensor will be lost since separation pump
their AC power to common to the |failure caused by
H2 pump. contamination or
internal pump
3.02| Fuel cell pump 1 (2 or 3) - QFF | 3.03 i
3.03| Place fuel cell 1 (2 or 3) on (3.03) Keep fuel cell in

PREPARED BY:Jé&E:;4é§é;é;/

FLIGHT CREW SUPPORT DIVISION

/7Hdiﬂ‘LM Ji:;\

. & Sl -1y

DATE:

Jan 27, 1967

APOLLO OPERATIONS HANDBOOK

fsre gl

FINAL

REV

EPS FUEL CELLS

SECT!ON

9l ey 16

PAGE

MSC Form 480 (Rev Dec BBY




) ) )

SYMPTOM STEP . PROCEDURE NEXT REMARKS FAILURE ]
STEP |
d. FUEL CELL 4.00 ‘ High flowrate C/W limits are: !
FLOW - OQ(HZ) - Hi Hy: F/C 1 = .161 1b/hr |
F/C 2 = .162 1b/hr |

F/C 3 = .162 1b/hr

0,: F/C 1 =1.3%32 1b/hr

2 b I T 1
F/C 2 = 1.30 1lb/hr
F/C 3 = 1.32 1b/hr

Procedure applicable to
conditions of high flowrate
independent of those occuring
during purge. H, flow Hi c/W
may come on during purge. '

4.01{Cycle FUEL CELL 1 (2 or 3) -
¢, (H,) - PURGE, several times
& return to OFF

(a) Flowrate returns to normal -———%} (4.01a) Subsequent purges may, (4.01&) Purge valve f
again, result in valve seat | seat open
remaining open.

\/

.01b) Czew -~ MSFN option to |.(4.01b) Faulty
F/C based on: purge valve, or

(1) Performance of remaining |regulator vent valve,
2 ®/C's, & condition of|or fuel cell assembly
batteries. leak. The latter is

(2) Time required to complete| possible but remote.
mission vs. cryogenic
quantity remaining

(b) Flowrate remains high

2,

N
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SYMPTOM STEP PROCEDURE gEé; REMARKS FAILURE
i
(e) FUEL CELL 1(20r3) 5.00 C/W trigger limits are (actuwal):
\ e 3
FLOW 0, (B, - LOW F/C 1t 013 1b/hr &,
.14 1b/hr 0,
F/C 2: .018 1b/hr H,
.11 1b/hr H,
F/C 3: .018 1b/hr H,
.14 1b/nr H,
5.01| Verify FUEL CELL 1 (2,3) 5.02 {Verify flag - gray,
REACTANTS SW - ON
5.02| FUNCTION SELECT - A g 5.03
Thy A A
5.03| TEST SELECT - 4(5,6) or 7(8,9) 5.04
5.04] 0, (H,) REGULATOR OUTLET PRESSURE Normal regulator pressures:
= 0,: 62 PSIA (4.13V)
Mo5: 60.5 PSIA (4.03V)
(a) Normal 5.05
(b) Low ~— | (5.04b) Imminent loss of fuel | (.5.06b) Blocked
y cell 1 (2,3) expected. If H, |supply line (from
regulator pressure is low, cryo tank).

CAUTION: DO NOT PURGE TO

PREVENT PLUGGING OF COMMON VENT LINE

5.05

Monitor FUEL CELL 1 (2,3)
performance

fuel cell should be shut down
immediately to prevent flooding
(possible KOH contamination.’)
Refer to EPS symptom (f) step
6.07 for fuel cell shutdown.

Reference V - I curve.

o 77 oo
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SYHPTOM STEP PROCEDURE g;g REMARKS FAILURE
(e) (cdntinued) (a) Normal performance —1(5.052) System normal (correct | Failed flow indicatoz
;| flow may be estimated from:
4 0, FLOW = 7.9 H, FLOW)
(b) Abnormael performance — (5.05b) Refer to normal pro- Fuel cell degradatior
cedure "FUEL CELL POWER PLANT
PURGING" to attempt to restore
normal operation.
g ) 4 b 2
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SYMPTOM STEP PROCEDURE S‘g;; REMARKS FAILURE
(r) P/c 1{2 or 3) |6.00
pH-Hi- Striped 6.01 {Monitor F/C performance
(Refer to V1 curve) '
a. Performance Normal 6.02
b. Decreasing trend in perfor- | 6.03 { (6.01b) Further F/C degradation| (6.01b) Limited elec—
mance (steady state power) can be anticipated. The rate |trode flooding
; will depend on extent of flood-
%%WW i) inlit ing.
c. DC amps indicating zero 6.07 (6.01c) Complete fuel
cell flooding.
6.02 {F/C performance over 1 hr. (6.02) If XKOH (limited) is being
—> | transferred to H, line without § ! .
ol e significant loss of performence (6.01a) C/W failure.
then it will do so at unpre-
b. Decrease in performance /6.01% dictable intervals. This is
indicative of small quantities
being transferred and it is not
a critical situvation as long as
the ph of the water gun output
does not exceed =11 ph. If
problem is transient,dilution
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 way result.
6.03 | FUNCTION SELECT-A 6.04
6.04 | TEST SELECT - 7(8 or 9) 6.05
6 .05 | Monitor H2 Reg out press
a. Reg out press normal 6..06] (6.05a) 4.2V corresponds to 63(6.05a) Limited KOH
psia regulated pressure. flooding due to in-
ternal F/C rupture.
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o 4 AR A ' o RS NAT,
e iilellie: PHE Jan 07, 1967 2012 sr Rl
S &y section 9,1,4.2 lpace 20

MSC Form 45C (Rev Dec 88)



A\
)

)

NEXT

SYHPTOM STEP PROCEDURE STEP REMARKS FAILURE
(£) conbinned | b. Reg out PRESS LOW 6.06| (6.05b) This failure of regula-|(6.05b) Liwited KOH
tor is extremely remote. flooding due to LOW
e supply press (reg.)
6.06 | Continue use of F/C until F/C —> (6.06) Note that step 6.01b ex-
current zero. (6.07)irresses 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 K.07.
Loss of F/C output |6.07| MAIN BUS TIE - BAT A & C 6.08}(6.07) Monitor - (Ref. ECS
- BT B & C procedure No. )The initial
F/C - Bus configuration assumed
is:
-16.08 | Tie two normal F/C's to parallel| 6.09 F/C 1 - MNA - ON
main buses A & B, F/C 2 - MNA - ON
F/C 3 - MNA - OFF
€.09 | Remove faulty F/C from main 6.10 F/C 1 - MNB - OFF
bus (es). F/C 2 - MNB - ON
. F/C 3 - MNB - ON
6.10 | Fuel cell 1 (2 or 3) H,0, Valve | 6.11 :
C/B - CLOSED .
6,11 F/C 1 (2 or 3) - (faulty F/C) 6.12
H,&0, REACTANTS - OFF .
6,12 | FUEL CELL PUMP - 1 (2 or 3) -OFF| 6.13
6.1% | Open FUEL CELL 1 (2 or 3) - C/B'Y 6.14
6.14 | Configure 1 fuel cell to MNA & 1| 6./5
fuel cell to MNB.
6.15 | (Option) MAIN BUS TIES - OFF | — {(6.15) Batteries should be tied
during high power levels.
}yﬂ 2 7 :
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" sypton STEP PROCEDURE ggé; REMARKS FAILURE
(g) oé REG OUT PRESS| 7.00
Hi-Striped 7.01}DC INDICATOR sw - FUEL CELL 7.02 | This-symptom may be caused by
either an actual O, regulator
failure or an N, regulator failt
ure. This is due to the fact
that O, press is referenced 11
psi above N, press and the 75
psia 0, C/W trigger value is
reached before the N, C/W
rigger value of 70 psia.
7.02{Monitor fuel cell performance
(Ref. VI curves)
.) Performance Normal 7.04
(b.) Performance Abnormal 7.03 (7.02b) O2 regulator
: (current decreasing | —> i
X ailure.
rapidly or zero)
T.C3{Shutdown fuel cell — (7.03) Loss of one fuel cell the
(Ref EPS sym. (a) STEP 1.07) C/W trip limit of 75 psi also
borresponds approximately to the
point where fuel cell flooding
ran be anticipated.
7.04} FUNCTION SELECT - A .05
7.05|TEST SELECT - 1 (2 or 3) 7.06
7.06 MONITOR N2 REG OUT PRESS
@.) Normal —> {7.06a) Normal N, Reg out press-|(7.06a) 0, C/W cir-
5% psi (3.55V).L6ss of 0, C/W cuitry faflure.
flag (except sensor failfire)
necessitates use of aux DC volt-
neter to monitor 02 regulator
berformance.
s ) }/7 L ////
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SYHPTOH STEP PROCEDURE zgé; REMARKS FAILURE
1 (g) continued (b.) High —> | (7.06b) Maximum pressure tol-

AN A )

erance of fuel cell assembly
permits N2 regulator failure
with 02 & H2 pressures follow-

ing. This fuel cell will sub-
sequently run with higher than
normal skin temp and consumption
Its efficiency will probably
improve. §

(7.06Db) N, regulator

failure.
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SYMPTOM STEP . PROCEDURE :gé; REMARKS FAILURE
K. H, REG OUT 8.00 .
PRESS“HI - Striped |8.01 | DC INDICATORS SW - FUEL CELL
1(2 or 3)

8.02 | FUNCTION SELECT - A 8.03

8.03 | TEST SELECT - 7, 8 or 9 .04

8.04 | Monitor: DC AMPS meter &

H2 regulator pressure

a. Regular pressure indicates |B.05 }(8.04a) Continued use of fuel {(8.04a) H, regulator
high, DC AMPS indicating a 7 jcell will eventually cause its |failure.
rapid decrease in F/C output failure.
or zero.

b. Regular pressure indicates —> |(8.04b) Loss of C/W annunciator |(8.04b) C/W circuit
high, low or erratic, and necessitates use of AUX DC VOLTS| failure. ;
no decrease in amperage. meter to monitor H2 regulator

rerformance.
8.05 Shutdown fuel cell
(Ref. EPS symp. No.(f)Step 6.07] —>
A il
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(Ref EPS symp. (f) step 0 6.07 .

Y ) )
SYMPTON STEP PROCEDURE g;é; REMARKS FAILURE
iy O2 REG OUT PRESS{9.00 | -
HI & 9.01| DC INDICATORS - FUEL CELL 1(20r3)}9.02 N2 REG OUT_PRESS flag will
H2 e o0 PREoS follow an O, flag actuation
Hi flags striped in a short Time.
or 3
02 REG OUT PRESS 9.02 %gzito$1fg§iVZ:%1 performance
HI & H, REG OUT §
PRESS fli & N, a. Performance normal or im- —> {(9.02a) % regulator failure (9.02a) N, regulator
- proving, will not fail fuel cell unless failure.
E?Gpggzsfgfiiped ‘ either the O, or H regulator
[ fails to fol%ow the increase in
reference pressure. The in-
creased reference pressure wmay
increase the efficiency of the
F/C and therefore it will
assume more load than it has
previously. The load sharing
and respective consumption date
should be adjusted accordingly.
The situation is not critical.
b. Performance abnormal (current{9.03 (9.02b) Double or
rapidly decreasing or zero) — triple failure of N2
and either H, or O
2 2
regulators failed or
all regulators failed
9.03 | Shut down fuel cell
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SYMPTOM STEP PROCEDURE REMARKS FAILURE
g Ffed {2 or 5y (10,00 Flag will trigger at -37°F,
RAD OUT TEMP - LOW ~-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.
10.01{Monitor TCE & TSKIN
(a) Normal 7
(b) Abnormal (10.01b.1) Ref. EPS symptom No.
(1) Top & Toypy Righ ——>|(a) FUEL CELL MODULE TEMP-COND
> EXH HIGH
: ) A = 200 b N n
(2) Tog = low & T = high |— (10.01b.2) Ref EPS symptom o(:jJ
(v) FUEL CELL MODULE TEMP- ‘
10.02| FUNCTION SELECT - A CORDy Tl
TEST SELECT - 10, 11, & 12
10.03jMonitor Rad out temps
(a) 1 F/C indicates low Rad (10.03) 1 F/C low Rad out temp (10.032) Indicator
out temp compared -to remaining two and {failure
: TCE & TSKIN normal is indica-
tive of an indicator failure,
(b) 3 F/C's Rad out temp low (10.03b) Cold environ
ment
10.04 | Power up S/C as req'd to maintain (10.04) Positioning S/C with bay
temperatures, 4 towards sun is an option.
/ /I/ﬂl /%/yi

=
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SYMPTOM STEP . PROCEDURE ’s‘%{ REMARKS FAILURE
(k) FUEL CELL 1(20r3 Inline heater maintains skin
MODULE SKIN TEMP temp 375-395°F. Performance
LOW (¢375°F) degrades significally below

this range.

11.01{ Monitor fuel cell 1 (2 or 3) per-
formance (ref. VI curves)

a. Performance normal for .02 (11.01a) Inline.
indicated skin temp. 7 A heater failure.

b. Performance higher than nor- | —> |(11.01b) Fuel cell normal skin [(11.01b) Fuel cell 1.
mal for indicated skin temp. tenp may be estimated from VI (2 or 5) skin temp

curve. indication failed.
11,02 If desired: 11,03 |(11.02-11.03) Fuel cell recovery

Reconfigure fuel cell bus ties possible from skin temp as low

so that fuel cell 1 (2 or 3) is 5s 330°F by increasing load on

shared between buses. that fuel cell. MSFN-crew

option based on:

|

)
(1) Performance of remaining
fuel cells and condition of
batteries.

(2) Time required to complete
mission vs. cryogenic
gquantity remaining.

11.03f Power up spacecraft 11.04
11.04] Fuel cell 1 (2 or 3) module skin
temp
(a) Increases —» |(11.04a) Increase load allowing

fuel cell to recover. Estimated
load required to maintain that
fuel cell skin temp above 375°F
is 20 amps.

7 /ﬂ/ 287 L
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SYMPTOM STEP PROCEDURE :;;; REMARKS FAILURE
——> | (9.04b) Fuel cell recovery

(k) continued

(b) Does not increase & fuel
cell 1,(2 or %) performance
does not improve.

apparently not possible.
circuiting by reverse current
relay anticipated.
Malfunction Procedure. for fuel
cell shut down (Sym

step 6.07)

Refer to EPS
(f)

Open

APOLLO CPERATIONS HANDBOOK

2L 0
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SYHPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

(1) FUEL CELL 1(2,3)
TEMP SKIN HIGH
(3450°F)

12.01

1200

Monitor ¥/C 1, (2,3) performance
using V-I curve and temp-skin.

a.

Performance normal for in-
dicated temp-skin,

Performance lower than normall —

for indicated temp.-skin.

{
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 in
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.

QZ.Ola)Fuel cell will perform
satisfactorily up to C/W trip
temp. of 500°F.(However, it is
unlikely that 500°F will be
reached during flight).

(12.010) Estimated temp-skin (frog
V-1 curve) lower than indicated
temp. .

senso

Temp-skin
r failure

J] /7 2.1
PREPARED BY: ZI/K/&//{/

FLIGHT CREW SUPPORT DIVISION

APOLLO OPERATICNS HANDBOOK

,f A oATES EPS FUEL CELLS [c__012 Rev FINAL
&Z’g’_‘,&:‘;’—a Jen 27, 1967 3 secTiong,1,4.2 frace 29

HSC Form 46890 (Rev DRec GG)




)

—

SYMPTOK STEP

PROCEDURE

v =
= 111
Q-4

REMARKS

FAILURL

&)

Ae HNRES A
UNDERVOLT LI
DC VOLTS >2

() 1
GHT-ON
6V

A

MN BUS A(B) RESET-RESET-(CENTER)

a., MN BUS A (B) UNDERVOLT LIGHT4

OFF

b. MN BUS A (B) UBNDERVOLT
LIGHT-ON

MN BUS A(B) RESET-RESET-(CENTER)
several times.

a. MN BUS A(B) UNDERVOLT LIGHT- i

OFF,

b. MN BUS A(B) UNDERVOLT LIGHT-
ON,

MN BUS A(B) RESET-OFF,

a. MN BUS A(B) UNDERVOLT LIGHT-
OFF, :

Normelly meintain DC indicator
in MN BUS A(B) position,

~

volt indication.

Loss of MN BUS A(B) C/W under-

la. Transient under
voltage -

2a, Intermittant
malfunction of DC
undervoltage semsor -

2b. DC Undervoltage
sensor failure

) 2 2
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SYNPTOM STEP PROCEDURE Pgé; REHARKS FAILURE
2. DC VOLIS meter (When pyro batteries are (Normel pyro open circuit volt- [Loss of pyro Bat A(B)
indicates pyro bat- required) age = 36.9 - 37.2 vdc)
tery A(B) below 35 s s
volts Loss of pyro Bat A(B)
1. | PYRO A(B) SEQ A(B) CIRCUIT 2 (1) Malfunction deuected at EPY Internal:
breaker - OPEN , verification prior %o SIVB sep. |- Open circuit
or G&N.and/or SCS deorbit entry.)- Short circuit
— Partial short
2. | MAIN A(B) BAT BUS A(B) C/B - OPEN, 3 {(2) Prepares circuit for BAT
: BUS A(B) isolation from MAIN
BUS A(B) and reduced loading on
BAT AKB) to assure voltage is
maintained high enough to oper-
ate pyrosji
3. | MAIN A(B) BAT C C/B - CLOSED , 4 {(3) Prepares circuit for
b for application of BAT C to
MAIN BUS A(B)
4. | MAIN B(A) BAT C C/B - OPEN , 5 {(4) Prepares circuit so that
BAT C cannct:.be applied to MAIN
BUS B(A). This will assure
equal depletion of batteries
B(A) & C
5. | PYRO A(B), BAT A(B) to PYRO BUS 6 |(5) Entry BAT A(B) powering
TIE C/B - CLOSE, PYRO BUS A(B)
6. | Monitor:* ——3{(6) Voltage reading of234V
DC VOLTS METER should be indicated since pyro
PYRO BAT A(B) BUS A(B) power is now furnished
U by entry BAT A(B) with PYRO BAT
» _ A(B) isolated from PYRO BUS (g corfirms lose
C\\’\'\-G/\/W\ﬁ\-[{ 734V A(B). ffrva
\D) 9{ - 34V lob XJ}AA'@O’? (P@C(Z@.C
5 : st g frynio fro—
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should be adjusted to ensure
F/C SKIN TEMP of approximately
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 6 hours) is necessary to
achieve above SKIN TEMP.

) ) )
SYMPTOM STEP PROCEDURE 'gé; 3 REMARKS FAILURE

3. BATTERY CHGR 1. | (Attempt) Reset Breakers.

OUTPUT CURRENT drop$

to ZERO & circuit (2) Breakers reset, —_— (1a) Transient bat-

breakers BATTERY ter&aéh@rgérgpver%oad‘

CHARGER MN A & B - (b) . Breakers OPEN . 2 |(1b) Loss of Battery Charging |(1b) Distribution

OPEN . capability. diode short to ground
or Batt Chrgr inter-
nal shorst.

2. | BATTERY CHARGER-OFF —>{ (2) AV maneuver preparations

Ll oA
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SYMPTOM STEP PROCEDURE P;?E(; REMARKS FAILURE
4. BATT CHGR out- 1. | BATTERY CHARGER-OFF, —>I1(1) Loss of Battery Charging (1) Control relay
vut CURRENT ZERO Capability. 4 V maneuver pre- K4 failure.
(in all switeh parations should be adjusted to
positions) ensure F/C SKIN TEMP of 430° F
during gimbaling, ‘(’to conserve
battery energy). Powering
down umnecessary loads Jjust
prior Lo 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.
|
AT - Z
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SYMPTOM STEP PROCEDURE ' 'S‘%T, REMARKS FAILURE
5. DC INDICATORS- DC VOLTS should read 34-38 &
BAT BUS A(B), DC DC AMPS should read ZERO |,
VOLTS 27-30 & DC —_—
AMPS »ZERO WITH
BUS SWS OFF
1 | MAIN A(B) BAT BUS A(B) CB -OPEN,
a. DC VOLTS meter - 34-38 & DC 2 |la. Indicates Bat A(B) was (1a) MAIN BUS TIE
AMPS meter - ZERO. still connected to Main Bus BAT A & C (BAT B & C
A(B) via MAIN BUS TIE BAT A & C jmotor switch.
C(BAT B & C) motor switch closed
contact; circuit breaker in
series with contact has dis-
connected Bat (A(B) from Main
Bus A(B).
2 | DC INDICATORS - BAT.C.
a. DC VOLTS meter - 54—558.& 3 2a. Indicates Bat C not con-
DC AMPS meter - ZERO. 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.
3 | MAIN B(A) BAT C CB - CLOSED, .
a. DC VOLTS meter - 27-30 4 3a,, Indicates Bat C is con-
DC AMPS meter - greater nected to Main Bus B(A) via
than ZERO, MAIN BUS TIE BAT A & C (BAT B &
C) motor switch closed contact;
circuit breaker in series with
contact has comnnected Bat C
%o Main Bus B(A). This step
verifies Bat C functiomal.
4 | MAIN B(A) BAT C CB - OPEN. —>|4. This places circuit breaker
A R (see page 35) back in standard configuration.
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SYKPTOM STEP

PROCEDURE

NEXT
STEP REMARKS

FAILURE

Warning: Future comnect or discounect of Bat A(B) to Main Bus A(B) & Bat C to Main Bus B(A) will have to be
Batteries A(B) & C

cannot be recharged since the failed motor switch now has an open pair auxiliary comtacts which prevent
the charger from feeding Batteries A(B) & C.

accomplished with MAIN A(B) BAT BUS A(B) & MAIN B(A) BAT C circuit breakers.

Lol
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SYMPTOM STEP PROCEDURE P;?E(; REMARKS FAILURE
6. Battery Charger Voltage should be »32 but <40
Voltage 40 vdc and and current should be ».4 but
Current O when <2.8 amps
charging Battery
A(B,C)
u Cycle BATTERY CHARGER SW-A,B, Assumes DC INDICATOR SW-BAT
and C, and read DC VOLTS AND CHARGER.
DC AMPS.
a. DC VOLTS 40 vdc and DC AMPS |—>[la.) Capability to charge (la.) Battery charger
0 for A, B, and C; Batteries and to check Battery |circuit open circuited
charge lost.
b. DC VOLTS 40 vdc and DC AMPS |—>|(1b.) Capability to charge bat- |[1lb. Charging circuit
0 Battery A,(B,C) only. tery A(B,C) and the check Bat- {for Battery A(B,C) is
tery A(B,C) charge lost. open circuited.
c. DC VOLTS 40 vdc and DC AMPS 1} 2 *|1c. Capabiiity to change Bat- (lc.)rMotor switch !
0 for A and C(B and C). teries A and C(B and C) and to failed.
check Battery A and C (B and C)
charge lost. -
2 MATIN A-BAT BUS A (MAIN B BAT BUS|—{2. CB must be used to isolate
B) CB - OPEN, Battery A(B) from Main DC bus
LAY

0
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SYKPTOM STEP PROCEDURE NEXT REMARKS FAILURE
STEP 5
L7 INV 1 (2 or 3) C/W Trip valves: ek
TEMP.2 190°F 1 | Set dual inverter confi i 2 Inv 1, 2, 3 Temp. = 241&%30°mW
Ref EPS Norm. Proc No
(MSFN Monitoring 2 |Balance and hold loads steady 3 | The thermal response time of
Capability) ' for 10 minutes. Inverter heating from 155°F to
190°F is sufficient to ensure
3 | Record MSFN monitoring with the
Mission Elapsed Time exception of rapid, total
Approximate history of AC Load loss of coldplate cooling.
Switching during the 5 minutes Normal Inverter thermal
prior to symptom activation. response will be from ambient
ECS RADIATOR OUTLET TEMP. to 125°F in approximately 30 to
40 minutes. Setting a second
inverter to load and its
temperature increases to 125°F
within 10 to 30 minutes is
indicative of coldplate problems
(assuming proper inverter
voltage and frequency).
]
(a) ECS RADIATOR OUTLET —>1 (3a) The Inverters may be ro- {(3a) ECS Glycol Pump
TEMP above 97°F ::225 tated as required to keep temp.|failure or extensive
(Ref. ECS SYMPTOM NO. | below the C/W trip values. If leakage.
the above C/W trip valves are
(b) ECS RADIATOR OUTLET TEMP reached the inverter(s) will
Below 97°F. 4| | fail within 30 minutes if (3b) Rapid AC Load
temperature cannot be decreased|Switching or. inter-
e — nal inverter failure.
4 {At end of 10 minutes specified 5
in step 2 -
Communication loads and
Battery charger to normal
inverter's bus
Ll A ) WV )
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SYMPTOM STEP PROCEDURE g;é; REMARKS FAILURE
5 | MSFN INV 1, (2 or 3) Temp

monitoring indicates —

(a) Inv 1(2 or 3) Temp £160°F 6 ,

(b) Inv 1(2 or 3) Temp does nof 7 | (5) Note there is nodP (5b) Coolant flow
show gradual decreasing measurement across the Inverter restriction within
trend at end of 2 hours. Coldplate. If internal in- single Inverters

verter failure were the cause | Coldplate.
then AC Volts & Freq would
indicate abnormal before in-
verter could reach these
temperatures.
6 ! When MSFN indicates inverter (6) Temperature of both

5 ¢

temperature is approximately
160°F or less, balance loads &
hold steady for at least 1 houx

(a) Faulty inverter temperature
stabilizes at a nearly
equal temperature of
normal inverter.

(b) Faulty inverter temperaturd
shows increasing trend.

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.

(6a) Continue mission schedule
using affected inverter as
required for dual inverter
configuration.

(6b) Note the original symptom
does NOT presume faulty wvoltagsg
or freguency. This combination
of symptoms is remote. MSFN-
Crew option to shut-down and
isolate faulty inverter depend-
ing on sensitivity of thermal
control.

(6a) Rapid AC Load
Switching at high
power levels.

(6b) Internal inver-
ter problem dependent
on load demand.

8 S ¥
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) ) )
SYMPTOM STEP PROCEDURE §$é; REMARKS FAILURE
7 | Shutdown & isolate faulty ~——>! Hstablish single or dual

INVERTER.

inverter configuration as

required by mission schedule.
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) ) )
SYMPTOM STEP PROCEDURE giél REMARKS FAILURE
8.7 AC BUS FAIL 1 jAC BUS 1 (2) RESET - RESET (IF AC BUS OVERLOAD LIGHT
LIGHT ILLUMINATED (Center) ILLUMINATES AT ANY TIME DURING
THESE PROCEDURES, REVERT TO
(a) Symptoms extinguish 2 { PROCEDURES UNDER (iC SYMPTOM 3.)“5
(b) Symptoms re-illuminate 3 whie o Tis?
2 | Survey for OPEN C/B
]
(a) C/B Open _— (22) Load short.
(b) C/B NOT OPEN f—> (2b) Transient
overload.
3 | AC Indicators Bus 1 (&/or 2) - 4
oA, B, C
4 | MONITOR: AC VOLTS
AC FREQ
(a) AC VOLTS & AC FREQ Normal., |=—>| (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.
(b) AC VOLTS <90 Vac 5
AC FREQ & 380 cps -
(c) AC VOLTS €95 %3 6 (42) Inverter Under-
AC FREQ = 400 cps: voltage.
5 | AC INDICATORS BUS 1 (or 2)- ¢A. 5. Monitor AC Volts with
,'Bus at Reset".
AC BUS 1 (or 2) RESET - RESET,. «CAUTION ONLY HOLD RESET SW ,
MONITOR AC VOLTS, IN RESET POSITION MOMENTARILY
SINCE HIGH VOLTAGE MAY BE
4 R APPLIED TO AC LOADS.
PREPARED BY: /10/ £ /0 /v / FLIGHT CREW SUPPORT DIVISICON APOLLO OPERATIONS HANDBOOK
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SYMPTON STEP PROCEDURE ’;Eg REWARKS FAILURE
}
(a) AC VOLTS 2128 Vac 6 (5a) Inverter Over-
voltage.
6 |Determine Inverter Configuration
a. ©Single Inverter Conf. Sk :Ref EPS Norm. Proced. No. i
b. Dual Inverter Conf. =-~| Ref EPS Norm. Proced. No
c. Inverter 3 Required, | Ref EPS Norm. Proced. No.
/)/}7}/?/////’“ APOLLO OPERATIONS HANDBOOK
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,1 ) )
¢ : NEXT R FAILURE
SYNPTOM STEP PROCEDURE i EMARKS
9. AC BUS 1(2) FAIL Overload light could take 4 to
LIGHT Illuminated 20 seconds to illuminate after
illumination of AC Bus Fail S
Light.
e g P e XS
AC BUS 1 (2) 1s Monitor: — AC volts (1) Frequency should be 400 *
' OVERLOAD light -Frequencys § 2 cps with CTE; 400 % 7eps
At e bad with internal oscillator.
fi AC Volts should be 115
‘ +1, =1.5v.
a. AC volts & frequency normale | 21 (la) Sensing unit
failure.
b. AC volts & frequency abnormalf 2
2. |AC BUS 1 (2) RESET - RESET(centerl),
a. Symptoms extinguished. ——> {(2a) Proceed with mission (22) Transient over-
schedule. load condition.
b. Reillumination of symptoms, 3 2b) AC Bus 1 (2) FAIL light
end AC Bus 1 (2) Overload light
nay or may not illuminate de-
pending on magnitude and dura-
cion of overload on inverter.
5o Survey AC Circuit breakers for
OPEN breaker.
a. Breaker OPEN, 19 5| (%3a) Most probable occurrence.|(3a) AC Load failure.
b. C/B does not OPEN. 4
4. |AC BUS 2 (1) Reset - Reset(center)5 (4) Continue Bus Reset as
. ' required to extinguish lawmp.
5% Transfer and verify AC loads to There will be a time delay
normal bus. after each reset before
re-illumination.
VTP UL o fe 2
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SYMPTOH STCP PROCEDURE ’;;é; REMARKS FAILURE
() AC BUS 2 (1) FAIL light - 6
OFF.
(b) AC BUS 2 (1) FAIL 1ight-ON, | —p {5b) AC load failure.
6. |Monitor: (6) Steps 6'throﬁgh g

verify norwalcy of AC loads

TANK QUANTITY - H, - 1 & 2 . ' L
q 2 ' “lwhich cannot be transferred from
O2 -1 &2 8 one AC Bus to the other.

a. Quantities normal, 45 (6a) Gauge indication being nor-
mal will reveal normal quantity
anplifier.

b. Quantity erroneous. 7 |(6b) Quantity amplifier failure |[(6b) Quantity Am-
may give high, low or erratic plifier.

reading on Quantity Gauge. In
any case, the quantity balance
data Jjust prior to occurrence of]
symptom are reference points.

7. | OPEN C/B: CRYOGENIC SYSTEM QTY 19
AMPLIFIER-1, 2 - AC 1 (2).

0 ?-—> |8. |ECS RADIATOR - 1 (2) A,B-OFF, 9
9. | OPEN circuit breakers CRYOGENIC 10 1(9) Cryogenic fans inoperative
FAN MOTORS-1 (2) does not present a critical sit-
AC1 (@A, B, OC. vation. Quantity readout may
GAS ANAL - ACl have small error with fans OFF.
10. | AC BUS 1 (2) RESET - RESET
(center)
(a) Symptomws Extinguish 16
(b) Symptoms reilluminate 11
11. | AC INVERTER 1(2)-MNA(B)-OFF 12 |(11) AC BUS 1(2) lost for re- |(10b) AC° BUS: SHORT: /
122, { AC INVERTER 1(2)- AC BUS 1(2)- mainder of mission.
OFF 13
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SYMPTOM STEP PROCEDURE gé; REMARKS ‘ FAILURE
13 | AC BUS 1(2) RESET - OFF 14
14 | TELCOM-NONESS - OFF 15 Bl
15 | OPEN C/B's of faulty AC BUS —> | (15) Maintain faulty bus iso-
) ' lated.
16 |{CLOSE C/B GAS ANAL - ACl -
(a) Symptoms Reilluminate - 18 (16a) Gas Anal & C/B
failure.

