SHUTTLE CRITICAL ITEMS LIST - QREITER
SUBSYSTEM :ACTUATION MECH-STAR TRACK FMEA NC 02-4F-032001-5 REV:02/17/788

ASSEMELY :STAR TRACHKER DOORS ' CRIT, FUNC: 1R
B/H RI iMCs21-0066 CRIT. HDW: 3
P/HN VENDOR:ALOD47AD10 ELLANEF VEHICLE 14z 103 104
CUANTITY - :2 EFFECTIVITY: X X x

t1 UFPPER, 1 LOWER PHASE(S) : PL Lo o0 Do X LS

REDUNDANCY SCREEN: A~FAIL B~FAIL C-PASS

FREPAREL BY: APFROVED BY: APPRD?ED BY [HAEA :
DES R. H. YEE DES<R, M idts Lo by AT e A
REL J. 5. MULLEN EREL Q-0 i,
QE W. S. SMITH QE o i

ITEM:
TORQUE LIMITER, DOOR DRIVE ACTUATOR

FUNCTICON: ' .
- TO PROTECT TEE ACTUATOR MOTOR/GEARS BY ALTOWTNG FREUETERMINED SLIPEPACE
WHEEN THE STAR TRACKER DOCR MECHANISM STALLS QR JAMS.

FATINTRE MODE:
TORQUE LIMITER FAILS TC SLIP AT MAXIMOM ALLOWABLE TORQUE

CAUEE(S) :
ADVERSE TULERAWCES/WEAR, CHAWGE IX MATERTLATL FROPERTIEE, CUNTAMINATION/
FOREIGN QBJECT/DEBRIS, DEFECTIVE PART/MATERIAL OR MANUFACTURING DEFECT,
TEMPERATURE

EFFECT(S) ON:
() SUESYSTEM (B)INTEEFACES (C)MISSION (D)CREW/VERICLE

{A) JAMMING CONDITION CAUSES OVERLOAD FAILURE; DOOR UNABLE TO QPEN/CLOSE.

(B} ONE DOCR FAILS TO OPEN - LOSS OF ONE STAR TRACKER. CNE DOOR FATIS
TO CLOSE - LOCALIZED THERMAL DAMAGE DURING RE-ENTRY.

(C) NONE - REMAINING STAR TRACKER WITH CREW GDTICAL ALTGHMENT S5IGHT
(CUAS) BACKUP AVATTABLE WILL PERFORM FUNCTTION.

{D) OWE DOCR FAILS TC OFEN = NONE; ONE DOOR FAILS TO CLOSE - NONE PER
THERMAL STUDY {(REF. IL SAS-AAST-79=-015 DATED 1-17-7%). STULY COVERS THE
CASE OF ONE DOOR FAILING TO CLOSE. TWO DOORS FAILING TO CLOSE COULD
CAUSE LOSS OF CREW/VEHIGCLE, DUE TO THERMAL FLOW THEOUGH STAR TRACKER
CAVITY. '
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FAILS REOUNDANCY SCREEN "A™ SINCE THERE ARE NO TURNAROQUND TESTS TG VERIFY
A FAILURE OF THE TORQUE LIMITER AND FATLS SCREEN "BY SINCE THERE IS5 HC
VISUAL OR INSTRUMENTED WAY OF DETECTING A FAILURE QF THE TORQUE LIMITER
WHILE IN FLIGHT.

DISPOSITION & RATIONALE:
{A}DESIGN (B)TEST (C)}INSPECTION (D)FAILURE HISTORY (E)OPERATIONAL USE

(A} DESICHN '
THE STAR TRACKER DOOR SUBSYSTEM CONSISTS OF A SEALED DOGR AND AN
ELECTROMECHANICAL DOOR DRIVE ACTUATOR. THE DOOR DRIVE ACTUATOR
CONSISTS OF A PLANETARY GEARSOX/DIFFERENTIAL AND A SPRING LOADED (4)
EALI-DETENT TORQUE LIMITER DRIVEN BY TNO (REDUNDANT) 3-PHASE ELECTRIC
MOTORS: EAGH WITH AN INTEGRAL SFRING-LOADED BRAKE. ~LIMIT SWITCHES, SOFT
(LEAF SPRING) STCPS AND HARD MFCHANICAL STOFS CONTROL/LIMIT ACTUATOR
HOVEMENT/RCTATION. HOUSING FABRICATED OF SAL~4VT TI AND DESIGNED TO
PRECLUDE THE ENTRY OF FOREIGN FARTTCLES. CGEARS MANE OF FPH13-3MO AND 455
CRES: 4340 AND 9NI-4CO-.2C STL. BEARINGS MADE OF 440 AND OTHER CRES.

