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Critlesl by
Fhase Failira / Efact Dascription Hazard Reterence
C Cxidizer canlinues I fiow imda oxidizer prebumer sustaining combustion  Daemege 12 prebumer, HRCOTP turbing, and heat exchanger. 1
41 Frasibhe puweshead burn through, Loss of wehide, ME-8ZA,
ME.-BEa,
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Component Group:  Propafant Valves Propared; F. Lavrrimara
CIL Item: o148-m Approvad: T. Hguyen
Cam penenit: Cridizer Pre bumer Oxiclzer Vakva Approval Date: 53095
Part Hurrber: REDDAZSH Change#: 1
Fallure Mada: ternaf leakage, DHrective #: CCBD MEX.01-5275

Pags; 1af 1

Desgign ! Document Refaranss

FAILURE CAUSE: A QOamapa or fallurs of saal, ball, or ballows.
C: Friction latching of seal and bellows end cap [for anglog shutdoan <1.5 secends),

THE BALL SEAL IS LIFTED-OFF THE BALL (1} DURING THE FIRST FEW DEGREES OF ROTATION TC MINIMIZE BALL/SEAL FUBBING AND POTENTIAL WEAR UR DAMAGE. SEAL LIET-0FF
GCCURS BEFORE THE SEAL CROSSES THE HOLE THEREBY AVOIDING IWEAR CAUSED BY UNEVEN LOADING (2. THE SEAL 15 LOADED BY THE BELLOWS PRELOAD (3) FOR LOVY
PRESSURE SEALING AHD BY STSTEM PRESSURE FOR HIGH PRESSURE SEALING  THIS MINIMIZES THE SEAL LOAD AND WEAR DURING CRY ACTUATIONS. THE BALL MACHMNED
SURFAGE FINISH I3 SELECTED TO PREVENT SEAL WEAR  THE SEAL LIFT-DFF FEATURE PREVENTS THE ACCUMULATION OF COMTAMINANTS AT THE SEALBALL INTERFACE WHICH
COULD DAMAGE THE SEALBALL DURING WALVE ACTUATICN (4}, THE RALL SEAL (5] IS MADE OF KEL-F DUE TO ITS STRENGTH AMD ELONGATION PROPERTIES AT CRYOSENS
TEMPERATURE AND COLD FLOW RESISTANGE AT AMBIENT TEMFERATURE {4). THE BALL SEAL IS SUPPORTED 0N THE QUTER DIRMETER BY THE BELLOWS TO PREVEMNT FAILLRE
CAUSED BY PROPELLANT PRESSURE. THE BALL SEALS ARE LIMITED TO 27 STARTS (5) THE SHAFT (BALL) IS INCONEL 718, HEAT TREATED TO PROVIDE HIGH STREMGTH AND
RESISTANCE TO WEAR AND DAMAGE. THE BELLOWS 15 FABRICATED FROM INCONEL 718 BAR AND SHEET (4) THE BELLOWS |5 THREE-PLY CONSTRUCTION, THE PLYS ARE
DRAWN SEAIALESS TUBING OR WELDED SHEET STOCK WHICH IS ROLL REDUCED 35 PERCENT AFTER WELDING, AFTER FORMING, THE BELLOWS |5 WELODED TC THE CAP AND
FITTING. AND THE ASSEMBLY 1S HEAT TREATED (3).

(11 RE006253; (20 REODE256; {3)R5J06130; (4 RE3-A5E2, (5 RF00E3NY, (G} DAR 2761

FAILURE CAUSE: B: Conlamination.

THE OXIDIZER SUFRLY TO THE DPOY IS FILTERED T 800-MICRON MAXMUM PARTICLE SIZE |1). THE BALL SEAL LIFTS-QFF FROM THE BALE AFTER THE FIRST FEW DEGREES OF
ROTATIGN. THISHELPS WASH ANY CONTAMINATION OFF THE SEAL AND BALL (2], THE VALVE SUBASSEMBLIES AND THE ENGINE SYSTEM HARDVARE SRE REQUIRED TO BE
CLEAN PRIOR TO INSTALLATION {3). THE WALVE S ASSEMBLED IN A CONTAMIMATION CONTROLLED AREA, (4).

(1) ICD 13M15000; (2} REOAB25E; (3) RL100G1: (4) RADT11-50D
FAILURE CAUSE: ALL CAUSES

HIGH CYCLE AND LOWY CYCLE FATHGLE AS WELL AS MINIMUNM FACTORS OF SAFETY FOR THE OXIDIZER PREBURNER QXIDIZER vALVE MEET CEl REQUIREMENTS (1], THE QPOY
COMPOMENTS WERE CLEARED FOR FRACTURE MECHANICS/NDE FLAYY GROWTH, SINCE THEY ARE NHOT FRACTURE CRITICAL PARTS {2). TABLE D140 LISTS ALL THE FMEANSIL
WYELDS AMD IDENTIFIES THOSE YWELDS IN WHICH THE CRITICAL INITAL FLAVY SIZE 15 MOT DETECTABLE, AKD THOSE WELDS IN WHICH THE ROOT SI0E 15 MOT ACTESS'BLE FOR
INSPECTION. THESE WELDS HAVYE BEEH ASSESSED AS ACCERPTABLE FOR FLIGHT BY RISK ASSESSMENT (3). THE CXIDIZER FREAURNER ONIDIZER VALYE SUCCESSFULLY
COMPLETED DWS TEST REQUIREMENTS () INCLUDING ENDURANCE (5), AND VIERATION (6).

