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FAILURE MODES EFFECTS ANALYSIS (FMEA) — NON-GIL .FAILLIHE MODE
NUMBER: Mg-1MR-M3-01

) REVISOME 3 81585
SUBSYETEM NAME: MECHAMNICAL - EXTERNAL AIRLOGK
LRU: ACTUATOR, HATCM LATEH CRMICALITY OF THIS
ITEM NAME: ACTUATDR, HATCH LATCH FAILURE MODE: 103

FAILURE MODE.
FHYSICAL BINDING/JAMMING {GEARBDX)

MISBION PHASE;
Qo ON-ORBIT

VEHICLEPAYLOADJEIT EFFECTIVITY: 104 ATLANTIS

CAUSE:

ADVERSE TOLERANCESANEAR. CONTAMINATIONFOREIGN OEIECT/DESALS, FAILURE!
CEFLECTION OF INTERNAL PART

CRITICALITY 1/1 DURING INTACT ABORT DMLY? NO

CRITIGALITY 1R2 DURING INTACT ABORT CMNLY (AVIONICS ONLY)? N/A

REDUNDANGY SCREEN A} PASS

8} NA
<) PASS

PASS/FAIL AATIQNALE:

A)

B)

NAA - AT LEAST TWO REMAJNING PATHS ARE DETECTABLE IN FLIGHT.

c)

METHOD OF FAULT DETECTION:

LATGH ACTUATOR BINDING OR JAMMING CAN VISUALL Y/PHYSICALLY BE CETECTED BY
THE FLIGHT CREW,

CORRECTING ACTION: EVA CREWMEMBER CAN REMOVE HATGH AND HOALD HATGH IN
CLOSED POSITION DURING REPAESSURIZATION OF EXTERNAL AIRLOCK, TO ALLOW RE-
ENTRY INTO CREW MODULE THRQUGH FIFTH HATCH AND *A" HATCH,

REMARKS/RECOMMENDATIONS;

EVA CAN BE PERFOAMED QUT EXTERMAL AIRLOCK UPPER HATGH WHEN OREITER AND
MIR ARE NOT DOCKED. EFFECTS ON EVA RECOVERY ARE MINIMIZED SINCE TUNNEL
ADAPTER "C* HATCH 15 THE PRIMARY HATCH FOR FERFORMING AN EVA AND AN ADDED
FIFTH HATCH WILL ISOLATE TUNNEL ADAPTER ANC EXTEANAL AIRLOGK VOLUMES,
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FAGE: 3 PRINT DATE: 10/22%5%

FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ NON-CIL FAILURE MCDE
NUMBEFR: MWS-{MR-MI03-I

- FAILURE EFFECTS -

[A) SUBSYSTEM:

A JAMMED ACTUATOR WOULD PREVENT THE LATCHES FROM OPERATING. INABILITY
TO LATCH EXTERNAL AIRLOCK UPPSH HATCH CLOSED FOR SEPARATION AMND FOR
FERFORMING &N EVa QUT EXTERNAL AIRLGCH.

(B} INTCRFACING SUBSYSTEM(S):

INABILITY TO LATCH EXTERNAL AIRLOCK UPPER HATCH CLOSED WOULD EXPOSE
INTERFACING SUBSYSTEMS TO VACULM DURING SEPARATION AND PREVENT THE
CAPABILITY TO AECOVER FROM AN EVA OUT EXTERNAL AIRLOCK.

[C} MISSION:
INABILITY T PERFORM A PLANNED EVa. CUT EXTERNAL AIRLOCK, IF JAMMED

ACTUATOR PREVENTS EXTERMAL AIRLOCK UPPER HATCH FROM CLOSING WHEN
OREBITER AND MIR ARE NOT DOCKED.

(0] CAEW, VEHICLE, AND ELEMENT(S):

POSSIELE LOSS OF EVA CREWMEMBERS IF URFER MATCH CANNOT SE CLUSED AND
SEALLED EOLLOWING AN EVA OUT EXTERNAL AIRLOCK WHEN GRBITER AND MIR ARE
NOT CCKED.

