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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
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FAILUAE MODES EFFECTS ANALYSIS (FMEA) = CIL FALLUHE NODE
NUMBER: M8-1MA-SM004-

AEVISIONS 1 Lt
SUBSYSTEM NAME: MECHANICAL - EDS
LAY; DOCKING MECHANIEM ASSEMELY CRITICALITY OF THIE
ITEM NAME; ASSEMBLY, HIGH ENERGY DAMPER FAILURE MOODE: 2R3

FAILURE MODE:
FAILS T ENGAGE

MISSION PHAEBE:;
(&) ON-ORBIT

VEHICLE/FAYLOADVKIT EFFECTIVITY: 104 ATLANTIS

CALUSE:

CLUTCH/SHAFT FAILURE, BROKEM CLUTCH COIL WINDING S OR WORN/BROKEN GEAR
TEETH DUE TO MECHANISALTHERMAL SHOCK, VIBRATION, OF MANUFACTURE/
MATERIAL DEFECT, JAMMED CLUTGH DUE TO CONTAMINATION

CRITICALITY 171 DURING INTACT ABDRT OMLY? NO

CRITICALITY 1R2 DURING INTACT ABONT ONLY [AVIONICE ONLYY? NA

REDUNDANCY SCREEN A) PAES

9) FAIL
C) PASS

PASS/FAIL RATIONALE;

A)

H) .

FAILS HEDUNDANCY SGREEN "8" SINCE A MECHAMICAL FAILURE RESULTING INA HIGH -
ENERGY DAMPER FAILING TG ENGAGE IS NOT DETECTABLE PRIOR TO CAPTURE,
ELECTRICAL FAILURES THAT MAY AESULT IN THE SAME DAMPER FAILURE CAN BE
DETECTED BY GROQUND MONITORING OF ASSOCIATED TELEMETRY MEASUREMENTS.
AFTER CAPTURE, GROUND EVALUATION OF TELEMETAY DATA RELATING TO

BALL SCRAEW ALIGNMENT COULD IDENTIFY A DAMPER FAILING TO ENGAGE AS THE
CAUSE OF THE PROBLEM.

)

METHOD OF FALLT DETECTION: '

FAILURE RESULTING IN A HIGH ENERGY DAMPER FAILING TO MECHANICALLY ENGAGE
1§ HNOT DETECTABLE PHICA TO CAPTURE, ELECTRICAL FAILURES THAT MAY RESULT IN
THE SAME DAMPER FAILUFAE CAN BE DETECTED BY GROUND MONITORING OF
ASSOCIATED TELEMETRY MEASUREMENTS. AFTER CAPTURE, GROUND EVALUATION

OF TELEMETRY DATA RELATING TO BALLSCAEW ALIGNMENT COULD IDENTIFY A
DAMPER FAILING TD ENGAGE AS THE CAUSE OF THE PROBLEM.
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@Em Proprietary Data M8-1MR - 67



PAGE: 68 FRINT DATE:; 08/25/85

EAILURE MODES EFFECTS ANALYSIS (FMEA] - CIL FAILURE MODE
NUMBEHR: MB-1MR-ZMO0L- 02

« FAILURE EFFECTS -

(A) SUBSYSTEM:
LOSS OF CAPABILITY TO DAMP OUT ROTATIONAL SPEED OF ONE BALLNUT PAIR.
LIMITED DAMPING PROVIDED AT ONE OF THREE POINTS ON THE DOCKING AING. NG
EFFECT ON CAPTURE SINGE DAMPING IS NOT REQUIRED UNTIL AFTER CONTACT.
MOWEVYER. LOSS OF DAMPING CAPABILITIES DUE TO ALL THREE DAMPERS FAILING TO
EMGAGE COULD CAUSE DAMAGE TD ELEMENTS IN THE KINEMATIC CHAIN RESLILTING
IN THE LOSS OF CAFPABILITY TO EXTEND DR RETRACT DOCKING RIMNG.

