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TRACED TO ENSURE ACCEPTABILITY PER SPAR PPS.28:14.

THE LIFE OF THE BEARING LUBRICAYION HAS BEEW ANALYZED USING
ULTIHATE LOADS TO EVALUATE HERTZIAM STRESSES. ULTIMATE LOAD =
1.4 X VORKING LOAD. THE LUBRICANT ON ALL BEARINGS IS GOOD FOR
OVER 400 MISSIONS USTNG THE ULVIMATE LOADS.

THE RIGIDIZE GEAR TRAIN 1S HOUSED MITHIN THE BACKPLATE
ASSEMALY ELININATING THE LEKELIHOOD OF GEARS JAMMING DUE tTO
FOREIGN MATERIAL INGRESS.

MATERIALS SELECTION AND USAGE CONWFORMS TQ SPAR-SG.JA8 WHICH 1S
EQUIVALENY TO THE NASA MATERTALS USAGE REQUIREMENTS.

THE BEARING ANALYSIS USES ULTIMATE LOADS TO DETERMINE THE
MARGINS OF SAFETY OF THE LUBRICANT. THE FACTOR BETWEEN WORKING
LOADS AND ULTIMALE IS 1.4, THE LUBRICANT FAILURE STRESSES ARE
LOWER THAN THE BRINELLING STRESS. LIFE FOR ALL BEAREINGS IS
GREATER THAM 400 MISSIONS BASED UPOM THE ABOVE CRITERIA.

THE ALLOVASLE CONTACT STRESS FOR THE LUBRICANT 1S ABOUT 1/5TH
THE ALLOMASLE COMTACT STRESS FOR THE BEARING, THEREFORE THE
LUBRICANT PROPERTIES DICYATE THE DESIGM, THE BEARTHGS AS A
RESULT ARE LIGHTLY LOADED AND SURFACE FATIGUE 1N THE BEARING
RATERIAL IS NOT A VIABLE FAILURE MODE.

BALL SCREWS ARE PROCURED IN ACCORDANCE WITH SPAR-SG.464 AND
ARE AEQUIRED TO PASS AN ACCEPTANCE TEST AT THE SUPPLIER'S
FACILITY PRIOR TO USAGE ON FLIGHT HARDMARE.

THE END EFFECTOR TLUTCH 1S A MAJOR BOUGHT-OUT-PART WHICH IS
SUPPLIED BY HOMEYWELL SPERRY CORPORATION AND MEETS OR
EXCEEDS THE REQUIREMENTS OF SPECIFICATION SPAR-SG.450

FOR P/N 5114005751 AND SPAR-SG.1092 FOR P/N511400575-3,

LIBT PROJECT: SRMS SYSTEM: MECHANICAL AAM SUBSYSTEM
oo ASS'Y MOME : Ass'y P/N: M- SHEET: ]
FHEA SHEA | WAME, oTY, & | FAILURE MODE | FAILURE EFFECT HOWR / PUNC. RATTONALE FOR ACCEPTANCE
REF. rev. | oraulwc aér. AND o 271
DESIGHATION CAUSE END ITEN CRITICALITY SCREENST A-PASS, B-PASS, C-PASS
3790 2 RIGIDLZE NODE ; PAYLOAD CANNOT DESICN FEATURES
MECHANISH RIGIDIZE BE RIGIDIZEO OR | = --c-eeeeeceoees
QY- 1 DRIVE TRAIN DERIGIDIZED.
PART OF WILL NOT ARM WILL STAY GEARS ANE LUBRICATED WITH DRY LUBRICANT WHICH HAS BEEN RATED
S1140E14T2 DRIVE. . AND WAS INITIALLY QUALIFTED 10 HAVE A MISSION LIFE CAPABILITY
“1e-3 OF GREATER THAN 426 MISSTONS, HOWEVER, RECENT FLIGHT DATA
CAUSE(S): WORST CASE INDICATES LIFE MAY SE LOVER AND A TES PROGRAMME HAS BEEN
€1) JAMKED | -eeseceee- PLANKED 10 EVALUATE THE GEAR LUBRICANT LIFE.
GEAR TRAIN. UNEKPECTED
(2) BINDING MOTION. ALL SRMS CEARS ANE DESIGNATED TW ACCORDANCE MITH AGMA
BALL SCREVS. ENCOMPLETE STANDARDS TO GIVE A MINIMUM OF INFIRITE LIFE. THE DEFINITION
(3) RIGIDIZE | RMIGIDIZE OF INFIRITE LIFE IS THE CONDITION WHERE 10°*7 MESH CYCLES OR
g%lil;li:lo! g:gﬂgl MORE AT THE APPLIED LOAD WILL WOY RESULT IN TOOTH FAILURE,
(4) BINDING REQUINED, FOR THIS (THESE) GEAR (S) THE CALCULATED LIFE VAS NOY BASED OR
of COMTROLLED BY CONSIDERATIONS OF STRESS, BUT INSTEAD WERE SIZED
ENVOLUTE REDUNDANT PATRS TO SATISFY SPECIAL CONSIRAINTS, COMSEQUENELY, THE MESH 1S WELL
SPLINE REMAINING VITHIN THE DEFENITION OF INFINITE LIFE AND TRE FAILURE NODE
5) | ceeeesseneene STATED IN THE FMEA IS REMOSE.
RIGIDIZATION | 1) MANUAL EE
BRAKE MODE RELEASE. THE SOLID FILM LUBRICAMT SYSTEM USED 1S LUBECO 905.
ENGAGED. THIS COMPRISES A SPRAY AND CURE (400 DEGREES F)
(8) 2) BACKUP EE APPLICATION OF MOLYCEMUM DISULPHIDE, IN AN 1M ORGANIC
STAUCTURAL RELEASE. SINDER APPLIED PER PPS:28:1% AND 28°13, BURMISHING AND RUW N
FAILURE. PER SPAR PPS 28:14, THE LUBRICATED PEARING IS VOROUE
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CRITICAL ITEMS LIST

PROJECT:
ASS'Y NOM

ER"IS

SYSTEM: MECHANICAL ARM SUBSYSTEN
ASS*Y P/R: ! o SMEET: 2

FMEA
REF.

