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LATCH MECHANISM

FUNCTION:
EACH MANIPULATOR RETENTION LATCH (MRL) GEARBOX DRIVES TWO LINKAGCES/HOOKS
WHICH LATCH TO THE REMOTE MANTPULATOR SYSTEM (RMS) STRUCTURE TO RETAIN
THE AFM DURING ASCENT, ON-ORBIT, AND ENTRY/LANDING. REDUNCANT MRL MOTORS
DRIVE THROUGH THE DIFFERENTIAL, TORQUE LIMITER AND GEARECX TO DRIVE TWO
LINFAGES /HOOKS .

FAILURE MUDE:
PRIZICAL BINDING/JAMMING

‘CAUSE(S) * .
- ADVERSE TOLERANCES/WEAR, CONTAMINATION/FOREIGN OBJEST/DEBRIS, FAILURE/
DEFLECTIOCN OF INTERNAL PART, TEMPERATURE

EFFECTS ON:
(A) SUBSYSTEM (B)INTERFACES (C)MISSTICN (D}CREW/VEHICLE

(A} FAILURE WILL RESULT IN 1OSS OF ABILITY TO LATCH/UNLATCH MRL. TORQUE
WILL FEED BACK INTO SYSTEM AND SLIP THE TORQUE LIMITER.

{B) ENTRY/LANDING CAN SAFELY BE PERFORMED WITH ANY TWQ OF THEEE MRL
LATCHED (REF. JSC 08934). SUBSEQUENT FAILURES CAOSING MULTTPLE UHLATCHEL
MRL MAY CAUSE POSSIBLE DAMAGE TO RMS, RADIATOR PANELS OR PAYLOAD CURTNG
ENTRY/LANDING.

{C} FAILURE WILL RESULT IN POSSIBLE LOSS OF MISSION DUE T¢O INABILITY TO
RELEARZE MRL AND UNBERTH RMS. '

(D) MULTIPLE PEDESTAL MRL FAILURES WILL REQUIRE EXTRAVEHTCULAR ACTIVITY
(EVA} OR JETTISON OF RMS TO FREVENT POSSIBLE LOSS oF CREW/VEHICLE DUE TO
UNRESTRAINED EMS DURING EMTRY.
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SHUTTLE CRITICAL ITEMS LIST -~ ORBITER

SUBSYSTEM :P/L RETEN & DEFLOY-¥PM, MRL TFMEA NO 02-50-RG3-2  REV:04/04/388 .

DISPQSITION & RATIONALE:
(A)DESIGN (B)TREST (C)INSPECTION (D)FAILURE HISTORY (E)OPERATIONAL TUSE

{A) DESIGN
LATCH HOOK HAS BEEN DESIGNED WITH A FACTOR OF SAFETY OF 1.4 MINTIMIM.
EACH LATCH HOOR IS CAPABLE OF WITHSTANDING FULL LATCH LOAD. MATERIAL FOR
THE LATCH HOORS ARE MADE WITH HIGH STRENGTH, HEAT AND CORROSION RESISTANT
NICKEL ALLOY (INCOMEL 718).

{81 TEST
QUALIFI{CATION TEZTE: THE LATCH HAS HEEN CERTIFIED BY CR-44-237-0Q27-
00030. CQUALIFICATION TESTS INCLODE: ACCEPTANCE TEST = T9 VERIFY
CONFORMANCE WITH THE REQOTREMENTS NOTED BELOW FOR ACCERPTANCE TEST.
HUMIDITY TEST = TESTED IH ACCORDANCE WITH MIL-~STD=-810E, METHOQDL 507,
FROCEDURE IV. QUALIFICATION ACCEPTANCE VIBRATION TEST (QAVT) = 20 TO
2,000 HZ RANGE WITH MAXTMUM OF Q.087 g/HZ FROM 20 TQ 350 HZ FOR 5
MINOTES PER AXIS. QREREBITAL FLIGHT VIERATION TEST ~ J0 TO 2,009 HZ RANGE
WITH MAXIMUM OF 9.047 g2/HZ FROM S0 HZ TO 250 H FOR 5 MINUTES PFER AXIS AT
LEVEL “A"™ AND WiITH MAXIMUM OF 0.45 g2/HZ FROM 40 HZ TO 130 HZ FOR 2
MINUTES FER AXIS AT LEVEL "B". 5SHOCK TEST - TESTED IN ACCORDANCE WITH
MIL-STD-210<, METHOD 51&.2 PROCEDURE I. EXPIOSIVE ATMOEPHERE TEST -~
TESTED IN ACCORDANCE WITH MIL-D-819C, METHOOD 511.1, PROCEDURE I EXCEDT
USING BUTANE AS THE TEST FLUID. THERMAL CYCLE TEST ~ THE ASSEMBLY Was
THEERMATLLY CYCLED 5 TIMESZ FROM +70 DEG F TO +280 DEG F TC +180 DEG F TGO
=100 DEG F TO +70 DEG F. DWELL AT EACH TEMPERATUFE EXTREME WAS &0
HTHUTES MINIMUM AFTER STABILIZATION. AT EACH TEMPFERATURE +180 DEGZ F AND ‘
=100 DEx= F, THE ASSEMBLY WAS CYCLED 2 TIMES EACH AT THE MAXTMUM HEAT
DISSIFATING MOCE AND MINIMUM HEAT DISSIFATING MOCE.

