CRITICAL . .i.iu LIBT

PROJECT: SRMS

SYSTEM: MECHARICAL ARM SUBSYSTEM
N STOEE70- 23— -

(3) RIGIDIZE
CLUTCH FAILS
10 ENGAGE.
(¢) RIGIDIZE
OREVE TRAIN
FAILURE.
BEARINGS,

GEARS
SHAFTS, Kevs

2) BACKUP EE
RELEASE.

PROTECT THE MAGHET MIRE DURING PROCESSING AND INSTALLATION.

THE UNIT 1S IMPREGNATED WETH 100X SOL1D EPOXY THAT IMPROVES
THE COIL MECHANICAL PROPERTIES ESPECIALLY DURING VIBRATIOH AND
HELPS THE UNIT RUN COOLER BY INCREASING THE EFFECTIVE THERMAL
CONDUCTION WITHIN THE WINDING MASS.

IT SHOULD BE MOTED THAT THE MAGNET VIRE USED IN THE WINDINGS
OF THESE UNITS IS SINGLE STRAND.

TO L1MIT THE POSSIBILITY OF A LOSS Of IMPUT VOLTAGE DUE TO AN
OPEN LEAD WIRE ALL SOLDERING 1S ACCOMPLISHED BY OPERATORS
WHO ARE TRAINED AND CERTIFIED TO NASA RHB 5380.& (3A)
STANDARD, AS MODIFIED BY JSC 0BBO0A.

THE CLUTCH SHAFT AND ARMATURE ARE CONNECTED BY A SPLINE WHICH
PROVIDES ROTATION TO THE ARMATURE AND ALLOWS AXIAL SLIDING FOR
ENGAGEMENT AND DISENGAGEMENT. THE FOLLOMING 1S A LIST OF
CHARACTERLSYICS TO LINIT THE POSSIBILITY OF THE CLUTCH
HANGING-UP DUE TO MECHANICAL BINDIMNG OF THE SPLINE:

THE SPLINES ARE MATCH-MACHINED FOR A PRECISE AND SMOOTH FIT.
SERJALIZATION OF THE MATCHED PARTS ASSURES PROPER ASSEMBLY.

THE MATCHED SHAFT AND ARMATURE ASSEMBLY IS INSPECTED FOR
PROPER CLEARAMCE AND SMODTHNESS OF OPERATION.

THE UNIT IS TESTED A MINIMUM OF SEVEN TIMES DURING ACCEPTANCE
TESTING FOR POTENTIAL BINDING. THE TEST CONSISTS OF APPLYING
FULL RATED LOAD TOROQUE WITH THE UNIT ENGAGED. A VOLTAGE IS
THEN APPLIED TO DISENGAGE THE UWIT. THE TIME FROM APPLICATION
OF VOLTAGE UNTIL FULL OISENGAGEMENT 1S MEASURED. ANY BINDING
OF THE ARMATURE WOULD EJTHER PREVENT DISENGAGEMENT OR CAUSE AM
EXCESEIVE TIME DELAY,

-— ASS'Y NOM Ass'y p/H: SHEET: _ 1
FMEA FMEA NAME, QTY, & FAILURE MODE FAILURE EFFECY HOVR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. prauinG RéF. AND ON 2/
DESIGNATION CAUSE END LTEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3640 2 MOTOR MODALE MODE: END EFFECTOR DESIGN FEAVURES
ASSEMBLY 1L0S5 OF WILL NOT A
arY-t P/H DRIVE 10 RIGIDIZE OR
S1140ET4TS RIGIDIZE DERIGIDIZE THE END EFFECTOR CLUTCH 1S A MAJOR BOUGHT-OQUE-PART WHICH IS
oR NECHANISH. PAYLOAD. SUPPLIED BY HOMEYWELL SPERRY CORPORATION AND MEETS OR
51140£2203 ARM WILL REMAIN EXCEEDS THE REQUIREMENTS OF SPECIFICATION SPAR-SG.450
CAUSE(S): LINP IF FOR P/N 511400575-1 AND SPAR-SG.1092 FOR P/N511400575-3.
(1) SNARE PERFORMING AUTO
CLUTCH FAILS CAPTURE . THE FOLLOMING 1S A LIST OF DESIGH CHARACTERISTICS THAY LIMLT
10 THE POSSIBILITY OF AN OPEN OR SHORT CIRCULT IN THE UNIT
D1SENGAGE. WORST CASE WINDINGS:
SHORT/OPEM | =----------
CIRCUIT UNEXPECTED THE IMSULATION SYSTEM 1S CLASS 185 (185 DEGREES C) OR BETTER
WINDINGS OR PAYLOAD MOTIOM. AND IS PROVEM THROUGH YEARS OF USE.
STRUCTURAL/ INCOMPLETE
MECHAMICAL RIGIDIZATION. THE WIRE USED IN THE UNITS IS HEAVY ML MAGNET WIRE WHICH WAS
FAILURE. CREW ACTION AN EXTRA COAT OF INSULATION ON THE MAGMET WIRE.
(2) RIGIDIZE REQUIRED.
BRAKE FAILS THE WINDINGS ARE PREBAKED AFTER THE WINDINGS ARE FORMED BUT
10 REDUNDANT PATHS PRIOR TO IMPREGHATION, THIS IS A STRESS RELIEVING OPERATION OF
DISENGAGE . REMATHING SOTH VHE COPPER WIRE AND THE INSULATION, PERFORMED 10 MINIMIZE
WINDING | --eeemmeeescen- ANY DEGRADATIOW DURING PROCESSING. .
SHORY /OPEN 1) MANUAL EE
FAILURE., WODE RELEASE. KAPTOM TAPE 1S APPLIED OVER THE BOBBIN AND WINDINGS 0.D. YO

nochADEN QY -«
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CRITICAL ITEM8 LIST

