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FAILURE MODES EFFECTH ANALYSIS (FMEA) — CRITICAL HARDWARE
- NUMBER: M8-1MR-BM004-X

SUBSYSTEM HAME: MECHANICAL - EDS

REVISION: 1 M55
PART NAME PART NUMEER
YENDOR NAME YENDOR NUMBER
LA . DOCKING MECHANIEM ASSEMBLY S3U.E31E.003-05
NPRO.ENERGIA 23U 6.003-08
SAU . ASBY, ELECTRC-MAGNETIC DAMPER  330U.5651.006
NFO-ENERGIA 23U 6661 006
SRL :  ASEY, ELECTRO-MAGNETIC DAMPER  A3U.6661.007
NFO-ENERGIA 331).6681.007
FART DATA

EXTENGED DESCRIPTION OF PART UNDER AMALYSIS:
HIGH ENERGY ELECTAC-MAGNETIC DAMPER ASSEMEBLY

REFERENGE DESIGNATORS:

QUANTITY OF LIKE [TEMS: 3
THREE [ONE PER BALLECREW PAIR)

FUNCTION:

A HIGH ENERGY ELECTRO-MAGNETIC DAMPER IS LOCATED BETWEEN EACH ROD OF
THE BALLSCAEW PAIRS AND IS ENGAGED BY A SOLENOID DRAIVEN MECHANICAL LOCK
(CLUTCH) DEVICE. ALL THREE DAMPER ASSEMBLIES ARE INTERCONNECTED
THROWGH THE KINEMATIC CHAIN TO DAMP QUT RELATIVE FITGH AND YAW
ROTATIONAL YELOGMES OF THE RING FOLLOWING CAPTURE.

SEAVICE IN BETWEEN PLIGHT AND MAINTENANCE CONTROL:

VISUAL INSPECTION, SERVICEABILITY CONTOL, DOCKING WITH CALIBRATING
DOCKING MECHANISM,

MAINTAINABILITY

RERAIR METHOD - REPLACEMENT.

"REFERENGE DOCUMENTS:  33U.5661.006
33L.6661.007
33.6316.003-05
330 5321 004

RSC :
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
MUMEER: MiE-1MR-EM004- D1

AEVISIONS 1 885
SUBSYSTEM NAME: MECHANICAL - EDS
LAY DOCKING MECHANISM ASIEMELY CRIMICALITY OF THIS
IMEM NAME: ASSEMBLY, HIGH ENERGY DAMPER FAILURE MODE: 272

FAILURE MODE:
JAMMING, INCREASED RESISTANCE

WMISSION PHASE:
jole ON-CRBIT

U!HICLEFFATLGJIDMIT EFFECTIVITY: 104 ATLANTIS

GAUSE: .
CONTAMINATION, STRUCTURAL FAILURE DUE TO MECHANIGAL SHOCK, VIBRATION, OR
MANUFACTUREMATERIAL DEFECT

CRITICALITY 11 DURING INTACT ABORT ONLY? NO

CRITICALITY 1R2 DURING INTACT ABORT ONLY [AVIONICS ONLY)T N/A

AREDUNDANCY SCREEN A} A
a) VA
G} A

PASE/FAR RATIONALE:

A)
MrA

)
A

€}

MNAA .

METHOD OF FAULT DETECTION: .

VISUAL DBSERVATION - NO CAPTURE INDICATION DURING DOCKING, TELEMETRY DATA
ASSOCIATED WITH MOVEMENT OF THE RING (BALLECREW MISALIGNMENT) IS -
AVAILABLE TO GROUND PEREONNEL FOR EVALUATION OF A JAMMED DAMPER.

- FAILURE EFFECTS -

(A) SURSYSTEM: !