DOCRS AND TRACKS MADE OF 2213 AL. PARTS CLEANED TO LEVEL 300, PER

MAD110-301 (PRIOR TO ASSEMELY). ASSEMBLED IN A CLASS 100,000 CLEAN ROOM

{PER FED-STD-209). DUAL ROTATING SURFACES ON EEARINGS. SAFETY FACTOR

1.4 MINIMUM. PROVISION EXISTS TD CYCLE ACTUATOR (TO LOOSEN

STALIED/JTAMMED MECHANISM) . BRAKES ARE DESTGNED TC FAIL IN THE ENGAGED
POSTTICN. DIFFERENTIAL IS DESIGNED TO DISTRIEUTE POWER FROM EITHER ONE ‘
¢R BOTH (REDUNDANT) MOTORS. TORQUE LIMITER IS DESIGNED TGO BROTECT MOTORS

AND DRIVE TRAIN FROM AN OVERLOAD FAILURE. REF. STRESS ANALYSIS REPORT
SD77-5K=0178, VOL. II.

{B) TEST
QUALIFICATION TESTS: COMPONENT (UAL-CERTIFIED PER CR-28-621-00&86=0007.
QUALITICATION TESTS INCLUDE: HOMIDITY TEST (FER MIL-STD=S810B), METEOD
507, PROCELURE I), QUAL-ACCEPTANCE VIBRATION TEST (QAVT) (ACCUSTIC
VIBRATIONS FROM 1&-8,000 HZ FOR S5 WINUTES; ELECTRICAL CIRCUITS CHECKED
WITH ACTUATCR CYCLED FROM CLOSED, 10 QFEN, TO CLOSED MOSITION), FLIGHT
VIBRATION TEST (20-2,000 HZ FOR 71 MINUTES; 15-8,000 HZ FOR 34 MINUTES),
EXFLOSIVE ATMOSPHERE TEST (ACTUATOR NOT TO EXCEED +3%2 DEG F OR EXPLODE
WHILE IK A BUTANE ENVIRCKMENT, DURING ONE EXTEND OR RETRACT STROEE),
THERMAL CYCLING TEST (CYCLED FIVE TIMES BETWEEN =100 DEG F AND +350 DEG
F, WITH AT LEAST &0 MINUTES DWELL AT HACH BEXTREME), OPERATING LIFE TEST
(ACTUATOR CYCLED 2,900 TIMES AT ROOM TEMP; INCLUDES MCTOR 1 AND MOTGR 2
CY¥CLED 200 TIMES EACH, ALCHE, AND WITHIN 20 SEC/STROKE: AND 1,000 CYCLES
WITH BOTH MOTORS AND WITHIN 10 SEC/STROKE) AND STALL/MAXIMOM TORGQUE TEST
(TORQUE LIMITER EOLDS AT 1,246 INCH-LB AMD SLIPS AT 1,450 INCE-LB).
FOWER CONSUMPTTON TEST, PRESSURE LEAK TEST AND FEEE=-PLAY TEST WERE
CORDUCTED AS DEFINED IN THE ACCERTANCE TEETE. CERTIFICATION BY
ANAL¥YSIS/SIMITARITY INCLUDED: FUNGUS, OQOZONE, ACCELERATION, TRANSPACKACE,
SAND/DUST, SALT SPRAY, LIGHTNING, SHOCK AND THERMAL VACUUM.
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ACCEPTANCE TESTS: IFCLUDES EXAMINATION OF PRODUCT (FOR WEIGHT,
DIMEHNSIONS, CONSTRUCTION, CLEANLINESS AND FINISH), ACCEPTANCE VIERATION
TESTS (AVT) (16-8,000 HZ FOR 1 KINUTE; WITH DOORS CYCLED AND ELECTRICAL
CIRCUITS VERIFIED}, ACCEPTANCE THERMAL TESTS (ATT) (CYCLED BETWEEN ~80 DE
F AND +330 DEG F), BONDING TEST (PER MFOD04~002), FPOWER CONSUMPTION TEST
(WITH TEMPERATURE BETWEEN —-80 DEG ¥ AND +330 DEG F, SINGLE MOTOR CYCLED
WITHIN 20 SEC, DUAL MOTORS CYCLED WITHIN 10 SEC, 22z WATTS/MOTOR MAXIMUH,
400% MAXIMUM STARTING CUREENT AT RATED LOAD), INSULATION RESISTANCE TEST
AND DIELECTRIC WITH STANDING VOLTAGE TEST (PER MF00Q4-002), PRESSURE
LEARACE TEST (MAXIMUM 0,01423 LB/SEC FOR LOWER DOOR, MAXIMUM 0.0173 LB/SE
FOR UPFER DOOR, AT 5.5 PSID), CYCLING TEST (SINCLE MOTOR, 40 CYCLES EACH
AT 20 SEC/STROKE: DUAL MOTOR, 120 CYCLES AT 10 SEC/STRORE), FREEFPLAY TES
(MAXIMUM OF TWC DEGREES WITH 100 INCH-LB REVERSING TORQUE ON OFEN DOOR;
NONE WITH DOOR CLOSED), STALL/MAXTMUM TORQUE {TORQUE LIMITER HOLD AT
1,346 INCH-LB AND SLIPS AT 1,450 INCH=LB), IRREVERSIBILITY TEST (DOCR
IRREVERSIELE FROM CLQSED POSITION, WITH MAXIMUM OPERATING LOAD PLUS A 5.
PSI AIRLOAD ON EXTERIOR OF DOCR) AND TRAVEL LIMITS TEST (DOOR CYCLED OFE
AND CLOSED; STOPPEDR BY LIMIT SWITCHES).

