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FAILURE MODES EFFECTS AMALYSIS {(FMEA) — CRITICAL HARDWARE
HUMBEA: ME-1MR-BMO0S-X

SUBSYSTEM NAME: MECHANICAL - EDS

REYISION: 1 SM1/95
FART NAME PART NUMBER
VERDCR NAME YENDOR NUMBER
LRU 1 ASSY, DISPLACEMENT SENSLOCKING  33U.5325.008
NEC-ENERGIA 33UL.5275.005
LRU : ASSY, DISPLACEMENT SENSLOCKING  33L.5325.005-01
NFC-ENERGHA Y. 5228.005-01
SAU + FIXER AIY 665200
NPO-ENERGIA 3Y eea2.00
PART DATA

EXTENDEZD DESCRIPTION OF PART UNDER ANALYGIS:
DISPLACEMENT SENSORLOCKING {DIFFERENTIAL) ASSEMBELY FIXER

REFERENCE DESIGNATORS:

QUANTITY OF LIKE [TEMS: 2
TWO

FUNCTION:

CONTAINED WITHIN THE EACH DISPLACEMENT SENSORLOCKING ASSEMBLY OF THE
DIFFERENTIAL, THE FIXER BYPASSES THE SPAING MECHANISM TO ALLOW IXRECT
COUPLING OF THE HFFERENTIAL ASSEMBLY TO LOCK THE DOCKING AING IN ITS
ALIGNED POSITION. WHEN POWER (5 APPLIED TO THE FIXER WINDINGS A MAGNETIC
FIELD |15 CREATED WHICH EXTENDS A RQD TO MECHANICALLY COUPLE THE TWO
INDIVIDUAL DIFFERENTIAL SEQMENTS TO PROVIDE SYNCHROMNIZED ROTATION,
{LIMITING RING MOVEMENT IN THE FITCH AND YAW DIRECTIONS), THUS MAINTAINING
THE RING IN TS ALIGNED POSIMION [ALIGNMENT {N RESPECT TO ITS OWN
MECHAN!SM}. WHEN POWER IS REMOVED, A SPRING RETRACTS THE ROD WHICH
UNCOUPLES BOTH DIFFERENTIAL SEGMENTS, ALLOWING THE DIFFERENTIAL TOD
MOVE NORRMALLY.

SERVICE N BETWEEN FLIGHT AND MAINTENANCE CONTROL:
SERVICCABILITY CONTOL, DQCKING WITH CALIBRATING DOCKING MECHANISM.

MAINTAINABRILITY
REPAIR METHOD - NONE (REPAIRING IN MANUFACTURING CONDITIONS QNLY).

REFERENCE DOCUMENTE: 33U.5325,008

23 .E335.005-01
23U G882 002

(D 5, Propristary Data
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EAILURE MODES EFFECTS ANALYEIS (FMEA) - CIL FAILURE MODE
NUMEBER: M3-1MA-BM09- 02

REVISIONE 1 a8
SUBSYSTEM HAME: MECHANICAL - EDS
LRU: DISPLACEMENT SENSCRACCKING ASSEMELY CRITICALITY OF THIS
ITEM HAME: FIXER, HFFERENTIAL FAILURE MODE: 22

FAILURE MCQDE!
FAILS TO UNLDCK

MISSION PHASE:
oo ON-DRBIT

VEHICLEFAYLOADKIT EFEECTIVITY: 104 ATLANTIS

CALISE: -
MULTIPLE SFRING FAILURES DAJE T MECHANICAL/THERMAL SHOCK OR
MANUEACTUREMATERIAL DEFECT. JAMMED ROD DUE TO CONTAMINATION
CRITICALITY 141 DURING INTACT ABORT ONLY? NO )

CRIMCALITY 1R2 DURING INTACT ABDNT OHLY [AVIONICS ONLYY? WA

REDUNDANGY SCREEN A)N/A
B} WA
¢} WA

PASS/FAIL RATIONALE:
&)
MA

e)
N/A

=] ) -
/A

METHOD OF FAULT DETECTION:

NONE PRIDR TO CAFTURE. ANALYSIS OF TELEMETRY DATA TQ EVALUATE A FAILURE
TO CAPTURE MAY IDENTIFY A LOGKED FIXER AS THE CAUSE. SENSOAS WILL MONITOR
POWER TO ALL FIXERS AND PROVIDE THE INFORMATION FOR GROUND MONITORING
THROUGH TELEMETRY DATA

= FAILURE EFFECTS »

{A) SUBSYETEM!