QUAL TESTS ALSO INCIODE: OFT OPERATION LIFE ~THE ASSEMRLY WAS CYCLED 129
TIMES EACH INDIVIDUALLY FOR 13 SEQONDS WITH SYSTEME 1 AND 2 AT AMBIENT
TEMPERATORE. IT WAS ALSO CYCQLED 540 TIMES WITH BOTH SNSTEMS 1 AND 2 FOR
7.5 SECONDS. MECHANICAL STOP TEST - THE ASSEMPBLY WAS COFERATED AT FULL
RATE AND NQO LOAD INTCO ITS MECHANICAL STOP FOR 10C TIMES IN EACH
DIRECTION. PACEAGE QUALIFICATION - THSFECTED FER FED-STD=101 FOR
EVIDENCE OF DAMAGE OR DECRADATION. POWER CONSUMPTION - VERIFIED INBUT
FOWER TCO THE DEFLOYMENT MOTCOR TC BE 345 VA! FOWER FACTCRE NOT LESS THAN
0.7 LAGGING: STARTING POWER PACTOR NOQT LESS THAN 0.2% LAGGING: STARTING
CURRENT NOT LESS THAN 400% OF TEE CURRENT AT RATED LCAD.

QUAL TESTS ALSC INCIUDE: STALL/MAXTMUM TORQUE - VERITIED THE TORQUE
LIMITER NQOT TQ SLIP WITH 13 INCH-QUNCES TORQUE AFPLIED AND SLIP WITH 40
INCH=OUNCES TDRQUE COR GREATERE APFLIED. IRREVERSIEILITY - THE ACTUATOR
WaS CHECEFED FOR I[RREVERSIBILITY WITH A 1OAD QF 40 INCH=-OUNCES MINIMUM.
MECHANTCAL ILIMTT - THE ASSEMELY HOOKS WERE CHECKED BRY MOVING THROUOCH
THEIR TULL MECHANICAL TRAVEL TQ VERIFY COMPLIANCE WITH THE MAXIMIM HOOK
ENVELOPE. CERTIFIED BY AMALYSIS -~ THESE INCLUDED STORAGE/QFERATING LITE,
FACTOR OF SAFETY, RELIABILITY, MAINTAINABILITY, QZONE, PUNGUS, SALT FoG,
ELECTRICAL DESIGH REQUIREMENT, SAFITY, ACCELERATION AND THERMAL WVACTLM,
THE ASSEMBLY WAS SUBJECTED To SYSTEM QUALIFICATION TESTS PER MANIDULATING
FPOSITIONING MECHANISM INSTALLATION VQ22-000002 (REF CR-44004002-0C1E).
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SAUOTTLE CRITICAL ITEMS LIST - CREITER

. SUBSYSTEM :F/L RETEN & DEFLOY-MFM, MRL FMEA NO 02-5C-R03-2 REV:04/04/83

ACCEPTANCE TESTS: EXAMINATION OF FRODOCTION ~ WEIGHT, WORFMANSHIP,
DIMENSTION, CONSTRUCTION, CLEANLINESS, FINISH, IDENTIFICATION MARNING,
TRACEARTITTY AND OSE OF APFROVED MATERIAIS AND PROCESSES. VIERATION
TEST = 30 TQ 3,000 HIZI RANGE WITH MAXTMUM OF 0.04 g2/HTX FROM B0 HZ TO 330
HZ FOR J0 SECONDS PER AXIS. THERMAL TEST = THE ASSEMBELY WAS THERMALLY
CYCLED FROM +70 DEG F TQ +260 DEG F TO +180 DEG F TO +70 DEG F. DWELL
AT EACH LIMIT TEMPERATURE WAS AT LEAST 60 MINUTES AFTER THEEMAL
STARILIZATION. AT TEMFERATURE +130 DEG F AND =80 DEG F, THE ASSEMBLY WAS
CYCLED 10 TIMES EACH PR SINGLE MOTOR OQPERATIONS AND 30 TIMES FOR 20
TIMES FOR DUAL MOTORS OPERATIONS. POWER CONSTMPTION - 3EE QUALIFICATICN
TEST ABOVE. INSULATION RESISTANCE TEST - THE INSULATION RESISTANCE AT
500 VOC WAS MEASURED PETWEEN MUTUALLY INSULATED CONDUCOTORS AND BETWEZIN
CONDUCTORS AND THE FRAME, CAEE, OR GROUND.

