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APOLLO OPERATIONS HANDBOOK-EMU

PREFACE

This document is the first revised issue of Volume II of the AOH. This

revision incorporates Crew Procedures Change Requests l through 53.

Change requests released subsequent to the publication of this revisibn

will be numbered sequentially with the next change number (i.e., 54 and

on).
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CSD-A.789-(2) I
APOLLO OPERATIONS HANDBOOK-EMU

I_3FEW0_

This handbook, sections _ and 5, of the Apollo Operations Handbook (AOH)

series, is bound separately as Volume II and pertains only to the Extra-
vehicular Mobility Unit (EMU). Volume I of the A0H contains sections_l,

2, and 3, and pertains to the description of the _MU.

The operational procedures are written specifically for Missions 12
through 15 EMU hardware and will be superseded by a mission oriented

checklist which is reviewed by CSD for unique hardware procedures. Both
the operational procedures and the malfunction procedures will be updated
for the mission.

This handbook is composed of two major sections:

a. Section 4 provides a step-by-step operational procedure for activa-
tion and deactivation of _MU subsystems.

b. Section 5 provides emergency procedures for critical _U symptoms
and continuing diagnosis during EVA and post-EVA to determine the
_4U malfunction.

Inquiries concerning this handbook should be addressed to Crew Systems
Division, Apollo Support Branch, MSC, mail code EC9 or to Flight Crew
Support Division, EVA Branch, Office Code CF25.
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CSD-A-789-{2) i
APOLLO OPERATIONS HANDBOOK-EMU

ABBREVIATIONS

acfm actual cubic feet per minute

AOH Apollo Operations Handbook

CDR. Commander

cfm cubic feet per minute

CM cnmmand module

CMP co.and module pilot

CSM cnmmand/s ervice module-

CWG constant wear garment

"DES" H20 descent water

ECG electrocardiogram

_ ECS environmental control system

EMU extravehicular _obility unit

EV extravehicular

LEVA lunar extravehicular visor assembly

FCS fecal containment system

ITMG integrated thermal micrometeoroid garment

IV intravehi cular

IVA intravehicular activity

kHz kilohertz (thousand cycles per second)

LCG liquid cooling garment

LiOH lithium hydroxide

LM lunar module

MSFN Manned Space Flight Network

IOPS oxygen purge system

PGA pressure garment assembly

BASIC DATE May1969 ,__ CHANGE DATE Oct.1969 PAGE v



CSD-A-789-(2) I
APOLLO OPERATIONS HANDBOOK-EMU

PHA pressure helmet assembly

PLSS portable life support system

pos. position

POS primary oxygen system of PISS

press, pressure

psia pounds per square inch absolute

psid pounds per square inch differential

_sig pounds per square inch gage

RCU remote control unit

SC spacecraft

SSC space suit communication

SW. switch

TLSA torso limb suit assembly

telemetry

UCTA urine collection and transfer assembly

UTS urine transfer system

vlv valve

waste mauagement system

ZPN impedance pneumogr aph
T

AT change in temperature

AP change in pressure
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SECTION 5 ....

_4U

MALFUNCTION PROCEDURES

5.1 INTRODUCTION

5.i.1 The malfunction procedures encompass the recognition, diagnosis
and corrective action for system malfunctions. In most cases,
the crew is alerted to a malfunction condition by indicators and

gages. The malfunction analyses do not contain solutions; such
solutions are found in Mission Rules. The procedures in this

section cover significant single failures, and are not intended

to replace thedetailed Failure Modes-Effects Analyses published
in other documents.

_.i.2 The malfunction procedures are for use during Apollo missions

where an EMU having an SV 706100-6 PLSS (without a CO2 sensor)

will be worn. The procedures have been classified as (1) emer-

gency, (2) EVA, and (3) post-EVA.

_.1.3 For maximum safety, all emergency procedures should be memorized
so action can be taken immediately when the malfunction occurs.

The EVA procedures do not need to be memorized since they are
provided through voice communications, except for steps which

cover EVA procedures for loss of voice communications_

5.1.h The post-EVA procedures are designed to extract a maximt_m amount
of information on any observed anomaly, since the PLSS/OPS and
associated hardware would not normally be returned to earth

for postflight analysis.

5.1.5 The procedures and remarks are representative of a nominal _4U.
Values and.quantities which are characteristic of an individual

_4U, and which can be established only by testing the actual
]_4Uto be used in the flight, are underlined in each case.

