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# AILURE MODES EFFECTS ANALYSIS (FMEA) — Gl HAROWARE
NUMBER: MA1ME-MO18X

SUBRSTYSTEM MAME: MECHAMNICAL - EXTEANAL AIRLOCK

REVIZION: 1 MRS
PART NAME PART NUMEER
"YENDOR HAME : VENDOR NUMBER
LU 1 SEAL. LATCH ACTUATOR TO HATCH MEADAEN 245
PART DATA

EXYTEMDED DESCRIFTION OF PART UMDER ANALYSIS:
EXTERMNAL ARLOGK AFT MATCH LATCH ACTUATOR TO HATGH STRUCTURE SEAL

REFEREMNCE DESIGNATORS:

QUAMTITY OF LIKE TEME: 2

™

FUNGTION:

SEALS THE LATCH ACTUATOR TG THE EXTERNAL AIRLOCK AFT HATCH STRUCTURE -
TO PREVENT LEAKAGE BETWEEN EXTERNAL AIRLOCK AND SPACELAB FGR MIR 1 ANG
BETWEEN EXTERNAL AIRLOGK AND CUTSIDE ENVIRONMENT FOR MULTI-MIR.

AEFEAENCE DOGUMENTS: MO72-553223
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FALLURE MODES ERFECTS ANALYSIS (FMEA) — CIL FAILURE RODE
- MUNBER: ME-TMR-MOTS-01

REYISIONS 1 b=l
SURBEYSTEM NAME! MECHANICAL - EXTERNAL AIRLOGK .
LAYz SEAL, LATGH ACTUATOR TO HATCH STAUCTURE CRITICALITY OF THIS
ITEM NAME: O-RING SEALS FAILURE MODE: 1R3

FAILLRAE MODE:
LEAKAGE

MISSION PHASE:
oo . ON-ORBIT

YEHICLE/PAYLOAD/KIT EFFECTIVITY: 104 ATLANTIS

CAUSE: .
AGINGAOXIDATION/SUBLIMATION, CONTAMINATION/OREIGN DEJEC T/DEBRIS,
DEFECTIVE PART MATERIAL OR MANUFACTURING DEFECT, INADEQUATEEXCESSIVE!
UNEVEN SEAL COMPRESSION LOADS, MISHANDLING, THERMAL DISTORTION )

CAIMICALITY 1/1 DURING INTACT ABORT QMLY? NG _
CRIMICAUTY 1R2 DURING INTACT ABOQRT ONLY [AVIONISS ONLY)? VA -

REDUNDANCY SCREEN ) FAIL
B) NIA
G} PABS

FASSFAL RATIONALE:
A} ] .

FAILS SCREEN "A" GECAUSE A LEAK TEST OF EACH {INDIVIOUAL) $EAL L2 NOT POSSIBLE
DUAING GROUND CHEGKOUT. :

B)
N/A - AT LEAST TWO REMAINING FATHS ARE DETECTABLE IN FUIGHT.

e

) .

METHOD OF FAULT DETECTION: :

NONE FOR A SINGLE G-RING SEAL FALURE. FAILURE OF AEDUNDANT O-RING SEAL
AN BE DETECTED THROUGH INGTRUMENTATION - LOSS OF PRESSURE .
CONSUMASLES} IN SPACELAS DURING EVA (MIR 1) OR LOSS OF ODS PRESSURE
DURING [VA (MULTE-MIR),

- FANURE EFFECTS -

(A) BUBSYSTEM:

NG EFFECT FIRST FAILURE. SECOND SEAL FANLURE WILL RESULT N LOSS OF
1SOLATION BETWEEN EXTERNAL AJRLOCK AND SPACELABE VOLUMES FOR MR 1 OR
CALSE EXTERNAL LEAKAGE OF ODS HABITABLE PRESEURE FUR MULTI-MIR.
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| FALUAE MCDES EFFECTS AMALYSIS (FMEA) — CiL FAILURE MDDE
NLUMBER: MA-1MR-MOT3-01

(B) NTERFAGING SUBSYSTEM(S):

l NO EFFECT FIRST FAILURE.
MIA 1 - FAILURE OF REDUMDANT SEAL WILL RESIILT IN LOSS OF ISOLATION BRTWEEN
EXTERNAL AIRLOCK AND SPACELAS. LOSE OF ISCLATION COULD RESLULT IN LOSS OF
SPACELAE CONSUMABLES IF EVA "C* HATCH 18 OPENED AND LEFT OPEN DURMNG
BURATION OF EVYA. AEPRESSURIZATION OF DDS FOLLOWING EVA WILL RESULT IN
ENCESSIVE LEAKAGE OF CONSUMABLES INTD SPACELAB VACLRIM. NO EFFECT
DURING IVA SINCE EXTERNAL AFILOCK AFT BATCH REMAINS OPEN.
MULTI-MIR - NO EFFECT FIRST FAILURE. LOSS OF PRESSURE TO QUTSIOE
ATMOSPHERE AND INCREASED USE OF C2N2 CONSUMABLES GIVEN A SIMILAR
FAILURE OF SECOND O-RING. -

