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ITEM:

GEARBOX, ROTARY ACTOATORS

FUNCTION:

MULTIPLIES ORIVE SHAFT TORQUE AND TRANSMITZ TO DOOR DRIVE LIWFAGE. GEAR
RATIO IS 1140.35 To 1.

FATIUHRE MODE:
FATIS FREE -

- CATUSE(S}:

SLIPS AT LESS THAN MINIMUM ALLOWABLE TORUUE, FAILURE/DEFLECTICN OF
INTERNAL PART, PATIGUE, VIERATION

EFFECTS ON:
{A) SUBSYSTEM {B]IHTERFEEES (CIMLSSION (D) CREW/VEHLCLE

(A,B) IF ROTARY ACTUATOR SLIPS IT WILL NOT ALLOW LINFAGE TO DRIVE FRCM

OVERCENTER POSITION. THIS WILL PREVENT REMATNING ROTARY ACTUATORS FROM
CRIVING DCDR CLOSED.

{C) LOSS QF MISSICH IF DOOR CANNOT BE OPENED.

(D) LOSS OF VEHICLE/CREW IF DOQR CANNCT BE CLOSED.

DISPOSTITIGN & RATIONALE:
{A)DESIGN (B)TEST (C)INSFECTICN (D}FAILDRE HISTORY (E)OPERATIONAL USE

{A) DESIGN
GEARS ARE DESIGNED WITH HIGH MARGINS. MAXIMUM CALCULATED TOOTH EENDING
STRESS AFPFROXIMATELY 90,000 PSI, ULTIMATE ALLOWABLE 270,000 PSI. TOROUE
INFUT TQ ACTUATOR LIMITED BY TORQUE LIMITER. DESIGN OF THE ACTUATION
SYSTEM PERMITS PARTIAL WORKARCQUND OF THIS FAILURE MODE BY EXTRAVEHICULAR
ACTIVITY (EVA)} CREW IF PAVLOAD DOES NAT LIMIT ACCESS.
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(B) TEST
QUALIFICATION TESTS: THE QUALIFICATION DRIVE SYSTEM I5 CERTIFIFD FPER CR-
29-162-0008-0001E AND THE QUALIPICATION ASTUATION MECHANTSM THSTALLATION
CERTIFIED PER CR=25=554125-001G. THE DRIVE SYSTEM QUALIPICATION TEST
INCLUDES: HUMIGLTY TEST = PER MIL-STD~210B METHOD 507 PROCEDURE IV,
CYCLE PUU DURING SECOND AND FQURTH HUMIDITY CYCLE: QUALIFTICATION -
VIERATION TEST (QAVT) - 20 TO 2,000 HZ RANGE WITH MAXIMUM OF 0.067 g</HZ
FROM 80 To 350 HZ PUR 2 1/2 MINUTES/AXIS IN ACCORDANCE WITH Sp-T=-0023E,
MONITCR ELECTRICAL CONTINUITY DURING VIBRATICH; FLIGHT VISRATION - 20 TO
2,000 HZ RANGE WITH MAX OF 0.03 g/HZ FROM 100 TO 350 HZ FOR 4.5 MINUTES/
AXIS LEVEL “A", AND 0.008 gl/HZ FROM 100 TO 250 HZ FOR %4 MINUTES/AXIS
LEVEL "B"; SHOCK TEST - BASIC DESIGN SHOCK PER MTL-STD-810B METHOD S516.1,
PROCEDURE ¥ AND TRANSIENT SHOCK AT S TO a5 HE +/~ 0.25 g PEAK.

