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FALURE MODES EFFECTS ANALYSIS {FMEA) — CRITICAL HARDWARE
NMUMBEER: MB-1MR-BM005-X

SUBSYSTEM NAME: MECHAMICAL » EDS

AEVISICN: 1 WSS
FART NAME PART NUMBER
VENDGR HAME VENDOR NUMBER
LAY :  MECH, BALLSCREW INTERCONNECTING 30LLAMRS.011-05
NPO-ENERGIA 33L.5365.011-05
SAY - ASSY, ELECTRG-MAGMNETIC DAMPER  35U.6681.005
MPO-EMERGLA . BEL 6561 005

FART DATA

EXTENDED DESCRIPTION OF PART UNOER ANALYSHS:
GUIDE RING ELECTRO-MAGNETIC DAMPER ASSEMELY

REFERENCE DESHIZNATORS:

QUANTITY OF LIKE ITEMS: 3
THAREE [ONE PER BALLSCREW INTERCONMECTING MECH)

FUNCTION:

AN ELECTRO-MAGNETIC GAMPER 15 LOCATED WITHIN EACH BALLSCREW
INTEACCONNECTING MECHANISI BETWEEN EACH ROD OF THE BALLGCREW PAIR. IT
IS MAINTAINED N THE "0 POSITION AN DOES NOT REQUIRE EXTERNAL POWER TO
ENGAGE OR DISENGAGE. THESE DAMPERS ARE USED TO DAMP OUT RELATIVE ROLL
AND LATERAL ROTATIONAL VELOCITIES OF THE DOCKING RING.

SEMVICE N BETWEEN FLIGHT AND MAINTENANCE CONTROLU
VISUAL INSPECTION, SERVICEABILITY CONTOL, DOCKING WITH CALIBRATING
DOCKING MECHANISM.

MAINTAMARILITY
REPAIR METHOO - REPLACEMENT.

- EEFEFIEHCE DOCUMENTS: 33U.5661.000
330.6965.011-08
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FAILURE MODES EFFECTS ANALYSIS (FMEA) - CiL FALURE MODE
HUMBER: MM-1MA-SMO0E- 01

- REVISIONS 1 V196
SUBSYSTEM NAME: MECHANICAL - EDS
LAW: BALLSGREW INTERCONNECTING MEGHANISM CRITICALITY OF THIS
ITEM NAME: ASSEMBLY, RING DAMPER FAILURE MODE; 22

FAILURE MODE:
JAMMING

MISS5ION PHASE:
aQ ON-CRBIT

VEHICLEPAYLOADAIT EFFECTIVITY: 104 ATLANTIS

CAUSE:

CONTAMINATION, STRUCTURAL FAILURE DUE TO MECHANICAL SHOGK, VIBRATION, GA
MANUFACTUREMATERIAL DEFECT

CARMCALIMTY 11 DURING INTACT ABORT OHLY? NOQ

CRITICALITY 1R2 DURING INTACT ABDRT OMLY {AVIONICE OMLY)Y? N/A

REDUNDANCY SCREEN A NAA
' @) NA
CYy WA

PASS/FAIL RATIONALE:

A}
MUA,

ot
N/A

c)
WA

METHCD OF FAULT DETECTION:

A JAMMED RING DAMPER CAN BE DETECTED THROUGH VISUAL OBSERVATION
FOLLOWING CAPTURE TELEMETRY DATA ASSOCIATED WITH MOVEMENT OF THE RING
(BALL SCAREW MISALIGNMENT} IS AVAILABLE TO GROUND PERSDONMNEL FOR EVALUATION

OF & JAMMED DAMPER.

- FAU.URE EFFECTS »

{A) SUBSYSTEM:

A JAMMING OF ONE DAMPER WILL [HSALL OW RCOTATIONAL MOVEMENT OF ITE
ASSOCIATED BALLSCREW FAIR. ROLL AND TRANSLATION MOVEMENT IS RESTRICTED
AT ONE POINT ON THE DOCKING RING. CaPTURE AND RING ALIGNMENT MAY BE

IMPAIRED WITH A SINGLE JAMMED RiNG DAMPER.

@ = Prapﬂetary Data
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMEER: M&-1MR-BMDDS- H

(B) INTERFACING SUBSYSTEM(S): :
NO EFFECT ON INTERFACING ORBITER SUBSYSTEMS.

