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ASSEMBLY :MANIPULATOR RETENTION LATCH (MRL) CRIT. FUHC: 1R
P/N RI tMC287-0027-Q008 CRIT. HDW;: !
F/M VENDOR:Al059CO10=6 VEHICLE la2 103 104
QUANTITY :3 EFFECTIVITY:

FHASE(S): PL

PREPARED BY!:

DES Q. 2. CHEUNG
" REL M. B. MOSEOWITZ

oE W. J. SMITH

ITEM:

MOTCOR/BDRARE ASSEMBLY

FONCTION:
TIE MANIPULATOR RETENTION LATCHES ARE LOCATED AT EACH MANIFULATOR
FOSITIONING MECHANISM (MPM) PEDESTAL AND PFROVIDES RETENTION AND
STRUCTURAL SUPPORT FOR THE MANIPYLATOR ARM DURING THE LAUNCH AND ENTRY/
LANDING MISSION FHRSES. EACH PEDESTAL LATOH MECHANISM IS INLDEPENDENT ANCD
IS DRIVEN BY A DUAL MOTOR/GEAREQCX ASSEMBLY., MANTPULATOR RETENTION LATIH
(MRL) MOTORS INCORFORATE INTEGRAL BRAKE MECHANISMS AND ARE CONTRALLED EY
POSITIUN SWITCHES LOCATED WITHIN EACH MRL. TWO OF THREE A/C POWER PHASES
ART REQUIRED TC LIFT THE BRAKE AND POWER THE MOTOR. THE BRARE PREVENTS
BACKDRIVE IN THE EVENT OF AN ASSOCIATED MOTOR FAILURE.

FATIURE MODE:
BRAKE FAILS TO ENGAGE

CAUSE{S}:
ADVERSE TOLERANCES/WEAR, CONTAMINATION/FOREIGH UBJECT/DEBRIS, DEFECTIVT

PART/MATERTAL DR MANUFACTURING DEFECT, FAILURE/DEFLECTION OF INTERNAL
PART, ELECTRICAL FAILURE (OPENW, SHORT, ETC.)

EFFECT3 ON:
(A) SUBSY3STEM (B)INTERFACES (C)MISSION (D) CREW/VEHICLE

(A) FIRST FAILURE - NQ EFFECT. &UBSEQUENT FAILURE OF ASSOCIATED MOTOR
WILL ALLOW TEE OTHER REDUNDANT MOTOR T BACKDRIVE THROUGH FAILED BRAFFE
AND MRL LATCH/UNLATCH CAPABILITY WILL BE LOST.

(B) LOSS OF ALL REDUNDANCY WILL RESTLT IN LOSS oF ABILITY T2 LATCH/

UNLATCH A SINGLE MRL. ENTRY/LANDING CAN SAFFLY 3E PERFORMED WITH ANY
TWO OF THREE MRL LATCHES (REF. JSC 0B934).

{C} LOSS QF ALL REDUNDANCY WILL RESULT IN POSSIBLE LOSS OF MISSICM

DUE TQ INABILITY TG RELFASE WRL AND UNBERTH REMOTE MANTPULATOR SYSTEM
(BMS) .
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(D) MOLTIFLE PEDESTAL MRL FAILURES WILL REQUIRE EXTRAVEHICULAR ACTIVITY
(EVA) OR JETTISON OF RMS TO PREVENT POSSIBLE LOSS OF CREW/VEHICLE DUE TO
UNRESTRAINED RMS DURING ENTRY.

FATILS REDUNDANCY SCREEN "B" SINCE THERE IS NO VISTAL OR INSTRUMENTED WAY
aF DETECTING A BRAKE FAILURE IN FLIGHT.

DISPOSITION & RATIOMALE:
(AYDESIGH (B)TEST (C)INSPECTICN (D) FATLURE RISTCORY (B)QPERATIONAL TSE

(4) DESIGN
BRAKE ENGAGES BY RIDUNDANT SPRINGS FOLLOWING POWER REMOVAL. THE MRL
ASSEMELY IS AN ELECTRO-MECHANIGALLY DRIVEN, DUAL HOOK DEVICE CAPABLE OF
CAPTURING A MANIFULATOR STRIXER, POSITIONED AT ANY POINT WITHIN THE
SPECTFIED LATCHEING ENVELOPE. THE POWER DRIVE UNIT CONSISTS OF REDUNDANT
MUTGRS DRIVING THROUGH REDUCTICN GEARING TO THE LATCH DRIVE MECHANISHM.
THE ASSEMBLY HAS BEEN DESIGNED WITH A ULTIMATE FACTOR OF SAFETY OF 1.4
MINTMUM, THE CUAL ROTATION CONCEPT HAS BEEN EMPLOYED FOR REDUNRANCY.

