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ASSTMELY MANIPULATOR RETENTION LATCH (MRL) CRIT. FUNC: 1=
P/HRL IMCIS7=0027=0008 CRIT. HDM: 2
BP/H YENDGR:AlO55CD10-6 VEHICLE 102 103 104
QUANTITY :2 EFFECTIVITY: X X 4

FHASE(S): PL I3 X 00 DO X LS

R‘ED‘I]'H‘QAHE! SCREEN: I-PLEE 'E-?JLIL ¢-PASS

FREPARED BY:

DES D. 5. CHEUNG
REL M. B. MOSKOWITZ
GE W. J. SMITH
ITEN:

LATCH MECHANISM

FONCTIONR: :
EACH MANTPUIATOR RETENTION LATCH (MRL) GEAREOX DRIVES TWO LINRAGES/HOGRS
WHICTH LATCH TO THE REMOTE MANIPULATOR SYSTEM (RMS] STRUCTURE TO RETAIN
THE ARM DURING ASCENT, CN-ORBIT, AND ENTRY/LANDING. A SINGLE HOOF CAN
NEITHER CAPTURE NOR RETRACT AN RMSE STRIKER BAR. HOWEVER, A SINGLE HOCK
CAN RETAIN A STRIKER EAR THAT HAS BEIN FREVIOUSLY CAPIURED/RETRACTED.
'rumzmu THE LINKAGES/HOOKS ONLY HAVE REDUNDANCY WMEN THE MRL 1S

TCHED.

FATIIRE WODE:
FAILS FREE

CAUSE(S) ¢
ggfmm FART/MATERIAL OR MANUFACTURING DEFECT, BXCESSIVE LOAD, FATIGUE
RROSION

EFFECTS OH:
(A) SUBSYSTEM (H)INTERFACES (C)MISSION (D)CREW/VEHICLE

(A} PAILURE WILL RESULT IN LOSS OF ABILITY TC GAPIURE AND RETRACT A
BELEASED RMS. PAILURE MAY OCCUR SUCH THAT EXPECTED MICROSWITCH POSITION
INDICATIONS ARE RECEIVED AT EXPECTED TIMES,

(B) ENTRY/LANDING CAN SAFELY AE PERFORMED WITH ANY THO CF THEEE MRL
LATCHED (RZF. JBC 0859534). SUBSEQUENT FAILIRES CAUSING MULTIPLE® UMIATCHE]
MRL MAY CAUSE POSSIELE DAMAGE TO RMS, RADIATOR PANELS OR PAYLOAD DURING
ENTRY/LANDING.

(C] NOHE.

{D] TWO LATCH FAILURES WILL RESULT IM POSSIBLE LOSS JF CREW/VEHICLE OUE
TO UNRESTRAINED RMS [URING ASCENT/RE-ENTRY.
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of DETECTING IF ONE OR MORE OF THE THREE LATCH MECHANISMS FAILS FRE

pATLE REDUNDANCY SCREZN *B® SINCE THERE I§ NO VISUAL OR INSTRUMENTED WAY
: v @
FLIGHT.

DISPOSITYION & RATIONALER:
(A}JDESIGN (B)TEST (C)INSPECTICN (D)PFAILURE HISTORY (B)OPERATIOMAL USE

{A) DESIGH
1ATeq HOOK HAS BEEN DESIGNED WITH A FACTOR OF SAFETY OF 1.4 MINIMUK.
PACH LATCH HOOK 1S CAPABLE OF WITHSTANDING FULL LATCH LOAD. MATERIAL re
THE TATCH HOOKS ARE MADE WITH HIGH STRENGTH, HEAT AND CORROSION
RESISTANT NICEEL ALLJY (INCONEL 718). .

