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_ FAILURE MODES EFFECTS ANALYSIS (FMEA) — CRITICAL HARDWARE
. NUMBER: 03-3-2009-%

SUBSYSTEM NAME: ORBITAL MANEUVERING SYSTEM {OMS)
REVISION 1 2 03/16/90
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PART NAME PART MUMSER
. VENDOR NAME VENDOR NUMBER
TR COUPLING, PROPELLANT MC276-0015
FAIRCHILD STRATOS 76301000 & 76306000
"""""" PART DATA T T
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EXTEKDED DESCRIPTION OF PART UMDER AMALYSIS:
COUPLING, PROPELLANT FILL AND FRAIN, BLEED AND PURGE. MD225, 326, 461,
ggzi 459, 470, 47%, 480, 561,0562, 569, 570, 579, 580, 673, 674, 679,

E .

QUANTITY OF LIKE ITEMS:
18 PER VEHICLE
7 PER POD

. 4 PER AFT FUSELAGE

FUNCTLOM:

FOD PROPELANT TANKS ARE FILLED AHD DRAINED THROUGH THIS SERVICE
CONNECTION. IT IS ALSD USED FOR BLEED AWD PURGE QPERATIONS. THE FUEL
FILL COUPLING IS LOCATED ON THE LEFT PGD SIDE AND THE OXIDI[ZER FILL
COUPLING IS LOCATED ON THE RIGHT POD SIDE. THE AIRBORNE HALF COUPLING
{AHC) COMSISTS OF A SPRING LDADER POPPET, POPPET SEAL, AND FILTER. THE
AHC CAP FROVIDES A REDUNDANT SEAL AND PROTECTS THE AHC WHEN NOT IN USE.
FLIGHT FILL (1 PER PGD), HORIZONTAL DORAIN {2 PER PCD), LOW POINT DRAIN
(2 PER ?DD}, FEED LINE DRAIN (2 PER PQD), CROSSFEED LINE DRAIN (4 PER
YEHICLE
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FAILURE MODES EFFECTS AMALYSIS {FMEA) —- CRITICAL FATLURE MODE
. NUMBER: 03-3-2005-01

REVISIONS Z Q3/16/90

SUBSYSTEM: ORBITAL MANEUVERING SYSTEM {OMS)
CRITICALITY OF THIS

ITEM NAME: COUPLING, PROPELLANT ) FAILIIRE MODE:1R2

- - —a.-—--———————-—---———--——-————---——————-—-—-———---—-.————-u_._- ___________________

FAILURE MODE:
EXTERNAL LEAKAGE (SEAL LEAKAGE)

MISSION PHASE: ]
PL PRELAUNCH

L0 LIFT-GFF

0o ON-ORBIT

b BE-ORBIT

LS LANDING SAFING

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
: 102 DISCOVERY
104 ATLANTIS

CALSE -

CONTAMINATION, SEAL DETERIORATION OR WEAR, PROPELLANT RESIDUE PRODUCTS,
NQ GRGUND HALF COUPLING LINE SUPPORT-SHAFT BENT, IMPROPER MAINTENANCE,
RETAINING NUT LOOSENS MECATING CAP SEAL REDUNDANCY .

® CRITICALITY 1/1 GURING INTACT ABORT GALY? NO

——-——-\--—-.-_-_—.——-p--—.-.——--—-—--————.—-_-__q--__——-—-_ et e . o

REDUNDANCY SCREEN A) FAIL
B) FAIL
C) PASS

P;SS;FAIL RATIONALE :
A
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(A) SUBSYSTEM:
NO EFFECT UNLESS REDUNDANT SEALS FAIL.

{B) INTERFACING SUBSYSTEM{S):
NO EFFECT - POTENTIAL CORROSIVE DAMAGE TO ADJACENT HARDWARE/TPS FOR
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FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CRITICAL FAILURE MOOE

NUMBER: 03-3-2009-01
MULTIPLE FATLURES,

{C) MISSION:
LAUNCH DELAY IF DETECTED PREFLIGHT.

