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FAILUAE MODES EFFECTS ANALYS!S {FMEA) — CIL HARDWARE
NUMBER:Ma-1S5-E045 -X

SUBSYSTEM NAME: ECLSS - EMU OXYGEN RECHARGE SYSTEM

REVISION: 1 10/22/97
PART DATA
PART NAME PART NUMBER
VENDOR NAME YENDCR NUMBER
LRV LINES & FTTINGS MO72-543401
LRU 'LINEE & FITTINGS MO72-543403
LR ILINES & FITTINGS _ VB2B-643050
SAU (LINES & FITTINGS MULTIFLE PN'S

MULTIPLE SOURCEES

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
EMU OXYGEN AECHARGE LINES, FEEDTHRU'S, AND FITTINGS

QUANTITY OF LIKE [TEMS: 1
OMNE SET PER SUBSYSTEM

FUNCTION:

THREE FUNCTIONS ARE INCLUDED IN THIS FMEA: (1) PROVICIES A SINGLE SLIPPLY
PATH OF DXYGEN FROM A MID DECK CONNECTION TG THE EXTERNAL AIRLOCK EMU
ECLSS PANEL INTERFALE; (2] WITHIN THE ECLSS PANEL THE OXYGEN LINE SPLITS
INTED TWO PATHS TO SUPPLY OXYGEN TO BOTH EMU INTERFAUE MECHANICAL
FITTINGS; AND (3) PROVIDES A 5INGLE PATH OF OXYGEN FROM A TEE IN THE SINGLE
EMU G2 LIME TS THE EXTERNALLY MOUNTED EVA MANUAL 02 SHUTOFF VALVYE IN
THE 22 TRANSFER LINE TO SPACE STATION,

REFERENCE DOCUMENTE: WVE2B-643001
WVA2B8-E4{ 3030
YB2B8-643051
ME72-5643403
MO72-643416

MB-1588 - 483
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FAILURE MODES EFFECTS ANALYSIS FMEA - CIL FAILURE MODE
NUMBER: M8-155-E045-01

REVISIONE: O 04/08/87

SUBSYSTEM NAME: ECLSS - EMU OXYGEN RECHARGE SYSTEM
CRITICALITY OF THIS

LAL: EMU DOXYGEN SLPPLY LINES
ITEM NAME: LINES, FEEDTHRU'S, & FITTINGS FAILURE MODE: 1R2

FAILURE MODE:
EXTERNAL LEAXAGE (GROSS)

MISSION PHASE: LO LIFT-OFF
OO ON-ORBIT
DO DE-ORBIT

VEHICLE/PAYLCAD/KIT EFFECTIVITY: 103 DISCOYERY
104  ATLANTIS

105 ENDEAYOUR

CALISE:
CORROSION, MECHANICAL SHOCK, EXCESSIVE VIBRATION, MATERIAL DEFECT,

FATIGUE
CRITICALITY 171 DURING INTACT ABORT ONLY? NO

REDUNDANCY SCREEN A} PASS

B} N/A
C) PASS

PASSFAIL RATIONALE:

A)

B)

N7& - REDUNDANZY IS IN STANDBY UNTIL REQUIRED

)

METHOD OF FALILT DETECTION:

INSTRUMENTATION - REQUGED OA LOSS OF EMU OXYGREN PRESSURE INDICATION ON
THE AWS20 PANEL PHESSURE GAUGE. LEAKAGE OCCURRING UPSTREAM OF A
CLOSED OXYGEN SHUTQFF VALVE COULD BE DETECTED BY A DROP IN OREITER

QOXYGEN PRESSURE.

MB-135 - 483
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FAILURE MODES EFFECTS ANALYSIS (FMEA} — CIL FAILURE MODE
MUMBER: Mi-155-E045-01

REMARKS/RECOMMENDATIONS:
SINGLE PATH PROVIDES OXYGEN TO THE ECLSS PANEL . WITHIN THE ECLSS PANEL

A

DUAL OXYGEN SUPPLY PATHE ARE FROVIDED TO SERVICE THE EMUNS. EACH EMU
CONTAINS TWC PRIMARY AND TWO SECONDARY TANKS ALL OF WHICH ARE FILLED
PRIOA TO LAUNCH, WORST CASE SCENARIQ IS WHEN OXYGEN LEAMAGE OCCUAS
UFPSTREAM OF THE ECLSS PANEL EMU CXYSEN CONTROL YALVES AND PRICR TO
FILLING AFFECTED EMU, CLOS!NG ORBITER EMERGENCY OXYGEN VALVING TO
TEAMINATE LEAKAGE IS A CRITICALITY 141 CONDITION.