FNEA
REV.

WAME, QTY, &
prawlng rér.
DESIGHATION

FATLURE MODE
AHD
CAUSE

FAILURE EFFECT
OoN
END (7EM

IIBUR’I'FUHC.
CRITICALITY

RATIONALE FOR ACCEPTANCE
SCREENS: A-PASS, B-PASS, C-PASS

Iro

RIGIDIZE
HMECHANESM
ary-1

PART OF
31140£1472
-18-3

NODE :
RIGIDIZE
ORIVE TRAIN
VILL MOT
ORIVE.
CAUSE(S):
(1) JAMMED
GEAR _TRALN,
{2) BINDING
SALL SCAEWS,
(1) RIGIDIZE
CLUTCH
SE12ZED.

s:) SINDING
INVOLUTE
SPLTNE

(5)
RIGIDAZATION
ARAKE
E:BMIED.

{8)
STRUCTURAL
FAILURE.

PAYLOAD CANNOT
BE RIGIOIZED Om
OERIGIDIZED,
ARM WILL STAY
Live,

WORST CASE

..........

UNEXPECTED
MOTION,
INCOMPLETE
RIGIDIZE
SEQUENCE,

CREMW ACTION
REQUIRED.

REDUNDANT PATHS
REMAINING

1} MANUAL £E
WODE RELEASE.

Zg BACKUP EE
RELEASE.

THE END EFFECTOR PRIME AND BACK-UP RELEASE CLUTCH DESICNS
UTILIZE THREE BEARINGS, TMO OF WHICH ARE IOENTICAL. THE
BEARINGS ARE PERNANENTLY LUBRICATED WITH VET LUBRICANT. THE
TWVO IDENTICAL BEARINGS ARE SEALED WITH TEFLOM SEALS AND THE
OTHER 1S SEALED MITH TEFLON COATED FIBREGLASS SEALS, BOIN
SIDES, TO PREVENT THE INGRESS OF DEBRIS.

THE GREASE LUBRICANT USED IS BRAYCOTE 601 (FORMERLY 3L-38RP)
WHICH HAS A PERFLUORINATED POLYETHER OIL BASE WHICH 1S VERY
SVABLE UNDER VACUUM ENVIRONMENT.

THE GAEASE IS APPLIED IN PRECISE QUANTITY TO EACH BEARING.

INVOLUTE SPLINE ASSEMBLY QUALIFICATION TESTING INCLUDED
THERMAL /VACUAM LIFE CYCLE TESTING PERFORMWED IN ACCORDANCE WITH
SPAR-AMS-QTP. 1034 AND DEMOMSTRATED CONPONENT MISSTON LIFE ™
EXCESS OF B48 MISSIONS (2 TIMES A MISSION LEFE OF 424
MISSIONS) WETHOUT DEGRADATION IN PERFORMANCE, UNIT
QUALIFICATION VIBRATION TESTING {QVT AND OAVT} WAS PERFORMED
AT LEVELS 1.69 TINES GREATER THAN EMD EFFECTOR LRU VIBRATION
LEVELS TO VERIFY THE STRUCTURAL INYEGRETY OF THE INVOLGTE
SPLINE ASSEMBLY. A POST QUALIFICATION TEST EVALUATI

CONCLUDED THAT THE UNIT WAS STILL SERVICEABLE AND WAS NOT
CONSIDERED TO BE A LIFE LIMITED ITEM. ALL END EFFECTOR MODELS
ARE PRESENTLY EQUIPPED WITH INVOLUTE SPLINE ASSEMALIES.

THE END EFFECTOR BRAKE IS A MAJOR BOUGHT-OUT-PART WHICH 1S
SUPPLIED BY HONEYWELL SPERRY CORPORATION AND MEETS OR

EXCEEDS TNE REQUIREMENTS OF SPECIFICATION SPAR-SG.451 Fom
P/N 511400574-18-3 AND SPAR-SG. 1093 FOR P/ 51140022191,

THE BRAKE DESIGN FEATURES THAT LIMIT THE POSSIBILITY OF AN
OPEN OR SHORT CIRCUIT IN THE WINDINGS ARE THE SAME AS THE
FEATURES FOR THE CLUTCH DISCUSSED PREVIOUSLY N THIS CIL ITEM,

YHE CALIPER BRAKE INCORPORATES MANY DESIGN FEATURES TO IMPROVE
THE BRAKES CAPABILITY AND GIVE WIGHER REL IABILITY AS FOLLOWS:

SLIP TORQUE CAPABILITY UP 10 BS 0Z-IN.