{B} INTERFACING SUBBYSTEM(S):
EXCESSIVE LOADS INCURRED DUANG DOCKING AS THE RESULT OF THREE HIGH
ENERGY DAMPERS FAILING TO ENGAGE AFTER GAPTURE GOULD PROPAGATE TO
EXTERNAL AIRLOGK AND ORBITER STRUCTURE.

(C) MISSION:
NQ EFFEGT UNTIL THIRD DAMPER FAILS TO ENGAGE FOLLOWING CAPTURE. THEN
. EXCESSIVE LOADS INCURRED DURING CAFTURE COULD PRECLUDE DOCKING
CAPABILITIES.

(D) CREW, VEMICLE, AND ELEMENT(S):

POTENTIAL DAMAGE TO ORBITER AND MI DOCKING MECHANISM HARDWARE :
FOLLOWING CAPTURE. CAEW AND QRBITER STRUCTURE ARE UNAFFECTED BY THESE
LOADS.

(&) FUNCTIONAL CRITICALITY EFFECTS:

FIRET FAILURE - LIMITED DAMPING AT QNE POINT QN DOCKING RING,

SECOND FAILURE - LIMITED DAMPING AT TWO POINTS ON DOCKING RiNG.

THIRD FAILURE - LOSS OF ALL DAMFING CAPARIL'TIES COULD CALSE DAMAGE TD THE
ELEMENTS IN THE KINEMATIC CHAIN RESULTING IN LOS3 OF CAFABILITY TO EXTEND
CR RETRACT DOQCKING AING. INABILITY TQ MOVE RING TD MATE BOTH MECHANISMS
WiLL PRECLUDE DOCKING CAPABILITIES RESULTIMG IN LOSS DF ORBITER/MIR MISSION
CAPABILITIES

mmmmmm OPERATIONAL DOWNGAADE, DESCRIBED M F); 2R3

(F) RATIONALE FOR CRITICALITY CATEGORY DOWNGRADE:
1 N/A (THERE ARE NO WQWNDE TO CIRCUMYENT THES FAILLIRE.)

=DISPOSITION RATIONALE-

(8) DESIGM:
L:TEFH.L SELECTION FOR STRENGTH WILL HELP PRECLUDE STRUCTURAL FAILURES.
ALL COMPONENTS HAVE A SAFETY FACTOA NO LESS THAN t.4. REDUNDANT COIL
WINDINGS ARE AVAILABLE AND REDUNDANT CONTROL POWER IS PROVIDED TO EACH

DAMPER ASSEMBLY.

LOAD ANALYSIS HAS SHOWN THAT THE MAXIMUM DOCKING LOADS INGURRED AS THE
AESULT OF THIS FAILLRE WILL NOT EXCEED EXTERANAL AIRLOCKORBITER
STRAUCTLIRAL LIMITS.
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| FAILURE MODES EFFECTS ARALYSIS (FMEA) - CIL FAILURE MODE
. NUMBER: M4-1MA-BMO04- 02

{MTEST:
T :
1. ELECTRICAL SCHEMATIC CHECKOUT - CONTACT AESISTANCE ON EACH FIN
QOF THE CONNECTOR WHICH IS ELECTRICALLY TIED 7O THE ELECTRO-
MAGNETIC DAMPER WINDINGS 1S CHECKED. THIS TEST VERIFIES CONTINUITY
THROUGH THE EM DAMFPER WINDINGS. -

2. INSULATYON ELECTRICAL RESISTANCE TEST - THE INSLLATION RESISTANCE
AND ELECTRICAL STRENGTH OF INSULATION CHECKOUT OF EAGH FIN OF EACH
E/M DAMPER CONNECTOR TO THE APDA HOUSING WILL YERIFY THAT THE EM
DAMPER WINDINGS ARE NOT ELECTAICALLY SHORTED TO GRQUND,