(D) CREW, VEHICLE, AND ELEMENT(S):
NO EFFECT UNLESS REDUNDANT SEALS LEAK.,

(E} FUNCTIONAL CRITICALITY EFFECTS:

POSSTBLE CREW/VEHICLE (0SS IF LEAK RESULTS IM EXCESSTVE L0SS OF
PROPELLANT {INADEQUATE PROPELLANT FOR DECREIT BURN) CR STRUCTURAL/TPS
DAMAGE. IF EFFECT REQUIRES LOSS OF FOPPET AND CAP SEALS, CAP SEAL
CANNOT BE VERIFIED AFTER INSTALLATION. NO INSTRUMENTATION AvAILASLE FOR
DETECTION OF FAILURE OF CAP OR COUPLING SEAL IN FLIGHT.
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{A) DESIEN:

DESIGN FACTORS - PROOQF PAESSURE, 2 X MAX 0P PRESSURE (1.1 X MAX SURGE
PRESSURE). BURST, 3 X MAX 0P PRESSURE {1.6 X MAX SURGE PRESS).
CERTIFIED BY AMALYSIS (1/4") & CERTIFIED BY TEST FOR TWO STZES
(1/2*,1").  COMPLETE STRESS ANALYSIS. GROUND HALF COUPLINGS /L [NES
SUPPORTED TO LIMIT STRESS QN COUPLINGS AND PREVENT DAMAGE TO SEALS AND
WELD JOINTS. CAP PROVIDES A REDUNDANT SEAL, MINIMIZES LEAKAGE
POTENTIAL AND PROTECTS COUPLING FROM EXTERNAL CONTAMINATION. FLUID
ENTERING THE COUPLINGS IS FILTERED THROUGH A 25 MICRON GSE FILTER AND
THE FLIGHT HALF COUPLINGS ALSO INCORPORATE AN ENTERNAL 200 MICRON
FILTER. A SERVICING SAFETY FEATURE IS PROVIDED WHERERY A& BLEED SCREW
CAN BE USED TO VENT PROPELLANT YAPOR OVERBOARD PRIOR TO REMOVAL OF THE
END CaP. '

(B} TEST:
QUALTFTCATION TEST

(4 UNITS, 2 EA. 1/2, 1) . RANDOM VIBRATION (POPPET OPEN AND CAP CN),
SHOCK-BENCH AND BASTC, THERMAL CYCLE (-30 TO +200 DEG F), ENDURANCE
(600 CYCLES, BENOING AND AXIAL LOADS {100 FT-LB, AND 100 LB), SURGE
PRESSURE (190,000 CYCLES TO 1300 PSI), BURST PRESSURE (2130 PSIY,
PROPELLANT COMPATIBILITY. ALSO QUALIFIED AS PART OF POD ASSEMBLY.
YIBRO ACOUSTIC TESTING AT JSC, 131 EQUIVALENT MISSIONS. MHOT_FIRE TEST
PROGRAM AT WSTF, 517 TESTS {24 EQUIVALENT MISSION DUTY CYCLES),
APPROX. 7 YEARS PROPELLANT EXPOSURE. .

ACCEPTANCE TEST
(EACH UNIT) - PROOF, FUNCTIONAL, LEAKAGE,
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FAILURE MODES EFFECTS ANALYSTS (FMEA) -- CRITICAL FATLURE MODE .
NUMBER: 03-3-2009-01

GROUND THRNARQLUNDO

V43CB0. 202 AND V43CB0.206 REQUIRE EXTERMAL LEAK CHECK ON FACH COUPLING
AND CAP USED DURING TURMARDUND OPERATIONS {NOT INCLUDING

- SERVICING). COUPLINGS/CAP NOT USED DURING TURMNARGUND ARE

CHECKED AT 5 FLIGHT INTERVALS.

¥430P00,210 PERFORMS FIRST FLIGHT EXTERNAL LEAK CHECKS.

¥43080.230 TOXIC YAPOR LEAK CHECK OF PROP TANK FIRST FLIGHT AND
CONT THGENCY ,

¥43CB0.240 TOXIC YAPOR LEAK CHECK OF PROP FEEDSYSTEM FIRST FLIGHT AMD
CONTINGENCY.

VA3CBO.260 TOXIC VAPOR LEAK CHECK OF CROSSFEED LINES FIRST FLIGHT AHD
COMTINGENCY.

¥43LFD.010 PERFORMS PRESSURE CHECK ON EACH COUPLING USED IN SERVICING
CPERATIONS BEFORE GSE IS DISCONNECTED.

VERIFICATION QF THE PURLTY OF PROPELLANT ENTERING THE SYSTEM IS
REQUIRED BY V43CF0,010. (REF. SE-S$-0073.)

