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SUBSYSTEM :0RBITAL MANEUVER FMEA NO 03-3 -4006 -1 REV:12/03/87
ASSEMBLY :ENGINE SUBSYSTEM CRIT, FUWNC: 1
B/N RI 1 MCE21~=0009 . - CRIT. HBW: 1
P/N VENDOR:1186900 VEHTCLE 102 183 104
CUANTITY :2. EFFECTIVITY: _ X . X -X

:1 FOR EACH ENGC SUBSYS PRASE(S): PL " LO X OD ¥ DO X LS

: REDUNDANGY SCREEN: A~ B C-

PREPARED BY: AFFRO : APPROVED BY (NASA):
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QE W J SMITH QF 7 R > QF (UL, 1o w7
ITEM:

‘NOZZLE EXTENSION, ROCKET ENGINE.

FINoTION:

FPROVIDES ISENTROEIC EXPANSION OF THEE COMBUSTION GASES FoOR MANINTL
EFTICIENCY IN YVACUUM. EXTENSION IS FABRICATED FROM COLUMBILM Fs-2:=
WITH 2 REFRACTORY SILICIDE COATING TO LIMIT GQXHIDATION. A RIKC
STIFFENER IS UIILIZED ON THE AFT FLANGE. ITEM I=s BOLTED TO CHAME=ZZ=
USTNG 2 GRAFOIL SPAL WITH TITANIUM BACE=UD RING TO INCREASE THZRMAT
REEISTANCE. MAY DIAMETER I3 45 IN. X 56 IN. LONG. EXPAMETION BATIO I35
=231 1. MBRX DEFSIGN TEMPERATURE I3 2480 F.

FAILURE MODE;:
STRUCTURAL FAILURE, BURN THROUGH.

CAOSE(S) 2
EIGH TEMPERATURE/LOCALIZED HOT SPOT/INADEQUATE COCLING, WELn DEFECT,
LEAY PATE, INCORRECT EQLT OR MATERIAL DEFICIENCY, HIGH AFRODYNAMTC
BUCKLING LOADS, BUCKLING LOADS FROM SEME START TRANSIENT, FAILURE OF
ACTUATOR To& HOLD ENGINE IN sSTOW FOSITIOK DURING ASCENT,
DAMAGED/MISSING SILICIDE SOATIRG.

EFFECT(S) ON: -

{A) SURSYSTEM (B} INTERFACES (C)MISSION {L) CREW/VEHICLE

(A} LOSS OF FUNGCTION - LOSS OF ONE ENGINE.

(B) DEGRADATION OF INTERFACE FUNCTION «~ LOSS ©OF THRUST AND IMPROFER
THRUST VECTOR.

{C} POSSIBLE TARLY MISSION TERMINATION, REDLINE ADDITICHAL PROPELIAMNT
FUR RCS BACKUP DEDRBIT. NEXT PLS DEOREBIT IF SUFFICIENT PROPELLANT HOT
AVAILABLE,
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(D) POSSIBLE LOSS OF CREW/VEHICLE = POSSIELE VEHICLE ETRUSTURAL DAMASE
DUE TO IMPINGEMENT ©QF EMNHAUST GASES AND/CR FOSSIBLE FIRE OR EXPLOSICN
DUE TO EXHAUST GASES DUMPING INTO POD IF FJLI_LUEI; DCCURS AT FLANGE.

DISPOSTTION & RATICNALE: :
(A)DESIGN (B)TEST {C)INSPECTION (D) FATLORE HISTORY (E)OFERATIONAL UESE

(A} DESIGN .
COMPLETE THERMAL AND STRESS ANALYSIS HAS EEEN PERFORMED {COMBINZD
LORDS) FOR NORMAL AND ABORT CONDITIONS. GCOLUMRIUM TS &% MATERIAL AND
RS1ZE SILICIDE COATING WILL WITHSTAND TEMPERATURES  » 2480 F.
FITIMATED MAXIMUM MISSIQON TEMPERATURE IS APPROXIMATELY 1800 F f2180 F
FOR RTLE). NOZZLE WALL TEICKNESS INCREASED FROM .018" TO .Q34" TIv
CENTER SECTION TC PROVIDE ADUITIONAL BUCKLING STRENGTH.

(8) TEST

QUALIFICATION TESTS

RANDOM VIBRATION CONDUCTED AT ENGINE LEVEL. ACQUSTIS TEST AT AME-ET
TEMFERATURE. HOT=-FIRE TEST PROGRAM - ENCINE LEVEL; 85 FIRINGS, 153~
SEC DURATION. SYSTEM LEVEL: 498 FIRINGS, 14821 SEC DURATTIMM, =

ACCEPTANCE TESTS
FAW MATERIAL 1LOT CERTIFICATION, INSPECTION OF FRODOUCT, NWDE EXAMINATION
CF WELDS, FROOF PRESSURE AND LEAKAGT TESTS. .

GROUND TURNAROUND

V43CBU.211 PERFORMS LEAK CHECKX OF OME CHAMRER/NQOZZLE JOINT FOR FIRST
FLIGHT AND ON 5 FLIGHT INTERVALS.

