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FAILUME MODES EFFECTS ANALYSIS {FAIEA) — CRIMCAL HARDWARE
NUMBER: M8-1MRA-EMM-X

SUBSYSTEM HAME: MECHANICAL - EOS

AEVIEION: 1 B/
PART HAME PART HUMBER
VENDCH MAME YENDOR NUMBER
LRU : DOGCKING MECHANISM ASSEMBLY JFV .62 18.003-05
NPO-ENERGIA 33U .8216.003-05
SAY :  ASBY, RIGHT BALLSCREW/MNUT 331 .6421.008
NPO-ENERGLA 3AL.8421.009
SRU :  ASSY, LEFT BALLSCREW/NUT 20.2421.000
NPO-ENERGEA 3 eazt.mn
- SRU : ASSY, AIGHT BALLSCREWMNUT 23U 5421011
NPO-ENERAGIA 33U B3z
SRU :  ASSY, LEFT BALLSCREW/MNUT 8421 .012
NFO-ENEFAGIA WLVEA 012
SRy : ASEY, RIGHT BALLSCREWMNUT 330.8421.013
NRC-ENERGIA 33).8421.0M3
sAuU : ASEY, LEFT BALLSCREW/NUT 33.0421.14
NPC-ENERGIA 542014

PARY DATA

EXTENDED DESCAIPTION OF PART UNCER ANAL YS!
LEFT/HIGHT BALLSCHEW/NUT ASSEMBLY

REFERENCE DESIGNATORS:

QUANTITY OF LIKE [TEMS: &
BIX {3 LEFT AND 3 RIGHT)

FLHNGTION:

THE BALLSCREW ASSEMBLY IS A KINEMATIC ELEMENT WHICH THANSFERS THE
MOTION FROM THE ACTUATOR TO THE RING {ON EXTENSION OR RETRACTION) ANG
FROM THE RING TO ELEMENTS OF THE ATTENUATION SYSTEM DURING DOCKING. IT
CONSISTS OF (1) ROD SCAEW OF 475 MM IN LENGTH WITH LEFT-HAND (LEFT

. BALLSCREW/NUT ASSEMBLIES) AND RIGHT-HAND THREAD (RIGHT BALLSCREW/NUT -
ASSEMBLIES): [2) BALLSCAEWMNUT ASSEMBLUIES WHICH PROVIDES THE
TRANSFORMATION OF THE ROTATIONAL MOTHON OF THE NUT INTO THE LINEAR
FPROGRESSIVE MOTION OF THE SCREW AND VICE VERASA; AND (3) THREE
DIMENSIONAL HINGE WITH CROSS AXIS GEARING TG TRANSFER THE ROTATION
FROM THE SCHEW NUT TO THE QUTPUT SHAFT.

SERVICE AN BETWEEN FUGHT AND MAINTENANCE CONTROL:
VISUAL INSPECTION. SERVICEABILITY CONTOL, DOCKING WITH CALIBRATING
DOCKING MECHANISM,

MAINTAINABILITY
REPAIR METHOD - NONE (REPAIRING IN MAMUFACTURING CONDITIONS QNLY)-
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FAlLURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL HARDWARE
NUMBER: MB-1MP-BMOSY-X

REFERENCE DOCUMENTS: as5U8421.009
- 33LL.6421.010
FBLLe421.011
T3 8421012
S3L.68421.013
3al.6421.014
230U E316.003-0%

ASC ;
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| FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
- NUMBER: W3-1MR-BM0G3- 07

REVISIONE 1 winé
BUBSYSTEM NAME: MECHANICAL - EDS
LRU: DOCKING MECHANISM ASSEMBLY CAITICALITY OF THIS

ITEM HAME: ASSEMBLY, BALLSCREW/NUT FAILURE MODE: 1R2

FAILURE MODE!
BROKEN {SHAFT/GEARTUBE BREAKAGE)

MIS5ION PHASE:
o0 CN-ORBIT

VEHICLEFAYLOAIVKIT EFFECTIVITY: 104 ATLANTIS

CAUSE:

