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GE.E-IREOX r ROTARY ACTUATORS

FORCTION:

MULTIPLIES DRIVE SHAET TORQUE AND TRANSMITS TO DAOR DRIVE LIMKAGE. GZaz
EATIO IS 110.25 70 1.

FATLIRE MODE:
PFHISTCAL BINDING/JAMMING

CRUSE (S) : ' :
ADVERSE TOLERANCES/WEAR, CONTAMINATION,FOREIGN OBJECT/DEBRIS, IOSE OF
LUBRICANT, FAILURE/DEFLECTICN OF INTERNAL PART, TEMPERATURE

EFFECTS CH: - : .
{A) SUBSYSTEM ({E) INTERFACES {CIMISSION (D) CREW/VEHICLE

(A,B) 10SS OF FUNCTION- BAYLOAD BAY DOOR FAILS QUPEN/CLOSED.
(€) POSSIBLE LOSS OF MISSION IR EAYLOAD BAY DOCRS CANNCT EE QPENED.

(D} POSSIBLE LOSS OF CREW/VEHICLE IF PAYLOAD BAY DOORS CANNOT BE
CLOSED.

DISPCSITION & RATIONALE: _
{A)DESIGN (B)TEST (C)INSPECTION (D) FATLURE HISTORY (E) OPERATICNAL USE

(A) DESIGN
GEARS ARE DESIGNED WITH HIGH MARGINS. MAXIMUM CALCULATED TOOTH BENDING
STRESS APPROXIMATILY 90,000 PSI, ULTIMATE ALIOWABLE 270,000 PST. RECYCLE
CAPABILITY TO CLEAR JAM. DESIGN OF THE ACTUATION SYSTEM PERMITS PARTIAL

ROFKARCUND OF THIS PAILURE MGDE BY EXTRAVERICULAR ACTIVITY {EVA) CREW IF
PAYLOAD DOES NOT LIMIT ACCESS.
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{B) TEST : ’
QUALIFICATION TESTS: THE QUALIFICATION DRIVE §$YSTEM IS CERTIFIEZD PER CR-
S5e162=0008=-0001F AND THE QUALIFICATION ACTUATION MECHANISM INSTALLATION
CERTIFIED PER CR-29-534125-001G. THE DRIVE SYSTEM QUALIFICATION TEST
INCLUDES: - HUMIDITY TEST - PER MIL-3TD-B10B METHOD 507 PROCEDURE IV,
cy¢LE POU DURING SECOND AND FOURTH HUMIDITY CYCLE; QUALIFLICATION -
yLBRATION TEST (QAVD) =~ 20 TO 2,000 EZ RANGE WITE MAXIMUM QF 0.047 g2 ,/d2
FROM BC TO 350 HZ FPOR 2 1/2 MWINUTES/AXIS IN ACCORDANCE WITH SP-T-00233,
MENTTOR ELECTRICAL CONTINUITY DURING VIBRATION; FLIGHT VIBRATION - 20 T
2,000 HZ RANGE WITH MAX OF Q.03 gp/HZ FROM 100 TO 250 HZ FOR 4.5 MINUTES/
AXIS LEVEL A", AND 0.008 g4/HZ FROM 100 TG 250 HZ FOR 94 MINUTES/AXIS
IEVEL “B"; SHOCK TEST - BASIC DESIGN SHOCK PER MIL-STD=8105 METHOD 516.1,
DROCEDURE I AND TRANSIENT SHOCK AT 5 TO 35 EZ +/- 0.25 g PEAK.

