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FAILURE MODES EFFECTS ANALYSIS (FMEA) — Gl HARDWARE
NUMBER: ME-1MRA-M004-X

SUBSYSTEM HAME: MECHANMICAL - EXTERMAL AIRLOCK

RAEVISHOM: 3 §/15/95
PART NAME PART NUMBER
_ VERDOR HAME VENDCHA NUNMBER
LRU : ACTUATOR, HATGH LATCH MCZ87-0036-0008

PART DATA,

EXTENDED DESCRIFTION OF PART UNDER ANALYEIS:
EXTERNAL AIRLOCK AFT HATCH LATCH ACTUATOR

REFERENCE DESIGMATORS!

QUANTITY OF LIXE [TEMS: 1
ONE -

FUNCTION:

MANUALLY DRIVEN REDUGCTION GEARSOX - PROVIDES A CONTROLLED QUTPUT FOR
DRIVING THE LATCH MECHANISM ON EXTERNAL AJRLOCHK AFT HATCH OPEN OR
CLOSED. PROVIDES THE FORCE FOA HATCH SEAL COMPRESSION AS [T PLLLS THE
SEALING BURFACES TOGETHER, TWO HANDLES FOR DPERATION ARE FROVIDED
FOR THE HATCH; ONE 1S ON EACH BIDE OF THE HATCH. A MECHANICAL LOCK AND A
"NO-BACK™ ARE PROVIDED FOR RESTRAINT BETWEEN USES. THE KNOB ON THE
HANOLE N THE SPACELAE SIDE (MIA 1) OR PAYLOAD BAY SI0E {MULTI-IR) OF THE
HATCH 15 AEMOVABLE, THE DESIGN UTILIZES (WAL O-FING 8E4ALS TO PREVENT
LEAKAGE DF Q0N PAESSURE THROUGH OR PAET THE ACTUATORE,

. REFERENCE DOCUMENTS: MQ72-533428
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FAILMRE MOLES EFFECTS ANALYSES (FMEA) — S FAILURE MODE
- HUMEBER: &8-1MR.Md4- 02

AEVISION® & g L
SUBSYSTEM HAME: MECHANICAL - EXTERMNAL AIRLOCK '
LR ACTUATOR, HATCH LATGH CRMICALITY OF THIS
ITEM HAME: C-RING SEALS FAILURE MODE: 2R3

FAILURE MODE:
LEAMAGE

MISSION PHASE:
O CON-ORBIT

VEHICLE/PAYLOADACT EFFECTIVITY: 104 ATLANTIZ

CALISE:

AGINGOMIDATIONSUBLIMATION, CONTAMINATIONTFOREIGN DEIECTDEBRIS,
DEFECTIVE PART/MATERLAL CR MANUPACTURING DEFECT

CRMCALLITY 11 TRING INTACT ABORT ONLY? NO

REDUNDANCY SCREEN  AJ FAIL _ .
: 8) N/A
C) PASS
PASS/FAIL RATIONALE:
s _

FALS REDUNDANCY SCAEEN "A" BECALISE SEAI S CANNOT BE VERIFED INDIWVDUALLY
DURING GROUND CHECKOU',

B)
N/A - AT LEAST ONE REMAINING PATH (S DETECTABLE IN FLIGHT.

L]

METHOD OF FAULT GETECTION:
NONE FOR A SINGLE O-RNG SEAL FAILLTIE. FAILURE OF REDUNDANT O-RING SEAL
CAN BE DETECTED THROUGH INSTAUMENTATION - LOSS OF PRESSURE
(CONSUMABLES) IN SPACELAS DURING EVA IMIR 1) OR LOSS OF PRESSURE
{CONSUMABLES) (N QDS DURING VA (MULTI-MIA),

- FALLURE EFFECTS -

(A) SUBSYSTEM:

NO EFFECT IF ONLY A SINGLE SEAL FAILS. FAILURE OF BOTH SEALS WOULD RESULT IN
LOSS OF ISOLATION BETWEEN EXTERNAL AIRLOCK AND SPACELAS FOR MIA 1 OR LOSS
GF ISCLATION BETWEEN EXTERNAL AIRLOCK AND PATLOAD BAY FOR MULTEMIEL

(B) INTERFACING SUBSYSTEM(S):

NO EFFECT FIRST FAL UFRE.

