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FAILUHE HGDEE EFFECTS ANALYSIS {FI.IEA] CFlI'I'H::!.L HAHDWAHE
NUMEBER: Hﬂ-ithI*BHﬂZZI ) -

SUBSYSTEM NAME: MECHANICAL - EDS

REYISION: 1 gH a5
PART NAME PART NUMBER
VEHDOR NAME VENDOR NUMBER
LRU : GUIDE RING ASSEMBLY 33UE271.011-05
L " NPO-ENERGIA . . 330 6271.011-05
SRy - : SENSOR - 430 510,027
B HPO-ENERGIA | 33U539.007
PART DATA
EXTENDED DESCRIFTION OF PART UNDER ANALYSIS:
CAFTURE SENSDR
REFERENGCE DESIONATORS: _ o
QUANTITY OF LIKE ITEMS: 3 -
THREE -
FUNCTION:

THREE SENSORS, LOCATED ON THE GLIDE RING ASSEMELY, AFIE USED TO MONITGR .
THE RING MATCHING OF BOTH THE ORBITER AND MIR DOCIING FIING ASSEMBLIES. - -
EACH SENSOR CONTAINS TWG REDUNDANT SHORT CONTACTS AND TWO

REDUNDANT LONG CONTACTS. THE SHORT CONTACTS OF THE THREE SENSORS ARE
CONNECTED IN SERIES AND THE LONG CONTACTS OF THE THREE SENSORS ARE
CONNECTED IN- BARALLEL. TOGETHER THEY SENSE THE MATING OF THE TWO -
DOCKING RINGS AND SEND A SIGNAL TO THE DSCU TO ACTIVATE THE HIGH ENERGY ..
DAMPERS AND 7O ILLUMINATE THE *CAPTURE' INDICATOR LIGHT ON THE DOCKING

CONTROL PANEL WHEN ALL THREE SENSORS ACTUATE SIMULTANEQUSLY. THE

LONG CAPTURE BIGNAL 1§ DOWNLINKED TO GROUND PERSONNEL. THESE SENSOBS .

SENSE THE SECOND POINT IN THE AUTOMATIC DOCKING SEQUENCE - MATING OF

THE TWO DOCKING RINGE. . , _

SERYICE N BETWEEN FLIGKT AND MAINTENANCE CONTROL:
VISUAL INSPECTION, SERVICEABILITY CONTOL, DOCKING WITH CALIBRATING
DOCKING MECHANISH.

MAINTAINABILITY L '

REFAIR METHCD - HEPLAGE-IEHT

. REFERENCE DOCUMENTS: 33U.5315.0¢7 ) . L seme

JLE2T1.011-05
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FAILURE MDDES EFFECTS ANALYSIS (FMEA)—CIL FAILUKE MODE .. - . .
HUMBER: M8-1 HH-BHEZE'

REVISIONE _ 1. . snpms

SUBSYSTEM NAME: MECHAMIGAL - EDS © -
LAL: GUIDE RING ASSEMBLY

ITEM NAME: SENSOR, CAFTURE

CRITICALITY OF THIS
FAILURE MDDE: 2/Z

FAILURE MODE: 4
FLUNGER JAMS IN EXTENDEDR POSITION .

MISSION PHASE:
oo ON-ORBIT

VEHICLE/PAYLOAD/MKIT EFFECTIVITY: 104 ATLANTIS

. CAUSE;
CCONTAMINATION, RFIECE PART STHUCTUFIAL FAILLIHE D’UE T MECHANICALTHERMAL

SHOCK, VIBRATICN, OR MANUFACTURERMATERLAL DEFECT
CRITICALITY 1/1 DURMNG INTACT ABOAT QNLY? NO

CRITICALITY 1R2 DURING INTACT ABORAT DNLY (AVIGNICE ONLY)? WA

A) NI& -
B} NIA .
_ CINA . .

