SHUTTLE CRITICAT, ITEMS LIST - CRRITER

SUBSYSTEM :ACTUATION MECH-PED TMEA NO 02=4B =206 =1 REV:0Q31/08 /688
ASSEMBELY :PBD ACTUATICN CRIT. FUKRC: LR
BF/N ERI :TE130=0001 CRIT. HLW: 2
P/N VENDOR:TULSA DIVISION VEHICLE 102 102 104
QUANTITYE 3245 EFFECTIVITY! X X X

$13 PER DOOR PHASE(S): FL 1o co X DO s

FECUNDANCY SCREEN: A-PAIL B-FAIL C-PASS

PREEARED EY: APFRO APPRO

DES HI ﬁ- m DEE _1-& SSM F. .f‘-".."r'ﬁ' ]
REL M. B. MOSKOWITZ REL 7 P
QE W. J. SMITE QE LAl

ITEM:

BEARIHG, DOOR HINGE

FUNCTTON !

INTERFACE BETWEEN DOQOR AND MIDFUSELAGE. FIVE OF THIRTEEN HINGES FER DOOR
dAVE SHEAR LOAD CRPABILTTY TO TRANSFER LOALS IN FORE AND AFT DIRECTTON,

FATLURE MODE:

FAILS TC ROTATE

{8): : .
ADVERSE TOLERANWCES/WEAR, CCNTAMINATION/FOREIGN ORJECT/DEBRIS, CORROSION,
DEFECTIVE PART/MATERTAL OR MANUFACTURING DEFECT, EXCESSIVE LOAD

EFFECTE aH: . o

(A) SUBSYSTEM (B)INTERFACES (C)MYSSION (D) CREW/VENICLE

{4,8,C,D) NONR. REDUNDANT SURFACE AVAILABLE TO PERFORM FUNCTION.
POSSIELE IOSS OF CREW VEHICLE IF MULTIPLE FATIORES PREVENT DOOR CLOSTRE.

FATLS REDUNDANCY SCREEN "A™ SINCE THERE ARE NO TURNAROUMD TESTS FOR
VERIFYING THLS FIRST FAILURE AND TATILS SCREEM "B* SINCE THERE IS NQ

VISTAL QR INSTRUMENTED WAY OF DETERMINTING WHEN ONE SURFACE CF THE BEARTNG
FAILS TC ROTATE,

DISPGSITION & RATTONALE:

(A) DESIGN

(A)DESICH (B)TEST (C)INSPECTION (D} FAILURE HISTORY (E)OPERATTONAL TSE

THE PAYLOAD BAY DOORS HINGE BEARINGS ARE SELF ALIGNTNG SPHERICAL BEARINGS
FAPRICATED OF INCONEL 718 FORGTHG Ma . A SOLID LUBRICANT IS
UIILIZED BETWEEN THE BERRING BALL AND RACE. MULTIPLE ROTATING SURFACES
ARE PROVIDED (BALL/RACE AND HINGE PIN/BALL).
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B) TEST

( éULLIFICATIGH TESTS: THE QUALIFICATION DRIVE SYSTEM IS CERTIFIED PR CR~
39~152-+0008-0001E AND THE QUALIFICATION ACTUATION MECHANISM INSTALLATION
CERTIFIED PER CR-29-5%4125=001G. THE DHIVE SYSTEM QUALIFICATION TEST
INCLUDES: HUMIDITY TEST = PER MIL-STD-810B METHOD 507 PROCEDURE IV,
CYCLE POU DURING SECOND AND FOURTH HUMIDITY CYCLE: QUALIFICATTON
VIBRATION TEST (QAVI) - 20 TO 2,000 HZ RANGE WITH MAXIMGM OF 0.067 g2/HZ
FROM 280 TO 350 HZ FOR 2 1/2 MINUTES/AXIS IN ACCORDANCE WITH SP-T-0023B,
MONITOR ELECTRICAL CONTINUITY DURING VIBRATION; FLIGHT YIBRATION = 27 TG
2,000 HZ RANGE WITH MAX OF Q.03 go/HZ FROM 100 TO 250 HZ FOR 4.% MINUTES/,
AXIS LEVEL "A", AND 0.008 g</HZ PROM 100 TC 250 HZ FOR 94 MINUTES/AXIS
LEVEL "EB"; SHOCK TEST - BASIC DESIGN SHOCK PER MTL-STD-810B METHOD 516.1,
PROCEDURE I AND TRANSIENT SHOCK AT 5 TC 35 HZ +/- 0.25 g PEAK.

