SHUTTLE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM :P/L RETEN & DEPLOY-MZH, MRL FMEA NO 02-5C-R0Z~2 REV:i04/04/83

ASSEMBLY :MANIPULATOR RETENTION LATCH (MRL) CRIT. FUNC: i
P/N RI IMC287=0027-000& CRIT. HDW: 2
F/N VENDOR:AlOQ53C0lD-6 VEHICLE 102 102 104
QUANTITY :3 ; EFFECTIVITY! X X X
FHASE(S) : FL Lo Qo ¥ DO LS

' REDUNDAN: SCREEN: A- B= C=
PREPARED BY: APPROVED  BY (& sl s APPRO :
DES L. 8. CEENG DEE @ Bz b DAt S5M
REL M. B. MOSEOWITZ REL WZT e =
QE W. J. SMITH QE d

4/

ITEH:
GZARPBOY (WITH TCRQUE LIMITER)

FUNCTION:
THE MANTFULATCR RETENTICN LATCHES ARE LOCATED AT EACH MANIPULATOR
POSITIONING MECHANISM (MPM) PEDESTAL AND PROVIDES RETENTION AND
STRUCTURAL SUPPORT FOR THE MAMNIFULATOR ARM DURING THE LAUNCH AND ENTRY/
LANDING MISSTON PHASES. EACH PEDESTAL LATCH MECHANISM IS INDEPENDENT AMND
IS DRIVEN BY A DUAL MOTOR/DIFFERENTIAL/TORQUE LIMITER/GEARBOX ASSEMELY.

FAIIXORE MODE:
FAILS TREE

' CAUSE(S): .
SLIPS AT LESS THAN MINIMUM ALLOWABLE TORQUE, FATILURE/DEFLECTION OF
INTERNAL PART, FATIGUE, VIBRATIGN -

. EFFECTS ON:
() SUBSYSTEM (B)INTERFACES (C)MISSION (D)CREW/VEHICLE

(A) FAILDRE WILL RESULT IN LOSS OF ABTLITY To" LATCE/UNLATCH MANIPULATOR
RETENTICN LATCH . {MREL).

{B) ENTRY/LANDING CAN SAFELY BE FERFORMED WITH ANY TWO OF THREE MRL
LATCHED (REF. JSC 08%134), SUBSEQUENT FAILURE MAY CAUSE POSSIBLE DAMAGE

TO REMOTE MANIFULATOR SYSTEM {RMS), RADIATOR PANELS OR PAYLOAD DURING
ENTRY/LANDING.,

(€} FAILORE WILL RESULT IN POSSIBLE LOSS OF MISSION DUE TO IMAEILITY To
RELEASE MRL AND UNBERTH RMS.

(D) MULTIPLE PEDESTAL MRL FAILURES WILL REQUIRE EXTRAVEHICULAR ACTIVITY

(EVR) OR JETTISON QF RMS TO FREVENT POSSIBLE LOSS OF CREW/VEHICLE DUE TO
UNRESTRAINED RMS DURING ENTRY.
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DISPOSITION & RATIONALE:
{A)DESIGN (BYTEST (C)INSPECTION (D}FATLURE HISTORY [E) OPERATIONAL USE

() DESIGN
FACH MRL ACTUATOR UTILIZES TWQ MOTORS DRIVING THROUGH DIFFERENTIAL AND
OUTFUT GEARTNG. THE DIFFERENTIAL DRIVES A GEAR TRAIN THROUGH A TORQUE
LIMITER WHICH PROTECTS THE $YSTEM FROM OVER-LOAD. THE GEAR TRAIN
SUPPLIES MOTION TQ TWO IDENTICAL LINKAGE SYSTEMS DRIVING HOOXS TQ PROVIDE
THE DESTRED LATCEING KINEMATICS., THE GEARBOX IS ENCLOSED AND ASSEMBLED
CLEAN TO EXCLUDE CONTAMINATION. GEAR TEETH EXHIBIT HIGH MARGINS OF
SAFETY. DUAL ROTATION SURFACES AND RETENTION CONCEPTS HAVE BEEN
EMPLOYED.

