FAGE. 1 FRIMI D)ATE LDT59592

FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CIL HARDWARE
NUMBER: 02-6-SYSTEM-IM -X

SUBSYSTEM NAME: HYDRAULICS

REVISION: & 0705 a4
FART DATA
PART NAME PART NUMBRER
VYENDOR NAME VENDOR NUMBER
LEL HYDREALZIC SUBSYSTEM NOME

EXTENDED DESCRIPTION OF PART UNDER ANALY31S:

QUANTITY OF LIKE ITEMS:
INCLUDES THREE REQUNDANT HYDRAULIC POWER SYSTEMS

FUNCTIGN:

THE HYDRAULIC SUBSYSTEM GENERATES, CONTROLS, CONTAINS AND TRANSMITS
FLUID POWER. FOR ACTUATION OF THE AERODYNAMIC FLIGHT CONTROL SURFACES,
MAIN ENGINE GIMBALS, MAIN AND NOSE LANDING GEAR, MAIN LANDING GEAR BRAKES,
NOSE WHEEL STEERING AND MAIN ENGINE PROPELLANT CONTROL VALVES.
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FAGEE & PRINT DATE: 07/29/9%8

FAILLRE MODES EFFECTS ANALYS!S FMEA -- CIL FAILLIRE MODE
NUMBER: 02-5-3YSTEM-IM- 03

REVISIONE; & (724195
SUBSYSTEM NAME: HYDRALILICS
LRU: HYDRALLIC SUBSYSTEM CRITIGALITY COF THIS
TTEM NAME: HYDRAULIC SUBSYSTEM FAILURE MODE: 1/1
FAILURE MODE:
RUPTURE. TUBING
MISSION PHASE: 0O DE-ORBIT

LS LANDING/SAFING

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMEBIA

103 DISCOVERY
104  ATLAMTIS
iCE  ENDEAVOUR

CALUSE:
DEFECTIVE MATERIAL, FATIGUE

CRITICALITY 1711 DURING INTACT ABORT ONLY? NO

REQDUNDANCY SCREEN A NIA

Bl NiA
Ch NiA
PASS/FAIL RATIONALE:
A)
B)

& LEAK OF THE NWS SWITCHING VALVE CANNOT BE DETECTED UNTIL HYDRAULIC
ISOLATION YVALVE QPENING (WREL=800 FPST AND EXTEND VALVE OPENING (LAMDING
GEAR DEPLOYMENT).

£)

- FAILURE EFFECTS -

(A) SUBSYSTEM:
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FAGE, 10 FSINT DATE 27729068

FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
MUMBER: 02-8-3YSTEM-IM- 03

LEAK DOWNSTREAM OF THE NW3S SWITCHING VALVE {1/1] - LOSS OF TWO OF THREE
{SYSTEM 1 AND SYSTEM 2) HYDRAULIC SYSTEMS COLLOWING MAIN GEAR TOUCHDOWN
DURING DEROTATIQN, LOAD RELIEF, QR ROLLOUT

LEAK NOT DOWNSTREAM OF THE NWS SWITCHING VALVE (1R2) - LOSS OF ONE OF
THREE HYDRAULIC SYSTEMS RESULTING IN LOSS OF VEHICLE'S HYDRAULIC SYSTEM
REDUNDANCY .

(B} INTERFACING SUBSYSTEM(S):

LEAK DOWHNSTREAM OF THE NWS SWITCHING WALVE (MY - LOSS OF TWO OF THREE
HYDRAULIC SYSTEMS [UNCERTIFIED CONFIGLURATION TO FLIGHT CONTROL SURFAZES
RESULTING IN LIMITED MOVEMENT RATES FOR DERCTATION CONTROL AND LOAD
RELIEE. LOSS OF ALL NOSSWHEEL STEERING CAPABILITY DURING ROLLOUT
(DIFFERENTIAL BRAKE STILL AVAILABLE]. LOSS OF TWO OF THREE HYDRAULIC POWER
SYSTEMS TO BRAKES (100% BRAKES STHLL AVAILABLE),