- FAILURE EFFECTE -

{A}Y SUBSYSTEM:
WORST CASE, EMU OXYEEN SUPFPLY IS DIVERTED BEFORE IT REACHES THE ESLSS

PANEL.

{B} INTERFACING SUBSYSTEM(S):
INGAEASED USE OF OXYGEN. POSSIBLE HIGH OXYGEN PRESSURE IN CREW CABIN OR

EXTERNAL AIRLOCK IF LEAK |8 NOT ISOLATED. POSSIBLE FLAMMABILITY VIOLATION.
FOTENTIAL LOSS OF EMERGENCY Q2 SYSTEM DVE TO EXCESSIVE DXYGEN LEAKAGE.

(C) MISSION:
CREW DECISION TO ABORT MISSION WOULD AESULT IN LOSS OF MISSION

CBJECTIVES., LES/AIALOCK D2 SUPPORT HAS BEENLOST IF LEAKAGE {5 SIGNIFICANT.
CABIN Oz MAKEUP CAFABILITY IS STILL AVAILABLE.

(D) CREW, YEHICLE, AND ELEMENT(S):

GAROSE EXTERNAL LEAKAGE COULD RESULT IN INADEQUATE Q2 SUPPLY TOLES
STATIONS AND SPACE STATION. LOSS OF LES SUPPORT CAPABILITY MAY RESULT IN
LOSS OF CREW |F UNCONTROLLED LEAK RATE PROHIBITS LES SYSTEM -
PRESSURIZATION AND LES IS REQUIRED. LOSS OF 02 TO EMU'S COULD RESULT IN
LOSS OF CAPABILITY TO PERFOAM CONTINGENCY EVA.

(E) FUNCTIONAL CRITICALITY EFFELCTS:

LOSSE OF EMEAGENCY OXYGEN EYSTEM
{14) FIRST FAILURE {EXTERNAL LEAKAGE OF LINES, FITTINGS, X QUICK DISCONNECTS)

- ODXYGEN IS DIVERTED OUT LEAKY LINE/FITTING/QAD RESULTING IN AN INADEQUATE Q2
SUPPLY TO LES STATIGNS.

(24) SECOND FAILURE (FAILURE THAT REQUIRED THE LES TO BE USED) - LOSS OF
ORBITER OXYGEN SUPPLY RESULTING IN POTENTIAL LGSS OF CREW AND VEHICLE. -

CHRITICALITY 1KR2 COMDITION.

INABILITY TO PERFORM CONTINGERCY EVA '
(1B} FIRST FAILURE (EXTERNAL LEAKAGE OF LINES, FITTINGS. & QUICK DISCONNECTS)

;
- OXYGEN I5 DIVERTED AWAY FROM EMU PANEL LOSS OF 02 TO EMU'S COULD
RESULT IN LGSS OF EVA GAPABILTIES iF EMU O2 TANKS ARE EMPTY. CREW DECISION
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FAILURE MODES EFFECTS ANALYESIS (FMEA} = CIL FAILURE MODE _
' KUMBER: Ma-155-Foi5-01

TO ABORT MISSION WOULD RESULT IN LOSS OF MISSION OBJECTIVES - GRITICALITY

212 CONDITION. :
(2B) SECOND FAILURE (FAILURE NECESSITATING AN EVA TO PREVENT A POTENTIAL
CATASTROPHIC SITUATION) - INABILITY TO PEAFORM A CONTINGENCY EVATC

CORRECT A CRIT 1 CONDITION COULD RESULT IN LOSS OF CREW AND VEHICLE -
CAITICALITY 1RZ CONDITION.

