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BEARTNG, GIMBAL RING.
FUNCTTON:
FOUR EEARINGS FACILITATE SWIVEL OF THE GIMBAL RING AND 2-AXIS EUGINT
GIMBALLING.

FATILORE MODE:
K STRUCTURAL FAILURE, BINDING

CAUSE(S) = :

: EXCESS WEAR OR TORCE, CORRCOSIAON; IMFROPER INSTALIATION CR DEZZCTLNE
MATERIAL, TOLERANCES QR CLEARANCES: SHOCK, VIBRATION, LO3S o
LOBRICANT.,

" EFFECT(S) ON: ' -
{A) SUBSYSTEM [H]IHTEHI‘AGES (CIMISSION (D) CREW/VEHICLE

{A) LOS5 OF FUNCIIGN - MAY REQUIRE ENGINE SHUT-DOWN (LOSS QF TVC -
INABILITY TQ GIMBAL ENGINE).

{B) LASS QF INTERFACE FUNCTION.

(C) POSSTBLE EARLY MISSICN TERMINATION. REDLINE ADDITIONAL
PROEIIANT FOR RcS DEORBIT BURN. DEORBIT NEXT PRIMARY LANDING SITT I
SUFFICIENT FROPELLANT NOT AVAILABLE.

{D) NC EFFECT. ENGINE CAN BE ISOLATED AND PROPELLANT UTILIZED BY OTRER
ENGINE.
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{(E) FUNCTIONAL CRITICALITY EFFECT ~ POSSIBLE SREW/VEHICLE 1J55 - LOS5
OF THRUST VECTOR CONTHROL., AR EFFECT ASSUMES FAILURE OF OTHER OMS
ENGINT AND INADEQUATE PROPELLANT FOQR RSS DEORBIT. BEARING FAILURE IS
NOT ANTISIPATED TC RESULT IN LOSS OF ENGINE RESTRAINT. - -

DISPQSITION & RATIOMALE:
(A)DESTGN (B)TEST (C)INSPECTION (D) FAILURE EISTORY (E)CPERATIONAL USE

fA) DESIGN '
THE DESIGN TACTOR OF SAFETY IS 1,4: HIGH STREMGTH CORROSION RESISTANT
STEEL (STAR J CRES 440) IS UTILIZED. ORY FILM LOERICANT IS USED. THE
REDUNDANT ENGINE SUBSYSTEM PROVIDES REDUNDANCY. ADEQUATE CLEARANCES
ARF DUSED TC PREVENT BINDING OR INTERFERENCE. .

(B} TEST

QUALIFICATION TESTS

USED ON ATRUCTURAL TEST ARTICLE FOR POD STRUCTURAL CUAL. QUALIFIEC AS
TART OF ENGINE ASSY, 118 HOT=FIRE TESTS DURING ENGINE QUAL. 498 TISTS
AT SYSTEN LEVEL AT WSTF. TESTS SHOW MARGIN OF 2X ANTICIPATEID MISSIid

USAGE oYCLES. TN EXCESS OF 90,000 GIMBAL CYCLLS WERE COMFLITED. -

VIERATION TEST AT ENGINE LEVEL. . -
ACCEPTANCE TESTS .

EXAMTHATION OF PRODUST, INSTALIATION VERIFIED BY VISUAL INSPECTION
DURING ASSEMBLY.

GROUND TURMARCUND

VA3CED.J10 FERFORMS DETAILED VISUAL INSPECTION EVERY FIVE FLIGHTS OR
WHENEVER POD IS REMOVED.

V7SAZ0.0L0 PERFORMS LEFT POR TVC INTERFACE VERIFICRTION.

VTOAZO0.020 PERFORMS RIGHT POD TVC INTERFACE VERIFICATION.

VT9AZO0.030 PERFORMS LEFT POD ONLY TVC VERIFICATION. -

VIOAZO.040 PERFORMS RIGHT PCD ONLY TVC VERIFICATION. .
SODOFAC.700 PERFORMS QMS GIMBAL FROFILE EACE FLIGHT. :

TVC TESTS INCLUDE POSITION ACCURACY, TRAVEL AND RESPONSE, HEAT SEILLD
CLEARANCE AND MCTCR POWESR. -

{C) .INSPECTION

RECEIVING INSFECTION
MATERIALS AND PROCESSES CERTIFICATIONS ARE VERIFIED BY IMSPECTION.

CONTAMINATION CONTROL
CLEANLINESS TO LEVEL 100A AND CCRROSION PROTECTION PROVISIONS ARE
VERIFIED -BY ‘INSPECTION. :
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ASSEMBLY /INSTALIATION _ . :
MANUFACTURING, ASSEMBLY AND INSTALLATION PROCEDURFS ARE VERIFTED BY
INSPECTICN. CRITICAL DIMENSIONS AND SURFACE FINISHES ARE VYERIFIED BY
INSPECTION. COMPONENTS ARE DIMENSIONALLY VERIPIZD BY INSPRCOTION
DURING FARRICATION. THE RING 1S DIMENSIONALLY VERIFIED BY INSPECTION
AFTER ASSEMBLY.

HONDESTRUCTIVE EVALDOATION

PENETRANT AND RADIOGRAPHIC INSPECTION QF WELDS ARE VERIFIXD BY
INSPECTION: PENETRANT INSFECTION OF THE STELLITE BALL AFTER
SINTERING, MACHINING AND PRIOR TO LOBRICANT APBLICATION IS VERITIED 57
INSPECTION. . « :

TESTING
TEST EQUIPMENT AND TCOL CALIBRATICON ARE VERIFIED BY INSPECTION.
ACCEPTANCE TEST IS VERIFIED BY INSPECTTON.

HANDLING/PACKAGTNG
HANDLING, PACFAGING, STORAGE AND SHIFFING REQUIREMENTS ARET VERTFIZD =+
INSPECTION, , ]

(D} FAYLURE HTSTORY : -
CAR ACS67) RECORDS THE INITIAL INSTANCE OF CRACKING OF THRJST MOUy™
GIMBAL BEARTNGS DUE TO HISH INSTALLATION LOADS TRANSMITTED BY TEE
HYDRADLIC PRESS. INVESTIGATION REVEALED A NUMBER OF SIMITAR
CONDITIONS. ASSEMBLY CHANGES INCLUDING IMFROVED TOOLING AND
INSTALLATION METHODS FOR ALIGNMENT WERE IMPLEMENTED TO LIMIT ANY
EXCESS INSTALLATION FORCE. ALL ENGINES ASSEMBLED PRIOR TO CORRSCTINT
ACTION IMPLEMENTATION HAVE BEEN RETURNED TO THY SUBELIER FOB BEARINS
REPLACEMENT .

(E) OPERATIONAL USE
IF FAILED ENGINE POSITION VECTOR IS NEAR REQUIRED CENTER OF GRAVITY
LOCATION, THE ENGINE MAY A% USED FOR THE DEGRBIT BURN. IT ENGINE IS
UNAVAILABLE, REDLINE ADDITIONAL PROPELLANT FOR RCS BACKTR DEQRBIT.
NEXT PLS DEOREIT IF PROPELLANT NOT AVAILABLE. POSSIBLE MISSION
IMPACT. DECREASE IN PROPELLANT AVAILABLE FROM OMS TO RCS FOR
INTERCONNECT FOR ON-ORBIT OPERATTION.
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