TOTAL INTERMAL CONTAINMENT OF FRICTION DEBRIS WITH THE USE
OF LASYRINTH PAVHS AND THE PLACEMENT OF THE FRICTION DISKS
ON THE OPPOSITE END OF JHE BRAXE SHAFT FROM THE PINION GEAR.
MECHAMICALLY REDUNDANT SLIDING SPLINES FOR THE CALIPER DISK.
HECHANICALLY REOUNDANT LOCATING PINS MITH VESPEL SLEEVES FOR

OISK LOCATION.
FACTOR OVER THE

BEARING LOADS ARE REDUCED 8Y A 5 10 1
ORIGINAL £/E SHARE BRAKE P/N S11400574-3.

SLIDING SURFACES ARE LUBRICATED WI1TH MOLYBDENUM DISULFIDE.
BEARINGS ARE WET LUBAICATED WiTH BRAYCOTE 3L-38RP.

AIR GAP CAN BE ADJUSTED M{THOUT BRAKE DISASSENBLY.

THE FOLLOWIMG IS A LIST OF DESIGN CHARACTERISTICS THAT LINIT
l'l'I"EIDm:'"u" OF AN OPEN OR SHORT CIRCUIT N THE uNIr

THE ENSULATION SYSTEM S CLASS 185 (185 DEGREES C) OR BETTER
AND IS PROVEN THROUGH YEARS OF USE.
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CRITICAL .I_'SEEE

LIBT

PROJECT: SRMS

CAL ARM SUBSYSTEM

SYSTEM: MECHAN!]
u.b: [AD EFFECTOR ASS'Y P/E:‘ CYILUETETO- 163 SMEET:

—mmmmm——— ————— AsS*Y NOMERCLAD 3
FNEA FNEA | WAME, a1y, & | FAILURE WODE FAILURE EFFECT WDUR / FUNC. RATIONALE FOR ACCEPTANCE
REF. nev. | Draving mbr. AND 2
DESTGHATION CAUSE END LTEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
30 2 RIGIDIZE MODE1 PATLOAD CANNOT THE WIRE USED YN THE UNLTS IS HEAVY #L MAGNET WIRE WVHICH H#AS
MECHANTSH RIGIDIZE BE MIGID1ZED OR AN EXTRA COAT OF INSULATION OM THE MAGNET WIRE.
Q1y-1 DRIVE TRAIN DERIGIDIZED.
PART OF vILL kot ARM VIEL STAY THE UINDINGS ARE PNEBAKED AFTER THE WINDINGS ARE FORMED BUT
STIL0ENT2 DRIVE. LiMP, PRIOR TO IMPREGNATION. THIS IS A SIRESS RELIEVING OPERATION OF
-18-3 PRISTIHE COPPER WIRE AND THE INSULATION, PERFORNED 10 MININI2E
Et‘;sﬁmio WORST CASE ANY DEGRADATION DURING PROCESSING.
GEAR_TRALN. UNEXPECTED YAPTOM TAPE IS APPLIED OVER THE BOBBIN AND WINDLHG 0.9, 10
{2) siv0iNg HOTI0M. PROTECT THE MAGNES WIRE OURING PROCESSING AND INSTALLATION.
BALL SCREVS. INCOMPLETE
{3) RIGIDIZE AIGIDIZE THE UNIT 1S THPREGNATED WiTH 100X SOL1D EPOXY THAT IMPROVES
cLUTCH SEQUENCE, THE COTL MECHANICAL PROPEATIES ESPECIALLY DURING VIBRATION AND
SE12ED. CREW ACT1 HELPS THE UNTT RUN COOLER BY TNCREASING THE EFFECTIVE THERMAL
u;: BINDING REQUIRED. CONDUCTION WITHIN THE VINDING MASS.
0
INVOLUTE REDUNDANT PATHS 11 SHOULD BE HOTED THAT THE MAGNET UIAE USED IN THE VINDINGS
s;une REMATNING OF THESE UNITS I3 SINGLE STRAND.
IR Bty
RIGIOIZATION | §) MANUAL EE 70 LINIT THE POSSISILITY OF A LOSS OF INPUT VOLTAGE DUE 10 AN
BRAKE WODE NELEASE. OPEH LEAD WIRE ALL SOLDERENG 1S ACCOMPLISHED BY OPERATORS
EMGAGED. OPENARE TRAINED AND CERTIFIED 10 NASA NHB 5300.4 (3AY
(8) 2) BACKUP EE STANDARD, AS MODIFIED BY JST 0BB0OA.
STRUCTURAL RELEASE.
FAILURE. THE BRAXE USES FOUR PINS PAESS FITTED INTO THE CORE 10 KOLD
THE DERATURE FAOM ROTATING AHD 1O ALLOM ANIAL SLIDING FOR
IHE \GENENT AND DISENGAGEWENT. THE FOLLOMING IS A L1ST oF
ENCATEVERISTECS 7O LINIT THE POSSIBILITY OF THE BRAKE
mg&us-w DUE 10 MECHAMICAL BINDING BETWEEN THE PINS AND THE
THE WOLES TW THE ARMATURE AND BRAKE CORE ARE MATCH-BORED
(J1G BORED) TO ASSURE GODD ALEGHMENT.
THE ARMATURE WOLES ARE 0.004 0 0.005 INCH LARGER THAW THE
CORE PINS TO ASSURE ADEGUATE CLEARANCE.
NEASURENENTS ARE PERFORMED TO CONFIRM A MINIMUM OF €.002 1HCH
RADIAL PLAY BETUEEN THE TWO ASSEMBLED PARTS.
IME UKIT 1§ TESTED A MINIMM OF ‘SEVEN TIMES DURING ACCEPTANCE
TESTING FOR POTENTIAL BINDING. THE TEST COMSISTS OF APPLY NG
TSt NATED LOAD TOROUE VITH THE UNIT ENGAGED. A VOLTAGE 13
YKEN APPLIED TO DISENGAGE THE UMIT, THE TIME FROM APPLICATION
OF VOLTAGE UNTIL FULL DISENGAGERENT IS MEASURED. ANT BINDIHG
OF YOt ARMATURE WOULD E1THER PREVENT DISENGAGEMENT OR CAUSE AN
ENCESSIVE TIHE DELAY.
THE PINS ARE LUBRICATED WITH MOLYSDENUM DISULFIDE.
THE HEAVIEST AMOUNT OF FRICTION MATERIAL DEBRIS IS GEKERATED
DURIHG THE CALIGRATION RUN-1W OF THE UNIT. THE RUN-IN
OURLISTS OF ROTATING THE UNIT TN ONE DIRECTION AT SO REM FOR
CONSTAL OF 16 HOURS NIWIMUN USING A DUTY CYCLE OF 10 SECONDS
AJGAGED AND THEN 10 SECONDS DISENGAGED. THE UNITS RECEIVE A
\ZRY LIMITED AMOUNT OF SLIPPENG DURING ON MISSLON USACE.
EERIS 1S PREVENTED FROM ESCAPING FROM THE -3 CLUTCH LSED 1N
{ L { YHE ST140E1470-3 END EFFECTOR WITH A LABYRINTH NETWORK.
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CRITICAL ITEMB LIBT