DESIGN CRITICALITY (PRIOR TO DOWNGRADE, DESCRIBED IN {F)}: 1R2

(F) RATIONALE FOR CRITICALITY DOWNGRADE;

L1055 OF EMERGENCY OXYGEN SYSTEM
{3A) THIRD FAILURE (INABILITY TO ISOLATE EXTERANAL LEAKAGE) - GROSS EXTEANAL

L EAKAGE RESULTS N INADEQUATE 02 SUPPLY TC LES STATIONS. LOSS OF LES
SUPPORT CAPABILITY MAY AESULT IN LOSS OF CREW IF LEAK RATE PROHIBITS LES
SYSTEM PRESSURIZATION AND LES IS AEQUIRED. NOTE - IN AN B.O PSIA HOLE IN
CABIN CONTINGENGY MODE, AN EXTERNAL LEAK ALLOWING FLOW INTO THE CABIN
MAY NOT BE CATASTROPHIC SINCE THERE IS A POSSIBILITY OF SAFELY BREATHING
CABIN A&, INTO WHICH THE O2 IS LEAKING, BY RAISING LES VISOR. WO RST CASE
FAILURE WOULD BE IN CASE OF CONTAMINATED CABIN ATMOSPHERE, WHEN
LEAKAGE PREVENTS ADEQUATE FLOW TO LES STATIONS AND CABIN AIR MAY NC7 BE

SAFE FOR BREATHING. - GRITICALITY 1R3 CONDITION.

- TIME FRAME -

TIME FROM FAILURE TO CRITICAL EFFECT: DAYS

TIME FROM FAILURE OCCURRENGE TO DETECTION: SECONDS
TIME FROM DETECTION TO COMPLETED COAREETING ACTION: N/A
IS TIME REQUIRED TO IMPLEMENT CORRECTING ACTION LESS THAN TIME TO EFFECT?

ND

RATIONALE FOR TIME TD CORRECTING ACTION VS TIME TO EFFECT:
THERE 15 N& CORRECTIVE ACTION (F GREW DECIDES TO ABORT THE MISSION AS THE

RESULT OF THIS FAILUAE.
HAZARD REFPOAT MUMBER(S): FF-Dg, ORBI 270, ORA8I 289

HAZARINS) DESCRIPTION:
INABILITY TO SAFELY PERFOAM EVA (FF-00), INABILITY TO SUPFLY OZ TC CABINFCREW
{OABI 270). FLAMMABILITY THREAT IN CABIN DUE TO 02 LEAKAGE FROM ARS OR OTHER

SYSTEMS (ORBI 299)

MB-1535 - 46/
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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ CIL FAILURE MODE
. NUMEER: MB-185-E045-01

DISPASITION RATIONALE-

{4) DESIGN:
A AIGID LINE EXTENDS FROM THE MID DECK THROUGH A 576 BULKHEAD FEEDTHRU TO

THE MFG BREAK. A FLEX LINE EXTENDS FROM A MECHANICAL FITTING LOCATED AT
THE MFG BAEAK THROUGH AN EXTERMNAL AIRLOCK FEEDTHAU TO THE ECLSS PANEL,
WITHIN THE ECLSS PANEL, TWO RIGID LINES EXTEND FROM A TEE TO AN DXYGEN
CONTRDL VALVE AND FROM EACH OXYGEN CONTROL VALVE TO AN EMU
FIYTING/QUICK DISCONNECT. ANOTHER AIGID LINE EXTENDS FROM A TEE IN THE
ECLSS PANEL EMU ©2 LINE TD THE EVA MANLIAL 2 SHUTOFF VALVE LOCATED

EXTERNALLY TO THE EXTERNAL AIRLOCK.

LINES, FEEDTHRLU'S, AND FITTINGS ARE SIMILAR TO THOSE CURRENTLY LISED OM THE
ORBITER AND EXTENSIVE FLIGHT EXPERIENCE TO DATE PROVIDES CONFIDENCE iN

THEIR DESIGN INTEGRHITY.

RIG!D LINES ARE FABRICATED OF 21-6-8 STAINLESS STEEL WITH A THICKNESS OF 0.016
INCH. FITTINGS ARE DYNATUBES MADE OF 17-4 PH STAINLESS STEEL AND ARE
BRAZED INTC THE SYSTEM. 21-8-9 STAINLEES STEEL HAS GOOD CORARCIION
RESISTANCE, HIGH MECHANICAL PROPERTIES. G000 IMPACT STRENGTH, AND HIGH
STAENGTH TR WEIGHT RATIQ. 174 PH CONDITION A CAES 1S PRECIPITATION
HARDENED CORRDSION RESISTANT STEEL WHICH HAS A HIGH STRENGTH TQ WEIGHT
AATIO. BOTH MATERIALS ARE COMPATIBLE WITH GO2. ALL COMFONENTS HAVE A

SAFETY FACTOR GREATER THAN FOUR.