PROJECT; SRMS
ASS'Y NOMEWCUATORE: ERD EFFECTOR _

SYSTEM: MECHANICAL ARM SUBSYSTEM
W STIGOETG/0-B-3

-———— ass'y p/: - SHEET: 2
FMEA FMEA NAME, QfY, & FAILURE MODE FAILURE EFFECT HDWR 7 FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. orawinG REF. AND ON 2/1R
DESTGNATION CAUSE END ITEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3640 2 MOTOR MODULE MODE : END EFFECTOR
ASSEMBLY LOSS OF WiLL NOT THE SPINES ARE LUBRICATED WITH MOLYBDENUM DI1SULFIDE,
ary-1 P/N DRIVE T0 RIGIDIZE OR
S1140E1473 RIGIOIZE DERIGIDIZE THE UNIT LOAD LEVELS ON THE SPLINE ARE LOW.
oR MECHANISN. PAYLOAD .
51140£2203 ARM WILL REMAIN IT SHOULD BE WOTED THAT THESE UNITS DO NOT UTILIZE REDUNDANT
CAUSE(S): LINP If SPLINES.
(1) SHARE PERFORMING AUTO
%mcu FAILS CAPTURE. THE BEARINGS ARE WEY LUBRICATED WITH BRAYCOYE 3L-38RP
DISENGAGE. WORST CASE THE REAVIEST ANOUWT OF FRICTION MATERIAL DEBRIS 1S GENERATED
SHORY fOPEM aeensesnan DURING THE CALIBRATION RUN-IN OF THE UNIT. THE RUN-1H
CIRCUIT UNEKPECTED CONSISTS OF ROTATING THE UNIT 1N ONE DIRECTION AT SO RPM FOR
WINDINGS DR PAYLOAD MOTION. A TOTAL OF 16 HOURS MLNIMUM USING A DUTY CYCLE OF 10 SECONDS
STRUCTURAL/ INCOMPLETE ENGAGED AND THEN 10 SECONDS DISENGAGED. THE UNITS RECEIVE A
HECHANICAL REGIDIZATION. VERY LIMITED AMOUNT OF SLIPPING DURING ON MESSION USAGE,
FAILURE. CREW ACTIOM DEBRIS 1S PREVENTED FROM ESCAPING FROM THE -3 CLUTCH USED IN
2) mglnue REQUIRED. THE S114061470-3 END EFFECTOR WITH A LABYRINTH NETWORK.
BRAKE FAILS .
10 REDUNDANY PATHS THE AIR GAP OF THE UNIT 1S VERIFIED TO MEET A MININUM VALUE
DISENGAGE. REMAINING 8Y THE END PLAY TEST (LARGEST APPLIED LOAD) DURLNG ACCEPTANCE
WINDING | =-e-mmeeeecee-- TESTING.
SHORT /OPEN 1) MANUAL EE .
FAILURE. MODE RELEASE. THE STRIPDOWN AND INSPECTION OF FLIGKT HARDWARE RETURHED
¢3) RIGIDIZE FOR REFURBISHMENT HAS REVEALED THAT A SIGNIFECANT AMOUNT OFf
CLUTCH FALLS 2) BACKUP EE FRICTION MATERIAL DEBRES MAY HAVE ACCUMULATED AT THE UNIT
10 ENGAGE. RELEASE. END-OF-LIFE. LT IS VERY UNLIXELY; HOWEVER, THAT SUFFICIENT
¢4) RIGIDIZE FRICTION DEGRIS COULD ACCUMULATE BEHIND THE ARMATURE OR
ORIVE TRAIN RETWEEN THE FRICTION SURFACES, SO AS TO AFFECT THE UN1TS
FATLURE. PERFORMANCE
BEARINGS,
GEARS COMNECTOR USED ARE TO GSFC SPECIFICATION S.311.P.4/9.
SHAFTS, KEYS
CONTACYS USED ARE TO GSF SPEC.S.311.P.4/9.
CRIMPING IS CONTROLLED TO SPAR PPS 9:47 WHICH EMBODIES
NSC-SPEC-Q-1A.
THE END EFFECTOR BRAKE IS A MAJOR BOUGHT-OUT-PART MHICH IS
SUPPLEED BY HONEYWELL SPERRY CORPORATION AND WEETS OR
EXCEEDS THE REGULREMENTS OF SPECIFICATION SPAR-SG.451 FOR
P/N 511400574 12-3 AND SPAR-SG.1093 FOR P/N 5114002219-1.
THE SRAKE DESIGN FEATURES THAT LIMIT THE POSSIBILITY OF AN
OPEN OR SHORT CIRCUIT 1IN THE VINDINGS ARE THE SAME AS THE
FEATURES FOR TKE CLUTCH DISCUSSED PREVIOUSLY IN THIS CIL [TEM.
THE CALIPER BRAKE INCORPORATES MANY DESIGN FEATURES TO IMPROVE
THE PRAKES CAPABILITY AND GIVE HIGHER RELIAGILITY AS FOLLOMS:
- SLIP TORQUE CAPABILITY UP TO 85 02-IN.
- TOTAL INTERMAL CONTAINMENT OF FRICTION DEBRIS MITH THE USE
OF LABYRINTH PATHS AND THE PLACEMENT OF THE FRICTION DISKS
ON THE OPPOSITE END OF THE BRAKE SHAFT SROM THE PINIOM GEAR.
- MECHANICALLY REDUNDANT SLIDING SPLINES FOR THE CALIPER DISK.
