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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 FAIL (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

1

1

PAGE

2

8

O O O O

10

10

11

i




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
manually.

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

Depress Error Reset and continue|
Depress Error Reset and continue
Depress Error Reset. 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 STEP PROCEDURE g;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 unavailable after
program and try again. restart.
00201 Depress Error Reset. Wait until IMU Mode changed from Zero
zero encoder light off. Reselect Fncode 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°)
174
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SYMPTOM

STEP

PROCEDURE

NEXT

STEP 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 wmin. 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 coumputer with
Error Reset. caution.

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

FLIGHT CREW SUPPORT DIVISION

T
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SYMPTOM

NEXT
STEP PROCEDURE il REMARKS FAILURE

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

01203 Depress Error Reset. 1.0 Waitlist overflow

01204 Depress Error Reset. 1210 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.

FLIGHT CREW SUPPORT DIVISION
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NEXT

ROCEDURE R A
SYMPTOM STEP PROCEDUR STEP EMARKS FAILURE

01401 Depress Error Reset. Select POO Thrust misalignment exceeds 90°,

and troubleshoot for poor align-

ment, control system problem

ete.
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 program. 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 declinad

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 1likely)

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 ggg 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 1ift 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 i fdll
b. POO not displayed 1.2
c. Repeated aborts L5
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: y%ﬁv‘ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
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TROUBLE SHOOTING PROCEDURES CONCLUSTONS CORRECTIVE ACTIONS -
PROBLEM SUSPECTED
IN G&N OPTICS 1. COMMAND ZERO OPTICS s AGC PROBLEM rm—’ ge?;g‘kglw
LOOP 2. VERIFY ZERO ENCODERNSSS NO ZERO TO ZERO (V24N57EEE)
LIGHT COMES ON AND GOES OUT |ENCODFRLIGHT
1. 0CDU DRIVE =" 3. SELECT OPTICS MANUAL
" PROBLEM MODE
2. OPTICS DRIVE g WUrt N
PROBLEM
3. OPTICS ZERO
ENCODE PROBLEM
<
FATLURES 0CDU'S DRIVING FE_-I 0CDU FATLURE ® 1. PULL OPTICS CB'S ON
1. K CONTINUOUSLY? MDC 22 TO STOP CDU
2. 0CDU o DRIVE
3. AGC OR OCDU ‘ 2. USE MECHANICAL DRIVES
ENCODER - ®
L. TELESCOPE DRIVE [ ARE OCDU'S ZERO l—-.l 0CDU FATLURE
5. SEXTANT DRIVE
USE MECHANICAL
DRIVES
CALL UP DISPLAY ON
DSKY OF OCDU ANGLES
(V16N55E)
MANUALLY COMMAND
® OCDU AGC REGISTERS
[ ARE DSKY R1 & R2 NO AGC TO ZERO (V2LN5TEEE)
ZERO? PROBLEM l
YES e
i 1 VI6NSSE et
DRIVE OPTICS IN SHAFT
AND TRUNNION
[ CHANGE
l CONTROLLER MODE] yes

(77N

NORTH AMERICAN AVIATION, INC. | |

DO OCDU'S DRIVE?

YES

L]
l—’ SWITCH OR CONTROLLER
SPEED SWITCH

i

DO OCDU'S DRIVE?

USE OPERATIONAL MODE

LDOES DSKY DISPIAY FOLLOW OCDU'S?

INO

AGC OR OCDU ENCODER
PROBLEM

E

- —

PERFORM BACKUP
ALIGNMENTS ONLY

i

INO .

SEXTANT DRIVE
PROBLEM

0 TELESCOPE DRIVE ®
].H_..L T }_._..{ USE MECHANICAL DRIVES |

YES
[ DOES TELESCOPE FOLLOW
‘YES
[ DOES SEXTANT FOLLOW
‘ms
SYSTEM LOOKS
GOOD

USE TELESCOPE FOR
SIGHTINGS

) BPACE and INFORMATION BYSTEMS DIVISION

MISSION
SUPPORT
TM POINTS

CG 3102 V SIT TRUN MOTOR

DRIVE IN 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

SHAFT CDU MOTOR
DRIVE IN PHASE

CG 3220 V

G&N Optics Loop Check



SYMPTOMS TROUBLE SHOOTING PROCEDURES CONCLUSIONS CORRECTIVE ACTIONS
I 1. PIPA FAILURE 1. LOSS OF G&N AV AND AUTOMATIC
SUSPECTE 2. USE OF G&N FOR ENTRY CAPABILITIES. IMU MAY
4N 135 LooP o IS THE ACCEL YES | mmﬁ“ A TVC CONTROL IS @ BE ALIGNED AND USED AS ATTITUDE
FAIL LIGHT ON LOST REFERENCE.
1. ACCEL FAIL (c/L P. 9-16)
2. IMU FAIL 2. NO MISSION IMPACT
3. TUMBLED IMU Xo
4. LARGE IMU ALIGNMENT \ 3. NO MISSION IMPACT
ERRORS YES
DO MEASURED & PRESENT 4. PERFORM ADDITIONAL EXTERNAL
BIAS TERMS DIFFER MORE NO AGC FAIL CHECKS ON S/C ATTITUDE FOR
THAN +/- MONITOR ® AV MANEUVERS
PROBLEM
5. LOSS OF G&N (AGC MAY BE USED
¥ (57 T SRS NORMAL TO DISPLAY GROUND ELAPSED
REALIGN !
l IS THE IMU FAIL I YES (OBSERVE FDAI IN A AND iooxlgn DRIFTS I AGC FAILURE ] ©) )
LIGHT ON G&N MODE, S/C RATES | YES| LARGE DRIFTS DETECT PROBLEM 6. PERFORM ADDITIONAL EXTERNAL
0 DAMPED) CHECKS ON S/C ATTITUDE FOR
AV MANEUVERS
NO LARGE
HAS IMU TuMBLED | YES DRIFTS
& UNSTABLE V37E51E
= (IMU FAIL LIGHT INHIBITED
BY AGC DURING COARSE ALIGN
MODE) [ CHECK WITH GROUND FOR ®
1 MAX TIME ALIOWED
IMU DRIFTS YES BETWEEN ALIGNMENTS
BEYOND LIMITS
o gt Y MISSION SUPPORT TM POINTS
ALIGNMENTS DID IMU CAGE AT O, 0, 0 A CG 6000 IMD PRESSURE
(FDAT NAV SYMEOL) CG 2300 PIPA TEMP
CG 2301 IRIG TEMP
‘ms CG 2302 IMU HEATER CURRENT
CG 2303 IUM BLOWER CURRENT
PRESS ENTER CG 1101 -28 VDC SUPPLY
(IMU PAIL LIGHT MAY COME ON CG 0001 COMPUTER DIGITAL DATA
AFTER COMPLETION OF COARSE CG 1503 IMU +28 VDC OPERATE
ALIGN MODE, BUT WILL GO OUT CG 5000 PIPA FAIL
IN A FEW SECONDS IF STAB CG 5001 IMU FAIL
LOOP IS NORMAL) CG 2110 1GA TORQUE MOTOR IMFUT
CG 2112 1GA 1X RESOLVER OUT SINE IN PHASE
} CG 2113 1GA 1X RESOLVER OUT COS IN PHASE
50 CG 2142 MGA 1X RESOLVER OUT SINE IN PHASE
IS THE IMU STABLE & .| V3TEOOR ...l IMU STAB LOOP FAILURE ]@ CG 2143 MGA 1X RESOLVER OUT COS IN PHASE
THE IMU FAIL LIGHT OUT V37EOGE CG 2172 OGA 1X RESOLVER OUT SINE IN PHASE
(G&N POWER DOWN) CG 2173 OGA 1X RESOLVER OUT COS IN PHASE
CG 2117 1GA SERVO ERROR IN PHASE
. CG 2140 MGA TORQUE MOTOR INFUT
CG 2147 MGA SERVO ERROR IN PHASE
CG 2170 OGA TORQUE MOTOR INFUT
COMPLETE P51 | (CABOSMAY: HAVE. ERE @ 06 2177 0GA SERVO ERROR IN PHASE
(IMU ORIENTATION DETERMINATION) DAMAGED 0G 2206 1GA CDU 1X RES. ERROR IN PHASE
MONITOR IMU FOR CG 2236 MGA CDU 1X RES., ERROR IN PHASE
LARGE DRIFTS CG 2266 O0GA CDU 1X RES. ERROR IN PHASE
0 FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
oL - DATE: GUIDANCE AND NAVIGATION s/c___012 Rev FINAL
Jen 27, 1967 MALFUNCTION PROCEDURES section 9.1.1.1 Jraee 9 IMU Operations Check @



NORTH AMERICAN

AVIATION, INC.

ACTIONS

@ SPACE and INFORMATION SYSTEMS DIVISION

CCONCLUSIONS

IN G&X ICDU LOOP

1.

CDU FAIL LIGHT ON.

. ABNORMAL FDAI ATT

ERROR NEEDLES IN G&N
ATT. HOLD OR MONITOR.

= O\ WD

V3TEOOE

AME - MONITOR

COMMAND ICDU ZERO ENCODE (VAON20E)
CALL ICDU ANGLES (V16N20E)

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

Py
.,[“ID THE DSKY DISPLAYS|.N®
GO TO ZERO

CDU DRIVE PROBLEM

ARE VALUES AT NAV SYMBOL
ON FDAI X TO DSKY VALUES

oJGO TO IMU OPERATIONS
| ciEck _(P. 27)

Emmms o

== |0

ATT ERROR NEEDELS NULLED

CDU DRIVE OR @
FDAT PROBLEM
LEN  (PITCH - TAW OR @)

COMMAND G&N ATT CONTROL (VALE)

FIXED RESOLVER)

2. V33EEEE
e % w
ot (0,0.0) Hm CDU's DRIVDG? ( il AGC/cou o | (T)
= ™
CA1, 700 0n DexY (©)

(V3TEOOE)

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

n

No auto G&N modes available.

IMU useful as an attitude reference only.

g
]

8888888888882222223828888
RedabhERBRPERRERRRRERRE

BEEBREEEREE
gggRKKEKEN

%
s

g
EEI
l

P

HAA
PP

rucAAERE

G&N ICDU Loop Check @

FLIGHT CREW SUPPORT DIVISION
DATE,
Jan 27, 1967
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SYMPTOMS

TROUBLESHOOTING PROCEDURES

IS AGC POWER FATL]

AGC POWER FAIL LIGHT

YES IS ALWAYS ON IN STANDBY

NO
> IIS DSKY '

LIGHT ON IN IEB? |

SYSPECTED AGC‘.._..I
PROBLEM

_CONCLUSIONS

"~ |OPERABLE?

YES

:{ AGC FAILURE j ©)

FAIL LIGHT ON?

1 FAILURE DETECTION l®

NO
WAS PROBLEM A YES REPEAT TASK IN |
COMPUTATIONAL > WHICH PROBLEM %’;ﬁ&gﬁg gﬁé&s
ERROR? OCCURRED
ERROR STILL
NO ¥ PRESENT
VERIFY THAT REFSMMAT, NO REPEAT - NOTE
T EPHEMERIS, AND THE OCCURRENCE
STATE VECTOR GOOD BY »| coPuTm PROBLEM I@
COMMANDING AGC TO | SYSPECTED
COMPUTE ORBITAL
PARAMETERS (V37EOOE,
VELE) CHECKS 300D COMPUTER PROBLEM -
ORBITAL PARAMETERS CHECK WITH ()
NOT CORRECT GROUND
ORTHOGONALIZE REFSMMAT,
(¢/L P. 9-23) AND OBTAIN
NEW T EPHEMERIS AND REPEA ORIGINAL STATE
STATE VECTOR; oy DRI THOATEM > VECTOR OR ©)
REPEAT V6LE REFSMMAT
INCORRECT
PROBLEM
STILL PRESENT
PERFORM AGC SELF CHECK | COMPUTER PROBLEM - ®
/ =
(c/L P. 9-15) PROBLEM CHECK WITH GROUND
NOTED
NO PROBLEM
| INFORM GROUND I ®
" |_oF Acc sTATUS
IS ONE DSKY YES PERFORM DSKY TEST [ OBSERVE OTHER DSKY
DISPLAY * (c/L P. 9-15 IF NECESSARY
ABNORMAL
¥ YO
AGC G&N MODING PERFORM C RELAY TEST MODE SYSTEM MANUALLY,
APPEAR INCORREC 1 (¢/L P. 9-14) PROBLEM IF POSSIBLE -
NOTED CHECK WITH GROUND
PREPARED BY:  [UIB FLIGHT CREW SUPPORT DIVISION
AR on 27, 1967 GUIDANCE AND NAVIGATION s/c 012 Trev
= Ll L ! MALFUNCTION PROCEDURES SECTION
MSC Form 460 (Rev Dec 68)

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

CG 0001

Bt
APOLLO OPERATIONS HANDBOOK

9.1.1.%eace 11

COMPUTER DIGITAL DATA

CG 5030 COMPUTER FAIL LIGHT

A G C Operations Check



NORTH AMERICAN AVIATION, INC.

