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ABSTRACT

— Approximately 1,223 pieces of component failure-rate data,
under 136 subject categories, have been compiled from published
literature and computer searches of a number of data bases.
Component selections were based on potential applicability to
facilities for reprocessing spent nuclear fuels., The data will be

l useful in quantifying fault trees for probabilistic safety analyses
and risk assegsments.
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COMPONENT FAILURE~RATE DATA WITH POTENTIAL APPLICABILITY TO A
NUCLEAR FUEL REPROCESSING PLANT

INTRODUCTION

The Savannah River Laboratory is developing methodology that
can be used to assess the risk of operating a plant to reprocess
spent nuclear fuel. This methodology is a modified probabilistic
analysis and has been applied successfully to analyses of existing
and planned Savannah River Plant facilities.

The fault-tree method is a particularly useful tool for
probabilistic risk assessment when failure rate data are available
as input. When available, actual system failure rates can be
employed, but if not, system failure rates must be calculated from
fault-tree logic and failure rate data for the components of the

system.

This report presents a compilation of potentially useful
component failure rate data gleaned from published literature and
accessible data bases.




DISCUSSION

The search for component failure-rate data was accomplished
both by manual searches and by computer-aided searches. In the
former case, reliability and safety analysis journals and publi-
cations were examined for the period 1970-1980. Additionally,
numerous non-journal publications were searched. The computer
search involved the use of the RECON System of the Oak Ridge
National Laboratory to search both the Energy Data Base (EDB) and
the Nuclear Science Abstracts (NSA) Data Base and the use of the
DIALOG information retrieval system of Lockheed to search the
COMPENDEX, INSPEC, ISMEC, and SCISEARCH data bases.

Description of Data

The Component Description column of Table II is arranged
alphabetically and follows the Component Failure—Rate Categories of
Table I, which in turn can be employed as an index to Table II,

The Failure Rate column of Table II contains those failure
rate values which are variously described in the literature from
which they are taken, as the "median," "average," ''mean," or
"recommended" failure rates. Computer terminology is employed;
thus, a failure rate of 2.5 x 107°/hr is listed as 2.5 E-06/hr.
In some instances, the range or spread of failure rates is also
available, and this is presented as the HIGH VALUE and LOW VALUE
columns. While most failure rates are given in units of hr~},
some data is presented in terms of demand™! and cycle"l; these are
are represented in the table by "DM" and "CY", respectively. The
units for FAILURE RATE also apply to the HIGH VALUE and LOW VALUE
columns.

Finally, the column labeled REF gives the applicable reference
number to be employed with the references listed at the end of
Table 1II.




TABLE I

Component Failure-Rate Categories

Accumulators
Actuators

Air Pressure Gages
Air Supplies

Alarms

Alternators
Analyzers
Annunciator Modules

Baffles

Batteries

Battery Chargers
Battery Power Supplies
Bearings

Bellows

Bells

Belts, Drive

Blowers

Bolts

Brakes

Bus Bars

Buzzers

Cables

Capacitors

Circuits

Circuit Boards
Circuit Breakers
Clutches

Coils

Compressors
Computation Modules
Connectors, Electrical
Connectors, Pneumatic
Contactors
Controllers

Couplings

Covers

Cylinders

Diaphragms
Diesel Generators
Diodes

Ducts

Elbows, Flanges,
and Expansion Joints
Emergency Lights

Fans

Filters

Fire Protection Systems
Figsion Chambers

Flame Failure Detectors
Flow Measurements
Fulcrums

Fuses

Gaskets

Gauges

Gears

Geiger—-Muller Detectors
Generators

Gongs

Hangers and Supports
Heaters

Heat Exchangers

HEPA Filters

Horns

Hoses

Impulse Lines
Indicators
Inductors
Instrumentation
Inverters

Ion Chambers

Joints
Klaxons

Lamps
Level Measurements
Lines, Overhead Power

Meters

Motors -
Motor Starters

Mounts

Nozzle and Flapper Assemblies
Nuts

[




TABLE I (Continued)
Component Failure-Rate Categories
Orifices

Photoelectric Cells
Pins

Pipes

Pivots

Power Supplies

Power Transmittal Mechanisms
Pressure Measurements
Pressure Regulators
Pressure Transducers
Pumps

Pyrometers

Rack and Pinion Assemblies
Recorders

Rectifiers

Regulators

Relays

Resistors

Restrictors
Scintillation Detectors
Screws

Seals

Sensor/Detectors
Servomotors

Shafts

Sirens

Selenoids

Solid-State Devices
Springs

Sprinkler Heads

Steam Supply System Compounents
Strain Gages

Switches

Switch Gear

Synchros

Tachometers

Tanks

Temperature Measurements
Temperature Trip Amplifiers
Terminal Boards
Thermistors
Thermocouples
Thermowells

Timers

Transducers

Transformers

Transistors

Tubes, Electronic

Valves
Valve Actuators

Valve Operators
Ventilators

Vessels
Vibrators

Welds
Wiring




TABLE II.

Component Failure-Rate Data

CCMFCAENT FalLuRE HIgH LOh
DESCRIFTILN RATE vaLUE VALLE

ACCUMULATOR ,LIQUIDPRESSURIZED 1.37e~-C&/HR

ACCUMULATOR »LIQUID 4 UNPRESSLR{ZEC $.3 E~CT/+R
ACLJMULATORWUNSPECTFIED 7.2 E-Q6/HR 1.93E-05 4.0 E~C7
ACCUMULATOR yUNSPECIFIED L. U4E-CE /HR

ACTUATORLINEAR 1.4 4E=05/HR

ACTUATORS yUNSPECLFIED 5,1 E—C&/HR 1.37E=C3 3.5 E-(7
A1P. PRESSURE GAGE 2.61E=-Q& /MR

Alw SUPPLY 5.5 E-C6/HR

ALARMS ,ALL TYPES 6. CEE-CE/HR  S.0 E-C5 2.0 E-C7
ALARMS , INDICATORS 2.5 E~CS/HR 5.0 E-05 l.5 €-C5
ALARMS , ISCLATING 1.C E=C6/HR 1.5 E-0& 2.0 E=(7
ALAAMS ,RELAY 1.2CE—CH5/HR 2.5 E—05 8.0 E=-(6
ALARMS,SOLID STATE(VYISUAL) 4e5 E-C6/HR 7.0 E-0& 3.0 E-C&
ALTERNATURS sALTERNATING CURRENT 9,0 E—Ce/MR

ALTERNATCRS ALTERNATING CURRENT 7.0 E-ce/HR

ALTERNATORS JuUNSPEC IF1ED 7.0 E=07/HR  2.94E~06 3.3 E-C8
ANALY ZERS,L02 1. 20E=y3/ne
AMALYZERS,ELECTRICAL CONILCHIVITY(FOR LIQUILCS) 1.9LE=C2/hit

ANALY ZERS s ELECTRICAL CONOLCTIVITY(FOR WATER TM SCLILCS) lat2E=Q3/HR
ANALYZERS,GAS~LIQULID CHRCMATCGFAPH 3.4SE-C2 /MR

ANALYZERS yHYORCGEN 1. 12E=-04 /HR

ANALY ZERS 4 [NFRA REDILIGUIE) L6 CE~Ch /HR

ANALYZERS,CGXYGEN 2.55E=C4& /HR

ANALYZERS ,LXYGEN G, 45F~04 /HR

ANALYZERS PH 64 TIE~C4 PR

ANALYZERS,wATER HARDNESS l.24E=C2/hR

ANALY ZERS+WATER( M GASES}) 9.1 3E=C4 /HR

ANNJUNC [ATOR MUODULES,SOLIUD STATE 7.C E-CE/HR

SAFFLES 1.0 E-Q&/HR 1.3 E-06 1.2 E=C7
BATTERIES.LEAD ACID ot E=CT/HR

BATTER IES+MERCURY Ted E-CTIHR

BATTER [ES+NICKEL CADMIUM 2.5 E=CT/HR

SATTERLES »PRIMARY, DRY CELL 2.7 E=CS/HR 21,1 €=(5
PATTER[ES+RECHARGEABLE led E=CHshR  1.43g-05 5.C E-C7
BATTERIES yRELHARGEABLE 1 SCE~GCE /HR
BATTERIES»SECCNDARY{STCRAGE) 2.9CE~C&/HR  1.26E~C5 3.0 £-(P
BATTER [ES s SECUNDARY( STCRAGE) oL EAD ACID 1.60E=Ce&/PR  2.20E=06 T.0 E-C€
BATTERIES s SECCNCAPY{STURAGE ) LEAC ACIC(JELLY ELECTRLLYTE) 4.24E-CE /MR 1.26E-05 3.0 E-CB8
BATTEPIESsSECLCNOAFY ISTCRAGF) oM ICKEL CALKIUM 3.6CE~CE& /MR $.3T7E-0& L.l E-C7

EATTER IES»UNSPECIFIED

EATTERIES+wET CELLoMULTIPLE CELLyPREFABRICATEC
bATTER JESenET CELLsMULTIPLE CELL,RESERVE
BATTERIES,wET CELL+SINGLE CELL ,FREACTIVATED

1.0 E-~C6/HR
3.3 E~CT/HR
la4 E~CT/HR
2.02E-~CH /HR




TABLE II, Contd

Component Failure-Rate Data

CCMFOMENT FAILURE HIGH LOw REF.

DESCRIFTICN RATE VM. UE VALLE
BATTERY CHAAGERS la23E~CS/MR  1,73E-04 L.4% E=L7 [§:]
BATTERY CHARGERS, SHUNT wCUND 8.0 E=Q5/HR 1.5 E-04 5.0 £-CS ce
BATTERY CHARGERSsCHARGING UNIT {PULTIPLE CELL,PREACTIVATEL 3.49E=-C6 /HR 14
BATTERY CHARGERS,DIVERTER PCLE 1.22E=-C4/HR 1., 73E=04 5.0 E-Q5 ce
BATTERY CHARGERS,FERRG RESCNAMTY 2.52E~CH/HR 3.0 E=05 1.0 E-CE as
BATTERY CHARGERS,MAGRETIC AMFLIFIERS 1.36E=-CE/HR  2,89E-C& 1.7 E-{? [o%:}
BATTERY CHARGERSsMOTOR GENERATLR F=90E~05/HR" 1.T3E~04 9.0 E-Cé ce
BATTERY CHARGERS,RECTIFIERS,STATICNARY 1l.49E=-CA/HR 3,0 E~C5 Ll.4 E=-(T ce
BATTERY CHARGERS,SCR F=6 E~QT/HR 1.8 £-06 Ll.% E-C7 (+:}
BATTERY POWER SUPPLIES,FAILURE TG PROVIDE PRCPER CLTPLT 3.0 E-0&6/HR ce
- BEARINGS,BALL Ll 40E=CA/HR 20
. BEARINGS, BALL 1l.15e-Cé2hR 20
. - BEARINGS, BALL ;HEAVY DUTY 2.0 E-0Q% /HR 03
- BEARING Sy BALL 4HEAVY 0UTY l.8 E-C6/HR 3,.53E-~Q6 7.2 E-CS 12
- BEARINGS, BALL ,LIGHT DLTY 1.0 €-0%/He c3
BEARINGS, BALL s LIGHT DUTY 8,8 E=CT/HR 1.72E~-06 3.5 E-(8 12
. BEARINGS,GENERAL 4. 07E=-Ch /HR 2G
EON BEAK INGSy GENERAL 1. 38E=-06&/HR 20
BEARINGSRGLLER 5.0 E=C&/HR c3
sEARINGS,RULLER 5.0 E=G7/HR 1.0 E=0& 2.0 E-{B 1
BEARINGS, RCLLER 248 E=C7/HR 20
BEARINGS, SLEEVE 5.0 E-Ca/HR c3
BEAR INGS, SLEEVE 5.0 E=OT/HR 1.0 E~-08& 2.0 E=-CB 12
BELLOWS (EXPANSIGN 5,0 E-Q&/HR . 15
BELLIwWSEXPANSICN 2.24E-06/HR 4.3BE~C6& 4.0 E~-(8 12
agLlls *.5 E~08/HR 5,0 E-06 1.0 E~GtE c8
BELTS,DRIVE 4.0 E-QS/HR ca
BELTS,DRIVE 3.88E-0b6/HR 1.50E-05 1.42E=-C7 12
BLOAERS 2. 24E=06/HR  4.38E~Q6 4.0 E-CH 12
BLUWERS ,AXIAL ,SINGLE STAGE . 2,.26E~-CE/HR 14
. BLIWERS ,AXIAL,TwO OR MORE STAGES 2. 6TE=Q5/HR 14
BLOWERS yCENTRIFUGAL MULTISTAGE 1. GTE~GS /HR 14
BLOWERS,CENTRIFUGAL,SINGLE STACE 8. 30E-CE/hit 14
BLIWERSPOSITIVE DISPLACENENT 2. 05E=-04 /HR 14
BLOWERS ROTARY VANE 4.0 E=CE/HR 14
BOLTS 2.0 E=-CB/HR 03
BRAKESy GENERAL 4.2 TE=Ch /HR 20
BRAKES ¢+ MAGNET IC la 2CE~C5 /MR 20
BYS L« 75E-CS5/HR 2,3 E~-0&6 S.0 E-CS ca
BUSyMETAL ENCLOSED 1= L6E-0%5/HR 6.0 €~-07 5.0 E-CS o8
BUS,DUTDOOR » BUS-BARE 2.63E-C5/HR 2.3 E-Qb 4.0 E=C8 ca
BUZZERS 3.0 E-C&/HR 3,3 £-05 1.0 E-Cé ce
BULZLERS 6l E-CT/HR 1.30E-C6 5.0 E~C8 12




TABLE II, Contd

Component Failure—Rate Data

———
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CEMECMENT FAILURE HIGH LOw REF.
DESCRIFTICN RATE VALUE VALUE

CABLES 1.42E~C6/HR 1.5 E-Q05 3.0 E~(8 o}
CABLES, 33KV TO 2TSKVIPER KM) Ta5 E-Cé&sHR €3
CABLES ¢ALUMINUM CONOQUCTGR{PER 1COOFT) T0TE~C&/HR 1.5 E-05 S5.54E-C% c8
CABLES s ALUMINUM CONDUCTGR »POREFR{PER LCGCFT) T.0TE~0&/HR 1.5 E-05 5.54E=C7 c8
CABLES +COPPER CONDUCTORIPER LCCOFT) L.2&4E~Ce/HR 7.0 E—-Cé6 3.C E-C8 ca
CABLES ,COPPER CONDUCTOR,CCMNTRCL(PER 1OJCOFT} 3. 46E~06/HR 6.32E-06 3.2 E~CE ce
CABLES +COPPER CONCUCTOR,PCWER(FER LOOOFT) 2.83E~C6/HR  6.32E-06 445 E-CB c8
CABLESCOPPER CONDUCTOR,SUPERY ISGRY (PER 10QCFT} 3.4€E~CoH/HR  &.C E-Q06 3.2 E-(8 ce
CABLES s JOINTS,ALUMINUM CONDLCTCR 2.56E~06/HR  1.50E-05 5.27E~C8 c8
CABLES (JGINTS ,ALUMINUM CONCLCTCR,POWER 5.48E-06/HR  1,456-05 S.2TE-C8 cs8
CABLES «JOINTS.CCPPER CONDLCTCR 4.9 E-C6H/HR 1.TOE-CH6 5.2TE-(B cs
CABLES y JOINTS ,LOPPER CONDUCTCR,,CONTROL 4. 90E-06/HR 1.1TE-05 5.2TE-(8 c8
CABLES ¢ JOINTS sCOPPER CUNOUCTLR JPOWER 4,9 E-C&/HR  1.22E-05 5.27E-C8 ca
CA3LES,LESS THAN LKV{PER KN) 6.0 E=CT/HR c3
CABLES+PENETRATICAS 3,26E=C&/HR 1.0 E-05 1.0 E=C7 ca
CABLES+PENETRATIONS ,INSTRUMENT AND CONTRCL APPLICATICAS 3.11E-CE/HR 1.0 E=05 1.0 E=(7 s
CABLESPENETRATIONS ,POWER APPLICATICAS 3.42E-0&/HR  B8.32E-06 2.0 E-C7 c8
CABLES » TERMINATION  ALUMINUM 8.156-Co/HR 1,5 E-C5 2.7 E-(S ca
CABLES, TERMINATION ;ALUMINUNK,PCRER 8.3TE-C6H/HR 1.89E-05 2.7 E=(S ca
CABLES y TERMINATICM ,COPPER CCACLCTOR 64 L2E-CE/HR 3,0 E~05 2.7 E~C§ c8
CABLES ¢y TERMINATICMN,COPPER CCNOLCTORCONTROL 6.32E=-C6/HR  1.T3E-05 2.7 E-C% (o
CABLES + TERMINATICN,COPPER CCNCLCTOR,PCWER 4.90E~C&/HR  1.22E-05 2.7 E-CS (3
CABLES »TERMINATION,COPPER CCADLCTOR,SUPERYVISORY 64 52E=06/HR  1.65E-05 2.7 E-(S c8
CABLES+1l TD 33 KV{PER KM} 4e4% E=C&/HR c3
CAPAZITCGRS(ELECTROLYTIC)ALLMIMLM FOIL S.0 E~CT/HR c32
CAPAZITORS(ELECTROLYTIC), ALUMIMUM FOIL 2.0 E-G6/HR Ca
CAPAZITCRSCELECTROLYTIC) s TAATALUM FCIL 1.0 E-C6 /MR c3
CAPACITORS (ELECTROGLYTIC)TANTALUM PELLEY 5.0 E-07/HR c3
CAPAZ I TORS(ELECTROLYTIC), TANTALLM SOLID 2.0 E=CT/HR 03
CAPAZITORS({FIXED) +CERAMIC 1.0 E=GT/HR c3
CAPACLITCRS(FIXED) , CERAMILC 2.0 E=CB/HR 04
CAPACITORSUFIXED) s METALLI2ED PEPER 5.0 E«CT/HR c3
CAPACITORS(FIXED) MICA 3.0 E-CT/HR c2
CAPAZITCRS(FIXEDI v MICA 5.0 E-Q8/HR C4
CAPAZLTCRS(FIXED) ,MYLAR 3.5 E=CS/HR C4
CAPACITORS(FIXED)+»OIL FILLED 3.0 E-0&6/HR a3
CAPAZITORS{FIXED) y PAPER 1.0 E-C&/HR c3
CAPACITORS(FIXED) » POLYSTYRENE 1.0 E~CT/HR c3
CAPAC ITORS(FIXEDS , POLYSTYRENE a0 E=C8/HR a4
CAPAZITORS(FIXED) »QUALITY PAPEF 1.1 E~-CT/HR Ca
CAPAZITORS(FIXED},SYNTHETIC FILM 5.0 E=O7/HR c2
CAPAZITORSIVARIABLE)+AIR SPACEL 1.0 E-C6/HR c3
CAPACITCRS(VARIABLE) ,CERANMIC 5.0 E~C7/HR
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TABLE II, Contd

