PAGE: 92 " PRINT DATE: 081495

FAILURE MODES EFFEC:TE ANALYSIS {(FMEA) — CIL HARDWARE
NUMBER: MB-TMR-BMUOOE-X

SUBSYSTEM NAME: MECHANICAL - EDG ' .
REVISION: 2 /a5

PART NAME PART KUMSER
VENDOR NAME VENDOR NUMSER
LRY - GUIDE RING ASSEMBLY 33U ET1.011-05
- NPO-ENERGSA ' 2BVLINA.011-05
SRU : ASBEMELY, CAPTURE LATCH S3UELE 025
NPCO-ENERGIA TV ER2.025

PART IATA

EXTENDED DESCHIFTION OF PART UNDER ANALYE|S:
CAPTURE LATCH ASSEMBLY :

REFERENCE DESIGNATORS:

QUANTITY OF LIKE ITEMS: 3
THREE {ONE PER GUIDE PEDAL)

FUNCTION:

THREE ACTIVE (CAPTURE) LATCHES, ONE ON EACH GUIDE FEDAL OF THE CRBITER
DOCKING RING, PROVIDES POSITIVE CAPTURE TO THREE PASSIVE (BODY MOUNTED)}
LATCHES LOCATED ON THE MIR DOCKING MECHANISM. CAPTURE LATGH ROLLER
MECHANISMS MOVE ASIDE DURING CLOSING CONTACT WiTH THEIR OPPOEING SOOY
MOUNTED LATCHES AND AAE SPRING CRIVEN TS LOCK AFTER PASSING THE THREE
PASSIVE BODY LATCHES (LUGS), TWD ROLLER MECHANISMS LOCATED ON EACH
CAPTURE LATCH ASSEMBLY PROVIDE A REDUNDANT MEANS OF CAFTURE.

' UPON RECEIFT OF A "CLOSE CAFTURE LATCH' COMMAND, POWER 1S APPLIED.
THROUGH REDUNDANT *LATCH MOTOR OPEN' SENSCR CONTALT SETS TO A SINGLE

AGTUATOR MOTOR TO EXTEND BOTH ROLLERS OF ONE CAPTURE LATCH ASSEMBLY.
A "LATCH INDICATION CLOSED" SENSQOR ON EACH ACTUATOR SENSES THE CLOSED
POSITION GF THE LATCH AND SENDS REDUNDANT SIGNALS TO THE DOCKING '
CONTROL FANEL VIA THE DSCU TO ILLUMINATE THE "LATCHES CLOSED" LIGHT WHEN
ALL THREE CAPTURE LATCHES ARE CLOSED.,

UPOIN RECEIPT OF AN "OPEN CAFTURE LATCH" COMMAND (FOLLOWING COMPLETION
OF THE DOCKING PROGCESS), POWER IS APPLIED THROUGH REDUNMDANT “LATCH
MOTOR GLOSED SENSOR CONTACT SETS TO A SINGLE ACTUATOR MOTOR TO
RETRACT BOTH ROLLERS OF THE CAPTURE LATCH ASSEMBLY FOR LINDDCKING OF
THE MIA AND QRBITER. A "LATCH INDICATION DPEN" SENSOR LOCATED ON EACH
CAPTURE LATCH ACTUATOR SENSES THE OPEN POSITION OF THE LATCH AND SENDS
AEDUNDANT SIGNALS TC THE DSCU TO ILLUMINATE THE "LATCHES OPEN’ INDICATOR
LIGHT ON THE DOCKING CONTROL PANEL AND COMMAND RING TO RETRACT WHEN
THE SENSOR ON ALL THREE CAFTURE LATCH AGTUATORS IS5 CLOSED.
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FA/LLURE MODES EFFECTS ANALYSIS {FHIEA} = CIL HARDWARE
NU“EEH ME~1 MA-BMOO5-X

THE THIAD CONTACT SET OF EACH "LATGH INDICATION OPEN" AND "LATCH
INDIGATION CLOSED" SENSCH [8 UTILLZED FOR GROUND MONITORING OF CAPTURE
LATCH POSITION. CAPTURE LATCH "INITIAL POSITION" IS ALSU DOWNLINKED FOR
GROUND MONITCRING,

IN THE EVENT A CAPTURE LATCH FAILS TC OPEN, THE MANUAL LATGHUNBLOGCKING
DEVICE CONTAINED BEHIND THE CAPTURE LATCH ASSEMBLY WILL PROVIDE MANUAL
RELEASE QF THE LATCH. A BUTTON ON EACH SIDE OF THE DEVICE, WHEN
DEPRESSED SIMULTANEQUELY, WILL RELEASE LATCH CONTROL BY THE LATCH
ACTUATOR, THUS ALLOWING BOTH CAPTURE LATCH ROLLEAS TO RETRACT T THEIR
OPEN POSITION.