(D) TEST
QUALIFICATION TESTS: TEE LATCH HAS BEEN CERTIFIED BY CR-44-287-0027-
0003D. QUALIFICATION TES®™S INCITDE: ACCEPTANCE TEST - TO VERIFY
CONFORMANCE WITH THE REQUIREMENTS NOTED DELOW POR ACCEPTANCE TEST.
HUMIDITY TEST - TESTED IN ACCORDANCE WITH MIL=STD=810B, METHOD 307,
FROCEDURE IV. QUALTIFICATION ACCEPTANCE VIEBRATION TEST (QAVT) = 20 TO
2.000 HZ RANGE WITH MAXIMUM Of 0.067 g2/HT PROM BO TO 350 HZ FOR 5
MINUTES BER AXIS. ORBITAL FLIGHT VIBRATION TEST = 20 TC 2,000 HZ RANGE
WITH MAXIMUM OF 0.047 g2/HZ FRCM 50 HZ TO 250 HZ FOR 5 MINUTES PER AXIS
AT LEVEL "A® AND WITH MAXTMGM OF 0.05 g2/HZ FROM 40 HZ TO 150 EZ FOR 2
WTNUTES PER AXIS AT LEVEL "B, BSHOCK TEST = TESTED IN ACCORDANCE WITH
MTT.-STD-810C, METHOD S16.2 FROCEDURE I. EXPLOSIVE ATMOSPHERE TEST -
TESTED 1N ACCORDANCE WITH MIL-D=$30C, METHOD 511.1, FROCEDURE I EXCEPT
USING BUTANE AS THE TEST FLUID. THERMAL CYCLE TEST = THE ASSEMBLY WAS
THERMALLY CYCLED S TIMES FROM +70 D23 P TO +280 DEG P TO +180 DEG F TO .
=100 DEG P TO 470 DEG F. OWELL AT EACH TEMPERATURE EXTREME WAS §0
WINUTES MINIMUM AFTER STABILIZATION. AT EACH TEMPERATURE +180 DEG F AND
=100 DEG F, THE ASSEMBLY WAS CYCLED 2 TIMES EACH AT THE MAXIMUM EEAT
DISSIFATING MODE AND MINIMUM HEAT DISSIPATING MODE.

GUAL TESTE ALSC INCLUDE: OFT OPERATION LIPE ~THE ASSEMBLY WAS CYCLED 12
PTMES EACH INDIVIDUALLY FOR 18 SECONDS WITH SYSTEMS 1 AND 2 AT AMBIENT
TEMPERATURE. IT WAS ALSD CYCLED B840 TIMES WITH EOTH SYSTEMS 1 AND 2 PCR
7.5 SECONDS. MECHANICAL STOP TEST = THE ASSEMBLY WAS OPERATED AT FULL
RATE AND NO LOAD INTD ITS MECHANICAL STOP FOR 100 TIMES IN RACH
DIRECTION. PACKAGE QUALIFICATION - INSPECTED PER FED-§TD-101 FOR
EVIDENCE OF DAMAGE OR DEGRADATION. POWER CONSUMPTION - YERIFIED INFUT
POWER TC THE DEPLOYMENT MOTOR TO BE 345 VA; POWER FACTOR NOT LESS THAR
0.7 LAGGING; STARTING POWER FACTOR NOT LESS THAN 0.28 LAGGING: STARTING
CORRENT NoOT LESS THAN 400% OF THE CURRENT AT RATED LOAD.
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QUAL TESTS ALSD INCLUDE: STALL/MAXIMUM "TORQUE - VERIFIED THE TOROLE
LIMITER HOT TO SLIF WITH 1) INCH=-QUNCES TORQUE AFPLIED AND BLIP WITH 40
INCH~OUNCES TORQUE OR GREATER AFFPLITD. IRREVERSTEILITY = THE ACTUATOR
WAS CHECKED FOR IRREVERSIDILITY WITH A LOAD OF 40 INCH=OUNCES MIMIMITM,
MECHANICAY, LIMIT - THE ASSEMBLY HOCRS WERE CHECEKED BY MOVING THROUGH
THEIR FULL MECHANICAL TRAVEL TO VERIFY COMPLIANCE WITH THE MAXIMUM HOOX
ENVELOFE. CERTIFTED BY ANALYSIS - THESE INCLUDED STORAGE/OPERATING LIT
FACTCR OF SAFETY, RELIABILITY, MAINTAINABILITY, OZONE, FUNGUS, SALT FOG
ELECTRICAL DESIGN REQUIREMENT, SAFETY, ACCELERATION AND THERMAL VACUGHM.
THE ASSEMBLY WAS SUBJECTED 'TO SYSTIM QUALIFICATION TESTS PER MANIFULA™I
POSITIONING MECHANISM INSTALIATION VOA2=000002 (REF CR-44000002-0012).