QUAL TESTS ALSO INCLUDE: THERMAL VACUUM TEST - THERMALLY CYCLED % TIMES
BEIWEEN -100 DEG F AND +157 DEG F AT A VACUIM OF 1 X 10 -6 TORR FOR 53
EUURS, DEIVE SYSTEM CYCLED AT EACH ~-55 DEG F AND +157 DEG F; THERMAL
CYCLING TEST - CYCLED 3 TIMES EBETWEEN =100 DEG F AND +340 DEG F WITH
DRIVE S¥STEM CYCLED AT EACH =100 DEG F AND +157 DEG F WITH 50 MINUTES
CWELL AT EACH TEMPERATURE EXTREME; OPERATING LIFE TEST - DRIVE SYSTEM
CYCLED 1,800 TIMES AT ROOM TEMPERATURE, INCLUDES MOTOR 1 AND 2 CYOLED 150
TTHES EACH INDIVIDUALLY WITHIN 126 SECONDS/STRGOEE AND 1,500 TIMES WITH
_ BOTH MOTORS DRIVING TCGETHER WITHIN 63 SECONDS/STROKE; MECHANTOAL STODS
TEST - 100 TIMES WITH BOTH MUTORS INTO HARD STOP IN EACH DIRECTION AT NC
. LOADS; STIFFNESS TEST - MEASURED SPRING RATE OF ROTARY ACTUATOR, TORQUE
SHAFT, PLU AND SHAPFT BANGER — GREATER THAN 0.5 X 10 -5 INCH-LB/RADIAN AT
ROTARY ACTUATOR ARM); FOWER CONSUMPTION TEST, IRREVERSIBILITY TEST,
FREZPLAY TEST WAS CONDUCTED AS DEFINED IN THE ACCEPTANCE TESTS.

CERTIFICATION BY ANALYSIS/SIMTLARTTY INCLUDED: FUNGUS, OZONE, PACEAGTNG,
LTWTT/OULTIMATE LOAD, ACCELERATION, LANDING SHOCK, STSTEM STIFFNESS,
TEMPERATURES, HUMIDITY, LIFE, PRESSURE, SHOCE AND VIBRATION FOR ITEMS QF
DEIVE SYSTEM NOT TESTED. THE FED ACTUATING MECHANTSM INSTALLATION WAS
SUBJECTED IQ SYSTEM QUALTFICATTON TESTS ON THE 15 FOOT BBD TEST ARTICLES
{087) AND ON A 60 POOT TEST RIG, TESTS .INCLUDED: ACCEPTANCE - TO CONFIRY

ALL COMPONENTS HAVE BEEN ASSEMBLED AND RIGGED PER MLO308-0032 ON THREE
TEST SPECIMENS.

TESTS ON FPORWARD 15 FOOT PANEL INCLGDED: ORBITAL FUNCTIONS - 3 THERMAL
CONDITIONS WITH SIMULATED THERMAL DISTORTIONS OF THE FORWARD BULFHEAD AMD
THE Lil AND RH LOMGERON SILLS, 2 MOTSR QPERATIONS 22 CYCLES AT LESS THAW
§3 SECONDE PER STROKE, EACH MOTOR OPERATION 3 CYCLES AT LESS THAN 124
SECONDS/STROKE FOR EACH OF THE 3 ORBITAL FOMNCTIONS; QPERATING LIFE TESTS
= PBD MECHANISM CYCLED 93 TIMES, %5 TIMES WITH TWO MOTOR OPERATION AND

12 TIMER WITH S3INGLE MOTOR UPERATIONS ! ACOQUSTIC TEST — 25 BEI To 89,000 HZ
FCR & MINUTES. '

. s B L
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TESTS QN AFT 15 FQOT PBAMEL INCLUDED: OQHBITAL FUNCTICNS - 31 THERMAL
SONDITIOHS WITH SIMULATED TEERMAL DISTORTIONS OF THE AFT BULFHEAD AND THE
LE AND BH LONGERONW SILL, 2 MOTOR OPERATIONS 27 CYCLES AT LESS THAN 63
SECONDS/STROKE, EACH MOTOR OPERATION 3 CYCLES AT LESS THaN 125 '
SECONDS/STRORE FPOR EACE QF THE 3 ORBITAL FUNCTICNS; CFERATING LIFE TESTS
- MECHANISM CYCLED 243 TIMES 205 TIMES WITH TWO MOTOR OPERATION AND 1S5
TIMES WITH SINGLE MOTCR OPERATIONS; ACQUSTIZ TEST = 25 HZ TO &,000 HZ

FOR 5 MINUTES.

