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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL HARDWARE
NUMBER: 03-2-2001 -X -

SUBSYSTEM NAME: ORBITAL MANEUVERING SYSTEM {OMS)

REVISION: 3 D3/03/98
PART DATA
PART NAME PART NUMBER
VENDOR NAME VENDOR RUMBER
LRU : COUPLING, PROPELLANT MGC275-0016
FAIRCHILD STRATOS F53I0M000 & To308000

EXTENDED DESCRIFTION OF PART UNDER ANAL YSIS:
COUPLING, FROPELLANT/HELIUM VENT, TEST AND BLEED COUPLING. MD 405, 406, 416,
417,421, 422, 423, 424, 426, 427, 505, 508, 516, 517, 521, 522, 523, 524, 526, 527, 657, 658.

REFEREMCE DESIGNATCORS: MD405
MD0E
MDAE
MDa17
MDa21
MDa23
MDC423
MD4z4
MD4z6
MDL27
MD&DE
MDE0E
MDS16
MD517
MD521
mOs22
MDS23
MD524
MD526
MDs27
MDB&&7
MDs&s

GQGUANTITY OF LIKE ITEMS: 22
22 TOTAL VEHICLE 10 PER POD, 2 CROSSFEED

03-3-58
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FAILURE MODES EFFECTS ANALYSIS {(FMEA) —CIL HARDWARE
HUMBER: 03-3-2001-X

FUNCTION;

FROPELLANT TANK I3 YENTED THREU THIS SERVICE CONNECTION TO RELIEVE
PREGSURE BUILD-UP & FACILITATE FILLING, COUPLINGS ARE ALSO USED FOR
REGULATOR FLOW CHECKOUT, PROP TANK VENT, ACQUISITION SYSTEM BUBBLE
POINT TEST AND BLEED AND CROSSFEED LINE HIGH POINT ELEED. THE END CAF
INSTALLED CN THE AIRBORNE HALF (AHC) PROVIDES REDUNDANCY FOR EXTERNAL
LEAKAGE AND PROTECTS THE COUPLING WHEN NOT IN USE. THE AHGC CONSISTS OF
SPRING LOADED PSPPET, POPPET SEALS, AND FILTER.

03-3-80
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FAILURE MODES EFFECTS ANALYE!S FMEA .- CIL FAILURE MODE
NUMBER: 03-3-2001- 01

REVISIONH: 3 0303/98
SUBSYSTEM NAME: OCRABITAL MANTUVERING SY31EM (OGME)
LRU: COURLING, FROPELLANT CRITICALITY OF TH!S
ITEM NAME: COURLING, PROPFLLANT FAILLURE MODE; 1R2

FAILURE MGDE:
EXTFRMAL LEAKALE (SEAL L FAKAGE]

MISSION PHASE: PL FPRE-LAUNCH
L LIFT-OFF
OO CHN-ORBIT
[ LE-ORRIT
LS  LANDINGSAFING

VEHICLE/PAYLOADIKIT EFFECTIVITY: 102 TOLUMLEA
103 CISCOVERY
104 ATLANTIE
103 ENMDEAVODR

CALISE:

PARTICULATE COMTARMIMATION, PROFELIANT RESIDUE PRCOUCTS, SEAL
DETERIORATICM (PROPELLANT EXPOSURE ), HO LINE SUPFORT-3HAFT BENT, IMPROPLRE
MAINTENANGE. RETAINING HUT LOOSENS HEGATING CAP SEAL REDUNDANCY,

CRITICALITY 11 DURING INTACT ABORT OHLY? MO

REDUMDANCY SCREEN A} FAIL

B FAIL

C) PASS
PASS/FAIL RATIONALE:
Al
B}
C

- FAILURE EFFECTS .

(A} SUBSYSTEM:

KJLFIECT UNLESS REDUNDANT SEALS FAI

03-3 - 61
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FAILURE MOLDES EFFECTS ANALYSIS (FAMEA] -» Cil_ FAILURE MODE
WUMBER: (13-3-2001- 04

[B) INTERFAGING SUBSYSTEM(S):
NO EFFECT - POTENTIAL CORROSIVE DAMAGE TO AQJACENT HARDWARE/TPS FOR
MULTIPLE FAILURES,

{C} MISSION:
N3 FFFECT UNLESS REQUNDANT SEALS LEAK.

