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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 FALLURE NODE
NUNMBER: MS-1MR-BMX7- 01

REVISIONE 1 bt
SUBSYSTEM NAME: MECHANICAL - EDS
LRU: GUIDE RING ASSEMBLY CRITICALITY OF THIS
ITEM NAME: MECHANIEM, BALLECREW INTERCONNECTING FANLURE MODE: 22

FAILURE MODE: .
JAMMING, INCAEASED AESISTANCE

MISEION PHASE:
00 ON-ORBIT

YEHICLEFAYLOADAIT EFFECTIVITY: 104 ATLANTIS

CALUSE:

MATERIAL DEFECT, MANUFACTURE DEFECT, EXCESSIVE EXTERANAL LOADS,
CONTAMINATHEON

CRITICALITY 11 DURING INTAST ADDRT OMLY? NDY

CAIMICALITY 1A2 DURING INTACT ABORT ONLY (AVIONICS ONLY)T N/A

REDUNDANCY SCREEN  AINA
B) WA
€) A

PASSFAN RATIOMALE:

A)
MA

B)
A,

[~}

NA .

METHOD OF FAULT DETECTION:

THE CORAESPONDING DOCKING RING INDICATORS ON THE DOCKING CONTROL FANEL
WILL ILLLIMMATE TR INDICGATE RING POSITION AND ALWGHIMENT. AMALYSIS OFf

- -TELEMETHRY DATA, ASSOCIATED WITH MOVEMENT OF THE RING (BALLSCHREW
MISALIGNMENT), TO EVALUATE A DIFFICULTY IN CAPTURING MAY IDENTIFY A FAULT
WITHIN THE INTERCONNEGTING MECHANISM AS THE CAUSE.

- FAILUAR EFFECTS -

(A} SUBSYSTEM:

LITTLE OR NQ MOVEMENT OF BOTH RODS OF ONE BALLSCREW PAIR. AT THE STAGE
OF: DOCKING, EXTERNAL FORCES COULD CVERCOME AN INCREASED MOMENT OF
AESISTANCE [N WHICH CASE BALLBCAEW INTERCONNECTING MECHANISM WILL
FUNCTION PROPERALY, IN THE EVENT OF COMPLETE JAMMING, POTENTIAL EXISTS FOR
FAILURE OF QRBITER DOCKENG MECHANISM TO CAPTURE THE MIR DOCKING
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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ CIL FAILURE MODE -
- ) NUMBER: M8-1MR-BMOCT- 01 ©
MECHANISM. NO EFFEGT ON RING RETRACTION AND MATING OF THE DOCKING
MECHANISMS IF FAILLIRE OCGURS AFTER CAPTURE. S

(B} INTERFACING SUBSYSTEIS):
NG EFFECT ON INTERFACING ORBITEA SUBSYSTEMS.

{C) MISSION: _

WORST CASE, INABILITY TO CAPTUHE DUE TO JAMMING OF A SINGLE BALLSCREW
INTERCONNESTING MECHANISM, RESULTING IN THE LDSS OF DOCKING CAPABILITIES.
LOSS OF CABTER/MIA MISSION CEIECTIVES WITH FAILLRE TO FERFORM DOCKING.

(D) CREW, VEHIGLE, AND ELEMENT(S): ~—
NO EFFECT QN CAEW OR VEHICLE.

(E) FUNCTIONAL CRITICALITY EFFECTS:
NIA

DESHGN CRITICALITY (PRIORA TO OPERATIONAL DOWNGRADE, DESCRIBED IN F 22

{F) RATIONALE FOR CRITICALITY CATEGOAY DOWNGRADE!
N/A [THERE ARE NO WORKARDUNDS TO CIRCUMVENT THIS FAILURE.)

DISPOSITION AATHYNALE-

(A) DESIGNE
JAMMING OF THE BALLSCREW INTERCONNECTING MECHANISM IS CONSIDERED TC BE

- "VERY REMOTE BASED ON THE FOLLOWING: THE USE AND EXPERIENCE OF THIS

MECGHANISM ON PREVIOUS DEVELOPMENTS; PRELIMINARY STRENGTH ANALYSIS QOF
STRUCTURAL ELEMENTS AND PARTS HAVING A SAFETY FACTOR > 1.4); THE CHOICE OF
STAMNLESS STEELS AS THE MATERIAL HAD PEREORMED WELL IN OPERATIONAL USE;

THE CALCULATYON OF TOLERAMCES AND DIMENSIONAL CIRCUTTE; THE CHOICE OF )
SPECIAL BEARINGS SUITABLE FOR OPERATIONAL CONINTIONS; THE ENTIRE -
BALL SCREW INTERCONNEGT MECHAMISM 15 ENCASED TO REDUCE THE PROBASILITY

OF JAMMING DUE TO CONTAMINATION; AND THE USE OF A EPRING MECHANIEM TO
REDLICE SPACING BETWEEN GEARS TO REDUCE THE POSSIBILITY OF GEAR

DAMAGE OR BREAKAGE DUE TO EXCESSIVE LOADS. .