FLEXIBLE LINES ARE MADE QF 321 CHES AND 17-4 PH CRES RESFECTIVELY., BOTH OF
THESE STAINLESS STEELS ARE CORRCSION RESISTANCE AND 02 COMPATIBLE. THE
LINE ASSEMBLIES ARE A COMBINATION OF HARDLINE AND FLEX JOINTS WHICH PERMIT
CONTROLLED FLEXURES N THE X, Y, AND Z DIRECTIONS. THE LINE ASSEMBLY, WHILE
AT GPERATING PRESSURE AND TEMPERATURE, CAN WITHSTAND a0C FLEXURE CYGLES
IN EAGH OF THE THREE ORTHOGONAL AXES WITHOUT LEAKAGE, IMPAIRMENT QR

DEGRADATION OF PERFQRMANCE.

{B) TEET:
ODS mARDWARE CERTIFIED BY SIMILARITY TQ EXISTING ORBITER HARDWARE,

QRBITER HARDWARE QUALIFICATION TESTING OF RIGID AND FLEXIBLE LINES IS AS

FOLLOWS:
{11 RIGID LINES - PRETEST FROOF [2X OPERATING PRESSURE) AND EXTERNAL LEAK

TEST (1 X 10 EXR 6 SCCE HE MAX). BURST TEST [BURST AT GREATER THAN OR EQUAL
TO4AX OPERATING PRESSURE). IMPULSE FATIGUE TEST.(TWQ HUNORED THOUSAND
CYCLES OF IMPULSE WAVYES), FLEXURE FATIGUE TEET (TEN MILLION CYCLES OF
FLEXURE), RANDOM VIBRATION, POST TEST LEAX TEST (1 X 10 EXP -6 SCCS HE MAX).
DYNATUBE COUPLINGS ARE AUTHORIZED BY R SPEC MFO004-0100 "MECHANICAL -
QRBITER PROJECT PARTS LIST .

{2) FLEXIBLE LINES - VIBRATION TESTING INCLUDES 4B MINUTES GF RANDOM
VIBRATION iN EAGH DF THE THREE ORTHOGONAL AXES OVER A FREGQGUENCY RANGE
OF 20 TO 20600 HZ AT THE FOLLOWING INTENSITIES: 20 TO 150 HE, & DBAOCTAYE RISE;
150 TO 900 HZ. CONSTANT AT 0.09 G™2HZ, ANC 900 TO 2000 HZ, § DB/OCTAYE
DECAEASE. FOLLOWING VIBRATION LINES SUBJECTED TO A PROOF PRESSURE TEST.
DESIGN SHOCK: THREE SHOCK PULSES IN EACH DIRECTION OF THREE DRTHOGONAL
AXES. EACH PULSE HAVING AN AMPLITUDE OF 20 G, A DURATION OF 11 M3, AND
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FAILURE MODES EFFECTS ANALYSIS (FMEA} — CIL FAILURE MODE
NUMBER: M8-155-E045-01

ABPPROXIMATED A TERMINAL PEAKX SAWTCOTH SHAPE, TRANSIENT SHOCK TEST:
WHILE PRESSURIZED LINES SUBJESTED TO ONE SINUSOIDAL SWEEF IN THREE
CRTHOGONAL AXES OVER FREQUENCY RANGE OF 5 TO 35 HZ AT A SWEEP RATE OF
ONE OCTAVE PER MINUTE AT AN APPLIED ACCELERATION OF 0.25G PEAK. BURST

PRESSURE: CRYC D2 - 4200 PSIG, AUX 02 - 5000 PSIG.

ACCEPTANCE TEST (ORBITER 02 FLEXIBLE LWES) - CRYO Q2: FLOW RATE OF 10 LBWHR.
PROCF PRESSURE AT 2100 PSIG. AUXILIARY O2: FLOW 150 LBHR, PROOF PRESSURE
. AT 2500 PSIG. MAX PRESSURE DROP AT OPERATING PRESSUARE: CAYO 02 - .08 PAI,

AUX Oz - 4.62 F5I.

IN-VEHICLE TESTING (DRBITEA ©2 RIGI/FLEX LINES, FEEDTHRL'S, FITTINGS) - C2
LINES AAZ CVERPAESSUAED (1070 - 1255 PSIG) AND LEAK TESTING 1S PERFORMED AT

§2€ - §50 PSIG, 1 X 10 EXP-7 SCCM MAX | EAKAGE.