2. INSPECTICN SERVICEABILITY TEST - PROPER EM DAMFER DFERATIONS
VERIFIED 8Y GUIDE AING FUNCTIONAL PERFORMANCE TEST AND SENSOR
FLUNCTIONAL TEST,
A. GUIDE RiNG FUNCTIONAL PERFORMANCE TEST - DOCKING MECH RING
MOVEMENT IS ACCOMPLISHED WITH HiGH ENERGY DAMPERS N,
B. SENSOR FUNGTIONAL TEST - OPERATIONAL CHEGKOYT OF THE
ELECTROMAGNETIC DAMPERS 15 PEAFOAMED THROUGH CAFTURE SENSOR
PER STEP 13 OF INSTAUCTION 33U.5201.008-05 PM-3.

4. VIBRORESISTENT TEST - APDS SUSIEGTED TO THE FOLLOWING VIBRATION
LEVELS FOR 2 MINUTES PEA AXIS:

FREQUENCY (H2) SPECTORAL DENSITY ACCELERATION
FROM 20 10 80 INCREABING _3DB OCTAVE TO 0
FROM B0 10 350 PERMANENT 0.04Ge/HE
. FROM 150 TO 2000___| DECREASING 3D8 OCTAVE WITH O.0MG=/Hg,

SUBSEQUENT TO THIS TEST AN INSPECTION 15 PERFOAMED TO IDENTIFY
BROKEN OF LOOSE HARDWAHRE: ANC AN ELECTRICAL CIRCUNT TEST, AN .
INSULATION RESISTANCE TEST, AND INSPECTION SERVICEABILITY TESTS ARE
PERFORMED AS DEFINED IN ATP TESTS #1, #2, AND #3 ABOVE.

5. DOCKING MECHANISM CHECKOUT (STATIC) TEST - A HIGH ENERGY DAMPER
FUNCTIONAL PERFORMANCE TEST |S PERFORMED AS PAAT OF THE CHECKOUT
OF THE DOCKING MECHANISM. WITH THE GUIDE RING IN ITS INITIAL POSITION
IT I3 ROTATED ASOUT THE ¥ AND 2 AXES AND THE MOMENT WAS MEASURED
WITH AND WITHOLUT HIEH ENERGY DAMPERS ENGAGED. THIE TEST VERIFIES
THAT THE DOCKING RING RETURNS TO INITIAL POSITION WITH DAMPERS OFF
AND DOES NOT RETURN TO INITIAL POSITION WITH DAMPERS ON. A FAILED
DAMPER WOULD BE DETECTED AT THIS TIME.

6. THERMO VACULM TEST - DOCKING OF THE MECHANISM |5 THERMALLY
CYCLED, UNDER LOAD CONDITIONS, FROM +20°C TO -50655°C TO +50/+55°C TO
+20°C W A VACUUM AT 10+ T0 0% TORR. DWELL AT EACH TEMPERATURE AND
BETWEEN OPERATIONS AT EACH TEMPERATUHE IS A MINIMUM OF 80 MPWUTES
AFTER STABILIZATION. OPERATIONS INCLUDES PERRORMMNG DOCKING WHICH
16 ACCOMPLISHED AT A SPEED OF 0,15M/SEC BEETWEEN THE SIMULATOR AND
MOVEABLE PLATFORM (CONTAINING THE DOCKING MECHANISM). AT EACH
TEMPERATURE ELECTAC-MAGNETIC DAMPERS ARE TURNED DN FOLLOWING
AING EXTENSION AND CURRENT TC EACH IS MEASURED, PROPER DFERATION
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| FAILURE MODES EFFECTS ANALYS{S (FMEA) — CIL FAILURE MODE
NUMBER: Wf-1MPR-RMI04- 02

OF THESE DAMPERS IS VERIFIED FOR A TEMPERATURE AANGE OF -50°C/-55°C
TO S*CE8C,

7. CONTROLLED DOCKING TEST - CONTRDLLED DOCKING IS5 PERFORMED
UNDER LOAD CONDITIONS. PROPER RING PERFORMANCE WILL VERIFY HIGH
ENERGY DAMPING OFERATICGNS.

