PAGE: 120 : PAINT DATE: (/2595

EAILURE MODES EFFECTS ANALYSIS (FUEA)} ~ CRITICAL HARDWARE
NUMBER: M8« 1MRABAMO07-X

SUBSYSTEM NAME: MECHANICAL - EDS

AEVISKN: 1 WS
PANRT NAME PART HUMBER
YENDOR NAME VENDOR HUMBER
LAU : QALADE AING ASSEMBLY J3U.E271.011-05
NPO-ENERGIA JBLE2T1.01105
SEY : MECH, GUIDE RING BALLSCREW FUEMEE.011-05
NPO-EMNERGIA, - 33U.6385.01105
PART QATA

EXTENDED DESCRIFTION OF FART UNDER ANALYSES:
GUIDE RING BALLSCREW INTERCONNECTING MECHANISM

MEFERENCE EEMTDHS:

GUANTITY OF LIKE TEMS:
THREE [ONE PER BALLSCREW PAIE)

FUNCTION:
LOCATED AT THE APEX OF EACH BALLACREW FAIR, THE BALLACREW
INTERCONNECTING MECHAMISM PRIWIDES A KINEMATIC CONNECTION BETWEEN THE
GUIDE RING AND THE REMAINING ELEMENTS OF THE DOCIING MECHANISM, THE
MECHANISM PROVIDES LOCKING OF BOTH BALLSCREW RODS TO PREVENT THEM |
FROM ROTATING AND UNLOCKING OF BGTH BALLSCREW RGSDS TO ALLOW THEM TU
CPERATE TOGETHER. |

SERVICE IN BETWEEN FLIGKT AND MAINTENANCE CONTROL:
VISUAL INSPECTION, SERVICEABILITY CONTOL, DDCKING WITH CALIBRATING
DOCKING MECHANISM,

MAINTAINABLITY .
REPAIR METHOD « NONE (REPAIRING IN MANUFACTURING CONDITIONS ONLY)L

REFERENCE DOCUMENTS:  U.5365.011-05
- 3EIT1.011-056
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| FALURE MODES EFFECTS ANALYSIS (FMEA) - CIL FAILURE MODE
NUMBER: III-1IIH-BHN? L

| REVISIONE 1 W1/95
SUBSYSTEM NAME: MECHANICAL - EDS
LAL: SUIDE AING ASSEMBLY CRITICALITY OF THIS
| ITEM NAME: MECHANISM, BALLSCREW INTERGONNECTING  FAILURE MODE: 182

FAILLRE MODE:
BRCHEN

MIBSION PHASE:
Qo DN-DREBIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 104 ATLANTIS

CAUSE:

GEARSSHAFT FAILURE DUE TO MATERIAL DEFECT, MANUFAC-TUFIE DEFECT, EXCESSIVE
EXTERMAL LOADSE, VIBRATION, MECHANICAL SHOCK

CRITICALITY 11 DURING INTACT ABORT ONLYT NGO

CRITICALITY 1R2 DURING INTACT ABORT ONLY (AVIONICS OMLY)? WA

REDUNDANCY SCREEN &) PASS

B) PASE
) PASS
PASS/FAIL RATIONALE:
A}
L
C)
METHOD OF FAULT DETECTION:

INSTRUMENTATION - THE BGHHEEPDHDTNE DOCKING RING INDICATORS ON THE
DOCKING CONTROL PANEL WILL ILLUMINATE TO INDICATE RING POSITION AND
ALIGNMENT. VISUAL DBSERVATION - INABILITY TO MOVE THE DDCKING RING:
POTENTIAL M'DHEITI'GHETED GETWEEN YEHICLES ABOUT ONE POINT ON THE HING

- FALURAE EFFECTS -

{A) SUBSYSTEM:

ONE BALLSTHEW OF THE PAIR IS ALLOWED TO ROTATE INDEPENDENTLY OF THE
OTHER AND WILL NOT BE ABLE TO RESTRAIN AXIAL LOADS, LOSS OF CAPABLITY TD
ALKGN-THE DOCKING RING. LOADS EXPERIENCED DURING CAPTURE WILL COLLAPSE
THE DOCKING RING AT THE PQINT ON THE RING WHERE FAILURE OF THE BALLSCREW
INTERCONNECTING MECHANISM OCCURRED,

(B} INTERFACING SUBSYSTEM{S):
POTENTIAL DAMAGE TO OABITER STRUCTURE IF ORBITER/MIR COLLIDE DUE TO THIS

| FAILLIRE AND WORKARQUND t5 NOT IMPLEMENTED,

@ £nC, Propristary Data
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[ FAILURE MODES EFFECTS ANALYSIS {FHEA_} = Git FAILURE MODE -
NUMBER: MS-1MR-BMXOT- 02

_ (C) MISSHON:
..~ - LOSS OF DOCKING RING ALIGNMENT WILL, PRECLUDE DOCKING CAPABILITIES
RESULTING IN LOSS OF ORBITERMIR MISSION OBJECTIVES. :

{D} GREW, YEHICLE, AND ELEMEMNT{S)k

FIRST FAIUARE (BROKEN BALLSCREW INTERCONNECTING MECHAN!SM) COLLAPSE OF
THE DOCKING RING AT ONE POINT ON THE RIMNG CURING CAFTURE cow.u CAUSE A
MOMENT BEETWEEN DRBITER AMD MIR.

{E] FUNCTIONAL GHI'I'I-I:ALI‘IT EFFECTS:
WA - :

DESIGR CRITICALITY (PRIOR TO OPERATIONAL DOWNGRADE, PESCRIBED N F): 1/

(F) RATIONALE FOR CRITIGALITY CATEGORY DOWNGRADE:

SECOND FAILURE (\NABILITY TG OPEN CAPTURE LATCHES OR PERFORM SEPARATION|
« INABILITY TO CIRCUMVENT THE MOMENT CREATED BETWEEN CRBITER AND MiR.
POTENTIAL COLLISION BETWEEN BOTH VEHICLES RESULTING iH POSSIBLE LOSS OF
CREW AND YEHICLE.

=

-DISPOSITION RATIONALE-

(A) DEEIEH:
A SROKEN BALLSCREW 1N'I'EHDDNI'~EE1'INE MECHANMISM 15 CONSIDERED TO BE VERY
REMOTE BASED ON THE FOLLOWING: THE USE AND EXPERIENCE OF THIS MECHANISM
i ON PREVIOUS DEVELOPMENTS; PRELIMINARY STHRENGTH ANALYSIS OF STAUCTURAL
- ELEMENTS AND PARTS; THE CHOICE-OF STAINLESS STEELS AS THE MATERIAL HAD
PERFORMED WELL IN OPERATIONAL USE; THE CALCULATION OF TOLERANCES AND
DWENSIONAL CIRCUITS; THE CHOICE OF SPECIAL BEASINGS SUITABLE FOR
- OPERATIONAL CONDITIONS: AND THE USE OF A SPRING MECHANISM TO REDUCE
. SPACING BETWEEN GEARS TO REDUCE THE PCSSIBILTY OF GEAR TEETH DAMAGE OR
- EFIEAKAGE DUETO BEG’ESSNE LOADS!

{a}'r!s'r. _
- - . VIBRORESISTENT TEST - APDS SUBJEGTED TO THE FOLLOWING VIERATION:
A LE‘I'ELSFDHEHiHUESFEHMUB. :
) FBEWEH!:Y@ wmmnmmm -
FHOM 20 7O 80 INCREASING, 3DB OCTAVE TC 0.04G2/HE
TO 350 | FERMANENT O.DAGEHZ
FROM S50 TO 2000 | DECREASING 3naocT5varrH DOdGHZ |

SURSEQUENT TO THIS TEST AN ENGINEERING INSPECTION 18 PEHFDFIHED TO
IDEN'HFYEHQIEEHDHLUOSEHAFIDWAHE .