- MECHANICALLY REDUNDANT LOCATING PINS WITH VESPEL SLEEVES FOR
DISK LOCAT{ON. .
- BEARING LOADS ARE REDUCED BY A 5 T0 t FACTOR OVER THE
ORIGINAL E/E SMARE BRAKE P/N S$11400574-3,
PREPARED BY: MFWG SUPERCEDING DATE: 12 DCT 89 APPROVED BY: DATE: 24 JuL 91 CIL REV: 3
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CRITICAL ITEMB LIST PROJECT: SRMS SYSTEM: MECHANICAL ARM SUBSYSTEM
- - ASS*Y NOMENTLATORE: EWD _EFFECTOR Ass'y p/R: ~1%- SHEET: 3
FMEA FMEA NAME, Q1Y, & FAILURE MODE FAILURE EFFECT HDWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. oravinG nke. AND oN 2/1R
DESIGNATION CAUSE END [TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3840 2 MOTOR MODULE MODE : END EFFECTOR - SLIDING SURFACES ARE LUBRICATED WITH MOLYBDENUM DISULFIDE.
ASSEMBLY LOSS OF WILL NOT - BEARINGS ARE WET LUBRICAVED MWITH BRAYCOTE 3L-38RP.
ary-1 P/N DRIVE TO RIGIDIZE OR - AIR GAP CAN BE ADJUSTED WITHOUT BRAKE DISASSEMBLY.
5114061473 RI1GIDIZE DERIGIDIZE
oR MECHANISM. PAYLOAD. ALL SRNS GEARS ARE DESIGNATED IM ACCORDANCE WITH AGMA
51140£2203 ARM WEILL REMAIN STANDARDS TO GIVE A MINIMUM OF INFINITE LIFE. THE OEFINITION
CAUSE(S): LINP IF OF INFINITE LIFE 1S THE CONDITION WHERE 10**7 MESH CYCLES OR
(1) SNARE PERFORMING AUYO MORE AT THE APPLIED LOAD WILL NOT RESULT IN TOOTH FAILURE.
CLUTCH FAILS CAPT
T0 FOR THIS (THESE) GEAR (S) THE CALCULATED LIFE WAS NOT BASED OR
DISENGAGE. WORST CASE CONTROLLED 8Y COMSIDERATIONS OF STRESS, BUT INSTEAD WERE SIZED
SHORT/OPEN | ----- TO SATISFY SPECIAL COMSYRAINTS. CONSEQUENTLY, THE MESH IS WELL
CIRCUIT UNEXPECTED WITHIN THE DEFINITION OF INFENITE LIFE AND THE FAILURE MODE
WINDINGS OR PAYLOAD MOTIOM. STATED N THE FMEA IS REMOTE.
STRUCTURAL/ INCOMPLETE
MECHAMICAL RIGIDIZATION. THE SOLID FILM LUBRICANT SYSTEW USED 1S LUBECO 905.
FATLURE. CREW ACTION THES COMPRISES A SPRAY AND CURE (400 DEGREES F)
{2) RIGIDIZE REQUERED. APPLICATION OF NOLYOENUM DISULPHIDE, IN AN I[N ORGANIC
BRAKE FAILS SINDER APPLIED PER PPS:28:11 AND 28:13. BURNISHING AND RUN 1M
10 REDUNDANT PATHS PER SPAR PPS 28:14. THE LUBRICATED BEARING 1S TORQUE
B::E':‘EE“' REMATNING TRACED 10 EMSURE ACCEPTABILITY PER SPAR PPS.2B:14.
SHORT /OPEN 1) MANUAL EE THE GREASE LUBRICANT USED 1S BRAYCOTE 601 (FORMERLY 3L-38RP)
FALLURE . MODE RELEASE. WHICH HAS A PERFLUORINATED POLYETHER OEL BASE WHICH 1S VERY
(3) RIGIDIZE STABLE UNDER VACUUM EMVIRONMENT.
CLUTCH FAILS 2) BACKUP EE
'2)52%%&5 RELEASE. THE GREASE 1S APPLEED IN PRECISE QUANTITY TO EACH BEARING.
(
DRIVE TRAEN THE LIFE OF THE BEARING LUBRICATION HAS BEEN ANALYZED USING
FAILURE., ULTIMATE LOADS TO EVALUATE MERTZ1AM STRESSES. ULTIMATE LOAD =
BEARINGS, 1.4 X WORKING LOAD. THE LUBRICANT ON ALL BEARINGS [S GOOD FOR
GEARS OVER 400 MISSIONS USING THE ULTIMATE LOADS.
SHAFTS, KEYS
THE BEARINGS ARE PROCURED BY SPAR AND MWEET, OR EXCEED THE
REQUTREMENTS OF SPECIFICATION SPAR-SG.393.
EACH $2 VOLT SUPPLY IS FILTERED BY A SIMPLE R-C CIRCUIT
COMPRISING A 22 OHM, RLRO7 RESISTOR AND A 0.1UF, M39014/02
CAPACITOR. MAKIMUM STRESS RATIO FOR THE RESISTORS 1S 10
PERCENT: AND FOR THE CAPACITORS, 25 PER CENT. THESE EEE PARTS
ARE MOUNTED ON A PCB WHICH IS CONFIGURED AS A POTTED ASSEMBLY
WITH THE INPUT CONNECTOR.
]
i e el cloEBrENINR DATE: 12 nfT AQ APPROVED BY: DATE: 24 JUL 91 CIL REV: _3