(C) INSPECTION: -
RECEIVING INSPECTION |

MATERIALS AND PROCESSES CERTIFICATIONS ARE VERIFIED BY INSPECTION,

INCLUDING RESISTANCE WELDING OF THE FILTER, ASSEMBLY HEAT TREATMENT OF

G6AL-4Y TITANIUM AND 15-5PH CRES PARTS, AND PASSIVATION PER QU-P-815.

CONTAMINATION CONTROL
CLEANLINESS TO LEVEL 100A AND CORROSION PROTECTION PROVISIONS ARE
VERIFIED BY INSPECTION.

ASSEMBLY /INSTALLATION

MANUFACTURING, ASSEMBLY AND INSTALLATION PROCEDURES ARE VERIFIED BY
INSPECTION. CRITICAL DIMENSIONS AND SURFACE FINISHES ARE VERIFIED BY
INSPECTION, SEALS ARE INSPECTED PER SNP 915, BRAYCOTE APPLICATION TO
THREADS, SEALS AND SLIDING SURFACES IS VERIFIED BY INSPECTION.

NONDESTRUCTIVE EVALHATIGN

PENETRANT INSPECTION OF THE BODY ASSEMBLY TIG WELD AND THE FLANGE
CASTING PER MIL-I-5866 TYPE { METHOD B 1S VERIFIED BY INSPECTION,
RADIOGRAPHIC INSPECTION OF THE FLANGF CASTING PER MIL-C-502, CLASS &,
GRADE C, I3 VERIFIED BY INSPECTION.

CRITICAL PROCESS
THE TIG WELD OF THE BODY ASSEMBLY PER MIL-W-B611 AND THE RESISTANCE

WELD OF THE A.H.C. FILTER ASSEMBLY ARE YERIFIED BY ASSEMBLY

TESTING .
TEST EQUIPMENT AND TOOL CALIBRATION ARE VERIFIED BY INSPECTION.




PAGE : 5 PRINT DATE: 03/30/90

FAILURE MOOES EFFECTS ANALYSIS (FMEA) -- CRITICAL FATLURE MODE

MUMBER: D3-3-2009-01

ACCEPTANCE TEST PER ATP7631002 OR ATP7631D02-1 IS VERIFIED BY
INSPECTION,

HANOLING/PACKAGING
HANDLING, PACKAGING, STORAGE AND SHIPPING REQUIREMENTS ARE VERIFIED BY
INSPECTICH.

{D) FAILURE HISTORY:

A TOTAL OF 266 FAILURES HAVE BEFN RECORDED FOR ALL APPLICATIONS OF

THIS COUPLING FOR THE EXTERNAL (SEAL) LEAKAGE MOTE. OF THESE, 214
QCCURRED OURING ACCEPTANCE, 7 DURING SUPPLIER QUAL TEST, 70 AT WSTF, 23
AT KSC AND 2 DURING TEST AT DOWNEY. THE CAUSES FOR THESE FAILURES
INCLUDED INSTALLATION/HANDLING DAMAGE, INSTALLATION TECHNIQUE,
INSUFFICIENT TORQUE ON THE POPPET SEAL RETAINER, IMPROPER TEST, O-RING
FLASH, INADEQUATE LUBE, SEAT FINISH, MISSING SEALS, CONTAMINATION,
PROPELLANT RESIDUE, IRON NITRATE LEVEL, GALLING AND BINDING BETWEEN
POPPET AND PROBE.

CORRECTIVE ACTION - THESE FATLURES WERE CORRECTED EY DRAWING AND
DESIGN CHANGES, INSTALLATION/ASSEMBLY/PROCEDURE CHANGES, QPERATIONAL
USE (MATING) REQUIREMENTS, CAUTION NOTES, CORROSION PROTECTION,
IMPROVER SURFACE FINISHES, CHANGED TORQUE VALUES, INSPECTION CHANGES,
CONTAMINATION CONTROL, PREVENTIVE MAINTENANCE PROCEDURES, CONTROL OF
H204 IRON NITRATE LEVEL AND GSE CHANGES T PROTECT THME VEHICLE.