A JAMMING OF ONE DAMPER WILL PREVENT/RESTRICT PITCH AND YAW MOVEMENT oF
ITS ASSOCIATED BALLNUT PAIR AND SUBSEQUENTLY, RESTRICT PITCH/YAW
MOVEMENT OF THE DOCKING RING. AN INCREASED RESISTANCE COULD BE
OVERGCOME BY.THE FOWER OF THE DOGIKING MECHANISM ASSEMBLY ALLOWING
CAPTURE TO OCSCUR. HOWEVER, TOTAL JAMMING OF A HIGH ENERGY DAMPER
ASSEMBLY WOULD PRECLUDE CAPTURE. DAMAGE SUSTAINED BY THE MECHANISM,

ASC  prop) . Data
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — Gl FAILURE MODE
NUMBER: M&-1MF-SMD04- 01

QUE TO EXCESSIVE CAPTURE LOADS, COULD PREVENT EXTENSION OR RETRACTION
OF THE DOGKING RING,

(B) INTERFACING SUBSYSTEME):
EXCESSIVE LOADS INCURRED DURING DOCKING AS THE RESULT QF A JAMMED HIGH
ENERGY DAMPER COULD PROPAGATE TO EXTERNAL AIRLOCK AND ORBITER

STRIKCTURE.

{C} MISSION: .

WORST CASE, RIGH LDADS AND MISALIGNMENT WILL MAKXE CAPTURE IMPOSSISLE,
EXCESSIVE LOADS INCURAED OURING CONTACT COULD CALSE DAMAGE T QREITER
AND MiA DDCKING MECHANISMS RESULTING IN THE LOSS QF CAPABLLITY TO EXTEND
DR RETRAGCT DOCKING RIMNG. INABILITY TO PERFORM CAPTURE OR MOVE RNG TD
MATE BOTH MECHANISMS WiLL PRECLUDE DOCK!HE CAPABILITIES RESULTING IN LOSS
OF DABITERMIA MISSION CAPABILITIES.

{D) CHEW, YEHICLE, AND ELEMENT{3):

EXCESSIVE LOADS EXPERIENCED DURING CAPTURE AS THE RESULT OF A JAMMED
CAMPEA COULD CAUSE EXTENSIVE DAMAGE TO BOTH ORBITER AND MIR DOCKING
MECHANISMS, CREW AND OREITERA STRUCTURE ARE UNAFFECTED BY THESE LOADS.

{E) FUNCTIONAL CRITICALITY EFFECTS:
N/A

DESIGN CAMCALITY {PRIOA TO CPEAATIONAL DOWNGRADE, DESCRIBED IN F): 212

(F) RATIONALE FOR CRITICALITY CATEGORY DOWNGRADE:
N/A {THERE ARE NO WORMKAROUNDE TO CIHCUMYENT THIS FAILURE.)

SMEFOSITION RATIONALE-

(A) DEBHGMN:
DESIAN OF THE DAMPERS PROVIDES SUFFICIENT FREEPLAY BETWEEN SUAFACES TO
ALLCOW FOR TEMPEAATURE EXPANSION AND TO PREVENT JAMMING. CLUTCH
SURFACES ARE MADE OF STEEL ALLOYS AND ARE AN INTER-MESHING TOOTH DESHIN.
THE DAMPING PORTION [S A MAGNETIC FIELD DEVICE. GRAPHITE LUBRICATION IS
FROVIDED TO PREVENT MOVING SURFACES FROM STICKING. H..L CAMPER PAFATS
HAVE A SAFETY FACTOR NO LESS THAN 1.4.

LOAD ANALYSIS MAS SHOWN THAT THE MAXMUM DDCKNG LOADS INCURRED AS THE
AESULT OF THIS FAILUAE WILL NOT EXCEED EXTERNAL AIRLOCK/OABITER -
- STAUCTURAL LIMITS,

[B) TEBT?
1. INSPECTION SEAVICEABILITY TEST (SENSOR FUNCTIONAL TEST) -

QPERATIONAL CHECKOUT OF THE ELECTROMAGNETIC DAMPERS IS
PERFORAMED THROUSH CAPTURE SENSOR PER STEP 13 OF INSTHUCTION

2. VIBRORESISTENT TEST - APDS SUBJECTED TO THE FOLLOWING VIBAATION
LEVELS FOR 2 MINUTES PER AXIS:

@ c Proprietary Dota
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FREQUENCY SPECTORAL DENSITY ACCELERATION
FROM 20 T0 80 INCREASING. 308 OCTAVE TO 0.04GHZ |
FRGM 80 TO 350 PEAMANENT 0.04G2HZ ~
FROM 350 10 2000 | DECREASING 3DE OCTAVE WITH 0.04GE/HZ

SUBSEQUENT TD THS TEST AN ENGINEERING INSPECTION 13 PERFCAMED TO
IDENTIFY BROKEN OR LOOSE HARDYWARE AND & FUNCTIONAL GHECK IS
PERFORMER, PER ATP #1 ABQVE, TC VERIFY PAOPEA CPEAATION OF THE
ELECTROMAGNETIC DAMPERS.