—  CORRICTIVE ACTIONS

USE COMPUTER WITH CAUTION

USE COMPUTER WITH CAUTION

L LIGHT
1. CHECK FAIL
1. parrry rarL | RESTART IS
SEnE B FAIL LIGH com!
o Vs 36, Qussion | PARITY @
PHASE MAY NOT ALLOW
. THIS) o ADDRESS OF PARITY WORD FOUND . ——m "PROBLEN [6)
(crL P g-15)
. DETERMINE BANK WITH
MO PARITY PROB. POUND AGC PROBLEM
e
WORD WITH PARITY
See Error
Cod ist
- e ode Lis
L W2 [ RESTART 1S
GENERATED
1. ™ FAIL
Check AGC clock time
1, SCALAR PALL = and update if necessary
FAIL LIGHT
STIL o8 ”nml.ll AGC FAILURE
[MONITOR PAILURE. PROCEED
15 AsC TDE I
Camr [ L T
[Gr=r)
o8 Proai PaocHED
PRESS TRROR FALL LIGHT OUT
5 FAIL AGC PROBLEN
PROBLEX
ICDU/AGC 8
rry/ucc ®
PREPARED 8Y:  [LLK FLIGHT CREW SUPPORT DIVISION
DATE, GUIDANCE AND NAVIGATION
‘TION PROCEDURES
2777 Jen 27, 1967 MALFUNCTIO

APOLLO OPERATIONS HANDBOOK

HPACE and INFORMATION SYSTEMS DIVISION

MISSION SUPPORT TM POINTS

CG 5020 AGC ALARN 1 (PROGRAN)

CC 5021 AGC ALARX 2 (AGC ACTIVITY)
00 5022 AGC ALARM 3 (TX

G 5023 AGC ALARN 4 (PROG. CHE. PAIL)
G 5024 AGC ALARM 5 (SCALAR PAIL)
06 5025 AGC ALARM 6 (PARITY FAIL)
G 5026 AGC ALARM 7 (COUNTER PAIL)
0C 5028 AGC ALARX 9 (RUPT. 10CK)

CG 5029 AGC ALARM 10(TC TRAP)

0G 0001 COMPUTER DIGITAL DATA

0G 1110 2.5 VDC BIAS

s/c_012 [rev FINAL

section 9,1,1.1 feace 12

MSC Form 480 (Rev Dec 68)

AGC Fail Indicator Checks



PROCEDURES ENTRY SHEET

SECTION 9.1.1.2
SCS MALFUNCTION PROCEDURES

SYMPTOM
FDAI BALL DOESN'T CORRESPOND TO INPUT
ERROR NEEDLE AT NULL AND NOT MOVING
ERROR NEEDLE DIVERGING AND OSCILLATING
ERROR NEEDLE STEADY DEFLECTION OUT OF DEADBAND
RATE NEEDLE STEADY OR INCREASING DEFLECTION
RATE NEEDLE REMAINS AT ZERO
OSCILLATING RATE NEEDLE
AV COUNTER DRIFTS
RUNAWAY AV COUNTER
AV COUNTER MOVES AT ONE SPEED ONLY
AV COUNTER IS ERRATIC OR ONE-WAY OﬁLY
AV COUNTER FAILS TO START COUNTING
THRUST FAILS TO CUT-OFF
THRUST PREMATURELY CUTS-OFF
THRUST FAILS TO INITIATE
GPI HARDOVER
GPI NO RESPONSE

FDAI LIGHTING WON'T ADJUST

SYMPTOM
LETTER

A

B

PAGE




FLIGHT CREW SUPPORT DIVISION

DATE,

Jan 27, 1967

|rnsnum BY ,ﬂ_ﬂi T

- WAS A IS THERE 1S THE e
SYMPTOM A FDAT BALL DOESN T MANEZVER EXTERNAL SPS b3 Prog: @ APOLLO OPERATIONS HANDBOOK
CORRESPOND TO INFUT Comgw YES MOTION? YES THRUSTING?| YES 5 STABILIZATION AND CONTROL s/c_012 [revFINAL
: MALFUNCTION PROCEDURES secrion 9.1.1.20rAce 2
NO
L Proc 22
p————— Proc
ARE THE RATE YES %05: 3 Prec 3
NEEDLES AT
NULL? b Proc 12
NO
F———
IS THE WAS A IS THERE mﬁgﬁfm e Proc 21
BTN ERROR NEEDLE AT NULL ATT SET MANEUVER EXTERNAL ——{\ITH DIRECT
. 5 -
& NOT MOVING SW - oN? | M COMMAND? |  YES —MOTION® CONTROL ——— Proc 22
YES
l _— lNo l
COMMAND A IS THE Proc 2
Proc 2 MANEUVER VEHICLE s i
DEADBAND?
ERROR NEEDLE ERROR NEEDLE faa
SYMPTOM C - o . G&N = S i ICD 5
DIVERGING & MODE 7 o SELECT SCS ATT DIVERGING & o gopﬁoi N
OSCILLATING OSCILLATING 2 PROCEDURE XX
NO lY‘ES
Proc 20 Proc 20
FRROR NEEDLE IS IT A MONITOR YES IS THE FDAT BALL] YES CHECK ERROR|  mppop -
SYMPTOM D e sS=tesc AT THE ORT DISPLAY oc 3
STEADY DEFLECT |MoDE? ——— Proc 12 GINAL | (® 2) DISPLAY
OUT OF DEADBAND NO ATTITUDE? o TO BE EXPECTED roc o
NO
IS THE RATE IS THERE FES Proc 10 WAS A G & N |ygs Proc 22
NEEDLE AT NULL? [ YES  |[EXTERNAL MOTION?| MANEUVER -
e COMMANDED? [0 Proc 2
NO 2
1. SCS CHANNEL SWS (4) - OFF| == Proc 12
WAS A 5 T A 2. VI0OE 7B
MANEUVER [ AV WAS IT A 3. DIRECT RCS - ON
COMMANDED?}— 5 Proc 12 wasover | O RoT MAN?[NO |4. NULL RATES
NO 2 5. SCS CHANNEL SWS (4) - ON - T
i 6. DO RATES BUILD UP? g Froe
YES YES YES
IS THE IS THE MANEUVER Peve &1
— s v?l ’| IRECT ULLAGE? e ]
SYMPTOM E e IS THERE EXTERNAL SES ON DAL YES I. RHC-NEUTRAL = Proc 12
‘D::F MOTION? YES 2. DO RATES BUILD
i a8 ] NO UP? o > Proc 21
NO
IS IT THE
1. SCS CHANNEL SWS - OFF
ROLL F—=>Proc 8 | . - 12
Proe I s YES 2. DIRECT RCS - ON YES LL0R
SRRoR 3. NULL RATES
e B o 4. THC - NEUTRAL
: 5. SCS CHANNEL SWS - ON [0 > Froe 10
6. DO RATES BUILD UP?

' 4




" s a m Proc 21
ATE NEEDLE REMAIN IS THE ERROR NEEDLE WAS A e - WAS THE o 2 Ree 2l
P RATE NEEDLE REMAINS el ok IS THERE EXTERNAL MANEUVER YES
AT ZERO RGING 4 = P MANEUVER s MOTTON? g ! N
OSCILLATING? 9 comuanp?| P AL NO WITH DIRECT
- CONTROL o Proc 22
lYES NO :
Proc 20 Prog 1 Prae 1
(AT ARE] OSCILLATING 20
OSCILLATING RATE i % DITRCING zonEe
SYMPTOM G NEEDLE e
NEEDLES 0SCILLATING P 55
DOING? ABOUT DEADBAND £ =
REMARKS
PTOM H AV COUNTER Proc 5 - A
s DRIFTS 2
~—| 1. ALSO CONSIDERS ECO AT IGNITION
RUNAWAY =
Proc 5 - B
SRR AT AV COU'NTERI
AV COONTER |
SYMPTOM J MOVES AT ONE [————>Proc 5 - C
SPEED ONLY
AV COUNTER
SYMPTOM K IS ERRATIC OR [——>Proc 5 - D
ONE-WAY ONLY
AV COUNTER
SYMPTOM L FAILS TO START | 5 Proc 5 - E
COUNTING
[ THRUST FAILS |
SYMPTOM M TO CUT-OFF ————>Proc 6 - A
SYMPTOM N THRUST PRE- 1.
MATURELY CUTS- f———>Proc 6 - B
OFF
STMPTONM THRUST FAILS -
i TO INTTIATE »Proz 6.~ G
SYMPTOM P S oc 2
HARDOVER F200 23
GPI l
SYMPTOM Q NO RESPONSE Proc 23
PREPARED BY: 5’&‘ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
SYMPTOM R e SATES STABILIZATTON AND CONTROL S/c_ 012 wev FINAL

FDAI LIGHTING
WON'T ADJUST
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SCS 1

PREPARED BY: (7

FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
OATE: 27, 1967 STABILIZATION AND CONTROL s/c_012 rev FINAL
& MALFUNCTION PROCEDURES secTion9.1.1.2 Jeace 4

PROCEDURE

REMARKS

[

FDAI SELF TEST - ON

. FDAT SELF TEST - OFF
. DO THE RATE NEEDLES

RESPOND?

ONE RATE NEEDLF

AT NULL OR HARDOVER

ALL RATE NEFDLES

RATE DISPLAY |'!
LOOP FAIL

DISPLAY ECA

AT NULL

ALL RATE NEEDLES DEFECT

TRANSFORMER OR
SELF TEST SW
FAILURE

4/5 SCALE R-Y RIGHT, P UP

RATE GYRO |3
FATLURE

LAUNCH: NO ACTION

BALL, ATTITUDE
ERROR INDICATORS, AND PHYSICAL SENSES ARE
AVATILABLE AS BACKUP RATE CUES. USE DISPLAY
SELF CHECK AFTER INJECTION.

MIDCOURSE, AV'S & ENTRY:

BALL OR EXTERNAL REFERENCES, ATTITUDE ERROR
INDICATORS, AND/OR PHYSICAL SENSES ARE
AVATLABLE AS BACKUP RATE CUES. DISREGARD
RATE DISPLAY IN AFFECTED AXIS.

ALL PHASES: DISPLAY SELF TEST FUNCTION IS
LOST. TUSE 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 FAILED GPI DISPLAY WILL NOT
FUNCTION PROPERLY.

TBD

SCS 2

G&N/SCS - SCS

NO RESPONSE IN

AME - ATTITUDE
ATT SET - ON
ROTATE ATT SET

ANY AXIS

RESPONSE CORRECT IN

DIALS

ATT SET - OFF
ATT ERROR NEEDLES
RESPONSE?

NO RESPONSE

ALL AXIS

ATT SET 1
SW FAILED

1. FDAI ALIGN PB - PRESS
IN ONE AXIS 2. ATT ERROR NEEDLES &
BALL RESPOND CORRECTLY?

ATTITUDE ERROR | 3
DISPLAY FAIL I
THAT AXIS

NO ATTITUDE SET | 4
INPUT FAIL

ALL PHASES: ATTITUDE SET FUNCTION LOST.
FDAI ALIGN STILL FUNCTIONAL.

LAUNCH: - NO ACTION

BALL, RATE DISPLAYS,
AND PHYSICAL SENSES ARE AVAILABLE AS BACKUP
CUES. USE ATTITUDE ERROR INDICATOR CHECK
AFTER INJECTION.

MIDCOURSE, A /'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.

ALL PHASES: SAME AS 2 EXCEPT BOTH G&N AND
SCS ATTITUDE ERROR DISPLAY ARE LOST.

ALL PHASES: ATTITUDE SET FUNCTION LOST.
FDAI ALIGN LOST. G&N ATTITUDE ERROR
DISPLAY STILL FUNCTIONAL.




PROCEDURE REMARKS
SCS 3
BALL FIXED OR
ARRE: GENERAL FOR LAUNCH PHASE: NO ACTION IF BALL
L T Aﬁiﬁgg'ﬁﬁm ALIGNS INCORRECTLY 1. SELECT POO AGGU LG DRIVE IS INCONSISTENT. USE OTHER CUES AND
2. G&N/SCS-SCS AND ATT ERROR NOT NULLED 2. G&N/SCS-G&N YES FAIL PERFORM TROUBLESHOOTING FOLLOWING INJECTION
— ' 3. AME-ATTITUDE IN ONE OR ALL AXES 3. KEY V16N20E INTO ORBIT.
4. ATT SET DIALS- 4. MONITOR DSKY
" RO P32 YOX DISPLAY OF IMU MIDCOURSE & V'S: USE G&N MODES FOR BALL
5. FDAT ALIGN-PRESS ANGLES — SERVO ELECT| 2 DISPLAY OR DSKY CALLUP (V16N20OE) WHEN SCS
6. FDAT BALL RO ! 5. BALL MOVES TO OR COMMON MODES ARE NEEDED. SCS ATTITUDE DISPLAY IS
* 556 o MU ANGLES ?ﬁ]ﬂ DRIVE LOST FOR THE REST OF THE MISSION.
. PLACE A
7 Py gN L ERT 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.
BALL ALIGNS INCORRECTLY
I o= MIDCOURSE & V'S: USE DSKY DISPLAY (V16N20E)
FAIL :
AND: AT BHROR: NULLED FOR TOTAL ATTITUDE INDICATION OR READ CDU's
AT LEB.
ENTRY: NORMAL ENTRY EXCEPT NO TOTAL ATTITUDE
BALL.
SAME AS 1 EXCEPT THAT THE AGCU DRIVEN BALL
1. SELECT P00 cou's G&N BALL |3 DISPLAY IS AVAILABLE AS A RELATIVE INDICATOR
2. G&N/SCS-GaN 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
T0 M ANGLES ' ' DU FAILURE DISPLAY IS LOST BUT ALL G&N MODES MAY STILL BE
6. CHECK CDU'S cou's pon'r f I 4 USED WITHOUT TOTAL ATTITUDE FUNCTIONAL.
FOLLOW GO TO THIS
FOR FINE ISS GHECK
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: 4 7

FLIGHT CREW SUPPORT DIVISION

DATE:

e

Jan 27, 1967

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

STABILIZATION AND CONTROL

7 T

MALFUNCTION PROCEDURES

s/c012

rev FINAL

sectiong.1.1.2
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SCS 4 PROCEDURES

1. CB's SCS AC1 SW
GROUP 2 ‘;ﬁﬁléﬁw” YES CONTACT
— AC1 CLOSE! ADJUSTS? FATL
2. FDAI LIG.
SW - AC 2.
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-AC1 =
6. INJ. PREVLVS oir The g
2 L THRUST PB
e THEURR: SH~ XFORMER FAIL
OFF
8. THRUST PB-
PRESS
9. THRUST PB
TLLUMINATES ?

