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APOLLO 13

G@& C DISPLAYS MALFUNCTION INDEX

FDAI ATT ERR ABNORMAL

la AGS ATT ERROR ZERO
1b AGS ATT ERROR NON ZERO
2 FDAI TOTAL ATT ABNORMAL
2a FDAI OFF FLAG APPEARS
:
4

5

RATE DISPLAY ABNORMAL
RATE GYRO TEST FAILS

[epsene ee ere ner ie ie)

RNG/RNG RT

PWR/SIG FAIL LT
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a SYMPTOM PROCEDURE REMARKS.

t

1 ! Attitudewe oe, lostfori:fected | only for selecte

Es PGNS12]Switch
i 13] source.FDALatt error

ab 1
ATTMONsw?

witch input source.

Switch input to other FDA! |

= @ATTMON- AGS 4

i LES| MAAMONPONS(other
SIGNALPATHFROMPGNSTO

i
Att error norm? faa YESfjONEFOAIATTERRORDIS-

- | NO Att error norm? Ppa PLAYFAILED.

ce | NO
— { j @ @)Failure affects displaysonly.

= | 5 | Switch input source. Oo 7
| si 6© OAT MON=PGNS Jno fTFOAIATTERRORDISPLAY ONEOFTHREELGCATTER- LH= i Att error norm? gH] FAILED. RORSIGNALSFAILEDOPEN @ATTMON(2)- AGS

oe i 1S
OR BIASED.

'
= | 1oO | 9

= | Switch input to other FDAI. uw|
z SIGNALPATHFROMAGSTO= |

ATT MON- AGS (other FDAI)
a ONEFDAIATTERRORDIS-

5 1
Att error norm? eee

PLAYFAILED

a | NO

= 0) (3)FDA attitude error displaywll show
ii YES N erroneousnonzero value in affected

= HyNeedle failed at zero?

‘6
us

All axes?
‘a 14] axis.

=
ONEOFTHREEAEAATTER- f-gonl  @ATTMON(2) - PGNS—t la NO YES RORCHANFAILEDOPEN. GUID CONT- PGNS

|
AGSatt error zero when

F z

it should be nonzero
| (5X4) ® Se
| 15] PGNS

‘8

GUIDCONTsw? Biss AGS automatic start/stop of MPSNormallynonzero when: : neroDISCRETE(0) FAILED ©
lost. AGS computations and dis-GUIDCONT- PGNS AGS

5

plays are unaffected, except forMODECONT(AGS)-AUTO| attitude error.400 = 10000 or 20000

H i8] @)or
ATT: GUIDCONT- AGS | 7] HOLD}@DEDAC400+00000E | il

= AGS attitude hold capability re-rv Hod
CONTIAGS~ATT"9) MODECONT(AGS)sw? f-~®4_@MODECONT(AGS)- AUTO NO ACAOUT-OF-DETENTRE-

©
mains only in automatic mode.

= ACA- neutral | Att error zero? oe LAYFAILEDCLOSED
©

GUIDCONT.AGS ! pute 4c

MODECONT(AGS)-AUTO | } ® 1 @@ 7)All AGS attitude hold capabilities
! 20 21 are lost.
|

LUNARSURFACEFLAG FOLLOWUPDISCRETEFAILED check and reset lunar surface flag
FAILEDSET. ON. if flag failed set, AGS guidance

steeringlost.
1

tb ®
| ta wo

[2 an [a
AGSatt error nonzero ree i

> All axes? TP ONEOFTHREEAEAATT ER- fF-S>=| GUIDCONT-

AGSwillresult}get @ATTMON(2) - PCNwhen it should be zero

|
=

RORCHANFAILEDBIASED.
in abnormal vehicle dynamics @GUIDCONT-oe

|

Normallyzero when: |
GUIDCO -Peas= | ’
MODE CONT (AGS)-ATT | AGS YES 97)

HOLD_
| 25)GUIDCONTsw? Pulse or direct? @AItACA- cmd mnvr

3

MODECONT(AGS)-ATT |
ORIGACA OUT-OF-DETENTHOLD | PGNS NO ing

move?
esol

SWFAILEDOPEN,

a
Acne aat of deteat |

Att error zero duringmnvr? bag
or 1

NO~
ay |e GalDCONTFans 1

9) | (8) Capabilityof changingAEA attitude400= 00000
| niyo

:m- E)] 7 En el
inertial reference with ACA

« GUID CONT- PGNS
® GUIDCONT- PGNScS ' YES | OUT-OF-DETENTFOLLOWUP

= Att error zero? Pes RELAYFAILEDOFF.

NOx |
a

If in PGNS, failure is appliy plicable to= j (i) ®
Z- axis steering. If in AGS,attitude

<= 1 [32heDEDAc 400R
no [S,e0EDAC_400+00000E | v-.

ff34 nh
can be established only via

! +000007 P_Mterror_zero? PT
auto iscrete FAlten on.

uu | YES NO

x !
|

35a | 35]
i MODE CONT(AGS)- 38]
| ieHOLD

GUIDCONTPATHOF
I

otk out of detent

___1ves ffFOLLOWUPDISCRETEFAILED

1 Att error zero? OFF

|
I
|

FOLLOWUPDISCRETEFAILED
OF

! 300LM5-1034
SYMPTOMa PROCEDURE REMARKS

THRU
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SYMPTOM| PROCEDURE REMARKS

'

>, Orbital rate and inertial

Seat-
titude displays are identical 1 min-2

| 1 ute per orbital period. Waiting 1

| 1 YES [2 ORDEAL pni 3
minute resolves possible ambiguity.

FDAItotal att abnormal aes 1 FDAIOFFflag visible?
e no [3 cpa.

{NO a]| FDAL 1 (2) affected FDA)
[epee min 8 onserve FON

FDAIFAILED

| NO - alt position (ORBRATE FDAItotal att changes? a=
or INRTL) rs2a

FDAImoves?

rs]es [meeomegS

FDAIOFFflag appears
FDAIOFF FLAGFAILED.

!
| 6 YES (7] ORDEAL pnl

| ui ORDEALoperating? | E
2 @ Failure may be confined to ORDEAL

|
70

@FDAI 1 & 2 -INRTL
es fs T

resolvers to only one FDAI

Total att display norm?
ORDEALFAILURE

| A$$ rr
| LM did not achieve desired auto-

| matic or manual maneuver

jon
3

| @Place FDAI's on alt inertial 10)sources

| ,

YES| .JTO OR MANUALMNVR
Both FDAI's agree? Land ROBLEM

NO 12

{
i Compare gimbalangles.

DON'T KNOW e@VvageAbnormal total att? > @V16 N20E
©Mnvr to 0, 0, 0.

| PGNS AGS NO
DSKY&PGNS total at

| agree?

| wed YES

4 AGS-IMU alignment capability
—

lost. AlignAGS by backup method.

| 13] Switch input 14 15] Switch input ie)
| @ATTMON- AGS FDAITOTALATT DISPLAY @ATTMON - PGNS COU ZERO FROM LGC

NO NY
FAILEDTotal att norm? et FAILED. ns Total att norm?

YES YES
I f
| | NO

| 7} 19 YES20}
Switch input to other FDAI.

re} AGSIMYStenentjust Fe Orig pon present in

=
complete one axis only!

| ee Eee ONE FDAI TOTALATT
| YESff DISPLAYINTERCONNECT NO YES

| Total att norm? FAILUREFROM PGNS

| NO

er

| 5

21] 2 @ Failure includes one of six IMU

i
output lines or GASTAfailure

IMU/FDAI INTERFACE Switch input to other FDAI 6

FAILED @ATT MON- AGS(other 23} @ icraFDAl) ailure includes:

| NO AEA/FDAIINTERFACE One of six AEA output channels
Total att norm? FAILED. failed.

| YES One of three AEAreturn lines failed.

|
| CAUTION

1 py 25} 26)
| FDAIthat displays symptom ONE FDA!TOTALATT

|
CATT MON2),863 can be driven from one

[““* |

DISPLAYINTERCONNECT @ATTMON (2) - PGNS

i
source only. FAILUREFROMAGS

I
|
|
T

3 | 1 q@Rate display lost. Possible needle
i

7

it

may be due to vibration.

ice Et} ES) alee No vest)
Rate display

abnormal -—+
Both FDAIrate ind agree? p=gey © StabilizeLMvia out-the: }gpd Rate needies at zero when @BM ATCA/RATEGYRO

I window indication mnvr commanded? INTERFACEFAILEDOPEN

I Compare rate needles with

NO vehicle motion. NO
| Q@) Maximum rate displayed > 5°/

Ind rate > LMmotion?

ry second
1

YES RATESCALESW FAILED
OPEN.

1 fT
| FDAIRATE NEEDLE 6] AGSmay be selected only if

I FAILURE RATEGYROFAILEDON ATTCONT(affected axis) -

! PULSEor DIR

300LM5-1019
SYMPTOM | PROCEDURE REMARKS
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LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

SYMPTOM| PROCEDURE REMARKS
t

4 |@ Test all three axes in both direc~
| 2 tions

Rate gyro test fails }——pa oe
a

| Both FDAIrate ind agree? RATENEEDLEFAILURE

YES

ow I

= ' BP J
:

Qa I
; YES ALL TEST VOLTAGELOST,OR

uJ | ny faleneedie remains at iti Needles at zero? pe GYROTEST ROLLSW OR 4
2 i zero? GYROTEST POS RT SW |

THRU
3 a ae —

FAILEDOPEN.

:oo
|

6 7
= ! 6] YESay 8

So | Rateneedles deflect in one /8™™— GYROTESTPOS RT SW

rea | direction only? FAILEDCLOSED. Seem} GYROTEST ROLL SW FAILED

SS
| NO INTO UNAFFECTEDAXIS OR

= | DOUBLEGYROFAILURE.

= !

ie i 2aa i NO. 10] Dynamicck.
All rate needles peg in both

= | directions? eGUID CONT- AGS
|

i" sity
CONT(AGS)- ATT

= | ’ ot LD
ATT CONT(3) - MODECONT A i

-

25°=

| oS stacowmnrnas | TT © promisa aa eae12 @Monitor for smooth rate i a
I wich dain wasrun.Failure results in selec-

| RATESCALESW FAILEDOFF. YESH Gnonreeresne
eS ay

Responsenorm? aa

| NO

|

14] @)is rate command lost for af-
: ected axis. If roll or pitch, AGS

I 13] eee catesaxis) DPS burn capabilitylost.

i RATEGYROFAILEDIN cl

!
AFFECTEDAXIS.

@GUIDCONT- PGNS
*

t

5
|

P---- 50)1! ; re

Bnormallyon when power is
supplied and indicator is not used

| f | | Ck for short.
by AGS,LR, or RR. If either input

i | |
cb (11) FLT DISP: RNG/RNGRT YES 2

;
signal goes to zero, light goes on

: or RANGE& RANGERATEIND é Light may flash randomly if

BLESSING
Br ews | cb/AC BUSA: RNG/RNGRT- open SHORTED. ee rate is <10 fps.Neithercondi(eee te J |

& cannot be reset?
<a caer

tion indicates malfunction.

Re NO ——
Lighton if: |
Signallost. I

A-C or d-c power to
! . Stor open.

ind lost @cb (11) FLT DISP: RNG/RNGRT-

open
!
! Pwr/sigfail It - off?

=

I
{

}|

5S | By]
Ps | ay

FLT DISP:RNG/RNG RT- @) RR-
ecb/AC BUS A: RNG/RNGRT-open rey

. ® aoe
zz co YES RANGE& RANGERATEIND FAILED

it ce een bPaOan poceseio fail It played on DSKY as backup to :

:

:

oO
|

eer Sea ae
DUETOOPEN.

BP)
RANGE&RANGE RATEind. ¢. ROAin process.<x ce . jieee via V63E)

= . MonitorV16 N78:

=O
4

2 ines XXX.XXam

=° ‘ange rate XXXX.Xfps

=
a

; , fee Alt
ive

di :

Ss Verifystatus of ind-drivingsource. YESpa Selectatt display source (when ®
a. Pie nak Ne

oe !
Sonn

Gea nichols LR OR 10} b Healeroe Neim xmtr powersigna . A 7

et

Ht
i

ee

5 <x ania
Poe

Forwhich displaysource of pwr/sig
on

| RR OUTPUT FAILEDOR OPEN IN (if R31 in process byV836)

ADO @AEA- Ck operation via DEDA.
fail It-off? LINETO RANGE& RANGERATEIND. .

CNeten pee altitude
~ N43(if P21in process

| Source operatingnormally?
Ott RS ERORIAGS

d.intli Lag 337e. LMaltitude rate -DEDA367

I
NO @) (3) f. LM-CSM range -DEDA317

12 3] g. LM-CSMrangerate-DEDA440

| 11
FAILUREBETWEEN MODE SEL
SW & RANGEIND LR OR AGS OUTPUT TO RANGE

| @Correct source malfunction. & RANGERATEIND FAILED.

300LM5.1016

SYMPTOM | PROCEDURE REMARKS
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PNCS MALFUNCTION INDEX

NY
1 LGC ud

a
Lud

©

(2)
om

la RESTART e

S
=
@)
aa

2 ISS =
=
=

=
3 TEMP

4 GIMBAL LOCK e
5 TRACKER

6 ALT

7 VEL

= }
~ |

es
8 RNDZ RDR ~

Oo oO

S
rs

eo 7 5
Ba | NOTRACK O =

| Sw
; O<
i na
'©

ae eee I

SSR-1 LGC SELF TEST
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SYMPTOM | REDARKS

|!
1 D) Transient condition could have exis-

r Lu ay ted either in LGCor CWEA.

LGC ie Lighton continuously?
as ee

monitor LGC&
evaluate performance.

YES

xe ! if 2 DSKYrelay that turns on LGCIt dis-

Lighton if:
i ables gyro torquingand PIPAcapa-

LGCprime power fails
' 4] Power up. bility. Hence, LGC monitoringand

Scaler fails
i

GUID CONT- AGS PRO cantofthTHCant
RCS at-

Counter fails ! LGCin standby? Can LGCbe powered up?
,

| NO YES
!
t NO @ Attempt repoweringLGC by open-

1 1 ing and reclosing cb (11) PGNS:

H
RESTARTIt - on? t~ 8] inputchan ck

; LGC/DSKY.

i =
@V11NIOE

; No CWEAORDSKYRELAYFAIL-

33 URE ;

; Yes Readout of 0, 1, 4, 5 indicates LGC

ae
0,1, 4, 5, in AofRI? ©

fail signal to CWEA.

{ NO yes

la 1 — CS)ob(11) $/¢: AEAclose:

YES
_

{it 12RESTART-S LGC It - on? eet wcuin conr-acs bee! ocrane 4}
) oe”

@Perform -test to

late t
=

LOCcopabityrestme,

el Dy: 1 LGCcapabilityremains.
arity failure

1 ris]es 1 DSKYRELAYFAILURE

Nightwatchman or ! LPGNS| TEST
Voltage failure 1 sR LGC TES)

T

2 i
|

YES 5

Iss tet) PROGIt - on? 2] bispiayalarm code

;

1
@V05NOSE 4}

NO. Record alarm codes
@Verifyfailure with MSFN

ReD ORSET ves 13 beforeswitchingto alt. @®SubsequentISS_ malfunction  indi-

Lighton if: ISS & PROG Its remain off? TRANSIENTISS CONDITIONff-@>"] fuidancesys. If MSFN is cations lst.

IMU fails
i - unavailable,troubleshoot

without switchingguidance.ICDU fails
|

CWEAOR LGCOUTPUT

PIPA fails during thrust CHANFAILURE

Q) @®Followingalarm codesare gener-

6} ated by listed failures:

i
@GUIDCONT- AGS 04777 - PIPA and ICDUfailure

03777 04777 10777- PIPA and IMU failure
i 7&9

13777 - IMU and ICDU failure

1 10777 14777 - PIPA,IMU,and ICDUfailure

| Alarm code? 13777 19814] Hf any of these alarm codes occur,

{ tain
7414 erry

to each

:
|

steps listed. A
“NO”

answer to

! 7] __10DUA/Dck 19,414
each step indicates that transient

@V16 N20E 07777 Pe
discrete was generated.

@Mnvr LM:

| Yaw-

0°
8 PAPAck

so

Pitch0 ovi6 NZIE 0 ® eo
H @V40N20E - Zero CDU's Aayregister2010oF

NO") PIPA FAILURE- DETECTION

Pp eeme Sees FLRE] |@ tna om

! .

| aa DAI& DSKYregisters Q) 4

i
?

J iB PIPA FAILURE ®
i
| 12) ICDUD/Ack eS1

SMODECONT
:

ailure | Failure

! (PCRS)- ) Fine wo | ves

1 | sae 2 eT

j FLY21 N22 @fstablish att hold Mt error

1 ee evié OFee us
Total att to FDAI YES YES

| neot FOA total att & SKY Z Radice

i
f

NO
{ PGNSFDAIerror needles

PGNSFDAItotal attorRl Yes

|
meloaded values?

RR driting? LGCINPUTCHANFAILURE

i
:

YES yes
|
| ipck NO YES
f 18

{ ‘@ AllowMSENto evaluate: ® LGCcan perform functions not re-

| power-d quiring IMU inputs. After each

@cb{11)PGNS: thrusting maneuver, state vectors

IMUOPR- open mustbeupdatedviaP27.

|
A-300UMS.1024

SYMPTOM PROCEDURE REMARKS

8a
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@RATEERR MON- RNDZ RADAR

@Perform RR coarse align
V4] N72E

Respond to V04 N12 option with

00002 (continuous designate):
@V16 N72E

OSKY registers & FDAI error

needles display input shaft & trun-

nion angles?

YES

RR CDU FAILURE

a
Verify performancewith MSFN.

Ey
TRACKERLT LOGICOR COU FAIL

CIRCUITFAILURE

9 | Manual RR acquisition

If under PGNS contro!

@Perform P25 or AGS acquisition
steering.

@RADAR: TEST/MON- AGC
@RATE/ERRMON-RNDZ RADAR
@X POINTERSCALE-as desired

@RNDZRADAR-SLEW
Slew antenna until RADAR:

SIGNAL STRENGTHpeaks.
Perform side-lobe check
@RNDZRADAR-AUTOTRACK
If under AGScontrol:

Perform AGS Manual Rendezvous
Radar LM State Vector Update

=PAGE 10 APOLLO 13 FLIGHT DATA FILE

LMA790-3-LM
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SYMPTOM | PROCEDURE REMARKS
t

3 (1) @ Rl readout of 0, 1, 2, 3 indicates
IMU temperature is within limits.

! iy eRse 2| Inputchan ck
;

—
ie ae ace at @V01 NIOE

, | TEMPIt-off?
NO 30E 3] @) GN & CS performancewill be unaf-

| og -

= NOs IMU TEMP CONTROLFAILURE fected by IMU out-of-tolerance

YELLOW | YES 0,1, 2, 3in AofRl? temperature for at least 15 min-

YES utes. Critical maneuvers can be

ionrer ants |
3 y conducted within this time. IMU

<126 F
o

stab loop and velocity A
>134 F 4 5 ments will be degraded after this

;
| TRANSIENTCONDITION i DSKYRELAYOR LGCOUTPUT

Verify IMU performance with
time.

ee MSFN. If MSFN is unavailable or

confirms IMU unusable:
.

Subsequent IMU  out-of-tolerance

|
SOUP CONT SASS @

temperature indications are lost

I i

| Verify IMU performance with
| MSFN.
|
|
t

4 1 @ LGCa

la
coarse align when

MGA > 85°

| J ez 3] RealignIMU
3

GIMBALLOCK | _— INERTIALREFERENCEIS LOST. ePerform P51 to establish att

| NO ATTIt- on?
AES reference.

YELLOW
|

NO

Lighton if MGA>70 1
|

[4] Ck gimbalangles. 5}
@Mnvr to avoid gimballock.

| @V16 N20E
ves

@KEYREL
R3 (MGA)> + 70? iro

I NO

(2) (2) GIMBAL LOCKIt unusable for

| re] [7] monitoring

| GIMBAL-LOCK DETECTION @KEYREL
| CIRCUITFAILED. @Monitor DSKY-displayedangles
| to avoid gimballock.

!
+
|

5 | Z NO TRACK It may also be on, adoes not represent malfunction i

1] eRsET 2] 00521 3] lock-on has not been achieved

TRACKER T Be> —

NO
PROGRAMALARMCODE? LOSSOF DATA-GOODDISCRETE

as T
! LRAGRERISU Occurs without NO TRACK It. LGC

YELLOW | YES 00515 will not process RR data

Lighton if data-good is

lost or RR CDUfails while

RR is under LGCcontrol 4] 5{ Ck RR CDU. NO 6 |
1

TRANSIENTCONDITION 5

|
|
1
|
|
|
|
|
|
|
|
|
|
|
|
|

|
I
I
|
t

|
|
|
I
1

|
I
|
|
| 300LM5-1017
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symrett | PROCEDURE AAMAS

t

6 | Q@ 6X5 @ Expectedzero risaiLRantenna position No.1 -

ALT
a nasunc Hd nynevene

uate
oan st -

OFF URotferretherCondition?
>

It It -
antenna positi neea

~ flashing
|

SMODE
SEL-LOGRADARSe

tam saey i$ about 350 to 150 feet

@RADARTEST -

YELLOWI SE YES
wee

pa Orta aii| if i YES
‘

itude

reasonabelenesstest i

! PGNS (a0fonALT/ALTRATE?en ae performedonly after high gate.

Light on steady if: {
Tt

Hee ii etiaca 1 2) Time imitations below high

when LGCtries to @ gate may not permit test

read LR altitude 5} Before avera 6] 7

(R20) I e
Y RELAYFAILURE

Expected at: | ein Fea? lige LR AETTUS EMU

© Assumption:RO4 is not running.

Highaltitudes 1
jo 7Off-nominal atti-

tudes (including ey ay rT) ® Possible data interface failure.

Zeop |
1 J erwoyaut mon -acty

ES Siac LR/LGCINTERFACEFAILURE
Lightflashingif: I T RT oe @Monitor R3 AH. ® LR self-test cannot determine

LR altitude reason- I enODESEL- LDGRADAR cause. Symptommay be temp-
ableness test failed 1

—

AH changing? orary due to causes such as

below high-gate j Altitude displayon YES those listed in SYMPTOMcol-

ae se
i

ALT/ALTRATEOK? t umn.
xpec at:

Lurain discontin- I NO 1

uties 1 HFcy ety aL 1) capability of updating LGCwith

Zero Doppler 1 LRdata is lost.

1
! 6

: :

tf transmitter corona is sus-

H 12] a
ie M4]doinsettTest_| ves 5} ee

©
pect,cbPGNS:LDGROR- cycle.

| @RADAR:TEST/MON- ALTF>-®™] @RADAR:TEST/MON-VEL
PP) OV5RE e@V57 ed

1 MTR MTR @RADARTEST -

{og FLV16 N68 @®Hftransmitterpower, or receiver

| RADAR:SIGNALSTRENGTH RADAR:SIGNALSTRENGTH Test OK? rabnaeee jee| > 212 >2.1? (MonitorALT/ALTRATE) of 4, Is Gegraded,alt! a-

1
7 "7 goodmay be late.

! No 1” aa }
l 18 17

| LRDEGRADEDOR FAILED
La

|
~

7 I
2 @ Expected zero Doppler regions:

i
Ma

T0000eet! FLASHING—| 2 3 about 7000to 5000feet

VEL T Condition? YELJ J
F

rack
LR antenna position No. 2-Preceded bysteady VELIt gel POSSIBLECROSS-LOBE Fig.]

Activate forced tracker
about 350 to 150feet

| ay
or ALTIt also flashing? LOCK-ON. search.

YELLOW
| NO our ey

~

We @ Velocityreasonablenesstest is

! @RADARTEST - OFF performedwhenvelocity < 6000

| ST DolR Self Test @VELIt - on st fps (all the time).

ie io i |
a

(6 sec); then off
veloci jata-

good discrete not ORATE/re
~ WG Q@Assumption:RO4 is not running.

ao 4 ott Soc wo

velocity (R20) ! ojTL Ee ©) Possible data intertace failure

Scena ! eRADARTEST
High altitude |_ORADARTEST-LDGOfnominalatti-

!
Altitude rate and/or hori- 8] @RADARTEST - OFF ® Possible impact on ability to use

tudes (includes Zontal velocities (on ALT/ e@VS7E ree. altitude data.

