SHUTTLE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM :P/L RETEN & DEFLOY-MPM DEPLOY FMEA NO 02-5B~PO1-3 REV:04/05/88

ASSEMBLY stMPM DEPLOYMENT MECHANISH CRIT. FUNC: IR

F/N RI THCZ8T-0U37-0006/-0007 _ CRIT. HKDK: 3

P/N VENDOR:15820-33/-7 HOOVER ELECTRIC  VEHICLE 102 103 104

QUANTITY $2 EFFECTIVITY: ' X X

FEASE(S}: PL 10 OO0 X DO X LS

REDUNMDANCY, SCREEN: A=PASS B-FATL, ©-BASS

PREPARED BY: AFPPROVED BY:.ﬁ:Jz‘ﬂTQ:“ APPROVED BY -{NASA):

DES D. 5. CHEUNG DES 2 2 LhHpte SEM < S
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ITEM:
MOTDR/ERARE ASSEMELY

PONCTICH: )
REDUNDANT POWER DRIVE UNIT (PDU) MOTORS DRIVE THROUGH TCROUE LIMITERS AND
THE PDU GEARBOX TO PROVIDE TORQUE TC THE MANIPULATOR POSITIONING
MECHANISM (MPM) DRIVESHATT WHICH IN TURN DRIVES THE SHOULDER AMD
FORWARD/MID/AFT PEDESTAL ROTARY DRIVE GEARBOX/DRIVE LINEKAGES. PDU
MOTORS INCORPORATE INTEGRAL BRAKE MECHANISMS AND ARE CONTROLIED BY
POSITION SWITCHES IOCATED WITHIN THE SHOULDER SUEPORT MECHANISM. TwWo
A/C PHASES ARE REQUIRED TO LIFT THE BRAKE AND POWER THE MOTOR. THE BRAKE
PREVENTZ BACKDRIVE IN EVENT OF AN ASSQCIATED MOTOR FAILURE.

FATIRE MODE:
BRAKE FAILS TQ EHGACE

CAUSE (S) =

ADVERSE TOLERANCES/WERR, CONTAMINATION/FOREIGH CBJECT/DEERIZ, DEFECTIVE

FART/MATERIAL OF MANUFACTURING DEFECT, FAILURE/DEFLECTION OF INTERNAL
PART

EFFECTS OH: _
(A} SUBSYSTEM (B)INTERFACES (C)MISSION (D) CREW/VERICLE

(A} FIRST FAILURE - NO EFFECT. GSUBSEQUENT FATLURE OF ASSCCIATED MOTOR
WILL ALLOW -THE OTHER REDUNDANT MOTOR TO BACKDRIVE THROUGH FAILED BRAKE
AND MPM POSITIONING CAPABILITY WILL EE LOST.

(B} FIRST FAILURE - NCO EFFECT. SUBSEQUENT FAILURE OF ASSOCTATED HOTOR
WILL RESULT IN LOSS OF ABILITY TO POSITION MPM CAUSING POTENTIAL
INTERFERENCE WITH FAYLOAD BAY {(FLB) DOOR CLOSURE.

(C] FIRST FAILURE - NO EFFECT. SUBSEQUENT FAILURE GOF ASSOCIATED MOTOR
WILL RESULT IN POSSIBLE LOSS OF MISSION DUE TO BLOCKAGE OF FPAYLOAD

DEFLOYMENT/RETRIEVAL ENVELOFPE OR INABILITY TO DEPLOY REMOTE MANIPULATCOR
SYSTEM (RMS).
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{D} FIRST FAILURE - KO EFFECT. SURSEQUENT FAILURE OF ASSOCTATED MOTAR
WILL REQUIRE JETTISON OF MPM TQ PREVENT POSSIBLE LOSE OF CREW/VEHICLE
DUE To INTERFERENCE WITH PLE DOOR CLOSURE.

FAILS REDUNDANCY SCREEN "E™ SINCE THERE IS NO VISUAL OR INSTRUMENTED WAY
OF DETECTING BRAKE FAILURE IN FLIGHT.

DISPUSITION & RATIONALR:
(A)DESIGH (B)TEST (C)INSPECTION (D)FAILURE HISTORY (E)OFERATICNAL USE

() DESIGN
ERAKE ENGAGES BY REDUNDANT SPRINGZ FOLLOWING POWER REMOVAL. MOTOR IS
ENCLOSED TO PREVENT CONTAMINATION, ULTIMATE FACTOR OF SAFETY IS 1.4,
MATERIALS CHOSEN TC MINIMIZE WEAR AND PREVENT PARTICLE GENERATION.