RECUNDANCY SCAEEN

| PASS/FAIL RATIONALE: " .o L

A) )
N/A - . ' —

E}: - _ .
NA . -

<)

- WA

at . -

METHOD OF FALULT DEI'ECTIDH

" PHYSICAL OBSERVATION - ORBITER DOCKING. RING CANNOT CAFTURE TO MIR
‘MECHANISM BODY MOUNTED LATTH

= FAILURE EFFECTS -

— —

{A) SUESTETEH
INABILITY OF SENSOR TC DEPRESS WHEH IN CONTACT WITH MIR DOGK[HG

MECHANISM WILL PREVENT AFFECTED CAPTURE LATCH FROM ENGAGING OFFOSING -
. MIA MECHANISM BODY MOUNTERDLATCH. ALTHOUGH IT MAY BE POESIBLE TO

CAPTURE AND RETRACT THE DOCKING RING WITH ONLY TWO CAPTURE LATCHES
ENGASED, MATING OF THE TWO DOCKING MECHANISMS FOR CLOSING STRUCTURAL
HOOKS WOULD BE iMPAIRED.
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FAILLIAE MODES EFFECTS ANALYS!S (FMEA) = CIL FAILURE MODE
' HUMBER: M8-1MR-DMG22- 1

(B) INTERFACING SUBEYSTEM(S):
NG EFFECT ON INTERFACING CABITER SUBSYSTEMS.

(O} MISSION:
WORST CASE. LOSS OF DOCKING CAPABILITIES RESULTING IN LOSS MISSION
OBJECTIVES FOLLOWING A FAILURE TO ENGAGE A SINGLE CAPTURE LATCH.

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

(E} FUNCTICNAL CRITICALITY EFFECTS:
N/A

DESIGN CRITICALITY (PRIOR TQ OPERATIONAL DOWNGRADE, DESCRIBED M F): 22

(F) RATICNALE FOR CATICALITY CATEGORY DOWNGRADE:
W/A {THERE AFAE HO WORKARDIUNDS T CIRCUMVENT THIS FAILURE.)

-DISPOSITION RATIONALE-

{A) DESHEN:

DESIGN OF THE SENSOR, SELECTION OF MATERIALS, AND SMALL EL ECTRICAL LOADS
REDUCE THE FAILUAE PROBABILITY OF BOTH CONTACTS. DESIGN OF THE CGONTACT
PAIR (DUAL CHANNEL) HAS PASSED MAGNITUDES OF GROUND FUNCTIONAL TESTING
AND MULTIPLE USES DURING PILOTED VEMICLE OPERATIONS IN SPACE. SPRING
WHICH RETURNS THE INTERMAL ROD TO THE INITIAL POSITION IS DESIGNED TO
OPERATE BEYOND LIMITS OF FATIGUE AND THUS, POSSIBILITY OF SPRING FAILUAE IS
VERY LOW. M!SALKGNMENT OF THE AQE 1S NOT POSSIBLE BY DESIGN. SENSOR IS
COMPLETELY ENCASED TO PREVENT THE SIZE OF CONTAMINATION NECESSARY TO
CAUSE THE PLUNGER TO JAM IN THE EXTENCED PFOSITHON.

{B) TEST:

1. INSPECTION SERVICEABILITY TEST - DURING SENSOR FUNCTIONAL
PERFORMANCE TEST, CAFTURE SENSOR CHECKOUT 18 PERFORMED WITH
DOCKING RING AT.IT'S INTAL POSITION. THE PLUNGER OF EACH CAPTURE
SENSOR IS MANUALLY CEPAESSED AND AFPROPRIATE LIGHTS ON THE TEST
PANEL ARE VERIFIED T ILLUMINATE.

2. VIRRORESISTENT TEST « APDS SUBJECTED TU THE FOLLOWING VIBRATION
LEVELS FOR 2 MINUTES PER AX)S: '

W M
FREQUENCY [HZ) SPECTOTAL DENSITY AGCELERATION
FROM 20 70 80 NCREASING, 308 DGTAVE 10 0.04G9HZ
FROM 80 TO 350 PERMANENT 0.4G2/HZ

FROM 350 TO 2000 DEGHEASING 308 OCTAVE WITH 0.043%H2

SUBSEQUENT TO THIS TEST AN INSPECTION 1S PERFORMED TO IDENTIFY
BROKEN DR LOOSE HARDWARE: AND A SENSOR FUNCTIONAL TESTIS
PERAFORMED AS DEFINED IN ATP TEST #1 ABOVE TO YERIFY PROPER CAPTURE
SENSOR DFERATION.