LOSS OF CAFABILITY TD MOVE ONE SEGMENT OF THE DIFFERENTIAL INDEFEMDENT OF
THE OTHER, DOGKING RING BECOMES LESS MOVEABLE IN THE PITCH AND YAW
DIRECTIONS DURIMG CAPFTURE IF FAILUAE OCCUAS PRIOR TG CAPTUHE. NO EFFECT
ON MATING OF THE TWO DOCKING MECHANISMS JF FAILURE OCCURS AFTER RING
RETRACTION FOLLOWING CAFTURE.

@ 3G Proprietary Data
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FAILURE WODES EFFECTS ANALYSIS (FMEA} = CiL FAILURE MODE .
NUMBER: M3-1MAR-BMO09- 02

{8) INTERFACING SUBSYSTEM(S):

EXCESSIVE LOADS INCURRED DURING DOCKING, AS THE RESULT OF A SINGLE
DIFFERENTIAL FIXER BEING LOCKED FRIORA CAPTURE, COULD PROPAGATE TO
EXTERNAL AIFALOCK AND ORBITER STRUCTURE

(&} MISSION:
A SINGLE LOCKED FIXER ADDS STIFFNESS TO THE RING WHICH AFFECTS DYMNAMICS

OF CAPTURE. WORST CASE IS THE INABILITY TO PEAFDAM CAPTURE GIVEN A FAILURE
TO UNLOGCK A SINGLE FIXER, RESULTING IN THE LOSS OF DOCKING CAPABILITIES.
LOSS OF ORBITERMIR MISSION O84ECTIVES WITH FAILURE TO PEAFCAM DOCKING.

(D) CHEW, YEHICLE, AND ELEMENT{S):
NO EFFECT ON CAEW AND ORBITER STRUCTURE. HOWEVER, EXCESSIVE LOADS

COULD CAUSE DAMAGE TC BOTH ORBITER AND MIR DOCKING. MECHANIEMS.

(E) #UNCTIONAL CRITICALITY EFFECTS:
MrA

DESIGN CRITICALITY (PRIOR TO OPERATIONAL DOWNGRADE, DESCRISED IN P 222

{F) RATIONALE FOR CRITICAUITY CATEGORY DOWNGRADE:
M/A (THERE ARE NO WORKARDUNDS TO CIRCUMYENT THIS FAILURE )

DISPOSITION RATIONALE-

{A) DESKIN: .
DI FEAENTIAL FIXERS ARE NORMALLY UNLOCKED WHEN.FOWER 18 REMOVED BY A .
SPRING THAT RETRACTS THE ROD. DESIGN OF THE SPRING IS SUCH THAT MULTIPLE
BREAKS ARE AEQLIAED TO LOSE [TS CAPABILITY. THE PRELDAD ON THE SFRING

ALLOWS FOR TWQ BREAKS TO DCCUR AND STILL PERMITS THE FIXER TO FLUNCTION

PROFEALY. FiXERS ARE NORMALLY IN THE UNLOCKED FOSITION, A FAILURE TO

UNLOICK A FIXER GAN OCCUR MECHANICALLY DURING RING MOVEMENT 7O ITS INITIAL

POSHION PRIOR 75 CAPTURE. FIXERS ARE LOCKED WHENEVER THE RING IS MOVED.

LOAD ANALYSIS HAS SHOWN THAT IN THREE OF THE SIX DOGKING CASES MOOELED,
THE DOCKING RING DID NOT GAPTURE AS THE RESULT OF A SINGLE DIFFERENTIAL
FIXER BEING ENGAGED PRIOR TO CAPTURE.

(8) TEST: f | L

1. DOCIONG MECHANISM CHECKOUT {STATIC) TEST - RING IS EXTENDED AND
BETRACTED AS NECEBSARY TO FULLY TEST (TS OPERATION DURING A SINGLE
DOCKING. FIXERS ARE TURNED OFF WHEN THE RING REACHES IT'5 INITIAL
' FOSITHON AND A FORGE IS APPLIED TO THE RING TO SIMULATE LOADS THAT
CAN OCCUR DURING RING CAPTURE AND MATING OF THE TWO MECHANISMS.
© THIS TEST WILL VERIFY THAT THE FIXERS ARE NOT LOCKED UNDER LOAD

CONDITIONS. , _ :