TESTS COX 60 FOOT TEST RIG INCLUDED: AMBIENT CYCLING - 3 THERMAL
CONDITICNS WITH TEERMAL RISTORTICNS QF THE SILL LONGEROH, 2 MOTCR
OPERATICNE 22 CYCLES AT LESS THaM &3 SECONDS/STROKE: 10 WITHCUT
DISTORTION SIMUZATION; EACH SINGLE MOTCR QPERATION ? WITHOUT DISTORTLION
AND 6 WITH DISTORTION AT LESS THAN 126 SECONDE/STROKE:; TEMFERATURE
CYCLING — 1 THERMAL CONDITIONS WITH THERMAL DISTORTICONS OF THE SILL
LoNGERON, 2 MOTOR OPERATIONS 22 CYCLES AT —-42 DEG F AT LESS THAN &3
SECONDS/STROKE: 10 WITHCOUT CISTORTION SIMULATION, EACH SINGLE MOTOR
OPERATICON 3 WITHOUT DISTORTION SIMULATION AND WITH DISTORTION AT LESS
THAN 126 SECDONDS/STROEE AT =42 DEG F; CRBITAL FUNCTICNAL TEST = REPEAT
THE ABCVE AMBTENT AND =42 DEG F TESTS FOR A TOTAL QF 80 MECHANISM
CYCLES. CERTIFICATICON BY AMALYSIS/SIMILARITY INCLODES FUNGUS, CZONE,
PACRAGING, THERMAL/VACUUM, SALT SFRA¥, ACUUSTIC, 3JHOCK, LIMIT,/TULTIMATE
LoADS, ACCELERATIGCN, SAND/DUST AND MARGIN OF SAFETY.

ACCEPTANCE TEET: TESTS ON THE MCLS2-0008 COMPONENTS THCLULDES: :
EXAMINATION OF PRODUCT =« WEIGHT, WOREMANWNSHIP, DIMENSICONS, CONSTRUCTION,
CLEANLINESS, FPINISH, IDENTIFICATION, MARRINGS, TRACEABILITY AND USE OF
CERTIFIED MATERIALS AND PROCESSES; ACCEPTANCE VIZRATION (AVI) - 20 TO
3,000 HZ RANGE WITH MAXTIMUM OF 0.04 g</HMZ FROM 20 TO 350 HZ FQR 30
SECONDS/AXTS MINIMUM, ELECTRICAL CONTINUITY MONITORED DURING TESTS AND
PFOO CYCLED BEFORE AND AFTER VIBRATION; ACCEPTANCE THERMAL TEST (ATT) -
THERMATLY CYCLED FROM +70 DEG F T0 +320 DEG F, TD +157 DEG F, TQC =80 DEG
F, TD +32Q0 DEG F, TO +157 DEG P, TO 70 DEG T WITH CONTINULTY MONITGURED
THROUGHOUT, PDU WAS CICLED § TIMES AT EACH +157 DEG F AND 6 TIMES AT -20
bEG F AT LESS THAN 43 SECONDI/STROKE TWO MOTCR OPERATICNS AND 126
EECONDS/STROEE SINGLE MOTOR OPERATIONS: POWER CONSUMPTION TESTS =INPUT
POWER MAY OF 450 WATTS/MOTOR AT RATED LOAD AND SINGLE MOTOR TIME OF 125
SECONDS /STROKE AND 63 SECONDS/STRCOEE DUAL MOTOR QFERATION: INSUTLATION
RESISTANCE, DIEZLECTRIC STRENGTHE - PER MFO004-002 EXCEPT TEST VOLTAGE WAS
750 VRMS. CYCLING TEST - SINGLE MATOR DRIVE 20 CYCLES EACH AND DUAL
MAOTORS 40 CYCLES. FREEFPLAY TEST - MAXIMUM OF 1.4 DEGREES WITH 10 IN LBS
REVERSING TORGUE ON BACH ACTUATOR: ACTUATOR STALL = CONTINUOUS STALL FGR
136 SECONDS AT FULL INVERTOR POWER 120 VQLTS AC.
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ACCEFTANCE TESTS ALSO INCLUDE: IRREVERSIBILITY TEST - 550 INCH=LE AT FDU
QUTPUT SHAFT: TRAVEL LIMIT TEST - ACTUATOR STOPEED BY LIMIT SWITTHES AND
EY HARD STOPS WITH SWITCHES DEENERCIZED: MANUAL QPERATIONS - LESS THAN
100 INCH-LE TORQUE TG ENGAGE AND DISENGAGE THE PDU: BACKDRIVE - FQRCE AT
ACTUATCR QUTPUT ARM ROD ATTACH POINT LESS THAN 1%0 FOUNDZ2» TORQUE LIMITS
- ROTARY AQTUATOR CUTFUT LIMITS AT RCOCM AMPIENT ARE 6,200 TO 8,550 INCH-
LB, OUTPUT LIMITS AT +157 DEG F AND -65 DEG F ARE 6,300 TO 10,000 INCH=
L3: PROOF TOAD TESTS - 3/4 O.D. DRIVE SHAFTS TESTED TQ 3125 INCH=-LE AND
1.0 4.0, DEIVE SHAFTS TESTED TO S50 INCH-LE: PRICTION TORQUE TEST =
TORQUE ON SHAFT SUPPORT IS LESS THAN 1.0 INCH=LE. EACH TORQUE SHAFT I=
PROCF LOADED DURING ACCEPTANCE.