RSC
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i DC!EKING MECHANISM CHECKOUT (STATIC) TEST - THE /M SIMULATOR ON -
THE STAMD 15 LOWERED UNTIL IT MAKES CONTACT WITH THE RING ASSEMBLY.
FROPER ENGAGEMENT OF THE RING CAPTURE LATCHES WITH THE BODY

" MDUNTZD LATCHES ON THE /M SIMULATGR 13 YERIFED, A JAMMED PLUNGER

OM A CAFVURE SENSOR WOULD BE DETECTED AT THIS TIME

4. THERMO YACLIUM TEST - DOCKING OF THE MECHAMIEM IS THERMALLY
CYGLED, UNDER LUAD CONDITICNS, FROM +20°C TO -804-65°C TO +504+85°C TQ
+20°C IN A VACUUM AT 107* TO 105 TORR. DWELL AT EACH TEMPERATURE AND
BETWEEN OPERATIONS AT EACH TEMPERATURE 15 A MINIMUM GF 60 MIMUTES

AFTER STABILIZATION. CPERATIONS NCLURES PERFORMING

DOCKING/CAFTURE. DOCKING 18 ACCOMPLISHED AT A SPEED OF 0.15SMW/SEC
BETWEEN THE SIMULATOR-AND MOVYEABLE PLATFORM [CONTAINING THE

DOCKING MECHANISH) AMD CAPTURE INDICATION 15 VERIFIED DURING

CAPTURE. PROPER OPERATION OF CAFTURE SENSORS IS VERIFIED FOR A
- TEMPERATURE RANGE OF -50°CAS5°C TD SeQiGEE, .

5. CONTROLLED DOCKING T=ET CONTROLLED DOCKING IS PERFORMED
LNDER LOAD CONDITIONS. VESUAL CRSERVATION GF CAPTURE INDICATION -

GURING CAFTURE WILL VERIFY PROPER SENSOR OPERATION,

1. OPERATIONAL CAPABILITY TESTS - DURING EXTERDAIETRACT MECHANISM _
LUMITAULTIMATE LOAD TESTS AND CAFTURE AND BOD'Y LATCH LOAD TESTS THE
CAPTURE LATCHES ARE ENGAGED TO THE PDCKING SIMULATOR. A JAMMED

FLUNGER ON A CAPTURE EENSDOR WOULD BE DETECTED AT THIS TIME

2. TRAKSPORTASILITY STRENGTH TEST - SHIPPING LOADS ARE SIMULATED Oy
AVIBRATING TABLE TO VERIFY THAT THE DOCKING MECHANISM WILL NOT BE

DAMAGED DURING SHIFMENT, THIS TEST IS CONDUCTED UNDER THE

CONDITIONS CONTAINED IN THE FOLLOWING TABLE.,

YIRRATION | YIBRATION FREGUENCY SUBBAND, HZ TOTAL TEST
ACCELER | ACCELER &7 i 715 | 1530 | 340 | 050 DURATION
OIRECTION | AMPLITUDE TEST DURATION, MIN HR M
ALDNHG X-4XI5 | 1.4 - F - - 4
137 . ri 21 '32 51- 2 5 - ras

]| ALONG Y-2XI5 1.1 - 4 . - - - - d
1.0 13 18 T 0 T i 3

ALONG Z-AXIS 1A - 4 | - = - = - 4
1.0 2 420 16 28 15 2 10

SUBSECRIENT TO THLS TEST AN INSPECTION IS PERFOAMED TD IDENTIFY
BROKEN OR LOOSE HARDWARE: AND GFEAATICNAL CAPABILITY TESTS ARE

PERFORMED, AS DETINED IN QTP TEST #1 ABOYE, TG \I"EF!IF"!’ PROFER

FUNCTIONING OF THE CAPTURE SENSORS.

3. SHOCK AN SAWTOOTH LOADING STRENGTH TEST - DOCKING MECHANISM
IS SUBJECTED TO 204 TERMINAL SAWTOOTH SHOCK PULSES IN EACH AX!IS. 3

FULSES IN EACH DIRECTION FOR A TOTAL OF & PULSES/ARS, AFTER

COMPLETION AN INSPECTION IS PERFCRMED TO IDENTIFY BROKEM QR LDOSE

HAADWARE: AND OFERATIONAL CAFABILITY TESTS ARE PERFORMED, AS

C,

R&E
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| FAILURE MODES EFFECTS AMALYSIS (FMEA) - CIL FALUREMODE - 77|
: o , T KUMBER:- M3-1MR-BMOZ2- (3