BASIC _DATE May 1969 CHANGE DATE _ Oct. 1969 PAGE 5-1
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5.2 FORMAT OF PROCEDURES

The malfunction procedures are presented in a three-column,

logic flow diagram format. A description and use of each of
these coll_nS is as follows:

SYMPTOM The primary purpose of the symptom column is

to give "First Indication" of the malfunction

as received by either the crew or telemetry.

The possibie causes of the malfunction are o
indicated in this col,_n.

PROCEDURE The procedures COll_n presents a step-by-step

logic flow diagram of actions and decisions
used to isolate or correct a malfunction

symptom. The remote-event number symbols are
used to reference items to the "Remarks"

colllmn or to refer to other procedural steps.

R]_4ARES This column will include the following informa- i

tion : I

a. Amplifying additional remarks related to

the symptom, such as relief valve vents

at psid.

b. Amplifying remarks which relate to a deci-
sion and/or action items.

c. Explaining resultant system status or

operational capability after a failure has
been identified.

d. Cautions or warnings, as necessary, to

cover conditions that may exist because
of a failure.

r_

BASIC .DATE May 1969 : . .,CHANGE DATE Oct.1767 PAGE 5-2
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i

5.3 MALFUNCTION SYMPTOM_ FOR EMU USING PLSS SV 706100-6

Symptom Page

EMU 1 - Warning tone and low vent flow flag "p" ...... 5-h

2 -Warning tone and low POA pressure flag "0" ..... 5-6

EMU 3 - Warning tone and high 02 flow flag "0"........ 5-10

h - Warning tone and low feedwater pressure

flag "A" .......................... 5-12

EMU 5 - Warning tone with no warning flags ........ 5-i_

6 - PGA pressure gage <3.7 psid and apparently
stable (no warning tone) 5-16

7 - PLSS 02 quantity indicator abnormal reading .... 5-17
EMU

8 - PGA pressure gage >4.0 psid .... _ •....... 5-19

EMU 9 - Loss of pt_np noise .......... . ..... 5-20

EMU i0 - Inadequate cooling of crewman (diverter

valve - MAX. cooling) .................. 5-21

EMU Ii - EVA-I loses volce from MSFN (EVA-i
has voice from EVA-2) ............... . . . 5-23

EMU 12 - EVA-I loses volce from MBFN (EVA-I

does not have voice from EVA-2) . . . . . j .... . . . 5-24

EMU 13 - EVA-I loses volce from EVA-2 (EVA-I has
voice from MSFN) .......... _.. ...... ] 5"26

EMU lh - EVA-2 loses VOlCe from MSFN (EVA-2

receives voice from EVA-l) ............... 5-28

EMU 15 - EVA-2 loses volee from MSFN (EVA-2

does not have voice from EVA-l) ............. 5-29

EMU 16 - EVA-2 loses VOlCe from EVA-I (EVA-2
has com_. with MSFN) .................. 5-31

EMU 17 - Loss of voice comm. with EVA-l, EVA-2,

or MSFN (two-man EVA) (comm. restoration procedure) . . . 5-33 '

_4U 18 - EVA loses voice from LM 5-34

BASIC DATE. May 1969 'i __ CHANGE DATE °Ct',1969:PAGE_-_
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Symptom Page

EMU 19 - LM loses voice from EVA ............. 5-36

EMU 20 - GT8168P/GT8268P PGA pressure <3.7 psid and
apparently stable (no warning tone) ........... 5-38

EMU 21 - GT8168P/GT8268P PGA pressure >4.0 psid ...... 5-40

EMU 22 - GT8182P/GT8282P PLSS 02 pressure abnormal .... 5-41 ..

EMU 23 - GT8182P/GT8282P PLSS 02 pressure <800 psia
(pre-EVA) ................... ..... 5-43

EMU 24 - GT8182P/GT8282P PLSS 02 pressure <350 psia
(post-EVA) 5-44

l

EMU 25 - GT8110P/GT8210P feedwater pressure <1.8 psid

(no warning tone) .................... 5-45

EMU 26 - GT8154T/GT8254T LCG H20 temperature >68 ° F !I

with diverter valve in MAX. cooling ........... 5-47

27 - GT8196T/GT8296T LCG Ho0 AT >ii ° F (MAX. "
diverter valve position) • _ .............. 5-48

EMU 28 - GT8140C/GT8240C PLSS battery current

>3.0 amps " 5-50

EMU 29 - GT8140C/GT8240C PLSS battery current

<2.3 amps (no warning tone) ............... 5-52

_4U 30 - GT8141V/GT8241V PLSS battery voltage

!16.0 Vdc (no warning tone) ............... 5-54

!

