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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ NON-CIL HARDWARE
NUMBER: M3-1MR-BM001=X

SUBSYSTEM NAME: MECHANICAL - ERS '
AEVISION: 1 21495

PART HAME ] PART NUMBER
VENOOR NAME VENDOR NUMBER
LRU  STAUCTURAL LATCH MECHANISM AU 5385.010-05
NPO-ENERGIA 331.6355.010-08
SRy 1 ASSY, STRUCTURAL HOOK (SLAVE) 33U.6326.007-05
NPO-ENERGLA 24U 6385 00708
SRU : ASSY. STRUCTURAL HOCK [SLAVE) 33 5365.008-05
. NPC-ENERGIA 33U 8388 008-05
SAU ! ASBSY, STAUCTURAL HOOK (DRIVE) - 33U E366.008-05
_ NPO-ENERGIA 3308368 .006-05
SRU ;. ASSY, BTAUCTURAL HOOK (DRIVE) 39U 6966 .010-05
NPC-ENERGIA 3V .6368.010-05
PART DATA
EXTENDED DESCRIFTION OF PART UNDER ANALYSIS:
STRUSTURAL HOOK ASSEMBLY
HEFEHENC_E DESIGNATORS:
QUANTITY DF LIKE ITEMS: 12
TWELVE
FUNCTION:

FERFORME DPENING AND CLOGING OF ONE ACTIVE HOOK ON CREITER DOCKING

- MECHANISM TO OPPOSITE PASSIVE MOOK ON MIR DOCKING MECHANISM. TWELVE
STRUCTURAL HOOK ASSEMBLIES ON ORBITER DOCKING MECHANISM ARE PROVIDED,
TWO SETS OF SIX HOOK ASSEMBLIES. EACH SET |15 CONTROLLED SIMULTANEQUSLY
BY ONE ACTUATOR. EACH ACTUATOR IS MECHANICALLY LINKED TO ONE CRIVE
STRUCTURAL HOOK ASSEMBLY. A PULLEY CONTAINED ON THE DRIVE ASSEMALY (S
MECHAMICALLY LINKED TO A PULLEY ON EACH OF THE FIVE SLAVE HOOK
ABSEMBLIES THAOUGH A SINGLE MECHAMICAL-GABLE, ACTTATION QF THE DRIVE
HOOK ASSEMELY PROVIDES SIMULTANECUS RQTATION OF THE FIVE SLAVE HOOK
ASSEMBLIES. THE STRUCTURAL LATCH ACTUATOR CONTAINS A *HOOK CLOSED"
SENSOR, A "HOOK OPEN" SENSOR, AND A *HOOK- IN.BETWEEN" SEMS0R TO MONITOR
FOSITION OF ONE SETF OF SIX STRUCTUHAL HOOKE, EACH IS DESCRIBED BELOW.

“HOOK CLOSEDR” SENSOR. THE "HOOK CLOSED® SENSOR 15 USED TC ILLUMINATE 1TS
APPROPRIATE “HCOK 1 CLOSED® OR "HOOK 2 CLOSED" INDICATOR O THE DOCKING
CONTROL PAMEL. THESE INDICATIONS ARE DOWNLINKED FOR GROUND MONITORING
OF EACH SET OF LATCH HOOKS "CLQSED® POSITION, HOOK "CLOSED" SIGNAL 1S
ALSC UTILIZED BY THE DSCU TO TURAN OFF THE STRUCTURAL LATCH ACTUATORS
ONCE THE HOOKE HAVE CLOSED.
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FARLURE MORES EFFECTS ANALYS!S (FMEA) = NOMN-CIL HARDWARE
NUMBER: ME-tMR-BM001-X

‘HOOK OPEN' SENSOR. THE *HOOK OPEN' SENSOR IS USED TO ILLUMINATE ITS
APPROPRIATE "HOOK 1 OPEN" Of "HOOK 2 OPEN" INDICATOR QN THE DDCKING
CONTACL PANEL. THESE INDICATIONS ARE DOWNLINKED FOR GROUND MONITORING
OF EACH SET OF LATCH HOOKS "OPEN" POSITION, THESE SIGNALS ARE ALSO USED
TC TURN OFF THE STRUCTURAL LATCH ACTUATOR ONE THE HOOKS MAVE OPENED.