IFKCA T :
1. ELECTRICAL CIRCUIT TEST - CONTACT RESISTANCE ON EACH PIN OF THE
CONNECTOR WHICH iS ELECTRICALLY TIED TS THE ELECTRO-MAGNETIC

DAMPER WINDINGS I5 GHECKED. THIS TEST VERIFIES CONTINUITY THRGUGH
THE EM DAMPER WINDINGS.

2. INSULATION ELECTRIGAL RESISTANCE TEST - THE INSULATION RESISTANCE
AND ELECTRICAL STRENGTH OF INSULATION CHECKOUT OF EACH PN OF EACH
EM DAMPER CONNECTOR TO THE AFDA HOUSING WILL VERIFY THAT THE E/M
DAMPER WINDINGS ARE NOT ELECTRICALLY SHORTED TO GROUND,

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

FREQUENCY (HZ) _SPECTORAL DENSITY ACCELENATION
| FRUM 20 TO 80 INGABASING. 308 DCTAVE T00.

FAGOM BO TO 350 CONSTANT 0.08TG2ME

FROM 350 TO 2000 DECREASING 308 OCTAVE WITH 0.087GHZ

SUBSEQUENT TO THIS TEST AN ENGINEERING INSPECTION IS PERFORMED T4
IDENTIFY BROKEN OR LOOSE HAADWARE; AND AN ELECTRICAL CIRCUIT TEST
AND AN INSULATION REEISTANGE TEET ARE PERFORMED AS DEFINED [N QTF
TESTS #1, AND #2 ABCOVE,

4. BHOCK AND SAWTOOTH LOADING STRENGTH TEST - DOCKING MECHANISM
15 SURIECTED TO 20G TERMINAL SAWTOOTH SHOGK PULSES IN EAGH AXIS, 3
PULSES IN EACH DIRECTION FOR A TQTAL OF & PULSES/AMIS. AFTER
COMPFLETION AN MSPECTION IS PERFORMED TO IDENTIFY BROKEN OR LOOSE
HARDWARE; AND AN ELECTRICAL CIRCUIT TEST AND AN INSULATION
RESISTANCE TEST ARE PEAFOAMED A3 DEFINED IN GTP TESTS #1, AND #2
ABCWVE. ’

&. TRANSPORTABILITY STRENGTH TEST - SHIPFING LOADS ARE SIMULATED ON
A VIBRATING TABLE TO VERIFY THAT THE DIDCKING MECHANISM WILL NOT BE
DAMASED DURING SHIPMENT. THIS TEST IS CONDUCTED UNDER THE :
COMDITIONS CONTAINED IN THE FOLLOWING TABLE.

VIERATION | VEBRATION FREGUENCY SUBBAND, HZ TOTAL TEST
ACCELER | AGGELEM | 57 ] 715 | 1530 | 3040 ]| 40-60 DURATION
DIRECTION | AMPLITUDE TEST DURATION, MIN RN MIN
ALONG X-AXIS 4 pu 4 - - - = i
12 75 s3 32 #1 3 5 7
ALONG Y-AXIS 11 = 4 = - - - 4
1.0 13 18 7 10 7 - 5
ALONG Z-AXIS 11 - 4 - - - - 4
10 2 40 16 26 16 # 10
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| FAILURE MODES GBFFECTS ANALYSIS (FMEA) - CIL FAILURE MODE
. NUMBER: Mas1MR-EMD04- 02

SUBSEQUENT TO THIS TEST AN INSPECTION IS PERFORMED TO IDENTIFY
BAOKEN DR LOOSE HARDWARE: AND AN ELECTRICAL CIRCLUIT TEST AND AN
INSULATION RESISTAMCE TEET ARE PERFDRMED AS ODEFINED IN QTF TEBTS #1,
AND %2 ABOVE.

