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ITEM:
LINKAGE, DRIVE

FURCTION: :
TRANSMITS MOTION FROM RQTARY ACTUATCORS TC PAYLOAD BaY DCOOR BY PUSH-

FULL ROD, EBELLCRANK AND LINK AT SIX PLACES ON EACH DOOR, TO GPEH AND
LLOSE DOOR.

FATIURE MOLDE:
PEYSTCAL BINDING/JTAMMING

CADBE(8) =
ADVERSE ToLERANCES /WEAR, CONTAMINATION/FOREIGH OEJECT/DEERIS, DEFECTIVE
FART/MATERIAL OR MANUFACTURIHG DEFECT, THERMAL DISTORTICOH, VIERATION

EFFECTS ONI
(A) SUBSYSTEM (B)INTERFACES [(C)MIESSION (D)CEREW/VEHICLE

{&,B) LOSS QF CAPABILITY TO QOPEN/CLOSE PAYLOAD BAY DOOR IF JAM CANNOT
EE CLEARED. POSSIBELE DAMAGE TO LINEAGE CR STRUCTURE IF JAM OCCURS WITH
LINKAMZE AT OR NEAR ONe-CENTER FOSITION.

{¢) POSSIELE L33 OF MISSION IF PAYLQAD BAY DOOR CANNGOT BE QFENEL.

{D) POEEIBLE LOSS OF CREW/VEHICLE IF DOCR CANNOT BE CLOSED.

- = P FRE S
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DISPOSITION & RATIONALE: _
(A)DESIGN (B)TEST (C)INSFECTION (D)FAILURE HISTORY (E)CPERATIONAL TSE

{A) DESTGH
LINRKAGE DESTGNED WITH POSITIVE MARGIN OF SAFETY FOR ALIL. DESTCM LOAD
CONDITIONS WHICH INGCLUDE STALL NEAR ON CENTXR FOSTTION, MATERIALS
INCONEL 718 PUSH ROD3 AND TITANIUM BELICRANK, ARE ACCEPTABLE AS INSTALLED
TO STRESS AND GQALVANIC CORROSION STAMDARDS. PAYIQAD BAY DOOR ODRIVE
RCTARY ACTUATOR TORQUE LIMITERS CONTROL LOAD TRANSMITTED THROUSE THIS
LINKAGE. DESIGN OF TEE ACTUATION SYSTEM PERMITS PARTIAL WORKAROUND OF
MULTIPLE FAILURES OR JAMMED CONDITION BY EVA CREW IF PAYILOAD DOES NoOT
LIMIT ACCESS.

(B) TEST :
QUALIFICATION TESTS: THE QUALTIFICATION DRIVE SYSTEM IS CERTIPIED DPER CR-
29-162-0008-0001E AND THE QUALIFICATION ACTUATION MECHANISM INSTALIATION
CERTIFIED PER CR-39-5941:29=0013. THE DRIVE SYSTEM QUALIFICATION TEST
INCLODES: NUMIDITY TEST - PER MIL-STD-810E METHOD 507 PROCEDURE IV,
CYSLE PDU DURING SECOND AND FOURTH HUMIDITY CYCLE; QUALTFICATION
VIBRATION TEST (QAVT) - 20 TG 3,000 HZ RANGE WITH MAXTMOM OF Q.067 &2/HZ
FROM B0 TO 354 HZ FOR 2 1/2 MINUTES/AXIS IN ACCORDANCE WITH SP~T-Q0Z3E,
MONITOR ELECTRICAL CONTINDITY DORING VIPRATION: FLIGHET VIERATION = 20 TO
2,000 HI RAMGE WITH MAX oF 0,03 ga/HL FROM 100 TQ 230 HZ FOR 4.5 MINUTES/
AXTS LEVEL "A", AND 0.Q008 g*/HZ FROM L00Q TQ 2350 BHZ FOR 4 MINUTES/AXIS
LEVEL "B*: SHOCK TEST - BASIC DESIGN SHOCK PER MTL-STD-310EB METHOD 516.1,
PROCEDURE I AND TRANSIENT SHOCK AT 5 TO 3% EZ +/~ 0.25 g DEAK.