LEAK MOT DOWNSTREAM OF THE NWS SWITCHING VALVE (1R2) - LOSS OF HYDRALILIG
POWER FOR ENGINE VALVE CONTROL RESULTING IN LOSS OF ONE SSWE THRUST
CGONTROL, HOWEVER., ENGINE YALVES WILL LOCK INTO POSITION AND ENGINE WL L
CONTINUE TG OPERATE. LOSS OF REDUNDANT HYDRAULIC POWER SYS3T=M FOR TvC
ACTUATOR. LOSS OF HYDRAULIC REDUNDANT DEPLOYMENT CAPABILITY IF SYSTEM
ONE |5 LOST. LQSS OF ONE OF THREE HYDRAULIC POVWER SYSTEMS T FLIGHT
CONTROL SURFACES AND BRAKES. LOSS OF GME OF THREE ET UMBILICAL RETRACT
ACTUATORS FOR EACH UMBILICAL PLATE. HYDRAULIC FLUID OGN TPS SCREED MAY
CAUSE DEGRADELD TPS BONDS.

(G} MISSION:

LEAK DOWNSTREAM OF THE NWWS SWITCHING WALVE (/1) - POSSIBLE LOSS OF
CREWNWVEHICLE WITH THIS FAILURE, IF LEAK MAGNITUDE 1S SUFFIGIENT T CAUSE LOSS
OF HYD 5YSTEM 1 BETYWEEN GEAR DEFLOY AND TOUCHDOWN. AND LOSS OF
HYDRAULIC 3YSTEM 2 DURING DERDTATION (BRAKE ISOLATION VALVE 2 OPENS AT
WOWY + 150 M3S), THIS REDUCES HYD FLOW TO ACTUATORS, CAUSES SWITCHING VALWVE
MOVEMENT, AND INDUGES HYD PRL {PRICGRITY RATE LIMITING]. THIS IS AN UNCERTIFIED
CONFIGURATION RESULTING IM LIMITED AERODSURFACE RATES FOR DERCTATION
CONTROL AND LOAD RELIEF. LOSS OF CONTROL DURING DERUTATION MAY RESULT
CAUSING EXCESSIVE NOSEGEAR STRUCTURAL LOADS AT NOSEGEAR TOUCHDOWN.

LEAK NOT DOWNSTREAM OF THE WWVS SWITCHING YALVE (1R2) - ABORT DECISION OR
FOSEIBLE EARLY MISSION TERMINATIOM.

(D) CREWY, VEHICLE, AND ELEMENTI(S):
LEAK DOWNSTREAM OF THE NS SWITCHING WALVE (1/1) - SAME AS ABOVE FOR (C).

LEAK NOT DOWNSTREAM OF THE NWS SWITCHING VALVE i 1RZ) - NONE.
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Face: 1 SRINT DALE 00729758

FAILURE MODES EFFECTS ANALYS!S (FMEA) -- CIL FAILLIRE MOTE
NUMEER: DZ2-5-SYSTEM-IM. 03

{Ej FUNCTIONAL CRITICALITY EFFECTS:
LEAK DOWNETREAM OF THE NWSE SWITCHING WALVE (1711 - SAME AS ABOVE FOR (G,

LEAK NOT DOWNSTEEAM OF THE NWS SWITCHING VALVE (1R2) - POSSIELE LOSS OF
CREWMWEHICLE WITH TWO FAILURES, THIS FAILURE PLUS LOSS OF SECOND HYDRAULIC
SYSTEM OR LANDING GEAR FYROTECHNIC DEPLOYMEMT IF SYSTEM ONE 15 LOST.
CRITICALITY 1 FOR SSME INCLUCED RTLS.

-DISPOSITION RATIONALE-

(A) DESIGN:
SIMILAR TUBING QUALIFIED FOR AND USED ON HIGH PERFORMANGCE ARRCRAFT (B-1,
C5A, F14, F15). TUBING WAS REQUALIFIED FOR NSTS (LOWER OPERATING PRESSURES
AND THINNER WALL THICKNESSES). SYSTEM INCORPORATES DESIGN MARGINS OF
SAFETY WHICH INCLUDES ENVIRCNMENTAL STRESS FACTORS, FRACTURE MECHANICS
(WHERE APPLICABLE} SYSTEM WAS QUALIFIED FOR 400 MISSIONS INCLUDING.
PRESSURE IMPULSE, AND MECHANICAL FLEXURE (ROTORY AND PLANER).