(b) Symptoms remain extinguished ,17
17 CLOSE C/B'S CRYOGENIC FAN MOTORS

1(2) - AC1(2) ga, gB, gc

(2) Syuwptoms Reilluminate 18 (17a) Cryogenic Fan.
' motor & C/B failure:
'(17¢) ECS RADIATORS /
'VALVE CONTROL & C/B°

(b) Symptoms remain extinguished | =

failure.
18 |Isolate faulty load 19 | (18) If faulty load detected
19 |AC BUS 1(2) RESET - RESET 20 qurinf lgad oy (Stef.
(centes) —_— isolate by opening respective
c/B(s).
20 | Reconfigure AC loads to normal B (éo) If faulty load detected in
positions (if applicable) either step 16 or 17 then leave
appropriate breaker open.
21 | AC BUS 1(2) RESET - OFF 22
22 AC INDICATORS - BUS 1 (2) Sy (22) Mission schedule may be
(affected bus) continued with use of Indicators
to monitor AC BUS 1(2), The
C/W capability & the automatic
disconnect capability are lost
with AC BUS RESET - OFF.
" L
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SYMPTOM STEP PROCEDURE ?;g; REMARKS FAILURE
10.1 AC BUS 1 & 2 i PHASE LOCK SW - ON, %emoves CTE signal to inverter,.
FREQUENCY INDICATES Invertnr on _internal osc:Lllatord
<3%39% CPS OR >407 CB3} 2 Verify INV PHASE SYNC PWR CB'S -
OPEN .
SINGLE INVERTER i
OPERATTION a. Freq within 393 to 407 cps. —) | Inverter is driven off 400 CPS 2a. CTE malfunction
by out of tolerance CTE signal.,
Replace INVERTER 1(2) with
INVERTER 2(1).
b. Freg 393 CBS or 407 €BS 3
5 PHASE LOCK SW - OFF, 4
4 |AC BUS 1 & 2 RESET - OFF__ e
5 |AC INVERTER 2(1) - MAIN B(A) -ON| &
6 |AC INVERTER 1(2) - ACBUS 1 & 2 ~{ 7
OFF,
7 |AC INVERTER 1(2) - MAIN BUS A(B)-| &
OFF,
8 |AC INVERTER 2(1) - ACBUS 1 & 2 -f 2
9 AC BUSl&ZRESET—_Oﬁ, /0
10 |a. FREQ - 400 CPS, o 9a. Inverter 1(2)
oscillator failure.
b. FREQ 393 CPS or »407 CPS. 5] Since second inverter indicates 9b. Frequency
same sym]igtovs, this 1s indica- £ £ .*l
tive of frequency meter failure| WMeLer lal.l.ue.
If voice communication available
verify telemetry readings with
MSEN.
,11 |MSFN to closely monitor frequency;
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SYMPTOM STEP PROCEDURE l‘;;é; REMARKS FAILURE
11.. AC BUS 1(2) 1 AC BUS 1(2) RESET - RESET (eentey),
FAIL LIGHT ,
illuminated a. Symptoms OUT, — (la.) Transient,
AC BUS 1(2) Voltage b. Symptoms Light, 2 (¥b.) Inverter
<90v (Dual Inverter) overvoltage.
e
2 AC INVERTER 1(2) AC BUS 1(2)-QFF| 3 (0r wo A ety
ral £
3 AC INVERTER 1(2) MNA(B) - OFF, 4 o
4 AC BUS 1(2) RESET - QFF, 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 (Cntr).| 10
10 | Verify AC 1 & 2 Bus Voltages & 11
Frequencies,
11 | PHASE Lock - OFF , 12
12 | CB INV SYNC PWR (3) - OPEN , Y
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SYRPTON STEP PROCEDURE §$§; REMARKS FAILURE
12 AC BUS 2(1) Single to dual switchover
FAIL Light assumed from Inverter 1(2)
R ON on AC BUS 1 & 2 to Inverter 1
after on AC BUS 1 and Inverter 2 on
AC INVERTER 2(1) AC BUS 2.
is applied to AC
BUS 2(1). 1 | AC BUS 2(1) RESET - RESET (Cntr)
several times consecutively.
a. AC BUS 2(1) FAIL light OUT. (1a.) This failure is likely (1a.) Transient
be occur again. condition.
b. AC BUS 2 (1) FAIL LIGHT ONj
1. AC BUS 2(1) volts norml] 13 (1b.1) Sensing Unit
2. AC BUS 2(1) volts zZexe, | 2 (1v.2): Motor Switech
2 AC INVERTER MNB(A) - OFF , 3
3 | AC INVERTER AC BUS 2(1) - OFF 4
4 AC BUS 2(1) RESET - OFF, 5
5 CB INV SYNC PWR (3) - CLOSE, 6
6 PHASE LOCK - ON . 7
7-{ AC INVERTER % - MNB(A) 8
8 | AC INVERTER 3 AC BUS 2(1) - ON,| 9
9 AC BUS 2(1) RESET - RESET (Cntr) 10 10. Inverter 3 is now
powering AC BUS 2(1).
10 Verify AC BUS 1 & 2 voltages 11

and Frequencies.
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SYMPTOM STEP PROCEDURE ’;gé; REMARKS FAILURE
12 (Cont) 11 | PHASE LOCK - OFF , 12
12 | CB INV SYNC PWR (3) - OPEN,
13 | AC BUS 2(1) RESET - OFF, 14
14 | AC INDICATORS - AC BUS 2(1), (14.) The C/W indication and
auvtomatic disconnect capability
is not functional with AC
BUS 2(1) RESET - OFF
PREPARED B"/‘//M:rf?/// FLIGHT CREW SUPPORT DIVISION ) APOLLO GPERATIONS HANDBOOK
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SYMPTOM STEP PROCEDURE §$é; REMARKS FAILURE
13, MN BUS A & B 1 AC INVERTER 1(2) - MNA(Bz - OFF | & 1. Removal of shorted inverter{ INVERTER DC INPUT
UNDERVOLT 2 AC INVERTER 2(1) - MNB(A) - ON | % initially will prevent DC BUS shorted.
light illuminates ) AC BUS 1 - RESKET - OFF 4 problems. It will take 3 to
AC BUS 1 Fail light| 4 AC INVERTER 1(2) - AC BUS 1-OFF | 5% | 9 seconds for 70 amp power
illuminates 5 AC BUS 2 - RESET - OFF 6 breaker to an inverter to open.
AC BUS 2 Fail light | 6 AC INVERTER 1(2) - AC BUS 2-OFF | 7 MN BUS B(A) volts will recover
illuminates 7 AC INVERTER 2(1) - AC BUS 1 -ON| 8 in APPROX 1 SECOND after short.
F/C BUS disconnect 8 AC INVERTER 2(1) - AC BUS 2 -ON| 9 | The following F/C to BUS
light illuminates 9 AC BUS 1 - RESET - RESET - 10 configuration is assumed:
(Center)
10 | AC BUS 2 - RESET - RESET - 11 F/C 1 - MNA - ON
(Center) F/C 1 - MNB - OFF
SINGLE INVERTER 11 | F/C 2 - MAIN B(A) - ON 12 F/C 2 - MNA - ON
CONFIGURATION 12 | MAIN BUS A(B) RESET - RESET 13 F/C 2 - MNB - ON
e Verify normal systems operation.|——> F/C 3 - MNA - OFF
CAUTION: Note that F/C 3 - MNB - ON

AC BUS OVERLOAD
light is not illu-
minated. Do not
use this procedure
if the overload
light is illuminated]

A . 228
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SYMPTOM STEP PROCEDURE ’;%T: REMARKS FAILURE
CAUTION: Total AC POWER LOSS may occur in less than 5 seconds.
14. MN BUS A & B i AC BUS 1(2) RESET Sw - RESET 2 This procedure assumes a two Tekinas:
UNDERVOLT light \Centr) inverter configuration at _ % &2 ¢
illuminates AC 2 AC INVERTER 1(2) - MAIN A(B) - 3 time of failure and the De ‘427”‘/
BUS 1(2) FAIL light OFF. , following F/C to Bus otlode d ,
illuminates 3 AC INVERTER 1(2) - AC BUS 1(2)-| 4 configuration: ( B ohont oo .. )
F/C BUS DISCONNECT OFF
Light ON 4 AC INVERTER 3 - MAIN A(B) - ON.] 5 F/C 1 - MNA - ON
DUAL INVERTER 5 AC BUS 1(2) - RESET - OFF . 6 F/C 1 - MNB - OFF
CONFIGURATION 6 AC INVERTER 3 — AC BUS 1(2) - 7 F/C 2 - MNA - ON
Caution: Note that oN , F/C 2 - MNB - ON
AC BUS OVERLOAD 7 AC BUS 1(2) RESET Sw - RESET 8 F/C 3 - MNA - OFF
Light is not (Center). F/C 3 - MNB - ON
illuminated in this| 8 F/C 2 - MAIN B(A) - ON, 9 '
case. 9 MAIN BUS A & B RESET Sw - RESET| 10 g
10 | Verify normal systems operation| 11
1, If appropriate, —_—

MAIN BUS TIE - BA - OFF

- OFF

e —C s -

PREPARED BV:M///&%&’///

FLIGHT CREW SUPPORT DIVISION

A / /( o Z

M TI LA

DATE

Jan 27, 1967

. EPS POWER DISTRIBUTION

APOLLO GPERAT!ONS HANDBOOK

Heper

REV 1V iT4

section "9.1.4.3%3

dpace 50

WSC Form 410 (Rev “sc

658)~



PROCEDURES ENTRY SHEHT

TRELECOMMUNT CATTIONS MALWUNCTTION PROCEDURES
SYMPTOMS

ONE CHEWMAIN HAS DEGRADED OR KO INTERCOM CAPABILITY

ALL CREWMEN HAVE DEGRADED OR NO INTERCOM CAPABILITY

CONTINUOUS BACKGROUND HCISE IN ONE OR MORE CREWMENS'
HEADSET

ONE CREWMAN LOSS CF EITHER OF THE FOLLOWING TELE-
COMMUNICATIONS: VHN-AM OR S- BAND

ALL CREWMEN I10SE VHF--AM OPERATION (IN-FLIGHT)

ALL CREWMEN LOSE USEE VOICE OPERATION (MODES A,B1,B2,0R C)
ALL CREWMEN LOSH USBE VOICE OPERATION (MODES D OR E)

MSKN REPORTS VilR-FM TELEMETRY POOR OR LOST
Uﬁg;ﬂgﬂxwﬂ AND REAT,-TINE COMMANDS NOT RECEIVED BY S/C

& “BAMD UPDATA AND RFAL-TIME COMMANDS HOT RECEIVED
BY $/C (S-BAND VOICE NJRN:L)

MSFN REPORTS PARTIAL OR COMPLETE LOSS OF C-BAND TRACKING

¥SFH REFORTS TV RECEPTION LOST (OR POOR) (S-BAND) VOICE
& DATA HORMAL)

{0 VOICE RECORD FLAG INDICATION WARG ATTIMETING VOICE
“HOORDING (INTERCOM \Jf137>

Vir-AM POOR OR LOST AFIER SPLASHDOWH
B® VOICE POOR OR LOSY AFTER ‘Plx!'ﬁILr.\“ N

MEFN REPORTS 1088 OF VHF-FM DATA AND C-PAND RANGING (VilF-
Al AND S-BAND HORMAL,)

AR REPORTS VEF-11 AND 3-BAWD PLAYBACK Tii POOR OR ]

SYMPTOM

w Ll
I\T{j \T‘I ‘l ‘L\
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SYRPTONR

STEP

PROCEDURE

O,

i ><

Q-

REMARKS

FAILURE

1. One c¢rewman has
' degraded or no
intercom capability.

B

e AmeiTI T Y

l_J

i

Audio Center (A/C) POWER sw -

Alternate position - (VOX or PTT)

(a) Intercom normal -
‘= After switching
LR
- After switching
VOX

<o

(b) No intercom

Key intercom using translational
controller PIT button (without

speaking.)

(2) No background noise

(b) Background noise present

VEF-2M sw - (&/C) - T/R,
verify VHF sidetone.

(2) Sidetone normel

(») No sidetone

(PRSP ST —

JV)Z

(1a) Crewman limited to PIT
mode of keying. Loss of
"hot mike" capability.

(2) This step can be accom-

plished only by the CP and SP.
P should go directly to step 6.

(22) Crewman limited to VOX
mode of keying. Loss of
VHF-AM and S-Band voice
capability.

(3) VHF sidetone can be veri-
fied regardless of VHF-AM
(MDC-20) switch position.

-

(la) VOX circuit
failure.

(22) A/C PIT circuit
failure.

(2b) Cobra cable PTT

circuit faillure.

(32) A/C intercom
cirenis #arlnre.

]

A T R

o P

e e

L g TP SE s
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1 NEXT

SYHPTCK ST -PRUCEUURE { arep REMARKS FAILURE
1.. (cont) 4 |(a) Use VHF sidetone for intercomj— | (42) All A/C VHF switches must

ory be in T/R position.

(b) Cobra cable electrical ——3| (1b) Two crewmen must share

connector - EMER one A/C.

(4a or b) Crewman may use
whichever is more desirable.
5 |{Connect and utilize alternate (5) Requires shirtsleeve

headset environment.

(2) Intercom normal DRRAEIE (52) Headset failure

(b) No intercom 6

6 |Remove diode and filter assembly

from cobra cable.

(2) Intercom normal ——{ (6a) Removal of diode and (6a) Diode and
filter assembly will result in (filter assembly
increase background noise on failure.
intercom and down link voice.

(b) Intercom not normal 7

T iConnect and utilize spare cobra

cable

(a) Intercom normsl —_— (Ta) Cobra cable

failur

(p) No intercom 8

8 |Cobra cable electrical (8) Two crewmen must share one | (8) Audic center

connector - EMER audio center. module failure
| PREPARED BY: FLIGHT CREY SUPPORY D!VISION e man cablans System APOLLO OPERATIONS HARDBOOK
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SYMPTOM STEP PROCEDURE NEXT REMARKS FAILURE
STEP \
\ \ \
2. All crewmen 1 | INTERCOM sw (ALL) - OFF
have degraded or no {
intercom capability. 2 |VHF-AM sw (A/C) (ALL) - T/R
Verify sidetone.
(a) Normal 3 p‘jt (22) Intercom bus
shorted to ground
(b) No sidetone —i (2b) Refer to EPS malfunction | (2b) Loss of Flight
symptom No. and Post Landing bus
3 |Use VHF sidetone for (3) Sidetone may be used
intercommunications. regardless of VHF-AM sw
(MDC-20) position. The use of
VOX keying will provide a
"hot mike" sidetone intercom
and PIT VHF-AM keying.
3. Continuous 1 |Verify: S-BAND sw (MDC-23) - 2 | (1) USBE receiver unlock
background noise in MUTE (up) results in similar symptom.
one or more crew-
men's headset. 2 Individually cycle all PIT
buttons (3 cobra cable and 2
hand controller buttons) in
sequence.
(2) Noise removed 3 (2a) Sticking PIT
J button
(b) Noise continues )3
3 If fallure was on cobra cable —_—
use spare cobra cable.
If failure was on .Hand
Controller discontinue use of
that PIT button. F
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SYHPTOM

STEP

PROCEDURE

FAILURE

\

3. (Cont)

B

POWER sw (A/C) (A1l) - PTT (one
at a time)

(a) Noise removed

(b) Noise continues

All crewmen - 21l A/C T/R
switches (except S-BAND) - RCV

(a) Single crewman retains noise

(b) All crewmen lose noise

A1l A/C switches to original
configuration (except failed A/C)
Failed A/C - Disconnect cobra
cable and connect spare cobra

cable.

(a) Noise removed

(b) Noise not removed

}

(La) One A/C VOX
circuitry failure °
(continuous key)

(52) Ground in crew-
man's controller or
cobra, cable PIT
circultry; ground in
A/C keying line

(5b) Ground on HF or
VHE'-AM keying line

(Ta) Cobra cable PIT
circuit failure

(7o) Hand controller
PIE fasdunre, on
audio center keying
circuit failure

PREPARED BY:

FLIGHT CREYW SUPPORT DIVISION

DATE;

Jan. 27, 1967

NEXT

<TEP REMARKS

— i (4a) Keying limited to PTT

mode on failed A/C.

>
6.

Sl ik
i
8 | (7b) Hand controller failure

™| possible for CP & SP only.
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SYNPTOM STEP PROCEDURE NEXT REMARKS " FAILURE

STEP :
\‘ \
3. (Cont] 8 | Cobra cable electrical —1 (8) Two crewmen must share one
connector - EMER - A/C module.
9 |Any crewman - A/C HF sw - T/R
(a) Noise returns — (92) HF usable only in beacon | (9a) Ground on HF
mode. Recelve capability lost.| keying line
Voice recorder will run con-
tinuously until end of tape.
CAUTION Disconnecting
tape recorder
connector under power may
result in dangerous arcing.
(b) No noise 10

10 {Any crewman - A/C VHF-AM sw -
7/R

(a) Noise returns — (102) VHF-AM usable only in (102) Ground on VHF-
: duplex mode. (Notify MSFN). AM keying line.

RF radiation is present any
time that VHF-AM sw (MDC-20)
is in EZB position.

L. One crewman loss| 1 |POWER sw - (4/C) - PIT (1) VHF-AM keyed in PTT mode
of either of the only.

following communi-
cacions: VHF-AM or

{ 3-Banc
PREPARED BY: - FLIGHT CREW SUPPORT DIVISION Telecommmnications System APOLLO OPERATIONS HANDBOOK
PATEL  Jem, 27, 1967 Malfunction Procedures src 012 By e
% 4 section 9.1.5 jpace O
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SYMPTON

STEP

b ONEXT

PROCEDURE Step REMARKS FAILURE |
) ) )
L., (Cont) 2 |Verify normal intercom.
(a) Intercom normal L
(b) No intercom 3
3 |Follow Telecom procedure, "One
crewman has degraded or no
intercom" (Symptom No. 1).
4 {Cobra cable electrical —| (4) Two crewmen must share one | (4) A/C module
connector - EMER A/c. failure
5. All crewmen lose] 1 |Energize USBE in mode A. 2 | (1) Backup mode for VHF-AM
VHF-AM operation voice
(in-flight).
2 |VHF-AM RCVR sw - 1
(a) Signal regained —1 (22) VHF-AM limited to the (22) VHF-AM front-
simplex mode. end No. 2 failure
(b) Signal not regained 3
3 |VHF-AM RCVR sw - 2
(a) Signal regained —1! (32) When switching to No. 2 (3a) VHF-AM receiver
receiver, ground must be so No. 1 failure or
informed. (MSFN requires a VHF-AM keying relay
minimum of 5 min. to recon- failure (closed)
figure.) MSFN will detect a
continuous carrier if VHF
keying relay has failed.
i (b) Signal not regained L

PREPARED BY:

FLIGHT CREW SUPPCRT DIVISION

DATE:

Jan. 27, 1967
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STEP

| MEXT

SYMPTOM PROCEDURE e REMARKS FAILURE
) )
[ 5. (Cont) L | VHF ANTENNA sw - Alternate 5
position - (UPPER or LOWER)
5 |Re-orient S/C for optimum
antenna coverage, 1f necessary.
(a) Signal regained —| (5a) VHF voice, VHF-FM, and (52) Upper or lower
UHF data limited to one VHE SCIN antenna
antenns & restricted S/C failure
orientation.
(b) Signal not regained 6_1 (5b) Voice limited to S-Band. | (5b) VHF-AM system
Tailure
6 |VHF-AM sw (MDC-20) - OFF
6. All crewmen 1 |Verify that A/C S-BAND sw 2 | (1) MUTE (up) position disables
lose USEE voice. (MDC-23) is not in MUTE (up) S-Band reception.
operation (modes A, position.
Bl, B2, lo¥ C)
2 |Observe S-BAND ANT meter for (2) < half-scale indicates
phase lock. loss or near loss of lock.
> half-scale indicates
receiver phase lock.
(a) «< half scale 6
(b) > half scale 3
3 |S-BAND POWER AMPL sw - LOW L

PREPARED BY:

FLIGHT CREW SUPPORT DIVISION

DATE,

Jan. 27, 1967
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NEXT

REMARKS

BT A s

FAILURE

SYMPTOM STEP PROCEDURE
- S STEP
y y
6.  (Cont) L |s-BAND sw - XPONDER PWR AMPL
(a) Voice regained — (ka) S-Band transmitter limited|(La) Power amplifier
to operation with power ampli- |by-pass mode failure
fie? only. :
(b) Voice not regained 5
5 |S-BAND VOICE/TV sw - TV
(a) Voice regained — (5a) S-Band limited to FM mode.|(5a) PM mode failure
S-Band ranging lost.
(b) Voice not regained 9
6 |S-BAND ANTENNA sw - Alternste T
position (UPPER or LOWER)
T |Re-orient S/C for optimum 8
antenna coverage, if necessary.
8 |Observe S-BAND ANT meter for
USBE phase lock.
(a) < half scale 10

(b) > half scale

—1 (8b) S-Band operation limited

to one antenna & restricted
S/C orientation.

(8v) Upper or lower
2 KMC SCIN antenna
failure

PREPARED BY:

FLIGHT CREW SUPPORT DIVISION

DATE,

Jan. 27, 1967
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SYMPTOM

| STEP

PROCEDURE

FAILYRE

)
6.  (Cont)

10

11

Verify CTE operation with MSEFN
vie VHF-AM.

(a) CTE normal

(b) CTE not normal

Manually change to alternate
transponder unit.

Configure S-Band switches to
original mode.

(a) Voice regained

(b) Voice not regained

(90) CTE failure

(11a) USBE primary
transponder failure

(110) PMP (voice
circuit) failure

T. All crewmen lose
USBE wvoice opera-
tion (modes D or E)

Verify that A/C S-BAND sw
(MDC-23) is not in MUTE (up)
position.

S-BAND PWR AMPL sw - HIGH

(a) Voice regained

(b) Voice not regained

NEXT
L STEP REMARKS

\

10

— (9b) TIM operation continues,
via S-Band or VHEF-FM, but may
be degraded. Voice limited to
VHF-AM.

11 | (10) Refer to abbreviated
check-list for transponder
turn-around procedure.

— (11b) Voice limited to VHF-AM.
TV, TIM, and ranging still
available on S-Band.

2 | (1) MUTE (up) position disables
S-Band reception.

—1 (2a) Power amplifier operation
limited to high mode.

3

(2a) Partial power
amplifier failure
(Low mode)

PRUPARED BY:
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SYNPTOM STEP PROCEDURE NEXT REMARKS FAILURE

o STEP
) iy )
T+ - (Conk) 3 |Configure S-Band switches for
mode A.
(a) Voice regained — (32) Voice and R/T TIM limited | (32) FM mode failure
to USBE PM mode or VHF. or total power
Plagyback TIM limited to VHF-FM.| amplifier failure.
TLoss of TV.
(b) Voice not regained 4
L |Follow Telecom procedure, "All
crewvmen lose USBE voice opera-
tion, modes A, Bl, B2, or "
(Symptom No. 6). :
8. MSFN reports 1 |Energize USBE in mode A. (Notify] 2 | (1) Enables R/T PCM via S-Band.
VHF-FM ‘telemetry MSFN).
i poor or lost.
2 |Verify normal VHF-AM voice (2) All VHF & UHF equipment
operation. share same antenna system (VHF

SCIN antennas).

(a) Voice normal 5 | (2a2) Rules out antenna failure.
(b) No voice 3
3 |VHF ANTENNA sw - Alternate L

position (UPPER or LOWER)

L  |Re-orient S/C for optimum antenns
coverage, if necessary.

(a) VHF-FM TIM regained —! (4a) VHF & UHF operation “. {(ka) Upper or lower
limited to one antenna & VHF SCIN antenns
restricted S/C orientation. failure

(k) VHF-FM TIM not regained 5 .

{ PREPARED BY: FLIGHT CRE¥ SUPPORT DIVISION Telecommnications System APOLLO OPERAT!IONS HANDBOOK
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SYMPTON STEP PROCEDURE NEXT REMARKS FAILURE
o L STEP ¥
) ) )
8. (Cont) 5 |TIM INPUTS PCM sw - Alternate

position (HIGH or LOW)

(a) VHF-FM TIM regained ——1 (5a) Limits telemetry to one (52) PCM TLM mode
bit rate mode. If limited to |failure (High or
low bit rate, many G&N TIM Low)

i parameters are lost. IT ;
| limited to high bit rate, long
3 data dumps are required.
b
(b) VHF-FM TIM not regained 6
6 |Check status of S-Band telemetry

with MSFN

(a) Normal 7 | (6a) USBE must be used for all | (6a) VHF-FM system

™1 down data. i failure

(b) Not normal —1 (6b) MSFN may elect to use (6b) PCM telemetry
VHF-FM or S-Band telemetry if | equipment failure or
some data is salvageable. PMP (TIM circuit)

failure
T (VHF-FM sw - OFF
9. UHF Updata and 1 |Energize USBEE in mode A. 2 | (1) Enables updata backup mode.
Regl-time cormmands
not received by S/C 2 |Verify normal VHF-AM voice (2) A1l VHF & UHF equipment

operation. share seme antenna system (VHF
SCIN antennas).

(a) Normal 5 | (2a) Rules out antenna failure.

(b) Not normal 3

PREPARED BY . FLIGHT CREW SUPPORT D!VISION Telecommmnications System APOLLO OPERATIONS HANDBOOK
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SYMPTOH STEP PROCEDURE

NEXT

sTep REMARKS FAILURE
) ) )
9. (Cont) 3 |VHF ANTENNA sw - Alternate i
position (UPPER or LOWER)
L |Re-orient S/C for optimum
antenna coverage, if necessary
(2) Voice and updata regained —i (4a) VHF & UHF operation (42) Upper or lower
limited to one antenna & VHE SCIN antenna,
restricted S/C orientation. failure
(b) Updata not regained (Voice 5
normal)
5 |UPDATA sw - S-BAND 6
6 |Request MSFN to retransmit T
update.
5 T Verify S-Band updata normal.
(a) Normal —! (7a) Updata limited to S-Band |(72) UHF receiver
only. Some stations not failure
equipped for S-Band updata
(b) Not normal 8
8 Repeat procedure over another
ground station
(a) Normal e
(b) Not normal 9 | (8b) All updata capability (8b) UDL equipment
et OS5,

9 {UPDATA sw - OFF

Voice updating required.

failure

PREPARED BY.: FLIGHT CREW SUPPORT DIVISION

DATE: Jan. 27, 1967
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SYHPTOM STEP PROCEDURE 2l REMARKS F FAILURE
A STEP -
) ) )
110. S-Ba.../ Updata 1 |UPDATA sw - UHF 2 (1) Coordinate with MSFN.
and real-time
commands not 2 Verify UHF updata normal.
received by S/C.
(8-Band voice (a) Normal —! (22) Updata limited to UHF. (2a) TOKC updata
i normal ). demodulator failure
(b) Not normal 3
3 Repeat procedure over another
ground station.
(a) Normal —
(b) Not normal L (3b)- A1l updata capability (3b) UDL equipment
lost. Voice updating reguired.{failure
L UPDATA sw - OFF
11. MSFN reports 1 |Energize USBE in mode Bl. 2 (1) Enables backup ranging
partial or complete (Notify MSFN). mode .
loss of C-Band
tracking. 2 |C-BAND sw - Alternate position - (2) Coordinate with MSFN. Some
(1 PULSE or 2 PULSE) stations are not equipped with
2 pulse mode capability.
(a) C-Band tracking required —_— (2a) 1 or 2 pulse
i mode failure
(b) Not regained g
3 |Orient S/C to illuminate a (3) Coordinate with MSFN.
different C-Band antenna.
(a) C-Band tracking regained — (32) Partial S/C attitude con- | (3a) One of the four
straint due to loss of one C-Band antennas or
antenna/receiver. receivers failed

PREPARED BY:

FLIGHT CREW SUPPORT DIVISION

DATE,

Jan. 27, 1967
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STEP

| NEXT

S-BAND-VOICE-TV sv = OFF

SYKPTOM PROCEDBURE STEP REMARKS FAILURE
) y N
11l. {(Cont) (b) Not regained 4 1 (3b) Renging limited to S-Band | (3b) C-Band trans-
=" and "gkin track." ponder failure
4 |C-BAND sw - OFF
12. MSFN reports il S-BAND PWR AMPL sw - Alternate
TV reception lost position (HIGH or LOW) .
(or poor) (S-Band
voice & data (2) TV regained —1 (1a) Power amplifier operation | (la) Partial power
normal). limited to one mode. amplifier failure
(High or Low)
(b) TV not regained 2
2 |Connect TV cable to No. 1 TV
receptacle.
(a) TV regained — (2a) Discontinue use of failed }(2a) TV cabling or
receptacle. receptacle failure
(b) TV not regained 3 | (2b) Loss of TV capability (2b) TV system
—_— failure or total
power amplifier
failure
3

13. Neo VOICE RECORD
: flag indication when
attempting voice
recording (intercom
normal).

NOTE Absence of audio on
track 1 (in excess of L
seconds) will cause flag drop-
out. If portions of track 1
were recorded in a PIT mode

rather than a VOX mode, erratic

or intermittent flag indica-
tions may appear on all other
tracks.

PREPARED BY:

FLIGHT CREW SUPPORT DIVISION

DATE,

Jan. 27, 1967

Telecommunications System
Malfunction Procedures

APOLLC OPERATIONS KANDBOGK

SyC

012

REV FINAL_

SECTION

S SIS pace 15

HSC Form 460 (Rev Dec 68)




STEP

NEXT

FAILYRE

SYgPTOﬂ PROCEDURE STEP REMARKS
¥ ) )
13." {Cont) 1 | Verify instruments RCDR NON ESS 2 | (1) ¢/B powers flag mechanism.
¢/B - GLOSED
2 If recorder not in use has tape

available, transfer connector to

that recorder.

(a) Flag indicates properly ——| (22) Any recording time (2a) Failure of one
remaining on failed recorder volce recorder or
is lost. recorder end of tape

(b) No flag indication 3

3 | Place hand on recorder. Push

PIT button and note vibration

from drive motor.

(a) Vibration L (3a) Flag indicator
failure or drive
belt failure

(b) No vibration 5 { (3b) Voice recording capa- (3b) Voice recorder

St ibi by loat, cable or connector
failure
L | Continue using recorder and (1) Flag indicator failure is
check periodically for end of assumed (providing first
tape. recorder was not out of tape).
5 |All A/C HF sw - OFF (5) Switches may be energized

post landing for HF operation.

)

PREPARED BY:
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NEXT

SYMPTOM STEP PROCEDURE oo REMARKS FAILURE
) )
14. VHF-AM poor or 1 |Verify VHF ANTENNA sw - RECOVERY 2
lost after splash- i
down. 2 |VHF-AM RCVR sw - Alternate (2) Recovery forces must be
position (1 or 2) informed via HF of change to
duplex.
(a) Signal regained — (22) VHF-AM limited to one mode| (2a) One receiver
(simplex or duplex). front-end
inoperative.
(b) Signal not regained 3
3 |VHF-AM RCVR sw - 1 4 §(3) Notify recovery forces of
change to simplex mode via HF.
4 jCoax connectors (MDC-9) - Reverse
connectors.
(a) Signal regained —! (4a) VHF Recovery beacon & (4a) VHF Recovery
VHF-AM must share antenna No. 1 antenna No. 2
(white) & cannot be used (black) failure
simultaneously.
(b) Signal not regained 5 | (4b) Recovery communications (4v) VHF-AM trans-
— | systems limited to VHF beacon |mitter/receiver
& HF transceiver. failure
5 If VHF-AM is unusable, VHF-AM sw 6
(MDC-20) - OFF
6 |Restore coax connectors to (6) s/C VHF recovery antenna

original configuration.

No. 2 (black) available for use
with survival transceiver, if
desired.
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NEXT

SYNPTOX STEP PROCEDURE i REMARKS FAILYRE
) ) )
15. HF yoice poor 1 |Verify POSTLANDING ANTENNA - ~ 2 | NOTE HF propagation is
or lost after A & B sw - DEPLOY relatively unpredictable.
splashdown. Weak signals may be a result
of adverse propagation
phenomens rather thean equip-
ment failure.
2 . |Verify visually HF antenna fully
deployed.
(a) Fully deployed 3 | (22) Fully deployed HF antenna
is approximately 14 feet in
length.
(b) Not fully deployed 6 | (2b) Continuous oﬁeration of (2b) HF antenna
transmitter in excess of failure
5 minutes results in probable
transmitter damage. Avoid BCN
mode.
3 RECOVERY - HF sw - Alternate
position (SSB or AM)
(a) Voice regained —{ (32) HF limited to one mode of }(3a) HF mode
operation (SSB or AM). Loss of] failure
SSB limits comm distance. If
AM available, BCN probably
available.
(b) Not regained L
4 |RECOVERY - HF sw - BCN 5 {(4) Voice recorder will not run

due to absence of AC power.

PREPARED BY:
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z
NEXT

VHF-FM and S-Band
playback TIM poor
or lost.

i

different recording speeds and/
or in the reverse tape direction.
Coordinate any deviations from
normal procedures with MSFN.

SYKPTOM STEP PROCEDURE STEP RERARKS FAILURE
) Y
15. ECatit) 5 | On VHF-AM verify with recovery
forces that HF beacon received.
(a) Received ——{ (5a) HF operation limited to (5a) HF voice
Beacon only. section failure
(b) Not received 6 | (50) Recovery cormunications (5b) HF system
— | limited to VHF. failure
6 | RECOVERY HF sw - OFF
16. MSFN reports 1 | TELCOM NON ESS sw - Alternate (1) Flight qual recorder, (1) Probable loss of
loss of VHF-FM data position (ACL or AC2) voilce recorder, and DSE will one AC power source
and C-Band ranging also be lost. Tripping of to telcom nonessen-
(VHF-AM and S-Band telecom GROUP 1 CB will have tial switch or
normal) the same symptom. switch failure.
17. MSFN reports 1 | Attempt subsequent recordings at (1) Diagnostic tests for DSE (1) Some possible

mglfunctions are quite limited.

failures are: " DSE
drive failure, cradse
or reccrd head
failure, speed
assurance failure,
TIM input failure,
or DSE system
failure.

PREPARED BY:
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JINGILC  BY

OXYCGEN SUPPLY SUBSYSTEM

FLOW Q,, indicator - HIGH

FLOW 32 indizator - LOW

SURGE TANK PHESSURW HIGH

SURGE TANK PRESSURE 1LOW

100 psig O2 civeuit pressure HIGH
100 psig 02 cireult pressure LOW
20 psig 0, circuit pressure HIGH
circuit pressure LOW

HISURE SUTT CIRCUTT SUBSYSTEM

GG, PP Hi C&W Lite - ON
=
PART PRESS 002 iudicator - HIGH

LITHTUM HYDROXIDE CARTRIDGE SEIZUR

Clingiae P.G.A.