. {B] TEET‘: - . . - ..- - - . - - mm—

MECHAMISM ACCEPTANCE TESTS: - -
1, VIBRORESISTENT TEST - APDS SUBSECTED TO THE FOLLOWYING VIBRATION -
LEVELS FOR 2 MINUTES PER AXIS:

FREQUENCY {HT) SPECTORAL DENSITY ACCELERATION
FROM 20 TO B0 INCREASING, 308 OCTAVE TO 0.0435/HZ

b ——S——S—Y
FRCM 80 TQ 350 PERMANENT D.04GEMZ : :
FROM 350 TO 2000 DECREASING 3DE OCTAVE WITH 0.043HZ

- SUBSEDUENT TO THES TEST AN érastueémm INSPECTION IS PERFOAMED T
IDENTIFY BROKEN OR LOOSE HARDWARE.

2. DOGKING MECHANISM GHECKOUT (STATIC) TEST - AFTER CAPTURE
SETTUING FORCES OF THE DOCKING RING ARE MEASURED FOLLOWING

R ..- - .
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| EAILUAE MODES BFFECTE ANALYSIS (FMEA) = CiL FAILURE MODE

APPLICATION OF VARIOUS LOAD FORCES. A JAMMED INTERCONNECTING
MECHANISM COULD BE DETECTED AT THIS TIME.

3, THEAMO YACUUM TEST - DOCKING OF THE MECHANISM I3 THERMALLY
CYCLED, UNDER LOAD CONDITIONS, FROM +20°C TO -504-58°C TO +5+55°C TO
+20°C IN A VACUUM AT 104 TO 10°% TORR. DWELL AT EACH TEMPERATURE AND
BETWEEN OPERATIONS AT EACH TEMPERATURE 1S A MINIMUM OF 60 MINUTES
AFTER STABILLZATION. OPERATIONS INCLUDES PERFORMING DOCKING WHICH
IS5 ACCOMPLISHED AT A SPEED OF 0.15WSEC BETWEEN THE SIMULATOR AND
MOVEABLE PLATFORM (CONTAINING THE DOCKING MECHANISM). PROFER
CPEPRATION OF THE BALLSCREW INTERCONNECTING MECHANISME [S VERIFIED
DURING DOCKING FOR A TEMPERATURE RANGE OF -50°C/-858*C TO S0°0/55°C.

4. CONTROLLED DOCKING TEST « CONTROLLED DOCKING IS PERFURMED
LNDER LOAD CONDHTIONS. FROPER RING PERFORMANCGE WILL VERIFY
PADPER BALLSCREW INTERCONNECTING MECHANISM OPERATIONS,

1. TRANSPORTABILITY STRENGTH TEST - SHIPPING LOADS ARE SIMULATED ON
A VIBRATING TABLE TC VEREY THAT THE DOLKING MECHANISM WILL NOT BE
DAMAGED DURING SHIPMENT. THIS TEST IS CONDUCTED UNDER THE
COMDITIONS CONTAINED IN THE FOLLOWING TABLE,

VIBRATION | VIBRATION : FREGLIENCY SUBE HZ TOTAL TEST

ACCELER ACCELER 57 715 | 1530 | 3040 | 4060 DURATION
DIRECTION | AMPLITUDE TEST DURATION, MM ] MIN

I[ ALONG X-AXIS 14 - 4 - - - - 4
12 i g3 » &1 = 5 7

[ ALONG Y-AXIS 1.1 - 4 - - - - P
1.0 13 16 7 10 7 - 5

|| ALONG Z-AX3 1.1 - 4 - - - - 4
1.0 x 40 18 29 18 2 10

SUBSEQUENT TO THIS TEST AN INSPECTION IS PERFOAMED TO IDENTIFY
BROKEN OR LOOSE HARCWARE AT WHICH TIME A JAMMED BALLSCREW
INTERGONNECTING MECHANIEM WOULD 82 DETECTED.

