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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL HARDWARE
NUMBER:! M&tMR-BMO08-X

SUBSYSTEM HAME: MECHANICAL - EDS

REYISKIN: 1 e
PART NAME PART HUMBER
YENDOR HAME VENDOR NUMBEH
LA : MEGH, GUIDE RING BALLSCREW J3U.6365.011-05
NPO-ENEAGIA J5U.e365.011-05
SAU i FIXER 33Y.8662.003
NPQ-ENERGIA 22Y_&552.000
PART DATA

EXTENDED DESCRIFTION CF PART UNDER AMALYSIS:
GLIRE RING BALLSCREW INTERCONNECTING MECHANISM FIXER

REFERENGCE DEHHKINATORS:

QUANTITY OF LIKE ITEMS: 3
THREE (ONE PER BALLSCREW PAIR)

FUNCTION:

CONTAINED WITHIN EAGH BALLSCREW INTERCONNECTING MECHANISM, THE FIXER
LOCKS OR UNLOCKS BOTH RDDS OF A SINGLE BALLSCREW PAIR. WHEN POWER I8
APPLIEDR TO THE FIXER, A MAGNETIC FIELD IS CREATED THAT EXTENDE A LEVER TO
ENGAGE A GEAR WHICH MECHANICALLY LOCKS BOTH BALLECAEW ROOS OF A
SINGLE PAIR BY LIMITING THEIR ROTATION. THIS ACTION PREVENTE ROLL AND
TAANSLATION MOVEMENT OF THE DOCKING RING AT ONE OF THREE POINTS ARCUND
THE RING. WHEN POWER 15 REMOVED FROM THE WINDINGS OF THE FIXER, A
EPRING RETRACTS THE LEVER {THAT LOCKS THE MECHAMICAL GEAR UNK BETWEEN
THE RODS) ANC ALLOWS BOTH ROOS OF THE BALLSCREW PAIA TO ROTATE.

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

MAINTAMABILITY ; ) )
REPAIR METHOD - NONE (REPAIRING IN MANUFACTURING CONOITIONS ONLY).

REFERENCE DOCUMENTS: 33U.8385.011415
34).6662.003
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@ Proprietary Data



UR Gow 1

PAGE: 141 PRINT DATE: 08/25/96

FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILUAS MODE
MUMBER: M&1MB-BMO08- 02

REVISIONS 1 21/83
SUBSYSTEM NAME: MECHANICAL - EDS
LAU: BALLSCREW INTERCONNECTING MECHANIEM CAMCALITY OF THIS
[TEM NAME: FiXER. RING FARURE MODE; 2/2

FALURE MODE:
FAILS TO UNLOCK

MISSION PHABE;
oo ON-CABIT

VYEHICLEPAYLOADAKIT EFFECTIVITY: 104 ATLANTIS

CAUSE:
MULTIPLE 3PRING FAILURES DUE TO MECHANICAL/THERMAL SHOCK OR
MANUFACTUREMATEAIAL DEFECT, JAMMED ROD CUE TO CONTAMINATION

CRITICALITY 1/1 DURING INTACT ABORT QNLY? NO
CRITICALITY 1R2 DURING INTACT ABORT OMLY [AVIORICS DNLY)? N'A

REDUNDANCY SCREEN A} NIA
9) NiA
&) A

PASSTFAIL RATIONALE:

A
Ml

B}
NJA

C}
NAA

METHOD OF FAILT DETECTION:

NOME PRIOR TO CAFTURE. ANALYSIS OF TELEMETRY DATA TO EVALUATE A FAILURE
TO CAPTURE MAY IDENTIFY A LOCKED FLXER AS THE CAUSE, SENSORS WILL MONITOR
POWER T ALL FIXERS AND PROVIDE THE INFORMATION FOR GROUND MONITORING
THROUGH TELEMETRY DATA.

- FALLURE EFFECTE »

{A) SUBSYSTEM:

AFFECTED RODS OF ONE BALLSCAEW PAIR ARE NOT PERMITTED TO ROTATE FREELY.
ROLL AND TRANSLATION MOVEMENT IS RESTRICTED AT ONE POINT ON THE DOCKING
AING. CABTURE CAPABILITIES ARE IMPEDED SIGNIFICANTLY UPON A FAILURE TO
UNLOCHK A StNGLE FIXER PRIOR TO CAPFTURE. NO EFFECT ON MATIMG OF THE TWO
DOCKING MECHANISMS [F FAILURE OCCURS AFTER RING RETRACTION FOLLCAMNG

CAFPTURE.
RSC i
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£AILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: 8-t MR-BMO0Es 02 .