(o

OW SULT FLOW

Suit temperature HIGH

IEMP JONTR Ol.f UBS

CABTIN PRESS - HIGH

CABIN FRESS -~ LOW

CABIN TEMP - BRIGH

CABIN TEMP - 1LOW

1

4]

et

L

PACE

=
g

s
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N
A
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Czbin humidity HIGH

WATER/GLYCOL COOLANT SUBSYSTEM

GLYCOL TEMP Low C&W Litc-— ON

KCS RAD OUTLET TEMP ~ LOW

ECS RADIATOR TEMP 1 or 2 -~ LOW

ECS RAD OUTLET TEMP -~ HIGH

Glycol evaporator outlet temp - HIGH
Glycol evaporator outletvtemp - LOW
PRESS GLY DISCH - LOW

GLY ACCUM QUANTITY -~ LOW

GLY ACCUM QUANTITY -~ HIGH

WATER SUPPLY SUBSYSTEM

Potable HOT H,0 temperature LOW
HEO transfer failure

WATER quantity decrease rate HIGH
Gas leakage into HZO subsystemn

Potable and Waste waber pressure HIGH

WASTE MANAGEMENT SUBSYSTEM

Unable to dump urine
Low vacuum suction
FPecal canister vacuum LOW

POST LANDING SUBSYSTEM

Inadequate ventilation affer landing

Water inflow
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SYHPTEH STEP | PROCEDURE s;; REMARKS ; FAILURE
_ o S L o ,
PLOW HI & & W i Trigger Valw Flow > 1.0 lbg/ t
N { hr for more than 16 sec. FLOW 5
>1.0 Wb/nL may occur for short
i periods during normal opera-
! tions. Flow > 1.0 1bs/hr for
longer than 10-15 seconds indi-
j { cates probable malfunction.
3
‘{ &
1 1 { FLOW 02
% :
e. NORMAL: <0.45 lbs/hr op 2
3 |
i b. HIGH: »0.45 1bs/hr s 4
' ’ e
! 2 | CABIN REPRESS or DIRECT O2 s 2. Monitor FLOW 0,
3 VALVE - OPEN/OFF
!
E 3 & :-‘LOTV"II u2
a. INCREASES
: ! '
i i
i ; . NO INCREASE 4
i i
i ]
.; !
{FLOYW O, ~ HIGH: | 4 1} CABIN PRESS:
TP {
:>0.45 1bs/hr ! " :
i i3 s/ | 2. NORMAL or above: >4.8 psia 5
i
i 3 3 Y )
: i tb. LOW: «£4.8 psia LY 4b. Possivle C/M :
' § i 2 puncture. i
L 'z
| 5 {DIRECT O, - CLOSED & 5=7. Verify inadvertantly H
1 - i 2 2 94 o/ ;
E B opened valves haven't caused ?
| 6 | CABIN REPRESS - CLOSE 7 | increased O, flow. §
;. L ‘@
2 4
) | FLICHT CREW SUPPORT DiVvisigs K APOLLO OPERATIONS HAMDBGOR !
oare, X :IPO‘“T—“””L CONTROL SYSTEM INAL |
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SYnPTOH STEP PROCEDURE gigg REMARKS FAILURE
1. (Con%) 7 | WASTE MANAGEMENT SELECTOR 8
VALVE - OFF
8 FLOW 2
Q O2
a.. TRewains HIGH: »0.45 1bs/hr 9
b. NORMAL: £0.45 1bs/hr £ 8b. Corrected by steps 5-7.
E 2 EMERGENCY CABIN PRESS REG SELECT} 10
i - OFF
%
10 | FLOW ©
| 2
% a. Rewmains HIGH: »0.45 lbs/hr 2
| b. NORMAL: <0.45 lbs/ar 12
\
2 14 EMERGENCY CABIN PRESS REG 18
f SELECT - NORMAL
E 12 EMERGENCY CABIN PRESS REG SELECTY 15
-‘ - NO. 1
t
13 FLOW O,:
2
! 2. HIGH: >0.45 1bs/hr 14 13a. No. 1
i ' Emergency cabin
pressure: regulator
feilure
. NORMAL: <0,45 1bs/hr 15 1
; 14 EMFRGENCY CABIN “RES” REG —> 14. Loss of redundancy !
§ SELECT — NO. 2 . regulator capability.
FLIGHT CREW SUPPORT DIVISION g APOLLO OPERATIONS HANDEOOK
=i ENVIRONMENTAL CONTROL SYSTEM [s7¢ 033 Te PTAT,
JAN 27, 1967 MALFUNCTION PROCEDURES Z.':S”.Cﬂorc ¥ 1.6 leace 4
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! SYMPTOX STEP PROCEDURE NEAT REMARKS FAILURE
: STEP
11. (Cont) 15 | EMERGENCY CABIN PRESS REG 16
SELECT - NO. 2
|
i 16 | FLOW O,
a. 'HIGH: »0.45 1bs/hr 17 _ 16a. NO. 2
' Emergency Cabin
Pressure. regulator
failuyre.
b. NORMAL: «0.45 1bs/hr — 16b. DProbable transient
condition.
A EMERGENCY CABIN PRESS REG — 17. ZLoss of redundancy
SELECT - NO. 1 regulator capability
i 18 SUIT DEMAND REG SELECTOR - OFF 1K)
19 | FLOW O
a ; 2
i
{ a. Remains HIGH: >0.45 lbs/hr | 27
§ b. NORMAL: <0.45 1bs/hr 20
1 ]
i 20 é SUIT DEMAND REG SELECTOR - NO. 1§ 21 ssumes initial 1 & 2
2 ; tor position.
& £
; !
§ | 21 | FLOW O -
é s 2 %
£ i ¥
i | &. NORMAL: <0.45 1lbs/hr 23 i
s ' -
E i b. HIGH: $0.45 1lbs/hr 22 | 21b. Suit Demand |
; i i ‘ Regulator No. 1 ;
g f failure. :
: ¢ . |
§ ' - - 1
1 P 22 | SUIT DEMAND REG SELECTOR - NO. 2} — 22, Loss of suit pressure i
i ! : regulation redundancy. H
: [ ! i
: 4
; FLIGHT CREW SUPPORT DIYiSION j
D DATE. ENVIRONMENTAL CONTROL SYSTIEM i
JAN 27, 1967 MATLFUNCTION PROCEDURES i
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JAN 27, 1967

MALFUNCTION

STNPTOH STEP PROCEDURE ;%5; REMARKS FAILURE
E
1. " (Cont) 23 | SUIT DEMAND REG SELECTOR - NO. 2| 24
24 | FLOW 0,
a. NORMAL: <0.45 1lbs/hr 26 | 24. Possible transient
" condition
b. HIGH: >0.45 lbs/hr 25 24b. Suit Demand
Regulator NO,2
failure
25 | SUIT DEMAND REG SELECTOR - NO. 1| — 25. Loss of suit pressure
regulation redundancy.
26 | SUIT DEMAND REG SELECTOR - 1 & 2| — 26. DPossible transient
condition.
27 | SUIT DEMAND REG SELECTOR - 1 & 2} 28
28 | Pull Suit Hose Return Port Plug | 29
29 | PLOW 02
a. NORMAL: <0.45 1bs/hr 30
, b. Remains HIGH: »0.45 lbs/hr | 34
30 | Re-install Suit Hose 53,
Return Port Plug
31 | Vacuum SUIT CIRCUIT AIR RETURN %2 !
CHECK VALVE SCREEN (Suit com- ;
§ pressors off while vacuuming f
§ screen) |
FLOW O |
32 L Jo : §
a. NORMAL: 0.45 1bs/hr 32a. Dirty screen. |
PRETARED BYS )\ e FLIGHT CREW SUPPORT DIViSION APDLLO CPERATIONS HANDBOGK :::?
j ) e ENVIRONMENTAL COT‘T'~m OI SYS”EMZ Sy, o OUR T_ i D
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SYMPTOH STEP PROCEDURE g?é; REMARKS FAILURE
1« . {Cont) b. Remains HIGH: »>0.45 lbs/h 3 %2b. Open suit operation
requires air return through
suit hose. Closed suit cpera-
tion nor mal.
3% Pull Suit Hose Return Port Pluy AL 33, . SuitieaYenis
k
Return Check valve
E ricted or
failed closed.
.34 | Re-install Suit Hose 55

s

AN
(6)

Plug

M - AUTO 2 (alternate)

a. Remains HIGH: >0.45 lbs/br

b. NORMAL: <0.45 lbs/hr

HzO ACCUM - MAN

FLOW O2

a. Remains HIGH: +0.45 1bs/hr

IR

b. NORMAL: '¢0.45 1bs/hr

v

%6 35. Assuvmes initial AUTO

position.

37

38 57

accumu.

Shuts off power to
lator O, solenoids.,

— 38b. Loss of guto cyclic
H,0 ACCUM control.

=

FLIGHT CREW SUPPORT DIVISION

DATE:

& JAN 2

1967

]

'T"]:ROT—IF—FTFNLT CONTROLSYSTEM

£
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MALFUNCTION FROCEDUR

o
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SYKPTON STEP : PROCEDURE REXT REHARKS FALLURE
. ! STEP
1. (Cont) 39 | H,0 ACCUMULATOR 1 - OFF 40 | 39&40. Manual valves.
40 HZO ACCUMULATOR 2 - OFF _ 41

41 | FLOW 02

: a. Rewains HIGH: 70.45'1bs/hr 42

b. NORMAL: <£0.45 lbs/hr = A1b. Loss of electrical 41b. Possible
gyclie econtrol of H.O failure of both

i = i Lo
accunulators. cyclic 0, inflow

solenoid valves in
open position.

42 | Return HEO accumulators %o 4%
normal operation

0L TANKS PRESSURE a4 4%. Assumes NORMAL initial

43 | WATER & GLYC
ELECT - OFF . pesition

Iu ..J;H_‘rr S~ﬂ
44 | FLOW O,

a. Remains HIGH: »0.45 lbs/hr

52
b. NORMAL: <0.45 1bs/ﬁr 45

45 | WATER & GLYCOL TANKS PRESSURE | 46
INLET SELECT - NORMAL

46 | WATER & GLYCOL TANKS PRESSURE 47

OUTLET SELECT - OFF

! 47 | FLOW O, :
: e {
‘ @. Remains NORMAL: 4£0.45 1bs/tj — | 47a. Loss of pressure 1o 47a. Glycol & water)

glycol & water tanks. system O, leak GOﬁn—g
: ‘ stream oI pressure |
! i i relief wvalves. i
{ PREPARED BY: Y "\, 0 FLIGHT CREW SUPPORT DIVISION § quv zaohngg\mg]; CONTROL SYSTEM | APOLLO GPERATIONS HANDBOOK |
: i IALFUNCTION PROCEDUES {s;c 012 frev FINAL |
: JAY 27, 1967 P x‘i;c:" on 9. }_. 5 {pace & ___wmf
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SYNMPTOM STEP PROCEDURE Psgé; REMARKS FAILURE
1 4 Cont) b. HIGH: 0.45 1lbs/hr. 48
48 VWATER & GLYCOL TANKS PRESSURE 49

INLET SELECT - NO. 1

49 |FLOW- 0,

a. NORMAL: <0.45 1bs/hr — {49%. Loss of redundant tank 49a. Water & Glycol
pressure and relief capability.] tanks pressure

regulator & relief
valve NO. 2 failure

b. HIGH: »0.45 lbs/hr 50

50 }WATER & GLYCOL TAYKS PRESSURE

INLET SELECT -~ NO. 2 51
51 JFLOW O °
2
a., NORMAL: <«C.45 1bs/hr — 5la, Loss of redundant tank 5la. Water & Glycol
pressure & relief capability tanks pressure regu-
lator & relief
valve NO. 1 failure
| i
. HIGH: =20.45 lbs/hr — ?51b. Loss of both tank 51lb. Both Water &
pressure and relief wvalves. rlycol ftank pressure
regulator & relief
" valves.
! .
52 WATER & GLYCOL TANKS PRESSURE 53
INLET SELECT - NORMAL
53 {Surge tank pressure 5%5. TANK PRESSURE O2 l/PRESC
IND - SURGE TANK.
. Normal pressure 900 +35 psia.
, i i
Y PAEPARED BY: ; 847 CREW SUPPORT DLVISION o 2 i | APOLLO OPERATIONS &
;o —t A ENVIRONMENTAL CONTROL SYSTEM j— APOLLO OPERATIONS HANDBOOK
M : MATFUNCTION PROCEDURES  plt2ie . jrev WITAL &
JAN 27, 1967 isection 9.1.6 leace
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§ SYMPTOH STEP PROCEDURE g%:; REMARKS FAILURE

§ <

1. (Cont) a. IOW: <865 psia — | 53%a.. LARGE LEAK. TUnable to | 53s. Probable

i identify or isolate. Will CABIN PRESS REGS

{ result in loss of all 02 leaking or 100 psi
g regulator control. line leakage down-
i stream of flow

Z sensor.

i b. Pressure: NORMAL — | 53b. Leak present - leakage

NOTE: If leak

oy shutting off the main
Isolate Water & Glycol T
mnaintain pressure.

is not isolated and the
02

igh Op flow rate continues
regulators and only opening valve as re
anks pressure to retain system operation.

rate { supply rate therefore

pressure regulation capability

satisfactory; however, usage

rate above normal. Monitor

O2 usage to verify FLOW 02

indication.

to deplete Og upply - mission time may be extended
guired to maint aLn cabin pressure and CO,. level.
Open Water & Glycol tanks valve as reguifed to

| PREPARED BY:

FLIGHT CREW SUPPGRT D!VISiCH

A4y ///

T e e

KSC Form 400

JAN 27. 1967

ﬁNVIRONMﬁ\TAQ CONTROL SYSTER
MATLFUNCTION

PROCEDURES
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SYMPTON STEP PROCEDURE f;gg REMARKS FAILURE
2. "FLOW 02 - LOW FLOW 09 pegged at 0.2 1lb/hr
Normal flow rate is » 0.2
€0.45 1b/hr. FLOW Op indicator
cannot indicate <0.2 1bv/hx.
L Verify MAIN O2 REGULATOR - NORMA} 2 ' Unless in 1 or 2 due to
' vreviou® failure.
2 FLOW
B
a. Increases == 3a. If reg. valve was OFF, re-| 3a. Incorrect reg.
sume normal ops. If was posi- valve position and/
tioned to 1 or 2, redundant or single reg.
reg. capability lost. i failed closed.
b. No change in status 3
3 | 0, PRESS IND - SURGE TANK 4
4 TANK PRESSURE O2 - 1: A, Normal surge tank pressure
\SURuu TANK) 900 +35 psia. Inlet pressure
i to MAIN RJ_G <150 psia will
result in loss of control of
100 peisz O? LBt
2 45- Refer to ECS
Malfunction Prccedure NO. 4

5

nd SURGE TANK (assumes surge tank on-line) pressure indications to
If no flow indiecation with DIRECT O. exercise EME C? INFLOW, i
| | |
' 5 | DIRECT 05 = OPEN/OFF t
! { i
g 2 a. FLOW O, - increases 6 5a. Verifies FLOW O, indicator i
el i |_SURGE_TANK PRESSURE - decreases f ion - !
PREPARED 8Y: ) '\ i FLIGHT CREW SUPPORT DIVISION APOLLG GPERATIONS _HANDBOOK !
! s/e Ol2 i
s S 1967 5 isection 9.1.6 :
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SYHPTOM STEP PROGEDURE f;gég REMARKS FAILURE

b

2. (Cont) b. FLOW O, - Ko change 5 ‘Sb. FLOW O, indication lost. 5b. FLOW 0,
e - Bl Sengor/ecireuitr
SURGE TANK PRESSURE -~ DECREASES ;aiTu“é § J

SURGE TANKQPRESSUME - No change

c. FLOW O, - No change i

6 CABIN PRESSURE

a. LOW (or decreasing) > |6a. Refer to ECS malfunction
Procedure NO. 22.

B

i
b. Normal ) L 6b. FLOW O. indicatioms ! 6b. FLOW Oy meter
invalid | out of calibratiocns
! 7 PL8S 0. SUPPLY S/O VALVE CAP - 8 7. Remove cap carefully to
% REMOVED | preclude blowing off if PLSS
valve has le e

O PR———

@

PLSS 0, SUPPLY S/0 VALVE - OPEN/I 9 {8. Note 0, flow from valve.
OFF

9 | TANK PRESSURE 0, 1 (SURGE TANK)

R ——————

PRI PSR

| 2. Decroafes (and flow from —» {9a. PLSS.yalye gulyv O source | 92. 3Both MAIN REGS |
i PLSS valve) to_cabin. Monitor CABIN ; failed or line i
H i PRESSURE for flow control. i blockage, t
E

b. No chenge in status (and no - 9b«, 0N O, SUPPLY LOST with 9b. 0, supply line |
flow from PLSS valve) 0.25 1bs/%r cabin leakage vlockaSe upstream |

' { and 5.0 psia cabin pressure of PL5S valve. ;
aprox. 3 hrs remaining until g

3.5 psia cabin pressure. i

H

i

i

i

e G A SO i

PREFARED BY: FLICHT CREW SUPPORT DIVISION | OPERATIONS HANDBOOX !
DATE: { feev BTN AT H

§ i 2 - -
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e JAN 27, 1967 i 1.6 ipAce {
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SYMPTOM STEP PROCEDURE ’;Eé; REMARKS FAILYRE
3. SURGE TA_NK TANK PRESSURE O, - 1 2 935 psia
PRESSURE HIGH A with O PRESS IND TO SURGE TANK
1 02 PRESS IND - TX 1 2
2 TANK PRESSURE 1 - 0,
a. HIGH - |2a. See EPS CRYO malfunciion 2a. CRYO 02 Storage
procedures NO. 1 step 20, O, Failure-
TK1 (a:’m/or 2) pressure T I :
b. NORMAL 9
% TANK PRESSURE 2 - O2
a. NORMAL > |3%a. Continue operation in TK 1} 3a Surge tk pres-
position. ' sure sensor & sig
cond failure.
b. HIGH = 3b. -See EPS CRYO malfunction 3b. ‘Cryo G,
procedures. NO. 1 step 20, O2 storage faifure.
TK1(and/or 2) pressure high.
i
é é
q
i {
i FLIGHT CREV SUPPORT DIVISION \ e R S APOLLO OPERATIBNS HANDBOOK {
Uy ENT /’IRON\/».‘ [MAL VOL\U.'{OL' SYSTEM VS L e 1
£ TAR 5 1TQL i MATFURCTION PROCEDURES Sofrviniiioul 7 ol =
{ v AL 4 L0 SEGTIoN,. 92 1.0 fpacc - §
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SYMPTOHM STEP PROCEDURE REMARKS FAILURE

o) ST
-3 vy
>
™ -

~

. SURGE TANK TANK PRESSURE 02 1 <865 pgis
PRESSURE LOW _ ' with PRESS IND - SURGE TANK

4 PRESS -~ CABIN

a. 5.2 psia (High) . —> |la. Surge tank pressure

5 4865 psia may result (other
than cabin repress mode) in
increased cabin pressure.
Refer to PRESS - CABIN ECS
malfunction NO. 21.

5

b. 4.8 £5.2 psia (Normal) 4 -2 |1lb. See EP 0 Malfuanction lb.  Probable eryo
P 0 stem fai

} e subsy
? o/

FLIGHT CREY SUPPCRT DIVISION

°R :‘ nE L ‘",'.:‘, 759 : APOLLO OPERATIONS HANDBOOK

e EXVIRONMENTAL CONTROL SYSTEM [57% 013 Gee 7
!
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SYHPTON STEP PROCEDURE HEXT REWMARKS . FAILYRE
STEP
§5_ MSEN CF0036P> Normal system pressurization 100
110 peig. 1Over—= + 10 psig. Omnly direct pressurg
pressurization of ' readout is by MSFN CF0036P
100 psig 02 eiretit
» 1. |CFPO036P>110 psig 2
A 02 PRESS IND - SURGE TANK 5
5. |TANK PRESS 0, - 1 (SURGE TANK)

b. HIGH: : —> | Refer to ECS Malfunction Pro-
>935 psig cedures No. 3.
4. |MAIN REGULATOR - # 1 5 {4. Assumes NORMAL initial
position ' '
5. -1CFO036P
a. Normal: 5a. Main reg. redundancy lost.jba. MAIN REG NO. 2
i "1>90 £ 110 psig — | Continue operation on Reg. NO.ljfailed OPEN
b. HIGH: 6
>110 psig
6. {MAIN REGULATOR - # 2 : 7

&

7. |CFO036P

: a. Normal —>i 7a. Main regulator redundancy |7a. MAIN REG NO. 1 |
i L . . - ) R 1
lost. Continue operation on failed OPEN :
Reg. NO. 2.
b. Remains HIGE 8
| 5
1
HT CREW SUPPORT DIVISION O I B o 5 STRATION
L O _SUCED : ENVIORNMENTAL CONTROL SYSTEM jowmtfotLO OPERATIONS
e | MALPUNCTION PROCEUURES 122012
JAW 27. 1967 bsgcrion. 9.1 .0




SYHPTOM STEP , PROCEDURE NEXT REMARKS FA!LURE
STEP
5. (Cont) 8 {CABIN PRESS
2., HIGH:>»5.2 psia ——pn | 8a. Refer to ECS Malfumction
t procedure No. 21
; .
! b. FORMAL ' : e 8b. Probable press
i xducer failure.
i
H
L ' :
RELEIERED. BiES FLIGHT CREW SUPPORT DIiVISION : APOLLG OPERATIONS HANDBOGK
BATE:  Jan. 27, 1967 | ENVIRORSMENTAL CONTROL SYSTEM [s/c 012 Jriv wIwAT
L Rl _ ) i MALFUNCTION PROCEDURES tseetion. 9.1.5 PAGE
WST Form 450 (Rev Dec 68) .



T 3 3

- )
STHPTOM STEP PROCEDURE 25;; REHARKS FAILURE

i6. MSEFN CF0036P<L. Normal system pressurizatioan 109

190 psig. Under- > 19 psig. Only direct gress

pressuri thon oL_ readout is by MSFN CFOQ36P

1. {CF0036P<L 90 psig 2
2. 10, PRESS IND - SURGE TANK' >
3. |TANK PRESS 0, - 1 (SURGE TANK)

a. Normal: 900 * 35 psia 4

b. Low: <865 psia — r to BCS Malfunction
. P s N

NO. 4.

. {FLOV
4 oW 02

a. NORMAL:/0.2-0.45 1b/hr. —— A4a. Reg. calibratic
shift of both regs.
or transducer shift.

0. LOW:<0.2 Ib/hr. —s. (Refer to ECS Malfunction Pro-

g ~ {cedure NO. 2

?

13

i

{
]
|
H
4
J .
FLIGHT CREY SUPPORT BIVISION i NMENTAT, CONTROL SYSTEM | APOLLO OPERATIONS HANDBOOK !
3 FUNCTION PROCEUDRES sre 012 {6y PINAT &
i
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SYWPTOY STEP PROCEDURE f;;é; REMARKS FAILURE
7. CF0120P Normal regulator pressure 20% 2
T™M>27 psia. over- psig. Normal system pressure
pressurization of 20 18-27 psig (relief valve setting
psig O, circuit 25 £ 2 psig). Ounly direct presd
: sure readout is MSPFN (FQ)
- CFr0120P.
1. {Verify WATER & GLYCOL TANKS 2. |1. Assumes mo previous failure
PRESSURE OUTLET SELECT VALVE -
NORMAL
2. (CFO120P
a. NORMAL: £27 psig ——> {2a. Relief valve redundancy 2a. Selector was OFF
lost if selector was in posi- ior single relief
(e Eea bl o valve failure,
b. Remains HIGH: D27 psig 3.
B EOT WATER QUANTITY
a. 100% 4
b. L100% 5
A Use water gun until POT WATER 5
QUANTITY <100%
e CF0326P
a. HIGH 6 S5a. Both relief
{ valves failed closed
or lime blockages.
b. NORMAL e 4
! ' e Lk
; 6. Use water gun for system pressuré—31 6 Monitor MSEFN 5b. CFO120P sensor
! relief. failure.
FLIGHT CREY SUPPORT DIVISION ENVIRONMENTAL - CONTROL, SYSTEM APOLLO OPERATIONS HANDBOOK
DATE: MALFUNCTION PRCCEDURES S/ Ole frey MINAL
JAN 27, 1967 fsecrion 9.1.0  lpace 17 ;
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P4
84 NEXT 28 -3 RE
YNPTOM STEP ; PROCEDURE cién REHMARKS FAILURE
8. CFO120P T™ <18 Normal system pressurization 20
psig. Underpressiz- L2 psig. Only direct pressule
ization of 20 psig readout is MSFN (FQ) CF0120P.
0, circuit Relief valve setting 25 % 2
psig.
1 |cF0120P< 18 psig ; 2
2 ICF0326P & CF0327P 2. PRESS POTABLE H,O DRAIN and
| PRESS WASTE H,0 TANE DRATN.
a. Normal :>18 <?7 psig ——>i2a. CF0326P & CFO0327P ounly 2a., CF0120P Seunsor
other indication of pressure iun{Failure
20 psig ecircuit '
b. LOW ; B
3 lcroozép ' 3. 100 psig O, circuit pres
suxr B
; 2. Normal: 100 I 10 psig 1 R
§
b. LOW:<90 psig ——3> 13b. Refer to ECS Malfunction
: Procedure No. 6
{ 4 WMWATER & GLYCOL TANKS PRESS REGU- 5 4. Agsumes initial position of
' LATOP SELBECTOR - INLET AND OUT- one required.
i BT # 1 (or 2) alternate
l
| 5 g CFO120P
; ga. Normal:)lii(é? psig ~—3 {5. Loss of redundaunt pressure |5a. Failure of No. 2
¢ i ' ' reg. and relief, TUse No. 1 relisf valve :
i b,  TOMECUE paig positions.
i
6 IWATER & GLYCOL TANKS PRESS R..\JG’U-" 7
EAJAT”R SELECTOR - INLET a2nd OUTLET
; |No. 2 (or 1) alternate.
i FLIGHT CREW SUPPORT DIVIS! TRONMENTAL -CONTROL SYSTEM APOLLO DPERATIONS HANDBOO
EDMG: , I \LFUNCTION ”“O“ED?ZTS oA e L o {rev FINATS
i JAN 27, 1967 SECT10N ;‘['-T-‘:Cw"gf"\ 13 !
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SYNPTOH STEP PROCEDURE 2%; REMARKS FAILURE
8. (Cont) 7 |cro120P
a. Normal:> 18<27 psig —>| 7a. Loss of redundant reg. & | 7a. Failure of No.2
relief. Use No. 2 positions relief valve

b. 10W: <18 psig

|

Tb. Failure to maintain ade~ §:7b. PFailure of both

‘quate positive pressure in Tregs to coutrol taunk
water system will result in losppressure to 20 £ 2

o R O S % I i
of water inflow to suit and psig

glycol evaporators. Positive
expulsion of glycol from glycol
reservoir will also be los%t.

SP——

[ 7RcFaREs 575 FLIGHT CREW SUPPORT D1VISICOH ENVIRONMENTAL CONTROL SYSTEM ) APOLLO OPERATIGNS HANDBOOK
| oaTe s . VALFUNCTION PROCEDURZS  |scc Ul2 o
i - JAN 27, 1967 | ' ESECT oN 5 %b;\(;: i




‘;"’?“.PARED BYs

NOTE CO, PP level will
but not ne cessprLIy

a dangerous situation.

(S PART PRESS CO,
4
!
i {a. NORMAL: <7.6 mm Hg.
i
i b. HIGH: >7.0 mm Hg.
PART PRESS CO 2 |SUIT FLOW
HIGH ’
i a. LOW:
¢
!
jb. NORMAL:
!

3 §Che k LiOH cwrtrlcge replacement
log to determine tiwme szince lasgt
canister change:

! - If recent certridge chenge:
!
| b. If near time for replacement:
4 Change LiOH cartridge
5 |PART PRESS GO,
a. NORMAL

vary with crew activity; short periods
indicate

16

2a.
loop can cause excessive CO
PP buildup. Accomplish ECS
Melfunction Procedure 15.

Oldest cartridge.

of high COZ.PP may trigger C & W

Insufficient flow in suit

2

}ite briefly,

) )
i SYMPTOM STEP PROCEDURE i REMARKS FAILURE
i
i 11. €O, PP H Trigger value: CO, PP >7.6 om
C & W 1lIte — ON Hg.

ENVIRONMENTAL CONTROL SYSTEM

MALFUNCTION PROCEDURES -
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f PROCEDURE HEXT REHARKS FAILURE
: STEP
P Els b. Rewains HIGH 6. .1 5b. Should begin decrease
i within one wminute.
DIRECT O, — FULL OPEN

T AT S T A AT O

s sm—— . ST R 10 SRS

Ea.

f

i
H

§
¢

]

:
e}
i

§

PART PRESS CO
a.

ba
increases

C.

b

2.

(ccw) for 10 seconds.

2

Drops to norwmal then
>7.6 m Hg.

- HIGH
IEChange LiOH cartridge

PART PRESS 002

- HIGH
t CAUTION: Possible LiOH cartridge supply faulty.
Moniier crew comfort

Crew Comfortable

Crew Uncomfortable

i 6. Purge CO, PP sensor with O,

to clear possible stagnant

002 near sensor.

—> | 7a. Resume normal operations

8 7b. Confirms High 002 partial

pressure.

7

— 1{9a. Resume normal operation.

Loss of 12 hr. CO, & odor
removal capability.

10

LY 10a. LiOH cartridge working

properly.
11 | 10vb. Possible loss of co,,

loop and cabin using LiCOH
canister assy.

;

ety e 75 & .
removal capability for suit

PROBABLE FAULTY
Li0OH cartridge

PROBABLE Y
LiCH cartridge supply

PAULT

FLIGHY CREW SUPPORT DIVISION

1967

e el e

ENVIRONMENTAL CONT?OL SY

£POLLO OPERATIONS H

{BBOOK {

STEM ==
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SYMPTON STEP PROCEDURE NEXT REMARKS ; FAILURE
3 STEP {
11. (Cont) 11 |{Check all LiOH cartridges for
possible uncontaminated
cartridges.
a. Partial Contamination — {1lla. CO removal capability 1lle. COp removal
‘ un<rown. canab;llty degraded.
b. If all contaminated bl
MANUAL CO. PP 12 jDon PGA's, get on suit loop 1.2 :
CONTROL !
13 {SUIT CIRCUIT RETURN AIR CHECK 14 13‘ Isolate suit loop from
VALVE - CLOSED , cabin.

NOTE: Periodic flowing of fresh 0, into suit loop purging it into cabin, and periodic relieving of cakin to space
will control CC, PP level in suit Ioop.

-

FLIGHT CREW SUPPORT DIVISIOR

APOLLO OiENiTIUﬁS HANDBGOX

2
14 DIRECT '02 ~ OPEN (cew) as 15 ]114. Open direct 0, valve 1t
| irequired maintain CO, P 43.6 mo He.
i i : . 0, FLOW HI § & W lite may
c6me on.
! 1;.2CAQ N PRESSURE RELIEF - Verify ~—& 115, Cabin Pressure relief
; ‘ NORMAL valve will relieve at 5.6 -
- 16.2 psia autowatically. Manual
| {duonp available.
CO,. PP ' 16 17 —» 116. Loss of CO, PP level high |16. PROBABLE C & W
INTICATOR SENSOR i § : C & W capability. Use PART CIRCUIT FAILURE
| MALFUNCTION ISOLA- 2. 002 PP HI lite - ON 1 PRESS COo meter.
| TION
t i, PART PRESS CO2 - ¢7.6 no Hg.
§ f
? éc. Crew Comfortable
5
| Fds
{ r" 5 i
N |
!
;

e ENVIRONMENTAL -CONTROL SYSTEM [57c 012 Inev FINAL & |
JAN 27, 1967 i MALFUNCTION PROCEDURES  fsecriow O.1.5  fraee 22 |
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D!

s

e ST 1

2

b. PART PRESS CO, »>7.6 mm Hg
and no change with LiOH cartridge
change and sensor purge with 02.

002 PP level.

[
'

i

indication for monitoring

f & { | ’

! SY}PTOM STEP PROCEDURE s REWARKS ! FAILURE

? 11. (cont) 17 | IF2 e 17. Loss of all CO, FP monitoy 17. PROBABLE CO, PP
i capability, except crew SENSOR FAILURE

i a. CO, PP HI lite - ON after physical senses. Gas

; LiOH cartridge change and chromograph can be turned on td

% sensor purge. verify CO2 PP with ground.

: b. PART PRESS CO, - $7.6 mn Hg

i after LiOH cartriége change

% and sensor purge.

E c. Crew Comfortable after a & b ‘

N have existed for several minutes i

g ,

¢

JLCO"PP HI C & W 18 | IF: —» | 18.  Loss of CO, PP meter 18. PROBABLE 002 PP
i 1ite failure a. €0, PP HI lite - OFF

meter failure.

FLIGHT CREYW SUPPORT DIVISION

DATE;

JAN 27,

ENVIRONMENTAL CONTEROL SYSTEM
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SYMPTOH STEP PROCEDURE REXT | REMARKS FAILURE
STEP
{12, Lithium 1., Pull on LiOH cartridge 1., ©LiOH is hygroscopic & 1. Excessive
gH;rdr xide cartridge removal strap -- or apply cartridge swelling results due |swelling of LiOH
seizure within mechanical advantage as required to water absorption. In cartridge.
i cani ister. to remove the faulty cartridge. addition E,0 is produced by
f 2Li0H + 002 = R CO5 hgo

NOTE: Any delay in removing a seized cartridge will result in water saturation of the cartridge

, increased
pressure drop across seized cartridge with resulting reduced suit flow.

i st

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 wvalve to route suit flow thru good canister. Flow may be diverted thru seized ca
momentarily when replacement of operational cartridge is required.

—

SETS————

AT A A4 SR SRR

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATICHS HANDBOOK

| DATE, ENVIRONMENTAL . CO;]

]
[s7c 012 [y FINAL:
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SYNPTOM STEP PROCEDURE ?sf;é; REHARKS FAILURE
13. Ballooned Cabin-to-suit AP maintained at
P.C.A. (Closed 2.5 to 3.5 in H,0. Suit Pres-
Suit Loop) sure waintained at 3,75 +.25
psia when Cabin Pressure £3.5
psia.
1 |PRESS CABIN
a. Low: (3.5 psia —> |la. Refer to ECS Malfunction
| Procedure No. 22.
b. Normal 2
2 BPLO
2 FLOW O2
a. HIGH: »0.45 lb/hr — 1 2a. Refer to ECS Malfunction
Procedure No. 1.
b. NORMAL: «0.45 1b/hr 3
3 Verify DIRECT O2 valve — CLOSED 4
4 {Verify SUIT TEST SELECTOR - OFF 5
5 Buit Status
i ia. . Remains ballooned 6
i ;
E {b. Normal ~> |5b. Corrected by 3-4.
H { : A
; 6 iSULT DEMAND REG SELECTOR - 7 B Monitor suit status while
teycle OFF/1 & 2 OFF.
7 |Suit Statu T- While SUIT DEMAND REG
‘ : SELECTOR - .OFF
f a. Remsains ballooned 13
:
* c. NORMAL e
[ PREVARED BY1 ] \qsocer FLIGHT CREW SUPPORT DIVISION j APOLLO OPERATIONS AANDBOOK
§ e Lbéﬂ;;yyh“/ Py ¢ ENVIROMMENTAL GONTROL SYSTEM s;c Ol2 frev & LNAL
O JAN 27, 1967 | MALFUNCTION PROCEDURES  Fiemr B3 ¢ forer 25




N

)

J

SYHPTOM STEP PROCEDURE REXT REMARKS FAILURE
STEP :
113. (Cont) 8 |SUIT DEMAND REG SELECTOR - 1 %
9 |Suit Status-
a. Ballooned 10
b. Normal N 9b. Regulator redundancy lost.}9b. Suit Demand
Regulator NO. 2
failed opszn.
10 {SUIT DEMAND REG SELECTOR - 2 11
1
11 {Suit Status
! 2. Rewmains Ballooned 12 lla. Both Suit
i ! Demand Regulators
{ i failed open.
] b. Normal - 1lb. Regulator redundancy lostillb. Suit Dewmand
' Regulator NO. 1
failed open.
i 12 {SUIT DEMAND REG SELECTOR - OFF 13
i 5
i ,
% 13 PUIT CONFIGURATION - OPEN 14
| 14 [Verify SUIT CIRCUIT AIR RETURN CK| 15
(VALVE SCREEN clean & flow path f
obstrucited
15 Monitor CABIN HUMIDITY &'C02
PARTIAL PRESSURE
{
.. INCREASES - |15a. Humidity CO, & Odor jl5a. Clogged DEBRIS |
removal capability lost. ClosedIRAP or plumbing
suit configuration impossible.

§

i

T‘IT‘)_AP

dovmstream of DEBRIS
Ay

FLIGHT CREW SUPPGRT DIVISION ENTTROTMENT TROT, STYSTEM APGLLO CPERATIONS HANDBOOX
DATE: | x \T‘/j\?@;iAIf\_cgljﬂ;Q“rii:‘ * ds/c Q12 AL
-jn?;f— 27 1967 : ,'VIA.D_:‘UZ‘.VLIOM .'T‘EL\.;\JL‘;DJI\ el — 9..1.5 y
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!

not possible.

SYMPTON STEP PROCEDURE ggé; REMARKS FAILURE
13, (Cont) b.  Remains NORMAL > | 15b. Closed suit configuration | 15b. Clogged suit

outlet manifold or
plumbing obstruction
upstream of debris
trap.