CRITICAL ITEM8 LIST

PROJECT: SRMS

SYSTEM: HECHAHECAL ARM SUBSYSTEM
ASS'Y P/N: -15%- SHEET:

ASs'y NOMENCLATURE: ERD EFFECTOR 4
EMEA FMEA NAME, QTY, & FALLURE MODE FAILURE EFFECT HOMR / FUNC. RATIONALE FOR ACCEPTAMCE
REF. REV. praulnG REF. AND oN 2/
DESIGHAT JOM CAUSE END 1TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3840 2 MOTOR HODULE MODE : END EFFECTOR ACCEPTANCE TESTS
ASSEMBLY LOSS Of WILL NOT  }  smmeseeemmeeceas
o1Y-1 P/N DREVE T0 RIGIDI2E OR THE EE ASSEMBLY IS TESTED TO THE FOLLOWING ACCEPTANCE
51140E1473 RIGIDIZE DERIGIDIZE ENVIRONMENTS:
oR MECHANISH. PAYLOAD.
51140€2203 ARM VILL REMAIN O VIBRATION: LEVEL AND DURATION - REFERENCE TABLE 7
CAUSE(S): LIMP IF
(1) SHARE PERFORMING AUTO O TYHERMAL VACUUM: +70 DEGREES € TO -25 DEGREES C (1 1/2
%mcn FAILS CAPTURE. CYCLES) ¥ X 105 TORR
DISENGAGE. WORST CASE THE EE ASSEMBLY 1S FURTHER TESTED IN THE_IN THE RMS SYSTEM
SHORT/OPEN | =-=--------- TEST (1P518 RHS STROMGBACK AND TP552 FLAT FLOOR TESTS) WHICH
CIRCUIT UNEXPECTED VERIFIES THE ABSENCE OF THE FALLURE WODE.
WINDINGS DR PAYLOAD MOTION.
STRUCTURAL/ IHCOMPLETE QUALIFICATION TESTS
MECHANICAL RIGIDIZATION. | ====sse-eeesmace---
FATLURE. CREM ACTION THE EE ASSEMBLY OUALIFICATION TESTING CONSISTED OF THE
(2) RIGIDIZE REQUIRED. FOLLOMING EMVIRONMENTS:
BRAKE FAILS
10 REDUNDANT PATHS O VIBRATION: LEVEL AND DURATION - REFERENCE TABLE 7
D1SENGAGE . REMAINING
VINDING | eeeeeerceeosee- 0 SHOCK: 206711 MS - 3 ANES (6 DIRECYIONS)
SHORT/OPEN 1) MANUAL EE
FAILURE, MODE RELEASE. O THERMAL VACUUM: +8Y DEGREES € TO -36 DEGREES C (6 CYCLES)
(3) RIGIDIZE 1 X 10*%6 TORR
CLUTCH FAILS 2) BACKUP EE
10 ENGAGE. RELEASE. © HUMIOITY: 95% RH (65 DEGREES C MAIMTAINED FOR 6 HRS)
{4) RIGIDIZE 45 DEGREES C 1O 30 DEGREES C 1N 16 MRS),
BRIVE TRAIN 0 CYCLES 240 HRS.
FAILURE.
BEARINGS, 0 EMC: MIL-STD-461A AS MODIFIED BY SL-E-0002 {TEST
GEARS CEOt, CEOS, CSOV, CS02, CS06, RE02 (N/8))
SHAFTS, KEYS
© STRUCTURAL STIFFNESS AND LOAD TEST
FLIGHT CHECKOUT
PORS OPS CHECKLIST (ALL VEWICLES) JSC 16987
PREPARED BY: MFWG SUPERCEDING DATE: 12 OCT B9 APPROVED BY: DATE: 24 JUL 91 CIL REV: _3
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CRITICAL ITEMS LIST