{B)Y TEST
QUALIFICATION TESTS: THE LATCH HAS BEEN CERTITIED BY CR~-44-287-0027-
Q0030. QUALIFICATION TESTS INCLUDE: ACCEPTANCE TEST - TO VERIFY
CONFORMANCE WITH THE REQUIREMENTS NOTED BELGW FOR ACCEPTANCE TEST.
HOMIDITY TEST - TESTED IN ACCORDANCE WITH MIL-STD-210B, METHODR 507,
FROCEDURE IV. QUALIFICATION ACCEPTANCE VIBRATION TEST (QAVT) - 20 TO
2,000 HZ RANGE WITH MAXIMUM OF 0.067 g2/HZ FROM a0 TD 350 HZI FOR 3
MINUTES PER AXIS. ORBITAL FLIGHT VIBRATION TEST = 2Q TC 2,000 HZI RANGEC
WITH MAXIMUM OF 0.047 &2/HZ FROM 50 HZ TO 250 H FOR 5 MINUTES FPER AXIS AT
LEVEL PA" AND WITH MAXIMUM OF 0.08 g2/HZ FROM 4¢ HZ TQ 150 HZ FQR 1
MINUTES PER AXIS AT LEVEL "B”. SHOCK TEST - TESTED IN ACCORDANCE WITH
MIL=-8TD-310C, METHOD 516.2 PROCEDURE I. EXPLOSIVE ATMOSPHERE TEST -
TESTED IN ACCORDANCE WITH MIL-D=-810C, METHOD 311.1, PROCEDURE I EXCTIFT
USING EBUTANE AS.THE TEST FLUID. THERMAT, CYCLE TEST - THE ASSEMBLY WAS .
THERMALLY CYCLED S TIMES FROM +70 DEG F TQ +280 DEG F TO +120 DEG F TC
-100 BEG F TO +70 DEG F, DWELL AT EACH TEMPERATURE EXTREME WAS &0
MINUTES MINIMUM AFTER STABTILIZATION. AT EACH TEMPERATURE +130 DEG F AND
-100 DEG F, THEE ASSEMBLY WAS CYCLED 2 TIMES ERCH AT THE MAXTMUM HEAT
DISSIPATING MODE AND MINIMUM HEAT DISSIPATING MODE.

QUAL TESTS ALSC INCLUDE: OFT QOPERATION LIFE -THE ASSEMELY WAS CEYCLED 125
PIMES EFACH INDIVIDUALLY FOR 18 SECONDS WITH SYSTEMS 1 AND 2 AT AMBIZWT
TEMDPERATURE. IT WAS ALSO CYCLED 540 TIMES WITH BOTH SYSTEMS 1 AND 2 EOR
7.5 SECCONDS. MFCHANICAL STOP TEST - THE ASSEMBLY WAS OFERATED AT FULL
RATE AND NO LOAD INTC ITS MECHANICAL 3TOP FOR 100 TIMES IN EACH
DIRECTION. FACKAGE QUALIFICATION - INSPECTED PER FED-STD-101 FOR
EVIDENCE OF DAMAGE OR DEGRADATION, POWER CONSUMPTION - VERIFTED INPLUT
POWED TO THE DEPLAYMENT MOTOR T0 BE 245 VA POWER FACTOR NOQT LESS THAN
0.7 LAGGING:; STARTING POWER FACTOR NOT LESS THAN 0.25 LAGGING: STARTING
CURRENT NOT LESS THAN 400% OF THE CURRENT AT RATED LCAD.

- ¥
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QUAL TESTS ALSC INCLUDE: STALL/MAXTIMUM TORQUE — VERIFIED THE TORQUE
LIMITER NQT TQ SLIP WITH 313 INCH-OUNCES TORQUE APPLIED AND SLIP WITH 40
INCH«QUNCES TORQUE OR GREATER APFLIED., IRREVERSIBILITY - THY ACTUATCR
WhS CHECKED FOR IRREVERSIBILITY WITH A LOAD OF 490 INCH-OUNCES MINIMITM.
MECHANICAL LIMIT - THE ASSEMBLY HOORS WERE CHECKED BY MOVING THROUGH
THELIR FULL MECHANTYCAL TRAVEL TQ VERIFY COMPLIANCE WITE THE MAXTIMUM HCCR
ENVELOFE. CERTIFIED BY ANATYSIS = THESE INCLUDED STORAGE/UPERATING LITE
FACTOR OF SAFETY, RELIABILITY, MAINTAINABILITY, QZONE, FUONGUEZ, SALT FCG,
ELECTRICAL DESTGN REQUIREMENT, SAFETY, ACCELERATION AND THERMAL VASTUM.
THE ASSEMBLY WAS SUBJECTED TO SISTEM QUALIFICATION TESTS PER MANIPULATTY
POSITIONING MECHANISM INSTALLATION V032-00Q0002 (REF CR=44000002=001E),