A TOTAL OF TEN FAILURES WERE RECORDED AGAINST THE OMS SYSTEM, OF
THESE 7 OCCURRED DURING ACCEPTANCE, 1 AT WSTF AND 2 AT KSC. THE
CAUSES OF THE OMS FAILLURES INCLUDED CONTAMINATION, SEAL MI3SING, O-
RING 0AMAGE, O-RING FLASH AND ASSEMBLY/HANDLING ODAMAGE.

CAR AB5074 RECORDS AN INSTANCE OF EXCESSIVE LEAKAGE ON THIS COUPLING IN
THE MDA76 APPLICATION DURING CHECKOUT AT KSC. THE POPPET SEAL WAS
MISSING. ER 753B0-33 WAS EXPANDED TO INCLUDE VERIFICATION OF '
[HSTALLATION SIGN-OFF,

CAR ACO985:

GNE CASE OF A STUCK OPEM POPPET AT WSTF ATTRIBUTED TO CONTAMINATION.
CORRECTIVE ACTION - EXISTING CLEANLINESS CONTROLS WERE RE-EMPHASIZED
(MLOO310-032).

CAR ACBE25:

DURING CHECK OUT OF THE 0OV.098 RCS (STS41-G) THE CAP PRESSURE BLEED
WOULD NOT STOP. THIS FAILURE WAS ATTRIBUTED TO CONTAMINATION,
IMBEDDED- PARTICLES AND A SRATCHED POPPET SEAT.

CORRECTIME ACTION - THE EXISTING CLEAMLINESS CONTROLS WERE RE-
EMPHASIZED (MILOO310-032). ~
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FALLURE MODES EFFECTS AMALYSIS (FMEA) —— CRITICAL FAIIURE MODE
NUMBER: (03-3-2009-01

CAR AL4955: :

A CASE OF A POPPET PROBE STUCK OPEN WAS REPORTED OURING WSTF TESTING,
THIS WAS ATTRIBUTED TC OUT CF PRINT PARTS AND MISHANDLING DURING
ASSEMELY.

CAR ACDSSO:

THE MOST SIGNIFICAMT FAILURE OF THIS COUPLING OCTURRED WITH THE GROUND
HALF DURIMG CHECKOUT OF THF O¥.102 FRCS FOR STS5-2. THIS FAILURE
RESULTEDR IN A PROPELLANT SPILL ONTO THE VEHILLE CAUSED BY BINDING
BETWEEN THE POPPET/PROBE AND DYNAMIC HEAD. THIS WAS ATTRISUTED TO
CLEARANCES WITHIN THE COUPLING AND EXCESS IRON MITRATE IN THESE AREAS,

CORRECTIVE ACTION - COMPONENT DESIGN CHANGES WERE IMPLEMENTED, THE
[RON NITRATE LEVEL WAS CONTROLLED AND A GSE (TROUGH) WAS PROVIDED TO
PRGTECT THE VEHICLE,

CAR ACO646 RESULTED IN MCR10409 WITH ADDITIONAL GSE CHANGES TOQ PREVENT
LEAK ONTO THE VENICLE THROUGH VENT HOLES AND OTHER CLEARAMCES. -
PREVENTIVE MAINTENANCE AND HANDLING/TEST PROCEQURES WERE IMPLEMENTED
AND CAUTION NOTES ADDED TO THE CHECK OUT PROCEDURES.

(E} OPERATIONAL LSE:
NO ACTION FOR FIRST FAILURE . NOT DETECTABLE., FOR NOTICEABLE LEAKS
UPSTREAM OF CROSSFEED VALVES USE PERIGEE ADJUST BURN TO BEPLETE
PROPELLANT FROM LEAKING POD (OUT OF PLANE COMPONENT IF NECESSARY) AND
REDUCE DELTA V REQUIREMENTS FOR DEREIT. AFTER LEAKED PROPELLANT HAS
DISPERSED, PERFORM OEORBIT BURN WITH GOCD POD, NEXT PLS ENTRY IS
REQUIRED FOR NOTICFARLE LEAKS DOWNSTREAM OF CROSSFEED VALVES. DO NOT
USE CROSSFEED OR {NTERCONMNECT.
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RELIABILITY ENGINEFRING: J. N. HART
DESIGN ENGINEERTNG 0. W. CARLSON
QUALITY ENGINEERING 0. J. BUTTNER
MASA RELIABILITY

NASA SUBSYSTEM MAMAGER
NASA QUALITY ASSURANCE
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