(B) TEST
QUALIFICATION TESTS: THE LATCH HAS BEEN CERTIFIED BY CR~44-287-0027-
60030. QUALTFTICATION TESTS INCLUDE: ACCEPTANCE TEST - TO VERIFY
CONFORMANCE WITH THE REQUIREMENTS NOTED BELCW FOR ACCEPTANCE TEST.
HUMIDITY TEST - TESTED IN ACCORDANCE WITH MIL-STD-810B, METHOD 507,
PROCEDURE IV. GOUALIFICATION ACCEPTANCE VIBRATION TEST (QAVT) = 20 IO
2,000 AZ RANGE WITH MAXIMUM OF 0.067 g2/HZ FROM 80 TO 350 HZ FOR 5 .
WINUTEE DER AXIS. ORBITAL FLIGHT VIBRATION TEST - 20 TO 2,000 HZ RANGE
WITH MAXINUM OF 0.047 g2/HZ FROM 80 HZ TO 250 H FOR 5 MINUTES PER AXIS AT
LEVEL MA" AND WITH MAXTMUM OF 0.05 gZ/HZ FROM 40 EZ TO 150 H2 POR 2
MINUTES PER AXTS AT LEVEL “BW. SHOGCK TEST - TESTED IN ACCORDANCE WITH
MIL-STD-B10C, METHOD 516.2 PROCEDURE I. EXPLOSIVE ATMOSFHERE TEST -
TESTED IN ACCORDANCE WITH MIL-D-810¢, METHOD 511.1, PROCEDURE I EXCEFT
USING BUTANE AS THE TEST FLUID. THERMAL CYCLE TEST - THE ASSEMBLY WAS
THEEMALLY CYCLED 5 TIMES FROM +74 DES F T +«280 DEG F To +180 DEG F TO
-100 DEG F TQ +7¢ DEG F. DWELL AT BACH TEMPERATURE EXTREME WAS 50
MINUTES MINTMUM AFTER STABILIZATION. AT EACH TEMFERATURE +180 DEG F AND
-100 DEG F, THE ASSEMBLY WAS CYCLED 2 TIMES EACH AT THE MAXIMUM HEAT
DISSTIEATING MODE AND MINIMUM HEAT DISSIFATING MODE.

QUAL TESTS ALSO INCLUDE: OFT CPERATION LIFE - THE ASSEMBLY WAS CYCLFD
125 TIMES EACH INDIVIDUALLY PFOR 18 SECONDS WITH SYSTEMS 1 AND 2 AT
AMBIENT TEMPERATURE. IT WAS'ALSC CYCLED 540 TIMES WITH BOTH SYSTEMS :
AND 2z FOR 7.5 SECONDS. MECHANICAL STUP TEST - THE ASSEMBLY WAS CFEERATED
AT FULL RATE AND N& LOAD INTC ITS MECHANICAL STOP FOR 140 TIMES IN EACH
ODIRECTION. PACEAGE QUALIFICATION =INSPECTED FER FED=-3TD=101 FOR EVIDENTI
OF DAMAGE OF DEGRADATION. FPOWER CONSUMPTICON = VERIFIED INPUT POWER TQ
THE DEPLOYMENT MQTQR TO RE 245 VA; POWER FACTOR NOT LESS THAN 0.7
LAGSING: STARTING POWER FACTOR NOT LESS THAN 0.29 LAGGING; STARTING
CURRENT NOT LESS THAN 400% OF THE CURRENT AT RATED LOAD.
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QUAL TESTS ALSC INCLODE: STALL/MAXIMUM TORQUE - VERIFIED THE TORQUE
LIMITER NOT TO SLIP WITH 33 INCH-QUNCES TORQUE APPLIED AND SLIP WITH 40
INCH-OUNCES TORQUE OR GREATER APPLIED. IRREVERSIBILITY - THE ACTUATOR
WAS CHECXFD FOR TRREVERSIBILITY WITH A LOAD COF 40 INCH-QUNCES MINIMUM,
MECHANICAL LIMIT = THE ASSEMBLY HOOKS WERE CHECKXED EY MOVING THROUSH
THEIR FULL MECHANICAL TRAVEL TC VERIFY COMPLIANCE WITH THE MAXIMUM HOQOK
ENVELOPE. CERTIFIED BY ANALYSIS THESE INCLUDED STORAGE/OFERATIMNG LIFE,
FACTOR OF SArETY, RELIAPILITY, MAINTAINABILITY, OZONE, FUNGUS, SALT FOG,
ELECTRICAL DESIGN REQUIREMENT, SAFETY, ACCSELZRATION AND THERMAL VACTUNM.
THE ASSEMBLY WAS SUBJECTED TQ SYSTEM QUALIFICATION TESTS FER MANIFULATING
FOSITIONING MECHANISM INSTALLATION V082-000002 (REF CR=44000002-001E).