QUAL TESTS ALSD INCIUDE: TEERMAL VACUUM TEST = TEERMALLY CYCLED & TIMES
BETWEEN =100 DEG F AND +157 DEG F AT R VACUUM OF 1 ¥ 10 ~& TORR FGR 55
HOURS, DRIVE SYSTEM CYCLEZD AT EACH -65 DEG F AND +157 DEG F: THERMAL
CYCLING TEST - CYCLED 5 TIMES BETWEEN -100 DEG F AND +240 DEG F WLTH
DRIVE SYSTEM CYCLED AT EACH -100 DEG T AND +157 DEG F WITH 50 MINUTES
DWELL AT EACH TEMPEIRATURE EXTREME: OPERATING LIFE TEST - DRIVE 3YSTEM
CYCLED 1,800 TIMES AT ROOM TEMPERATURE, INCLUDES MOTOR 1 AND 2 CY¥CLED 153
TIMES EACHE INDIVIDUALLY WITHIN 126 SECONDS/STROKE AND 1,500 TIMES WITH
BOTE MOTORS DRIVING TQGETHER WITHIN &3 SECONDS/STROKE; MECHANICAL STOPS
TEST - 100 TIMES WITH BOTH MOTORS INTQ HARD STOP IN EACH DIRECTION AT NO
LAADS: STIFFNESS TEST - MEARSURED STRING RATE OF ROTARY ACTUATAR, TORQUE
SHAFT, PUU AND SHAFT HANGER = GREATER THAN D.5 X 10 -8 INCH-LE/RADIAN AT
FOTARY ACTUATOR ARM): POWER CONSUMETION TEST, IRREVERSIBILITY TEST,
FREEFLAY TEST WAS CONDUCTED AS DEFINED IN THE ACCEPTANCE TESTS.

CERTIFICATION BY ANALYSIS/SIMILARITY INCLUDELR: FUNGUS, QZIONE, PACXAGING,
LIMIT/ULTIMATE LOAD, ACCELERATION, LANDING SEOCK, SYSTEM STIFFNESS,
TEMPERATURES, HUMIDITY, LIFE, PRESSURE, SEOCK AND VIBRATION FoR ITEMS oF
DRIVE SYSTEM NOT TESTED. THE PBD ACTUATING MECHANISM INSTALLATION WAS
SUBJECTED TO SYSTEM QUALTFICATION TESTS QN THE 15 FOOT PBD TEST ARTICLES
(0287) AND ON A 60 FOOT TEST RIG, TESTS INCLOUDED: ACCEPTANCE - TO CONFIRM
ALL COMPONENTS HAVE DEEN ASSEMELED AND RIGGED PER MIO303-0032 ON THREE
TEST SPECIMENS.

TESTS ON FORWARD 15 FOOT PANEL INCLUDED: CORBITAL FONCTIONS — 3 THERMAL
CONDITIONS WITH SIMULATED THERMAL DISTORTIONS OF THE FORWARD BULKHEAD AND
THE LE AND RH LONGERQN SILLS, i MOUTOR OFERATICONS 22 CYCLES AT LESS THAN
63 SECOND3 PER STROKE, EACH MOTOR OPERATION 3 CYCLES AT LESS THAN 126
SECONDS/STROEE FUR REACH COF THE 2 QRBITAL FUNCTIONS: UPERATING LIFE TESTS
= PBD MECHANTSM CYCLER 593 TIMES, 55 TIMES WITH TWO MOTOR OPERATION AND

19 TIMES WITE SINGLE MCTOR QPERATIONS; ACOUSTIC TEST - 25 HEZ TO g, 00 BZ
FOR E MINUTES.
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"TESTS ON AFT 15 FOOT PANEL INCLUDED: ORBITAL FUONCSTIGONS - 3 THERMAL
CONDITICNS WITH SIMULATED THERMAL DISTQRTIONS OF THE AFT BULEHEAD AND THE
LH AND RH LONGERON SILL, 2 MOTOR QPERATIONS 27 CY¥CLES AT LESS THAM &3
SECONDS /STROKE, TACH MOTOR QPERATION 3 CYCLES AT LESS THAM 12¢ ’
SECONDS/STRORE FOR EACH OF THE 3 CREITAL FUNCTIONS: QPERATING LIFE TESTS
= MECHANISH CYCLED 243 TIMES 205 TIMES WITH TWG MOTOER OPERATION AND 19
TIMEE WITE SINGLE MOTCR SPERATICNS: ACAUSTIC TEST - 25 HZ TO 6,000 HZ
FOR 5 MINUTEZ.