SEAVICE IN BEETWEEN FLIGHT AND MAINTEMANCE CONTROL:
VISUAL INSPECTION, SERVICEABILITY CONTOL, DOCKING WITE CALIBRATING
DOCKING MECHAMIEM.

MAINTAINABILITY
REPAIR METHOD - REPLACEMENT.

REFERENCE DOCUMENTS;: -33U.6322.025
IBET1.0T1-05
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FALURE MODE
. NUMBER: Mi-1MR-BAI00S- 08

REVIGIONS 1 W95
SUBSYSTEM NAME: MECHANICAL - EDS
LRU: GUIDE RING ASSEMBLY CRITICALITY OF THIS
ITEM NAME: ASS5EMBLY, CAFTURE LATCH FARLURE MODE: 2R3

FAILURE MODE:
ACLLEA FAILS TQ RETURN T INITIAL {EXTENDED) POSITHON

MISSION PHASE:
0o ON-ORET

VEHICLE/PAYLOAD/KIT EFFECYIVITY: 104 ATLANTIS

CAUSE:

MULTIPLE SPRING FAILURES OUE TO MECHANICAL/ THERMAL SHOCK OR
MANUFACTUREMATERIAL DEFECT, JAMMER ROLLER DUE TO CONTAMINATION
CRITICALITY 171 DURING INTACT ABORT ONLY? NO

CHITICALITY 1R2 DURING INTACT ABRGAT ONLY (AVIONICS ONLY)? /A

REDUNDANCY SCREEN A) PASS

) FAIL
) PASS
PASEFAL HATIONALE:
A)
=)

FARLS REDLUNDANCY SCREEN "H™ SINGE A SINGLE ROLLER FALING TO RETURN TO ITS -
INITIAL POSITION IS NOT DETECTABLE IN FLIGMT. -

) L
METHOD OF FALLT DETECTION:

NONE FOR A SINGLE ROULER. VISUAL OBSERVATION WOULD DETECT AN INABILITY TO
 CAPTURE DUE TO BOTH ROLLERS ON SAME PEDAL FAILING TO RETURN TO THEIR

INITIAL POSITION. .

= FAILURE EFFECTS ~

(A) SUBSYSTEM: - :
NO EFFECT FIRST FAILURE. A FAILUIRE OF A SPRING ON ONE ROLLEA MECHANISM
ACCOMPANIED WITH FAILURE OF A SPRING ON A SECOND MECHANISM WOULD
PREVENT ETTHER LATCH AGLLER FROM RETLIANING TO ITS INITIAL POSITION ONCE
INITIAL CONTACT IS MADE WITH THE OPPOSING BODY MOUNTED LATCH ON THE MIR
DOCKING MECHANISM. A FAILURE OF SECOND LATCGH ROLLER TC RETURAN TO (TS
INITIAL EXTENDED {CLOSED) POSITION MAY ALLOW CAPTURE TO OCCUR BUT RING
ALLIGNMENT FOR STAUCTURAL MATING OF THE INTERFAGE WOULD BE IMPOSSIBLE,

@ iz iy
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FAILURE MOOES EFFECTS ANALYSIS (FMEA} — CIL FAILURE MODE
NUMBER: ME-1MA-BM008- 05

{m) INTERFACING SUBSYSTEM(S):
NO EFFECT ON INTERFACING QORBITER SUBSYETEMS.

{C) MISHON:
NO EFFECT FIRST FAILURE SIMILAR FAILURE OF SECOND ROLLER ON AFFECTED
CAPTURE LATCH ASSEMBLY WILL RESULT IN LOSS OF DOCKING CAPABILMES.

(D} CREW, VEHICLE, AND ELEMENT(S):
ND EFFECT ON CREW AND VEMICLE.

