FAGE: 1 PRINT DATE: 02/18/M8

FAILURE MODES EFFECTS ANALYSIS {(FMEA) — CIL HARDWARE
: NUMBER: 02-2B-A04-CR -X

SUBSYSTEM NAME: FLIGHT CONTROL - TVC ACTUATOR

REVISION: 1 1110797
PART DATA
PART NAME PART NUMBER
VENDOR NAME VENDOR NUMBER
LRU TVC ACTUATOR MCEE21-0015-0026
MODG
LRU TVC ACTUATCOR MC621-0015-0027
MOUG
LRL TVC ACTUATOR MCE821-0015-0028
MOOG

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
ACTUATOR, SSME TVC, STRUCTURE
i

QUANTITY OF LIKE ITEMS: £
TWO FOR EACH ENGINE

FUNCTION:

PROVIDES THE FORCE AND CONTROL TO GIMBAL THE SSME AND MAINTAIN
COMMANDED ENGINE BRELL POSITIONS.

02-2B - 1



PAGE 2 FPRINT RQATE: 02/18/88

FAILURE MODES EFFECTS ANALYSIS FMEA = CIL FAILURE MODE
NUMBER: 02-ZB-A01-CR-01

REVISION®:. D 1204587
SUBSYSTEM NAME: FLIGHT SONTROL - TVC ACTUATOR
LRU; TVC ACTUATOR CRITICALITY OF THIS
TEM NAME: E5ME TVC ACTUATOR FAILURE MODE: 11

FAILURE MODE:
EXTERNAL LEAKAGE/COMPONENT RURTURE

MISSIGN PHASE: LO  LIFT-DFF
DO DE-CRBIT

VEHICLE/PAYLOAD/KIT EFFECTIVITY: 102 COLUMBIA
103 DISCOVERY

104 ATLANTIS
105  ENDEAVOUR

CAUSE:

MATERIAL DEFECT, FATIGLIE, (SWITCHING VALVE, SERVOVALVES, DIFFERENTIAL
PRESEURE SENS0ORS, DYNAMIC PRESSURE FEEDBACK ASSEEMBLIES, FCRCE LIMITER
ASSEMBLY, SOLENGID ISOLATION VALVES, MAN IFOLDS, CYLINDER, ACTUATOR BODY,
LEE PLUGS .} LOSS OF MORE THAN ONE RETENTION OLT, EACH COMPONENT. LOS5 OF
PISTON ROD GLAND RETENTION IN BODY. LOSS OF ONE OF THREE DYNAMIC FRESSURE
FEEDBACK ASSEMBLY RETENTION SCREWS.

CRITICALITY 1/1 DURING INTACT ABORT ONLY? NO

REDUNDANCY SCREEN A) Ni&,

B) N/A
C} N/A
PASS/FAIL RATIONALE:
A)
B)
<€)
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PAGE: 2 PRINT DATE. b2r1B/98

FAILURE MODES EFFECTS ANALYSIS (FMEA] — CIL FAILURE MODE
NUMBER: 02-28-A01-CR- 01

- FAILURE EFFECTS -

iA} SUBSYETEM:
LOSS OF TWO ACTUATORS AND THROTTLING CAPABILITY ON ONE SSME. LOSS OF

THROTTLING CAPABILITY ON ONE DTHER SEME.

(B) INTERFACING SUBSYSTEM{S):
LOSS OF TWO HYDRAULIC SYETEMS.

{C} MISSION:
POSSIELE LOSS OF MISSION, CREWNVEHICLE.

{D} CREW, VEHICLE, AND ELEMENT(S):
SAME AS (C)

{E) FUNCTIONAL CRITICALITY EFFECTS:

DISPOSITION RATIONALE-

(A) DESIGN:

ALL PRESSURE CONTAINING MEMEBERS ARE DESIGNED TD ABURST FACTOR OF 3 (9,000
PSIG). MAIN CYLINDER IS 178 PH STAINLESS STEEL MATERJAL, HEAT TREATED TO
CONCITION H1025, HOOP STRESS MARGIN OF SAFETY (MS) FOR TOP PITCH IS 0.36 AND
0.27 FOR BOTTOM PITCH AND YAW. SERVOVALVE MS LS 1.22 MINIMUM (MIN),
DIFFERENTIAL PRESSURE SENSORS MS IS 0.12 MIN, MANIFOLDS MS 15 0.33, OTHER
COMPONENTS DESIGNED SIMILARLY WITH FRACTURE MECHANICS APPLIED. BEARING
AND ROD FRICTION FORCES TENDING TO LOQSEN GLAND ARE EXCEEDED BY THE
COMBINATION OF FLUID PRESSURE FORCE AND RESIDUAL INSTALLATION FRICTION
FORCES.

