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CTD-A-IO_b_ FINAL REPORT - APOLLO 13 LIOH CANISTER TEST 1
.:!

p

•.! Ab,,STRACT

_:'; V

.....: THE APOLLO 1_ L..ITHIUM HYDROXIDE CANISTER TEST WA_ CONL)UCTED
:;;' IN THE CREW TY_kTEM3 DIV_$IUN LI-'FOO_'-DIAMETER CHAMBER TO

:: -:: E_ALUATE EMEB(GENCY MEASURES DE$IG_;ED T_O ENABLE THE APOLLO 13

, _:: CREW TO USE COMMAND MODULE LITHIUM HYDROXIDE CANISTERS_ IN
..... : THE LUNAR MODULE, THE TEST VERIFIED_ THE EFFECTI_VENESS OF THE:':"_-_;-i
•. , EMERGENCY SYSTEM AND ESTABLISHED TIdAT_THE CANISTERS IN THE

:"-: COMMAND. MODLLLE WOULD PROVID.E AMPLE CD2. REMOVAL FOR THE
.. _.._.

• :.::.: RETURN or THE APOLLO 19 CREWo THE TIME I.NTERVAL. BETWEEN
:i.; CANISTER CHAN.CzES OJ_ TJ_.E FLIGHT WAS ALSO DETERMINED IN THE

:-.' TES]:, THI__REDUCED POLLER DEMAND ON THE LUNAR MODULE BY
..... ELIMINATING THE NEED FOR TELEMkTRY Z.N DETERMINING CANISTER. :.-,...,

:,: REPLACEMENT TIMES,. WHEN IT BECAME APPARENT THAT THE _YSTEf,1
i;;._.: WOULD PERFORM SATLSFACTORILyo DETAI_LS OF. THE CANISTER

. ._,::.: ;_IODIFICATION$ WERE RELAYED TO THE_F'LIGHTCREW9 AND A REPLICA
;i.:i OF THE TEST SYSTEM WA,_ ASSEMBLED IN THE FLI@HT VEHICLE, USE
.'" OF THE SYSTEM REDUCED C02 CONCENTRATION IN THE FLIGHT

_:"_" VEHICLE FROM 15 IM HG TO 0.2 MM HG.
i
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CSD-A-Z066_ FINAL REPORT _- APOLLO 13 LIOH CANISTER TEST 3

OBJECTIVE

THE APOLLO 13 LITHIUM HYDROXIDE CANISTER TEST WAS PERFORMED
DURING THE FLIGHT OF APOLLO 13 TO VERIFY THAT EMERGENCY
PROCEDURES DEVISED BY'THE CREW 5Y&TEM_ DIVISION TO- CONVERT

COMMAND. MODULE LITHIUM HYDROXIDE CANISTERS FOR USE IN THE
uUNAR MODULE WOULD PROVIDE AD_.-_UATE C02 REMOVAL FOR THE
RETURN OF THE APOLLO 13 CREW,

DISCUSSION OF RESULTS

POWER FAILURE. ON THE COMMAN_ MODULE DURING THE APOLLO 13
.'" 14ISSI_N MADE IT LMPERAIlVE TO DEVELOP AND. TEST EMERGENCY

MEASURES WHICH WOULD ENABLE THE APOJ..L.O 13 CREW TO _IILIZE
THE CO2 R_MOVAL CAPACITY OF THE 2_ LITHIUM HYD_OAI, DE

CANISTERS OF-THE COMMAND MODULE, BY CONVERTING-THEM FOR USE _
IN THE LUNAR MODULE, USE OF THESE CANISTERS W_TJJLD REQUIRE AN
ADAPTATION P_RML_ILNG THEIR ATTACHMENT TO THE _UNA__ MODULE

ENVIRONMENTAL CDNTROL 5YSIEM DISCHARGE HOSES WHICH ARE

i:I_ NORMALLY ATTACHED TO TH_ PRESSURE GARMENT ASSEMBLY, OF

- NECESSITY, THIS ADAPTATION MUST (_) PROVIDE A WORKABLE
SYSTEMt (2) EMPLOY MATERIALS AVAILABLE TO THE FLIGHTCREWt.
AND (3) BE RELATIVELY SIMPLE $0 THAT DETAILS COULD BE
TRANSMITTED TO THE CREW wITHOUT DANGER OF MISINTERPRETATION,
IT WAS ALSO ESSENTIAL THAT AN EVALUAT.ION OF THE MODIFIED

•; SYSTEM BE COMPLETED IN AMPLE TIME TO PERMIT THE DEVELOPMENT '
OF ALTERNATE MEASURES IF THESE PROVED TO BE REQUIRED, USING
A LIQUID COOLING GARMENT BAGo A FLIGHT PROCEDURE COVERP AND
VARIOUS O_-BOARD ADHESIVE TAPE5_ THE CREW _Y_TEM$ DIVISION
DEVISED A WORKABLE ADAPTATION WHICH MET ALL OF THE ABOVE
REQUIREMENTS (F_G_RES _ TO _),

AFTER CHAMBER TESTS HAD INDICATED THAT THE SYSTEM _OULD
PERFORM SATISFACTORILY_ DETAILS OF THE MODIFICATIONS WERE

TRANSMITTED TO THE FLIGHTCREWo AND A REPLICA OF THE TEST
SYSTEM WA& ASSEMBLED AND PUT INTO USE ON TH_ FLIGHT V-EH/CLE
(FIGURE 6), FOLLOWING THIS INSTALLATIQ._Lt TH_ CO2
CONCENTRAIION IN THE FLIGHT VEHICLE_ WHICH HAD RITEN TO Z5
MM _G_ DROPPED TO 0_2 MM HG,

THE MODIFIED CANISTER SYSTEM WA_ TESTED IN THE CRE_; $YSTE_S
DIVISION ZZ-FOOT-DIAMETER CHAMBER (_IMULAIED LUNAR MODULE

• CABIN), WITH ONE OF THE RECONFIGURE-D CANI_IERS CONNECTED TO
THE COMMANDERI$ DISCHARGE HOSE AND A SECOND CANISTER
CONNECTED TO THE LUNAR MODULE PILOTt5 HOSE, BOTH CANISTER5
WERE SUPPORTED JUST CFF THE CABIN FLOOR EXPOSED TO THE CABIN
ATMOSPHEREt AND BOTH HOSES WERE CONNECTED TO INLETS OF THE
FLIGHT-CONFIGURED ENVIRONMENTAL CONTROL SYSTEM, WITH THE
CHAMBER AT 27000 FEET_ THE DIFFERENTIAL PRE'5_URE WAS 0,3

/



: : CSD-A-1066o FINAL REPORT - APOLLO 19 LIOH CANISTER TEST

INCH H20 ACROSS THE COMMANDER°CANISTER AND Qe_ INCH ACROSS
THE LUNAR MODULE PILOTe_ CANISTER (_HORTER HOS_
CONNECTIONS)e THE SUIT FAN DIFFERENTIAL PRESSURE WAS 9e0
INCHES HZOe THE CHAM_ER WAS RETURNED TO SITE PRESSURE9 AND
THE BYPASS OF EACH CANISTER WA_ PLUGGEDt USING _ PORTION OF
A LIQUID COOLING GARMeNT, hOCK AND COVERING IT WITH A PIECE
OF A FLIGHT PROCEDURE COVER (FIGURE 1)e WITH THE CHAMBER
AGAIN AT 2?000 FEETt THE DIFFEREN[IAL PRESSURE OF EACH
CANISTER SHOWED AN INCREASE TO ABOUT 0o8 INCH H20_ AND THE

•" SUIT FAN DIFFERENTIAL PRESSURE INCREASED TO 9e6 INCHES H2Oe_
: THESE HIGHER DIFFERENTIAL PRESSURES WERE NECESSARY [0 EN_UKE

• ADEQUATE FLOWS THROUGH THE LIOH IN EACH CANISTERe THE TEST
- .... ",_._ WAS UNMANNEDt AND CARBON DIOXIDE WAS INJECTED tNTO THE CABIN "

...:..._ TO SIMULATE THE METABOLIC C02 OUTPUT OF THE APOLLO CREW.