3. DOGKING MECHANISM CHECKOUT (STATIC) TEST - A HIGH ENERGY DAMPER
FUNCTIONAL PEAFORAMANCE TEST IS PERFORMED AS PART OF THE GHECKOUT
OF THE DOCKING MECHAMISM. WITH THE GUIDE RIMNG IN ITS INITIAL POSITION
IT IS ROTATED ABOUT THE ¥ AND Z AXES AND THE MOMENT WAS MEASLIRED
WITH AND WITHOUT HIGH ENERGY DAMPERS ENGAGED. THES TEST VERIFIES
THAT THE DOCKING RING RETUANS TO INITWAL POSITION WITH DAMPEAS QFF
AND DOES NOT RETURN 70 INITIAL POSITION WITH DAMPERS ON. A JAMMED
DAMPER WOLILD BE DETECTED AT THIS TIME.

4. THEAMO VACUUM TEST - DOCKING OF THE MECHANISM 13 THERMALLY
CYCLED, UNDERA LOAD CONDITIONS, FROM +20°C TO -50/-88°C TO +50/+55°C TO
+20°C IN A VACULM AT 107% TO 1075 TORR. DWELL AT EACH TEMPERATURE AND
BETWEEN OPEAATIONS AT EACH TEMPERATURE IS A MINIMUM OF 80 MINUTES
AFTER STABILIZATYON. OFERATIONS WCLUDES PERFORMING DOCKING WHICH
IS ACCOMPLISHED AT A SPEED OF 0.15MEEC BETWEEN THE SIMULATOR AND
MOVEAGLE PLATFORM (CONTAINING THE DOCKING MECHAMNISM). AT EACH
TEMPERATURE ELECTRO-MAGNETIC DAMPERS ARE TURNED ON FOLLOWING
AING EXTENEION AND CURRENT TO EACH IS MEASURED. PROPER DPERATION
OF THESE DAMPERS IS VERIFIED FOR A TEMPERATLIRAE RANGE OF -50°0/-85°C
TO 50C/55C.

4, CONTROLLED DOGKING TEST - CONTROLLED DOCKING 1S PERFORAMEDR
UNDER LOAD CONDITIONS. PROPER RING PERFOAMANCE WILL VERIFY HIGH
ENERGY DAMPING OPERATIONS.

1. THANSPORTABILITY STRENGTH TEST - SHIPPING LOADS ARE SBMULATED ON
A VIBFATING TABLE TO VEMPEY THAT THE DOCKING MECHANISM WILL NOT BE
DAMAGED DURING SHIPMENT. THIS TEST IS CONDUGTED UNDER THE
CONDITIONS CONTAINED (N THE FOLLOWING TABLE.

VIBRATION | YIBRATION FREGUENCY SUSBAND, HZ TOTAL TEST
ACCELER | ACCELER 57 1590 | 30-40 | 40-60 DURATION
DIRECTION | AMPLITUDE TEST CURATION, MIN HA WIN
ALONG X-AXEEF 14 | - g | = ] - - - 4
12 Fi 93 a2 69 a8 5 7

ALDNG Y-AXIS 1.1 - & - - - - 4
1.0 13_] 18 7 10 7 - 53

ALONG Z-AXI5 1.1 - & - - - - L}
1.0 a2 AD 18 26 18 2 10
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FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FALLIRE MODE
NUMBER; Ma~1MR-EMO04- 01

SUBSEQUENT TO THIS TEST AN INSPECTICON 1B PERFORMED TO (DENTIFY
'EHDKETE{.'E‘,;IEgH LOOSE MARDWARE AT WHICH TIME A JAMMED DAMPER WOULD BE
D L]

2. SHOCK AND BAWTOQTH LOADING STRENGTH TEST . DOCKING MECHANISM
IS SUBECTED TO 20G TERMINAL SAWTODOTH SWOCK PULSES IN EACH AXIS, 3
PULSES IN EACH DIRECTION FOR A TOTAL OF & PULSES/AXIS. AFTEA
COMPLETION AN INSPECTION 1B PERFORMED TQ IDENTIFY BRO®EN OR LOOSE
HARDWARAE A JAMMED DAMPER WOULD BE DETESTED AT THIS TIME.