Component Failure—-Rate Data

COMFCRERT FALLLRE HIGH LOw REF .
DESCRIFTION HATE VAL UE VALLE

CIRCULIT BQARDS,PRINTED 2« 36E~CS/HR 20
CIRCUIT BREAKERS 1.B5E~CT/HR 1.256=-Cé& 2.0 £-C8 (8
CIRCUTIT BREAKERS GENERALILESS THAN 33Ky} 2.0 E-C&/HR c3
CIRCUIT BREAKERS 41SV TO LIKV 1.5 £=C&/HR 03
CIRZUIT BREAKERS{FAILURE TC CPERATE) 1.0 E=C3/0M 3.C E=03 3.0 E-C4 (6
CIRCUIT BREAKERS ({PREMATURE TRAMNSFER) 1.0 E-Cé/HR 3.0 E-Q6 3.0 E-LT L&
CIRSUIT BREAKERS,INODDR DESIGA-AC BREAKERS 1.44E=CT/HR 6.5 E=C7 2.0 E-C8 G8
CIRCUITWREAKER S, INDOOR DESIGN=-DC BREAXERS 1.396=0T/HR 4.0 E-CT 2.0 £-C8 (&g
CIRCJIT BREAKERS, INDGOR,METAL CLADMAGNETIC 1.25E~06 /HR 14
CIRCJUIT BREAKERS, INDOORMETAL CLAD.MANUAL 1.6 LE-0& /HR 14
CINCJIT BREAKERS,INDOOR,METAL CLADMOTUR 1. T9E-064HR 14
CIRCUIT BREAKERS, INDOGR,METAL CLAC,THERMAL 4.6 E-CT/HR 14
CIRCUIT BPEAKERS ¢ INDGOR sS EALEL ¢yMAGNETIC 3.7 E=CT/HR 14
CIRCJ1T SHEAKERS, INODOR,SESLET ,MANUAL 4,2 £-CT/nR M
CIiRCJIT BREAKERS, INDOGORySEALED +MOTOR 2,6 E-C&/HR 14
CIRCJIT BREAKERS,INOOOR,UNENCLCSED, MAGNETIC 2,4BE=CH/HR L4
CIRCULT BREAKERS ¢« INDOORUNENCLESED » MARLAL 4, B4E~CH IHR 14
CIRCULIT BREAKERS,LCw VGLTACE FEWER 3.9 E-CEB/HR 4,3 E-07 1.0 E~(8 (8
CIRCUIT BREAKERSyMAGNETIC 5.0 E=07/hR 12
CIRCULT BREAKERS,MOLOED LASE 1.11e-Ch/HR 2a
CIRCJUIT BREAKERS,CUTDOGR DESIGM-AC BREAKERS 3.19E=07/HR 1.25E-C6 5.7 E-C8 (8
CIRCJIT BREAKERS,GUTDOUR, ENCLC SED, MAGNETIC 1.7 E-0S/HR 14
CIRCUIT BREAKERS,CUTDOOR, EACLC SEDy MANUAL lo4 E=C&/HR 14
CIRCJIT BREAKERS, POWER, ShITCH 2.88E-C6/HR 20
CIRCUIT BREAKERSySPARK GAP,SURCE PROTECTICN l.2 E-CAsHR 26
CIRCUIT BREAKERSs THERMAL 3.0 E-CT/HR 5,0 E=CT 2.5 g-C7 12
CIRCUIT BREAKEHS, THERMAL 1.0 E~C6/HR 12
GCIRCJIT BREAKERS,UNDERVOL TAGE. 1.87E=-C6 /HR 20
CIRCUIT BPEAKERS 11KV 2.3 E~-Ca/HR co
CIRCJIT BREAKERS» 132XV 4.0 E-06/HR £3
CIRCUIT BREAKERS 275KV 7.0 E-C&/HR €3
CIRSUIT BREAKERS 33KV 3.0 £-C6/HR c2
CIRCJIIT BREAKERS 200KV 1.0 E=CS /MR 3
CIRCUITS, MICRUELECTRCNIC SILICCN INTEGRATED 4.0 E-CT/HR Ca
CLUTSHELECTRICALIFAILURE 10 CFERATE 3.0 E~04/0M 1.0 E-~03 1.0 E-C4 Cé
CLITCALELECTRICAL JPREMATURE CISENGAGEMENT Lo E~Q4 /MR 1.0 €-05 1.0 £~C7 Cs
CLUTCHL{FRICTION) 3.0 E=C&4HR c3a
CLUTCH{MAGNET IC) 6.0 E=0&6/HR 03
CLutCH{MAGNETIC] 6.C E-CT/HR  §.3 £-LT 4.5 E-CT 12
CLUTCH{MECHANICAL) 4.0 E-CT/FR 1,1 E-06 &.0 E-CB 12
CLUTCHIMECHANJCAL ) 5.5 E=C7/HR 16
CLUTCHIMECHANICAL)FAILURE TG CPEN 3.0 E=C7/HR 3.C E-C6 3.0 E~C2 (&
CLUFCHI{MECHANICAL ) FAILUKE TC CFERATE 3.0 E-04/0M 1.0 E-03 1.0 (4

- 13 -
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TABLE II, Contd

Component Failure-Rate Data

CCMPCNENT FAILLURE riGH LCh REF.
DESCRIFTICN RATE VAL UE VALLE

CLUTCHISLIPY 3.6 E=CT/HR 9.4 E=~CT7 7.0 E-C8 12
CorLS 5.0 E=08/HR 8.8 E=08 3.3 E-(8 12
COILS »COULINGCHILLED WATER 1. 0CE=C& /HR 20
COMPRE §50RS 4,1 T7E~C6/HR 5.0 E-N5 2.2 E-C7 ]
COMPRESSORS,AIKIMGBILE} S+96E-C6/HR ic
COMPRESSORSAX1 AL 1.O0T7E=CE/HR 3. 16E=08 2.2 E~C7 c8
COMPYESSORS ,CENTRIFUGAL{VCLUTE) 2.75E=CE/HR  4.63E=-06 B 43IE=C7 cs
COMPRESSORS,POSITIVE DISPLACEMENT L.S5¢E=CS5/MR 2.6 €-05 B.43E-C& CB
COMPUTATION MUDULE » AMPLIF LER La 34E-CE/HR 14
COMPUTATION MODULE s AVERAGER 2.31E-QS/HR 14
COMPUTATION MGDULE»DEFFERENTIATCR 8e7 E=CT/HR 14
COMPUTATION MODULE ,E~E CCGNVERTER 1. T2E~CE/HR 14
COMPUTATION MGDULE oELECTRCAIC-CA-CFF L. 15E=-C&/HR 14
COMPUTATION MUDULEELECTRCNIC-CTHER 1.9 TE-CE&/HR 14
COMPUTATICN MGOULE +ELECTRCAIC-FFCPCRTICNAL Le24E=C6 /HR 14
COMPUTATION MODULE,FUNCTICN GEMERATOR 3. 83E=C&/HR 14
COMPUTATIGN MODULEs 1—-E CLKVERTER 4ol E=CTMR 14
COMPUTATION MUODULF,1-1 CUNVERTER 3.8 E-C7/FR 14
COMPUTATINN MCDULEs ICN EXCHANGE le7 E=-CS/HR 14
COMPUTATICN MOCULE ¢MULTI-FUNCY ICN GENEFATCR T 1EE=QS/MHR L4
COMPUTATION MCDULE ¢MV=1 CCAVERTER 1«34E-06/HR 14
COMPUTATION MuDuLE,OTHER et E-CT/HR t4
COMPUTATION MCDULE +RESISTANCE CFANGE 8s 12E-CLJ/HR 1%
COMPUTATION MUDULE s SCINTILLATICA 3,7 E-CS/HR 14
COMPUTATICN MUDULE »S8LID STATE 2. 02E-CE /MR 14
COMPUTATION MCOULE ,SQUARE RCCT 6al E-CT/RR 14
COMPUTATION MODULE » SUMMER 1.QGE~CQ& /HR 14
COMPUTATION MODULE ,uNDEFIANED 4.3 E-CT/HR 14
CUNNECTORS yCIRCULAR 3.7 E=-CT/ER zZ0
CONNECTORS,COAX1AL 1. S4E=CT /HR 20
CONNECTCRS,EACH PIN,GENERAL 5.0 E-C8/Hk c3
CONNECTORS , EACH PIN,GENERAL 2.0 E~OT/HR 4.7 E=07 3.0 E-C8 16
CONNECTORS,ELECTRICAL 2.5 E=CT/HR c2
CGNNECTORS ¢ GENERAL 3.2 E-CB/HR 20
CUNNECTORS,, PNEUMAT IC Lu48E~C6 /HR c2
CONNECTORS(PRINTED CIRCUIT EACH CONTALT 1.0 E—C?/HR c3
CONNECTURS 4 RADIO FREQUENCY 6.2 E~CB/HR 20
CONNECTCRS s RECTANGULAR 1. 06E~07 /AR 20
CONNECTOR S, TESTJACK 3.0 E=~CY9/HR 20
CONMECTORS,VALVE HOLDERS,EACH FIN 1.0 E~Q7/HR c3
CUNTACTORS 1.2€E~CTI/HR £,0 E-C7 1.9 E-C8 C8
CONTAC TCRS 2.5 E~CT/CY 4.0 E=CT 1.0 E-C7 12
CONTALTORS {GENERALLESS THAMN 2.2kv) 2.5 E~C4/HR 03




TABLE II, Contd

- Component Failure-Rate Data

DIUDESs SILICONyELUN POWER

COMFCMENT FATLURE HIGH LOw FEFa
DESCRIFTICN RATE VALUE VALUE
CUNTRALLER+AMPLEIFIER 3.4 E-C&/MR 14
CONTROLLER, BOURDON TUBE 1.1 &E~GS5 /HR 14
CONTROLLERELECTRIC 1.5 E=G7/MR  3.C E=C7 5.0 E~(C8 ce
CCNTROLLERELECTRUNIC-0M~CFF 8,0 E-CT/HR 14
CCNTROLLER, ELECTRECNIC—CTHER 2. 0¢E=CE& /HR 14
CONTROLLER,ELECTRONIC~PROFCRT LI MAL 2.55g-C& MR 14
CLNTRGLLER yFLCW CONTROLLER FAILS CALLING FOR LESS FLCw 4.6 E-0S/PR 12
CONTROLLER,FLOW CONTROLLE®R FAILS CALLING FOR MCRE FLCh 4,6 E=0%/nR 13
CONTRNLLER,GENERAL PURPCSE PAEULMATIC.ELECTAICAL AND TEMP, 3.3 E-CS/HR cl
CONTROLLER, INOICAT ING 4,0TE-06/HR  5.426-068 2.25E=C6 cs8
GUNTRULLER.LEVEL 4,01E~C6/HR  1.18E-(C5 1.67E~Lb [+F:]
CONTROLLER,My=] COUNVERTER 3. 7CE~CS /HR 14
CONTROLLER, OTHER 5.1 9€=C6é /HR 14
CUNTROLLER$PNEUMATIC 4,3 E~05/nR c1
CONTRULLERPNEUMATIC ON=GFF 9.7 E-CT/HR 14
CONTROLLERyPNEUMAT IC—~OTHER 6.2 E=CT/HR 14
CONTROLLER (PHEUMAT 1C-PROPCRY I MAL 2.9 E~-CT/MR L&
CONTROLLER,SETTING 1.6 E=-0S/HR ci
COUPL INGSIFLEXIBLE} 6.88E—CT/HR 1.,35E-C6 2.7 E~-C8 1z
SOUPLINGS(MECHANICAL) 5.3 E~Co/uR c3
COUPL INGS {MECHANICAL) S.34E=06 /HR 20
COUPLINGS(RIGID) 2.5 E~CA/HR 4,9 E-C8 1.0 €-C9 12
COVvERS,.DUST 6.0 E~C9/HR 1.0 E=CB 2.0 E-CS 12
COVER3+ PROTECTIVE 3.8 E~CBs/HR &.1 E-C8 1.5 E-(8 12
CYLINDERS 7.0 E~CS/HR 8,1 E=QT 5.0 E-CS 12
CYLINDERS,HYDRAULIC 8.0 E~CO/HR 1.2 E=0T 5.0 E=C%S 12
CYLINDERS ,PNEUMATIC 4,0 E~CY/HR 1.3 E-C8 2.0 E=C9 12
DIAPHRAGMS, METAL 5.0 E~C&/HR 15
DIAPHR AGMS , RUB BER .0 E~C&/HR 15
DIAPHRAGMS ;RUPTURE,10 INCH TC 1& INCH ClA. be 4 GE—Cé /HR 1%
DIESEL EMER. POWER SYSTEM(GeE.) 4.9 3E-05/HR L4
DIESEL ENGINE«FAILS TO RUN 340 E~CH/HR 3.0 E-03 3,0 E=(5 06
DIESEL ENGINE,.FOUR STRUKE yRECIFROCATIAG,V-BLLCK 6.8 E~C3/HR 14
DIESEL ENGINETWO STROKE RECIPFLCAT INGeIN-LIMNE BLCCK 2+ 22E~04 /HR 14
DIESEL ENGINE,Twl STRCKE RECIPFCCATING,Vv-BLOCK 3.33E-C4 /HR 14
DIZSEL GENERATORSFAILS TC RUN AFTER STARY 3.0 E-C2a/HR  3.¢ E~Q2 3,0 €-CA c&
DIESEL GENERATORS.FAILS TC START 3.0 E-Q2/D0M 1.C E~Cl L.0 E=-C2 c6
DIJDES ¢ GERMANIUM, GOLD—BLNQED 2.0 E-C7/HR c3
OICDES » GERMANTUM, JUNCT LN 2.0 e-CT/HR c3
DIDDES y GERMANIUM, POINT CONTACT S.i E-C7/HR 03
DIUDES ¢+ SEM1-CCNDUC TCR 1.0 E~CE/HR C4
OIODES + SILICONHIGH POnER 5.0 E-Q7/HR c2
2.0 E~CE/HR ok}




TABLE II, Contd

Component Failure—Rate Data

COMFEMENT
DESCRIFTICN

OL{03ES,SILICON, IERER

DIGDESSILICINy ZENER

DuUCTS

ELBIWS s FLANGESsEXPANSTUN JCINTS LEAK/RUFTURE
EMERGENLY DIESEL AUXe SYSTEM{WESY INGHCUSE)
EMERGENCY LIGHTS

FANS

FANSsAXIAL

FANSr»AX]IAL

FANS ¢ CENTRIFUGAL
. FANSCENTRIFUGAL

FANSsEXHAUST

FANSy EXHAUST

FANSsGENERAL

FILTERS

FILTERS,BLUCKAGE

FILTERS,FLUID

FILTERS,GAS

FILTERS JLEAKAGE

FAILURE

FIRE
FIRE
FIRE
FIRE
FIRE
FIRE

FLOw

PROTECT [ON
PROTELTICN
PRCTECTION
PROTECTICN
PROTECTION
PRCTECTICN

FISSION CHAMBER
FLA4E FAILLURE DETECTORS

SYSTEMS,SPECIAL,LLO2
SYSTEMSsSPECIALSDRY CHEMICAL
SYSTEMS 4SPECLALWATER SFRAY
SYSTEMS +SPRIMKLER, DELUGE
SYSTEMSSPRIMKLERORY PIPE
SYSTEMS ¢ SPRIMKLER, ET P{FE

MEASUREMENTS(FLUIDS)

