CRITICAL ITEMB LISBT

PROJLCY: SRMS .

SYSTEN: HEleNl[ll ARN SIBSYSTIN

e o e e e ASS*Y NOMEWT T ass'y psR: STTEGETZ70-1E 3 Tosmery: .
EMEA TMEA RAME, OTY, & FAILURE MODE FAILURE EFFECT HOWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. pRaulnG »fe. AND - oN Y,
. DESIGNATION CAUSE o END ITEM CRITICALITY SCREENS: N/A
3810 3 AIGIDIZE MODE + . €E MILL wOT ESIGN FEATURES
MECHANISW (1 . OPERATE 1M ANY ceeeecsitoieaen
orY-1 PERMANENTLY [’ HODE. ,
PART OF JAMMED STRUCTURAL WATERIALS SELECTION AND USAGE COMFORMS TO SPAR-SG.368 WHICH (S
. SHI40E14T2 DAMAGE 10 SNARE EQUIVALENT TO THE NASA MATERTALS USAGE REQUIREMENTS.
. P i3 CAUSE(S): - DRIVE PREVENTS :
' (1) AXIAL ADTATION. THE STRUCTURAL ANALYSES CONDUCTED ON THE END EFFECTOR, PER
SEIZLRE OF ARM WILL STAY SPAR-TH.1531, CONFIRMED A POSITIVE MARGIN OF SAFETY FOR AtL
' SPLINE WITH LIMP DURING END EFFECTOR PARTS AND GEARS. THE MARGIM OF SAFETY FOR
; , RIGIDIZATEON AUTO CAPTURE ULTIMATE STAENGTH N(UTS) INCORPORATES A FACTOR OF SAFETY OF
| ; | g:nmom - Sg0, 1.6 AGAINST LIMIT LOAD, AS SPECIFIED IN SPAR-SG, 392,
: X ! TEOM WORST CASE A NEGATIVE MANGIN DDES NOT MECESSARILY IMPLY BREAKAGE OF THE
X i F ] sl - PART, RATHER IT INDICATES THAT A LEMTTING STAESS LEVEL,
' ! UNENPECTED ESTABLISKED OY THE FACTOR OF SAFETY, HAS BEEN EXCEEDED
PAYLOAD MOTION,
INCOMPLETE THE MARGIM OF SAFETY FOR YIELD STRENGTH S(YIELD) EMPLOYS A
CAPTURE/ FACTOR OF SAFETY OF 1,0 AGAINST LIMIT LOAD, AS SPECIFIED IN
RELEASE SPAR-50,392, TABLE 14 LTSTS MARGINS OF SAFETY FOR SAMS
as:gs:cgﬁ STRUCTURAL COMPONENTS.
RELEASE A FATIGUE ANALYSTS UHICH SHOMS INDIFIMITE LIFE WAS BEEN
PAYLOAD, PERFORMED ON THE GEARS AND MECHANICAL FASTENERS AND A FAACTURE
CAEW ACTTON ANALYSIS WHICH SHOWS LIVES GREATER THAN 424 WISSIONS HAS BEEN
REQUIRED. DEMONSTRATED OW STRUCTURAL COMPONENTS WITHIM THE END EFFECIOR.
REDUNDANT PATNS INVOLUTE SPLINE ASSEMBLY OUALIFICATION TESTING INCLUDED
REMATRING TREAMAL/VACUUM LIFE CYCLE TESTINQ PERFORMED IN ACCORDAMCE WITH
SPAR-RNS-OIP, 103¢ AND DEWONSTRATED COMPONEMT WISSEIOM LIFE [N
N/A EXCESS OF B48 MISSIONS (2 TIMES A MISSION LEFE OF 424
MISSIONS) WITHOUT DEGRADATION IR PERFORMANCE. tMIT
QUALIFICATION VIBRATION TESTING (QVE AWD QAVT) WAS PERFORMED
AT LEVELS 1.49 TINES GREATER THAW END EFFECTOR LRU VISRATION
LEVELS TO VERIFY THE STRUCTURAL INTEGRITY OF THE INVOLUTE
SPLINE ASSEMBLY, A POST QUALIFICATION TEST EVALUATION
CONCLUDED THAT THE UNET WAS STILL SERVICEABLE AND WAS NOT
CONSIDERED TO BE A LIFE LIMITED IYEM. ALL END EFFECTOR MODELS
ARE PRESENTLY EQUIPPED WITH INVOLUTE SPLINE ASSEMBLIES.