ACCEPTANCE TESTS: EXAMINATION OF FRODUCTION - WEIGHT, WORKMANSHIF,
DIMENSICN, CONSTRUCTION, CLEANLINESS, FINISE, IDENTIFICATION MARKING,
TRACEABILITY AND USE OF APFROVED MATERIALS AND PROCESSES. VIZRATION
TEST - 20 T0 2,000 HZ RANGE WITH MAXIMUM OF 0.04 g2/HZ FROM B0 HZ TO 354
HZ FOR 30 SECONDS PER AXIS. THERMAL TEST = THE ASSEMBLY WAS THERMALLY
CICLED FROM +70 DEG F TO +240 DEG F TO +180 DEG F T +70 DEG F. ODOWELL
AT EACH LIMIT TEMPERATURE WA3 AT LEAST 60 MINUTES AFTER THERMAL
STABILIZATION. AT TEMPERATURE +18C DEG F AND =80 DEG P, THE ASSEMBLY WAS
CYCLED 10 TIMES EACH FOR SINGLE MOTOR OPERATICNS AND 1Q TIMES FOR 30
TIMES FOR DUAL MOTORS OPERATIONS. FPOWER CONSUMETION - SEE QUALIFTCATTION
TEST ABOVE. INSULATION RESISTANGE TEST - THE INSULATION RESISTANCE AT
500 VDC WAS MEASURED BETWEEN MUTUALLY INSULATED CONDUCTORS AND BETWEEY
CONDUCTORS AND THE FRAME, CASE, OR GROUND. .

ACCEPTANCE TESTS ALSO INCLUDE: CYCLING TEST = THE ASSEMBLY WAS OYCLED 1-
TIMES EACH INDIVIDUALLY WITHIN 15 SECUNDS/STROKE. IT WAS ALSO CYCLED 30
TIMES WITE BOTH MOTQORS DRIVING TOGETHER WITHIN 7.5 SECONDS/STROKE.
BONDING (ELECTRICAL) - ELECTRICAL BONDING PER MFQ004=002 TO VERIFY THE
RESISTANCE NOT T® EXCEED 0.0025 OHMS BETWEEN ENCLOSURES OR STRUCTURAL
COMPOMNENTS. FREEPLAY TEST - THE ASSEMBLY WAS CHECKED TO VERIFY FREEFLAY
TO EE 0.008 MAXIMUM IN THE VERTICAL DIRECTION AND (.020 MAXIMUM IN THE
BEORLZONTAL DIRECTION. STALL/MAXIMUM TORQUE - SEE QUALIFICATION TEST
ABOVE. IRREVERSIBILITY = SEE QUALIFICATICN TEST ABOVE. MECHANICAL LIHMIT
= SEE QUALIFICATION TEST ABROVE,

OMRSD: GROUND TURNAROGUND INCLUDES RELFASE PORT MRL [SYSTEM 1), LATCH
PORT MRL (SYSTEM 1), RELEASE PORT MRL (SYSTEM 4}, AND LATCH PORT MRL
(SYSTEM 2).

{C) INSPECTION

RECEIVING INSFECYION
MATERIAL AND FROCESS CERTIFICATIONS ARE VERIFIED BY INSPECTION. ALL
PURCHASED PART DATA PAKS ARE VERTFIED BY INSPECTION.

CONTAMTNATION CONTROL
CLEANLINESS PER SPECIFICATION TQ LEVEL 300 OF MAOL10-301 AND A CLASES

100,000 CLEAN ROOM IN ACCORDANCE WITH FED-STD-209 ARE YERIFIED BY
iINSPECTICN.
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ASSEMBLY/INSTALLATION

- DIMENSIONS AND ASSEMBLY CPERATIONS VERIFIED BY INSPRCTIOW. LATCH FORCES
ARD VOLTAGES ARE VERIFIED BY INSFPECTIONW.

CRITICAL FROCESESES
SOLDERTNG 15 VERIFIED BY INSPECTION.

TESTING
ATE IS VERIFIED PER PROCEDURE.

HANDLING,/ PACKAGING
UANDLING AND PACKAGING REQUIREMENTS ARE VERIFIED BY INSPECTICN.

(D) FAILURE HISTORY

THERE HAVE EBEEN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELD COR FLIGHT
FAILURES ASSQOGIATED WITH THIS FAILURE MODE.

(E} OPERATIONAL USE
THE CREW IS TRAINED AND EVA TOOLS/PROCEDURES HAVE BEEN DEVELGEED AND
VALIDATED TO FERFORM MANUAL RMS TIEDOWN. RMS JETTISON MAY BE PERFQRMED

IF MOLTIDLE MRL FAILURES PRECLUDE SAFE ENTRY/LANDING. NO EVA CAFABILITY
EXISTS TO UNLATCH MRL.