QUAL TESTS ALSO INCIUDE: THERMAL VACUUM TEST = THERMALLY CYCOLED 5 TIMES
BETWEEN =100 DEG F AND +157 DEG F AT A VACUUM OF 1 X 10 ~6 TORR FOR 55
HOURS, DRIVE SYSTEM CYCLED AT EACH -~¢5 DEG F AND +157 DEG F: THERMAL
CYCLING TEST - CYCLED 5 TIMES BETWEEN ~100 DEG F AND +340 DEG F WITH
DRIVE SYSTEM CYCLED AT EACH -100 DEG F AND +157 DES F WITH 60 MINUTES
DWELL AT EACH TEMPERATORE EYTREME: OPERATING LIFER TEST -« DRIVE SYSTEM
CYCLED 1,800 TIMES AT ROOM TEMPERATURE, INCLUDES MOTOR 1 AND 2 CYCLED 1350
TIMES EACH INDIVIDUALLY WITHIN 126 SECONDS/STRCEE AND 1,500 TIMES WITH
BOTE MOTORS DRIVING TOGETHER WITHIN 63 SECONDS/STROKE; MECHANICAL STOFRS
TEST - 100 TIMES WITH BOTH MOTORS INTO HARD STOGP IN BACE DIRESTION AT NO
LOADS ! STIFFHESS TEST = MEASURED SFRING RATE OF ROTARY ACTUATOR, TORQUE
SHAFT, POO AND SHAFT HANGER — GREATER THAN 0.5 X 10 =5 INCH=LB/RADIAN AT
ROTARY ACTUATOR ARIM) 7 FOWER CONSUMPTION TEST, IRREVERSTRILITY TEST,
FREEPLAY TEST WAS CONDUCTEDR A3 DEFINED IN THE ACCEFTANCE TESTS.

CERTIFICATION BY ANALYSIS/SINTLARITY INCLUDED: FUKCUS, QZCNE, PACKACING,
LIMIT/ULTIMATE LOAD, ACCPELERATION, LANDING SHOCK, SYSTEM STIFFNESS,
TEMPERATURES, HUMIDITY, LIFE, PRESSURE, SHOCK AND VIRRATION FOR ITEMS OF
DRIVE SYSTEM NOT TESTED. THE PBD ACTUATING MECHANISM INSTALLATION WAS
SUBJECTED TO 3YSTEM QUALIFICATION TESTS ON THE 15 FOOT PBD TEST ARTICLES
{087] AND ON A &0 FOOT TEST RIG, TESTS INCLUDED: ACCEPTANCE - T0O CONFIRM
ALL COMPONENTS HAVE BEEN ASSFMBLED AND RIGGED PER MLO308-0032 ON THEREE
TEST SFECIMENS. ’
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TESTS ON FORWARD 15 FQOT PANEL IMCLUDED: ORBITAL FUHNCTIONS = 3 THERMAL
CONDITIONS WITE SIMULATED THERMAL DISTORTIOUNS OF THE FOPWARD BULKHEAD
AND THE LH AND RH LONGERON SILIS, Z MOTOR OPERATICNS 22 CYCLES AT LESS
THAN &3 SECONDS FER STROEE, EACH MOTOR OFERATION I CYCLES AT LESS THARN .
126 SECONDS/STROEE FOR EACH OF THE 2 GRBITAL FUNCTIOHS; QPERATING LIFE
TESTS - PDD MECHANTISM CYCLED 91 TIMES, 55 TIMES WITH TWO MOTOR DPERATICON
AND 19 TIMES WITH EINGLE MOTOR OPERATIONS; ACCUSTIC TEST - 25 HE TO 5,000
HZ FCR % MINUTEE.

TESTS OM AFT 15 FOOT PRNEL INCLODED: OQRBITAL FUNCTIONS = 31 THEERMAL
CONRITIONS WITH SIMULATED THERMAL DISTORTIONS OF THE AFT BULRHEAD AND THI
LH AND RH LONGEROW SILL, 2 MOTOR CFERATICNS 27 CYCLES AT LESS THARW &3
SECONDS/STROKE, EACK MOTOR OFERATION I CYCLES AT LE3S THAN 126
SECONDS/STRORKE FOR EACH OF THE 3 CREITAL FUNCTIONS: QPERATING LIFE TESTS
= MECHANISM CYCLED 2413 TIMES 205 TIMES WITH TWO MOTOR CFERATION AND 1%
TIMES WITH SIRGLE MOTOR OFPERATIONS; ACOUSTIC TEST - 25 HZ TO &,0Q0 HI
FoR 5 MINUTES. '