PREPARED BY:

(4785

FLIGHT CREW SUPPORT DIVISION

DATE,

Jan 27, 1967

REMARKS

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

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

SCS POWER - AC2

RATE GYROS - AC2
TVC-1 - AC2

BMAG's - AC1

ROTATION CONTROL - ACl
TVC-2 - AC1

G&N LIGHTING - AC2
SPS GUAGING - AC2

5 ALL PHASES: ADJUST FLOODLIGHTING FOR BEST

ILLUMINATION. THRUST ON LIGHT CHECKS NO
LONGER POSSIBLE. CONTINUE WITH MISSION.

APOLLO OPERATIONS

STABILIZATION AND CONTROL s/c 012 i Jrev FINAL

MALFUNCTION PROCEDURES section 9. 1.1.2 Jeace ©




SCS 5

[CTR SR

TVC 1 PWR - OFF

TVC 1 PWR - AC L MN A

DOES V COUNTER
STOP DRIFTING

vgs | RESET AV
COUNTER

INHIBIT CKT ||
NO| LATCH UP FAIL

ACCELEROMETER

— B lL00P OR AV

SET SW FAIL

OPEN POT OR
BAD CONTACT
ON AV SET

W

ELECTRONICS
DRIVE FAIL

IS THRUSTING
IN PROGRESS?

NO

AV COUNTER |4

DIRECT ULLAGE —

YES  |PUSH (MOMENTARILY)

DOES AV COUNTER
START

NO

AV COUNTER ELEC-

TRONICS DRIVE
FAIL

YES

NO DISCRETE |®

FROM THC

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

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

4. USE G&N CONTROLLED BURNS
5. NEXT BURN ULLAGE WITH OTHER THC

©. USE G&N CONTROLLED BURNS

FREPARED B orpf FLIGHT CREW SUPPORT DIVISION APULLO UPEKATIONS HANDBOOK
OATEwon 27, 1967 STABILIZATION AND CONTROL s7c_012 ~rev FINAL
724 i MALFUNCTION PROCEDURES section 9.1.1.2 [eace 1




FLIGHT CREW SUPPORT DIVISION

APOLLO OPERATIONS HANDBOOK

T TR
W on 27, 1967 STABILIZATION AND CONTROL 57c012 wev FINAL :
i ; Janels MALFUNCTION PROCEDURES secrion 9.1.1.2 [race o
SCs 6
T [Was acc 1 IS V 50 N 11 G&N MALFUNCTION,
A J THRUST CONTROL SW=— CONTROLLING BURN YES TLASHING YES AGC DID NOT 1. USE SCS THRUST CONTROL
OFF | MAGNTTUDE? (10 SEC AFTER SHUTDOWN SEND ENGINE
OFF DISCRETE, 2. USE DIRECT ON/OFF OF THRUST CONTROL
0 SW FOR SUBSEQUENT BURNS.
3. USE G&N TO CONTROL BURN OR DIRECT
IS THRUST ON LT ON/OFF OF THRUCT ~n"'TROL SW FOR
NO ON? - FAILURE IN G&N SUBSEQUENT BURNS
» PORTION OF SPS :
' : THRUST CONTROL 4. TUSE DIRECT ON/OFF OF THRUST CONTROL
7 SW FOR SUBSEQUENT BURNS
S THRUST ON LT| NO THRUST ON DRIVER 2
’I ON? OR LIGIC FAILED ON 5. SPS NON-OPERATIONAL
- . G&N THRUST £ONTROL LOGIC FAILURE, USE
b S 4000 Girore | 3 SCS FOR SUBSEQUENT BURNS.
s PU' EALLUER { 7. USE G&N FOR ALL SUBSEQUENT BURNS.
1
y vEs | can av? vES L. START ULLAGE
o 1S ECO I P. FCSM G&N-OVERRIDE/RESET
ON? b FOSM GAN - GAN ROUGH ENGINE
[ [ Fcsy scs-overrTDE/ h. IF V50 ¥ 11 IS FLASHING OMBOSTION
NO —3  RESET . PPESS EiER
P. FCSM SCS - SCS
= k. THRUST ON - PUSH
G&N oV h. IF V 50 N 11 13
_FLASHING PRESS ENTER
L [CK. FOR PROGRAM S —{ G&N MALFUNCTION |
FAILURE IN SCS| 7. ALARNS, OB FHROR .

G&N YES
L
Mo @l
G&N MALF

THRUST CONTROL
L. LOGIC

ISY50 N1l
FLASHING?

NO "THRUST ON PB - r
CODESL . i cesinad]

IS THRUST ON 1. THRUST ON PB -

LT ON? PRESS

NO b, TGNITION O
YES

L .DIRECT ULLAGH o

PB-PRESS

SMOMFNTARILY®
P IGNITION YES ['NO ULLAGE
—QGLEES" Inxscnm‘m FROM THC 1

CONTROL LOGIC
FAILED

1. THRUST CONTROL SW
DIRECT ON

CONTROL
LOGIC
FAILED

THRUST CONTROL
! SW FAILED




5c8 7 TVC #2 CHECK

1. TVC #1 SWITCH - AC #1 1
2. TVC #2 SWITCH - AC #2 2
3. START PITCH #2 GIMBAL MOTOR 3
4. START YAW #2 GIMBAL MOTGR

5. CHANGE PITCH TRIM POSITIVE 4.
THEN NEGATIVE

CHANGE YAW TRIM POSITIVE g

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

4V SWITCH - OFF

TVC #1 CHECK
1. GIMBAL MOTORS PITCH #2 &
YAW #2 - OFF
2. GIMBAL MOTORS PITCH #1 -
START/ON

3. GIMBAL MOTORS YAW #1 - START/ON
4. AV sw - ON

5. Verify C&W GIMBAL FAIL LT OFF
6. CHANGE PITCH TRIM POSITIVE

RETURN TRANSLATION CONTROL TO

NEGATIVE

THEN NEGATIVE
CHANGE YAW TRIM POSITIVE THEN

GPI MOVEMENT FOLLOWS
TRIM AND RC COMMANDS

PERFORM MTVC CHECK

THEN NEGATIVE
CENTER
GPI MOVEMENT
FOLLOWS TRIM
AND RC COMMANDS
PERFORM AT SELECTION
——]

TVC # 2 CHECK

GPI MOVEMENT AWAY

GPT MOVEMENT FOLLOWS TRIM AND

C&W GIMBAL FAIL LIGHT OFF
PERFORM TVC #1 CHECK

‘L_GPI MOVEMENT FOLLOWS TRIM AND

NORMAL OPERATION

| C&W GIMBAL FAIL LIGHT ON

GPT MOVEMENT AWAY FROM TRIM

NO GPI MOVEMENT AND C&W

‘iGIM:BAL 71 FAIL I'
#1 CLUTCH FAIL |*

GPI MO

GIMBAL FAIL LIGHT ON

S T 3
| TVC #1 AUTO FAIL I

AT SELECTION

NO GPI MOVEMENT

‘{ MIVC TRIM FAIL I‘

ey
MIVC FAIL d

WITH RC COMMANDS

GPI MOVEMENT FOLLOWS

ROTATION CONTROL

FROM TRIM

NO GPI MOVEMENT

PERFORM MTVC CHECK

GPT MOVEMENT AWAY FROM TRIM

6
‘{ TVC TRIM FAIL I

GPI MOVEMENT FOLLOWS

WITH RC COMMANDS

e —

FLIGHT CREW SUPPORT DIVISION

ROTATION CONTROL
PERFORM MTVC CHECK

GPI MOVEMENT FOLLOWS TRIM

7
#2 CLUTCH FAIL

PERFORM

TVC #1 CHECK NO GPI MOVEMENT

> AUTO TRANSFER FAIL |°

2|

NO GPI MOVEMENT
FOR RC INPUTS

GPI MOVEMENT FOLLOWS TRIM

> TvC AUTO INPUT FATL |

PERFORM TVC #1 CHECK

NO TELEMETRY

DATE,

Jan 27, 1967

ﬁu‘

APOLLO OPERAT

TELEMETRY CHECK
MOVEMENT
VERIFY GIMBAL MOVEMENT
BY TELEMETRY AND VOICE
COMMUNICATIONS

NO TELEMETRY MOVEMENT

_J TRANSFER RELAY FAIL OR|
| Tve #2 FAL

TELEMETRY MOVEMENT FOLLOWS TRIM —GPI Farn "
OR ROTATION CONTROL IN TVC #1,

MIVC, & TVC #2 CHECKS

STABILIZATION AND CONTROL 5/c012

REv FINAL

MALFUNCTION PROCEDURES secrion 9.1.1.2

PAGE 9
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DATE: STABILIZATION AND CONTROL 5/€012 Jrev FINAL
3 Jan 27, 1967 MALFUNCTTON PROCEDURES secTion 0,1.1,2 Jrace 10

14

scs 8 PROCEDURE REMARKS
1. SCS CHANNEL ROLL (2) - OFF
2. DIRECT RCS - ON CONTINUE WITH 1. THRUST CONTROL SW - OFF
—— | 3. MANUALLY CONTROL ROLL ATTITUDE THE SPS BURN 2. SELECT SCS ATT HOLD
4. IS THE VEHICLE STABLE? EXCEPT: LIMIT CYCLE - OFF
NoO 3. MONITOR FOR OTHER SYMPTOMS




PREPARED BY: CFA FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
T4 = WIE on 27, 1967 STABILIZATION AND CONTROL $/c012 Rev FINAL
= 2 MALFUNCTION PROCEDURES section 9.1.1.2 Jrace 11
~ROCEDURE REMARKS
1 BMAG OPEN.
LAUNCH - NOT DETECTABLE
ALL OTHER PHASES - SCS AUTO. CONTROL LOST IN ONE AXIS.
G&N, DIRECT & PROPORTIONAL CONTROL ALL
REMAIN, SCS V, MTVC (IF FAILURE IN
PITCH OR YAW) & SCS ATTITUDE ARE LOST.
TIIAC 2. DRIVER OPEN:
50S MODY  FALLED 1
1. THE VEHICLE DRIFTS | yno ¥ oomn LAUNCH - NOT DETECTABLE
OUT OF THE ATTITUDE [ = MIDCOURSE & V'S - USE OPPOSITE JET PAIR FOR SINGLE JET
DEADBAND IN ONE AXIS GU 5 Sl ATTITUDE CONTROL AND/OR TRANSLATIONS
2. CHECK ATTITUDE ERROR Ga Mon MALFUNCTION (ROLL FAILURES FAIL 1/2 OR Y OR 2
NEEDLES AT NULL? === ——%| PROCEDURES * OR - CONTROL)
¢ ENTRY - SET UP FOR EITHER AN "A"™ OR "B" AUTO ENTRY DE-
1. THC- C.W. PENDING ON WHETHER OR NOT THE FAILED DRIVER IS IN
2. SCS - RCS CIRCUIT BREAKERS "B" OR "A" (IGNORE IF IT WAS AN A%C ROLL DRIVER)
IN THE AFFECTED AXIS- NO PET SOLENOID

U S AN

CLOSED

. NULL ERKOk NEEDLES

. THC - NEUTRAL

+ DPES THF VEHICLE DRIFT
OUT OF THE DEADBAND?

S

===

DRIVER 2
FAILED

UsING PROPORTIONAL CONTRO'
CAN THE VEHICLE BE
STABILIZED?

1

ATTITUDE IMPULSE
ENABLE ON
2. EXERCISE IMPULSD
CONTROLLER

3. DOES VEHICLE
RESPOIID?

1. G&N SCS TO OTHER MODE
2. DOES THE VEHICLE DRIFT
OUT OF THE DEADBAND <

NO

WAS T
MODE G&N ATT
CONTROL?

ORIGINAI |

G&N ATTITUDE
DEMODULATOR |5
FAI)ED OPEN

SCS ATTITUDE
DEMODULATOR |6
FAILED OPEN

FAILED OPEN

3. 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.

4. TOTAL ERROR AMPLIFIER OPEN

LAUNCH - NOT DETECTABLE

ALL OTHER PHASES - AUTO ATTITUDE, RATE, AND PROPORTIONAL
RATE CONTROL IS LOST IN THIS AXIS.
DIRECT CONTROL IS THE ONLY REMAINING
RCS CONTROL PATH OTHER THAN MINIMUM
IMPULSE CONTROL.

5. G&N ATTITUDE DEMODULATOR OPEN

LAUNCH - NOT DETECTABLE

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

6. SCS ATTITUDE DEMODULATOR OPEN

LAUNCH - NOT DETECTABLE

ALL OTHER PHASES - SCS AUTO CONTROL. LOST IN ONE AXIS
G&N, DIRECT, AND PROPORTIONAL CONTROL
ALL REMAIN. SCS V (IF FAILURE IS
PITCH OR YAW) AND SCS ATTITUDE ARE LOST.

7. 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.



REMARKS:

See Page 13a

scs12 (a)

1. SCS CHANNEL (4) - OFF |
2. ARE THE RATES INCREASING?

(CONTINUED ON
SCS - 12 B)

NO

PROCEDURE

1. DIRECT RCS - ON |
2. NULL RATES
3. G&N/SCS - SCS

RATE NEEDLE NOT AT NULL

TT
RATE NEEDLES

4. AME-ATTITUDE

AT NULL

1. C/B SCS PITCH (YAW, ROLL)

MNA OR MNB-OPEN

2. ROT. CONT. PWR - OFF
3. THC - C.W.
4. SCS CHANNEL PITCH (YAW, ROLL (2)

-ON (SCS CHANNEL
ROLL (2)-OFF AND
5. IF NECESSARY)

REPEAT STEPS 1 AND 4 FOR THE
OTHER C/B(s) IN THE AFFECTED

CHANNEL

AT_NULL

ONLY 1 C/B CAUSES RATE INCREASE

PITCH (YAwW,
STABILIZE S/C

NO RATE
INCREASE

1. VERIFY C/B SCS PITCH (YW,
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?

RATES INCREASE WITH
MORE THAN 1 C/B COMBINATIONI

1. VERIFY LIMIT CYCLE-OFF
2. SCS CHANNEL PITCH (YAW,

S/C IF NECESSARY)
3. DO RATES INCREASE?