DEFINED IN QTP TEST #1 ABDYE. TO VERIFY PRCPER FUNCTICNING OF THE
GAPTURE SENSGRS. . - - - -. A S

. 4 COLD AND HEAT RESISTANCE TEST - DOCKING OF THE MECHANISM IS
THERMALLY CYCLED FROM +205C TO -50485°C TO +50/+55°C TO +20°C 1N A
VACUUM AT 107+ TO 1079 TORR. DWELL AT EACH TEMPERATURE AND BETWEEN
OPERATIONS AT EACH TEMPERATURE mw OF 60 MINUITES AFTER
STABILIZATION. AFTEA EACH DOCKIN E, AS SHOWN IN THE
EOLLOWING TABLE, CAFTURE INDIGATIONS ARE YERIFIED,

COCKING SIMULATOR _ — | PRESS
SEQ RATE, ROTATIONAL ANGLE | TEMP | VOLTAGE | INTEGRITY -
MO, L PITCH AOLL G YOLTS | CHECKOUT
1 6D 0 o 25 ++10 <) YES
- 2 cAQ [ 40 25 410 - | NOQ
3 0AZ 4 45 25 +-10 27 NO
4 — e o +E50W-5 . — YES
4 o0 | & o +BOH-5 2z YES
g — -— —_ {B0+5) | . — YES -
) 5 Q.10 e o {30+£5) 14 YES
_ g — — — +5045 — YES
8 C.12 e 4 +B0+5 23 YES
_T —_ — — -{83-+5) — YES
7 0.10 o 4 0L |- 23 - YES
g — — — A5 |- — | YES
- B Q12 - 4 g B0H5 |- o YES )
5 roe — — {E0+hE) — YES
9 B.12" e 4° {05 YES
“10” —_ — — [ +680+5 — YES
10 040 | 4 - +5014-5 27 YES
1r el .= — =50+ 5) — YES
11 B 45 {30 +-5) a7 YES
[ 12 = o — +604-5 —_ YES
V2 o0 [, o - 4 +50+-5 27 VES
R — — _. 1 460+-5) — YES
S 012 ra 4" - | 430 +-6) = YES -
14 — — — +50+-5 — YEE
1% 0.12 4 4 +B0+H5 = YES
15 0,42 S 2510 23 YES
. "M{621-0087-2001, 4001, & -5001 CNLY .

AFTER COMPLETION AN INSPECTION IS PERFORMED TO IDENTIFY BROKEN OR . .
LOOSE HARDWARE; AND,OPERATIONAL CAPABILITY TESTS ARE PEAFORMED,

AR DEFINED IN OFF TEST #1 ABOVE, TO VERIFY PROPER FLUNCTIONING OF THE
CAFTURE SENSORS,

5. VIBRATION STRENGTH TEST - ARDS SUBIECTED TC THE FOLLOWING
VIBRATION LEVELS IN EACH AXIS FOA A 400 SECOND DURATION.

L @E:ﬁm Proprietary Data - .
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_ | FAILURE MODES EFFECTS ANALYSIS {F MEA) ~ CiL FAILURE MODE
. - _ _ . HUHEEH. M8-1MA-B Moz 0 B
Fﬁenugﬂc? [HZ'_i EPE'CTG'FIAL DEMNSITY ACCELERATION
[ FROM 20 TC 80 INCREASING, 2DB OCTAVE TO 0.067G2MHZ
- FROM B0 TO 350 | CONSTANT 0. 067GSHZ
T - 'FROM 350 10 2000 DECREASING SDB OCTAVE WITH 0. DG?G#H:!

EURSFOUENT TO THIS TEST AN INSFECTION IS PERFORMED TC IDENTIFY
BROKEN COR LOOSE HARDWARE; AND OPERATIONAL CAPABILITY TESTS ARE
PERFORKED, AS DEFINED INQTP TEST #1 ABQVE, TD VERIFY PROFPER
FUNCTIOHING OF THE CAFTJRE SENEORE,

6. APDS SERVICEABILITY TEST IN A SiX-DEGREE-OF.FREEDDM DYNAMIC TEST -
THE SIX-DEGREE-OF-FREEDDM TYNAMIC TEST VERIFIES AFPDS DOCKING AND
LUNDOCKING OPERATIONS UNDER CLOSE-TO-FULL-SCALE CONDITIONS. STATIC
MOTION OF ENTITIES 18 SIMULATED UNDER SPECIFIC INERTIAL AND :
GEOMETRICAL PARAMETERS FOR VARIOUS INIMAL CONDITIONS FDR