2. DRCKING MEGH‘.ME!SH CHECKCRIT (STATIC) TEST - RING 15 EXTENDED AND |
RETRAGTED AS NECESSARY TC FULLY TEST ITS DPERATION DURING A SINGLE
DOCKING. FORACE IS APPLIED TO THE AING TO SIMULATE LOADS THAT CAN
OCCUR DURING RING CAFTURE AND MATING OF THE TWO MECHARISMS,
ATTENUATION SYSTEM CHARACTERISTICS IS DETERMINED WHEN THE AING 15
DEFLECTED AND ROTATED DURING THIS TEST. THIS TEST WILL VERIFY

(.= - Fraprfetﬂnr Data
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| PALURE MODES EFFECTS AMALYSIS (FMEA} — CIL FAILURE MODE

NUMBER: Ma-1MR-BMO0T- 02

PRAOPER OPERATION OF THE BALLSCREW INTERCONNECTING MECHANISME
UNOER LOAD AND NO-LOAD COMDITIONS

3. THERMO VACUUM TEST - DOCKING COF THE MECHANISM IS THERMALLY
GYCLED, UNDER LOAD CONOITIONS, FROM +20°C TO -5(V-55C TO +50/+65°C TO
+20°C IN A VACUUM AT 167* TO 1075 TORA. DWELL AT EAGH TEMPERATURE AND
BETWEEN OPERATIONS AT EACH TEMFERATURE I3 A MINIMUM OF 50 MIKUTES
AFTER STABILIZATION. OPERATIONS INGLUDES PERFORMING DOCKING WHICGH
IS ACCOMPUSHED AT A SPEED OF 0.1 5MSEC BETWEEN THE SIMULATOR AND
MOVEABLE PLATFORM {CONTAINING THE DOCKING MECHANISM). PAOPER
OPERATION OF THE BALLSCREW INTERCONNECTING MEGHANISMS 1S VERIFIED
FOR A TEMP RANGE OF -50°G/~55°C ‘TO 50°C/88"C.

4, CONTAOLLED DOCKING TEST - CONTROLLED DOCKING IS PERFORMED TO
VERIFY PROFER DOCKING CAPABILITIES UNDER LOAD CONDITIONS. A PULL
TEST OF ASSEMBLIES WITH THE DOCKING MECHANISM ASSEMELY
PERFOAMED DURING THIS TEST. THESE TESTS WILL VERIFY PROFER
OPERATION OF THE BALLSCREW INTERCONNECTING MECHANIEMS.

1. OPEAATIONAL CAPABILITY TEST - WITH DOCKING RING IN ITS INITIAL
POSITION FORCE IS APPLIED TO THE RiNG TO SIMULATE LOADS THAT CAN
QLCUR DURING RING CAFTURE AND MATING OF THE TWO MECHANIEMS.
ATTEMUATION SYSETEM CHARAGTERISTICS IS DETERMINED WHEN THE RING IS
DEFLECTED AND ROTATED DURING THIS TEET. THIS TEST WILL VERIFY
PROPEA OPEAATION OF THE BALLECHEW INTERCONNECTING MECHANISEMS
LUNDER LOAD CONDITIONS.

2. TRANEPORTABILITY STRENGTH TEST - SHIPPING LOADS ARE SIMULATED ON
A VIBRATING TABLE TO VERIFY THAT THE DOCKING MECHANISH WILL NOT BE
DAMAGED DURING SHIPMENT. THIS TEST IS CONDUCTED UNDER THE
CONDITIONS CONTAINED IN THE FOLLOWING TABLE.