PROJECT: SRMS

SYSTEM: MECHANLCAL ARM SUBSYSTEM

ASS'Y NOM| 3 Ass'y psH: STTLDEVL/D-TE-3  SHEET: 5
FMEA FMEA NAME, QTY, & FAILURE MODE FAILURE EFFECT HDWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. oRAVING REF. AND o 71/
DESIGNATION CAUSE END ITEM CRITICALETY SCREENS: A-PASS, B-PASS, C-PASS
3640 2 MOTOR MODULE HODE : END EFFECTOR QA/INSPECTIONS
ASSEMBLY LOSS OF WiLL NOT ceseemmasesans
aTY-1 P/W DRIVE 10 RIGIDIZE OR .
S1140E1473 RIGIDIZE DERIGIDIZE UNITS ARE MANUFACTURED UNDER DOCUMENTED QUALITY COMWTROLS.
OR MECHANISM. PAYLOAD. THESE COMTROLS ARE EXERCISED THROUGHOUT DESIGN
5114082203 ARM WILL REMAIN PROCUREMENT, PLANNING, RECEIVING, PROCESSING, FABRICATION,
CAUSE(S): LIMP IF ASSEMBLY. TESTING AMD SRIPPING OF THE UWITS. MANDATORY
(1) SNARE PEREORMING AUTO INSPECTION POINTS ARE EMPLOYED AT VARIOUS STAGES OF
CLUTCH FAILS CAPTURE. FABRICATION ASSEMBLY AND TEST. GOVERNMENT SOURCE
10 INSPECTION 1S INVOKED AT VARIOUS CONTROL LEVELS.
DISENGAGE. WORST CASE
SHORT JOPEN cvaeeonnas WIRE 1S PROCURED TO SPECIFICATION MIL-W-22759 OR MIL-u-81381
CERCOUIT UNEXPECTED AND INSPECTED AND TESTED TO NASA JSCMB0BO STANDARD NUMBER 95A.
VINDINGS OR PATLOAD MOTION.
STRUCTURAL/ INCOMPLETE AECEIVING TNSPECTION VERIFIES THAT THE HARDWARE RECELVED [S AS
MECHANICAL RIGIDIZATION. IOENTIFIED IN THE PROCUREMENT DOCUMENTS, THAT NO DAMAGE HAS
FATLURE. CREM ACTION OCCURRED DURTNG SHIPMEMT  AND THAT APPROPRIATE DATA HAS BEEN
(2) RIGIDIZE REQUIRED. RECEIVED WHICH PROVIDES ADEQUATE TRACEABILITY INFORMATION AND
BRAKE FAELS IDENTIFIES ACCEPTABLE PARTS.
10 REDUNDANT PATHS
D1SENGAGE. REMAEN NG PARTS ARE 1MSPECTED VHROUGHOUT MAWUFACTURE AND ASSEMBLY AS
WINDING P APPROPRIATE TO THE NARUFACTURING STAGE COMPLETED. VHESE
SHORT/OPEN 1) MANUAL EE INSPECTIONS INCLUDE,
FAILURE, MODE RELEASE.
{3) RIGIDIZE MAGHET MIRE IS PROCURED TO MIL-U-583 AND CHECKED AT 1HCOMING
CLUTCH FAILS 2) BACKUP EE INSPECTION PER FEDERAL STANDARD J-W-1177 WHICH INCLUDES
TO ENGAGE. RELEASE. DIELECTIC, PIM HOLES, BUBBLES, SLISTERS, AND CRACKS IN THE
(4) RIGIDEZE INSULATION.
DRIVE TRAIN
FALLURE. ALL SOLDERING S ACCOMPLISHED BY OPERATORS, WHO ARE
BEARINGS, TRAINED AND CERTEFIED TO NASA NHB5300.4(3A) STANDARD, AS
GEARS MODIFIED BY JSC OBSOOA.
SHAFTS, KEYS
PEARINGS RECEIVE DIMENSIONAL INSPECTION AT THE SUPPLIER
AND VERIFICATION BY SPAR RECE[VING INSPECTION.
PRE-ASSEMBLY INSPECTION VERIFIES CIRCULARITY OF BALL
TRACKS AND INNER/OUTER RACE DIAMEVERS. AFTER ASSEMBLY
PRIOR TO LUBRICATION, RADIAL CLEARANCE MEASUREMENTS ARE
JAKEN. FOLLOWING LUBRICATION, RUN-IN/BURNESHING AND
CLEAHING OF DRY LUBE BEARINGS ~SPECIALIZED BEARING
INSPECTION EQUIPMENT AT SPAR IS USED TO VERLFY QUALITY AND
STICTION LEVELS THROUGH STRIP CHART RECORDING OF TORQUE
TRACES. BEARINGS ARE YHEN RETURNEO TO FHE SUPPLIER FOR
FINAL RADIAL CLEARANCE WEASUREMENTS. GOVERNMENT SOURCE
SNSPECTION IS ENVOKED ON ALL BEARING PROCUREMENTS.
GEAR INSPECTION, BEFORE GEAR LUBRICATION AND RUN-IK A
COMPOSITE ERROR GEAR CHECKER 1S USED 10 VERIFY THAT TNVOLUTE
FORM. P1TCH CIRCLE CONCENTRICITY AND PITCH DIAMETER ARE 10
pRAVENG REQUEREMENTS. THIS INSPECTION ALSO INCLUDES TEXTURE
EVALUATION. AFTER LUBRICATION, GEARS ARE VISUALLY INSPECTED TO
CONFIRM APPROPRIATE LUBRICANT APPLICATEOM AND GEARS ARE THEM
RUN-[N, CLEANED AND VISUALLY INSPECTED.
CARPENTER &55 STEEL USED FOR THE MANUFACTURE OF (€.G.
GEARS) RECEIVES ADDITIONAL LABDRATORY INSPECTIONS WHICH
INCLUDE CHENICAL AMALYSIS, INCLUSION RATING, HARDNESS AND
TENSILE TESTING TO VERIFY YHE PROPERTIES OF THE MATERIAL
SUPPLSED.
Smmmemem e meun SUPERCEDING DATE: 12 OCT 89 APPROVED BY: DATE: 24 JuL 9N CIL REV: 3