ROLL (2)-ON/OFF(STABILI Zﬁ

E@mo FAILURE |’

G _LOOP FAILURE J*

[JET DRIVER FAILED ON I’

.\ (0}

———is

. THC-NEUTRAL

C/B SCS GROUP 1
MN A=-OPEN

SCS CHANNEL PITCH
(YAW, ROLL (2))-03
(SCS CHANNEL PITC
(YAW,ROLL (2))-OFH
AND STABILIZE S/C
IF NECESSARY)
REPEAT STEPS 1
THRU 3 FOR

GROUP 1 MN B C/B
SCS PARTIAL PWR &
RATE GYRO TO NON-
AFFECTED BUS

WITH ONLY ONE
c/B

RATES INCREAS
WITH BOTH C/B

RATES INCREASE Jf ONE TRANSLATION

6
J PSEUDO RATE FAILEDI

CONTROL FAILED
ON

FAILURE IN
CONTROL ELEC-
TRONICS (RATE
DEMODULATOR , RATE
ERROR AMPLIFIER,
TOTAL ERROR
AMPLIFIER, OR
SWITCHING AMP-
LIFIER

ol ONE RHC FAILED I

NO 1. AME-MONITOR
2. THC-NEUTRAL

(SCS CHANNEL PITCH (YAW,

| PROCEDURE T.B.D.

soLatIoN]”

WAS THE

]
o[ ATTITUDE ERROR AMPLIFIER FAILED ONI
s ot s o~ gyens

| BMAG DEMODULATOR FA

TLED on |

ROLL (2) - OFF AND STAB-|

ORIGINAL

3.

ILIZE S/C IF NECESSARY)
DID THE RATES INCREASE?

MODE SCS?

2. ATT ERROR

IS 0 O
NOJI 1. SELECT POO
NEEDLES AT NULL GO

T. G&N/SCS—RN
2. AME-ATTITUDE
3. SCS CHANNEL PITCH

4.

TO G&N MALF PROCEDUREl

r0
Mo&n ATT DEMOD FAILED l

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

NECESSARY

| N0 ,JGO TO G&N MALFUNCTION PROCEDURE |

DID RATES INCREASE?

PREPARED BY: 3z / FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS
A AY s D‘“'J 27, 1967 STABILIZATION AND CONTROL s/c 012 Jrev FINAL
Tz s MALFUNCTION PROCEDURES SecTion 0.1.1.2 |rhce 12




scs 12 (B)

"
RHC #2 FAILED ON
(DIRECT)

RAC #1 FAILED ON|”
(DIRECT)

APOLLO OPERATIONS
STABILIZATION AND CONTROL S/c012 REv FINAL
MALFUNCTION PROCEDURES section 9.1.1.2 Jeace 13

DIRECT ULLAGE
SWITCH FAILED

PREPARED BY:  * @~ FLIGHT CREW SUPPORT DIVISION
- Al *
E"K/' PATE Jan 27, 1967
1. VERIFY DIRECT RCS - OFF NO 1. SCS CHANNEL (4)-ON YES . C/B SCS DIRECT CONT MNB - OPEN
2. ARE RATES INCREASING? 2. NULL RATES . C/B SCS DIRECT CONT MNA - CLOSED
3. C/B SCS DIRECT CONT MNA - OPEN
YES 4. DIRECT RCS - ON/OFF NO
5. DID THE RATES INCREASE?
IF DESIRED DIRECT
CS-ON AND STABILIZE RATES
L. C/B SCS DIRECT CONT 1. SCS CHANNEL (4) - ON . C/B SCS DIRECT CONT MNA - OPEN
MNA & MNB - OPEN NO _gf 2. NULL RATES . C/B SCS DIRECT CONT MNB - CLOSED
2. DO THE RATES INCREASE? 3. C/B SCS DIRECT CONT MNA-CLOSED | no
4. DO THE RATES INCREASE?
1. C/B SCS GROUP 2 MNA & MNB - 1. SCS CHANNEL (4) - ON | YES C/B SCS GROUP 2 MNA - OPEN
OPEN 2. NULL RATES C/B SCS GROUP 2 MNB - CLOSED
2. DO THE RATES INCREASE? 3. C/B SCS GROUP 2 MNA-CLOSEDk o BMAG PWR - AC2
4

. DO THE RATES INCREASE?

IYES

BMAG PWR - ACL |

}———f e P1ror roTaTION 13

L SWS

CONTROL BREAKOUT
SW SHORTED TO DIRECT

PILOT ROTATION |°

CONTROL BREAKOUT
SW SHORTED TO
DIRECT SWS

1. S/MRCS A (B,C,D) PROPELLANT
SW - OFR

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. IN THE FORMER CASE THE AGCU CAN NO
LONGER UPDATE.
V'S - SCS V MODE IS NO LONGER FUNCTIONAL FOR A PITCH OR YAW AXIS PROBLEM. G&N V WITH A BMAG IN
BACKUP RATE AND MTVC ARE STILL OPERATIONAL. IN THESE MODES THE RATE GYROS WOULD BE ON WITH
BACKUP RATE SELECTED IN. THE AXIS AFFECTED.
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

AVATLABLE 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
FATILURE.” 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 FAILED ON

LAUNCH - NOT DETECTABLE
MIDCOURSE &
V'S - APPLICABLE CIRCUIT BREAKER MUST BE OPENED AND REMAIN PULLED FOR REMAINDER OF MISSION. SELECT TWO
JET ULLAGE AND ROTATE DUTY CYCLE FOR PROPELLANT MANAGEMENT BASED UPON THE TWO JETS LOST. CONTINUE
MISSION.
ENTRY - SET UP FOR SINGLE SYSTEM RCS ENTRY ON THE UNFAILED SYSTEM (1E: FOR AN MNA BREAKER SET UP FOR AN

AUTOMATIC "B" SYSTEM ENTRY) IF THE FAILURE WAS IN PITCH,YAW, OR B&D ROLL.
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4 ONE TRANSLATION CONTROL BAD

LAUNCH -

MIDCOURSE &

s -~

ENTRY =

NOT APPLICABLE

PULL EITHER THE MNA OR MNB BREAKER FOR SCS GROUP 1 POWER. SET SCS POWER AND TVC #1 POWER TO
OPPOSITE POSITIONS. USE OTHER TRANSLATION CONTROL. HALF OF THE POWER FOR THE SCS CONTROL
PANEL IS NOW OFF.

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

5 FAILURE IN CONTROL ELECTRONICS

LAUNCH -
MIDCOURSE -

e =

ENTRY -

NOT DETECTABLE

AFFECTED AXIS MUST BE DISABLED. DIRECT RCS CONTROL AND DIRECT ULLAGE ARE THE ONLY REMAINING
MEANS OF FIRING THE JETS IN THIS AXIS.

THIS FATLURE 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)

(oo N IO 1N SR G NN Ol

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.

SAME AS MIDCOURSE EXCEPT THAT THE DIRECT ULLAGE DOES NOT APPLY
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6 PSEUDO RATE FAILED

LAUNCH &
ENTRY - NOT DETECTABLE (IN ENTRY THE LIMIT CYCLE SWITCH MUST BE OFF)
MIDCOURSE &
v's - LIMIT CYCLE SWITCH MUST BE OFF. HIGHER RCS PROPELLANT CONSUMPTION AND LIMIT CYCLE RATES WILL BE

OCCURRING.

7 ROTATION CONTROL BAD (PROPORTIONAL)

ALL PHASES - T.B.D.

8 ATTITUDE ERROR AMPLIFIER FAILED

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

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

9 BMAG DEMODULATOR FAILURE

LAUNCH - 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.
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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 POSITICN OF THE
TRANSLATION CONTROL THROUGH THE MESC.

12 DIRECT ULLAGE SWITCH FAILED

ALL PHASES - THE DIRECT CONTROL CIRCUIT BREAKER FOR THE SHORTED SWITCH CONTACT MUST BE OPENED. ONLY ONE

ROTATION CONTROL WILL BE EFFECTIVE FOR DIRECT CONTROL. ONLY ONE SIDE OF THE THRUST CONTROL
SWITCH WILL BE ACTIVE. FULL DIRECT ULLAGE CAN BE OBTAINED USING THE ABORT POSITION OF THE
TRANSLATION CONTROL THROUGH THE MESC.

13 BREAKOUT SWITCH POWER SHORTED TO DIRECT CONTROL

ALL PHASES - THE GROUP 2 MNA OR MNB CIRCUIT BREAKER INVOLVED MUST BE OPEN FOR THE REST OF THE MISSION.
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's

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.

THE
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SCS 20 PROCEDURE B . REMARKS
]
ARE THE RATE ARE RATE NEEDLES RATE GYRO
CYROS OFF AND (N0 47y, | vss FAILED 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 FAILED OPEN
RATE BRROR | 3
NO AMPLIFIER
FAILED OPEN
4
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)

T DIRECT CONTROL
LOST IN RHC #1(2)

DIRECT RCS
SW FAILED OPEN

et

. DIRECT RCS SWITCH FAILED OPEN

LAUNCH - NOT DETECTABLE

ALL OTHER - DIRECT ROTATION CONTROL IS
PHASES LOST. AUTOMATIC PROPORTIONAL
| CONTROL, MANUAL PROPORTIONAL
| CONTROL, AND DIRECT AUTO
CONTROL ALL REMAIN FOR RCS
CONTROL.

2. DIRECT CONTROL LOST IN ONE ROTATION CONTROL

LAUNCH - NOT DETECTABLE

ALL OTHER - KEEP OPERABLE ROTATION CONTROL
PHASES AT CMD PILOTS' STATION




1. RATE GYRO FAILED 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 MIVC (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 MIVC (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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SCS 22

WAS THE MANEUVER G&N

G&N AUTO OR AUTO
RHC #1(2)

RHC #1(2)

1. CHANGE ROT CONT.
PWR TO OTHER BUS.
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PROCEDURE g T o N REMARKS
ARE THE ATT ygs |AGC/CDU PROBLEM See Page 15a
ERROR NEEDLES GO TO GE&N MALF
gttty PROCEDURE XX
1 NO
CAN THE MANEUVER YES )
BE COMMANDED YES 1. SELECT SCS %Lgroggon
USING PROPORTIONAL ATT HOLD 1. CHANGE DEADBAND | YES
CONTROL 2. DOES THE VEHICLE| _ NO 2. DOES THE VEHICLE ORIGINAL DEADBAND]S
DEADBAND? DEADBAND? ‘ NQ CIRCUITRY FAILED
L RO ) NI e
CIRCUITRY FAILED
CAN S/C ROTATION BE YES

COMMANDED USING THE
MINIMUM IMPULSE?

TOTA 3
FATLED OPEN

[

jmo

1. CHANGE THE DEADBAND
2. DOES THE S/C DEADBAND? |

1 ves

JET SWITCHING bl
FATLED OPEN

1. IF IN MONITOR MODE

NO, GO TO SCS ATT MODE NO DOES THE S/C

2. CAN S/C BE COMMANDED
WITH RHC #2(1)

YES

ORIGINAL DEADBAND]®
CIRCUITRY FAILED

N

LIMIT CYCLE-OFF
3. ARE THE RATE NEEDLES
OSCILLATING AND
DIVERGING YES

DEADBAND?

ROTATION CONTROL | *
DEMODULATOR FAIL

RATE ERROR i
AMP FAILED OPEN

CAN THE S/C BE YES [POWER BUS OR |
COMMANDED WITH ROT. CONT. PWR SW
RHC #1(2) NO FAILED

RHC #1 (2) FAILED|®




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 AMPLIFIER OPEN

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

3. TOTAL ERROR AMPLIFIER OPEN

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

4. SWITCHING AMPLIFIER OPEN

LAUNCH - NOT DETECTABLE
ALL OTHER - AUTO ATTITUDE AND RATE AND PROPORTIONAL RATE CONTROL 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 MTVC BACKUP ARE STILL AVAILABLE. DIRECT AND
AUTO RCS CONTROL STILL REMAIN FOR ALL MODES.
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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.

PREPARED BY: df;/ FLIGHT CREW SUPPORT DIVISION APOLLO OPERATIONS HANDBOOK
P AT o7 1967 STABILIZATION AND CONTROL s/c 012 RevEINAL
Bl =1y MALFUNCTION PROCEDURES secTion-9.1.1.2 lpace 15b

MSC Form 460 (Rev Dec 68)



FLIGHT CREW SUPPORT DIVISION

| PREPARED BY1

=

DATE,

Jan 27, 1967

STABILIZATION AND CONTROL
MALFUNCTION PROCEDURES

APOLLO OPERATIONS HANDBOOK

s/c 012 [rev PTVAL

section9,1,1.2 ]ucs 16

SCS 23 PROCEDURE REMARKS
IS THE S/C YES ARE THE NO IS THE BURN ’__m__.lﬁ}ms'r CONTROL SW -
THRUSTING? RATE NEEDLES CONTROLLED BY OFF
AT NULL? MTVC?
lNO lYES NO
SR GPI 1. GO TO MIVC
FAILURE 2. DAMP RATES
BEG a4 I. If direct ullage is needed use
the abort position of the THC
to command direct ullage through
! the sequence.
1. Release DIRECT ULLAGE

2,

PUSHBUTTON
DAMP RATES with RCS

OPEN CONTACT ON

DIRECT ULLAGE SW.