DATE iss/c Q12
- Rl i P 4
JAN 27, 1967 isection 9.1.6

APCLLO DPERATIONS HANDROOK
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SYMPTOH STEP PROCEDURE gség REMARKS FAILYRE
{
i 14. PRESS-SUIT LOW Normal Cabin to suitdP is 0.09
(Closed Suit Loop). to 0.13 psia..
Zvidenced by FGA
elinging.
NOTE: Other then rlods of fault isolation DIRE RECT. O2 metering valve way be opened for suit purging.
1 | PRESS-CABIN
fa. High: > 5.2 psia 2 la. Suit loop leakage into
cabin,
i b. Normal: 5.0 + 0.2 psia 5
c. Low: 4.8 psia - | lc. See ECS Malfunction Pro-
cedure NO. 22.
| 2 {Verify SUIT FLOW CONTROL 5
Valves — SUIT FLOW
9 Verify suit hose commector integ-| 4
rity at PGAs & SUIT FLOW: CONTROL
VALVES.
4 ¢ Suit Status
1 4 :
ia. Clinging - | A2, TUnable to isolate SUIT da. Suit loop plumb-
¢ »
1 loop leaksage into cabin. ing or Demand Reg.
| i Unable to waintain suit lcop relief valve failed
i ! press. open.
L |
2 ib. DNot clinging -3 |4b. Corrected by step 2 & 3. |
! E | '
i 5 IVerify SUIT CIRCUIT RETURN 5
% ! {ATR CK VALVE - .CLOSED
i i i
) i FLIGHT CRZW S..‘ PORT DIVISION .4 VJRO\TMENTAiJ (‘O;\IITROL SES EM ‘
| oate. MALFUNCTION PROCEDURES 1

7. 1967




\

ENVIRONMENTAL

0

VAN LA
N TTINCETT ON RO
MALFUNCTION PROCE

e

B

-\

SYMPTOH STEP PROCEDURE NEX
YHPTOHM s
14.  (Cont) 6 |PGA Status
a. Clinging T
b. Not Clinging 2 | 6b. Corrected by step 5
7 * |AP SUIT COMP
i .

a. Normal 10

.- < Normal 8
! Check alternate bus & compressor | 9
with suit coupressor selector &
Z; 0B'S.
|
: AP SUIT COMP
i
4 a. Normal o.4 4 °'.3 2> | 9a. If single compressor
1 failure - redundancy
i
i
¢ b. € Normal Lo oA
\ 10 [Suit Demend Regulator Selector
i | ]
: { a. ILAHRNEE 2 13 a
. i |
i ib. If in 1 (or 2) 11 g
i { i
T' : i b AT s ;
¢ | 1 {SUIT DEMAND REG - Alternate reg. } 12 i
; i 5
{ 12 (4P SUIT COMP !
! | |
i q 3
§ i E
§ { ) i

FLIGHT. CREW SUPPORT DIVISION

APOLLO EPERATIONS HAMDBOODK
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e

i

b. Clinging

FLOW RELIEF Valve manually
CLOSED.

14b. Swall lesk not isolated
Mzintain positive suit by
opening DIRECT O, metering

2
valve.

. &

SYHPTOM STEP PROCEDURE 2%2; REMARKS ——_—

4. (Cont.) a. Normal 2> | 12a. Eliminates SUIT DEMAND 12s. SUIT DEMAND
REG redundancy. Continue REGULATOR 1 {(or 2)
operation on selected failed CLOSED.
regulator.

i
b. < Normal 13
12 {Verify SUIT FLOW RELIEF VALVE - 14
CLOSED '
14 {PGA Status i
a. Not Clinging ~=2» § 14a. Resume ops. with SUIT 1l4e,. SUIT FLOW RE-

LIERF valve was OPEN
& relief funetion
faile

= O

i€
5
Ca

PREFARED BY: } 1./ ..

FLIGHT CREW SUPPORT DIVISION
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SYMPTOM STEP PROCEDURE ;Eé; REMARKS FAILURE
)
|
115. LOW SUIT FLOW Normal Suit Flowrate 35 cfm
i with 10 in Hp0 pressure rise
b across suit fan.
i i o
iNOTE: For periods of high crew activity additional cooling may be required. Switch COMPR SELECTOR to AC 1/2
i
i 1 | Verify Suit O Umblllcal connec—} 2

tions

2 Verify SUIT FLOW CONTROL VALVES 2

(3) - SUIT FLOW
i 3 t Verify SUIT TEST - OFF 4
: 4 § Verify SUIT DEMAND PRESS 5
‘ REGULATOR - 1 & 2
; 9 Verify SUIT FLOW RELIEF VALVE - 6
OFF ;
| : | i
; 6 { If open suit loop verify SUIT 7 16. Suit compressors must be
{ CIRCUIT RETURN AIR CHECK VALVE off while vacuuming return aixr
; OPEN, screen clean & unob— screen
; structed flowpath
?‘ 7 | SUIT FLOW
i a. Normal —> } 7a. Continue normal operatiocns.
: Corrected by steps 1 - 6.
: b. Remains low 8
; !
i ! : ?
f ' 8 | AP SUIT COMPR
i {
! { 2. Normal: €0.4 >0.3 psi 12
‘ k. Low:<0.3 psi 9
i
{ . |

FLIGHT CREW SUPPORT DIVISION ] APOLLD ”DE?AIiuno HANDBOOK
- ENVIRONMENTAT, GONTROL SYSTRY [s,c 012 Jrev FINAL
JAN 27, ]9’,7 MATLFUNCTION FE "' j_’:UI" S i 10N ?p»ﬂ.ct 54
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VALFUNCTION PROCEDURES

IPAGE A2

SYHPTOH STEP PROCEDURE NEXT REMARKS FAILURE
) STEP
15, (Cont) 9 | Check alternate bus & compressor| 10
with suit compressor selector &
cB's
10 | AP COMPR
2. Normal : 2 10a. If single compressor fail-} 10a. Elecirical or
ure compressor redundancy lost.| Compressor Failure.
b. Remaing Low: <0.3AP e ' 10b. Probable both
sult compressors and
Jor circuitry fail-
ure.
Al Go to open suit 3111, Normal suit loop functions
are lost.
42 SUIT FLOW
a. Normal —>}12a. Suit Compressor redundancy{ l2a. Single Suit
lost. Compressor failure.
b. Remains Low ' 15
1% SUIT COMPRESSOR SELECTOR —-AC 1/21 14
14 SUIT FLOW
a. Normal ' ’ —>14a. Two compressor operation
required for crew comfort.
b. Remains Low 15
1657 PGA status
a. Clinging —3 [ 15a. DIRECT 0, metering valve 15a, Obstruction
A may be opened“(short duration) between compressor
for additional suit flow. Suit| outlet and suit in-
doffing may be reguired fo et
crew comfort. Suit loop func
[ itions may be lost. Monito
FLIGKT CREW SUPPORT DIVISION ] 104S HAMDBOOK ]
DATE: ENVIRONMENTAL CONTROIL SYSTEM “3\, TIMAT E ;»
JAN 27, 1967 : = Sy
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SYHPTOM STEP PROCEDURE 2;5; REMARKS FAILURE
15. {Cont) cabin humidity & 602 partial
pressure. .
b. Ballooned } 15b. anluor PGA CUFF PRESSURE |15b. Obstruction
INDICATORS (3). DIRECT O between suit outlet
metering valve should not be and compressir inlet
opened while closed suit. Suit
loop press relief capability
probably lost.
c. Normal —>{15¢c. Suit Flowrate degraded - |15¢. Small suit loop
“{but functional. i obstruction.
i
i
i
: i
] : !
PREFARED BY: | e oA i FLIGHT CREW SUPPORT DiViSION ! \POLLO OPERATIONS MANDBOGK
TG g | OATEL ,- ENVIRONMENTAL CONTRCL SYSTEM S/ ;‘;:,.-? Rev PIWAL { |
e KL o JAN 27, 1967 MALFUNCTION PROCEDURES section O, 1.0 i
M3C Form 450 (Rev Dec 68) i e -
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SYMPTOM STEP PROCEDURE ggé; REMARKS FAILURE
16, TEMP SUIT NORMAL SUIT TEMP 51-55°F
HIGH
(»55°F < 60°F)
1 Crew Coumfort
a. TEMP COMFORTABLE — la. Suit Tewmp sensor
/eircuitry failure.
b. HIGH TEMP, crew discomfort. 2
2 Verify: 3
a., SUIT EVAP GLYCOL - ON
b. SUIT HT/EXCH - GLY/EVAP
c. SUIT EVAP SW .- MANUAL
d. SUIT EVAP VALVE - OFF
3 TEMP SUIT
a. Returns to NORMAL ~> | 32. Corrected by step 2 3a. Control mis-
0 position.
b. Rewains HIGH: » 55°F L
4 !CLYCOL EVAP OUTLET TEMP
a. NORMAL (40-43°F) 5
b. HIGH>43°F —> |Refer to ECS Malfunction Pro-
cedure NO. 33.
5 TEMP . SUIT
a.< 60°F == |62. Possible transient over-
temperature condition due to
crew activity, equipment '
operation or S/C attitude.
TEMP SUIT HIGH b..> 60°F T
- (»60°F) 6 IDOFF SUIT -
WARNING: Only iz ts and proceed to step 7.

Lemp cannot be controlled, Don sul

FLIGHT CREW SUPPORT DIVISION

JAN 27, 1967

ENVI

(ROAL 8L
T, T T
MATHE

&
APOLLO OPERATIONS HANDBOOK

ONNM=

AT ™ T TTD TCY
O;\‘ _f’R\ Q_ﬂ:DUﬂEJD ot

L Ml
2 JRev FINAL ¢

g S - see LT
TAL CONTROL SYSTEM  rmrmemem

é?&@; kY




SYMPTOH STEP PROCEDURE 2;;; REMARKS FAILURE ]

16, {(Cont)

7 SUIT HET/EXCH - EVAP 8 7. Initiates SUIT HX evapora-
SUIT EVAP SW ~ AUTO tive mode
SUIT EVAP VALVE - AUTO

8 «| TEMP SUIT

| a. Returns to NORMAL (51-55°F) —> {8a. Continue evaporative mode.|{B8a. Loss of auto

' : temp control of SUIT
HX outlet or diverter
valve faillure.

b. Rewmains HIGH 9
i 9 Isolate surge tank . 10
10 | Open direct O, valve, as required —> : ‘ 10. Loss of SUIT HX
i for suit cooling evaporative & glycol
: ] cooling wodes.

NOTE: Open surge sank after CM/SM separation

o

i FLISHT CREW SUPPORT DIVISION !  ENVIRONMENTAL CONTROL SYSTEM APOLLO OPERATIONS HANDBOOX |
] BAvEs . ! MALFUNCTION PROCEDURE -  5/¢ 012 frev FINAL % |
i JAN 27, 1967 i ; Isection 9,1.6 {race 3 i
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~ SYuPTOM STEP PROCEDURE f;fif}z REMARKS FAILURE
{4
17,1 HICH SUTLD High humidity evidenced by
EUMIDITY (closed ' fogged visors and crew dis-
Suit Loop with SUIT comfort.
FLOW & TEMP NORMAL)
1 HZO ACCUM Switch - MAN 2
2 HZO ACCUM 1 and then 2 - ON 3 -}2. Monitor FLOW O, meter for
! i ed flow whil i
10 sec/OFF increased ll_w Mmile cycllg‘
accumulator 1 and 2 solenoid
valves are operated with ON/OFF
switch
5 FLOW O
2
a. Both increase Flow 02 4
b.: NO. l-or 2 increases (alter— 8 3b. Auto and electrical control § 3b, Electrical cir-
nate) FLOW 0, of NO. 1 or 2 lost. cuit failure of one
accumulator
¢c. No change in FLOW O,, 12 3c. All auto and electrical con-f' 3c. Electrical cir-
= . &4 5 -
trol Lok, cuit failure both
accumulstors
4 HEO ACCUM - AUTO 1 or 2 5
(al:erna:a)
5 !Suit Humidity
a. Decresases —315a. Use alternate accumulator in| 5a. Automatic con-
auto. Other accumulator use- trol circuit 1 (or 2)
N . . 4 ¢
able with manuval switch. accumulator failed. |
! b. Remains HIGH 6 5b. Automatic con-
! ' trol eircuit of both
: § accumulators lost.
| f ; | |
| PREPARED 8Y: J p{c M,Ql FLIGHT CREVW SUPPORT DiVISiON APOLLO OPERATIONS HANDBOOK ;
, : DATE, ENVIRONMENTAL CONTROL SYSTEM  |i/c 0.7 Trev P} !
§ e - 4,& s SN LN, TR S 3 - oy y -t
. JAN 27, 1967 | MALFUNCTION PROCEDURES {section 9.1.6 Jeace i




)

D!

SYMPTOM STEP PROCEDURE f;‘?é; REWARKS FAILURE
17. (Cont) 6 | H,0 ACCUM Switch - MAN 7
7 | H,0 ACCUM 1 or 2 - ON 10 sec/OFF|—>
(a reguired to maintain hum-
idity control.)
8 { H,0 ACCUM - AUTO 1 or 2 g
(&lternate)
9 Suit Humidity
a. Decreases —>19a. Use alternate accumulator 9a. Automatic control
'|in auto. circuit 1 (or 2)
accuvmulator failed
b. . Remains HIGH 10 9b. Automatic control
eirewi b of both
accumulators lost.
10 HQO ACCUM Switch - MAN jijE
11 }1’20 ACCUM 1 or 2 - ON 10 sec/OFF|—>1{11. Alt ernate accumilator.
(8s reguired for humidity con-—:
trol)
12 H-0 ACCUMULATOR manual valve — 195 12. Monitor FLOW O2 while
MAN 1 (and then MAN 2) for 10 ralves open.
gec then OFF
13 | FLOW O,
i T e
} a. Both increase FLOW 02 14
| 14 13c. Accumulator redundancy 135bs tLegshof cyclic
¥ : oA o
, i Logt. accumulator NO. 1 or
3 3,
i
i . !
;‘;”‘”"‘ D BV: . J |2 g i FLIGHT CREW SUPPORT DIVISION APOLLO Qogqmmps HANDBOOX !
DATE: b ENVIRONMENTAL CONTROL SYSTEM [3/¢ Q12 ‘ i
, ; JAN 27, 1967 MALFUNCTION PROCEDURES fsecTion 9.71.6 i
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SYMPTOH STEP PROCEDURE NEXT REMARKS FAILURE
STEP
17.. {Cent) c. No change in FLOW 02 18 13c. Moisture removal capabil=:}1l%¢. Loss of both
ity lost. cyclic accumulators
14 | Manually cycle alternate i
accumulator as required for
humidity control.
!
15 Suit humidity
a. Decreases ' —> 1 15a. Manual humidity control
possible.
b. Remains HIGH . 16 15b. Probable dia-
phram rupture.
16 | Manually cycle orginal accumula-—{ 17
tor (if both gave FLOW 0, in-
crease in step 13)
f
17 | Suit humidity i
8. Decreases. —> {17a. Manual humidity control
; possible with one accumulator
only.
i b. No change 18 17o. Moisture removal capabil- i17b. Probable rupture
‘ ity losti. both diaphrams.
: 18 | Use DIRECT Oz'to maintain crew >
i comfert.,
i
! 4
! ‘ FLIGHT CREW SUPPGRT DIVISION : : . APCLLD OPERAT{ONS HANDBOOK
} DATE: : ENVIRONMENTAL CONTROL SYSTEM §S/c  C12 jREv VTN
8 Gy e . e e i 8 - oo ———" Sk e
! | JAN 27. 1967 MALFUNCTION PROCEDURES Isecriov  9.1.6 {pase %8




STEP

PROCEDURE

NEXT
STEP

REMARKS

PPR——

ON

TANK PRESSURE - 1.02:

a. NORMAL

O, PRESS IND Switch - TANK 1
TANK PRESSURE 1 - 0, (TANK 1)
a. HIGH

b. NORMAL

TANK  PRESSURE 2 - 02

a. HIGH
b. NORMAL

MATN 02 REG = 1

TANK PRESSUE

Lﬁw4

LA
Bl
|

-
S
0L

e
(2]
09
D

o
=
(6]
(o]
=
(1
i
R
W]
-
e
)]
et
()
€
o
mn

SURGE TANK

/

N
\

O

N

A. Normal surge tank pressure
900 + 35 psia.

4a. Leak within supply limits.

4b. Large leak

to0 EPS CRYO malfunc-

uions prOpedurcs NO. 1 step 20,
0, TX 1(and/or 2) pressure high
<

Ta. High O% Cryo supply pressurd
Refer to EPS CRYO malfunction
orocedures.NO. 1 step 20, TK1
(2nd/or 2) pressure high.

7h. Probable Surgce
. e e ~ < \JJ.,;?}V

circuitry failure. AL
1 & 2 for SURGE TANK PRESSURE.

9a. Regulato
TUse regulator # 1.

L 4N

s v g

DATL

S/

r

$SE

TION

o
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i ; - J
! STHPTOM STEP PROCEDURE NEXT REHARKS FAILYRE
H STEP
i 21. (Cont) 10 | MAIN O, REG - 2 ' 1
11 | TANK PRESSURE 1 - O, (Surge tank)
a. Pressure increases ——>| 1la. Regulator redundancy lost.{ lla. No. 1 Main
- Use regulator # 2. regulator.
H b.' No change in status 12
12 | MAIN O, REG - NORMAL 13
13 | SURGE TANK PRESSUREF RELIEF - OFF | 14
| :
14 | TANK PRESSURE-1 ~ 0, (Surge tank)
5. Pressure increases —_ l4a. Surge tank pressure relief} lda. Surge tank pres-
lost. Requires monitoring of sure relief wvalve
, Surge TK pressure if surge TK leaking.
isolated.
b. No change in status e
15 | SURGE TANK PRESSURE RELIER - 16
{ A NORMAL, ‘
16 | SURGE TANX -~ CFF 18
] 17 | TANK PRESSURE 1 - 0, (Surge tank)
[
§ a., Continues to decreasge ~—>{ 17a. Gross leak protection and | 17a. Leak in surg
i primary source of O, after CSM | tank.
E separation eliminates or de-
i graded. Entry tank will Sl?blt
] 1 1b O2 after CSM separation {
? for reéntry.
§ b. Steady readout ; 18
i y
' 18 | SURGE TANK - ON 19
4 :

FLIGHT CREW SUPPCRT DIVISigN ] ﬁFU'”U OPERATIONS HANDBOOK
DATE, ENVIRONMENTAL CONTROL SYSTEM  s/¢_Ul2 fecy FITTAT
x> I o E

i
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20

21

NOTE: Due to large cabin volume

N
W

N
e

IMATN O

TANK FRESSURE 1 - O, (Surge tank)

a. Pressure increases

b. No change in status
Verify ENTRY O2 valve - OFF

TANK PRESSURE 1 - 0, (Surge tank)

a. Pressure increases

b. No change in statu

nd continues to deplete O
T
ad

W
5 REG 1

ICABIN FRESS

2. Decreases

b, No change in status

28

27

24

2h

!

!

20a. Resume normal operation.

21. Normally OFF.

22a. Redundant Oo supply lost

after CSM separation.

22b. Monitor O2 suprly usage
rate to determine mission

status.

supply - mission time may be extended by shu
"PPLY CONTROL if leak upstream of main regulator) and only opening valv
ned OFF; isolate surge tank to maintain SURGE TANK PRESSURE.
Tanks pressure to retain system operation.

cabin pressure changes for the following steps will re

24a. Regulator redundancy lost.

22b. Leaking 02 suIyi
subsystem line up-
stream of oxygen flow
transducer.

tting off the

e as reguired.
main O, regulators are
cled ON.

. 2
Cycle open each time 02 cyc

SYMPTOH STEP PROCEDURE ‘;%’é}i REMARKS FAILURE E
21, (Gent) 19 {Verify PL3S FILL valve - CLOSED 20 19. Normelly closed and capped
and CAP - INSTALLED

20a. PLSS FILL wvalve
was not closed or was
leaking through cap.

s e S A

22a. ENTRY PILL wvalve
not OFF and leak in

P 4 vy L~ g -
entry tank assembly.

4

T

a. No. 1 main regu-

|
i
i
H
i
{
i‘
}
i
-~
)
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SYMPTCH STEP PROCEDURE ;;é; REMARKS FAILURE
§j21. (Cont) 25 [MAIN O, REG - 2 26
26 |CABIN FRESS
a. Decreases ———%} 26a. Regulator redundancy lost. |26a. No. 1 main regu-
- lator. 2
b.. No change in status 27
27 -JMAIN O, REG - NORMAL 28
28 SURGE TANK PRESS RELIEF - OFF 29
29 {CABIN PRESS
a. Deéreases —> {1 2%a. Surge tank pressure relief |29a. Surge tank pr
lost. sure relief valve-
leaking.
b. No change in status 30
30 [SURGE TANK PRESSURE RELIEF - 3.
NORMAL
31 [SURGE TANK - OFF 52
32 (CABIN PRESS
i2. Decreases —> {32a. Gross leak protection and (32a. Leak in surge
5 primary source of O, after CSM }tank. %
separation eliminated or de-
graded. Entry tank will supply
i 11b O after CSM separation. !
b. 'o change in status 23
3% iS”PFV TANK ~ ON 34
34 (Verify PLSS FILL velve ~ CLOSED 35 ;
io AP —. TNSTALI J i
il . jand CAP - INST ALLED ;
BREFARED 86 Y AAL g f FLIGHT CREW SUPPGRT DIVISION APDLLO OPERATIINS HANDBOOK ]
~ | oare. fzey FTNAL |
i JAR 27, 1967 o a 7 i
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SYMPTOM STEP PROCEDURE §$ég : REMARKS FAILURE
(Cont) %5 | CABIN PRESS
a. Decreases __;—9 35a. Resume normal operations.{ 35a. PLSS FILL valve
was not closed or was
leaking through cap.
b. No change in status %6
36 | Verify ENTRY O? TANK - OFF o 36. Normally OFF
37 | CABIN PRESS
a. Decreases ——> | 37a. Redundant 02 SUpD 37a. ENTRY FILL valve
after CSM separation. not OFF and ;eak in
entry tank eassembly.
b. No chénge in status 11— 1 370. Monitor 02 supply rate to | 37b. Leaking O, sup-
determine mission status. ply subsystem Iine
stream of oxygen
flow transducer.
1 JING: If the leak is not isolated, but CABIN PRESSURE returns to normal, the ENTRY O, TANX could have leaked %
i To check the ENTRY O2 TANK, monitor the surge tank 0, pressure and 1 place the LNTF% O “AAK valve to FILL.
i rease i e tank pressure indicates the entry tank had leaked. Pl° ce ENTRY 02 lve OFF. If leak
sive SURGE TANV only supply after CSM separation.
: If lee ‘s noi isolated and continues to deplete O, supply ~ mission time may be exten ¥y
; regul: \ox JM 0, SUPPLY CONTROL if leak upstréam of main regulator) and on7y “?e.' 1w eq
'2 SUP VTROL: is Turned OFF; isola tank to maintain SURGE TANK PRESSUE If main 02 reg‘lqtoro are
i £r: 1is ﬂatmr & Glycol Tanks pressure t0 retain system operation (cycle open each time 0, cycled on).
! :

JGHT CREW SUPPGRT DIVISION

i 27, 1967

ENVIRONMENTAL CONTROL SYSTH
i MATLFUNCTION PROCEDURES

APOLLO CPERATIONS HAMDBOOK
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SYMPTOH STEP PROCEDURE s REMARKS FAILURE
22. PRESS CABIN LOW Normal cabin pressure>4.8<5.2
(< 4.8 psia) psia.

WARNING: Maintain fi211 suited mode if cabin pressure £4.8 psia and decreasing.

it Vorlf‘y both CABIN PRESS in.LIET1 2

valves — NORMAL

2.. {Verify WMS OVBD DRAIN-OFF >
! 3. IPRESS-CABIN
!
- a. lIncreases 3a. Corrected by valve verifi-
: cati on. !
% i
¢ b. Still decreasing 4
3
le. Stabilized< 4.8 psia I {3c. Reg-colibration
! _ jshift
i 4. {Suit Pressure 4. MDC or cuff pressure indi- |
i ' cator
{ a. Normal —_—

{4a.. Cabin Pressure
i ! { sensor/indicator
; { , | failure
i b, Lo 5 14b. Approximately same as :
{ cabin pressure
i
§
? g
|
|
Y
i
; i % (‘\ ’ e i
FLIGHT CREW SUPPCRT DIVISION ONMENFAL CONTROL SYSTHM APOLLO OPERAT!ONS HANDBOGK
BATE MALFUNCTION PROCEDURES S/¢ 012 ey FIIAT,
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SYMPTON STEP PROCEDURE ng; REMARKS FAILURE
t 22 (continued) 5 |L. H. CABIN PRESS RELIEF VALVE- |
{ CLOSE 6
6 | PRESS CABIN
a. Increases . — | 6a. Maintain CLOSE position baz. " Ll He Cabin
on L. H. Cabin Pressure Relief } Pressure Relief Valvd
Valve and maintain auto cabin | failed open.
press. control by R. H. cabin
press relief valve. Redun-
dancy lost.
b. Low and decreasing i
7 (L. H. CABIN PRESS RELIEF VALVE - 8
NORMATL
'i 8 |R. H. CABIN PRESS RELIEF VALVE - 9
CLOSED
3
9 |PRESS CABIN
a. Increases —>{ %9a. Maintain CLOSE position on} 9a. R. H. Cabin
H R. H. cabin pressure relief Pressure Relief Valvse
~ valve and maintain auvto cabin failed open
press control by L. H. cabin
: press. relief valve. Redun-
| dancy lost.
i ,
; b. Low and decreasin w21 9b . Ma_'k': in cabin pressure as; 9b. Both cabin
i required by opening DIRECT pressure Regs and i
i 0, valve. both emergency in- |
. flow valves failed |
; or excessive cabin |
i leckage. !
i , |
] i
¢ !
1 - ! {
i oo i !
§ SHEPASED BYy qaoes ) FILLIGHT CREW SUPPGRT DIVISION ENVIRONMENTAL CONTROL SYSTEN APOLLO OPERAT
i ";’71-”»/:"."'“'-;’/---f'm RIARES MALFUNCTION PRO JRES fs/c 012 B
(;::w - JAN 27, 1867 Isection 9.,1.6 !
AEE Rey IJ 68
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SYHPTOM

PROCEDURE

REMARKS

FAILURE

¥

23. TEMP CABIN

N

>

i

Verify:
unoostructed

ach CABIN AIR PAN.
FULL DECREASE

CABIN TEMP

=
="

lb. Remains HIGH
Crew Comfort

2. Comfortable

able

TEMP CABIN

b. Remains HIGH

2. CABIN HX exhaust flowpath
b. Verify individual operation oif
c. CABIN TEMP SWITCH - AUTO
d. CABIN TEMP THUMBWHEEL

. Decreases o NORMAL

N

fo. HIGH temp - Crew uncomfort-
CABIN TEMP SWITCH -- MAN

CARIN TEMP VALVE - FULL COOL

2. Decreases to NORMAL

NORMAL CABIN TEMP 70-80° F

1b. If omne fan is inoperative,

place fan closure over inlet of

disabled fan.

2. Check at outlet with hand
held psychrometer
2a.. Corrected by step 1

3. Unsuited

3a. Crew comfort, or hand held

psychrometer.dry dulb readin
used for cabin temp indicat

5. Manual valve

6a.. Reposition manuval valve as

required (S/C coolant thermel
change) %o maintain cabin temp

fb. If uncomfortable Don PGA's

for temp control.

2a,.
Rion

6a.

6h.

cuitry failure

cabin temp.

All cabin temp
contrel, lost.

Control misposi-

Cabin temp sensoy

Avto comtrol of

PREPARED BY: i
W &
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SYMPTUR STEP PROCEDURE ! NeXT ! REMARKS FAILURE
_ STEP
24. Cebin Tempera- Normal cabin temp. T0-80°F
ture low. 1w Verify: 2
a. CABIN HX exhause flowpath
unobstructed
b. Verify individual operation 1b. If one fan is inoperative
of each CABIN AIR FAN place fan closure over inlet of

disabled fan.
c. CABIN TEMP SWITCH - AUTO

d. CABIN TEMP THUMBWHEEL-FUL
INCREASE :

24 Cabin teuwperature

B e

2. Increases to NORMAL —> |2a. Corrected by step 1
A b. Remains LOW 5
é B ' Crew comfort , 3. Unsuited
§ | 2. LOW TEMP (Crew discomfort) 4.
; b. Comfortable —> {3b. Crew cowmfort, or handheld 55. Cabin temp.

psychrometer dry bulb resding |semsox/circuitry
used for cagbin temp. indication.failure.

| 4.. | CABIN TEMP SWITCH - MANUAL ;
|
| 5. | CABIN TEMP VALVE-FULL HOT 6 5. Manual valve
E 6. | TEMP CABIN
!

a. Increases to NORMAL —> {6a. Reposition manual valve as !
. Id -

required (S/C ccolant therwal

change) to maintain cabin temp.

b. Remains low 6b. If uncomfortable don PGAs |[6b. Cabin temp.

for temperature control. control lost.

NOTE: Cabin tempenature may be increased by powering up eouipmént and S/C orientatiocn.. '
Condensation willj be evident with cabin temperaturg beloy 50°F.

PREPARED BY: J.“LJ 2.t FLIGHT CREW SUPPORT DIiVISITN
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{ SYMPTOH STEP PROCEDURE Tg;é; REMARKS FAILURE
125, HIGH CABIN High humidity noted by crew
SITUMIDITY discomfort or condensation with-
in the C/M - probably on Cabin
BX louvers. Determine relative
‘ humidity or dew peoint by using
hand held pshchrometer.

(NOTE: BExamine CABIN INTERTOR FOR WATER LEAKS & ISOLATE LEAK:
i :

1. Verify SUIT CIRCUIT RETURN 2 1. Suit compressors must be off]

ATR CHECK VALVE - OPEN while vacuuming return air

; % inteke screen clean and flow- screen.
E path vnobstructed.
H
i 2. HUMIDITY 3
:
i ; .
i 2. No Decrease —2a. Refer to ECS Malfuncétion
i Procedure No. 17
3 ]
¢ i )
i . Decreases —>|2b. Corrected by Step 1.
i
;
i
{ ?
| ;
|
: §
|
L”E‘ ARED BY: ")) 00, FLIGHT CREW SUPPORT DIVISION ENVIRONMENTAL CONTROL SYSTEM APOLLO CPERATIGNS HAHDBOOX
R R DATE: MALFUNCTION PROCEDURES 5/¢ 012 [rev_ FInAL
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! SYHPYON STEP PROCEDURE g;g REMARKS FAILUR

i%1. GLYCOL TEMP . Lite trigger: -30° F. Glycol

{L0W C & W Lite - ON becomes slyshy<@¢:7)0° ¢ 3F " o

! ‘ temp is not increased radiator

: freezing is probable with re-

; . sulting loss of radiator cool-|

i ing capability. However, radi-

f ator outlet temp should not be

i maintained € 30°F for extended

i { periods to preclude slow recov-

: i ery response and progy e351va1y

; ! poorer performance. |
§

! ! 1 } ECS RAD OUTLET THEMP:

E Coo

! i a. NORMAL: >30°F 30

| o

i b. ILOW: {30°F 2 |
i : %
_f:‘i‘- RAD OUT TEMP LOW ! z ECS RADIATOR TEMP 1+2 2. Try to ascertain which i
§ 30°F i radiatcr may be causing probler} E
% ! |
; ; 2. DOTH NORVAL 29 5 E
t | | |
! ! b. ONE LOW 21 s
g %
i c. BOTH IOW 3

! | 3 | Verify ECS RAD #1 (4) -~ OFF L} 3-5. Verify valve positions fo

! condition of -adiator outlet | .

; 4 | Verify ECS RAD #1 (B) - Open 5 | temp<L35° F

i | 5 | Verify ECS BAD #2 (A) - OFF 6

; i i

i i

: 6 | Verify ECS RAD #2 (B) - Open 7

F T ECS RAD QUTLET TEMP

| W fanio oy FLiGHT CREW SU?PORE DIvisioN  ENVIRONMENTAL CONTRO] i APOLLO OPERATIOKS HAADBOU\ !

e PR - e 21, daet MALFTNGTTON PROCEDN i :

: €0 {fhev Dac 583 ki g
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SYMPYOHN

e e e 2

STEP

PRCCEDURE

NEXT
STEP

REMARKS

FAILUY

=3

"

L )

oL gl

R A S T it

R I T TR B R 7 T

i
t

P e

A A YT T T

/COL TEMP .
L0W C & W Lite — ON

ST —————————

v

ECS RAD OUTLET TEMP:
{5 % NORMAL

3 > 30°8

b. 1L0W: £30°F

30

nND

Lite trigger: -30° F. Glycol |
beccmes slyshy<@4£750°F; if

temp is not increased radiator
freezing is probable with re-

sulting loss of radiator cool-:
However, radi-

ing capability.
ator outlet temp should not be
maintained € 30°F for extended
periods to preclude
ery respounse and progressively
poorer performaunce. ’

slow recov-o

A— v A

v

50

BECS BRAD QU T 2 ~{ ECS RADIATOR TEMP 1+2 2. Try to ascertain which
30°F radiatcr may be causing probler}
a. BOTH NORMAL 29
b. ONE LOW 21
c. BOTH LOW 3
i i
a / 7
3 | Verify ECS RAD #1 (&) 4} 3-6. Verify alvn positions fo3
condition of radiator outlet ! .
4 | Verify ECS RAD #1 (B) - 5 | temp<£35° F
5 | Verify ECS RAD #2 (A) 6
i
6 | Verify ECS RAD #2 (B 7
7 { ECS RAD OUTLET TEMP
" . ¥ |
FLiGHT CREW SUFPORT DIV i AFOLLD AT ] HAN bt i
’ LiGHT C ‘fb Fffﬂ y CUTRONIMENTAL CONTROT, SYSTEM | I GPER ;hé TDDM ;
BRI S "' a0, ‘f—c b -L:‘L DJ_A_‘_JT:"‘.T"A'\/F'Y‘-ON .DFOC..L—-—\‘J~L-—AK = - 2
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Tomp

Ll

NOTE :

.I \
SYHMPTOM STEP PROCEDURE g;é; REMARKS FAILURE
a. LOW:L 30°F 8

Radiator temp

menually overriding
outlet tempera +uLv.

Ncrmal evapora

mtil Glycol temp in

PREFARED BY:

can be increased by diverting a portion
T TEMP IN valve. However,

the GLYCOL EVAP

b. NORMAL: >30°F

—

tion valves has alleviated
problemn.

of the
cauti

hot glycol from t the pUMPS

Tb. Exercising radiator isola-

to

on should be used to maintain

v

tor outlet temperature veries with mode of on atjo 40-43%° F in evap mode,
1

(cew)

10 {GLY EVAP

c A [
| (

12 JECS RAD O

a. NORMA

(o0

8 |GLYCOL EVAP TEMP IN (sw) - MAN

9 |JGLYCOL EVAP TEMP IN — max. cool

OUTLET TEMP:

a. NORMAL:)» 40°, £48°

b. LOW: L40° F

UTLET TEMP

\L: $30° F

: LOW:<(30° F

(m1x1n?) valve full closed, and then to 49-

\O

o NO

o radiators.

glycol flow to circulate
through. ECS radiators.