IN-PAGCESS AND ACCEPTANCE TEST (EMU OXYGEN RECHARGE SYSTEM) - (A)
OVERPRESSURE TEST: WITH COMPONENTS INSTALLED & DFEN, EMU OXYGEN
AECHARGE SYSTEM PAESSURIZED BETWEEN 1295 AND 1345 PSIG AND HELD FOR A
MINIMUM OF § MINUTES, LINES, FITTINGS, AND FEEDTHROUGHS VERIFIED NOT TO
RUPTURE. AND (B} JOINT LEAK CHECK: EMU OXYGEN RESHARGE SYSTEM
PRESSURIZED BETWEEN 925 AND 850 PSS WITH GHE. LEAK RATES VERIFIED NOT TQ
EXCESD 1 X 10-7 SCCS INDIGATED OR 1 X 10-4 SCCS ACTUAL PER MFODD1-003. GROSS

LEAKAGE NOT TO EXCEED 10 SCOM.

OMRASE - TUANAROUND CHESKOUT TEETING 15 ACCOMPLISHED IN ACCORDANCE WITH
OMRASD.

(C) INSPECTION:

HETEIVING INSFECTION
Raw MATERIAL AND PROCESS CERTIFICATIONS YERIFIED BY INSPECTION.

CONTAMINATION CONTROL
CORAASION PROTECTION PRQVISIONS AND CONTAMINATION CONTROL PLAN ARE

VERIFIZD BY INSFECTION. CLEANLINESS LEVEL 2004 PER MAC110-301 PRIOR TG AND
DURING OPERATIONS, 100 ML RINZE TEST VERIFIEQ BY INSPECTION. -
ELECTROPOLISHING ON EXTERNAL SURFACES PRIOR TO WELDING IS VERIFIED BY

INSPECTION.

ASSEMELY/INSTALLATION
FABRICATION OF PARTS/COMPONENTS PER DAAWING YERIFIED BY INSPECTION.

DIMENSIONS AND TORQUES ARE VERIFIED BY INSPECTION. MANUFACTURING
PROCESSES, INSTALLATION AND ASSEMELY ARE YERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALUATION
RADIOGRAPHIC INSPECTION OF INDUCTION BRAZES YERIFIED BY INSPECTION.

FLUSRESCENT FENETRANT INSPECTION PER MIL-1-6866 PERFORMED AND VERIFIED BY
INSPECTION.

CRITICAL PROCESSES
PARTS FASSIVATION AND ELECTRICAL BONDING APPLICATION VERIFIED BY

INSPECTION. JOINT/TUBE BRAZING IS VERIFIED BY RADIOGRAFHIC INSPECTION.

RE_1QC _ ARG
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FAILURE MQDES EFFECTS ANALYSIS (FMEA} = CIL FAILURE MQDE
NUMBER: MB-155-E046-01

INERT ARC WELD APPLICATICN !N ACCORDANCE WITH MA2107-3 VERIFIZD 8Y
INSPECTION.

TESTING
ATP/QTPROMRSD TESTING VERIFIED BY INSPECTICN.

HANDUING/PACKA{GING
HAMDLING, PACKAGING, STORAGE, AND SHIPPING PROCEDURES ARE VERIFIED BY

INSPECTIQN.

{C) FAILURE HISTORY:
GURRENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXPLAINED ANOMALIES, AND

OTHER FAILUAES EXPERIENCED DURING GROUND PROCESSING ACTIVITY GAN BE
FOUND IN PRACA DATA BASE.

{E}) OPERATIONAL USE:
CREW COULD CLOSE GXYGEN SHUTORF VALVE LOCATED'IN THE MID DECK IF

LEAKAGE IS DOWNSTREAM OF THIS YALVE OR CLOSE AFFECTED OABITER OXYGEN
VALVE TO STDP LEAKAGE IF LEAKAGE 1S UWPSTREAM QF THIS VALVE. IF REQUIRED,
CGHEW COULD THEN UTILIZE AN EMU THAT CONTAINS A SUFFICIENT AMOUNT OF

OXYGEEN TO FERFORM AN EVA

= APPROVALS -
55 & FAE : M. W. GUENTHER
PAE MANAGER 1 CA ALLISON
DESIGN ENGINEER : K. KELLY

NASA S3/MA
NASA SUBSYSTEM MMAGEH
JEC MOD :