MATERIALMANUFACTURE DEFECT, EXCESSIVE EXTERNAL LOADS. VIBRATION,
MECHANICAL BHOCK

CRITICALITY 141 DURING INTACT ABORT ONLY? NO

CRITICALITY 1R2 DURMGA INTACT ABORT QMLY (AVIONICS ONLY)T WA

REDUNDANCY SCAEEN A} PASS

B) PASS
C) PASS
PASS/FAIL RATIONALE:
A
B)
m "
METHOD OF FALLT DETECTION:

INSTRUMENTATION - THE CORRESPONDING DOCKING RING INDICATORS ON THE
DOCKING CONTROL PANEL WILL LLUMINATE TO INDICATE RING POSITION AND
AL/GNMENT. VISUAL ORSERVATION - INABILITY TO MOVE THE DOCKING AING:

. PFOTENTIAL MOMENT CREATED BETWEEN YEHICLES ABOUT ONE FOINT ON THE RING.

- FALUAE EFFEETS -

(A] SUBSYSTEM:

INABILITY QF AEFECTED BALLSCRAEW/NUT ASSEMBLY TO CARRY A LOAD. LOSS OF
CAPABILITY TO ALIGH, CAPTURE, RETRALT, AND EXTEND THE DOCKING RIMNG. LOADS
EXPERIENCED DURING CAPTURE WL COLLAPSE THE DOCKING RING AT THE POINT
ON THE RING WHERE FAILLRE OF THE BALLSCAEW OCCURAED.

(B) INTERFACING SUBSYETEM(EX
POTENTIAL DAMAGE TO ORBITER STAUCTURE IF ORBITERMIA COLLIDE DUE TO THS

FAILURE AND WORKARDLUND IS NOT IMPLEMENTED.
ASC  proprietary Data
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FAILURE BWOOES EFFECTS ANALYS!S (FMEA) - 1L FAILURE MODE
NUMBER: M3-1MA-BMOO3- 01

{G) MISSION:
WORST CASE, LOSS OF ALL FUNCTIONS ASSOCIATED WITH THE DOCKING RING
(ALIGNMENT, CAPTURE, AETRACTION, EXTENSION) WILL PRECLUDE DOCKING
CAPABILITIES RESULTING IN LOSS OF ORBITERMIA MISSION OBJECTIVES,

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

FIRST FA|UAE {(BROKEN BALLSCREWMNUT ASSEMBLY) COLLAPEE OF THE DOCKING
RING AT ONE POINT OH THE RING DURING CAPTURE COULD CALUSE A MCMENT
BETWEEN OABITER AND MIR.

(E} FUNCTIONAL CHITICALITY EFFECTS!
MrA

DESIGN CRITICALITY (PRIOR TO OFERATIONAL DOWNGHADE, DESCRIBED IN F): 111

{F] RATIONALE FOR CRITICALITY CATEGORY DOWNGRADE:

SECOND FAILUIRE (INABRLITY T OPEN CAPTURE LATCHES OR PERFORM SEPARATION]
+ INABILITY TO CIRCUMVENT THE MOMENT CREATED BETWEENM ORSITER AMD MIR.
POTENT#AL COLLISION BETWEEN BOTH VEHIGLES AESLLTING IN POSSIBLE LOEE OF
CREW AND VEHICLE.

-IHSPOSITION RATIONALE-

{A) DEEIGH:

A BAOKEN BALLSCREW/NUT ABSEMBLY IS CONSIDERED VERY REMOTE BASED ON THE
FOLLOWING: THE USE OF THE EXPERIENCE OF PHEVIOUS DEVELOPMENTS:;
STREMNGTH ANALYSIS OF STRUCTURAL ELEMENTS AND FAFTS HAVING A SAFETY
FACTOR NO LESS THAN 1.4; THE CHOIGE OF MATERLALS THAT SHOWED A BO0D
PERFORMANCE IN OPERATIONAL USE; THE CALCLUAATION OF TOLERANCES AND
DIMENSIONAL CIRCLITS; AND THE CHOICE OF SPECIAL BEARINGS SUITABLE FOR
CFERATIONAL CONDITIONS.

