SHOTTLE CRITICAL ITEMS LIST = QREITER

SUSSYSTEM :ACTUATION MECH-RADIATORS FMEA NQ 02=-46 =155 =2 REW:02/07/32

ASSEMBLY :RADIATOR DEPLOYMENT ACTUATOR CRIT. FUNC: IR
PsN RI sMC287=-0037-000% CRIT. HDW: 3
E/N VENDOR:15320-22 HOOVER ELECTRIC YEHIGLE 13z 1393 104
QUANTITY :4 EFFECTIVITY: X X '

:THO PER ACTUATOR PHASE(S): PL L& ©0C ¥ DO LS

:ONE ACTUATOR FER SIDE
REDUNDANCY SCREEN: A~FAIL B=FAIL C~=PASS
PREPARED BY!: APFROVE : ) APPROVED BY (NASA);:
DES M. A. ALLEN DES : LF &
REL M. B. MOSKQWITZ REL Ji27 <
QE W. J. SMITH GQE /s Afiiin/]

ITEM:
TCRQUE LIMITER

FUNCTION:
FROTECTS LINFAGE BY SLIPPING WHEM OEPLOYMENT MECHANISM IS STALLED CR
JAMMED. ACTOATAR aUYPUT TOQRQUE IS LIMITEDR Td 50-100 INGH-LE., TWQ TORIUT
TIMITERS PER ACTUATOR ARE INSTALLED BETWEEK DRIVE MOTORS AND
DIFFERENTIAL.

FATIORE MODE:
FALILS TO SLIP AT MAMNIMUM ALLOWABLE TORQUE

CAOSE(S) =
ADVERSE TOLEIRANCES WEAR, CHANGE IN MATERIAL PROFPERTIES, CONTAMINATION/
FOQREIGN OBJZCT/DEBRIS, DEFECTIVE BART/MATERIAL OR MANUFACTURING DEFECT,
TEMRERATITRE : :

EFFECTS CN:
(&) SUBSISTEM (B) INTERFACES {C)MISSION (D)CHREW/YEHDICLE

(&) POSEZELE DAMACE TO DEPLOYMENT LINKAGE COR ACTUATCR MOTORS IF
STALIED CR JAMMED CONDITION QCCURS.

{B) POSSIBLE INABILITY TO RECYCLE RADIATOR DEPLOYMENT MECHANISM, TO
STUW RADIATOR AND CLOSE PAYIOAD BAY DOORS.

{C,0) FOSSIBLE LOS5 OF VEHICLE/CREW IF RADIATOR CANNDOT BE STOWED
RESULTING I[N INTERFIRENCE WITH CLOSING OF PAYLOAD BAY DOORS.

FAILS REDUNDANCY SCREEN "A" SINCE THERE ARE NGO TURNAROUND TESTS FOR

TORQUE SLIPPAGE AND FAILS SCREEN "EY ZINCE TURQUE SLIPPAGE CANNGT BE
YISUTALLY DETECTED IV FLIGHT.
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DLSPOSTITION & RATTIOMATE:
{(A)DESIGN (B)TEST (C)INSPECTION (D)FALLURE HISTUGRY (E)JFERATICHAL USE

A) DESIGN

E éEEIHE ILGADED BALL CLOTCH WITH YESDEL AND STEEL CILUTCH DISKS. WO WEAR IM
HORMAL OFERATION CF ACTUATCE = TORQUE LIMITIMG I8 REQUIRED ONLY TN JAMMED
Of OVERLCAD CONDITION. DEVELOPMENT TESTS SHOWED NEGLIGIBLE CHRNGES I
TORGQUE LIMITER QUTPUT AFTER 4 HOURSE CONTINUOUS RUN. TEE DRIVE ACTUATCR
IS DESIGHED T WITHSTAND FULL STALL TORQUE AT FULL INVERTOR AC POWER FCR
A LIMITED TIME WITHOUT DAMAGE. MANIMUM STALL TIMES FORE THE DEPLOYMENT
ACTUATOR ARE 1040 SECONDS FOR ONEZ MOTOR AND 30 SECUNDS FOR TWO. THO
TORQUE LIMITFERS ARE INCLUCDED IN THE PUWER DRIVE UNIT (FDU), EITHER OF
WHICH WILL LIMIT THE QUTPUT TORQUE. DESIGT OF THIZ ACTUAITICON S3¥STIM
FEFMITS PARTIAL WORKARCUND oOF THE FAILUREZ MODE RBY ENTRAVEITITLAR
ACTIVITY (EVA) CREW 17 PAYLOAD DOES NOT LIMIT ACCESS AND IF RADTATORS
ARE FULLY DEPLOYED.