QUAL, TESTS ALSC INCLUDE: THERMAL VACUUM TEST - THERMALLY CYCLED 5 TIMES
EETWEEN =100 DEG F AND +157 DEG F AT A VAQUUM QF 1 X 10 =& TORE FOR 55
HOURS, DRIVE SY¥STEM CYCLED AT EACH —-55 DEG F AND +1587 DEG F; THERMAL
cYeLING TEST — CYCLED 5 TIMES EETWEEN -100 DEG F AND +340 DEG F WITH
DRIVE SYSTEM CYCLED AT EACH =100 DEG F AND +157 LEG F WITH 50 MINUTES
DWELL AT EACH TEMPERATURE EXTREME; OFERATING LIFE TEST = DRIVE SYSTEM
CYCLED 1,500 TIMES AT ROOM TEMPERATURE, INCLUTES MOTOR 1 AND 2 CYCLED 150
TIMES EACH INDIVIDUALLY WITHIN 126 SECONDS/STROKE AMD 1,500 TIMEE WITH
BOTH MCTCRS DRIVING TCSETHER WITHIN 63 SECONDS/STROEE! MECHANICAL STOPS
TEST - 100 TIMES WITH BOTH MOTORS INTQ HARD STOFP IN ERCH DIRECTICN AT WO
LOADS: STIFFNESS TEST = MEASURED SPRING RATE OF ROUTARY ACTUATCOR, TORQAUE
SEAFT, PDU AND SHAFT HANGER ~ GREATER THAN 0.5 X 10 -6 INCH-LB/RADIAN AT
HOTARY ACTUATCR ARM); PUWER CONSTMPTION TEST, IRREVERSIBLILITY TEST,
FREEPLAY TEST WAS CONDUCTED AS DEFINED IN TEE ACCEPTANCE TESTS.

CERTIFTCATTION BY ANALYSIS/SIMILARTTY INCLUDED: FUNGUS, OZONE, PACKRGING,
LIMIT/ULTIMATE LOAD, ACCELERATION, LANDING SHOCK, SEI3TEM STIFFHESS,
TEMPERATURES, KUMIDITY, LIFE, PRESSURE, SEOCK AND VIBRATICOH FoR ITEME CF
NRIVE SYSTEM NOT TESTED. THE PBD ACTUATING MECHANISM INSTALLLTTON WAS
SUBTESTED TQ SYSTEM QUALIFTCATICH TESTS ON THE 13 FOOT PRD TEST ARTICLES
(o87) AND ON A &0 FQOT TEST RIE, TESTS INCLUDED: ACCEPTANCE - TO CONFIRM
ALL COMDGNEMNTS HAVE BESN ASSEMBLED AND RIGGED PER MLOJ08-0031 ON THREE
TEET SPECIMENS.

TESTS oN FORWARD 15 FOOT PANEL INCLUDED: ORBITAL FUNCTIONS = 3 THERMAL
CONDITIONS WITH SIMULATED THERMAL DISTORTIONS OF THE FORWARD BULAHEAD AND
THE LE AND EH LONGERON STLLS, 2 MGTOR OPERATIONS 21 CICLES AT LEZ23 THAN
51 SECONDS FER STROKE, EACH MOTOR QPERATION 3 CYCLE3 AT LESS THAN 126
SECONDS/STROKE POR EACH OF THE 3 ORBITAL FUNCTIONS: OPERATING LIFE TESTS
- PBD MECHANTSM CYCLED $3 TIMES, 55 TIMES WITH TWO MOTOR OPERATION AND

19 TIMES WITH SINGLE MOTOR COFERATICHNS; ACQUSTIC TEST - 25 HZ TO 8,000 HZ
POR 5 MINUTES.
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TESTS ON AFT 1S FOOT PANEL INCLUDED: OREITAL FUNCTTONS = 3 THERMAL
CONDITIONS WITH SIMULATED THERMAL DISTORTIONS OF THE. AFT BULKHEAD AND THE
LE AND RH LONGERON SILL, 3 MOTOR JPERATIONS &7 CYCLES AT LESS THAN &3
SECCNDS/STRCEE, EACH MOTOR OPERATION 3 CYCLES AT LESS THAN l:zs '
SECONDS/STROKE FUR EACH OF THE 3 ORBITAL FUNCTIONS; OPRRATING LIFE TESTS
= MECHANISM CYCLED 243 TIMES 205 TIMES WITH TWO MOTOR OPERATION AND 19
TIMES WITH SINGLE MOTCOR OFERATIONS; ACOUSTIC TEST = 25 HZ TO 5,000 HZ
FOR 5 MINUTES.