IE EXTERMAL AIRLOCH UPPER HATCH 15 REMOVED AND HELD INTS PLAGE WHILE RE-
FRESSURIZING EXTERNAL AIRLOCK YOLUME, THE POTENTIAL EXISTS FOR DAMAGE TO
THE EXTERNAL AIRLDOCK DURING DESCENT. ONCE PAESSURE ACROSS THIS HATUH
HAS EQUALIZED THE UNATTACHED HATCM IS ALLOWED TO MOVE FREELY.

{E) FUNCTIONAL CRITICALITY EFFECTS:

A JAMMED ACTUATOR WOULD BREVENT EXTERNAL AIRLOCK LFFER HATSH FROM
CLOSIG. MABILITY TO CLOSE EXTERMAL AIRLOGK UFPER HATCH, AFTER
PERFORMING A FLANNED EVA OUT EXTERNAL AIALOCK WHEN ORBITER AND MIR ARE
NOT DOCKED. WOLULD PREVENT THE ABILITY TD REPRESSURIZE EXTERNAL AIRLOCK
VOLLUME. POSSIBLE LOSS OF EVA CREW MEMBERS 1E EVA 15 FEAFOAMED OUT
EXTERNAL AIRLDCK UPPEA HATCH AND HATCH CANNOT BE CLOSED & SEALED DURING
REPRESSURIZATION FOR CREW RETURN TO CARIN (EVA CREW MEMBERS MUST
AEMAIM IN AIALSCK LNTIL LANDHNG ). THIS WOLLD FIRST REQUIAE & FAILURE T OFEN
TUNNEL ADAPTER "' HATCH SINCE IT 1S PRIMARY FOR PERFORAMING AN WA,

DESIGN CRITICALITY (PRIOR 7O OOWNGRADE, DESCRIBED IN [F)): 11

(F) RATIONALE FOR CRITICALITY DOWNGRADE:

THIRD FAILUKE (INABILITY TO DISCOMNECT HINGE OF HOLD HATCH IN CLOSED
POSITICH) - INABILITY TO CLOSED AND SEAL EXTERNAL MELOCK LJPPER HATCH.
EXTERANAL AIRLCCK YOLUME CSANNOT 8 RERAESSURIZED FOLLOWING A PLANNED
EVADUT THE UPPER HATLH WHEN ORBTTER AND MIR ARE NOT DOCKED. POSSIBLE
LOSS OF EVA CREW MEMBERS IF HAEITABLE VOLUMES CANNDT 85 REPARESSURIZED
FOR CREW RETURN TO CABIM {(EVA CREW MEMBERS MUST REMAIN IN AJALCHCK UNTIL

LANDING).
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FAILURE MODES EFFECTS ANALYSYS (FMEA) — NON-CIL FAILURE MODE
NUMBER: MS-1MR-MO03~01

- TIME FRAME -

TIME FROM FAILURE 7O CRITKCAL EFFECT: HOURS TO DAYS
TIME FROM FAILURE OCCURRENGE TO DETECTION: SEGONDS
TIME FROM DETECTION TO SOMPLETED CORRECTIVE ACTION: MINUTES TO HOUAS

15 TIME REGUIRED TO IMPLEMENT CORRECTIVE ACTION LESS THAN TIME TO EFFECT?
YES

RATIONALE FOR TIME TO CORAECTING ACTICH VE TIME T BERECT:

CREW WOULD HAVE AMPLE TIME TG REMOVE HATCH AND HOLD HATCH IN CLOSED
POSIMION T ALLOYW REPRESSURIZATION OF EXTERNAL AIRLOCHK TO HOLD RATSH I
CLOZED POSITION BEFORE FAILURE BECAME CATASTROPHIC,

HAZARDE AEFQAT NUMBERA(S) DM OHANSF)

HAZARD{S) DESCRFTION:
EVA HAZARD.