PROJECT: SRHS

SYSTEM: HECHAN[CAL ARM SUBSYSTEM
ASS'Y P/N} - 18- SHE

A St R A S A D A Y S A S D S A S “SSIF “m H Ef: ‘
FMEA §MEA | WAME_ aty, & | FAILURE MODE | FAILURE EFFECT | HOMR 7 FUmC. RATIONALE FOR ACCEPTANCE
REF, REV. praulnG rér. AKD oN 2m
DESTGMAT [ON CAUSE END 1TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3790 2 { mocioize MODE PATLOAD CANNOT THE AIR GAP OF THE UNIT IS VERIFIED 7O MEET A MINIMUM VALUE
NECHAWISH RIGIDTZE BE RIGIDIZED OR BY THE END PLAY TEST (LARGEST APPLIED LOAD) DURING ACCEPTANCE
ary-t ORIVE TAAIN DERIGIDIZED. TESTING,
PART OF VILL NOT ARM WILL STAY
51140£1472 DRIVE. . THE STRIPDOWN AND INSPECTION OF FLIGHT HARDVARE RETURNED
-1-3 FOR REFURBISHNENT WAS REVEALED THAT A SIGNIFICANT AMOUNT OF
CAUSE(S): WORST CASE FRICTION MATERIAL DEBRIS MAY HAVE ACCUMILATED AT THE UMIT
€1) JAMED | eensecees END-OF-LIFE. 17 1S VERY UNLIKELY; WOWEVER, THAT SUFFICIENT
GEAR TRAEN, UNEXPECTED FRICTION DEARIS COULD ACCUMULATE BEHIND THE ARMATURE OR
(2) BINDING HOTLOW, BETVEEM THE FRICTION SURFACES, SO AS 1O AFFECT THE UNITS
SALL SCREUS. IMCOMPLETE PERFORNANCE
(3) RIGIOIZE | RIGIDIZE
CLUTCH SEQUENCE. CONNECTOR USED ARE 7O GSFC SPECIFICATION S.311.P.&/9.
SENZED. CREW ACTiON
(&) NINOING NEQUIRED, COMTACTS USED ARE 1O GSF SPEC.S.111.P.4/9.
of :
INVOLUTE NEDUNDANT PATHS CRIMPING IS COMTROLLED TO SPAR PPS 9:17 WHICH ENBODIES
sguus REMAINING NSC-SPEC-Q-1A.
I T D T STt
RIGIDEZATION 1 1) MANUAL EE THE STRUCTUNAL AMALYSIS CONDUCTED ON THE END EFFECTOR, PER
BRAKE MODE WELEASE. SPAR-TM, 1531, COMFIRMED A POSITIVE MARGIN OF SAFETY FOR ALL
ENGAGED, END EFFECTOR PARTS AHD GEARS. THE MARGIM OF SAFETY FOR
6) 2) BACKUP EE ULTIMATE STAENGIH M(UTS) INCORPORATES A FACIOR OF SAFEYY OF
sTAUCTURAL RELEASE. 1.4 AGAINST LINIT LOAD, AS SPECIFIED IN SPAR-SG. 392.
LURE.
A NEGATIVE MANGIN DOES NOT NECESSARILY IMPLY BREAKAGE OF THE
PART, RATHER IT INDJCATES THAT A LIMITING STRESS LEVEL,
ESTABLISHED BY THE FACTOR OF SAFETY, HAS BEEN ENCEEDED.
THE MARGIN OF SAFETY FOR YIELD STRENGTH SCYIELD) EMPLOYS A
FACTOR OF SAFETY OF 1.0 AGAINST LIMIT LOAD, AS SPECIFIED N
SPAR-5G.392, TABLE 14 LISTS RARGINS OF SAFETY Fok SRMS
STRUCTURAL COMPONENTS,
A FATIGUE ANALYSIS WHICH SKOMS INDIFENITE LIFE WAS SEEN
PERFORMED ON THE GEARS AND MECHANICAL FASTENERS AND A FRACTURE
ANALYSIS WHICH SHOMS LIVES GREATER THAN 424 MISSIONS WAS BEEN
DEMONSTRATED OM STRUCTURAL COMPONENTS MITHIN THE END EFFECTOR.
y
t
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CRITICAL ITEM8 LIBT PROJECT: SRNS SYSTEM: MECHANICAL ARM_SUBSYSTEM
S S O ASS'Y “mmm: me__—_—t Ass'y P/N: >n | 29 SHEET: 5
FMEA FNEA NAME, OTY, & FAILURE MODE FAILURE EFFECT HOWR / FUNC. RATIOHALE FOR ACCEPTANCE
REF. REV. onaving réF, AND oN 2R