2. THERMO vACULM TEST - OOCKING OF THE MECHANSM 1S THERMALLY
CYCLED, UNDER LOAD CONDITIONS, FROM +200C TG -50-55°C TO +504+E5*C TO
+P0°C N A VACUUM AT 107 TO 105 TORR., DWELL AT EACH TEMPERATURE AND

BETWEEN OPERATIONS AT EACH TEMPERATURE IS A MINIMUM OF 80 MINUTES
AFTER STABILIZATION. OPERATIONS. INCLUDES PERFORMING DOCKING WHICH

@ RSC Prnpﬁ’atanr Datn .
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| FALURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: M&-1MR-8M003- 02

IS ACCOMPLISHED AT A SPEED OF 0.1EM/SEC BETWEEN THE SIMULATOR AND
MOVEABRLE PLATFORM (CONTAIMNING THE DOCKING MECHANISM), A LOCKED
FIXER WOULD BE DETECTELD AT TIME OF CAFTURE.

3. VIBRORESISTENT TEST - APDS SUBJECTED TO THE FOLLOWING VIBRATICH
LEVELS FOR 2 MINUTEE PEH AXIS:

FREGUENGY (HZ)_ SPECTORAL DENSITY AGCELERATION

FROM 20 TD B0 INGREASING, 308 OCTAVE TC 0.040°7HZ
FRCM 80 TO 380 PEAMANENT D.04G</HZ

FROM 350 TC 2000 DECREASING 308 OCTAVE WiTH 0.04G67H2

SUBSEQUENT TO THIS TEST AN ENGINEERING INSFECTION IS PERFORMED TO
IDENTIFY BROKEN OR LOOSE HARDWARE.

4, CONTROLLED DOCKING TEET - CONTROLLED DOCKING IS PEAFCRMED

LNDER LOAD CONDITIONS. THIS TESTS WILL DETECT A LOCKED FIXER DURING

THE CAFTURE PROCESS.

1. QPERATIONAL CAPABILITY TEST - FIIEA OPERATION VERIFIED B8Y THE
ULTIMATE TRANSLATIONAL LOAD TEST. WITH RING IN ITE INITIAL POSITION
FIXERS ARE TURNED OFF AND A 700 KGF LOAD IS APPLIED PARALL EL TO THE .
BEAL INTERFACE. A LOCKED FIXER WOULD BE DETECTED AT THIS TIME. THE
EYSTEM IS THEN INSPECTED FOR EVIDENCE OF DAMAGE OF DEGRADATION.

2. SHOCK AND SAWTOOTH LOADING STRENGTH TEST - DOCKING MEGHANISM
IS SUBJECTED TO 206G TERAMINAL SAWTOOTH SHOCK PULSES IN EACH AXIS, 3
PULSES IN EACH DIRECTION FOR A TOTAL OF § PLLSES/AXIS. AFTER

COMPLETION AN INSFECTION 18 PERFORMED TO IDENTIFY BROKEN OR LDOSE
HARCWARE; AND AN QPERATIONAL CAPABILITY TEST, AS DEFINED IN QTP TEST

H ABDVE, IS PEAFORMED. A LOCKED FIXER WOLAD BE DETECTED AT THIS
TIME,

3. TRANSPORTABILITY STRENGTH TEST - SHIPPING LOADS ARE SIMULATED ON

A VIBRATING TABLE TO VERIFY THAT THE DOCKING MECHANISM WILL NOT BE
DAMAGED DURING SHIPMENT. THIS TEST IS CONDUCTED UNDER THE
CONCHTIONS CONTAINED IN THE EFOLLOWING TABLE.

U8 Gavl

VIBERATION | VIBRATION FREGUENCY BUBBAND, HZ “TOTAL TEST
AGCELER ACGELER 57 | 718 | 153 | 3040 | 4060 CURATION
CHRECTION | AMAITUDE TEST OURATION, MIN HR MIN

[ ALONG X-AX33 14 | - 4 - - - - 4
12 i 83 a2 81 29 5 ri

[ ALONG Y-AX18 1.1 - 4 - " - - 4
e 1.0 13 16 7 10 4 - 53
1} ALONG Z-AXIS 1.1 - 4 - - - - 4
18 2 | 4« 18 - 18 2 10

"BUBSECQUENT TR THIS TEST AN INSPECTION IS PERFORMED TO IDENTIFY
BROKEN OR LOCSE HARDWARE; ANC AN DPERATIONAL CAPABILITY TEST, AS
DEFINED IN QTP TEST #1 ABOVE, IS PERFORMED, A LOCKED FIXER WOULD BE
DETECTED AT THIS TIME.

