SHUTTLE CRITICAL ITEMS LIST - ORBITER
SUBSYETFEM :ACTUATION MECH=-STAR TRACK FMEA NO 02-4F=-032001-1 REV:02/17/88

ASSEMBLY :STAR TRACKER DOOR SUBSYSTEM CRIT., FUNC: 1R
P/H RI IMCE21=-0066 CRIT. HDW: 2
P/N VENDOR:A1047A010 ELIANEF VERICLE 1oz 103 104
QUANTITY =2 EFFECTIVITY: X x X

© :QNE UPPER-ONE LOWER FHAEE({S) : FL . L& o X DO X 18

FREDONDANCY SCREEN: A=-PASS B=PASS C-PASE

PREPARED BY: APPROVED BY: APPROVED BY
DES RE. H. YEE DES M b, a4
REL J. 8. MULIEN RFL

QE W. 8. SMITE QFE

ITEM:
GEARBOX/DIFFERENTIAL, DOCE LDRIVE ACTUATOR

FONCTICN:
GEARBOX/DIFFERENTIAL, OF EACH ACTUATOR ASSEMELY DISTRIEUTES THE FROPER
OOTPFUT FOWER/TORQUE TO CYCLE EACE STAR TRACKER DOOR OPEN/CLOSED DURING
THE ORBITAL FLIGHT FHASE.

FATLURE MODE:
GEAR TRAIN SLIPS/FATIS TC TRANSMIT TORQUE, PHYSICAL BINDING/JAMMING

CAUSE(S) :
ADVERSE TOLERANCES/WEAR, CONTEAMINATION/FOREIGN CBJECT DEBRIS, STRUCTURAL
FATIORE/DEFLECTION OF INTERNAL FART, LOSS OF LUBRIGANT, TEMPERATURE

EFFECT(S) ON:
(R)SUBSYSTEM (B) INTERFACES (C)MISSION (D)CREW/VEHICLE

(A) LOSS OF FUNCTION - DOCR UNAELE TQ BE OPEN/CLOSED.

(B) ONE DOOR FAILS TO OPFEN -~ LOSS OF ONE STAR TRACKER. ONE DOGR FAILS
TO CLOSE - LOCALIZED THERMAL DAMAGE DURING RE-ENTRY.

(C) NONE = REMAINING STAR TRACKER WITH CREW OPTICAL ALIGHNMENT SIGHT
(COAS) BACKUP AVAILABLE TO PERFORM FUNCTION.

(D} CNE DOOR FaIlsS TO OPEN - NONE; ONE DOOR FAILS TO CLOSE - NONE PER
THERMAL STUDY (REF. IL SAS-AAET-79-015 DATED 1-17=¥9) ; STUDY COVERS THE
CASE COF QNE DOOR FAILING TC CLOSE. TWO DOORS FAILING TO CLOSE COULD

CAUSE 1LOSS OF CREW/VEHICLE, DUE TO THERMAL FLOW THROUGH STAR TRACKER
CavITY.



SHUTTLE CRITICAL ITEMS LIST - ORBITER —
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LISPOSITION & RATIONALE:
(A)DESIGHN (B)TEST (C)INSPECTION (D)FAILURE HISTORY (EB)OFERATIONAL USE (&)

DESIGH
THE STAR TRACKER DOOR SUBSYSTEM CONSISTS OF A SEAIFD DOOR AND AN
ELECTROMECHANICAL DOQR DRIVE ACTDATOR. THE DOOR DRIVE ACTUATOR
CONSISTS ©F A PLANETARY GEARBOX/DIFFERENTIAL AND A SPRING LOADED {4}
BALL-DETENT TORQUE LIMITER DRIVEN BY TWO (REDUNDANT) 3-PHASE ELECTRIC
MOTORS; EACH WITH AN INTEGRAL SPRING=LOADED BRANE. LIMIT SWITCHES, SOPT
[LEAF SPRING) STOPS AND HARD MECHANTCAL ETOPS CONTROL/LIMIT ACTUATOR
MOVEMENT/ROTATION. HOUSING FABRICATED OF BAL=4VT TI AND DESIGNED To
PRECLUDE THE ENTRY OF FOREIGN PARTICLES. GEARS MADE OF FH13I-8MO AND 455
CRES5: 4340 AND 3NI-4C0=.2C STL. BEARINGS MADE OF 440 AND QTHER CRES.
DOCRS AND TRACKS MADE OF 2219 Al. PARTS CLEANED TC LEVEL 300, PER
MAD110-301 {PRICR TD ASSEMBLY). ASSEMBLED IN A CLASS 100,000 CLEAN ROCM