V4ICEC.020 DEFINES DETAILED VISUAL INSPECTIOCN OF OME INJECTOR,
ACOUSTIC CAVITIES, COMBEUSTION CHAMBER WALL, AND NOZZLE: DOCUMENTATION
IS REQUIRED FOR ANY ANOMALOUS INDICATIONS [PERFORMED EACH FLISHT).
V43CED. 030 DEFINEE DETAILED YISUAL INSFECTION OF TFNGINE COMPONENTS
WITHIN ENGINE BOX (REMOVAL OF HEAT SHIELD REQUIRED): REQUIREMENTS TO
BE CARRIED QDT WMENEVER POD IS REMOVED {AY LEAST EVERY 5 FLICHTS) .
V43CHD. Q10 PERFOFMS WATER INTRUSION INSPECTION AFTER FIREX USAGE ON
FAD. WV43CI0.01% REQUIRES OME NOZZLE INSPECTION AFTER PFAD ABORT.

{C} INSPECTICN

RECEIVING INSPECTION
MATERTALS AND PROCESSES CERTIFICATTONS ARE VERIFIED BY INSPECTION.

CONTAMINATION CONTROL

CLEANLINESS AND CORROSION FROTECTION PROVISIONS ARE VERIFIED &Y
INSPECTION.
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ASSEMBLY/INSTALLATION .

MANUFACTURING, ASSEMELY AND INSTALLATION PROCEDURES ARE VERCFIED BY
INSPECTION, CRITICAL DIMENSIONS AND SURFACE FINISHES ARE® VZRIFIED BV -
INSPECTION. VISUAL AND DIMENSION INSPECTION OF MNOZZLE EXTEVSION I3
VERIFIED EY INSPECTICN. ; . -
CRITICAL PROCESSES L. ' i
INSPECTION VERIFIES 190 PERCENT INSPECTION QF COATING THICKIESS
CHARACTERISTICS. THE WELDING PROCESS AND VERIFICATION THAT WELDS MEET
SPECITICATION REQUIREMENTS ARE VERIFIID BY INSFECTION.

NONDESTRUCTIVE EVALDATION
PENETRANT AND RADIOGRAFHIC INSPECTION OF WELDS ARE VERIFIED EY
INSPECTIOCN.

TESTTHG }
TEST EQUIEMENT AND TOOL CALIBRATION ARE VERIFIED EY INSTECTION.
ACCEPTANCE TEST IS VERIFIED BY INSFECTION. CALIRRATION OF EEAT THEATTNG
QVENS IS VERIFIED BY INSPECTICN.

' HANDLING/PACTAGING
HANDLING, PACKAGING, STORAGE AND SHIPPING REQUIREMENTS ARE VERIFIZD BY
INSPECTION.

(D} FAILURE HISTORY
CAR AC4919 IDENTIFIES LOCALTIED NOZZLE EXTEMSION BUCELING WETCH CCOTRRESD
DURING OV=10: STS=-5. IM3I0FQll RICORDS A SIMILAR TYPD OCCURRENCE FOR OV-—
095 $T5-6 IN WHICH A CREASE DEVELOFED AND THE COATING SPALIED IN ONE
AREA. CAR AC491% INDICATES THAT THE SILTCIDE COATING SFALLED OFF IN
BUCKLED AREAS. CRACKS WERE QESERVED IN TWO WELDS. REVIEW OF LAUNCH
FILMS REVEALED "OIL CANNING™ OF BOTH NOZZLES DURING SSME IGNITION
TRANSIENT. A DESIGN CHANGE WAS MADE TO INCREASE THE NOZZILE WALL
TRICKNESS FROM .018" IO .934" IN CENTER SECTION. TEE CRIGINAL (T¥INWALL)
NOZZLE CALCULATED LIFE WAS 55 MISSIONS (BASEYD ON LOW CYCLE FATIGUE FROM
COMBINED LOADS DURING ASCENT).

CAR AC445 RECORDS A CRACK ACROSS A MIDGIRTH WELD IN ONE SPALLED ARER AND
SEVERAL ADDITIONAL AREAS WHERE SPALLING QCCURRED DUE M0 BUCKLING. THIS
WAS DETECTTYD DURING REINSFECTION AT DOWNEY. THIS THIN WALLED MNOZZLE
EXTENIICN HAD BEEN USED ON 4 FLIGHTS OF OV-0%9. CORRECTIVE ACTION (REF
MCR 10278) IS TO FLY ONLY THICK WALL NOZZLES WHICH HAVE 5 TIMES THE
BUCKLING STRENGTE OF THIN WALLED NOZZLIES.

{(E]) OPERATIONAL OUSE
FLILURE MAY BE DIFFICULT TO DIACNGSE. ISOLATE FAILED ENCINT AND
COMPLETE MISSTON REQUIREMENTS USING CROSSEFEED FOR PRODPELLANT
UTILIZATION. REDLINE ADDITIOMAL PROPELLANT FOR RCS BACKUT DEORSTT.
NEXT PLS DEORBIT IF PROPELLANT FOR RCE BACKUP NOT AVAILABLEY. POSSIBLE
MISSION IMPACT. DECREASED PROPELLANT AVAILABLE FROM OMS T0O RCS THROUGH
INTERCORNECT FOR QN=-ORBIT QPERATICN.
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