{B) TEST:

1. INSPECTION SERVICEABILITY TEST - DURING THE GUIDE RING FUNCTIONAL
PERFORMANCE TEST THE DOCKING MEGHANIZM RING 13 EXTENDED TO IT'S
INITIAL POBITION AND THEN IT'S FORWARD PQRITION AND THEN RETRACTED TO
IT'S FINAL POSITION. BALLSCREW/MNUT ASSEMBLY I8 VERIFIED FOR PROPER
DPERATION DURING AING EXTENSION AND RETRACTION,

2, VIBRORERSTENT TEST - APDS SUBJECTED TO THE FOLLOWING VIERATION

LEVELS FOR 2 MINUTES PER AXIS:
FREQUENCY SPECTORAL DENSITY ACCELERATION
FROM 20 TO & Ihl:FIEASINE 30DE OCTAVE TD O, Nﬂ‘f_l-g

FROM 80TO 350____| PERMANENT D.MGZHZ _
FROM 380 TO 200¢ DECREASHG 308 Elﬁﬁﬂl’ﬂ‘lﬂﬂﬁ‘ﬁﬂ
SUESEOUENT TO THIS TEST AN ENGINEERIMNG INSPECTION 1S PERFORMED 70
IDENTIFY ERDKEN OR LODSE HARDWARE AND A FUNCTIONAL CHECK IS

FERFORMED, FER ATF #1 ABOVE, TO VERIFY PROPER OPERATICN OF THE
BALLSCREW/NUT ASSEMBLY. _
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| EAILURE MODES EFFECTS AMNALYSIS (FMEA} -~ CIL FAILLIRE MODE

NUMPER: K31MR-BMO- 0

3. DOCKING MEGHANIEM CHECKQUT {STATIC) TEST - AENG 1S EXTENDED AND
RETRACTED AS NECESSAHY TO FULLY TEST ITS OPERATION DURING A SINGLE
DOCKING. FORGE IS APPLIED TO THE RING TO SIMULATE LOADS THAT CAN
OCCUR DURING RING CAPTUAE AND MATING OF THE TWO MECHANLSMS.
ATTENUATION SYSTEM CHARACTERISTICS IS DETERMINED WHEN THE RING 1S
DEFLECTED AND ROTATED DURING THIS TEST. A GHECK OF RING RETHACTION
FORCE AND FORCE GENERATED AND KEPT EY THE DOCKING MECHANISM IS
PERRCAMED. THIS TEST WILL VERIFY PROPER DPEFATION OF THE

BALL SCREW/NUT ASSEMBLY LINDER LOAD AND NO-LOAD CONDITIONS.

4. THERMO VACUUM TEST - DOCKING OF THE MECHANISM IS THERMALLY
CYCLED. UNDER LOAD CONDITIONS, FROM +20°C TO -50/-58°C TO +50/+56°C TO
+20°C IN A VACUUM AT 107 TO 107> TORA, DWELL AT EACH TEMFERATURE AND
BETWEEN OPERATIONS AT EACH TEMPERATURE IS A MINTMiJM OF 60 MINUTES
AFTER STABILIZATION. OPERATIONS INCLUDES PERFORMING COCKING WHICH
1S ACCOMPLIS HED AT A SPEED OF 0.15M/SEC BETWEEN THE SIMULATOR AND
MOVEABLE PLATFORM {CONTAINING THE DOCKING MECHMANISM). PROPER
OPERATION OF THE BALLSCREW/NUT ASSEMBLY IS VERIFIED DURING RING
EXTENSIONRETRACTION AND DOCKING FOR A TEMPERATURE RANQE OF -50°
CJ-E5°C TO BOC/S8C.

5. CONTROLLED DOCKING TEST - CONTROLLED DOCKING 1S PERFOPMED TO
VERIFY PROPER RETRAGTION O THE DOCKING MECHANISM. A PULL TEST OF
ASSEMBUES WITH THE DDCIING MECHANISM ASSEMELY 15 PERFORMED
DURING THIS TEST. THESE TESTS WILL VERIFY PROPER QPERATION OF THE
BAL L SCREWMNUT ASSEMBLY.

1. OPERATIONAL CAPASILITY TEST - BALLECREWNUT ASSEMBLY MOVEMENT
VERIFIED BY RING EXTENSION AND RETRACTION FROM THE END POSITION TG
THE INITIAL POSITION THEN TO THE FORWARD POSITION AND FROM THE -
FORWARD POSITION TO THE ENC POSITION.