Pa down”) rolbel“e
X pointer) (V16N68)

Lightonfoneif: 1 rR ® ur sale cannot determine

LR veloci on- 4 cause. Symptommay be temp-
Roe fail

:
orary due to causes such as

ed (R12) 7 those listed in SYMPTOM col-

Bipectediat
| LR VELOCITYFAILURE

ea

Lurain discontin-

harierDoppler 1
3 ®@Unless results are obvious, test

LR antenna stuck { 8] § } is inconclusive without report
iti

Before average g in P63? of downlink from MSFN.

thereat | ORNG/ALT
MON-ALT/ RADAR, TEST/MON- VEL OO

XMTR
tudes) YES ae - LDGRADAR : as

| } @MODESEL-LDGRADAR uy ® There is no onboard capability
1 ofa Aititude rate display RADAR:SIGNALSTRENGTH [NOff LR VELOCITYDEGRADED for distinguishingbetween fail-

Y FAILURE ing?
;

ures. Continue and monitorDSKYRELA changing?ns >2.1? OR FAILED.
thar data seurces ct

yes YES -discrete interface failed, L
| } 6 Q) data are not processed

13 14] DoLR Self Test
I

V58E If transmitter power, or receiver

| DSKYRELAYFAILEDOR RADARTEST sensitivity for beam No. 1, 2,

1 LR/LGCINTERFACEFAILURE
ORATEERRSontog or 3 is degraded,velocity data-

| ROR/CMPTR
= (6) cmkesbeue

tf beam No.1

ec amaA ar 15 and/or2 is affected, altitude

Altitude ie ye NO 8] @RADARTEST- OFF
data will also be late

| yes} Zontalvelocities (on
Al Qs eV57E

0) LRVELOCITYFAILURE ALTRATEand/or X pointer) (V16N68) If transmitter corona is sus-

! obviouslybad? pect, cb PGNS:LDGROR- cycle.

! B-300LM5-1040

SYMPTOM| PROCEDURE REMARKS
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LM
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LMAT9O-3-LPA

APOLLO OPERATIONS HANDBOOK

symeToM | PROCEDURE REMARKS

'

s

1
NOTRACKIt- on? ee E 4

RNDZ ROR T
Eo

@RNOZRADAR- SLEW 3 YES .

i SLEW yes ahseitaneae
RR FAILDETECTCKT

|
YES RNDZRORIt - off? FAILURE

YELLOW | NO NO

Lighton if | j () 2 RNDZ RDR C/W monitor capability

RR loses data good in { rs] rey
lost. Use NO TRACK It

AUTOTRACK t CWEA FAILURE NOTRACKLTFAILEDOFF Continue troubleshooting
!
|

Sa | 3 ff antenna is drifting or oscillating

Bibel
rash

ra wal
7 NO sas abnormally, a singlegyro has failed

1 NO TRACK a 7} 18] RRamtr ch RR GYROSEL - SECand reacquire

s

; © ro] eRangerate displayOK? @RADARTEST/MON- XMTR 4

'

4 Lc. oe =]
Ge ote)

bee 8 To check for possible rndz radar

YELLOW
1 YES Signalstrength >2.1? }~gpomdl RR DEGRADEDOR FAILED corona problem or frequency

Light on if
tracker jock-on to spurious ra-

eat i
| YES diation, cycle cb (11) PGRS: RNDZ

‘ I 5 ROR off for = 10 sec.

in AUTOTRACK& LGC
!_
t

: na Key Y95E {in LGC mode) before in-

| uy @RADARTEST- RNDZ itiating self-test or go to AUTO

{ v no | eRADAR TEST - RNDZ
(wait 15 sec) 4 :

| (wait 15 sec) NO E43
n

1 RangedisplayOK?
at

ves: ages
& anes re Aer

ae a) a rane
?

1 YES NO YES
I /
| ! 8) Lam{is]@RADARTEST-OFF 16 (®) RR will maintain tracking and pro-

| 1h
vide good range rate data, shaft

I 14 CSMverifies att & xponder| py.
CSM ATTOR XPONDER and trunnion angles to FDAI error

| RANGETRACKERFAILURE OK? PROBLEM needies, and azimuth and elevation

| YES angle rates to X pointer ind.

I
|
| LGC

|
| 7

an
B19} Reacquire 7 q@LGC cannot read Rndz radar

@AttemptLGCacquisition ta}
| | AUTO via P20

no | NO AUTOTRACKENABLE

| rea NOTRACKIt- off?  --Bmq FROMLGC

YES

PGNS

H a i cont?
121] __Reacguie

@AttemptAUTO& MAN

AGS acquisition via P20

!
RNDZ ROR & NO TRACKIts - | YES ae

2] Reacquire off?

1 al ee NO

i
@AttemptAGSacquisition

i
steering & manual lock on I

NO 923

! RNOZ
ROR&NO TRACKits

-[¥6 Bue eaanice

! {yes _

fiz

I
MOMENTARYLOSSOF TRACK

| a AUTOTRACK
_

[a

@RNDZRADAR-

LGC
j then AUTOTAR(wait 27}

15 sec) RNG CKTTRANSIENT(AND/
| YES | OR RNDZROR LT FAILED

| NO TRACKIt- off? OFF)

NO
l $ CW)i Rnéz radar data OKbut RR data

1 {281Routine gto
[NO

= [aayder ates
YES 39 ae and LGC will not

1 read RR?
:

DATAGOODCKTRYFAILURE

| YES NO

| ! Fy3| a TRACKERIt - on?
ug =

| @RADARTEST - RNOZ DATAGOODCKTRYFAILURE

eats NO #f(&RNDZROR LT FAILED

1
NO RNDZROR It - on? OFF)

i YES

|

| fT
{

NOTRACKLTFAILEDON

|
1 B-300iM5.1032

_ SYMPTOM| PROCEDURE REMARKS



we LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

SPECIALSUBROUTINE| PROCEDURE REMARKS

t

|
SSR-1

| ae R2 = 00001 for 7 seconds
R2 = 00002 for 43 seconds

LOCtest 1] Self-test 3

n
! ee oreTERCOUNT“Al | ev25aos R2 (SCOUNT) Subsequent use of LGC depends

ce !
EEE R3 (SCOUNT+ 1) upon MSFN evaluation of succeed-

= | eVI5 NIE. @V05NOSE ing steps in self-test.

ey t 1365E Verifyprogram alarm

uo | eV21 N27E (XEX2) ane me
= | 777776 8} asl apenn
x | R2>3? LGCFAILED. RI (ALMCADR) 00001

a: YES NO SCOUNT?

= I 6)
ee

00002 Q) Problem is in fixed memory.

So I 4] Glock ck (3) 4
Re

See

ee

S ev21-F ES] chev tahun ck t ® roblem is in erasable memory.

ae eV0! NOE

= ee followingif time

oneO0e 1374€ ® LGC self-test checks only erasable

=
permits.

FLVO5NOL
@Record: R1 (SKEEP4) and fixed memory. Other internal

aa | eVerifyRl = R2 or San poemscannot be determined by

= 1
; cee

a
@Record:Rl(SKEEP7)

| 1] Scaler fail ck
Record R18 R2. ae

MSFN:

= |
eV11 NIOE @PROfor next bank (43 SKEEP4

i I banks) i3E NO : SKEEP7 ©) Alt LGCfunctions lost.
| No selects ats

Terminate use of LGC.

| Ea ae te 8) 1c Faieo. to MSFN.

:
‘

Terminate use of LGC.
s

| y Q) a @ Do not use LGCcontro! for attitude

1
14

maneuvers.
9 10

! 8) YESi) YES J ® RCS DAP unusable because T6

I
LGCIt-on duringmavr? LGCIt-off after mavr? PCE ae)aeFAIL counter controls set firingtimes.

0] No
a 1 $ toc control of RR lost

:

/ |
= *

! el es N72orP20 beiI RR under LGCcontrol?
sb Rt cane TRUNNIONOR SHAFTCMD

1 REGISTERFAILED.

| NO t|
i
1 15] ’

1 @RNDZRADARSLEWor 0
| FrAUTOTRACE yes RRTRUNNIONOR SHAFT

aq TGCItoff? Lgeel! CDUCOUNTERFAILED

|
| Y

; fii] w FI 1) Lc uplinkost

I Updata link blocked? [#2] &

wee OFFor

! YES
7 Sion YESJ]INLINKCOUNTERFAILED.

|
q NO

§

= ! ‘
.

14X11) | (11)IMUcannot be fine aligned.

a ie se Ts craw (EEcb (11)PGNS: IMUOPR- 2 ei t-off after gyro GYROTORQUINGCMDa

ced? Sarning i ores! torquing? REGISTERFAILED.
n

NO NO NO
Wo 1 gg

= #2 ‘ (12)IMUcannotbe coarse aligned.Align
(Sj | 7” Ey bycaging and/or fine align.
<=

| 24} YES

= = ! Coarse alignin process? oo sient
~ off after coarse

mel | =e
:

a

B | @ IMUusable as attitude reference

osrend Ea} 8 only.
: - N21ESet | cb (1)

PGNS:MU OPR ons
—— gf

rencures rune
a | open yes | Anyregisterzero or incre- CORRESPONDINGTOFAILED

! 4 NO} Tec Itoff? L-gpm}mentingat extreme rate? REGISTERREADING

(4)co(10 7c: AEA-close
a

Oe

 ] a OD o

UGC/IMUINTERFACELOST,

q

! A-300LM5-1020
SPECIALSUBROUTINE | PROCEDURE REMARKS

,
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ie

fh

©

SOURCE
LM

AOH

LM

MALFUNCTION
PROCEDURES

DATE
MARCH
16,

1970

?

LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM | PROCEDURE a

'

|
bao no LU

AGS saat PGNS available? pi} @MODECONT(AGS)- ATT

HOLD
RED i YES y 1 A) Aés lost

Lighton if: |
3 4 AEA self-testck 5 AGSself-test status1 LY cu CONT-PGNS

ES LSJAEA POWERSUPPLY 412+ x0000ASA power supplies out { @DEDAC 412R
NO FAILED. X = 0 Test not completeof tolerance | DEDAresponds? “SB X = | Test successful

| X = 3 Logictest failureASA heater failson (act

¥YES X = 4 Memorytest failure
ivated at 150° = 5°F)

i NO
a

X =7 Logicand memory
pa} 7 AEAself-tes!

AEAfails to complete 8 |
@) 3

eae

minor cycle within + 10000 displayedwithin @DEDAC 412+00000E
20 milliseconds | 5 to 30 sec? @DEDAC 412R rey @ AGS operations not recommended

AEAtest mode discrete YES +10000 displayedwithin No AGS SELF-TEST DETECTED
signals failure condition 5 to 30 sec? s

FAILURE.

Light latches on when ynES 0p/H20 QTY MON performs latch-
AEAfailure is detected i © © tiprreleasewhen set to C/W RESET
O2/H20 QTYMON must 4 9]be set toC/WRESET

StS SCA MNCE a
10

position to unfatch.
| RESE — TRANSIENTCONDITION

I oe YES TRIGGERINGSELF-TEST

i AGSwarn It - off? FAIL DISCRETE

|
' 4 es G) For PGNS unavailable:

C 400+70000 checks accelerom-
| 1 12] eters only
| Ck for AEA-induced latchup In-flight gyro & accel calib

©02/H20 QTYMON - C/W @DEDAC 400+60000E
nfset ener ae

AGS warn It - off @DEDAC 400+70000E__|
yes 13] yERRIER.

YES ASAperformsOK? a

NO (B)AEA restart ch| 6 y restart changes:
| 470 to — 73320, 400 and 410

14 15 through417 to +00000|
! AEAMAYHAVEEXPERI- MSFNverifiesASAheater

| ENCEDA RESTART operation. wo AS) FAI
ASAheater OK?

ASAHEATER FAILURE

| ys y
| va o a:
| Update & alignAEA. ao

a ech (16) S/C: ASAopen
| Reconfigure400 & 410

;

| through417 as required.
|

'
2 |

a) Readout and enter functions are
| lost. AGS flight displays are avail-
| YES able. but will become less and lessDEDAresponse
+ Registers remain blank? te DEDAFAILURE reliable due to inability to be up-abnormal | dated, aligned or calibrated

N0

©|
OPR ERR displaylost.| ves [4] no [5] no fe] ® aaa

' OPRERRIt-on? Feo p FF
eigit pb-push

TPT
CLR PB FAILEDOPEN

igit di

7
| NO OPR ERRItoff? plelMGishaveus

Q) MSFN can confirm DEDA readouts
| ets YES a. For following failures, AGS)
| 2 Q) DEDA capability is unaffected

1 ra] rey
EL segments
HOLDpb open| DEDAcontrols freeze, | YES

! but can be returned to p-@eH OPR ERR LT FAILEDOFF. OPR ERR LT FAILEDON. b

a eeae readout
5

? pability is lost
| normal via CLRp

CLRpb closed
| Digitpb closed
! ENTR pb closed

| HOLDpb closed

READOUTpb closed
AGS flight displays are available.| DEDAFAILURE but will become less and less re-

| liable due to inability to be up-
| dated. aligned, or calibrated
'

c. The pb capability is lost for fol-
|

lowingfailures
| Digitpb open
| ENTRpb open*
| + of — pb open*

| “AGS can no longer be aligned
updated. or calibrated AEA
routines via SXX entry are lost.

| 300LMS.101)
1

SYMPTOM| PROCEDURE REMARKS
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NOOP
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9a

11
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13
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APOLLO 13

CES MALFUNCTION INDEX

ABNORMAL VEHICLE DYNAMICS (NON-MPS)
LM DRIFTS OUT OF DEADBAND

PGNS MINIMUM IMPULSE (V76) COMMANDS ABNORMAL

AGS PULSE OR DIRECT COMMANDSABNORMAL

PROPORTIONAL MODE COMMANDSABNORMAL

TTCA COMMANDSABNORMAL

ABNORMAL DYNAMICS DURING MPS THRUSTING

ENG GMBL

NO MPS SHUTDOWN

PREMATURE MPS IGNITION
NO MPS IGNITION AT TIG = 0

ENG THRUST AND CMD THRUST IND DO NOT AGREE

PRE AMPS

CES AC

GES CE

FLIGHT DATA FILE |

&

LM

MALFUNCTION:
PROCEDURES

MOCATA

DATE
MARCH
16,

1970

SOURCE
4



}

~- MODECONT
@ATTCONT(affected axis)

affected axis. PGNS minimum im-

pulse mode may be lost in affect-
ed axis.

LMA790-3-LM
~ APOLLO OPERATIONS HANDBOOK

e SYMPTOM| PROCEDURE REMARKS
t

1 |
: Abnormal vehicle dynamics is de-@ I @ 4] Isolate failed jet O

fined as uncommanded vehicle
‘

7 Affected quad: acceleration by RCS,includinglimitAbnormal vehicle dy-| ! | [1] stabinze Im NO 2] ves p3J
@RCS:SYSA (B)QUAD- cycling on edge of deadband. Fornamics (non-MPS) i: =

EeeAcalnprdover I renuires
RCSTCAIt on? Ph JET DRIVERFAILEDON = fo

CLOSE abnormal dynamics during com-|
@GUIDCONT- A PONS (PRIMARYCOIL).

ecb RCSSYSA (B):QUAD manded maneuvers, refer to symp-

| @MODECONTooare NO
1 (2, 3, 4) -

open tom for associated mode
H

| @ATTCONT(3) - MODE | aX)| T
NY 7t @TTCA/TRANSL(2) - DIS- 5 8

oeeS l Al on PROP (2) - DISABLE
YES ay @ACAPROP - ENABLEin- @ SingleRCS jet failed on, when com-

@DEADBAND- MAX ACAFAILEDOUTOF DETENT. 31 dividually, to isolate failed pensated for by opposing jets, con-| i;>
ACA - neutral IM stable? ACA sumes 0.12%/secondof total RCSa |

=

-

propellantLid | LM stable within deadband?

‘=
YES

= | 8| Disable secondarycoils. 10] Isolate failed jet. @ Attitude hold mode lost. Refer toa

LATA
@RCS:SYSA (then B)QUAD CES=

1, 2, 3, 4 - CLOSEuntil

= | ren
S/C: ATTDIRCONT is] tiledjetstopsfiring|

=

Reconfigure byopening for procedure in using PGNS (AGS)Hie |
IM stable? pialAe SE

oe
thruster pair automatic mode for attitude hold

S !
YES= !

— | ! @ Alternative is to replace defectivei
ACAwith shortingplug. See CES! iant | symptom No. 5, remark No. 6.

@ACA/4JET (2) - DISABLE @)!
ech ll) s/c: arroReONT | ia] 5}|

-close

ao os NO | +X TRANSL PB SHORTED. f-@=] ecb

‘teh
S/C: ATTDIR CONT

LM stable? S

|
YES

|
|

‘Xs
(5) +X TRANSLpb, hardover, DIRECT

| 14] 15] mode, and PULSE mode lost

:
ACAHARDOVERSW SHORTED.8] ACA/4 JET- ENABLEindivid-

|
ually,to isolate failed ACA

|
Hardover mode is lost.

|
!

=| |
i y

} I PGNSI}7 YES [18
1 Symptomoccurred in? 7}DAPdata load OK? a @GUIDCONT- PGNS 19]|

YES TICA FAILED| AGS NO LM stable? oe
| | NO
| 20 | 1 @ Internal failure may be confined to|

2 LGC input/output channel, which
| @Reload correct DAPdata 21] 22] can be determined from RCS cold-
| et

LGCINTERNALPROBLEM @TTCA/TRANSL- ENABLE dec

|
individually,to isolate

|
| 8 failed TTCA

® AGS rate command and FDAI rateI YES Monitoringlost. If roll or pitch,1 23 24 AGS DPS burn capability lost.
| Rate needles abnormal? [=> RGAFAILED.

Pens} LGC
SELF -

| NO SSR-1] TEST
! !|
I 25

YES
AGSatt error needles >0?

= | NO

x a] a]
é

2 1 {26} YES nie YES v 9 Perform AEA self-test
2

@ATTCONT- individually TTCA/TRANSL- ENABLE ertorm AEAself-tes—
@GUIDCONT-AGS gp DIR,then MODECONT [81 _ individually rays

LM stable? YES AEAFAILURE
Lo

MO
a

LM stable? LM stable? Be
a

3 j y y
NO

—
I 30C)

eee | 3) AGS- CES FAILURE 31 132] TTCAFAILED

—!= ACA2.5° SW SHORTED.

Ly |
(WW)Acs MODE CONT and possibly— Lug I

PULSE mode lost. DIRECT mode
= CC !

0 ay is unaffected
SS |

34 DIRECTand PULSE modes lost forna 33]@GUIDCONT- PGNS Ey a
I
|
I
|
|
! A-300LM5-1023

SYMPTOM PROCEDURE REMARKSa

THRU

THRU
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PAGE 20 APOLLO 13 FLIGHT DATA FILE

LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM PROCEDURE REMARKS

2 @ Ly [2]
Procedure is applicable to PGNS or

AGS attitude hold mode only

AGS| eDEAD BAND- MIN

ar
oN ch

este @ACA-hardover,if required }88 e@MODECONTAe- AIT
HOLD

| GUIDCONTsw? a CoN(3) - MODE

PGNS Select FDAI'S on alt @)RCS control lost for affected pos!-

| sources. @) tion of GUID CONTsw. If ATCA

©Observe att errors. circuit breaker for associated guid-
' @ACA-cmd + & — in all 3 4] ance system opened, a return to

| axes. NO MENABLEVOLTAGETO ABORT #4
@GUIDCONT-PGNS a system for control is impos

: Anymotion? PB HPREAMPS LOST ae
oo

YES
|
|
| 5 6| @ACA-neutral

| oy YES a ——J

AGSDRIVEN
All axes respond? |) FAI failingey

| a
new reference?

NO BOTH
I ‘@GUIDCONT- AGS
|_| @DEADBAND- MIN ' G3) @) OnlyAGS PULSEand DIRECTcon-

|
@MODECONT(AGS)- ATT ny o

trol are available in affected axis

HOLD
| ATT¢ :

Cae ee PITCH,ROLL,OR YAWRELAY AGS OUT-OF-DETENT

Te =|-eSeectrpatsrorat
IN ATCAFAILEDOPEN. RELAYFAILEDCLOSED.

1 sources.

| @Observe att errors. 4)outotdetentsignal to AEA is al-

1
@ACA-cmd + & — in all ways present.

axes

| @ACA- neutral NO
a

BOTHit]
|

Error needles on both FDA's 4 FDA's failingto establish J] ACAOUT-OF-DETENTSW

establish new reference?
new reference? SHORTED.

YES PGNS
| (2) ' DRIVEN ;

| fey ia] ia] as

|
ENABLEVOLTAGETO Establish PGNS att hold mode. Guidance mode desired?

PRIMARY PREAMPS LOST
| GUID CONT-PGNS

PGNS

@ACA-mnvr (5)MODE CONT (PGNS)- OFFmomen-

| NO
;

tarily to allow CDU’s to be driven

|
LM responds? to existing LM orientation. If not

| YES 5 j
set to OFF,LM will be driven to

attitude previously stored in CDU's

J @ 6)
Fit] PONS att hold 18] AoSatt hold

oa

| 15] 18| GUID CONT - PGNS @DEDAC 400 + O0000E iMwill a aboutae unless

| NOATTHOLDINBIT PGNSOUT-OF-DETENT
MODE CONT(PGNS)-OFF © MODE CONT(AGS)- AUTO Tee

tocked jolt

|
SUPPLIEDTO LGC RELAYFAILEDCLOSED momentarily,thenAUTO Toestablishnew reference

25 NOTE
When mnvr required: & move:

RI lll
@MODECONT(PGNS)- ATT @MODECONT(AGS)- ATT a ie

HOLD
I @ACA- mnvr @ATTCONT(3) - as desired R3 1E

{ 13] PGNS| When mnvr complete: @ACA - mnvr

- ; L—geei @MODECONT(PGNS)- OFF When mnvr complete:
Guidance mode desired? momentarily,then AUTO @MODECONT(AGS)- AUTO

1 @ATT CONT (3)- MODE &)out-ofdetentsignal to LGC is al-
| AGS CONT ways present.

!

[20]|
@GUIDCONT-ONT- AGS @ PGNS RCS control may be available

in AUTO

i

| DSKYentries to inhibit jet:
@V25 NOJE

3 2] FL V21 NO7
Load R1:

Ei YES GUID CONT- AGS
:

PGNS = io w28 1257E, if vertical jet

impulse (V76)cmds Coupledmotion? ak on “bust ay oe Hhorcontaljet

abnormal 0 Couplednotin? bese DRIVERFRILEDOFF @Load R2 with octal code

|
that identifies failed jet:

| ’NO 1U~100E| 4U-1E

! 2 O | Pees
be

ae a Ley 7) L200 | 4R-100E

ae By ACA2.5 SWFAILED i roy (ouTPUT FLY elsolate failed jet by ue aie
CLOSED ) Y :

3 :

Jets fire? a
2A-10E | 3A-1E

NO
2L-20E | 3R-40E

| FL V23 NO7

Y @Load R3: 1E

8 @V48E

| 2 @PRO

|
ACA-cmd mnvr in @V34E - Terminate
affected axis 3]| YES LGCPROBLEM (3)| Jets fire? @) If problem is in pitch or roll, LPD

! NO| 10] @
lost.

LGC minimum impulse, AGSPULSE
ACA2.5° SW FAILEDOPEN. and one-half of DIRECTauthority

'
lost for affected ACA

SYMPTOM PROCEDURE 300LMS-1014 REMARKS

¢,

SOURCE
LM

AOH

LM

MALFUNCTION
PROCEDURES

DATE
MARCH
16,

1970
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SYMPTOM| PROCEDURE REMARKS

t

!
4

AGSpulse or
|

yes 12 PULSEL®] Prop mnvr

veel. T Excessive or uncommanded [-™
Symptomoccurred in?