0.5° F before the evap mode is

Divert max. hot glycol flow

10. Allow time for max. hot

11. Divert some hot glycol
fiow to evaporator o maintain
EVAP outlet temp>40° F K48°F

UL 1851 A
doas not increase after seversl
attempts, proceed To step 17.-

thg radiators by

4C-48° F evapcrator

FLIGHT CREW SUPPORT DIVISION

DATE:

......
AR

Jem. 27, 1967

ENVIRONMENTAL CONTROL SYSTEM
MALFUNCTION PROCEDURES

APOLLO OPERATIONS HANDBOOK
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SYHPTOM STEP PROCEDURE HEXT REMARKS FAILURE
' STEP
' 13 IGLYCOL EVAP TEMP IN (sw) - AUTO 14 |13. Reestablishes auto comntrol
| 14 |ECS EVAP OUTLET THMP
a. NORMAL:>40° F oy
b. IOW:<40° F : 15
15 iSwitch electr 1cal plug from J58 16 |15. Switch to spare glycol in-
-1t0 J39. ; .} let semsor that controls GLY :
: EVAP TEMP IN (mixing) valve. '
16 |ECS EVAP OUTLET TEMP
a. NORMAL —p== | 162. Loss of redundant sensor |l6a. Glycol semsor
to Glycol Temp Control Unit. that inputs to Glycoll
‘Temp Control Unit
Faillure,
{ b. ILOW —r 16b. Probable GLYCOL
i EVAP TEMP IN valve o
Glycol Temp Control
! Unit failure.
! ,
let glycol ftemp. contrel to glycol evap. Menual override of GLY EVAP TEMP IN valve can maintain
°F, but will require constant crew attention. Powering up S/C Electrouics and initiating

crease radiator outlet temp. will alleviate crew attention to GLYCOL EVAP TEMP IN v

a :
will result due to glycol evap. operation to maintain glycol evap. outlet temp to 40-43° F.
17 .ECS RAD OUTLET TEMP. ! 3

a. LOW: £30°F
b. NORMAL: >30°F

]
[€)]

) 17b. , Transient condition.

18 {When possible: Slow roll S/C to | 19 |18. Add external heat to
maximize Sun, Moon, and/or Earth radiator surfaces.

heating on both radiator surfacesi

19 {Power 3/C to maximize heat into 20 }|19. Add heat to glycol loop.
f coldplates. 3
FREFARED BY FLIGHT CREW SUPPORT DIVISION | ENVIRONMENTAL CONTROL SYSTEM | APOLLO OPERATIONS HAhDBGﬂK !
sl DATE:  1on. 27, 1967 . MALTUNCTION PROCEDURES fsec 012 ey R
i j i Iscction 9.1 .6  jpase i
E2¢ Form 460 (Rsy Dec 68)
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SYMPTOM STEP PROCEDURE g;g; REMARKS FAILURE

20 { ECS RAD OUTLET TEMP.

a. NORMAL: » 30°F f=—>3 20a. Monitor ECS radiastor
' temperatures until stable con-
dition established.

b. ILOW: L30° F —){ 20b. Loss of radiator cooling
capability should be expected.
Glycol evaporator only cooling
means available. If required,
S/C can be oriented so one of

the radiators recieves maximum

external heat from Sun, Moon
or Barth.
ECS RADIATOR TEMP 21 |ECS RAD #1 (or 2) A - OFF 22 | 21-23. Check for proper RAD
1 (or 2) LOW configuration for one RAD out-
22 {BECS RAD #1 (or 2) B - Open 1 23 | 1et temp low. (A circuit

- closed and B circuit open)
23 {BCS RAD OUT TEMP 1 ( or 2) '

a. NORMAL: »30°F 24

b, LOW: £7%0° F , 25

24 {ECS RAD OUTLET TEMP:

i
5. LOW: £30° F 25
b. NORMAL: >3%0° F —3 31b. Exercising radiator iso-
: lation valves has alieviated

4

:

!
| | |
PREFARED BYs FLIGHT CREW 'SUPPGRT DIVISION ! ) APOLLD OPERATIONS HANDBOOK

i o i ENVIRONMENTAL CONTROL SYSTEM |= T

H DATE: (T'B_",_~ 27. _‘_\/’0" f RTA T T TN & o = T oY sy T ’\—‘7 gREY “?TT\TAT'
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E 3 L ) | 7
E SYRPIGH STEP PROCEDURE i;é; REMARKS FA!LURE
{31, (Cont) problem..
¢
; 25 Orient S/C with cold radiator 26 25. Maximize Sun, Moon, Earth
E towards heat sorce. heating on radiator surface.
t : - i
EQAUTION: Monitor the other radiator to avoid loss due to being on the cold side and freezing completely.
! 26 | Power up S/C 27 |26. Maximize heat input to
] cold plates.
§
; 27 | ECS RAD OUTLET TEMP:
t .
! a. NORMAL: >30°F L~ { 272, Problem alieviated.
b g E
i b. LOW: & 30°F 28 27b. Loss of 50% of radiator 27b. Probable frozen
% ' cooling capability. radiator #1 (or #2) g
_ 28 | PeriodicaXly monitor for indica—i——->
% tion of recovery
|
RAD TEMP INDICATOR/ { 29 IR —>129. Loss of glycol temp C & W |29. PROBABLE FAILURE
SENSCR MALFUNCTION a. GLYCOL TEMP LOW C & W lite - and combined ECS Rad outlet OF TEMP SENSCE driv-
ISCLATION, OoN temp indication. TUse ECS RAD {ing C & W lite and

b. ECS RAD OUTLET TEMP. OUT TEMP 1, 2 meter to monitor jECS RAD OUTLET TEMP
i LOW: <-30°F radiator outlet temperature. meter.

c. ECS RAD OUT TEMP 1 & 2:

NORMAL: >-30°F

30 | IPF: —>130. Loss of radiator glycol 20. Probable C & W

e e e

v

GLYCOL TEMP LOW C & W lite -
oh
b. ECS RAD OUTLET TEMP:
NORMAL: >-30°F
©CS RAD OUT TEMP 1

C. Ly & 2:
NCRMAL: » -30°F

outlet temp. low C & W indica- .
tion. TUse meters to monitor
temp.

circuitry failure.

ZREPARED BY:

e

¥

FLIGHT CREW SUPPORY DIVISION APOLLO OPERATIONS HANDBOOK f
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SYRPTOH STEP PROCEDURE REXT REHARKS FAILURE
STEP
22. HIGH ECS RAD With ECS RAD OUTLET TEMP >97° F
OUTLET TEMP >97° F the ev@porauor will be unable td
maintain normal EVAP OUTLET !
TEMP (40-43%° F) |
1 { ECS RADIATOR OUTLET TEMP.. '57’
a. BOTH NORMAL: £97° F , ! la. RAD OUTLET TEMP|
SENSOR/CIRCUITRY
FATLURE. {
i I
t. BOTH HIGH: >97° F 2, i
c. 1 or 2 HIGH: >97° ¥ o {
2 | ECS RAD INLET TEMP ’

a. 4§7° F 3. ;
b, >97° F S

3 | GLYCOL TO RAD VALVE — CLOSE —>!3. Serious heating in S/M.
Pogssible fire or RCS firing on
RAD.

4 "} Power down 34. Refer to EPS Malfunction
Procedure NO. 7 section 9.1.4.3%
> a kvt

(Inverter 1, 2, or 3 2190° F)

1 5 !Verify RAD isolation valves (4) 6.

¥

! open

i

H

6 | Orient S/C with hot RAD away
heat source.

3
i)

o —36. Monitor temps for recovery

i i FLIGHT CREW SUPPORT DiVISION 3
Pl ; ;
t g DATE i . - 1 i
k- : Jani. 27, 1967 ! :
£,

# 480 (lsv Dac 68) { E
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i SYNPTOY STEP y PROCEDURE f;sé; REMARKS FAILURE
Glycol evaporator TO BE DETERMINED
outlet temp - HIGH

(7505

;

§

$

? &

E %

5 H

2 |

i

t

: :

;

! PREFARED BY: H FLIGHT CREW SUPPORT DIVISION ] APOLLD OPERATIONS HANDBOOK
! i DATEL o 27, 1967 ENVIRONMENTAL CONTROL SYSTEM Sxc, i 2 lrey FTINAL °
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SYMPTOM STEP PROCEDURE g;é; REMARKS FAILURE
S (Cont) 7 Maintain 45 + 3°F at GLY EVAP 4 BE Manual control of GLY i Sensor or con-
ET TEMF with GLYCOL EVAP EVAP TEMP IN (MIXLNG) VALVE troller failure
TEMF IN valve. required.

If unable to

Ve d Dl AT e

reduce

11

12

13

14

b. ?260°F
Power down to maintain GLYCOL
EVA? QUTLET <60°F

Or POWETr up T

o TNy

VAT SMSRS plug to re-
receptacle (J38 or J39)
GLYCOL EVAP QUTLET TEMP
a Dacrzases to NORMAL:
A0-43°F
b. {0 change
GLYCCL EVAFP STEAM PRESS - MAN

GLYCOL EVAP STEAM

NEOR

PRESS switch -

v
GLYCOL EVAP STEAM PRESS

a. Decreases

No change

———{) Ba. Acceptable temperature
9 8b. Temperature too high
eqguired, menually operate evaporat

11

—> | 1la. Sensor redundancy lost
12
13
14
15 l4a. Possible loss of auto-

matic back pressure control

2l 14b. Steam duct blocked

TO control EVLZ

S
PREPARED BY: 4 :T@CSA)

FLIGHT CREW SUPPORT DIVISION
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SYMPTOM STEP PROCEDURE NEXT REMARKS FAILURE
STEP
33. (Cont) 15 | GLYCOL EVAF OUTLET TEMP
a. Decreasss 16
b. No changs L7
16 GLY EVAP STEAM PRESS-|—>|16. Maintain Glycol Zvapora- |16. Glycol Evap con
switch tor outlet temperature 40-43°F |troller failure
17 Plug EVAP TEMP SENSOR UNIT into 18
EVAP SNSRS J38 or J39
18 EVAP TEMP SENSOR UNIT switch - 19
WICK
LG /ICK temt
a. € A0°F 20 19a. EVAP Frozen
b. > 40°F 23
20 GLY EVAP STEAM PRESS switch - 21
increase until WICK temp >40°F
21 GLY EVAP STEAM PRESS switch - 22
ATUTO
22 GLYCOL EVAP OUTLET TEMP
a. 40-43°F —> |22a. Frozen evap probably
caused by transient condition
b. Y43°F 24

24

GLYCOL EVAP STEAM PRESS switch -

AUTO

EVAP TEMP SENSOR UNIT - NULL

24

25

.
PREPARED BY: Q\ \5@‘0‘

)
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SYMPTGM STEP . PROCEDURE ggé; REMARKS FAILURE

= (C~.f) 25 GLY EVAP HZO switch 26 25 Manual connrol of water
and OFF. to wick.

26 LY =VAP OUTLET TEMP

omatic EVAP control

only). Manual con-

]
18]

33 \NTTT. T et
using NULL position of

TEMP SENSOR UNIT 4o control
water flo ith swizch.
b. >43%°F 2
27 EVEAE 5.0 velve - QOFF 28
28 GLY EVAP WATER COl 29 128, Manual con=rol of water
valve between ON to wick
29 GLY =ZVAP? OUTLET TEMP
a. /40-43°F —> | 29a. Manual bypass
control to evap
tinue manusl ops
quired. Reoguire
LHEB.
b. 243°F 30 29b. EVAZ failure
30 Power down to maintain EVAP —> | 30. Evaporator unusable.

OUTLET TEMP <60°F

31 | Cycle STEAM/URINE DUCT HTR CB's | 32
MN A & MN

32 GLY EVAP STEAM PRESS switch - %3
AUTO

S
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SYMPTOM STEP PROCEDURE NEXT REMARKS FAILURE
STEP
33 (Cont) 35 GLY EVAI 0 switch - OFF 34 33, Prevents added watsr in-
pipcs R e - N
N flow to evaporator.
34 Orient 5/C with steam duct out 35 34. At tempt to thaw frozen
let to heatsource. duct outlet. Time reguired may
be excessive.
35 Monitor GLY EVAP OUTLET TEMP
a. Decreases 36 | 35a. Duct clear and boiling
resumed.
b. No decrease S
36 | GLY EVAP H,O switch - AUTO —>|36. EVAP operation
- restabilished.
37 Power down to maintain EVAP QUT—-———> 37. Evaporator unuszuvle as 37. Blocked steam
LET TEMP 60°F long as steam duct blocked. duct.
WARNTING: CABIN PRESSURE RELIEF may not be possible through steam duct.

(a8
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SY?:%PM

PROCEDURE

FAILURE

-

it DO 3 i s PO e L T T O I 2 N W T

{Glycol evaporator
outlet temp - LOW

(L40°F )

TO BE DETERMINED

e L An

N

i
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SYMPTOM STEP PROCEDURE ';;’E‘; REMARKS FAILURE
Normal temperature range 40-
50.5°F depending on operation
mod=.
1 | 35 Z.D OUTLET TEMP
a. »48-50.5°F 12 la. Bvaporator opsrating with
excessive ooilin~
o. 4 42°F 2 |1b. GLY EVAP TEMP 1
VALVE not allowing adequate
Glycol bypass
2 Switcnh ZVAP SENSOR plug to re- 3
dundant jack (J3%8 or J39)
3 GLY EVAP OUTLET TEMP
a. Increases to normal (42—48°F —>| 3a. Loss of redundant sensors. |3a. Sensor failurse.
b. Yo change 4
4 | GLYCOL EVAP TEMP IN switch - MAN| 5
5 | GLYCOL EVAFP TEMP IN valve - CW 6
(HEAT)
6 GLY EVAP QUTLET TEMP
a. Increases to normal (42—48°F¥ 7 Ta. Au*OMSt:c Glycol
mixing control lost.
b. No change 8 |6b. Possible indicator failure
7 | Adjust for 45° + 3°F at GLYCOL |——>|7. Manual control of mixing

EVAP QUTLET TEMP.

valve required when ECS RAD
OUTLET TEMP 328°F to prevant
wick freezing

L .
PREPARED BY: \) \YSGH(['A)
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SYMPTOM | sTEP PROCEDURE :gé; REMARKS FAILURE
24. (Cont) 8 | GLYCOL EVAP TEMP IN switch - 9
AUTO
9 | Plug EVAP TEMP SENSOR UNIT into 10
EVAP SHSRS J38 or J39
10 | EVAP TEMP SENSOR UNIT - INLET Sk
11 Evaporator INLET TEMP
a. 45°F + 3°F ___%>
b. €42°F —>| 11b. Glycol bypass los Ra-
diator outlet temperat must
be maintained»33° ic p ent
evaporator wick freezi
12 Swi h EVAP SENSOR plug to re- 13
© | dundant jack (J38 or J39)
13 GLY EVAP OUTLET TEMP
a. 40°=43°F —>| 13a. Normal temperature. Loss |1%a. Sensor failure
of redundant sensor.
b. No change 14
14 | GLYCOL EVAP STEAM PRESS - MAN 15
15 | GLYCOL EVAP STEAM PRESS switch -| 16
INCR (Monitor STEAM PRESS gage)
16 | GLY EVAP STEAM PRESS
a. Increases 17 }1léa. Loss of automatic back 1l6a. Glycol Evap conA
pressure controcl troller failed
Sl b. No change 23
PREPARED BY: | ‘\:ﬁ34<813 FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
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MSC Form 460 (Rev Dec 68)




)

NOTE: Maintain Radiator outlet temperature <60°F. For high load
used, but not recommended

conditions and entry the glycol
for normal operation due to probable freezing and ineffieient HZO usage.

evaporator can be

SYMPTOM STEP PROCEDURE ';5:; REMARKS FAILURE
3. ff:z‘, 17 Manipulate GLY EVAP 18 17. Manual control of back
INCR/DECR switch to pressure.
let temp.
18 GLY EVAP OUTLET TEMP
a. 40°-43°F —> |18a. Continue manual control as
required
b. 40°F 19 1180, Possible indica<or failure]
19 Plug EVAP TEMP SENSOR UNIT into 20
EVAP SNSRS J38 or J39.
20 EVAP TEMP SENSOR UNIT - WICK 21
21 | WICK TEMP
a. 240°F 22 2la. GLY EVAP OUTLET
TEMP indiceator fail-
ure.
b. L 40°F 23
22 GLYCOL EVAP STEAM PRESS - AUTO —>|22. Automatic operation of
evaporator re-established.
23 GLYCOL EVAP HZO FLOW switch - OFFf]——>|23. De-energizes Glycol Evap- 23. Back pressure
orator operation. controller failed.

LS
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SYMPTOH STEP PROCEDURE NERT REMARKS

¥ ]
! FAJLURE
sl ; STEP

ST -

]

PRESS GLY DISCH - TO BE DETERMINED

w

GLY ACCUM QUANTITY - TO BE DETERMINED
et LOW

§

:4

}

A !

i

: é

E

. ) f f I |

§ PREPARED 8Y: L FLIGHT CREW SUPPORT DIYVISION APGLLO CGPERAT!ONS HANDBOOK
aATs,'JEm 57 1967 ¢ ENVIRONMENTAL CONTROL SYSTEM {s/c 012 jrev  FINAL

- TR, ! MALFUNCTION PROCEDURES secriond. 1.6 race o4




D

|
/
SYMPTOM STEP PROCEDURE 25:; REMARKS FAILURE
37. TRESS GLY
DISCH - LOW: <£34
PSTA or decreasing
1 | GLY ACCUM QUANTITY:
a. NORMAL: 30-60% (and steady)| 18
b. LOW: < 30% (and/or decreas- 2 | 1lb. System leakage.
ing)
GLY ACCUM QUANTITY 2 | GLYCOL ACCUMULATOR valve - OFF 3 |2. Isolates accumulator
LOW: £ 30% (cw)
3 | GLY ACCUM QUANTITY
a. Decreasing 4 %a. Glycol accumula-
tor leaking
b. Stabilized 5 3b. Glycol accum not leaking.
4 | GLYCOL RESERVOIR INLET valve-ON |—>|4. Reservoir replaces accumulat
tor for remainder of mission.
5 GLYCOL ACCUMULATOR valve-ON (CCW] 6
6 | GLY TO RAD valve - CLOSE 7 |6. Assumes GLYCOL PRESS RELIEF
BYPASS valves - OPEN. Bypasses
all glycol flow around radiator
Not to exceed 30 minutes to
avoid radiator freezing.
7T | PRESS GLY DISCH:
a. Remains LOW 14
b. NORMAL: 234 psia 8 Tb. Probable leak in ECS radi-
i ators.
4 f | GLY TC RAD valve - OPEN 9

! i Y
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SYMPTON STEP PROCEDURE §$é; REMARKS FAILURE
37. (Cont) 15 | SUIT EVAP GLYCOL valve - OFF 16 |15. Directs glycol flow around
suit heat exchanger
/2 Walls) nralys eLloer
16 PRESS-GLY DISCH s...,,—a.,_;, Sew = ouat
a. Remains LOW: 17 16a. Unable to isolate glycol 1léa. Glycol system
system leakage. Eventual loss [leakage
of entire glycol supply with
resulting loss of total space-
‘fcraft thermal control
b. NORMAL: —>| 16b. Loss of suit cooling capa-{16b. Glycol leak in-
bility with suit heat exchanger|ternal to suit heat
Suit evap. only means available|exchangzer.
for suit circuit cooling.
17 SUIT EVAP GLYCOL valve - OH —_——
18 | ECS GLYCOL PUMP SELECTOR SWITCH-| 18
Select alternate pump and/or bus
| CBo
19 | PRESS-GLYCOL DISC
a. Normal: >34 psia ————) 19a. Pump or bus redundancy 1%a. Electrical or
lost. Continue operation on pump failure.
active bus or functional gly-
col pump
b. Remains LOW: 20
20 | MSFN CF0550P 20. Check glycol P across cold
place net # 2.
a. NORMAL: —>|20a. Loss at glycol pump outlet|20a. Glycol Pumps
pressure indication. TUse Outlet Press. Sensoq
CFO550P as glycol flow indica- |/Circuitry Failure.
tion
S0
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SYMPTOM STEP PROCEDURE :;g REMARKS FAILURE
37.. (Cont) b. LOW: —>| 20b. Complete loss or degraded |20b. BUTH GLYCOL

SN

glycol pump capability. Prob-
able loss of spacecraft thermsl

control.

PUMFS or circuitry
failure.
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Yo - - i : 4
SYMETOH STEP PROCEDYURE ‘;;E:‘ REMARKS FAILURE
GLY ACCUM 1§ Verify 2 1. Establish system configura-

ANTITY - HIGH: A tion
increasing 270% a. GLYCOL ACCUM S/0 valve~OPEN
b. GLYCOL RESERVE valve-CLOSED
¢. GLYCOL RESERVOIR INLET/OUT-
LET valves - CLOSED ,

d. GLYCOL RESERVOIR BYPASS
valve - OPEN

NOTE: Glycol accumumulator pressure is referenced to Cabin’Pressure - hence any glycol accumulater quantity €100%
cannot result in coolant loop overpressurization. Normal accumulator quantity 30-60%.

2 GLYCOL RESERVOIR INLET valve - 3 2. Permits transfer of glycol
OPEN from aceumulator to reservoir.

3 LY ACCUM QUANTITY indicator
a. T0% deersenes’ 4 ‘W’JD {

i b. No decrease ‘z;' sonal | —> 3b. Quantity indication lost, |3b. Indicator
B 5 use reservoir for positive failure
accumulator action.

e

<

4 | GLYCOL RESERVOIR INLET valve -
c10sED (eRXTO%

! ]
. 5 | GLY ACCUM QUANTITY

=

{ ins normal or slow -3, t5a. Repeat steps 3-4 as re- iba. Slow leakage of
i guired to maintain normal %GLYCOL RESERVE valve
pressure.

b. Rapid increase 6 5b. .lLarge leakage of
GLYCOL RESERVE valve.

6 GLYCOL RESERVOIR INLET valve - | —s {6. Glycol reservoir used for |

- OPEN accumulator action i

! . {

‘ i

. 3

{

1 % E

e i i i
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) 0. N
SYNPTOR STEP PROCEDURE *;;E; REMARKS FAILYRE

et

41+ POTABLE' HOT
: 1,0 TEMPERATURE LOW
= #

1 {P0T H,O HEATER

o

2
5 ~
a. orp : 2
! B, MN A or B 3
2 {POT H,O HEATER - MN A or B 2. Inadvertant switch position
> P
A 1RO -HZO HEATER - alternate Bus ik
! (MY Aoz B)
4 THOT HZO TEMP.
j2. Increases ; -> {4a. Power supply redundancy Ja ot Cireuitry fai
lost. Approx. omne hour recovery|from MN A or B bus
é time reguired.
'E‘c. No Increase ' > 14b., - Hot H.O supply lost or re-}db. Heater failur
i covery time extended. - jor degraded. Loss
i of one or both hea
! elements.
| i i
! i
: !
]
¥
{
i :
!
1]
i
i (T g
: Pfqrin/‘.ﬁED BY 7 ) \ S 4054 FLIGHT CREW SUPPORY DIVISION ENVIRONMENTATL CONTROL SYSTEM i APOLLO OPERATIONS HANDBOOK
- pPOMIEL . et v MALFUNCTION PROCEDURES — poloO2 i
! JAN 27, 1967 X LR fsection Je1le0 fpage 0Y




I

LA e Nl

preseure

o

,_J.L“ o
ng LVWL PO

Then monitor

"[/"“‘"\

Y)_:‘Y‘E:dcaﬁ "Lr\ o e*ﬂoomm

SYMPTOM STEP PROCEDURE 's‘;é; REMARKS FAILURE
142. POTABLE H,O Assume proper valve configure-
QUANTITY fails to tion and Hzo,IND switch - POT,
increase trans-
. diheny
1.|WASTE H,.O TK REFILL - 2 (alter 2. 11. Attempts transfer from re-
nate tank) dundant SM tank
2. {WATER QUANTITY (Potable)
a. INCREASES . —>|2a. One SM WASTE H,.O TANK (56#]2a. No. 1 or 2 SM
vnusable or empty. WASTE th SOLENOID
4 S/0 Val¥e or circui-
i try failure.
§
i b. NO INCREASE s
3 3. |Continve normal transfer pro- 4, 153. No evidence of transfer on
i cedure guanity indicator; however,
i ransfer may be in progress if
i indicator failed.
1 ]
i 4. [MATER QUANTITY (Potable)
a. NO CEANGE ~—3tds. Monitor MSFN CF 0126 P forlda. Gage failure

for increase
’tatk ksl
Ll
B \ - o7 - 4 .
b. DECREASES ———3 4. Water did not traansf
Potable water only sure wa
) supply Tremaining.
WARNING: Momitor fuel cells for poss bLe flooding
FLIGHT CREW SUPPGRT DiVISION ENVL }( NTROL S«z«rnjﬁ
DATE: o i *_L“LLFJ* CTION PROCEDURE
E W27, 1967 i
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b. High

WASTE TANK WATER & RELIEF
VALVE - AUTO

with waste water.
tank Inlet Relief va
must be operated man
and closed for water
transfer.

Waste

1lve
ually,

Rate of decrease on Potable

Water quantity indicator

£
N }
cnan

greater expecte
operation mode or as

oy MSEN.
-

d for

indicated

{ ) )
SYMP10# STEP PROCEDURE 2;2; REHARKS FAILURE ~
4%. WATER QUANTITY { 1 WASTE TANK WATER & RELIEF VALVE 2 il
DECREASE RATE HIGH - CLOSE
2 WATER usage rate
a. Normal —>{2a. Potable water being used 2a. Waste Tank

Inlet Relief
valve failure.

4 WATER CCNTROL PRESSURE RELIEF - | 5
{ OFF
5 WATER QUANTITY
a. Decrease rate normal. 6
b. Decrease rate rewains high [-—|5b. Monitor ecabin humidity. 5b. ine leakage.
Check for water in CM.
6 WATER CONTROL PRESSURE RELIEF-1 | 7
| :,
|
5
PREPARED BY: FLIGHT CREW SUPPORT DIVISICN ENVIRONMENTAL CONTROL SYSTEM APOLLO OPERATIONS HANDBOOK ;
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PROCEDURE

REMARKS

)

FAITLURE

\O

e S e A b AN i T ARSI MBS ) 3 TS

WATER QUANTITY

a. No change

WATER PRESSURE

a. Rate decreases

a

b. Rate remains high.

WATER CONTROL PRESSURE
RELIEF - OFF

. BExcessive decrease rate

WATER CONTROL PRESSURE RELIEF -2

Relief valve redundancy

%92.. Relief valve redundancy
| +
10S T

10. Automatic pressure relief
lost. Refer to ECS Malfunction
Procedurs No. 45 to control
Water pressure. Manual relief
valve operation possible when

available.

MSFN water pressure information

Ta. No. 2 WATER
CONTROL IRESSURE
RELIEF Valve failed
OPEN .

%a. No. 1 WATER
CONTROL PRESSURE
RELIEF valve fai
OPEN.

led

9b. Both WATER
CONTROL PRESSURE
RELIEF Valves

 failed open.
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3— SYMPTON STEP PROCEDURE ‘;;E; REMARKS FAILURE
i
| 44. GAS LEAKAGE It is possible %0 ;ﬁuTOQune Cﬁ,
{ INTO H_O SUBSYSTEM Nz or H, into the Potable or
| o S .
1 £ Weste Witer subswsueh.
| WARNING: Gas in Waste H, 0 subsystem is not readilly Lder tifiable however probabls with gas in potable Hzo subsysten.
§?educed evaporator performance may be expected as well as a false indication of quantity of on-board HZO' Pressure
| measurements not indicative of H2O guantity. {
)
; : |
i 1 GAS IN POTABLE H,O SUBSYSTEM
e
i
i a. Gas entrainment evidenced - | —> | la. Monitor H, O/gas ratio for
i but not excessive. continued H. O subsysten
{ f degradation.
1
| |
! b. Gas entrainment excessive 2 |
%
i 2 POTABLE WATER - Quantity |
i a. Constant 100% full —>| 2a. Refer to ECS Malfunction | 2a. O, leakage into
i % Procedure NO. 1. | H,0 supply subsysten.)
! i Probable Potable
! | tank bladder leak or
3 | rupture. ;
: i A, e z i
3 b R % full O ;
f T ) ) , . !
; i«5. i 4 3. 80 min cycle 1o d:?erm:ne ;
| type gas (H,, N, or 0,) i ]
i & G & i
' ke B cabi) 3
43
] 4. :
t
: i
f Sl B —_—> da, Excessive H i
i 2 i Q '
! | inflow from F/C.° !
1 ’ §
| é
£ !
é
. s i
| ENVIRONMENTAL CONTROL SYSTEM APOLLO GPERATIONS HANDBODK ~i
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/ I
SYNPTOH STEP PROCEDURE g;;; REHARKS FAILURE
:44, (Cont) b. N, —> | 4b. Use alternate S/M water 4v. N, transfer
tank for futher water system bladder
transfer (if water had been rupture.
transfered).
g. 0 Sania 4c. Small O, leak.
2 2
SRR | : -
PARTD B Y N e ) Fi.1GHT CREW SUPPORT DIVISION ENVIRONMENTAL CONTROL SYSTEM APOLLC OPERATIONS HANDBOSK i
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SYMPTOH STEP PROCEDURE M et REMARKS FAILURE )
STEP {
45. POTABLE & Water not relieving overboard.
WASTE WATER SYSTEM FPailure to dump water will
PRESSURE HIGH probably be noted by failure
(248 psid) to dump urine. Another in-
 MSFN CFO326P dication will be MSFN over-
and CFO327P k : pressure of POTABLE & WATER
WATER TANKS. Loss of fuel
cells may be & conseguence of
| water system overpressurization
}
NOTE: Withdraw pota%le water as required to maintain safe water pressure.
5 Monitor MSFN for pressure in-
dications until failure
! corrected
i ;
; a. Pressure remains stable —s> {1la. Overboard dump not ob- la. Relief setting
‘ : structed or Waste Water tank shift,
never filled.
§
b. Pressure increases 2 1b. Waste Water tank full and {1b. Overboard dump
overboard dump obstructed. obstructed
2 Withdraw Potable Water to main- 3 2. Continuve to withdraw watsr
tain safe pressure s required uvntil malfunction
i | corrected or re-=snftry 1o pro-
: ! { clude fuel cell flooding.
| :
% e Management selector Valve-i 4 3. Check for suction to de-
§ ‘LCES termine status of urine dump
! port.
QVBD VALVE - DUMP then both OFF.
£ % X
i
: ;
; ¥ S } i
¢ PREPARED BY1 - IR £ REW SUPPI 1S1GN ) D ONS HANDBOOK f
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SYMPTOH STEP PROCEDURE "S‘;;; REMARKS ' FAILURE
45. (Cont) 4 SUCTION
a. NORMAL 6 4a, Dump port unobstructed
b. DEGRADED or NONE B 4b. Refer to ECS Malfunction 4b. Overboard dﬁﬁp
i Procedure No. 51. port obstructed.

5 Withdraw Potable Water to main-| — | 5. Continue to withdraw water

tain safe pressure. as reguired until wmalfunction

corrected or re-entry to pre-
48 vel cell flooding.

6 Cycle PRESSURE RELIEF SELECTOR 7 6 ttempt to clear possibly
¢ st

Valve clogged valve posts.
7 WATER PRESSURE 7. MSEFN indication
a.. DECREASES ~> | 7a. Failure corrected and Ta. Clogged
normal relief available PRESSURE RELIEF

SELECTOR Valwve

b. NC DECREASE 8 The Re f line
' bloc‘ag or both

8 Withdraw Potable Water to wain- 8. Continue to withdraw water

tain safe pressure. as required until re-entry to
preclude fuel cell flooding.

Relief capability lost. Dump

; xcess water through waste
management system or store in
urine bags.

FOUE: If one or both SM WéSTW Ho0 TANKS have been transfered to CM tanks place the WASTE Ho0 TK REFILL switch in
;fc‘~~oq 1 or 2 §u§ed tank): Excess fuel cell water will be stored in SM WASTE H-0 TANKS ()6 1b each) until fillegd.
‘mher pressure W%lL increase again when SM tanks fill, Normal water transfer available when required; however MSFN
pressure monitoring required to preclude overpressurization of water system.
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O

i

:  BATTERY VENT,
BT tenp

1imi

<oail

ts (due to
ki ¢
1
i

DRAIN - DUMP

Verify /D and urine hose/recep-

tacle

URINE OVERBOARD DUMP

a. JTUMPS

b. DOES NOT DUMP
Cycle ECS STEAM DUCT HTR MN A G/B

URINE OVERBCARD DUMP.

S/C orientation restrictions).

ech

fecal canister vacuum and OVERBOARD WATER DU

=~ | 4a. Resume normal ops.
rected by steps 1 - 3.

6a. Continue normal ops.

6v. Orient §/C for max. hea
urine overboard dump port
clear probable ice blocka
Use onblard urine contain
line remains blocked.

IP capabil

Cor-

6. Allow time for urine tip
htr. operation.

4.

O xl

L
age.,

ers

ty loss probable.

SYMP (T STEP PROCEDURE i REMARKS FAILURE
STEP
54. UNABLE TO IUMP
URINE.
1 Verify WASTE MANAGEMENT SELECTOR- 2 =
URINE FECES.
2 {Verify WASTE MANAGEMENT OVBD 3

6a. Open C/B ci

6b. URINE TIP HTR
failure or.line
blockage.

on

il

Monitor RAD INLET and-

TCULTE

t " A
FREFARED BY: X NAaiess) FLIGKT CREY SUPPORT DIVISION APOLLO OPERATIONS HANDBOOX
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SYNPTON STEP PROCEDURE :;é; REMARKS FAILURE
52.  LOW VACUUM
SUCTION
1 {Verify WASTE MANAGEMENT SELECTOR- 2
VACUUM CLEANER
2 {Verify hose integrity B
3 |SUCTION
a. NORMAL —> | 3a. Resume normel use. Cor-
rected by steps 1 & 2.
i b. No change in status 4
4 |Change FILTER 5 Y
i
§
i 5 {SUCTION
) a. NORMAL —> | 5a. Resume normal use. 5a. Filter clogged
| or expended.
b. Yo change in status 6
i Sk !
] - ~
i 6 {Cycle ECS CABIN AIR FAN AC 1 (3) yi
: C/B's
{7 lsucTIoN
! i
: la. NORMAL —> | 7a. Resume normal use. 7a. C/B circuit fail-
% ure.
| b. No change in status ——> { Tb. Vacuum cleaner use lost or |7b. Vacuum cleaner
H degraded. : FAN failure or line
{ blockage.
‘; -
ggggg: Suit eircuit return air ck valve assy screen must be ¢leaned manually as required.
| |
;
: < ! :
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SYNPTUM STEP PROCEDURE ! S;é; REMARKS FAILURE
5%. FECAL CANISTER
VACUUM - LOW
1 |{ Verify FLUSH VALVE - OPEN 2
2 | Verify FECAL CANISTER, hose 5
assembly, and Q/D integrity-
3 | Verify WASTE MANAGEMENT SELECTOR4 4
URINE FECES
4 | Verify WASTE MANAGEMENT OVERBOARD) 5
DRAIN - DUMP
5 | FECAL CANISTER VACUUM
a. NORMAL —>| 5a. Resume normal ops. Cor-
d rected by steps 1 - 4.
i
! b. Remains LOW 6
6 | Cycle ECS STEAM DUCT HETR MN A G/Bi 7
i
! 7 %FEGAL CANISTER VACUUM 7. Allow time for urine tip
i htr operation.
i
i = o e E =
! § 5. —">§ Ta. Centinue normal ops. 7a: Open /3 cirecuit
i
i b. Remains LOW —> | 7b. Orient S/C for max. heat on
i vurine overboard dump port to
clear probable ice blockage.
‘, Use Fecal bags without canistex
| if vacuum remains low.
i NOTE: BATTERY VENT, URINE DUMP and OVERBOARD WATER DUMP capsbility loss probable. Refer to ECS Malfunction
;{L:‘rscec‘.ure NO. 45. Monitor RAD INLET and OUTLET temp limits (due to S/C orientation restrictions
| PREFARED 8Y+ ) Y 5,‘%_,,.,.;; FLiGHT CREW SUPPORT DIVISIOH {  APOLLO CPERATIGMS HANDBOZK
T ,‘,,,y;/. il DATE: ENVIRONMENTAL CONTROL SYSTEM [s/c 012
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g : A .
SYMPTOX STEP 5 PROCEDURE h?'P REMARKS FAILURE
It o
61. Inadequate ATTITUDE CONTROL SWITCH will
Ventilation after automatically close EXTERIOR
landing. - ' ATR INTAKE and CABIN AIR EX-

HAUST valves and shut off fan
o 1.2 5 4. %
if C/M tilts > 60° from verticall

Assume stable 1 position. . =
1 Visvally vérify valve positions
&4 8
a. Open B
b. Closed _ 2

2 Verify EXTERIOR AIR INTAKE and &
CABIN ATR EXHAUST wvalve LOCK
PINS - REMOVED.

3 POST LANDING VENT FAN - OFF/HIGH 4 3. Try both HIGH and LOW posi-
and LOW tions for operation. Assume
PLVC switch - NORMAL.