(E) FUNCTIONAL CRIMCALITY EFFECTS:

FIRST ACLLER FAILURE « NQ EFFECT, REDUNDANT ROLLER WILL ENABLE CAPTURE..
SECOND ACLLER FALLURE - INABILITY OF ONE CAPTURE LATCH ON ORBITER DOCKING
MECHANISM TQ LATCH TO IT'S OPPOSING BODY MOUNTED LATCGH ON THE MIR
LOCKING MECHANISM. ALTHOUGH CAPTURE AMD AING RETHACTION IE POSSIBLE IT 1B
QUESTIONABLE WHETHER THE TWO DOCKING MECHANISMS CAN BE PROPERLY
ALIGMNED DURING MATING FOR CLOSING THE STHUCTURAL HOGKS, WORST CASE,
LOSS OF DOCKING RESULTING IN LOSS OF ORBITERMIA MISSION CRJECTIVES.

DESIGN CRITICALITY (PRIOR TO OFERATIONAL DOWNQRADE, DEBCRIBED N F): 2R3

{F} RATIONALE FOR CRITICALITY CATEGORY DOWNGRADE: .
N/A (THERE ARE NGO WORKAROUNDS TC CIRCUMYENT THIS FAILURE.}

DHIPOSITION RATIONALS-

(A) DESIGN:

EACH CAPTURE LATCH ASSEMELY CONTAINS REDUNDANT LATCH AOLLERS, EITHER OF
WHICH CAN ENABLE CAPTURE, EACH ROLLER MECHANISM CONTAINS A SET OF THREE
SPRINGS TO EXTEND THE ROLLER TO ITS iNITIAL (GAPTURE) POSITION, THE CAFTURE
LATCH ASSEMBLY IS COMPLETELY ENCASED TO PREVENT INTHODUCING
CONTAMINATION LARGE ENQUGH TO CAUSE A JAMMING.

(B) TEST:

1. VIBRORESISTENT TEST - AFDS SUBJECTED TO THE FOLLOWING VIBRATION
LEVELS FOR 2 MIRUTES PER AXIS:

SPECTORAL DENSITY ACCELERATION

T TINGR aDB DGCTAYE TO 0.
"PEAMANENT 0.04@°MHZ

DECREASING AVE WITH DOAGEHZ |

SUBSEQUENT TO THIE TEST AN INSPECTION IS PERFORMED TO IDENTIFY
BROWEN OR LDDSE HARDWARE.

2. DOCKING MECHANISM CHECKOUT (STATIC) TEST - CAPTURE LATCH ROLLER

OPERATION IS VERIFIED WHEN THE D4 SIMULATOR COMES IN CONTACT WITH
THE AING ASSEMBLY. CAPTURE OF THE LATCHES OF THE AiNG ASSEMELY

WITH THE BODY LATCHES OF THE SIMULATOR IS MAINTAINED DURING RING

RETRACTION.

@ ¢  Proprigtary Data
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NUMBER: Mi-1MA-BMOOS- O

4, THERMO VACUUM TEST - DOCKING OF THE MECHANISM 15 THERMALLY
CYCLED, UNDER LOAD CONDITIONS, FROM +20°C TD -500-BEC TO +50/+55°C TO
«20°C IN A VACUUM AT 10~ TO 1075 TORR. DWELL AT EACH TEMPERATURE AND
BETWEEM OPERATIONS AT EACH TEMPERATURE IS A MINIMUM OF &0 MINUTES
AFTER STABILIZATION. ORERATIONS INCLUDES PERFORMING CAFTURE.
PROFER OPERATION OF THE GAPTURE LATCH ROLLERS 13 VERIFIED FOR A
TEMPERATURE RANGE OF -50°C/-55°C TD 50°G/55°C.

4. CONTROLLED DOCKING TEST - CONTROLLED DOCKING IS PERFORMED
UMDER LOAD CONDITIONS. CAPTURE LATCH ROLLERS WILL ENGAGE
OFPOSING BOOY MOUNTED LATCH O DM SIMULATOR. THIS TEST WILL YERIFY
PROPER OPERATION OF THE CAPTURE LATCH AOLLERS DURING RING
RETRACTION FOLLOWING CAPTURE.

1. VIBRATHON STRENGTH TEST - APDS SUBJECTED TO THE FOLLOWING
VIERATION LEVELS IN EADH AXIS FOR A 400 SECOND DURATION.

[ FHEQUENCY (W2) SPECTORAL DENSITY ACCELERATION
FRAOM 20 T 80 (INCREASING. ODB OCTAVE 16 U.067GeMZ__
FROM 80 TQ 350 TCONSTANT 0.0B7GAMZ
FROM 350 TO 2000 | DECREASING 308 OCTAVE W 6.06702/HE -

SUBSEQUENT TD THIS TEST AN INSPECTION I8 PERFORMED TO IDENTIFY
BROKEN CR LOOSE HARDWARE.