(B} TEST
QUALIFICATION TEST: A SIMILAR ACTUATOR JAS BEEN CERTIFIZD BY CR-25-257-
Qo2 7=003143. QUALIIFICATION TESTS INCIUDE: ACCEPTAMNCE TEST TO VERIFY
CORFOPMANCE WITH THE REQUIREMENTS NOTED BELCW FOR ACCEPTANCE TEST.
HUMIDITY TEST - THEST IN ACCORDANCE WITH MIL-STD-E810B, METHOD 507,
FROCEDURE IV; QUALITICATION ACCESTANCE VIDRATION TEST (QAVI) - 24 T2
2,000 HZ RANGE WITH MAXIMUM OF 0.087 g2/HZ FROM 80 TO 350 H% FOR 2.5
MINUTES PER AXIS; OJRBITAL FLIGHT TEST - 20 TO 2,000 HZI RANGE WITH
MAMIMOM OF 0.2 gl/HZI FROM 50 TC 300 ET POR 27 MINUTES PER AXTS AT LIVEL
PR AND WITH MaX OF 0.75 gZ/HZ FROM &3 TO 200 HIZI FOR 51 MINUTES PEX AXTE
AT LEVEL "A"; SHQCEK TEST - TEST IN ACCCEDAMNCE WITH MIL-STD-310B, METHOD
516.1, PROGCEDURE I; THERMAL/VACUUM - THE ACTUATOR WAS THERMALLY CYCLED
FIVE TIMES FROM +70 DEz F T2 +330 DE2 P To +2350 DBEC F To -1&7 DEG F TO
=100 DEZ F TO +70 DEG F IN A VACUIIM QF 1 X 10 =& TORR. DWELL AT EACH
MEMPERATURE EXTREME WAS 60 WINUTES MINIMUM AFTER STABILTZATION. AT EACE
—+25%Q DEG F AND =100 DEG F, THE ACIUATOR WAS CYCLEZD & TIMES FOR DUAL MOTOR
OPERATIONS AND 4 TIMES FOR SINGLE MOTGR OPERATIONS; ELECTRISAL CONTINUITY
- MONITORED THROUGHOUT THE TEST. THERMAL TEST - THE ACTUATOR WAS
THEFMATLY CYCLED FIVZ TIMES FROM 70 DEG F TO +330 0BG F TO +250 DEG F TO
=167 DEG F TO =100 DEE F TO +70 DEEz F. DWELL AT EACH TEMFERATORE EXTRIVE
WAS &40 MINUTES MINIMUM AFTER STABILIZATION, AFTER EACH +25Z0 DEE F AND
-100 DEG F. THE ACTUATOR Was CSY¥CLED & TIMES FOR CUAL MOTGR QPERATIANS
AND 4 TIMES FOR SINGLE MOTOR AQPERATIONES. ELECTRICAL CONTINDITY MOWNITOEREED
THRAUGHCOUT THE TEST.
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QUAL TESTS ALSC INCLUDE: CY¥CLING AT EIGH TEMPERATURE +230 GJEG F EXTREME
INCLUDED OFERATION AT THE MAXNTMITM HEAT DISSIPATING MOCE: CYCLING AT TUZ
Low TEMPERATURS —100 DEG F EXTREME INCLUDED OFERATIGON AT THE MINTMIM FZACT
DISSIPATING MOQDE. OQFERATING LIFZ TEST - THE ACTUATOR WAS CYQLED 1,544
TIMES AT ROOM TEMFERATORF. MOTOR MQ- 1 AND HO. 2 WERE CYSLED 250 TIMES
EACH INDIVIDUALLY WITETN &0 SEC/STROFE. IT WAS ALSZD CYCLED 104 TIMES
WITH BOTE MOTORS CRIVING TOGETHER WITHIN 30 SECONDS/STROEKE: MECHANICAL
STOF TEST = THE ACTUATOR WAS QFPERATED AT FULL HATE AND WO LOAD INTO
MECHANICAL SToP FoR lo¢ TIMES IN EACH DIRECTICN; CERTIFICATION BY
ANALYZ2IS - THESE INCLUDED FUNGYS, QZCHNE, SALT SPEAY, SAND/DUST,
TRANSZORTATION PACKAGING, ACCELERATICN, LANDING SHOCK, EXPLOSIVE
ATMOSFHERE AND MARGIN OF SAFETY. THE ACTUATORS WERE SUBTECTED TQ S5Y¥YSTZM
QUALIFICATION TESTS PER RADIATOR LATCHING MECHANTSM INSTALIATION VOTO-
524450 (REF. CR-Z59-594450-001E} AND RADIATOR DEPLOYMENT MECQHANISM
INSTALIATION VI70-524400 (REF. €R-19-534400=-001D}.