[8] @ATTCONT(3)-MODE 1 Affected axis may be available in

1 rates? CONT PGNS (if preamp failed)
NY @ACA- cmd mnvr 4

td NO DIR a
eee ATCAFAILURE

= | YES
a 1
ui

|

S Ls] [s]
aw l oe ACA2.5” SW FAILED | ATT CONT(affected

a. I CLOSED axis) - MODECONT

|

S {
bo

7 YES| 8 DIR [9

= ce@Alt ACA- cmd mnvr ete Symptomoccurred in? SI
= | @ATTCONT(3) - PULSE 2 One-half of DIRECT authority lost

=) I
Response norm? PULSE @ OrigACA - cmd mnvr

7
for affected ACA

u. | NO 3
= 5 YES10] LGC minimum impulse, AGS PULSE,aj

| 0) ponse norm? By ACA2.5 SW FAILEDOPEN and one-half of DIRECT authority lost

= | | NO for affected ACA.

| ACA2.5° SW FAILEDOPEN.

=
:

1 iz] Ghtntan cooiretine
(CLES 13] Prop mavr

4 AGS PULSE mode lost for affected

@ATT CONT(3)-MODE
-

xis.

DIR ae
| @ACA- cmd move

yes | PULSE MODEENABLE

5
Responsenorm? bpd RELAYFAILED(TYPK19).

118)error een. yNG
|
| 16

I as)JET DRIVER/PREAMP
|

FAILEDOFF.
5

|

w T
5

5
| @)Prop control lost for affected ACA.

|

! iy @ Failure may be single or multiaxis.

Prop cmds
ab

| ACA - hardover, if required
| @ACAPROP- DISABLE QQ)2 Q) Failure could be open LGC output
| @Alt ACA- cmd prop mnvr [2] YES 3] channel, summing amplifier, pulse

ae an
WS

OneSHRbternRaTTEN?
= ACAPROP CONT FAILED. rate module, or preamplifier

I NO NO @ Prop control lost for affected guid-
j ance system. DIRECT and PULSE

|
control unaffected.

| 4) @®If symptom is present in both

| Bq PROP CONT TRANSDUCER HUNG guidance modes, malfunction may

1 UP OUT OF NEUTRAL. be open circuit in one ACA

| @) To remove ACAand replace with

5 6 shorting plug:eI Coupledmotion?
=

Bn CONTeSTeONS

:
@cb (11) S/C

|
0 @ACA- cmd +4 SF affected

J NCA(PONS)one| axis YES PGNS - RCS (CES- RCS) INTERFACE @cb (16) S/C: ATCA(AGS)- open

Responseiaaini? gf FAILURE @cb(11)COMM: COR-open (for CDR ACA)
or

= | NO cb (16) COMM: SE- open (for LMP ACA)

S ! chemi2rc ° =

JET DRIVERFAILEDOFF
mu suspected BG

2 !
= .

< ;
J 709 - disconnect

ee @P &J 708- disconnect

© ’ SX X24
install jumper plug on J 709
@ install dust cap on J 708.

a
a GUIDCONT sw?

ae

& C CONT ASSYS RELAYFAILED Ce ae

= ! OPEN OR LGC PROP INPUT PROB- Sincevehicleattitude control is lost dur-
| AGS LEMOR OPEN CIRCUITIN ONE ACA. ing switch over, use of this procedure dur-

ing controlled flight is not recommended

|

ay PGNS and DIRECT control unaf-
i I 1

: YES 12 X17) @
fected. PULSE control may be avail-

<< | Excessive rates
GUID CONT-PGNS 3] able in AGS.

a |
NO

@ Perform rate gyrotest ®| YES SUMMINGAMPLIFIERSHORTED DIRECT control unaffected Prop
c 417 = control may be OK in alternative

| @) y sY8Xe as
guidance system

ry 9 @)FDAI rate displays lost

| S & C CONT ASSYS RELAY OR pts

| [ISUMMINGAMPLIFIERFAILEDOPEN = ce

| OR OPEN CIRCUIT IN ONE ACA

'
A-300LMS5-1012

SYMPTOM | PROCEDURE REMARKS

THRU

THRU
1]

12

THRU

14
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cb (16) INST:CWEA-open,
then close |

:

YES§ RELAYBETWEENTTCA&
R1 correct in all directions? }—gpseM@CES FAILED.

® Translation capability in AGS lost

LAAA790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM| PROCEDURE REMARKS y

6 @ | Abnormal response will be lack of

(or subnormal) QVm or abnormal
1] Gain cont & apply AV i} [3] im evelng

TTCAcmds abnormal fy] @ACA-gainatt cont NO| @ACA-gain att cont @GUIDCONT- PGNS(AGS)
@AItTTCA-applyAV Lge! Scuip GONT-AGS[PCNS)MODE CONT(2 ATT

as needed eTTCA-applyAVas HOLD @)RCS control for affected guidance
needed @ATTCONT(3) - MODE system lost

Responsenorm?
yes} CONT

Responsenorm? [Bm] @ACA-cmdsingle - axis ENABLEVOLTAGETO PRI-

a

poe

ee Resetting cb (16) INST: CWEA nn

Response? causes MASTERALARMand HEAT- Lu
! (3) j (4) ER it-on. Reset HEATERIt ce

y ves >5] Cold-tire TICA. sy fa (5) i

@cb RCSSYSA & B; QUAD JET DRIVERCKTFAILED . 8|
b

Lu

123 decpen OPEN. Failure occurred in? LGCPROBLEM
Bocaleantransietioniis cinelenter oS

@V11 NIOE AGS
, expect at least twice thrusting time ©

Rl = XBCXX @ 6 to achieve AVm ae@TTCA-cmd + & — trans~
lation in each direction: oO I =Up X76XX e@Affected THRUSTERPAIR- OPENCKT IN + 15V LINE PGNS oODown —X75XX CLOSE FROMATCA neyRight —X73XX SSR-1 G) LGC problem may be confined to

=Left X67XX
LGCTEST input/output channel failure, which CSForward X5/7XX can be determined from RCS cold-

=Aft X37XX fire test in step 5
5@cb RCS SYS A & B: QUAD
Le1, 2, 3, 4-close 1

2
=
aoensce

a
a

a

a

a

a

a

a

300LM5-1018

SYMPTOM

)
NO

@ Applicableto AGS control only.

7 fi

TTCASW FAILEDOPEN. @Usealt TTCA for transla-

tions.

7 | Assumption: All DPS burns areini-

ae 1] =F
ops [2] stabiizetw. | N° [a] YES[4 No tiated in PGNS

normal dynamics ng! i ENGGMBLIt—on? Cont being regained? [7

duringMPS thrusting |
@ACA-hardover, as required ie

Ee

APS GUID CONT-AGS No ES

Can LM be controlled?

1 YES|
|
|
| ’ )
Nts PGNS
! 5] ilip CONTENT BOG Stabilize LM. _i7]

ne _

8] Reset light.
!

@ACA - hardover, as required @ENGGMBL-OFF,then
! AGS @GUIDCONT-AGS ENABLE

!
| PGNS

| SSR-1 3}| LGCTEST GDAFAILURE

|
10 YES 111 Stabilize LM.10]PGNSavailable?

| =

2 @)Perform AEAself-test

5 roca a" 1] fen co nT S

| aa AGS/CES FAILURE @ENG GMBL- OFF BS| @GUIDCONT - PGNS =

I @Reduce throttle or termi-

nate thrusting a

|

=
oO

! aS

14 Stabilize LM =
=

| @ACAhardover,as required = &
| YES 16| Select DIRECTmode. <x
| BALCPL-ON? ;

i
-

@ATTCONT(affected
oO

! i NO
ee

YES
a

| [15]  @BALCPL-ON FDAI on backup chart 7] = z=|
[M staple? trajectory? RGAFAILED.

na
!
| YES Me

| y 3 20) ®| Possible RCS TCAIt
18]+ XTHRUSTERFAILED 19] Fae ie ekonit

control affected

|

| PROCEDURE REMARKS
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Svrion | PROCEDURE REMARKS

1

!8 @) !
7 @ Light is inhibited when ENG ARM -

I yes [2 1 OFF.
ENG GMBL Lt) DPS firing? ves|] YESH3 |

» 4]
| CES DCor INVERTERIt - on? GDAPOWERFAILURE @Monitor RCS for excessive

NO ption

YELLOW NO a
rules

Lael leetontinuation of powered descent

Light on if there is dis- ray
3 will ea in

nae ne i
betw

-

consumption and possible viola-

pene
en gimbal :

no 6J T| Select alt inverter if tion of thermal constraints
signal & gimbal8 gimbal re RCS thruster firing and/or HRA" TRansienT DRIVESIGNAL INVERTERIt - on

Sponse signal | FDA! error needles oscillate OR CWEAFAILURE
| around one edge of 1°

a?
. os

! j texan ae |
1 close It is possible to distinguish be-

| YES oe tween these failures by resetting

[8] 3 2
|

Engarmed? No 3] ENG GMBL It. (ENG GMBL - OFF,

GDA/DECAFAILURE
then ENABLE.)

YES
! !!

a]
4 @®C/W monitoringof GDA lost

@ENGGMBL - OFF it}
NO CWEAFAILURE

ENG GMBLIt - off?

I YES
|

§ It may be possible to reset gimbal
position, using alternative guidance

es? GMBL - ENABLE 13] 14] Deactivate DPS.
system and MSFN information

|
a ee

som PB} ENG GMBL- OFF

i ENG GMBLItcoff?  Hee-§
—SDA/DECAFAILURE @ENGARM-OFF

@Confirm gimbalposition

YES with MSFN

I
1515]

TRANSIENTDRIVESIGNAL

|
4
|

9 1

1] Manual shutdown NO 2 Eng?
APS | 3 Remove power.

No MPS
shutd:

pe}
Eng STOP pb-push

,

:
! @ENGARM ian 7s

ecb $/C:AELD(2) -

open

t Verity ABORT(ABORTSTAGE)pb - reset
| ae :

Assumption: Burn was terminated

i
ng shuts down? on premature ignition (except dur-

YES ing lunar ascent). Whether crew

| 4] Remove power 5 will reattempt burn at TIG will be

| 5a mission rule

1
@cb (11) S/C: DECAPWR - DOUBLEFAILUREIN CES

! ca 6) S/C: DES ENG
|

evan

9a :
|

er cbel @ Failure of MPS to shut down auto-

l fey AGS
matically will also result from fail-

Premature MPS _—
6

7 eel
Si

euncennenv ACS bums ure of cb (16) S/C: ENG ARM. If

ignition 1

CONES
Ck AEAeng status.

eee ;

ie oe ee ree
Mae

ual starts and stops will be require

i PGNS @DEDAC 343R
_ Ty Lp]

Use ENGARM as off-on for subsequent burns. Delayarming

| Readout + or —? Pees AEA ISSUINGENG - ON CMD. eng cont. engine until TIG

| +

|
3 Q) AGS attitude hold and automatic on

| i] an] ie]
- off capability lost

| NO_| @ATTMON- AGS

| Orig symptompremature | e@MODECONT(AGS)- ATT AGSENGFOLLOWUPDIS-

| ignition? HOLD ves
CRETEFalveD

YES Att errors zero?

NO
|
| [13] Ck LGCeng status.

| @V01 NOLE 14 15] Subsequent burns

Be es Use ENGARMas on-off
R1 = AXXXX .

se as on-o'

a
YES S&C ASSYS RELAYFAILED.

eng cont

|
=i

|
NO

|
| j

4 @ AGS - controlled burns unaffected

i fa
a

Subsequent PGNSburns:

ole Use ENGARMas off-on

|
eng cont.

|
|
|
|
!

|

|
A-300LM5.1022
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LAAA790-3-LM
APOLLO OPERATIONS HANDBOOK

| SYMPTOM| PROCEDURE REMARKS

t

10 |
| @) @ Failure of MPS to start and stop

| | | Manual start 3 Manual shutdo' automatically will also result from

Me ignition at I

Se
failure of cb (16) S/C: ENG ARM

0
|

"|

@EngSTARTpb-push
When burn complete: If this circuit breaker is open, man

I YES 12) @£ngSTOP pb-push ual starts and stops will be required “Y
Eng starts? as AUTOON - OFF CKTRYFAILURE @ENG ARM-OFF for subsequent burns. Delay arming

(is

| Le Verify ABORT(ABORTSTAGE)Pb- engine until TIG Oo
NO reset

i
=

cy

t

|
4 | Redundant arming signal 6 | Subsequent burns ras

| ABORT pb—push(DPS) ©DPS-Arm via ABORTpb ©

| @ABORTSTAGEpb-push (APS)
re 5] @APS- Arm via ABORTSTAGEpb oe

| 7 ENG ARM SW CKTRYFAILED. #8=4 @Use auto eng-on cmd for ignition OW
Engstarts

NO =z
I eS

| j Q) @) MSFN will advise if maximum thrust rat

|
/fixed gimbal DPS staris are ex =

| 7} DECA POWEROR RELAYK10

8 L Subsequent DPS burns
pected. No APS burns are possible oO

| FAILED @DESENG CMDOVRD-ONat TIG
due to double CES failure. If de ae

ss scent engine override is used to fey
| start first DPS burn. supercritical fe

1
helium may not be pressurized =

<x
n @ a) DPS throat erosion is expected to >

1 YES YES YES decrease command thrust~1%be-

ENGTHRUST &CMO [ppl tJ FTP? z oc | ae ae ae
low timeline and engine thrust = =

THRUSTind do not
% | a

ind donot
| Early throttle down to 10%?

5% below timeline. With maximum oa

agree /off schedule
1 [No

y :

NO
abnormal propellant pressures, 7%

a | 77 {
difference could be nominal

57%

!
7]

| 5] YES 8} Throttle up & attempt to

~, AUTOLocic ouTPUT LOW
ff)

Be hatheae
aorgie

lal

7

ind bo Ow!

|
NO! ~

AUTOLOGICFAILEDTO.0
F-= me

I 8 9 Use alt TTCA The up & fly manual ae
| © Advance TTCAuntil ENG @MANTHROT-other

ine

| THRUSTind = FTP osition
‘

p

=

YES 12

! Ae TTCAFAILED

| NO

| 2
|
I 13

| MANUALLOGICFAILED
a]

SeESE
Bi) Wait for throttle down

a J

|
2 2 @ MSFN monitors DPS performance.

15] ve his] 7} ves fra]
| Throttl ? NO

clea ccel
ENG THRUST,CMDTHRUST, FB ENGTHRUSTor CMD = |

| Moe

| NO
& T/W ind remain static/ THRUST ind static while

i
off schedule? other ind & T/W ind norm?

|
YES NO

) ENGTHRUSTind - 10%,

19 m0 p

CMDTHRUSTind = FTP ay| AUTOLOGICFAILED 20} oO
ENGTHRUST/CMDTHRUST

|
|

ind readings? |

BOTH ind -10%
0] OY

—

! ENG THRUSTind

| {
BOTHind- FTP £< CMDTHRUST ind a

|
EE = CO}

21] 22] Use alt TTCA orn

| Switch to manual throttle @MAN THROT - other =< coke

| & fly manual profile position Se
|

ENG THRUST ind = cmo | YES
Se

THRUST ind? TICA FAILED el =
| NO oO

5
3 @) ee re edesis “ = raemore than 25 seconds in nonthrot-

ee |e YESJ AUTOLOGICFAILEDTO ele me
NO TEdl roqe cane

tleable range Ot
CMD THRUST ind = FTP? FIP CMD THRUSTind decr? ee)

NO YES
|
|
1 fl By a)
|

THROTTLEACTUATORFAIL- Switch to manual throttle DEGRADEDDPS/HARDWARE
| EDOR MANUALTHROTTLE & fly manual profile sae

FAILEDTO 100%
a

' A-300LM5-1021
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SOURCE
LM

AOH

DATE

MARCH
16,

1970

LM

MALFUNCTION
PROCEDURES

APOLLO 13
a

LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM| PROCEDURE REMARKS
'

12 | 1 Sporadic jet firings are pos-

! 1 By
sible if both power supplies

NO failed
aaa

|
Pm)

CESAC ton?
HOWEoR BOTH — 47-VOC

PREAMPBIASPOWER

YELLOW YES SUPPLIESFAILED

Light on if either —4.7- |
vde power supply is out |
of tolerance {

qT

|
13 @ | @Q) @ If AGS is in control, true CES ac

1 | NO a
failure causes loss of damping

CES AC to
: ee Rate displaysnull? fm.

1 Reset light & perform rate SINGLE-PHASEATCAPOWER

| 8yro test. NO SUPPLYFAILED @) AGS control of LM lost, but AEA

RED
=

remains for computation purposes@GUIDCONT-PGNS
onl

Lighton if ATCAa—c
| eney POS RT-POSRT ,

Power supplies are out of |
li

serve rate needles &

tolerance | ight. @) RR usable only in LGC mode. Shaft

| and trunnion power lost in SLEW
CESAC It remains on?

and AUTOTRACK
| Ye ® ®!
|

@
5] Reinitialize CWEA NO6] 7] @ Subsequent CES a-c monitoring

lost| @cb (16) INST: CWEA-open,
8) eMake small mnvr via PGNS POWERSUPPLY VOLTAGE

Eee then close rate mode
yes

OUT OF TOLERANCE(1d OR
"

; ib OF 3¢ FAILED. esetting cb (16) INST: CWEA‘
CESAC It remains off? Rate inds>0?

ep a :

!
: SLU Eau causes MASTERALARM and HEATER

{ YES NO It-on. Reset HEATER It

| Q@
| (6) Rate gyro assembly will probably

| 8} 3 not restart after shutdown

| TRANSIENTCONDITION POWER TO RATE GYRO

| FAILED.

@) FDAI rate needles are invalid

T

|
14 Q) I G) 4 @ Assumption: LM is stable and MPS

I 1 Reset light. 2] Reinitialize CWEA. rey
burns completed or terminated

1 ai
2pou

| P| ecvRoTESTpeeat-posFrame]©cb (16) INST: CHEA-open, ATCAPOWERSUPPLY THRUi RT then close (+15V, --6V, AND/OR Resetting cb (16) INST: CWEA

: no [3] a
YES# 4-4.3y) FAILED. causes MASTER ALARMand HEATER

14RED i
CES DC It remains on? CES DC It remains off?

Bet It- on. Reset HEATERIt

Lighton if ATCAd-c YES YES NO

power supplies are out of @) AGS attitude contro! lost

tolerance
|
|

1
1

Enable throttle actuator @ syseitelta
burns should be

started manua

| ! $
@EngSTOP pb-push @)@)

sid

5 6 @ENGARM-
1 6} [8| ® Subsequent CES d-c monitoring
| CWEAFAILURE TRANSIENTCONDITION NO =-6V ATCAPOWERSUP- lost.

MSENreports throttle at
PLY FAILEDmax?

:

| YES This transient condition may have

| Q@)3
caused throttle to lock in 100%

I
I position. CycleENG ARM sw and/or

heck throttle position with MSFN
| oJ

:

|
+I15V OR +4.3V ATCA

: POWERSUPPLY FAILED @ Dan
APS operation is normal in

|
i

OPS fixed at maximum throttle with

| gimbal locked

|
|
1
|
|
|
|
!
I
|
|
|
|
|
|
|
|

300LMS5-1013
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PAGE 28 APOLLO 13. FLIGHT DATAFILE A

¢
DPS MALFUNCTION INDEX

ta
fe

a
1 DES REG ta

&
oe

la FUEL/OXID PRESS ABNORMAL
=

2 FUEL/OXID TEMP ABNORMAL S
3 HE PRESS ABNORMAL EB
4 DES HE REG 1(2) TB-BP 2
5 DES HE REG 2(1) TB-GRAY e

=

a
6 DES QTY

7 PQGS IND ABNORMAL
8 FUEL VENT/OXID VENT TB-ABNORMAL

MOCATA

SOURCEDATE
MARCH
16,

1970
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ev LMA790-3-LM
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APOLLO OPERATIONS HANDBOOK

SYMPTOM| PROCEDURE REMARKS

1
: Light is enabled when unstagedand

1 YES| 2 [Swregs& ck prpint NORM [3 after ENGARM- DESfor first time,

DESREG
toes an aaa LToes nec of

:
or ABORTpb has been pushed(en-

@DESHe REG| (2)- CLOSE; CWEA/INST(DESREGPRESS) gine-arm signal-enablinglogic

w a yes FAILURE delayed until 6 seconds after en-

RED
| binHe REG2 (1) - OPEN; gine-on command is issued).

~ gray
Lighton if regulatedHe @PRPLNTTEMP/PRESSMON

press <220or>260psia |
~ DES]&DES2 WH

Pi ?

nf
La oe

@)lf descent regulator fails open

LOW (pressure >260 psia),regulatorSov

s must be closed within 5 seconds to

prevent SOV from freezing open or

3 5 YES

uu a eet ec 1c rae
damage to seal.

oe | Press returning to normal?

S | fe
a: ' Gl} @)Helium regulatorredundancyis lost.

a
1

He/PRPLNT LEAK

= | If there will be second DPS burn,
close both regulators until just be-

od |
O |

fore burn, to prevent possible loss

ae {
of helium through relief valves

=) | :

uo
U A

Ambient helium

~ 8] Close He regs 9] Ck amb press. ii]
®

squib blown.

= | [ DES He REG 1 @- CLOSE;}no [HELIUMMONAMBPRESS]yo {10} NOTCWEA/INST(DESREG

=
| tb - bp gee Amb press >900 psia amy Amb He press low or decr? PRESS) FAILURE

ES !
Supert squib blown? YES Yes

i

| 3 ® If DESREG It remains on after initial

| YES ry T
ambient helium pressurization, low

| 12 13] Ck prpint press. propellantpressuremay have been

| DESHe REG2 FAILED PRPLNT TEMP/PRESSMON 7
cause. Verifywith MSFNbefore mak-

I CLOSED DES1&DES2 ing DPS burn.

—
I

a eo

No f| He LEAKUPSTREAMOF
7

% | Prpintpress low or decr? F-4gmq CHECKVLVS @)Source of leak cannot be identified.
y

| YES

‘ 7 “ (8 ® Descent helium will leak whenever

| 15] LOW 16 17
gulators are opened.Verifywith

| Bar Prpint press? Ae: He /PRPLNTLEAK MFSN before selecting regulators.

Before DPS burn:

pie [Re © DES He REG1 (2) - OPEN

|
| 18 @) 4

esesr 19]
| se thenLae yes]

DES He REG1 (2) FAILED

1 Prpint press high? >Ey OPEN
| NO

| § ® MSFN and crew can distinguish
I between these two failures. Crew

1 | 20] can ee fae by monit-

orin t ESS and AMB
! CWEA/INSTFAILURE(DES PRESS on HELIUMind.

| REG PRESS)OR He LEAK

1 UPSTREAMOFCHECKVLVS

|
|

|
~ 1 fay cing.

ves
(2 om] 23] Close He regs

3

2) ne PSC ts @PRPLNTTEMP/PRESSMON FUEL& OXIDPRESS agree? @DESHe REG1 (2)- CLOSE| yp 24

|
- ASC NO Supcrit squib blown? BBP DESHe REG2 FAILEDOPEN.

“ 7

WO Pressurized:
| ASCtomo press normal!

— > 255 psia ! NO

< 235 psia (press) !

x= Unpressurized: 1
a

NO

S Fuel <

ipsiagn) | i25] INDFAILURE | Prpintpressdecr?
21|__Ckamb He press. 20id < 35 psia( rpint press decr?

= himdar el @HELIUMMON
-

AMBPRESS}yo ff FUEL/OXIDPRESS INST

= > 50 psid Lasts YES Arb press >900 psia? FAILED.

thy YES

e
|

3

A
|

He/ PRPLNTLEAK cE)fF _DESHe REG2 FAILED

|
CLOSED.

I
|
|
|
I

} B- 3OOLMS-1026
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|
|

LMAT9O-3-LPA y

APOLLO OPERATIONS HANDBOOK ey
sverrost | PROCEIURE BERAARES

’

2 (4) @oe Pete
Mo. 1 are located

>
a+ Ya—Z

—~ iekiag oe eee ves pS es] bea Descent tanks No. 2 are located at

ral 1] @PRPLNTTEMP/PRESSMON F-@™] at between both fue! (oxid) HEATSOAKOR COLDSOAK
Sit aecsible’tearientLMto

—Ya+Z

| ~ASC ind <10" F?
bringaffectedtomp within

? limits before DPSbu

we |
= ee = eo

-

Q@)Use unaffected temp to estimate

Fuel/oxid at ! ”
f temp of failed tank sensor.

ie
>10° F

:
15) ww rarvuRe eee

Teme! oe
= S

3 O
+>] 1] Ck ind. a} Close regs ]

He press abnormal | | @HELIUMMON - cyclethru }YES| e@DESHe REG1(2)- CLOSE; MSFN can distinguish between a.