() TEST:
QUALIFICATION
EXAMNATION OF PRODUCT - MATERIALS, WORKMANSHIP, AND DIMENSIONS.

PROCF PRESSURE - TESTED AT &,000 PSICG FOR PRESSURE, 3,000 PSIS FOR RETURN
(EXCEPT DYNATUBE FITTINGS). PASS/FAIL CRITERIA. NO EXTERNAL LEAKAGE AND NO
STRUCTURAL FAILURE.

MECHAMICAL FLEXURAL TEST - TESTED AT 275 DEG F AT BENDING STRESS LEVEL OF
26.000 P31, 2,000 PSIG PRESSURE, 4,500 PSIG RETURN FQR 10 MILLION CYCLES AMD 45
HZ. (1 OF 8 FITTING AND 1 OF B TUBING SPECIMENS ) PASS/FAIL CRITERIA, THE SN
CHARACTERISTIC CLIRVE NLIMEER SHALL BE NO GREATER THAN 4.

MECHANICAL FLEXLIRAL {ROTORY) TEST - TESTED AT 275 DEG F AT BEENDING STRESS OF
158.04C F5I, 3,000 PEIG PRESSURE, 1,500 PSIG RETURN FOR 2 MILLION CYCLES AND 45 HZ.
{1 0F & FITTING AND 1 OF & TUBING SPECIMENS § TELEDYNE AND LINAIR ONLY }
FAZS/FAIL CRITERIA: THE S CHARACTERIETIC CURVE NUMBER SHALL BE NO GREATER
THAN 4

TORSIONAL FLEXURAL TEST - TESTED AT 275 DEG F AT BENDING STRESS OF 25000 P3I,
2.000 PEIG PRESELIRE, 1,500 PEI RETURN FOR 2 MILLICM CYCLES AND 45 HZ.
{RFERMASWAGE AND DYNATLIBE FITTINGE/TUBRING ASEEMBLIES } RPASS/FAIL CRITER A
THE S/N CHARACTERIZTIC CURVE NUMBER SHALL BE NO GREATER THAN 4.
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FAGE il PRINT ODATE C7:2%/9%

FAILURE MODES EFFECTS ANALYSIS (FMEA) - CIL FAILURE MODE
NUMBER: D2-8-SYSTEM-IM- 03

IMPULSE TEST - 200.000 FRESSURE WAVE CYCLES AT 275 DEG F, FIRST PEAK PRESSURE
OF 4,500 PSIG. SECTND FEAK OF 82 FERCENT OF FIRST PEAK, DOWN TO 3.000 PSIG AT
A0-FOHZ. PAREFAIL CRITERIA ND EXTERNAL _EAKAGE OR STRUCTURAL FAILLURE.

BURET TEZT - 12 CCO PEIG PRESSURE, 6.000 PEIG RETURM, PASSFAIL CRITERIA: NO
LEAKAGE OR RLIPTLIRE.

N2 LEAK TEST - 100 PENS FCR 24 HOURS, 3400 PSIG PRESSURE, 1,500 PSIG RETURN:
&.000 PSIG PRESSURE, 3.000 PSIG RETURN WITH 14 000 PSE STRESS LEVEL FOR 7
HOURS. (PERMASWAGE AND DMNATUEE FITTINGSTUBING ASSEMBLIES.) PASSIFAIL
CRITERIA, EXTERNAL LEAKAGE OF NO MORE THAN 10 CC/HR,

VIBRATION TEST - RANDOM WIZRATION LEVELS ACCORDING TO THE PARTICULAR
LOCATION AS INSTALLED IN THE VEHICLE AT VARIQUS VIBRATION SPECTRUMS
ACCORDING TO MFO0M.-014 (ENVIRONMENTAL REQUIREMENTS AND TEST CRITERIA FOR
THE CQRBITER YEHICLE).