ACCEPTANCE TESTS: ACCEPTANCE TESTS INCLUDRE: EXAMINATION oF RRODUCT -
WEIGHT, WOREMANSHIF, DIMENSION, CONSTRUCTION, CLEANLINWEES, FINISH,
IDENTIFICATION MARKING, TRACEABILITY AND USE QF AFPROVED MATERIALS AND
PROCESSES; ACCEPTANCE VIBRATION TEST - 20 TOQ 2,000 HZ WITH MAXTIMIM oF
C.04 g2/HZ FROM 80 TO 150 HZ FOR 30 SECOND PER AXIS; ACCEDTANCE THETMAS
TEST - THERMALLY CYCLED FROM 70 DEG P TO +310 DES F TO +250 DEG F T8 -147
DEG F TG =100 DEG F TO +310 DEG F To +250 DEE= F TO +70 DES F. ODOWELL AT
EACH TEMPERATURE WAS AT LEAST 40 MINUTES AFTER THERMAL STAAILIZATION. AT

. ) EACH +250 DEG F AND -100 DEG F THE ACTUATOR WAS CYCLED & TIMES FOR DUAL
MOTOR OPERATIONS AND 4 TIMES FUR SINGLE MOTOR OPERATICNS: POWER
CONSUMPTION TEST — VERIFIED THE INFUT POWER DID NOT EXCEED 52 WATTS °ER
MOTOR AND THE INFUT CORRENT DID NOT EXCEED 0.38 AMF PFR PHASE FEFR MOTOR
WHEN QPERATING AT THE MAXIMUM LOAD. THE INPUT POWER REQUIREMTNT DF 117
WATIS AND INPUOT CURRENT OF 0.67 AMF WERE ALSd VERIFIED UNLDER START-NG
CONRITIONS; INSULATION RESISTANCE TEST - THE INSULATICN RESISTANCE AT 500
VDS WAS MEASURED BETWEEN MUTUALLY THSULATED CONDUCTORS AND BETWEEN
CONDUCTORS AND THE FRAME, CASE OR GROUND; DIFLECTRIC STRENGTH TEST - 750
VEMS AT 60 HZ APPLIED RETWEEN EACH CONDUCTOR PIN AND THE CASE.

ACCEPTANCE TESTS ALSQO INCLUDE: CYCLING - ACTUATOR WAS CYCLEID 30 TIMES
TUTAL WITH MOTORS NO. 1 AND NO. 2 CYCLED 10 TIMES EACYH INDIVIDOATLY
WITEIN €0 JECONDS/STROKE. IT WAS ALSO CYCLED 60 TIMES WITH BOTH MCTORS
DRIVING TQGETHER WITHIN 34 SECOND/ STRORE; FREEFLAY TRST — FREEPLAY AT
THE ACTUATOR OUTPFOT SHAPT HOT TO EXCEED 2.0 DEGREES WITE 14 INCH-L3 LOAD
APPLIZD IN EACH DIRECTTON; STALL/MAXIMUM TORQUE - THE ACTUATOR'S
STALL/MAXIMUM QUTEUT NOT TO EXCEED 100 INCH-LE OR BE LESS THAY 50 INZH-
LB; IRREVERSIBILITY - THE ACTUATOR WAS CHECKED TO BE IEREVERSTIRLE To LOAD
CF 50 INCH-LB; MECHANICAL STOP TEST - ACTUATOR OPERATED AT FULL RATE aWD
NO LOAD INTO ITS MECHANICAL STOPS FUR 100 TIMES IN EACH DIRECTION:
ELECTRICAL/MECHANTCAL LIMIT TEST ~THE QUTPUT ARM OF THE ACTUATOR MOVED