::""i:i_i'!_!"i!i TO CONSERVE POWERt TELEMETRY FROM THe. LUNAR MODULE WAS NOT
._. i;:i_ BEING TRANSMLTTEDo AND D&TA FROM WHICH T_ CALCULATE THE

:. :" .... - - EXACT METABOLIC. C02. OUTPUT OF THE CREW UNDER THE CONDITION_
' :._"_:;i"'; OF THE FLIGHT WERE NOT AVAILABLEe A C02 INJECTION RA_T_E OF

ii00 SEEM WAS USED INITIALLY, THIS INJECTION RATE WA_ BEGUN

THE FIRST 144 MINUTES OF THE TF.-ET, TO SIMULATE A WORST CASE

METABOLIC C02 OUTPUT AN_ TO MINIMIZE THE EVALUATION TIMEr

THE INJECTION RATE WAS RAISED TO 2000 $CCM FOR THE REMAINDER

:;:I!:!.I;.:,:I.IC";!II'_ OF THIS TEST PHASE. READINGS OF CABIN AND ENVIRONMENTAL
._-'i:': '.:_..:'' CONTROL SYSTEM C(_2 CONCENTRATIONS WERE TAKEN AT LO-MINUTE

,. INTERVALS AND PLOTTED TO PROVIDE A RUNNING GRAPH OF CANISTER

I C!I;_';I_!;T.i!!:iC_.._ :__ PERFORMANCE. ALL TEST PARAMETERS WERE RECORDED CONTINUOUSL3C
'...; ...... _.:,- BY THE DATA ACQUISITION AND RECORDING TYTTEM_

:.... .._.,: ._.!c.ic CANISTER SATURATION OCCURRED AFTER SLIGHTLY UNDER L_ HOURS
.,. :..... "" AND C02 INJECTION WAS TERMINATED ABOUT ONE HOUR LATER_ AT

;. : ;.-..:./_;.;' WHICH TIME _02 CONCENTRATION HAD RISEN TO APPROXIMATELY 6 MM
-:. FtG (FIGURE 7)= PREVIOU_ LITHIUM HYDROXIDE CANISTER TETT_

HAVE ESTABLISHED THAT A SATURATED LITHIUM HYDROXIDE CANISTER i
WILL PROVIDE ADD_I_TIONAL C02 REMOVAL FOLLOWLNG A F_E_T PERIODe
HOWEVER_ 2T WAS APPARENT FROM THE--SATURATION TIME IN THE
TEST THAT THE CANISTERS AVAILABLE TO THE CREW WOULD PROVIDE
MORE THAN AMPLE C02 REMOVAL AND THAT REUSE OF THE CA_NITTER$
TO EXTEND THEIR EFFECTIVENE$_ WOLU._T BE RE_UIREDe

DURING THE FIRST TEST PHATE_ TELEMETRY WAS TRANSMITTED
INTERMITTENTLY FROM THE LUNAR MODULE_ AND FROM THESE DATA
THE METABOLIC C02 OUTPUT OF THE CREW WAS DETERMINED AND
FOUND TO BE 1100 SEEM, USING THIS INJECTION RATE_ A SECOND

TEST PHASE _VAS BEGUN AT 1_00 HOURS ON APRIL 16_ _970, THE
..... 'l:'_l PRINCIPAL PURPOSE OF THIS TEST PHA_E WAS TO PERMIT

' CONSERVATION OF LUNAR MODULE POWER BY DETERMINING THE T|ME_
.... AT WHICH THE FLIGHTCREW SHOULD CHANGE CANISTERSt ELIMINATING

THE NEED TO USE TELEMETRY DATA FOR THIS PURPOTEI IN
ADDITION_ THE TEST PROVIDED CONTINUIN@ ASSURANCE THAT THE-

" .'._ EMERGENCY CANISTER CONFIGURATION WOULD CONTINUE TO OPERATE
•," _. .



CSD-A-10661 FINAL REPORT - APOLLO 13 LIOH CANISTER TEST
" . ..'"

E.FFEC_ [VELY, TO S I MPL.IEY NEW CAN Z_TER INSTALLAT ION BY.
ELIMINATING CANZSTE_ RECONFIGURATIONt EACH OF T-HE L)EPLETEO___
CANISTERS OF TEST PH,t,SE _ WAS STACKED ON ONE OF TJ_E NEW

CANISTERS USED IN TEST PHASE" 2. CANISTER SATURATION IN THIS

TEST OCCURRED AT ABOUT 35 HOUP_.5 2_ MINUTES AFTER THE 51ART
OF C02 LNJEC_ION {FIG%JRE 8),

CURVES OF' THE PARAMETk, RS RECORDED DUR|NC_ THE TE_T ARE ,SHOWN
.. IN APPENDIX A. THE TEST WAS CONDUCTED IN ACCORDANCE WITH

" ::" TEST PROCEDURE CSD-A-_J:)69e THIS TE_T PROCEDURE HAS t_EEN
• " UPDATED AND IS INCLUDED IN THI_ REPORT AS APPENDIX B,• .. ',

.," . . ._"

. " - CONCLUSIONS

• i.i :".",..
.,...... :._.:.: THE TEST VERIFIED THE EF FEC T I VENE,_,_ OF THE EMERGENCY
;-._:. .".;,-:!? MEASURES USED TO CONVERT COMMAND. MODJJLE LIIHIU_. _IYDROX_DE

.... L.YI: CANISTERS TO LUNAR MODULE USEo AND EST-ABLISHED THAT TILE
'"-:::: SUPPLY OF-LITHIUM- HYDPJ:)XIDE CANISTERS WOULD. PROVIDE MORE

i : THAN. AMPLE C02 REMOVAJ,. FOR TI-I_ RETAJIRN OF IHE APOLLCL.I_£ CREWsTHE TEST ALSO F_STABLIS_IED THE_[.IME INTERVAL BETWEEN CANISTER
REPLACEMENT.&I AND REDUCED THE POWER. DEMAND ON ThE LUNAR.

......... ,_IODULE BY ELIMI NAT I_G ....RELIANCE ON. TELEMETRY FOR THIS
..":::._.._:;.

OPERATLONo IN A LARGER SENSEt THE_ TEST DEMONS.TRATE{; THE

:k!;Di.:..:=::"-•':i-';i EFFECTIVENESS. OF ADEQUATE GROUND SUPPORT FACILITIES IN

..{:../-?? SAFEGUARDING A FLIGHT MISSION DURING AN EMERGENCYo

:,"..:";b!:
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FI_3URE _w MODIFIED LITHIUM HYDROXIDE CANISTER (SINGLE UNZTI
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CSD-A-I066, FINAL REPORT - APOLLO i} LIOH CANISTER TEST 7

/ii' FIGURE 2 DEPLETED LITHIUM HYDROXIDE CANISTER OF TEST PHASE
' NO= 1 STACKED ON UNUSED TEST PHASE NO, 2 CANZSTER
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CSD-A-IOb6J FINAL REPORT - APOLLO 19 LIOH CANISTER TEST i0

FIGURE 5 LUNAR MODULE PILOT'5 STACKED LITHIUM HYDROXIDE
CANISTER5 CONNECTED TO THE ENVIRONMENTAL CONTROL

... SYSTEM
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FIOURE 6 MODIFIED LITHIUM MYDROXlDE CANISTER IN OPERATION
IN 1HE APOLLU 13 LUNAR MODULE
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•..ii" CSD-A-1066_ FINAL REPORT - APOLLO 13 L|OH CANISTER TEST 12 _

FZGURE 7 CABIN C02 AND ENVIRONMENTAL CONTROL SYSTEM C02
(TEST PHASE-l) VERSUS T|ME

.?
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' FIGURE 8 CABIN CO2 AND ENVIRONMENTAL CONTROL SYSTEM CO2
(TEST PHASE 2) VERSUS TIME
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CSD-A-I070, APOLLO 13 LIOH CANISTER TEST - APPENDIX A 1