(B} INTERFACING SUBSYSTEM(S):

EXCESSIVE LDADS INCURRED DURING DOCKING, AS THE AESULT OF A SINGLE RING
FIXER BEING LOCKED PRIOR CAPTURE, COULD PROPAGATE TO EXTERNAL AIRLOCK
AND ORBITER STRUCTURE.

(C) MISSION: .
WORST CASE, A SINGLE RING FIXER FAILS TO UNLOCK FOLLOWING RING EXTENSION
TO THE INITIAL POSITION. SINCE A MECHANICAL FAILURE OF THE FIXER IS NOT
DETECTABLE, DOCKING WITH A LOCKED RING FIXER COULD RESULT M EXCESSIVE
LOADS. THESE LOADS COULD PREVENT GAPTURE RESULTING N LO53 OF DDCKING
AND SUBSEQUENT LOSS OF MISSION OBJECTIVES.

{0) CREW, YEHICLE, AND ELEMENT(S):
NO EFFECT ON CREW AND ORBITER STRUCTURE. HOWEVER, EXCESSIVE LOADS
COULD CAUSE DAMAGE 70 BOTH QRBITEH AND MIR DOCKING MECHANISMS,

{E) FUNCTIONAL CRITICALITY EFFECTS:!
MNiA :

DESIGN CRITICALITY (PRIOR TO OPERATIOMAL DOWNGRADE, DESCRIBED IN Fy 272

(F} RATIONALE FOR CRITICALITY CATEGORY DOWNGRADE:
N/A (THERE ARE NO WORKAROUNDS TO GIRCUMYENT THIS FAILURE.)

DISPOSITION RATIONALE-

{A) DESHKIN:

THE BALLSCREW INTERCONNECTING MECHANISM FIXERS CONTROL ROLL AND
TEANSLATION MOVEMENT OF THE RING ONLY. COIL SPRING 1S PRELOADED TO 18 KG
TO ALLOW PIXER TC UNLOCK ONCE POWER | AEMOVED, THREE OR MDAE BREAKS IN
THE COIL ARE REQUIRED PEFORE TOTAL FAILURE OF THE SPRING OCCURS, FIXER I3
NORMALLY IN UNLOCKED POSITION. A RING FIXER FAILING TO UNLOCK CAN QCCUR
MECHAMGALLY DURING RING MOVEMENT TO IT'S INTTIAL POSITION PRIOR 0
CAPTURE. FIXERS ARE LOCKED WHENEVER THE RING 15 MOVELD.

LOAD ANALYSIS HAS SHOWN THAT THE MAXIMUM MOMENT M THE Z DIRECTION AND A
MAXIMUM LOAD IN THE X DIRECTION |5 EXCEEDED GIVEN A SINGLE AING FIXER IS
LOCKED PRIDR TO CAPTUNE. HOWEVER THIS LOAD AND MOMENT WOLLD NOT
EXCEED THE LIMITS ON THE EXTERNAL AIRLOCK OR ORBITER STRUGTURE. IN TWO OF
THE FIFTEEN DOCKING CASES MODELED, THE PING DIO NOT CAPTURE GIVEN A SINGLE
LOCKED FING FIXER PRICR T CAPTURE. ‘

{B) TEST:

1. DOCKING MECHANISM CHECKOUT (STATIC) TEST - RING IS EXTENDED AND
RETRACTED AS NECESSARY TG FULLY TEST ITS OPERATION DURING A SINGLE
DOCKING, FIXERS ARE YURNED OFF WHEN THE RING REACHES TS INTIAL
POSITION AND A FORCE IS APPLIED TO THE RING TO SIMULATE LOADS THAT
CAN OCCUR DURING RING CAPTURE AND MATING OF THE TWO MECHANISME,
THIS TEST WILL YERIEY THAT THE FIXERS ARE NOT LOCKED UNDER LOAD

CONDITIONS.
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| FAILURE MODES EFFECTE ANALYSLS {FMEA) = CIL FAILURE MODE
. NUMBER: Mé-1AR-BM0OS- 02