2. mmmﬂmﬁm-mmmmmmm
VIBRATION LEVELS IN EACH AXIS FOR A 400 SECOND DURATION.
[ PREGUENCY (HE) SPECTORAL DENSITY ACCELERATION

80 INCREASING, 3DB CCTAVE 1O 0,067
FROM 80 T0 350 ANT 00GTCRMZ S0ETEAE
[ FROM 350 TO 2000 | DECREASING 308 OGTAYE WITHO 06767 |

SUBSEQUENT TO THIS TEST AN ENGINEERING INSPECTION k3 PERFORMED TD
IDENTIFY BROKEM OR LOGSE HARDWARE AT WHICH TIME A JAMMED
BALL SCAEW INTERCONNECTING MECHANISM WOULD BE DETECTED.

3. COLD AND MEAT RESISTANGE TEST - DOCKING OF THE MECHANISM 15

THERMALLY CYCLED FROM +20°C TD -50/-55C TO +50/4:55"C TO+2"C IN A
VACULM AT 107 TO 1075 TORR. DWELL AT EACH. TEMPERATURE AND BETWEEN
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o FAlLunE MODER EFFECTS ANALYS!S (FWEA) = CIL FAILURE MODE :
_ . NUMBER: HI-1HR-EHWT m

GPERATIONS AT EACH TEMPERATURE IS A MINIMUM OF 60 HINUTES AFTER
- BTABILIZATION. FIVE CYCLES WERE PERFORAMED AGAINST THE GUIDE RING :
n EXTEND AND FINAL POSITION MECHANICAL STOPS FOR 10 SECONDS EACH. : -
DURING EACH DOCKING, 4S5 SHOWN IN THE FOLLOWING TABLE, A JAMMED
BALLSCREW INTERCONNECTING MECHAMISM WOLLD BE DETECTED.

DOGKING EIMULATOR . PRESS
SEQ RATE, AOTATIONAL ANGLE. | . TEMP | VOLTAGE | INTEQRITY
NO. s . PITCH ROLL |-~ *¢- |- voLTe | CHECKOUT
1 010 o o 25 J10 23 YES
2 0.10 o 4 25 +-10 34 NO
3 0.12 4 &« 28 +-10 7 " ND
I &* — — - . — 50 - — YES
| 4 _ 0.10 4° o +50w5 &7 YES
5 — — e +B0-+-5) — YES
5 0.10 4° Qe 4 30+-5) P YEB
&5 — e — B8 « — YES
6 012 o° 4 P 2 YES
7 — - — G- — YES
— > T T YEE
" & —_ e — +80+-5 — YES
A 012 &+ 4 & -5 od - YES®
B — — — H60+8) — YES -
) [RT- 4 4° {30 w-5) 34 YES
| T — — — +E0H-5 e YES
16 .10 & e | +B0w-S Fid _ YES
-t — = — 48043 _ e YES ]
| 1 0.10 o #° 30 +/-5) 27 YES -
2= p— — — . { 4808 e YES -
I~ 1z 0.10 o 4 -+ w5 27 YES B}
| — = — -m:l% = YES
13" 012 4° 4° a6 Fe) YES
| s — L — — +8044-5 — YES
I 14 | 012 |- & 4+ +B0w-8 2r Y3
- ‘ 15 . 01z | - oae ge | +25-10 P2 YES

- ; *MCE21-0087-2001, =200, & 5001 ONLY

AFTER COMPLETION AN INSPECTION 1S PERFORMED TO IDENTIFY BROKEN OR
LOOSE HARDWARE.

. 4. snmxmu SAWTODOTH LDADING STRENGTM TEST - mnmuem—wasu
- IS SURBJECTED TO 206G TERMINAL SAWTOOTH SHOCK PULSES IN EACH AXIS, 3
. PULSES IN EACH DIRECTION FOR A TOTAL OF 8 PULSES/AXIS, AFTER
COMPLETION AN INSPECTION IS PEAIRDRMED TG IDENTIFY EROKEN OF LDOSE
HARDWARE. A JAMMED BALLECAEW INTERGONNEGTING MECHANISM WOULD
BE DETECTED AT TH!S TIME.