(P 225, Propiiotery pata
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| FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
NUMBER: Mi-1MR-8MO09- 02

4. COLD AND HEAT RESISTANCE TEST - DOCKING OF THE MECHANISM 18
THERMALLY CYCLED, UNDER LOAD CONDITIONS, FROM +20°0 TO -50/-55°C TO
+500455°C TC +20°C IN A VACUUM AT 1074 TC 103 TORRK. DWELL AT EACH
TEMPERATURE AND BETWEEN OPERATIONS AT EACH TEMPERATLIRE IS A
MINIMUM OF 50 MINUTES ASTER STABILIZATION. FIVE CYCLES WERE
FERFORMED AGAINST THE GUIDE RING EXTEND AND FINAL PCSITION

| MECHKANICAL STORS FOR 10 SECONDS EAGH. COCKING PARAMETERS ARE
SHOWN IN THE FOLLOWING TABLE, '

DOCKING SIMULATOR PRESS
SEQ RATE, | ROTATIOMALANGLE | TEMP | VOLTAGE | INTEGRITY
MO. WS PITCH | ROLL c VOLTS | CHECKOUT
1 0.10 0° o 28 +-10 23 YES
2 .10 D" & 25 +/+10 34 NO
3 0.12 & 4 25 +10 27 O
S — — — | +80H5 — YES
| 4 010 42 9* +5044-5 27 YES
g — — — ={E05) —_ YEE
5 e.10 4+ o {30+-5) 2r  } yes
8 — — = +804/-5 — YES
& 012 o 4° +50+-5 23 YES
7 — — — {60455 -— YES
7 a.10 o 4 {30 +-8) YES
& — — — | +6045 — YES
B 0.12 4 4 80 +8 [T YES
| s — — — | {6045 — YEE
|8 0.12 4* 4 {30 445} M YES
i — — K- = YES
10 0.10 4* ' +BO+H-5 F1d YES
i — — amn ~{BD+-5) — YES
11 010 o 4 30 +-5) F1d YES
1z E R E—— — w05 | VE§ |
| RES 0.10 Lo & +50+-5 F1d YES
[ 33 — 1 — 1 B0 — YES
RES 012 ] & 4 (30 +-5) F14 YES
147 R M — 505 | %
|, 14* 012 4 4 +E50-5 z7
I 15" 0.12 £ 4* +25+-10 -] Y58
I

“MCE21-0087-2001, «4D01, & 5001 ONLY

AFTER COMPLETION AN INSPECTION 1S PERFOAMED TO IDENTIFY BROKEN OR
LOOSE HARDWARKE:; AND AN OPERATIONAL CAPABILITY TEST, A5 DEFINED IN
TP TEST #1 ABOVE, IS PERFORMED. A LOCKED FIXER WOULD 8 DETECTED
AT THIS TIME.

5. VIBRATION STRENGTH TEST - APDS SUBJECTED TO THE FOLLOWING
VIBAATION LEVELS IN EACH AXIS FOR A 400 SECOND DURATION SUBSEQUENT

7O THIS TEST AN ENGINEERING INSPECTION |15 PEAFORMED TO IDENTIEY
BROKEN OF LOOSE HARDWARE: AND AN OPERATIONAL CAPABILITY TEST, AS

REC ;
@ G5 Proprietary Dats (]
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| FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
. NUMBER: Mi-1MR-BMp08- 02

DEFINED IN QTP TEST #1 ABOVE, 1S PERFORMED. A LDGI{EE FIXER WOULD 8E
DETECTED AT THIS TIME.

FREGUENCY (HT) sn:rnnu. DENSITY ACCELERATION
FROM 20 TQ B NCREASING, 3DB OCTAVE TO 0.087GoMZ
FRACM 80 TO 350 gmsmrr 0.067G/HZ
FROM 250 TO 2000 | DECAEABING 308 OGTAVE WITH 0.08TGAMZ |