PROCEDURES ENTRY SHEET
SECTION 9.1.2

SPS MALFUNCTION PROCEDURES

SYMPTOM

SYMPTOM NUMBER STEP PAGE
SPS ROUGH ECO DURING MISSION CRITICAL BURN 1 i 2
SPS ROUGH ECO DURING NON-MISSION CRITICAL BURN 2 1 3
PITCH OR YAW GMBL DR FAIL C & W LIGHT ILLUMINATES 3 i 4
DURING MISSION CRITICAL BURN
PITCH OR YAW GMBL DR FAIL C & W LIGHT ILLUMINATES 4 1 5
DURING NON-MISSION CRITICAL BURN
SPS PRESS C & W LIGHT ILLUMINATES DURING THRUSTING 5 dl 6
FUEL AND/OR OX TANK PRESS LOW DURING THRUSTING 5 2 6
FUEL AND/OR OX TANK PRESS HIGH DURING THRUSTING 5 T T
SPS PRESS C & W LIGHT ILLUMINATES DURING NON- 6 1 8
THRUSTING
FUEL AND/OR OX TANK PRESS LOW DURING NON-THRUSTING 6 2 8
FUEL AND/OR OX TANK PRESS HIGH DURING NON-THRUSTING 6 6 9
SPS WALL TEMP HI C & W LIGHT ILLUMINATES 7 il 10
PROPELLANT HEATERS FATIL TO RAISE TEMPERATURE 8 1 10
PROPELLANT TEMPERATURE READING ABNORMAL 9 1 11
NO RESPONSE OF OX FLOW FLAGS TO OX FLOW ADJUSTMENT 10 il 1l
ABNORMAL PROPELLANT QUANTITY READOUT 1T 1 il
UN BALANCE METER IS ERRATIC OR PEGGED 12 1 - -13
LOSS OF SPS HELIUM TANK PRESSURE 15 1 15

ABNORMAL SPS HELIUM VALVE TB INDICATION 14 1 14




SYMPTOM

STEP

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

/

FCSM G&N or SCS SW
RESET

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

THRUST

Re-illuminates

Remains extinguished

tor SPS ROUGH ECO 1light

n

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 monito
Monitor PRESS ENG INLE
and 0X for decrease
or unbalanced pr

ure and flow
lis If in AV, automatic
restart off the engine will
occur # {10 sec has elasped
st ligfshutdown. If 210 sec

ust be depressed for automatic
estart.

E/RESET has re-
Interruption
and occurs
sient.

started engi
of engine "ON"
during switching t

VoAN11 will flash, and the ENTER

Excessive engjf vi-

bration due

instabili-

4b. TransNent vibra-
tion level

SPS engine.
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SPS WALL TEMF HI
LT. ILLUMINATES

Is the burmn
Mission Critical?

o

NO |

If thrusting;
THRUST sw - OFF

Eié;é;i&;uiﬁiéét_ﬁhamberA
ablation rates or instrumentation
failure

Excessive throat chamber
ablation rates or instrumentation
failure

SYSTEM SPS -l
DATE FEB. 16, 1967
s/c 012

2! 1
2.
3
3.

Light illuminates when throat
surface temperature is 380°F or
greater. Ablation rates will
be severe that loss of

chamber may be expected at any-
time, resulting in catastrophic
failure. Maximum temperature
should occur 30 min after shut
down.

Complete loss of the SPS should
be expected at any time.

MSFN can confirm wall temperature
over 380°F. Loss of entire chamber
very possible upon refiring of SPS



SPS PRESS
LIGHT ITLLUMINATES

FUEL AND/OR OX
TANK PRESS LOW

FUEL AND/OR OX
TANK PRESS HIGH

PROCEDURES | REMARYS
— — 2 'Y "1 Light illuminates if FUEL or OX
s the s/C YES == Wy Monitor FUEL and Ox ]| NORMAL CaW circuitry TANK Pni:ss Is >2og Es_na O::eiso
thrust ing? = TANK PRESSURES & or indication psia. Normal operating p
If the Pc indicator confirm PRESS ENG failure sure is 171-179 psia.
£70 psia: THRUST | INLET FUEL and/or St — =
sw - OFF 0xX (2 Monitoring of SPS pressure gages
—- e ~ is required for all subsequent
NO burns
HIGH
) . 3. SPS inoperable
Is burn NO WARNING: - Subsequent repressuri-
mission —‘I THRUST sw - OFF ] zation considered dangerous due
critical? , to possibility of tank rupture.
YES | 4. Tanks are manually repressurized
: for subsequent burns. . Burns are
Do the FUEL and 0X | YES [Leak in not to exceed 20 sec if propel-
TANK PRESS + an lant tank pressure cannot be
to d eson ATYE propellant systen| raised during manual repressuri-
eCIonsD! zation; SPS not operable
propellant tank pressure €160
NO'! i
4 psia.
Congested, __ _ - )

[ SPS"He sws (2) - ON l—. Propellant line 5. With helium supply shut off,
propellant tank ullage pressures
are sufficient to provide 20 sec-

A NO . onds of operation. After 20 sec-
Mon(l‘t\r FUEL ana OX o g v (2)-0FF __.l’I‘H?R'JST sw - OFF l onds, O/F ratio becomes too high
;@,s‘ ?f{ffc‘.“l:,f.“m NORMAL -y e i“s /=== and engine operation may become
with PRESS ENG B Is.t}}e urn mission rough. SPS will not be operable
INLET FUEL and/or critical? after this 20 seconds
(0).:4 it e S :

YES —e — 50 6. SPS is functional
LOW One regulator Tanks are manually repressurized
HIGH assembly failed open for next burn if 175 psia is not
obtainable: SPS HELIUM sws (2) -
Is FUEL and/or OX YES - > OFF. Major leak in pressurization
PRESS decreasing? C&W circuitry systems SPS not operable for tank
or indicator pressures <160 psia.
NO failure
7. SPS is functional
1. SPS HELIUM sws (2) - ON osk 1 Bl il
2. When FUEL and OX PRESS 8~ IREl
: system
2175 psia A
3. SPS HELIUM sws - AUTO
ey 3
Is FUEL and/or YES faak 3 1lant
[ 0X PRESS s;:te;n e i SPS'2
decreasing?
7 { NO 6 DATE FEB. 16, 1967
Heat leak into ) y [Arparent heat leak i
SPS system ’j’/] from SPS system s/c 012 §
]




PROCEDURES | REMARKS
" l: _This_a;tion ”ik;xz{tiates !
. e MTVC R
1. MONITOR FDAI & h ; Dﬁfgsga;f_“g;gg MIVC operation. |
PITCH OR YAW IS BURN YES GIMBAL POSITION 5' THC - CENTER | Is the burn | YES ‘fl‘ V50 N}l i \
GMBL DR FAIL MISSION = INDICATOR. -~ 4' Reorient §/C to burn ™ Cav ave is flashing; 2. SPS is inoperative as \
LIGHT ILLUMINATES CRITICAL? 2. If divergence occurs; : attitude wi ‘»hJRCS i DEFRESS - ENTER gimbal control is lost \
THC - OV 5. THRUST sw - NORMAL An: pnafaxts
; . \
NO _ -3. For any subsequent burns,
the GIMBAL POSITION indicatcr
must be meritored with the FDAI
NO THRUST ON - If divergence occurs; for divergence from planned
DEPRESS THRST sw - OFF heading as these are the only
- means of monitoring the status
of the gimbal motors.
1. THRUST sw - OFF 2 .
2. Damp rates with RCS Gimbal control 4. SPS now func?lonal on sec-
3. GIMBAL MOTOR PITCH S— W 3 failure in one axes ondary gimbal drive motor. .f.ny
or YAW #2 sw - OFF - g]’{BL D;rFX‘IxL subsequent burns must be moni-
4. GIMBAL MOTOR PITCH tored for gimbal motor failure
or YAW #1 sw - START/ON ds g;}gﬁ; gggiﬂ‘lgrﬁ L LT FA_ILED ON ,on the GIMBAL POSITION indica-
5. DOES PITCH or YAW YES et heele tor and the FDAI.
GMBL DR FAIL LT 2. Does the needle - > ! : )
REILLUMINATES? deflect? NO Uven ox> under | 4 5.. SPS functional, but gmba]'.
. ; ) current to primary switchover may occur at any time
drive motor J ;during thrusting.
No | 6. GMBL DR FAIL light should
el also have re-illuminated. Motor!
is unable to assume *he load and
= o drops off the line.
- | YES Transient over ‘ 5
1. Rotate PITCH or YAW o nder Sibrant]
GIMBAL POSITION = T
thumbwheels
2. Does the needle . 6
deflect? NO Over or under
- | current to primary:
drive motor.
SYSTR SPS-3
DATE FEB. 16, 1967
s/c 012

DO Lvaws  //26/€7



SPS ROUGH ECO

IS THE BURN
MISSION CRITICAL?

IS BURN
G&N AV?

NO

NO

FCSM G&N - OVERRIDE/ ,
RESET ;
FCSM G&N - G&N

IF V50 N11 IS |
FLASHING; DEPRESS &
ENTER '

1

DOES SPS ROUGH ECO
LIGHT REILLUMINATE?

YES

2.

FCSM G&N - OVERRIDE/
RESET

IF V50 N11 IS FLASHING;
DEFRESS ENTER

Transient vibration
level sensed in SPS
engine

FCSM SCS - OVERRIDE/

RESET
FCSM SCs - SCS
THRUST ON-DEPRESS

DOES THE SPS
ROUGH ECO LT
REILLUMINATE?

Excessive engix;e
vitration due to
combustion instability

Transient vibration;

s |
level sensed in SPSg’
2ngine

1. THRUST sw - OFF
2. Terminate ULLAGE
3. Reset FCSM logic with

RESET
b. AV sw - OFF

ENTRY

any of the following sws.

a. FCSM sws (2) - OVERRIDE/

c. AME sw - MONITOR or

YBES

n

FCSM SCS - OVERRIDE/
RESET
THRUST (I - DEPRESS

Excessive engine
vibration due to
combustion instability

. 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.

é‘ Continue normal proceduresl

| e

SYSTEM

sps-4 |

FEB. 16, 1967
s/c 012

DATE




PROCEDURES

r) for 10 sec
SOR sw - AUX

srper) for 10 sec
T/AUTO/TEST sw - TEST
lower) for 10 sec
=:zd gquantities

N

RANDOM READING

Quantity
display

ST/AUTO/TEST sw - TEST

ECT READING

failed

One or more tank

probes of the

Primary guaging
system failed

REMARKS

Complete any thrusting
activity prior to check
of quantity readout.

In TEST mode the display will
not move for the first 4.5 sec.
Next it will race fors1l 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.

MSFN must not supply any pro-
prellant quantity data.

Continue in AUX mode. Telemetry
vill provide total quantities
au iary system, and sump

ities from PRI system.

SYSTEM SPS-5

DATE FEB. 16, 1967

s/c 012




PROCEDURES ENTRY SHEET

SECTION 9.1.3

RCS MALFUNCTION PROCEDURES

SYMPTOM
- SYMPTOM NUMBER STEP PAGE
o
S/M RCS
S/M RCS C&W LIGHT ILLUMINATES 1 1 2
S,/M RCS TEMP PKG LOW i 4 2
S/M RCS TEMP PKG HIGH 1 10 3
S/M RCS PRESS MANF LOW ! 19 5
S/M RCS PRESS MANF HIGH E 22 5
S/M RCS PRESS He LOW OR DECREASING 2 1 i
C/M RCS
C/M RCS ENGINE TEMP FAILS TO INCREASE WITH 3 1 9
HEATERS ON
e C/M RCS C&W LIGHT ILLUMINATES 4 il 10
k C/M RCS PRESS F OR OX HIGH 4 3 11
. C/M RCS PRESS F OR OX LOW 4 4 11
C/M RCS PRESS He LOW 5 1 i112
/-\




NEXT

S/M RCS TEMP PKG LOW

If TEMP PKG <45°F:
SCS CHANNEL sws A&C ROLL
(B&D ROLL) and PITCH (YAW)-OFF

DIRECT RCS - OFF

SYMPTOM STEP PROCEDURE STEP REMARKS FAILURE
N_ S/M RCS A (B,C,D| 1. | S/M RCS A(B,C,D) Helium 1 & 2 sw§ 2. |Light illuminates if TEMP PKG
Light\jlluminates OFF is D>175° or 63°; or if PRESS
MANF is <155 psia or > 215 psia.
2. | RCS INDICATOR sw - S/M A(B,C,D) 3.
Bis Monitor S/M RCS TEMP PKG 3. Normal operating range:
\\\\\ 115 - 175°F
Low 4.
10. |3b. Boost heating may c
temperature to rise a
but it should drop
first rev. Pro
and solar he soak orientation
may resultAn a high TEMP PKG.
c. NORMAL 18.

RECT RCS must be disabled to
electrically isolate the affec-
ed quad,however the opposite
on the S/M is also disabled
on at temperatures lower

WARNING:

If there was probable engi
PELLANT SW - OFF; SCS C
HELIOM 1 & 2 sws -
minimum of ome

L sws (2) - ON.

alve actuation while the quad's PKG TEMP wa
Reactivate the quad only in an

ond in duration in order to attempt disapation of possible resi

: S/M RCS A(R,C,D) PRO-
S/M RCS A(3,C,D)
quad should be a

S/M RcS A(B,C,D) HELIUM 1&2 sws-
ON (if applicable)

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

7.

FLIGHT CREW SUPPORT DIVISION

PREPARED av:c%}?/
A

Z

DATE:

Jan. 27, 1967

APOLLO OPERATIONS HANDBOOK
RCS Malfunction

012 rev FINAL

S/c

Procedure 9.1.3
. o)

SECTION PAGE 2

MSC Form 460 (Rev Dec 68)




{ C/M RCS ENGLZ= TEMP
FAILS TO INCEZ:iSE WITE

| HEATERS ON

PROCEDURE

N N

What ars the temparature readings?