FIGURE I CABIN PRESSURE AND CDR SUIT TNLE£ PRESSURE V_RSU$
" TIME

?;" L.............=. _:_. " -'-
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FIGURE 1A CABIN PRESSURE AND CDR SUIT INLET PRESSURE VERSUS
TIME - CONTINUED
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FI6URE 1B CABIN PRESSURE AND CDR SUIT INLET PRESSURE V_R_U$
TIME - CONTINUED
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FIGURE iC CABIJ_L PRESSURE AND CDR SUIT INLET PRESSURE VER@_J$

TIME - CONTINUED
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CSD-A-IO?OI APOLLO 13 LIOH CANISTER TEST - APPENDIX A
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FIGURE 2D CABIN PRESSUkE AND CUR SUIT INLET PRE$SUIRk VERSOS
TIME - CONCLUDED
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CSL)--A-'IO?Ot APOLLO 13 I..IOH CANISTER TEST - APPENDIX A 6

•-. FIGURE 2 _ABIN TEMPERATURE NO, 2 VERSUS TIME
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C$__-A-1070, APOLLO 13 LIOH CANISTER TEST = APPENDIX A 7

FI_UNL 2A CABIN "IL.,v_Pk-._AT_Nk- NO, 2 v_k$_S TIM_ - CONTI_UIr..D
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CSI)-A-1070, APOLLO 13 LiC, H CANISTER TEST - APPENDIX A l_

FIGURE 2B CABIN TEMPERATURE NO, 2 VER_$ TINE - CONTINWED
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CSD-A-IO7Ot APOLLO 1_ LIOH CANISTER TEST - APPENDIX A
/,
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"'" FIGURL 2C CABIN TEMPERATURE Ng, 2 VERSUS IME - CONTINUED
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.:. CSD-A-IOTOt APOLLO 13 LIOH CANISTER TEST - APPENDIX A ,LZ
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FIGURE 3 WALL TEMPERATURE5 1, 2, AND a, VERSLJS T'_ME
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FIOURE 3_ ,,,A_L TE','+FERATL_Rk_ l, 2, A,_D _. VERSUS TI'<E



CSD-A-IO70t APOLLU 13 LIOH CANISTER •rEST - APPENDIX A 1:5

' FIGURE. 38 WALL TmMPERATURE5 i, 2._...ANL)_+ V-_U5 TIM_
- CONI'I NUED



C:SI)-A-1070t APOLL(D 1:3 LIOH CAN_SIER TEST - APPENDIX A :],k

1

FIGURE 3C WALL TEMPERATURES i, 2, AND 4 VERSUS TIldE
- C(_.NT I i_luED
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• CSD-A-1070, APOLLO 13 LIOH CANISTER TEST - APPENDIX A _
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.... FIGURE _D WALL TEMPERATWRE$ i, 2, AND _, VERSUS T_ME
" "' - CONCLWDED

_'_:_,. " ..... _...... -;x.. " _ ......................
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CSD-A-1070, APOLLO 13 LIOH CANISTER TEST - APPENDIX A _
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CSD-A-&O?Ot APOLLO 13 LIOH CANISTER TEbT - APPENDIX A l?

FIGUR(- _A ._UII" CIR_UITt CDR, _ND LNP GAS INLF.T I_,MP-E_A-T_RE$
vERSU,5 TI,'4E -..CONTINUED
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FIC_UI<E GEl SUIT CIIRCUIT_ C.DR, A_,_D Li/_PGA_ Li'_LET TE_QPERATU,:_ES

vERSUS TI,_!E - COi,ITIN_E_
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CSD-A-I£)7O_ APOLLO 13 LIOH CAi,IISTER 7LST - APPENDIX A iv

F'IOUI'_E A,C Ski,IT C|kCLIIT, CDI'_, A,',,iO L,,,P _AS ,!,;,ILET TE;,iI-'t'I_,AT_r,,E5
'¢ER.'_U5 I I_-1E - CONTI_NUF..O

.... ' _i
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(:SD"A-ZO70_ APOLLO 13 L,[OI'-I CAN,!,$TER ]'LST - APPE,'4D[X A ,,,L

FIGURI_ 5 Cl3R AND LMP SU,IT OLJTI.ET GAb TEI'.IP_RATU!._E$ VE,':.i,..%U5
TIME

" ii: "
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CSD-A-IOTOt APOLLO 13 LIOH CANZSTER TEST - APPENDIX A ZZ

FIGUR_ 5A CDI_ AND LNP SUIT OUTLET GAS TENPERATUIRE$ VE45U$
TI_E - CO_TZh_UED
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FIGURE 5B (:DR AND L_P 5LJlT bUFLE.]" GAS T_-NPERATURES VE,XS_,5
TIME - CO'\TIf',,UED "
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FIGURE bC CPR AND LMP SUIT OUTLET GAS TEh;PERAT_5 VERSUS

TIME - CONTINUED -"
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CSD-A-IOTU, APOLLO 13 L|GH CAN,[STER IE_T - AF-P_Ni_IX A _
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FI(aURE 6A SUIT II'wLETGAS DEWPOINT VERSUS TiME - CONTINUED
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CSO-A-1OTO, #POLLO 13 LIOH CANISTEN TEST - APPENDIX A 2_

FIGURE 6B 5L,IIT INLET GAS DE,'#POINT VERSUS TItlE - (:ONTINLJED
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FIGURE 6C SUIT INLET GA,5 DFWPOINT VF-IR_U$ rlM_ - COi'_II'INUED
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_--16URE 7 CABIf,I PARTIAl- PMES$,JR_. CU2 VERBU5 TIY,E
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CSD-A-IOTOt APOLLO l_ L_OH ¢ANI_TER TE_T - APPLNDI× A _

JL,_IIIIID ?l_tNIt tqlN lille)

FIGUR_ ?A CABIN PARTIAL PRE$$URk CO_ VERSUS TIME
- CO_/IF_UED



...... ' CSD-A-1070, APOLLO 1._ LIOH CANISTER TEST - APPENDIX A .:,_t
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CTPS CHAMBER TEST PROJECTS SECTION

CU-CON COPPER-CONSTANTAN

DARS DATA ACQUISITION AND RECORDING SYSTEM

DC DIRECT .CURRENT
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IE INSTRUMENTATION ENGINEER

ILO INNER LOCK OPERATOR

IN= INCH* INCHES

INT INTERMEDIATE

IT= |NSTRUMENTATION TECHN|CZAN

XV INTRAVEHICULAR

LB/HR POUNDS PER HOUR

LCG LIQUID COOLING GARMENT

L|OH LITHIUM HYDROXIDE

LM LUNAR MODULE

LMP LUNAR MODULE PILOT

LN2 LIQUID NITROGEN "

LO LOCK OBSERVER
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SYMBOLS AND ABBREVIATION& " CONTINUED

LOX LIQUID OXYGEN

MAX, MAXIMUM

MIN MINUTEt MINUTES

MIN, MINIMUM

MM HG MILLIMETERS OF MERCURY

MO MEDICAL OFFICER

MON MONITOR

!: MSC MANNED SPACECRAFT CENTER

MT MECHGIW.I.CGI._CHNICIAN ..........................

" N2 NITROGEN

NA NOT APPLICABLE

NASA NATIONAL AERONAUTIC_ AND 5PACE
ADMINISTRATION

I "

;: NO, NUMBER

02 OXYGEN

OLO OUTERLOCK OPERATOR

OPER OPERATOR

OPS OXYGEN PURGE SYSTEM

PARA PARAGRAPH

PCT PERCENT

PE PERSONNEL EQUIPMENT TECHNICIAN

PG PAGE

PGA PRESSURE GARMENT ASSEMBLY

PIA PREINSTAL&ATION ACCEPTANCE
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SYMBOLS AND ABBREV|ATION$ - CONT|NU_D

PLSS PORTABLE LIFE SUPPORT SYSTEM

P/N PART NUMBER

PO2 PARTIAL PRESSURE OF OXYGEN

PO$ PRIMARY OXYGEN SUPPLY

PRESS, P_ESSURE

P-RV PRESSURE REL_EE_VALV_

PSI ..............POUNDS PER SQUARE INCH

PSIA POUNDS PER SQUARE INCH-ABSOlUTE

PST_D POUND$.,_ER SQUARE LNCH D/FFERENTIAL

PSIG POUNDS PER SQUARE INCH GAGE ..............................