4 Visvally verify valve positions.
a., Open 7
Y. Tlozed 5
5 PLVC switch - OPEN 6
6 Valve positions (2)
: a. OPEN i
: :
B, CLOSED —> | 6b. Alternate ventilation re- { 6b. POST LANDING
’ guired. ZEgress way be required) VENT valves failed
closed.
i .
{ PREPARED 3Y: FLIGHT CREW SUPPORT DIVISION L B il s APOLLD OPERATIONS HANDBOOK
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N

CAUTION: Man

i ke s S

B

valve closing required if goes to stable 2

b. Inadequate

take open and fan operating,
valve to dump

Th.

but exhaust closed

o 6

some flow can e obta

Alternate ventilation re-
guired.

Egress wmay be required

in

b.
vent

Valves lost.

Post larding
fan failed.

ed by placing

; ) i
STEP PROCEDURE oAt REMARKS FAILURE i
STEP :
<y |
61. {(Cont) i VENTILATION
a. Adeguate o 7a. Resume ops. with Ta. Automatic mode
established switch positions of POST LANDING VENT
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J ) /
SYMFTUHM STEP | - PROCEDURE ;{é; RENARKS FAILURE
2. Water inflow ATTITUDE CONTROL SWITCH will
after landing. automatically close EXTERIOR
(after cabin press : ATR INTAKE and CABIN ATR EXHAUSI
relief wvalves valves and shut off fan if C/M
closed) . : titlts »60° from vertical.
NOTE: Some water inflow expected until pressure relief valve closed.
1 | Verify PLVC Switch - Normal 2
! 2 | Verify CABIN PRESSURE RELIEF 3

VALVES - CLOSED

3 | Water C/M inflow

a. Terminates —~—> {73, PLVC switch misposition.
b. Continues 4
4 | POST LANDING VENT FAN - OFF 5
5 | WATER C/M INFLOW
a. Terminates —> |5a. Resume ops. Manual control | S5a. Pendulum Ring
of Vent valves reguired. switch did not close
Vent valves.
§
i
b. Continues ——> {5%. Reopen POST LANDING VENT 5b. Probable C/M
Valves for ventilation (may pressure vessel
increase leakage rate). Egress| failure.
! may be required. k
ERRRARR 00 ) henpoo 4 ) FLIGHT CREW SUPPORT DIVISION : APOLLO OPERATIONS HANGBOOK
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TO

SUBJECT:

OPTIONAL FORM NO. 10
MAY 1962 EDITION
GSA FPMR (41 CFR) 101-11.6

UNITED STATES GOVERNMENT

Memorandum

See attached list DATE: JAN 25 1967
In reply refer to:
CF/Chief, Flight Crew Support Division CF323-TM-29

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.

Warr;n ‘?erth

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

S/C 012 CHECKLIST ERROR CODES
OCDU DRIVE PROBLEM

OPTICS DRIVE PROBLEM

OPTICS ZERO ENCODE PROBLEM
ACCELEROMETER FATL (ISS LOOP)
IMU FAIL

TUMBLED IMU

LARGE IMU ALIGNMENT ERRORS
CDU FAIL LIGHT ON

ABNORMAL FDAI ATT ERROR NEEDLES IN G&N ATT
SUSPECTED AGC PROBLEM

COMP FAIL LIGHT ILLUMINATES (MDC)

SYMPTOM
NUMBER

STEP

PAGE

2

8

10

10

il

12




SYMPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

S/C 012 Check List
Error Code

00101

00102

00104

00105

00106

00107

00110

00112

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
manuvally.

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. If

rejection of an accepted mark is

desired, go back to POO and
start over.

Depress Error Reset and continue.

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 requested|

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
angles.
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SYMPTOM

NEXT

ST PROCEDURE
EP U STEP REMARKS FAILURE
00122 Depress Error Reset. Re-enter Only one mark made for unknown
program and make 2 marks or landmark.
select a known landmark.
00123 Depress Error Reset. Re-enter Mark data unavailable after
program and try again. restart.
00201 Depress Error Reset. Wait until IMU Mode changed from Zero
zero encoder light off. Reselect FEncode before end of 35 sec.
Zero Encode Mode and wait until delay.
zero encode light off again.
00202 Depress Error Reset. Check Computer unable to
switches. achieve desired mode
00203 Depress Error Reset. Check IMU No IMU mode indicated to
status. computer.
00204 Depress Error Reset. Select IMU mode changed with transfer
switch configuration to avoid switch at COMPUTER, but
this situation. computer did not command the
change.
00205 Depress Error Reset. See PIPA Excessive accelero-
failure malfunction procedures. meter output
(Entrance to POO is enabled by (218.5 g's)
the alarm.)
00310 Depress Error Reset and Error return from
continue (cautiously) routine.
00401 Depress Error Reset and continue Desired gimbal angles yield

or realign if desired.

gimbal lock.
(MGA =Z60°)
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SYMPTOM STEP PROCEDURE g;:; REMARKS FAILURE

00402 Depress Error Reset. Maneuver Star out of FOV.

vehicle to obtain stars.
Reselect program.

00405 Depress Error Reset. Select pro- SCS Mode not in desired state.

per mode. If no SCS monitor
desired (wasn't disabled by V33E
at the proper time), key
V21NO1E 730E 77776E.

00412 Depress Error Reset. Reselect Time and longitude too far

program and change associated apart.
time by 15 min. or more.
01101 Depress Error Reset. Check Rupt 2 (not expected,
with ground. not wired) Hardware
suspect

01102 Record R2 and R3 contents. AGC self-test error.

Relay to ground. Depress Use computer with
Error Reset. caution.

01103 Depress Error Reset. 1.0 Forbidden step
executed (by
coumputer). Use
computer with
caution.

01104 Record DSKY display. Depress C-relay failed

Error Reset. Relay information during test.
to ground.

01201 Depress Error Reset. 1.0 No VAC areas
available. TUse
computer with
caution.

ya %
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SYMPTOM STEP PROCEDURE :52: REMARKS FAILURE

01202 Depress Error Reset. 1.0 No correct areas
available. Use
computer with
caution.

01203 Depress Error Reset. T Waitlist overflow

01204 Depress Error Reset. 1.0 Task couldn'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.

a
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NEXT

SYMPTOM STEP PROCEDURE STEP REMARKS FAILURE
01401 Depress Error Reset. Select POO Thrust misalignment exceeds 90°|
and troubleshoot for poor align-
ment, control system problem
etc.
01405 Depress Error Reset. Return to Less than 5 min. to ignitionm.
prethrust program via POO and
try again.
01406 Depress Error Reset. Select POO Error return from maneuver This alarm may
and reselect prethrust prograu. to ignition attitude. indicate transient
computer error.
01407 Depress Error Reset. Similar Commanded CDUZ exceeds 60°.
to pattern 00401.
01410 Depress Error Reset. Reselect Entry conditions not
P32 through POO. Change input computable.
parameters.
01411 Depress Error Reset. Reselect Target latitude exceeds declina-
P32 through POO. Change tion of orbit.
latitude of target. If target
beyond max. declination is
desired, select latitude in
P32 to avoid 01411 alarm.
Reselect desired latitude in
P62.
01421 Go to SCS entry procedures. Avg. g not running for entry.
(Not likely)
01426 Depress Error Reset. Avoid IMU orientation not

roll into gimbal lock.

satisfactory for entry
(Computer waits 5 sec and
proceeds)

FLIGHT CREW SUPPORT DIVISION
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)

SYMPTOM STEP PROCEDURE ';gg REMARKS FAILURE
01427 Depress Error Reset. Add 180° IMU orientation reversed for
to backup bank angle charts. entry (Computer waits 5 sec
O deg. roll is 1lift down. and proceeds.
01430 Depress Error Reset. CM/SM sep. discrete present Since spacecraft
Report condition to ground. with major mode not 11 or 62. not wired for this
discrete, appearance
of this alarm
implies computer
transient error.
01431 Depress Error Reset. SIVB sep. discrete present with| Since spacecraft
Report condition to ground. major mode not 11 or 12, not wired for this
discrete, appearance
of this alarm
implies computer
transient error.
01501 Depress Error Reset 1.0 |Internal display system alarm.
1.0 | Allow program to continue
a. POO displayed Ll
b. POO not displayed 1.2
c. Repeated aborts 1.%
1.1 | Reselect program, try again
1.2 Program is attempting to start
again at an appropriate point
1.3 | Key V36E (Fresh Start).
Reinitialize erasable memory.
PREPARED BY: /727‘ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
7 T GUIDANCE AND NAVIGATION 5/C 010 REV FINAL
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NORTH AMERICAN AVIATION, INC.

MANUALLY COMMAND
TO ZERO (V24N57EEE)

1. PULL OPTICS CB'S ON

MDC 22 TO STOP CDU

2. USE MECHANICAL DRIVES

SYMPTOMS TROUBLE SHOOTING PROCEDURES CONCLUSIONS
PROBLEM SUSPECTED 0]
1. COMMAND ZERO OPTICS i
e PROBLEM S
lrgogu S 2. VERIFY ZERO ENCODERNSSS NO ZERO A g By o
LIGHT COMES ON AND GOES OUT | ENCODERLIGHT
%, o0y B p————@»{ 3. SELECT OPTICS MANUAL
" PROBLEM LS
et L. SELECT TELESCOPE STAR
" PROBLEM i
3. OPTICS ZERO
ENCODE PROBLEM
=
0CDU'S DRIVING [TES -I 0CDU FAILURE ®
;".‘IL%C""S CONTINUOUSLY?
2. ocDu o DRIVE
3. AGC OR OCDU ‘
ENCODER

5. SEXTANT DRIVE

ARE OCDU'S ZERO

]NO |

!

CALL UP DISPLAY ON
DSKY OF OCDU ANGLES
(V16N55E)

ARE DSKY R1 & R2
ZERO?

OCDU FAILURE 1®_L_.

NO AGC

!’ES‘

PROBLEM

@

DRIVE OPTICS IN SHAFT
AND TRUNNION

[

DO OCDU'S DRIVE?

YES

No | CHANGE CONTROLLER MODE]
f_. SWITCH OR
SPEED SWITCH

USE MECHANICAL
DRIVES

MANUALLY COMMAND
OCDU AGC REGISTERS
TO ZERO (V2LN57EEE)

CONTROLLER [~

DO OCDU'S DRIVE? ~

ES

USE OPERATIONAL MODE

Ilm:s DSKY DISPIAY FOLLOW OCDU'S? |N0 >

YES

AGC OR 0CDU ENCODER
PROBLEM

®

E

PERFORM BACKUP
ALIGNMENTS ONLY

o |

DOES TELESCOPE FOLLOW

NO

YES

TELESCOPE DRIVE

DOES SEXTANT FOLLOW

L S

‘n:s

PROBLEM
SEXTANT DRIVE ®

—
PROBLEM

SYSTEM LOOKS
GOOD

}—Q——-—*I USE MECHANICAL DRIVES

USE TELESCOPE FOR
SIGHTINGS

(@ SPACE and INFORMATION BYSTEMS DIVISION
g

CORRECTIVE ACTIONS -

MISSION
SUPPORT
TM POINTS

CG 3102 V SXT TRUN MOTOR

DRIVE IN PHASE
CG 3112 V SXT SHAFT MOTOR
DRIVE IN PHASE

CG 3133 V SCT. TRUN MOTOR
DRIVE

TRUN CDU 16X RES.
ERROR IN PHASE

CG 31 V

CG 3200 V TRUN CDU MOTOR

DRIVE IN PHASE

CG 3220 V SHAFT CDU MOTOR

DRIVE IN PHASE

G&N Optics Loop Check



CORRECTIVE ACTIONS

DATE:

Jan 27, 1967

GUIDANCE AND NAVIGATION
MALFUNCTION PROCEDURES

/
/
SYMPTOMS TROUBLE SHOOTING PROCEDURES CONCLUSIONS
A — 1. PIPA FAILURE
SUSPECTE L 2. TUSE OF G&N FOR
IN ISS LooP IS THE ACCEL YES SRR ST RS TVC CONTROL IS €
FAIL LIGHT ON =—={ EASHRENENT LOST
1. ACCEL FAIL (c/L P. 9-16)
2, IMU FAIL
3. TUMBLED IMU O o
4. LARGE IMU ALIGNMENT
ERRORS YES
DO MEASURED & PRESENT
BIAS TERMS DIFFER MORE X0 AGC FAIL
THAN +/- MONITOR ®
PROBLEM
A IS THE IMU STABLE NORMAL
REALIGN IMU Eater
IS THE IMU FAIL YES | (OBSERVE FDAI IN A ol AND TOOK FOR DRIFTS g%% FAILURE @
LIGHT ON G&N MODE, S/C RATES | YES | LARGE DRIFTS ECT PROBLEM
DAMPED)
NO
‘ NO LARGE
[ HAS IMU TUMBLED | YES DRIFTS
& UNSTABLE | V37ES1E
%0 (IMU FAIL LIGHT INHIBITED
BY AGC DURING COARSE ALIGN
MODE) [ CHECK WITH GROUND FOR ®
MAX TIME ALLOWED
IMU DRIFTS YES BETWEEN ALIGNMENTS
BEYOND LIMITS
BETWEEN FINE
ALIGNMENTS DID IMU CAGE AT 0, 0, O NO
(FDAI NAV SYMBOL)
{ms
PRESS ENTER
(IMU FAIL LIGHT MAY COME ON
AFTER COMPLETION OF COARSE
ALIGN MODE, BUT WILL GO OUT
IN A FEW SECONDS IF STAB
LOOP IS NORMAL)
IS THE IMU STABLE & NO_ ty37m00E _.‘ IMU STAB LOOP FAILURE |©
THE IMU FAIL LIGHT OUT V37EOBE
(G&N POWER DOWN)
YES
3
COMPLETE P51 GYROS MAY HAVE BEEN
(IMU ORIENTATION DETERMINATION) ={ DAMAGED @
MONITOR IMU FOR
LARGE DRIFTS
PREPARED IVA FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK

LOSS OF G&N AV AND AUTOMATIC
ENTRY CAPABILITIES. IMU MAY
BE ALIGNED AND USED AS ATTITUDE
REFERENCE.

NO MISSION IMPACT

NO MISSION IMPACT

PERFORM ADDITIONAL EXTERNAL
CHECKS ON S/C ATTITUDE FOR
AV MANEUVERS

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

PERFORM ADDITIONAL EXTERNAL

CHECKS ON S/C ATTITUDE FOR
AV MANEUVERS

MISSION SUPPORT TM POINTS

S/C 012

Jrev FINAL

section 9,1.1.1 JrAce

9

CG
CG
CG
CG
CG
CG
CG
CG
CG
CcG
CG
CG
CG
CG
CG
CG
CcG
CG
CG
CG
CG
CG
CG
CG
CG

6000 IMU PRESSURE

2300 PIPA TEMP

2301 IRIG TEMP

2302 IMU HEATER CURRENT

2303 IUM BLOWER CURRENT

1101 -28 VDC SUPPLY

0001 COMPUTER DIGITAL DATA

1503 IMU +28 VDC OPERATE

5000 PIPA FAIL

5001 IMU PAIL

2110 1GA TORQUE MOTOR IMFUT

2112 1GA 1X RESOLVER OUT SINE IN PHASE
2113 1GA 1X RESOLVER OUT COS IN PHASE
2142 MGA 1X RESOLVER OUT SINE IN PHASE
2143 MGA 1X RESOLVER OUT COS IN PHASE
2172 O0GA 1X RESOLVER OUT SINE IN PHASE
2173 OGA 1X RESOLVER OUT COS IN PHASE
2117 1GA SERVO ERROR IN PHASE

2140 MGA TORQUE MOTOR INPUT

2147 MGA SERVO ERROR IN PHASE

2170 O0GA TORQUE MOTOR INFUT

2177 OGA SERVO ERROR IN PHASE

2206 1GA CDU 1X RES. ERROR IN PHASE
2236 MGA CDU 1X RES. ERROR IN PHASE
2266 0GA CDU 1X RES. ERROR IN PHASE

®

IMU Operations Check



/
NORTH AMERICAN AVIATION, INC. | ( N\ SPACE and INFORMATION SYSTEMS DIVISION

CONCLUSIONS

AR

CORRECTIVE ACTIONS

=~ OWn Fw o

V3TEOOE
AME - MONITOR
COMMAND ICDU ZERO ENCODE (VAON2OE)

? YES

CALL ICDU ANGIES (V16N20E)
VERIFY DSKY DISPLIAYS GO TO ZERO

—]

DID THE DSKY DISPLAYS| M®
GO TO ZERO

VERIFY ZERO ENCODE LIGHT OUT

VERIFY ISS FINE ALIGN LIGHT ON

oGO TO IMU OPERATIONS
|carck (P. 27)

I= =|' CDU ENCODER PROBLEM I@

BE=E |0

CDU DRIVE OR

[

€]

FDAT PROBLEM

SROBTEN > (PITCH - TN OR

©}

FIXED RESOLVER)

CDU DRIVE TO COMMANDED

awcizs (0,0,0)

f AGc/cou

mom.n(@

NO
’—"ARB CDU's DRIVING? (
TES

TES

B

PROBLEM

E

YES, SYSTEMS LOOKS GOOD ]

P-00 ON DSKY
STOP CDU DRIVE @
)

V3TEOOE

~3

1 Attitude error indicator abnormal.
No auto G&N modes available.
IMU useful as an attitude reference only.

2 DNo auto G&N modes available.
IMU useful as an attitude reference only.

MISSION SUPPORT TM POINTS

:
3
:
]
:

11
1131
g

ggaKKEEER
EERBE

@

G&H ICDU Loop Check
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SYMPTOMS

TROUBLESHOOTING PROCEDURES

AGC POWER FAIL LIGHT

SYSPECTED AGC
PROBLEM

IS AGC POWER FATI)

YES IS ALWAYS ON IN STANDBY

) IS DSKY I

_CONCLUSIONS

LIGHT ON IN IEB? |

IS THE COMP

OPERABLE?

YES

vJ] AGC FAILURE —I @)

FAIL LIGHT ON?
NO

WAS PROBLEM A YES

REPEAT TASK IN

| FAILURE DETECTION o

ORBITAL PARAMETERS
NOT CORRECT [

COMPUTATIONAL > WHICH PROBLEM
ERROR? OCCURRED
ERROR STILL
NO ¥ PRESENT

VERIFY THAT REFSMVAT,
T EPHEMERIS, AND THE
STATE VECTOR GOOD BY
COMMANDING AGC TO
COMPUTE ORBITAL
PARAMETERS (V37EOOE,
VELE)

NO REPEAT - NOTE
OCCURRENCE

o o 10 ace PaTL J

| INDICATOR CHECKS

CHECKS G00D

4_1J COMPUTER PROBLEM J 6

SYSPECTED

COMPUTER PROBLEM -

ORTHOGONALIZE REFSMMAT,
(c/T P. 9-23) AND OBTAIN
NEW T EPHEMERIS AND
STATE VECTOR;

NO REPEAT OF PROBLEM

o CHECK WITH
GROUND @

ORIGINAL STATE

REPEAT VELE

PROBLEM
STILL PRESENT

VECTOR OR
o REFSMMAT ©
INCORRECT

PERFORM AGC SELF CHECK | COMPUTER PROBLEM - ®
/ -
(c/L B. 9-15) PROBLENM CHECK WITH GROUND
NOTED
NO PROBLEM
o] INFORM GROUND J®
OF AGC STATUS
b
IS ONE DSKY YES PERFORM DSKY TEST [ OBSERVE OTHER DSKY
DISPLAY (c/L P. 9-15 IF NECESSARY
ABNORMAL
¥ NO
AGC G&N MODING PERFORM C RE]);AY TEST MODE SYSTEM MANUALLY,
APPEAR INCORRECT) (c/L P. 9-14 IF POSSIBLE -
PROBLEM
NOTED CHECK WITH GROUND
PREPARED 8Y:  [J/A FLIGHT CREW SUPPORT DIVISION

DATE:

2 Ll
MSC Form 460 (Rev Dec 68)

Jan 27, 1967

MALFUNCTION PROCEDURES

CORRECTIVE ACTIONS

LAUNCH - NO ACTION UNTIL SAFE
ORBIT INJECTION

ALL OTHER

PHASES - AGC INOPERABLE

LAUNCH - NO ACTION UNTIL SAFE
ORBIT INJECTION

ALL OTHER

PHASES - NO IMPACT

COMPUTER APPEARS UNREALIABLE -
USE WITH CAUTION

COMPUTER APPEARS UNREALIABLE FOR
MISSION TASKS

AGC OK - NO MISSION IMPACT

ALL PHASES - COMPUTER APPEARS
UNREALIABLE

PERFORM BACKUP MISSION AS
DIRECTED BY MCC/MSC

MISSION SUPPORT TM POINTS

APOLLO OPERATIONS HANDBOOK

CG 0001 COMPUTER DIGITAL DATA

CG 5030 COMPUTER FAIL LIGHT

A G C Operations Check

GUIDANCE AND NAVIGATION s/c Q12 Jrev

SECTION

9.1.1.%eace 11




LEB FATL
AND PGNS|

LIGHT 1. CHECK FAIL

™1 1. pasrry man [ RESTART 15

GENERATED

1. RUPT LOCK

CONCLUSIONS

FAIL LIGHT Of

vy
CCONTINUOUS
e = |
OB VERB 36. (MISSION FARELT
PHASE MAY
THIS ADDRESS OF PAR] WORD FOUND
Xax 1 srurciece e [ oo momm @
[cin P.9-15)
. BANK WITH
PARITY PROBLEX MO PARITY PROB. FOUND AGC PROBLEM
ke oF PROCEED
WORD WITH PARITY
See Error
OBTAIN ALARK Code List
cone

2. TC TRAP RESTART IS
GENERATED
1. ™ PAIL
[FRESS ERROR HESET) T
1. SCALAR PAIL
FAIL LIGHY
STIL o 15 psEY
OPERARLE

Check AGC clock time
and update if necessary

AGC_FAILURE
[FSITOR PATLORE. PROCERD)

15 Acc TDE S

comcr [ ®

(V16M16E)

NORTH AMERICAN AVIATION. INC.

—COBRECTIVE ACTIONS

USE COMPUTER WITH CAUTION

MANUAL UPLOAD NECESSARY

MO UP OR DOWNLINK AVAIL-
ABLE FROM AGC. USE VOICE
COORDINATION

FAIL USE COMPUTER WITH CAUTION
PROBABLE LOSS OF PLATFORM
OCDU/AGC PINE ALIGH AND NAVIGATION
CAPABTLITY
S S
A
. PIPA/AGC @ BAD OR QUESTIONABLE
PROBLEM DATA
»
[Frepares Bvs 274 1] FLIBHT CREW SUPPORT DIVISION APOLLO OPERATIONS H,

DATE,

Jan 27, 1967

GUIDANCE AND NAVIGATION
MALFUNCTION PROCEDURES

———
BOOK

SPACE and INFORMATION SYSTEMS DIVISION

MISSION SUPPORT TM POINTS

G 5020 AGC ALARN 1 (PROGRAN)

G 5021 AGC ALARM 2 (AGC ACTIVITY)
G 5022 AGC ALARM 3 (TX

G 5023 AGC ALARM 4 (PROG. CHK. PAIL)
CG 502 AGC ALARM 5 (SCALAR FAIL)
G 5025 AGC ALARM 6 (PARITY FAIL)
0G 5026 AGC ALARM 7 (COUNTER PAIL)
G 5028 AGC ALARN 9 (RUPT. 10CX)
06 5029 AGC ALARM 10(TC TRAP)

O 0001 COMPUTER DIGITAL DATA

06 1110 2.5 VOC BIAS

s/c_012 Jrev FINAL

SEcTion 9,1.1.1 |nc: 12

LS
MSC Form 460 (Rev Dec 86)

AGC Fail Indicator Checks

N



PROCEDURES ENTRY SHEET

SECTION 9.1.1.2
SCS MALFUNCTION PROCEDURES

SYMPTOM
FDAT BALL DOESN'T CORRESPOND TO INFUT
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 AV COUNTER
AV COUNTER MOVES AT ONE SPEED ONLY
AV COUNTER IS ERRATIC OR ONE-WAY ONLY
AV COUNTER FATLS TO START COUNTING
THRUST FAILS TO CUT-OFF
THRUST PREMATURELY CUTS-OFF
THRUST FAILS TO INITIATE
GPI HARDOVER
GPT NO RESPONSE

FDAI LIGHTING WON'T ADJUST

SYMPTOM
LETTER

A

B

PAGE



NO

PREPARED BY: 7 FLIGHT CREW SUPPORT DIVISION
%7{ ME Jan 27, 1967
IS THERE IS THE it e LT
SYMPTOM A FDAT BALL DOESN'T mlSTE:VER L i > ®: Zroc: 23 STABILIZATION AND CONTROL T T
r e L
CORRESFOND 10 INEUT COMMAND? YES | MOTION? TES rRUSTING?]  YES MALFUNCTION PROCEDURES — S 2{::5‘ — 2
B0 Proc 22 O
T
ARE THE RATE YES e oGS
NEEDLES AT
NULL? b———— % Proc 12
NO
WAS THE [ 5 Pracon
IS THE VAS A IS THERE ot YES
ST B ERROR NEEDLE AT NULL ATT SET MANEUVER EXTERNAL WITH DIRECT
& NOT MOVING SW - ON? NO COMMAND? [ YES _3MOTION? YO conTRoL ———» Proc 22
NO
YES
[= Jr !
. . co =7 1S THE ._E__; Proc 2
e MANEUVER VEHICLE | =~ 5 pros 10
DEADBAND?
FRROR NEEDLE ERROR NEEDLE b z z
ST B NEE G &N . - NEE ICDU PROB.
IO € DIVERGING & MODE ? (o5 SELECT SCS ATT DIVERGING & GO TO G &
0SCILLATING OSCILLATING? PROCED
lr;o lms
Proc 20 Proc 20
CHECK ERROR
[ERROR NEEDLE IS IT A MONITOR YES IS THE FDAI BALL| YES DISPLAY ERROR Proc 3
PIMETON D STEADY DEFLECT MODE? NULL? ——— Proc 12 S0 OB ORIGINAL || s o mysioesinits (Broe 12) DISTLAY
OUT OF DEADBAND g NO ATTITUDE? o) GOO0D
NO
IS THE RATE IS THERE lﬁ_q. Proc 10 WAS A G & N [vgs Proc 22
NEEDLE AT NULL? [ YES  |EXTERNAL MOTION?| MANEUVER
. N0 COMMANDED? [Jo * Proc 2
.
> 1. SCS CHANNEL SWS (4) - OFF, —=—> Proc 12
WAS A S 17 A& 2. VTOE B8
UL T . DIRECT RCS - ON
e o s S o Pl
COMMANDED? —N_O——) Proc 12 MANEUVER J ' 5. SCS CHANNEL SWS (4) - ON " 5
i 6. DO RATES BUILD UP? Ima =2
YES YES YES
IS THE IS THE MANEUVER Proo 54
SPS ON? DIRECT ULLAGE? | YES =
SYMPTOM E IS THERE EXTERNAL ol T. RAC-NEUTRAL  |=m=—> Proc 12
MOTION? YES 2. DO RATES BUILD
NO UP? Mo > Proc 21
NO
IS IT THE
1. SCS CHANNEL SWS - OFF
s s OFF
P 221115 TES rroc 8 2. DIRECT RCS - ON s T 2R
b i 3. NULL RATES :
Bk e Pres 23 4. THC - NEUTRAL
NEEDLE? | N 5. SCS CHANNEL SWS - ON [ Proc 10
%

DO RATES BUILD UP?




RATE NEEDLE REMAINS

SYMPTOM F AT ZERO

IS THE ERROR NEEDLE
DIVERGING AND
OSCILLATING?

WAS A

Proc 20

P|MANEUVER
COMMAND?

lNO

Prog: 1

NO

IS THERE EXTERNAL

MOTION?

YES

Proc 1

NO

WAS THE

| MANEUVER
WITH DIRECT
CONTROL

p——— Proc 21
YES

—————> Proc 22

NO

WHAT ARE

OSCILLATING

OSCILLATING RATE

SYMPTOM G NEEDLE

& DIVERGING

OSCILLATING

Proc 20

ABOUT DEADBAND

Proc 12

SYMPTOM H Proc 5 -

AV COUNTER
DRIFTS

SYMPTOM I

RUNAWAY Prgé
AV _COUNTER

AV COUNTER
MOVES AT ONE
SPEED ONLY

SYMPTOM J —————>Prog 5 -

AV COUNTER
IS ERRATIC OR
ONE-WAY ONLY

SYMPTOM K ————>Proc 5 -

AV COUNTER
FAILS TO START
COUNTING

SYMPTOM L L Bres 5

THRUST FAILS

SYMPTOM M TO CUT-OFF

f—————>Proc 6 -

SYMPTOM N THRUST PRE- 1.
MATURELY CUTS- |——>Proc

OFF

o
1
=7}

THRUST FAILS
TO INITIATE

SYMPTOM 0 ———Proc 6 -

GPI
HARDOVER

SYMPTOM P Proc 23

SYMPTOM Q Proc 23

GPI
NO RESPONSE

SYMPTOM R Proc 4

FDAI LIGHTING
WON'T ADJUST

PREPARED BY:

oA

1. ALSO CONSIDERS

ECO AT IGNITION

FLIGHT CREW SUPPORT DIVISION

DATE,

Jan 27, 1967
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STABILIZATION AND CONTROL s/c
MALFUNCTION PROCEDURES
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PREPARED BY: (7 FLIGHT CREW SUPPORT DIVISION APOLLD OPERATIONS
- B so g STABILIZATION AND CONTROL e 012 Trev FINAL
24 “Lelh MALFUNCTION PROCEDURES Secion9.1.1.0 race 7
scs 1 PROCEDURE REMARKS
1. FDAT SELF TEST - ON ONE_RATE NEEDLE ! 1. LAUNCH: NO ACTION
2. FDAI SELF TEST - OFF AT NULL OR HARDOVER BALL, ATTITUDE
3. DO THE RATE NEEDLES FRROR INDICATORS, AND PHYSICAL SENSES ARE
RESPOND? ALL RATE NEFDLES DISPLAY ECA ]2 AVATLABLE AS BACKUP RATE CUES. USE DISPLAY
AT NULL TRANSFORMER OR SELF CHECK AFTER INJECTION.
SELF TEST SW
FATLURE MIDCOURSE, A¥'S & ENTRY:
= BALL OR EXTERNAL REFERENCES, ATTITUDE ERROR
ALL RATE NEEDLES DEFECT RATE GYRO |3 INDICATORS, AND/OR PHYSICAL SENSES ARE
4/5 SCALE R-Y RICHT,P UP FATLURE AVATLABLE AS BACKUP RATE CUES. DISREGARD
RATE DISPLAY IN AFFECTED AXTS.
2. ALL PHASES: DISPLAY SELF TEST FUNCTION IS
LOST. USE CROSS CHECK OF BALL OR EXTERNAL
REFERENCES, ATTITUDE ERROR INDICATORS,
AND/OR PHYSICAL SENSES FOR CORRECT RATE
CONTROL RESPONSE FOR REMAINDER OF MISSION.
IF TRANSFORMER FATLED GPT DISPLAY WILL NOT
FUNCTION PROPERLY.
3. TBD
SCS 2
1. ALL PHASES: ATTITUDE SET FUNCTION LOST.
1. GAN/SCS - SCS NO RESPONSE IN ATT SET 1 FDEL AIICNSSTING FUNGEIONAD.
2. AME - ATTITUDE ANY AXTS SW FATLED
3. ATT SET - ON Ga&N ATTITUDE 2 N 23 [CARNGE RO e R S
4. ROTATE ATT SET RESPONSE_CORRECT IN Jcan movE | YES | FRROR DRIVE FAIL MALF i S B B e i
DIALS ALL AXTS ORTGINALLY. e W eabmaa oyt
5. ATT SET - OFF TO BE EXPECTED S R THROTEATOR, CHRCK
6. ATT ERROR NEEDLES CK IS VALID e BRetien
RESPONSE? -

ATTITUDE ERROR
DISPLAY FAIL I

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

BALL RESPOND CORRECTLY?