3. VIBRATION STRENGTH TEST « APDS SUBRIECTED TO THE FOLLOWING
VIBRATION LEVELS IN EACH AXIS FOR A 400 SECOND DURATION.

FREQUENCY HZ) SPECTOAAL DENSITY ACCELERATION
FROM 20 TC 20 INCREASING, 308 OCTAVE TS 0.06765H2
FROM 80 TD 350 COMSTANT 00870 '

LERCH 380 TD 2000 DECREASING 30E DCTAVE WITH 0. 067 G/HZ

SUBSEQUENT TO THIS TEET AN ENGINEERING INBFPECTION IS PERFORMED TD
IDENTIFY BROKEN OR LOOSE HARDWARE AT WHICH TIME A JAMMED DAMPER
WOULD BE DETECTED.

4. APDS BERVICEABILITY TEST IN A SIX-DEGREE-OF-FREEDOM DYNAMIC TEST -
THE SIX-DEGREE-OF-FREEDOM DYNAMIC TEST VERIFIES APDS DOGKING AND -
UNDOCKING OFERATIONS UNDER CLOSE-TO-FULL-SCALE CONDITIONS. STATIC
MOTION OF ENTITIES 15 SIMULATED UNDER SFECIFIC INERTIAL ANC
GEOMETRICAL PARAMETERS FOR VARICUS INITIAL CONDITIONS FOR
MIPVSHUTTLE DOCKING. A TOTAL OF 20 DOCKINGS 15 PERFOAMED.
ABSORPTION OF ENERGY OF ATLATIVE MOVEMENT DURING EACH DOCIKING
WILL DETECT A JAMMED DAMPER. SUBSEQUENT TO THIS TEST AN
EEIDW‘EAHEHIENE INSPECTION IS PERFORMED TO {DENTIFY BROKEN OR LOCSE

5. TARGET SERVICE LIFE TEST - TEST3 ARE PERFORMED TO VERIFY PROFER
DOCKING OPERATIONS OVER IT3 LIFE OF 100 DOCKINGS. PROPER OPERATION
OF THE DAMPERS YERIFIED DURING 100 DOCKING CYCLES (FOR MC821-0087-
4001/-3001 UNITE DNLY), FOR MOE21-0087-2001, 4001, & -5001 UNITS PROPER
QOPERATION VERIFIED OURING 388 CYCLES (44 VACUUMAOAD CYCLES, 16 LOAD
CYCLES, & 324 NO-LOAD CYCLES). SUBSEGUENT TO THIS TEST AN
ENGINEERING INSPECTION 15 PERFORMED TO IDENTIFY BROKEN OR LDOBE
HARDWARE.

8. COLD AND HEAT RESISTANCE TEST - DOCKING OF THE MECHANISM IS
THERMALLY CYCLED FROM +20°C TO -50/-55°C TO +50-55°0 TO +20°FC IN A
VAGUUM AT 107 TD 105 TORR. OWELL AT EACH TEMPERATURE AND BETWEEN
COPERATIONS AT EACH TEMPERATURE IS A MINIMUM OF 80 MINUTES AFTER
STABILIZATION. FIVE CYCLES WERE FERFOAMED AGAINST THE GUIDE RING
EXTENO AND FINAL POSITION MECHANICAL STOPS FOR 1) SECONDS EACH.
DURING EACH DOCKING, AS SHOMN IN THE FOLLOWING TABLE, & JAMMED

. DAMPER WOULD BE DETECTED.
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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ EI-I. FAILURE MODE
NUMBER: MA-1MR-SMO04- 01