VIBRATIDN | VIBRATION FRAEQUENCY HZ TOTAL TEST
ACCELER ACCELER 57 745 | 1530 | 90-40 | 40-80 DURATION

DIRECTION | AMPLITUDE TEST DURATION, MIN A MIN
ALDNG X-AXIS 14 - 4 - - - - 4
: 12 76 23 2 81 - 5 7
ALONG Y-AXI5 11 - 4 - - - - 4
10 13 18 4 0w | 7 - 53
ALDNG Z-AXIS 11 - A pi Z - - )
10 » | © 16 28 18 2 10

SUBSEQUENT TO THIS TEST AN INSPECTION |5 PERFORMED TOQ IDENTIFY
BROKEN OR LOGSE HARDWARE AND AN OPERATIONAL CAPABILITY TEST, AS
DEFINED IN QTP H ABOVE, 1S PERFORMED TO VERIFY PROPER BALLSCREW
INTERCONNECTING MECHANIEM OPERATIONS DURING RING MOVEMENT.

3. SHOCK AND SAWTOOTH LOADING STRENGTH TEST - DOCKING MECHANISM
IS SUBJECTED TO 20G TEAMINAL SAWTOOTH SHOCK, PLLSES IN EACH AXIS, 3
PULSES IN EACH DIRECTION FOR A TOTAL OF € PLLEES/AXIS. AFTER
COMPLETION AN INSPECTION IS PERFORMED TO IDENTIFY BROKEN OA LOOSE
HARDWARE AND AN OPERATIOMAL CAPABILITY TEST I& CONDUCTED, AS

RSG
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1 FJ.ILUH:E MODES EFFE!:TB ANALYSIS (FMEA) = CIL FAILURE MODE -~ ST
) NUMBER: Hl-lHH-EHNT a2

DEFINED IN l.".'lTF'I #1 ABOVE, TC VERIFY PROPEA BALLSCREW INTEHCDNHECTING
MECHANISM DPEHAHGNS DURING RING MD\I"EMENT :

4. VIBRATION STRENGTH TEST - APDS SURJECTED TD THE FOLLOWING
VIBRATION LEVELS IN EACH AXIS FOR A 400 SECOND DURATION,

FREQUENLCY e 4] SPECTORAL DENSITY ACCELERATION
FROM 20 TO 20 INCHEASING, 23D GCTA"-"E TD 0. um;ﬂn-lz

FR{OM B0 TO 350 CONSTANT UEM
EROM 350 TD 2000 DEGFIEH.SWG ADE DCTAVE ¥ MTH 0 W@E

SUBSEQUENT TG THIS TEST AN ENGINEERING INSPECTION 15 FEAFORMED TO
IDENTIFY BROKEN DR LOQSE HARDWARE AND AN DPERATIONAL CAPARLITY
TEET, AS DEFINED IN QTP #1 ABOVE, IS PERRORMED TO VEFIFY PRDPER
BﬁLLEGEHE.l\:J INTEHDDNNE'JTNE MEGHAMEM DPEH&TIDNS DUHINE RING
MOVEM

5. APDS SERVICEASILITY TEST IN A SIX-DEGREE-OF-FREEDOM DYNAMIC TEST -
THE SIX-DEGREE-OF-FREEDOM DYNAMIC TEST VERIFIES APDS DOCKING AND
. UNOOCKING OPERATIONS UNDER CLOBE-TO-FULL-SCALE CONDITIONS. STATIC
.- MOTION OF ENTITIES IS SMULATES UNDER SPECIFIC INEATIAL AND
. GEOMETRICAL PARAMETERS FOR VARICUS INITIAL CONDITIONS FOR
| MIFVSHUTTLE DOCKING. A TOTAL OF 20 DOCKINGS IS PERFORMED.
BALLEGREW INTERCOMNEGTING MECHANISM CPERATION VERIFIED BY
EXTENSION OF DOCKING RING TC INMTIAL POSITION AND ABSORFTION OF
ENERGY OF RELATIVE MOVEMENT DURING EACH DOCKING. SUBSEQUENT TO
R THIS TEST AN ENGINEERING INSFECTION 1S PERFORMED TO IDENTIFY BROKEN
OR LOOSE HARDWARE AND AN GPERATIONAL CAPASILITY TEST, AS CEFINED 1N
' QTP M1 ASQVE, IS PERFORMED TO VERIFY PROPER BALLSCREW -
INTERCONNECTING MEGHANISM FUNCTIONING DURING RING MOVEMENT AND
DOCKING OFERATIONS.