{C} MISSION: .
| MIR T - NO EFFECT DURRS IVA SINCE EXTERMNAL AFLOCK AFT HATCH REMAING OPEN,
LOSE OF SPACELAB OPERATIONS IF BOTH O-RING SEALS FAIL DURING EVA. LOES OF
SAPARILITY TQ BERFOAM A PLANNED EVA IF FAILUAE OF HEDUNDANT SEALS OGCUA
PRIOR TO EVAL
MUL THMIE - NO EFFECT FIRST O-AING FAILURE, WORST CASE IF SECOND O-RING
FAILLRE DCCURS PRIOR TO DOCKING - CREW DECISION TO ABORT MISSION DUE TO
LOSS OF CONSUMABLES. INABILITY TO PERFORAM PLANNED EVA FOLLOWING SECOND
O-RING FALURE.
{0} CREW, VEHICLE, AND ELENENT(S): - '
NO EFFECT UNTIL EVA IS PERFORMED, IF BOTH SEALS FAIL AND AN ADDXTIONAL SEAL
FAILS WITHIN ODS5, LEAK RATE MAY EXCEED MAKELP CAPABILITY OF ATMOSPHERK:
| REVITALIZATION PREIZLAE CONTHOL SYSTEM (ARPCE).
POSSIELE LOES OF EVA CREW MEMBERS FOLLOWING THIRD SEAL FAILURE DUE TO
INABILITY TO RECOVER FROM AN EVA (MIR 1 & MUILTHVIR). YACUUM IN GPAGELAR
DUBIING EVA MAY AFFECT EQUIPMENT WITHIN SPACELAB (MIR 1 ONLY). LOSS OF 008
PREGEUSE DURING VA FOLLOWING THIRD SEAL FAIL URE COULD JEOPARDIZE SAFETY
OF CHEW AND VEHICLE (MULTI-MIA ONLY} :

{E) FUHCTIONAL CRITICALITY EFFEQTS:

-FIRST D-AING EEAL FALURE - ND EFFECT..
SECOND O-FING SEAL FAILURE - LOBS OF SPACELAS CONSUMABLES DURING EVA,
POSSINLE EARLY MISSION TEAMINATEON {(MIF 1) OR POSEIBLE EARLY MISSION
TEAMINATION DUE TO LEAKAGE TO QUTSIOE ATMOBPHERE RESULTING IN AN
NCREASED USE OF CONSLIMABLES (MULTI-MIR). - CRITICALITY 2R CONDITION.
THIRD FAILURE {ADCATIONAL SINGLE SEAL FAILURE WITHIN HABITABLE VOLUME}:
MIfL 1 - POSSIBLE LOSS OF CAPABILITY TO REPRESSURIZE ODE VOLUMES DUE TO LACK
OF AVAILABLE O2/NZ. LOSS OF EVA CREW MEMBERS IF EVA IS PERFCAMED AND
HABITABLE VOILLIMES CANNOT B REPREBSUAIZED FOR CREW RETURN TO CABIN (EVA
CHEW MEMBERS MUST REMAIN IN AIRLOCK UNTIL LANDING}, - CRIMICALITY 1R3
CONDITION.
MULTHMIR - (1} % THIRD FARLURE OCCUAS DURING IVA EXCESSIVE LOSS OF
CONSUMABLES CAN JEOPARDIZE CREW SAFETY; (2} IF THIRD FAILUHE OCCURS
OURING EVA DUT EXTERNAL AIRLOCK, POSSIBLE LOSS OF EVA CREWMEMBERS F
EXTERNAL AIFLOCK VOLUME CANNOT BE REPRESSURIZED FOR RETURN TO CHEW
CABIN. [EVA CREWMEMEERS MUST REMAIN IN AIRLOCK UNTIL LANDING).

IF SECOND FAILURE OCCURS WHEN DABMTERMIM ARE DOCKED, POSSIBLE LOSS OF
PRESSURE IN MIR WHEN EXTERNAL AIRLOCK UPPEA HATCH IS5 OFEN (MULTHMIR
OMLY).
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| FARURE MODES EFFECTS ANALYSIS (FMEA) = GIL FAILURE MO0
: NUMBER: MB-1MR-MO153-01

DESIGN CRITICALITY {PRIOA TG DOWNGAADE, DESCRIBED N (=) 1R

(F} RATIONALE FOR CAMCALITY DOWNGRADE: ' .
FOURATH & FIFTH FAILURE (NABILITY TO CLOSE APPROPRIATE HATCH(S)} - FAILURE TO
ISGLATE LEAKAGE FROM GREW CABIN RESULTING IN POTENTIAL LOSS OF CREW AND

VEHICLE.