HOOK-IN-BETWEEN" SENSOR. THE "HOOK IN-BETWEEN" SENSOR IS USED TO SENSE
WHEN EACH SET OF 31X LATCH HOOKS ARE IN A POSITION BETWEEN FULLY QFENED
AND FULLY CLOSED. WHEN THE SEMNSCR IS CLOSED REDUNDANT SIGHALS ARE SENT
TOTHE DECUTO ETOP MOVEMENT OF THE ALNG AND TG QE-ENERGIZE THE
FIXATORE, THE "HDQK-IN-BETWEEN" SIGHAL 1S NOT UTILIZED FOR IN-FLIGHT OR
GROUND MONITORING PURPOSES.

SERVICE IN BETWEEN FLIGHT AND MAINTENANCE CONTROL:
VISUAL INSPECTION, SERVICEABILITY CONTOL, DOCKING WITH CALIBRATING
DOCKING MECHANISM.

MAINTAINABILITY
AREPAIR METHOD - NONE {(REFPAIRING IN MANUFACTURING CONDITIONS ONLY!.

REFERENCE DOCLUMENTS: 33U.5121,038-05
33U.8201.008-08
331).8365.010-05
F31.8368.007-05
33U.56366.008-05
S3LL6366.009-05
AL).6386.010-05
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FAIL LlFlE HC’IUEE EFFECTS ANALYSIS (FMEA) « NON-CIL FAILURE MQDE
NUMBEH: M2-1MR-BEMOD1- 05

' REVISIONS® 2 81185
SUBSYSTEM NAME: MECHANICAL - EDS :
LRU: STAUCTURAL LATCH MECHANISM © CRIMICALITY OF THIS
ITEM NAME: ASSEMBLY, STRUCTIL/HAL HOOK FAILURE MODE: 1R3

FAILURE MODE:
CABLE BHEAKS OR DE-AALS

MISSION PHASE:
oo ON-GRBIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 104 ATLANTIS

CAUSE:

MECHANICALTHERMAL SHOCK, VIBRATION, MATERIAL DEFECT, NUT AT END OF CABLE
BACKS OFF |
CARITICALITY 11 DURING INTACT ABORT ONLY? NO

CRMCALITY 1R2 DURING INTACT ABORT ONLY (AVIONICE ONLY)? WA

REOUNDANCY SCHEEN A} PASS

B) NA
C) PASS
PASS/FAIL RATIOMALE:
A) .
B)

MN/A - AT LEAST TWO REMALINING PATHS ARE DETECTASLE N FLIGHT.
¢

METHOD OF FAULT DETECTION:

IF THE CABLE BREAKS DURING LATCHING ONLY THE DRIVE LATGH WILL EE CLOSED.
SINCE ALL STRUCTURAL LATCH INDICATICNS ARE QETAINED FROM THE ACTIVE LATGH,
THE FLIGHT AND GROUND CREWS WOULD NOT BE MADE AWARE THAT THE REMAINING
FIVE SLAVE LATCHES ARE NOT IN THEIR CLOSED POSTTION. IF 7 CLDSED HOOKS
FREVENTS VESTIBULE TUNNEL PRESSURIZATION CAPABILITIES, CAEW WOULD BE
AWARE OF A LOSS OF PRESSURE THROUGH THIS INTERFACE. -

IF THE CABLE BAEAKS DURING UNLATCHING THE CREW CAN DETELZT THE INABILITY TO
OFEN THE 3TRUGTURAL HOOKS THROUGH FHYSICALYISUAL OBSERVATION - ORBITER
WiLL NOT SEPARATE FROM MIA, .