PT PL$$ TECHNICIAN

Q/A NASA..QUALITY ASSURANCE-_NSPECTOR

RCU REMOTE CONTROL UNIT

REG REGULATOR -

RFJ3D REQU|RED

RFG RADIO-FREQUENCY GROUND STATION

R/H RIGHT H/_ID_

&CC/HIN STANDARD CUBIC CENTIMETERS PER MINUTEt
($CCM) MEASURED AT__o7 PS|A AND 70 DEG F

$CFM STANDARD CUBIC FEET PER M|NUTE_
MEASURED AT 1_,7 PSIA AND 70 DEG F

5EC SECOND

$1Pe SAFETY IN$TRUMENTATION PACKAGE

SIN SER|AL NUMBER "

$OPM STANDARD OPERATING PROCEDURES MANUAL
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SYMBOLS AND ABBREVIATIONS - CONCLUDED



• I

3eO IEST DESCRIPTION AND PARAMETERS

•" THE APOLLO _3 LIOH CANISTER EVALUATION WILL BE
CONDUCTED TO DETERMINE IF THE COMMAND MODULE EC_
LIOH CANISTERS CAN BE USED IN TH_" LM, THIS TEST
WILL ALSO DETERMINE THE TIME TO BREAKTHROUGH WITH

' . SIMULATED LM CONDITIONS AND A CONSTANT RATE OF C02
:: INJECT ION*

' i 3e2 TEST DESCRIPTION
"'. ..

"--"_i; THE APOLLO 13. LIJDH CANISTER EVALUAT_ION WILL BE
.".'s; CONDUCTED IN THE_CSD II,'-FT-DIAMETER CHAMBER. CAB-ZN.e

--_._ THE LM ECS CABIN WILL BE- CONFIGURED AS PER THE
_:,.: APOLLO 13 FLIGHT CONFIGURATION AND CONDITION$o_

::-;.-. TWO APOLLO COMMAND MODULE LIOH CANISTERS WITH-
. _'"_ ADAPTORS FABRICATED FROM MATERIALS (FLIGHT
:_.";" PROCEDURE COVERo. LCG STOWAGE_ BAGSo SMALL TOWELS
_:i/ AND TAPE} AVAILABLE ABOARD APOLLO 13o WILL BE

:_...':.i_' ATTACHED TO THE SUIT OUTLET (RED) HOSESo

-,_..; AFTER THE- FIRST SET OF CANISTERS BECOME
_!-;.._ INEFFECTIVE. IN REMOVING C02P TWO ADD| T IQNALn m

' _: CANISTERS WILL BE STACKED ON THE ORIGINAL_
-"" CANISTERS., THE SYSTEM WILL BE OPERATED AS BEFORE

WITH A C02 INJEC:rION RATE OF Z].O0 SCCIMIN UNTIL
C02 LEVEL IN THE CABIN REACHES ]3 MM HG PARTIAL
PRESSURE,

.- ".'

• ..:.

• . _•'_
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3o3 ELECTRICAL SYSTEMS AND INTERFACES

THE INSTRUMENTATION PORTION OF THE I_-FT CHAMBER
FACILITY CONSIST5 OF TEST %NSTRUMENTATIONo CHAMBER
EC5 %NSTRUHENTATION9 DATA DISPLAY AND TE_iT
DIRECTOR j $ CONSOLE o BIOMED CONSOLE o MEDICAL
MONITOR°S CONSOLE o COMMUNICATIONS SYSTEMt DATA
AC:QUIS_TI ON AND. RECORDING SYSTEMo AND A
CLOSEO-CIRCUIT TV SYSTEM,

THE TEST ARTICLE/FACILITY INTERFACE OCCURS AT THE
. .. PNEUMAT:CC PRESSURE PORT6 OF THE TEST INSTRUMENTA-

"'... TION TRANSDUCERS AND AT THE SUIT ELECTRICAL
' CONNECTOR, THE TEST TRANSDUCERS PROVIDE ELECTRICAL

•.. ANALOGS OF THE_ TEST PARAMETERS WHICH ARE CONDUCTED
.,_.,.? THROUGH THE CHAMBER BULKHEAD AND INSTRUMENTAITION
-:=: CONTROL CONSOLE TO THE DATA ACQUISITION AND
•" ' RECORD_.N.C_SYSTEM,

:_', BIOMEDICAL PARAMETERS REQUIRED FOR SAFETY OF
;(!ii SUBJECTS ARE CONDUCTED THROUGH THE SUIT CONNECTOR
•i_:;_ TO THE BIOMED CONSOLE. WHERE THEY ARE DISPLAYED

.i:/i:ii,;::._. AND/OR RECORDED FOR THE MEDICAL OFFICER,

• ._.:.,' REQUIRED TEST PARAHETER$ ARE RETURNED FROM THE
.:::_.: DATA ACQUISITION AND RECORDING SYSTEH TO THE TEST

' i.:.:::.._.:_ DIHECTOR°S CONSOLE FOR THE SYSTEMS ENGINEER,

::'_!;" THE FACILITY COMMUNICATIONS SYSTEM INTERFACES AT" •_ .,¢:i.

=:':..... THE. BIOMED CONSOLE AND PROVIDES THE AUDIO LINK

THE CLOSED-C IRCUI T TV SYSTEM PROVIDES VIDEO
MONITORING OF THE TEST, THE TV SIGNAL IS RECORDED
ON VIDEO TAPE AND IS ALSO DISPLAYED AT THE TEST
DIRECTORt$ AND MEDICAL OFFICER°S CONSOLES,
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_.4 STATEHENT OF ACCURACY

ESTABLXSHED STB VERIFXCATION PROCEDURES SHALL BE
USED TO SHOW TRACEABILITY OF CALIBRATIONS TO THE
NB_ AND ASSURE AN ACCURACY OF +/- 3 DEGREES F FOR
TEHPERATURES AND +/- it PERCENT FULL SCALE FOR ALL

" OTHER PARAMETERS UNLE,SS OTHERWISE 5TATEDo

3o5 TEST COND| TION5

i'

I THE TEST OPERATIONS DEFINED WITHIN THIS TEST
:"'.. PROCEDURE ,SHALL BE CONDUCTED UNDER THE FOLLOWlING

.: "i CONDITION$oo a

"'; ?

.'.. ::::. Ao CABIN PRESSUREooo 5o0 PLUS OR HINUS__OJ_ PS|A
. • :'

' '.:"., Bo CABIN TEMPooe ,_5 PLUS..OR-f_[NU&-5--DEG F
-' .".:t. ",!

I _

•:.! . -... ',

' '. ;_ ."_L

.%. .

. • ...?



.' • .i ¸

," ------ CHAMBER PRESSURE'(PSIA)
.,, • +

:j,.

i,. , ,:'i: 5 °O_
• • ., .

.....)_..+

•-: .,,+./.

:;':- ,:'..',;!
.'...,. ....

+.._. +t

..... "::!=: .h4.7

.,.{.::"

.+"i:::!i:,

. ,. ,".,

• .. , ,

. ++';,'.

; , 7"":'



3o7 PARAMETERS TO BE HEASURED

TEST DATA W|LL BE RECORDED ON NAGNET|C TAPE BY A
D[G|TAL DATA AC_U|5_T|ON AND RECORD|NG SYSTENo ALL..
ACCURACXE$ ARE BASED ON THE TYPE ELECTRICAL
SYSTEMS AND PROCEDURES |NVOLVEDo THESE |NCLUDE THE
CA_|BRAT|O_ AND VERXFXCATION DATA OF THE $EN$|NG
ELEMENT (TRANSDUCERo THERMOCOUPLEo ETCo) AND. THE
DATA ACQUZ$|TXON AND RECORD|NG SYSTEMo
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3eB CURVES TO BE _ENERATED__ ............