UMRSD: NO FRACTICAL TEST IS AVAILABLE FOR THIS FATIURE MODE. PROPER
FUNCTION OF THE TORQUE LIMITER IS YERIFIED PERIODICALLY AS PART OF THE
MAINTEMANCE SAMPLING FROGRAM.

fc} INSPECTION

BECEIVING INEPECTION :
MATERIAL AND PROCESS CERTIFICATIONS VERIFIED BY INSFECTION.

CONTAMINATION CONTROL

ALL, PARTS ARE CLEANED BEFCRE TORQUE LIMITER ASSEMBLY. THE TOROUE LIMITE]
+5 ASSEMBLED IN A CLEAN RCOM. CLEANLINESS T LEVEL 300 VERIFIED BY
INSPECTICN. CORROSION CONTROL PROVISIQONS ARE VERIFIED EY INSPECTION.

ASSEMBLY/INSTALLATION ,
TORQUE LIMITER ASSEMBLY VERIPIED BY INSPECTION. SLIP TORQUE VERIFIED BY
INSPECTICN. SPRING DIAMETER AND PORCE VERIFIED BY YHSPECTION.

FONDESTROCTIVE EVALUATION
STRUCTURAL INTEGRITY OF DETAIL PARTS VERIFIED BY FPENETRANT OR MAGNETIC
PARTICLE INSPECTION. TECHNIQUES AND TECHNICIANS ARE CERTIFIED.

CRITICAL PROCESSES

HEAT TREATING, BEARTNG INSTALLATION AND LUBRICANT APPLICATION VERIFIED B!
IHNSPECTION.

TESTING

GEAR HARDNESS TEST, ACROSS PIN MEASUREMENT AND REDLINE TEST FOR COMDOSTTI
ERROR ARE VERIFIED BY INSPECTION. A STALL/MAXIMUM TORQUE TEST, TO VEIRIF:
CLUTCH SETTING IN THE ASSEMBLED UNIT, IS INSPECTED DURING ATP.

(D) FATLURE HISTORY

THERE HAVE BEEN N0 ACCEPTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FAILURES ASSQCIATED WITH THIS FATIURE MODE.

A A 03



SHUTTLE SRITICAL ITEMS LIST - ORRBITER .
SUBSYSTEM :ACTUATION MECH-STAR TRACK FMEA KO 02=4F=032001-%5 REV:02/17/88

{E) CPERATIONAL USE
IF FAILURE OCCURS WITH CONE (1) DOOR IN THE OPEN POSITION, THE REMAINING
COOR WILL BE CLRSED TO PRECLUDE A SECOND FAILURE RESULTING IN TWO LOCRS
EEING CPEN DURING RE-ENTRY. TMPACT TO MISSION: & SINGLE STAR TRACKER
INERTIAL MEASURING UNIT (IMU} ALICNMENT CAPABRIITTY REMATINS IF THE OTHER
STAR TRACEER DOODR FAILS TO OPEN; IF A DOCR FAILS WHILE OPENING, THE
REMAINING DOOR MUST BE CLOSED (REQUIRING THAT THE CDAS BE USED FOR

ALIGHNMENT) -
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