TESTS QW 40 FOOT TEST RIG INCLUDED®* AMPIENT CYCZLING - 3 THERMAL
CONDITIONS WITH THERMAL DISTORTIGNS OF THE SILL LONGEROMN, Z MOTOR
QPERATIONE 22 CYCLES AT LESZ THAN 63 SECONDS/STROEE; 10 WITHOUT
DISTORTION SIMULATION: EACH SINGLE MOTOR OFERATION 3 WITHCOUT DISTORTICH
AND & WITH DISTORTION AT LESS THAN 12& SECONDS/STROKE; TEMPERATURS
CYCLING = 3 TEERMAL CONDITICNS WITH THERMAL DISTORTIONS OF THE STILL
LONGEERON, Z MOTCR OFERATICONS 22 CYCLES AT -42 DEG F AT LESS THAN 52
SECUNDS/STROKE; 10 WITHOUT DISTORTION SIMULATION, EACH SINGLE MOTOR
CPERATION 3 WITHQUT DISTCORTION SIMULATION AND WITH DISTORTION AT LESS
TEAN 12& SECCNDS/STRCKE AT -42 DEG F; OREITAL PUNCTIONAL TEST - REPEAT
THE ABOVE AMEBIENT AND =42 DEG P TESTS POR A TOTAL OF B0 MSOHANISM
CYCLES. CERTIFICATICN AY ANALYSIS/SIMILARITY INCLUDES FUNCUZ2, OZONE,
PACKAGING, THERMAL/VACUUM, SALT SPRAY, ACOUSTIC, SHOCK, LIMIT/ULTIMATE
LoADS, ACCELERATICN, SAND/DOST AND MARGIN OF SAFETY.

ACCEPTANCE TEST: TESTS ON THE MC1l62-0008 COMPONENTS INCLUDRES: T

. EXAMINATION OF PRODUCT = WEIGHT, WOREMANSHIP, DIMENSIONS, CONSTRUCTION
CLEANLINESS, FINISH, IDENTIFICATION, MARKINGS, TRACEARILITY AND USE OF

- CERTIFIED MATERTALZ AND PROCESSES; ACCEPFTANCE VIBRATION (AVT) - 20 TO

4,000 HZ RAMNGE WITE MAXIMUM OF 0.04 g</HZ FROM 50 TG 350 HZ FOR 20
SECONDS/AXIS MINIMUM, ELECTRICAL CONTINUITY MONITCRED DURING TESTS AND
POU CYCLED BEFORE AND AFTER VIBRATION; ACCEPTANCE THERMAL TEST (ATT) ~
THERMALLY CYCLED FROM +70 DEG F TO +320 DEG F, TO +157 DEG P, TC -30 DEG
F, IO +320 DEG F, TO +157 DEG F, TO 70 DEG F WITH CONTINUITY MONITORED
THROUGHCUT, P0J WAS CYCLED ¢ TIMES AT EACH +157 DEG F AND 5 TIMES AT =30
DEG F AT LES2 THAN &3 SECONDS/STRORE TWO MOTOR OFERATIONS AND 126
SECONDE/STROFE SINGLE MOTCR QFERATIONS; POWER CONSUMDPTION TESTS —INEUT
FOWER MAX QF 430 WATTS,/MOTOR AT RATED LOAD AND SINCLE MOTOR TIME OF 1236
SECONLS/STROKE AND 63 SECONDS/STROKE DUAL MOTOR OPERATIGN; INSULATTON
RESISTANCE, DIELECTRIC STRENGTH — PER MFQOD4=002 EXCEPT TEST VOLTAGE WAS
750 VEME. CYCLING TEST - SINGLE MOTOR DRIVE 20 CYCLES EACH AND DUAL
MOTORS 40 CY¥CLES. FREEPLAY TEST - MAXIMUM OF 1.0 DECREES WITH 10 IN LES

REVERSING TORQUE ON EZACH ACTUATOR: ACTUATOR STALL - CONTINUSUS STALL FOR
126 SECONDS AT FULL INVERTOR POWER 120 VOLTS AC.

