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| FAILURE MODES EFFECTES ANALYSIS (FMEA} — CiL HARDWARE

SUBSYSTEM NAME: ECLES - MiR

HUMBER! M2AMR-ED21-X

81595

REYTSION: 2
FART NAME FART NUMBER
VYENDOHR NAME YENDOR NUMEER
E,HU QUCT, FLEXIBLE V-Gt O
DUCT, RKSID V727834 107001
RLICT, RIGID V727-954110-001
DUCT, RIGIC V727634112001

DUCT, FLEXIBLE
DUCT. RIGID
DUCT. RIGID
DUCT, RIGID
DUGT. RIGID
DUCT. RIGID
DUCT. AIGID
DUGT. RIGID
DUCT, RIGID
DLI'I::'i", RIGIE
DUCT, RIGID
nuc‘r_'. FIGID
DUCT, AIGID
DUGT, FLEXISLE
DUCT, RIGID
DUGT, RIGID

M8-1MR - 371

VE2E-S43000-001

VE2E-B43UZ2(QTY-2)

VE28-543104-001
V25843105001
VEZ8-543107-001
VB25-543106-001
VE28-543108-001
| VE2B-543110-001
VAZE-843111-001
VB28-643112-001
VBZE-543113-001

[QTY-2)

{@Tv-3)

VEZB-543114-001

VESR-E43115-001
VE2B-543121-001
VEZE-543123-001

VE2E-543125-001
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FAILURE MODES EFFECTS ANALYSIS (FMEA) ~ CIL HARDWARE
NUMBER: MWB-i1MR-ED2I1-X

PAFT DATA

EXTENDED PESCRIPTICN OF FART LINDER AMALYSIS:
MIR ECLSS MGID & FLEXIBLE DUCTING

REFERENCE DESHINATORE:

OUANTITY OF LIKE [TEME: 24
TWENTY FOUR

FUNCTION: .
PROVIDES AIRFLOW FPATH FROM ORBITER AAPCS FLOOR SUPPLY PORT THROUEH

FAN PACKAGE TO EXTERNAL AIRLOCK FOR EXTERNAL AIRLOCK, VESTIBULE TUNNEL,
AND MIF ENVIRONMENT AR MAKEUP, GENERATES AIRFLOW WHEN THE CHEW CAEIN
HATCH AND EXTERNAL AIRLOCK UPPER HATUM ARE OFEN.

REFER=ENCE BSUMENTS: VWrF27-6M104
VFEr-Eaa o7
V727534110
VrES-5ad112
VEZE-543001
VE2E=E43020
VERR-G43072
VEZB-EAZ107
VAZA-BRA108
VEIR.E34109
YEEB-534110
VEZE-El
VEZRAREY T2
VRZE-5341132
YE28-5341 74
VEIR-E3115
VEIB-ERTE
VEARB-EI122
VRZE-EIH1Z3
VBZE-E3413)
W7 2843400
MO72-843820

ME-1TMR - 372
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FAILURE MODES EFFECTS ANALYSIS (FMEA) — CIL FAILURE MODE
NUMBER: M&-1MR-ED21- 02

. HEVYISIONE 2 1505
SUBSYSTEM NAME:; ECLSS - INTERMALEXTERNAL AIRLOCK

LAW: DUCT, AIGIDYFLEXBLE
MEM NAME: DUCT. RAKGIDFLEXIBLE

CRIMSALITY OF THIS
FAILURE MODE: 22

FAILURE MJDE:
RESTRICTED FLOW {CLOGGED)

MISSION PHARE:
5o ON-ORET

VEHICLEPAYLOADAIT EFFECTIVITY: 104 ATLANTIS

CAUSE:
PHYSICAL DAMAGE, VIBRATION, CONTAMINATION, MECHANICAL SHOCK

CRIMCALITY 11 DURING INTACT ABORT ONLY T NO

CAMEALITY 182 DURING INTACT ABORT ONLY (AVIOMICS DNLY)2 WA

AEDUNDANCY SCREEN Al N/A
B) NiA
&) NIA

PASS/FAIL RATIONALE:
A}
NA

B)
NiA

€)

Ni& )

WMETHOD OF FAULT DETEETION;

PHYSICAL OBSERVATION - LOSS OF DUTPUT AIRFLOW,

- FAILURE EFFECTS -

[A) SUBBYETEM:
LOSE OF CARIN AIRFLOW TO INTERNAL AIRLOCK, TUNNEL ADAFTER, EXTEANAL
AIRLOCK, VESTIBULE TUMNEL. MIA AND SPACELAS ENVIRONMENT (MIR 1 OHLY).