CORRECTING ACTION: DURING DOCKING - IF LEAKAGE OCCURS DURING IVA, CAEW
COULD CLOSE APPROPRIATE HATCHES TO ISOLATE LEAKAGE. THEN MIR CREW CAN
CLOSE 72 ACTIVE HOOKS OM MIR DOCKING MECHAMISM TO THE QPPOSING 12 PASSIVE
HOOKS ON ORBITER DOCKING MECHANISM TO INSURE STRUCTURAL/SEAL INTEGRITY
BETWEEN BOTH VEHICLES.
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FAILLIFIE MODES EFFECTS ANALYSIS (FMEA} — NONCIL FAILURE MODE
' NUMBER: MZ1MR-BMOO1- 85

DURING UNDQCKING - iIN THE EVENT FIVE SLAVE HOGK ASSEMBLIES FAIL TO UNLATCH,
CRBITER EMEAGENCY PYRO SYSTEM CAN BE UTILIZED TO RELEASE ACTIVE HOOKS
ASSOGCIATED WITH THE CLOSED HOOK ASSEMBLIES. A FAILURE OF THE PYRO SYSTEM
WOULL REQWNRE CREW TO EVA TO AEMOVE THE 96 BOLTS HOLDING THE DOCKING
g;ﬁi;f_r‘égE EXTERANAL AIRLOCK. ONCE RELEASED THE MIA AND ORBITEA CAN BE

REMARAKS/RECOMMENDATIONS:

CHNLY THE TWELVE HOOKS ON THE ORBITER DOCKING MECHANISM ﬂ.F!IE CLOSED
DURING NOMINAL OPERATIONS. ALL HOOKS MUST BE OFENED TO ENABLE
SEFARATION.

» FAILLURE EFFECTS -

{A) BUBSYSTEM:

INABILITY TO QPEN OR CLOSE ACTIVE HCOK ON FIVE SLAVE HGDK ASSEMBLIES USING
NORMAL UNLATCHING OPERATIONS,

BURING DOCKING: FIRST CABLE FAILURE WOULD RESULT IN 7 DF 12 HOOKS CLOSED {1
SET OF & HOOKS AND ACTIVE HOOK ON THE REMAINING DRIVE HOOK ASSEMELY).
LOSS OF CAPABILITY TO MAINTAIN SEAL/STRUCTURAL INTEGRITY DURING
CREIMTERMIA DYNAMIC OPERATIONS FOLLOWING INITIAL DOCKING MECHANISM
INTERFACE PRESSURIZATION.

DURING UNDOCKING: LOSS OF CAPABILITY TO UNLATCH ORBITER FROM MIR USING
NORMAL UNLATCHING DPERATIONS.

(D) INTERFACING SUBSYSTEM{S):
IF FAILURE QCCURS DURING LATCHING, POTENTIAL EXISTS FOR LOSS OF PRESSURE
IN HABITABLE AREAS DURING IVA, WITH HATCHES CPEN, DUE TO LOSS OF
STRUCTURAL/SEAL INTEQRITY AT THE DOCKING MECHANISM INTERFACE AESULTING
FACGM CYNAMIC MOVEMENT BETWEEN QREITER AND MIF.

NO EFFECT ON INTERFACING ORBITER SUBSYSTEMS IF FAILURE OCCURS DURING
UNLATGHING. -

(C} MIS5ITN:
IF SEAL INTEGAITY LOSS, FOLLOWING FIRST CABLE FAILURE, PREVENTS VESTIBULE
TUNNEL PAESSURIZATION FOR ORBITER CREW ENTRY INTO THE MIR AND VIGE VERSA,
DRBMERMIR OPERATIONS WOLLD BE LOST. NO EFFECT DURING SEPARATION SINCE
DOCKED MISSION OBJECTIVES ARE ACCOMPLISHED PRICR TO NOMINAL UNDOCKING.,

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

CURING DQCKING, FOLLOWING FIRST CABLE FAILURE - SREITERMIA DOCKING
MECHANIEM INTERFALE CAN BE INMMIALLY PRESSURIZED WITH ONLY SEVEN HOOKS
CLOSED. HOWEVER, DYNAMIC MOVEMENT BETWEEN ORBITER AND MIR COULD BREAK
TS SEAL RESULTING N LOSS OF HABITABLE PRESSURE THROUGH THIS INTERFACE.
DURING VA, ORBITER/MIR CREW SAFETY |S JECPARDIZED WITH LOSS OF HARITABLE

PRESSURE.