ASCpositions re) th - bp eee By Be
©

these failures.

Superit: > or < timeline 1
ASC press & temps normal? Abnormal sys?

SRT
es

Supcritsquib blown? Ss
Amb: >1750 psia ! NO ANB YES

aia

<1300 psia (unpress) | fe , ; 1) |G) es Ree it and tuel/oxidzer pres- | 5

<200 psia (press) | ey ; ves {7
sure are only indications of ab- =

IND FAILURE 5] He press decr?
ca on net

normal helium pressure.

=
| NO at

| ! 2
| 1 | Ck prpintpress.

| @PRPLNTTEMP/PRESSMON
3 Q) Source of leak cannot be identified. a

- &
'

=
ves ET heprptnT LEAK

I Fuel/oxid press decr? +>}

! fa 4 @) He supply will not be depleted with

| ray descentregs closed. Open descent

! Sei pcan

regs just prior to burn.

I
CHECKVLVS& BELOWSOV YES

|
13] Ck prpint press. —

| @PRPLNTTEMP/PRESSMON

ey a Press?
12s

mbsquibblown? | YES DES]&DES.2
| AMBeee

FAILUREOR Fuel/oxidpress decr?

HEAT ho
’

.
5 ® HLpesREG It comes on, failure is

YES ium leak upstream of check

! py heTANKLEAKwatt) tepressdecr? ay valves.

| Mei OR AMBHe INST

I NO a

I
i

q ] 1 7 ® lf ambient helium squib valves are

I CAUTION 7]
fired, supercritical helium will be

| He TANKLEAK, i lost throughsame leak.

|
Do not fire amb He squib AMBHe INST FAILURE, Just before burn:

@
cs 3

|
vivs. ORCOLDSOAK @DESHe REG1 (2) - OPEN aa

MSFN before selecting

'

:

!
4 ! @ Helium regulatorredundancy may

be lost. Failure can be confirmed by

: 1
!

decreasing fuel/oxidizer pressure

DESHe REG1(2)1p -bpf-—F-myESHeREG
1 (2) - CLOSE [2] S]___ Reconfigureregs ee

ee

| YES CLOSEDOFTBFALED. ap-| ODESHe REG2 (1) - OPEN
cos

BP abnormal when reg in | TB still bp?
@DESHe REG| (2) - CLOSE

use | NO
o
~

a
:
—

la
| HeREG1(2)SOVINADVERT- oO
!

ENTLYUNLATCHED. Baw,
oO

a3
=

5 i ® Question valid only if abnormal =

i oO i condition associatedwith DES REG | —!

=
DESHe REG2(1) tb - uc “@DESHe REG2 (1) - OPEN, 7

2 th and after firstdescent engine
it

gray 1 then CLOSE aa 2] jb He press fogged or ae ;
burn has been initiated. oO

i YES SHepress? ve BS geg2 sovFAILOPEN. ete |

Grayabnormal when reg = TB still gray? >a

not in use I NO an eS=<

! ’
=

HeREG2(1) SOVINADVERT- ;

|
|

| 8-300LMS5-1031
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LMAT9O-3-LM

=

APOLLO OPERATIONS HANDBOOK

sympToM | PROCEDURE RERARES

t

!= uo 1) Light is inhibited when PRELNT

om i 1] ResetlowievelsensorJyee [2] ckprointqty.
QTYMON

-

OFForwhenstaged.

Whenprpintssettle: DESQTYIt shouldgoonwhenPQGS
1 | @PRPLNTQTYMON - cycle a ee 13) @

readingis in 4% to

=
{ OFF,then DES1 PRPLNTLEAKORDEGRADED 7% range

| DESaTYNon?
Fueloroxid qty<<7%? ENGPERFORMANCE Hf PQGS is turned on before pro-

Lighton if burn time to NO No pellantsare settled,DES QTY It

| prpint depletion<2min 4 willcome on if a low level sensor

= at 25% thrust t Q) 4
is exposed.

j
> | s § Low-level indication is erroneous

Qa i
a TRANSIENTCONDITION feepa ON

©
Monitor fuel/oxidizernumerics

oO | LEVELSENSORIN PRPLNT

oO ! TANKFAILEDON.

oe |

a. i
i

= 1
ea 7 @) @Seemsrenduare reliableonlyf eration. Fuel read-

S
A

cee
1S oe. 2 ing may indicate up to 5% low

=
PQGS ind abnormai

1
OPS firing? P=] @PRPLNTQTYMON - other 3] 4 forme—. - ries

turn-

DES position on. je is 45 minutes

= | a
QTYPROBEIN AFFECTED re @PRPLNTQTYMON- good on, 15 minutes of.

5 No Fuel & oxid qty norm? TANKFAILED. ys

<< Use good system to estimate quan-

= i -
@

tity of failed tank.

= |

zy is} GO
! Both fuel tanks >5% dif- aa GRADE
| ferent from both oxid tanks? alll lars

e

|
I NO

1 LJ

|
@Continue DPS burn.

= | nem Q) C3)bes a7 itis unatfecte.

a i
BLANK

a) i Abnormal indication? | ONEZERO Tacs mo Fae.
a i

I ; :

| ® DES QTYIt may be inoperative.

it] 2

i PQGS CONT UNITFAILED. @PRPLNTQTYMON - other 3
DES position

I ee QTYPROBEIN AFFECTED [B04e@PRPLNTOTYMON - good
! PQGSnorm? TANKFAILED. sys
! NO

| 5 @)Use fuel (oxidizer) to estimate

7
quantityof failed system.

SIG TO IND LOST

|
+
!

:

8 1) 4 @ Notapplicable to zero-g condi-

FUELVENT 1p io fe .

sa

(OXIDVENT) f =

| Abnormal duringventing? @FUEL(OXID)VENT- normal 3

eS tb - abnorma
i fasition FUEL (OXID)SOVTRANSIENT

= | YES TB - normal?
La

co Abnormal if: | NO

BP - before first 1 1
ting or durin

oo ee ay
ao Graysatier tick

I Have vent squibs been F-4B Fuel (oxid) press <20 psia FUEL(OXID)VENTSOVFAIL-

Sa
venting | blown? or decr? ED OPEN.

oO | NO

z= ! !!

Ww= 1 [7] CycleSov. oO
Ow | J eattected vent FUEL(0X10) Checkvent viv after squib

ae | [VENTCLOSE,thenOPENisblown,

Sa <=
| fuel (oxid) press [NO| SPRPLNTTEMP/PRESS

aa ie MONOS DES
i

@Monitorfuel(oxid) press
oneYES “aan er

TB FAIL

= | NO

| q Fracture mechanics limits may be
exceeded due to heat soakback

{
11 eo if fuel (oxid) tank

Is 3

! TB FAILEDOR FUEL(0X10) FUEL(OXID)VENTSOV

1 SOVTRANSIENT FAILEDCLOSED

! 8. 300MS-1028
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APOLLO 13

APS MALFUNCTION INDEX

ASC PRESS

FUEL OR OXID TEMP ABNORMAL
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LMA790-3-LMA

APOLLO OPERATIONS HANDBOOK

SYMPTOM| PROCEDURE REMARKS
'

|
|
I

”
Lu

a !
= I

E=) |

uu {

oq> 1
i

& l
r YES NO

i

lywilldeplete if both

=
ASC PRESS

L APS firing?
‘

Burn mission - critical? <=

d | shut anes: ® seismihie
at

eS =
Eng STOPpb -

YES @ENGARM-

eeu) RED MSFN can distinguish between

=
Lightonif:

! @ABORTSTAGEpb
- reset @ these two failures when LM is un-

CS fi i d <120
| staged. For helium leak, verify with

2 as
aa eerste MSFN before selecting regulators

=a]
Either He press <2775

tori

5S psia (before staging |
i YES [5

l

@)C/Wmonitoring of APS fuel and

only) ! 4) APS pressurized?
J oxidizer pressure is lost.

= | After APS burn completed, : ; ,

| NO
close regs & ck He press. @

This is not failure. Helium satura-

= |
:

tionof propellants causes fuel and

zc) oxidizer pressures to decrease from
! @ASCHe REG1 & 2 - | loading values. Oxidizer normally
| CLOSE;tb - bp Ol '

will be < 120 psia.

i “rnsdua oe Press decr or zeroin | YES

! penne Ves either He tank? pte He LEAKUPSTREAMOF REG

®
APS should not be operated while

| Either He press < 2775 psia? }-—a4
;

SOV At between fuel and oxidizer is

1 No NO
>10° F or if temperature is

<40° F.
|
|
| 8 | Ck fuel & oxid press. 1 10] Ck fuel & oxid press.

: oe @PRPLNT TEMP/PRESS

= 1 —lyes BEFesprpunr eax | Yés|
MOOSE

ay !
Fuel or oxid press < 120 psia? Fuel or oxid press decr?

= |
3 2

bi]
I LT wen oR INSTFAILURE 3)
I He LEAKBETWEENREGS &

i CHECKVLVSOR He PRESS

1
INST FAILURE(UNSTAGED

|
ONLY)

13] Ck He press.

1 @HELIUMMON- PRESS1 15] Ck He temp.
& PRESS2 ELM

MON -TEMP Ls
:

5
Ee 14 I I!

Either He press < 2775 psia? S be MAL|He ERESS INSTIEAILURE.OR
eee :

Press decr in affected tank? He temp? ane SLOWHeLEAK

|
NO YES <0: /F LOW,BUT> 30° F

1
q

| 18

1 ii] oo SOAKOR SLOWHe

| He TANKLEAK LEAK

|
|

Oo !

= 19] Select good tank

= ©ASC HeSEL- TANK]or
t 201 Ck fuel & oxid press. TANK2 (goodtank)

eS | @PRPLNTTEMP/PRESS

ze | MON - ASC 4

YES | 21 NO
:Sc esle bla Spe S ed ves| 21}Fuel of oxid press decr? Fuel or oxid temp low? Ne He SATURATIONOF

= = PRPLNTS

ea
! NO YES YES
} 3 : y 5

s
=

24 5 2

meWl 24WEAOR INST FAILURE fr He/PRPLNT LEAK HT coun soak

Fes) iom iNA
i
|
|

° !
!
|
|
!
|
J

SYMPTOM| PROCEDURE REMARKS
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°

LMAT90-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM| PROCEDURE ERAN

'

2

~
Fuel or oxid temp ab- | Ly wea
normal T Fuel (oxid) press abnormal ? TEMP INST FAILUREOR

I COLDSOAK

SOF | YES
<50°F I

nFuelloridat>10° jE hind. l
Ts2a

|_| @PRPLNT TEMP/PRESS MON] [4] ves [5] xFuel idpressab- - DES1 &DES2 :| Rag
oto a Pa P| Ascent fuelor oxi temp FP

HEATSoa OR COLDSOAK SBfeet Press remain same? abnormal? iyPressurized:
> 203 psia | q-

q »

“S S< 170 psia | NO YES Close regs. APS ceUnpressurized:P| Oj} Ge iier APSa
1} APS Lg

8} gs a PRESS e<10 psiafuel) (@ 50°) 1]20 pressurized?@ASCHe REG 1 & 2 - CLOSE 1784 iy
< 70 psia (oxid)(@50°F)

ASC PRESS LT BeFuel/oxid AP: >10psia |
Sev
—

3 ! &1 Ck ind. ves [2] HIGH] 31 Ck He ind. NO
4| ss Soe ?

2

- a =pena i @HELIUN MON - cycle
ne

He temp high? PRESS INST FAILURE
=
tL.Ind responds? LOW YES aany>3300 psia

< 2900 psia i ‘D =
tr ry © a =

i
IND FAILURE APS pressurized? rT[ia] PRESS LT aay

i
3a Yes YeSL____ a Chose regs.

| LOW

“pe
1

Temp? no
j

He press low or decr? @ASCHe REG | & 2 - CLOSE
He temp abnormal

1
| i 'NO q> 80°F |

< 50°F Il 10 NO ity APS , a ae

| He press high? +B" TEMP INST FAILURE 1]6 fi,
i ASC iz]
! [Yes PRESS LT HEATSOAK

i
!

4 |

! ves [2]
ASC QTY L

Me Sipe
Ferminate APS/RCS inter-

1 NO connect.
YELLOW @SYS A & B MAINSOV -

we}
APS_| Asc

Light on when burn time N; tb -

gray 1]2] PRESS LT C/W indication of when to close
<10 sec !

;

OSYSA&
BASC FEED 18 i} © ASCFEEDvalves lost

I [3] CWEAFAILURE @SYS A&B ASC FUEL&

|
OXIDtb - bp

1

|
|
q

5 |

! 1 | Close regs 2 3}rai YESASC HI REG
T @ASCHe REG | & 2 - CLOSE:tb - bp

>

ASC He REGSFAILEDOPEN. F-————>_whenfuel & oxid press <220 psia:
S

) @PRPLNT TEMP/PRESS MON - ASC (DOUBLEFAILURE)
@ASCHe REG 1 & 2- OPEN:th -

=Ww individually to isolate failedTEND
| Fuel & oxid press >220 psia? ie

sip a age

ooLighton if He manf press | NO
>220 psia a

y aes

| 4
_

{5 | OpenASC regs =
=

| CWEA/INSTFAILURE
¥

: : i
i

@ASCHe REG | & 2- OPEN;th- gray
Sey

| tc
T wu=6 2
| Ceee inet
| !

YES ae
He REG1 (2

. ‘be
me

: ) ASC He REG| (2) - OPEN He REGSOVUNLATCHED 3 =
TB - gray? ii

| ha ' @ MSFN can distinguish between
‘ lag|

'
these two failures

fo.
! TB/INST FAILUREOR He REG SOV

1 FAILEDCLOSED

A-300LM5-1027

SYMPTOM| PROCEDURE REMARKS



APOLLO 13 FLIGHT DATAFILE PAGE 37

=

‘
NA

)

LM

MALFUNCTION
PROCEDURES

> THIS PAGE

@ INTENTIONALLY
LEFT BLANK

-
=

os
Sw
oe

@/



PAGE 38

la

Tb

5a

5b

APOLLO

RCS MALFUNCTION INDEX

RCS

HE PRESS LOW OR DECR

PQMDABNORMAL
‘ RCS PRESS OR TEMP ABNORMAL

RCS A (B) REG

RCS TCA

TB ABNORMAL (QUADVLVS)

TB ABNORMAL (MAIN SOV, CRSFD, ASC

FEED VLVS).
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PAGE 39

LMA790-3-LM
APOLLO OPERATIONS HANDBOOK

symptow | PROCEDURE nena
i

|
Light is reset when TEMP/PRESS1

| ©
MONis cycled to He.

RCS ; 1

YELLOW | Either He press <1700? CWEAFAILURE

oO
Lighton if He tank press

t
YES Shut down failed sys when|<1700 psi (sys A or B)

| manf press reaches 100

la psia

H torte
. 3]

a
NO YS

FST
Bad

symanSOV-le press lowor decr 'S qtynorm? Hi 1400? ped| ae wet ee ee ots - OPEN;tb - gray If helium pressure < 1400 psia,|
YES NO leak is helium. If >1400 psia,| ’ t source of leak cannot be identifiedIf systems are decreasing | until system stabilizes.at abnormal rate,refer to

|
7

’ Findiieake

sedeVehicle Dynam-
i He PRESS TRANSDUCER a io}cS procedure fected sys:
i FAILED @cb RCSSYS:QUAD1,2, 3 2

Affected sys

tb Eden
Mea)

@MAINSOV- OPEN;tb -

: : gray
i co wees) @RCS:SYSQUAD1, 2,3, &

POMDabnormal foLgeb!4J ck PoMD with He press
@MATN'SOV- CLOSE;tb bp FB] He/PRPLNTLEAKABOVE fpmamey 94OPEN.tbgray Translation capability lost in fol-

| H 7 MAINSOV
c

ae

lowingaxes for loss of RCS system
i

le press decr? 4- close
ors@TEMP/PRESSMON- He

If systems are decreasing | @Ckaffected sys y"° 3 SystemA| SystemB
at abnormal rate, refer to

AbnormalVehicle Dynam- He press norm? 12] 8 13] 14] a
PGNS loses + Z, —Z|+Z, —Z

ics procedure.
1 YES

; @TEMP/PRESSMON - FUELF@™  PRPLNTLEAKBETWEEN Shut down failed sys when
(3) AGS loses

| MANF& OXIDMANF MAINSOV& QUADVLYS fuel or oxid manf press
(4) ge

—————

reaches 100 psia 65)15] Prpint manf press decr?
AGE MANGOe@Affected sys iz Following conditions apply to above:

| i Se

y” CLOSE;tb - bp (1)PONSwill not eran en ine

a
@CRSFD- OPEN;th -

gray to fire
7| (2) Translation totallylost.
Affected sys: (3) RCS thruster will fire, but LM

oy NO} 4- OPENindividually.tb - (4)Translationtotally lost| CRSFDmust remain closed
loi rranclationlcetiinieceXABNORMALUSE OF SYSA fx@— gray ge! to avoid loss of prpint from ranslation lost uni

1
(B) PRPLNT Prpint manf press decr? goodsys

TRANSL is set to 4JETS; then,
I i

two-jet translation will result
i + YES

| i
: © Use RCS quantityin unaffected sys-

1 18 19) 2 | Reconfigure
7

tem to estimate failed quantity.
1 [Aftected sys: AK Ha! ORCS: SYS QUAD(associat-

21) BREIIeNeoronUDIESS
| ©MAIN SOV - OPEN:tb - gray fi

SE ee
ed with leak) - CLOSE; Affected sys:

1 @cb RCS SYS: QUAD1, 2, 3, tb - bp @cb RCS SYS: QUAD1, 2, 3.
! & 4 - close RCS: SYS QUAD(remain- a

=

ASuap saxing)- OPEN:tb - gray @RCS:
ono:

@Affected sys MAIN SOV - 4- OPEN;tb -

gray

I
OPEN;tb -

gray @Fire thruster in affected

22] ecbRCSSYS: QUAD(except sys
! Shut down failed sys when for failed TCA- close @cb RCS SYS: ISOL VLV -

| fuel or oxid manf press

i ae@RCS: SYS QUAD1. 2, 3, &: eae
4- recycle CLOSE:tb-@Affected sys MAIN SOV -

al Relieve prpint press gray! CLOSE;tb - bp @cb RCS SYS: ISOL VLV -

| @CRSFD - OPEN:tb -

gray @Use one of following close
! eves cb RCS SYS: QUAD1, 2. 3,

4-’
(2) AGS rate cmd/att hold

bo open
| Fire thruster in affected
1 quad.

Reconfigure to original
ode| m

|
|
|
|
|
j

I
2 |

; 1] Ck ind. 2] CKRCS qty.
RCS press or temp ab-

—
YES

normal |] @TEMP/PRESSMON - cycle Fm
®

(sscheck
affected RCS

: —| ane
:

NO ?

| Ind responds? Qtylow or decr? no) porora ies

| NO YES TEMP

; 1 1 | ’ 2 ae een is indicated
only in NT position. (Pointer| 4 RCS 3} no £8] drops to in other positions.)| RCS SYSA (B) TEMPOR Lb]9| SysA & B temps=equal?

7
PRESS OR TEMP INSTFAIL- Use RCS It for low helium pressure

! PRESS IND FAILED POQMDABNORMAL URE and RCS A andBREG Its for high or

a
low manifold pressure.

@)Use temperature of unaffected

oO system to estimate temperature of|
failed sensor. Use PQMD to esti-I! ry ete Hass

if RCS mate bea
Use alternate

| feeq Prpint temp: Pressure (prpint, fuel or oxid manf)
|

Se Lan
<40 F to estimate pressure of failed sen-

Sor.

C-300LM5-1030



If not interconnecting:
@Affected sys:

MAIN SOV- OPEN;tb - gray
If interconnecting
eAffected sys:

eu
SYS A (B) FUEL OR OX!D

SYS A (B) FUELOR OXID

ie
SOV OR ASC FEED

VLV

ASC FEED 1 or 2-OPEN | ypo ff MAINSOVOR ASC FEED
VLV UNLATCHEDFROM

Manf press incr to norm? BEF OPEN POSITION

NO

j

13] 14] Affected sys.

@RCS: SYS QUAD1, 2, 3, 4
- OPEN;tb -

gray

| Valve?
ASCFEEDVLV 18] Reconfigure.

MAIN SOV

j
18 | Reconfigure
Affected sys:
@MAIN SOV- CLOSE;tb—bp
@CRSFD-OPEN;tb- gray
@RCS: SYS QUAD1, 2, 3, 4-

OPEN;tb-gray

=

Affected sys::

tb -

gray

terminated:

@CRSFD - OPEN;th -

gray

@ASCFEED 1 &2- CLOSE
@RCS: SYS QUAD1, 2,3.4- OPEN;
When APS/RCS interconnecting

@CRSFD - CLOSE;tb - bp

QUAD- CLOSE,thenOPEN ria
ehCAscmellaied es NO WISOLVLV UNLATCHEDoR

RCS TCAIt-on? _ F-8 TRANSIENT

YES
@

ae V8fy
Motion norm? TCP SW FAILEDOPEN.

NO

! QO®
NS]scr cane ofr ome 18] _intibit tated jt.

25 NOTE
FL V21 NO7

@Load RI:
1257E (if vertical jet)
1260E (if horizontal jet)
FL V22 NO7

®Load R2 with octal code of

failed jet.
FL V23 NO7

@Load R3:
1E (to disable)

@VA8E
@PRO
@V34E

LMA790-3-LAA

APOLLO OPERATIONS HANDBOOK

SYMPTOM | PROCEDURE REMARKS

'

3 | 0) @)Ue
inhibited if main SOV is

|
;

;

WARNING closed.

~~ B) REG pt LdAI
;

Operationof RCS with manfRESA(6) SYSA(8)MAINSOV-QPEN? RCS SYSA(B) REGFAILED ration with ma
i open Ch affected sys manf press.

[OTsH HIGH,(DOUBLEFAILURE) press <100psia may

psia cause TCAfailure

RED NO @TEMP/PRESSMON—FUEL
i

MANF& OXIDMANFoe .

TEMP/PRESS MON-PRPLNTand

He press: Manf press? monitor regulator pressure

>218 psia WORM [<165sia 4 3]
< 165 psia IRCS SYS A (B) REG FAILED Shut down failed sys when

CLOSED. manf press reaches < 100

1} psia. PRPLNT position of TEMP/PRESS
MONis inoperative. Use fuel and

2 Ck affected sys reg press. (3) oBadheySov- oxidizermeanpressure to mon-

f@TEMP/PRESSMON- PRPLNT @CRSFD-fae
itor RCS system pressure.

tT owea Faivure
pe!

ST FAMURE
OPEN;tb-gray

4 @ Procedure is for primary coil fail-

ures only. Secondary coil failures

1] NO_ff? are coveredin Abnormal Vehicle
RCS TCA Anytb red? pet) owen FAILURE Dynamics

YES

ailure may affect PGNSonly,
oD

]
F ffect PGNS AGS

Lighton if: only, or both. If desired, switch to

eeae fa] ws ooo.
fail off More than one tb red in #4 Abnormal vehicle dynamics += JET FAILEDON. tonAlia
Collinear thrusters are

same sys? or unusual thruster activity?
;

firing simultaneously YES NO

Alternative procedure —

: Affected system:
1] Ck for jet off 8] Isolate faied jet. ch RCSSYS.ISOL VLV-open

,
If in PGNS: Affected quad:

RCS: SYS (affected quad) QUAD
@MODECONT- ATT HOLD @RCS:SYSA(8)QUAD-

CLOSE

6| Isolate affected sys eV77E CLOSE:th-bp cbRCS SYS: ISOLWIV lose
ORCS: SS

KB)ADT OMODECONT- ATTHOLDebRCS
SYS A (B): QUAD eae

3,4-CLOSE;tb-bp ~ open
ine

@TEMP/PRESS MON-FUEL AT

CONT(9 MODE oe (affected quad) QUAD- OPEN

MANF& OXIDMANE of SYS (affected sys)

Failure affects talkback and RCS
TCA It only.