DDCKING BIMULATOR PRESS

SEG RATE, ROTATIONAL ANGLE TENP | YOLTAGE | INTEGRITY
NO. WS PITCH ROAL G VOLTS | CHECKOUT
1 0.10 o o 25 +-10 =) YES
Z 0.10 o 47 25 +-10 T NO

a 0.12 o & 25 +/-10 a7 NO
4 — — — +504/-5 — YES
4 0.0 » o= +50{+5 27 YES
£ — — — -{60+/-5) — YES
5 0.10 4" o° {3045 27 YES
& — — — +60+-5 — YES
3 012 o 45 +B0+-5 2 YES
= — — — {80+/-5) — YES
7 0.10 o 4° {30 +-5) 23 YES
g — — — +8041.5 — YES
B DAz 45 o B0 +7-5 34 YES
g — — - -{B0+/-5) . YEE
) 012 4° ra 30 +-5) 34 YES
10 — — — +E0e5 — YE&
10 0.10 4 o +50445 27 YES
11° j— — .y {ED4/a5) e YEE
1 KT r a° {30 +4-5) 27 YEB
(Fd — — — T — YES
12 0.8 P 4 505 27 YEB
13* — — —_— {BO5) — YES
13 012 g 4 {30 #5) Z7 YES
14+ pr= — p— Y] — YES
Ty 0.2 as Iy +50H-5 Fa

15° 0.2 4 & +2B41-10 23 YES

TMOE21-0087-2001, 4001, & -5001 ONLY

AFTER COMPLETION AN INSPEGTION IS PERFORMED TO IDENTIFY BROKEN OR
LOOSE HARDWARE.

7. CONTROL DISASSEMBLY - UPON COMPLETION OF ALL QUAL TESTING THE
DOCKING MECHANIEM I THSMANTLED AND ELECTRO-MAGNETIC DAMPER
ASSEMELIES ARE CHECKED Fﬂﬁ EVIDENGE OF WEAR OR FAILURE.,

OMRASD - TURNAROUND CHECKOUT TESTING IS ACCOMPLISHED I ACCORDANCE WITH
OMRED, :

(C) INSFECTION:

RECEIVING INSSECTION

COMPONENTS ARE SURLIECTED TO A 100% RECEIVING INGFECTION FRIOR TO
INSTALLATION.

- CONTAMIMATION CONTROL

CORROSZION FACTECTION PROVISIONS AND CONTAMINATION CONTROL VERIFIED BY
INSPECTION. CHECK OF ROOM CLEANLINESS; FARTS WASHING AND QTHER

Pro, ary Data
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FAILUIRE MODES EFFECTS ANALYSIS (FMEA) —~ CIL FAH URE MODE
: NUMBER: ME-1MR.-BMOD4- 01

OPERATIONS OF THE TECHNOLOGICAL PROCESS WHICH PROVIDES CLEANLINESS ARE
VERIFIED BY INSPECTION.

CRITICAL PROCESSES
ANODIZING, HEAT TREATING, CHEMICAL PLATING. SOLDERING, AND CURING VERIFIED

BY INSPECTION. :

ASSEMELY/AMSTALLATION
TORQUE, ADJUSTMENTS AND TOLERANCES ACCORDING TO TECHNICAL REQUIREMENTS
QOF THE DRAWINGS ARE VERIFIED 8% INSPECTION,

TESTING
ATR/QTPIOMRED TESTING VERIFIED BY INSPECTION.

HANDLINGPACKAGING
HANOLINGPACKAGING PROCEDURES AND REQUIREMENT FOR SHIPMENT VERIFIED BY

INSFECTION.

{D} FALLLIRE HISTORY!:

CATA ON TEST FAILURES, UNEXFLAINED ANDMALIES, AMD OTHER FAILURES
EXPERIENCED DURING GROUND PROGCESSING OF 08 DOCKING MECHANISMS CAN BE
FOUND IM PRACA DATA BASE.

{E) QPERATIONAL USE:

NONE FOR A COMPLETE JAMMING OF THE DAMPER. HOWEVER AN INCREASE IN
RESISTANCE CAN BE CVERCOME BY THE EXTERNAL FORCES OF DOCKING.

- APPROVALS -
DESIGN ENGINEER : M. NIKOLAYEVA
DESHGN MANAGER © A SOUBCHEV
NAZSA 5SMA : =
L exaes, |1 FY1T UHS

NASA SUBSYSTEM MANAGER

REC
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