MIR 1 - FAILURE OF REDUNDANT SEAL WILL RESULT iN LOSS OF ISOLATION BETWEEN
EXTEAMAL AIRLOCK AND SPACELAR. LOSS OF ISOLATION COULD RESULT IN LOSS OF
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FAILURE MODES BFFECTS ANALYSIS (FMEA) ~ CIL FAILURE MODE )
NUMSER: M8&-1MB-MO04- 02 .

SPACELAB CONSUMARLES IF EVA "C* HATCH AND FIFTR HATCH ARE DFENED ANC LEFT
OPEN DURING DURATION OF EVA. REPAESSURIZATION OF OOS FOLLOWING EVA
COULD RESULT IN SLOW LOSS OF CONSUMABLES INTO SPACELAE VACUUM. NO
EFFECT DURING IVA SINCE EXTERNAL AIRLDCK AFT HATCH REMAINS OFEN.

MULTEMIA - LOSS OF (SOLATION wOulD RESULT IN A PRESSURE LEAK T2 QUTSICE
ENVIRONMENT RESULTING IN AN tNCREASED USE OF CONSLMARLES,

{C) MISSION:

MIB 1 - N EFFECT DURING IVA SINGE EXTERNAL AIALOGK AFT HATCH REMAINS OPEN,
SECOND O-RING SEAL FAILURE: LOSS OF CAPABILITY TO PERFORM A PLANNED EVA IF
SECOND FAILURE DCCURS PRIOR TO AN EVA: AND LOSE OF BPACELAR OPERATIONS
FOLLOWING EVA,

MULTI-MIA - NO EFFECT FIRET O-AING FAILURE. WORET CASE, CREW OECISION TD
ABORT MISSION DUE TC LOSS OF CONSUMABLES FOLLOWING SIMILAR FAILURE GF
REDLUNDANT O-FING.

(D} CREW, YEHICLE, AND ELEMENT{S):
NO EFFECT ON GREW AND VERICLE SINCE CREW HAS SUFFICIENT TIME TO RECOvYER
FROM THE LEAK. ;

{€) FUNCTIONAL CRIMICALITY EFFECTS:

FIRST C-AING SEAL FAILURE - NO EFFECT.

SECOND D-AING SEAL FAILURE: *

MIR 1 - LOSS OF SFACELAB CONSUMABLES DURING EVA COULD IMPACT SPACELAR
EQUIPMENT, INGCREASED USE OF CONSUMABLES DURING REFRESSURIZATION,
FOLLOWING EVA, WOLRD PRECLUCE SUSSEQUENT MIESION AGTIVITIES. (WITH
VACUUM CREATED IN SPAGELAB DURING EVA, REPRESSURIZATION OF ODS WILL
RESULT IN LEAKAGE OF DS PRESSURE INTD SPACELAB.)

MULTI-MIA - {1} IF SECOND FAILURE OCCURS DURING VA (GAMERA PREPARATION FOR .
OOCKING! LOSS OF CONSUMABLES WOULD RESULT IN EAALY TERMINATION OF
MISSION; OR (2} IF SECOND FAILURE OCCURS DURING EVA INCREASED USE OF
CONSUMABLES DURING REPRESSURIZATION WOULD PRECLUDE SUBSEQUENT
MISSION ACTIVITTES.

DESIGN SRIMICALITY (FRIOR TO DOWNGRADE DESCRIBED IN (A% 2R3

(FIRATIONALE FOR CRITICALITY DOWNGRADE: :
THIRD FAILLME (INABILITY TO CLOSE APPROPRIATE HATCH(S)] - FARLURE TO ISOLATE
LEAKAGE FROM CREWCABIN, NO EFFECT SINCE ORBITER ARPCS SYSTEM WILL
PROVIDE AR MAKE-UP.CAPABILITIES AND MISSION AT THIS POINT HAS ALRRADY BEEN
ABORTED.