2. TAANSFORTABILITY ETRENGTH TEST - SHIPPING LOADS ARE SIMLRATED ON
A VIBRATING TABLE TO VERIFY THAT THE DOCKING MECHANISM WILL NOT BE
DAMAGED DURING SMIPMENT. THIS TEST IS CONDUCTED UNDER THE
CONDITIONS CONTAINED IN THE FOLLOWING TABLE.

VIBRATION | VIBRATION FREGUENCY SUBBAND, HZ YOTAL TEGT

- ACCELER | ACGCELER £7 [ 15 1 1530 [ 3040 [ 4080 DURLATION
DIRECTION | AMPLITUDE TEST DURATION, MIN HR MIN

|| ALOMNG X-AXIS 14 - 4 - - - - 4
12 78 83 32 1 i 5 7

|[ ALDNG Y-430S 14 - 4 - - - - 4
19 13 18 7 10 7 -

|| ALONG Z-AIS 1.1 - 4 - - - — 4
10 < &) 18 26 18 2 0

SUBSEQUENT TO THIS TEST AN INSPECTION IS PERFORMED TO IDENTIFY
BROKEN OR LODSE HARDWARE.

5. SHOCK AND SAWTOOTH LOADING STRENGTH TEST - DOCKING MECHANISM

IS SUBSECTED TO 20G TERMINAL SAWTOOTM SHOCK PULSES IN EACH AXIS, 3

PULSES IN EACH DIREGTION FOR A TOTAL OF § PULSES/AXIS. AFTER
COMPLETION AN INSPECTION IS PERFORMED TO IDENTIFY BROKEN OR LOOSE
HARODWARE. )

4. APDS SERVICEABLITY TEST IN A SIX-DEGREE-QF-FREEDOM DYNAMIC TEST -
THE SIX-DEGREE-OF-FREEDOM DYNAMIC TEST VERIFIES APDS DOCKING AND

RSC i
@E Proprigtary Data
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| EAILURE MODES BFFECTS ANALYSIS (FMEA) ~ CIL FAILURE MODE
NUMBER: Wi-MR-BMDOS- 05

UNDOCKING DFERATIONS UNJER CLOSE-TO-FULL-5CALE CONDITIONS, STATIC
MOTION OF ENTITIES IS SIMULATED UNDER SPECIFIC INERTIAL AND
GEQMETRICAL PARAMETERS FOR VARIOUS INITIAL CONDITIONS FOR

| MIRUSHUTTLE DOCKING. A TOTAL OF 20 DOCKINGS IS PERFORMED, THE
ABILITY OF THE CAPTURE LATCH ROLLEAS TO MAINTAIN THEIR POSITION ONGE
THEY HAVE ENGAGED THE QPPOSING BODY MOUNTED LATCH IS VERIFIED
DURING CAPTURE OF EACH DOCKING SUBSEQUENT TO THIS TEST AN
ENGINEEH:ENG INSPECTION IS PERFORMED TO {DENTIFY BROKEN DR LOQSE
HAROWARE.

5. COLD AND HEAT RESISTANCE TEST - DOCKING OF THE MECHANISM 15
THERAMALLY CYCLED FROM +20°C TO -80/-55°C 113 4507+ 55°C TD +20°C IN A
VACULIM AT 104 TQ 105 TORR. DWELL AT EACH TEMPERATURE AND BETWEEN
OFERATIONS AT EACH TEMPERATURE IS A MINIMUM OF 50 MINUTES AFTER
STABILIZATION. CAPTURE LATCH ROLLER QPERATION 15 YERIFIED DURING
EACH DOCKING, AS SHOWN EELOW.

DOCKING SIMULATOR - FREGS
SEQ RATE, ROTATIOMAL ANGLE | TEMP ' | VOLTAGE | !NTEGRITY -
NO. W PITCH ROLL " VOLTS | CHECKOUT
1 0.10 a° o 25 %10 =3 YE5
2 0.10 o 4 25 410 T NG
3 9.2 3* 4° 28 +/-10 27 NO
& — — p— +60+/-§ — YES
Z 310 4 r +30418 a7 YES
5 — — s {60+-5) — YES
5 0.10 4 o +304/-8) &7 YES
& — — e +60+1°5 — YES
8 0.12 o 4 +80+-5 23 YES
ol — — — 6D/ — YES
7 0.10 g 4 430 +-8} YES
= — — S A YES
£ 012 Iy a 50 /-8 34 YES
g —— - e ={BD+~E) — YEE
9 0.12 4" 4 {30 +1-5} 34 YES
10 — — — +EO4/-5 — YES
10 010 - ry o +504/-5 ] YES
7 — o — {EHE) | YES
1 0.10 o 4® 430 +/-5) 7 YES
12 — — — +60+-5 — YEE
12° 0.10 0 42 +50+/-5 27 YES
17 — — — {605} |  — YES
13° 012 4 4° {30 +-8) a7 YES
147 — — — +804-5 — YES
14 R 4= 4° +ECHH-5 27 YES
15 KE 4 4° +35+/-10 ] YEs