- APPROVALS -

PRAODUST ASSURANCE ENGH. : M. W, GUENTHEA A& Acard
DESIGN ENGINEER 1 T8, coox -]
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| FAILURE MORES EFFECTS ANALYSIS {(FMEA) — CIL FAILURE MODE
NUMBER: MgE-1MRA-MpO3- 03

! REVISIONE 5 SHEA5
SUBSYSTEM NAME: MECHANICAL - EXTERNAL AIRLOGK
LAL: ACTUATOR, HATCH LATCH CAITICALITY OF THIS

| ITEM MAME: LOCK MECHANSM FALURE MQDE: 272

FAILWVAE MODE:
| FAILS TO UNLOGCK

MISEION PHASE:
o ON-CRBIT

VEHICLEPAYLOADVKIT EFFECTIVITY: 104 ATLANTIS

CAUSE:
ADVERSE TCLERANCERWEAR, CONTAMINATION.FOREIGN CRBIECT/DEBRIE, FAILURES
DEFLECTION OF INTERMAL FART, FHYSICAL BINDING JAMMING

CRITICALITY 11 DURING INTACT ABQRT 'DM.T? NO
CRITICALITY 12 DURENG INTACT ABOFAT ONLY (AYIONICS ONLY)? WA 7

REDLINDANCY SCREEN A) N/A
B} NA
C} NiA

PASS/FAR RATIOMALE:
A)
M/A

¥
NA

)
N/A

HEI'HI‘.'}‘D OF FAULT DETECTIEIH
LATCH ACTUATOR FAILING TOQ UNLOCK CAN VISUALLY/FHYSICALLY BE DETECTED BY
THE FLIGHT CREW. _

- FARLARRE EFFECTS -

{a) SUBSYSTEM:

A LATCH ACTUATCIR FAILING TO UNLOCK WOLULD PREVENT THE LATCHES FROM
OPERATING AND WILL CAUSE LOSS OF THE ABILITY TO OPEN EXTERMNAL AIRLOGCK
UPPER HATCH, TNABLITY OF PERSONNEL TC ENTER YESTIBULE TUNNEL AND MIR

OURING VA,
(B} INTERFACING SUBSYSTEM{SE

LOSS OF CAPABILITY TO EVA OUT EXTERNAL AIRLOCK UPPER HATCH, WHEN
REQUIRED, WITH ORSITERMIRA SEPARATED.
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PAGE: 10 PRINT DATE: t4/07/35
| FAILURE MODES EFFECTE ANALYSIS (FMEA) ~ Gl FAILURE MODS ' .
NUMBER: M3-1MRA-M003- 03

{C) MISSION:
LOSS OF PRIMARY MISSION QBJECTIVES (ACCESS TO MIR) IF THE HATCH LATCH LOCK
MECHANISM FAILS TO UNLOCK THE HANDLE ONM EXTERNAL AIRLOCK UPPER HATCH
AND MATCH CANNOT BE OPENED FOA ENTRY INTO VESTIBULE TUNNEL.

(L) CREW, VEHICLE, AND ELEMENT(SY:
NG EFFECT QN DREW DR VEHIZLE,

{€) FUNCTIONAL CAMCALITY EFFECTS:
NiA

DESIGN CRITICALITY (FRIOR TO DOWNGRADE, DESCREED 1M (FY): 212

{F} RATIONALE FOR CRITICALITY DOWNGRADE: T
N/& (THERE ARE NC WORKARAQUNDS TO CIRCUMYENT THIS FAILURE).