OURTNG QUALIFICATION TESTING, A BALL SPLINE SEIZURE RESULTED
1N THE FRACTURING OF THE SHARE DRIVE GEARBOX, SINCE THIS
INCIDENT A SNARE OREVE GEARBOX BRACE ARM HAS BEEN ADDED 10
SUPPORT THIS WEMBER AND WAS OUALIFIED MITH THE END EFFECTOR.
THE L1FE OF THE BEARENG LUSRICATION HAS BEEN ANALYZED USING
ULTIMATE LOADS 1O EVALUATE HERTZIAN STRESSES. ULTINATE LOAD =
1.6 X MORKING LOAD. THE LUBRITANT ON ALL BEARINGS IS GOOD FOR
OVER 400 MISSIONS USING THE ULTIMATE LOADS.
THE SOLID FILM LUBRICANT SYSTEM USED IS LUBECO 905. THIS
COMPRISES A SPRAY AKD CURE (400 DEGREES F) APPLICATION OF
WOLYEDERUM DISULFIOE, IN AN INORGANIC BENDER DONE PER
PPS.28:11 AND 28:13. QURNISHING AND RUN IN 1S DONE I
ACCORDANCE WI1TH PPS.28:14. .
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CRITICAL ITEMS LIBT PROJECT: SRMS SYSTEM: MECHAN[CAL ARM SUBSYSTEM
———— ASS'Y WOM| T ASS'Y pfnm SHEET: _ 2
FHMEA FHEA NAME, OTY_ & FAILURE MODE FAILURE EFFECT HOWR 7 FUNC. RATIONALE FOR ACCEPTANCE
REF. rev. | onaving adr. ANO oN
DESIGNATION CAUSE END ITEM CRITICALITY SCREENS: N/A
380 3 RIGIDIZE MODE : EE VILL wOT ACCEPTANCE TESIS
MECHANISH EE OPERATE IN ANY |  -eoe..- seesmenea
QTY-t PERMANENTLY MOCE . THE EE ASSEMBLY I8 TESTED TO THE FOLLOWING ACCEPTANCE
PART OF JAMMED. STRUCTURAL EHVERONMENTS:
S1IL0E 1472 DAMAGE TO SNARE
-18-3 CAUSE(S): DRIVE PREVENTS O VIBRATION: LEVEL AND DURATION - REFEREKCE TABLE T
(1) AKIAL ROTATION,
SE)ZURE OF ARM WELL STAY O THERMAL VACUUM: +70 DEGREES C 10 -25 DEGREES € (1 1/2
SPLINE WITH LIMP DURING CYCLES) 1 X 10%%6 TORR
RIGIDEZATION AUTO CAPTURE
oR SEQ, THE EE ASSEMBLY 1S FURTHER TESTED IN THE TH THE RMS SYSTEM
DERIGIDIZA- TEST (TP518 AMS STROMGSACK AND JPS52 FLAT FLOOR TESTS) WHICH
TION WORST CASE VERIFIES THE ABSENCE OF THE FAILURE MOOE.
UMEXPECTED QUALTFICATION TESTS
PAYLOAD WOTION, | = --ee-essce-ensecen-
1MCOMPLETE THE EE ASSENSLY QUALTFICATION TESTING CONSISTED OF THE
:nrmasr FOLLOWING ENVIRONNENTS:
ELEASE
aiggfgcgé O VIBRATION: LEVEL AND DURATION - REFEREMCE VABLE 7
'I,:I\:Es:g 0 SHOCK: 20G/11 MS - 3 AXES (6 DERECTIONS)
CAEW ACTION O THERMAL VACUUN: +81 DEGREES € T0 -3& DEGREES C (6 CYCLES)
MEQUIRED. 1 X 10**6 TORR
REDUNDANT PATHS O HUNIDITY: 95X M (45 DEGREES C MAINTAINED FOR 6 WRS)
REMATNING ‘65 DEGREES C 10 30 DEGREES C 1IN 16 HRS)
i;i ----------- 0 CYCLES 240 #RS.
. D EMC: MIL-STD-451A AS MOOLFIED BY SL-E-0002 {FEST
CEDY, CEO3, CS01, CS02, CS0S, REO2 (M/8))
0 STRUCTURAL STIFFHESS AND LOAD TEST
FLISHT CHECKOUT
PDAS OPS CHECKLIST (ALL VEWICLES) JSC 14987
'
PREPARED BY ¢ ™ SUPEACEDING DATE: 06 DCT 87 APFROVED BY: DATE: 24 JUL Ot CIL REV: 3