- TIME FRAME -

TIHE FROM EAILURE TO CRITICAL EFFELT: MINUTES
TIME FROM FAILURE DCCURRENCE TO DETECTION: SECONDS
THAE FROM DETEGTION 7O COMPLETED CORRECTIVE ACTION: WA

IS TIME RESLHRED TO IMPLEMENT COARBCTIVE ACTION LE%S THAN TIME TO BFFECT?
NO
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| FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE

HUMBER: M-t MR-M0d4- 02

RATIONALE FOR TIME TD CORRECTING ACTION VE TIME TO EFFECT:
THERE 18 NO CORREGTIVE ACTION TO SEAL THE LEAKAGE. CORRECTIVE ACTICN
ADDRESSED WILL ONLY ISQULATE THE LEAKAGE FROM THE CREW GCABIN.

HAZARDS REPORT NUMBER(S): NONE

HAZARD(E) DESCRIPFTION:
[ TE

-HEPOSMON RATIONALE-

{A) DESKSN; -
SEALS ARE STANDAHD TYPE DUAL O-RING SEALS HELD IN SEFARATE GROOVES
AGAINST A ROTATING INFUT SHAFT (LMITED TO +450 DEG) OR AGAINST A SLIDING
LOCKING STEM (LIMITED TO LESS THAN 38 INCH STROKE) DESIGNED FOA AEPEATED
USE - 2,000 CYCLES: EACH ROTATIONAL CYGLE OF THE INPUT SHAFT INCLLDES OHE
FULL CLOCKWIEE ANT ONE FULL COUNTERCLOGKWISE ROTATION WITH A NORMAL 30
LE LGAD AT THE HANDLE (ECUIVALENT TO 10 YEAR, 100 MISSION LIFE) - WITHOLIT
SCHEDULED SESVICING OR MAINTENANCE. EALCH SLIDING CYCLE OF THE LOCKING
STEM INCLUDES ONE FULL UNLOGKING AND ONE FULL LOCKING ACTION OF THE FLIP-
OVER LOGKING LEVER. -

B} TEST:
OUALIFICATION TESTS; SEALS QUALIFIED AS PART OF COMPOMENT QUALIFICATION -
TESTING OF MC287-0058-0004 AND 0006 LATCH ACTUATOR PER CR-23-287-00- 00082,
QUALIFICATION TESTS INCLUDE: LIMIT LOAD TEST (10 CYCLES, WITH 3,730-4,841 LB AT
DUTPUT ARM AND 150 LB AT HANDLE), GABIN ATMGSPHERE TEST (WCLUDES SALT FOG
FOE 1 HOUR, +80 DEQRSES F AND +120 DEGREES F AT 80% RELATIVE HUMIDITY FOR
120 HOURS), RANCOM VIBRATION TESTING FOR 45 MINUTES IN EACH OF THREE
CRTHOGONAL AXES, SHOGK TEST (+- 20 G'S, 11 MLLISECONDS EACH BHOCK, 110
TOTAL: PER MIL-STD-810), NOAMAL DUTPUT TEST (2,000 CYCLES WITH 30 LA LOAD AT
THE HANDLE: NOMINAL & CYCLES PER MISSION AND QROUND TURNARCUND: 800
CYCLES PER 1D00-MISSION LIFE), THERMAL CYCLE TEST HETWEEN -65 DEG F AND +275

‘DEG F {6 COMPLETE CYGLES AT EACH EXTREME TEMPERATLRE - WITH A MINIMLM

TEMPFERATLURE EDFKEIFEQHHUTES}ANDMGELEHATIGNTEETHJ—!E'ENEACHDF
THRSE DATHOGONAL AXES. S MINUTES IN EALH AXIS).