[ MIR'SHUTTLE DOGKING, A TOTAL OF 20 DOGKINGS 13 FERFORMED. WHICH
INCLUDES CAPTUAE, SUBSEQUENT TO THIS TEST AN ENGINEERING
INSPECTION IS PERFORMED TC \DENTIFY BRDXEN OR LOQSE HARDWARE; AND
CPERATIONAL CARABILITY TESTS ARE PERFOAMED, AS DEFINED IN QTR TEST
#1 ABOVE, TO VERIFY PROPER FUNCTICHING OFf THE CAPTURE SENSCRS,

7. TABGET SERVICE LIFE TEST - TESTS ARE PERFORMED TO VERIFY PROPER
- DOCKING ANG UNDOCKING OPERATIONS OVER ITS LIFE OF 100 DOCKINGS.

FROPER CAPTURE INDICATION (GAFTURE SENSOR OPERATION) 15 VERIFIED

DURING 100 DOCKING AND UNMATING CYCLES (FOR MC621-0087-10G17-3001

LINITS OWLY). FOR MCB21-0087-20C1, 4001, & -5001 UNITS PROPER OPERATION

VERIFIED DARING 388 CYCLES (d4 VACUUMADAD CYCLES, 18 LD&D CYCLES &

. - 324 RO-LOAD CYGLES), AFTER COMPLETION AN INSFECTION 18 PERFORMED TO -

Ce IDENTIFY BRIOKEN OR LODSE HARDWARE; AND OPERATIONAL CARABILITY

TESTS ARE PEREORMED, AS DEFINED IN QTP TEST #1 ABOVE, TO VERIFY -

FROFER FUNCTIONING OF THE CAFTLIRE SENSDRS, o

3 A CONTROL DASASSEMBLY - UPON COMPLETION OF ALL GUAL TESTING THE
DOCKING MECHANISHM S DISMANTLED AMD CAPTURE SENSORS ARE CHECKED
FOR EVIDENCE OF WEAR OR FAILURE,

QMRSD - TURNAOUND CHECKOUT TESTING IS ACCGMPLISHED IN ACCORDANGE WITH
QMRSD. -

(C)INSPECTION: - - e .-
RECEIVING INSPECTION -

ALL INGOMING PARTS ARE SUBJEGTED T0 EXTERIOR INSPECTION.

CONTAMINATION CONTROL.

CORROSION PROTECTION PROVISIONS AND CONTAMINATION CONTROL VERIFIED E‘r
TINSPEGTION, GHECHK OF ACOM CLEANLINESS; PARTS WASHING AND OTHER :
OPERATIONS OF THE TECHNOLOGICAL PROCESS WI-IICI-I PROVIDES CLEANLINESS AF.E

VERIFIED BY IHSPEGT}DN

CRITICAL PROCESSES

HEAT TAEATING, SOLDERING, CHEMICAL PLATING, AND EUHIHG YERIFIED BY
INSPECTION. -

. | @ Eraia FroPrietary Data
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| FAILURE MOPES EFFECTS ANALYSIS (FMEA) ~ CIL FALUREMODE ]
. HUMEBER: M3-1MRE-EMOZE-03

ASSEMBL\"HHSTALLAHDN. .
ASSEMBLY/NSTALLATION VERIFIED BY INSFECTICN. - ' .- - ; -

TESTING
ATPAOTR/OMRSD TESTING VERIFIED BY INEPECTION.

HANDLING/PACKAGING
PROPER PACKAGING, STORAGE, AND TRANSPORTATION VERIFIED BY iNSPECTION.

(D} FAILURE HISTORY; )

ONE FAILURE OCCURRED RELATING TO A STUCK-ROD RESULTING FROM MOISTURE
{NGRESS BETWEEN THE ROD AND THE GUIDE AT -50 DEGREES C. T PREVENT
EAILURES OF THIS HATURE, A LUBRICANT-WAS INTRODUCED INTD THE GAP ANDTHE
QUALITY OF THE ROO EURFACE WAS IMPROVED. DATAONTEST FAILURES.
UNMEXPLAINED ANCMALIES, AND OTHER FAILURES EXFERIENGED DU RING GROUND
PROCESSING OF QDS DOCKING MECHANISMS CAN BE FOUND IN PRACA DATA BASE

{E) OPERATIONAL USE: .

HORE
. APPROVALS - - ' -
DESIGN ENGINEER © M. NIKOLAYEVA
DESIGH MANAGER A SOUECHEV
MASA SS/MA :
NAEA SUBSYSTEM MANAGER

5 o P '
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