@®Octal code of failed jet:
1U-100E 4U-IE
1D-200E | 40-2

1F-4E 4F-2E
IL-200E | 4R-100E

|
|
!
|
|
t

|
|
!
|
|
|
|
!
|
|
|
i

l
|
|
|
|
|
!
|
'

|

|
|
|
I
|
!
|
|
|
|
!
|
|
|
1

|
|
{
|
|
|
|
|
|
|
|
!
!
|
|
|
I
|
q
|

5a t

QUADvivs

5b

MAIN SOV, CRSFD,
ASC FEED vivs

1

[tomHef
Cycle viv and leave in desired

QUADtb red?

NO

y

QUADTB FAILURE

3

position

TB agrees?
YES

NO

4)
TB FAILUREOR FAILEDVLV

1
VLVINADVERTENTLYOPENEDOR
CLOSEDOR STICKYTB

@ When terminating APS/RCS inter-
connect

If SYS A (B) MAIN SOV. tb-bp
leave CRSFD open
If SYS A (B) ASC FUEL or ASC
OXID tb-gray, SYS A (B) ASC FEED

one:SYS A (B) ASC FEED 2

C-300LM5-1015

|

|

!
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1 -UNSTAGED

Ta UNSTAGED

2 STAGED

3 UNSTAGED

4 STAGED

5  UNSTAGED

6:

6a

SSR-1

APOLLO 13 FLIGHT DATA FILE
|

EPS MALFUNCTION INDEX

DC BUS

VOLTS - LOW

DC BUS

BATTERY

BATTERY

BAT TB ABNORMAL

INVERTER

AC VOLTAGE HIGH

BUS FUNCTIONS LOST

LM

MALFUNCTION
PROCEDURES

MOCATA

DATE
MARCH
16,

1970

SOURCE
©,



; : APOLLO 13 FLIGHT DATA FILE PAGE 43

LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM | PROCEDURE REMARKS

'

| If CDR bus voltage is lost for >20
1 UNSTAGED O!

a

©
minutes, sublimater  freeze-up

ak

| iB BATTERYIt-on? 2 | ye13] 4 | Determine Failed bus pecuss
DC FEEDERFAULTIt - on? ECAOR DFR FAILEDOPEN @POWER/TEMPMON -

YES NO CDRBUS,then SEBUS

RED
to determine failed bus

Light on if either | y 3 Allow 5 minutes before closing
or both buses | @) cb PGNS: IMU OPR (IMUgyro con-

”n <265 volts ' 5] CKbus voltage
;

71| Reconfigure Strait
Li

| @POWER/TEMPMON- CDR Power down PGNS (AGS) CDR(SE) bus OK. Bats 3 and 4 (1

S | BUS,thenSEBUS
w LE) a ar Oey2) are lost

CWEAFAILED
~

ON; tb
- gray

a Bus volts low? Has @Power up PGNS (AGS)

© la I
YES

cS
a

|
8] Ck amps on low bus. 4 ® DC BUS It remains on and subse-

a T quent low bus voltage C/W mon-

VOLTS- |
; 2

ow I @POWER/TEMPMON- 3] itoring is lost.

“
pats a ey

No USVOLTAGE
SiG coNDR

Ea <27.0 vde
|

Ampshigh? | ire
— YES

cS y Gs) y (8) 2 ®sDC FEEDERFault It may or may not

= 10 rT COR
be on.

=) | i Ck BATtb’s 56 Power down low bus pt 2) 13] Ree

rie | sultFAN
:

ae ecb (11) LTG:

=] e@Power down : YES UTIL- open

= ! Ee aa nO

b SCOAT
24HvoLTHe} i BOCK/comPNT

0! L SET; = n

I @cb (11) EPS: BATFEED @cb(ihEcs, ® ee ei ee
= | TIE(2)

-

open GLYCOLPUMP 1 -

open emergency procedure for CDR (SE)
a | DC FEEDERFAULTIt - on?

GLYCOLPUMP2- open bus failure

|
d

cb (11) COMM:

1
NO SEC S BD XMTR/RCVR-

| Y tCS BD PWR AMPL -

I 115] open

I B XMTR-

I 14] @POWER/TEMPMON- @cb(11)PGNS: eg @ Primary glycol loop is lost

I
SHORTBETWEENBAT4(3) BAT 3(4) LDG ROR -

open

|
ue

Voltagenormal?
a

i NO
: a DSKY-

open
YES IMU OPR - open

I 4 BAT4 (3) @cb(11) EPS:INVI - open

:
@cb (16) EPS: CROSS TI

16 @PowerupPGNSa
CONTROLLEDSHORT ®cb (11) - close above cb's

i
BETWEENECA& BAT

7 carne con:
as required

|
| 1G i © 1 ©

18] Reconfigure 19] Reconfigure 20]
| @POWER/TEMPMON- @PRI EVAPFLOW #1 viv Isolate Feeder short @ Short is on battery that is not bp

bats on low bus CLOSE
I Seer oot gud sys on eBAT G BACKUP SE FEED

between BATS & DFR

a oars
was disconnected by

| bad bus - ON;tb - gray @cb (16) EPS: ASC ECA
:

| (Bad bat) HI VOLT- OFF/ @cb (16) EPS: ASC ECA CONT - close
1 RESET;tb - bp CONT- close BAT 6 BACKUP SE

|
@GLYCOL- INST (SEC, FEED- ON;tb- gray

a
SELE!

eryheal
SE FEED

® Removek 2.5): aninerechollea tron
viv- - gf

= «

| @cb ECS:GLYCOL DESBATSDEADEACE,each ascent battery before dead-

| eo Mie (ale =

| e viv -

I OPEN DC FEEDERFAULTIt - on?
a. Immediately:

= | y © car 3 18-BP @) ecb ECS: LCGPUMP -

e
No

; 0

o ASSOCIATEDBATSHORT — ae otfoven=

= CDR BAT4 (3) HI VOLT- Sen err (i) Bat 6 pover is available through

BAT1 (2) TB- BP OFF/RESET;tb- bp RCDR-
normal feed when deadfaced

“ | @CORBAT3 (4) HI VOLT- a [73]
ae sus ! 24] Reconfigure OFF/RESET,then ON; neneecae DES STAGEFEEDERSHORT

= | Power down AGS. en PCNS duringeng burn or BETWEENECA& DFR

= ! @SE BAT2 (1) Hi VOLT- rndz & docking) (BATS3 & 4 LOST)

= ic) | OFF/RESET;tb - bp ecb (11 & 16) LTG:

a &
|| SE

BA 1.

vot ANDO Ct) | ad Bat1 and 2 power is avaiable

OFE/RESET;then ON;
- open per step 32

me. tb- gray b. subsequent master 25| Reconfigure
:

@Power up AGS. piasy @SE BAT1 & 2, CDR BAT3

= wu oo ae &4Hi VOLT-OFF/
= Fe RESET;tb- bp

ot | Ree ech I)EPS. BATFeED

AQ I c. Within2hours: TIE (2)- close
| ou

BUS A: GASTA

oe
6 [alt COR FEED

=

- ON;tb - gray
eBAT 6 BACKUP SE FEED

a |
~ OFF/RESET;tb - bp

. cb (16) EPS: CROSSTIE

is
BUS BUS - open

f. UNGTION
|
ie 3O0LM4-1006,

SYMPTOM PROCEDURE REMARKS



BAGE 44 APOLLO 13

LMA790O-3-LM

APOLLO OPERATIONS HANDBOOK

FLIGHT DATA FILE
'

SYMPTOM PROCEDURE REMARKS

1 UNSTAGED
cont Loe

[25]
Power down AGS
@SE BAT 1 & 2 HI VOLT-

OFF/RESET;tb - bp
cb (16)EPS:BAT FEED

TIE (2) -

open

OC FEEDERFAULTIt - on? oe

27

@POWER/TEMP MON -

no | BAL.)

Voltagenormal?

28

YES28}SE BUS SHORT
poe

a

YES

}

NO’

y BAT2)

30] Restore bus

cb (16) LTG:
FLOOD- open

ANUN/DOCK/COMPNT-

open

@cb (
AEA - open

ATCASel
@cb (16) COMM:

VHF A XMTR- open

PRIM S BD PWR AMPL-

open

PRIMS BD XMTR/RCVR
- open

ecb( IS;
INV 2- open

CROSS TIEBUS - close
@Power up AGS
@cb (16)-closeabove cb’s

as required

Le
32

Isolate feeder short
between bats & DFR

@cb (16) EPS: ASC ECA
CONT - close

@BAT5 BACKUP CDR
FEED - ON; tb -

gray
BAT 6 NORMALCDR FEED

- ON;tb -

gray
@DES BATS - DEADFACE,

tb - bp

DC FEEDERFAULTIt - on?

ray
SHORT BETWEENBAT2 (1)
& ECA

NO

ao)
33

DES STAGEFEEDERSHORT
BETWEENECA& DFR (BATS
1 & 2 LOST)

ie
ASC STAGEFEEDERSHORT
BETWEENDFR & BUS
(BATS3 & 4 OR 1 & 2 LOST)

ieee
35] Reconfigure 36] Reconfigure
@SE BAT 1 & 2, CDR BAT

3 & 4 HI VOLT- OFF/
RESET;tb - bp

@cb (16) EPS: BAT FEED
TIE (2) - close

@BAT 5 NORMALSE
FEED - ON;tb -

gray
@BAT 5 BACKUP CDR

FEED - OFF/RESET; tb - bp
@cb (16) EPS: CROSS TIE

BUS -

open

@DESBATS- CONNECT;
tb -

gray

28[ Reconfigure

@BAT 5 BACKUP CDR
FEED- QN;tb -

gray
@cb (11) EPS: INV 1 - close
@INVERTER- 1
©S BANDXMTR/RCVR

- SEC
©S BANDPWR AMPL - SEC
@S BANDVOICE- DN

VOICEBU
TLM BIOMED- OFF

BUS [Eps
FUNCTIONS

LOST LLSSR-1

®

®

Communications will be lost for

time required to bring up secon-

dary S-band or while trouble-

shooting. Option of remaining on

primary S-band, without commun-

ications, until SE bus status is

ascertained may be exercised

Bat 5 power is available through
normal feed when deadfaced

Bat 6(if CDR feeder shorted) or bat
5(if SE feeder shorted) power is

available only through backup feed
and should be so used befcre abort

stage. to preclude placing bat 6 (5

on shorted feeder

Bat 3 and 4 power is available per

step 32

To power both buses with descent
batteries only, remove nonessentia!

equipment until total load <50

amp. (Two descent batteries will

not support two fully loaded buses )

A-300LM4-1006.2

SYMPTOM PROCEDURE REMARKS

Yn
Lu

ee
=
eS
Li

oO
oO
(is
es

ea
oO
bH4

-—
iS
ce
=
LL

$
a
=a

SOURCE
LM

AOH

DATE

MARCH
16,

1970



ny
Lid
Ge
=
SS
Liu

oO
©
cc
a

PES
oS
=

pes

oS
<=
=
Lie
—

<r
=

ae
—J

SOURCE
LM

AOH

6.
DATE
MARCH
16,

1970

THRU

THRU

SSR-1

LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM | PROCEDURE REMARKS

t

2 STAGED | Q@) 3 If CDR bus voltage is lost for > 20

| minutes,  sublimater freeze-up
| Lt] NO B no

3 | Ck bus voltages ci

DC BUS + BATTERYIt - on rR) DC FEEDERFAULTIt - on? @POWER/TEMP MON - CDR
4

BUS,then SEBUS NO4} BATTERYIt may not

oo instan-
RED i YES YES Bus voltage low?

CWEAFAILED. taneously with DC

Lighton if either | ys i

or both buses | C3)It COR bus failure, suit FAN-2

<265 volts i 5 | Ck amps on low bus. 4

: @POWER/TEMP MON- 6 OC BUS It remains on and subse-

bat on low bus quent low bus voltage C/W mon-

| HIGH
Se

NORMAL | BUS VOLTAGESIG CONDR
Horii eavahiliy sii

| [iHho Amps? gee FAILED

: =u
If failure occurs after PDI or dur-

/ 3 ing ascent mission phase, rete
;

to emergency procedure for CD
a

YES
elise fs = BETWEENBAT & ECA

seonetaiee
Bee

vee ale oe) Voltage normal?

!

VNO YYES
'

|
1 10} i]
| BAT 5 (6) NORMALSE Ck for norm feed open or

| ae
~ OFF/RESET, ECAfailed.

| —
NO

: BAT 5 (6) BACKUP CDR 12
TB remains gray? Beast (SE)FEED - ON;th -

gray
12)

spans
YES YES (6)

|
1

Bat current >0? FEED FAILED

|
yora] Y

BAT5 (6) INADVERTENT 14) ECA FAILED
15]_ Reconfigure.

DISCONNECT
i

@Power down AGS(PGNS).
@BAT6 (5) NORMALCDR

(SE)- OFF/RESET;tb - bp
| 2 5(6)

At
@BAT6(5) BACKUP SE Communications will be lost for

l ie] Ck BAT 5&6 th’s

BP [17] Ck bus short. 5 (CDR)FEED - ON;tb -

gray time required to bring up second-

oa / es ary S-band or while troubleshoot-

so bat)~OFF/RESET;

7

a

ing. Optionof remaining on primary

ce
onc ar

cn sre taaeoctane
I (2) (bad bus)- open YES18] ae 19] Reconfigure mabereverieedFEEDERSHORT
| DC FEEDERFAULTIt- on? | PaverdownPONS
| 8 NO y= - ON; tb - gray

Allow 5 minutes for gyros to stop,

ecb(11)LTG: before closing cb PGNS IMU OPR
|

20} 2 | Reconfigure UTIL -

open

BATOVERTEMPOR
@Power down AGS. ANUN/DOCK/COMPNT@®DC FEEDER FAULT light may or

| REVERSECURRENT
@BAT5 BACKUP CDR

ecb (IhECS may not be on

FEED- ON;tb - gray
5

: GLYCOLPUMP 1 -

open

"700 ope GLYCOLPUMP
2 -

open
ecb (11)CO Re t onlyif b

“te
COMPNT SECS ¥maaiecah @®)pause

current only if buses are

ecb (16) $/C:
~ open

| AEA“open
SEC $ BD PWR AMPL -

| : open

| ecb 16COR; VHF B XMTR -

open

| VHF A XMTR- open
@cb (11) PGNS:

| PRIM S BD PWR AMPL i aanareI
= open

:

= RCVR LGC/DSKY-

open
| 22] Reconfigure COR= lls

BOOMERS
IMU ue -

open

@PRI EVAP FLOW#1 viv- td P @cb (11) EPS: INV 1 - open

CLOSE
Sok ot ee ecb (16) EPS: CROSSTI

|
@BAT6 BACKUP SE FEED CROSSTIEBUS- close BUS - close

- ON,tb -

gray SE Power up AGS. @Power up PGNS.

al iS ASC ECA @cb (16) - close as required @cb (11) - close as required

close
| @GLYCOL- INST(SEC)
| @WATERTANKSELECT

! nee
24 5

I
oe 4] el Respectivebat lost |

PUMP SEC - close Le] @©POWER/TEMPMON - BAT 5,

oe
FLOWviv -

6 to determine failed bat
ae tae

{ a.Immediately:
| @cb ECS: LCGPUMP - j @)

open :

| ets OVERRIDEIN- 26] Reconfigure. 21] Reconfigure. 28| Reconfigure.
| TEGRAL- ON @BAT5 BACKUP COR Power down PGNS. Power down AGS
I @cb/ACBUSA - TAPE FEED- ON;tb - gray @BAT6 NORMALCDR FEED @BAT5 NORMALSE FEED

| RCOR- open @BAT5 NORMALSE FEED - OFF/RESET;tb - bp ~ OFF/RESET;tb - bp

| ecb/AC BUSB:NUM - OFF/RESET;tb - bp ecb(11)- Openall @cb (16) -

;

| LTG- open (except @cb (11) EPS: INV 1 - close d-c cb's except: Openall cb’s except

| duringengburn or @INVERTER- 1 cb EPS: BATFEED CB EPS: BAT FEEDTIE (2)

rndz & docking) @LMPAUDIOCONT- BU TIE (2) @cb (16) EPS:
| ecb (11 & 16) LTG: @S BANDXMTR/RCVR- SEC @cb (16) EPS: CROSSTIE CROSSTIEBUS -

ats| ANUN/DOCK @S BANDPWR AMPL - SEC BUS - CLOSE @BAT6 BACKUPSEFE

| /COMPNT- open @S BANDVOICE- DN VOICE @BAT5

‘oefe
COR FEED - ON:tb -

gray

| b. For subsequent master BU
- ON;t! @BAT6 NORMALCOR FEED

| alarms: @TLMBIOMED- OFF @BAT5NORMALSE FEED ~ OFF/RESET;tb- bp

|
@cb (16) LTG:ANUN/

- OFF/RESET;tb - bp PowerupAGup AGS

DOCK/COMPNT- Power up PONS cb (16) - close as required
|

- close @cb (11) - close as required
| c. Within2hours: |

Eps | BUS

| @cb/AC BUS A: GASTA [Peon nano
|

_

8.300LMS.1007
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LM A790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM| PROCEDURE REMARKS

'

|
3 UNSTAGED |

| ee bat tb’s
yy A li EEE]

BATTERY = PB} © POWER/TEMPMON he] (Faulty bat) HI VOLT- TRANSIENTECA PROBLEM

Anytb's bp? -faulty bat OFF/RESET,then ON

YELLOW | NO Volts !ow? Bat stays on line?

Lighton if. YES NO ryBat overtemperature 1 ECAFAILED.
2145 F

|
Bat reverse current 1

!
>l0.amp for 4to6 sec

| rs| MS RURaEIN Ea; 7)
Bat overcurrent >150 | |

& ECA
>

©(Faultybat) Hl VOLT- OFF/
to 200 amp l fe] RESET;tb—bp

I Ck bat fault

| (1) Q) Bat C/W monitoring capability lost

| @ POWER/TEMP MON

. I -all bat positions No 3]

~_,
ree ale (2) Failure affects C/W indications on| BATFAULTIt - on?

allure affects U/W indications only

YES
| Subse tquent battery - malfunction
I 10} uy

©
monitoring capability lost. However,

| @Bad BAT- OFF/RESET: YES @Bad BATHi VOLT- ON;
BATFAULTIt operates normally

tb - bp tb - gray wo (U2).TEMPORARYRELAY

VOLTSnorm? BAT FAULTIt on? f-@™q_ CLOSUREIN ECA

| NO t| @G
| 14

1 £3) |
! BAT LOST RELAYFAILEDIN ECA

|
|
|
|
|

Bat C/W monitoringcapability lost
4STAGED

| oO)

a ves LJ ves $3]
BATTERY oroEW

MON FP
pat amps & volts norm?

[PEL INSTOR ECARELAYFAILED.

YELLOW | BATFAULTIt-on? NO

Lighton if:
| NO gv (2) @) Monitor battery for decreasing volt-

Baovertemperature I 1 rs]
age. If voltage starts to decrease,

145°F remove battery from line and power= OVERTEMPERATUREOR
Bat reverse current fa] REVERSECURRENT.BAT

bus from backup feed

>10 amp for 4 to 6 sec CWEAFAILURE LOST

@)
:

1 Reverse current only if buses are

Bat overcurrent | tied.
>150 to 200 amp L

|

5 UNSTAGED |
|

1 | Ck amps. Yes L2| Attempt reset. YES3]
Bat tb abnormal TO] POWER/TEMPMON = F—8]_—e(Faultybat) HI VOLT- [8 ECAFAILED.

Il -affected bat OFF/RESET,then ON
| Ampszero? Ampszero?

NO yp
| j

[4] i aan BATTRIP
ECARELAYCONTACTOR TB OR TRANSIENTECA

i FAILURE FAILURE

|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|

! A-300LM4-1009
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APOLLO OPERATIONS HANDBOOK

SYMPTOM | PROCEDURE REMARKS
'

6 I
| ©

.

A

p
Inverter No. 2 is on

INVERTER
! iy F NO 2] YES3 Select alt inverter. YES4] INVERTER.NO.2

If inverter No. 1 is operating, re-

1
EL failed ? Lie] @ POWER/TEMPMON- Lge} ech (11) EPS: INV 1- close tom FREQUENCYFAILURE place all references to inverter No

i
AC BUS @INVERTER-1 2 with inverter No. 1

i bee : YES VOLTS~greenband? INVERTER|t-off?
{ on

a Aa ' voltage |
No No

<112 volts t

Frequency<398 | ie

cps or > 402 cps |
{|

a
°

ac BUS B: BUS TIE
~

open
i ©

b/ACBUS A: BUS TE 8 De cae| N =open YES INVERTERNO. 1 FEEDER
| INVERTERIt - off? SHORT

CRE

NO

| l I @)(3) @ INVERTERIt remains on

| 8} Select alt inverter 9| Reconfigure.

oe Bs
B: BUS TIE

@INVERTER-2gose @cb (11) EPS: INV 1- open| © cb/AC BUS A: BUS TIE @ Monitor a-c voltage on VOLTS ind

I INV 1-close

i
@cb(11)EPS:INV 1-close
@ INVERTER-1

Yl
INVERTERIt - off?

S

NO
6a

} 10} Select alt inverter. ) )
A-C voltage high

1
BH] ech (11) EPS: INV 1-close i] 112}

|
@INVERTER-] YES INVERTERNO. 2

Gian | AGualisnomn? py
VOLTAGEFAILURE ech (16) EPS: INV 2- open

] NO

13
|

cb /AC BUS B: BUS TIE
INV 1 & 2-open 4)

|
@cb/AC BUS A: BUS TIE YES feed@cb/AC BUS B: BUS TIE 15]INV2-open INV 1-close YES INVERTERNO. 2,

| INVERTERIt - off? INVERTERIt - off?
- eer

|

" NO

| | u

.

8] x

:

! @cb/aC BUS B: BUS TIE |NO| CWEAOR SIG id
| INV 1-close COND FAILURE A-C BUS B SHORTED. @cb (16) EPS: INV 2- openI cb /AC BUS A: BUS TIE

| INV 1- open
!