(0 CREVY, VEHICGLE, AND ELEMENT{S]-
SAME AS C

{E) FUNCTIOGNAL CRITICALITY EFFEXTS-

POTENTIAL CREW/NVEHICLE LOSS IF LEAK RATE 15 CXCESSVE, LOS3 OF PROPELLANT
OR PRESSURANT MAY RESULT IN INABILITY TO DEOREBIT DUE TO INADEIUATE
PRESSURANT FOR PROPELLANT FEED OR MADECUATE FROPELLANT FOR DEORE'T
BURM. 1R EFFECT REQUIRES LOSS OF POPPET AND CAP SEALS. CAP SEAL CANNOT BL
VERIFIED AFTER INSTALLATION NO INSTRUMENTATION AVANAELE FOR DETECTION OF
FAILURE OF CAF OR COUPLING SEAL 1IN ILIGHT

-DISPOSITION RATIONALE-

{A) DESIGN: o

DESIGN FACTYORS - PROOF, 2 X MAX OF PRESSURE (1.1 X MAX SURGE 9RESS). BURST, 3
X MAX OP PRESSURE (1.6 X MAX SURGE PRESS). CERTIEIED BY ANALYS|S {1447} AND
CERTIFIED BY TEST, THREE SIZES (1/4", 12" AND 1), |

A COMPLETE STRESS AMALYSIS WERE PERFORMED. GROUND HALE COUPLINGS/LINES
SUPPORTLO 10 LIMIT STRESS OM COUPLINGS AMD PREVENT DAMAGE T¢) SEALS AND
WELD JOINTS. GAP FROVIDES A REDUNDANT SEAL, MINIMIZES LEAKAGE FOTENTIAL
AND PROTFCTS GOUPLING FROM EXTERNAL CONTAMINATION  FLUID ENTERING T11E
COUPLINGS 15 MLTERED THROUGH A 25 MICRON GSE FILTER AND THE FLIGHT HALF
COUPLINGS Al 50 INCORPORATE AN INTERNAL 200 MICROM FILTER. A SERVICING
SAFETY FEATURE IS PROVIDED WHEREDY A BLEED SCREW CAN OE USED TG VENT
PROPELL ANT VARPOR OVERBOARD PRIOR 10 BEMOVAL (1F THE END CAP,

i (B} TCST:
THE QUALIFICATION TEST PROGRAM INCIUDED THREE 14, THREE 1127, AND TWO 1
UNITS  THE TESTING INCLUDED SANDOM VIBRATION {(POPPET OFEN AND ©AP CND,
PNOURANCE {500 CYCLES COUPLED AND UNGOUPED), THERMAL CYCLES {-30 TO « 2000
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FAIL URE MODES EFFECTE AMALYSIS (FMEA) -- CIL FAILURE MODE
' NUMBER: 03-3-20041- 01

DEG F} FOR 1/27 AND 17 OMNLY, BASIC AND BENCH HANDLING SHOCK FOR 1/2° AND 17,
BENDING AND AXIAL LOADS {100 FT-LBS AND 100LBS) FOR 172" AND 17 OMLY, 2130 PS5l
BURST PRESSURE FOR 112" AND 1" OMLY, SURGE PRESSURE (- 80000 CYCLES TO 1300
PSSl FOR 127 AND 1" SHLY, AND PROPELLANT COMPATIEILITY, ALSO QUALIFED AS PART
OF POLD ASSEMBLY. VIBRO ACOUSTIC TESTING AT JSC, 101 EQUIVALENT MISSIONS.

HST FIRE TEST PROGRAM AT WETF, 517 TESTS {24 EQUILVALEMNT MISSION DUTY
CYCLESY APPROXIMATELY, ¥ YEAR PROPELLANT EXPLOSURE.

ACCERTANCE TESTING INCLUDES EXAMINATION QIF PRODUCT, 1420 PSYE GHE FROGOF
PREZSLIRE, LEAKAGE, OPERATION, CLEANLINESE AND TESTING QF THE CAR AS A
SEPARATE ASSEMBLY.

ANY TURNARDUND CHECKOUT TESTING 15 ACCOMFLISHED 1N ACCORDANCE WITH
OMRSD. THE OMRSD DATA PROVIDED BELOW 15 NO LONGER [UING KEPT UP-TG-OATE.
IFF THERE 13 ANY DISCREPANCY BETWEEN THE GROUND TESTING DATA FROVIDED
BELOW ANMD THE OMRAD, THE OMRSD [ THE MORE ACCURATE SCURCE OF THE DATA

GROUND TURNARGUND

wd 3CE0.202 AND v43CR0.206 REQUIRES LEAK CHECK FOR EACH COUPLING AND CAP

UZED OURING TURHARDUND QFERATIONS (NGT INCLUDING SERVIGING),
COUPLINGS/CAPS NOT USED DURING TURNARQUND ARE GHECKED AT 5
FLIGHT INTERVALS.

VAZCBO.210  PERFORME FIRST FLIGHT EXTERNAL LEAK CHECKS.