ELQW
FLIW
FLOW
FLlw
FLIOW
FLOA

MEASUREMENTS{FLUIDS) +CIFFERENTIAL FRESSURE TRAMSEUCER
MEASUREMENTSIFLUIDS) (FLCW RATE

MEASUREMENTS{FLUIDS) »INCICATING VARIABLE AREA FLCWFMETER
MEASUREMENTS(FLUIOS) ,FAGNETIC FLOWMETER
MEASUREMENTS(FLUIDS) +TRANSFITTING vaAR, AREA FLUWMETER
MEASUREMENT S{SOLIDS? yEELT SPEED MEASUREMENY ANL CCNTROL

FL3W

MEASUREMENTS(S0LIDS) +LOAC CELL

FULCRUMS,, KNIFE-EDGE{WEAR]
FUSES

FUS:cSs

FUSES

FUSESIMILITARY APPLICATIONS)
FUSES{MILITARY APPLICATILNS)
FUSES.FAILS TO QPEN
FUSES+OPENS PRENMATURELY

HIGH LOw REF.
RATE VALUE VALLE
L0 E=Q7/HR a2
4.0 E=C7/HR C4
1.0 E=-C&/HR 15
3.0 E=GT/HR 1.0 E~05 1.0 E-C8 Ce
2.416-C S /MR 14
1.9TE~CE/HR 20
3.12E-05/HR 5.0 E~04 1.0 E-C6& ca
2.22E—06/HR  3,63E~C6 1.3TE-Cé [v:)
1.85E=Ca /MR 20
4. 12E=Q6/HR  T,75E=06 L+8TE=-C6 Qa
L. 1CE~-CE&/HR 20
2.25E—C1/Hk 9.0 E~06 2.1 E-L7 12
9.0 E-QS/HR 15
2+ 52E—C& /HR 2C
3.0 E=C?/HR 8.0 E-07 4.5 £~(C8 L2
1.0 E-C&/HR 15
3.0 E-Qb/HR 20
1«2 E=CH/HR 20
1.0 E—C&/HR 15
5«3 E-GT/CM o7
be7 E-CT7/DM ")
5.0 E=CT/0M cT
3.7 E=QT/0M c7
l.7T E=CT/OM ()
1«4 E-QT/DM cT
3.52E-GCE/HR 14
1« 93E~04 /HR c1
1.30E=04/HR [ §
1+96E~04 /HR cr
8.36E~-Q6/HR 24
3.9 E~05/HR c1
2+ 45E—C4 /MR Cl
1+15E=GC4 /HR c1
le 7TSE~C3 /HR cl
4« 2BE=04 /HR [}
1.0 E-CS5/mMR £z
5«0 E—0Q&6/HR o3
1.0 E-0T/HR Cé
5.0 E-OT/HR 8.2 E-0T7T 3.0 E~-CT 12
1.0 E-CT/HR 12
le3EE=-CT /HR 20
1.0 E-CS/CM 3,0 E=-05 3,0 E-C6 D&
1-0 E-C&/HR 3,0 E=(6 3.0 E-(7 [+



TABLE II, Contd

Component Failure~Rate Data

COMPUNENT . FAILURE R1GH LOw REF.
VESCRIFTICN RATE VALUE VALLE

FUSES » PURER 2.3 E-CO/HR  2.49E-06 b.0 E-CS te
FUSES.POWER UP TO 1000 VOLTS 3.0 E=CB/HR 3.C E=(7 9.0 E-CS ca
FUSES,»POWER 1300-35,50J VCLTS 2.1 E-CB/HR 3.C E-O0T B.0 E-CS 08
FUSES, POWER 2300-138,000 V¥CLTS 1.2 E~CB/MR 4.0 E=07 b0 E-CS 08
GASKETS 5.0 E-CO6/HR 15
GASKETS,CONTAINMENT QUALITY 3,0 E-0&/FR 1.0 E-0% 1.0 E-C7 Ce
GASAETS+D-RING 2.0 E-CB/MRA 3.0 E-08 1.0 €E-(8 12
GASKETS,0=RING 2.0 E-QT/HR 15
GASKET S 4PACKING 3,53E-C&/HR 20
GASKETS ,PHENOLIC 5.0 E-CEB/HR 7.0 E-Q8 1.0 E-(8 12
GASKETS,RUBBER 2.0 E~CA/HR 3.0 E=-C8 1.l E=CA 12
GAUGES ¢ PRESSURE 1.0 E-QS5/HR Cl
GAUGE S »STRAIN 2.5 E-CS/MA c3
GEARS 1.7 E=CT/HR z0
GEARS s HEL [CAL 1.0 E~06&/HR c3
GEARSHEL [CAL 5.0 €E~CB/HR 4.8 E-Q8 2.0 E~-(S L2
GEARS » SPUR 1.0 E=05/H& c3a
GEARS 4 SPUR 2.18E~CA/HR 4,3 E=C& 8.7 E-(CA 12
GEIER-MULLER DETECTOR 1.39€=C5/HR 14
GENERATORS 1.84E-05/HR 2.45E=-05 2.0 E-CS csa
GENERATCRS yAuCe 3.33E-CS/HR 14
GENERATURS+A.Co GIESEL QRIVEN 1.2%E~04/HH 1.5 €=04 1.0 E-04 CB
GEMERATORSy Aa Ca GENERAL 7.0 E=C&/HR c3
GENERATORS,A.C. STEAM—TURBINE CRIVEN,18C0 RFM CR LESS 4.,3B8E-C&/HR 8.8 E-36 2.0 E=(7 8
GENERATOR SeAaCe STEAM—TURBINE CRIVEN, 3400 RPM 4.50E~06/HR S.5 E=Q06 2.41lE-C7 ca
GENERATCRS,D.C. 2.5EE~-C5 /HR 14
GENERATORS+D.C. GENERAL 9.0 E-06/HR c3
GENERATORS+D.CL.(MCBILE} 3.68E~-CS5/HR 2Q
GENERATORS+D.C.oMOTCR DRI VEN le l4E—C6/HR 3.8 E-C&6 2.0 E-C7 €8
GENERATCRS,DC, 9.0 E~CT/HR &,2TE~06 3.0 E=C7 12
GEMERATLRS+DIESEL 1.29E-0& /HR 20
GENERATOR S, DIESEL 4BATTERY STAFT 8.9 E-05/HR 18
GENERATORS,GAS ENGINE 2.70E-C6/HR 20
GENERATORS+GAS TURBINE DRIVEMN T.0 E=C5/HR S.2 E=05 1.0 E=-Cé& ce
GENSRATCRSsGAS TURBINEFAILLRE TC START 2.3 E-CZ/CM cs
GENERATORS ,MOTOR 2.TEE~CY /HR 20
GENERATOR Sy SYNCHRLS 8.0 E-C6/HR c3
GENERATORS y TACHORMETERS 5.0 E-G&/HR ca
.GENERATCRSs TURSBINE 6e2 GE-C#& /HR 2c
GENERATOR S, VARIABLE FREQUENCY 2.C. 4.5 E~G&/HR ‘14
GUNGS 45 E-CH/HR  3.30E-05 1.0 E-C6 08
HANGERS AND SUPPURTSyCLNSTANT SUPPURT SPRING HANCER B8.0SE—C&/HR 14
HANGERS AND SUPPORTS,GUIDE HAMCERS 2.4TE-CE/HR 14




TABLE II, Contd

Component Failure-Rate Data

.
s

CCMFCNERT FAlLLRE HIGH LGw REF.
UESCRIFTICN FATE VALUE VALLE
MANGERS AND SUPPGRTS.HYDRAULIC SUPPGRTS 2.9 1E~05/HR 14
HANGERS AND SUPPCRTS+RESTRAINT SUPPCRTS 4,0 E-CT/MR 14
HANGERS AND SUPPORTS.ROD TYPE FAMGER 9.0 €-CB/HR 14
HANSERS AND SUPPORTS,VARLABLE SLPPORT SPRING MAMCER BeG E-CE/HR 14
HANSERS AND SUPPCRTS,VARIABLE SLPPORT SPRING HANGEFRS 4,0 E=C7/HK 14
HEAT EXCHANGERS 1.5CE-05/HR  1«86E-05 2.21E-Cs 12
HEAT EXCHANGERS,GENERAL 9.0 E=-CTMHR 20
HEAT EXCHANGERS,HELICAL CCIL,HCRIZUNTAL SHELL ANC TLEE 2.07TE-Q6&6/HR 14
HEAT EXCHANGERS,HELICAL CCIL,SFELL ANC CCNCENTRIC TLRE 2.02E-GE/HR 14
HEAT EXCHANGERS,STRAIGHT TUBEFCRIZCNTAL SHELL ANL TLEE 2. TEE~CE/HR 14
HEAT EXCHANGERS ,STRAIGHT TUBE,RADIATOR TYPE S.02E-0& /HR 14
HEAT EXCHANGERS,STRAIGHT TUBE,VERTICAL SPELL ANL TUEE 2.4GE=CS/HR 14
HEAT EXCHANGERS,U~TUBE,HGRIZCANTAL SPELL AND TLEE 8.&£BE-C6 /HR 14
HEAT EXCHANGERS U-TUBE,RACIATCR TYPE 4. 72E=CS /HR 14
HEAT EXCHANGERS, UL—TUBE,VERTICAL SHELL ANC TUBE L.32E~C5/HR 14
HEATER y IMMERSIGN+FLANGE TYPE 2.2 E=QT/hR 4.2 E=-CT 7.l E-C8 cs
HEATERS 3.56E-06/HR 2.0 E~-05 7.l £-C8 ce
HEATERSALR 3,22E~-C6/HR 2.0 E-05 &+l E-(7T ce
HEATERS +AIR+ELECTRIC BASEBLARD 2.54E=C8/HR L.16E~05 8.7 E=C(7 ce
HEATERS,AIR,ELECTRIC BLAST COIL(CUCT) 2.62E=C&/HR 5,83E-CO bel E-CT ca
HEATERS +AIR sUNIT ELECTRIC 5.0 E—06&/KR 2.0 E-CS 2.0 E=C6 08
HEATERS+ELECTRICAL yELEMENTS 2.0 E-CA/HR 4.0 E=08 1.0 E-(E& 12
HEATERS+ELECTRICAL ¢GENERAL 2.29€E~Ca/HR 20
HEATERS+ELECTRICAL+SPACE la1EE~Q&/HR z0
HEATERSYHEAT TRACING 9.4 E~LT/HR 14
HEATER S+ I MMERSION 4,2 E~CH/HR 3.0 E-0% 7.l E-(8 ce
HEATERS+ IMMERSIONs SCREW PLUG L.T2E~Q0&6/HR %.,246-06 T.1 E=-C7 ce
HEATER S IMMERSION+"COVER THE SILE® 1.0 E-CS5/HR 1.76E=05 5.0 E-C& ca
HEATERS s [MMERSICN +BCTTCM CLAMF ING f.0 E=CS5/HR 1.T6E-05 5.0 E=-CE ce
HEATERS » ITMMERSZON, CIRCULATICN 1« 41lE-Q&/HR 3.0 E-05 7.C7e-C6 a8
HEATERS r[ MMERSIUN, TUBULAR WITF THREADED FITTINGS 1.6 E=0S5/HR 1,T6E~-CS 5.0 E=-C6 c8
HEATERS +QTHER 2.53E-C&/HR 14
HEATERS+PIPE 1.756-C6/HR  3,0Te-06 1.31£-C6 c8
HEATERS,PIPE,PARALLEL CIRCLIT TAPES 1o TEE=C&/HR  3,CTE=-C6 1.31E~-CH ]
HEATERS+PRESSURIZER HEATER 1.92E-05/HR 14
HEPA FILTERS,FUEL FABRICATICA FACILITY laé E=CE/HR ]
HEPA FILTERS+FUEL REPROCESSING FACILITY 1.30E-08/HR ¢5
- HORNS 7.5 E~CT/HR 3.3 E-0% 5.0 E-C7? ce

HOSE+HEAVILY STRESSED 4,0 E~CS/HR 15
HOSE.LIGHTLY STRESSED 4e0 E-D&/HR 15
[MPJLSE LIMES 8.6 E~05/HR cl
INDJICATORS,, BELLOWS 1.87€E-05 /HR 14
INDICATORS (BOURDUN TUBE 1.84E~CE/HR 14

- 18 -
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COMPCMNENT FAILURE HIGH LCh REF.
DESCRIFTICN RATE VALUE VALLE

INDICATORS,D* ARSUNVAL GALVAACNMETER - L 1SE-Cé/HR 14
INDICATCRS,DIAPHRAM 4.52E~C&/HR 14
[NDICATCRSELECTRONIC-ON-CFF . 3. 4SE~CE/HR 14
INDI{CATORS, [RON YAME ) 6.3 E-CTsHR 14
INGIZATORS + MECHANTIC AL l.8ZE~CE/HR 14
INDICATORS ,MECRO 6, %IE=Q5 /HR 14
INDIZATORS,CTHER 5.0 E=-C7/HR 14
INDICATORS o SUMMER le l4E~CH /HR la
[NDIZATORS» UNDEFINED 8.C E=CT/HR 14

INDJCTORS JALF. COILS

[NDJCTCRS +R.Fo CGILS

INDJZTORS SATURABLE REALTCFS
INDUCTORS o SINGLE COJLS,GENERAL
INDJC TCRS  SCLENOIDS
INDUZ TORS + FUNING COILS
INSTRUMENTATIOK, ELECTRICAL

3 €=07/HR 02
S
1
3
4
1
1
INSTRUMENTATIONsFATLURE TC CPEFATE 1
3
L3
1
3
1
2
3

0

0 E-QT/HR Qo3
S E=C6/HR c3
0 E-QT/HR a3
0 E-CT/HR c3
5 €=C6/HR c?
38E~Co/HR S, TTE-Q6 1.35E~-C6 12
L E-C6/HR 1.0 E-C5 1.0 E-C7 cé
9 E=Q6/hR iy
0 E=Q&/MHR  T.8 E-06 1,35E-CT 12
0 E=CS/HR 15
0 E-Q5/HR 3.0 E-04 3.0 E-Cé& Cée
0 E~C&/HR  3.30E=-C6 5.0 E=-CB 12
53E-CS/HR 14

INSTRUMENTATION, IMNDLICATOR
INSTRUMENTATIGN.PRESSURE GAGE
INSTRUMENTATION,PFESSURE GAGE
INSTRUMENTATIUNSHIFT IN CALIERATICN
INSTRUMENTATIUNy TEMPERATURE BULE
INVERTERS+4.C.

INVERTERS ,0.C, o T4E=CS/HR, . . 14
1ON SHAMBERS{AND LEADS) 5.0 E-C6 /MR c3
1ON CHAMBEKS({AND LEADS) +CCMPENSATED 3.3 E-C6/HR 14
10N CHAMBERSIAND LEADS),UNCCMPENSATED 3.8 E=CE/HR 14
JOINTS ,MECHANICAL 2.0 E=CT/HR c3
KLAXDNS 1.0 E~06/MR  3.20E-05 5.0 E=C7 C&@
LAMPS 8.626=06/HR 3.5 E-05 3.45E-C6 12
LAMPS  FILAMENT,HIGH wATTAGE 5.0 E=C5/HR c3
LAMPS, FLUCRESCENT 1.0 €-05/m ¢3
LAMPS , INC ANDESCENT 8.0 E-C&/hR  3.206-05 5.2 £-C6 12
LAMPS ¢ INC ANDE SCENT 1.0 E-C6/HR 12
LAMPS , INCANDESCENT 4o 4EE~C& /MR 20
LAMPS , INDICATOR 5.6 E=C&/HR cl1
LAMPS, INDICATOR 5.0 E=06/HR 02
LAMPS , INDICAT IR, NEON 2.0 E-C6/HR c3
LAYPS, LED 2.T6E-CT/HR 2¢
LAMPS , NECN 1-02E~05/HR 1.EBE-05 4.5 E-C6 12
LAMPS , NEON 2.0 E-C7/HR 12
LEVEL MEASUREMENTS(LIQUIDS) 1. 94E~C4 /HR 1
LEVEL MEASUREMENTS(LIQUIDS},ELECTRICAL CONDUCTIVITY PROBES  2.65E-C4/HR ¢l
LEVEL MEASUREMENTS(LIQUIDS),FLLAT-TYPE LEVEL TRANSCLCER 1.8 TE—0Q4 /HE 01
" LEVEL MEASUKEMENTS(SOLIDS} 7.82E=-04/HR c1

LEVEL MEASUREMENTS (CAPACITANCE~TYPE LEVEL TRAMNSCUCER 245 E~CS5/HR al
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CCMFCMENT FAILURE HIGH LOw REF.
DESCrIFTION RATE vALUE VALLE