ALL TEMPS CONSTANT

! BUT ANY BELOW 64° F

i (1.8 vIC)

n =

MESC PYRO sws (2) - SAFE

C/M PROP JETT DUMP sw - ON

3. When coldest engine reaches
100° F (2.5 VDC) or for 13
minutes whichever comes
first.

4. C/M PROP JETT DUMP sw - QOFF

1. Monitor DC VOLTMETER (ENGINE TEMP)
in SELECTOR sw position 1, 2, 3, 4, ANY TEMP
& 12 ——
2. ks INCREASING

TEMP SENSOR
FATLURE

2/ RCS HEATZRS
sw cr CIRCUIRY
FAILED

. | REMARKS

Indicates thruster temperature
Use one of other engine

temps for that of affected
engine.

All engines will be heated
with the exception of the two
+ pitch engines.

SYSTEM RCS-1

DATE FEB. 16, 1967

s/c N1




S/¥ RCS A (B,C,D) 1. S/MRCS A (B,0,D) HELTUM |V Is TEMP N0 ‘1. S/MRCS A (B,C,D) HELIUM 1&2 sws - ON 1. When s/’,' RCS TP I
Light illuminates 1&2 sws - OFF PKG €45° F 2. If possible, reorient S/C with affected 2 gcms;>6)
2. RCS INDICATOR sw - - quad in sunlight . on (cmf NEL sws (2) -
S/M A (B,C,D) 3. Monitor S/M RCS TEMP PKG does the temp if appliable)
3. Monitor S/M KCS TEMF YES —..Ancrease = ...
PKG 2
o) s
No i S/M PKG HEATER
NORMAL HIGH 4. - FAILED OFF
1. SCS CHANNEL sws AAC ROLL See WQRNI“G
B&D ROLL) and PITCH (YAW) - L
\ § ((>r~'1-" ) an (Yaw) Is WARNING SCS CHANNEL sws (2) - .
~ 4 4
LOW 2. DIRECT RCS - OFF APPLIABLE? ON (if appliable) C/W CIRCUITRY TO
ly S/M RCS LIGHT OR
R . INSTRUMENTATION
follow mstruct:.ona ' FAILURE
in warnlng i
S/¥ RCS TEMP L s ]1- ©/B RCs HEATERS A MN B (B MN 4, | No 1. S/MRCS A (B,C,D) HELIUM 1&2 sws - ON 4
T¥C HIGH > > CMN B, DMN A) - OPEN 2. If possible, reorient the S/C with affected NO SCS CHANNEL
2. Is S/M RCS TEMP PKG» 210° F? quad away from the sun. o sws (2) O
3. Monitor S/M RCS TEMP PKG;does the temp decrease? (if appliable)
YES . i
YES
10, =1 y - b
) 1. SCS CHANNEL sws A&C ROLL (B&D ROLL) 1. When S/M RCS TEMP PKG > S/M PXG HEA
:ﬁgma S/M RCS PRESS and PITCH (YAW) - OFF <200° F FAILED ON
2. DIRECT RCS - OFF 2. SCS CHANNEL sws (2) -
ON (if appliable)
N,
wich |Low LNORMAL ol /W CIRCUITRY 70 S/M
RCS light'or instrument
1. S/MRCS A (B,C,D) HELIUM 1&2 sws - ON failure
S % RCS PRESS L (if applicable) o 7 s e
P LOW > 2. Operate quad until RCS PRESS MANF drops LEAK IN HELIUM PRESS-
below 300 peis URIZATION SYSTEM OR e ™
. S/MRCS A (E,C,D) PROPELLANT sw - OFF TNETSIMENESTIN SRS e o
- VALU HYESTHONIOR
FATLED
1. When practical, operate the thrusters
S, RCS PRESS ! on the affected quad NO S/M RCS A (B,C,D) e
JANF HIGH 2. Monitor S/M RCS PRESS MANF TELTUM 1&2 sws - ON ) .
3. Does the rcuding decrease? r5 S/M Rcs A (B,C,D)
HELIUM 2 REGULATOR
YES ASSEMBLY FAILED
A
SYSTEM RCS-2 PAGE 1 OF 3 1. When S/M R\(",a mis MANF <170 psia: O I 18,
2. S/MRC5 A (B,C,D) HELIUM 1 sw - ON YES / A (B,C,D
3. Monitor S/M RCS PRESS MANF - £ 5/M RCS A (3,C,D) BRI L e B0 > e (, o
DATE FEB. 16, 1967 / M RCS A YT HELTUM 1 REGULATOR
- 16, 4. Does the reading raturn hizh? 5/ (.C,D) HELL! v ~ ON ASSEMBLY FAILED
s/c 012




WARNING # 1: If there was probable engine valve actuation while the quad's PKG TEMP
was below L5 F: S/M RCS A(B,C,D)PROPELLANT SW - OFF; SCS CHANNEL sws (2) - ON. Re-
activate the gquad only in an emergency; S/M RCS A.(B_,C,D) HELTUM 1 & 2 sws - ON. If
the juad is reactivated, the first pulse on each jet of the juad should be a minimum
of one sz2cond in duration in order to attempt disapation of possible residue.

1. Light illuminates if TEMP PKG is »175° or £63°; or if PRESS MANF is <155 psia or
>215 psia.

2. Normal operating range: 115 - 17501-‘

3. Boost heatirng ri.y cause tne t.operature to rise above 200°F, but it should drop
during the first rev. Prolcrged RCS firing and solar heat soak orientation may result
in a high TEMP PKG.

4., Two SCS CHALTEL sws and DIKECT RCS must te disabled to electrically isolate the
affected juzd, however the opposite gquad on the S/M is also disabled. Actuation at
temperatures lower than 63 F can result in incomplete combustion and dangerous
pressure spikes.

5. Temperature of quad must be maintained using solar heating.

6. TIf the indicator failed, S/M RCS A(B,C,D) light will not be illuminated; however,
if the sensor failed the light will be on. Use the temperature of the other quads
to determine temp of the affected juad, and continuous monitoring of the affected
quad is advised, if the sensor failed. If the indicator failed temperatures should
be obtained from ground T™M

T. Use system normally

8. Two SCS CHAIZ'"L swe and the DIRECT RCS must be disabled to electrically isolate
the affected quad. however the opposite quad on the S/M is also disabled.

If the engine valves are actuated above 220°F, deformation of the valve seats can
occur with possible leakage of propellants.

9. Use the C/B t< manually maintain the TEMP PKG within limits of 70°!' - 210°F.
CAUTION: If temp fxll: below €3°F o to TEMP PKG LOW.

10. ‘Yormal Helium nperating pressurs: 177 psia - 185 psia. In addition to HELIUM

MAITFOLD PRESSUREE MSFN can read out FUEL MANIFOLD PRESSURES on all quads :
and OXIDIZER MANIFOLD PRESSURES ~n quads A&D.

11. RCS SELECTOR sw should be left irn the affected quad position after every system
status checks.

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

13. Burst disks receptive at 220 - 236 psia. Relief valves open at 225 -2u48 psia and
reseat at about 220 psia. Some loss of helium is to be expected throughout these
ranges.

14. If indicator failed, S/M RCS A(B,C,D) light will not be illumated. If sensor
failed light will be illuminated.

-

RCS-2

SYSTEM
DATE FEB. 16, 1967
s/c 012

PAGE 2 OF 3 |




15. Quad is fully functional on redundant regulator assembly. I rressure was between
185 - 194 psia the primary regulator has failed and the s=condary r=gulator was
controlling Redundancy 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.

uish when pressure drops below 215 psia.

Quad is fully functional on redurdart regulator assembly. If pr=ssure was between
185 - 194 psia the primary regulator has failed and the secondary rsgulator was
controlling Redundancy in the affected lez lost and should be us2d cnly as a last
resort in case of failure closed in the other leg. If second set =T regulators fail
cycle S/M RCS HELIUM 1 or 2 sw to maintain adequate manifold pressure.

| SYsTEM RCS'2
ij DATE FEB. 16, 1967
! s/c 012

PAGE 3 OF 3




FROCEDURES |

SCS CHANNEL sws ASC ROLL (B&D ROLL)

P W) -
2 ;nniEcéngs(onp)'F =X YES JELI0M LEAK i
S/M RCS PRESS y = UPSTREAM OF |
3. S/MRCS A (B,C,D) HELIUM 1&2 sws - OFF Ly .
Te TN ox TRCHEASING - 4. S/MRCS A (B,C,D) PROPELLANT sw - OFF $ert yrton: manos)
5. Monitor S/M RCS PRESS He st 22
6.

Does the pressure decrease?

No |
. — PROPELLANT LEAK
1. Monitor S/M RCS PRESS MANF NO DOWN STREAM !
2. Does the pressure decrease? OF PROPELLANT
e i iy N ISOLATION VALVES
YES

HELIUM LEAK BETWEEN

THE HELIUM ISOLATION

VALVES AND THE CHECK

ko VALVES

1. When in range of MSFN:

2. S/MRCS A (B,C,D) PROPELLANT sw - ox

3. Monitor FUEL and/or OX FUEL
MANIFOLD PRESSURE BY MSFN i

4. Does the pressure decrease? S

LEAK BETWEEN THE CHECK
VALVES AND THE PROPEL-
LANT ISOLATION _VALVES —

SYSTEM RCS '3

DATE FEB. 16, 1967
s/c 012




PROCEDURES ENTRY SHEET

SECTION 9.1.4

EPS MALFUNCTION PROCEDURES

SYMPTOMS NO. STEP PAGE
CRYOGENICS
0, (H2) PRESS LIGHT ILLUMINATES 1 1 2
0, (HZ) TANK 1 (AND/OR 2) PRESSURE LOW 1 2 2
0, (H2) TANK 1 (AND/OR 2) PRESSURE HIGH 1 20 6
0, (H2) TANK 1 (AND/OR 2) PRESSURE HIGH 1 20 6
FUEL CELLS
F/C 1 (2 OR 3) LIGHT ILLUMINATES 1 1 10
FUEL CELL MODULE TEMP CON EXH HIGH la 1.00 11
FUEL CELL MODULE TEMP CONT EXH LOW 1b 2.00 14
FUEL CELL 1 (2 or 3) CIR & SEP MOTORS (AC)
C/B OPEN 1lc 3.00 16
FUEL CELL FLOW - 02(H2) - HIGH 1d 4.00 17
FUEL CELL FLOW - 02(H2) - LOW le 5.00 18
F/C 1 (2 OR 3) PH - HIGH - FLAG STRIPED if 6.00 20
0, REG OUT PRESS HIGH - FLAG STRIPED 1g 7.00 22
H, REG OUT PRESS HIGH - FLAG STRIPED 1h 8.00 24
0, & H, REG OUT PRESS - HIGH OR
0, & H, & N, REG OUT PRESS HIGH 11 9.00 25
F/C 1 (2 or 3) RAD OUT TEMP - LOW 13 18.00 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 (3 450°F) 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
i il 20
2 1 3]
3 1 32
4 1 33
5 1 34
6 1 26
7 1 37
8 1 40
2 1 42
10 1 45
11, L 46
12 1 47
13 L 49
14 1 50




ACBUS 1 &2
‘FREQ INDICATES

393 CPS or 407 cps

“single INV
OPERATION

PHASE LOCK Sw-ON
Verify 1INV PHASE
SYNC PWR C/B'S-
OPEN

Monitor frequency

freg 393 to 407 cps

freq = 393 or 407

PHASE LOCK Sw-OFF

AC BUS 1&2 RESET-OFF

AC INV 2(1)-MN B(A)-ON

AC INV 1(2)-AC BUS 1&2-OFF
AC 1INV 1(2) MN A(R)-OFF

AC INV 2(1)-AC BUS 1 & 2 - ON
AC BUS 1&2 RESET-ON

N OB W

Monitor:
AC FREQ

freq _= 400 cps

with INV 2(1)

Replace INV 1(2)

freq 7 393 01; 407 cps

MSFN-closely

wonitor
frequency

Inverter 1(2)
oscillator failure

EPs-1_ |

SYSTEM
DATE FEB. 16, 1967
s/c 012

Frequency )

veter failure




1. Set dual Inv. Configure B . Rotate inverters ECS Glycol
2. Balance & hold loads steady ECS RAD OUTLET TEMP >97°F Ref ECS ) as required to Pump failure !
— for 10 wminutes x Symp No. keep temps below , or extensive'
INV 1(2 or 3) 3. Record: i C/W trip valves j leakage
TEMP » 190°F a) Mission elapsed time e — - -
MSFN Monitoring §b) Approximate history of AC
capability load switching during the E-CE‘!—IAD OUTLET TEMP < 97°F |

5 minutes prior to sump
activation
(c) ECS RAD OUTLET TEMP

1. At end of 10 min-
communication loads &

Battery charger to normal
Inverter's bus

Confirm mission !

hedul i —
MSFR-1TV temp il 5y ennl 3 tesp STracSel s Rapid AC
7 1 (2 or 3) Tewpz160°F 160°F or less , 88 required for load svitehing
- tzlance and held Feulty INV's ¢ ; a5 el inverter
i INV 1 (2 or 3) temp increases load steady for ot e il Wit o
INV 1 (2 or 3) temp 1 o

MSFN-Crew option
to shutdown &
isolate faulty
inverter depending
on sensitivity of
thermal control : S

Invernal INV
problem dependent
on load demand _

Coolant flow
> - Shutdown & restricted
isolate faulty within single
SISTEN EPS-2 i inverter inverters cold
plate

DATE FEB. 16, 1967 i
s/c 012




PROCEDURES ENTRY SHEET
SECTION 9.1.5
TELECOMMUNICATIONS MALFUNCTION PROCEDURES
SYMPTOMS
ONE CREWMAN HAS DEGRADED OR NO INTERCOM CAPABILITY
ALL CREWMEN HAVE DEGRADED OR NO INTERCOM CAPABILITY

CONTINUOUS BACKGROUND NOISE IN ONE OR MORE CREWMENS'
HEADSET

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

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

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

MSFN REPORTS VHF-FM TELEMETRY POOR OR LOST

UHF UPDATA AND REAL-TIME COMMANDS NOT RECEIVED BY S/C

S-BAND UPDATA AND REAL-TIME COMMANDS NOT RECEIVED
BY S/C (S-BAND VOICE NORMAL)

MSFN REPORTS PARTIAL OR COMPLETE LOSS OF C-BAND TRACKING

MSFN REPORTS TV RECEPTION LOST (OR POOR) S-BAND VOICE
& DATA NORMAL)

NO VOICE RECORD FLAG INDICATION WHEN ATTEMPTING VOICE
RECORDING (INTERCOM NORMAL)

VHF-AM POOR OR LOST AFTER SPLASHDOWN
HF VOICE POOR OR LOST AFTER SPLASHDOWN

MSFN REPORTS LOSS OF VHF-FM DATA AND C-BAND RANGING (VHF-
AM AND S-BAND NORMAL)

MSFN REPORTS VHF-FM AND S-BAND PLAYBACK TLM POOR OR LOST

SYMPTOM
NUMBER

10

11

12

13

14

15

16

STEP

PAGE

2

4

10
11

12

14

14
15, .