(PER FED-STD-209). DOAL ROTATING SURFACES ON BEARINGE. SAFETY FACTCR
1.4 MINIMUM., PROVISION EXISTS TC CY¥CLE ACTUATOR (T¢ LOOSEM STALLED/
JAMMED MECHANIEM]) . ERAFES ARE DESIGNED TO FAIL IN THE ENGAGED

FOSITION. UDIFFERENTIAL IS DESIGNED TO DISTRIBUTE FOWER FROM EITHER ONE
OR BOTH (REDUNDANY} MOTORS. TORQUE LIMITER IS5 DESIGNED TC PROTECT MOTORE
AND DRIVE TRAIN FRCOM AN OVERLOAD FATIURE. RFEF. STHESS ANALYSIS REPORT
SD77-5H-0178, WOL. II.

(8) TEST
QUATIFICATION TESTS: COMPONENT (UAL-CFRTIFIED FER CR-28-£21-0066-=-0007.
QUALIFICATIOR TESTS INCITDE: EUMIDITY TEST (PER MIL-STD-810B), METHOD
$07, PROCEDURE I}, QUAL-ACCEPTANCE VIERATION TEST ({QAVT) (ACQUSTIC
VIRRATIONS FROM 16-8,000 HZ FOR 5 MINUTES; ELECTRICAL CIRCUITS CHECKED
WITH ACTUATOR CYCLED FRCM CLQSED, TO OPEN, TG CLOSED POSITION), FLIGHT
VIBRATION TEST (20-2,000 HZ FCR 71 MINUTES; 16-8,000 HZ FQR 24 MINUTES),
EXPLOSIVE ATMOSPHERE TEST (ACTUATOR NOT TO EXCEED +352 DEG F OR EXFLODE
WEILE IN A BUTANE ENVIRCNMENT, DURING ONE EXTEND OR RETRACT STROKE),
THERMAT, CYCLING TEST (CY¥CLED FIVE TIMES BETWEEN ~100 DES P AND +380 DES
F, WITH AT LEAST 60 MINUTES DWELL AT EACH EXTREMZ), OFERATING LIFE TEST
(ACTUATOR CYCLED 2,000 TIMES AT ROCOM TEMP: INCLUDES MOTOR 1 AND MOTOR 2
CYCLED 200 TIMES EACE, ALONE, AND WITHIN 20 SEC/STROEE! AND 1,000 CYCLES
WITH BOTH MOTORS AND WITHIN 10 SEC/STROEKE) AND STALI /MAXIMUM TORQUE TEST
(TORQUE LIMITER HOLLS AT 1,246 INCE-LB AND SLIPS AT 1,450 INCH-LE).
POWER CONSUMPTICN TEST, PRESSURE LEAK TEST AND FREE-PLAY TEST WERE
CONDUCTED AS DEFINED IN THE ACCEPTANCE TESTS. CERTIFICATION BY
ANATYSTE/STMILARITY INCLUDED: FUNGZUS, OZONE, ACCELERATION, TRANSTACKAGE,
SAND/DUZT, SALT SPRAY, LIGHTHNING, SHOCK AND THERMAL WVACTIUM.

ACCEFPTANCE TESTS: INCLODES EXAMINATION OF PRODUCT (FOR WELGHT,

DIMENSIONS, CONSTRUCITION, CLEANLINESS AND FINISH), ACCEPTANCE VIBRATICN

TEETS (AVT} (16-8,000 HZI TOQR 1 MINUTE; WITH DOCRS CYCLED AND ELECTRICAL
CIRCUITS VERIFIEDR), ACCEPTANCE THERMAL TESTS {ATT) (CYCLED BETWEEN -89 DEG