EMU 31 - GTSITOT/GT8270T 02 temperature <38 ° F I
(no warning tone) .................... 5-56 i

EMU 32 - GT8170T/GT8270T 02 temperature >52 ° F I
(no warning tone) .................... 5-57

BASIC DATE.-- May 1969 CHANGE DATE Oct. 1_69 PAGE. _-3(a)
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SYMPTOM PROCEDURE REMARKS
i r I r -

EMUI _ J EMERGENCYPROCEDURE

I

j _ 2_1 31 ,_ooPsreb-_lates
Warning tone ON • Cycle i@!Actuate
and low vent m Fan OFF/ON FAN at 3.7 -+ 0.3

S_qTC_ --P 0PS psid.

flow flag "P" J Low vent flow O_F INAD- @i0pen A full 0PSflag CLEAR YES K VERTENTLY will provide
after i0 sec purge valve a miniml_m

_tuatlng par_m- NO operation at

eter: k _ 8 ib/hr flow

Vent flow J _ at 50° to 80 ° F<_.oto_.3 EVA PROCEDURE i_et temperature

acfm for >5 .... 5J" _ with purge valve

I open.G_BI_OC/
Possible causes: FAN 91..._ STB2h0C

a. FanOFFor J i ClRCDIT "_ES PLS$ batterydegraded FAILED , current
_<l.1 amps

b. Battery J i

degraded _NOI";&z j j'_. aiehP_ A? EVA PROCEDURE

d. Low vent J GTBIhOC/ _ • Fan OFF/O_
flow sensor GT8240C Y_S GTS140C/GT82_0C
failed on or PLSS Batt. Curt, PLSS Batt. Curr

shifted set I >3.0 ampspoint -- <_l.l amps
while fan OFF

e. F1 .... J _NO NO YESstrletlon in

_ _o_t 1oi 91
ioop J FAILING GTSI41V/

BATT_Y GT8241V

J CAUS_ FAN _ PISS Batt. Volt •DEGRADATION <16.0 Vdc

I _s 81
J FAN

j DEGEAD_

I
i

I
I
i
l
I TO Step iiNext page

J
i
I
I
i

BASIC DATE. May 1969 CHANGE DATE OCTOBER1_9: PAGE 5-4
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SYMPTOM PROCEDURE REMARKS

J POSTEVAPROCEDURE(continued)

I
I

• Law Vent Flow Sensor Check

J • Repress LM• PLSS 02 - OFF

I • OPS 02 - OFF• Doff Kelmet an(].gloves

• Disconnect OPS and

I purge valve• Connect blue 124ECS and

red PGA Gas Connectors

I .Couuect re_ _ ECS _ i_blue PGA Gas Connectors ' _ VENT FLOW S_SOR

• Activate ECS <30 sec I _FT_D SET POINT OR

Low vent flow flag "P" i FAILED CL06_)
YmS

l _0

J HIGH POA _, OR FAN PERFOR-MABCE DEGRADED, OR SHIFT IN
LOW VENT FLOW S_SOR SET

I POINT

i
I
I
i
I
I
I
i
i
i
I
I
I
f
I
I

I
E,AStC DATE May/1969 CHANGE DATE OCTOBER!.%9 PAGE 5-5
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, i

SYMPTOM PROCEDURE REMARKS

• IeMu 2: EMERGENCYPROCEDURE

I

' ®Warning I OPS reguulates

tone ON I at 3.7 -+ 0.3 psid.

and low ! _ ,@ Actuate

PGA pres- I 0PS
sure flag I
"0" Low PGA

I pressure flagCLE_S _

parameter :
I:_A Pressure

<3.25 I LOWt 0.15 psid PGA PP_S.