THE FOLLOWING DATA SHALL BE PRESENTED IN GRAPHICAL
FORM VERSUS TIMEooo

A= WAkL TEMPERATURE NOe 1
WALL TEMPERATURE NOe 2
WALL TEMPERATURE NOe 3
WALL TEMPERATURE NO= 4

Be CABIN PRESSURE

Ce CDR SUIT INLET PRESSURE

De CABIN TEMPERATURE .

_l El LMP SUIT GAS IN TENP
SUIT CIRCUIT IN TENP
CDR SUIT GA,_LIN TENP

_' Fe LMP SU_T OUT TEMP
CDR__ OUT TEMP

Go EC$ OUT DEWPOINT

_... He CABIN C02 PARTIAL PRESSURE

!. Ie CABIN 02 PARTIAL PRESSURE

de CABIN N2 PARTIAL PRESSURE

Ke CDR SUIT OUT C02

Le LMP SUIT OUT C02

ML CDR SUIT OUT 02

Ne LHP SuIT OUT 02._

Oe ECS INLET 02 PRESSURE

Pe CDR LIOH CAN|STER_OUT TEMP

_= CDR LION CANISTER DELTA P
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CURVES TO BE GENERATED - CONCLUDED

Ro LMP L|OH CAN|_TER DELTA P

$, CAB|N FAN SPEED
SUiT FAN SPEED

Ti _UXT FAN DELTA P

U._ WATER SEPARATOR _PEED

i Ve CAB|N DEWPO|NT TEMPERATURE

...b.

...._..

..._



Imbalmilimpam mB m Imam,lm imamilmlmm|mm mmmmn m|m ||mnmm mm mmm mmmmm| nm|m ml n m e| nm|mmn

oITEM o CONDITION o ACTION o
_mmat10QmllltlllmlmBgmmp¢mmm_ dmalmw¢ilo(mmImoammmllbmmmmamem ammmi ,mmmP__ u _ _ i _ n _ u _ _ _ _ _ m _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I. l t t
I1

°001 °HIGH-PRES&URE 02 SWITCH o o
o OACTUATIO N o o

.).. o o O I

..../;_ o °Ae.-PRIMARY 02 BANK o o
•. o- o SUPPLYING ECS o o

...... I _ t !

o o 01e 1800-PSIG RANGE °CONTINUE TE$To SWITCH OVER o
.-'.','-.. o o ACTUAT ION oTO BACK_JP _ ,_,-,,I_'_A_'_'WHEN o

..! ...-':.,,: o o mPRE$$URE RE_CMES 1100 PSIG o
• " ,."':'. ! 1 ! 1• ..".?L

.....,; o o 02, IO_O-PSIG RAISE_ °SWITCH OVER. TO BACKUP 02 . o
;_.....'/!;;:.:. o o ACTUATION °BANKo NOTEooe DO NOT ER o

o o °UNTIL SWITCI_O3tER I$ o

..__;;,,:,: , o oCOMPI. ETE o
I I t I

o °Be BACKUP 02 BANK o o•_.'Cc_"-
! ! ! I

-_':;,_...,_..........-_:_.:_ o I 01o 1800-PSIG RANGE °FTC INVESTIGATE CAUSE OF o
•""".:."'':_,,_: o o ACTUAT I ON oLOSS OF PRESSURE o

:...:i"!i-:i;:; o o o o
..;...;_, o o 02, IO00"P$1G RANGE °ABORT AT DISCRETION OF TD o

o o ACTUAT ION o o
'..::...:"/'_2i.. O t ! I

.......":'* °002 °LOW=PRESSURE-BUILDING o o

L=.;_:_i_ii!..:: o o02. SUPPLY .. o ,
: i! o , e ,

..,,. o °Ao LOSS OF PRIMARY °VERIFY AUTOMATIC SWITCHOVER o
•:-.'_i'. o o SUPPLY WITH NORMAL LTO SECONDARY @UPPLYe FTC o

I o SECONDARY SUPPLY AND °RESTORE PRESSURE TO PRIMARY o
o o NORMAL HIG_I_P-RESSURE °SUPPLY SYSTEM o
o o 5UP_P_LY o o
e L I t

o..- °Bo LOSS OF SECONDARY °CONTINUE TESTo FTC INVES" o
o o SUPPLY WITH NORMAL aTIGATE CAUSE OF LOSS OF o
o o PRIMARY AND NORMAL °PRESSURE_ o

• o o HIGH'PRESSURE SUPPLY o o
,.; I t I I

•.:.. _ oc, LOW PRESSURE ON °VERIFY 8OmPSIG DELIVERY TO
•,:...../_' o o SECONDARY SUPPLY °CHAMBERe REPLACE BOTTLES ON o
.. :!:..i o o WITH FAILED PRIMARY °NOe I SECONDARY MANIFOLD o
• ..,' o o SUPPLY o (MANIFOLD Cl o
, .',.

...... ! I I !



I
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5el EQUIPMENT VALIDATION

- . , •

.... 5,1oZ EQU_.PMENT VALIDATION B-Y--T.EST CONTROL OFFICE

• . ...,

_": THE TEST CONTROL OFFICE OF SYSTEMS TEST BRANCH
i: _. :.... SHALL CONDUCT A THOROUGH INSPECTION OF THE TEST

_.":: ' COMPLEX IN ACCORDANCE WITH THE ENCLOSED MECHANICAL
,'-. AND ELECTRICAL. INSPECTION AND ECrUI PMENT

.:i_ i-. :.. ;.
•, REQUIRE/_E.NT LIST&o THIS INSPECTION SHALL VERIFY

' •::::i:'_ THAT THE_ STB STANDARD OPERATING AND CLEANING_
_.i . ""_; '"""_-_;i_:. PROCEDURES HAVE BEEN FOLLOWED DURING EQUIPMENT

:: ._,/ii_' BUILDUP AND THAT THE TEST COMPLEX IS PREPARED FOR.

i/ili ,E,, ......
DURING EQUIPMENT A$SEMBLYo THE T_ES_TCONTROL OFFICE
SHALL WITNESS AND RECORD VALUES OF THE GAS CIRCUIT

: '_"_: 5olo2 TEST VALIDATION AND VERIEJCATION BY QUALITY

:.-_;.__.-i

_:_"_":...,, THE -GUALITY ASSURANCE BRANCH SHALL PROVI DE AN•! i. "_

..... .';": INSPECTOR WHO SHALL CONDUCT AN INSPECTION OF THE
_'..._._".,.... TEST COMPLEX IN ACCORDANCE WITH THE ENCLOSED
: i_i_i EQUIPMENT REQUIREMENT LISTS AND SCHEMATICSo THE

INSPECTOR SHALL ALSO WITNESS PREPARATION OF THE
TEST ARTICLES AND THE TE$.TING PROCEDURE, HE SHALL
MONLTOR THE PERFORMANCE OF THE TEST AND DOCUMENT
ANY SYSTEM FAILURE AND/OR ANOMALY WHICH OCCURS
DURING TESTING ON AN IDR OR DR/MRR AND PROCE55 AS
PER THE M$C QUALITY ASSURANCE MANUALo THE
INSPECTOR SHALL ALSO MAKE FINAL ACCEPTANCE OF THE-
TEST DIRECTOR'S _FFICIAL COPY OF THE TEST

."_ PROCEDURES o ,1

.. .'.i..._'

. . _l',.
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5,1t3 EQUIPNENT VALIDATION BY TEST DIRECTOR

PRIOR TO BEGINNING THE TESTt THE TEST DIRECTOR
SHALL WITNESS A FUNCTIONAL TEST OF ALL SYSTEMS_
ALL PERSONNEL INVOLVED IN RUNNING THE TEST SHALL
PARTICIPATE IN A DRY RUN OF THE PROCEDURES PRIOR
TO RUNNING THE TESTo
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5o2 TEST PERSONNEL' STATIONS