Numeric Its brighten? )| YES Ti] Reconf| configure. 22] Reconfigure.
| @INVERTER-2 ecb/AC BUS B: BUS TIE
1 ] @cb/AC BUS A: BUS TIE INV 1-open
| INV 1-close @cb/ACBUSABUS TIE

I 20] ecb/ACBS
A & B: BUS INV2-

| TIE INV 2-close @INVERTER-2pe ED:
ecb (11) EPS: INV 1 open cb (11) EPS: INV 1- open

|
|
| /
| EPS EPS

SSRA SSRI
| BUS FUNCTIONS BUS FUNCTIONS

| LOST LOST

|
|
I
|
|
|
I
|
|
|
|
|
|
|
|
i

™

THRU

SSR-1

SYMPTOM PROCEDURE
REMARKS
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LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

FLIGHT DATA FILE -

SPECIAL SUBROUTINE

SSR-1

Bus functions lost

ACBUS B

ACBUS B: SE WINDHTR

He/PQGS PROPUL DISP
He MON
DES QTY

S BD ANT

Auto/man ant slew

ORDEAL
AGS

AGS att mon

AOTLAMP(R)
SE FDAI

NUM LTG

BUS TIE INV 2
BUS TIE INV 1

AC BUSA

AC BUS A: BUS TIE INV 2

BUSTIE INV 1

AC BUS VOLT
ACbus monitor

CDR WIND HTR

TAPE RCDR
AOTLAMP(R)
RNDZ RDR

Auto/man ant slew
DECAGMBL

GDAlock-up
Man throt

Thrust to 100%
INTGLLTG
CDR FDAI
GASTA

PGNS att & rate needles

a RNG/RNG RT ALT/ALTRT meter

CDRBUS

FLT DISP: ORDEAL
COAS
CDRFDAI& alt needles
GASTA

PGNS alt & rate needles

RNG/RNGRTALT/ALTRT meter

CDRX - PNTR

MISSION TIMER

THRUSTmeter

RCS SYSA: ASCFEED1

Last position
ASCFEED2

Last position
ISOLVLV

Last position

a
1TCA

UAD2 TCA

QUAD3 TCA
All close

QUAD4 TCA
MAINSOV

Last position

PROPUL:DES He REG/VENT
REG—last position
VENT— disabled

HTR: RNDZROR STBYheaters
RNDZROR OPR heaters

LDGRDR heater

AOTheater
DOCKWINDOWheater

INST: SIG CONDR 1

Propellanttb’s
Some meters

Some CWEAIts come on

STAB/CONT: ABORTSTAGE(R, except no auto eng arm)
ATCAPGNS

LGCcontrol of RCS
AELD(R)
ENG CONT

OPS abort stage
ATT DIR CONT
ENGSTARTOVRD

Manual start

DECAPWR
DPS eng-on comm

DPS shuts down

Engto 100% throttle
No auto-eng off

ED: LDG GEARFLAG
LOGICPWR A

LTG: ANUN/DOCK/COMPNT

Lighting(R)

PGNS: IMP OPR
IMU STBY
LGC/DSKY
RNDZRDR

LDGROR
SIG STR DISP

COMM:CDR AUDIOcenter

VHFA RCVR
VHF B XMTR

SECS BDXMTR/RCVR
SEC S BD PWR AMPL

UP DATALINK

ECS:GLYCOLPUMP AUTOTRNFR
GLYCOLPUMP 1
GLYCOLPUMP 2
CABINFAN 1

SUIT FAN 1

HEATERSRCS SYS A/B-1: QUAD| heater
QUAD2 heater
QUAD3 heater

QUAD4 heater

EPS: DESECACONT(R)
DES ECA(R)
ASCECACONT(R)
ASC ECA(R)
INV 1
DC BUS VOLT

LMP BUS

FLTDISP: EVENTTIMER/SEFOAI&

rate needles

SE X-PNTR

RCS SYSB: ASC FEED 1

Last position
ASC FEED 2

Last position
ISOLVLV

Last position
QUAD1 TCA
QUAD2 TCA
QUAD3 TCA

QUAD4 TCA

CRSFD
Last position

TEMP/PRESS DISP FLAG
PQGS DISP

RCS qty
MAINSOV

Last position

All close

PROPUL: DISP/ENG OVRDLOGIC
MPS meters inoperative
PQGS

FUEL/ OXqty
ASC He REG

Last position
INST: SIG CONDR2

EPS tb's
Some meters

Some CWEAIts come on

PCM/TE
TM XMT

Timingsignals
SIG SENSOR
CWEA

STAB/CONT: DES ENG OVRD

ATCA(AGS)
AGS stab cont

ABORTSTAGE(R, except no eng fire enable)
ATCA

RR-LGC mode lost

False TCAfirings
AELD(R)

Auto APS commands

SA

AGS
ENG ARM

DPS/APS auto eng ON/OFF
DPS/APS shuts down

AEA
AGS

ED: LOGICPWR B

LTG: MASTERALARM

ANUN/DOCK/COMPNT(R)
TRACKlight
FLOODlighting

COMM: DISP
S-bd ant

SE AUDIO
VHFA XMTR

VHF B RCVR
PRIM S BD PWR AMPL
PRIM S BD XMTR/RCVR
S BD ANT

Auto/man ant slew
MP.
VHF RCV
S-BAND XMT/RCV

Vi

ECS: SUITFLOWCONT
Torn-suit protection

SUIT/CABINREPRESS
DISP
GLYCOLPUMP SEC
CABINFAN 2
CABINFAN CONT
CABIN REPRESS

Auto repress
SUIT FAN 2
SUIT FAN AP
DIVERTVLV

Auto close

CO>SENSOR

DES ECACONT(R)
DESECA(R)
ASC ECACONT(R)
ASC ECA(R)
INV2

OC BUS VOLT

DISP

EP.2

Volts/amps
T's

CAMR: SEQ
HTR RCSSYSA/B 2: S-BD ANT heater

DISP
QUAD4 heater
QUAD3 heater
QUAD2 heater
QUAD| heater
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LOSS OF ICS

ONE CREWMAN HAS ABNORMAL (UNSELECTED)HOT MIKE

LOSS OF VHF VOICE COMM WITH CSM

LOSS OF S-BAND VOICE COMM

S BD RCVR

CANNOT ACQUIRE PHASE LOCK

MSFN REPORTS LOSS OF PCM. S-BAND VOICE OK

LOSS OF VOICE COMM WITH EVA (ONE MAN EVA)
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APOLLO 13 FLIGHT DATA FILE PAGE 51

LMA790-3-LM ]
APOLLO OPERATIONS HANDBOOK THRU

SYMPTOM | PROCEDURE REMARKS 4
'

1 |
|
1 fy]

Loss of ICS 4

laa Use PTT button
J

a
YES [aT vox 37 td -

ty ICS OK? AUDIO:MODEsw? VOXCKTFAILURE @AUDIO:MODE-ICS/PTT

ow NO
ICS/PTT

a ‘
:

® @ VOXmode may be available

a | 5] Establish intercom.
:

= | Crewman who cannot trans: ej HOTMIKEFAILURE
1]__Troubleshoot

5mit:

ao
I

@AUDIO:CONT - BU Each crewman individually:
a | VES leCheck comm with MSFN/ THRU

| ICS OK? —pe-| CSM, using own audio cen-

= |
NO

ter with other crewman 7
2 | listeningon backup.

= : NO XMIT; NO RCV;

= |
RGVIOK

Results of comm ck?
AMUTIOE

=), I
Lx. RCV& XMITOK

i I!<x
= ae i] 0} i

AMATUNGITIGALEERITURE MIKEAMPLIFIERFAILURE AUDIOCENTERDIODESW HEADSETAMPLIFIER

=
E

FAILURE FAILURE

|

/ /

1 By my a]

!
© Ck cable connections

AUDIO CONT-BU ay eAUDIO CONT-BU

For VHF/S-band comm:

@AUDIOCONT - BUor NORM

|
!
4
|

2 |

One crewman has ab- ty 2] 3}
normal (unselected) hot

p—y
@AUDIO:MODE-PTT @Cycle PTT switches indi- @AUDIOCONT-BU

mike @Talk without keying. Jyp | _vidually. @AUDIO:ee
(alt

@Talk withoutkeying. crewman

| Hear yourself? |
°°?

*.
e

“— YES| eTaik without keying ves 4]ear yoursell!
Hear yourself? | ees PTT SW FAILEDON

|
NO

: y
T

l Hot mike in all modes. Continuous

5 6 7 8} Affected audio center: keying of S-band and simplex VHF

| 3] O| L) when selected to T/R. DuplexVHF
| VOXCKTFAILURE INTERMITTENTPTT SW AUDIOCENTERMIKE @AUDIO: CONT- NORM is available at expense of in-

AMPLIFIERCONTINUOUSLY @AUDIO:VHF(2)
- OFF creased power. DSEA should be

1 KEYED @AUDIOS BAND T/R - OFF turned off when not recording

!
!
|
I

3 |
|

Loss of VHF voice comm !
= Intercom?

NO} &S_} Loss oF

with CSM 1 | 1 Ics

| oO | He ® a) Affects particular T/R function
. ™ | only.

oo I! 2| Backup audio center 3
=

| @AUDIOCONT-BU
E j (tected crower) SIG PROCESSORFAILURE

wo |
YESff IN AFFECTEDAUDIOCENTER

= —= |
VHFvoice OK?

<—
=

| 1
6| Regainvoice on uplink.

| Request in

blindortrans-

= = | [4] Regainvoice comm. [5] miton EMERKEY.MSFN
| ; NO configurefor up voice @ @) All received VHF and S-band voice

a = Reconfigure for simplexLil efstablish Sband voice
[Yo | backup lost

es |
A&B. comm with MSFN. @UP DATALINK-VOICEBU |

Qu
NO UNRELATEDDOUBLE @) Loss of VHF transmission from LM

a
| VHFvoiceOK? Sband voice OK? S-band voice OK? FAILURE may be due to corona in the VHF

<< ! YES YES YES transmitter. VHF A (B) XMTR - OFF

AD I ® y ®© for a period of 20 seconds and then

| oNMay extinguish corona and re-

store use

! ry oO]
sa CSMOR LMVHFXMTROR PMP. SHORT(REG2&3 Garni er “uterus y re-

| RCVRFAILURE OUTPUT) ceiving up data and up voice lost

300LM4-1000

i SYMPTOM| PROCEDURE REMARKS

- ———



LMA790-3-LAM

APOLLO OPERATIONS HANDBOOK

SYMPTOM | PROCEDURE REMARKS

'

4
0) Loss or near loss of upvoice is in-

-

dicated by COMM ANT: SIGNAL
, Loss of Standvoice

|_| [1] ~~ PB] 3] Backupaudio center STRENGTH-<37 (steerable) or

mi tea r+ Intercom OK?
. YES 2

i

| COMMANT:SIGNAL @AUDIOCONT- BU (affected ay <2.5 (omni) and noise in headset

<0 STRENGTH- > 3.7 (steer-
[1

crewman).
if S-band squelch is off

MSFN not within VHF
! able)> 2.5 (omni)? YES SIG PROCESSORFAILUREIN

range NO
VHFvoice OK? bps AFFECTEDAUDIOCENTER

| om NO

i LOSS oS
I

OF Ics (5a4 | ’ @) Affects particular T/R function only

Il CANNOT
| Sra 5 | Switch transceiver's

1 COMM: S BANDXMTR/ ae ORT
|

‘i
RCVR- alt transceiver YES FAILED.

S-band voice OK? a

|
| Allow 30 seconds to reac quire

8 :

O@
phaselock.

|
1 yes |8] 10|RegainS-band voice on

| Within VHFrange of CSM? >= ©EstablishVHF voice comm 3] uplink.

| mthaa ice

OK? rag oe
@Requestin blind that

NO voice OK? bie a configurefor backup @ AllS-bandup voice is lost. Voice

|
"8

oon um, | | Sg
ma

| BU

|
|
|
|
j G) @ Requires+3 minutes.

! 11| RegainS-band up voice.
i [3] 14

! .
;

1 ©UP DATALINK-VOICEBU 12 quest MSFNconfigure Requests CSM determine

I ae for backup voice. LM/MSFNS-band status

| Tone? La XPNDRRCVROUTPUT NO@UP DATA LINK-VOICE BUia San

YES FAILED. S-band voice OK?
sii

a
NO UP VOICE; NO DOWNVOICE;

|
DOWNVOICEOK UP VOICEOK

®
1 fi]
i @Request in blind MSFN

| configurefor backup voice. 16] ®©Up voice is available through up

|
30-KC DISCRIMINATOR <a data link only. Simultaneous up

| Voice OK? — FAILED. voice and up data capability lost.

| NO

! ves [17
| <i PCM? aa

| ®
| 18

No

| F .

Attempt

wiser
ees

@)Ranginglost while in FM.

| =
BANDVOICE-DN VOICE @®

U 2 Try FM.

| @TLMBIOMED- LEFTor 13] l

RIGHT. DOWN VOICE SUBCARRIERfF| °S BANDMODULATE-FM 21

LOST XS

| Voice OK? :

Voice & PCM OK? PMP PM CKTRYFAILURE

NO NO
3

| fy @
: 4| Attempt voice comm thru 24] ® Down voice subcarrier operational| speech processor. Attempt voice comm thru

instrumentation, PCM data, PM
! speech processor. control, and FMcontrol lost.

S BANDVOICE-DN VOICE @) : :

Bu, ay 5BANVOICE-DN VOICE ry &) Biomed data lost

e <

| foe
VOICE& DATAAMPLIFIER @TLMBIOMED- OFF

yes | PMP REG =1 POWER

Voice OK? Lge AND/ORPM MIXERFAILED Voice OK? SUPPLYFAILED.

NO NO

’ (8X19) y ©) Emergencykeying is still available

| _
(cb (16)COMM:PMP must be open)

26) Sun AED OLE
He427} To obtain ranging: fe 29] To obtainranging:

a

I FAILURE @S BANDMODULATE- PM DIPLEXERTRANSMITFAILED. @S BANDMODULATE- PM
|

@S BANDVOICE- OFF
= @S BANDVOICE- OFF

|
|
|
|
|
|
|
I 300LM5-1001
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APOLLO OPERATIONS HANDBOOK

SYMPTOM| PROCEDURE REMARKS

'

5 |
|
| Lt YES 2] 3 | Reset light

SBD RCVR T S-band comm retained? ——— CWEAFAILED. -——
"os BANDRANGE—OFF/RESET,then

| TV/CWEAENABLE

YELLOW
| NO If lightnot off:
| @S BANDRANGE—OFF/RESET

Lighton if AGC<1.0
|

a

|
a

rs ! @ @ pen
ee

1 4] OMNI 5] Switch transceivers

Cannot acquire phase-[—t Antenna? @S BANDXMTR/RCVR- SEC(

lock |
ee [8 DIPLEXERFAILED

| Phaselock? +i

Signalstrength <1.3 | STEERABLE YES
I
!

Allow 30 seconds for phaselock ac-
|

uisition| [1] YES
8 | Switch transceivers. q

| Antenna responds to manual point- @S BANDXMTR/RCVR- SEC(PRIM)YES 3] ee EUIERing cmds? Phaselock? ~
PRIM (SEC)XMTR/

I! NO NO

@
| 10 Select omni antenna.

@Select favorable omni antenna

(V64Eif necessary).

YES iy STEERABLEANTENNAFAILED.

i Phaselock? ae
:

NO
3 Oo)All S-band functions lost

! ra]
| DIPLEXERFAILED.

|

|
1 [3] es

| This initial activation? ANTENNALOCKINGMECHANISM
| FAILEDTO RELEASE.
| NO
|

oe
| STEERABLEANTENNA TOTALLYOR

| PARTIALLYIMMOBILIZED.

|
|
j

|
6 I Q) Simult:

ranging and PCM cap-
| i] [2] 3] ability lost

MSFN reports loss of |! When rangingdesired:

PCM. S:band voice OK |]
@S BANDMODULATE—FM(PM) PMP FAILURE(PM MIXER) ©f——B|_s@S. BANDMODULATE- PM

PCM OK? WS @S BANDRANGE- RANGE

| NO
| 2 (2) HBR (LBR)PCM lost

4
@TLMPCM-LO (HI) ee|

ee

YES PCMTEAHBR (LBR)CIRCUIT

| PCMOK? Bice FAILURE

|
NOy 3 (8) S-band telemetry ost

yer]
! PMP OR PCMTEAFAILURE

|
|
|
|
|
|
|
|

|
|
1
|
|
|
|
|
|
|
1 300LMS. 1002
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THRU



PAGE 54 APOLLO 13 FLIGHT DATA FILE -

LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM| PROCEDURE REMARKS

.

7 0) EVAwill wait at least 3 minutes fol-

; |
NO [2 [ay fee a

loss before

Loss of voice comm ?
ging m

With EVA(one-man 1
MSFN/LMcomm OK?

@ AUDIOCONT- BU © cb COMM:AUDIO(2)-open
EVA) I YES as Bs 1)

Connect to alternate crew-

I
RELAYOFF

Oe man’s umbitical.

| —_—— NO |?

Mf
COMM:AUDIO(2) -

| Comm OK? close ayYES
| YES Comm OK?

UMBILICALFAILURE

:
NO

2 ] @) ConfiguresLM for transmission and

| 5 6] ny
reception on both VHF frequencies

$NatyMSENofproblem AUDIOCENTERFAILURE COMMCARRIEROR SUIT

1 | e RELAYON (12 or 8) —

eee

~~ ! aeatOE 3 @) Loss of EMU data relay capability

@ AUDIO:VHF B-T/R
1 | "comm: virB. XMTR co 3

:

| — VOICE LMXMTRA OR LM RCVRB LMmay be reconfiguredto

| —_ YES@ OR EVAXMTRBOR EVA backup- relay mode if

1! Comm OK? bed RCVRA FAILURE desired.
I NO

| y

10] if
l TOTALVHF VOICECOMM © If MSFN originallyreport-

|
FAILUREOF EVAOR LM P| ed no loss of EMUdata,

(COMMCARRIER,EVAPWR return to normal relay

| SUPPLY,DIPLEXER,ETC) configuration.
|
|
!
!
|
!
!
|
|
|
|
I
|
|
|
|
|
!
I
|
|
|
I
!

!
|
I
|
|
|
|
|
|
I
|
I
|
|
|
|
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
1 300LM5-1051

lsc eee REMARKS

=

Yn
tid

ae
=)

(2
Lu

oO
ie
oc
(aks

me
Oo
ot

ee

oO
PS
=)
[Me

z
me
—)

=

SS
x

=—
ay

uu

S
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=

)
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PAGE 56 APOLLO 13. FLIGHT DATA FILE |

ECS MALFUNCTION INDEX

4a SUIT PRESS-LOW
5 SUIT PRESS-HIGH (EGRESS MODE)

1 WATER QTY 8 GLYCOL

la H20 QUANTITY-LOWOR DECR ABNORMALLY 8a GLYCOLTEMP- HIGHORINCR
Bp 1 2

2 CABIN ! =
GLYCOL | a

|
2a CABIN PRESS-LOW OR DECR S
3 CABIN PRESS - HIGH ©) a.

ee od =
4 SUIT/FAN 10 GLYCOL PRESS LOW OR DECR IK

>
od

2

a
6 05 QTY

6a O02QUANTITY - LOW OR DECR

7 ECS
;

fee

: o7a . 1

SUIT FAN

! !
1

: © !

Le ee ea ee =I

es ee ee

=
7b :

H,0 SEP
| 2
:

!

! © |

L-— See ee ee Sa oO
je C02 a

| |
oo

Oo | ES
! s

7d PART PRESSC05 - HIGH =x
ioe 4 a

7e 1 uJ a|

|
GLYCOL

1 ee

| Oe
na

i



LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOR | PROCEDURE REMARKS
t

w|i
Liu

ac ; i asc [FC aT A, oe Yes HI ves PU
5S WATERQTY $ UsingDESor ASC H20? One tank steady & other FB CLOGGEDFEEDLINEFROM

a !
a

©02/H20QTYMON - ASC.2 decr? STEADYTANK

o eal
Abetween tanks >15%?

.

‘ ;

een tanks ?

~— Lighton if | NO
1 @ Quantity in low tank unknown.

a. DESH20 qty <16% | q 2 ry
Either ASCH20qty <95% I @) C/W monitoring of H20 quantity

= | lunstaged CWEAFAILURE
©

ARLENLowaN be

© ASCH20a qty >15%

5 | 3 MSFN can le iy
plo

|
failure by reading descent tan!

= I 7) Ho0qty <16%? a 8 J
= 8] pressure (GF4501P)

uu. | No OR Hp LEAKOR SENSOR When glycoltemp incr, se-

— NO FAILUREIN DESTANK lect ASC H20.

= ! 12 Cyclevivs.

| @PRIEVAPFLOW#2 viv -

=
ta VW} Fie] ck asc tanks, iy OPEN,then CLOSE

ea SEC EVAPFLOWviv -

H20QUANTITY- low or J
2/He ~ASCLS PRI EVAPFLOW#2 0R SEC f—®4 OPEN,then CLOSE

decr abnormally ASC2 eiTiNG
EVAP FLOW VLVLEAKSIN opi QTYMON-C/W

Fither ASCtank < 95%?
CLOSEDPOSITION- J, then DES

|
e

4 MSFNcan distinguish between fail-

| YES(ONETANK) ures when WATERTANKSELECTviv

|
15 } is set to ASCfor 1 hour

: u) N20R HOLEAKORSENSOR @0>/H>0QTY MON- C/W

|
CWEAFAILED. PTS 09/H20 QTYMON- DES FAILUREINLOWASC TANK RESETthenDES

j

I
| 1

ea ey
CABIN cb ECS: CABINREPRESS

O aenit
CWEAFAILED

RED
YES

Lighton if cabin press |

< 4,45 to 3.70 psia |
|
j
|
|
|
|

y
4 |Deact CABINREPRESSviv

@; a

1 C/W monitoring of cabin pressure

ay ” anteaoailne ry :
is last. Monitor CABINPRESS.

- low? NO

I
See eee

CABINIt - off?
ea =

@cb (16) ECS: CABINRE-

YES YES
PRESS - close (if unstaged)

I
|

=
26 | 3 2 Se compeaesais

- capability lost. Automatic closing

S 7] [ey § 1] Reconfigure. ofSUITGASDWERTERWylost

ICABINPRESS low or decr-—-—884Cabin relief & dump viv Ck cabin relief & dump vivs. SHORTBETWEENCABINRE-ftay.) @CABINREPRESSviv - CLOSE A

It inoperative. With this

lay s

:
PRESSVLV& CABINPRESS @cb (16) ECS: DIVERTVLV- failure, cabin pressure would be at

1 eer ane SW open 5.4 psia, if unstaged. Configureto

e | CABIN PRESS-still decr? ove

it egress mode

wo <46 psia | =
y

‘ai  -. ! CABINPRESS-decr? @ If unstaged,or if staged and ascent

aor | YES Op quantity is sufficient to make

=e Sciamow @CABI SS viv - MANUALun-

ad "1 12 13 til cabi normal.

= | caw puncrure gy i bnAaaa Te
Lid

| SELECTEDRELIEFVLVLEAKS TEMPORARYUNSEATINGOF t
gure to egress per

oO | IN AUTOPOSITION. RELIEFVLV
step 18.

ca |

=> |

ae !
a | 14 |Configureto egress mode 15 16]

;

‘@Donhelmets & gloves tne
relief & dump —-€B1 Reconfigureto cabin mode.

— | ee
Recs

@Good cabin relief & dump ren
REGA & B vivs -

| |e CABINREPRESSviv -

viv - AUTO ott GASRETURNviv -

| CLOSE AUTO
| I @SUITGASDIVERTERviv - @SUITGASDIVERTERviv -

| PULLEGRE: PUSHCABIN

I @CABINGASRETURNviv -

1 EGRESS

l €-300LMS.1033
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LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM PROCEDURE REMARKS

2

sy .

@ Okehet eaae*
CABINPRESS - high -

SUITPRESS CABIN PRESS?

>5 psia

Se
me

ee
es
ee

ee
ee
we

a

a

we
es

es
ee

es

ae

we
we
ws
ee

we
ee
we
we
we
we

we
we
a

ae
we
we

a

a

a

a

a

a

 -
+}
—}

y YES

Oe CABINIPRESS.TRANSDUCER

FAILED n
Li
(

3 pes [4] Ck ASCaty =
DES or ASC0? Hp 04/490QTYMON- ASC 5| 18 Lu

LRASC2 oO
=

YES | ASCO> LEAKINSIDE CABIN f-#™) @92/H20QTYMON - DES
ASC Fither ASC Opqty <100%? +m?

ae ee

Y
NO oO

1 I Isolate DES tank. S
eVerify PLSS FILLviv - et
CLOSE Ee f

@DES05 viv - CLOSE
oO

@CABINREPRESS viv - =
CLOSE

@SUITGASDIVERTERviv - | Return to cabin mode ar
PULL EGRESS ol @DESOp viv - OPEN

=
e@Dumpcabin to 4.8 psia. YES @CABIN REPRESSviv - AUTO =

DES0 LEAKINSIDECABIN
>] SUIT GASDIVERTERviv=~

CABINPRESS - incr? 2 PUSHCABIN =
NO aah

(2) @ Automatic cabin- repressurization

CAUTION 10]Ck CABINREPRESS viv. i] ee ane

Do not let cabin press reach @DES05 viv - OPEN =

>6.0 psia with cabin dump @PRESSREGA & B vivs - Sea
Soca CLOSE ©CABIN REPRESS viv -

@CABINREPRESSviv -AUTO| vec | CABINREPRESS VLVLEAK CLOSE

CABINPRESS-incr?
IN AUTOPOSITION e@SUITGAS DIVERTERviv -

PUSH CABIN
NO

1 15 ft

13] Ck Oo press regs.
@Failed PRESS REGviv -

@PRESS REGA& B vivs - 14] CLOSE.