& COLD AKD HEAT RESISTANCE TEST - DCKING OF THE MECHANISM 1S
THERMALLY CYCLED FROM +20°C TO -S04-55°C TO +50/+ 580 TO +20°C IN A
VACUUM AT 10~ TO 10°5 TORAL DWELL AT EACH TEMPERATLURE AND BETWEEN
CPERATIONS AT EAGH TEMPERATURE 15 A MINIMUM OF 80 MINUTES AFTER
STABILIZATION. FIVE CYCLES WERE PERFORMED AGAINET THE GUIDE RING

| EXTEND AMD FINAL POSITION MECHANICAL STOPS FOR 10 SECONDS EACH.
DURING EACH DOCKING, A5 SHOWN IN THE FOLLCAWING TABLE, A FAILED

DAMPEA WOULD BE DETECTED,
COCKING SWILLATOR PRESS
520 RATE, RAGTATIONAL ANGLE | TEMP | VOLTAGE | INTEGRITY
NO. WS PITCH ROLL °og VOLTE | CHECKOUT
1 ¢.10 o o 25 +-10 px) YES
2 010 o 4° 28 v-10 4 NS
3 0.12 4 & 25 +=10 27 NO
f q - — — prrva —
4 .10 4 @ +5M-§ = zg
& — — — {60+-5) — YES
i s 0.10 I & -{(30+/-2) 27 YES
& — — — | 8045 = =)
. | g 0.12 o £ +50+/-8 = YES
T — — — | {65 — YES
7 0.10 0 ¥ (30 +-8) YES
I~ & — — - +50+-5 — YES
I8 RE I + 50 +-5 7Y YEG
g — — — [ — YES
3 PXE & *__ [{%+-5 | = YEG
10 — — o =5 — YEE
10 0.30 .4 o 505 7 YES
11* — — p— G- —_ YES
H 0.1 (3 O {30 +7-5) K YES
1z — — — + G5 — YES
12 0.10 ¢ +* +50+4-5 el YES
13 e o — {60+-5) - YES
1¥ Q.12 - & (30 +-6) a7 YES
13’ — — — +80+-5 - YES
14 0.12 4 4 +50+-8 27 YES
15" 0.12 4 4 +25+-10 23 YES
"MCE21-0087-2001, 4001, & -50C1 ONLY

AFTER COMPLETION AN INSPECTION I3 PERFOAMED TO IDENTIFY BROKEN CR
LOOSE HARDWARE; AND AN ELECTRICAL CIRCUIT TEST AND AN INSULATION
RESISTANCE TEST ARE PERFORMED AS DEFINED IN QTP TESTS #1, AND #2
ABOVE .
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FAILURE MODES EFFECTZ ANALYSLS {FMEA) - CIL FAILURE MODE
NUMEER: ME-1MR-EM004- 02

7. APDS SERVICEABILITY TEST IN A SD4-DEGREE-OF FREEDOM DYNAMIC TEST -
THE SIX-DEGREE-OF-FREEDOM DYNAMIC TEST VERIFIES APDS DOCKING AND
UNDOCKING OFERATIONS UNDER CLOSE-TO-FULL-SCALE CONDITIONS. STATIC
MOTION OF ENTITIES 15 SIMULATED UNCER SPECIFIC INERTIAL AND
GEOMETRICAL PARAMETERS FOR VARICUS INITIAL CONDITICNS FOR
MIR/SHUTTLE DOCKING. A TOTAL OF 20 DOCKINGS IS PERFORMED.
ABSORPTION OF ENERGY OF RELATIVE MOWEMENT DURING EACH DOCKING WILL
DETECT A FAILED DAMPER. SUBSECUENT TO THIS TEST AN ENGINEERING
INSFECTION [5 PERFORMED TO IDENTIFY BROKEN DR LODSE HARIPVARE: AND
AN ELECTRICAL CIRCUIT TEST AND AN INSULATION RESISTANCE TEST ARE
PERFORMED AS DEFINED IN OTF TESTS #1, AND #2 ARCOVE.