(C) MISSION:

WORST CASE, A SINGLE JAMMED DAMPER MAY PAEVENT CAPTURE OR PREVENT RING
ALIGNMENT FOA MATING DF ORBITERMIR DOCKING MECHANISMS RESULTING IN LOSS
OF DOCKING AND SUBSEQUENT LOSS OF ORBITERMIR MISSION CAPABILITIES.

(D) CREW, VEHICLE, AND ELEMENT(S):
NO EFFECT ON CREW OR VEHICLE.

{E) FUNCTIONAL CRITICALITY EFFECTS:
NU&

DESIGN CRITICALITY (PRIOR TO OPERATIONAL DOWNGHRADE, DESCRIBED IN Fy: 272

(F) HATIONALE FOR CRITICALITY CATEGORY DOWNGRADE:
N/A [THERE ARE NO WORKARDUNDES TO CIRCUMVENT THIS FAILURE )

-DISPORIMION RATIONALE-

(i} DESKAN: '
DESIGMN OF THE DAMPERS PROVIDES SUFFICIENT FREEPLAY BETWEEN SURFACES TO
ALLOW FOR TEMPERATURE EXPANSION AND TC FREVENT JAMMMNG. THE DAMPING
POMTION I8 A MAGNETIC FIELD DEVICE. GRAPHITE LUBRIGATION IS PROVIDED TO
PREVENT MOVYING SURFACES FROM STICKING, '

(B) TEBT:
I3 MECHANIEM AL =R A |4
1. VIBRORESISTENT TEST - APDS SUBJECTED TO THE FOLLOWING VIBRATION
LEVELS FOR 2 MINUTES FER AXIS:
 FREGUENCY (HZ) | SPECTOWAL DERSITY ACCELERATION
EROM 20 T0 60 INCREASING. 308 OCTAVE T
"FROM 80 TD 350 | PERMANENT .
FHOM 350 TO 2000 | DECREASING 308 OCTAVE WITH D.OAGE/Z

SUMSEQUENT TO THIS TEST AN ENGINEERING INSFECTION IS PERFORMED TU
IDENTIFY EROKEN OR LODSE HARDWARE. : :

2. DOCKING MECHANISM CHECKOUT {STATIC) TEST - AFTER CAFTURE
SETTLING FORGES OF THE DOCKING RING ARE MEASURED FOLLOWING
APPLICATION OF VARIOUS LOAD FORCES. A JAMMED DAMPER COULD BE
DETECTED AT THIS TIME.

3. THERMO VAGUUM TEST - DOCKING OF THE MECHANISM 1S THERMALLY
CYCLED, UNDER LOAD GONDITIONS, FROM +20°C TO) -S04857C TO +50455°C TO
+20°C IN A VACUUM AT 104 TO 105 TORA. DWELL AT EACH TEMPERATURE AND
BETWEEN OPERATIONS AT EACH TEMPERATURE 5 A MINIMUM OF 60 MINUTES
AFTER STABILIZATION. OPERATIONS INCLUDES PERFORMING DOCHING WHICH
IS ACCOMBLISHED AT A SPEED OF D1SM/SED BETWEEN THE SIMULATOR AND
MOVEABLE PLATFORM {GOHTAINING THE DDCKING MECHAMISM). PRIOFER

Rse :
@ ol Proprietary Data ME-MR - g4 .
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FAILLMAE MODES EFFECTS ANALYSIS {(FMEA) - CIL FAILURE MODE

HUHE_EH: #5-1 MR-BM005- 01

OPERATION OF THMESE DAMFERS 15 VERIFIED OURING DOCXING FOR A
TEMPERATURE RANGE OF -50°CA586°C TD S0°C/S5°C.

4, CONTROLLED DOCKING TEST - CONTROULED DOCKING 15 FERFOAMED
UNDER LOAD CONDSTIONS, PROPER RING PERFORMANCE WILL VERIFY
PROPER DAMPING OPERATIONS,

1. TRANSPORTABILITY STRENGTH TES

A

T - SHIPPING LOADS ARE SIMULATED ON

A VIBRATING TABLE TO VERIFY THAT THE DOCKING MECHANISM WILL NOT BE
DAMAGED DURING SHIFMENT. THIS TEST 1S CONDUCTED UNDER THE
CONDITIONS CONTAINED IN THE FOLLOWING TABLE.