CRITICAL .18 LIBT PROJELY X SYSTEM: MECHANICAL ARM SUBSYS1HH
e Assty wunl L LATURE: ERD_EFTECTON, ASS'Y p/H: STIADETETO-TR-T SHEFT: 3
FMEA FMER NAME Q1Y & FASLURE MODE FAILURE EFFECT HOWR / FUNC, RAT1ONALE FOR ACCEPTANCE
REF. rev. | orsuing mé. AND on 1”7
DESICNATION CAUSE END ITEM CRETICALITY SCREENS: N/A
3810 3 RICIDIZE KODE : £€ WILL NOT OA/INSPECT [ONS
MECHAN1SM EE OPERATE SN awy | --eemenooln
ary-1 PERMANENTLY MODE.
PART OF JAMMED. STRUCTURAL UNITS ARE MAMUFACTURED UNDER DOCUMENTED QUALITY CONTROLS.
S1140E14T2 DANAGE 10 SHARE THESE CONIROLS ARE EXERCISED FHROUGHOUS DESIGN
-18-3 CAUSE(S): DRIVE PREVENTS PROCUREMENT, PLANMING, RECEIVING, PROCESSING, FABRICATIOM,
(1) AXIAL ROVATION. ASSEMBLY, TESTING AND' SHIPPING OF JHE UNITS. MANDATORY
SETTURE OF ARM WILL STAY INSPECT % POINTS ARE EMPLOYED AT YARIOUS STAGES OF
SPLINE WITH LIMP DURING FABRICATION ASSEMBLY AND TEST. GOVERNNEMT SOURCE
‘IJ'IIGIDIIMIOH :lEno CAPTURE INSPECTION [9 [NVOKED AT VARIOUS CONTROL LEVELS.
a.
DERIGIDIZA- RECEIVING INSPECTION VERIFIES THAT THE HARDWARE RECEIVED IS AS
Thon MORST CASE IDENTIFIED IN THE PROCUREMENT DOCUMENTS, THAT NO DAMAGE HAS
---------- OCCURRED DURING SHIPHENT, AND THAT APPROPRIATE DATA HAS BEEN
UNENPECTED RECEIVED WHICH PROVIDES ADEGUATE TRACEABILITY INFORMATION AND
l;::almp&?grlou. TDENTIFIES ACCEPTABLE PARTS.
CAPTURE/ PARTS ARE INSPECTED THROUGHOUT MANUFACTURE AND ASSEMBLY AS
RELEASE APPROPRIATE TO THE MAMUFACTURING STAGE COMPLEVED. THESE
SEQUENCE. INSPECTIONS INCLURE,
UNABLE O
RELEASE GEAR INSPECTION, BEFORE GEAR LUBRICATION AND RUM-IN A
PAYLOAD, COMPOSITE EAROR GEAR CHECKER 1S USED 1O VERIFY THAT INVOLUTE
CREW ACTION FOAN, PITCH CIRCLE CONCENTRICITY AND PITCH DJAMETER ARE 10
REQUIRED. DAAWTHG REQUIREMENTS. THIS INSPECTION ALSO INCLUDES VEXTURE
EVALUATION. AFTER LUBAICATION, GEARS ARE VISUALLY [NSPECTED 10