- A0 A
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ACCEPTANCE TESTS ALSQ INCLUDE: IRREVERSIBILITY TEST -~ &50 INCH-LB AT POU
QUTFUT SHAFT; TRAVEL LIMIT TEST = ACTUATCE STOPPED BY LIMIT SWITCHES AND
EY HARD STOPS WITH SWITCHES DEEMERPGIZED; MANUAL QOPERATICHNS -~ LESS THAM
i00 INCH=-LE TORQUE TQ ENGAGE AND DISENGAGE THE PDIJ; BACKDRIVE = FORCE AT
ACTUATOR QUTPUT ARM ROD ATTACH POINT LESS THAN 150 POUNDS; TORQUE LIMITS
= ROTARY ACTUATCOR OUTFUT LIMITS AT RQQOM AMBIENT ARE §,20¢ T0 2,950 INCH-
LE, CUTFUT LIMITS AT +137 DEG F AND =45 DEG P ARE 6,200 TO 10,000 INCYH=-
LE; PROQOF I0AD TESTS - 3/4 ©,D. DRIVE SELFTS TESTED TO 325 INCH-LE AND
1.0 0.D, DRIVE SHAFTS TESTED TQ &50 INCH-LE; FRICTION TORQUE TEST -
TORQUE ON SHAFT SUPPCRT IS LESS THAN L.0 INCH-LB. EACH TORQUE SHAFT IS
FROOQr LOADED DURING ACCEPTANCE.

CMRSD: GROUND TURNARCUND INCLUDES MONITORING FUNSTIOWAL TEST OF DOORS AND
VERIFY PROFER FUNCTION OF GEARBOXES. PROPER FUNGTION OF THE COMPONENTS
I8 VERIFIED PERICDICALLY AS PART OF THE MAINTENANCE SAMFLING PROGRAM.

(&) INSPECTION

RECETVTING INSPECTION

MATERIAL CERTIFICATION VERIFIED BY RECEIVING INSPECTION. ALL PURCHASED
PARTS DATRA PACFAGCES INSPECTED BY RECEIVING IMNSPECTION.

CONTAMINATION CONTROL . :

BEARINGS INSPECTED FRIOR TO INSTALIATION FOR CONTAMINATICH DETAIL PARIZ
ARE CLEANED TO A 300 LEVEL AT SURPLIER. SUIPLIER CONTAMINATION CONTROL
AND CORROSION PROTECTION PROVISIONS VERIFIED BY INSPECTICH.

ASSEMBLY /INSTALIATION

LUBRICANT APPLICATICHN VERIFIED BY INSPECTION. GEARS ARE SHQT FEENED TO
FRECLUDE FATIGUE. BEARING LUBRICATION AND SEAL INSTALIATION VERIFIED.
ALL MACHINED PARTS ARE DEBURRED AND VERIFIED PER DRAWING. INSTALLATION
PROCEDORE VERIFIED BY INSPECTION. DCAS MANDATORY IHN2PECTION POINTS
(MIPS) TMPOSED OMN MANOFACTURING, INSTALLATION, AMD ASSEMBLY.

NCHDESTROCTIVE EVALOATICH
MACNETIC PARTICLE INSPECTION OF GEARS VERTIFIED BY INSPECTION.

CRITICAL FPROCESSES
HEAT TREATING VERIFIED BY INSPECTION.

TESTTHGE

ROCEWELL HARDMNESS TESTING VERIFIED ON GEARS. ATP OF ROTARY ACTUATOR
VERITIED BY INSPECTICH. ;

HANDLING/ PACKAGING
HANDLING AND PACEAGING REQUIREMENTS ARE VERIFIED.

{D) FATIORE RISTORY
THERE HAVE BEEN NO ACCEPTANCE TEST, QUALTFICATION TEST, FIELD OR FLIGHAT
FAILURES ASSOCIATED WITH THIS FAILURE MODE.
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{E) OPERATIONAL USE

EVA WORKAROUND IS POSSIBLE TO CLOSE DOOR IF PAYLOAD DOES NOT LIMIT
ACCESS., '
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