(B) INTERFACING BUBSYSTEM[S)
NCO EFFECT ON INTERFACING GREITER SUBSYSTEMS,

(C} MISSION: .
EARLY MISZION TERMINATION IF FAILURE OCCURAS PRIOA TO COMPLETION OF IVA
LOSS OF AIRELGW TO EXTERNAL AIRLOCKVESTIBULE TUNNEL INTERFAGE GOULD
CALSE FOGGING OF EXTERNAL AIRLOCK UPPER HATOH WINDDOW, REDUCED

MB-1MR - 373
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| PALUNE MODES EFFECTS ANALYSIS (FMEA) = GIL FAILURE MODE
NUMBER: Mi~1MR-B21- 02

VISIEILITY CAUSED BY WINDOW EOGGING WOUILD PRECLUDE MIA DOCKING
CAPABILITIEES.

(D} CREW, YEMICLE, AND ELEMENTIE):
NG EFFECT OM CREW AND YEHICLE.

(E} FUNCTIONAL CRITHZALITY EFFECTS!
MNiA

DESIGH CRMATCALITY (PRIOR TO DOWNGRADE, DESCRISER 1M (F)): 22

(FI RATIONALE FOR CRITICALITY DOWNARADE: \
N/A [THERE ARE NO WORKARDUNDS TO CIACLMYENT THIS FAILURE),

- VIME FRAME -

TIME FROM FAILURE TO CRITICAL EFFECT: HOURS TD DAYS
TIME FROM FAILURE QCCURAENCE TO DETEZATION: SECONDS
TIME FROM DETECTION TO COMPLETED CORRECTIVE ACTION: N/A-

IS TIME REQUIRED TO IMPLEMENT COBRAECTIVE ACTION LESS THAN TIME TO EFFECTT
ND

ARATIONALE FOR TIME TO CORRECTING ACTION V§ TIME TO EFFECT:
THERE IS NO CORRECTIVE ACTION TO RESTORE AIRFLOW THROLUGH A CLOGEED
RIGID OR FLEXIELE DULOCT.

HAZARADS REPONT NUMBER{S): DM2SHAXXE)

HAZARD(S) DESGRPTION:
LDSS OF AIR GIRCILATION IN ODSTOCKING MODULE HARITABLE ENVIAONMENT.

-CISPOCETION RATIONALE-

{A) DERIGN; - :

INTERNAL AIRLOCK DUCTS ARE & tNCHES IN DIAMETERL EXTERNAL AIRLOCK DUCTS
ARE 3 INCHES iN DIAMETER AND THE FOUR DUGCT SECTIONS THAT MAKE UP THE HALG
ARE 2 INCHES IN DIAMETER. THESE DUCTS CONSIST OF TWD EASIC TYPES: HARD
DUCTS AND FLEXIBLE DUCTS. :

HARD DUGCT POATIONS ARE FABRICATED FAOM EFQXY RESIN MPREGNATED ARAMID
FABRIC. HARD DUCTS WITHIN THE INTERNAL AIRLOCK INCLUDE: CABIN ARS FLOOR
SUPPLY PORT DUCT ELBOW AND FAN PACKAGE INLET & QUTLET DUCT ELBOWS,