2, THEAMO YACUUM TEST - DOCKING OF THE MECHANISM 'S THERMALLY
CYCLED, UKDER LOAD CONDITIONS, FROM +20°C TQ -50/-56°C TO 450+ 56°C TO
+20°C IN A VASUUM AT 104 TO 1075 TORR, DWELL AT EACH TEMPERATURE AND
BETWEEN OPERATIONS AT EACH TEMPERATURE IS A MINIMUM OF 60 MINUTES
AFTER STABILIZATION, OPERATIONS INCLUDES PERFOAMING DOCKING WHICH
IS ACCOMPLISHED AT A SPEED OF 0.1SMSEC BETWEEN THE SIMULATCOR AND
MOVEABLE PLATFORM (CONTAINING THE DOCKING MECHANISM), A LOGKED
EiXER WOULD BE DETECTED AT TIME OF CAPTURE.

1. VIBRORESISTENT TEST - APDS SURIECTED TO THE FOLLOWING YIBRATION
LEVELS FOR 2 MINUTES FER AXIE:

FREGUENGY (HZ) SPECTORAL DENGITY ACCELERATION
FADM 20 TO 80 INCREASING, 108 OCTAVE TO 0.04GCMZ
FROM 80 TO 35D PERMAMNENT 0.0435HT
FROM 350 TO 2000 DECREASING 308 OCTAVE WITH 0.04Go/MZ

SUBSEQUENT TO THIS TEST AN ENGINEERING INSPECTION |5 PERFORMED TO
IDENTIFY BROKEMN £R LOCSE HAROWARE. .

4. CONTHROLLED DOCKING TEST - CONTROLLED DOCKING I3 FERFGAMED
UNDERA LOAD CONDIMIONS, THIS TESTS WILL DETECT A LOCKED FIXER DURING °
THE CAPTURE PROCESS. . .

_ 1. OPERATIONAL CAPABLITY TEST - FIXER OPERATION YERIFIED BY THE
ULTIMATE TRANSLATIONAL LOAD TEST, WITH RING IN ITS INITIAL POSITION
. FIXERS ARE TURNED OFF AND A 700 KGF LOAD IS5 APPLIED PARALLEL TO THE
SEAL INTERFAGE. A LDCKED FXER WOLUILD BE DETECTED AT THIS TIME. THE
SYSTEM IS5 THEN INSFEGTED FOR EVIDENGE OF DAMAGE OR DEGRADATION.

2. SHOCK AND SAWTDOTH LOADING STRENGTH TEST - DOCKING MECHANIEM
1S SUBJECTED TO 206G TERMINAL SAWTOOTH SHOCK PULSES N EACH AXIS, 3
PLLBES IN EACH DIRECTION FOR A TOTAL OF 6 PULSESVAXIS. AFTER
COMPLETION AN INSPECTION IS PERFORMED TO IDENTIFY BROKEN OR LOOSE
HARDWARE: AND AN OPERATIONAL CAPABILITY TEET, AS DEFINED IN QTF TEST
#1 ABOVE, IS PERFORMED. A LOCKED FIXER WOLLD BE DETECTED AT THIS
TIME, . .

3 TRANSPORTABILITY STRENGTH TEST - SHIPFING LOADS ARE SIMULATED ON
A VIBAATING TABLE TO VERIFY THAT THE DOCKING MECHANISM 'WILL NOT BE
DAMAIZEE} DURING SHIPMENT, THLIS TEST (5 CONDUGTED UNDER THE .
CONDNTIONS CONTAINED IN THE FOLLOWING TABLE.

YIBRATION | VIBRATION TOTAL TEST

ACCELER ACCELER DURATION
DIRECTION | AMPLITUDE TEET DURATION, MIN HR MIN

|[ ALONG X-AXiS 14 - 4 - - - - 1

12 75 a3 2 1) 5 5 7

|| ALONG Y-AXIS 11 - 4 - - - — 4
1.0 15 16 7 10 ki - 53

[T ALONG Z-AXIE 'R - 4 - - — - 4
1.8 30 a0 16 26 16 z 10

nsc
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.| FAILURE MODES EFFECTS AMALYS!S (FMEA} — CIL FAILURE MODE
NUMEER: M8-1MA-8M008- (2

SUBSECGUENT TO THIS TEST AN INSPECTION IS FERFORMED TO IDENTIFY
BROKEN DR LOOSE HARDWARE: AND AN DFERATICNAL CAPABILITY TEST, AS
DEFINED IN QTF TEST #1 ABOVE. |13 PERFORMEDR. A LOCKED FIXEA WOLLD BE
DETECTED AT THIS TIME,