5 TRANSPORTABILITY STRENGTH TEST - SHIPPING LOADS ARE SIMULATED ON
A VIBRATING TABLE TQ VERIFY THAT THE DOCKING MECHANISM WILL NOT BE
CAMAGED DUMING SHIPMENT. THIS TEST IS CONDUCTED UNDER THE
CONDMONS CONTAINED IN THE FOLLOWING TABLE.

VIERATION | VIBRATION FREGUENCY SUBBAND, HZ TOTAL TEST
ACCELER | ACCHAER | 57 | 715 | i@ | 3040 | 4080 DURATION

| DIRECTION | AMPLITUDE TRST DURATION, MIN_ " MIN
ALONG 14 - 4 - = — - 3
12 78 3 2 &1 % 5 7

ALONG Y-AXIS 11 - ry - - " = 3
1.0 - 13 16 7 19 - 7 ~ 53

ALONG Z-AX05 11 - 4 - - - - 1
1.0 = 40 18 o 18 2 10

SUBSEQUENT TO THIS TEST AN INSPECTION 5 PERFORMED TOIDENTIFY
BROKEN OF LOOSE HARDWARE AND AN OPERATICNAL CAPABILITY TEST, AS
DEEINED IN QTP #1 ABOVE, |S FERFORMED TO VERIFY PROPER :
BALLSCREW/NUT ASSEMBLY QPERATIONS DLRING FING MOVEMENT.

RaC .
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| FALURE MODES EFFECTS ANALYSIS (FMEA) - CIL FAILURE MODE
'‘NUMBER: N&-1hR-BMDOS- 01

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

e ———————————————————————————— e —
FREGUENCY (KX} SPECTORAL DENSITY ACCELERATION
FROM 20 TO 80 INCREASING, 30E DCTAVE TQ 0.087G/HE

*‘#
FROM B0 TD 2EQ CONSTANT 0.087G2HZ

CEADM 350 TS 2000 DECHEASING 308 OCTAVE WITH 0 087G+ HEZ

SURSEQUENT TO THIS TEST AN ENGINEERING INSPECTION IS PERFORMED TO
ICENTIFY BAOKEN OR LOGSE HAADWARE AND AN OPERATIONAL CAPABILITY
TEST, AS DEFINED IN OTF #1 ABOVE, IS FERFORMED TOQ VERIFY #ROFER
BALLSCREWMNUT ASSEMBLY OPERATIONS DURING RING MOVEMENT.

4. SHOCK AND SAWTOOTH LOADING STREMGTH TEBT - DOCKING MECHANISM
IS SUBJECTED TO 205 TERMINAL SAWTOOTH SHOCK PULSES IN EACH AX)S, 3
PULSES IN EACH DIRECTION FOR A TOTAL OF & PULSES/AXIS. AFTER
COMPLETION AN INSPECTION 1S PERFORMED 70 IDENTIFY BROKEN OR LOOSE
HARDWARE AND AN OPERATIONAL CAPABILITY TEST IS CONDUCTED, AR
DEFINED IN QTP #1 ABQVE, TO VERIFY PROPER BALLSCREW/NUT ASSEMBLY
OPERATIONS DURING AING MOVEMENT.

8, APQS SERVICEABILITY TEST tN A S1¥-DEGREE-QF-FREEDOM DYNAMIC TEST -
THE 31%-DEGREE-OF-FREEDOW DYNAMIC TEST YERIFIES AFDS DOCKING AND
UNDOCKING OPERATIONS UNDER CLOSE-TO-FULL-SCALE CONDITIONE: ETATIC
MOTION OF ENTITIES IS SIMULATED UNDER SPECIFIC INERTIAL AND
GECMETRICAL PARAMETERS FOR VARIOUS INITIAL CONDITIONS FOR

| MIR/SHUTTLE DOCKING. A TUTAL OF 20 DOCKINGS 18 PERFORMED.
SALL SCREW/MNUT ASSEMELY MOVEMENT VERIFIED BY EXTENSION OF DOCKING
RING TO INITIAL POSITION AND ABSORPTION OF ENERGY OF RELATIVE
MOVEMENT DURING EACH DOCKING WILL DETECT A BROKEN BALLSCREW/NUT
ASSEMBLY. SUBSECKENT TO THIS TEST AN ENGINEERING INSPECTION I3
PEAFORMED TO IDENTFY BROKEN DR LOGHSE HARCAWARE AND AN
OPERATIONAL SAPABILITY TEST, AS DEFINED IN QTP #1 ABOVE, |5 PERFORMED
TO VERIFY PROPER BALLSCREWNUT ASSEMBLY FUNCTIONING DURING ANG
MOVEMENT AND DOCKING OPERATIONS.