- TIME FRAME -

TIME FROM FAILURE TO CRITICAL EFFECT: HOURS TD DAYS
TIME FROM FALURE DCCURRENCE TO DETECTION: MINUTES
TIME FROM SETECTION TG COMPLETED CORRECTIVE ACTION: SECONDS TO MINUTES

I3 TIME FEQUIRED TD {MPLEMENT CORRECTIVE ACTION LESS THAN TIME TO EFFECT?
YES :

RATIONALE FOR TIME TO CORRECTING ACTION V3 TIME TO EFFEGT:

CREW WOLLD HAVE SUFRCIENT TIME TO CLOSE APPROPRIATE HATCH(S) TO ISOLATE
LEAKAGE FROM THE CREW GABIN VOLLIME BEFORE EXCESSIVE LEAKAGE BECAME
CATASTROPHIC. :

HAZAFRDE REPORT NUMBER(S): ORBI 511

HAZARINE) DESCANPTION:
Lase OF HARITARLE FRESSURE.

-IMSPOSITION RATIGNALE.

{A) DESIGN: _

ACTUATOR MOUNTING FLANGE FS INSTALLED ON HATCH BASE STRUCTURE WITH 12
ATTACH BOLTS. DUAL CONCENTRIC O-RING FACE SEALS IN ACTUATOR FLANGE
GROCVES ARE ADJACENT TO ATTACH BOLTS. O-RINGS ARE LUBRICATED WITH
MBO140-010 TYPE 1| GREASE PER MAQ112-303, ETTHER O-RING CAN FREVENT LEAKAGE
THAGUGH MATCH. FLANGE TO HATCH INTERFACE 18 METAL TO METAL CONTAGT
SEAL MATERIAL IS FLUDROCARBON ELASTOMER (VITON).

{8) TEST: - ! '
AGGEPTANCE TESTS: STRUGTURAL LEAK TEST TO 14.7 PSID IS PRRFORMED.

QUALIAICATION TESTS: NG QUALIFICATION TESTS WERE PEAFORMED ON THE
INDIVIDUAL SEAL CEBTIFICATION 1S BASED ON ACCERTANCE TESTS AND SEAL
MATERIALS DATA. QUALIFICATION TESTS OF ACTUATOR INCLUDED LIMIT LOAD TEST
{10 CYCLES), 2000 OPERATING CYCLES AT 30 INGH-LE WNPUT TORQLE, THERMAL
CYOLING BETWEEN -56 DEG F AND +250 DEG F,

OMASD - TURNARDLIND CHECKOUT TESTING 15 ACCOMPLISHED IN ACCORDANCE WITH
OMRED. . -
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| FALURE MODES EFFECTS ANALYSIS (FMEA) - CIL FAILURE MODE
HUMBER: ME-TMR-MNT5-01

{C) INSPECTION:

RECEIVING INSPECTION .
RECEIVING INSPECTORS INSPECT FOR DAMAGE ANT WORKMANSHIP AND VERIFY THAT
SEAL 15 OF SINGLE PIECE MOLDED CONSTAUCTION. REQENVING INSPECTORS ALSQO
CHECK IDENTIFICATION AND WALL CROSS-SECTIONAL DIAMETER ON A 5-3 SAMPLING
BASIE AND THAT SUPPLIER SUBMITTED AEQUIRED REPORTS.

CONTAMINATION CONTROL
RECENING INSPECTORS VISUALLY INSPECT SEAL FOR CLEANLINESS. INSPECTORE

VERIFYCLEANLINESS OF SEALING SURFACE & VITON SEAL PAIOA TO INSTALLATION.

ASSEMBLYANSTALLATION
THE BEALS ARE INSTALLED RER MAC108-328. PRIQR TG {NSTALLATION AN INSPECTION

IS PERFOAMED TO VERIFY THAT THE SEALING SURFACE IS NOT DAMAGED.
INSPECTION YERIFIES MS0140-010 TYPE 1 GREASE WAS APPLIED TO O-RINGS AND O
RING GROOVES PRIOR TO ASSEMELY PER MADT12-303. INSFECTION VERIFIES
DIMENSICNS OF DETAIL PARTS. -

TESTING
EXTEANAL AIALOCHK PAESSURE TESTS VERIFIED BY INSPECTION. _ —

RANDLING/PALKAGING . ' '
THE RECETVING INSPECTORS VERIFY THAT THE SEAL IS INDWIDUALLY PACKAGED \‘ﬂ'ﬂ-l

PART NUMBER, MANUFACTURER NAME, COMPOUND NUMBER AND {AJRE DATE.
RECEIVING INSPFECTORS ALS0 VERIFY THAT THE SEAL IS PACKAGED IN A WAY THAT
WILL PROTECT IT DURING 3TORAGE. :

{D) FAILURE HISTORY: :
CURARENT DATA ON TEST FAILURES, FLIGHT FAILURES, LINEXPLAINED ANDMALIES, AND
OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CAN SE
FOUND 1N PRACA DATA BASE,

- AFFROVALS -

PRODUCT ASSURANGCE ENGR : M. W. GUENTHER :%:

PAE MANAGER - LW, R MARLOWE : _ : .
| DESIGN ENGINEER :T. 5. COOK 2502 )

CHIEF ENGINEER 8, ) BRANDT e "

NASA SEMA :

MASA SUBESYSTEM MANAGRER :

JSC MDD -
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