THE FOLLOWING TEST STATION& REQUIRE PERSONNEL AS
OPERATORS AND/OR MON|TORS TO ADEgUATELY SUPPORT
THIS TEST= PRIMARY AND ALTERNATE PERSONNEL ARE AS
SHOWN+

'PERSONNEL TITLE°TE$T STATION °NO' PRIMARY I ALTERNATE o

°TEST DIRECTOR °I],'FTmCHAMBER° l°Jo L'.EBL'ANC o o
o °CONTROL ROOM o o o o

i. o o o o _ o

/: °ASSISTANT TEST °_-FT-CHAMBER° l°Jo NAYS °A. BEHREND o
.... ' ODIRECTOR oCONTROL..ROO M o o °T. BRISBIN o

• o o o o o.b,__5K I pp_ R o
" "_ ; .... l l l O l O

• . :,: OINSTRUMENTATIONOII.FT.CHAMBER o lOE._>1ETCALF °L. CA,SEY o
i-. ;-. OENGINEER °CONTROL, ROOM o o t o

I I I I I I

• +.:;_';i? °G$E CONSOLE °11-FTmCHAMBER° lOTe WILKS °J.o ROGERS o
.-.:_,; oOPERATOR oCONTROL ROOM L o o o
" ;: I- l I l l II:. :_,j.

?i:;+++Si+;..!'.i+..•.:,`_..+,... °QUALITY A$SUR °11-FTmCHAMBER ° Z°Ao SULLIVAN OH. MCDONALD o........ OINSPECTOR °CONTROL, ROOM o o o o
:;:"i+ .. fi" O- I I t l I

• '.._+ ++x,.....

_ ";:' °TEST CONTROL °11"FT-CHAMBER° I+D. CARTER °W, HAGAN o
•;-_"':i,: °'OFFICE °CONTROL ROOM a o o o

: : _i_ o o o o o o.: 11.71i/. ,,.

•.:_._:'.:.i'i_:: oINS.TRUMENTATIONtI.I.FT.CHAMBER o i °C+ CONLEE °D+ AYOUB o

/_+i!i;'ii °TECHNICIAN °CONTROL ROOM ' o o oI I I I I l

• 7':::: °CABIN OPERATOR °_I-FT-CHAMBER° 1OR+ THOMPSON_ °CENATIEMPO t
i:::_.: o oCONTROL ROOM o _-- o o
•".h ..

• :-..; . I l l l I I

IMECH TECH °WEST SIDE OF o ORe DUGAN °C, GEORGE o
o o1I-F_T_CHAMBER o t t o
t I l I I l

°ECS BRANCH °_!-FTmCIdAMBER ° IOD.-aLPRICE o o
°REP-RESENTATIVE °CONTROL ROOM o o o o
l t I l t I

"_.•'

i:

. .. ,
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.i:; . "" • '_'

TEST PERSONNEL $TATION,,_CLUDED

•T • :',"

...t . . ,.- ,

. .. ".._..,. _ ..:."",

.. . ..I ' J" -

• ,. ,, .
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5,3 TEST BUILDUP SCHEMATICS

§e3el TEST EQUIPMENT LOCATION SCHEMATIC

.................... ":-- • - _7 +-_' _i_'-___-+_1
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5e3m2 GENERAL CHAMBER LAYOUT



I
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6,0 TEST PREPARAT|.ON

6.X MECHAN|CAL EQUIPMENT REQUIREMENTS



+, ,
.+
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6,2 ELECYRICAL EOU|PHENT REQUIREMENTS

THE ELECTRICAL |NSTRUHENTATION |NSTALLED IN ],].-FT-
CHAMBERt AND THE ROUTING OF S|GNAL5 TO RECORDING
DEVICES AND DISPLAY_ ARE SHOWN ON DRAW|N(i
QO2-E120It SHEETS _ TO 5o ALSO SHOWN ARE THE MODEL

" NUMBERt SER I AL NUMBERt AND RANGE____OF EACH
TRANSDUCER=,

""" :i. •

." .. ..

• . ?

• .. . _

-'.-";;: .;:':.?.i

... , .,• ..,.

- :. ;::.i!_'."_'._

:2

• ..,*

•• .._ .'- -
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6o4 ELECTRICAL INSPECTION CHECKSHEET



• ... , •
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7.0 SYSTEMS AND SUBSYSTEMS TEST READINESS VEBIFICATION

THE FOLLOWlN@ PER_NNEL VERIFY THAT THEIR EQUIP-
MENT IS READY FOR EXPOSURE TO THE TEST CONDIT.IQN$

, SPECIFIED IN THIS PROCEDUREo BEFORE SIGNING_ THE
. RESPONSIBLE PERSQNNEL HAVE 6IVEN TIdE TES-T__D-IRECTOR

A TP$ OR AN EQUIVALENT CHECKSHEET
'?. :"3

.: .:._.!_

......":i'. BIOMEDICAL RECORDINL

:_: ,! AND ELECTRICAL
•:__,:!.?;. SUPPORT EQUIPMENT ............. "-............

.._ii._;i:i INSTRUMENTATION ENGINEER DATE

•:i"i,"_;i.; MECHAN I CAL B_JI LDUP , z_ -_ _r-TC) "

_,i'i!ii!_!". EQUIPMENT E _R .......... "''" ";A;E" "
,E?T DIR C

:,,;_ CHAMBERo EMERGENCY
/'_:_: EQU I PMENTo AND

: ::.'_;;";:: FACILITY EQUIPMENT ............ ----
-.-:;'i!_Q FACkTteITY TEST CONDUCTOR DATE

........"• ."ii'/.: TEST CREWMEN AND
INSIDE OBSERVERS ......... - ....... --- -------

MEDICAL OFF IJEER DATE

TESTHARDWARE - _/_- 7(P
EC$ BRANCH REPRESENTATIVE DATE

:.'_: / Q/A VERIFICATION
" 'i_i AND ALL DRtMRRt$ _" L_. / ." _C_• OISPOSITIONED - -'- --_---- ------
'"":....:.,: R&Q_T__C INSPECyOR DATE

• ..,.

!.
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8,0 TEST SEQUENCES

' SQ' TO o OPERATION o REMARKS o
miB _w Imm4mm ,_ID mlmll a_m mamm mb_uD _m _ _m_ mi_ m _ mmm m _ _ m_u_ imm _ _ _ mmm_mmmD_ am am immaammamqmm_mm qmulamm m gll

I ! ! ! !
qJ

o o °THE FOLLOWING TEST SEQUENCES o o
I e 'ARE TO BE PERFORMED A& THEY ' o
o o °APPEAR. THE TEST DIRECTOR WILL ° o
o o °DIRECT THE PERSON INDICATED. IN o o
, m °SEQUENCE TO PERFORM THE ACTION '
o o °RE_UIRED BY THAT SEQUENCE= ALl, o o

• o o °SUCH DIRECTIONS SHALL BE-GIVEN. o o
o o °OVER THE COMMUNICATIONS LOOP o o,.. ,

o o °WITH THE PERSON RECEIVING THE o o
i J';;: e o 'DIRECTION VERIFYING THE e o

• : o o °COMMUNICATION WAS. RECEIVED__AND o o"--•i:

_-)..... o o °ALSO THAT THE ACTION WAS o o
_.: I o..........IPERFORMED= NO SEGUEI_CE ,_ddALL BE ° o

.... _. t o oPERFORMED UNT I L THE TEST o o
" n " _'_':"• m--' " 0 o 'DIRECTOR HA5 DIRECTED_6_T__IT o t
.._ , o ,BE PERFORMED o o. il .

:-i.:<,:: t t , l I

i/"!iiiii_:i..._ °O01°TD 'ENSURE MODE SWITCH ON TD t o
i_':;Tc t o ,CONSOLE IN UNMANNED MODE o o

:..: ..'i_ I , II I I

' ":'_ 1002°TD °PERFORM COMMUNICATIONS AND ' o
: :;_ o o - I_TION STATUS CHECK o o
!..: ':.T._._.i= O t O I !