S_SOR

FAILED ON

IPossible e&.... EVA PROCEDURE

I d
a. _4U leak 3 I • Verify PGA

pressure g_ge and • Verify PGA

b. Low PGA GTS168P/GT8268P ! pressure gage and

Pressure sensor PGA pressure _ GTSI68P/GT8268P

failed ON >3.h psia and PGA pressure

shut off OPS ' i >3.10 psla
• c PLSS 02

regulator I !
shinedset POSTEVAPROCEDURE

point or [ t
failed closed

I_ • Bladder
Leak Check

[ • H20 shutoff and 6JI relief valve - CLOSED FE_DWATE_

: • OPS - OFF, then ON BLADDER LEAK,

0R DRAINLow PGA pressure flag _ CONNECTOR
CLEAN while OPS is OFF YES LEAK

I no

I • EMU Press
Integrity Check

- • Repress 124

I "'OPS 02 - OFF [

I .P sso2 i
Supply - OFF

I integrity OK --YES

I _o

I
r

To Step 8 To Step 9

_ Next page next page

I , ....
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CSD-A-789-(2)
APOLLO OPERATIONS HANDBOOK-EMU

SYMPTOM PROCEDURE REMARKS

J POSTEVAPROCEDURE(continued)

I
I
i J 13--

@ PGA/PLS8 Press. Doff PLSS 0 2 .-

j Integrity Cheek PLSS m Quzmtlty
Indicator

_ Dis eonneot OPS

_then OFF

Integrity OK

J _ HO LEAK @ Reehs.TgeBETWEEN PLSS 0 2
OPS SHUTOFF

@ PGA Press. _A

J Integrity Check !

J @ Cc_Inect
to PCA

• Dis cm_ue ct

I Pr-_S Hoses

YES

J_ P_8°2 iSHUTOFF VLV. _--_

PGA AND PGA

J i

J • DEGRADED @ Pressu1_ze
PRESS. _UL. 02 Vent Loop

J •RECORD GTSI6BP/
C_826_ PGA PRESSURE • Depress blue PLSS gas

I OR • CGh_IECT BLUE cor_.e_bor to v_t PLSSPLSS GAS CO]_[RECTOR • Release blue PI_S gas
TO OPS PRESSURE connector

I REGULATOR CHECKOi_ • PLSS 02 - ON, thenSTOWAGE PLATE

l •PLSS 02 - ON OFF after 5 m_n
ODepres8 blue PI_S

• RECORD gas connector J

l GAGE pRES81JRE _ Verify PLSS 0 2 f1_YES

j _0 i

I TO Step 18 To Step 2h

Next page Next page

I
J
i
l

/___

I
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t

CSD-A-789-(2)

APOLLO OPERATIONS HANDBOOK-EMU

SYMPTOM PROCEDURE REMARKS

POSTEVAPROCEDURE(continued)

I
I

_ J @ Connect PISS 02

j Bottle t_ LM ECS YESGFB589P P_ , T--

Recharge _ess.<lZZ psi

J EO i

I
1

! J
Do P_

J 02 Quantity PRIMARY 02
Indicator PRESS

J stud GTeI82P/ _ SENSOR FAILEDGT8282P PLSS YES (COMMON• xDuc_)
02 Press

I agree

l I I
I _ _ J

PLSS 02 PLSS S2 GTeI82P/ST8282P PLSS

I PRESS. E,EG_. QUANT. _ 02 Press. or GF3589PFAILED C_)SED I_DIC. pI_S Recharge Press.

i FAILED stable 50 mln
afZer r eehaxge

I

I I • Pressurize 02 VenZ Loop YES IN0
• PLSS Gas Connectors to

be stowed in stowage plates

I " PIZS O2 - SN 26_ LEAK ABOVE

J GT8182P/G_f828SP pLSS 0 P..... _ES PLSS 02 SHUTOFF j

or SF3589P PLSS Reehar2e VALVE

Press. decay after 5 rain

I E0

t

I To Step 27 TO Step 28Next page Next page

I
I
I
I
I
I
I
I

I
BASIC DATE May 1@69 , CHANGE DATE , OCTOBER1969 PAGE 5-8



CSD-A-789-(2)
APOLLOOPERATIONSHANDBOOK_MU

i

SYMPTOM PROCEDURE REMARKS

J POSTEVAPROCEDURE(continued)

I
I _
J • PZ_S/pGA Press. LEAK _ PL6SO 2Verification SHUTOFF VI,V. AND PI_S =

I • PLSS 02 - OFF 02 PRESB"I_JZ_TOH
• Connect blue PLSS

OPS Hegulator Press.
J Gas Connector to

Checkout St ows_e

J Plate• PI_S 0 2 - 0H _0_

I _eckout Gage Press.
<_.2 p_ _i_ HIGH 05 USAGE

-- YES

I i

I
I _'pRIMARY % PRESS.