MARD DUCTS WITHIN THE EXTERNAL ARLOCK INCLUDE: FOUR [4) HORIZONTAL/
VERTICAL DUCTS, THREE(D) ELBOW DUCTS, THREE(3) TEE DUCTS (LOWER, UPRER, AND
DIFFUSER), AND FOUR[4) HALD DIKCTS. SECTIONS ARE HARD MOQUNTED TO THE
STHUCTURE BY A BRACKET/BAND CLAMP ASSEMBLY. A 0.5 INCH STRESS RELIEF GAP
IS5 PROVIDED BETWEEN DUCT SECTIONS. THIS GAP 15 BAIDGED BY FLEXIBLE
SLICONCTFIBERGLASS SLEEVES HELD IN PLACE BY BAND CLAMPS AND GRDOVES THAT

mMa-1MR - 374
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FAD URE MODES EFFECTS AMALYSIS [FMEA) — CIL FAILURE MORE
NUMEER: MB-1MR-EQ21- 02

ARE PREFORMED INTD EACH CLAMPS AND GROOVES THAT ARE PREFCRMED INTD
EACH DUCT SEGMENT,
I

FLEXIBELE DUCTS ARE FABRICATED FROM SILICONE IMFREGMATED FIBERGLASS
FABRIC OVER STEEL MELICAL SFRING WIRE WHICH 1S CAFABLE T ABSOARE
VIBRATICH, REDUCE SOUND TRANSMISSION AND FROVIDE FOR INSTALLATHON
TOLERANCES. BAND CLAMPS ARE UEED TO HOLD FLEXIBLE DUCTS TO FIGID DUCT
INTERFACES. INTERMAL AIALOCK FLEYIBELE DUCTS ARE LOCATED N THREE AREAS: (1)
BETWEEN THE CABIN AREA DABITER ARS FLOCOA SUPPLY POAT ELBOW AND FAN
PACHAGE MLET, [2) BETWEEN THE FAN PACKAGE SUTLET FITTING AND INLET OF THE
TUNMEL ADAPTER AIGID DUCT; ANMD (3] AT THE END OF THE TUNNEL ADAFTER
EXTENSION RIGID DUCT. EXTERNAL AIRLOCK FLEXIELE DUCTS ARE LOCATED IN TWD .
AREAS: (1) BETWEEN THE EXTERNAL AIRLOCK RIGID DUST ELBOW OUTLET anD THE
SPACELAE INLET DUCT ELECW; (2) AT THE EMD OF THE VERTICAL RIGID DUCT THAT
EXTENDS INTO THE MR

{B)TEST:

QUALTFCATION TRETE (RIGID DUCTS) - TESTS OF SIMILAR MATERIAL SHOW THAT RIGIC
EROXYIARAMID DUCTS ARE UNARFECTED BY HUMIDITY WTTHIN THE LIMITS IMPOSED
BY THE CABIN ATMGSPHERE. MATERIAL TESTS OF KEVLAR/EPDXY LAMINATES
CONDUCTED AT TEMPERATUHES OF -280 AND 350 DEGREES F SHOWED NO
DEGRADATION IN MATERIAL. TEMSHE STRENGTH (42 KSI) REMAINED UNGHANGED
AFTER EXPCSURE TO 100 FHM OZ0ONE AT 70 DECZRAEES F 206 1000 HOURS. *
TOLERAMCE TD SALINITY WAS GEMONETRATED BY ANALYSIS BASED ON TESTOF
SIMILAR MATERIAL IN BALT WATER FOR 128 DAYS. TRANSIENT VIBRATIONS, RANDOM
VIBRATIONS, AND CRASH LOADS WERE CERTIFIED BY ANALYSIS.

QUALIFICATION TEST (FLEXBLE DUCTS) - THE SILESONE/FTEBERGLASS FLEX DUCTS
WERE CERTIFIED BY SIMILARITY AND WERE SHOWN TO WITHSTAND TEMPERATURES
FROM -£0 DEGREES F TD 600 DEGRAEES F WITHOLUT FROBLEME. NON-MUTRIENT T
FUNGUS DEMONSTRATED BY TEST. SALINITY TOLERANCE DEMONSTRATED BY TEST
OF 1OENTICAL MATERIAL EXPOSED TO A 207 SALT SOLUTION AT &% DEGREES F AMD
B5% RELATIVE HUMIDITY FOR 50 HOURS WITH NO SPEECT. BURST PRESSURE WAS
DEMONSTRATED BY TEST TO BE GAEATER THAN 200 PSK3. TRANSIENT AND RANDOM
vIBHATII?ENE WEHRE CERTIFIED BY TEST OF THE SIMILAR DUCTS AND CRASH LOADS BY
ANALYSIS.