ACCEFTANCE TESTS AILSQ [NCLODE: CYCLING TEST -~ THE ASSEMBLY WAS CYCLEID Io
TIMES EACH INDIVIDUDALLY WITHIN 18 SECONDS/STROKE. IT WAS AL30 CYCLED 30
TIMES WITE BOTH MOTORS CRIVING TOGETHER WITHIN 7.5 SECONDS/STROKE.
BONDING (ELECTRICAL) - ELECTRICAL BONDING PER MFO0Q4-002 TQ VERIFY THE
RESISTANCE NOT TO EXCEEZD 0.0025 OHMS BETWEEN ENCLOSURES OR STRUCTURAL
COMPONENTS., FREEPLAY TEST - THE ASSEMBLY WAS CHECKED To VERIFY FREEPLAY
TO BE 0.008 MAXIMUOM IN THE VERTICAL DIRECTION AND 0.020 MAXIMUM IN THE
HORIZONTAL DIRECTICN. STALL/MAYTMUM TORQUE - SEE GUALIFICATION TEST
ABOVE. TRREVERSIBILITY ~ SEE QUALTFICATION TEST ABOVE. MECHANICAL LIMIT
= SEE QUATTFICATION TEST ARAQVE.

OMRSD: GROUND TURNARCUND INCLUDES RELEASE BORT MRT. (SYSTEM 1), LATCH
PORT MRL (SY¥STEM 1), RELEASE PORT MRL (SYSTEM 2), AND LATCH PORT MRL
(SYSTEM 2).

(C) INSPECTION

RECEIVING INSPECTICN
MATERIAL AND PROCESS CERTIFICATIONS ARE VERIFIED BY INSPECTION. ALL
PURCHASED PART DATA PANS ARE VERIFIED BY INSPECTION.

CONTAMINATION CONTROL
CLEANLTNESS PER SPECIFICATION TO LEVEL 300 OF MAN11l0=301 AND A CLASS

109,900 CLEAN ROOM ACCORDANCE WITH FED-S5TD=209 ARE VERIFIED EY
INSPECTION.

ASSEMBLY/INSTALLATION .
DIMENSIONS ARE VERIFIED BY INSFEOTION. LATCH FORCES AND VOLTAGES ARE
VERIFIED RY INSPECTION. GEARBOX ASSEMBLY AND BEARING INSTALLATION ART
T;ERI?:ED BY INSPECTION. GEARS ARE HARDNESS CHECKED AND VERIFIED EY
NSFECTICN.

RONDESTROCTIVE EVALUATION

MAGHETIC PARTICLE AND DYE-PENETRANT INSPECTION ARE VERIFIED BY
INSPECTION.

CRITICAL PROCESSES

HEAT TREAT AND PASSIVATION OF STAINLES3 STEEL ARE VERIFIED BY
INSPECTION. '
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SHUTTLE CRTITICAL ITEMS LIST - CREITER

SUBSYSTEM :P/L RETEN & DEFLOY-##¥, MRL FMEA NO 02-5C-R03-2  REV:04/04/83 ‘

TESTING
ATP IS5 VERITIED PER FROCEDURE.

HANDLING/PACTAGCING
EANDLING AND PACFAGING REQUIREMENTS ARE VERIFLED BY INSFECTICN,

{D) PATLURE ETSTGCRY
THERE HAWVE BEEM MO ACCEPTANCE TEST, QJUALIFICATION TEST, FIELD OR FLIGHT

FATLURES ASSOCIATED WITHE THIS FAILURE MOQDE.

(E} QOFERATIONAL USE
CREW CAN PERFORM EVA PROCEDURES FOR MANUAL RMS TIEDOWN. RMS JETTISOH

MAY SE PERFORMED IF MULTIFLE MRL FAILURES PRECLUDE SAFE ENTRY/LANDING.
MO EVA CAPABRILITY EXIET TO UNLATCH MRL.
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