REGULATOR REGULATING
HIGHER THA_ PRV
CRACKING pRESS.

I
I
i
I
I
i
I
I
I
I
i
I
i
I
I
I
I
I
I

BASIC DATE May 1959 CHANGE DATE OCTOBER1969 PAGE 5-9



; CSD-A-789-(2)
APOLLO OPERATIONS HANDBOOK-EMU

SYMPTOM PROCEDURE REMARKS

EMU3 EMERGENCYPROCEDURE

ON and hl_h LOW PG_

02 flow pressbs.e

flag "0" )" _ES " I

parameter :

PLSS 02 flow • PLSS C 2 • Actuate

:.0.50 to

O. 65 ib/hr I Indic. I I J
for >5 see decressing

NO ....Possible_: -- EvA

a EMU leak HIGH 02 • Bladder

b. Prim_ 02 FLOW SENSOR ---

pressure • H20 shutoff
regulator

regulatin_ and relief

higher than val_e - CLOSED _i LFEEDWATER

• OPS - OFF, then ON BLADDER LEAK,
PRV cracking ---- OR DRAIN

prpssure High 02 flow flag CONNECTOR

c. High 02 flow - CLEAR while OPS is OFF
sensor failed

on i NO

• _ Press.

Inte_ity Check

• Repress LM :

• OPS Of. - OFF

• pISS C 2

supply - OFF

Integrity O.K.

TO Step 8 TO Step 13
Nelct page Next page
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CSD-A-789-(2)

APOLLO OPERATIONS HANDBOOK-EMU

SYMPTOM PROCEDURE REMARKS

I POSTEVAPROCEDURE(continuedl

I
I
I _ '-J• PGA/PI_8

Press. Integrity HE_

J Check OPS SHUTOFFVALVE
• Disconnect OPS PGA

I • Purge valve -
CLOS_

• pISS 02 - 0N, i

I _ooo_Inte_rlty OK

j • FGA Press. LEAKIntegrity Check '_ HIGH 02

I • Co_ect ECS J FLOW SENSORto PGA J AND PGA
• Disconnect

I Integrity OH

I IHO
I I_ _

I wu _--
PGA GTSI68P/
LEAK G_8268P

I PGA Press,<_. 5 psia
I

I _H0

J PRIMARY 02 PRESS. HIGHREGULATOR R_rLAT ING 02

HIGB_ THAN _v USAGEi CRACKING PRE33.

I
i
I
I
I
I
I
I
I
I

l ...............

BASIC DATE May ].969 CHANGE DATE OCTOBERI969 PAGE 5-I1



CSD-A-789-(2)

APOLLO _OPERATIONS HANDBOOK-EMU

sYMP'TOM PROCEDURE REMARKS

Etau4_ EMERGENCYPROCEDURE

and low feed-

water pressure Is fee_water @If additional

flag "A" alve _PEN cooling is re-
quired, actuate

OPS and open
ge valve

@1Diver ter

, ve L;I
I valve - OPEN

EVAPROCEDURE C)

The heat load should
be maintained during
the first 5 rain since

_ctuating _ _ the objective is toparameter: dry-out the sublima-
Feedwater pres- @4Sublimat or _ I tor

sure <i._5 restart J SUBLIMATOR

BREAKTHROUGH
-+ 0.15 psia @ Feedwater

Possible causes: valve -CLOSED

a. 8ublimator • PLSS diver- A

bres_gthrough ter valve -
MAX. c _oling S

detent 7_b. H20 separator •,After 5_ rain,

blocked PLSS d[verter GTSI96T/GT8296T

valve - MIN. LCG H20 AT " "
c. Depleted feed- cooling

water • Feedwaher >15 ° F for

reservoir valve - >5 min and
OPEN GTSllOP/GT8210P

feedwat er press-
d. Blockage Low fe_water

between pressul.e flag ure <1.3 psia
feedwat er CLEA_ _.fter

bladder and _h min

pressure NO
Xdueer

e. Feedwat er

pressure 1sensor

failed on

f. Feedwat er J

valve CLOS_

j POSTEVAPROCEDURE
I

I
J TO step 8

Next page

I
I
I
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