VAZCR0.230  TOXIC VAPOR LEAK CHECK OF PROPELLANT TANK FIRST FLIGHT AND ON
CONTINGENCY BASIS.

VAZCF0.010  PERFORMS PRESSURE CHECK OM FACH COUPLING USED IN SCRVICING
BEFQRE GSE IS DISCONNECTED.

VERIFICATION OF THE PURITY OF PROFELLANTS ENTERING THE SYSTEM 1S RECQUIRED
By v43CF0.010 {REF SE-S-007 3,
FOR GHE THI5 15 SFECIFIED BY V43CF0 070

(G} INSPEGTION.

RECCIVING INSPCOTION "'
MATERIALS AND PROCESSES CERTIFICATION ARE VERIFIED BY INSPECTION. INCLUDING
RESIETANCE WELDING OF THE FILTER ASSEMBLY. HE&AT TREATMENT OF 841 -4y
TITANILIEA AMND 18-5PH RESC PARTS, AND PABSIVATION PER QQ-P-835,

CONTAMINATION CONTROL

CLERMLINESS TOLEVEL 1004 AND CORRCSION PROTECTION PROVISIONS ARE VERIFIED
BY INSPECTION.

ASSEMBLYINSTALLATION

MANUEACTURING, ASSEMBLY AND IMSTALLATION PROCEDLRFS ARF VERIFILL BY
|N5F'EG;|T'I'DN. CRITICAL UIMENSIONS AND SURFACE FINISHES ARE VERIFIED BY
MSFECTION. SEALS ARE INSPLCTED PER SMNP $15. BRAYCOTE AFPLICATION TO
THREADS, SEALS, AND SLIDIMG SURFACES 15 VERIFIED BY INSPECTION

MONDESTRUGTIVE EVALLIATICHN
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FAILURE MDDES EFFECTS AMALYSIS (FMEA) - ClE FAILURE MODE
HUMBER: 03-3-2001- 1

PEMETRANT INSPECTION OF THE BODY ASSEMBLY TIG WELD AND THE FLANGE CASTING
PER MIL-I-56868 TYPE | METHOU B 1S VERIFIED BY INSPECTION. RADIOGRAPHIC
INSPECTION OF THE Fi ANGE CASTING PER MIL-C-602, CLASS A, GRADE £. 1S VERIFIED
3Y INSPECTION.

CRITICAL PROCESE
THE TG WELD OF THE BCOY ASSEMBLY PER MIL-W-8611 AND THE RESISTAMCE WELD OF
THE AH.C FILTER ASSEMBLY ARE VERIFIED BY ASSEMELY.

TESTING
TEST EUHPREMT AND TOOL CALBRATION ARE WERIFIED BY INSPFLTION. ACCEFTANCE
TEST PSR ATPTEIIN0Z R ATPTEI1002.1 1S VERIFIED BY INSPECTICH

HAMDLING/AC KAGING
HANDLING . PACKAGING, STORAGE AND SHIPPING REQUIREMENTS ARE VERIFIED BY
INSSECTION.

(D) FAILURE HISTORY:

CURRENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXPLAINED ANOMALIES, AMD |
OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CAM BE !
FOUND IN THE PRAGA DATA BASE. THE FAILURE HISTORY DATA PROVIDED BELOW IS NO '
LONGER BEING KEPT UP-T(-DATE |

A TOVAL OF 266 FAILURES HAVE BEEN RECGRDED FOR ALL AFFLICATIONS OF THIS
COURLING FOR THE EXTERMAL (SEAL) LEAKAGE MODE. OF THESE, 214 QCCLRRED
DURING ACCERTAMCE, 7 DURING SUPPLIER QUAL TEST, 20 AT WSTE, 23 AT KSC AND 2
DURIMNG TEST AT DOWNLY. THE CAUSES FOR THESE FAILURES, IKCLUDED
IMSTALLATION/HAMDLING DAMAGE INSTALLATION TECHRNWIUE, INSUEFICIENT TOROLE
ON THE POPPET SEAL RETAINER, IMPROPER TEST, O-RING FLASH, INADEQLIATE LUBE,
SEAT FIMISH, MISSING SEALS, SONTAMIRATION, PFIROPLLLANT RESIDUE. IKON MNITRATE
LEVEL, GALLING ANDO BINDING BETWEEMN POPPET AND PROEE,

CORAEC TIVE ACTION - THESE FRILURES WERE CORRECTED BY DRAWING aMND DESIGHN
CHANGES, INSTALLATIONIASSEMBL YIPROCEDURE CHANGES, OPERATIONAL USE
(MATING) REGUIREMENTS, CAUTION NOTES, CORROSION PROTECTION, MPROVED
SURFACE FINISHES, CHAMGED TORQUE VALUES, INSPECTION CHANGES,
CONTANINATION COM 1ROL, PREVENTIVE MAINTENANCE PROZEDURES, CONTROL GF
204 FROMN MITRATE LEVEL AND GSE CHAMGES TO PROTECT THE WEHICLE.