£, APOS SERVICEABILITY TEET IN A SIX-DEGREE-OF FREEDOM DYNAMIC TEST -

THE SIX-DEGREE-OF-FREEDDM DYNAMIC TEST VERIFIES APDS DOCKING AND
UNDOCKING CPERATIONS UNDER CLOSE-TQFULL-SCALE CONDITIONS, STATIC
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| FARLWRE MODES EFFECTS ANALYSIS (FMEA) - CiL FAILURE MODE
. NUMBER: Ma-1MA-BMO07- 0t

MOTION OF ENTITIES IS5 SIMULATED UNOER SPEGIFIC INERTIAL AND
GEOMETRICAL PARAMETERS FOA YARKOUS INITIAL CONIXTIONS FOR

| MIRSHUTTLE DOCKING. A TOTAL OF 20 DOCKINGS |18 PERFORMED.
ABSORPTION OF ENERGY OF RELATIVE MOVEMENT DURING EACH DOCKING
WILL DETECT A JAMMED HAL LSCAEW INTERCONNECTING MECHANISM.
SUBSEQUENT TO THIS TEST AN ENGINEERING INSPECTION IS PEAFORMED TO
IDENTIFY BROKEN OA LOOSE HARDWARE.

6. TARGET SEAVICE LIFE TEST - TESTE ARE PERFORMED TO VERIFY PROFER
COCKING OPERATIONS OVER TS LIFE OF 100 DOCKINGS. PROPER ORERATION
OF THE BALLECAEW INTERCONNESTING MESHANISMS VERIRIED DURING 100
DOCKING CYCLES (FOR MCE21-0087-1001/43001 UNITE ONLY). FOR MCS21-D0S7-
on01, =500, & 5001 UNITS FROPER OFEFRATION VERIFIED GURING 388 CYCLES
{44 VACUUMLOAD CYCLES, 16 LOAD CYCLES, & 324 NOLOAD CYCLES),
SUSSEQUENT TC THIS TEST AN ENGINEERING IMSPECTION IS PERFORMED T4
IDENTIFY BACKEN DA LOOSE HARDWARE.

7. CONTROL DISASSEMBLY - UPDON COMPLETION OF ALL GUAL TEETING THE
COCKING MECHANISM IS DISMANTLED AND OALLSCAEW INTERCONNECTING
MECHANISMS ARE CHECKED FOR EVIDENCE OF WEAR DR FAILURE,

DM% = TURNARCUND CHECKOUT TESTING 13 ACCOMPLIGHED IN ACCORDANCE WITH |
OM

{C) NBPECTION:

RECEVING INGPECTION

AAW MATERIAL 1S VERIFIED BY INSPECTION TD ASSURE COMPLIANCE WITH THEIR
. SPECIMCATIONS ON A CERTAIN % OF THE BATCH AT THE INPUT CONTROL.

CONTAMINATION CONTROL.

CORROSION PROTECTION PROVISIONS AND CONTAMINATION CONTROL VERIFIED BY
INSPECTION, CHECK OF AOOM CLEANLINESS; PARTS WASHING AND OTHER
QPERATIONS OF THE TECHNOLOGICAL PROGESS WHICH PROVIDES CLEANLINESS ARE
VERIFIED BY INSPECTION.

CRIMGAL PROCESSES
ANOLCIING, HEAT THIA“I‘H. CHEMICAL PLATING, AND sﬂ.DIHIME VERIFEED BY
INGPECTION.

. ASSEMBLYINSTALLATION
ADJUSTMENTS AND TUNING ACCORDING TO TECHMCAL REQUIREMENTS OF THE
DRAWINGS ARE VERIFIED 8Y INSPECTION. QUALITY CONTROL OF COATINGS AND
FABRICATION OF BALLSGREW INTERCONNECTING MECHANISM (INGLUDING
GEAF/SEARING MATING) IS VERIFIED BY INSPECTION,

TESTING
ATPAQTPIOMRSD TESTING VERIFIED BY. INEPECTION.

HANDUMNG/PACKAGING
HANDLING/PACKAGING PROCEDURES AND REQUIREMENT FOR SHIFMENT VERIFIED BY
INSPECTION.
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| FAILLIRE MODES EFFECTS AMALYS!S [FHIEA) — _ CIL FAILLRE MODE .
- T - ) HLIHEEH—* NE-1MR-BMGOT IH

{D} FAILURE HISTDRY"
DATA ON TEST FAILURES, UNEXPLAINED ANDMALIES, AND OTHER FAWLRES

- EXPERIENCED DURING GROUND PROCESSING OR:0DS DOCKING ME{;HMiBMB CAN BE
FGUNE 1N PRACA EuATA BASE.

(€} OPERATIONAL USE:
N INCREASE IN RESISTANCE CAN BE OVERCOME WITH EXTERNAL FORCES. HOWEVER
THERE 15 NO WORKARCGUND TO A COMPLETE JAMMING OF A BALLSCREW

INTERCONNECTING MECHANISKL .

- APPROVALS -
GESIGN ENGINEER i M NIKOLAYEVA
DESIGN MANAGER | A SOUBCHEV
HASA SS/MA :

NASA SUESYSTEM MANAGER
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