LEVEL MEASUREMENTS ,OLFF. PRESS. TRANSFMITTER(CLEAN FLLUIDS) 4.4 SE-0S JHR [
LEVEL MEASUREMENTS,DIFf. PRESS. TRANSFITTER{CIRTY FLLIODS} 2.18E-0& /HR o1
LEVEL MEASUREMENTS ,0lFF. PRESS. TRANSMITTER, {CLEAN FLUICS) 1.9%E-C4 /HR ¢l
LINES{CVERREAD POWER), LOKY IC ZIRVIPER XM) L. 25E=-05/KR a
LINESICGVERREAD POWER),LIOKY TC 4CCKVIPER KM) 3.1 E=Q&/HR 3
METERS, INDICATING(MOVING CCIL) 3.0E-06 /HA ¢l
METERS  INDICATINGIMCYING CCIL) J.LE-O& /HR c3
METERS, INDICATINGCMUVING CCIL) l.QE-36 sHR C4
MOT IR STARTERS 2.24E-CT/HR 4.5 €E-C7 1.5 €-CT c@
MOTORS 1. 72E-CE&/HR 8.0 E=06 6.0 E~CE ce
MOTIS pA. Cu e GENERAL . 1. 2 4E=CE& /HR 20
4OTJRS,AC PLLYPHASE SQUIRREL CAGE INDLCT.,201 HF (R CFEATER 1.50E~Co/H  T.73E-06 7T.C7E-C? CE
MOT JRS, AC POLYPHASE SQUIRREL CAGE INDUCTICN,200 FP CR LESS 2.57E~U6/HR  %.90E-06 2,l6E~C7 c8
MOTIRS,AC POLYPHASE SQUIRREL-C#GE INDLCTICH 1a29E-CE/HR 4. B89E-06 2.1 E-C} (8
MOT 335 A0 POLYPHASE SYNCHRCACUS 2,156E~CE/HR 8.0 E~0b 6.0 E=(7 cs
MOTIR S, AC POLYPHASE SYNCHRCANCL $,200 hP CR LESS 3,46E-C&/HR S5.20E-C6 4.0 E=C7 e
MOTI1S ,AC POLYPHASE SYNCHRUACL 542010 HP CR LARCER 2,0 E=CE6iHR  3.46E-06 T.CTE=CT Cé
MOT RS AL FOLYPHASE WOUND-RCTCR INDULTICN 2.38E=C&/HR 8.0 E-06 60 E-CT [}
MOTIRAS5,AC SINGLE PHASE INCLCTLCM L.SCE=C&/HR 5.0 E-C6 6K.C E-CEB ce
MOTJA5,AC SINGLE=PHASE SYNCHRCMCLS 1.5 E=06/HR 1.8 E~06. 1.2 E=CE& o8
MOT RS ¢ BLOWER 2,0 E-CT/HR 5.5 =06 5.0 E-(CB 12
MOTNRS,D.C. COMMUTATOR,SINGLE SFEED,1C0-299 VLC L. $EE~CS /HR 14
MOTJRS+D.C. CCMMUTATOR,VARIAELE SPEED,L1CC-255 viC T.69E=-05/HR . 14
MOTIRS ,OC 1o TEE=CE&/HR 3.0 E-Ch 1.0 E=Cé& cs8
MOTIRS JELECTRICAL 3,0 E~CT/HR 5.8 E-0T7 1.1 E-C7 12
MOT-JRS,FAILURE TC RUN 1.0 E=CS5/HR 3,0 E-05 3.0 E-C¢ cé
MOTORSFAILURE TU START 3.0 E-04/0Mm 1.0 E=C3 1.0 E-C4 ce
MOT 3RS, FRACTICNAL Ml.P. 3.3 E~C&/HR 20
MOT JRS o FULL H.P. ’ 9.13E=-CT/HR 20
MOTORS , GENERAL 1.0 E~05/HR c3
MOTJIRS HYDRAULIC 4.3 E-Q&/HR  T.1SE-06 1.45E-06 12
MOTORS o INOUCTION{GREATER THAN ZCOKwW} 1.0 E-CS5/HR c3
MOTORS, INDUCTION(LESS ThAN 2CCKW) 5.0 E=Cb/HR c3
MOT RS, INDUCTICN,REPULSICK START.PCLYPRASE 3CC-496 VvaA( 2.3SE-C6/HR 14
MO0TIRS s INDUCTIONs SQUIRREL CAGE PULYPHASE 20CC~2599 VvAC T.93E-Co/HR 14
MUTIS 4 INODUCTION, SQUIRREL CAGE POLYPHASE 3500-4595 Va( 4, 01E=-CE/HR 14
MOT 3RS+ INDULTIONs SQUIRKREL CAGE PCLYPHASE 6C00-5699% VAL 5.3 TE=0& /HF 14
MOTIFS, INDUCTION, SQUIRREL CAGE FLLYPHASE, UNDEFINEC 4.8 5E~(6& /HR 14
MUTIRS, (NDUCTION»SQUIRREL CAGE FULYPHASE SCC-659 vAC 8.6E6E-CQ6 /HR 14
MOTI2S, INDUCTION, SQUIRREL CAGE FCLYPHASE 300-455 val 4,2 TE~CE/pR 14
MOTORS » SERVO 2.3 E-CT/HR 2.5 E=07 1.1 E-C7 12
MOTIRS ,SMALL . GENER AL 4,0 E-C&/HR c3
MOTIAS,STEP 1.38E~CH/HE 20




'TABLE II, Contd

Component Failure-Rate Data

CCMPLMNENT FALLURE HIGH LOw REF.

DESCRIFTICHN RATE VALUE VALLE
MUTJRS ,STEPPER 5,6 E=-C&/HR c3
MUTORS s STEPPER 3.7 E=-CT/HR 1.1 E~CT 2.2ECY 12
MOTIRS, SYNCHRCNOUS 7.0 E=-0&7/HR c3
MOTJRS » SYNLHRONOUS 300-49S VA(C FCLYPHASE L.5&E=C& 7HR 14
MOUNT S yRESILIENT 8,75g-C1/np loé E~C6 2.0 E-(7 12
MOUNT S, VIBRATION 9.0 E-CH/HR g2
NOZILE AND FLAPPER ASSEHBLIES.ELDCKAGE 6.G E~Cé&/HR 15
NOZZLE AND FLAPPER ASSEMBLIES »EREAKAGE 240 ‘E=-CT/HR 15
NUTS{MECHANICAL) 2.0 E=-Q8/HR Gc3
QRIFICES.FIXED 1.5 E=CT/HP 2.11E~C& 1.C E~-(S 12
JRIFICES. VARIABLE 5,5 E=CT/HF A.71E~06 4.5 E—~(E 12
PHOTDJELECTRIL CELL le#BE~C5/HR Gl
PHOTOELECTRIC CELL 1.5 E~CS/HR £3
PINSIMECHANICAL) 1.5 E-0S/HR 32
PIPES 2.0 E-O0T/mMR 15
PIPES,GREATER THANM & INCHRES,STRALGHT SECTICN 3. 58E-CL/HR 14
PIPES,GREATER THAN 3 INCHES(RIGH CUALITYIRULPTLRE CF SECTICN 1.0 E=10/HR 3,0 E=09 3.03E~12 (o]
PIPES,LESS THAN 3 [INCHES,RLPTURE OF SECTICOM 1.0 E-Q0S/HR  2,( E-C&8 3.0 E-11 e
PIPES,LESS THAN & INCHES,STRALICHT SECTICM T.HEE=Q6 /MR 14
PIPES,PIPE JOINTS 5.0 E=C7T/HR 15
PIPESPIPELINEs]l MILE LENGTH 5.4 E-GC8/HR 19
PIPES+ UNIONS AND JUNCTIENS 4.0 E=CT/HhR L%
PIPES, % INCHES TO & IMCHESs STRAIGHT SECTICH bebqE=Q5 /HR L&
PIPES,6 INCHES TU 10 INCHES,STFAIGHT SECTICAS 2. 02E=05 /HR 14
PIV3TS 1.0 E-08&/HR c3
POWER supPPLIESaMPLIFIER Teb E=CT/HR 14
POWER SUPPLIES+E~E CONVERTER 1+4SE=C& /HR 14
POWER SUPPLIESWELECTRONIL~-CN=CFF 5.6 E=Q7/HR 14
POWER SUPPLIES»ELECTRCNIC-CTHEF 2.37E=C& /HR 14
POWEY SUPPLIES+MCTOR GENERATLR 1.8 E=Q&/HR S.4 €-05 4.0 E=(7? ce
POWER SUPPLIES,»OTHER 2+9 E=~CT/HR 14
POWER SUPPLIES, UNINTERRUPTABLE 3. 22E-CQ6/HR 1.0 E~04 440 E-(7 ca
POWER SUPPLIES<UNINTERRUPTABLE «SINGLE PHASE STATIC INVERTERS 3.42E-06/HR 4.0 E-05 1.0 E-Cé [+}:]
POWER SUPPLIES,UNINTERRUPTARLE (TFREE PFASE STATIC IMVERTERS 9. 82E-C6/HR 1.0 E=C& 6,74E-CT ce
POMSR TRANSMITTAL MECHANISFS 1.6 TE-Q6 /HR 20
PRESSURE MEASUREMENTS l.61E=Q4 /HR cl
PRESSURE TRANDUCERS,CURRERNRT Seb E~05/HR o1
PUMPS 1.35E-05/HR 2.4 E-05 2.7 E-C& 12
PUMPS , AXT AL ,LESS THAN 5J0 GPV 4. UTE=C& /HR 14
PyMPS , BCILER FEED 4,2ZE~CT/HR 20
PUMPS ¢y CENTRIFUGAL 1.2 E=GS5/HR <0
PUMPS s CENTRIFUGAL » GREATER THAN 50,000 GFPM 2. LEE=CE /HR 14
PUMPS ,CENTRIFUGAL,LESS THAN 5CC GPM 3.35E=(5/hR 14




TABLE II1
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CCMPCMNENT FAILURE HIGH LGh REF
DESCRIFTION RATE VAL UE VALLE

PUMPS , CENTR IFUGAL o UNDEF INELC Qe43E-CSIHR 14
PUMPS,CENTRIFUGAL 4 10+000~5C,CQC GFN L« LGE=CS /MR 14
PUMPS ,CENTRIFUGAL 5 2500~9955 GPF  ° 3. 60E=-05 /HR 14
PUMPS ,CENTRIFUGAL » 500—-2495 GP¥ 2. TCE=CE /HR L4
PUMPS,DIAPHRAGMyLESS ThAN SCC GFM 7.C E-CS/HR 14
PUMPS , D IAPHRAGM ,500-26499 GPV B.62E-C&/hR 14
PUMPS ,ELECTRIC ODRIVE 1«3SE~CS/HR  2.T74E~-0% 2.9 E~C6 12
PUMPS ,FAILURE TG RUN 3.0 E~0S5/HR 3.0 E~04 3.0 E=-C& Q¢
PUMPS, FAILURE TO START 1+C E-03/DM 3.0 E~03 3.0 E-C4 (&
PUMPS ,FIXED DISPLACEMENT le &4 LE-CE /HR 20
PUMPS, FUEL la TEE~04& /HR 0
PumMPs HYDRAULIC 1.6 BE-CE /HR 20
PUMP S, JET UNDEF INED 1-BSE-C&/HR 1%
PUMPS 4 CTHER ,2500~9999 GPM 8.3TE-CH/HR 14
PUMPS REC TPRUCATING,LESS THAN 500 GPM 3.4 lE~04/HR 14
PUMPS , RECIPROCATING,500~25C0 GFP 2.1 TE=-05/HR 14
PUMPS . ROT ARY,LESS THAN 500 GPK 5«3 1E-CS/HR 14
PymMPs,ROTARY,2500-9999 GPM 2.8 ZE-CS/MR 14
PUMPS , VACUUM 27 E=05/HR 20
PUMPS , VANE TYPE,LESS THaN SCCGEM 7.0 E-CS/HR 14
PYROME TERS,0PTICAL 1.11E=03/HR c1
PYRIMETERS ,RACTATION 24 4% GE~0% /MR cl
RAALK AND PINIUN ASSEHMBLIES 2.0 E=-CE&/MR c3
RECIRDERS 6.81E~C6/HR  1.09E-05 3.19€E-Cé ce
RECORDERS DY ARSONVAL Tel 4E-0S /HR 14
REGJRDERS, GALVANOMETER TYPE 5.4GE-C6IHR 14
RECITDERS RESISTANCE CrHANGE 8.8 E~C6/HR 14
RECORDERS { SERVC—=DRIVEN FEEL BA({K .4 SE-CE/HR 14
RECUIDERS,STRIP CHART 2.5 E-CS/HR ¢l
RECIRIERS ,,STRIP CHART 2.5 E-CS/HR c3
RECIRDERS ¢ THERMOCOUPLE 7«5 E=C&/HR 1%
RECIRIERS ,UNDEFINED 7.9 7E-CH/HR 14
RECTIFIERS,COPPER QXIDE 5.0 E-C6/HR 03
RECTIFIERS,METAL ,SELENIUM 5.0 E-LE/MR 3
RESJLATCRS 2+ 14E-CH/HR  5.54E-06 7.0 E=-CT 12
REGJLATOR S, FLOW AND PRESSURE 2.14E=CE/HR  S.54E=C6 T.0 E-CT 12
REGULATORS,PNEUMATIC 2.40E~C&J/HR 6.21E-C& T.7T €=(7 12
R EGULATORS , THERMOSTAT 4.BEE-CE/HR 20
RESULATORS, VOLTAGE 3.0 E-CE/HR 2¢
RELAYS 8.7 E-C8/HR 1.5 E-06 1.0 E-C8 (8
RELAY Sy ARMATURE 3.5 E-QT/HR 20
RELAYS,AuXiLIARY TRIP 1.02E=CT/HR 1.5 E=06 1.0 E-C8 c8
RELAY S, CARPENTER,POLARIZECEACE COIL 3.0 E-OQT/HR 3
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CCHPCMENT FATLURE HIGH LCh REF o

OESCRIFTILN RATE vaLUE vALLE
RELAYS,CARPENTER,POLARIZED EACY CCNTACT PAIP 5.C E~-G7/HR 3
RELAYS,CONTROL AND SEQUENTIALLY PROGRAMMEL GaT E=CB/FR 247 E~06 6.0 E-CH CE
RELAYS,CCNTRCL,GENERAL PURFCSE ,GFEATER THAN 3C0 VAL 7.2 E~CT/HR 14 .
RELAYS .COMTROL +GENERAL PURFCSE.GREATER THAN 300 VCC 6.1 3E=-CL 7HR 14
RELAYS,CONTROL,GEMERAL PURPCSE sUNDEFINEED 5.0 E-CT /MR 14
RELAYS,CONTRUL ,GENERAL PURFCSE.100-100 VCC 5.9 E~C7/HR 14
RELAYS , CONTROL ,GENERAL PURPCSE 1100~199 VAL 4.9 E-CH/MR 14
RELAYS, CONTROL, GENERAL PURPCSE»200-30Q VAL 5.8 E~CT/HR 14
RELAYS,CONTRUL ,GENERAL PURFCS5E,200-300 VLC 6,7 E-CT/MR 14
RELAYS,CRYSTAL CAN L. 5&E~QT/HR 20
RELAYS.EACH COIL,GENERAL 3.0 E~CT/HR c3
RELAYS,EACH CCONTACT PAIR,GEMER2L 2.0 E-CT/HR €3
RELAYS+EVENT 5EQ. TIMEM UR T~5 CONTROL,.100~-19% val 1. THE-O&/HR 14
RELAYS +EVENT $EQ. TIMER OR T=$ CONTRGL,:00-19% VEIC 2.6 E-CT/HR 14
AELAYSHEVENT SEWQ. TIMER OR T~S§ CCNTIROL.200=-30C vCC 3.51~C&/HR 14
RELAYS,FAILURE TO CLOSE 3.0 E-CT/HR 1.0 E~06 1.0 E-C7 cs
RELAYS FAILURE TD ENERGILZE 1.0 g-C4/DM 3.0 £=-04% 3.0 E-(5 (1]
RELAYS,GENERAL 2.5 E~07/CY 4.8 E-07 1.0 E=C7 12
RELAYS» GENERAL L.91E=-QT/HR 20
L RELAYS,GENERAL CCNTROL 2.0 E=C&/HR c3
RELAYS ¢ GENERAL HIGH SPEED 5.0 E~-O&/HR c3
RELAYS HEAVY DUTY 5.0 E—-Cé/HR 3
RELAYS +HEAVY QUTY 5.0 E=C?/CcY 8.1 €=C7 3.0 E-CY 12
RELAYS ¢yHERMET ICALLY SEALED 5.0 E-Q7/HR c3 .
RELAYS HERMETICALLY SEALCD 4,0 E=-CBAY 1.9 £-CT 2,0 E-C8 12
RELAYS,HIGH SPEED 7.0 E=C7/CY 1.13E-06 4.2 E-(7 12
RELAYSyLATCHING 2.7 E-CB/HR 20
RELAYSMINIATURE 6.0 E=C8/CY 2.5 E-Q7 3.0 E-(8 12
RELAYSoMINIATURE HIGH SPEEC T.0 E-Q&/HR G3
RELAYSMOTUR DRIVEN 2.2ZE=C5/HR 20
RELAYSNORMALLY CLOSED COKTACT CPEN 1.0 E=QT/HR 3.0 £~07 3.0 E-(8 Cé
RELAYS +P.0. TYPEsGENERAL 2.0 E-Q6/HR 03
RELAYSP.Cu. TYPE,TROPICALIZED 1.6 E~Ce MR 3
RELAYS,PNEUMATIC 1.94€=05/HR Ccl
RELAY Sy PNEUMATICy» TIME DELAY,UNCEF INED l.43E-CH /HR 14
RELAYS,PNEUMATLIC,TIME DELAY,10C=199 VAL S.4 E=C?/HR 14
RELAYS ¢ PNEUMAT IC»TIME DELAY,10C-199 VOC 3.3 €-07/uR 14
RELAYS,POST OFFICE 2. 05E=-C&/hR . <1
RELAY S POWER 3.0 E~-CT/CY 4,10E~06 1.5 E~(C7 12
RELAYS,POWER L+ G1E=C& /HR 20
RELAY¥SPROTELTIVE 5.0 E=C&/HR C3
RELAYS,PROTECTIVE 9.7 E-CB/HR 2.5 £-07 0 E-C8 ca
RELAYSsSHORT ACRCSS CONTALTS 1.0 E~C8/HR  l.C E-07 1.0 E-C9
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BESCRIFTICN RATE VALUE VALLE