YIERATION YIERATION FREQUENCY SUBBAND, HZ TOTAL TEST
AGCELER ACCELER 7 | 75 [ 1530 | 2040 | 40460 DURATION
DIRECTION | AMPLITUDE TEST DURATION, MIN HA M
ALONG X-AXIS 1.4 - rl - " - - 2
1.2 76 23 K4 g1 25 5 14
ALDNG Y-AXIS 1.1 - 4 - - - - 4
I 1.0 13 16 7 10 7 - 53
ALONG Z-AXIE K] — 4 - - - - 4
1.0 X 48 16 28 16 2 0

SUBSEQUENT TO THIS TEST AN INSPEGTION (8 PERFOFMED TO IDENTIFY
HHﬂHélT\I.EgH LOOSE HARDWARE AT WHICH TIME A JAMMED DAMPER WOULD BE
DETE ]

2. VIBRATION STREMNGTH TEST - APDS SUBJECTED TO THE FOLLOWING
VIBRATION LEVELS IN EACH AXIS FOR A 400 SECOND DURATION.

FREGUENCY (HI) SPECTORAL DENSITY ACCELERATION
FROM 20 TO g0 INCHEASING, 308 OCTAVE TO
FROM BC TO) 350 CONSTANT 0. it
LFRO 350 TO 2000 DEC 308 AVE WITH 0.

SUBSECQUENT TO THIS TEST AN ENGINEESRING INSPECTION 13 PERFORMED TO
IDENTIFY BROKEN OR LOOSE HARDWARE AT WHICH TIME A JAMMED DAMPER
WOULD BE DETECTED.

3. SHOCK AND SAWTOOTH LOADING STRENGTH TEST - DOCKING MECHANISM
15 SUBJECTED TO 203 TERMIMAL SAWTOOTH SHOCK PULBES IN EACH AXIS, 3
PULSES IN EACH DIRECTION FOR A TOTAL OF 6 PULSEE/AXIS, AFTER
COMPLETION AN INSPECTION 13 PERFORMED TO IDENTIFY BROKEN OR LOOSE
HARDWARE. A JAMMED OAMPER WOULD BE DETECTED AT THIS TIME.

4, APDS SERVICEABILITY TEST IN A SIX-DEGREE-OF-FREEDOM DYNAMIC TEST -
- THE SIX-DEGREE-OF-FAEEDOM DYNAMIC TEST VERIFIES AFDS DOCKING AND
LNDDGKING OPERATIONS UNDER CLOSE-TO-FULL-SCALE CONDITIONS. STATIC
MOTION OF ENTITIES IS SIMULATED UNOER SPECIFIC INERTIAL AND
GEQMETRICAL PARAMETERS FORA VARIOUS INITIAL CONDITIONS FOR
MIR'SHUTTLE DOCKING. A TOTAL OF 20 DOCKING S 15 PERFORMED.,
ABSORFTION OF ENERGY OF AELATIVE MOVEMENT DURING EAGH DOCKING
WILL DETECT A JAMMELD DAMPEA. SUBSEQUENT TO THIS TEST AN

@ 5 Proprietary Data
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| EANURE MODES EFFECTS ANALYSIS (FIEA) - G, FAILUAE MODE
HUMBER: M3-1MA-BMOOS- &1

ENGINEERING INSPECTION 15 PERFORMED TD (DENTIFY BRAOICEN OR LODSE
HARDWARE.

5. COLD AND HEAT RESISTANCE TEST - DOCKING OF THE MECHAN!ISM IS
THERMALLY CYCLED FROM +20°C TO -S0LAE3C TO + 5055 TO +20°C IN A
VACLIUM AT 104 TQ 10°5 TOAR. DWELL AT EACH TEMPERATLRE AND BETWEEN
OPFEAATIONS AT EACH TEMFERATURE IS5 A MINIMUM COF &0 MINUTES AFTER
STABILIZATKON. FIVE CYGLES WERE PERFOAMED AGAINST THE QUICE AING

i EXTEND AND FINAL POSITION MECHANICAL 5TOPS FOR 10 SECONDE EACH.
DURING EACM DOCKING, AS SHOWN IN THE FOLLOWING TABLE, A JAMMED
DAMPER WOULD BE DETECTED.