REDUNDANT PATHS CONFIRM APPROPRIATE LUBRICANT APPLICATION AND GEARS ARE THEN
REMAINING AUN- [N, CLEANED AND VISUALLY TKSPECTED.
N/A FOLLOMING HEAT TREATHENT STEEL PAATS (E.G. GEARS) ARE
SUBJECTED TO A MAGNETIC PARTICLE INSPECTION FOR CRACKS OR IN
THE CASE OF ALUMINUM PARTS (E.0. HOUSINGS) ARE DYE PENETRANT
INSPECTED USING CROUP V PENETRANTS. WELOING OF GEARS OR
HOUSINGS 18 SUBJECTED TO DYE PEHETRANT (GROUP V) AND
RADIOGRAPHIC INSPECTION ON COMPLETION OF STRESS RELIEF 10
CHECK FOR CRACKS. OUALTFICATION WELDING TEST SAMPLES FOR
STRUCTURAL WELDS ARE SUBJECTED TO DESTRUCTIVE TESTING WHERE
POSSIBLE (TENSILE AND BENDING) AS WELL AS METALLAGRAPHIC
ANALYS1S TO ENSURE DEFECT FREE WELDS.
SEARTNGS RECEIVE DIMENSIONAL INSPECTION AT THE SUPPLIER
AND VEREFECATION BY SPAR RECEIVING TMSPECTION.
PAE-ASSEMBLY INSPECTION VERIFIES CIRCULARITY OF BALL
TRACKS AND INNER/OUTER RACE DIAMETERS. AFTER ASSEMBLY
PRIOR TO LUBRICATION, RADIAL CLEARANCE MEASUREMENTS ARE
TAKEW. FOLLOVENG LUBRICATION, RUN- IN/BURNISHING AND
CLEANING OF ORY LUBE BEARINGS SPECIALIZED BEARING
INSPECTION EQUIPMENT AT SPAR |S USED TO VERIFY QUALITY AND
STICTION LEVELS THROUGH STRIP CHART MECORDING OF JORQUE
TRACES, BEARINGS ARE THEN RETURNED 10 THE SUPPLIER FOR
FINAL RADIAL CLEARANCE MEASUREMENTS. GOVERNHENT SOURCE
INSPECTION IS ENVOKED ON ALL DEARING PROCUREMENTS.
INSPECTTON VERIFIES THAT KITTED PARTS ARE CORRECT PRIOR 10
ASSEMBLY AND TRACEABILITY INFORMATION RECORDED.
INSPECTION 1O DRAWING 1S CONDUCTED THROUGHOUT THE ASSEMBLY
PROCESS, INCLUDENG INSPECTION OF LOCKING, WITNESSING DF
TORQUING AND APPLICATION OF ToRoUE STRIPING.
PREPARED OT: MFNG SUPERCEDING DAIE: 06 OCT 87 APPROVED BY: DATE: 26_Jut 91 CIL REV: 3
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CRITICAL ITEMS LIST PROJECT: SRMS SYSTEM: Escm\mu ARM_SUBSYSTEM
Cr T T T Y] ASS*Y NOM ] lSS"l P’ . ~ - SHEE': 4