NO

| THAT AXTS

ATTITUDE SET | 4
INPUT FAIL

MIDCOURSE, & /'S, AND PRE 0.05G 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 0.05G: ROLL COMMAND ANGLE (8) WILL

BE DISPLAYED IN R1 AS LONG AS THE V16N71
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 REMARKS
SCS 3
BALL FIXED OR
GENERAL FOR LAUNCH PHASE: NO ACTION IF BALL
1. ARREST SC MOTION GENERAL
o ATTRETRIATE ALIGNS INCORRECTLY 1. SELECT POO AGCU ELECT | 1 DRIVE IS INCONSISTENT. USE OTHER CUES AND
2. G&N/SCS-SCS AND ATT ERROR NOT NULLED 2.  G8I/SCS-GEN YES FAIL PERFORM TROUBLESHOOTING FOLLOWING INJECTION
— ' 5. AME-ATTITUDE IN ONE OR ALL AXES 3. KEY V16N20E INTO ORBIT.
4. imp ST DIALS- 4. MONITOR DSKY
" RO P32 YO* DISPLAY OF IMU o MIDCOURSE & V'S: USE G&N MODES FOR BALL
5. FDAT ALIGN-ERESS ANGLES = VO ELECT| 2 DISPLAY OR DSKY CALLUP (V16N20E) WHEN SCS
. FDAT BALL RO 5. BALL MOVES TO OR COMMON MODES ARE NEEDED. SCS ATTITUDE DISPLAY IS
e MU ANGLES gﬁi DRIVE LOST FOR THE REST OF THE MISSION.
7. PLACE ATT SET
e ENTRY: USE G&N ENTRY MODE AND DISPLAY AS
PRIMARY PATH. VISUAL "OUT-THE-WINDOW"
ORIENTATION IS AVAILABLE UNTIL POST.O05G
ROLLING ENTRY IS FINAL BACKUP.
e el MIDCOURSE & V'S: USE DSKY DISPLAY (V16N20E)
FAIL :
AND AT SHRORNULLED FOR TOTAL ATTITUDE INDICATION OR READ CDU's
AT LEB.
It
ENTRY: NORMAL ENTRY EXCEPT NO TOTAL ATTITUDE
BALL.
SAME AS 1 EXCEPT THAT THE AGCU DRIVEN BALL
1. SELECT POO cm's G&N BALL |3 DISPLAY IS AVAILABLE AS A RELATIVE INDICATOR
2. G&N/SCS-G&N FOLLOW DRIVE FAIL IF THE LOSS OF RESET CAPABILITY DOES NOT
3. KEY V16N20E MAKE THE MENTAL COORDINATE TRANSFORMATION
BALL ALIGNS CORRECTLY 4. MONITOR DSKY PROBLEM TOO DIFFICULT.
DISPLAY OF
AND ATT ERROR NULLS IMU ANGLES MIDCOURSE: USE SCS MODES FOR BALL DISPLAY OR
5. BALL MOVES DSKY CALLUP (V16N20E). G&N TOTAL ATTITUDE
TO IMU ANGLES , ! DISPLAY IS LOST BUT ALL G&N MODES MAY STILL BE
ICDU FAILURE
6. CHECK CDU'S TSN L 05 10 THIS 4 USED WITHOUT TOTAL ATTITUDE FUNCTIONAL.
FOR FINE ISS FOLLOW CHECK
FOLLOWING. ROUTINE V'S: EITHER G&N OR SCS V'S MAY BE PER-

*THESE VALUES OR THE VALUES FOR THE NEXT MANEUVER MAY BE USED.

PREPARED BY: Cﬂ

FLIGHT CREW SUPPORT DIVISION

DATE:
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Jan 27, 1967

STABILIZATION AND CONTROL s/c012
MALFUNCTION PROCEDURES

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.

APOLLO OPERATIONS HANDBOOK
Rev FINAL

secTion9.1.1.2 |eace 5




SCS 4

PROCEDURES

i. 6B's &C8
GROUP 2
AC1 CLOSE

2. FDAI LTG.
SW - AC 2.

AC1 SW
E;SAA%HI,;LUM YES CONTACT
ADJUSTS ? FAIL
NO
1. G&N/SCS-SCS FDAI I
2. VSW- V YES INTEGRAL
3. FDAI LIG. LIGHTING
SW - AC 1. FATLURE
4. VERIFY V
COUNTER IS
GREATER THAN
ZERO
5. TVC-1-ACl -
6. INJ. PREVLVS AL T,
o Al THRUST PB
is: IERUST Si= XFORMER FAIL
OFF
8. THRUST PB-
PRESS

9. THRUST PB
ILLUMINATES ?

1 ALL PHASES: ADJUST FLOODLIGHTING FOR BEST
ILLUMINATION AND CONTINUE WITH MISSION.

2 ALL PHASES: USE AC-2 SWITCH POSITION FOR
FDAT LIGHTING SWITCH. REVERSE THE TVC
SWITCHING CONVENTION FOR V'S, i.e.,

SCS POWER - AC2

RATE GYROS - AC2
TVC-1 - AC2

BMAG's - AC1

ROTATION CONTROL - AC1
TVC-2 — AC1

G&N LIGHTING - AC2
SPS GUAGING - AC2

3 ALL PHASES: ADJUST FLOODLIGHTING FOR BEST
ILLUMINATION, THRUST ON LIGHT CHECKS NO
LONGER POSSIBLE. CONTINUE WITH MISSION.

PREPARED BY: (2 5, FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
T —— - STABILIZATION AND CONTROL 5/c 012 [rev FINAL
722 SR MALFUNCTION PROCEDURES secTion 9 1.1-2 |race 3




SCS 5

N

TVC 1 PWR - OFF

TVC 1 PR - AC 1 MN A
DOES V COUNTER

STOP DRIFTING

B | LOOP OR AV

of ZLECTRONICS

ACCELEROMETER | 2

SET SW FAIL

OPEN POT OR
BAD CONTACT
ON AV SET
SW

OV COUNTER |4

DRIVE FAIL

IS THRUSTING
IN PROGRESS? i

NO

INHIBIT CKT ||
LATCH UP FAIL

DIRECT ULLAGE —

PUSH (MOMENTARILY)

DOES AV COUNTER
START

NO

4V COUNTER ELEC-
TRONICS DRIVE

FATL

PREPARED BY:  ~or7y/ FLIGHT CREW SUPPORT DIVISION APULLO UPERATIONS
BATE G 27, 1967 STABILIZATION AND CONTROL s/c_012 rev FINAL
724 i MALFUNCTION PROCEDURES SecTion O.1.1.2 JPAcE T

1. USE G&N FCR THRUST MAGNITUDE CONTRCL
2. USE G&N CONTROLLED BURNS

3. USE OTHER THREE DRIVE SPEEDS TO GET PROFPER
COUNTER SETTING

4. USE G&N CONTROLLED BURNS
5 EXT BURN ULLAGE WITH OTHER THC

6. USE G&N CONTROLLED BURNS




FLIGHT CREW SUPPORT DIVISION

APOLLO OPERATIONS HANDBOOK

PREPARED BY: ) |
i DATE, STABILIZATION AND CONTROL s/c012 Rev FINAL |
,;Z ;‘F ; Jan 27, 1967 MALFUNCTION PROCEDURES secrion 0.1.1.2 Jrace A=
SCS 6
[ 1 IS V 50 N 11 G&N MALFUNCTION,
4& | THRUST CONTROL SW-— ggsmﬁggunc BURN YES FLASHING YES AGC DID NOT 1. USE SCS THRUST CONTROL
gek MAGNITUDE? (10 SEC_AFTER SHUTDOWN SEND ENGINE
OFF DISCRETE, 2. TUSE DIRECT ON/OFF OF THRUST CONTROL
0 SW FOR SUBSEQUENT BURNS.
= 3. USE G&N TO CONTROL BURN OR DIRECT
LB TR ON AL ON/OFF OF THRUST ~A7TROL SW FOR
NO ON? 75 FAILURE IN G&N SUBSEQUENT BURNS.
PORTION OF SPS
‘ THRUST CONTROL 4. TUSE DIRECT ON/OFF OF THRUST CONTROL
0 SW FOR SUBSEQUENT BURNS
S THRUST ON L NO THRUST ON DRIVER 2
F one OR LIGIC FAILED ON 5. SPS NON-OPERATIONAL
e 5. G&N THRUST LONTROL LOGIC FAILURE, USE
[ - S5 AUTO ON/OFF | 3 SCS FOR SUBSEQUENT BURNS.
[47, COUNTER SW FATLURE
I_29 7. USE G&N FOR ALL SUBSEQUENT BURNS.
i L. START ULLAGE
B, ISEcOLT| YES |G&NAV? 155 D. FOSM G&N-OVERRIDE/RESET
oN? ROUGH ENGINE
. FCSM G&N - G&N e
‘ L. FCSM SCS-OVERRIDE/| h. IF V50 ™ 11 IS FLASHING 9 3
NO —*  RESET ¢ PPESS LniER
P. FCSM SCS - SCS
. THRUST ON - PUSH
GEN OV L YES P IF V 50 N 11 1s
__FLASHTNG PRESS ENTER
¥ OK. FOR PROGRAM B »{ Ga MALFUNGTTON
— S
FAILURE IN 5CS| 7. gl SO S 0 THRIST ON 7B =P~
THRUST CONTROL LODRS e
L. _ LOGIC
c cen | yes [ISVSI NI IS THRUST ON 1. THRUST ON PB - o |1 THRUST CONTROL sw
a4y * FLASHING? LT ON? PRESS es DIRECT ON
[ _| =] N0 b, IGNITION OCCURS™S ‘
IYES
NO ’_J»&I G&N THRUST T
.DIRECT ULLAGH CONTROL LOGIC
G 7
| G&N MALF PB-PRESS — FAILED CONTROL
{MOMENTARILY) LOGIC
P+ LGIITION YES ,INO ULLAGE FAILED
_QCCLRS” DISCRETE FROM THC
THRUST CONTROL
! SW FATLED
-



MIVC CHECK

V SWITCH - ON

ROTATE TRANSLATION CONTROL CE
ROTATE ROTATION CONTROL POSITIVE
THEN NEG. IN PITCH

ROTATE ROTATION CONTROL POSITIVE
THEN NEG. IN YAW
AV SWITCH - OFF

RETURN TRANSLATION CONTROL TO

N

VTSN

7.

GPI MOVEMENT FOLLOWS

TVC #1 CHECK
GIMBAL MOTORS PITCH #2 &
TAW #2 - OFF
GIMBAL MOTORS PITCH #1 -

START/ON

GIMBAL MOTORS YAW #1 - START/ON
AV sw - ON

Verify C&W GIMBAL FAIL LT OFF
CHANGE PITCH TRIM POSITIVE
THEN NEGATIVE

CHANGE YAW TRIM POSITIVE THEN
NEGATIVE

GPT MOVEMENT FOLLOWS TRIM AND

Cé&W GIMBAL FAIL LIGHT OFF

PERFORM MTVC CHECK

5es 7 TVC #2 CHECK
1. TVC #1 SWITCH - AC #1 1
2. TVC #2 SWITCH - AC #2 2
3. START PITCH #2 GIMBAL MOTOR 5
2. START YAW #2 GIMBAL MOTGR
5. CHANGE PITCH TRIM POSITIVE 4.
THEN NEGATIVE
6. CHANGE YAW TRIM POSITIVE >
THEN NEGATIVE 6
CENTER
GPI MOVEMENT
FOLLOWS TRIM
AND RC COMMANDS
PERFORM AT SELECTION
S

TVC # 2 CHECK

GPI MOVEMENT AWAY

NO GPI MOVEMENT

TRIM AND RC COMMANDS

AT SELECTION

PERFORM TVC #1 CHECK
‘L_GPI MOVEMENT FOLLOWS TRIM AND

NORMAL OPERATION

C&W GIMBAL FAIL LIGHT ON

NO _GPI MOVEMENT AND C&W

‘iGD’J:BAL #1 FAIL i'

T
|_GPT MOVEMENT AWAY FROM TRIM '—#1 CLUTCH FALL 2

GIMBAL FAIL LIGHT ON

GPT MOVEMENT AWAY FROM TRIM

’] TVC #1 AUTO FAIL l-’

>} MIVC TRIM FAIL |

WITH RC COMMANDS

GPI MOVEMENT FOLLOWS

J,| MIVC FAIL £

FROM TRIM

NO_GPI MOVEMENT

PERFORM MTVC CHECK

ROTATION CONTROL

GPT MOVEMENT AWAY FROM TRIM

6
TVC TRIM FAIL

WITH RC COMMANDS

TEeme . ar

FLIGHT CREW SUPPORT DIVISION

GPI MOVEMENT FOLLOWS

GPI MOVEMENT FOLLOWS TRIM

7
4=|l #2 CLUTCH FAIL I

PERFORM

PERFORM MTVC CHECK

ROTATION CONTROL

NO GPI MOVEMENT

TVC #1 CHECK NO GPI MOVEMENT

J L
»{ AUTO TRANSFER FATL |

g

GPI MOVEMENT FOLLOWS TRIM

é{’g’ DATE: Jan 27, 1967

STABILIZATION AND CONTROL
MALFUNCTION PROCEDURES

FOR RC INFUTS

»| TVC AUTO INPUT FAIL]‘

PERFORM TVC #1 CHECK

NO TELEMETRY
MOVEMENT

TELEMETRY CHECK

VERIFY GIMBAL MOVEMENT
BY TELEMETRY AND VOICE
COMMUNICATIONS

NO TELEMETRY MOVEMENT

J TRaNSFER RELAY FAIL OR|'
| Tve #2 FATL

TELEMETRY MOVEMENT FOLLOWS TRIM _GPI FAIL (]
OR ROTATION CONTROL IN TVC #1,

MIVC, & TVC #2 CHECKS

APOLLO OPERATIONS

5/¢012

secTion 9.1.1.2 |race 9

—=|| ACTUATOR FAIL ]"

\



PREPARED BY: df/ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
%, oaTEs STABILIZATION AND CONTROL 75012 Tsev_FIVAL
fﬂ Jan 27, 1967 MALFUNCTION PROCEDURES Secrion 0.1.1.0 |race 10
scs 8 PROCEDURE REMARKS

SCS CHANNEL ROLL (2) - OFF
DIRECT RCS - ON e

MANUALLY CONTROL ROLL ATTITUDE
IS THE VEHICLE STABLE?

e

. THRUST CONTROL SW - OFF

2. SELECT SCS ATT HOLD
EXCEPT: LIMIT CYCLE - OFF

3. MONITOR FOR OTHER SYMPTOMS

0o




FREARED B gy

FLIGHT CREW SUPPORT DIVISION

e
D

DATE:

Jan 27,

STABILIZATION AND CONTROL

APOLLO OPERATIONS
$7€012 Jrev FINAL
section 9.1,1.2 Jrace i}

MALFUNCTION PROCEDURES

FROCEDURE

REMARKS

DITAG
FALLED

50S_MOnj]
1. THE VEHICLE DRIFTS | yuo *|  oomn
OUT OF THE ATTITUDE (== =
DEADBAND IN ONE AXIS s R M
- _| s FoNCTION
2. CHECK ATTITUDE ERROR | GaN Mol 248
NEEDLES AT NULL? '—l —==—"-%| PROCEDURES
1. THC- C.W.

2. 8CS - RCS CIRCUIT BREAKERS

IN THE AFFECTED AXIS--

NO

PUET SOLENOID

CLOSED

DRIVER

USING PROPORTIONAL CONTRO!
CAN THE VEHICLE BE
STABILIZED?

3. NULL ERKOk NEEDLES
4. THC - NEUTRAL
5. DPES THF VEHICLE DRIFT
OUT OF THE DEADBAND?
o YES = Z NO
1. ATTITUDE IMPULSE
ENABLE ON
2. EXERCISE IMPULSE
CONTROLLER MBS
3. DOES VEHICLE
FSPOIID?

YES

1. G&N SCS TO OTHER MODE
2. DOES THE VEHICLE DRIFT
OUT OF THE DEADBAND ~

NO

WAS THI
MODE G&N ATT O
CONTROL?

G&N ATTITUDE
DEMODULATOR
[FAITED OPEN

ORIGINAI

SCS ATTITUDE
DEMODULATOR
FAILED OPEN

ATTITUDE
ERROR
AMPLIFIER

FAT1LED OPEN

o

BMAG OPEN.

LAUNCH - NOT DETECTABLE

ALL OTHER PHASES - SCS AUTO. CONTROL LOST IN ONE AXIS.
G&N, DIRECT & PROPORTIONAL CONTROL ALL
REMAIN. SCS V, MIVC (IF FAILURE IN
PITCH OR YAW) & SCS ATTITUDE ARE LOST.

. 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 2
% 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)

SWITCHING 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.

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.

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 MI'VC FOR BURNS AND
MANUAL G&N FOR ENTRY. SCS ATTITUDE FOR
ATTITUDE HOLD.

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. SCS V (IF FAILURE IS
PITCH OR YAW) AND SCS ATTITUDE ARE LOST.

ATTITUDE ERROR AMPLIFIER OPEN

LAUNCH - NOT DETECTABLE

ALL OTHER PHASES - AUTO CONTROL FROM EITHER G&N OR SCS
HOLD SIGNALS LOST IN THIS AXIS.
DIRECT RCS CONTROL AND MINIMUM IMPULSE
CONTROL ARE THE ONLY REMAINING RCS
CONTROL PATHS FOR THE AFFECTED AXIS.
USE MIVC IF PITCH OR YAW.



scs12 (a)

PROCEDURE

REMARKS:

See Page 13a

1. SCS CHANNEL (4) - OFF

NO

2. ARE THE RATES INCREASING?

(CONTINUFD ON
SCS - 12 B)

1. DIRECT RCS - ON

RATE NEEDLE NOT AT NULL

2. NULL RATES

ATTITUDE ERROR NEEDLES HARDOVER: RATE NEEDLES AT NULL

3. G&N/SCS - SCS
4. AME-ATTITUDE

RATE NEEDLES
AT NULL

SN

1. ¢/B SCS PITCH (YAW, ROLL)

MNA OR MNB-OPEN

. ROT. CONT. PWR - OFF

. THC - C.W.

. SCS CHANNEL PITCH (YAW, ROLL (2)
-ON (SCS CHANNEL PITCH (YAW,
ROLL (2)-OFF AND STABILIZE S/C

5. IF NECESSARY)

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

ONLY 1 C/B CAUSES RATE INCREASE

RATE GYRO FAILURE |
[JEMAC LOOP FAILURE J*

RATES INCREASE WITH

NO RATE
INCREASE

T. VERIFY C/B 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)-OFF AND STABILIZE S/C
IF NECESSARY)

DID THE RATES INCREASE?

MORE THAN 1 C/B COMBINATIOE'

VERIFY LIMIT CYCLE-OFF
. SCS CHANNEL PITCH (YAW,
ROLL (2)-ON/OFF(STABILIZE

S/C IF NECESSARY)

. DO RATES INCREASE?

[JET DRIVER FAILED ON I’
—

N0

é
JPSEUDO RATE FAILEDI

—r

. THC-NEUTRAL
. C/B SCS GROUP 1

MN A=-OPEN

SCS CHANNEL PITCH
(Yaw, ROLL (2))-0M
(SCS CHANNEL PITCH
(YAW,ROLL (2))-OFH
AND STABILIZE S/C
IF NECESSARY)

RATES INCREASE JONE TRANSLATION
WITH ONLY ONE | CONTROL FAILED
c/B ON

RATES INCREASE| FAILURE IN

4. REPEAT STEPS 1
THRU 3 FOR

GROUP 1 MN B C/B
5. SCS PARTIAL PWR

AFFECTED BUS

RATE GYRO TO NON-|

CONTROL ELEC-
TRONICS (RATE
DEMODULATOR , RATE
ERROR AMPLIFTER,
TOTAL ERROR
AMPLIFIER, OR
SWITCHING AMP-

WITH BOTH C/B

&

LIFIER

3.

ILIZE S/C IF NECESSARY)
DID THE RATES INCREASE?

PREPARED BY:

MODE SCS?

YES ONE RHC FAILED ISOLATION]’
PROCEDURE T.B.D.
NO 1. AME-MONITOR .
s ey YES o ATTITUDE FRROR AMPLIFIER FAII;ED oN ]
(SCS CHANNEL PITCH (YAW, NOof WAS THE [ BMAG DEMODULATOR FATLED ON |
ROLL (2) - OFF AND STAB- ORIGINAL . SELECT P00

2. ATT ERROR
NEEDLES AT NULL

NN

NECESSARY

G&N/SCSEN

. AME-ATTITUDE

. SCS CHANNEL PITCH
(YAW,ROLL(2) )-OFF
AND STABILIZE S/C IF

4. DID RATES INCREASE?

| N0 GO TO G&N MALF PROCEDURE |

r0
&4 G&N ATT DEMOD FAILED J

Mn:/ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
Al oATE, - STABILIZATION AND CONTROL 5/c 012 Trev FINAL
e Janiely taaf MALFUNCTION PROCEDURES Secrion 9.1.1.2 [rhce 12
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NO 4l GO TO G&N MALFUNCTION PROCEDURE ]K



scs 12 (B)

PREPARED

BY: Va2 FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS
T OATE: L on 27, 1967 STABILIZATION AND CONTROL $/¢Q12 rev PINAL
X alE MALFUNCTION PROCEDURES secTion 9.1.1.2 [rAce 13
"
1. VERIFY DIRECT RCS - OFF NO 1. SCS CHANNEL (4)-ON YES 1. C/B SCS DIRECT CONT MNB - OPEN RHC #2 FAILED ON
2. ARE RATES INCREASING? 2. NULL RATES 2. C/B SCS DIRECT CONT MNA - CLOSED (DIRECT)
3. C/B SCS DIRECT CONT MNA - OPEN
4. DIRECT RCS - ON/OFF NO "
YES o RHC #1 FAILED ON
5. DID THE RATES INCREASE? ‘il (DIRECT)
IF DESIRED DIRECT
CS-ON AND STABILIZE RATES
1. C/B SCS DIRECT CONT 1. SCS CHANNEL (4) - ON YES o 1. C/B SCS DIRECT CONT MNA - OPEN DIRECT ULLAGE
MNA & MNB - OPEN NO 2. NULL RATES 2. C/B SCS DIRECT CONT MNB - CLOSED SWITCH FAILED
2. DO THE RATES INCREASE? 3. C/B SCS DIRECT CONT MNA-CLOSED | no
4. DO THE RATES INCREASE?

YES

1. C/B SCS GROUP 2 MNA & MNB -
OPEN
2. DO THE RATES INCREASE?

NO o

1. SCS CHANNEL (4) - ON
2. NULL RATES

C/B SCS GROUP 2 MNA - OPEN

C/B SCS GROUP 2 MNB - CLOSED '

| YES
3. C/B SCS GROUP 2 MNA-CLOSED BMAG PWR - AC2

4. DO THE RATES INCREASE?

NO

IBMAGPWR-ACl L

CMD PILOT ROTATION
CONTROL BREAKOUT

SW SHORTED TO DIRECT
SWS

PILOT ROTATION |

CONTROL BREAKOUT
SW SHORTED TO
DIRECT SWS

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

2. REPEAT STEP 1 UNTIL RATES

STOP

3. S/MRCS 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'S AND LIMIT CYCLE SWITCH. FOR MANEUVERS, PLACE THE BMAG'S TO
BACKUP RATE OR USE DIRECT AUTO CONTROL IN ALL THREE AXES. 1IN 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 MIVC ARE STILL OPERATIONAL., IN THESE MODES THE RATE GYROS WOULD BE ON WITH
BACKUP RATE SELECTED IN THE AXIS AFFECTED.
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.

ENTRY

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.
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.

ENTRY

3 DRIVER FATLED 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 (1E: FOR AN MNA BREAKER SET UP FOR AN
AUTOMATIC "B" SYSTEM ENTRY) IF THE FAILURE WAS IN PITCH,YAW, OR B&D ROLL.
PREPARED 8Y: (7)) . FLIGHT CREW SUPPORT DIVISION | — — ~— — | APOLLO OPERATIONS HANDBOOK |
(/f/{g P — STABILIZATION AND CONTROL s/¢ 012 REV_FINAL
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D) b D ). D)

4 ONE TRANSLATION CONTROL BAD

LAUNCH - NOT APPLICABLE
MIDCOURSE &
Vv's - PULL EITHER THE MNA OR MNB BREAKER FOR SCS GROUP 1 POWER. SET SCS POWER AND TVC #1 POWER TO
OPPOSITE POSITIONS. TUSE 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 SEPARATION.

5 FAILURE IN CONTROL ELECTRONICS

LAUNCH - NOT DETECTABLE
MIDCOURSE - AFFECTED AXTS 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:

SELECT SCS V MODE

RECONFIRM THRUST CONTROL SWITCH - OFF

RECONFIRM PREVALVE SWITCHES (2) - OFF

GIMBAL MOTORS IN AFFECTED AXIS (2) - START - ON

CONFIRM RESPONSE TO GIMBAL TRIM THEN STABILIZATION AT TRIM POINT
THRUST ON PUSHBUTTON - PRESS

CONFIRM THRUST ON LIGHT - ON

OBSERVE GPI IN AFFECTED AXIS. DOES IT REMAIN STABLE?

(CONFIRM WITH TM IF COVERAGE IS AVAILABLE)

O O\~ WND -

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: ¢, | FLIGHT CREW SUPPORT DIVISION ) i APOLLO OPERATIONS HANDBOOK
L PATE: 1o 27, 1967 STABILIZATION AND CONTROL $/¢ 012 REVETN AL
K d MALFUNCTTON PROCEDURES section 9, 1,71,0 fpace  13p
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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 FATLURES ALSO LOSE BOTH AUTOMATIC TVC CONTROL PATHS BUT
MTVC IS STILL FUNCTIONAL.
9 BMAG DEMODULATOR FAILURE
LAUNCH - NOT DETECTABLE
ALL OTHER
PHASES - 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 - NOT DETECATBLE
ALL OTHER
PHASES - 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.
PREPARED BY: 7/ FLIGHT CREW SUPPORT DIVISION " APOLLO OPERATIONS HANDBOOK
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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 FATILED

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 AV MODE
3. WAITING FOR AN ATTITUDE ERROR INDICATION FROM THE BMAGS
4. DISPLACING ONE ROTATION CONTROL PAST BREAKOUT
5. IF THE BMAG'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.
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APOLLO OPERATIONS

PREPARED BY: CL’?Zx‘ FLIGHT CREW SUPPORT DIVISION
2] BATRE o 57, 1967 STABTLIZATION AND CONTROL 57012 [rev FINAL
22 2 2 MALFUNCTION PROCEDURES section9.1.1.2 [eace 14
SCS 20 PROCEDURE _ REMARKS
1
ARE THE RATE ARE RATE NEEDLES RATE GYRO
—»{Grros OFF AND (ROl 7 ypp, | FATLED OPEN See Page 14a
IS THE LIMIT
CYCLE ON ?
NO
1. VERIFY V SW - OFF RATE GYRO |2
YES 2. CAN S/C BE MANEUVERED WITH DEMODULATOR
PROPORTIONAL CONTROL FATLED OPEN
RATE ERROR | 3
AMPLIFIER
FAILED OPEN
l'
PSEUDO RATE
OPEN
SCS 21

-

1. VERIFY DIRECT RCS - ON
2. VERIFY C/B SCS DIRECT CONT.

MNA & MNB - CLOSED

3. CAN S/C BE MANEUVERED

USING RHC #2(1)

| DIRECT RCS
SW FAILED OPEN

YES DIRECT CONTROL

LOST IN RHC #1(2)

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.

DIRECT CONTROL LOST IN ONE ROTATION CONTROL

LAUNCH - NOT DETECTABLE

ALL OTHER - KEEP OPERABLE 20TATION CONTROL
PHASES AT CMD PILOTS  STATION




) ) ) ) 2

1. RATE GYRO FATILED OPEN

LAUNCH -

MIDCOURSE & -

ENTRY =

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

SELECTION OF BACKUP RATE PROVIDES AN ALTERNATE RATE SOURCE BY CHANNEL 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.

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 -
LAUNCH
MIDCOURSE &
DELTA V'S
PRE 0.05G
POST 0.05G -

3. RATE ERROR AMP

RATE DISPLAYS REMAIN FUNCTIONAL

NOT DETECTABLE

ONLY DIRECT CONTROL - DIRECT AUTO CONTROL AND MTVC (FOR PITCH OR YAW CHANNEL PROBLEMS)

REMAIN IN THE AXIS.

ONLY DIRECT CONTROL OR DIRECT AUTO CONTROL REMAIN IN THE AXIS AFFECTED.

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.

OPEN

ALL PHASES
LAUNCH
MIDCOURSE &
PRE 0.05G
POST 0.05G

]

RATE DISPLAYS REMAIN FUNCTIONAL

NOT DETECTABLE

ONLY DIRECT CONTROL AND MTVC (FOR PITCH OR YAW CHANNEL PROBLEMS) REMAIN IN THE AXIS.

ONLY DIRECT CONTROL REMAIN IN THE AXIS AFFECTED.

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 &
ENTRY

MIDCOURSE & -
PRE DELTA V'S

NOT DETECTABLE

RATE OR BACKUP RATE MUST REMAIN ON IN AXTS AFFECTED FOR ATTITUDE HOLD. HIGHER RCS
PROPELLANT CONSUMPTION WILL EXIST IN THAT AXIS.
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PREPARED BY: AZ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS
LHETR e 27, 1967 STABILIZATION AND CONTROL s/c 012 Tevrrnar
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SCs 22 PROCEDURE [ - PR REMARKS
WAS THE MANEUVER| __ G&N ARE THE ATT PO T See Page 15a
G&N AUTO OR 2070 ERROR NEEDLES - CEDUG‘f‘NRE MALF
RHC #1(2) AT NULL XX
NO
CAN THE MANEUVER YES !
BE COMMANDED YES 1. SELECT SCS gﬂﬁ?oggw
USING PROPORTIONAL ATT HOLD 1. CHANGE DEADBAND YES
CONTROL 2. DOES THE VEHICLE NO 2. DOES THE VEHICLE ORIGINAL DEADBAND]S
RHC #1(2) DEADBAND? DEADBAND? NO CIRCUITRY FAILED
- N ) 1)
CIRCUITRY FAILED
CAN S/C ROTATION BE YES TOTAL 3
COMMANDED USING THE FATLED OPEN
MINIMUM IMPULSE? - — ,
I FAILED OPEN
INO
1. CHANGE THE DEADBAND | ves ORIGINAL DEADBAND]®
2. DOES THE S/C DEADBAND? [ CIRCUITRY FAILED
1. CHANGE ROT CONT. 1. IF IN MONITOR MODE
PWR TO OTHER BUS. NO GO TO SCS ATT MODE | NO DOES THE S/C YES

2. CAN S/C BE COMMANDED

WITH

RHC #2(1)

)

LIMIT CYCLE-OFF
3. ARE THE RATE NEEDLES

DEADBAND?

OSCILLATING AND
DIVERGING

ROTATION CONTROL |*
DEMODULATOR FAILE]

CAN THE S/C BE

COMMANDED WITH
RHC #1(2)

YES RATE ERROR i
#|AMP FAILED OPEN
YES [FOWER BUS OR |
ROT. CONT. PWR SW
NO FAILED

RHC #1 (2) FAILED|®

Sas R"" 15(6)

S Poga 15(b)




) ) ) )

1. G&N ATTITUDE DEMOD OPEN

LAUNCH - NOT DETECTABLE
ALL OTHER - G&N AUTO CONTROL LOST IN ONE AXIS. DIRECT OR PROPORTIONAL 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 AMPLIFTER 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 IS LOST IN THIS AXIS. DIRECT CONTROL IS THE
PHASES ONLY REMAINING CONTROL.

5. DEADBAND CIRCUITRY FAILED

LAUNCH - NOT DETECTABLE
ALL OTHER - MANUAL 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.
AUTO TVC MODES WITH RATE DAMPING AND NO MANUAL INPUT MIVC BACKUP ARE STILL AVAILABLE. DIRECT AND
AUTO RCS CONTROL STILL REMAIN FOR ALL MODES.

RSEPARED DY e (?ﬁf[i FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
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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.
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FREPARED BV 27 FLIGHT CREW SUPPORT DIVISION RPOLLO_OPERATIONS HANDBOOK
Ex ity D"E'Jan 27, 1967 STABILIZATION AND CONTROL S/c 012 REV PTN AL
MALFUNCTION PROCEDURES secTiong,1.1.2 |race 16
SCS 23 PROCEDURE REMARKS
1S THE S/C YES ARE THE NO IS THE BURN ri_,{ THRUST CONTROL SW —
THRUSTING? RATE NEEDLES CONTROLLED BY OFF
AT NULL? MTVC?
NO lYES NO
Feon GPI 1. GO TO MIVC
FAILURE 2. DAMP RATES
505 24 I. If direct ullage is needed use
the abort position of the THC
to command direct ullage through
1 the sequence.
-1. Release DIRECT ULLAGE OPEN CONTACT ON
SUSHEDRTON DIRECT ULLAGE SW
2. DAMP RATES with RCS - N




PROCEDURES ENTRY SHEET
SECTION 9.1.2
SPS MALFUNCTION PROCEDURES
SYMPTOM
SPS ROUGH ECO DURING MISSION CRITICAL BURN
SPS ROUGH ECO DURING NON-MISSION CRITICAL BURN

PITCH OR YAW GMBL DR FAIL C & W LIGHT ILLUMINATES
DURING MISSION CRITICAL BURN

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

SPS PRESS C & W LIGHT ILLUMINATES DURING THRUSTING
FUEL AND/OR OX TANK PRESS LOW DURING THRUSTING
FUEL AND/OR OX TANK PRESS HIGH DURING THRUSTING

SPS PRESS C & W LIGHT ILLUMINATES DURING NON-
THRUSTING

FUEL AND/OR OX TANK PRESS LOW DURING NON-THRUSTING
FUEL AND/OR OX TANK PRESS HIGH DURING NON-THRUSTING
SPS WALL TEMP HI C & W LIGHT ILLUMINATES

PROPELLANT HEATERS FATL TO RAISE TEMPERATURE
PROPELLANT TEMPERATURE READING ABNORMAL

NO RESPONSE OF OX FLOW FLAGS TO OX FLOW ADJUSTMENT
ABNORMAL PROPELLANT QUANTITY READOUT

UN BALANCE METER IS ERRATIC OR PEGGED

0SS OF SPS HELIUM TANK PRESSURE

ABNORMAL SPS HELIUM VALVE TB INDICATION

SYMPTOM
NUMBER

(0 TN 7 SR~ ) R 1

10
ki
1%
e
14

STEP. PAGE
it 2
1 5
1 B
1 5
% 6
2 6
1 7
e 8
2 8
6 9
I 10
i 10
1 11
1 11
i ikl
i 13
il 15
L. 14




SYMPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

1 SPS ROUGH ECO
DURING MISSION
CRITICAL BURN

FCSM G&N or SCS SW-OVERRIDE/

RESET

FPCSM G&N SCS SW-G&N or SCS

a. G&N

b. SCS

THRUST ON - DEPRESS
Monitor SPS ROUGH ECO 1light
a. Re-illuminates

b. Remains extinguished

p o0 |

Light illuminates if 70 £ 20
msec at a vibration level of
180g's peak-to-peak or 30-70
msec at a vibration level of
360g'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

1. If in G&N AV, automatic
restart of the engine will
occur if {10 sec has elasped
sriclie shutdown. If 210 sec
V50ON11 will flash, and the ENTE]
must be depressed for automatic
restart.