ACCEPTANGE TESTR: AGCEPTANGE TESTING INCLUDES 100% EXAMMNATION, $00% X-
RAY, 100% LEAKAGE TESTING (NOT TO EXCEED 0.00001 STD CORECANCH OF SEAL AT
15 PSS LIMIT DEETA P) AND 100% NORMAL LOAD TEST {10 CYGLES, WITH 30 LB AT

.HANDLE AND 775-565 LB ON QUTFUT ARM).

OPERATIONS. TESTS ARE PERFORMED WHEN THE EXTERNAL AIRLOCK 15 INSTALLED
ON THE VEHICLE. NO OMRSD TEST CAPABLE OF DETECTING FIRST FAILUAE OF SEAL.
MAINTENANGE SAMPLING ON AGTUATOR AND SEALS AFTER FIRST 36 FLIGHTRA YEARS
AND THEN AFTER NEXT 12 FLIGHTS?2 YEARS.

OMRSD - TURNAROUND CHECKOUT TESTING |5 AGCOMPLISHED IH ACCORDANCE WITH
CR 30, '
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[ FALURE MCDEES EFFECTS AHNALYSES IFMEA) — CLL PAILURE MODE
NUMEER: MsIMRA-MO04- 02

(C) INSPEGTION:
AEGEIVING INSPECTION
AAW MATERIAL VERIFIED VISUAL INSPECTIONADENTIFICATION PERFORMED, PAATS -

PROTECTION YVERIFIED., O-RINGS ARE MAGNIFICATICN INSPECTED FOR DAMAGE,

CONTAMINATION CONTRCL
CONTAMIMATION CONTROL PROCESSES AND CORROSION PROTECTION PROVISIONS

VERIFIED. ALL PARTS ARE CLEANED TO 300 LEVEL PRICGR T ASSEMBLY AND VERIFIED
BY INSPECTION,

ASSEMBLYANSTALLATION
FAW MATERIAL VERIFIED, VISUAL INSPECTIONADENTIFICATION PERFORMED, PARYS

PROTECTION VERIRED, MANLUIFACTURIMG, INSTALLATION AND ASSEMBLY DPERATIONS
VERIFIED BY SHOP TRAVELER MANDATORY INSPECTION POINTS (MIPS]. 'O-RINGS ARE
MAGNIFIGATEN INSPECTED AT RECEIVING AND INSTALLATION,

NOMNDESTRUCTIVE EVALUATION
STAUCTURAL INTEGRITY VERIFIED BY NONDESTRUGTIVE EVALUATION {NDE) {X- Hﬂﬂ

AND TECHMICIANS CERTIFICATIONS ARE YERIFIED 8Y INSPECTION,

TEETING
TESTING VERIFIED BY INSFECTION.

HANDLING/PACKAGING -
PAOPERLY MONITORED HANDLING AND STORAGE ENVIRONMENT VERIFIED.

(D) FAILURE HISTORY;

OTHER FMWEXFEHIEFFA&ED DURING EHE?LNUHES oF = o2
D PRCCESSING ACTIVITY CAN BE

FOUND IN PRACA DATA BASE

(E) OPERATIONAL USE:

] NONE FOR SINGLE O-RING PAILURE. MIR 1 - FALURE OF RECUNDANT O-AING SEAL -
AATE OF LEAKAGE AND THE FRASIBILITY OF COMPLETING THE MISSION OF EVA CAN
BE DETERMINED. MULTIMIR - AMOUNT OF LEAKAGE, GIVEN A FALURE OF BOTH
SEALS, IS LOW ENCUGH TO ALLOW THE CREW TO CLOSE APPROPRIATE HATCH(S) TO
ISCLATE LEAKAGE FROM CREW CABIN, _

- APPROVALS -
PRODUCT ASSURANCE ENGE : M, W. GUENTHER
PAE MAMAGER + W, A, MARLOWE
| DESIGN ENGINEER + T 8 COOK
CHISF ENGINEER - 1 8.1 BRANDT
MNASA SSMA
NASA SUBSYSTEM MANAGEF!
JSG MOD . :
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