18]Isolate ASC 0.2 tanks SEN etal
YESffSELECTEDPRESS REG FAIL FBP] #004PRESSREGviv

Verify PLSS FILL viv -

CABIN PRESS - incr? geet £0 OPEN

CLOSE NO Y@+] & #2 ASC 02 vivs -

CLOSE 1
If not fullysuited:

a8 a)
@CABINREPRESSviv - CABIN REPRESS VLVOR 8] @SUIT GASDIVERTERviv -

CLOSE PRESS REGTEMPORARILY PUSHCABIN.
@SUITGAS DIVERTERviv - CRACKEDOPEN.

PULL EGRESS
@Cabin relief & dump viv

(fwd & ovhd)- CLOSE 21}
YES ]19| Ck ASC 02 aty. @0>/H>0 QTY MON-ASC 1

— a A T

2 20} ecabinmallet& dump viv
CABINPRESS - incr Be 02/H20QTYMON-ASC2] yes ff 22ASC OpLEAKINSIDE 8} (fwd &ovhd) - AUTO

NO Qtylow or decr abnormally? }gaeg CABIN

NO

23}
22] @Cabin relief & dump viv

#1 ASCOp LEAKINSIDE J) (fwd &ovhd) - AUTO

CABIN When #1 ASC02 qty

<10%: oO
@=2 ASCOz viv- OPEN ~

an

24]Ck CABINREPRESSviv.
=<

@PRESS REG A &Bvivs -

25] 26] Reconfigure. 3

CLOSE
ante

@PRESSREGA&Bvivs - wo

oak = UASCODWV CABIN REPRESS VLVLEAK- BY CABIN aa

YES INGIN SELECTEDPOSITION Cabin relief & dump viv S

CABINPRESS- incr? (fwd & ovhd) - AUTO <x =#1 ASC 02 viv- cycleNi 2
:

“open, as required, to = c&

maintain press aa =
Lu

21] Ck press regs 2
@PRESS REG A&B vivs EI Ej =e

CABIN individually
= SELECTEDPRESS REG Hem} Failed PRESS REGviv - Ore

CABIN PRESS - incr? Pe _FAILEDOPEN.
oGoodPRESSREGviv- -—

NO CABIN

Y
By a]

4 TEMPORARYO>LEAKIN 4) —@Cabinrelief& dumpvivi‘ 2
(fwd & ovhd) ~ AUTO

300LM5-1029
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'

4 Q|
oe | Assumptions:(1) Suit warning:aa1 YES NO fan No. | is in operation; and (2)

SUIT/FAN digg PGAflow stopped? il] Be 3} SUIT FAN NO.2FAILED. fan warning: suit fan No. 1 is in-

SUIT ISOL vivs - SUITDISC? operative.
RED i

NO YES

Light on if 1 | |
@Suit press <3.12 psia in YES Cabin repressurization occurs if

egress mode
1 LATsurrraN comp t-on? Lael oO 7] ReconfigureECS.

CABINREPRESS viv is enabled
Suit fan No.2fails while SUITFAN  P SW (INTER- Ck PGAcuff gage. Doff helmet & gloves
in use

i
NO NAL)FAILEDCLOSED S

THReGn
& LMP) @PRESS REGA & B vivs -

S

CABIN
cb (16) ECS: SUITFLOW @CABINGASRETURNviv -

i | G) CONT-

open AUTO No suit/fan C/W inputs to SUIT

ray @SUITGASDIVERTERviv - FAN comp It, ECS It, and SUIT/FAN
PUSH CABIN warn It.

1 cb (16) ECS: SUIT FAN 4 P @cb ECS:CABINFAN 1
- open close

| =

@PRESS REGA & B vivs -

| DIRECT05 periodically,to
I purge cabin of CO>
|

4a

| 9
SUIT PRESS - low

T
PGAcuff gage low?

us

Sa10] PGALEAK i)

i Repressurize cabin & recon-

a
NO figure ECS.

psia ;

| @) @Close & latch fwd hatch @)22 tow is only indication of fan

1 ray @CABINREPRESS viv- MAN- operation. C/W monitoring of suit

1 CWEA/INSTFAILURE UALuntil cabin press is protectionlost. SUIT/FAN warn It

i 46 to 5.0 psia, then AUTO inoperative. Use SUIT/FAN comp

i
@PRESS REGA&Bvivs- It as indication of fan failure.

i CABIN
i

@CABIN GAS RETURNviv -

Al

1 @SUIT GASDIVERTERviv -

I PUSHCABIN
|
|
I
i

T

|
5 (1) (2) a) Assumption:Cabin is depressurized

1 2 Ck ;

and CABINREPRESSviv - CLOSE.

SUIT PRESS - high tS PGAcuff press >4.0 psi?
aS

=

| 2 eee 2]
(egress mode) |

eS

YES
PRESS REGA VLVREGULATINGHIGH

Suit loop pressure is limited to 4.3
I No SUIT PRESS-decr? Bg

OR FAILEDOPEN
psi by SUIT CIRCUIT RELIEF viv

>4.0 psia ! NO

| 3 @)SUIT PRESS is erroneous. Use PGA

i Py 6 |__Reset PRESS REGAviv. Gutf{presstregazes

| SUIT PRESS TRANSDUCEROR SIG PRESS REG B VLVREGULATING @PRESS REGB viv - CLOSE

| COND FAILED. HIGHOR FAILEDOPEN. @PRESS REGA viv - EGRESS

|
i

I
|
!
1
!
|
|
|
|
|
|
l
|
|
!
|
I
|
|
I
|
|
I
|
I
|
|
I
|
I
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'

6
YES

ors

eee lai] —
2] CKASC02 #1.

@=

| ©02/H20QTYMON -

wo [5]
4

NO A #1 3 ©0>/H20 QTY MON-C/W
iy . an

CWEAFAILURE f-B RESETthenASCL
Light on if:

| YES
DES 05 qty<5% |
Either ASC 02 qty<80% | 2
before staging | NO
=1 ASC05 ty < 10% |

5
cABINPRESS high? | | 8] 7

after staging | #1 ASC 05 LEAKOUTSIDE gama ®Use +1 ASC 02 to deple-

6a | YES CABINOR TRANSDUCER tion, then:

1 FAILURE ae)
ASC 05 viv - CLOSE

@#2 ASC 02 viv- OPEN

cert
- low or ECS ©0../H0 GtYMON=C/We

| 3]3 RESET,thenASC2
| CABIN

~, | / fen C/W monitoring of O> quantity
lost. Use 05 QUANTITY indicator

! 8] a ot CkAstqty.
a

2

——————————— rr 002/H010TY MON-ASG|2 ASCJDESOp aty abnormallylow? Bsc? NOio] o) 3: CWEAFAILURE MSFN can check for transducer fail-

| ie @ EitherASC 02 qty <80%?
ure by reading O> manifold pres-

I YES sure with PLSS FILL viv - OPEN

ECS

H 1 caBin PRESShigh?
LES

aT
| NO CABIN (3) tt 02 atv it comes on with cabin
| PRESS depressurized, attempt cabin re-

| HIGH pressurization with DES 02 to con-

| 12] Isolate DEStank. firm possible instrument failure. if

1 @DESO>viv - CLOSE zs Q) @) DES 02 depleted, do not attempt
. : cabin repressurization with ASC 02,I CABIN REPRESSviv

14
| CLOSE 13} 15] Reset sensor. but monitor closed suit operation

I
@SUIT GAS DIVERTERviv -

Boole ours
#1 (2) ASC

ta
LEAKOUT-

@0/H>0 QTYMON- C/WPULL EGRESS YES 2 SIDECABIN OR TRANSDUCER Bie “as ;

I! RESET,then good05 tank Immediately before staging or when

| O02qty decr? CABIN FAILURE
matty

: € ©
descent 02 quantity reaches 35%,

! NO verify ascent quantity with MSFN
If ascent quantity is confirmed low

or MSFN is not available, attempt
refillinglow ascent O- tank:

| @INTLKOVRDpb - push and hold

! @(Lowtank) ASC 05 viv - OPENun-

: til quantity = 100%, then CLOSE
16

& aon

<5%
17] incr cabin press.

vo [is 19 =r
CLOSE

; ~~

| @DES05 viv - OPEN|
Ss @PRESSREGBviv- DIRECT DESOp LEAKOUTSIDE JF] @Don helmets&gloves

| OMforO mine aanae CABIN If cabin leak:

I (STABLE) =2 @PRESS REG A & B vivs -
! CABINPRESS incr to 5.4 psia?

GRESS

| oe
DES Oz per step

| 0.
When DES 0 < 10%:

| YES 21} @DES0. viv-CLOSE
| @CABIN REPRESSviv - AUTO

5
E

1 cl
C2) | aires avant sts eo

PUSH CABIN
AS

| m

edp/HaOOVMON-C/W | |
So

un
oGhY Monee

-CIW ©0/H20 OfYMON-C/WDESCa sENSOn FAILURE RESET.then ASC1 RESETthengood tank

|
|

YES
|

2

2 CABIN PRESS decr? 23]

NO Individuallyclose cabin re-

|
liet & dump vivs.

YESff24] el 02sankvented to 1,000
7 CABINLEAK psia. One cabin repressurization is

|
CABINPRESS still decr? available up to 1 hour from rupture.

NO
| SS y
| OXY 7 Op QUANTITY(DES reading) is er-

| 25} 26 277 28 Reconfigure. ERI

| BURSTDIAPHRAGMRE- DES 0.2 TRANSDUCERCALI- SELECTEDDUMP VLVLEAKS PraBY ODES 02 viv - OPEN
| LIEVED& RESEATED BRATIONSHIFTED. CABINREPRESSviv - AUTO
;

ay
@SUITGASDIVERTERviv -

PUSH CABIN

|

i
|
| 29 30] Reselect DES05. at]|
'

BP) oSUIT GASDIVERTERviv- F-B @cABIN REPRESSviv-AUTO{89] ©02/H20 QTYMON - C/W
PUSHCABIN @DESOpviv- OPEN RESETthen good tank

t

)

|
|
|

300LM5-1037
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SYMPTOM| PROCEDURE nas
i

7 1 (+) (1) Assumption:Suit fan No. 1 in

I 1 YES [9 @SUITFA
use.

oe N -

ECS
1

SUIT FAN 2

! “

YES
a a

I Comp lt-on? | 4 - asuitloop stopped SUITFANNO. 1 FAILED,
@cb (11)ECS: SUITFAN 1 -

I NO failure noted?
;

Open

YELLOW I NO

7a ; y 2

=e YES
{ SUTFAN yf 5] 18 Te
i +

@SUITFAN comp It - off? SUITFANAP SENSORFAILED

cate ; i GE@cb(16)ECS: SUITFANA!

7 : | ye ~

open @)Suit fan input to CWEA  inop-
=

a =
-<-

i
s :

erative. Fan failure detected by
|nop8] HO SEP It - on? Oo)SUITFANNO. 1 OUTPUT reduced suit flow and H20 SEP It.

ECS It & SUIT FANcomp |
2 .

DEGRADED
It - on if suit fan AP {

T

<6inH30 i
YES

17b
came

| ao S
: ue @ Use component caution lights and

&
jose

@WATERSEP SELviv alt [YES} @SelectsecondaryLIOH |NOH
4.0 cep speep INSUF- appropriateindicator for subsequent

© 1
| = cae FICIENTWITHFLOW failure.

' 3 ji 5

; LIMITERINSTALLED .

ia eS
H0 SEP It -on>2 min? H20SEP It- on >2 min?

Brew iedepietetacnaly weal

YELLOW i 13}Monitor H20 sep per- Leip NO YES H20 separator performance

formance 4
ECS&H20 SEP its-onif | ORIG H20 SEP FAILED.

H30 sep speed <800 rpm I H20 SEP It- on? a
15} H20SEP INST FAILURE 16 @) This step verifies that separator

!
ys q @) @CO> CANNISTERSEL viv- H20 can get to sublimator

oe see -

18] ce in phere ‘COzIt remainsonwhile selector
CO. CANISTERSEL viv -

@Reselect primaryLiOH
7

is in SECposition. CO should drop
1 SEC cartridge Sa ialae SEL viv te zero in <1 minute.

{ @Remove flow limiter from Reselect origH_0isen.if
PRIM

I primaryLiOHcartridge N018 red
2

@ ceca atta
/

| ss haha SEL viv -

bd HosePsPeEDWSU. @) co,;
and COzIts to detect high

i ae CIENT WITH FL
;

I H20 SEP It - on >2 min? LIMITERINSTALLED 20) using PRI EVAPFLOW#1 viv:

I S
@VerifyWATERTANKSELECTviv - DESor ASC

ye If usingPRI EVAPFLOW #2 or SECEVAPFLOWviv: (&)Normal life of primary canister is

©Verity WATERTANKSELECTviv - SEC 41 man-hours; secondary canister,
| ay — Attemptto cycle seps. 16 man-hours.

H20SEP SYS OVERLOADED ©Continue to cycle between seps when H20SEP It - on

iG é

<675
& )

® ChangeLiOH canister on time. CO>
tlel2

YES [73 mmHg [24 YES25} sensor usually fails high.

7 i CO> It- on?
] Ck PARTPRESS CO

a

ECS It - off in <1 min?

¢
2 :

2° PARTPRESSCOSIND & CAR-
See got NO ee NO TRIDGEFAILURE

t C02 iil ES

| it COz partial press before se-

3 © ; lectingSEC canister? l

YELLOW | >675 28} 27}
ECS& COqIts - oni I mm Hg @cb (11) ECS:CO.2SENSOR- @ChangeprimaryLiOHcar-

COppartial press >6.75 |
me

open tridge.
mm Hg ' ECS It - off?

NO
! Hf both glycol pumps failed, act-

7d I
: i @

ivate secondaryglyco!loop:
: [zs] 30] @PRI EVAP FLOW 31 viv-CLOSE

PART PRESS On | a
,

CWEAFAILURE= RTO canicteR sel viv -

@WATER TANK SELECT viv-SEC
- high i

@ CO CANISTERSELviv- Prite @GLYCOL- INST (SEC
= @cb (16) ECS: GLYCOLPUMP SEC -

>6.75 mm Hg | close
i t 8 @SECEVAPFLOWviv - OPEN
1 a. Immediately after activating
| 1)ost= ott in <t min?

PES
gph

2 3) Se Ordow:
| PRIMARY LiOHCARTRIDGE Change primary LiOHcar- ecb/AC BUSA: TAPEORCDR-

I NO SATURATEDOR FAILED. tridge. open
.

} re OVERRIDEINTEGRAL- ON
o : NUM LTG- open,

| (00) except during eng burn noe
i 7 38 dezvous or docking maneuvers

!
"ff

CO SENSORFAILURE ©C0> CANISTERSELviv- "eopen
ANUN/DOCK

| For subsequent master alarms, one
| eeuiL6)EUS EO Senocn

ANUN/DOCK/COMPNTcb mustbe

ul conmomentarily to enable C/W

18 b. At MSFN request:

! request:

YES YES @cb PGNS:
Je 1 [ss] 3] |)

aS
39] Reestablish glycolflow.

iam.
r---o--- 1! GLYCOLcomp It - on? GLYCOLpress <15 psi? @cb (11) ECS:GLYCOLPUMP LGC/DSKY=

open
1 GLYCOL nel NO AUTOTRNFR -

ea
c. Within 2 hours:

; @cb (11) ECS: PUMP @cb/AC BUS A: GASTA-

open
i © jar 3 y 1& 2- close @cb FLT DISP. GASTA-
L------4 | gy ‘41 a2 [ulResalpump Nols

@Ck both glycolpumps. @cb COMM: UP DATA LINK-

ee i CWEAFAILURE open

ECS It &GLYCOL comp
GLYCOLPUMP PSH Amy ECCT

P
‘

é

comp FAILEDCLOSED. @cb (11) ECS: GLYCOLPUM
- on ifpump AP 1 AUTOTRNEFR- open

<3 psid | GLYCOL - PUMP ik Nae
:

00LMS.

SYMPTOMif PROCEDURE REMARKS

SS
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SYMPTOM | PROCEDURE REMARKS

'

8 J

| CAUTION| Assumption: Primary glycol loop

1 Ly was operating with cb ECS. GLYCOI
MO PUMP AUTO. TRNER closed

GLYCOL
SB}

GLYCOLtemp >50 fF? Fey Sublimator freeze -

up oc-

| cyt glycolpumps are off

I >20 min

YELLOW i YES

Lighton if: |
jI

Prim glycol temp >50 F [2]
or ee Ceo i

ecb (11) ECS. GLYCOL aePUMP AUTO TRNEFR-

| ecb (11) ECS: GLYCOLal Pw Ck for leak in sec loop

I PUMP 1 -

open @GLYCOL- INST (SEC)
| Is difference between glycol Is difference between glycol 4J
| press discharge 22 psia press discharge2 2 psia CWEA OR ACCUMULATOR
| from value recorded before from value recorded before LOW - LEVELSENSOR FAIL-

| pump start-up? pump start-up? URE

|
a

YES YES

] 2 9 3 @) Glycolloop redundancy lost

| 5] 6] 7]Restart prim glyco!loop
LEAKIN SECONDARY

5S

| Perera
eee GLYCOLLOOP och(1)ECSGLYCOL

t PUMP1 - close

|
@cb (11) ECS: GLYCOL

1 j oO) PUMP AUTOTRNER - close @) Monitor system performance with

| 8 | Restart prim glycol loop 9 |Activatesec glycol loop
GLYCOLcaut It inoperative

@cb(11) ECS:GLYCOLPUMP Verify PRI EVAPFLOW 3-1 C4)Forloss of primary glycolloop:
1 - close & +2 vivs CLOSE a. Immediately after activating

| @cb (11) ECS: GLYCOLPUMP @WATER TANK SELECTviv - secondary glycol loop

| AUTOTRNFR - close SEC @cb ECS: LCG PUMP- open

|
@When GLYCOLtemp >50 F @GLYCOL- INST (SEC @cb/AC BUS A: TAPE RCOR -

|
a

uaehe ag oe) TELS BOO. aE ele. OVERRIDE INTEGRAL- ONproceed to next step. SEC - close : -

ON

l @SEC EVAPFLOWviv - OPEN @cb/AC BUS B: NUM LIG -

open,

8a
!

G) @Reconfigureelectrical except during eng burn or ren-

Se ech(1116)LT.ANUNDOCKt i Hi /

GLYCOLtemp- high or | ea NO oe
sis

FCOMPNT -

open
8 B= SUIT temp 10 F > [8H GLYCOLTEMP SENSOR OR For subsequent master alarms, one

incr T

|
GLYCOLtemp? SIG CONDFAILED ANUN/DOCK/COMPNT cb must be

5

closed momentarily to enable C/W

= | YES lights.aa
| b. At MSFN request:

cb PGNS

12] Yes [is] IMU OPR-open

|
GLYCOLtemp-incr? [YT

Spi EVAPFLOW =1 viv- wecs c. Within 2 hours

| NO peed @cb/AC BUS A: GASTA- open

i ’
REINS COME2M ecb FLT DISP: GASTA- open

| OPEN
.

14] ecb COMM: UP DATA LINK-

15 GLYCOL temp steadyord 2
open15]THERMALOVERLOAD saiinns pay

steady or decr se Pea SUBLIMATORFAIL:

| (3) @®Descent H20 for cooling is lost

YES
| 19

| Y
Reconfigure for ASC Hp0

| ji6] ny]Isolate sec H30 reg feed
eee B

| @Cycleelectrical loads, as @PRI EVAP FLOW =2 viv- @WATERTANKSELECTviv -

| necessary, to maintain CLOSE com
| thermal loads within fimits eg

FLOW =1 viv - 18| ePRIEVAP FLOW=2 viv-
| =

YES | PRIMARY H30 REG FAILED OPEN
| GLYCOL temp-incr again? jpeg CLOSED @PRI EVAPFLOW=1viv -

NO

20 sit CONDITION
|
|
|
|
I

|
|
|
|

: |
|

i
|

. |
|

|
|

' !
|
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iy | PROCEDURE REMARKS

!

2 ;

(1) a Glycolpump automatic transfer is

e GLYCOL— i] 2} a] Reselect pump No.1. operable. Monitor GLYCOLind. for

|
— @GLYCOL- PUMP 2 YES pump failures.

| )) 1
Peete

GLYCOLCOMP LT RELAY PB och (11) ECS:GLYCOLPUMP AUTO

[Se Sateen aoe nay GLYCOLcomp It - on? FAILEDCLOSED. TRNER - open

YELLOW @GLYCOL- PUMP1
NO

ech (11)ECS;GLYCOLPUMPAUTO

|
|

Lighton if pump AP <3 | 2 TRNFR - close A temporary sP switch failure will

psid | a

result in automatic transfer. Con-
| 4] firm pump No. 1 failure by re-

| GLYCOLPUMP NO. 1FAILED. setting automatic transfer circuit

| and reselectingpump No. 1 while

| monitoring glycolpressure. Do not

| stop glycolflow for >2 minutes

if sublimator is operating.

:
10

| 1 | Compareglycolpumps.
GLYCOLpress-low or j
decr 1 @cb (11) ECS: GLYCOLPUMP AUTO

TRNER - open 2} 3
y

@GLYCOL- PUMP2 YES
<1 psia ! GLYCOLPUMP NO. 1 DEGRADEDOR Wr och (11) ECS:GLYCOLPUMP 1 -

t GLYCOLpress - normal? BYPASSVLVFAILEDOPEN. open

| NO
!

J

| 4] 5 I Reconfigure.
| GLYCOLPRESS TRANSDUCERCALI- @GLYCOL- PUMP.1
| BRATIONSHIFTED. @cb (11) ECS: GLYCOLPUMP AUTO.
: TRNFR - close

|
|
|
!
|
|
|
|
!
!
|
I
|
|
|
|
|
|
|
|
|

|
I
|
|
|
|
|
|
|
|
|
I
|
|
|
|
|
|
|
i
I
|
|
|
|
|
|
|
1

| |

: | 300LM5-1041
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ED MALFUNCTION INDEX

] ED RELAYS

2 STAGE SEQ RLY SYS A&B

LTS - OFF WHEN MASTER ARM - ON

n
tu

a
=
a
Lu

oO
S
a
a

=
a
4,

te
a
=
=
x

=a
=d
=

=
=
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|
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SYMPTOM| PROCEDURE REMARKS
t

1
|
|
1

.~
ED RELAYS 4m}

STAGESEQ RLY SYSA
’

1 : (B) Partial staging may occur if

i
It- on? MASTERARM-ON.

YELLOW | NO

Light on if ED relays Kl |
through K6 are closed | 2
when MASTERARM-OFF | 12] CWEAFAILED.

|
i

4} Reset relay.

@cb ED: LOGIC PR A (8)-close Hl
can confirm failure via te-

@ @STAGERELAY-RESET ee

| 3 5]
| NO} —STAGESEQ RLYSYSA(B) YES

gpeff
£0 SYS A (8) STAGE CMD RELAYSS SEU UE MAG ata

It - off? K2 TEMPORARILYFAILEDCLOSED.| 5A,OR 6) FAILEDCLOSED.

i
|
| j

| oT sace [4]
| cb ED:LOGICPWRA(B)-open

i

Function desired?
BP)

ech ED: LOGIC PWR A (B)-close

| @lnitiate abort stage sequence.
|

APS PRESS
& MANUALSTAGING

10
SYSA

a
SYS

Which STAGESEQ RLY It - on?
‘ ;

@ ® @ This procedure provides for APS
| pressurization with ED system B,
1 9 7] followed by APS pressurization with

I! 13] uy ED system A and staging with ED
@ASCHe SEL- BOTH @ASCHe SEL-BOTH systems A and B.| @MASTERARM-ON @MASTERARM-ON| @ASCHe PRESS -FIRE @ASCHe PRESS-FIRE

ore ARMOF restagingdesired:
en staging desired: @ STAGE-FIRE

| @cb(11)ED: LOGICPWR A-close ecb (16)ED:LOGIC PWR B-close This procedure provides for APS

|
@ASCHe PRESS-FIRE(hold) @ASCHe PRESS-FIRE pressurization with ED system A;

| @STAGE-FIRE @MASTERARM-OFF staging with ED system A, then ED

@MASTERARM-ON system B; and pressurization with
@ASC He PRESS-SAFE ED system B.
@MASTERARM-OFF

!
|
|
|
|

|

2 (1) This method pressurizes ascent

1 Recycle sw. : tanksas soon as ABORT STAGEpb
STAGESEQ RLY

y 3 | Alt method of arming ED bus
isipuished:

SYS A & B Its - off
a | @cb S/C: ABORTSTAGE(2) - open

when MASTERARM  [—J—-Se>]
OMASTERARM -recycle

Bl @ABORTSTAGEpb - push
~ON i ED RELAYSIt-on=

NOirae MASTERARMSW FAILEDOFF
#2)

MASTERALARM- on
! STAGESEQ RLY SYS'A'&'B It on? PF

(DOUBLEFAILURE) @MASTERALARM- reset
I ED: (desired function) - FIRE
| YES @ABORT STAGEpb - reset
| @cb S/C: ABORTSTAGE(2) - close
| 4
, sl
| TRANSIENTCONDITION

|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|

| 300LMS-1003
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MOCATA

DATE
MARCH
16,

1970

2



APOLLO is) FLIGHT DATA FILE PAGE 69

LMA790-3-LM

APOLLO OPERATIONS HANDBOOK

SYMPTOM | PROCEDURE REMARKS
1

|:
| © ® Q@)Light goes off when HTR CONT

| 2)
TEMP MON is set to affected heat-

HEATER he
NO et position. HEATERIt will not go

v=} @HTR CONT: TEMP MON-F“®™1 e@HTRCONT: TEMP MON-
2

on again for same failure or fu-

RNOZ RADAR $ BAND
ak

ture faults of that heater until nor-

—— blished

;
YELLOW HEATERItcolf? TERR at el CWEAFAILED. mal limits are establishe

ight on if

RR temp > 148° or YES YES
n <— 54° F

WwW S-band temp>153° or
!