A TOTAL OF TEM FAILURES WERE RECCRDED AGAINSG | THE OMS SYSTEM. DOF THESE 7
QCCURRED DURING ACCEPTAMCE 1 AT WETF AND 2 AT KEC, THE CALISES OF THE OME
FALURES INCGLUDED CONTAMIMNATION, SEAL MISEIMG, O-RING DAMAGE, O RMNG FLAEH
AND ASSEMELYMHANCLING DAMAGE.

CAR ARRDTA RECORDS AN INSTAMNCE OF EXCESENE LEAKAGE DN THIS COUPLING IN
THE MD476 ARPLICATION DURING CHECKOUT AT KSC. THE POPPET SEAL WAS MISSING.
Efr 78380-37 WAS EXFANDED TO INGLURE VERIFICATIGN OF INSTALLATICHY SIGN-OSF

03.-3-64
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FAILURE MODES EFFECTS ANALYSIS (FMEA) -~ CIL FAILURE MODE
NUMEBER: 03-3-2001-01

CAR ACOBES: ONE CASE OF A STUCK OPEN POPPET AT W3TF ATTRIBUTED TO
CONTAMINATION. CORRECTIVE ACTION - EXISTING CLEANLINESS CONTROLS WERE RE-
EMPHASIZED (MLOD310-032}.

CAR AC8625: DURING CHECK QUT OF THE OV-09% RCS (ST541-G) THE CAP PRESSURE
BLEED WOQULD NOT STOP. THIS FAILURE WAS ATTRIBUTED TO CONTAMINATION,
IMBEDRED PARTICLES AND A SRATCHED POPPET SEAT. CORRECTIVE ACTION - THE
EXISTING CLEANLINE3S CONTROLS WERE RE- EMPHASIZED (MILCD31G-032).

CAR ACA955: A CASE OF A POPPET PROBE STUCK OPEN WAS REPORTED DURING WSTF
TESTING. THIZ WAS ATTRIBUTED TC OUT OF PRINT PARTS AND MISHANDLING DURING
ASSEMBLY.

CAR ACOS30: THE MOST SIGNIFICANT FAILURE OF THIZ COUPLING QCCURRED WITH THE
GROUND HALF DURING CHECKOUT OF THE OWv-102 FRCS FOR 5TS-Z. THIS FAILURE
RESULTED IN A PROFPELLANT SFILL ONTQO THE VEHICLE CAUSED BY BINDING BETWEEN
THE POPPET/PRDBE AND DYNAMIC HEAD. THIS WAS ATTRIBUTED TO CLEARANCES
WITHIN THE COUPLING AND EXCESS IRON NITRATE IN THESE AREAS.

CORRECTIVE ACTION - COMPONENT DESIGN CHANGES WERE IMPLEMENTED. THE {RON
NITRATE LEVEL WAS CONTROLLED AND A GSE {TRCUGH) WAS PROVIDED TO PROTECT
THE VEHICLE.

CAR AC0845 RESULTED IN MCR1040% WITH ADDITIONAL GSE CHANGES TO PREVENT
LEAK ONTO THE VEHICLE THROUGH VENT HOLES AND OTHER CLEARANCES,
FREVENTIVE MAINTENANCE AND HANDLING/TEST PROCEDURES WERE IMPLEMENTED
AND CAUTION HOTES ADDED TO THE CHECK OUT PROCEDURES.

{E) OPERATIONAL USE;

NO ACTION FOR FIRST FAILURE - NOT DETECTABLE. USE PERIGEE ADJUST BURN T2
DEPLETE PROP FROM LEAKING POD (OUT OF PLANE COMPONENT IF NECESSARY) AND
REDUCE DELTA W REQUIREMENTS FOR DEORBIT. AFTER LEAKED PROPELLANT HAS
DISPERSED, PERFORM DECRBIT BURN YWITH GCOD POD.

- APPROVALS -
PAF MANAGER ' D, F. MIKULA ey Y- PR
PRODUCT ASSURANCE ENGR  : L. X. DANG - 0F Jul
DESIGN ENGINEERING ' E. VERA : fd Ed Vere 771
BOEING SUBSYSTEM MANAGER : D. FERRY ; ; ldAed  F«-9%

JSC MOD : B. LUNNEY : M
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