15

17
18

19

19




REMARKS

FAILURE

SYMPTOM STEP

PROCEDURE

One crewman has

ded or no
capability.

Audio Center (A/C) POWER sw -
Alternate position - (VOX or PIT)

(a) Intercom normal -
- After switching to

PTT
- After switching to

VOX

No intercom
com using translational
controlle button (without
speaking.)

(a) No background

(b) Background noise pre

b) No sidetone

T
’;745: mode of keying.
VHF-AM and S-Band voice

(1a) Crewman limited to PTT

mode of keying. Loss of
"hot mike" capability.

ep can be accom-
only by the CP and SP.

uld go directly to step 6.

(2a) Crewman limited to VOX
Loss of

capability.

VHF sidetone can be veri-
egardless of VHF-AM
switch position.

VOX circuit

(2a) A/C PIT circuit
failure.

(2b) Cobra cable PIT
circuit -failure.

(3a) A/C intercom
circuit failure.

PREPARED o ', FLIGHT CREW SUPPORT DIVISION Telecommunications System APOLLO OPERATIONS HANDBOOK
: . OATEY  Jan. 27,.1967 Malfunction Procedures ssc 012 Rev FPINAL
7 4 secTion 9,1.5 PAGE 7
MSC Form 480 (Rev Dec 68)



LOSS OF
S-BAND

1 crewman

Modes A,Bl,
B2 or C -

5 crewmen

— 3

verify A/C S-Band
Sw - (MDC-23) NOT
in mute

Monitor S-Band ANT
meter for phase lock

o an as |

crewman 10ss

of VHF-AM comm.''

ant.

N

Monit
for phase lock

1. Select alternate ant.
2. Re-orient S/C for optimum

coverage
or S-BAND ANT meter

half scale

S-BAND limited
to one ant. & |

s

Voice regained

restricted SC !
orientation '

Upper or lower
2KMC SCIN

fantenna fajlure |

e T T s T AT e
USBE primary |

half scale

half ‘scale

Voice regained

1. Manually change
X ponder unit

2. Configure sws to
alternate mode

L

Voice not regained

X ponder failurel

Voice limited to|

VHF-AM-T/M, T/V,;
ranging,  still
available on 3
S-BAND

PMP (voice circuit

If ailure

| STy operation

Voice not regained

Voice regained

Verify CTE operation
via VHF and with
MSFN

)
:

CTE normal

limited to power
ampl. mode

{Power ampl.

Degraded T/M

voice limited
§CTE not normal

to VHF—AM

bypass mode
failure

——————={0TE failure 1

Use high mode

not in mute

1. Verify S-Band Sw (MDC-26)

S-Band pwr ampl. - HIGH

|

Voice not regained

Voice not regained

Configure S-BAND

for Mode A

Voice regained J

of pwr ampl

ow mode of pwr

ampl failure |

[Voice & R/T T/M
limited to PM
mode or VHF.

]

D/T T/M Llimited,
to VHF-FM. ‘»
o TV

/M mode failure |

or total pwr ampll
failure |

o4Updata limited

Upaata & R/T
>cnmands not

ceived by

3/C (via S-Band)

Normal

s T/C -1
DATE FEB. 16, 1967
s/c 012

Normal

to UHF

j——-

70 kc updata
demodulator |
ifailure !

Ground station

Repeat over another
ground station

Not normal
oy pormar B

problems

required

A1l updata capability
Voice updatins

D1 ipment

faily

ower amplifier

1. UPDATA sw - UHF
[2. Verify UHF updats]

normal

Not normal

S—BAND PWR TV regained:
AMPL Sw.-
|alternate pos.
HIGH or LOW '

TV not regained

TV regained

operations limited
to one mode

Fartial power
plifier failu.

Discontinue use of

Connect TV cablej
to No. 1 TV !
receptacle

II‘V not regained

failed receptacle

(HIGH or LOW)

IV cabling or

receptacle failure

lLoss of TV

capability

IV system failure,

or total power
amplifier failure




1 crewman

" Degraded or

All crewmen

7/C-2

SYSTEM
DATE FEB. 16, 1967
s/c

PI'I‘ _(int_ei'com. nomsl) i

A/C POWER
Sw.-Alter-

VOX (Intercom normal)]

nate positon
(PPT or VOX)

No intercom

Use Trans. controller
PIT (without
speaking)

: | No background noise!

Use PIT for
keying

VOX ecircuit
failure

. Cobra Cable elect.

All crewmen

1. Intercom Sw - OFF
2. VEF-AM A/C - T/R
3. Verify sidetone

gz -

T/R-verify
sidetone

connector- Emerg

A/C PIT
circuit failure

Connect & USE

=== Sidetone normal |
VHF-AM Sw (A/C)

‘spare cobra
cable

Cobra cable PIT
circuit_ f_ailure

Use VHF sidetones
for intercom

No sidetone ’

Intercan{' normal!

or cobra cable
elect. connector-

4/C intercom
circuit failure

Use alternate
headset

No_intercom

Remove diode &
filter assembly
from cobra cable

Intercom normal

Headset,
failure

No intercom '

'

Intercom normal '

Diode & Riller
assembly
failure

Connect & utilize
spare cobra cable

No intercom

Cobra cable
failure

I : Cobra Cable elect.
connector-EMERG

A/C module
failure

USE VHF-AM

No sidetone

for intercom

Intercom bus
shorted to grd.'

Ref EPS Proced.

No.

Loss of Flight
& Post Landing ‘
Bus i




- Normal

Cobra cable
elect. connector-
TMERG

A/C Module |
failure

Ref. COMM .
placed 1

VHF-AM usable
in simplex mode
only.

VHF-AM Front
end No. 2 i
failure '

VHF-:M usable
in curlex mode
only.

VHF iM Front

end No. 1

failure or

VHF-AM keying
relay failed closed

Upper or lower
N antenna

VEF-AM Sw.
(MDCc-20)-

JFF

VHF-AM i
system failure

VHF=-AN limit:zd to
or.e mode simyl

or durlex

One receiver front
end inoperative

VHF beaccn znd
VHF-AM must
share No. 1 =zat.
(white)

VHF recovery
ant. No. 2 |
(lock) failure

1 crewman Power SQ-?’I‘T
Loss of VHF-AM In - ¥] Verify normal, g, ;ntercon|
comunications flight 5 crewman intercom ]
A 4
1. Energize USBE | Signal regained;
(MODE A) = s : b=
2. VHF-AM RCVR Signal not regained |
Sw.-1
S:g-n;?l vregained
gfp_ ;m FOVR I S1gnal not regained
Signal regained
VHF ANT.- i
Alternate position
UPPER or LOWER ;
Reorient S/C for
optimum ant. = R
coverage Signal not regained
1. Verify VHF ANT. § ...
After RECOVERY Signal regained !
splashdown 2. g:m-ﬂtzgﬁte . s i
i Signal not regained!
position (1 =r 2) szl egaLned)
1 Signal regained
1. VHF-AM RCVR-1
2. Coax counnectors
(MDC-9)-Reverse Signal not regained;
connectors
- 1. If unuseable,
SR T/C 3 VHF AM-OFF
2. Restore coax
connectors to
DATE FEB. 16, 1967 ceiginad Gons
s/c 012 figuration

Recovery comm
limited to VHF
.beacon & HF
transceiver

VHF-AM trans- |
mitter-receiver !
failure




PROCEDURES ENTRY SHEET

SECTION 9.1.6
ECS MALFUNCTION PROCEDURES

SYMPTOM

OXYGEN SUPPLY SUBSYSTEM

O2 FLOW Hi C&W Lite - ON
FLOW O2 indicator - HIGH

FLOW O2 indicator - LOW

SURGE TANK PRESSURE HIGH
SURGE TANK PRESSURE LOW
100 psig O2 circuit pressure HIGH

100 psig O, circuit pressure LOW

2

20 psig O, circuit pressure HIGH

2
20 psig O2 circuit pressure LOW

PRESSURE SUIT CIRCUIT SUBSYSTEM

002 PP Hi C&W Lite - ON

PART PRESS 002 indicator - HIGH

LITHIUM HYDROXIDE CARTRIDGE SEIZURE

Ballooned P.G.A.
Clinging P.G.A.

LOW SUIT FLOW

Suit temperature HIGH

Suit humidity HIGH

CABIN PRESS & TEMP CONTROL SUBSYSTEM

CABIN PRESS - HIGH

CABIN PRESS - LOW

CABIN TEMP - HIGH

CABIN TEMP - LOW

SYMPTOM
NUMBER

1
17!
12
13
14
15
16

17

21
22
23
24

STEP

PAGE

12
13
14
15
16
17

18

20
20
24
25
28
51
34
36

39
45
47
48




Cabin humidity HIGH

WATER /GLYCOL COOLANT SUBSYSTEM

GLYCOL TEMP Low C&W Lite - ON

ECS RAD OUTLET TEMP - LOW

ECS RADIATOR TEMP 1 or 2 - LOW

ECS RAD OUTLET TEMP - HIGH

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

GLY ACCUM QUANTITY - LOW

GLY ACCUM QUANTITY - HIGH

WATER SUPPLY SUBSYSTEM

Potable HOT HZO temperature LOW

HZO transfer failure

WATER quantity decrease rate HIGH

Gas leakage into H2O subsystem
Potable and Waste water pressure HIGH

WASTE MANAGEMENT SUBSYSTEM

Unable to dump urine
Low vacuum suction
Fecal canister vacuum LOW

POST LANDING SUBSYSTEM

Inadequate ventilation after landing

Water inflow

25

31
31
31
32
33
34
b
37
39

4
42
43
44
45

51
52
53

61
62

Page 2

49

50
50
53
55
56
61
64
64
68

69
70
71
72
T4

76
77
78

78

81




SUIT TEMP
HIGH

Verify

S -

SUIT EVAP GLYCOL-ON
SUIT HT/EXCH-GLY/EVAP
SUIT EVAP SW-MAN
SUIT EVAP VALVE-OFF

-
DOZS SUIT S50
TEMP DECREASE?
NO
IS GLY EVAP =

CONTROL POSITION

CORRECTED BY I

REFER TO ECS

I

MALFUNCTION PROC. NO. 33

S
»60

YES

IS CABIN v==
TEMP CONTROL

P e |

NORMAL?

NO

!

INITIATE SUIT HX
EVAP MODE
1.

2.
3.

SUIT E

OVERTEMP CONDITION

TRANSIENT i

SUIT TEMP CONTROL |

v—l DOFF SUITS '

arrTm

SYSTEM

ECS-

DATE

FEB. 16, 1967

s/c

LOST WITH GLYCOL
COOLING

LOSS OF AUTO TEME
ONTROL OF SUIT HX

Q

DOES SvIT TRMP | YES! A
DCH ARSI EVAP MODE

NO
ISOLATE | OPEN DIRECT O,
SURGE TANK _ = T
(UNTIL AFTER VALVE AS REQ.
CM/SM SEP) :' FOR SUIT COOLING

OUTLET OR DIVERTER
VALVE FAILURE

ALL SUIT COOLING

INEFFECTIVE




H.G ACCUM-AUTO 1 or «
(a?ternate) e
KIGH SUIL .. IDIT
(" B : H.0 ACCUM Sw-MA YES (BOTH) AUTOMATIC
ORES SRR Toan B A o s 2t T DOES HUMIDITY YES CONTROL CIRCUIT
: 13 SEC/OFF ) e DECFEASE? 1(0R 2) ACCUM.
= FAILED
NO, —
. e AUTOMATIC
LR aggds 20 ACUOM-MAN CONTEOL CIRCUIT
2. HS) ACCUM 1 or 2 OF BOTH
off 10 SEC/OFF ACOMILATORS
REQUIRED FOR 03T
VITHIL
NO
AUTOM7IC
v IES o omioL cmmermr
IE 1(or 2) AccrM,
FAILED
SEC THEN OFF |
 M— . —_—
H_0 ACCUM SW-MAN ! | e 7 AUTOMATIC
10 ACCUM 1 or 2 - ON 10 MANUAL SONTIOL T CONTROL CIRCUIT
>« FOE OF ALTERSATE OF BOTH ACCTM.
HUMIDITY CONTROL AGeUE LOST
SLECTAICAL CONTROI
LOW 0, e e P
W Yn ) i FAILURE OR
SE WHILE L DIAPHRAM RUPTURE OF
OR BOTH HOMIDITY SE? ONE OR BOTH
VALVE OPEN i
. ACCUMULATORS
- == T PROBABLE
USE DIRECT
A | > = . ——d RUPTURE OF,
SYSTEM ECS 2 0, TO MAINTAIN
CREW COMFORT BOTH DIAPHRAMS
DATE FEB. 16, 1967
s/c 012



REFER TO ECS
MALFUNCTIOR PROC. NO. 31

HIGH ECS RAD

OUTLET TEMP

GLY PRESS RELIEF
BYPASS VALVE 1

#} AND/OR 2 FAILED

OPEN. AND POSSIBLE
EVAP MALFUNCTION

ALLY CONTRCL

o
HIGH GLYCOL e >)97°F
EVAP OUTLET QUTLET TEMP
TEMP ( 50.5°F
S 4% 97°F ] A9°F 1
= S
3LY PRESS DOES LY YES 2
RELIEF BYPASS EVAP CUTLET
VALVES 1&2 - OFF TEMP DECREASE?
| NO
1. BYPASS VALVES
1&2 - 8070
SWITCH EVAP SNSRS
38 & J39 3
v
COKT. ON
PAGE 2 OF 3 :
= DOES GLY EVAP outLer | YES
A TEVMP DECREASE?
1. GLY EVAP TEMP
T' SWITCH - MAN
Z. GLY EVAP TEMP
M VALVE - COOL 4
FLUG EVAF TEMF SENSD .
UNIT INTO J3 or DOES GLY EVAP o
EVAF TEMP SENSOR UK UTLET TEMP DECREASE?
SWITCH - INLET
. 2 l< 50.5°F EVAP OUTLET
I 5ii EVAP INLET TEC f- TEMP GAGE
FAILURE
550,507

POWER DOWN TO MAINTAIN GLY
EVAP OUTLET 60°F °© 6

GLY EVAP TEMP :

IN (MIXING)
VALVE FAILURE

J38 or J39
SENSORS FAILED

SENSOR OR

XING VALVE

CONTROLLER
FAILURE

1. EVAPORATOR OPERATION

NOT REQUIRED.