4, VIBRATION STRENGTH TEST - APDS SUBJEGTED TO THE FOLLOWING
VIBRATION LEVELS IN EACH AXIS FOR A 400 SECOND DURATION. SUBSEGUENT
TC THIZ TEST AN ENQINEERING INSPECTION I2 PERFORMED TD IDENTIFY
BROKEN OR LODSE HARDWARE; AND AN OFERATIONAL CAPARILITY TEST, AS
DEFIKER IN QTP TEST #1 ABONVE, |5 PERFORMED. A LOCKED FIXER WOLLD SE

DETECTED AT THiS TIME.
FRECUENCY (HZ) BPECTORAL DENSTY ACCELGRATION
FHOM 20 10 B0 INCREASING . 30B DCTAVE TO 0.067GAHE
[ FROM 60 10 350 CONSTANT 0.067GE/HZ _
FROM 350 TO 2000 | DECREASING 305 OGTAVE WITH 0.067Go/MZ

E. APDS SERVICEABILITY TEST IN A SIX-DEQGREE-OF-FREEDOM DYNAMIC TEST -
THE SIX-DEGREE-OF-FREEDOM DYMAMIC TEST VERIFIES APTS DOCKING AND -
LINDDCKING DPERATIONS UNDER CLOSE-TO-FULL-SCALE COMDITIONS. STATIC
MOTION OF ENTITIES IS SIMULATED LINDER SFEGIFIC INEATIAL AND
GEOMETRICAL PAFAMETERS FOR VARICUS INITIAL CONDITIONS FOR .

! MIR/SHUTTLE DOCKING, A TOTAL OF 20 DOCKINGS IS PERFOAMED. A LOCKED
FIXER WOULD BE DETECTED DURING ABSDRFTION GF ENERGY OF RELATIVE
MOVEMENT ASSOCIATED WITH EACH DOCKING. BUBSEQUENT TO THIS TEST AN
ENGINEERING INSPECTION IE PERFORMED TO IDENTIFY BROKEN OR LOOSE
HARDWARE: AND AN DPERATIONAL CAFABILITY TEST, AG DEFINED IN QTP TEST
# AEB-DVE, 1S PERFORMED. A LOCKED FIXER WAL D BE DETECTED AT THIS
TIM

. TARGET SEAVICE LIFE TEST - TESTS ARE PERFOPMED TO VERIFY PROPER
DOCKING AND UNDOCKING OPERATIONS OVER ITS LIFE OF 100 DOCKINGS.
PROPER OPERATION OFF THE FIXERS VERIFED DURING 100 DOGKING AND
UNMATING CYCLES (FOR MCE21-0067-1001/3001 UNITS ONLY). FOR MCGR21-0087-
2001, 4001, & -5001 VNITE PROPER OPERATION VERIFIED DAURING 388 CYCLES
(44 VACUUNMALCAD CYCLES, 16 LOAD CYLES, & 324 NO-LDAD CYCLEB). A
LOCKED FIXER WOLALD BE DETECTED DURING CAFTURE. SUBSECLUIENT TO THIS
TEST AN ENGINEERING INSPECTION 18 PERFOCRMED TO IDENTIFY BROKEN CA
LOOSE HARDWARE;, AND AN OPERATIONAL CAPABILITY TEST, A5 DEFINED IN
QTP TEST #1 ABOVE, I8 PERFORMED. A LOCKED FIXER WOLLD BE DETECTED
AT THIS TIME. .

7. COLD AND HEAT HESISTANCE TEST - DOCKING OF THE MECHANISM 1S
THERMALLY CYCLED, UNDER LOAD CONDITIONS, FROM +20°C TO -50-65°C TD
+500455°C TO +20°C IR A VACUUM AT 104 TC 107° TORA. DWELL AT EACH
TEMPERATURE AND BETWEEN DPERATIONS AT EACH TEMPERATURE IS A
MINIMUM OF 80 MINUTES AFTER STABILIZATION. FIVE CYCLES WERE
PERFORMED AGAINST THE GUIDE FING EXTEND AND FINAL POSITION

} MECHANICAL STOPS FOR 10 SECONDS EACH. DOCKING PARAMETERS ARE
SHOWN IN THE FOLLOWING TABLE.