RELAYS+S0LID STATE,TIME DELAY,100-199 VAL 2. 63E~05/hH 14
RELAYS»SOLIG STATE.TIME DELAY, 1C0-159 VLC 2. TTE—G6 /MR 14
RELAYS,SOLID STATE,TIME OELAY,Z0-97 VAC 2.34E-06& /HR 14
RELAYS, THERMAL 4.0 E-C&H/HR 03
AELAYS » THERMAL 1.31E-CS/HR 20
RELAYSs TIME DELAY 4,0 E=C&/HR c3
RELAYS TIME DELAY 1+57E~C6 /HR 20
RESISTORS(FIXED) +COMPOSIT ICN,GFADE 2 1l+0 E=CT/HR G3
RESISTORS{FIXED) (FIXED COMFCSITIULN 5.0 E-09/HR Ce
AES{STORS (FIXED)«FIXED FILV 1«5 E=C6/HR 04
RESISTORSIFIXED) 4HIGH STABILITY,LCARBCA S.0 E=CT/HR c3
RESISTORS(FIXED) yMETAL FILM 1.0 E~CT/HR Q3
RESISTORS (FIXED) +UXIDE FILM 5.0 E-CB/HR c3
RESISTCRS{FIXED}, THERISTGR 1.0 E=CH/MR c3
RESISTORS (FIXED) ,THYRITE(SILICCN CARBILE) 1.0 E-C6/HR 03
RESISTORS(FIXED) yWIREWGUND »GENERAL 5.0 E—=CT/HR c3
RESISTORS{FIXED? ;W IREWGUND PRECISICN 1.0 E=-CH/HR c3
RESISTORS{VARLABLE) »CARAON TRALK 2.0 E-06/MR 03
RESISTORS(VARIABLE } yGENERAL WIFEWCUND 3.0 E-CHIHR ¢3
RESISTORS (VARIABLE) »GENERAL WIFREWOUND le4 E-06/HR Ch
RESISTORS (VARIABLE} JLEAQ SCREW 5.2 E—CS/HR o4
RESISTORS{VARLABLE)} +MINIATLRE ¥ IREwCUND 5.0 E=COH/MR ca
RESISTORS{VARIABLE) (,PRECISICN »IREnCUMND 6.0 E=-06/HR c3
RESTAICTURS pFLUW 5.9 E=QT/HR  §.83E-C7 L1.97E-C7 12
RESTRICTORS (FLOW 5.0 E=-C&/HK 15
SCINTILLATION DETECTOR 1.5TE~C5/HR 1%
SCREWS ¢ GRUB 5.0 E-07/HR 3
SEALS s DR ING 2.0 E=-QT/HR L5
SEALS .RAOTATING T.0 E~-CT/HR 1.12E=06 2.5 E-C7 12
SEALS.ROTATING 7.0 E-C6/HR 15
SEALS s SLIDING 3,0 E-CT/HR 9.2 €-07 1.1 E-C7 12
SEALS»SLIDING 3.0 E-C&/HR 15
SENSUN/OETECTOR, SCENFILLATICN 1.STE=CS5/HR 14
SENSOR/DETECTOR,BIMETALLIC 5. 92E-06 /HR 14
SENSOR/DETECTOR,BCURDDON TUBE 4,C4E-CE/HR 14
SENSOR/DETECTUR yCONDUCTANCE 6e24E~Q6/HR 14
SENSOR/DETECTUR,FILLED LIQUID (R GAS 6.0 E-C&/HR 14
SENSIR/DETECTOR ,FISSICN CHANBEF 3,52E-C6/HR 14
SENSOR/DETECTUR,FLOAT 6.8 E=-CT/HR 4
SENSOR/DETECTOR ,GEIGER~MULLER 1.39E~-05 /HR 14
SENSOR /DETECTOR4HELIX 9.6 E-07/HR 14
SENSOR/DETECTCR, ICN-CHAMSER CCMPENSATED 3.3 E-C6/HR 14
SENSOR /OETECTOR , ION~CHAMBEFR UMCCMPENSATEL 3.8 £-C&/HR 14
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SENSDOR/CETECTCR,¥ERCURY 4,53E-CS /HR L&
SENSUR JOUTECTURGNCZILE . 2,52E~-CE /MR 14
SEWSOR/UETECTUR 4PADDLE/TARGET 8.8 E=CT/HR 14
SENSOR/DETELTOR,PLSITIVE CISPLACEMENT S5.94E-C& /HR 14
SENSCF /DETECTUR yPRESSURE 3,5 E-CeMR  6e6 E-C6 L7 E-(E 12
SENSOR/DETECTOR,REED 1.69E~C0&/HR 14
SENSIR/DETECTUR,RESISTANCE CHAMGE 1.51E=C& /RR 14
SENSIR/DETECTULR,SCLID STATE 2Z.13E=-C5 /00 14
SENSJOR/DETECTUR,TEMPERATURE 3.3 E~CL/HR 6.4 E~06 1.5 E~C& 12
SENSOR/DETECTUR,,THERMOCCUPLE 1.4CE~(& /MR 14
SERVU MOTORS 3.0 €E-0T/HR 4.0 E~CT7 2.0 E~C7 ce
SERVO MQOTORS,DC 3.0 E=CT/MR 4,0 E-07 2.C E=-C? c8
SERVO MUTORS, STEPPER 3.0 E-CT/HR  4.C E-CT 2.8 E~C7 (o
SHAFTS+FEAVILY STRESSED 2.0 E=CT/HR 03
SHAFTS,LIGHTLY STRESSED 2.0 E~C&/HR c3
SIRZNS 3.0 E-CT/Hh 3.3 E-C5 1.0 E~C? CE
SOLENOIDS 5.6 E=CRA,/MR 5.5 E~07 3.0 E-(E 12
SOLID STATE DEVICESsHIGH PUWER APPLICATICNS,FAILS SFOFTED 1.0 E-C&sHR 31,0 E~C5 3.0 E=C7 ce
SILID STATE DEVICES.HIGH PUWER APPLICATICAS,FAILS TC FUNCT. 3.0 E=C&6/HR 3.0 E-05 3.0 E~C7 ce
SOL1D STATE DEVICES,LOw PTWER ZPPLICATICAS,FAILS SHLRIED 1.0 E=-07/HR 1.0 E~C& 1.0 E-CB ce
SOLI) STATE DEVICES LCw PCWEP APPLICATICNS,FAILS TC FUNCTICN 1.0 E-C6/HR 1.0 E~-05 1.0 E-C7 ce
SPRINGS L AL IBRATIGN 2.22E-0E/HR 4.2 E-07 9.0 E~CS 12
SPRINGS ,LALIBRATICNIBREAKAGE) 2.0 E-CI/HR c3
SPRINGS+CALIBFATICNI{CREEP) 2.0 E~C&/HR €3
SPRINGS sHAIR l«C E-CB/HR C3
SPRINGS+HEAVILY STRESSED 1.0 E~CEIMF 3
SPRINGS L IGHTLY STRESSED 2.0 E=CT/HK c3
SPRINKLER HEAD 6.16E=-07 /MR 20
STEAM SUPPLY SYSTEM,AIR PREFEATEF 1.1 E-C6J/HR 21
STEAM SUPPLY SYSTEM,ASH CUMEYCR 1.0 E=C5/HR 21
STEAM SUPPLY SYSTEM,HBGILER FEEL wATER PUMP 9.0 E=C7/HR 21
STcaM SupPLy SYSTEMeCOAL FEEC ELEVATCR CF CLANVEYCR 3.0CE-04 /HR 21
STEAM SUPPLY SYSTEM,CCNCENSATE COLLECLTICN AMD RETLRM 1.0 E~CE/HR 21
STEAM SUPPLY SYSTEM:ECONUM|ZER 4.0 E-Q5/HR 21
STEAM SUPPLY SYSTEM,ELECTRIC CEIVE FCR FCRLEC LRAFT F2aN 3.0 E-C&/HR 21
STEAM SUPPLY SYSTEMJELECTRIC CRIVE FOR GRATE 3.0 E=O0T/HR 21
STEAM SUPPLY SYSTEM,EL:CTRIC CFIVE FUR INCUCEC CFAFT FAN 2.0 E-C&/HR 21
STEAM SUPPLY SYSTEMsELECTRIC CFIVE FGR CVERFIRE A1R FaN 2.0 E-0&/HR 21
STEAHM SUPPLY SYSTEM,ELECTRIC CFRIVE FCR SPREADER STOKER 3.0 E-CT/HR 21
STEAM SUPPLY SYSTEM.FORCEC CRAFT FAN 2.0 E~CoH/HR zl
STEAM SUPPLY SYSTEM,GRATE 1.0 E=~0&/HR 21
STEAM SUPPLY SYSTEMeINUUCEC CRZFT FaN l.1 E=CE/HR - 21
STEAM SUPPLY SYSTEM,OVERBUMKER CCAL CCMVEYCR 6.0 E=0S5/4R z1
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Component Failure—Rate Data

COMPCMENT FAILURE HIGH LOw REF.

UESCRIFTICN RATE VALUE VALLE
STEAM SUPPLY SYSTEM,OVERFIPE ALR FaN 5.7 E~GS/HR 21
STEAM SUPPLY SYSTEM,SPREACER 5ICKER 8.3 E-04/FK 21
STEAM SUPPLY SYSTEM,STEAM CRIVE FCR FCRCED CRAFT FAA 2.0 E-CE/HR 21
STEAM SUPPLY SYSTEM,STEAM CRIVE FOR INCULCEC CRAFV FAN 3.0 E-C6/HR 2t
STEAM SUPPLY SYSTEM,STEAM CRIVE FOR CVERFIRE AIR FAR 1.0 E-06/HR 21
STEAM SUPPLY SYSTEM,STEAM CRIVE FOR SPREACER STCKER & GRATE 5.0 E=CS/hR z1
STZaM SUPPLY SYSTEM,STEAM GENEFATING TUEES 3.0 E-QT/HR 21
STEAM SUPPLY SYSTEM,SUPERKEATEF ® 4.0 E-CT/HR 21
STEAM SUPPLY SYSTEM,UNUDERBUNKER TRANSFER CONVEYCR 6.0 E-QS5/HR el
STEAM SUPPLY SYSTEM,WATER haLL TUBES 5.7 E-05/HR Z!
STRAIN GAUGES 1.2 E-05/WR 2.0 E-05 7.0 E-C&6 12
SWITCH GEAR 1.27E-CI/MR 4.3 E-CT 1.0 E=-C8 (8
SWITCH GEAx yAUXILLARYy11J0=156 VAC 13 E-Q7/HR 14
SWITCH GEAR,LCw VOLTAGE PChER CIRCUIT EREAKER 3.9 E-CA/HR 4.3 E-CT 1.3 E=C8 €8
SWITSH GEAR (METAL ENCLOSEOsPCWEF 1«3 E~CT/HR 4.3 £-C7 2.0 E-CE CB
SWITCH GEAR.PRCTECTIVE,GREATER THAN 30C VAL 7.2 E~CT/HR 14
SWITIH GEAR PROTECTIVE,100-199 VAC 4ol E-Q7/HR 14
SWIFCH GEAR ,PROTECTIVE,LCC-15S VOC 8.0 E-CA/HK t4
SwITCH GEAR,SWITLHBOARDS 4.0 E-0T/MR 2,74E=-06 1.5 E-C?7 C8
SWITCHES 1.15E~Q7/HR  2,80E-05 1.3 E-CS  CEB
SWITCHES, BELLOWS 2-51E-0¢/HR 14
SWITCHES, BIMETALLIC 2.28E~CE/HR . 14
SwlTZHES,BGURDON TUBE 5. BIE-CO/HR 14
SWITCHESsCENTRIFUGAL 1. 8LE~C& /HR 20
SWITSHESsCLAXTAL 2492E-C7/HR F14
SWITCHES,CUNTROL AND INSTRUMENTATICA(LCH PCWERS 1. TLE-CT/HR Z.80€6-05 2.5 E-CE C&
SwITZHES. CIAPHRAM 3.11E-06/HR 14
SWITCHES, DISPLACEMENT 1.34E-C&/HR  2.29E—-C& S5.ESE-(71  CE
SWITZHESy DISPLAGEMENT S.0 E-04/CY 1.0 E-05 1.0 E-CE  OF
SWITCHESyEACH CONTACT,GENERAL 2.0 E-C1/HR c3
SWITSHES+ELECTRICAL RCTARY 2.0 E=C8/HR 04
SWITLHES, ELECTRICAL +SLIDE 1.0 E=-CT/HR C4
SWITCHESsFILLED LIQUID LR GAS 7.04E-CE/HR 14
" SWITCHES,FLOAT 7.7 E-O0T/HR ia

SWITCHES, FLOGW 1. 2EE=C4 /HR o1
SWITCHES,FLCHW 1.84E-CE/HR  S.99E-C6 3.0 E~(7 (8
SWITZHESFLOW 5.0 E~GB/CY 1.7 E-07 1,0 E~CE (8
SWITCHES,FLOW 4.82E=C&/HR 20
SHITZHE SeHUMIDITY 1.6 8E-05 /HR 2c
SWITCHES, IGN CHAMBER,CUMPENSATED 1.456=05/HR 14
Sl TCHESKEY 2.32E=CE/HR 20
SWITCHES, LEVEL 5.85E=C6/HR 1.0 E-05 2.6 E-C& C8
SWITCHESSLEVEL 2.0 E-06 2.0 E-CE (B

"
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COMFECMENT FAILURE HIGH LUk REF,
DESCR1FTICN AATE VALUE VALLE
SAITZHES,LIMLT 1-67E-C5/FR  2.80E-05 A.l0E-C6 cs
SwITCHES, LIMIT,FALLURE TL CPERATE 3,0 E-04/DM 1.0 E=03 1.0 E-C4 e
SWITZHES,LIQUID LEVEL S.2E8E~CE /HR 20
SWITCHES, MANUAL 4CONTACTS SPQRTEL l.0 E-CO/HR 1.0 E=CT 1.0 E=CS C¢
SWITCZHESy MANUAL s FAILURE TC TRAMSFER 1.4 E~-O5/0M 3.0 E-05 3.0 £-C6 [
SWITCHES, MECHANICAL 5.56E=CE /HR 14
SWITZHES,MERCURY 5. 2BE=C6/HR 14
SWITCHES, MICRG 5.0 E=C7T/HR c3
SWITZHES,MICRO 2.5 E~CT/CY 5.0 E=0T7 9.0 €~(8 12
SWITCHES, MICRC le5&€E-06/HR 14
SWITZHESyMV=] (ONVERTER 246 TE~O0S /HF 14
SWITCHE S, OTHER 5.7 E=CT/HK 14
SWITLHES. PENDANT HGIST ba 1 EE~CH /HRA 20
SWITZHES, PUWER 7.7 E-CO/HR 1,62E-C6 1.0 E-CS ce
SWITCHES, PRESSURE 3.5 E~0S/HKR C1
SWITLHES,PRESSURE leé E=GS5/HR c1
SWITZHE Sy PRESSURE 2.BEE~CE/HH 4.64E=06 3.0 E-{(B ca
SWITCHES, PRESSURE L.0 E~C&4/CY 1.5 E=06 Lle4 E-CT a8
SWITIHE S, PRESSURE 9 TELE~CT/HR 20
SWITLHES, PRESSURE ,FAILURE TG CFERATC 1.0 E~04/CM 3,0 E-04 3.0 E-CS [of
SAITZHES, PUSH BUTTON : 5.0 E=-07/HR c3
SWITCHES.PUSH BUTTON A,TBE=CT/HR  6.94E—-07 1l.%52E-(7 4]
SWITZHES,PUSH BUTTCN 623 E~CB/ACY 1.1 E~07 4.3 g-CF 12
SWITCHES. PUSH BUTTON 1. 48E-CT/HR ’ 20
SWITCHES,REED 5.6 E~CT/HR 14
SWITLHES, ROTARY 1. TSE=CT/CY beb E=07 1.18E~C7 12
SWITZHES,RUTARY le TCE~CH/HR 20
SWITCHES,RLTARY SELECTOR 8. 06E=QT/HK l.24E=06 6.2 E-C7T ce
SAITCHES,RUTARY ymAFER 240 E-C&/HR © 03
SWITCHES, SENSITIVE 28 TLE=CE /HR 20
SHITLHES, SHAFT 2¢38E~QT/HR 29
SWITCHES,SULID STaATE 6.8 E=LT/HR 14
SWITSHESy SPEED.CENTRIFUGAL 8.7 E~CT/HR 1.5 E-C& 1.S5E=-(7 ce
SWEITOHES,SPEED,CENTRIFUGAL 5.0 E-0S/CY 1.0 E=08 1.0 E-CS c8
SWITZHES, TEMPERATURE ‘led4E-CG/HR 1.96E-C6 3,0 F=(7 cs8
SWITZHES, TEMPERATURE Te5 E-QT/CLY 1.5 E-06 1.0 E-(7 ca
SHITIHES, THERMAL 1.61E-37/CY Z2.6lE-Q7 1.1%E-C7 12
SwiTCHES, THERMAL 3.89E-CT/HR 20
SWITZHES, THERMAL sCONTALTS 1.0 E-0&/HR c3
SWITCHES, THERMAL , HEATER 1.0 E-CE&/HR c3
SWITZHES, THERMISTCR Te04E~-CE/FR i4
SWIFCHES, THERMOCIUPLE 2+ 4SE-086 /HR 14
2«8 1E~CE/HR 2G