TESTS CN &0 FOCT TEST RIG INCLUDED: AMBIENT CYCLIMG - 3 THERMAL
CONDITIONS WITH THERMAL DISTORTIONS OF THE SILL LONGERCN, 2 MOTOR
OPERATTONS 32 CYCLES AT LESS THAN 63 SECUNDS/STROKE! 10 WITHOUT
DIITORTION STIMULATION; EACH SINGLE MCOTCR OPERATION 3 WITHOUT DISTUORTION
AND 6 WITH DISTORTION AT LESS THAN 126 SECONDS/STROKE; TEMPERATURE

- ; CYCLING -~ 3 THERMAL CONDITIONS WITH THERMAL DISTCRTIONS OF THE SILL
LONGERON, 2 MOTOR QPERATIONS 22 CYCQLES AT -42 DEGC F AT LESS THAN 632

. SECONDS/STROEE: 10 WITHOUT DISTORTICON SIMODLATION, EACH SINGLE MOTOR
OPERATION 1 WITHOUT DISTURTION SIMULATION AND WITH DISTORTION AT LESS
THAN 126 SECONDS/STRCEE AT -42 LDEG F; ORBITAL FUNCTIONAL TEST = REPEAT
THE ABOVE AMBTENT AND =42 DEG P TESTS POR A TOTAL OF 80 MECHANISM
CYCILES. CERTIFICATICHN BY ANALYSIS/STMILARITY INCLUDES FUNGUS, UZCNE,
PACEAGING, THERMAL/VACUUM, SALT SFRAY, ACOUSTIC, SHOCK, LINIT/ULTIMATE
LOADS, ACCELERATTON, SAND/DIOST AND MARGIN OF SAFETY.

ACCEPTANGCE TEST: TESTS AN THE MC162-0008 COMPONENTS INCLUDES:
EXAMINATION OF PRODUCT - WEIGHT, WORFMANSEIF, DIMENSIONS, CUNSTRUCTION,
CLEANLINESS, FINISH, IDENTIFICATION, MARWINGZ, TRACEASILITY AND USE OF
CERTIFIED MATERIALS AND PROCESSES; ACCEDTANCE VIBRATION (AVT) - 20 TO
2,900 HZ RANGE WITH MAXIMUM OF 0.04 g2/HZ FRCOM 80 TO 150 BZ FOR 30
SECONDS/AXIS MINIMUM, ELECTRICAL CONTINUITY MONITORED DURING TESTS AND
PO CYCLED BEFORE AND APTER VIBRATION; ACCEPTANCE THERMAL TEST (ATT) -
THERMALLY CYCLED FROM +70 DEG F To +320 DEG F, TO +157 DEG F, TG -20 DEG
F, To +320 DEG F, TO +157 DEG F, TO 70 DEG F WITH CONTINUITY MONITORED
THROUGHQUT, FDU WAS CYCLED & TIMES AT EACHE +157 DEG F AND & TIMES AT -20
DEG F AT LESS THAN &3 SECONDS/STRCEE TWC MCTOR OPERATIONS AND 126
SECONDS/STROFE SINGLE MOTOR ¢PERATIONS; FOWER CONSUMPTION TESTS -INPUT
FUWER MAX OF 450 WATTS/MUTOR AT RATED LOAD AND SINGLE MOTOR TIME OF 126
SECONDS/STROKE AND 631 SECONDS/STROKE DUAL MOTOR OPERATION; THSULATION
RESISTANCE, DIELECTRIC STRENGTH = PER MFO004=002 EYCEPT TEST VOLTAGE WAS
750 VRMS. CYCLING TEST - SINGLE MOTOR DRIVE 20 CYCLES EACH AND DUAL
MOTORS 40 CYCLES. FREEPLAY TEST — MAXIMOM GF 1.0 DEGREES WITH 10 IN LBS
BEVERSING TORQUE ON EACH ACTUATOR; ACTUVATOR STALL - CONTINUOUS STALL FOR
126 SBECONDS AT FULL INVERTOR EOWER 130 VOLTES AC.



SHUTTLE CRITICAL ITEMS LIST = URBITER .