~ TIME FRAME »

TIME FRCM FAILURE TO CRITICAL EFFECT: MINLITES

TIME FROM FALURE OCCURRENCE T DETECTION: SECONDS

TIME FROM DETECTION TO COMPLETED CORRECTIVE ACTION: N/A

I8 TIME RECHHRED TO IMPLEMENT CORRECTIVE ASTION LESS THAN TIME TO EFFE{..‘-"I-":1I

NOD

RATIONALE FOR TIME TO CORRECTING ACTION ¥5 TIME TO EFFECT: .
THERE |5 NQ CORRECTIVE ACTION TO UNLOGCK A LOCKED UPFER HATCH LATCH

ACTUATOR,

HATZARDE REPORT NUMBER{2): NONE

‘HAZARCHS) DESCAFTION:
MNJA

-DISPOSITION RATIONALE-

{4) DESIGMN: : , -
THE ACTUATOR HANDLE LOCK PRGVIDES A POSTTIVE MEANS TO LOCK OR UNLOCK THE
LATCH ACTUATDR BY RESTRAINING OR UNDERSTANDING THE MANDLE WITH A SHEAR-
PiN THAT IS ACTIVATED PROVIEDS FLIP-CVER LOCKING-LEVER (LOCATED ON EACH
HANDLE ). THE LOCKING-LEVER ALED PROVIDES A VISUAL INDICATION OF THE LOCKED
AND UNLOCKED CONDITION OF THE ACTUATOR AND REQUIRES B-10 LB FOAGE (TD
OPPOGE A SPRING-LOADED DETENT) T BE M PLACE IN THE UNLGCKED POBITION.
VIBRATION, BUMPING, KICKING OR OTHER UNINTENTIONAL MEANS BHALL NOT UNLOCK
THE ACTUATOR.

{(B) TEST. _ . |
QUALIFICATION TESTS: ACTUATOR COMPONENT QUALIFIED BY SIMILARITY T3 MG2E7-

LOE5-0004 AND -0006 (PEA CR.2ZE7-D036-0006C). ALIRCATION TESTS INGLUDE:
VIBRATION FOR 48 MINUTES N EACH OF 3 ORTHOSONAL AXES, CABIN ATMOSPHERE
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FAGE: 11 . PRINT DATE. 02/07/25

FAILURE MODES EFFECTS AMALYSIS (FUEA) ~ CIL FAILURE MODE :
NUMBER: M8-1MA-M003 03

{PER MIL-STD-2108. INCLUDES: 1 HOUR SALT/FOG, THEAMALMHUMIDITY AT +50 DEG F
TO +120 DEG F AT 80% RELATIVE HUMIDITY FOR 120 HOURS), LIMIT LOAD [150 LB AT
HANCLE 2,750-4,541 LB AT OUTPUT AFK, 10 CYCLER), THERMAL CYCLE TESTS
{tINCLUDES: THEAMAL-VACUUM AT -85 DEG F AND +275 DEG F FOR 5 OPERATIONAL
CYGL®S, AT EACH TEMPERATURE), PROOF PRESSURE/LEAK AT 16/16.5 PEL.
CRASHISHOCHK AT +/~ 20 &'S (FOR 11 MILLLSECONDS, PEB MIL-STO-8708),
ACCELERATION (5 3'S IN EACH OF 3 ORTHOGONAL AXES, 5 MINUTES EACH}, BACKLAGH
TESTS (MAXIMUM +/- 1 DEGREE WITH +/- 10 L8 ON OUTPUT ABM. AND OPERATING LIFE
{2,000 CYCLES) WITH 775 LB AT QUTPUT ARM. "NO-BACK" TEST (4,941 LE ANDNO
GREATER THAN ? DEGASES DEFLECTION AT OUTPUT ARMY, MECHANICAL STOP TEST
{AOTATE MANCRLE TO EAGH STOP AND APPLY 150 LB, 50 CYCLES WITH NG JAMMING),
LOGK CONTROL AND NDISATOR TEST (APPLY 150 LB TO LOCKED HANDLE, 10 TIMES,
WITH LOCHK OPERABLE FROM SOTH HANDLES: AFFLY 2-10)