SWITOHES, THERMOSTAY
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Component Failure-Rate Data

CCMPCAENT FAT LYRE HIGH Lk REF.
DESCRIFTION RATE VALUE VALLE
SWITCHES TGGGLE l.B&E-O0T/HR 2.86E-07 1.53E-¢17 ca
SWITCHESs TOGGLE 6e0 E~CE/CY 1.23E=CT 1.5 E~(E 12
SWITZHMESs TLGGLE 2.31E-C7 /HR z0
SWITZHES: TOGGLES EACH CUMTALT P2IR 2.0 E-CT/HR c3
SWITIMESy TGGGLE + GENERAL . laQG E-C6&/HR c3
SWITIMES, TLGGLE+GENERAL 3.0 E-AB/HR 4
SWITCHES, TORQUELFATLURE TC CPEFATE 1.0 E=C4/DM 3.0 E-04 3.0 E-(S e
SWITZHES, ULTRA SONIC S.88E=CE /HR 14
SHITZHESsUNDEFINED Ta2 E-CT/HR 14
SYNZ4ROS 3.5 E-CT/HR  &.1 E=C? 9.0 E-(B 12
SYNZ4ROS B.0 E~C&/Hk 15
TACHOMETERS 5.0 E=C&/HK ct
TACHUMETERS 3.0 E=CT/HR 5.5 E—QT 2.5 €=C7 12
TANLS 1.5 E-Q07/HR 2.7 £-07 8.3 E-(g 12
TANSS ,HIGH PRESSURE,SMaLL Be( E-CB/HR 1.44E-QT7 4.4 E=CB 12
TANKS ; PRE S5URE 4 SMALL 1.8 E-CT/HR  23,24E-CT 1.0 E~C7 12
TANKS y STORAGE 1,628-06/HR . 20
TEAPERATURE MEASUREMENTSIEXCLUL ING PYROMETERS) 4eD E=~CS5/HR cl
TEMPERATURE MEASUREMENTS,MERCUFY IN STEEL 3.1 E-0&/HR al
TEMPERATURE MEASUREMEMTS 4RESISTAMCE TFERMCMETER 4,7 E~CS/HR cl
TEMPEPATURE MEASUREMENTS, TENFEFATURE TRARSCUCER l.C E-C4/HR ¢l
TEMPERATURE MEASUREMENTS,TEMPERATUKE TRIP AMPLIFIERTYPE & 2.9 TE=04/HR 01
TEMPERATURE MEASUREMENTS,TEMPERATURE TRIP ANMPLIFIER,TYPE P 1.94E=04 /PR c1
TEMPERATUPE MEASUREMEMTSsTHERM{CCUPLE 1.0 E-CS5/HR cl
TEAPERATURE MEASUREMENTS,THERMCCCUPLE 5.9 E~Q%/HR cl
TEYPERATURE MEASUREMENTS,VAPCR PRESSURE BLLA 4.2 E-C5/HR cl
TEMPZRATURE TRIP AMPLIFIEKS,TYFE A 2.9TE=-Q4/hR cl
TENPERATURE TRIP AMPLIFIERS,TYSE B le S4E~-C4% /HR cl
TEMPERATURE TRIP AMPLIFIERS,TYFE C 1.1 E-Q5/HR a1
TERMINAL BUOARDS,CPEN CLANECTICH 1.0 E~0T/HR 1.0 E-06 L.0 E-CB C&
TERMINAL BGARDS#SHORT TC ALJACENT CIRCLIT 1.0 E-GB/HR 1.9 E=07 1.0 E-{S (&
THERMISTORS 1.5 E-CS/HR 2.8 E-05 1.0 E-(% 12
THERY [ STURS 3.0 E~CT/HR 12
THEAMOCQUPLES le & E=CS5/HR cl
THERMOCCUPLES 1.0 E-C5/HR c3
THERMGCOUPLES Le# E=C6/HR 14
THERMCHWELL 16 [NCHES T Lu [NCHES ClA. 2.84E—CE /HR 14 -
TIMER L ELFCTRU~MECKANICAL, TIME 1CTALIZING 442 6E~05 /HR 20
TaraLl ZERS 3.46E-C6/HR  S.756—06 1.44E-C& CB
TOTALIZERS B.0 E=Q7/DM 1.5 E—C& 2.0 E-¢? €8
TRANIDUCERSCAPACITANCE TYPZ 2. H9E-04 JHR ol
TRANSDUCERS yCUIRENT PReSSURE Sal” E~CE/HR cl
TRANSDUCERSDIFFEFENTIAL PRESSLRE 1+97E-C4 /HR cl
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-Component Failure~Rate Data

CCMPLMEMT FALLLGRE HIGH LCh REF.
DESCRIFTICN RATE VALUE VALLE

TRANSDUCERS (FLOAT TYPE 2.5 E-0S/HR c1
TRANSOUCERS FLGWIFAILS GIVING ¢ IGH REALING) 22 20E=CE /HR 13
TRANSDUCEPS oFLOW(FAILS GIVING LCw REACING) 1.14E-U5/HR 13
TRANSOUCERS ,L IGHT 4,7 E~Co/HR  6.66E~-C6 2+ TIE-CH 12
TRANSDUCER S, LIGHT,PHGTIDELECTREC 1.9 E-C5 /KR 15
TRANSDUCERS L I1QUID LEVEL 2.6 E=CH/HR  3.73E-06 Ll+4TF-CH 12
TRANSDUCERS yMILLIVOLT=-CURRENT 9.6 %E~C4 /HR cl
TRANSDUCERS yMUT IGNAL 3.9ZE~C&/HR Zo
TRANSDUCERS yPUWER L.6BE-C&/HR 6.58F=C6 6.5 E-C7 a8
TRANSDUGCERSPRESSURE 3.5 E~CS/HR  S5.22E-05 2.32E-(% 12
TRANSDUCERS ,PRESSURE 1.5 E-0S/HR 15
TRANSDUCERS yPRESSURE Ea TEE=CE /HR 20
TRANSDUCE RS ,RACIGACTIVITY ,RETA 1.4 E—O0S/HR 2.13E=0% &.7 E=Cb 12
TRANSDUCERS,SPEED 8.7 E=CT/HR 173606 L.SSE-C7 [9:]
TRANSDUCERS,STRAIN GAGE 1.2CE=~CS/HR 2.0 E=~Q5 7.0 E~(& 12
TRANSDUCERS,STRAIN GAGE 2.5 E=CS/HK 15
TRANSDUCERS y TEMPERATURE 1.0 E~C4/hR [
TRANSDUCERS  TEMPERATURE 3.3 E~CE/HR .4 E=C6 L.5 E=C& 12
TRANSDUCERS s TEMPERATURE 2.41E-06/HR 20
TRANSOUCERS THERMISTORS 1.5 E-CS/HR 2.8 E-C5 1.0 E=(5 12
TRANSDUCERS , THERMOCOUPLES 1.0 E-CS/HR 15
TRANSFORMERS {ELECTRICAL J, LESS THAN LS5KV 6.0 E-CT/HR 2
TRANSFORMERSIELECTRICAL), 122KV TCL 4GOKV 7.0 F=C6/HR [}
TRANSFORMERS(ELECTRICAL), 15KV IC 33 KV 2.0 E=C&/hR c2
TRANSFORMERS {ELECTRICAL), 33KV 1T 132KV 4.0 E~-0&/HR c3
TRANSFORMEF SCELECTRONIC)Y ¢ AF . 3.0 E=G7/HR c3
TRANSFORMERS{ELECTRCNIC),CLASS AyR TNSULATICN 3.4 E-CT/HR C4
TRANSFCORMERS{ELECTRENIC) s CLASS £¢5 [NSULATICN 2.0 E~CT/HR C4
TRAMSFORMERS{CLECTRONICY,CLASS CoQ INSULLATICON T.0 E=-CT/hk L4
TRANSFORMERS{ELECTRONIC),CCATRCL AND LCW VOLTAGE 3.0 E=CT/HR a3
TRANSFORMERS{ELECTRENIC) s EACE nINDING, GEMNERAL 3.0 E=CT/RR c3
TRANSFURMERS{ELECTRONIC)yRIGF VWCLTAGE 9.0 E=Cé&shR c3
TRANSFORMERSIELECTRONIC ), 1 .F. 1.0 g=~C6/HR c3
TRANSFCRMEF S{ELECTRONIC) ¢+ MAINS JENCAPSULATEL 5.0 E-Q&/HR .3
TRANSFORMERS(ELECTRONIC) , MALNS ,CIL FILLED 1.0 £~06/HR c3
TRANSFORMEPS{ELECTRCNIC), PLLSE 1.5 E—C&/HR c3
TRANSFCRMERS(ELECTRONIC) , VARLAELE 1.0 E-CE/MR 03
TRANSFORMERS AIR COCLEDsNATLRAL LIRCULATICN 0=25% VAC 8.0 E-CE&/HR 14
TRANSFCRMERS, AUTOD 1.51E~C6/HR 6.0 E=086 2.6 E=(7 [oF:]
TRANSFORMER S, AUTO LIG. 1 PRASE L. L2E-Q&/HR 2.67E-06 2.0 E-C? L]
TRANSFORMERS ,AUTO LIQ. 1| PHASE CVER 550KV L.38E-Q6/HR  2.5BE-06 6.S8E-(7 c8
TRANSFORMERS,AUTC LIQ. 1 FPHASE 146-242KV F.IEE~CT/HR  1.56E=-06 3.25€6-C7 4]
TRANSFORMERS,AUTC LIQ, 1 PHASE 2-30KV Te2TE~OT/HR 1.2 F-0& 3,87E-C7 c8
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Component Failure-Rate Data