TESTS ON 60 FOUT TEST RIG INCLUDED: AMBIENT CYCLING - 3 THERMAL
CONDITIONS WITH THERMAL DISTORTIONS OF THE SILL LONGERQN, 2 MOTOR
CFERATIONS 22 CYCLES AT LESS THAN 53 SECONDS/STROFE: 10 WITHOUT
DISTORTION SIMULATICON; EACH SINGLE MOTOR UPERATION 3 WITHOUT DISTORTION
AND & WITE DISTORTICN AT LFSS THAN 128 SECONDS/STROFE; TEMPERATURE
CYCLING = 3 THERMAL CONDITIONS WITH THERMAT, DISTORTIONS OF THE SILL
LONGERON, 2 MOTOR CPERATIONS 232 CYCLES AT —42 DEG F AT LESS THAN s2
SECONDS/STROEE; 1€ WITHOUT DISTORTION STMULATION, BEACH SINGLE MOTOR
OFERATION 3 WITHOUT DISTORTION STMULATION AND WITH DISTORTYION AT LESS
THAN 126 SECONDS/STROEE AT -42 DEQ Fs URBITAL FUNCTICNAL TEST = REPEAT
THE ABUVE AMBIEZNT AND =42 DEC F TESTS FCR & TOQTAL OF 80 MECHANISM
CYCLES. CERTIFICATION BY ANALYSIS/SIMILARITY INCLUDES FUNGUS, OZONE,

+ PACRAGING, THERMAL/VACUUM, SALT SPRAY, ACOUSTIC, SHOCK, LIMIT/ULTIMATE
LOADS, ACCELFRATION, SAND/DUST AND MARGTH OF ZAFETY.

. ACCEETANCE TEST: TESTS ON THE MC152-0008 COMPONENTS INCLUDES:
EXAMINATION OF PRODUCT - WEIGHT, WORFMANSHIP, DIMENSIONS, CONSTRUCTION,
CLEANLINESS, FINISH, IDENTIFICATION, MARRINGS, TRACEARILITY AND USE OF
CERTIFIED MATERIALS AND PROCESSES: ACCEDTANCE VIBRATION (AVT) - 20 To
2,000 HZ RANGE WITH MAXIMUM &F 0.04 g2/MZ FROM 80 TC 150 HZ FOR 30
SECONDS/AXIS MINIMUM, EZLECTRIGAL CONTINUTTY MCONITORED DORING TESTS AND
PDU CYCLED BEFORE AND APTER VIERATION; ACCEPTANCE THERMAL TEST (ATT] -
THERMALLY CYCLED FROM +70 DEG F TC +320 DEG F, TO +157 DEG F, TO -80 DEG
F, TO +320 DEG ¥, TO +157 DEG F, TO 70 DEC F WITH CONTINUITY MONTTORED
THERODGHOUT, PRU WAS CYCLED 6 TIMES AT FACH +1%57 DEG P AND 6 TIMES AT —-20
DEG F AT LESS THAN 63 SECONDS/STROKE TWO MOTOR OPERATIONS AND 124
SECONDS/STROFKE SINGLE MCOTOR OPERATIONS: POWER CONSTUMPTION TESTS -INETOT
FOWER MAX QF 450 WATTS/MOTOR AT RATED LOAD AND SINGLE MOTOR TIME COF 124
SECONDS/3TROKE AND 63 SECONDS/STROKE DUAL MOTUR OPERATICN: INSULATION
RESTISTANCE, DIELEGTRIC STRENGTH = PER MF0Q04-002 EXCEPT TEST VOLTAGE WAS