@ _SE  propristaty Data
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| mAJLURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
NUMBER: Ma-1MR-BMOGE- 02

DOCKING SIMULATOR ' PRESS
SEQ RATE, AQTATIONAL ANGLE | TEMP | VOLTAGE [ INTRGRITY
NG, We PITCH ROLL il VOLTE | CHECWOUT
i 0.10 o o* 28 +-10 23 YES
7 0.10 o e 28 +-10 o ND
3 0.12 4 4 25 +-10 7 NG
g — — — ~50--5 — YES
4 D10 4 G 5045 27 YES
& — — — ~BO+/-5) — YES
5 D.10 4" o +{304/-5) 27 YES
& —— —_ — w5045 — YES
& 0.12 o 4* 45045 2 YES
T — — — {G60+/+5) — YES
7 D.10 Qe £ +(30 +/-5) 23 YES
B — — —_ +504/-5 - YES
B 0.12 4° 4 50 w5 34 YES
& —_— — — {60-+-8] — YES
5 Q.12 4 4° {0 +/-8) 34 YES
10° — - — +504.5 — YES
10 .10 4 o +50+/-5 Fid YES
17" — —_ — ~{B044:5) - YES
11 .10 0 4" <30 +-5) 27 YES
1z — — — +EDA-5 — YES
12° 0.10 o 4 +50+-5 27 YES
13 — —_ — +{BO+-5) — YES
13" 012 & 4" ) +-5) i YES
& — = — 48045 = fES
14* .12 " 4 +50-5 Frg YES
15 0.2 4+ 4° #2560 101 2 YES

W

AFTEFA COMPLETION AN INSPECTION 1S PERFORMED TC IDENTIFY BROKEN OR
LOOSE HARDWARE; AND AN DPERATIONAL CAPABILITY TEST, AS DEFINED IN
QTP TEST I‘IEAB['NE. 5 PERFORMED. A LOCKED FIXER WOLLD BE DETEGTED
AT THISE TIME.

"MGEZ21-0087-2001, -4001, & 5001 ONLY

8. CONTROL DISASSEMBLY - UPON COMPLETION OF ALL OUAL TESTING THE

DOCKING MECHAMIEM 15 DISMANTLED AND ALL FIXER QRERATING SURFACES

ARE CHECKED FOR EVIDENCE OF WEAR OR FAILURE.

OMRSD - TURMARCUND CHECKOUT TESTING IS ACCOMPLISHED IN ACCORDANCE WITH

OMRSD0.

(C) INSPECTION:

AECEVING INGPECTION

COMPDNENTE ARE SLEJECTED TO A 100% AECEIVING INSRECTION FRIOR TO
INSTALLATION.

Co,

Enwrgia
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FAILURE MODES EFFECTS AMALYS(S {FMEA) — CI_ FAILURE MODE
NUMEER: MI-1MR-BMOOS- 02

CONTAMINATION CONTROL

CORROSION PROTECTION PROVISIONS AND CONTAMINATION CONTROY. VERIFIED BY
INSPECTION. CHECK DF ROOM CLEANLINESS; PARTS WASHING AND OTHER
OPERATIONS OF THE TECHNOLOGICAL PROCESS WHICK PROVIDES C1 EANLINESS ARE
VERIFIED BY INSPECTICN.

CRITICAL FROCGESSES
ANODIZING, HEAT TREATING, SOLDERING, CHEMICAL PLATING, ANC CURING VERIFIED

BY INSFEGTION.

ASSEMBLY/NSTALLATION
TORQUE, ADJUSTMENTS AND TOLERANCES ACCORDING TO TECHNICAL REQUIREMENTS

OF THE DRAWINGS ARE VERIFIED BY INSPECTION.

TESTING
_ ATP/QTPIOMRSD TESTING VERIFIED BY INSPECTION.

HANDLINGPACKAGING )
HANDLINGPACKAGING PROCEDURES AND REQUIREMENT FOR SHIPMENT VERSFIED BY

INSPECTION.

(D} FAILURE HISTORY:

DATA ON TEST FAILURES, UNEXFPLANED ANOMALIES, AND OTHER FAILURES
EXPER!ENCED DURING GROLND FROCESSING OF QDS DOCKING MECHANISMS CAN BE
FOUND 1N PRACA DATA BASE.

{E} OPERATIONAL USE:
NONME

- APPROVALS -
DESIGM ENGINEER - t M. NIKOLAYEVA "
DESIGN MANAGER : A SOUBCHEV : SR T
MASASSMA - : PO Rt o A el

NASA SUBBYSTEM MANAGER: :

@ RSC Pmpﬂefary Data .
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