DESIGNATION CAUSE EMD LTEM CRITICALYTY SCREENS: A-PASS, B-PASS, C-PASS
3790 2 RIGIDIZE MODE PAYLOAD CAHNOT ACCEPTANCE TESTS
HECHAM1SH REGIDIZE BE RIGIDIZED OR |  =soccememooeene-
ory-t DRIVE TRATN DERIGION ZED. THE €E ASSEMBLY 1S TESTED 1O THE FOLLOWING ACCEPTANCE
PART OF witL NoT ARM MILL STAY ENVIRONHENTS:
S1140E1472 DRIVE. LINP,
-1t- O VIBRATION: LEVEL AND DURATION - REFERENCE TAGLE 7
CAUSE(S)1 MORST CASE
€1) JAMMED | comooose- - O THERMAL VACUUM: +70 DEGREES C 10 -25 DEGREES C 12
GEAR TRAIN. UMEXPECTED CYCLES) 1 X 10%%8 TOAR
(2) SINDING MOTION.
BALL SCREWS. INCOMPLETE THE €E ASSEMBLY 18 FURTHER TESTED 1N THE 1N THE RMS SYSTEW
(3) MIGIDIZE RIGIDIZE TEST (TPS1B RHS STROWGBACK AND TP552 FLAT FLOOR 1ESTS) WHICH
cLUTCH SEQUENCE . VERIFIES THE ABSEWCE OF THE FATLURE MOOE.
SEIZED. CREM ACTION
5? BINDING NEQUIRED. QUALIFICATION TESTS
1NVOLUTE REDUNDANT PATHS THE EE ASSEMSLY CUALLFICATION TESTING CONSISTED OF THE
s;;uns REMAINING FOLLOMING ENVIROKMENTS:
65y | zmemmmeeeseseet '
RIGIDIZATION 1) MANUAL EE 0 VISRATION: LEVEL AND DURATION - REFERENCE TABLE 7
BAAKE HODE MELEASE.
ENGAGED . 0 SHoCK: 206711 MS - 3 AXES (6 DIRECTIONS)
{8} 2) BACKUP EE
STRUCTURAL NELEASE. O THERMAL YACUUM: +81 DEGREES C 10 -36 DEGAEES C {6 CYCLES)
FAILURE. 1 X 10**& TORR
© WMMIDITY: 95% RH (65 DEGREES C MAINTAINED FOR & HRS)
i“ DECREES C 1O 30 DEGREES C IN 16 HRS) -
0 CYCLES 240 HRS.
0 EMC: HIL-STD-461A AS MODIF1EO BY SL-E-0002 (TESY
CEQ1, CEO3, CSO1, CS02, €506, REO2 (N/B))
O STAUCTURAL STIFFHESS AND LOAD TEST
FLIGHT CHECKOUT
PORS OPS CHECKLIST (ALL VEWICLES) JSC 16987
PREPARED BY: MEMG SUPERCEDING DATE: 06 0CT 87 APPROVED BY: _ DATE: 24 JuL 91 CIL REV: _2
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CRITICAL ITEMB LIBT PROJECT: SRMS SYSTEM: MECHANICAL ARM SUBSYSTEM
i ASS"Y NOMENCLATURY DI EFFECTOR ——————— 3581 p/N: STHERIE o sueer.

FMEA reeA | wame, atr, ¢ | rareure wooe FAILURE EFFECT HOMR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. oravlug rér. AKD oN 2rm
DESIGNATLON CAUSE END ITEH CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS

o 2 RIGIDI2E MODE : PAYLOAD CANNOT QA/INSPECTIONS
HECHANISN RIGIDIZE BE RIGIDLIED OR seessevesencen
ary-1 DRIVE TRAINM DERIGIDIZED,
PART OF WILL NOY ARM WILL STAY UNITS ARE MAKUFACTURED UNDER DOCUMEMTED QUALITY CONTROLS.
su‘,nzurz DRIVE. LIMP,

THESE CONTAOLS ARE EKERCISED THROUGHOUT DESIGN
PROCUREMENT, PLANNING, RECEIVING, PROCESSING, FABRICATION,
CAUSE(S): WORST CASE ASSEMBLY, TESTING AND' SHIFPING OF THE UNITS. MANDATORY
€1) JAWNED INSPECTION POINTS ARE EMPLOYED AT VARIOUS STAGES OF

GEAR_ TRAIN, UMEXPECTED FABRICATION ASSEMBLY AND TEST, GOVERNMENT SOURCE

¢2) BINDING NOTION. INSPECTION IS [NVOKED AT VARIOUS CONTROL LEVELS.