F AND +330 LEG F), BONDING TEST (PER MFO0U4-002), POWER CONSUMPTION TEST

(WITH TEMPERATURE BETWEEN =80 DEG F AND +330 DEC F, SINGLE MOTCR CYCLED

WITHIN 20 S5EC, DUAL MOTORS CYCLED WITHIN 10 SEC, 22 WATTS,/MOTOR MANIMUM,

400% MAYIMUM STARTING CURRENT AT RATED LOAD}, INSULATION RESISTANCE TEET

AND DIELECTRIC WITH STANDING VOLTAGE TEST (PER MF0004-002), PRESSURE dl
LEAKAGE TEST (MAXIMUM 0.0148 LB/SEC FOR LOWER DOOR, MAXIMIM 0.0173 LB/SEC .
FOR UFFER DOOR, AT 5.5 Ps:n}, CYCLING TEST (SIHGLE MOUTOR, 40 CYCLES EACE
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AT 20 SEC/STROKE; DUAL MOTOR, 126t CYCLES AT 10 SEC/STROKE}, FREEPLAY TEST
(MAXIMUM OF TWO DEGREES WITH 100 INCH-LB REVERSTNG TORQUE ON OPEN DOOR;
NONE WITH DOQR CLOSED), STALL/MAXIMUM TGRQUE (TORQUE LIMTTER HQOLD AT

1,246 INCH-LB AND SLIFS AT 1,450 INCH-LB), IRREVERSIBILITY TEST (DOOR

IRREVERSIBLE FROM CLOSED POSITION, .WITH MAXIMUM OPERATING LOAD PIUS A 5.5
PSI AIRLOAD ON EXTERIOR OF DOOR) AND TRAVEL LIMITS TEST (DOOR CYCLED OPEN
AND CLOSED: STOPFED BY LIMIT SWITCHES).

OMRSD: Y/ZI-5TAR TRACKFER DOCRS CYCLED OPEN/CLOSED- (TO VERIFY SATISPACTORY
QFERATICON OF DOORS AND LIMIT SWITCHES); SINGLE MOTOR (TO TEST FOR
REDUNDANT MOTQR BHAKE ENGAGEMENT) AND DUAL MOTOR OFERATION. INSPECT
DOORS POR EVIDENCE OF BINDING, GALLING, DEPFCORMATION, LOQSE/NON-
FUNCTIONAL/MISSING HARDWARE OR OTHER ANOMALIES. FREQUENCY: ALTL
VEEICLES AT GROUND TUERNARQUND, AFTER ALL FLIGHTS.

(C) INSPECTION

RECEIVING INSPECTICN
MATERIAL AWD PFROCESS CERTITICATIONS VERIFIED BY INSPECTICHN.

CONTAMTNATION CONTROL
CLEANLINESS TD LEVEL 300 VERIFIER BY INSPECTION. CORROSICH CONTROL
PROVISIONS ARE VERIFIED BY INSPECTICN.

ASSEMBLY /TNSTALIATION

" GEARBOX ASSEMBLY VERTFYED BY INSPECTION. SLIP TORQUE VERIFIED BEY
INSPECTION AT SUB-A3SSEMBLY. SPRING DIAMETER AND FORCE VERIFIED BY
INSPECTION.

NONDESTROCTIVE EVALUATION
STRUCTURAL INTEGRITY OF DETAIL FARTS VERIFIED BY PENETRANT OR MAGNETIC
PARTICLE INSPECTION. TECHNIQUES AND TECHNICIANS ARE CERTIFIED.

CRITICAL FROCESSES
HEAT TREATING, BEARING INSTALLATION AND LUBRICANT APPLICATION VERTFIED BY
INSPECTTIOM,

TESTING
GEAR HARDNESE TEST, ACROSS PIN MEASUREMENT AND REDLINE TEST FOR COMPOSITE
FRROR ARE VERIFIED BY INSPECTION. A ETALL/MAXIMUM TORQUE TEST, TC VERIFY
CLUTCH SETTIRG IN THE ASSEMBLED ONIT, IS INSPECTED DURING ATP,

{D) FAILURE HISTORY

THERE HAVE BEEN NQ ACCEPTANCE TEST, QUALIFICATICN TEST, FIELD Or FLIGHT
FALILURES ASSOCIATED WITH THIZ FAILURE MCDE.

(E) OPERATIONAL USE
1¥ FAILURE OCCURS WITH ONE (1) DOOR IN THE OPEN POSITION, THE REMAINING
DOOR WILL BE CIOSED 10 PRECLUDE A SECOND FAILURE RESULTING IN TWO DOORS
BEING OPEN DURING RE-ENTRY. IMPACT TG MISSION: A SINGLE TRACKER INERTTAL
MEASURING UNIT (IMU) ALIGNMENT CAPABILITY REMAINS IF THE OTHER STAR
TRACKER DOOR FATLS TO OPEN; IF A DOOR FATLS WHILE OPENING, THE REMAINING
DOOR MUST BE CLOSED (REQUIRING THAT THE COAS BE USED FOR ALIGWMENT) .



