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| FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL HARDWARE
HUMBER: M6-1MB-MO10-X

SUBSYETEM NAME: MECHANICAL - EXTERNAL AIRLOCK ’
; AEYVISION: 3 Sf15M%

PART NANE PART HUMBER
VENDOR NAKE VENDOR NUMBER
LRU © ASSEMBLY, WINQOW ' VOT5-332650
PART DATA

EXTENDED DESCRIPTION OF PARYT UNDER ANALYEIS:
EXTERHAL AIRLOCK AFT HATOH WINDOW ASSEMBLY

REFERENCE DESI-NATORS:

QUANTTTY OF LIKE MEMS: 1

QONE

FUNCTION: } ‘

THE WINDOW ASSEMBLY IS A 4-INCH DIAMETER CIRCULAR VIEWING PORT WHICH IS -
| MOUNTED N THE CENTER OF THE EXTERNAL AIALOCK AFT HATCH, THE ASSEMBLY IS

MADE OF TWC PANES OF FOLYCARBONITE AND 15 MOUNTED UTILIZING DUAL

{AEDUNDANT) O-RING SEALS. FOR MIA 1 THE WINDOW IS USED ROR VIEWING INTO

:;'IE'LSPAGE;;'E AND FOR MULT-MIR THE MNDGW 15 USED FOR VIEWING INTO THE

REFERENGE DOCUMENTS: MO7TZ.593825 .
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| FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE

- NUMBER: MB-1MR-Ma10w01

| FREVISIONS 3 ol

SUBSYSTEM NAME: MECHANICAL - EXTERNAL AIRLOCK :

LRU: ASSEMBLY. WINDOW CRITICALITY OF THIS
| ITEM NAME: O-RING SEALS FAILURE MODE: 1R3

FAILURE MQDE:
| LEAKAGE

MISSICN PHASE:

oo ON-DRBIT

VEHICLE/PAYLOADAT EFFECTIVITY: 104 ATLANTIS

CAUSE:

AGING/IOXIDATIONSUBLIMATION, CONTAMINATIONFOAEIGHN CBJECT/DERRIS,
DEFECTIVE PART MATERIAL OR MANUFACTURING GEFECT, INADEQUATEEXCESSIVES
UNEVEN EEAL COMPRESSION LOADRS, MISHANDLING, THERMAL DISTORTION

GRITHGALITY 14 DURING INTACT ABQRT OMLY? NC
CRIMCALITY TR2 DURMNG INTACT ABOAT ONLY {A\*Iﬂﬂrﬁ OHLY)T WA -

REQUNDANCY SCAEEN A) FAIL
I B} A
C} PASS

PASS/FAIL RATIONALE:

A)

FARLE SCREEN "A' BECAUSE A LEAK TEST OF EACH (INQIVIDUAL) SEAL POSSI
DURING GROUND CHECKOUT, t S NoT —

'8y
| N/A - ATLEAST TWO REMAIMING PATHS ARE DETECTABLE IN ELIGHT.

C) ' C
METHOD OF FAULT DETECTION: -
NONE FOR A SINGLE O=-FING SEAL FAILURE. FAILURE OF REDUMNDANT O-RING SEAL
GAN BE DETECTED THRCOWUGH INSTAUMENTATION - LOSS OF PRESSURE

l {CONSUMABLES) IN SPACELAB DURING EYA (MIA 1} OR LOSS OF PRESSURE
(CONSUMABLES) IN O0S DURING (VA (MULTI-MIR),

-

- FAILRE EFFECTYS -

{A)} SUBSYSTEM:
NO EFFECT FIRST FAILURE, SECOND SEAL FAILUAE WILL RESULT IN LOSS OF

' ISOLATION BETWEEN EXTERNAL AIALOQCK AND SPACELAD VOLUMES Of MIR 1 AND
LOSS OF 1ISOLATION BETWEEN EXTERNAL AIRLOCK AND PAYLOAD BAY FOR MULTI-MIR,
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| EAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MQDE
NUMBER: Me-1MR-Mo10-01

(&) INTERFACING BUBSYSTEM(S):
NQ EFFECT FIRST FAILURE _

| MIA 1 - FAILURE OF AEDIUNDANT SEAL WILL RESLLT IN LOSS OF ISDLATION BETWEEN
EXTEANLL MRLOCK AND BPASELAR. 0SS OF ISOLATION COULD RESULT IN LOSS OF
SPACELAR CONSUMABLES IF EVA "C" HATGH 15 OFENED AND LEFT QPEN DURING
DURATION OF EVA. REPRESSURIZATION OF QDS FOLLOWING EVA WILL AESULT IN
EXCESSIVE LEAKAGE OF CONSUMABLES INTO SPACELAR VASUUM, NO EFFECT
DUAING IVA SINGE EXTERNAL AIALDGK AFT HATOH REMAINS OFEN.
ML TLMIR - LOSS OF PAESSURE TO OUTSIDE ATMOSPHERE AND INCREASED USE OF
OINZ CONSUMABLES GIVEN A SIMILAR FAILURE OF SECOMD O-RING:

{C} MISSION:
| MIA 1 - NG EFFECT DURING 1WA SINCE EXTERNAL AIRLOCK AFT HATSH REMAINS OPEN.