- 750 VEMS. CYCLING TEST - SINGLE MOTOR DRIVE 20 CYCLES EACH AND DUAL
MOTCRS 40 CYCLES. FREEDLAY TEST - MAXIMUM OF 1.0 DEGREES WITH 10 IN LES
REVERSING TORQUE ON EACH ACTUATOR; ACTUATOR STALL — CONTINUQUS STALTL FOR
125 SECONDS AT FULL INVERTOR POWER 120 VOLTS Ac.
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ACCEDPTANCE TESTS ALSD INCLUDE: IRREVERSIBILITY TEST - 650 INCH-LS AT PCU
QUTEUT SHAFT; TRAVEL LIMIT TEST - ACTUATOR STQPPED BY LIMIT SWITCHES AND
EY HARD STOPS WITH SWITCHES DEENERGIZED: MANUAL OPERATIONS = LESS THAN
100 INCH-LE TORQUE TO ENGAGE AND DISENGAGE THE POU; BACKDRIVE = FORCE AT
ACTUATOR OTTFUT ARM ROD ATTACHE POINT LESS THAN 150 POUNDS; TORQUE LIMITE
- ROTARY ACTUATOR OUTPUT LIMITS AT ROOM AMEIENT ARE 6,200 TQ B,950 THCH-
LB, CUTFUT LIMITS AT +1537 DEG F AND —&5 OEG F ARE 5,200 TO 10,000 INCH-
ILA:; PROGCF LOAD TESTS — 3/4 ©.D. DRIVE SHAPTS TESTED TO 325 INCH-1.B AND
1.0 @.D. DRIVE SHAFTS TESTED TG &S50 INCH-LB; FRICTION TORQUE TEST -
TORGQUE ON SHAFT SUPPCRT I2 LESS THAN 1.0 INCH-LB. EACH TORQUE SHART IS
PROOF LOADED DURING ACCIPTANCE.

OMESD: GROUND TURNARCUND INGLUDES MONITORING FUNCTIONAL TEST FCOR
EVIDENCE OF BINDING OR JAMMING., TPROPER FONCTIICH OF THE COMPCONENTS 13
VERIFTED PERTODICALLY AS PART OF THE MAINTENANCE SAMPLING FROGRAM.

(2} INSPECTION

RECEIVING INSFECTION _ .
MATERIAT CERTIFICATION VERIFIED BY RECEIVING INSPECTION. 217, PURCHASED
TARTS DATA PACKAGES INSPECTED BY RECEIVING INSFECTICN.

CONTAMINATION CUNTRCL )

EEARINGE INSPECTED FRIQR TO INSTALLATION FOR CONTAMINATION. DETAIL PARTS : il
ARF CLEANED TQ 2 200 LEVEL. SUPPLIER CQNTAMINATICN CONTROL AND CORRODSION .
PROTECTION VERIFIED EY INSFECTION.

ASSEMBLY/THSTALLATION

CPARS ARE SEOT PEENED TO FRECLUDE FATIGUE. BEARING LUBRICATION AND SEAL
INSTALLATTON VERIPIED. ALL MACHINED PARTS ARE DEBURRED AND VERIFIED PER
DRAWING. INSTALLATION PROCEDURE VERIFIED BY INSPECTION. DCAS MANDATORY
INSPECTION POINTS (MIPS) IMPOSED ON MANUFACTURING, INSTALLATICN, AND
ASSEMBLY. '

HONDESTRUCTIVE EVALIATION
WAGNETIC FARTICLE INSPECTION OF GEARS VERIFIED BY INSPECTION.

CRITICAL PRACESSES
OZAT TREATING VERIFIED BY INSPECTION.

TESTTHG

ROCEWELL HARDNESS VERIFIED ON GEARS. ATP OF ROTARY ACTUATOR VERIFIED BY
INSPECTION.

HANDLING/PACFAGING
HANDLING AND PACKAGING RECUIREMENTS ARE VERIFIED.

{D) FAILDRE EISTCRY
THERE EAVE BEEN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
¥ATLURES ASSOCTATED WITH THIS FAILORE MODE.

(E) OPERATIOHNAL USE
EVA WORFAROUND IS PQSSIBLE TO CLOSE DOOR IF PAY1GAD DOES NOT LIMIT
ACCESS .