ACCEPTANCE TESTS: EXAMINATION OF FRODUCTICN ~ WEIGHT, WORKMANSHIP,
DIMEMSION, CONSTRUCTION, CLEANLINESS, FINISH, IDENTIFICATION MARRKING,
TRACEABILITY AND USE OF APFROVED MATERIALS AND PROCESSES. VIBRATION
TEST - 20 TO 2,000 HZ PANGE WITH MAXIMUM OF Q.04 g2/HZ FRCOM =20 HZ TO 350
HZ FOR 30 SECONDS PER AXIS. THERMAL TEST - THE ASSEMBLY WAS THERMALLY
CYCLED FROM +70 DEG F TO +280 DEG F TO +130 DEG F TO +70 DEG F. DWELL
AT EACH LIMIT TEMPERATURE WRS AT LERST &0 MINUTES AFTER THENMAL
STABILIZATION. AT TEMFERATURE +130 DEG F AND =280 DEC F, THE ASSEMELY W2
CICLED 10 TIMES EACE FOR SINGLE MOTOR OPERATIONS AND 10 TIMES FOR 10
TIMES FOR DUAL MOTORS OPERATICONS. POWER CONSUMFTION - SEE QUALIFICATION
TEST ABOVE. INSULATION RESISTANCE TEST - THE INSULATION RESISTANCE AT
200 VDC WAS MEASURED BETWEEN MUTUALLY INSULATED CONDUCTORS AND SETWEEN
CONDUCTORS AND THE FRAME, CASE, OR GROUND.

ACCEPTANCE TESTS ALSQ INCLUDE: CYCLING TEST - THE ASSEMBLY WAS CYCLED 1
TIMES EACH INDIVIDUALLY WITHIN 18 SECONDS/STROKE, IT WAS ALSO CYCLED 30
TIMES WITH BOTH MOTORS DRIVING TOGETHER WITEIN 7.5 SECONDS/STROKE.
BOGNDING (ELECTRICAL) = ELECTRICAT, BONDING PER MFO004-002 TC VERIFY THE
RESISTANCE NOT TCQ EXCEED 0.0025 OHMS BETWEEN ENCLOSURES OR STRUCTURAL
COMPONENTS, FREZPLAY TEST - THE ASSEMBLY WAS CHECKED TO VERIFY FREEPLAY
TO BE 0.008 MAXIMUM IN THE VERTICAL DIRECTION AND 0.020 MAXIMIM IN THE
HORIZONTAL DIRECTION. STALL/MAXIMUM TORQUE — SEE QUALIFICATICH TEST
AROVE. IRREVERSIBILITY - SEE QUALIFICATION TEST ABOVE. MECHANICAL L[IMI
= SEE QUALIFICATION TEST ABOVE.

CMRSD: ~GROUND TURMARGUND INCLUDES RELEASE PORT MRL (SYSTEMS 1 AND 2} AN
LATCH PORT MRL (SYSTEMS 1 AND 2).

(C) INSPECTION

RECEIVING INSPECTION

MATERIAL AND PROCESS CERTIFICATIONS ARE VERIFIED By INSPECTION. ALL
FORCHASED PART DATA PAFS ARE VERIFIED BY INSPECTION.

CONTAMINATION CUNTROL
CLEANLINESS PER SPECIFICATION TO LEVEL 3100 OF MACI10-301 AND A CLASS

100,000 CLEAN ROCM IN ACCORDANCE WITH FED=STD-209 ARE VERIFIED BY
INSPECTICN.
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ASSEMBLY/ INSTALLATION

LATCH FORCES AND VOLTAGES ARE VERIFIED 3IV¥ INSPECTION. GEARDOX ASSEMBELY
AND BEARING INSTALLATIGN ARE VERIFIED BY INSPECTION. GEARS ARE HARDNESS
CHECKED AND VERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALUATTON
MAGNETIC PARTICLE AND DYE-PENETRANT INSFECTION ARE VERIFIED BY
INSPECTION.

CRATTTCAT, PROCESSES

HEAT TREAT AND PASSIVATION OF STAINLESS SETEEL ARE VERIFIED BY
INSPECTION.

TE3TING
ATP 15 VERIFIED PER FROCEDURE.

HANDLING/PACFAGING
HEANDLING AND PACKAGING REQUIREMENTS ARE VERIFIED BY INSPECTION.

(D) FATLURE EISTORY

CAR NO. AB&571 ; DURING QUALIFICATICON LIFE TEST WITH SINGLE MOTCR
OFERATION, TORQUE LIMITER SLIPEED (WHICH CAUSED THE GEARBOX TG FAIL FREE]
AND LATCH FAILED TO COMPLETE TRAVEL IN LATCEED DIRECTICN: FAILURE CAUSED )
BY ZXCESSIVE FRICTION RESTLTING FROM AN INTERFEREVWCE BETWEEN TWO GEARS I
THE LATCH ACTUATOR; ONE GEAR WAS REDESIGNED TO PROVIDE CLEARANCE UNDER .

HMOST ADVERSE TOLERANCE CONDITIONS (ALL LATCH ACTUATORS INCORPORATED THIS
CHANGE] .

(E) OFERATICNAL USE '
CREW CAN PERFORM EVA PROCEDURES FOR MANUAL RMS TIEDOWN. RMS JETTISON
MAY BE PFRFORMED IF MULTIPLE MRL FATLURES PRECLUDE SAFE ENTRY/LANDING.
NO EVA CAFABILITY EXISTS TO UNLATCH MRL.