B) TEST:
{DEJA.LIFIGAﬂDN: ENDURANGCE CYGLING=400 MISSION DUTY CYCLES UNDER LOAD AT
MAXIMUM TEMPERATURE OF 275 DEGREES F. 100,000 PRESSURE IMPULSE CYCLES AT
EACH SUPPLY AND RETURN PORT, AT 230 DEG F. SUPPLY PORTS CYCLED FROM 3,000
PSIG TO 4,500 PSIG TO 1,500 PSIG TO O PSIG, BACK TG 750 PSKE. BURST PRESSURE OF
4 000 PSIG APPLIED AT SUPPLY PORTS; 4,500 PSIG AT RETURN. VERIFIED THAT ALL
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PAGE: 4 PRINT DATE: 02/18/98

FAILURE MODES EFFECTS ANALYSIS {FMEA) - CIL FALL URE MODE
NUMBER: 02-2B-ADM-CR- D1

PARTS WERE WITHIN ACCEPTABLE LIMITS DURING DISASSEMELY AND INSFECTION AT
COMPLETION OF QUALIFICATION. :

ACCEPTANCE: PROCF PRESSURE OF 4,500 PSIG APPLIED AT SUPPLY PORTS. BURN IN
PRESSURE IMPULSE CYCLE TESTS AT 250 DESREES F: (1) 1,500 IMPULSE CYCLES 2 400
TO TO 3,800 PSIG APPLIED AT SUPPLY PORTS, (2) SIMULTANEOUSLY, 1,500 IMPULSE
CYCLES/-1,500 PSIG AT RETURN PORTS. PERFORMANGCE TESTS VERIFY ALL ACTUATOR

COMPONENTS ARE OPERATIONAL.

OMRSD: HYDRALULIC SYSTEM INSPECTION, PERFORMED FRIOR TG EACH MISSION,
VISUAL INSPECTION FOR EVIDENCE OF LEAKAGE OR DAMAGE.

{C) INSPECTICN:

RECEIVING INSPECTION

COMPONENT RAW MATERIAL CERTIFICATIONS ARE VERIFIED BY INSPECTION AND
ANALYSIS,

NDE
FICCE PARTS EVALUATED BY SELECTED PENETRANT  MAGNETIC PARTICLE,
ULTRASONIC, AND RADIDGRAPHIC INSPECTIONS,

SPECIAL PROCESSES i
CRITICAL/CLOSE TOLERANCE DIMENSIONS AND FINISHES ARE 100 PERCENT INSPECTED
FOLLOWING MACHINING.

ASSEMBLY/INSTALLATION

CLOSE TOLERANCE FITS AND ASSEMBLY TORQUES ARE VERIFIED BY INSPECTION.
PERSONNEL ARE TRAINEDVCERTIFIED IN THE USE OF SPECIALLY DESIGNATED
TOOLSFIXTURES WHICH ARE REQUIRED IN ASSEMBLY DOCUMENTATION.

TESTING

ATP IS VERIFIED BY INSPECTION. ROCKWELL DESIGN AND QUALITY PERS ONNEL, WITH
NASA PARTICIPATION, CONDUCT A DETAILED ACCEPTANCE REVIEW OF THE HARDWARE
AT THE VENDOR'S FACILITY, PRICR TO THE SHIPMENT OF EACH END ITEM COVERED BY
THE CONTROL PLAN.

HANDLING/PACKAGING

HANDLING/PACKAGING PROCESSES UTILIZE SPECIALLY DESIGNED CONTAINERS AND
INSERTS PROTECTING FROM STRUCTURAL/ENW RONMENTAL DAMASE.

{D) FAILURE HISTORY:
THERE I8 NO HISTORY OF FAILLURE FOR THIS FAILURE MODE.

(E} OPERATIONAL USE:
NONE
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FAGE: & PRINT DATE: DM E/SES

FAILURE MODES EFFECTS ANALYSIS (FMEA) = CIL FAILURE MODE
HUMBER: 02-ZB-A01-CR- {1

+ APPROVALS -
FART DOCUMENT: w :
EDITORIALLY APPROVED : FMEA/CIL COORDINATOR : /f? i
TECHHNICAL APPROVAL : V1A APFROVAL FORM L 96-CIL-009_02-28
DRIGINAL MODE DOCUMENT (REV 12/04/87) SIGNED BY
BNA DESIGNER :N. LEVERT
BNA RELIABILITY : G NELSON
BNA QUALITY ENGINEERING  : M. SAVALA
NASA SOM :

NASA RELJABILITY :
MNASA QUALITY ENGINEERING
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