8. TARGET SERVICE LIFE TEST - TESTS ARE PERFORMED TO VERIRY PROFER
COCKING AND UNDOGKING DPERATIONS OVER TS LIFE OF 100 DOCKINGE.
PROFER OPERATION OF THE BALLSCREW/MNUT ASSEMBLY VERIFIED DLIRING 100
DOCKING AND UNMATING CYCLES (FOR MCB621-DD87+1001/-3001 UNITS ONLY).
FOR MCE21-0087-2001, <4KH , & -5001 UNITS PACFER OPERATION VERIFLED
DURING 388 CYCLES (44 VACUUMALOAD CYCLES, 18 LOAD CYCLER, & 224 NO-
LOAD CYCLES), THESES TESTS INCLUDE RING EXTENSION AND RETRACTION,
SUBSEQUENT TO THIS TEST AN ENGINEERING INSPECTION 13 FERFOPMED TO
IDENTIFY 2ROKEN OR LOOSE HARDWARE AND AN OPERATIONAL CAPABILITY
TEST, AS DEFINED IN QTP #1 ABOVYE, 18 PERFQRMED TO VERIFY PROPER
BALLSCEEWMNUT ASSEMBLY FUNCTIONING DURING RING MOVEMENT AND
DOCKING OPERATIONS,

7. COLD AND HEAT RESISTANGE TEST - DDOKING OFf THE MECHAMIEM IS
THERMALLY CYCLED FRAOM +20°C TG -50/-58°C TO +50/+55°C TO +20°C IN A
VACUUM AT 10 TO 10°S TORR, DWELL AT EACH TEMPERATURE AND BETWEEN
OPERATIONS AT EACH TENMPERATURE 1S A MINIMUM OF 80 MINUTES AFTER

REC ;
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| PAILUAE MODES EFFECTE ANALYSIS (FMEA) ~ CIL FAILURE MODE

NUMBER: M81MR-EMI03- 1

STABILIZATION. FIVE CYCLES WERE PERFORMED AGAINST THE GUICE RING
EXTEND AND FINAL POSITION MECHANICAL STOPS FOA 1) SECONDS EACH.
CURMNG EACH DOCKING. AS SHOWN 1N THE FOLLOWING TABLE, A BROKEN
BALLSCRAEW/NUT ASSEMBLY WOULD BE DETECTELD.

DOGKING SIMULATOR PRERS
SEQ RATE, ROTATIONAL ANGLE TEMP VOLTAGE | INTEGRITY
NHO. Wws PITCH AGLL ] YOLTS CHECKOUT
1 0.10 o o 26 ++10 ) YES
2 R [ 4* 25 +-10 a4 ND
3 0.12 &7 & 26 +-10 27 NG
4 — — —_ 455 —_ YES
Y 010 4° o + 505 7 YES
g — e — -{&0+i-5) — YES
L3 n.ta & Vi +{20i-3) Fer ] YES
= — — e +80+/-5 — YES
8 0.12 o 4 + 505 <) YES
F — — — |65 | YES
7 Q.19 iy " {30 +/-8) n YES
8" — — e +B0+H-5 j— Y&ES
] 012 4 4 BQ +/-5 34 YES
T — — — | -{60+"-5) — YES
g 012 & i 130 +-5) b - 3 YES
100 — — — +E0-5 — YES
10 019 4+ [ +504/-5 7 YES
Tk — — — | qeons | - VES
1 0.0 o 4 -(30 +/-} 27 YES
[F3 — —_ — +60+-8 — YES
1 0.10 o 4 +50H-5 =r YES
13 — — — 180+/-5) — YES
13 0.12 4 4 {30 +/-8) 27 _YES
14 — — —- wE0+-5 atna YES
14 .12 5 4+ +olH-5 2r YES
15" o1z . o +25+-10 =2 YES