(E) FUNGTIONAL CRITICALITY EFFECTS:

DURING UNDCOKING: _

FIRST FAILURE - LOSS OF GAPABILITY TO GREN ACTIVE HOOKS ASSOCIATED WITH THE
FIVE CLOSED SLAVE HOOK ASSEMBLIES USING NORMAL UNLATCHING SYSTEM.
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FAILURE MODES EFFECTS AMALYSIS {FMEA} ~ NON-CIL FAR LIRE MODE
NUMBER: MB-TMR-BMOO1-05

SECOND FAILURE - FAILURE OF EMERGENCY OREITER PYRQ SYSTEM WOULD
PRECLUDE MIRFORBITER SEFARATION. POSSIBLE LOSS OF CREW AND VERICLE DUE
TO THE INABILITY TO NOMINALLY SEPARATE BOTH VEHICLES. CREW WOULD BE
AWARE QF THESE FAILURES SINCE THE OREBITER AND MIR WOLILD NOT SPRING AWAY
FROM EACH QTHER, AS THE MECHANISM IS DESIANED TO CAUSE THEM TO DO.

DESIGN CRITICALITY (PRIQR TO DOWNGRADE, DESCRIBED IN (F}): 141

(F) RATIONALE FOR CAMCALITY DOWNGRADE:

DURING DOCKING:

SECOND FAILURE {INABILITY T CLOSE TWELVE MIR HDDI{S] INABILITY TO &T op
LEAKAGE AT THE ORBITER/MIA DOCKING MECHANISEM INTERFACE.

THIRD FAILURE (INABILITY TO CLOSE APPROFRIATE HATCH(S) - LOSS OF CAPARILITY
TO ISOLATE LEAK FROM CREW CABIN. POSSIBLE LOSS OF CREW AND VEHICLE DUE TD
INCREASED USE OF CONSUMABLES.

DURING UNDOCKING:

THIRD FAILURE (INABILITY TO E"H"A TO REMOVE 26 BOLTS} - LOSS OF CAPABILITY TO
EEEEHL;TE OREBITER FROM MIR RESULTING IN POTENTIAL LOS3.0F CREW AND

» TIME FHAME -

TIME FROM FAILUSE TO CRITIGAL EFFECT: HOURS TO DAYS
TIME FROM FAILURE DCCURRENCE TO DETECTION: SECONDS
TIME FROM DETECTION TO COMPLETED CORRECTIVE ACTION: SECONDS TO HOURS

1S TIME REQUIRED TC IHFLEHENT CORRECTIVE ACTION LESS THAN TIME TO EFFECT?
YES-

ARATICHALE FOR TIME TO CORRECTING ACTION VS TIME TO EFFECT:

CURING DOCKING, CREW HAS AMPLE TIME TO UTILIZE MIFT'S TWELVE STRUCTURAL
HOOKS TO TIGHTEN THE INTERFACE OR CLOSE APPROPRIATE HATCH(S) TO 1S0LATE
THE LEAK FROM THE CREW CABIN. DURING UNDOCKING, CREW HAS AMPLE TIME TO
REMOVE 98 BOLTE HOLDING DOCKING BASE TO EXTERNAL AIFLOCK TO ENABLE
ORBITEAMIR EEPmﬂm

HAZARDS REPORT HUHBEH{S}: ORBI 4014, ORBI 511
HAZARD{S) DESCRIPTION:

INABILITY TQ SEPARATE QRBITER FROM MIA {DURING UNDQCKING). LOSS OF
PRESSURE IN'HABITABLE VOLUME [DURING DOCKING),

: T APPROVALS -
DESIGN ENGINEER - M NIKOLAYEVA %ﬂ"’/
DESIGN MANAGER T A SQUBCHEY : e
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