LE TO LOGKING-LEVER TO UNLOCK 25 TIMES). MECHANICAL LOCK TEST (APPLY 22318
T IHPLUT LOAD CABLE, WATH HOM-REMOVABLE HANDLE FULL CLOCKWISE AND

LOCKED). -

ADCEPTANCE TEST: ACTUATDR ACCEPTANCE TEST INCLUDES MECHAMETAL LOCHK
TEST (NGO ROTATION WATH 150 LB LIMIT LOAD AT HANDLE], NORMAL LOAD TESTS (10
CYCLES, WITH 30 LB HANDLE AND 775-988 LB AT ARM), X-RAY (2 VIEWS, PER MIL-5T0-
453, FOR FOREIGN OBJEJCTS/MATERIALS, AND LEAKAGE TEST (MAXIMUM D.00001 STD
CL/SECANCH OF SEAL WITH 18 PSID LIMIT).

D‘HFI% + TURNARDUND CHEGKOUT TESTING LS ACCOMPLLSHED IN ACCORDANCE WITH
OMRE0. ;

(C) INSPECTION:
RECEIVING INSPECTION :
PLAW MATERIAL VERIFIED VISUIAL INSPECTIONADENTIFICATION PERFORMED, PARTS

PROTECTION VERIFIED.

CONTAMINATION CONTROL
CONTAMBMATION CONTAOL PROCESSES AMD CORACSICN PROTECTION PROVISIONS
VERIFIED. ALL PAHTS ARE CLEANED TO 300 LEVEL PRIQR T ASSEMBELY AND YERIFIED

'BY INSPECTION.

ASSEMBLYANSTALLATION

MANUFACTURANG, INSTALLATION AND ASSEMBLY OPERATIONS YERIRED BY SHOP
TRAVELERS. MANDATORY INGPECTION PORNTS (MIPS), LATCH AND HANDLE FORCES,
GEARBOX ASSEMELY, AND BEARING INSTALLATION ARE VERIFIED 8Y INSPECTION. ALL
FURCHASED PAAT DATA PACKS AND SPRING DIAMETERE AND FORCES ARE VERIFIED

.BY INSPETTION.

-

NONODESTRUCTIVE EVALUATION
STRUCTIRAL INTEGRITY VERIFIED 8Y NONDESTRUCTIVE EVALUATION (NOE}
TECHNIQUES [X-RAY) AND TECHNICIANS CERITIFIED AND VERIFIED BY INSPECTION.

TEETING

GEAR HARDNESS TEST, ACRDSS PIN MEASUREMENT [TO FIND MAXIMUM ACTUAL
SPACE WIDTH AND MINIMUM ACTLIAL TOOTH THICKNESS OF SPLINES), AND REDLINE
TEST FOR COMPOSITE ERRORA ARE VERIFIED BY INSPECTION,

" HANDLING/PACKAGING :

PRACPERLY MONITORED HANDLING AND STORAGE ENVIRONMENT YERIFIED.
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| FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ CIL FALLURE MODE
NUMEER: ME-{MR-MDO3- 03

(D} PAILURE HISTORY:
CUARENT DATA ON TEST FAILURES, FLIGHT FAILUAES, UNEXPLAINED ANOMALIES, AND

OTHER FAILURES EXPERIENCED DURING GRQUND FROCESSING ACTIVITY CGAN EE
FOUND IN PRACA DATA BASE,

(E} DPERATIDNAL USE:
NO OPERATIONAL WORKAROUNE IS POSSIBLE IF THE EXTERNAL AIRLOGK LPPER

HATCH ACTUATOR FAILS TO UNLOCK,

- APPROVALS -
PRODUCT ASSURANCE ENGA : M. W. QUENTHER
PAE MANAGER T W, B MARLOWE
| CESIGN ENGINEER : 7. 5. COO0K
CHIEF ENGINEER 1 B,.: BRANDT
MASA S5MA
NASA SUBSYSTEM MANAGER :
JSC MCD :
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