& cnt | C/W monitoring of heater opera
=
Q 1 | tion is lost. Use HTR CONT:TEMP

Lid
s

| MON for heater monitoring.

o |
4 LOW

=
RR temp abnormal

'
J

Temp? te RR operating?
= a INST FAILURE

Oo. | HIGH NO

= >timeline temp or |
145 F

= <-52 F(power down) ee NO
:

be 1 cb (11) HTR: RNDZ ROR]ges)
OC? (11) HTR: RNDZROR

© <10 F (power up) STBY & RNDZ ROR OPR
STBY-open 9

=> Pica
ech (11) HTR:RNDZ ROR

Ss | :

OPR-close Yes f RR STBY HEATERCKTRY

o ! YES Tempincr? FAILURE

a NO
= |

= 10] INST FAILURE ini]
—

| Turn on RR when temp

|
: >10 F

. | 12 Cool RR. 14]
@cb (Il) HTR: RNDZ ROR When RR not required:

STBY & RNDZ RDR OPR- @cb (11) PGNS: RNDZ RDR
| open NO[13] YES| -open

| Tempdecr? RR operating? @cb/AC BUS A: RNDZ ROR

| ~

open |YES NO YES

TeMpraeCT?
HEATSOAK

| NO

I Y
| ey 18] He 19] Restore heaters.

i INST FAILURE

i
When temp <148 F or @cb (11) HTR: RNDZ ROR

| timeline: STBY & RNDZ RDR OPR-

|
cb (11) HTR: RNDZ RDR YES17 close

; Pee iOPR-close 0 power up range data

| ea CKTRY may not be reliable until 17 min-

! Temp incr? s utes after initial step):

| NO y 3
a. If RR temp<+ 10°F

@cb (11) HTR: RNDZ ROR OPR-
close

| 21] Reconfigureheaters
pW esp Sete

| 20| se
RNDZ RDR @cb/AC BUS A: RNDZ ROR -

| RR STBY HEATER CKTRY
:

close

| FAILEDON.
cb (11) HTR:RNDZ ROR eAfter 30 sec:

STBY
-

close cb (11) PGNS: RNDZ ROR -

close

| c. Ifstepa performed
@cb (11) HTR: RNDZ RDR OPR-

1b open
HIGH

=

S-band antenna temp | peg
24

ne ey
+a 23] Deactivate heater. 25] Manual temp control

abnormal 1
mien aNeps

ecb (16) HTR: S BD ANT- 24] If needed:

@cb (16) HTR: S BD ANT-

oO | LOW open YESf S;BAND ANTENNA HEATER FB]
cycie to maintain temp at

~ >135° F (TLCand I Antenna temp decr? —_Fgameq FAILEDON. =50° to 100 F

lunar orbit) |
oh >150° F (lunar stay) I yNO

YES-52° F

AS
= |

: YES27) :
pe 28] Deactivate antenna,

a wo | Antenna operating Antenna operating?
Wienwableudestinclenan

ot”
| tenna

=
| No sO COMM ANT: TRACKMODE

Sie |
'

- OFF

= 0 | j ecb/AC BUS B: $ BD ANT

a} = 23] Power antenna 30 ok mt)ROMMAGESOTANT

= : § BDANT HEATSOAKOR INST -open 31ug | [ecb/acBUS B: SB
ey

=open ves 31] ape Sa
close ?

Ori I Close Antenna temp decr a

ce fe
ecb (16) COMM: S BD ANT

=) | - close v NO

S = | @COMMANT: TRACK MODE
msna | SLY NO aa 32] inst FAMLURE

| Antenna temp incr? b. {es

- | YES
I Y

: 1 ff33 34]
S-BAND ANTENNA HEATER Hyoch (16) HTR: S BD ANT

FAILEDOFF open

! B.300LM5.1004

SYMPTOM PROCEDURE REMARKS



| |
[i

| LMA 9O-3-LIA

|
APOLLO OPERATIONS HANDBOOK

SYMPTOM| PROCEDURE MEDIEKS

1

|

4 |
a]I 3

1 Hick
PJ YES

LR temp abnormal gett) Temp? — ing? When LR not needed::
l

a LR operating? >
ach (11) PGNS:LOGROR

a a =
i) Oe

Temp decr?
>145 For timeline |

Sone pq
temp ' Bi NO

SOF I cb (11)HTR:LDGROR-
! open Oo
|

Tempdecr? NO oe When LR temp < 148°F:
| TES @cb (11) PGNS:LDGROR -

’ close (if needed)

|
| 117J
| LR HEATERCKTRYFAILED

1 y ON.
1 fa
| Lt] LR operating?

ee

|
| NO

|

9 | Incr temp.

Il @Orient LM to heat

| antenna.
or

| @cb (11) PGNS: LOGRDR- vclose
: 10

| Temp incr?
w a] INST FAILURE

| YES

1 EY
1 LR HEATERCKTRYFAILED

I OFF.

|
‘

l

|

3 1 | @ Bornhigh temp is

esperiods
no thruster activity after temp

‘
e

me
:
2 o*

ae Quad temp? we2] Deactivate heaters. ae activity (if

lemp abnormal

| ecb (11) HTR RCS SYS A/B

Sarr
| a 1: QUAD 1 (2, 3, 4)-open 4] Reconfigure

at sie ee ere
eAliowTCAto cool. 3 ecb (16)KTRRCSSYS-A'ENo cb (16) /

I Temper? ae INST FAILURE 2. QUAD 1 (2, 3,4)-close
|
1

YES

|
| 5| Find bad heater 7] Reconfigureheaters.

| @HTRCONT:QUAD(affected@cb (16) HTR RCS SYS A/B
x

oS peas +1oe tant ie oot1) HTERCSSYS A/B

| . i

eS
rare

1; QUAD1 (2, 3, 4)-clase

|
emp incr: aa @HTRCONT:QUAD(affected

| NO quad)-MAN(asrequired

I
to maintain temp)

|
|
| SYS A/B 1 AUTOHEATER

1 FAILURE

i
| DnB (2) Res heater systems A/B:1 and

| rs] ONLY 10 A/B-2 are both in operation, ex-

| Heater sys in operation? $m. cept during lunar stay power-down;
@cb (16) HTR RCSSYS A/B then only system A/B-1 is in oper-

BoTH HRCONTGUAle .
@HTR: : affect-

| edquad)-AUTO

Tempincr? Yes
| NO

!
rs

1 i ay
| INSTORDOUBLE INSTFAILURE SYSA/B 1 HEATER

l HEATERSYSFAILURE CKTRYFAILURE

I
|

' B-300LM5-1005
dl | PROCEDURE REMARKS

z~

LM

MALFUNCTION
PROCEDURES

SOURCE
LM

AQH

DATE
MARCH
16,

1970
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PAGE 72

|

oy

mooexe
70mm

EE

it

APOLLO® «13

CAMERA MALFUNCTION INDEX

CANNOT START CAMERA

CANNOT STOP CAMERA

CAMERA STOPS IMMEDIATELY AFTER START

CAMERA RUNS 24 FPS IN ALL MODES SELECTED

CAMERA RUNS BUT FILM NOT TRANSPORTING

CAMERA WITH MAGAZINE

A SHUTTER FIRES/NO FILM ADVANCE

B NO CAMERA ACTION/BUTTON CYCLED

C SHUTTER FIRES/PARTIAL FILM ADVANCE

D CANNOT ATTACH LENS

CAMERA ONLY
A NO CAMERA ACTION/BUTTON CYCLED

CAMERA WITH MAGAZINE (EVA)
A NO CAMERA ACTION

B CAMERA BECOMES SLUGGISH

FLIGHT DATA FILE

c

LM

MALFUNCTION
PROCEDURES

-

als

MOCATA

DATEMARCH
16,

1970

SOURCE
*

=



y

SOURCE TEAGUE

DATE MARCH 16, 1970 LM MALFUNCTION PROCEDURES

SYMPTOM

A. CAN NoT

MALFUNCTIONS

16mm SYSTEM

PROBLEM /CHECK

START CAMERA

B. CAN NOT STOP

MAGAZINE

SOLUTION

(IF SYMPTOM STILL EXISTS PROCEED

TO NEXT PROBLEM/ CHECK)

NOT TIGHT

:
MAGAZINE

WIGGLE MAGAZINE

AND RETIGHTEN KNOB

JAMMED

|
CIRCUIT FAILURE

REMOVE MAGAZINE,
INSTALL SUBSTITUTE

SWITCH TO 24 FPS

SAFETY SWITCH OUT OF ADJUSTMENT.

REMOVE MAGAZINE. DEPRESS SAFETY

OPERATE IN

24 FPS MODE

SWITCH. OPERATE CAMERA

FUSE BLOWN

IF CAMERA OPERATES PUT LAYERS

OF TAPE ON SAFETY SWITCH AND

INSTALL MAGAZINE

CAMERA

C. CAMERA STOPS

SWITCH OUT OF

REPLACE MAGAZINE

REPLACE FUSE

ADJUSTMENT

:
CIRCUIT MALFUNCTION

STOP CAMERA BY CHANG-

ING MODE TO 24 FPS IF

IN 1,6OR12 OR VICE VERSA

IMMEDIATELY AFTER
START

D. CAMERA RUNS

MAGAZINE

OPERATE USING

UTILITY PWR SW AS OFF SW

JAMMED

1,6, AND 12 FPS

REMOVE MAGAZINE,
INSTALL SUBSTITUTE

CIRCUIT MALFUNCTION

MECHANICAL OR

OPERATE IN 24 FPS ONLY

=
—

Sf
ee

ee
eS
eS

24 FPS IN ALL ELECTRICAL LEAVE IN DESIRED MODE USE AS IS.

MODES SELECTED MALFUNCTION PROPEROPER MAY RETURN

E. CAMERA RUNS BUT MAGAZINE REMOVE MAGAZINE,
FILM NOT JAMMED INSTALL NEW

TRANSPORTING BILMETORN
MAGAZINE

a —_+~

—+ NS
= Sa. S =
= > = w Ss sates

V

9

O110dV
cil

3d
Vivd
LHONS

‘

€L

549d

~~



I

70mm CAMERA MALFUNCTIONS

SYMPTOM
;

PROCEDURES

CAMERA WITH MAGAZINE 2

|
MICROSWITCH CYCLE BUTTON

SHUTTER FIRES/NO SOUND/BUTTON
[YES REPEATEDLY/ca! ©)FILM ADVANCE | CYCLED FILM ADVANCE

| NO NO

1 3 -

@) MANUALLY

ADVANCE YES CAMERA CONTINUES
| YES @| FILM/MOTOR TO CYCLE NORMALLY

:

| OPERATES

| No NO

: 5 6 7

| HIT CAMERA BODY
REMOVE MAGAZINE/ MAGAZINE

| BOTTOM SHARPLY/
| CAMERA CYCLES

YES
MECHANISM

|
CAMERA OPERATES . | ves NORMALLY JAMMED

NORMALLY

NO NO

8 © z ~

|
REMOVE MAGAZINE/ CAMERA CYCLES YES BATTERIES
CAMERA CYCLES SLUGGISHLY WEAK! NORMALLY

YES Hie
! CM ©

I a } 12 13

|
HIT CAMERA BODY

|
FILM TESTING SLIDE

MAGAZINE
BOTTOM SHARPLY/ ALIGNS WITH MAG- | YES

MECHANICA
: | CAMERA OPERATES YES AZINE/BUTTON JAMMED

I NORMALLY DEPRESSED

j NO

| NO 14
15

@
MAG JAMMED FILM TESTING

SUDE BENT

I

REMARKS

@ CAM SHOULD CONTINUE TO OPER-

ATE BUT MONITOR OPERATION

CLOSELY AS FAILURE CAN REOCCUR

Q) REMOVE MAGAZINE AND SEE

SYMPTOM A UNDER “CAMERA

ONLY” SECTION

G)cameraSHOULD OPERATE NORM.

ALLY WITH NEW MAGAZINE

(4)interchanceONE BATTERY WITH

BATTERY FROM OTHER CAMERA

G)mrrosasteFAILURE MODE

® ATTEMPT TO STRAIGHTEN FILM

TESTING SLIDE AND CYCLE

CAMERA/ MAGAZINE

@)CAMERA INOPERATIVE

SOURCE TEAGUE

DATE MARCH 16, 1970 LM MALFUNCTION PROCEDURES

bZ

39d

O11OdV
1

dvd
Vivd
LHONMS



J SOURCETEAGUE
4

DATE MARCH 16, 1970
f

od LM MALFUNCTION PROCEDURES

70mm CAMERA MALFUNCTIONS

SYMPTOM PROCEDURES
;

|

CAMERA WITH MAGAZINE |
|
|

NO CAMERA

ACTION/ BUTTON a DARKSLIDE IN XES C)CYCLED 1

NO

3

MAGAZINE MANUALLY

SIGNAL YES
ADVANCE FILM TO ©)RED
WHITE SIGNAL

NO NO

5

JIGGLE MAGAZINE CHECK FRAME— ieAND CHECK COUMTER FOR ——_—-—+(4)OPERATION END OF FILM

YES

P

REMARKS

() removeDARKSLIDE

(2)cameraSHOULD OPERATE

(2)removeMAGAZINE SEE CAM ONLY SYMPTOM A

G) REPLACE MAGAZINE

CAMERA WITH MAGAZINE

SHUTTER FIRES/
PARTIAL FILM

ADVANCE

=——e——
ee
ew

ee

ee
ed
ee

ee
we
we

a

es
ee

ee
we

ee
ee
ee
ee
es
es
es

es
es
ee
ee

ee
a

REMOVE MAGAZINE/
|<

MAGAZINE
CAMERA CYCLES MECHANISM

NORMALLY DEGRADED

No

3

CAMERA CYCLES | yes BATTERIES

SLUGGISHLY WEAK

NO

5

CAMERA 3

INOPERATIVE

OR MAJOR

ELECTRICAL

CIRCUIT FAILURE

CAMERA SHOULD OPERATE NORM.

ALLY WITH NEW MAGAZINE

(2)removeBOTH BATTERIES AND
INSTALL SINGLE BATTERY

FROM OTHER CAMERA

(2)REMOVEBATTERIES - EXCHANGE
BATTERIES ONLY IF OTHER
CAMERA INOPERATIVE

LW
UW} vuNYHLa] WW02

O11OdV
el

JWd
Vivd
LHOWS

ee

IDVd

K



SYMPTOM

CAMERA WITH MAGAZINE
SLOT ALIGNED
WITH RED DOT

.70mm CAMERA MALFUNCTIONS

RIDGE ALIGNED
WITH RED DOT

PROCEDUR: | REMARKS

ee

SLIDE EXTENDED WHEN FILM TESTING

NO

NO

BATTERIES

DEAD

SOURCE TEAGUE

DATE MARCH 16, 1970

SLIDE DEPRESSED

is BUTTON MECHANISM

JAMMED OR ELECTRIC

CIRCUIT FAILURE

CANNOT LENS vee CAMERA ree @)LENS SHOULD MATE WITH CAMERA

D. ATTACH SHUTTER BODY -—>(1)LENS COCKED COCKED (2) FauureRELATED TO INCOMPLETE

CAMERA CYCLE. SEE “CAMERA/
MAGAZINE” SYMPTOM A

NO NO

(3)manuatcyRECOCK LENS (CW)

CAMERA ONLY

2

.
NO CAMERA MICROSWITCH ere CYCLE BUTTON

ves @)camerasoutoCONTINUE
. ACTION/ SOUND/ REDEPLOY - CAMERA -———p-{ )

BUTTON CECIES BUTTONECYCLED OPERATES OPEN BATTERY COMPARTMENT DOOR

TO SAVE BATTERIES. CAMERA CAN

NO] Tl BE OPERATED BY OPENING AND
~ Ne

CLOSING BATTERY COMPARTMENT

DOOR

4

CAMERA SHOULD OPERATE BUT
FILM TESTING YES

CAMERA CYCLES
YES CHECK FOR BENT FILM TESTING

SLUDE

REMOVE BOTH BATTERIES AND USE SINGLE
BATTERY FROM OTHER CAMERA

LM MALFUNCTION PROCEDURES

Qbear
d

O11OdvV
El

Jd
Vivd
LHONA



y SOURCE TEAGUE J f
SYDATE MARCH 16, 1970 de’ LM MALFUNCTION PROCEDURES e

70 MM CAMERA MALFUNCTIONS PROCEDURES

III CAMERA WITH MAGAZINE

(EVA) |

A
|

NO CAMERA SereEeGOL) YES

@ C) CAMERA SHOULD
ped al)

CAMERA OPERATES CONTINUE 10 OPERATE
l BUT MONITOR OPERATION
|

a CLOSELY AS FAILURE
| 2 CAN REACUR
|

| MANUALLY ADVANCE
| FILM/CAMERA 1)
|

OPERATES NORMALLY

® See CRNEDA 1h

| SUN WITH BOTTOM
NO

AND MAGAZINE
3 ILLUMINATED. USE

| SECOND CAMERA AND
HIT CAMERA BODY CHECK FIRST AS

: BOTTOM SHARPLEY/ YES REQUIRED
CAMERA OPERATES (9)
NORMALLY

NO

| ’ 4
:

! @)CAMERA
BECOMES t CAMERA MAY BE

SLUGGISH | TOO COLD

|
|

|

|

|

|
I

HSSmo ac

SL

OOMOdy.

Jd
Viva
LHOMS

yor

JOVd
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PAGE /8 APOLLO 13° FLIGHT DATAFILE: aa

EMU MALFUNCTION INDEX

TONE AND LOW VENT FLOW FLAG [P]
TONE AND LOW PGA PRESSURE FLAG [0]
TONE AND HI 0, FLOW FLAG [0]
TONE AND LOW FEEDWATER PRESSURE FLAG [A]
TONE ON, ALL FLAGS CLEAR
PGA PRESS GAGE LO (<3.7) - NO FLAG
PLSo 0, QUANTITYABNORMAL

PGA PRESSURE GAGE HI (>4.0)
LOSS OF PUMP NOISE
COOLING INADEQUATE
LOSS OF VOICE COMM~~

OO
NOOO
WNh—

tl
CS

LM

MALFUNCTION
PROCEDURES

wN

SOURCE
MOCATA

DATE

MARCH
16,

1970

¢,



“APOLLO ig FLIGHT DATA FILE PAGE 79

EMU 1

EMU 2

EMU 3

TONE AND LOW VENT FLOW FLAG [P]
FAN OFF/ON

IF FLAG STILL ON AFTER 10 SEC ACTUATE OPS AND PURGE VLV

TONE AND LOW PGA PRESSURE FLAG [0]
ACTUATE OPS

IF FLAG STILL ON, CHECK CUFF GAGE, VERIFY TM, OPS
OFF (SENSORFAIL)

TONE AND HI 09 FLOW FLAG [0]

LM

MALFUNCTION
PROCEDURES

EMU 4

EMU 5

FP

Wn
—

no

—

CHECK FOR LOW/HIGH PGA PRESS OR PLSS ) DECREASING

IF LEAK CONFIRMED, ACTUATE OPS

IF HIGH PGA PRESS, ACTUATE OPS, PLSS O9 OFF (PLSS REG FAIL)

IF NO APPARENT FAIL, VERIFY TM (SENSORFAIL)

TONE AND LOW FEEDWATER PRESSURE FLAG [A]
VERIFY FEEDWATER OPEN

IF CLOSED: DIV VLV MIN COOL, FEEDWATER OPEN, WAIT 4 MIN.

IF ADD'L COOL REQ'D, ACTUATE OPS AND PURGE VLV

TONE ON, ALL FLAGS CLEAR

EMU 6

EMU 7

DATE
MARCH
16,

1970

SOURCE
SMITH

Pf

Wh
—

CHECK CUFF GAGE: IF <3.4, ACTUATE OPS

IF PGA PRESS >3.4 AND TONE OFF: CHANGE MODE SW

MOMENTARILY - NO TONE, NO FAILURE. IF TONE ON AGAIN:

CHECK LOW VENT FLOW FLAG: FAN OFF 5 SEC, VENT FLAG [P] SHOULD

COME ON; FAN ON. IF NO FLAG, ACTUATE OPS AND PURGE VLV

(FLAG FAIL)

CHECK HI 02 FLOW FLAG: OBSERVE PLSS 0

ACTUATE OPS.

CHECK FEEDWATER OPEN: IF CLOSED: DIV VLV MIN COOL,
FEEDWATER OPEN. AFTER 4 MIN IF COOL INADEQUATE, ACTUATE

OPS AND PURGE VLV.

93
IF DECREASING,

PGA PRESS GAGE LO (<3.7) - NO FLAG
- CUFF E SHOU E (EMULEAK OR REG SHIFT)

IF NO GAGE RESPONSE, VERIFY TM - OPS OFF (GAGEFAIL)

PLSS 09 QUANTITYABNORMAL

CHECK PGA PRESS GAGE OR HIGH O2 FLOW FLAG [0]

IF LEAK CONFIRMED, ACT. OPS

IF HIGH PGA PRESS, ACT. OPS, PLSS O09OFF (PLSS REG FAIL)

IF NO APPARENT FAIL, VERIFY TM (GAGEFAIL)

?



PAGE 80 APOLLO ALIS FLIGHT DATA FILE*

EMU 8 PGA PRESSURE GAGE HI (>4.0)
| IF HI O09FLOW FLAG [OJ OR PLSS 05 DECREASING, ACT. OPS AND

PLSS 02 OFF (PLSS REG FAIL)

2 IF NOT, VERIFY TM (POSS GAGE FAIL)

EMU 9 LOSS OF PUMP NOISE

] CHECK SIDETONE - IF NONE, ACTUATE OPS AND PURGE VLV

(POWERFAIL). IF SIDETONE OK:

CHECK PUMP ON.

VERIFY TM FOR PUMP CONDITION

IF ADD'L COOL REQ'D, ACTUATE OPS AND PURGE VLV

EMU 10 COOLING INADEQUATE
| VERIFY DIV VLV MAX

2 IF FEASIBLE, ACTUATE GAS TRAP 5 SEC

AFTER 3 MIN, IF ADD'L COOL REQ'D, ACTUATE OPS AND PURGE VLV

EMU 11 LOSS OF VOICE COMM
| CHECK VOL CONTROLS [WHEEL-A(MSFN): BLADE-B (EVA)]
2 CYCLE PTT SW - MAIN AND MOM

3 CDR (EVA 1) MODE SW TO B, LMP (EVA 2) TO A (HANDSIGNALS)

4 IF NO COMM, CDR (EVA 1) TO A.LMP (EVA 2) TO B

NASA — MSC

YN
Lud
Ge
—

ce
Lu

oO
3Sfers

ce

=
oO
mm

f—
oO

=

=
[ie

—

<
=

=
—

DATE
MARCH
16,

1970

SOURCE
SMITH
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