BALL SCREWS, INCOMPLETE

(3) riaioizé | riGiorze RECEIVING INSPECTION VEREFIES THAT THE WARDVARE RECEIVED [S AS
CLUTCH SEQUENCE., {DENTIFIED IN THE PROCUREMENT DOCUMENTS, THAT NO DAMAGE HAS
SEIZED. CREW ACTION OCCURRED DURTHG SHIPMENT, AND THAT APPROPRIATE DATA HAS BEEN
(4} BIKDING REQUTRED, RECEIVED WHICH PROVIDES ADEQUATE TRACEABILITY INFORMATION AND
f

0 IDENTIFIES ACCEPTABLE PARTS.

INVOLUTE REDUNDANT PATHS

SPLINE REMAINING INSPECTION VERIFIES THAT KITTED PARTS ARE CORRECT PRIOR 10
{5) messsenssaaseen ASSEMBLY AND TRACEABILITY INFORMATION RECORDED.
RIGIDIZATION 1) MANUAL EE

BRAKE MODE RELEASE. INSPECTION TO DRAWING IS CONDUCTED THROUGHOUT THE ASSEMBLY
ENGAGED, PROCESS, INCLUDING IMSPECTION OF LOCKING, WITNESSING OF
{6) 2) BACKUP EE TORQUING AND APPLICATION OF TORQUE STRIP[wg.

STRUCTURAL RELEASE.

FAILURE. BEARINGS RECEIVE DIMENSIONAL [NSPECTION AT THE SUPPLIER
ARD VERIFICATION BY SPAR RECEIVING IMSPECTION.
PRE-ASSEMALY INSPECTION VERIFIES CIRCULARITY OF BALL
TRACKS AND INNER/OUTER RACE DEAMETERS. AFTER ASSEMBLY
PRIOR 10 LUBRICATION, RADIAL CLEARAMCE MEASUREMENTS ARE
TAKEN, FOLLOWING LUBAICAT IoH RUN-IN/BURNISHING AND
CLEANING OF DRY LUBE BEARINGS SPECIALIZED BEARING
INSPECTION EQUIPMENT AT SPAR IS USED TO VERTFY QUALITY AND
STICTION LEVELS YHAOUGH STRIP CHART RECORDING OF TORQUE
TRACES. BEARINGS ARE THEW RETURNED TO THE SUPPLIER FOR
FINAL RAOTAL CLEARANCE MEASUREMENTS. GOVERNMENT SOURCE
INSPECTION 1S ENVOKED ON ALL BEARING PROCUREMENTS.

GEAR INSPECTION, BEFORE GEAR LUBRICATION AND RUN-EN A
COMPOSITE ERROR GEAR CHECKER 1S USED TO VERIFY THAT INVOLUTE
FORM. PITCH CIRCLE CONCENTRICITY AND PITCH DIAMETER ARE 10
oRawinG REQUIREHENTS. THIS INSPECTION ALSC INCLUDES TEXTURE
EVALUATION. AFTER LUBRICATION, GEARS ARE VISUALLY INSPECTED TO
CONFIRM APPROPRIATE LUBRICANT APPLICATION AND GEARS ARE THEN
RUM-IN, CLEANED AND VISUALLY INSPECTED.

CARPENTER 455 STEEL USED FOR THE MANUFACTURE OF (E.G.

GEARS) RECEIVES AODITIONAL LABORATORY INSPECTIONS WHICH
JHCLUDE CHEMICAL ANALYSIES, 1NCLUSION RATING, HARDNESS AND
TENSILE TESTING TO VERIFY YHE PROPERTLES OF THE MATERIAL
SUPPLIED.

FOLLOWING HEAT TREATMENT, STEEL PARTS (E.G. GEARS) ARE
SUBJECIED TO A MAGNETIC PARTICLE INSPECTION FoR CRACKS OR IN
THE CASE OF ALUMINUM PARTS (E.G. HOUSINGS) ARE OYE PENETRANT
INSPECTED USING GROUP ¥ PENETRANTS, WELDING OFf GEARS OR
HOUSINGS 15 SUBJECTED 1O DYE PENETRANT (GROUP V) AND
RADIOGRAPHIC INSPECTION ON COMPLETION OF STRESS RELIEF TO
CHECK FOR CRACKS. QUALIFICATION WELDING YEST SAMPLES FOR
STRUCTURAL WELDS ARE SUBJECTED TO OESTRUCTIVE TESTING WHERE