FHMEA FMEA HAME, QTY, & FAILURE MODE FAILURE EFFECT HDWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. oravlng sér, AND oN "
DESLGNATION CAUSE END 1TEN CRITICALITY SCREENS: W/A
3810 3 RIGIDIZE MODE: £E WILL NOT
MECHANISH EE OPERATE IN ANY PRE-ACCEPTANCE TEST INSPECTION, WHICH INCLUDES AM AUDIT Of
ory-% PERMANENTLY MODE. LOWER TLER INSPECTION COMPLETION, AS BULLT CONFIGURATION
PART OF JAMMED. STRUCTURAL VERLFICATION TO AS DESIGN ETC., {MANDATORY INSPECTION POINT).
S1140E14T2 OAMAGE 1O SNARE
-18-3 CAUSE(S): DAIVE PREVENTS A TEST READINESS REVIEW (TAR) WHICH TNCLUDES VERIFICAYION OF
(1) AXIAL ROTATION. TEST PERSONNEL, TEST DOCUMENTS, TEST ECUIPMENT CALIBRATION/
SEI2URE OF ARM WILL STAY VALIDATION STATUS AND HARDWARE CONEIGURATION 1S CONVENED BY
SPLINE WITH LIMP DURING QUALITY ASSURAMCE LM CONJUNCTION WETH ENGINEERING
RIGIDTZATION AUTO CAPTURE RELIABILITY, COMFIGURATION CONTROL, SUPPLIER AS ASPLICABLE,
on SEQ. AND THE GOVENMENT REPRESENTATIVE, PRIOR TO THE START OF AN
DERIGIOIZA- FORMAL TESTING (ACCEPTANCE OR QUALIFICATION).
TiON WORST CASE
ACCEPTANCE TESTING (ATP) INCLUDES, AMBIENT VEIBRATION
UNEXPECTED AND THERMAL-VAC TESTING, (SPAR/GOVERWWENT REP. - MANDATORY
PAYLOAD MOTION. IMSPECTION POINT)
INCOMPLETE
CAPTURE/S SAMS SYSTENS INTEGRATION, THE IMTEGRATION OF MECHANICAL ARM
RELEASE SUBASSEMBLIES AND THE FLIGHY CABIM EQUIPMENT TO FORW THE SRMS.
SEQUENCE, INSPECTIONS ARE PERFORMED AT EACH PHASE OF INTEGRATION WHICH
UNABLE TO INCLUDES GROUNDING CHECKS, THRU WIRING CHECKS, WIRING ROUTING,
mtgﬁ INTERFACE CONNECTORS FOR SENT OR PUSH BACK CONTACTS ETC.
PAYLOAD. . :
CREW ACTION SRMS SYSTENS TESTING - STRONGOACK AND FLAT FLOOR AMBIENT
REQUIRED. ,’;5}:,‘,"}"‘"“ TEST. (SPAR/GOVERNMENT REP. - MANDATORY INSPECTION
REDUNDANT PATHS
REMAINING
N/A
PREPARED @Y+ MFWG SUPERCEDING DATE: 05 OCY B7 APPROVED BY: DATE: 24 JuL 91 CIL REV: _3
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CRITICAL ITEMS8 LIST