....:'_:' o o °DURING COMMUNICATIONS AND STA- o o -

.:_. , o °TION STATUS CHECK PERSONNEL o o
.:i::,_ o L 'SHALL ACKNOWLEDGE WITH AtGO ° o o

• o o oOR 'NO GO° OVER THE COMM LOOP m o
o o °AND IF APPROPRbkTE BY ALSO _ o o
t o °PRESSING THE _GO° BUT_TON ON o o
, o °THEIR STATION STATUS PANEL. o o
o L ,WHEN ALL STATIONS HAVE REPORT-•' ®
o o °ED A °GO° CONDITIONo THE TO o o
o o oSHALL DEPRESS THE oTEST o BUT" t o
o o °TON. IF DURING CONTINUATION OF o o
o o °THE TESTP A 'NO CO"CONDITION o o
o o °RESULTS AT ANY STATION, THAT o o
o o 'STATION SHALL INFORM THE TD o o
o , mOVER THE COMM LOOP OF THE 'NO t o

i%. __ . o o °GO° CONDITION AND THE TD _HALL o o
• .:. o o °RESET THE STATION STATUS CON" o !

o o °DITION TO °NO GO. ° THE TD o o
., , o °SHALL THEN DECLARE A 'HOLD m o o

o o °CONDITION IF IT _S APPROPRIATE o o
o o °AND DEPRESS THE °HOLD= BUTTON. o o _
o , °WHEN ALL STATIONS ARE °GO_ m |_./"

"_., o o 'AGAIN, THE TD SHALL DEPRESS o .(



.J
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TEST _E_UENCES - CONTINUED

em||mmm|||mmmmmmmmmlmmmm||mmmmmmm||||m|_mmm_mm|mmm|||lamm|m|| , o

m 5@e TO t OPERATION t REMARKS o

, t t WAIT FOR A REGPONSE BEFORE t t
e e t PROCEEDING = t

11

! I I l L

t. t iCe -IF A PRIVATE CONVERSATION IS m e
t t DESIRED WITH ANOTHER STATION = t

, , t APPROVAL MUST BE OBTAINED e e
e e t- FROM THE TD e t --
I I ! I I -- "

t e tD® INFORM THE TD WHENEVER t t
t t t LEAVING AND RETURNING TO t , ._

... t e I A STATION t. t
I I I I t

' e t tee _LOSE ALL MIKE SWITCHES WHENt t
;.".. t t t NOT LN.-USE o t

I I I t t

..... e e eFe ALL TEST PERSONNEL WILL BE e e....
' t t t REPLACED ONLY BY THEIR t e

.ii./..i e e o ALTERNATE AT_A T/ME DETER- o e
,._.:..,: I t I MINED BY THE TD. PRIMARY e

;..;;/:_ilil t e e PERSONNEL WILL BE AWAY FROM _ t
:<.: t t e THEIR STATIONS FOR A MAXIMUM t t
:._:_ e e _ OF FIVE MINUTES e o

i.:";: i e t e t
;_ tOO4tTD °ALL STATIONS ACKNOWLEDGE TDtS e e

':.; t e tCOMMENTS ON COMMUNICATIONS e t
...ii_' , e tD.ISCIPLINE WITH A tOO' e e
_;L e I I I i

: ' ' eAe ASSISTANT TEST DIRECTOR e
- _i-. e e e I t
","ii , I IBL INSTRUMENTATION ENGINEER e e •

! I I I t

l I IC_ CABIN OPERATOR. l e
t I I I I

t t eDe _tA INSPECTOR e t
I I 1 L I

t t eEo INSTRUMENTATION TECHNICIAN e e
t I I _ t

o o °Fo ECSB REPRESENTATIVE t o
t I I I I

• o o ego GSE CONSOLE OPERATOR i o
., . ! I I I 't

... o o °Ho ECG MONITOR o o
o I ! I !

• o , oI, ECS TECH e o
.., , , , ,, , ,,---)_

(
o , °Je GAS ANALYZER OPERATOR o o_
I I I I !
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t 5_at TO o OPERATION t REMARKS o

o i iKe TRIM CONTROL UNIT TECH o ,
I I I l I

t o tLe -052 UNIT OPERATOR I i
I I t 1 I

o t- OMt DARS OPERATOR o o
I I I O t

o o tNe VIDEO TECHNICIAN t o
t I I I I

;. o o toe TEST SAFETY OFFICER. o t
I I I I I

t t °Po TEST C_TROL OFFI'CER i tj:!
.'_ t I t I t

°O05°ECS °VERIFY F-_$-CONF-ZGURATION AS o t
i":i- o oTECHOFOLLOWSe e e o o

I I t t l--

•:',2 t. t tA_L--SUIT GAS. DIVERTER i PULL o t
.... t t t EGRESS ........o t

•.:. ! t t I t

•i-;:!i:: o t t Be CAB-ZN GAS RETURN - EGRESS t t

!._'_";" ! I t I I

. t o tCo SUIT CIRCUIT RELIEF - CLOSED t t
I t I I I_

!...i.i:i_ t o °De LMP ISOLATION VALVE - FLOW t o
. t I I I

.....:" l t ICe CDR ISOLATION VALVE - FLOW t t
:_: I t l I I

.... t t iFe CABIN REPRESS VALVE - IAUTOll I
..i t t t t o
• t t °G_ ARS PRESS REG tat '- ICABXNI t l

• "_ I I e I I

t o tHe ARS PRESS--REG tBO .-ICABIN t I !
¢ ! I I l

l o o_= DESCENT 02 VALVE " OPEN...... o t
! ! l t I

t t *d,o ASCENT 02 NOe 1 - oci,,OGEt t t
e l t t I

o o °Ko ASCENT 02 NOe 2 - °CLOSE° o o
l I ! t I

o t °1.6 SUIT TEMP CONTROL . tMAx t t
t o t HOT t t t '_
! I t I I

I I _ the CABIN DUPM VALVES - AUTO o
-.. t t I ! I '

" o o °Ne H20 SEPARATOR - tpUSH-SEp ]it o
.. l t I _ I

CANISTER SELECT VALVE i o t ")_
I ! IOe

' ' ' 'PRIMARY' ' -_.,,
/

u<,i;;..':,
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TEST SEQUENCES - CONTINUED

o SQ ° TO o OPERATION o REMARKS t
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oO061ECS OVERIFY CIRCUIT BREAKERS AND ' o
o OTECHJSWITCHES AS FOLLOWS,=o ! o
I t t t l

t o _A. SIGNAL SENSOR C/B - CLOSED t o
! I I I !

o o 'B. EC$ DISPLAYS " CLOSED o o
! ! ! I I

o * °C. DIVERT VALVE " CLOSED o- t
• t t l I l

.. t t ID. CABIJ_-REP-REGG VALVE " CLOSED I !
• ..'. t t t t t

. L-- t tel SUIT I5OL VALVE m-CLOSED o o
"" ! I t I I

-; o t tF', SUIT-FAN CONTROL - CLOSED o
...:'_,. t t- t _ t

":'."_ w o °Go SUIT FAN 1 " CLOSED o o

_* :;,i o o o o o
n_._1"nI"n"n'''n , ,_ . : . t o IH, SUIT FAN-.2 - CLOSED o *

:.':..;!i:i;i... t o t t I.

_::;';.'"' o t t I * CABIN FAN CJ_OJ...- CLOSED t t• . .;: .'_

•:." .... ! | l- l I

':'..': 1 t IJI CABIN FAN - CLOSED t t
•.: ._:,:i, o t t t e

;_ .... :'.'"

'..;::._.:;!::/ I t tK* SUIT FAN SELECTOR TO SUIT * t
: .:".i';_!_; t t t FAN _- t t
,:;, "" I t I I !