8. APDS SERAVICEABILITY TEST IN A SIX-DEQREE-OF-FREEDOM DYMAMIC TEST -
THE SIX:-DEGREE-CF-FREEDOM DYNAMIC TEST VERIFIES APDS DOCKING AND
UNDOCKING OFERATIONS UNDER CLOSE-TO-FIAL-SCALE CONDITIONS. STATIC
MOTION OF ENTTNES 18 SIMULATED UNDER SPECIFIC INERTIAL AND
AECMETRICAL PARAMETERS FOA VARIOUS INITIAL CONDITIONS FOR

t MIR/SHUTTLE DOCKING. A TOTAL OF 20 DOCKINGS I8 PERFORMED. A LDCKED
FIXEA WOULD BE DETECTED DURING ABSORFTION OF ENERAY OF RELATIVE
MOVEMENT ASSOCIATED WITH EAGH DOCKING. SUBSEQUENT TO THIS TEST AN
ENGINEEAING INSPECTION |5 PERFOAMED TO IDENTIFY BROKEN OR LOOSE
HARDWARE; AND AN OPERATIONAL CARPABILITY TEST, AS DEFINED N OTP TEST
#H ABOVE, IS FERFORMED. A LOGCKED FIXER WOULD BE DETECTED AT THIE
TME. :

7. TARGET SERVICE LIFE TEST - TESTE ARE PERRORMED TC VERIFY PROPER
DOCKING AND UNDOCKING OPERATIONS OVER ITS UFE OF 100 DCCKINGH.
PROPER OPERATION OF THE FIXERS VERIFIED DURING 100 DOCKING AND
UNMATING CYCLES (FOR MOS21-008T-1001/-3001 LMITS ONLY). FOR MCE21-0087-
2001, 4001, L -5001 UNITS PRCAFER OPERATION VERIFIED DLRING 388 CYCLES
(44 VACUUMLOAD CYCLES 18 LOAD CYCLES & 30d NO-LOAD CYCLES). A

. LOCKED FIXER WOULD 5E DETECTED DURING CAPTURE. SUBSZGUENT TG THIS
TEGT AN ENGINEERING INSPECTION IS PEAFORMED TO IDENTIEY BROKEN OR
LDOSE HARDWARE: AND AN OPERATIONAL CAPABILITY TEST, AS DEFINED IN
EFT:H%E;;LM I5 PERFORMED, A LDCKED FIXER WOULD BE DETECTED

8. CONTROL DISASSEMELY - UPON COMPLETION OF Al QUAL TEETING THE
DOCKING MECHANISM IS ISSMANTLED AND ALL FIXER QPERATING SURFACES
ARE CHECKED FOR E“DENGEQFWEAHQHFNLUFE.

OMRSD - WWWWWNEMMMWEW

(C) INSPECTION:
RECEIVING INSPECTION
COMPOMNENTE ARE SUBJECTED TO A 100% HEGEWNG INSPECTION PRYOR TO

INSTALLATION.,

CONTAMINATION CONTRIOL

CORROSION PROTECTION PROVISIONS AND CONTAMINATION CONTROL VERIFIED BY
INSPECTION. CHECK OF ROOM CLEANLINESS; PARTS WASHING AND OTHEA
CPERATIONS OF THE TECHNOLOGICAL PRCCESS WHICH PFROVIDES GLEANLINESS ARE
VERIFIED BY iINSPECTION.

R Y
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE WODE
NUMBEF: M3-1MR-EMaIS- 02

CRITICAL FRDCESSES
ANODIZING, HEAT TREATING, SOLOERING, CHEMICAL PLATING, AND CURING VERIFIED

BY INSPECTION.

ASSEMBLYANSTALLATION
TORGUE, ADJUSTMENTS ANG TOLERANGES ACCORDING TR TECHNICAL REQUIREMENTS
. OF THE DRAWNGS ARE VERIFIED BY INSPECTION.

TESTING
ATRIGTPIOMRSED TESTING VERIFIED BY INSPECTION.

HANDLINGPACKAGING
HANDLING/FACKAGING PROCEDURES AND REQUIREMENT FOR SHIPMENT VERIFIED BY

INSFECTION.

(O} FAILURE HISTORY:
DATA ON TEST FAILURES, UNEXPLAINED ANOMALIES, AND OTHER FAILURES

EXFERIENCED DURING GROUND PROCESSING QF QDG DDEKIHE MECHANISMS CAN BE
FOUND IN PRAGA DATA BASE.

{E) GPERATIONAL USE: _ .

NONE

TAPPAOVALS -
DESIGN ENGINEER  © - : M. NIKOLAYEVA
DESIGN MANAGER . A SOUBCHEY
NAGA SS/MA ;
NASA SUBSYSTEM MANAGER
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