(B) TEST
QUALIFICATION TEST: THE ACTUATOR HAS BEEN CERTITTIED BY CR—-Z3-287=0037-
0001G. OQUALIFICATION TESTS OF A SIMILAR ACTUATOR MC2287-Q037-0001 .
IRCLUDE: ACCEPTANCE TEST TO VERIFY CONFORMANCE WITH TIIE REQUIREMENTS
NGTED PELOW FOR ACCEPTANCE TEST. HUMIDITY TEST - TEST IN ACCURDANCE WITH
MI1-5TD=-8108, METHOD 507, FPRDOCEDURE 1IV; QUALTFICATION ACCEPTANCE
VIBRATION TEST (QAVY) - 20 TO 2,000 HZ RANGE WITH MAXIMUM OF 0.067 g2/HZ .
FROM 80 To 350 HZ FOR 2.5 MINUTES PER AXIS; DRBITAL FLIGHT TEST -~ 230 TO
2,000 HZ RANGE WITH MAXIMUM CF 0.2 ¢2/HZ FROM 6C¢ TO 300 HZ FOR 27
MINUTES PER AXIS AT LEVEL "BM™ AND WITH MAX OF 0.75 g2/HZ FROM &5 TD 340
HZ FOR S1 MINUTES PER AXTS AT IEVEL "A"™; SHOCE TEST - 5 TO 1315 EZ
+/= 0.25 g PEAK; THERMAL VACDOUM = THE ACTUATOR WAS THERMALLY CYCLED FIVE
TIMES FROM +7Q DEG F TO +330 DEG P To -167 DEG F TC -1Q0 LDEG F TD +70
DEG F. DWELL AT EACH TEMPERMTRE EXTREME WAS 60 MINUTES MINIMUM AFTER
STABILIZATION. AT EACE +250 DEG F AND -100 DEG P, THE ACTUATCR WAS
CYCLED & TIMES TOR DUAL MOTOR GPERATIONS AND 4 TIMES FOR SINGLE MOTOR
CPERATICHS.

QUAL TESTS AL30 INCLUDE: ELECTRICAL CONTINUITY - MONITORED THROUGHOUT
THE TES?. CYCLING AT HIGH TEMPERATURE +250 DEG F EXTREME INCLUDED
OPERATION AT THE MAXIMUM HEAT DISSIPATING MODE: CYCLING AT THE LOW
TEMPERATURE =100 DEG F EXTREME INCLUDED OFPERATION AT THE MINIMUM HEAT
DISSIFATING MCDE; OPERATING LIFE TEST - THE ACTUATCR WAS CYCLED 1,%00
TIMES AT ROOM TEMPERATURE. MOTOR NO. 1 AND NO. 2 WERE CYCLED 250 TIMES
EACH INDIVIDUALLY WITHIN 60 SEC/STROKE. IT WAS ALSO CYCLED 100 TIMES
WITH BOTH MOTORS DRIVING TOGETHER WITHIN 30 SECONDS/STROKE; MECHANICAL
STCP TEST - THE ACTUATOR WAS OPERATED AT FULL RATE AND NO LOAD INTO
MECHANTCAL STOP POR 100 TIMES IN EACH DIRECTION: CERTIFICATION 8Y
ANATLYSIS - THESE INCLUDED FUNCUS, QZONE, SALT SPRAY, SAND/DUST,
TRANSPORTATION PACKAGING, ACCELERATION, LANDING SHOCK, EXPLOSIVE :
ATHOSPHERE AND MARGIN OF SAFETY. THE ACTUATORS WERE SUBRTECTED TO SYSTEM
QUALIFTCATION TESTS PER MANIPULATOR POSITIONING MECHANTSM INSTALLATICON
V082~000002 (REF CR-44=-000002-001E] . i
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ACCEPTANCE TESTS: ACCEPTANCE TESTS INCLUDE: EXAMINATION OF FRODDCST -
WEIGHT, WORKMANSHIP, DIMENSIOR, CONSTRUCTION, CLEANLINESS, FINISH,
IDENTIFTICATION MARMING, TRACEABILITY AND UsSE OF APPROVED MATERTALS AND
FROCESSES: ACCEFTANCE VIERATION TEST - 20 TO 2,000 HI WITH MANIMITM OF
0.04 g2/HZ FROM 80 TO 150 HI FOR 30 SECOND PER AXIS; ACCEPTANCE THERMARL
TEST = THERMALLY CYCLED FRCOM +70 DFE F TO +310 DEC F TO +255 DEG F TO
=147 DEG F TO =100 DEG F TO 4310 DEG F TO +250 0EG F TO +70 DEG F. DWELL
AT EACH TEMPERATURE WAS AT LEAST &0 MINUTES AFTER THERMAT, STABTLIZATION.
AT EACH +250 DEG F AND ~-100 DEG F THE ACTUATOR WAS CYCLED & TIMES FOR
DUAL MOTOR OPERATIONS AND 4 TIMES FUR SINGCLE MOTOR UPERATICONS: POWER
CONSUMPTION TEST - VERIFIED THE INPUT PCWER DID NOT EXCEED 62 WATTS FER
MOTOR AND THE INPUT CURRENT DID NOT EXCEED 0. 36 AMP FER FHASE FER MOTCOR
WHEN CPERATING AT THE MAYXIMOM LOAD. THE INDOT POWER REQUIREMENT OF 117
WATTIS AND INPUT CURRENT GOF 0.67 AMP WERE ALSD VERIFIED UNDER STARTING
CONDITIONS. :