5.7 E=-C&

CUNPCRENT FATLURE HIGH LQw REF.
DESCRIFTICN RATE VALUE YALLE

TRANSFCRMERS,AUTD LIC. L PHASE 243-346kV 1.3 E=-C&/HR  2.24E-Cb &.CHE=CY ca
TRANSFORMER S, AUTG LIG. 1 PHASE Zl-72KV ToBAE=0T/HR  1.33E-06 3.11E-C7 ¢s8
TRANSFURMEHS, AUTG LIQe 1 PHASE 347-55CKV Se4 IE=CT/HR  B.34E-CT 2.42E-(7 (:}
TRANSFORMERS,AUTC L1Q. 1 PRASE 72-145kY¥ B.43E=-CT/Hk  L,4[E-06 2.5 E=CT ¢8
TRANSFCRMERS, AUTG LIG. 3 PRASE 2.02E=Co6/HR 6.3 E=06 4.55E-C7 cs8
TRANSFORMERS, AUTE LJQ. 3 PRASE CVEK 55CKV 2.6TF=GE/HR 3,5 E-C8 1.26E=C6 ca
TRANSFORMERS,AUTC LIC. 3 PhASE 146-242KV 2.03E=C¢/HR  3_15E-06 Ll.l19E-C& 08
TRANSFORMERS, AUTO L10. 3 PHASE 2-30 l.47E-Q6/HR  2,08€=06 4.95E-CT ca
TRANSFORMERS, AUTO LIQ. 3 PHASE 243-34&KV 1l.9E6E~C&/HR 2,65E=06 1.1 E-(6 ce
TRANSFORMERS»AUTG LIQ. 3 PHASE 21-72KV 1,83E-06/HR 2,54E=06 B8.70£=-CT C8
TRANSFORMERS, AUTG L18e 3 PRASE 347=-550KV Z.45E~CO/MR  3,64E-C6 l.iTE~CS 8
TRANSFORMERS»AUTO LIQ. 3 PRASE 73-145kV L.95E-06/PR  2,84E=-06 6.13E~C? [
TRANSFCRMERS, INSTRUMENT 4.91E=CT/HR 1.0 E-05 7.2 E-C# ca
TRANSFORMER S+ INSTRUMENT ,CURREMNT 4.5 E=CT/HR 1,0 E=-C5 1.0 E=-L7 c8
TRANSFCRMER Sy INSTRUMENT ,CURREMNT CVER LOKV G.BEE=0T/HR 1.06E-0& 1.72E~(1 ce
TRANSFGRMERSs INSTRUMENT ,CURRENT O-LOKY 3.02E=CT/HR  5,62E-07 1,43E-C? ce
_THANSFORMEFR S, INSTRUMENT ,PCTENT 1AL Se36E=CT/HR 5.0 E-06 7.2 E-C8 cs
TRANS FORMERS s INSTRUMENT 4PCOTENT 1AL OVER 10XV 8.58E-QT/HR 1.12E~086 4.75E~¢7 (8
TRANSFORMEKRS s INSTRUMENT 4 PCTENT JAL O=-1QKYV 4.59E~CT1/HR 1.C2E-C6 3.5 E~(C7 c8
TRANSF GRMERS,MAIN PCWER GEAERATCK yLIG.=3 PHASE 347-5S0KV 1. 25E-CE/hh  2,.62E-C6 T.84E-07 ca
TRANSFORMERSyMAIN PCAER-GEMERATCR T.05E=1T/HR 5.0 E=0& 5.0 E-CB cs
TRANSFURMERS+ MAIN POWER—GENERATCR, L IG.-1 PHASE 6.Q3E=-CT/mP 5,0 B~=C6 1.18E~(7 ca
TRANSFORMERSyMAIN POWER-GENERATUK+LIC.-1 PHASE Ll4b=-24ZKYV S.64E—QT/HRh  1.07E=06 4.2BE-C7 ca
TRANSF CRMERSy MAIN POWEA-GEMERATOR,LIG.-1 PHASE Z-20KV 3,25E-0T /MR S5.T3E=07 1.36E-€CT7 ¢8
TRANSFORMERS, MAIN POJER~GEMERATLR yLIC.=1 PHASE 243=344KY 3.24E~C7/RR  P,54E-07 1.21E~C7 ca
TRANSFORMERS+MAIN PUWEK~GENERATCR,L1Q.-1 PHASF 21-T72KYy 3.93E=0T/HR T OTE-07 2.02E-(7 ca
TRANSFORMER S MAIN PGWER—ULENERATCR,LIG.—1 PRASE T2-14%Ky 2eBSE=CT/nR  £.3BE-CT7 L1.18€=-¢7 ce
TRANSFCRMERS » MAIN PCWER=-GEAERATCAR 4L1Ga-1 PRASE,CVER 550KV 1.18E=06/R L.8TE=06 6.13E~CT ce
TRANSFORMERS s MAIN POWER—-GENERATOR L IGa~1 PHASE+34T-SS0KY 1.62E=06/HR  2,6TE~06 T+43E-C7 (]
TRANSFCRMER S+ HA TN POWER~GENERSTCF,LIQ.-3 PRASE 8.24E~0T/HR 3,C E-C& S.C E~-(E ca
TRANSFORMER Sy MAIN PUWER-GENERATCR ,LIG.~2 PHASE CVER 9SQKYy 1.45E-0&/HR  2.BCE~06 b«53E~(7 [11:}
TRANSFURMERS s MAIN POWER-GENERATOR (L IQ.=3 PHASE l4&=Z42KV lo4EE=Q&/HR 2.05E=06 6.85E-(17 cs8
TRANSFORMERS¢MAIN PUWER~-GEMERATCR,LIC.-3 PHASE 2~20KV S.42E=0F/HR 8.0 E=0T 2.83E=-(7 cs
TRANSFORMERS+MAIN POWER—GENERATCR,LIQ.-2 PHASE 243-24&KV 2.83E=~QT/HR  S5.1TE-07 1.S2E-C? ca
TRAVSFORMERS ¢MA LN PCRER-GUMERATOR,LIQ.—2 PFASE 21-TiWy T.B4E-CT/MR 1.(9€E=Cb 4el E=CT ca
TRANSFCARMERSy MAIN POMER~GENERATCR,LIG.=3 PHASE 73-14Skv 3.0SE-CT/HR 5.48E-07 1.176-C7 ca
TRANSFORMERS (CPEN CIRCUIT leC E~C&/MR 3.0 E-C6 3.0 E-CT CE&
TRANSFCRMERS, PUWER 1. 04E~CE/HP  2.CBE-C6 4.6 E-C7 12
TRANSFORMERS , PLWER ,HIGH VULTAGE 9.4 E~LT/Hk L.3BE-~06 4.07E-(7 12
TRAVYSFCRMERSy PONER (LCW VOLTAGE 3.0 E~CT/HR 6.0 E-07 1.3 E~(7 12
TFANSFORMERS, PULSE ,LOW YGLTAGE 1.5 E~CT/HR  2.35E=QT7 6.5 E~(& 12
TRANSFORMERS+RECTIFIER{ GREATER THAN 600V) 1.S7E~06/HR 5.7 E-06 5.0 E~C7 (-4
TRANSFORMERSyRECTIFIER(GREATER THAN &COV) EXCITATICH 2.02E~CE/HP S0 E~C7 ca
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COMPLUNENT FALLURE FIGH 0% REF .
JESCRIFTICN RATE VALUE VALLE
TRANSFORMERS,RECTIFIER(GP EATER THAN 6CCV) PRECIPITAICR 1.92E-06/HR 5.7 E=06 5.0 E-C? ca
TRANSFOURMERS  SHORT CIRCLIT 1,0 E~C&/HR  3.C E-C6 3.0 E-CT ¢C6
TRANSFCRMERS,STATICN SERVICE 5.42E~07/HR  4.23E-C6 5.0 E-CE (B
TRANSFORMERS,STATION SERVILE=-CRY, 1 PHASE 6. 24E-CT/HR  3,12E-06 1.16E-CT 8
TRANSFUAMERS,STATIGN SERVICE~CAYsl PHASE O=&0GV 2437E=CT/PR  T«T8E~-C7 1.1l6E-C7 (B
TRANSFORMERS,, STATICN SERVICE-CRY,1 PHASE,LSKv-40kY 1.2Ce=0€& /KR 2.12E=0& 3.3 E=€7 (8
TRANSFORMERS,STATION SERVICE~DRY,1 PHASEs6QLV-15KY 4 BCE=~CT/HR  1.02E-06 1.96E-C7 (8
TRANSFORMERS+STATICN SERVICE-CFY,3 PHASE 5.9&E=CT/HR  1.84E~06 . €2E=(C7 cs
TRANSFORMERS)STATION SERVICE=DRY,3 PHASE,C-6C(V 3.2 E-07/HR $.91E~07 1.52E~¢€7 08
TRANSFURMERS »STATION SERVICE~ORY, 3 PHASE,ESKV=4CKV l.44E=CE&/HR  1.84E-06 5.33E-C7 €8
TRANSFORMERS+STATION SERVICE~OFY,3 PHASEHCLV-15KY 4. 6TE~0T/HR  1.14E-Q6 2.Q2€E~-C1 (8
TRANS FORMERS,STATION SERVICE-L1Qas 1 PHASE 3,96E~CT/HR  l.41E~06 5.0 E=CH (8
TRANSFORMERS « STATIGK SERVICE~LIQu.rl PFASEsC=6CQV Za#32E=CT/PR T«T3E-CT7 1.2 E-CT (3B
TRANSFORMERS,STATIDN SEKVICE~L1Qasl PRASE,LSKV=40KV b6,63E~CT/HR  1.41E~086 2.57E=C? CF
TRANSFCRMERS +STATIGN SERVILE=L[C.rl PPRASE+6CIV-15KY 2.44E=CT/HR  $.726-07 9.5 E-C8 (8
TRANSFORMERS, STATION SERVICE-LIG.s3 PrASE 5.91E~CT/MHR  4.23E~C6 5.0 E-CE ce
TRANSFORMERS,STATION SEAVICE-LI[Q.s3 PHASEC=4CCV 2.28E~07/PR  4.48E~C7 T7T.L3E-CE (8
TRANSFORMERS o STATICN SERVICE=LIGQes3 PFASE,Ll5KY=40KY 5.0 E-07T/MHR 1.14E-C6 1l.296=C7 (8
TRAMSFORMERS,y STATICN SERVICE-LICas 3 PrASE+6CLV-LSKY 1.65E=0T/HR  3.5T7€~07 T.836=CE¢ (8
TRANVSFORMERS,SUBSTATION 8.95E-07/HR 5.C E=06 7.8 E-(8 €8
TRANSFORMERS,SUBSTATION LIG. 1 PHASE TelZE-CT7/HR 540 E~QG6 748 E-(8 cB
TRANSF CRMERS, SUBSTATION L1G. 1 PHASE CVER 550KV 1.56E=~Chb/Hk  2.51E-0&6 6.43E-CT7  CE
TRANSFORMERS, SUBSTATION LIGC. 1 PHASE L4&-242KV 2432E-C&/HR  3.6BE=06 1le24E-CE 08
TRANSFCRMER S, SUBSTATION LIG. I PHASE 2-30KV 5.08E-CT/HK  8.78E-0T7 2.41E-C7 C8
TRAVSFORMER S, SUBSTATION LIC. 1 PHASE 243-34€kY¥ 8.86E-0T/HR 1.39€-06 1.31E-C7 (&
TRANSFORMERS s SUBSTATION LIGC. 1 PHASE 21=72KV S5.44E=CT/HR  S.56E-07 3.0 E~-C7 (8
TRAMSF CRMERS, SUBSTATICN LIG. 1 FRASE 347-550KV G.27E~CT /MR 1.43E-06 1.37E-(7 £
TRANSFORMERS, SUBSTATION LIG. 1 PHASE 73-145KV 6.32E~CT/HR 1.13E~06 3.14E~C7 (€8
TRANSFORMERS ¢ SUBSTATICN L1€. 3 PHASE 1.12E-06/HR  4.23E-0& 3.0 E=-CT C8
TRANSF ORMER S, SUBSTATICN LIQ. 3 PHASE CVER 550KV 2.08E~CE/HR  3.326-06 6.58E-C7 (8
TRANSFORMERS SUBSTATION LIG. 3 PHASE 146~242KV 2.24E=06/HR 31.26E-06 9.27€~-C7 ¢8
TRANSFCRMERS, SUBSTATION LI 3 PHASE 2=-3CKV 6.34E~C1/HR 5.9 E-07 3.9 E-C? cg
TRANSFCRMEK S, SUBSTATIUN LIGC, 3 PHASE 243-34&KV 1.44E~06/HR  2.44E=06 6.85E~CT C@
TRANSFORMERS, SUBSTATION LEG. 3 PHASE 31-72KV 8,78e—C7T/HR 1.3 E-06 5.17E-CT C8
TRANSFCRMEF Sy SUBSTATION LIC. 2 FHASE 347-S50KV 1.89E=C6/HR  1,03E-06 B.72E~CF CP
THANSFURMERS SUBSTATION LIGQ. 2 PHASE 73-14SkvV 1,23e~06/HR 1.68E~06 6.13E-C7 ca
TRANSFORMERS, TRANSMISSILN TILE 8,26E-CT/HR 4aC E=Co6 S.0 E-C8 @&
TRANSFORMERS, TRANSMISSICN TIE tIQ.-1 PhASE 6.16E-CT/HR 2.67E-06 5.0 E-C8 C&
TRAHSFORMERS, TRANSMISSION TIE LIO.~1 PHASE CYER 550Ky l.15E-C&/HR 2,19E-06 &4.45E-C1 C8
TRANSFORMERS, TRANSMISSIUN TIE LIC.-1 PFASE l46-242KN 6,68E-CT/HR  1.288-06 2,78E-C1 Q8
TRANSFORMERS, TRANSMISSILN TIE LIQ.-L PHASE 2-3CKV 1.73E-0T/HR  6.32E-0T7 B.S E-C(f C8
TRANSFCRMERS, TRANSMISSIUN TIE LIQ.=1 PHASE 243-24€K% S.Z5E-CT/HR  1,10E-06 2.4TE-C1 (B
4,58E=-CT/MR 1.0 E-06 1.73E-(7 <CB

TRANSF CRMERS, TRANSMISSIUN T1E LIC.-1 PhASE 21-72KV
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CCAPCMNENT FAILLRE HIGH L0 REF.
UESCRIFTION RATE VAL UE VALLE

TRANSFORMERS, TRAMSMISSICN TIE LIQ.-1 PHASE 347=55CKYy 3.3 E=CT/HR $.46E-07 T.5 E-C8 €8
TRANSFCRMERS, TRANSMISSICN TIE tI1G.~1 PHASE T3-145Kvy 6.Z1E=CT/HR 1.19€-06 2.36E-C7T (8
TRANSFORMERS, TRANSMISSItN TIE 11Q.-3 PHASE l-11E-G&/HR 4.0 E-Q6 2.0 E~C7 €8
TRASFORMERS s TRANSMISSICN TIE LI0.=-3 PHASE -CVER SECXWw 1.92E-C6/HR  2,B3E-C& T.T1E-CT (8
TRANSFORMERS, TRANSMISSILN TIE LIC.-3 PHASE l46-24ZKV 1.32E=C6/HR  1.84E=-Q6 5,438-C7 (8
TRANSFURMERS, TRANSHMISSICN TIE 11Q.—3 PHASE 2-30Kv 4,9 E-O7/HR B.94E-07 2.0 E-C7 (8
TRAYSFOGRMERS yTRANSMISSILN TIE LIQ.—3 PHASE 243-34&KV 1. 28E=-CE/MR  1.94E=C6 S5.T2E-CT €8
TRANSFORMERS, TRANSMISSILN TIE LIGe-~3 PHASE 21-72KYy T.48E-CT/HR 1.2 E~06 3.46E-C7 C8
TRANSFORMERS s TRANSMISSILN TJE L1D.=3 PHASE 34 7=S5(Xy 1.57E=0&/HR  2.]18E-06 S.05E-(7 (8
TRANSFQRMERS, TRANSMISSILN TIE LIQG<-3 PHASE Ti~l4fKy 1.03E=-C&/MR  L.42E-06 4.57E-C7 C8
TRANSFORMER S+ VAR LABLE 1.G E=07/HR 1.1 E=CT 3.5 E-C3 12
TRANSFORMERS , VAR IABLE,ALF . 2.0 E=C8/MR  4.C E-~C8 1.0 E-CB 12
TRANSFURMERS, VARTABLE,I.F. 1.0 E-C7/MA 3.1 E=-07 3.5 E-C8 12
TRANS [STORS ,GERMANIUM, HIGH PCWER 1.0 £-C&/HR a3
TRANSISTORS jGERMANIUMyLOW FOWEF 1.0 E=C7/hR ¢3
TRANSISTORS,SILICCN,HIGH PCwER 5.0 E=CT/HR 03
TRANSISTORS,SILICCN,LCn PCRER 5.0 E-C8/HR 03
TRANSISTCRS,SILICCN,NPN 3.1 E~QT/HR Cé
TRANSMITTERS,BELLCWS 5.9%E=0& /HR 14
TRANSM]TTERS, BOUROGN TyBE 1.32E-06 /HR 14
TRANSM I TTERSLONDUCTANCE 6. QEE=CE /MR 14
TRANSMITTERS,D*ARSCNVAL GALVANCPETER{MY) 6. TEE—QE/HR 14
TRANSMITTERS s DI APHRAM 24 24E=C&/HR 14
TRANSMITTERS.DIFFERENTIAL PRESLURE,PNEUMATIC 8.7 E=CS/HR cl
TRANSMITTERS s FLOW Se95E=C6/HR 1.13E-05 2.55E-C6 08
TRANSMITTERS,FLUW TRANSMITTEAR,FAILS GIvING HIGR REACING 4.5 E=-Q5 /MR 13
TRANSMITTERS,FLOW TRANSMITTER,FAILS GIVING LCW REABING 5.7 E~0S/HR 12
TRANSMITTERS,LEVEL 5.13E-C&6/HR  1,09E-05 2.8 E-(6 C8
TRANSMITTERS, MANOMETER 3.62E=C&/HR 14
TRANSMITTERS,ORIFICE 3.39E-C6/HR 14
TRANSMITTERS+OTHER L. 4 7E—(C6 /HR HEY
TRANSMITTERS, PIEZCELFCTRIC 1.49E—CS /HK 14
TRANSMITTERS,PCSITIVE DISPLACEMENT 1.31E=Co/HR 14
TRANSMITTERS, POTENTIOMETIC 1.8 lE~C5/HR 14
TRANSMTITTERS, PRESSURE 3.01E=C&/HR 5.74E-06 6.8 E=C7 Q8
TRANSMITTERSRESISTANCE CRANGE 1,19€-C& /HR 14
TRANSMITTERSSTRAIN GAGE/RESISTANCE 44 24E=CE/HR 14
TRANSMITTERS, TEMPERATURE 8.9 E-OT/HR 1.68E-06 4.26E-C1 €8
TRANSMITTERS  UNDEF INED lLe SEE=CE/HR 14
TEANSMITTERS, VARTABLE AREA FLCWMETER,PMEUMATIC 7.8 E=C5/HR . €1
TUBES+ELECTRONIC DICDES 1.2 £-05/HR 03
TUBESYELECTRONLC,COUBLE DICCES 1.6 E-05/HR 03
TUBES y ELECTRONIC,00UBLE TRICDES 248 E=QS/HR o3
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TUBES ¢ELECTRONICSEACH ADJACENT ELECTRUDE PA{R,S5/C FALLT 1.0 E~Cé&/HR c3
TUBES, ELECTRUNIC, FACH ELECTRCLE,0/C FALLT 1.0 E-Q&/HR c3
TUBES y ELECTRUNIC,L 0SS OF EMISSICNyDICDES 5.0 E={6/HR 03
TUBES,ELECTRONIC ,CTHERS 1.0 E-CS/MR c3
TUBES , ELECTRGNIC,PENTCDES 2.3 E~0S/HR c3
TUBES ,ELECTRUNIC,RECTIFIERS 2.0 E-CE/HR c3
TUBES»ELEC TRONIC STABILIZERS,EICDE 1.3 E-0S/HR <3
TUBES, ELECTRONIC ,STABILIZERSTFIODE 1.6 E-05/HR ¢2
TUBES yELECTRONIC, TEYRODES 241 E=CS/MR c3
TUBES, ELECTRONIC , THERMAL RELAY ,CCNTINLCLS 1.5 E-CS/HR cz
TJIBES » ELECTAONI Co THERMAL RELAY +INTERMITTENY 2.0 £-06/HR c3
TUBES, ELECTRONIC, THYRATRGNS 5.0 E=C5/HR c3
TURES , ELECTRONIC, TRIGDES - 1.9 E-QS/HR 3
VALVE ACTUATORS ,DLAPHRAGMISPRIMG OPPCSEL) 3,1 E=CT/HR 2.5 E~Q06 7.0 E~C8 €8
VALVE ACTUATORS DIAPHRAGM(SPRIMG QFPOSED) 1.37E-CE/CY  4.936-Cé 2.8 E-C1 €8
VALVE ACTUATORS,DI1APHRAGM ,OPEM CLCSED SERVICE 3,6 E-CT/HR  1.78€6=06 1.0 E~C1 (8
VALVE ACTUATORS.DIAPHRAGMCPEN CLOSEC SERVICE 1.196=C6/CY 2.76E-C6 2.8 E-CT Ca
VALVE ACTUATORS,DIAPHRAGM,THRE ITLING SERYICE 2.7 E=C7T/HR  1.59E-06 7.0 E-CE (8
VALVE ACTUATORS 0l APHRAGMy THRCTTLING SERVICE 1.58E=06/CY 4.93E-06 3.2 E~C7 08
VALYE ACTUATCRS,DCUBLE ACTIAG FISTLNS 1.T2E=C6/HR  1.28E~05% 3.4 E-CT7 CB
VALVE ACTUATORS.DCUBLE ACTING #ISTGNS 5.23E=0&/CY 4.B3E=-05 6a3 E=C7 (8
VALVE ACTUATURS DLUBLE ACTING FISTUNS,CPEN CLCSEL SERVICE LQSE-CE/HP  E.44E=C& 3.4 E-(7 B
YALVE ACTUATORS,DCUBLE ACTING FISTCAS+CFEN CLUSEC SERVICE 2.92E-06/CY 1.71E=-05 6.3 ¢=C7 (8
VALVE ACTUATORS ,DOUBLE ACTING FISTCNS,THRCTTLING SERVICE 2.TIE-CE/MR  2,7SE-05 T.2 £-€7 (8
VALVE ACTUATORS,DCUBLE ACTING PISTONS» THRCTTLING SERVICE 9.36E~CE/CY 4.B836-05 2.97e—06 C8
VALVE ACTUATORS,INSTRUMENTS 2.8 E-CT/HR 3.876-06 3.0 €-C8 @
VALVE ACTUATORS, INSTRUMENTS L.T3E-C6/CY 1.586-05 1.0 E-€7 8
VALVE ACTUATORS,IMNSTRUMENTS,CCPBINED TRAMSDULER FCSITICNER 2.8 E-CT/HR  3.87E-0& 3.0 €-C8 CB
VALVYE ACTUATORS,INSTRUMENTS,CCRBINED TRANSDUCER FCSITICANER 1.7TIE-06/CY 1.58E-05 1.0 E-C7 €&
VALVE ACTUATORS, [ASTRUMENTS,ELECTRU~-PAELFATIC TRANSILCERS 2.8 E=CT/HR 23.87E-C6 3.0 E-C8 (@
VALVE ACTUATORS yINSTRUMENTS,ELECTRO-PNEUMATIC TRAASLUCERS 1.73E-0&/CY 1.58E-05 1.0 E=¢(7 CB8
VALVE ACTUATORSINSTRUMENTSPMNEUMATIC PCSITICMER 2.8 E~-CT/HR 3.876-06 3,0 E~CE (B
VALVE ACTUATOPS,INSTRUMENTSPNEUMATIC PCSITIONER 1.73E-C&/CY 1.586~-05 1.0 E-C7 €8
VALVE ACTUATORS.PNEUMATIC 6.5 E-0T/HR T.07E-06 3.0 E-CE  ¢@
YALVE ACTUATORS ,PNEUMATIC 2.7GE-CH/CY 6.326-05 1.J E-CT ¢48
VALVE ACTUATORS,SINGLE ACTING FISTCN,CPEN CLCSEL SERVICE 7.5 E=CT/HR 2.3 E~06 2.5 E-C(7 (8
VALVE ACTUATORS)SINGLE ACTING PISTON,OPEN CLLSED SEFVICE A lGE-0B/CY 2.24E-05 7.1 E-07 CB
VALVE ACTUATORS ;S INGLE ACTING FISTCA,THRCTTLING SERVICE 2.0 E-C&6/HR T.C7E-C6 4.5 E~L?7 CB
VALVE ACTUATORS,SINGLE ACTING FISTCN,THRGTTLING SERVICE T.07E=CEL /LY  £.32E-05 1.41E-C6  CB8
VALVE ACTUATORS,SINGLE ACTING{SPRING CPPCSEC) PISTCM 1.23E=CE/HR  T.CTE~06 2.5 E~C7 C8
VALVE ACTUATDHS,SINGLE ALTING{SPRING CPPLSED) PISTCA S5.42E-06/Y 6.326-05 T,! £~CT CB
VALVE CPERATORS 6.6 E~CT/HR 2.24E-06 1.0 E-CT A&
1.2 606 1.4 €-CT Q8