(1] RLOGS32, CP320ROO0AD, RES-A54E; {2) NASA TASK M7, (3) RESATES; (4) DVE-SSME-G15, (5] RES-545-17; (&) ASS-515-24
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g6-04

BEAL
SHAFT 435EMBLY
BELLOWS ASSEMBLY

MATERLAL INTEGRITY

WELD INTEGHRITY

HEAT TREAT

EBELLDAWS |NTEG.RFT"I"

SEALING BURFACES

MATERIAL INTEGRITY |5 VERIFIED PER CRAWING RECILIRERENTS.

EACH LOT OF KEL-F FOR THE RE00820% SEAL IS SUBJECTED TO A MOLTEN SALT BATH
EXAMINATION, VISUAL EXAMINATION CONTARINATION INSPECTION, TENSILE STRENGTH AND
ELOMOATION TESTS, AMD INFRARED ANALYS(S.

THE SHAFT (BALL) ASSEMBLY DETAILS ARE PEMETRANT IMSPECTED AFTER MASHIMING.

THEWELDS ON THE SHAFT (BALL} AKD BELLOAMS ASSEMBLY ARE INSPECTED TO DRAWIKG AMD
SPECIFICATION REQUIREMENTS PER WELD CLASS. INSFECTIONS INCLUDE: VESUAL,
DRIENEIOMAL, PENETRAMNT, RARICERAPHIC, ULTAASONIC, AND FILLER MATERIAL, A5
AFPLICARIE,

THE BELLCAWS ASSEMBLY AND SHAFT HEAT TREATMENTS ARE VERIFIED PER SPECIFICATION
REQMREMENTS.

THE BELLOWS ARE DRIENSICNALLY INSPECTED, PROOF PRESSURE TESTED, LEAK TESTED, AND
LOAD DEFLECTION TESTED FER DRAWING ANG SPECIFICATION BECGUIREMENTS,

ONE OF EVERY 28 GELIVERABLE BELLCMWS SUBASSEMBLIES IS SECTIONED AFTER ACCEPTAMCE
TESTING AND INSPECTED.

THE MACHINED SEALING SURFACES ARE INSPECTED PER THE DRAWING REQUIREMENTS

RE008 309
R3008 263
RE408230

FB0 20-0404

RAG11 5116

RL10O11

RADSD7-094
RADT 15116
R0 11 5-006
RADT15-137
RaAd115-001

RaiE11-002
RADE1 1-030

R30D0AZ10
ALOg27af
RLor122

RLOO273!
RLOT122

RE00A30S
FE D230
RE0AZES
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PRI TN =k s Fropabant ¥alves Propared: P, Lowirier
CIL Item: B140.01 A pproved: T. Houyes
ComponenL. Ozidizer Praburner Qxidlzar Vake Approval Date: G/anras
Part Numbear: REMOA2SE Changa #; L]
Failure Mode: Intarral laakapa. Birective #: CGBD MES.01-523¢
Page: 2al 2
Faihire Cauzes Significent Characlerlsiics Inspection(s)  Teslis) Dacume nt Rafarencs
B Wil VE AND LPSTRE AR VALVE COMPONENTS ARE VERIFIED TC BE CLEAN PRICR TO ASSEMELY. RL 10011
COMPOMNENT CLEAMLINESS R3008358
THE VALVE ASSEMELY 15 VERIFIED T3 BE ACCOMNPLISHED IN & COMTAMINATION CONTROLLED RO0711-500
AREA.
ALl CAUSES ASSEMBLY INTECRITY THE VALVE 1S FUNCTIONAL AND ACCEFTANCE TESTED PER DRAWING AMD SPECIFICATION . RS E258
RECILNREMENTS. RLOMMTZ2
HOTFIRE ACCEPTANCE VALVE OPERATION I£ VERIFIED THROUSGH HOT-FIRE ACCEPTANGCE TESTING RiD04E1

TESTING [GREEN RUN)

THE BALL SEAL 15 LEAK TESTED PRICR TO EACH FLIGHT. (LAST TEST)

OMASE V41RO 120
OMASH SO0FAN 214

Fallure Mistary: Camprahsnsive filure history data ia maintained in 1hé Problem Repoting database (FRAMS!PRACA)
Raference: MASA lether SAM ABAA0E and Rocketdyne |elter SARCOSTEY .
Cparational Usa;  MNal Applzabie,
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WELD . JINTS
Component Group: Fropellan] Vatvas Prepared; P_ Lawrlmara
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Pana: 1af 1
Grtleal mitial
Fool  Flaw Size Mot
Gide wot  Deteciable
Componznt Baxsl= Part Number Weld Hlember Veld Type  Class Access HCF  LCF Comments
BELLOWS R5006220 14 GTALY 1] b A
BELLCWS Fa0JeZa0n E-7 GTAVY |
EHAFT " REOO8261 1,2 EEnn ] % ¥