~ WCEZ 1-0087-2001, -4001, & -50C1 ONLY
AFTER COMPLETION AN INSPECTION IS PERFCRMED TO [DENTIFY BHOKEN OR

. LOCSE HARDWARE AND AN OPERATIONAL CAPABILITY TEST, AS DEFINED IN

OITR 81 ABOVE, 1S PERFOFMED TO VERIFY PROPER BALLSCREW/NUT ASSEMBLY
FUNCTIONING DURING RING MOVEMENT ANG DOCKING OPERATIONS.

8. BADKUP UNDOCIKING MEANS CHECK - FROPER OPERATION OF THE

BALLESCHEWNUT ASSEMBLY IS VERIFIED BURING COUPLING OF THE APDA
ASBEMBELY WITH THE SMMULATOR,

8. CONTROL DISASSEMBLY - UPON COMPLETION OF ALL QUAL TESTING THE
DOCKING MECHANISM IS DISMANTLED AND ALL BALLSCREW/NUT ASSEMBELY
OPERATING SURFAGES ARE CHEGKED FOR EVIDENCE OF WEAR OR FAILURE,

@E Proprietary Data oE

MR AhdD 4/



PaGE: 32 PRINT DATE: 26.09.35

FAILUGE MODES EFFECTS ANALYSIS (FMEA) — CiL FAILURE MODE
MUMEER: W31 MR-BNK- D1

OMARSD - TURNARQUND CHECKOLT TESTING 1S ACCOMPLISHED IN ACCORDANCE WATH
OMRSD. : '

{C) INSPECTION:

RECEIVING INSPECTION _
RAW MATERIAL IS VERIFIED 8Y INSPECTION TO ASSURE COMPLIANCE WITH THEIR
SPECIFICATIONS ON & CERTAIN % OF THE SATCH AT THE INPUT CONTROL

CONTAMINATION CONTROL

EORROSION PROTECTION PROVISIONS AND CONTAMINATION CONTROL VERIFIED BY
INSPECTION. CHECK OF ROOM CLEANLINESS, PARTS WASHING AND OTHER
OPERATIONS OF THE TECHNOLOGICAL PROCESS WHICH PROVIDES CLEANLINESS ARE
VERIFIED BY INSPECTION.

CRMCAL PROCESSES :
ANGDIZING, HEAT TREATING, ANC CHEMICAL PLATING VERIFIED BY INSPECTION.

" ASSEMBLY/INSTALLATION
ADJUSTMENTS AND TUNING ACCORDING TC TECHNICAL REQUIREMENTS OF THE
DRAWINGS ARE VERIFIED BY INSPECTION. QUALITY CONTROL OF COATINGS ANG
FABRICATION OF BALLSCRENMNUT ASSEMELY (INCLUDING GEARBEARING MATING) 15
VERIFIED BY INSPECTION. :

TESTING

ATP/QTP/OMRSD TESTING VERIFIED BY INSPECTION.

HANDLINGPACKAGING

HANDLING/PACKAGING PROCEDURES AND RECUIREMENT FOR SHIPMENT VERIFIED BY
INSPECTION.

{D} FAILURE HISTORY:

DATA ON TEST FAILURES, UNEXPLAINED ANOMALIES, AND OTHER FAILURES
EXPERIENCED DURING GROUND PROCESSING OF ODS DOCKING MECHANLSMS CAN BE
FOUND IN PRACA DATA BABE. _ |

{E) OPERATIONAL USE: .

CREW COULD GPEN GAFTURE LATCHES AND FIRE APPROPRIATE CREITER RCS JETE TO
PERFORM SEPARATION N THE EVENT A BROKEN BALLSCREWNUT ASSEMBLY RESULTS
IN A MOMENT BETWEEN GREITER AND MIR.

-APPROVALS - - _
DESIGN ENGINEER M. NIKOLAYEVA : M_
DESIGN MANAGER : A SOUBCHEV - i
NASA SS/MA : bty il he
LW

NASA SUBSYSTEM MANAGER

m )
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