ACCEPTANCE TESTS: EXAMINATICON OF PRODUCTION = WEIGHT, WORFMANSHIF,
DIMENSION, CONSTRUOCTION, CLEANLINESS, PINISH, IDENTIFICATION MARFETING,
TRACEABILITY AND USE OF APPROVED MATERTALS AND PROCEZSSES. VIBRATION
TEST = 240 TO 2,000 HZ RANGE WITH MAXIMUM OF 0.04 g2/HZ FROM 80 HZ To 15
Hi FOR 10 SECONDS PER AXIS. THERMAL TEST - THE ASSEMDLY WAS THERMALLY
CYCLED FROM +70 DEG F TO +260 DEG F TO +180 DEG F TO +70 DEG F. DWELL
HTHHMTMMEWHLTMEHWMM
STABILIZATION, AT TEMPERATURE +13¢ DEG F AND =80 DEG F, THE ASSEMBLY W,
CYCLED 10 TIMES EACH POR BINGLE MOTOR OPEPATIONS AND 30 YIMES FOR a0
TIMES FCR DUAL MOTORS OPERATIONS. POWER CONSUMPTION - SEF QUALIFICATIC
TEST ABOVE. INSULATION RESISTANCE TEST = THE INSULATION RESISTANGCE AT
500 VDC WAS MEASURED BETWEEN WUTUALLY INSULATED CONDUCTORS AND BETWZEN
CONDUCTORS AND TME FRAME, CASE, OR GROUND.

ACCEPTANCE TESTS ALSO INCLUDE: CYCLING TEST ~ THE ASSEMBLY WAS CYCLTD °
TIMES EACH INUIVIINJALLY WITHIN 18 SECONDS/STRORE. IT WAS ALSO CYCLED a¢
TIMES WITH BOTH MOTORS DRIVING TOGETHER WITHIN 7.5 SECONDS /STROKE.
BOKDING (ELECTRICAL) = ELECTRICAL BONDING PER MFPOU04~002 T0 VERIFY TH:
RESTSTANCE NOT TO EXCIED ¢,0029 OHMS BETWEEN ENCLOSURES OR STRUCTURAL
COMPONENTS. TFREEPIAY TEST = THE ASSEMBLY WAS CHEGRED TO VERIFY FREEPLA"
TO BE 0.008 MANIMUM IN TEE VERTICAL DIRECTION AND 0.020 MAXIMUM IN THE
HORIZONTAL DIRECTION, STALL/MAXIMUM TORQUE - SEE QUALCPICATION TEST
ABOVE. IRREVERSINILITY - SEX QUALIFICATION TEST ASOVE, MECHANICAL LM
= SEE QUALIFICATION TEST AROVE,

OMRSD: mnmnmmmcmnzsmzmm(ﬂﬂn:Slm::
AND LATCH PORT MRL (SYSTENS 1 AND 2).

{€) INSPFECTION

RECEIVING IMSPECTION -
MATERIAL AND PROCESS CERTIFICATIONS ARE VERIFIXD BY INSPECTION. ALL
PURCHASED PART DATA PAES ARE VERIFIED BY INSPECTION.

CONTANTNATION CONTROL
CLEANLINZSS FER SPECIFICATION T@ LEVEL 300 OF MAQl10=301 AND A OLASS

100,000 CLEAN ROOM IN ACCORDANCE WITH FED~STD-209 ARE VERIFIED BY
INSPECTION. CORROSION PFROTECTICN REQUIREMENTS VERIFIED BY INSPECTION.
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 ASSEMSLY/INSTALIATION '
LATCH PORCES AND VOLTAGES ARE VERITIED BY INSFECTIGN, GEARBOX ASSEMELY
AND BEARTING INSTALIATION ARE VERIPIED BY INSPECTION. GEARS ARE HARDH‘ESS.
CHECFED AND VERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALDATION
MAGNETIC FARTICLE AND DYE-PENEITRANT INSPECTION ARE VERIFIED BY
INSPRCTION,

CRITICAL PROCEBSES
ETAT TREAT AND PASSIVATION OF STAINLESS STERL ARE VERIFIED BY INSFECTION

TESTING
ATP IS5 VERIFIED PER FROCEDURE.

BEANDLIRG/PACKAGING
EANDLING AND FACKAGING REQUIREMENTS ARE VERIFIED BY IRSPECTION.

(D) FAILDORE HISTORY

SAR NO. ARE871 : DURING QUALIFICATION LIFE TEST WI1TH SINGLE MOTCR
OFERATION, TORQUE LIMITER SLIPPED (WHICH CAUSED THE GEARBOX TO FAIL
PREE] AND LATCH FAILED TO COMPLETE TFRAVEL IN LATCHED DIRECTION (LATCH
FAILED FREE); FAILURE CAUSED BY EXCES3IVE FRICTION RESULTING FROM AN
INTERFERENCE AETWEEN TWO GEARS IN THE LATCH ACTUATOR; ONE GEAR WAS RE~
DESIGNED TO FROVIDE CLEARANCE TNDER MOST ADVERSE TOLIRANCE CONDITICNS
(ALL IATCH ACTUATORS IRCORPORATED THIS CHANGE) .

(E) OFERATICMAL USE :
NONE - THE EVA JETTISON CAPABILITY CANNCT BE USED DORING mem-m&*‘
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