LIFE - GERTIFIED FOR 100 MISSIDNS0 YEARS, THE DUCTING IS NOT AGE SENSITIVE
AND 15 RESISTANT TO 'DFIBITEH ENVIRONMENTS.

N-FROCESS AND Accmmca TEST {INTEGRATELD) - THREE SEFARAATE AIR SYSTEM
FLOWRATE ([DUCT) TESTS PERFOAMED WiTH INLET PRESSIRE BETWEEN 1 INAEZD AHND
3 INFHZD. (1) NOMINAL WITH NO BRANCHES BLOCKED - FLOW RATE AT MIR DIFFUSER

" VERIFIED TO BE 160-200 LEAA AND FLOW RATE AT £2PASELAR |NTEAFACE YERIFIED TD

8E 170-320 LE/HA WITH INLET FLOW RATE OF 470-8680 L B/HR: [2) WITH SPACELAR
INTERFACE BLOCKED - FLOW RATE AT MIR DIFFUSER VERIFIED TO BE 170-300 LAHR
WATH INLET FLOW RATE OF 380-580 LEHRA; AND (3) WITH MIAl QIFFUSER BLOCKED -
FLOW RATE AT SPACELAE INTERFACE VERIFIED T BE 180-320 LAHA WITH INLET FLIW
FATE OF 410-740 LEHA_

OMASD - TUANARDUND CHECKOUT TESTING 1S ACCOMPLISHED IM ASGOADANCE WITH
OMRSD.
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. FAILURE MODES EFFECTS ANALYSIS (FMEA] — GIL FAILURE MODE
NUMBER; M&-1MR-E021- 02 .

(C] INSPECTION:
RECEIVING INSPECTION
RAW MATERIAL AND PROGESS GERTIFICATIONS VERIFIED BY INSPEGTION.

CONTAMINATION CONTRCH
CLEANLINESS REQUIREMENTS TO THE GENERALLY CLEAN {GC) LEVEL.

ASSEMBLYANSTALLATION

INSPECTION VERIFIES THE FOLLOWING: FRDCEES AEQUIREMENTS RELATIVE TD
MATERLALS PREPARATION, FABRICATION OF DUCT SECTIONS (INCLUDING DUCT
LENGTK AND WALL THICKNESS] AND CURE CYCLES IN ACCORDANGE WITH
REQUIRAEMENTS, INSTALLATION OF CURED SECTIONS INTD THE DINCT BYSTEM
(BONDING, SPUCING, SEAL COATING. INSTALLATION OF CLAMPS, FASTENERS, TARE
AND INSULATION] IV ACCORDANGE WITH DRAWING AND SPECIFICATION

REQUIREMENTE.

CRITICAL FROCESSES
CURING IS YERIFIED 8Y INSPECTION.

TESTING
ATPIOTROMRSED YERIFICD BY INGPECTION,

HANDLING/PACKARING
PARTE PROTECTION AMD HANDLING RECUIREMENTS VERIFIED BY [NSPECﬂDhL

(0} FAILURE HISTORY:
CURRENT DATA GN TEET FAILURES, FLIGHT FALLHEE. LUNEXFPLAINED ANOMALIES, AND o
OTHER FAILURES EXPERIENCED DURING GROUND PROCESSING ACTIVITY GAN BE .
FOUND 'N PRAGA DATA BASE, -

{E) DPERATIONAL USE:

NONE

= APFROVALS ~
PRODUCT ASEBURANCE ENGR. ;| M. W. GUENTHER
FAE MANAGER ] 1 W R MARLDWE
DESIGM ENGINEER . D KON DUCNE
CHIEF ENGINEER . B.J BAANDT
MASA SS5MA :
HASA SUBSYETEM Mﬁ.NAGEH :
J5C MOD
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