2. REFER TO STEP 15 TO
VERIFY EVAP OPERATION.

3. WHILE SWITCHING J38 - J39,
ELECTRICALLY DEACTIVATE EVAP
& MIXING VALVE.

4. SET CAREFULLY TO KEEP GLY
EVAP OUTLET TEMP 45 + 3°F.

5. WHILE IN MIXING MODE.

6. TEMP 50.5 60°F INDICATES
A MALFUNCTION, BUT ARE
ACCEPTABLE FOR LIMITED OPERATION.
IF UNABLE TO REDUCE TEMP 60°F
OR POWER UP REQUIRED, MANUALLY
OPERATE EVAP TO CONTROL EVAP
OUTLET TEMP.

|
|

SYSTEM ECS'3
DATE FEB. 16, 1967
s/c 012

PAGE 1 OF 3 |



®

CONT. FROM|
PAGE 'l OF 3!

GLY EVAP

0.09 0.18 PSIA

STEAM PRESS

0.18
PSIA!

0.09 PSIA

PLUG EVAP TEMF
SENSOR UNIT INTO
J38 or J39

EVAP TEMP S GLY EVAP INLET
SENSOR SWITCH gt 4
INLET 5

jite}

GLY EVAP STEAM
PRESS - MAN

GLY EVAP STEAM
PRESS SWITCH -
INCR (FULL CLOSED)
POWER DOWN S/C

PRESS - MAN

DECR

1. GLY EVAP STEAM

GLY EVAP STEAM
PRESS SWITCH -

DU=S GLY EVAP
STERM. PRESS
DECEEZASE?

[}

NO

CONT. PAGE 3 OF

O

GLY EVAP WATER
CONTROL BYPASS -
ON 1 MIN/OFF &

. SWITCH EVAP SNSRS

GLY EVAP
OUTLET TEMP
GAGE FAILURE

J38 & J39 3
Z. GLY EVAP STEAM

5LY EVAP WATER PRESS - AUTO
CONTROL BYPASS - !
ON 30 SEC/OFF
SWITCH EVAP “JZS GLY EVAP yes | DoES GLY Evap 38 OR J39
SNSES J38 - ZTEAM PRESS INCR OUTLET TEMP SENSOR OR
339 3 -2 NORMAL? DECREASE? e

PLUG EVAP TEMP

DOES GLY EVAP
NO UNIT INTO EVAP

OUTLET TEMP
DECREASE TO
NORMAL?

SNSRS J38 or J39
EVAP TEMP SENSOR
UNIT SWITCH - WICK

GLY EVAP STEAM

PRESS SW - AUTO

758 OF 339 2 N0} NPT vick T
SENSORS | s vick TrE s0°F el ]
FAILED 40°F 5 THEN
== SLY STEAM PRESS
SW - AUTO
SLY EVAP STEAM DOES GLY EV!

TEMP DECR TO !

NO

"PAGE 3 OF

FROZEN WICK
PROBAELY
CAUSEL 3BY
TRANSIENT
COXDITICN

REMARKS |

7. CHECK FOR FROZEN OR

DRY WICK.

8. WICK SERVICING. DELAY 5
MINUTES BEFORE REACTIVATING
GLYCOL EVAP IN AUTO MODE.

9. CLOSE BACK PRESSURE
VALVE TO THAW WICK AND
REESTABILSH BOILING, ABOUT

. 15-30 MINUTES REQUIRED.

SYSTEM ECS'3

DATE FEB. 16, 1967

s/c 012

PAGE 2 OF 3



©

CONT. FROM
PAGE 2 OF 3

CONT. FROM
PAGE 2 OF 3

R e

EVAP TEMP SENSOR
UNIT - NULL

CYCLE GLY EVAP
H.0 SWITCH. 10

DOES GLY EVAP

OUTLET TEMF
DECR 43°F7
NO

N

EVAP H,0 VALVE - OFF
CYCLE GLY EVAF

WATER CONTROL BYPASS
VALVE

GLY EVAP CONTROLLER
(WATER SECT) FAILURE

CYCLE STEAM/URINE
DUCT HTR CB'S
MN A &MNB

GLY EVAP STEAM FRESS

SWITCH - AUTO

GLY EVAP H,0 SWITCH -
ORIENT S/C°WITH STEAM

PP

DUCT OUTLET TO HEAT SOURCE

TEMP DECREASE?

DOES GLY EVAP OUTLET

EVAP WATER VALVE
ELECTRICAL FAILURE

POWER ™ TO
MAINTAIN VAl
OUTLET TEMP 60°F

NO

POWER DOWN TO MAINTAIN
EVAF OUTLET TEMP 60°F

14

GLY EVAF H,0

EVAP FAILURE

SWITCH - ASTO

DUCT CLEAR AND
BOILING RESUMED

STEAM DUCT
STILL ELOCKED

10.

MANUAL CONTROL OF

WATER TO WICK.

11.

MANUAL CO4TROL

OF WATER REQUIRED.

12.

MANUAL BYPASS OF

WATFR REQUTREI.

13.

EXCESSIVE TIME

DELAY MAY BE REQUIRED.

14.

CABIN PRESSURE

RELIEF MAY NOT BE
POSSIEBLE THROUGH
STEAM DUCT.

SYSTEM ECS -3

DATE FEB. 16, 1967
s/c 012

PAGE 3 OF 3




REFER TO ECS

MALFUNCTION PROC. MO. 22 |

BALLOONED P. G. A. 1s capiNn | | TS
CLOSED SUIT LOOP PRESS LOW?'
l NO
IS FLOW YES
0, HIGH|

Iﬁb !

VERIFY
1. DIRECT 0, VALVE-CLOSED'
2. SUIT TEST SELECT-OFF

REFER TO ECS
MALFUNCTION PROC. NO. 2

2!

VALVE POSITION

SUIT DEMAND REG
CYCLE OFF-IS
P.G.A. NORMAL?-
RETURN TO 1 & 2|

1’&?!

SUIT DEMAND REG-1.

"SUIT DEMAND REG |

IS P.G.A. NORMAL?

[=

SUIT DEMAND REG-2. |

NO. 2 FAILED OPEN'

SUIT DEMAND REG

IS P.G.A. NORMAL?

sisrms ECS-4

l XO |
1. SUIT DEMAND REG-OFF
2. SUIT-OPEN

3. SUIT AIR RETURN
SCREEN CLEAN

i

YES

DATE FEB.

16, 1967

s/c 012

DO PP CO, AND CABIN 4
HUMIDITY INCREASE?

NO. 1 FAILED OPEN

CLOGGED DEBRIS THAP

OR PLUMBING DOWNSTREAM '
OF DEBRIS TRAP-CLOSED
SUIT LOOP NOT USABLE

CLOGGED SUIT OUTLET MARIFOLD'
OR PLUMBING OBSTRUCTION |
UPSTREAM OF DEBRIS TRAP-

CLOSED SUIT LOOP NOT USABLE |




N O, REG 1 OR 2 FAILED
REG MISPOSITION

FLOW 0. VERLFY MALN
oW © 02 REG-IIORM~.L

IS SURGE TK YES REFER TO ECS
PRESS 150 PSIA? MALFUNCTION NO. 4
1w
. DOES 0, FLOW Sl e e .
DIRECT O, INCREASE AND/OF X)) SURGE|TK PRESS! DEGREASE ORI FLOW O, SENSOR/
OPEN/OFF SURGE TK PRESS CIRCUIfY FAILURE .
- DECREASE? =
0 ) YES/BOTE °
Is capIN | | YES REFER TO ECS 1
PRESS LOW? MALFUNCTION PROCEDURE NO. 22
1 m |
FLOW 0, METER _ BOTH MAIN REGS FAILED{
OUT OF°CALIBRATION ‘OR LINE BLOCKED ;
. REMOVE CAP & CYCLE | mﬁsssgch TKE 0, SUPPLY LINE
- v PLSS 0, SUFFLY §/0 PRESS DECREAS BLOCKAGE UPSTREAM
. ECS-5 VALVE-GPEN/OFF ! AND O, FLOW ) OF PLSS VALVE
Lo ans il FROM PLSS VALVE? Ll L
DATE FEB. 16, 1967
s/c 012

L0 Lvaees /2767



CO, PP HI
C&W LITE - O

DOES PP CO,, NO

GAGE INDICATE
> 7.6 MM HG ?

PART PRESS CO
GAGE HIGH

2

IS MANUAL C'C)2 NO

C0,, PP HI
¢ & W CIRCUIT i
FAILURE !

PP TEST HIGH?

IYES

YES
IS SUIT

FLOW LOW?

NO
4

IS LIOH CARTRIDGE
CHANGE NEAR DUE?

CHANGE OLDEST
CARTRIDGE.
DOES PP CO,
DECREASE? ©

5]

REFER TO ECS
MALFUNCTION PROC. NO. 15

PART FRESS CO,, |
GAGE FAILURE

NO

OPEN DIRECT O,
FOR 10 SEC. DOES
PP CO, DECREASE
TO NORMAL?

co YES

SYSTEM E CS -6

DATE FEB. 16, 1967

s/c T 012

NO

NORMAL
CARTRIDGE
SATURATION '

REMAIN NORMAL?Y

o]

TRANSIENT i
CONDITION |

00, SENSOR |
FATLURE

DOES PP CC
DECREASE? °

FAULTY LI OH
CARTRIDGE

€0, SENSOR
PAPLURE

C AMINATED?

DON PGA'S
CLOSE SUIT LOOP

N

VERIFY CABIN PRESS
RELIEF-NORMAL

>

CA.%ABILITY

Co R.EMOVAL'\
DEGRADED

DIRECT O,.- OPEN AS REG.

MANUAL CO,,
PP CONTRO

€0, REMOVAL
CAPABILITY 10ST

|




PROCEDURES ENTRY SHEET
SECTION 9.1.7
SEQUENTIAL MALFUNCTION PROCEDURES

SYMPTOM

LIFT - OFF lightout & DET's not counting

NO AUTO ABORT light - ON

LET fails to JETT

SIVB fails to shutdown

SLA seperation not sensed

SLA seperation sensed but L/V ENGINE #1 light ON

C/M - S/M failt to seperate

APEX COVER fails to automatically jettison

One or both drogue chutes fail to deploy automatically

Drogue chute fails to release or pilot chute fails
to deploy automatically

One or more pilot chutes fail to deploy automatically
One or two drogue chutes fail to release
Main chutes fail to release

C/M in stable II position with no audible sound
of 1 and 2 compressor

C/M in stable II position and compressors are running

Audible sound of two compressors but not in stable I
condition in 10 min.

Audible sound of one compressor but not in stable I
condition in 15 min.

SYMPTOM
NUMBER

10
At}

12

13

14

14a

14b

STEP

PAGE

10

10

11

12




SYMPTOM

PROCEDURE

NEXT
STEP

REMARKS

FAILURE

1. LIFT OFF light o 1
not illuminate
DET's - not
counting

NOTE:

61 sec TD's will never be activa
at 61 sec elapsed time from lift off). LI

LIFT OFF/NO AUTO ABORT light -

press.

TOP sw - START.

(1) EDS auto abort circuit
will be activated from alter-
nate source.

(2) DET's will start counting.

(no effect on mission since OX DUMP AUTO switch will be us
OFF light will remain extinguished.

(1 & 2) Neither of
the redundant 1ift
off signals received

from SIVB IU there4
fore EDS a abort
circuit & inactive.

as back-up

2. NO AUTO ABORT 1
light - illumi-
nates at 1lift off

LIFT OFF/NO AUTO ABORT Wght -

press.

(a) NO AUTO ABORT light -
extinguishes.

(b) NO AUTO ABORT light -
remains illuminated.

ort circuit

la) EDS auto

hould be initia¥%gd manually.

(1) One or both of
the redundant EDS

enable circuits is
not activated.

3. Launch escape
tower fails to
jettison when LES
MODE/TWR JETT SPS
MODE switches 1 & 2
are placed to TWR
JETT SPS MODE.

a. Firing of 1
frangible nuts only
(audible)

)

a) Tower Jjettisons.

(1a) Tower jettisoned with
LE motor.

(1) =
operate.

failed to

PREPARED BY: ‘,,/'

FLIGHT CREW SUPPORT DIVISION

P

py

DATE,

Jan 27, 1967

Sequential System
Malfunction Procedures

APOLLO OPERATIONS HANDBOOK

S/c

012

Rev FTNAL

secTion 9.1.7

PAGE 2

MSC Form 460 (Rev Dec 68)
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