CMESD: NONE. NO PRACTICAL CMRSD TEST T¢O DETECT FIRST FAITURE. PROFER
FUNCTION OF THE COMPONENTS IS VERIFIED PERIODICALLY AS PART OF THE
MAINTENANCE SAMPLING PROGRAM.

{C) INSTPReTION

RECETVING IHNSPELCTICN
MATERIAL AND PROCESS CERTIFICATIONS VERLIFIED BY IHSPECTION,

CONTAMTHATION CONTROL
INSFECTION VERIFIES CLEANLINESS AND CORROSION CONTROL REQUIREMENTS.

. ASSEMBLY S INSTATIATION : '
BEARING INSTALLATION VERIFIED BY INSPECTION. BEARTNSS ARE VERIFIED AND
ACCEPTED TC ENGINEERING DRAWINGS. HINGE ASSEMBLY LOCATION/SPACING/
ALIGNMENT IS CONTROLLED BY INTERFACE CONTROL TOOLS AND VERIFIED BY
INSPECTION,

NONDESTRUCTIVE EVALUATION
MACHINED HINGE 1S FENETRANT IRSPECTED, VERIFIED BY INSFECTION.

CRITICAL, PROCESSES

HEAT TREATMENT IS VERIFIED BY INSEECTION. EDLiD LUBRICANT APPLICATICN
VERIFIED BY INSPECTION.

TESTING

INSTALLATION OF BEARINGS INTC HINGES IS TESTED FOR PRODF LOAD AND TORQUE:
VERIFIED BY INSPECTION.

HANDLING/PACEAGING
HANDLING AND PACKAGING REQUIREMENTS ART VERIFIED.

(D)} FATIDRE HISTORY

CAR HC. AB1989 : DURING LIFE OYCLE TESTING, THE PAYLOAD BAY DOOR HINGE

BEARING EXATIBITED A COEFFICIENT OF FRICTION WHICH EXCEEDED THE MAXIMUM

REQUIREMENT QF 0.25; THE FAILURE WAS CAUSED EY WEAR DEBRIS BOILO-UP AND A

WEAROUT OF THE VITROLUBE ON THE HINGE PIN WHICH RESULTED IN PIN/EEARING

METAL-TO=METAL CONTACT AND CONSEQUENT INCREASE IN COEFFICTENT oF

FRICTION: THE HINGE PIN WAS STRIDPPED DOWN TO THE CHROME FIATE SURFACE
. AND WAS RECOATED WITH VITROLUBE FER DRAWTING.
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CAn MO, ACEI226 @ DURING QUALIFICATION TEST, THE COEFFICIENT OF FRICTION
EXCEEDED. THE DESIGN REQUIREMENT: HIGH FRICTICN OCCURRED WHEN
TRANSIATIONAL SLIDE MOTION TOOK PLAGE BETWEEN THE PIN AND EERRING DORE:
CORRECTIVE ACTION WAS A REDESIGN OF THE BEARING WITH THE ENDS OF THE
LINER IN TEF BORE HAVING A RADIUS INSTEAD JF A SHARP EDGE.

(E) OPERATIONAL TISE
NCONE.