DOCKING SIMULATOR PRESS
SEC AATR, ROTATIONAL ANGLE | TEMP | VOLTAGE | INTEQRITY
NO. ws PITGH ROLL op VOLTE | CHECKOQUT
1 610 o 3 25 10 ) YES
] 210 0° 4° 26 +10 34 NG
3 012 & & 25 +<10 27 NOQ
4 p— — o +504/:5 - YES
4 0.10 &° 0 +50+5 Z7 YES
5 e — - {BO#-5) _— YES
5 0.10 4 o {30445} 27 YES
B p— j— —_ +ERH=5 —_— YEE
6 0.12 o° 4° +50+/-5 - YES
T et v i <{604i-5} —_— YES
7 0.10 o° &4 <30 +-5) F YES
B — _— p— +ELPHE — Y
[] 0.12 & rg 0 +5 ] _Y%
- = — 1608 |  — YES
9 0.12 4 4 {30 +-5) T YES
10" — — -— ) — YES
10 .10 & s + 505 27 YES
1 p— e - ~{604-5) — YES
o1 010 - 4 +-5) 27 YES
I 2 — j— — #0446 — YES
S 0.10 r 4 +50+-5 27 YES
(IS — —_ —_ «{504/-5) — YES
| 13" 12 4 L 30 +/-5) 44 YES
14° — p— nmae w5l — YES
14 n.12 4 4° +504i-5 27 YES
| 15 012 & 4° +256/-10 23 YEB

1 — MCE21-00B7-2001, 4001, & -5001 ONLY

AFTER COMPLETION AN INSPECTION 15 PEAFORMED TO IDENTIFY BROKEN OR
- LODSE HARDWARE.

B. TARGET SERVICE LIFE TEST - TESTS ARE PERFORMED TO YERI®Y PROFPER
DOCKING OPERATIONS OVER TS LIFE OF 100 DOCKINGS. PROPER OPERATION
! OF THE DAMPERS VERIFIED DURING 100 DOCKING CYCLES {FOR MCE21-0087-

Proprietary Data
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| FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ CIL FAILURE MODE

NUMEER: M&-tMR-BMODS- 01

J001/-3001 UNITS QALY). FOR MCE21-D087-2004, 4001, & 5001 UNITS PROPER
OFERATION VERIFIED DURING 388 CYCLES (44 VACUUMLOAD CYCLES, 18 LOAD
CYCLES, & 324 ND-LOAD CYCLES) SUBSEQUENT TO THIS TEST AN ENGINEERING
INSPECTION IS5 FERFORMED TO IDENTIFY BROKEN OR LOCSE HARDWARE.

7. CONTROL DISASSEMBLY - UPON COMPLETION OF ALL QUAL TESTING THE
DOCKING MECHANISM 1S DISMANTLED AND ELECTRO-MAGNETIC DAMPER
ASSEMELIES ARE CHECKED FOR EVIDENCE OF WEAR OR FAILURE.

OMRSD - TURNAR QUND CHECKOUT TESTING 18 ACCOMPLUISHED IN ACCORDANGE WI'TH
CMRSD.

(G} INSPECTION:
RECEIVING INSPECTION

COMBONENTS ARE SUBJECTED TO A 100% REGEIVING INSPECTION PRIOR TO
INSTALLATION.

CERANTAMINATION CONTROL

CORRGSION PROTECTION PROVIEIONE AND CONTAMINATION CONTROL VERIFIED BY
INSPECTION, CHECK OF ROOM CLEAMLINESS; PARTS WASHING AND CTHER
COPERATICNS OF THE TECHNOLOGICAL PROGESS WHICH PROVIDES CLEANLINESS ARE
VERIFIED BY INSPECTION. '

CRIMCAL PROCESSES
HEAT TREATING AND CHEMICAL PLATING VERIFIEDR BY INSPECTION.

ASEEMBLYANSTALLATION
TORQUE, ADJUSTMENTS AND TOLERANCES ACCORDING TO TECHNICAL REQUIREMENTS
oF THE DRAWINGS ARE VERIFIED BY INSPECTION.

TESTING
ATP/QTP/OMRSD TESTING VERIFIED BY INSPECTION.

HANDUNGPACKAGING
HANDLING/PACKAGING PROCEDURES AND REQUIREMENT FOR SHIPMENT YERIFICD BY
INSPECTION.

(D) FAILURE HISTORY:

DATA ON TEST FAILURES, UNEXPLAINED ANCMALIES, AND OTHER FAILURES
EXFERIENCED DURING GROUND PRQGESSING OF CDE BOCKING MECHANISMS CAN BE
FOUND IN PRACA DATA BASE.

(E} OPERATIONAL USE:
THERE IS HD WORKAROUND TO JAMMING OF A RING I}AHPEFL

T APPROVALS -
DESIGN ENGINEER . M NIKOLAYEVA M
DESIGN MANAGER . A SOUBCHEV Y

NASA S5/MA : S ooy

NASA SUBSYSTEM MANAGER .
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