•:_i!:--'i: tOO?tDARStSTART DATA SYSTE_ AND ALL tGL,LT ZO/4 23 19 20 t
t t t RECORDERS o ............ ,

. '"'.: t t o t _L4.'_ T̂Z]I_¢ O:00:O0 t ,
t I I t t

oo.08oTCO OENTER CAB.IN.o INSPECT TEST SET I t t
t o IUP AND NOTIFY TD WHEN INSPEC- o t
I o tTION IS COMPLETE ' t
t I t 1 I

IOO91ECS tCLOSE THE CABIN ALTITUDE t o
l ITECHILIMITING VALVE AND EUIUAL.IZATION ° !
o t tVALVESo THEN SECURE THE CABIN t t
o t tTO INNER LOCK DOOR t o

.... I t I I I

"":_"-. IO].OICO oASCE'ND CABIN TO 27o000 FT AT t t
' ': ' ' '5_000 FT/MIN t ,

"-" ' I t I | I

":" tOII°GSE tTURN SMOKE SCISSOR SWITCH tOFF ° I o -'_,

..... ,' 'OP, ', ', ,'\I

..t

•i'•.-. , ( /

t. ,-' _- " : " " • l.. ....... _ ........-_1 I " --" _ " 'l I • II I II I Ill ........ "" " --"
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TEST SEQUENCES - CONTINUED
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o SG_' TO o OPERATION o REMARKS o

°012°ECS AT 10oOOO FTo UNDOG CABIN DOOR o o
o OTECH o o
! I I l

., ,, 'OL3 TCUT ESTABLISH OPERATION OF TRIM o
...... ' CONTROL UN,_T TO PROVIDE A FLOW o o
..... o QF 250 LB/HR WITH A SUIT H/X o o
.:.. o INLET TEMP OF 38 PLUS OR MINUS t i
". '

:'..". ' 2,0 DEG F o I
I I I

/..'- '014 GSE START OPERATION OF WALL CHILLER ° o --

'..'i.!',... ' OP rAND CONTROL CABI.N TEMP TO 55 o o
, opLus OR MINUS 51Q-DES F, N{JTIFY° o

• o OTD W_EN-STABLE __ o o
I. o t !

..' :_i;.,,.. 1015°VT °START VIDEO RECORDING. o o
.....;';,.!!;._,. o o t I -- l

' ; _";?: °OZ6°TD L-TURN CABIN POWER ION ° o tL" _._'. ',;'::..'...:"
' '.'-,.:... '.;, ;i t I I t !
• - ._.;..!'",.7_.

. t ! ! t !

°OZB°GA °PLACE GAS ANALYZERS IN MODES AS ° o

o o OB, COR SUIT OUT° o
'; : ::'_' t I ¢ I t

: ::.':."._,_:._'
........ , , oco I.MP SUIT OUT° o j
,"ii..:i:{;i;., , , o o I

I t I I I

'ozg°MT °BE@IN INJECTION OF CO_L AT °GMT 105 01 55 O0 o
' ' '1100 GCCM o ...... ..... . o
I t I t I

'020'MT _INCREA_E CO& INJECTION RATE °GMT--Z05 O_ 19 O0 o
' ' 'TO 2000 SCCM o ............ o
I t t I I

°023OECSBOlNFORM TD WHEN SUFFICIENT DATA o o
:"i. , o tHAS BEEN COLLECTED o o

o o I l l (

':/::'": '022'MT °TERMINATE C02 INJECTION °GMT 105 15 59 OO o
: ,. .:i•.:, , _ I I I IIlmmi mIlmm_ I l

;....i:i!." , , o o ,
.......,: °02_t°TD ITURN CABIN POWER OFF o o

,. t t I t f

" °024°C0 °DESCEND CABIN TO SITE AT _OOO o o_ -_

..'.',... , , oFTIMIN o o _ ,
":,:'/il___ /



ill m milml m_ll lln_Imlmpl m| Nm n Ii lq n lllmlmn n i n n mm|mllll mmllalln | im | I mmmmm mnl m mm mm mmm|

' SO' TO o OPERATION o REMARKS t

, , t !

°02_ DARSOSTOP DATA _Y_TEM AND ALL °GMT 105 L7 41 _7 ''tl

o RECORDER_ o ............ I
I ! !

' '026 VT STOP VIDEO TAPE RECORDIN@ v o
• I l l

" '027 TCO ENTER CABIN, INSPECT TEST SET- o o
e

• . { o UP AND NOTIFY TD WHE31 IN_iPEC- o a
• .:. o , TION IS COMPLETE __ o I

: , " I I I I
• ' ',' /" ..i

,.'"" '028.°ECS CLOSE THE CABIN ALTITUDE LIMIT -o
' .: ' o 'TECHIING VALVE AND_E_IUALIZATION l m
•'. " . ' ' 'VALVES, THEN SECUNE THE CABIN o o

::":'""'.; o o °TO THE LNNER LOCK DOOF_ I ,
• " "-' I I I I .... t

• ...,

......_,.':',,,".,: 'O29'_ARS'RESTART DATA SYSTEM AND ALL 'GMT 10,5 20 5_ 1/_ l
, , ,RECORD_E , ............,

: " . .._:.:?L>? , , , I t
'"'"'"::;"':_ vO3OVVT 'START VIDEO RECORDING__ ' m

, , I I !

::":.::"::: .;..i: 'O31'CO 'ASCEND CABIN TO 27t000 FT AT '
:"i i:';".:_:_'':;:;. I ' o5000 FTIMIN , o

..-, ::-:; I I I I I

;!::':'Li;:'..:"..: °O_L2'GSE 'TURN SMO_E SENSOR SWITCH 'OFF a _
: '. :..?:_.-:i:":_:__ o 'OP ' ' o

, : ....,,_;::,..;:.:;.,;.: l , l l l
i ,:_ '033'EC_ 'AT 10_000 FT_ UNDOG CABIN DOOR '

. ' 'TECH' , m
_ :"'" _ _ " ";::' I I l I_ l• . : :.. :': :.

I'':" " " %' "'' :; 'O_4iTD 'TURN_CABIN POWER ON o , ,
: t I , t l

'035'MT 'BEGIN INJECTION OF C02 AT *GMT 105 20 $5 ZOo
' ' ' llO0 SCCM ' ............ '
I t t ' I ,

'036'MT 'TERMINATE C02 INJECTION 'GMT 10-7 09 09 OO '

I ! t I t

'037'TD 'TURN CABIN POWER OFF ' '
'... , , , o ,

....." °038'C0 'DESCEND CABIN TO SITE AT SO00 o , '_
:._...... , o 'FT/MIN o ,
• ...:'.,-;.._,. ! I I I I

•- -/L',*

• . ,_. --_,,)•:ii:.::
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9,0 TEST DEVIATION MEET
--i ....If lw Imi. IW .dI i. Ielti
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'PG_tPARA/t DEVIATION o REASON m
o m _EQ o m o

- t t t t t

o o °FINAL TEST PROCEDURE HAS BEEN t o
_. , o *UPDATED TO REFLECT ALL TEST o t '

" _ °DEVIATIONSe SIGNED TEST o o
" t o °DEVIATION SHEETS ARE FILED o o

o o tWI_H THE ORIGINAL TEST PROCE" o o "
o t °DURE IN SYSTEMS TEST BRANCH o o
o o OFILES= t o
l t l, t I--

o ! t I l
?.

. , .,,. t ! ! t l

?%..-..: ! ! ...................t 1 I

t I t -- I !

...,,; t l ! ! t

:_'i!:. t o I t. I-

t t I I I• ..v.

' ' ' ' 'I I I t O

•:('i ,; I t t t I
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:! .:'.._i I t t t t

r ':_?_: ! l I I t

•. ::.i_ ! O t I l

.. t I I t !

:"' t t I I !
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TEST_.D I RECTOR

APPROVED BY............................... DATE............. "--
INSTRUMENTATION ENGINEER

b• ;:": APPROVED BY .............................. DATE ...............

• ..' SYSTEM ENGINEER

: _ APPROVED BY.............................. DATE ...............
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