TERQUGH THE FULL CLOCKWISE TO COUNTER-CLOCKWISE TO CLOCAXWISE ELECTRIZAL
LIMIT TRAVEL.

QMRSO:; NONE. ACTUATOR CANMOT BE CHECKED FOR THIS FAILURE MQDE DURING
SYITEM FUNCTIONAL CEECK,
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(C}) INSFECTION

RECEIVING INSFECIION :

CERTIPICATIAN &F COMPLIANCE, TEST COUFRONS, PHYSICAL AND CHEMICAL RECORDE
ARE MAINTAINED IN THE MASTER FITE. HEISTORICAL FOLDERS, WHICH INCLUDE
INSPECTION RECCEDS, ARE MATHTAINED FOR EVERY DETAIL PART. RECEIVING
INSPECTION PERFORMS VISUAL AND DIMENSIONAL EXARMIMNATION OF ALL THWCQMING
PARTS. CQUALITY CONTRQL MAINTAINSG SURVEILLANCE QF REAW MATERIAL, LTMITED
LIF2 MATERTIALS, CHEMTICAL AND METALIURGICAL TESTS AMD REDORTE. SPRINGS

ARE MANUFACTURELD AND CHECKED BY HELCD SUPPFLIERS. CEZRTIFICATICN L[S ON
FIT.E.

CONTAMTIHMATION CONTROL
A Cla=z 140,000 CIPAN ROOM FACILITY IS5 USED FOR ASSEMBLY. ALL METRL
PARTS ARE ?ERIFIEﬂ BY INSPECTICHN TO EE CLEANED BY ULTRASCNIC CLEZNZIE QR

DEGRERSER. FINAL INSPECTION INCLUDES CHECES FPOR CONTAMINATION USING
FX-10X MRLNIFTCRATION DEVICES, AND MEMEBRANE FIZITRATICON METHOQLDS.

ASSEMEBELY /TMSTALLATION
INSPECTION VERIFIES AND RECORDS DIMENSIONS OF ALI, DETATL PARTS. GEARS
ART HARDNESS CHECKZID ANCD VERIFIED §Y IHNSFECTION.

RONCESTHROCTIVE EVALUATION

ALL DETATL PARTE MACHINED TO HCOVER DRAWINGES ARE MAGNITIC PARTICLE
INSPECTED PER MIL-T-52s88 OR PLIORESCENT PENETRANT INSFPECTED PER MIL=I=
tas8, DEPENDING ON ALLSY, VERIFIED BY INEPECTICN.

CRITICAL FROCESSES -
EEAT TREATTNG IS VERITIED BY INSTECTION.

TESTTHNG
STALL TORQUE IS VERIFIED IN ACCEFTANCE TESTS.

HANDIINC /PACEACTNG
POLYETHYLENE SHEETIMG, USED TO BARG AND SEAL PARTE AFTER CLEANING, IS

VERITIED BY INSPECTION. HANDLING AND PACEAGING BREQUIREMENTS VERIFIED =¥
THSPECTION.

{0) FAILURE HISTORY

THERE HAVE BEEN NO ACCEPTANCE TEST, QUALIFICATICON TEZT, FIELD OR FLIGHT
FATLURES ASSOCIATED WITH THIS FAILURE MODE.

(E}) QOPERATIONAL USE )
EVA WoORKAROUMD IS POSSIBLE IF RADIATORS ARE FULLY DEPLOYED.
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