ACCEPTANCE TESTS ALSO INCLUDE: INSULATION RESISTANCE TEST — THE
INSULATION RESISTANCE AT 500 VDC WAS MEASURED BETWEEN MUTUALLY INSULATED
CONDUCTORS AND BETWEEN CONDUCTORS AND THE FRAME, CASE QR GROUMD:
DIELECTRIC STRENGTH TEST - 750 VRMS AT 60 HZ APPLIED BETWFEN FACH
CONDUCTOR AND THE CASE; CYCLING — ACTUATOR WAS CYCLED RO TIMES TOTAL WITH
MOTCRS NO. 1 AND NC. 2 CYCLED 10 TIMES BACH INDIVIDUALLY WITHTIH &0
SECCNDUS/STRORE. IT WAS ALSO CYCLED 60 TIMES WITH BOTH MOTORS DRIVING

. TOGETHER WITHIN 40 SECOND/STROEE; FREEPLAY TEST - FREEPLAY AT THE
ACTUATOR OUTPUT SHAFT NOT T¢ EXCEED 2.0 DECREES WITEH it INCE-LB LOAD
APPLIED IN EACH DIRECTION; STALL/MAXIMUM TORQUE = THE ACTOATOR'S
STALL/MAXIMUM OUTPUT NOT TO EXCEED 200 INCH-LE OR BE LESS THAN S0 INCH-
LE; IRREVERSIBILITY - THE ACTUATOR WAS CHECKED TO BE TRREVERSIELE T¢ LOAD
GF 50 INCH-LB; MECHANICAL STCP TEST = ACTUATOR OPERATED AT FULL RATE AND
NO LOAD INTO MECHANICAL STGPS FOR 100 TIMES TN EACH DIRECTION:
MECHANICAL LIMIT TEST - THE OQUTPUT ARM OF THE ACTUATOR MOVED THROUGH THE
FULL CIOCKWISE TO COUNTER-CLOCEWISE TO CLOCKWISE ELECTRICAL LIMIT TRAVEL,

OMRED: GROUND TURNARGUND INCLUDES MPM DEPLOY (SYSTEM 1), MEM
STOW (SYSTEM 1), MPM DEPLOY (SYSTEM 2}, AND MPM STOW (SYSTEM 2).

(&) INSPECTION

RECEIVING INSFECTIOR

RECEIVING INSPECTICN FERFORMS VISUAL AND DIMENSIONAL EXAMIYNATION &F ALL
INCOMING PARTS. QUALITY CONTRQL MAINTATNS SURVEILLANCE OF RAW MATERTIAL,
LIMITED LIFE MATERIALS, CFEMICAL AND METALTHRGICAL TESTS AND REPORTS.

CONTAMINRATION CONTROL
CLEANLINESS PER SPECIFICATION TO LEVEL 300 OF MAOll0-301 AND A CLASS
100,000 CLEAN ROOM IN ACCORDANCE WITH FPED-STD-209 ARE VERIFIED BY
INSPECTION. FINAL INSPECTION INCLUDES CHECKSE  POR CONTAMINATION USING
BORESCOPES OR SIMILAR EQUIPMENT, S5X=10X MAGNIFICATION DEVICES, AND
MEMERANE PILTRATION METHODS. PARTS ARE TRANSPORTED IN $TRINLFSS STEEL
TRAYSE QR TOTE BOXES. FOLYETHYLENE SHEETING, USED TO BAG AND SEAL: FARTS
AFTER CLEANTING, IS VERIFIED BY INSFECTION. ALL METAL FARTS CLEANKED BY
ULTRASONIC CIEANER OR DEGREASER ARE VERIFIED BY INSPECTION.
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ASSEMBLY/INSTALIATION

INSPECTION VERIFIES AND RECORDS DIMENSIONS OF ALL DETAIL FARTS. ALL
BEARTNGS ARE VERIFIED BY INSPECTION TGO RECEIVE LUBEICATION. CRIMFING
CONTROLS ARE MAINTAINED AND VERIFIED BY INSPECTION,

RONDESTRUCTIVE EVALOATION
DETAIL PARTS ARE MAGNETIC OR FLUOQRESCENT PENETRANT INSPECTED.

CRITICAL PROCESEES
SOLDERING IS VERITIED BY INSPECTICON.

TESTING
ATP IS QBSERVED AND VERITIED FER PROCEDURE.

HANDLING/PACRAGING
PARTS ARE PACKAGED PER APPLICABLE SFECIFICATION AND VERIFIED BY
INSPECTION.

{D) FATLURE HRISTORY .
THERE HAVE BEEN NC ACCEPTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FAILURES ASSUCIATED WITH THIS FAILURE MODE. ’

(E) OPERATIONAL USE
CREW CAN PERFORM EXTRAVEHICULAR ACTIVITY (EVA) PROCEDURES FOR MANUAL MEM
ROLL~IN/OUT AND ANY/ALL MPM MAY BE JETTISONED IF PREVENTING FLE DOOR
CLOSURE.

AY_ R 7