LOSS OF EPACELAB OPERATIONS IF EOTH O-RING SEALS FAIL DURING EVA. LOSEOF
CAPAQILITY TO PERFORM A PLANNED EVA IF FAILURE OF AEDUNDANT SEALS QCLUR
FRIOR TO EVA.

MULTI-MIA - NO EFFECT FIRST £O-RMNG FAILLURE, WORST CASE IF SECOND C-RING
FAILLRE QOCURS FRIOR TO DOCKING - CREW DECISION T ABDAT MISSION DUE TO
LOES OF CONSUMABLES, LOSS OF CAPABILITY TO PERFORM A PLANNED EVA OUT
EXTEAMNAL AIRLOCK FOLLOWING SECOND SEAL FAILURE. ;

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

IF BOTH SEALS FAIL AND AN ADDITIONAL SEAL FAILS WITHIN O0S, LEAK AATE MAY
EXCGEED MAKEUP CAPABILITY OF ATMOSPHERIC REVITALIZATION PRAESSURE CONTHOL
SYSTEM (ARPCS). :
MIA 1 - POSSIELE LOSS OF EVA CREW MEMBERS FOLLOWING THIRD SEAL FAILURE DU
TO NABILITY TO RECOVER FROM AN EVA, VAGUUM IN SPACELAB DUAING EVA MAY
AFFECT EQUIFMENT WITHIN SEPACELABR. .

MULTI-MIA - POSEIBLE LOSS OF VA CREW MEMBERS DUE TO EXTERNAL LEAKAGE OF
CONSUMABLES Of LOSS OF EvA CREW MEMBEAS DUE TT INABILITY TG RECOVER
FROM AN EVA OUT EXTERMAL AIRLOCK FOLLOWING THIRD FAILURE.

(B} FUNCTIONAL CRITICALITY EFFECTS:

FIRSY O-RING SEAL FAILURAE - NO EFFECT.

'BECOND O-RING SEAL FAILUAE - LOSS OF SPACELAR CONSUMABLES DURING EVA
RESULTING IN POSESIBLE BARLY MISSION TERMINATION (MIA 1), POSSIBLE EARLY
MISSION TERMINATION DUE TO EXTERNAL LEAKAGE PRESSURNE TO OUTSIDE
ENVIRONMENT RESULTIMNG IN AN INCREASED USE OF CONSUMABLES (MIR 2). -
CRITICALITY 2R3 CONDITION. .

THIRD FAILURE (ADDITIONAL SINGLE SEAL FAILURE WITHIN HABITABLE VOLUMEY:

MIA 1 - POSSIBLE LOSS OF CAPARILITY TC AEPRESSURIZE INTERNAL AIRLOCK, TUNNEL
ADAFTER, EXTERANAL AIFLOCK, AND SPACELAR VOLUMES DUE TQ LACK OF AVAILABLE
O2MZ. LOSS OF EVA CREW MEMBERS IF EVA IS FERFORMED AND HABITABLE -
VOLUMES CANNOT BE REPRESSURIZED FOR CREW METURN TO CABIN (EVA CHEW
MEMBERS MUST REMAIN IN AIRLOCK UNTIL LANDING), - SRITICALITY 1/3 SONDITION.
MULTI-MIA - {1} IF THIAD FAILURE OCCURS DURING IVA EXCESSIVE LOSS OF
CONSUMABLES CAN JEOPARDHZE CREW SAFETY: {2) IF THIRD FAILURE OCCURS
DURING EVA QUT EXTERNAL AIALOCK, POSSIBLE LOSS OF EVA CREWMEMBERS IF
EXTERNAL AIRLOCK VOLUME CANNOT BE REPRESSURIZED FOR RETURAN TO CREW
-.:F.;gm. {EVA CREWMEMBERS MUST REMAIN IN AIRLOCK UNTIL LANDING). - CRITICALITY
1R3 CONDITION. -

IF SECOND FAILURE DCCURS WHEN OREBITERMIR ARE DOCKED, POSSIBLE LOSS OF
FRESSUAE IN MIR WHEN EXTERNAL AIRLOGK UPFER HATGH IS OFEN.
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| FAILURE MODES EFFECTS AMALYSIS (FMEA) — CIL FAILURE MODE
NUMEER: MB-18F-MI10-0%

DESIGN CRITISALITY (PRIOK T DOWNGRADE, PESCRIBED IN (Fif 1R3

{F} RATIOMALE FOR CRIMICALITY DOWNGRADE:
FOURTH & FIFTH FAILURE (INABILITY TG CLOSE APPROPAIATE HATCH{S)] - FAILURE TO
ISOLATE LEAKAGE FROM CREW CABIM REEULTING IN F'DTENT‘IAL LOES OF CREW AMD

VEHICLE.