PAEPARED BY: MG SUPERCEDING DATE: 06 OCT B7 APPROVED BY: DATE: 24 Jui 9% CIL REV: _2
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CRITICAL LTEHB L1t 1*ROJECY . Sk SYSIEN: MECHAMICAL ARM SUBSYSTEM
25 0 S ASS'Y NOMERTLATORE: _____—____EIIUE"EEIM'- Ass'y p/N: - SHEET: 7
FHER FHEA NAME. OTY_ & FAILURE MODE FAILURE EFFECY KOWR / FUNC. RATIOMALE FOR ACCEPTANCE
REF. REV. Dlmlhlﬁ Rtf. AND N N
DESIGHATION CAUSE END 1TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
R Ya ) 2 RIGIDLZE MODE & PAYLOAD CANNOT POSSIBLE (TENSILE AND BEKDING) AS WVELL AS METALLAGRAPHIC
MECHANISN RIGIDIZE BE ®1GIDIZED OR ANALYSIS TO ENSURE DEFECT FREE WELDS.
arY-1 DRIVE TRAIN DERIGIDIZED.,
PART OF WILL MOT ARM WILL STAY PRE-ACCEPTANCE TEST INSPECYION WHICH INCLUDES AK AUDIT OF
S1140E14T2 DRIVE. LINP. LOWER TIER INSPECTION COMPLETI AS SUILT CONFIGURATION
-13-3 VERIFICATION TO AS DESIGN ETC., l"l'mﬁ“n\' INSPECTELON POINT).
CAUSE{S): WORST CASE
{1) SED | mesteceecs A TEST READINESS REVIEM (TRR) WHICH INCLUDES VERIFICATION OF
GEAR TRAIN, UNEXPECTED TEST PERSOMNEL, TEST DOCUMENTS, TEST EQUIPMENT CALIBRATION/
{2) BINDING MOTION. VALIDATION SII'US AND HARDWARE CONFIGURATION 1S CONVERED BY
SALL SCREUS. INCOMPLETE QUALITY ASSURANCE 1N CONJUNCTION WITH ENGIKEERING
(3) RIGIDIZE RIGIDIZE RELIABILITY, COMFIGURATION CONTROL, SUPPLIER AS lh’llﬁlﬂlﬁ
CLUTCH SEQUENCE . AND THE GWEHHEIII NEPRESERTATIVE, PRIOR TO THE START OF l"&
SE12ED. CAEM ACTION FORMAL TESTING (ACCEPTANCE OR wll."lcl'"m).
(&) DINDING REQULIRED.
oF ACCEPTANCE TESTING (ATP) INCLUDES, AMBIENT, VIBRATION
tNVOLUTE REDUNDANT PATHS AND THEAMAL-VAC TESTING, (srll!l:uhlllﬂilll *EP. - MANDATORY
S!;I.IBE REMAINING {NSPECTION POINT)
T R R
RIGIDIZ2ATION 13 MANUAL EE SRMS SYSTEMS INTEGRATION THE INTEGRATION OF MECHANICAL ARM
BRAKE MODE RELEASE. SUBASSEMBLIES AND THE Fl‘Gl" CASIN EQUIPMENT TO FORM THE SRMS.
ENGAGED. SMSPECT LONS ARE PERFORMED AT EACH PHASE OF INTEGRATION WHICH
{8) 2) BACKUP EE INCLUDES GROUNDING CHECKS THRU MIRING CHECKS, WIRING ROUTING,
?1‘{“:";1‘“". RELEASE. INTERFACE CONNECTOAS FOR ‘E"T OR PUSH BACK C(‘“lc‘s ETC.
SRHS SYSTEMS TESTING - STRONGBACK AWD FLAT FLOOR AMBLENT
:51:;“’“"(:5 TEST. (SPARJGOVERNMENT REP. - MANDATORY INSPECTION
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CRITICAL ITEMS LIST