CRITICAL ITENS LIST

PROJECT: SRMS

SYSTEM: MECMANICAL ARM SUBSYSTEM

e ASS'Y NOMERCUATOWE: END_EFFECTOR Ass'y p/W: SYIGOEVG70-TE-3  SHEFI: _ 6
FMEA FHEA NAME, OTY, L FAILURE MODE FAILURE EFFECT HOWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. pravinG REF. AND oN 2/1R
DESIGNATION CAUSE END 1TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3840 2 MOTOR MODULE MODE: END EFFECTOR
ASSENBLY LOSS OF WILL NOT SHAFTS ARE DUIMEMSIONAL INSPECTED TO DRAWING REQUIREMENTS
aty-1 P/H DRIVE T0 RIGIDIZE OR THROUGHOUT THE MANUFACTURING STAGES. FOLLOWING MEAT TREATMENT
51140E1473 RIGIDIZE DERIGIDIZE THE SHAFTS ARE SUSJECTED TO MAGNETIC PARTICLE INSPECTION FOR
OR MECHAMESM. PAYLOAD. CRACKS.
51140£2203 ARM WILL REMAIN
CAUSE(S): LINP IF INSPECTION VEREFIES THAT KITTED PARTS ARE CORRECT PRIOR TO
(1) SNARE PERFORMING AUTO ASSEMBLY AND TRACEABILITY INFORMATION RECORDED.
CLUTCH FAILS CAPTURE.
0 INSPECTION TO DRAMING IS CONDUCTED THROUGHOUT THE ASSEMBLY
DISENGAGE. WORST CASE PROCESS, INCLUDING ENSPECTION OF LOCKING, WITNESSING OF
SHORT FOPEN seeesmnman TOROUING AND APPLICATION OF TORQUE STRIPING.
CIRCUIT UNEXPECTED
WINDINGS OR PAYLOAD MOTION. MOTOR MODULES ARE TESTED TO THE REQUIREMENTS OF
STRUCTURAL/ INCOMPLETE SPAR-TH. 15624 WHICH INCLUDES, COMTINULTY AND ISOLAYION
MECHANICAL RIGIDIZATION, CHECKS, STICTION, COMMUTATOR TIMING, AMBIENT AND THERMAL
FATLURE. CREM ACTION Testing.
12= mﬁﬂ{é‘ REQUIRED. (SPAR/GOVERNMENT REP. - MANDATORY INSPECTION POINT).
BRAKE
10 REDUNDANT PATHS [NTEGRATION OF MOTOR MODULE 1O END EFFECTOR tRU -
DISENGAGE. REMAINING INSPECTIONS INCLUDE GROUNDING CHECKS, CONNECTORS FOR BENT
WINDING | =mereme--ceeee OR PUSHBACK CONTACTS, INCONNECT WIRING ETC.
SHORT /OPEN 1) MANUAL EE
FAILURE. WODE RELEASE. PRE-ACCEPTANCE TEST INSPECTION, WHICK INCLUDES AN AUDIT OF
(3) RIGIDIZE LOWER TIER INSPECTION COMPLETION, AS BUILT CONFIGURATION
CLUTCH FAILS 2) BACKUP EE VERIFICATION 10 AS DESIGN ETC., {(MANDATORY INSPECTION POINT).
T0 ENGAGE. RELEASE.
(&) RIGIDIZE A TEST READINESS REVIEW (TRR) WHICH INCLUDES VERTFICATION OF
DRIVE TRAIN TEST PERSONNEL, TEST DOCUMENTS, TEST EQUIPMENT CALIBRATION/
FATLURE. VALIDATION STATUS AND HARDWARE CONF[GURATION 1S CONVENED BY
BEARINGS, QUALITY ASSURANCE [N CONJUNCTION WITH ENGIMEERING
GEARS RELIABILITY, CONFIGURATION CONTROL, SUPPLIER AS ABPLICABLE,
SHAFTS, KEYS AND THE GOVENMENT REPRESENYATIVE, PRIOR TO THE START OF ANY
FORMAL TESTING (ACCEPTANCE OR OUALTFICATION).
ACCEPTANCE TESTING (ATP) INCLUDES, AMBLENT, VIBRATION
AND THERMAL-VAC TESTING, (SPAR/GOVERNMENT REP. - MANDATORY
INSPECTION POINT)
SRMS SYSTEMS INTEGRATION, THE INTEGRATION OF MECHANICAL ARM
SUBASSEMBLIES AND THE FLIGHT CABIN EQUIPMENT TO FORM THE SRMS.
INSPECTIONS ARE PERFORMED AT EACH PHASE OF INTEGRATION WHICH
INCLUDES GROUNDING CHECKS, THRU WIRING CHECKS, WIRING ROUTING,
INTERFACE CONNECTORS FOR BENT OR PUSH BACK CONTACTS ETC.
SRMS SYSTEMS TESTING - STRONGBACK AND FLAT FLOOR AMBIENT
PERFORMANCE VEST. (SPAR/GOVERWMENT REP. - MANDATORY INSPECTION
POINT)
PREPARED BY: MFWG SUPERCEDING DATE: 12 OCT B% APPROVED B8Y: DATE: 24 JuL 9 CIL REV: 3
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CRITICAL ITEMS8 LIBT