- TIME FRAME -

TIME FACM FAILURE TO CAITICAL EFFECT: HOURS TU DAYS
TIME FROM FAILURE OCCURRENGE TO DETECTION: MINUTES
TME FAOM DETECTION TO COMPLETED CORRECTIVE ACTION: SECCNDS TO MINLITES

IS TIME REQUIRED TO IMPLEMENT CORRECTIVE ACTION LESS THAN TIME TO EFFECT?
YES

RATIONALE FOR TINE T0 CORRECTING ACTION ¥$ TIME TO EFFECT:

CREW WOULD HAVE SURFICIENT TIME TO CLOSE APPROPRIATE HATCHIS) TO ISOLATE
LEAKAGE FROM THE CREW CABIN VOLUME BEFOAE EXCESSIVE LEAKAGE BECAME
CATASTROPHIC. : ' X

HAZARDS REPORT NUMBER{S): ORBS 511

HAZARIKE} DESCAPTION:
LOSS OF HABITABLE FHESSLI’HE.

AISPOSITION AATIOMALE-

{A) DESIGN:
DUAL O-RING FAGE SEALS ARE INSTALLED BETWEEN WINDOW SURFACE AND HATGR
BASE WHICH IS A RIGID STRUCTURE, DIFFERENTIAL PRESSURE ACACSS WINDOW
INCAEASES SEAL COMPRESSION. SEAL MATERALAL IS FLUDADCARBON ELASTOMER

(VITON). -

(@) TEST: . =
ACCEPTANCE TESTS: STRUCTURAL LEAK TEST TU 14.7 PSID 1S PERFORMED,

OUALIFICATION TESTS: NO QUALIFICATION TESTS WERE PERFORMED. GEHﬂEEGAﬂDN
IS BASED O ADCEPTANCE TESTS AND SEAL MATERIALS DATA

OMASD - TURNARCLINDG II'.‘-HEEKGUT'I'ESTING 15 ACCOMPLISHED IN ACCORDANCE WITH
CMRSD,

{C) INSPECTION:

HEGEIVING INSPECTION

RECEIVING INSPECTORS INSPECT FOR DAMASGE A.Nlﬁ wcnmmsmp AND VERAIFY THAT
SEAL IS OF SINGLE PIECE MOLDED COMSTRUCTION, RECEIVING INSPECTORS

ALSO CHECK IDENTIFICATION AND WAL CAGSS-SECTICNAL DIAMETER OM A 5-3
SAMPLING BASIS AND THAT SUPPLIER SUBMITTED REQUIRED REPORTS,
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FAILURE MODES EFFECTES AMALYSTS (FMEA] = CIL FAILURE MODE
" HUMBER: ME-1MRMO01G-07 °

CONTAMINATION CONTROL
RECEVING INSPECTORS VISUALLY INSPECT SEAL FOR CLEANLINESS. INSPECTORS

VERIFY, BEFDRE IMNSTALLATION, THAT THE SEALING SURFACE AND VITON SEAL ARE
CLEAN.

ASHEMALYANSTALLATION
THE SEALS ARE INSTALLED PER MAD106-32B. PRIOR TQ INSTALLATION AN INSPECTION

L5 PERFCAMED TO YERIFT THAT THE SEALING SURFACE 15 NOT DAMAGED,

TESTING
STRUCTURAL LEAK TEST T 14.7 PEID (S VERIFIED BY INSPECTION.

HANDLING/PACKAGING
THE RECEWING INSPECTORS VERIFY THAT THE SEAL I8 INDIVIDUALLY PACNAGED WiTH

EART NUMBER, MANUFACTURER NAME, COMPOUND NUMEBER AND CURE DATE,
HECEIVING INSPECTDRS ALSO VERIFY THAT THE SEAL iS5 PACKASED IN A WAY THAT
WL PROTECT IT DURING STORAGE,

{D) FAILURE HISTGRY:
CURRAENT DATA ON TEET FAILURES, FLIGHT FAILUREE, UNEXPLAINED ANOMALIER, AND

QOTHER FAILURES EXFERIENCED DURING GROUND PROCESSING ACTIVITY CAN BE
FOUNDG IN PRACA DATA BASE.

{E) OPERATIONAL YSE:
NONE FCR SINGEE C-FING FAILURE. FAILURE OF REDUNDANT O-RING SEAL - RATE OF
LEAKAGE AND THE FEASIBILITY OF COMPLETING THE MISSION O EVA GAN BE
DETERMINED (WIA 1) OR CAEW COULD ISCLATE LEAKAGE, FROM CREW
COMPARTMENT, BY CLOSING APPROPRIATE HATCH(S) {MULTI-MIF).

-+

- APPROVALS »

PRODUGCT ASEURANCE EMGH | M. W, GUENTHER
PAE MANAGER WL R MARLOWE
_OESIEN ENGINEER :T. 5.C00K

CHIEF ENGINEER 1 B.J. BRANDT

NASA SSMA ' :

NASA SUBSYSTEM MANAGER

JSC MOD . :

-
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