. TARGET SERVICE LIFE TEST - TE&TS ARE FEFIFDFHED TO ‘IFEFIIFY PmPEH
DOCKING AND UNDOCIONG OPERATIONS OVER T3 LIFE OF 100 DOCKINGS, -
PROPEA OFERATION OF THE BALL SCHEW INTERTONNECTING MECHANIEMS
VERIFIED DURING 100 DOCKING AND UNMATING CYCLES (FOR MOCE21-0087-1001/
8001 UNITE ONLY). FOR MC621-0087-2001, ~4001, & +500M UNITE PROPER
OPERATION VERIFIED DURING 302 CYCLES {44 VACUUMADAD CYCLES, 16 LOAD
CYCLESR, & 324 NOA.OAD CYCLES), THESE TESTS INCLUDE AING EXIENSION,
AETRACTION, AND ALIGNMENT, SUBSEQUENT TO THIS TEST AN ENGINEERING
INSPECTION |15 PERFORMED 70 IDENTIFY BROKEN OR LOOSE HARDWARE AND
AN OPERATIONAL CAPABILITY TEST, AS DEFINED IN QTP #1 ABOVE, 15
PERFORMED TO VERIFY PROPER BALLECREW INTERCONNECTING MECHANISM
FLINGTIONING DURING RING MOVEMENT AND Dnmm OPERATIONS.

7. COLD AND HEhT HESIET#HGE TEST - DOCKING'OF THE HEGHHNM B
THEAMALLY CYCLED FAOM +20°C TC -50/-55°C TO 450550 TD +20°C (N A
. VACUUM AT 104 TO 102 TORRA.” DWELL AT EACH TEMPERATURE AND BETWEEN

OFERATIONS AT EACH TEMFERATURE IS A MINIMUM OF 60 MINUTES AFTER
STARILIZATION,. FIVE CYCLES WERE PERFDAMED AGAINST THE GLHDE RING

! EXTEND AND FINAL POSITION MECHANICAL STOPS FOR 10 SECONDS EAGH.
DURING EACH DOCKING, AS SHIWHN IN THE FOLLOWING TAEBLE, A FAILED
BALLSCREW INTERCONNECTING MECHANIEM WOLULD BE DETECTED.

-Hw - - - . ) _
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| FAN.URE MODES EFFECTS AMALYS!S (FMEA) - CIL FAILURE MODE
NUMBER: ho-1MR-BM007- 02

DOCKING | SINULATOR PREES
SEQ RATE, ROTATIONAL ANGLE | TEMP | vOLTAGE | INTEGRITY
NO. ws PITCH ROLL c YOLTS | CHECKOUT
1 0.10 o o 25 410 2 YES
z 310 7 re 28 +/-10 4 NG
3 012 & Y 25 +<1D i NG
4 — — o +50+-5 — YES
r 6.10 & o +5045 27 YES
5" —— — — '{H'Hr'ﬁl —_— - YE_E
5 ¢10 4 o +30+-5) 27 YES
& — p— — pry — YEE
& 012 o r +80+F5 23 YES
7 — — _— {&0+5) — YES
7 0.10 o 4 {30 +-5) 2 YES
E — — — |5 | — VES
5 0.12 & e Z0 +-5 54 YES
F — — —  [Joowm | — YES
g 012 4 g 430 +-8) T YES
e — — — +E0+5 o YES
10 0.10 * o +50+-5 27 YES
R — —_— — {B0+/-5) — YES
r 0.10 s - {30 +-5) 27 YES
iz — — — +B0-5 o YES
2 610 o 42 +505 f-r] YES
13 j— j— = -{B0+-5} o YES
1a* 012 - o {30 +7-5) z7 YES
< — — — +E0+i-5 — YES
14 [XF] 4" 4= +50w-5 F1d YES
15 012 ¥ F + 2510 25 YES

. "MCE21-0007-2001, 4001, & -5001 ONLY

AFTER COMPLETION AN WNSPECTION I PERFORMED TO IDENTIFY BROKEN OR
LOOSE HARCWARE AND AN QOPERATIONAL CAPABRITY TEST, AS DEFRINED N
QTP ¥ ABONVE, 12 PERFORMED TO VERIFY PROPER BALLSCREW
INTERCONNECTING MECHANISM FLINCTIONING DURRING RING MOVEMENT AND
DOCKING OPERATIONS.