8 TARGET SERVICE LIFE TEST - TESTS ARE PERFORMED TO VERIFY PROPER
DOCKING OPERATIONS OVER ITS LIFE OF 100 DOCKINGS. PROPER OPERATION
OF THE DAMFERS VERIFIED DURING 100 DOCKING CYCLES (EOR MCE1-0087-
W-Wﬂw

CYCLES X 224 NOLOAD CYELES), SUBEEDLIEH'I' TD THI$ TEST AN ENGIHEEHING
INSFECTION 15 PERFORMED TO IDENTIFY BROKEN QR LOOSE HARDWARE; AND
AN ELECTRICAL CIRCUIT TEST ANG AN INSULATION RESISTANCE TEST ARE
PERFORMED AS DEFINED IN QTP TESTS #1. AND #2 ABOVE.

8. CONTROL DISABSEMBLY - UPON COMPLETION OF ALL QUAL TESTING THE
DOCKING MECHANISM 5 DISMANTLED AND ELECTRO-MAGNETIC DAMPER
ASSEMBLIES ARE CHECKED FOR EVIDENCE OF WEAR OR FAILURE.

OMRSE - TURNARQUND CHECKOUT TESTING IS ACCOMPLISHED IN ACCORDANCE WITH
OMRSD. :

(C) INSPECTION:
RECEIVING INSPECTION
COMPONENTS ARE SUBJECTED TO A 100% RECEVING INSFECTION PRIOR TO

INSTALLATION. R

COMTAMINATION CONTRDL

COARCEION PROTECTICK PROVISIONS AND SONTAMINATION CONTROL VERIFIED BY
INSPECTION. CHECK OF ROOM CLEANLINERS: PARTS WASHING AND OTHER
"OPERATIONS OF THE TECHNOLOGICAL PROCESS WHICH PROVIDES CLEANLINESS ARE

YERIFIED BY INSFECTION.

CRITICAL PROCESEES
ANCRIZING, HEAT TREATING, CHEMICAL PLATING, SOLDERING, AND CURING VERIFIED

BY INSPECTION.

ASBEMBLYINSTALLATION
TORQUE, ADJUSTMENTS AND TOLERANCES ACCORDING TG TECHNIGAL REGUIREMENTS

OF THE DRAVWANGS ARE VERFFIED BY MSPECTION,

TESTING
ATPTROMRSD TESTING VERIFIED BY INSPECTION.
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FAILURE MTDES EFFECTS ANALYSIS (FMEA) — €. FAILURE MODE
NUMBER: M-1MR-BMO04- 02

HANDLING/FACKAGING
HANDLINGPACKAGING PROCEDURES AND REQUIREMENT FOR SHIFMENT VERIFIED BY
INSPECTION.

(D) FAILURE HISTORY:

DATA ON TEST FAILURES, UNEXPLAINED ANOMALIES, AND OTHER FAILURES
EXPERIENCED DURING GROUND PROCESSING OF 008 DOCKING MECHANISMS CAN BE
FOUND IN PRACA DATA BASE. :

{E] OPERATIONAL USE:
NOHE. LIMITED DAMPING IS PROVIDED BY THE SPRING MECHANISMS GIVEN A FAILURE

0OF ALL THREE HIGH ENERGY DAMFERS,

- APPROVALS -
DESIGN ENGINEER . M. NIKCLAYEVA : AEM(_
-DESIGN MANAGER . A SQUBCHEV e Cigeragt #
HASA SUBSYSTEM MANAGER k! [
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