PROJECT: SRMS

SYSTEM: HECIIIH!CM. AI!H SUBS\'STEH

FMEA FHEA NAME, QTY, & FALLURE MODE FAILURE EFFECT HOMR / FUNC. RATIONALE FOR ACCEPTANCE '
REF. REV. orRAiNG REF. AND ON 2/1R
DESIGNATION CAUSE END [TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3640 2 MOTOR MODULE MODE : END EFFECTOR FAILURE HISTORY
nssennu LOSS OF WELL NOT | seemeeesescenes
ofY-1 P/N DRIVE TO RIGIDIZE OR
smueun RIGIDIZE DERIGIDIZE THE FOLLOMING FATLURE ANWALYSLS REPORT(S) ARE RELEVANT:
MECHANESM. PAYLOAD .
smorzzol ARM VILL REMAIN
CAUSE(S): LIMP If
(1) SHARE PERFORMING AUTD FAR 2343:
%un:u FAILS CAPTURE. S/N 302 Nov 82
DISENGAGE. WORST CASE DESCRIPTION
SHORT/OPEN | ---------- | = ===c=-cee-e
IRCUIT UNEXPECTED FAILED 1O DERIGIDNZE, CAUSE UNKNOWM.
WINDINGS OR PAYLOAD MOTION.
STRUCTURAL/ ENCOMPLETE CORRECTIVE ACTION
MECHANICAL RIGIDIZATEON, | ----e=ee--coso---
FAILURE. CREW ACTION REPLACED M/M, REBUILD FAULTY M/M
(2) RIGIDIZE REQUIRED .
BRAKE FAILS FAR 2351:
10 REDUNDANT PATHS S/N 201 NAR B3
D1SENGAGE . REMAINING
winpiNg | ---e-eieseeees DESCRIPTLON
SHORT /OPEN 1) MARUML EE | meeseeee---
:;;Lgiltgium MOOE RELEASE. BALL SPLINE ASSY FAILED, LUBRICANT BREAK DOWM.
CLUTCH FAILS 2) BACKUP EE CORRECTIVE ACTION
T0 ENGAGE. RELEASE. @ | = ====----eeeemcae-
(4) RIGIDIZE . REPLACED BSA, LIMITED L1FE OF BSA TO 350 CYCLES.
DRIVE TRAIN
FAILURE. FAR 2388:
BEARINGS, S/N 301 ocT 85
GEARS
SHAFTS, KEYS DESCRIPY1OM
HIGH FRICTION, $/N 302, FAILED TO FIT TOGETHER BECAUSE OF POOR
WORKMANSHIP.
CORRECTIVE ACTION
ECH S1333 MODIFIED ACCEPTANCE CRITERIA ECM 51140F2124-11
CLARIFIED LUBE PROCEDURE.
FAR 2401:
S/N J01/M1  JUL. 87
DESCRIPTION
E/E CLUTCH- HIGH PULL-IN TIMES numus QUAL. LEVEL T/v @ 96
DEG. C DUE TO POOR WORKMANSHIP
CORRECTIVE ACTION
UNLT QUARANTIMED
........ - ariin cupERrERING DATE: 12 OCT A9 APPROVED BY: DATE: 24 JuL 91 CIL REV: _3



CRITICAL ITEMS LIST

PROJECT: SRMS

SYSTEM: MECHANICAL ARM

SUBSYS!

- ASS'Y HOMEHNCEATURE: END _EFFECIOR - (: 8
FMEA FMEA NAME, OTY, & FAILURE MODE FAILURE EFFECT HDWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. pravinG REF. AND on 2/1R
DESIGNATION CAUSE END 1TEM CRITICALLTY SCREEMS: A-PASS, B-PASS, C-PASS
3640 2 MOTOR MODULE | MODE: END EFFECTOR FAR 5005:
ASSENBLY LOSS OF WILL NOT S/ 201 may 79
oTY-1 P/N DRIVE 10 RIGIDIZE OR
$Y140€1473 RIGIDIZE DERIGIDIZE DESCRIPTION
oR MECHANTSN. PAYLOAD., |  meeeeeeee--
$1140E2203 ARM WILL REMAIN CLUTCH WOULD NOT RELEASE CAUSE UMDETERNINED, SUSPECT DEUTSCH
CAUSE(S): LINP IF SLOCK TERMINATION
(1) SNARE PERFORMING AUTO
%urcn FAILS CAPTURE. CORRECTLVE ACTION
DISENGAGE. WORST CASE REPLACED DEUTSCH BLK, TNSTITUTED PULL TESTS
SHORT/OPEN | -=--------
CIRCUIT UNEXPECTED
WINDINGS OR PAYLOAD MOTION.
STRUCTURAL/ INCOMPLETE
MECHANICAL RIGIDIZAT [ON.
FAILURE. CREM ACTION
(2) RIGIDIZE REQUIRED.
BRAKE FAILS
10 REDUNDANT PATHS
DISENGAGE. REMALNING
WINDING | --meeee-eee-ee-
SHORT /OPEN 1) MANUAL EE
FAILURE. MODE RELEASE.
(3) RIGIDIZE
CLUTCH FAILS 2) BACKUP EE
T0 ENGAGE. RELEASE.
t4) RIGIDIZE
DRIVE TRAIN
FAILURE.
BEARINGS,
GEARS
sHAFTS, KEYS
'
PREPARED BY: MFWG SUPERCEDING DATE: 12 OCT 89 APPROVED BY: DATE: 24 JUL 91 CIL REV: 3
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CRITICAL ITEMB LIST