4. GONTROL DIBASSEMEBLY - UFGNGDHPLEHMOFALLGUN.TEETHIE'WE
DOCKING MECHANISM |15 DISMANTLED AND ALL BALLECAEW INTERCONNECTING
WWEHAMEUHFACHAFEGHEGKEDFCHMCFM
DR FAILLURE.

OMASD - TURNARDUND CHECKOUT TESTING 15 ACCOMPLISHED IN ACCORDANCE WITH
OMRSD.

C) INGPECTION:

RECEIVING INSFECTION

RAW MATERIAL IS VERIFIED BY INSPECTION TO ASSURE COMPLIANCE WITH THEIR
SPECIRCATIONS OMN A CERATAIN % OF THE BATCH AT THE INPUT CONTROL.

AsC
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_EXPERIENCED DURING GROUND PROGESSING OF ODS DOGKING chumlsus CANBE - .
FOUND IN PRAGA DATA BASE. _ _ L - .

PAGE 132 - PRINT DATE: 26.08.95

FAILURE MODES EFFECTS MILYSIS {FMEA) — GIL FAILURE MODE
.- .. NUMBER: “—1“-5% ﬂi

CDNTAHINA‘HGH G’DHTROL .

CORROSION PROTECTION PRUVISIONS AND CONTAMIMATION CONTROL 1I.n"EF'.II*'EEI'.‘JI !Y‘
INSPECTION. CHECK OF ROOM CLEANDNESS: PARTS WASHING AND DTHER ™
OPERATIONS OF THE TECHNOLOGICAL PROCESS WHICH PROVIDES CLEANLINESS ARE
VERIFIED BY INSPECTION. :

CRITICAL PROCESSES |
ANODIZING, HEAT TREATING, CHEMICAL PLATING, AND $GLDERING VERIFIED 8Y
INSPECTION. '

ASSEMBLYANSTALLATION

ADJUSTMENTS AND TUNING ACCORDING TO TECHNICAL REQUIREMENTS OF THE
DRAWINGS ARE VERIFIED 8Y INSPECTION. QUALITY CONTROL OF COATINGS AND
FABRICATION OF SALLEGREW INTERCONNECTING MEGHANIEM {INCLUDING
GEARBEARING MATING) IS VERIFIED 8Y INSPECTION.

TESTING
ATEXOTPIOMESD TESTING VERIFIED BY INSPECTION.

HANDLING/PAGKAGING ..
HANDLING/PACKAGING FRUCEDUFI‘ AND HEQUIREMEHT FOR SHIPIHIEHT VERIFIED BY ST
INSPECTION. - T

[D} FAI.URE HIETORY:
DATA ON TEST FAILURES, UNEXPLAINED ANOMALIES, AND OTHER FHLUREE

(€} OPERATIONAL USE:
CENTERING SPRING MECHANISM WILL LIMIT ROTATION OF ONE BALLSCREW, PROVIDING

SOME RESTRAINT AGAINST RING COLLAPSE. HOWEVER, IF A BROKEN BALLSCREW

INTERCONNELCTING MECHANISM RESULTS IN A MOMENT BETWEEN BOTH VEHICLES,
DURING DOCKING, GREW COULD OPEN CAPTURE LATCHES AND FIRE APPRDF‘H:IATE
ORBITER RCS JETS TO PERFORM SEFARATION.

. T APPROVALE -
-DESIGN ENGINEER - ° "1 - ML NIKOLAYEVA- -
DESIGN MANAGER . A SOUBSHEV -
MASA SSMA :
NASA SUSSYSTEM MANAGER .
o 2
Eﬂ : Pmpnetary Da
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