"WMCE21-0087-2001, 4001, & -5001 ONLY .

@ Enonple Prapr!etaryﬂata
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| FALURE MODES EFFECTS ANALYSIS (FMEA) - ik FAILURE MODE
HUMBER: Mt-1MA-BM008- 05

AFTER COMPLETION AN INSPECTION 1S PERFORAMED TO IDENTIEY BROKEN OR
LOOSE HARDWARE.

6. TARGET SERVICE LIFE TEST - TESTS ARE PERFORMED TO VERIFY PROPER
DOCKING AND UNDOCKING DPERATIONS OVER TS LIFE OF 100 DOCKINGE.
PROPER OPERATION OF THE CAFTURE LATCH ROLLERS IS VERIFIED DURING
100 DOCKING AND UNMATING CYCLES (FOR MC821-0087-1001/-3001 UNITS ONLY}.
FOR MGCE21-0087-2001, ~4001, & -5001 UNITS PROPER OPERATION VERIFIED
DURING 388 CYCLES (44 VACUUMLOAD CYCLES, 18 LOAD CYCLES, & 324 NO-
LOAD CYCLES)., AFTER COMPLETION AN INSPECTION IS PERFORMED TO
IDENTIFY BRCKEN OR LOOSE HARDWARE.

7. CONTROL DISASSEMBLY - UPON COMPLETION OF ALL QUAL TESTING THE
DOCKING MECHANISM IS DISMANTLED AND CAFTURE LATCH ASSEMBLIES ARE
CHECKED FOR EVIDENCGE OF WEAR OR FAILURE.

OMRSD - TURNARGUND CHECKOUT TESTING IS ACCOMPLISHED IN ACCORDANCE WITH
OMASH.

(G} INSPECTION;

RECEIVING INSPECTION '

COMPONENTS ARE SUBJECTED TO A 100% RECEIVING INSPECTION PRIOR TCr |
INSTALLATION. ’

CONTAMINATION CONTROL

CORROSION PROTECTION PROVISIONS AND CONTAMINATION CONTROL VERIFIED BY
(NSPECTION. CHECK OF ROOM CLEANLINESS: PARTS WASHING AND OTHER
OFERATIONS OF THE TECHNOLOGIGAL PROCESS WHICH PROVIDES CLEANLINESS ARE
VERIFIED 8Y INSPECTION.

CRITCAL PROCESSES
ANODIZING, HEAT TREATING, SOLDERING, CHEMICAL PLATING, AND CURING VERIFIED
BY NSPECTION.

ASSEMBLY/INSTALLATION
TORQUE, ADJUSTMENTS AND TOLERANGES ACCORDING TO TECHNICAL
REGUIREMENTS OF THE DRAWINGS ARE VERIFIED 8Y INSPECTION.

" TESTING |
_ATPAQTP TESTING VERIFIED BY INSPECTION.

HANDLING/PACKAGING
HANDLING/PADKAGING PROCEDURES AND REQUIREMENT FOR SHIPMENT YERIFIED BY

INSPECTION.

{Dj FAILURE HISTORY:

GATA ON TEST FAILURES, UNEXPLAINED ANOMALIES, AND OTHER FAILURES
EXPERIENCED DURING GROUND PROGESSING OF ODS DOCKING MECHANISME CAN BE
FOUND IN PRACA DATA BASE.

{E) OPERATIONAL USE:
NONE. REDUNDANT LATCH ROLLER WILL PROVIDE CAFTURE.

. @Eﬂfﬂ Prapﬁamm
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| | FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL. FAILURE MODE
NUMBER: MB-1MR-BNO3S- 05

- APPROVALS -
DESIGN ENGINEER © M. HIKOLAYEVA

DESIGN MANAGER © A SQUBCHEY

NASA SS/MA ,
NASA SUBSYSTEM MANAGER

RSC .
@ Ernerpis Proprietary Data
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