PHOILCT: SRM SYSTEM: MECHANICAL ARM SUBSYSTEM
ASS'Y WOM B Ass'Y p/H: STIZDETZ70-TE-3

podcfefenueiprn ool SNEET: @
FMEA PMEA | WAME OTY. & | FAILURE MODE | FAILURE EFFECT HOWR 7 FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. praving rér, AND oN 2/
DESIGNATTON CAUSE END 1TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
v 2 RIGIDIZE MODE PAYLOAD CANNOT FAJLURE HISTORY
MECHAM 1SH RIGIDIZE BE RIGIDIZED OR |  <voveee-nn. .
arY-1 DRIVE TRAIN DERIGIDIZED.
PART OF WILL NOT ARM WILL STAY THERE NAVE BEEW NO FAILURES ASSOCIATED WITH THIS FAILURE
’}1“,‘"‘" ORIVE, LINP, MOOE ON THE SANS PROGRAM,
CAUSE(S): WORST CASE
(1) Jammep | ----..ooll
GEAR TRAIN, UNENPECTED
(2) BINDING HOT FON,
BALL SCREVS, INCONPLETE
(3) RIGIDIZE | RIGIDIZE
CLUTCH SEQUENCE,
SEIZED. CREW ACTION
é?’ BINDING AEQUIRED,
INVOLUTE REOUNDANT PATHS
guus REMAINING
) ---------------
RIGIDIZATION | 1) mAwUAL EE
BAAKE MOOE RELEASE,
ENGAGED
(&) 2) BACKUP EE
STRUCTURAL RELEASE,
FATLURE,
PREPARED BY: MFUG SUPERCEDING DATE: 05 ocT A7 DATE: 24 JuL | CIL REY: 2
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CRITICAL ITEMB LIST PROJECT: Euns _ SYSTEM: MECHANICAL ARM SUBSYSTEM
--—-—-—----—-----—- assl" NOM H “ssu, p, ] - - s“EE]‘: 9
FMEA FMEA | NAME, QTY, B FAILUPT HOF FALLURE EFFECT HOMR / FUNC. RATIONALE FOR ACCEPTANCE
fEF. REV. oraufing éf. ’ oN 2/
DESICNATION CAUSE END 1TEN CRITICALITY SCAEENS: A-PASS, B-PASS, C-PASS
E ) 2 RIGIOIZE NODE : PATLOAD CANNOT OPERAT[ONAL EFFECTS
MECHANTSH RIGIDYZE BE RIGIDIZED OR eanamemeesasmaens .
ory-1 DRIVE TRAIN DER1GIDIZED,
PART OF VELL NOT ARM WILL STAY UNABLE T0 RIGIDIZE/OERIGIDIZE. IF FATLURE OCCURS OURING
S1140E1T2 DRIVE. LINP. NICIDIZE SEOUENCE. THE CARRIAGE MILL NOT COMPLETELY R1GIDIZE
-11-3 RiD ARN WILL REMAIN LINP LF IN AUTO MODE. OPERATOR WILL DETECT
CAUSE(S): WORST CASE OFF NOMIHAL OPERATION OF TRE EE.
(1) JAMMED
GEAR TRAIN, UNEXPECTED CREV ACTION
(2) WINDING MOTION, ceemeomaens
BALL SCREVS. INCOMPLETE .
3) niGio1zé | efoivnze IHE EE MODE SMITCH SHOULD BE TURNED OFF. CREV SHOULD OBSERVE
cLuTeH SEOQUENCE . THE CAPTURE SEOUENCE AND DETERNINE THRT THE GRAPPLE FIXTURE
SE1ZED. CAEM ACTION HRS BEEN DRAWN FAR EWOUGH INTO THE EE TO PROHIBIT PATLOAD
(4) BINDING RECUIRED. ROTATIONS. TF THE INTERFACE DOES NOT APPEAR RIGID, ATTEMPT T0
Of AIGIDIZE IN THE ALTERNATE WOOE. 1F RIGIDIZE IS unbuCCESSFUL,
INVOLUTE WEDUNDAHT PATHS ATTEMPT MELEASE USING A PRINARY EE MODE. IF SNARES OPEN,
SPLINE REMATNING RANEUVER THE ARN AUAY FROM THE PAYLOAD. IF SHARES DOM'Y OPEW,
5) ATIEMPT 7O RELEASE IN BACKUP MODE. 1F SNARES OPEW, MANEUVER
RIGIDIZATION 1) MAMUAL EE ARM AUAY FROM THE PAYLOAD. MANEUVER ORBITER AWAY RoM PAYLOAD.
BRAKE MODE RELEASE. LF SNARES CANNOT BE OPENED EN ANY MODE, THEW THE ARM/PATLOAD
ENGASED, COMBINATION CAW BE JETTLSONNED.
(6) 2) BACKUP EE
STRUCTURAL RELEASE . CREM TRAINING
FAILURE. ] e -
CREW 10 BE TAATNED TO RECOGHIZE OFF NOMINAL OPERATION OF THE
CECAND 1O TURM MODE SVITCH 10 OFF AFTER SPEC TIME AND MANEUVER
SHe ORBITER AWAY FROM A FREE FLYING PAYLOAD AT ANY TIME DURING
ARM OPERATIONS.
H1SSION CONSTRAINT
WHEN CAPTURING A FREE FLYING PAYLOAD  THE EE NUST BE FAR
YHAJGH AVAY FROM STRUCTURE 10 PROHIBIT CONTACT REGARDLESS OF
PAYLOAD ROTATLONS.
OMASD OFFLINE
PERFORM MANUAL CAPTURE R1GIDIZE.
VERIFY CORRECT FLAG TIMING-EXTEND TO RIGIOIZE.
. OMRSD ONLINE INSTALLATION
, O L
HOKE
ONRSD ONLINE TURNAROUKD
PERFORM MANUAL CAPTURE/RIGIDIZE.
VERIFY CORRECT FLAG TINING-EXTEND 10 RI1GIDEZE.
PREPARED BY: NFUG SUPERCEDING DATE: 06 OCY 87 APPROVED BY: DATE: 2&_JuL 91 CIL REV: _2
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CRITICAL ITEMS LIST PROJECT: SANS SYSTER: MECHAMICAL ARM SUBSYSTERM
“““““““““““““ ASS'Y MOREWT ASS Y P/ Al s T sweer. 1o
r_ril‘ma . LS :tr m!—b'!_l“n 0 ATLURE (FFEC HONR 7 TURC .
. . . on 173 RAT 1OMA
DLSICNATION CAUSE €ND 1TEN CRITICALETY 'OMALL FOR Accerrance
17190 I RICIDIZE MODE ; PAYLOAD CANNOT VERIFY CONRECT FLAG TINING -
) RECHANI S RIGIDIZE BE_ RICIDIZED OR G [XTCHO t0 mGIDIZE.
qQrY-1 DALVE TANIN OLIGIDIIED,
PART OF HiLL NoT ARW UILL STAY
SI140£1472 BRIV, Line,
-1t-)
CAUSE(S): UCAST CASE
(1 meacp | -0
CEAR TRAIN, UNEXPECTED
(2) BIMDING nOT fON .
BALL SCRCUS, INCOMPLETE
(3) RICIDEIE AIGIDITE
CLUICH SLQUENCE,
SEL D, UNAMNUNCEATED .
(4) BINDING CAEW ACTION '
oF ACQUIRED.
IVoLUTE
SPLINE REOUNDANT PATHS ,
{5} REMA TN ING
Rictoization | .o .
BAAKL LA
ENCACED. .
(6)
STRUCTURAL
FAILURE .

R ™
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