GROUND TURNAROUND TEST
ANY TURNARDUND CHECKOUT TESTING IS ACCOMPLISHED IN ACCORDANCE WITH
OMRED.

1CH INSPECTION:

RECEIVING INSPECTION

ALL BAW MATERIAL AND COMPONENTS ARE VERIFIED EY INSPECTION. MC SPEC
HARD'WARE IS WVERIFIED BY SCURCE INSPECTION FOR FABRICATION/ASSEMBLY AND
FUNMCTIONAL CPERATION, AT SUFFLIER, TO SPECIFICATION REQUIREMENTE.
IMSPECTION VERIFIES THAT 241-2.5Y TITANIUM TUBING {5 CERTIFIED TQ THE
REQUIREMENTS OF MBO1TH-084

CONTAMINATION CONTROL
CLEAMLINESS LEVEL 130 PER MAQM10-301 |5 VERIFIED BY INSPECTION

CRITICAL PROCESSES
PERMASWAGE PROCESS 1S VERIFIED BY INSPECTION.

WNONDESTRUCTIVE EVALUATION
PENETRANT AND ULTRASONIC INSPECTION ARE WERIFIED BY INSPECTION.,

ASSEMBLY/ANSFECTION

ALL COMPONENTS/HARDWARE ARE VERIFIED BY INSPECTION AT DETAIL FABRICATION
AND ASSEMBLY. LEAK AND PRESSURE TEST AT SUB-ASSEMBLY AND INSTALLATION
LEVELS ARE VERIFIED BY INSPECTION. INSTALLATION PER MAD102-308 12 VERIFIED BY
INSPECTION. INSPECTHON VERIFIES THAT ALL PROCESSING MATERIALS IN CONTACT
WITH TITANIUM ARE FER MFOO04-018. SEALING SURFACES AREVERIFIED BY
INSPECTION.

TESTING
FUMCTIONAL TEST AND SUBSYSTEMS, AND FULL INTEGRATION, PER TMOITCP, SYSTEM
SERVICING REQUIREMENTS PER MLO/TCP. TESTING IS VERIFIED BY INSPECTION,
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PasE: "2 FRINT DATE OF/Z25:92

FAILURE MODES EFFECTS ANALYSIS (FMEA) -- CIL FAILURE MODE
NRUMBER: 02-6-SYSTEM-IM- 03

HANMDLINGPACKAGNG
INSFECTION VERIFIES PACKAGING PRICE TO SHIPMENT.

{0 FAILURE HISTORY:

CURRENT DATA ON TEST FAILURES, FLIGHT FAILURES, UNEXP_A:NED ANCMALIES AND
OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY CAN BE
FOUND IN THE PRACA DATA BASE.

{E) OPERATIONAL USE:

LEAK DOWNSTREAM GF THE NS SWITCHING WALYE - LEAK |S NOT DETECTABLE PRIOR
TO LANDING SEAR DEPLOYMENT. SUFFICIENT TIME MAY NOT BE AVAILABLE FOR CREW
ACTION FOLLOWING GEAR DEPLOYMENT. THE CREW MAY BE ABELE TO CONTRGL
VEHICLE DERCTATION RATE SUFFICIENTLY FOR A SAFE NOSEGEAR TGUCHDOWHN AND
ROLLOUT.

LEAK NOT DOWNSTREAM OF THE NWS WALVE - A RAPID LEAK WOULD DEFLETE THE
HYDRAULIC SYSTEM BEFORE ACTION CUULD BE TAKEN. ACTION MAY BE TAKEN BY THE
GREYY FOR SMALL LEAKS. THE ISOLATION VALVE MAY BE CLQOSED FOR LEAK ISOLATION.
THE HYDRALULIC MAIN FLUMP MAY BE DEFRESSURIZED TO DECREASE THE LEAK RATE.
TIMING OF THE ACTION WQOULD BE DEPENDENT ON THE FLIGHT PHASE AND THE
SYSTEM REQUIREMENTS.

- APPROVALS -

EQITORIALLY ARPPROVED - BNA - S emge T-30-9¢
TECHMICAL APPROWAL VA AFPPROVAL FORM D 95-CIL-00% 02-5
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