PROJECT: SRMS

.

SYSTEM: MECHAHICAL ARM SUBSYSTEM
ASS'Y P/N: -1&- SHEET:

FMEA FHEA NAME, OTY, & FALLURE MODE FAILURE EFFECY HOWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. prawinG REF. ARD N 271k
DESIGNATION CAUSE END TTEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3sk0 2 MOTOR MODULE MODE : END EFFECTOR OPERATIONAL EFFECTS
ASSEMBLY LOSS OF NILLWOY | memesssesssercseees
ory-1 P/ DRIVE 0 RIGIDIZE OR
S1140E1473 RIGIDIZE DERIGIDIZE UNABLE TO RIGIDIZE/DERIGIDIZE, IF FAILURE OCCURS DURING
OR MECHANISH. PAYLOAD . RIGIDIZE SEQUENCE. YHE CARRIAGE WILL NOT COMPLETELY RIGIDIZE
51140£2203 ~ ARM WILL REMAIN AND ARM WILL REMAIN LINP LF IN AUTO MODE. OPERATOR WILL DETECT
CAUSE(S): LIMP 1F OFF HOMINAL OPERATION OF VHE EE.
(1) SHARE PERFORMING AUTO ,
%UII:H FAILS CAPTURE. CREW ACTION
DISENGAGE. WORST CASE
" SHORT/OPEN sessacasen THE EE MODE SWITCH SHOULD BE TURNED OFF. CREW SHOULD O8SERVE
CIRCULT UNEXPECTED THE CAPTURE SEQUENCE AND DETERMINE THAT THE GRAPPLE FIXTURE
WINDINGS OR PAYLOAD WOTION. HAS DEEM DRAWN FAR ENOUGH INTO THE EE 7O PROHMIBIT PAYLOAD
STRUCTURAL/ INCOMPLETE ROTATIONS. 1F THE INTERFACE DOES NOT APPEAR RIGID ATTEMPT TO
MECHANICAL RIGIOIZATION. RIGIDIZE IN THE ALTERNATE MODE. [F RIGIDIZE IS UNSUCCESSEUL,
FAILURE. CREW ACTION ATTEMPT RELEASE USING A PRIMARY EE MODE. IF SMARES OPEW,
(2) RIGIDIIE REQUIRED. MANEUVER THE ARM AMAY FROM THE PAYLOAD. If SMARES DOW'Y OPEN,
BRAKE FAILS ATTEMPT TO RELEASE IM BACKUP MODE. IF SNARES OPEW MANEUVER
j0 REDUNDANT PATHS ARM AWAY FROM THE PAYLOAD. MANEUVER ORBITER AWAY fROM PAYLOAD.
DISENGAGE. REMAINING 1f SNARES CANNOT BE OPENED IN ANY WODE, THER THE ARM/PAYLOAD
WINDING | e-==eccocsmmoess COMBINATION CAN BE JETTISONWNED. .
SHORT/OPEN 1) MANUAL EE .
FAILURE, MODE RELEASE. CREM TRAINING
() rRegroe2ze | . |  cmemmemeeeeTT
CLUTCH FAILS 2) BACKUP EE
TO EMGAGE. RELEASE. CREM 70 BE TRAINED TO RECOGNIZE OFF NOMINAL OPERATION OF THE
(6) RIGIDIZE €E AND 70 TURM MODE SWITCH TO OFF AFTER SPEC TIME AND MANEUVER
DRIVE TRAIN THE ORBITER AWAY FROM A FREE FLYING PAYLOAD AT ANY TIME DURING
FAILURE. ARN OPERATIONS.
BEARINGS,
GEARS
SHAFT§, KEYS MISSION CONSTRAINT
WHEN CAPTURING A FREE FLYING PAYLOAD, THE EE MUST BE FAR
ENOUGH AWAY FROM STRUCTURE YO PROMIBIT CONTACT REGARDLESS OF
PAYTLOAD ROTATIONS.
OMRSD OFFLINE
VERIFY CORRECT TIME TC RIGIDIZE.
. OMRSD ONLINE INSTALLATION
Bl
{ NOME I
OMRSD ONLINE TURNAROUND
VERIFY CORRECT TIME TO RIGIDIZE.
mmmmemen wenn SIPERCEDING DATE: 12 OCT 89 APPROVED BY: DATE: 24 JuL 91 ciL REV: _3