PROJEC) ¢+ SHMS
ASS'Y NOMENCLATURET TND ETFECTOR ————— —

SYSTEM: MECHANICAL ARM SUBSYSTEM
ass'y p/R: STIZOETZ7OCTE-T

SHEFT:

FMEA
REF.

FHEA
REV,

HAME, afr, &
orauing oir,
DESIGHATION

FAILURE MODE
ARD
CAUSE

FAILURE EFFECY
o
END 1M

RATIONALE FOR ACCEPTANCE
SCREENS: N/A

HOMR / FUNC.
"
CRITICALITY

3st0

RIGIDIZE
MECHANISN
or-1

PART OF
S1140E1472

MODE ¢
EE
EERHIHEN‘II.Y

CAUSE(S):
(1) AXIAL
SEIIURE OF
SPLINE WITH
RIGIDLZATION

OR
DERIGIDITA-
T104

EE WILL NOT
OPERATE IN ANY

MODE.
STRUCTURAL
DAMAGE 10 SNANE
ORIVE PREVENTS
ROTATION.

ARM WILL STAY
LIMP DURING
AUTO CAPTURE
SEQ.

WORST CASE
UNEXPECTED
PATLOAD MOTION.
INCOMPLETE
CAPTURE/
RELEASE
SECQUENCE.
UNABLE TO
RELEASE
PAYLOAD,
CREW ACTION
REQUIRED.

REDUNDANT PATHS
REMATHING

...............

FATLURE HISTORY

...............

THERE HAVE BEEN NO FAILURES ASSOCIATED WITH THIS FATLURE
HODE OM THE SRMS PROGRAM.

PREPARED BY:

SUPERCEDING DATE: D& oCt 87

APPROVED BY: DATE: 24 Jut 9t
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CRITICAL ITEM8 LIBT

PROJECT: SRNS

SYSTEM: MECHANICAL ARM SUBSYSTEM
ASS*Y WOMENTLATURE: ERD EFFELTOR —————  jsssv b/ STRAOEIGIO-TET - sn

EET:

-

EMEA FMEA | NAME, otv, & | FAILURE MOOE ] FATLURE EFFECT HOMR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV, praving nér, AND oN ]
DESIGMAT TON CAUSE END NTEN CMTICALITY SCREENS: N/A
3810 3 RIGIDIZE MOOE ; €E WILL NOT OPERATIONAL EFFECTS
. MECHANISM €E OPERATE IN ANY creressicesniiesess -
ary-1 PERMANENTLY WODE, EE DOES NOT OPERATE NOMINALLY WNEN COMMANDED, ARM REMAINS LINP
PART OF JAMHED. STRUCTURAL UNTIL EE MODE SW. 1S TURNED OFF DURING CAPTURE SEQ.
SYIR0ETA72 DAMAGE 10 SNARE CANNOT RELEASE PAYLOAD IN ANY MODE,
-12-3 CAUSE(S): DRIVE PREVENTS EVA RELEASE OF GRAPPLE FIXTURE 1S A DESIGN FEATURE, IF THIS IS
(1) ANIAL ROTAT[OW, HOT POSSINLE PATLOAD MUST BE JETTISONED WETH ARM.
SEIZURE OF ARM WILL STAY
SPLINE WITH LIMP DURING
RIGID[ZATEON :g;o CAPTURE CREW ACTION
or . “meesmeeen
DERIGIDIZA- EVA RELEASE OF PAYLOAD. IF EVA NOT POSSTELE THEN THE
TIoN VORST CASE ARM/PAYLOAD COMBINATION MUST BE JETTISONNED.
UNENPECTED
PAYLOAD. HOTTON. CREM TRAINING
INCOMPLETE cmrecemasees
CAPTURE/ CREW MILL BE TRAINED TC RECOGNIZE OFF HOMINAL EE OPERATIONS.
NELEASE
SEQUENCE,
UNASLE 10 NISSTON CONSTRAINT
lElEAsE e*ssscencssssvansana
PAYLOAD,
CREW ACTION VHEN CAPTURING A FREE FLYING PAYLOAD. THE EE MUST BE FAR
NEQUIRED. ENOUGK AUAY FRON STRUCTURE T PROMIBIT CONTACT REGARDLESS OF
PATLOAD ROTATIONS.
REDUNDANT PATHS €E MODE SVITCH SET TO OFF POSITION IMMEDIATELY AFTER SPEC
REMAIN I NG ORIVE TIME HAS ELAPSED.
[T/}
OMRSD OFFLINE
PERFORM MANUAL RIGIDIZE. .
VERIFY CORRECT TIME TO RIGIDIZE,
OMRSD ONMLINE INSTALLATION
NONE
OMRSD OWLINE TURMAROUN
PERFORN MANUAL R1GIO|ZE.
VERIFY CORRECT TIME 10 RIGIDIZE,
A ,-
PREPARED BY: HFWG SUPERCEDING DATE: 06 OCT 87 BAYE: 24 JuL 91 Cit REV: 3
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