SUBEYETEM :ACTUATION MECH-~-PED FMEA NO 02-4B =200 =1 REV:031/08/28

ACCEPTANCE TESTS ALSO INCLUDE: TRREVERSIEILITY TEST = €50 INCH-LE AT FCU
OUTPUT SHAFT; TRAVEL LIMIT TEST - ACTUATOR STOPPED RBY LIMIT SWITCHES AND
EY HARD STOPS WITH SWITCHES DEENERGIZED; MANUAL OPERATIONS = LESS THAN
100 INCH-LB TORQUE TO ENGAGE AND DISENGAGE THE PDU; BACKDRIVE - FORCE AT
ACTUATOR OUTPUT ARM ROD ATTACH FOINT LESS THAN 150 POUNDS; TORQUE LIMITS
= ROTARY ACTUATOR OUTPUT LIMITS AT RCOM AMBIENT ARE 6,200 TO 8,650 INCH-
LB, QUTFUT LIMITS AT +157 DEG F AND =65% DEG P ARE 4,200 TO 10,000 INCH-
LE; FROOF LOAD TESTS - 3/4 O.D. DRIVE SHAFTS TESTED TO 325 INCH=LS AND
1.0 ©.D. DRIVE SHAPTS TESTED TC 650 INCE-LB; FRICTION TORQUE TEST -
TORQUE ON SHAFT SUPPQRT IS LESS THANW 1.0 INCH-LB. ZEACH TORQUE SHAFT IS
FROOF LOADED DURING ACCEDTANCE.

OMESD: GROUND TURNARCUND INCLUDES MONITORING FUNCTIONAL CHECKS TO VERIFY
NQ BINDING OR JAMMING AND VISUAL INSPECTION OF HARDWARE TO ENSURE THAT
PARTS ARE NCT BRGEEN QR DEFORMED. PROPER FUNCTION OF THE COMPONENTS IS
VERIFIED PERIQDICALLY AS PART OF THE MAINTENANCE SAMPLING PROGRAM,

{C) INSPECTION

RECEIVING INSFECTION

MATERIALS I3SUED FOR FAERICATION OF BELLCRANK AND ROD ASSEMBLIES ARE
VERIFIED BY INSPECTION. RCD ENDS ARE PURSHASED TO CONTROLLED DRAWENGS
AND SPECIFICATIONS AND ARE WERIFIED FROM PURCHASE ORDERS.

CONTAMINATION CONTROL
CORRUSION PFROTECTION PER DRAWING AND CORRQSTON PROTECTICN SPEECIFICATION

1=z VERIFIED BY INEPECTIGH. CLEANLINESS RECUIREMENTS VERIFIED EY
. LNSPECTION.

ASSEMBLY /TNSTATLIATTON

BUSHEING INSTALIATION IS PER DRRWING AND BUSHING IHSTALLATIDH
SPECIFICATION AND IS VERIFIED BY INSPECTION. MACHINING OFERATIONS ARE
FER. DRAWING AND MACHINE SPECIFICATION WHICH ARE VERIFIED BY INSPECTION CNM
MANUFACTURING CRDERS. ASSEMBLY IS COMPLETE PER DRAWINGS AND APPLICABLE
SPECIFICATIONS WHICE ARE VERIFIED BY INSPECTION CON MANUFACTURING ORDERS.
FROCESSING MATERTALS IN CONTACT WITH TITANIUM PER MFOO04=01E VERIFIED BY
INSPECTIION.

HCRDESTROCTIVE EVALIDATION
PENETRANT INSPECTION VERIFIED BY INSPECTION.

CRITICAL PRUOCESSES
EEAT TREATING IS VERIFLED BY IMSFECTION.

TESTING
ACCEFTANCE TESTING VERIFIED BY INSPECTION.

HANDLING/ PACRAGING
HANDLING AND PACRAGING REQUIREMENTS VERIFIED EY INSPECTIAN.

(D) FATLURE HTSTORY
THERE HAVE BEEN NO ACCEPTANCE TEST, QUALIFICATION TEST, FIELD OR FLIGHT
FTAILURES ASSOCIATED WITH THLS FAILURE MODE.
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{Z) OPERATTCNAY, USE

EVA WORFARCOUND IS5 POSSTIELE TO CLOSE DOnR IP PAYLOAD DOES WQT LIMIT
ACCEES.