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

Excessive engin vi-
bration due to
combustion instabili-

ty.

i

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

e
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SYMPTOM STEP PROCEDURE 252; REMARKS FAILURE
5 | FCSM G&N or SCS SW-OVERIDE/RE-
SET
a. G&N w—y | 5a. Automatic restart of the
engine will occur if <10 sec has
elasped since shutdown. If >10
sec V5211 will flash, and the
ENTER must be depressed for
automatic restart.
b. SCS 6
6.| THRUST ON-DEPRESS ~—> | 6. Continue normal procedures
2. SPS ROUGH ECO 1 | THRUST SW-OFF 2 |Light illuminates if 70 T 20 |Excessive engine vi-
DURING NON-MISSION msec at a vibration level of bration due to com-
CRITICAL BURN 180g's peak-to-peak or 30-70 bustion instability.
msec at vibration level of
360g's peak-to-peak. THRUST
SW-ON overrides the FCSM moni-
tors. SPS is operable but FCSM
may terminate subsequent buruns.
2 | Terminate ullage. 5
3 | Reset FCSM logic with any of the 3. The SPS ROUGH ECO light is
following switches: also reset.
a. FCSM G&N or SCS SW-OVERRIDE/| —
RESET
b. AV SW-OFF _
c. ATTITUDE/MONITOR/ENTRY SW- |—2
MONITOR or ENTRY.
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SYMPTOM STEP PROCEDURE :g:; REMARKS FAILURE
3. PITCH OR YAW 1 Monitor FDAI and GIMBAL POSITION 1. ©SPS is now operating on Over or under current
GMBL DR FATL LIGHT INDICATOR for divergence from secondary gimbal motor. If to primary drive
ILLUMINATES DURING burn heading. this motor fails, the SPS must |motor.
MISSION CRITICAL be shutdown.
BURN
2 If divergence occurs; THC-CW. 3 2. This action initiates MTVC
operation
3 Damp rates using MTVC. 4
4 THRUST SW-OFF: 9
5 THC-CENTER 6
6 With the RCS reorient the S/C to T
burn attitude.
7 THRUST SW-NORMAL 8
a. G&N —|7a. Auto restart of the engine
will occur if <10 sec has
elasped since shutdown. If >10
sec, V50N11l will flash, and the
ENTER must be depressed for au-
tomatic restart.
b. SCS 8
8 | THRUST ON - DEPRESS 9
9 If divergence OCCURS, THRUST —3|9. SPS inoperative as gimbal 9. GIMBAL FAILURE
SW-OFF - Jcontrol is lost in an axis IN ONE AXIS
PREPARED BY: 377/ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
U e : Service Propulsion System [T77 012 Rev FINAL
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SYMPTOM STEP PROCEDURE NEXT REMARKS FAILURE
STEP

4. PITCH or YAW N THRUST sw - OFF 2 Both GIMBAL MOTORS for PITCH or|Over or undercurrent
GMBL OR FAIL LIGHT YAW have been turned on. to primary drive
ILLUMINATES DURING motor.
NON-MISSION CRITICAL
BURN. 2 Damp any rates with the RCS. 5

3 Gimbal motors PITCH or YAW 1 sw-

START; release to ON.

4 Monitor PITCH or YAW GIBL or

FATL light.

a. Re-illuminated -

b. Extinguished e

Be GIMBAL MOTORS PITCH or YAW 2 sw-

OFF 6.

6. Rotate PITCH or YAW GIMBAL POSI-

TION thumbwheels

a. Needle deflects —>|6a. For any subsequent burns, |6a. PITCH or YAW
the GIMBAL POSITION indicator |GMBL OR FAIL light
must be monitored with the FDAI jhas failed on.
for divergence from planned
heading as these are the only
means of monitoring the status
of the gimbal motors.

b, Needle doesn't deflect —3|6b. SPS now functional on sec- |6b. Over or under-
ondary gimbal drive motor. Any |current to primary
subsequent burns must be wmoni- |drive wotor.
tored for gimbal motor failure
on the GIMBAL POSITION indica-
tor and the FDAI.

T SPS GIMBAL MOTORS PITCH or YAW 2
sw - OFF \ &
8. Rotate PITCH or YAW GIMBAL POSI-
TION thumbwheels.
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NEXT

SYMPTOM STEP PROCEDURE piss) REMARKS FAILURE

a. Needle deflects 8a. SPS functional, but gimbal |8a. Transient over
switchover may occur at any timg or under current.
during thrusting.

b. Needle doesn't deflect 8b. GMBL DR FAIL light should 8b. Over or under
also have re-illuminated. Motor|current to primary
is unable to assume the load motor.
and drops off the line.

5 SPS PRESS LIGHT Light illuminates if FUEL or OX
ILLUMINATES DURING TANK PRESS is > 200 psia or ¢ 160
THRUSTING psia. Normal operating pres-
suré\;s 171-179 psia.
WARNING - IF Pc INDICATOR €70 PSIA: THRUST sw - OFF
1. |Monitor FUEL and/or OX TANK PRESS
a. High
b. Low
c. Normal 2
FUEL AND/OR OX TANK 2. |Monitor PRESS ENG INLET FUEL
PRESS LOW DURING and/or 0X
g = a. Low 3 2a. If FUEL and/or OX TANK PRESY2a. FUEL AND/OR OX
NORMAL;FUEL and/or OX TANK PRES§indicator failed.
INDICATORS ARE INACCURATE
b. Normal 2b. Monitoring of SPS pressure [2b, C&W Circuitry
gages is required for all sub- Failure.
sequent burns
c. High 2c. If FUml and/or OX TANK PRESS2c. FUEL AND/OR OX

NORMAL FUEL and/or OX TANK PRESS
INDICATORS ARE INACCURATE.

INDICATOR FAILED.
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NEXT

SYMPTOM STEP PROCEDURE STED REMARKS FAILURE
3 If non-critical burn: THRUST sw- 4.
OFF.
4 |Monitor FUEL and OX TANK PRES- 1. Use inlet pressures if TANK
SURES RESSURE indicator failed
a. If continues to decrease la. SPS not operable. 3l da. Leak in propel-
sequent repressurization may re-|lant system.
sult in tank rupture.
b. If pressure low, but steady 5
5. |He VLV sws (2) - ON 6. [lanks are manually repressurized
for subsequent burns. Burns are
hot to exceed 20 sec if propel-
lant tank pressure cannot be
raised during manual repressuri-
pation; SPS not operable due to
propellant tank pressure < 160
FUEL AND/OR OX TANK é; Monitor PRESS ENG INLET FUEL and/ bsia.
PRESS HIGH DURING or OX
RIS TG a. High 7. Ta. One regulator
b. Normal 7o. If indicator failuve, inlet|2556Ubly failure open

SPS HEL?UMsts (2) - OFF

If non-mission critical, THRUST
sw - QFF

-

pressure should remain normal
however inlet pressures should
be monitored to see if a time
Helay may have given inaccurate
normal reading.

éa With helium supply shut off,
Eropellant tank ullage pressures

re sufficient to provide 20 sec
bnds of operation. After 20 sec-
bnds ,0/F ratio becomes too high
pnd engine operation may become
rough. SPS will not be operable
pfter this 20 seconds.

Tb. Indicator failure
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SYMPTOM STEP PROCEDURE :5:; REMARKS FAILURE
6 SPS PRESS LIGHT | 1. | Monitor FUEL and OX (TANK)PRESS Light illuminates if fuel and/of
ILLUMINATES DURING oxidizer pressure is »>200 psia
NON-THRUSTING PERIOD or <160 psia. Normal operating
pressures are 171-179 psia.

a. High 2

b. Low

c. Normal 2

FUEL AND/OR OX TANK | 2 | Confirm FUEL and OX PRESS with
PRESS LOW DURING ENG INLET PRESS.
NON-THRUSTING

a. High 6 |2a. If FUEL and/or OX TANK PRESS| 2a. FUEL and/or OX
were normal: FUEL and/or OX TANK| TANK PRESS INDICATOR
pressure indicators are inaccu- | FATLED.
rate.

b. Low 3 |2b. If FUEL and/or OX TANK PRESSY 2b. FUEL and/or OX
were normal: FUEL and/or OX TANK| TANK PRESS INDICATOR
pressure indicators are inaccu- | FAILED.
rate.

c. Normal —p |2c. Monitor of SPS press gauges | 2c. C/W circuitry
will be required. failed.

3 Monitor FUEL and OX PRESS

a. Stable 4

b. Decreasing ~—3 [WARNING:- Subsequent repressuri— 3b. Propellant systen
zation considered dangerous due | leak.
to possibility of tank rupture.

4. |SPS HELIUM sws (2)-ON/AUTO when 4a.. Tanks are manually repres-

press 2175 psia.

surized for next burn if 175
psia is not obtainable: SPS
HELIUM sws (2) - OFF. Major leak
in pressurization systems SPS
mot operable for tank pressures
<160 psia.
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SYMPTOM STEP PROCEDURE g;é; REMARKS FAILURE
5. | Monitor FUEL AND/OR OX TANK PRESS
a. JStable 5a. SPS is functional 5a. Apparent heat
leak from SPS systemns
b. Decreasing WARNING. - Subsequent repressuri4 5b. PROPELLANT SYS-
zation considered dangerous due |TEM LEAK
to possibility of tank rupture.
FUEL AND/OR OX TANK| 6. NONE -———) 6, Heat leak into SPS

PRESS HIGH DURING
NON-THRUSTING

system.
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SYMPTOM STEP PROCEDURE ';5’5‘; REMARKS FAILURE

7. SPS WALL TEMP Light illuminates when throat
HI LIGHT ILLUMINATES surface temperature is 380°F or
greater. Ablation rates will
be so severe that loss of
chamber may be expected at any-
time, resulting in catastrophic
failure. Maximum temperature
should occur =30 min after shut
down.

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

1 |If thrusting, THRUST sw - OFF —> | 1. MSFN can confirm wall temp-|1l. Excess throat
erature over 380°F. Loss of chamber ablation
entire chamber very possible rates or instrumenta-
upon refiring of SPS tion failure.

8. PROPELLANT HEAT-] 1 | A/OFF/AB sw - AB 2 | In the A position, the 26
ERS FAIL TO RAISE electrical strip heaters re-
PROPELLANT TEM- ceive 28V; in AB position an
PERATURE additional 26 heaters receive
28V.

2 | Monitor PROP TEMP gage

a. Propellant temperature 2a. Double heater operation is |2a. Syster A heaters
increases required for temperature con- |failed OFF
TEOH .
b. Propellant temperature 2b. If A/B not maintaining tem-|2b. Both heater
decreases perature above 45°F, attitude |systems have failed,

constraits must be observed or |or SW failure, or
SPS may become non-operational.|instrumentation
SPS not operable if Fuel temp [failure.

C25°F.
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SYMPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

9. PROP TEMP READ-
ING ABNORMAL

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

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

HEATERS ON T°K 45°F

HEATERS OFF T°> 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|

10. NO RESPONSE OF
0X FLOW FLAGS TO 0X
FLOW ADJUSTMENT
(PRI VALVE)

Valve sw - SEC

Use 0X FLOW switch as desired to
adjust flow rate.

Secondary valve has sufficient

VALVE failure in any position
and still provide valve open-
ings for INCREASE, NORMAL or
DECREASE OX FLOW.

NOTE: Operation of OX FLOW
valve is not critical to mis-
sion AS-204

PRI OX FLOW VALVE
range to compensate for PRIMARY ffailed

11. ABNORMAL PRO-
PELLANT QUANTITY
READOUT

SENSOR sw - PRI

Complete any thrusting activity
prior to check of quantity
readout.
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NEXT

PROCEDURE
SYMPTOM STEP o REMARKS FAILURE
2 | TEST/AUTO/TEST sw - TEST (upper)] 3 |In TEST mode the display will
for 10 sec and monitor not move for the first 4.5 sec.
quantities: Next it will race for=1 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
tank probe is not failed, then
random or bogey readings will
be displayed.
3 a. Random reading 4
b. Correct reading 4 one or more tank probes has Primary gauging
failed failed
L SENSOR sw - AUX 5
5 TEST/AUTO/TEST sw - TEST (upper) In TEST mode the display will
for 10 sec, then sw - TEST ot move for the first 4.5 sec.
(lower) for 10 sec. Read Next it will race for=1 sec, anfi

quantities:

a. Random reading

b. Correct reading

\J

'

then will roll steadily at 2 to
i digits per sec. If display
reacts as above after primary
system failure, then failure is
in a tank probe. If tank probe
is not failed, then random or
bogey readings will be displayed}.

IMSFN must now supply any pro-
pellant quantity data.

Continue in AUX mode. Telemetry]
will provide total quantities

from auxiliary system, and sump
tank quantities from PRI system.

Display failed
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SYMPTOM

° PROCEDURE

NEXT

STEP STEP REMARKS FAILURE
12. UNBALANCE METER Complete any thrusting activity
IS ERRATIC OR prior to checking unbalance
PEGGED. meter.
1 SENSOR switch - AUX 2
.1.
2 | TEST/AUTO/TEST sw - TEST (upper)
for 10 sec. Monitor unbalance
meter. SW - TEST (lower) for
10 sec. Monitor unbalance indid
cator
a. Bogey Reading 3 2 UNBALANCE meter
failed.
b. Normal reading —> [Use AUX mode for operation cf
quality guaging system PRIMARY UNBALANCE
failed
3 SENSOR sw - PRI L
4 | TEST/AUTO/TEST sw - TEST (upper) 5 |Actuation of TEST switch here
for 10 secj; then sw - TEST will realign digital display to
(Lower) for 10 sec. PRIMARY system setting.
5 SENSOR sw - NORM
13. LOSS OF 3PS 1 |Monitor He PRESS indicator MSFN will correlate He tempera-
HELTUM TANK PRESSURH ture data with He press.
a. He tempgrature drops con- —> |la. Helium depletion immenent. | 1a LEAK IN HELIUM
currently with pressure Leak in helium supply. SUPPLY
b. He temperature does not 2 Leak cannot be verified until a

reflect drop concurrent with
pressure.

ISPS burn is performed.
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SYMPTOM STEP PROCEDURE :5:; REMARKS FAILURE
2 Monitor FUEL TANK PRESS indica-
tor during burn
Loss
a. Fuel tank press decays —> | Verifies kest of He supply pres| Helium supply leak.
from nominal (green band) valve sure. Only 20 sec of safe SPS
burn time remains after loss of
Helium supply.
b. Fuel tark oress rewmeins — | Instrumentation is erroneous, Instrumentation
steady in green band. and SPS is fully operational. failed.
14. ABNORMAL SPS 1 Monitor He Flags
HELTUM VALVE TB
INDICATION a. One or both barberpole 2 la. OSPS operable, but propell-| la. Circuitry or
during non-burn period. ant tank pressures may be slighf-valve failure eskesed:
ly higher than normal. CU“ﬂm
b. One gray during burn 2 1b. SPS operable with one 1b. Circuitry or
helium isolation valve and reg-| valve failure closed.
ulator bank only unless manual
override is successful
c. Two gray during burn 3
2.|] Attempt manual operation of
valve.
3.| SPS He sw (2) - ON 3 MISSION CRITICAL - If still 3. Circuitry or

gray, monitor SPS FUEL (TANK)
PRESSURE. If pressure decays
from nominal (green) band
TERMINATE FIRING PRIOR to 20
seconds.

If manual override works, SPS
operable. Helium valves must

] closed.

valve failure
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14. Cont.

be manually opened at thrust
on and closed at thrust off.

NON-MISSION CRITICAL - If still

grey, TERMINATE FIRING.

M S P-QL M

(Foe

2

CAC ZZ‘.)

(@7 VALVE 1NDIcATIOU
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PROCEDURES ENTRY SHEET

SECTION 9.1.3

RCS MALFUNCTION PROCEDURES

SYMPTOM
SYMPTOM NUMBER STEP PAGE
5/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 RCS 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 15
C/M RCS PRESS He LOW 5 1 12




SYMPTOM STEP PROCEDURE 'gé; REMARKS FAILURE

1. S/MRcs A (B,C,D| 1. | S/M RCS A(B,C,D) Helium 1 & 2 swd 2. |Light illuminates if TEMP PKG
Light illuminates OFF is >175° or {63°; or if PRESS
MANF is <155 psia or > 215 psia.

2. | RCS INDICATOR sw - S/M A(B,C,D) 3.

3. | Monitor S/M RCS TEMP PKG 3. Normal operating range:
115 - 175°F
LOW 4.
b. HIGH 10. |3b. Boost heating may cause thsg

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

c. NORMAL 18.
S/M RCS TEMP PKG LOW| 4. | If TEMP PKG <45°F: 5. |4. Two SCS CHANNEL sws and
SCS CHANNEL sws A&C ROLL DIRECT RCS must be disabled to
(B&D ROLL) and PITCH (YAW)-OFF electrically isolate the affec-
5. | pIRECT RCS - OFF £. ted quad,however the opposite

quad on the S/M is also disabled
Actuation at temperatures lower
than 63°F can result in incom-
plete combustion and dangerous
pressure spikes. P

WARNING: If there was probable engine valve actuation while the quad's PKG TEMP was belo(éiiéy: S/M RCS A(B,C,D) PRO-
PELLANT SW - OFF; SCS CHANNEL sws (2) - ON. Reactivate the quad only in an emer y; S/M RCS A(3,C,D)
HELIOM 1 & 2 sws - ON. 1If the quad is reactivated, the first pulse on each jet of the quad should be a
minimum of one second in duration in order to attempt disapation of possible residue.

6. |sS/M RcS A(B,C,D) HELIUM 1&2 sws-| 7.
ON (if applicable)

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

t /] T S APOLLO OPERATIONS HANDBOOK
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NEXT

SYMPTOM STEP PROCEDURE STEP REMARKS FAILURE
1. (continued) a. TEMP INCREASES 8. |7a. Temperature of quad must te|7a. S/M PKG HEATER
maintained using solar heating. |FAILED OFF
b. TEMP DOES NOT INCREASE 9. Tb. If the indicator failed, Tb. 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 affecH
ted quad is advised, if the sen-
sor failed. If the indicator
failed temperatures should be
obtained from ground ™
8. | When RCS A(B,C,D) TEMP PKG >63°F. 9.
9. | SCS CHANNEL sws (2) - ON (if —> |9. TUse system normally
applicable)
S/M RCS TEMP PKG 10. | C/B RCS HEATERS A MNB (B MNA, 11. |10. Boost heating may cause thg
HIGH C MNB, D MNA)- OPEN temperature to rise above 200°F),
but it should drop during the
first rev. Prolonged RCS firing
and solar heat soak orientation
may result in a high TEMP PKG.
11. | Monitor S/M RCS TEMP PKG
a. >210°F 12,
be C210°F 14.
12. | SCS CHANNEL sws A&C ROLL 13. |12. Two SCS CHANNEL sws and the

(B&D ROLL) and PITCH (YAW) - OFF

DIRECT RCS must be disabled to
electrically isolate the affec-
ted quad, however the opposite
quad on the S/M is also disabled
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SYMPTOM STEP PROCEDURE :;:; REMARKS FAILURE
1. (continued) 13. |DIRECT RCS - OFF 14. [If the engine valves are actua-
ted above 220°F, deformation of
the valve seats can occur with
possible leakage of propellants.
14. |S/M RCS A(B,C,D) HELIUM 1& 2 sws-
ON (if applicable) 15.
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 16. [l5a. Use the C/B to manually [15a2. S/M HEATER
maintain the TEMP PKG within FAILED ON
limits of 70°F-210°F
CAUTION: If temp falls below
b3°F go to RCS 1 step 4
b. TEMP DOES NOT DECREASE 17. p5b. -If indicator failed, S/M 15b. PKG TEMP IN-
RCS A(B,C,D) light will not be |DICATOR OR SENSOR
illuminated. If the sensor fail4 FAILED.
ed, the light will be on. TUse
the temperatures of the other
huads to estimate the temp. of
Lhe affected quad. Continuous
nonitoring of the quad is advise
16. |When RCS A(B,C,D) TEMP PXG falls |17.
below 200°F.
17. |SCS CHANNEL sws - ON —> |17. TUse system normally
18. |MONITOR S/M RCS PRESS MANF 18. Normal Helium operating
pressure: 177 psia - 185 psia.
a. LOW In addition to helium wanifold
13 MS d out
b. HIGH 2 pressures FN can read ou
s FUEL MANIFOLD PRESSURES on all
quads and OXIDIZER MANIFOLD
PRESSURES on quads A&D.
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SYMPTOM

STEP

PROCEDURE

NEXT

iy REMARKS FAILURE
1. (continued) c. NORMAL —3» |18¢c. RCS SELECTOR sw should be | 18c. C/W circuitry
left in the affected quad posi- | to S/M RCS light or
tion after every system status instrumentation
checks. failure.
S/M RCS PRESS MANF S/M RCS A(B,C,D) HELIUM 1&2 sws-
LOW 19. | ON 20.
. ~ | —— 190 BRI
20 Operate the quad until RCS PRESS S
MANF drops below i, " | 2 "‘4 .
21. | S/M R o o LANT sy -

OFF (Verify striped display) —2 |21. Firing jets at pressures [21. LEAK IN HELIUM
lower than 100 psia may cause [PRESSURIZATION SYSTEM
engine wall burn-through due to |JOR INSTRUMENTATION
inadequate film cooling. Refer |[FAILURE.
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.

S/M RCS PRESS MANF 22. | When practical, operate the 22. Burst disks receptive at
HIGH thrusters on the affected quad, 220 - 236 psia. Relief valves

monitor S/M RCS A(B,C,D) PRESS open at 225-248 psia and reseat

MANF at about 220 psia. Some loss of
helium is to be expected throught
out these ranges.

a. DECREASES 24,

b. REMAINS CONSTANT: 23. |22b. If indicator failed, S/M [22b. S/M RCS PRESS
RCS A(B,C,D) light will not be [MANF INDICATOR OR
illuminated. If sensor failed |[SENSOR FAILED.
light will be illuminated.

23, | s/M RcS A(B,C,D) HELIUM 1&2 sws-| —>» |23. Continue normal operation.

ON

24. | When S/M RCS PRESS MANF <170

psia: S/M RCS A(B,C,D) HELIUM
1 sw - QN (Verify gray display)

PREPARED BY: ryZ 7/
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SYMPTOM STEP PROCEDURE 'gé; REMARKS FAILURE

a. RETURNS HIGH 25,

b. NORMAL —>% | 24b. Quad is fully functiomal |24b. S/M RCcS A(B,C,D)
on redundant regulator assembly] 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.

25. |S/M RCcs A(B,C,D) HELIUM 1 sw - 26.
OFF (Verify striped display)

26. |S/M RCS A(B,C,D) HELITM 2 sw -ON —> | 26. Pressure will decrease
(Verify gray display) with use of the quad and the
light (if on) will extinguish
when pressure drops below 215
psia.

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 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,
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SYMPTOM STEP PROCEDURE 'S‘%; REMARKS ‘ FAILURE
2. S/M RCS PRESS 1 SCS CHANNEL sws A & C ROLL 2 1. TWO SCS CHANNELS AND DIRECT
He LOW OR (B & D ROLL) AND PITCH (YAW) - RCS MUST BE DISABLED TO
DECREASING. OFF ISOLATE THE AFFECTED QUAD.
2 DIRECT RCS - OFF 3 CAUTION: Propellant quantity
gauging using PV is inaccurate.
3 S/M RCs A(B,C,D) HELIUM 1 & 2 4
sws - OFF (VERIFY STRIPED
DISPLAY) )

4 S/M RCS A(B,C,D) PROPELLANT sw-| 5
OFF (VERIFY STRIPED DISPLAY)

5 MONITOR S/M RCS PRESS He

a. REMAINS CONSTANT 6
b. DECREASING —> | 5b. Configure to original S5b. HELIUM LEAK UP-
conditions and NORMAL USE OF STREAM OF HELIUM
THE QUAD UNTIL S/M RCS PRESS ISOLATION VALVES
MANF DROPS BELOW 100 PSIA
THEN PLACE S/M RCS A(B,C,D)
PROPELLANT SW - OFF DO NOT
OPERATE QUAD IF PRESS MANF
IS LESS THAN 100 PSIA EXCEPT

IN AN EMERGENCY.

6 MONITOR S/M RCS PRESS MANF

a. REMAINS CONSTANT - ba. Use quad for emergency 6a. PROPELLANT
or separation only by: S/M LEAK DOWNSTREAM OF
RCS A(B,C,D) PROPELIANT Sw - ON| PROPELLANT ISOLATION
VALVES.
b. DECREASES 7

7 WHEN IN RANGE OF MSFN, S/M RCS 8
A(B,C.D) PROPELIANT sw — ON

MO B FLIGHT CREW SUPPORT DIVISION _ ROS Malfunction APOLLO_OPERATIONS_HANDBOOK
4 DATE: g, 27, 1967 Prosedure s/c QL2 Rev  FPINAL
section 9.1.3 PAGE T
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SYMPTOM

NEXT

FAILURE

STEP PROCEDURE STEP REMARKS
8 |MONITOR OX AND/OR FUEL MANIFOLD 8. OX measurements on quads
PRESSURE THROUGH MSFN & C are not available.
a. REMAINS CONSTANT ————)Ba. Use only for emergency or 8a. HELIUM LEAK

b. DECREASES

separation by SCS CHANNEL sws -
ON. PLACE S/M RCS A (B,C,D)
HELIUM 1 & 2 sws - ON

Bb. THE LEAK COULD BE EITHER
GAS OR LIQUID. USE ONLY FOR
FMERGENCY OR SEPARATION BY
PLACING THE SCS CHANNEL SWS

AND THE S/M RCS A(B,C,D) HELIUM
BWS TO ON.

8b.

VALVES.

BETWEEN THE HELIUM
ISOLATION VALVES AND
THE CHECK VALVES.

LEAK BETWEEN THH
CHECK VALVES AND
PROPELLANT ISOLATION

PREPARED BY:  3277] FLIGHT CREW SUPPORT DIVISION APOLLO_OPERATIONS HANDBOOK
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PROCEDURE

NEXT
STEP

REMARKS

FAILURE

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

PLACE TEST SELECTOR SW TO THE
OTHER THRUSTER TEMP POSITIONS
(1,2,3.4,1231%)

CYCLE FUNCTION SELECT SW FROM

C/M RCS HTRS TO OFF AND BACK ANT
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 TEMP: INCREASING

b. ALL TEMPS CONSTANT. BUT ANY

BELOW 64°F (1.8 VDC)

MESC PYRO sws(2)-SAFE
Csr:r - SAFE&
c/M

FROF JENCI0NP sw - On

When coldest engine reaches
100°F (2.5 VDC) or for 13 min-
utes whichever comes first:

C/M PROP JETT DUMP sw - QOFF

3. INDICATES THRUSTER TEMP.

3a. USE ONE OF OTHER ENGINE

TEMPS FOR THAT OF AFFECTED

ENGINE.

5. All engines will be heated
with the exception of the two

+ pitch engines.

FUNCTIONING

3a. TEMP SENSOR
FATLURE.
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SYMPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

4« C/M RCS A OR B
LIGHT ILLUMINATES

C/M RCS PRESS
F OR OX - HIGH

C/M RCS PRESS
F OR OX - LOW

RCS INDICATOR SW - CM RCS A OR B

MONITOR C/M RCS PRESS F AND OX

a. HIGH
b. LOW
c. NORMAL

NONE

NONE

LM

1. ILLUMINATES IF FUEL OR
OXIDIZER PRESSURE IS <265 PSIA
OR »325 PSIA.

2. NORMAL 287-308 PSIA

2c. CONTINUE NORMAL OPERATION.

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. THERE WILL BE A

L0SS OF HELIUM DUE TO VENTING.

4. CONTINUE USING THE AFFECTEIL
SYSTEM UNTIL HELIUM DEPLETION
OCCURS. IF THE REMAINING
SYSTEM IS SERIOUSLY DEGRADED
THE HELIUM SYSTEMS MAY BE
INTERCONNECTED BY PLACING THE
C/M PROP DUMP SW - DUMP
(MOMENTARILY) 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.

2c. C/W CIRCUITRY
TO C/M RCS A OR B
LIGHT FAILED ON.

3. REGULATOR
ASSEMBLY FAILED
OPEN

4. REGULATOR
ASSEMBLIES FATILED
CLOSED OR LEAK IN
SYSTEM.
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SYMPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

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

ING

[ |

-

HAS THE C/M RCS BEEN PRESSUR-
IZED

a. YES

b. NO
WHEN PRESS He = 600 psia

C/B MESC ARM A BATT A - CLOSED
C/B MESC ARM B BATT B - CLOSED
MESC PYRO ARM SWS(2) - ARM

RCS C/M PRESS - ON/OFF

MESC PYRO ARM SWS(2) - SAFE
C/B MESC ARM A BATT A -

OPEN

C/B MESC ARM B BATT B - OPEN

1 R N

la. NORMALLY LOADED AT 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 DUMP SW - DUMP |
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
INTERCONNECTED, THEY CANNOT BE
ISOLATED.

6. THIS PRESSURIZES THE C/M
RCS IN ORDER TO TRAP ENOUGH
HELIUM DOWNSTREAM FOR USE OF
SYSTEM. IF THE OTHER SYSTEM IS
SERIOUSLY DEGRADED, THE HELIUM
SYSTEMS MAY BE INTERCONNECTED
BY PLACING THE C/M PROP DUMP
SW - DUMP MOMENTARILY AND THEN

6.
SUPPLY

LEAK IN HELIUM

FLIGHT CREW SUPPORT DIVISION

PREPARED BY: 65%2;/

/a4

DATE:

Jan. 27, 1967

APOLLO OPERATIONS HANDBOOK

RCS MALFUNCTION

S/C

REv FINAL

PROCEDURES

SECTION

Dl

PAGE

iR

MSC Form 460 (Rev Dec 68)




SYMPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

RETURNING IT TO THE OFF POSI-
TION. THIS SHOULD BE DONE

AS A LAST RESORT ONLY AS HELI-
UM FROM THE GOOD SYSTEM IS BE-
ING SUPPLIED TO A MALFUNCTION-
ING SYSTEM AND COULD BE LOST.
ONCE THE SYSTEMS ARE INTER-
CONNECTED, THEY CANNOT BE

ISOLATED.
oo el 7~ 7 FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
e PATE. o o7 106 RCS MALFUNCTION =70 R AT
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PROCEDURES ENTRY SHEET

SECTION 9.1.4
EPS MALFUNCTION PROCEDURES
SYMPTOMS
CRYOGENICS
0, (Hz) PRESS LIGHT ILLUMINATES
0, (H,) TANK 1 (AND/OR 2) PRESSURE LOW
0, (H2) TANK 1 (AND/OR 2) PRESSURE HIGH
0, (HZ) TANK 1 (AND/OR 2) PRESSURE HIGH
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 - 02(H2) - HIGH

FUEL CELL FLOW - 02(H2) - LOW

F/C 1 (2 OR 3) PH - HIGH - FLAG STRIPED
0, REG OUT PRESS HIGH - FLAG STRIPED

H, REG OUT PRESS HIGH - FLAG STRIPED

0, & H, REG OUT PRESS - HIGH OR

O, & H, & N, REG OUT PRESS HIGH

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. STEP PAGE
i il 2
1 > 2
1 20 6
it 920 6
1 1 10
la 1.00 11
1b 2.00 14
lc 3,00 16
1d 4.00 17
le 5.00 18
L 6.00 20
lg 7.00 22
1h 8.00 24
18 9.00 25
1j.  10.00 26
1k 11500 o
11 12.00 29



PROCEDURES ENTRY SHEET
(CONTINUED)
SYMPTOMS

POWER DISTRIBUTION

MN BUS A (B) UNDERVOLT LIGHT-ON
DC VOLTS > 26V

DC VOLTS METER INDICATES PYRO BATTERY
A(B) BELOW 35 VOLTS

BATTERY CHGR OUTPUT CURRENT DROPS TO ZERO
& CIRCUIT BREAKERS BATTERY CHARGER MN A&B OPEN

BATT CHGR OUTPUT CURRENT ZERO
(IN ALL SWITCH POSITION)

DC INDICATORS - BAT BUS A(B), DC
VOLTS 27-30 & DC AMPS ? ZERO WITH
BUS SWS OFF

BATT CHGR VOLTAGE 40 VDC AND CURRENT
ZERO WHEN CHARGING BATTERY A(B,C)

INV 1 (2 or 3) TEMP 2190°F
(MSFN MONITORING CAPABILITY)

AC BUS FAIL LIGHT ILLUMINATED

AC 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 LIGHT ILLUMINATED &
AC BUS 1 (2) VOLTAGE <90v (DUAL INVERTER)

AC BUS FAIL LIGHT ON AFTER
AC INVERTER 2 (1) IS APPLIED TO AC BUS 2(1)

MN BUS A & B UNDERVOLT LIGHT, AC BUS 1 & 2,
& F/C BUS DISCONNECT LIGHTS ILLUMINATE
(DUAL INVERTER CONFIGURATION)

MN BUS A&B UNDERVOLT LIGHT, AC BUS 1&2 &

F/C BUS DISCONNECT LIGHTS ILLUMINATE
(SINGLE INVERTER CONFIGURATION)

la

NO. STEP PAGE
1l il 30
2 1 31
3 1 32
4 1 33
5 il 34
6 1 36
i 1 5T

. 8 il 40
9 1 42
10 1 45
150 il 46
12 1 47
1% 1 49
14 1 50
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SYMPTOM

STEP

NEXT

PROCEDURE
0CEDU STEP REMARKS FAILURE
1o 0o (Hp) PRESS C/W low pressure limits:
light illuminates. 0,:TANK 1 & 2 = 800 psia
H2:Tank 1 & 2 = 220 psia
C/W upper pressure limits
02: Tank 1 & 2 = 950 psia
HZ: Tank 1 & 2 = 270 psia
1 | Monitor TANK PRESSURE - 0, (H,)
2 2
-1&2
a. Pressure low 2
b. Pressure high 20
0, (Hz) Tank 1 2 10, (H2) HEATERS Sw - 1 (and/or 2} 3 (2) Low 0, (Hg) pressure in one
(and/or 2) pressure - OFF (off limit tank(s) tank is not time critical and
low should be verified with MSFN to
determine possible indicator
failure. The surge tank should
be isolated when marked decreas-
ing trend in both O, tank pres-
sures is noticeable.
510, (H2) FANS - 1 (and/or 2)-0FF 4
(off limit tank(s)
4 | Monitor Flow - O, (ECS)
a. Flow >.45 1bs/hr —— | (4a.) Reference ECS symptom No.|(4a.) Leak in ECS
1 (o2 Flow High)
b. Flow £.45 1bs/hr 5
5 | Monitor CABIN PRESS
PREPARED BY: FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
ngc/';ff L2 EPS-CRYOGENICS se Q32 REV_ FINAL
& Lol Jen 27, 1967 section 9,1.4.1 fpace 2
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SYMPTOM STEP PROCEDURE gié; REMARKS FAILURE
a. Pressure®5.6 psia —>|6a.) Reference ECS symptom No, {(5a.)Leak in ECS
21 (Cabin Pressure high)
<
b. Pressure®5.6 psia 6
6 | Monitor TANK PRESSURE
0, (H2) - 1 (and/or 2) & F/C
FLOW - F/C 1, 2, & 3
a. Press steady or gradual 8. |6a.) Pressure changes will be |(6a.) Motor or
decrease & F/C flow rates equiv= more evident with H, gauge scalg¢ pressure switch tail
alent. ' than with O_ gauge scale. F/C ure or leak prior to
flow rate cgmparisons will re- flow sensor.
veal purge valve open.
b. Flow high in one fuel cell, | 11 (6b.) Purge valve
pressure continues to drop seat leak or plumb-
ing leak.
c. Fuel cell flow rates equiva-| 7 6c.) Tank vent valve being open|(6c.) Tank vent valve
lent & pressure indicates marked necessitates a previously high open or plumbing
drop in one tank pressure or failu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>