VALVE OPCRATORS,DIRECT ACTING SCLENQID
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CCMECMENT FATLURE HIGH LOw REF.
GESCRIFTION RATE VaLUE VALUE

vALVE GPERATORS,DIRECT ACTING SCLENCID 1.55€=C5sCY  2.7T1€-0% 7.0 E-CT C&8
VALVE OPERATORS,ELECTRIL MCTCR=-AC DIRECT ACTING 5. L0E~06 /HR 14
VALVE OPERATORS,ELECTRIC MCTCR~AC OCUBLE ACTIAG 3.0BE~CE/HR 14
VALVE OPERATURS,ELECTRIC MCTCR-AC CEAREC L.57E~Q5/HR 14
VALYE OPERATORS,ELECTRIC MCTCR-AC REVERSE ACTING 1.01E—0& /HR 14
VALVE OPERATORS,ELECTRIC MCTCR=-DC CEARED 3.11E~G5/HR 14
VALVE UPERATORS ,HYDORAULIC,CIRECT ACTING 3. TCE~O5/HR 14
VALVE OPERATORS ¢ HYDRAULIC +CGEARED 1.58E~C5/HR 14
VALVE OPERATORS,HYORAULIC,FILCT ACTIVATED 4,04E~C6 /MR 14
VALVE CPERATORS,LATCH CLOSED SCLENOID 4.0 E~CT/HR 1427E~06 l.4 E~C7 08
VALYE OPERATORS,LATCH CLOSED SCLENOID A.46E~CE/CY  1.41E~05 T.l E-C7  C8
VALVE OPERATURS,LATCH GLPEN SCLENDID 4eG E~CT/HR 1.27E~06 1.40f8-€7 (8
VALVE OPERATJIRS,LATCH OPEN SCLENOID 3.46E~CE/CY 1.4iE~05 7.1 E=-C7 8
VALVE OPERATORS ¢MECH. sDIRECT ACTING 2,35E~C5/HR 14
VALVE OPERATORS,MCTCR DRIVEN 6.2 E~Q1/HR 2,24E-06 1.0 E-CT (@
VALVE OPERATORS,MLTGR DRIVEN laQ E=~C5/CY 5,0 E=05 S.0 E-C& (8
VALYE OPERATORSNCRMALLY CLCSEL SOLENGIC 1.32E~C6/HR  3,04E-06 4.5 E=CT &
VALVE OPERATORS,NCRMALLY CLCSEC SOLENCIC be G4E-06/CY 1 70E=05 1.266-C06 (8
VALVE OPERATORS,NCRMALLY CPEM SCLENOIC L.O4E~CE/MR  3.CHE-06 3,7 E=-(1 (8
VALVE OPERATOKS NCRMALLY CPEM SCLENDIC 3.48E~CE/LY 1.36E-C5 9.3 £=C7 8
VALVE OPERATORS+PNEUMATIC/CIARPFRAGM/CYLINDER (CIRECT ACTING 641 CE~CHIHR L4
VALYE OPERATORS,PNEUMATIC/CIAPFRAGM/CYL INDERLCUBLE ACT ING 1.10E~C& sHR 14
VALVE UPERATORS»PNEUMATIC/CIAPHRAGM/CYLINDER (PILLT £CTIVATED S.54E-0&/HR . 14
VALVE OPERATORS PNEUMATIC/CIAPFRAGM/CYL INDER . PRGPCRTICNAL Te% ZE=CE /MR 14
VALVE OPERATORS,PNEUMATIC /CIAFPFRAGM/CYLINDER REVERSE ACTING 7T.08E-C&/HR 14
VALYE OPERATORS¢PNEUMAT IC/CIAPFRAGM/CYLINDER s LNCEFINEL 1.26E=04 /HR 14
"VALVE OPERATORS,SCLENCIL—AC COLELE ACTING 2.21E-CE/HR 14
VALVE OPERATORS+SGLENGIO-AC PILET ACTIVATED S.0 E—-08/HR 14
VALYE OPERATORS,SCLENTDID~CC CIRECT ACTING B8.26E-06 /HR 14
VALVE OPERATORS,SCLENCID-CC UNCEFINED 6. SSE=CE/HR 14
VALYE+AI3-FLUID QPEFATEDs FAILS TU QPERATE 3.0 E-04/C* 1,0 €-03 1.0 E-C& b
" VALVE,AIR=FLUID OPERATED, FAILS TO REMALN GPEN 1.0 E-C4/DM 3,0 E-Ck 3.0 E~C5 (6
VALVE, A[R=-FLUID OPERATED,LEAK LR RUPTLRE 1.6 E-C8/HR 1.0 BE=-CT? 1.0 £-¢9 C&
VALYE, AIR=FLUIO CPERATEDs PLUGGED 1.0 E~-C4/0M 13,0 E~04 3.0 E=-C5 Gé
VALVE s ANGLE sELECTRIL MUTOR/SERVC,4 TO 11.99 IAa 9.95E-(& /HR 14
VALVE ,ANGLEMECH. 4172 TO 1.96 {N, 4.18€-C6/HR 14
VALVE s ANGLE+MECH. +2 TO 3.S6 I[N, 2.96E=Q5 /HR 14
VALYE yANGLE yMECH. 3% TO 11.59 IM. 6.34E~-CE /HR 14
VALVE, BALL 6e4TE-GT /HR 20
VALVE 4BALL 4.6 E-C6/MWR 7,7 E=0& 1l.1LE~C6 12
VALVE s BALLLELECTRIC MOTGR/SERVL .2 TC 3.99 IN, 2.32€E-CH/HR 14
VALVE+BALL,ELECTRIC MOTGR/SERVLs4 TO 11.59 Ih. 2.C E-05/HR 14
VALVE yBALL MANUAL 2 TO 3.99 IN. 2.57E~-CE/HR i4
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VALYVE ,BALL ,MECH.1/2 TO 1-5% IN. le TTE=C6 /HR 14
VALVE yBALL s PNEUNATIC/DIAPHRAGP/LYLLIMDER 4 TC. 11.55 IN. bety E-CE/MR 14
VALVE , BUTTEKFLY 1.32E~C6/HR 20
VALVE . BUTTERFLY 3.4 E~GCa/HR  5<33E~06 L.33IE~CE t2
VALVE . BUTTERFLY,LLECTRIC MCTCR/SERVC 12 TC 19.99 IN. 6.2 E~CT/HR 14
VALVE , BUTTERFLYELECTRIC MCTCR/SERVU 20 TC 39.99 M. T25E=0&/HR 14
VALYE» BUTTERFLY 4ELECTRIL MCTCR/SERVO 4 TCL 11.59 IM. 2.6TE-CE/HR 14
VALVE s BLTTERFLYELECTRIC MCTCR/SERVL 40 TO 59.99 IN, 8.47E-C6H /MR 14
VALVE s BUTTERFLYMANUAL 12 TC 15.9% I[N L.6TE~-CE/HR 14
VALVE s BUTTERFLY, MANUAL 20 TG 35.99 IN. 2.99E-C&/HR 14
VALVE , BUTTERFLY MANUAL 4 TC 11.59 I[N« 4.3 E=~CT/HR 14
VALVE, BUTTERFLY,PMEUMATIC/CIAPFRAGM/CYLINDER 12 TC 19.9% IN. S.04E-C&/HR 14
VALVE ,BUTTERFLY,PKEUMAT IC/CIAPFRAGM/CYLINDER 2 TC 3.5% IN. 4. GSE=C& /HR 14
VALVE s BUTTERFLY PREUMATIC/CIAPRRAGM/CYLINDER 20 TC 39.35 IN. 1.06E-05/%R 14
VALVE s GUTTERFLY ,PNEUMATIC /DI APFRAGM/CYL INCER 4 TG 11.59 IN. L5 TE-UE/HR 14
VALVE+BUTTERFLY,PNEUMATIC/CIAPHRAGM/CYLINDER 4Q TC £9.99 [N. 3.51E-C&/HR 14
VALVE ,CHECK 5.0 E-C&/HR B.10E-06 2.02E-C& 12
VALVE,CHECK 3.18E-Q8/HR 20
VALVEsCHECKs & TO 11.99 IN. 2.218-08 /¥R 14
YALVE.CHECK,ELECTRIC MUTO/SERVL 12 TO 19.9% IAh. 5.88E~05 /HR 14
YALVE +CHECK . FAILS TC OPEN 1.0 E~04/DM 3,C E-C&4 3.0 E-C5 (]
VALYE)CHECK ¢ LEAK-RUPTURE 1.0 E~C8/MR 1.0 E~Q7 1.0 E~CS cé
VALVEsCHECKsMANUAL 12 TO 19.5% 64 E~OT/HR 14
VAL VE ,CHECK ,MANUAL 2 TuU 3.5% 5.8 E-CT/HR 14
VALYECHECKsMANUAL 4 TU 11.59 1.37E~0¢&/HR 14
VALVE (CHECK,MECH. 12 TU Ll%.4S IK. La 2 LE~CS /R .l
VALVE yCHECKyMECH. 2 TD 3.55 1M, 1.3 1E-Q&/HR L4
VALVE,CHECK (MECHs 20 TO 35.55 [N. 1. 08E~05 /HR 14
VALVE yCHECK¢MECH. 4 TO 11.99 I[N, 2.34E-CE/HR 14
VALVE yCHECK4MECH.1/2 TU 1.S9 [N 1. 23E-~0&/HR 14
VALYE CHECK;OTHERA1/2 TG 1495 (M. 4.68E=-Ca /R [
VALVE yCHECK OTHER,12 T0O 19.99 INM. le 5EE-Q5 /HR 14
VALVE ,CHECK,0THER+2 TO 3.55 Ih. le81E~CE/HR 14
VALVEsCHECK,OTHERy4 TO 11.S% IN, 1l.27E=CE/HR 14
VALVE ¢ CHECK PNEUMATIC/DIAPHRAGR /CYLINDER 12 TC 19.95 INa l.Q4€E~Q5/FR 14
VALVE yCHECR , PNEUMAT IC/OLAPHRAGE/CYLINDER 20 TC 35.%% IN. SeSTE-CE MR 14
VALYE s CHECK 4PNEUMATIC/OIAPHRAGK /CYLINCER 4 TC 11.59 Ih. Te& E~QE/HR 14
VALYE,CHECK,REVERSE LEAK 3.0 E=C/HR 1.0 E-06 1.0 £-C7 €6
VALVE,CHECK4+1/72 TC 1.99 IN. 42 5E~0E/HR 14
VALVE ,CHECK 412 TO 1999 iN. 3,63E-C6/HR 14
VALVE,CHECK,2 TO 3.99 iN. 2.42E-CHIHR 14
VALVE s CONTROL 8.5 E~C&/HR  1.98€E=05 1.68E~CH 12

2.8 E~CS5/HR . [ §

VALVE + CCNTROL 4 PNEUMAT [ C
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VALVYE » CONTRCL ,PNEUMATIC 6.8 E-CS/BR c1
VALVE . DIAPHRAGM 2.62E-0€& /HK 20
VALVEDIAPHRAGM,ELECTRIC MCTPR/SERVO,LADEFINEC 44 39E-TESHR 14
VALVE yDIAPHRAGM,ELECTRIC MCTCR/SERVO,2 TO 3.995 [h. 8.5CE—Ca/HR 14
VALVE DIAPHRAGM,MANUAL, 4 TC 11499 IN. l.OTE-CE/HR 14
VALVE,DIAPHRAGM,MANUAL,1/2 TC 1.99 INa 2.63E~0& /HR l4
VALVE «DIAPHRAGM ¢yMANUAL 2 TC 3.59 [N 2.47E=Co MR 14
VALVE, D[APHRAGM,PREUMATIC/LEAPFRAGM/CYLINDER 172 TC 1496 IN. 7.0 E-Ce/hR 14
VALVE»DIAPHRAGH ,PNEUMAT IC /CLAPFRAGM/CYLINDER, Z TC 2.5% IN, Bu44E~06/HR 14
VALVE ,DIAPHRAGM, PNEUMATIC/CIAPFRAGM/CYLINDER & TC 11.59 INL 2.LOE—C5/HR 14
VALVE,DIAPHRAGM ,SCLENGIDs k72 TC 1495 Ihe t.28€6~-05/HR 14
VALVE 4DIAPHRAGM,UNDEF INED S5.28E-(&/HR 14
VALVE +FRC VALVE FAILS TOWARD THE CLOSED PCSITICM 2.28E=-05/HR 13
VALVEFRL VALVE FAILS TOWARC THE JPEN PCSITICN 1.1 4E~Q5 /HR 13
VALVE + GATE Lo 34E~CE/HR 20
VALVE ,GATELELECTRIC MOTOR/SERVE .12 TG 15.66 IN. 3.46E=Cb/PR 14
VALVE+GATEELECTRIC MOYOR/SERVC,2 TO 3.55 IN. 6. 19E~CH /HR 14
VALVE «GATE ELECTRIC MOTOR/SERV(,20 TG 39.99 [N. 4.4 SE=C&/HR 14
VALVE ¢ GATE¢ELECTRIC MOTOR/SERVC 4 TO 1155 [N 3.4 SE-08/HR 14
VALVE ,GATE  MANUAL  UNDEF INEL 5.0 E-CT/HR 14
VALVE yGATE 4 MANUAL +1/2 TO Lla59 INa Ga2 E=GCT/HK 14
VALVE  GATE, MARUAL ¢ 12 TU 15.5% IA. 2« 54E=06 /HR 14
VALVE y GATEs MARUAL ,2 TO 3,99 1M 8.4 E~-CT/HR 14
VALVE o GATE,MANUAL s4 TO 11.95 1IN, 3.7 E=CT/HR 1Y
VALVE » GATE ,PNEUMATIC/DIAPHRAGM /CYLINDER,1/2 TO 1.5S Ih. 1.55€E=06/HR 1%
VALVE ,GATE,PNEUMATIC/DIAPHFAGM/CYLINDER+2 TC 3.55 [h. 4. 23E~CE/HR 14
VALVE y GATE, PNEUMATIC/DIAPHRAGH /CYLINDER 20 TO 39,59 Ih. 3.04E=-05/HR 14
VALVE s GATE s PNEUMATIC/DIAPHRAGM /CYLINDER & TC 11.95 iN. 2.TBE~CE/HR 14
VALVE ¢ GATE ,SOLENCID,4 TO 11.99 INha 3,406-05 /MR 14
VALVE,GLIBE Le TIE=CT rHR 28
VALVE sGLOBESELECTRIC MUTGR/SERWC,1/72 TC 1.55 1Iha S.2CE-CE/HR 14
VALVE,GLOBE+ELECTRIC MAOTIR/SERMC,12 TC 15.5% IA. 6.0 TE=06/HR 14
VALVE »GLOBEsELECTRIC MOTOR/SERVC,2 TG 3.65 INa 4. 1CE=06&/HR 14
VALVE ,GLOBE ,ELECTRIC MGTOR/SERVC,4 TC 11.99 Ih. 6.9 2E-C&/HR 1%
VALVE ¢ GLOBE rHYDRAULIC,2 TC 34%% IN. 6+94E-CE/HR 14
VALVE ,GLCBE yHYDRAULIC,20 TC 315,99 IN. 1.0%E=CS/HR 14
VALVE + GLORE » MANUAL ,1/2 TU 1.55 INa 6.0 E-CT/HR 14
YALVE s GLCBE+MANUAL 2 TU 3.55 Ik, 5.5 E=C?/HR 14
VALVE  GLOBE +MANUAL y& TO 11459 Jh. 8.0 E~CT/HR 14
VALVE y GLGBE +MECHe+1/2 TO 1.99 1IN 1.1 7E=0S/HR 14
VALVE+GLOBEsMECH. 312 TO 15455 IN. 1.38E~CS/HR 14
VALVE ;GLOBE MECH. ,2 TO 3,599 Ih. 4.0 1E~-Cé&/HR 14
VALVE , GLOBEyMECH., 4 TO 11.65 1M, 1.03E-05/HR 14
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VALVE ,GLDBE y PNEUMATIC/ 0L APHRAGF/CYLINDER, 1/2 T 1.5¢ IN. 4. 14E-C6 /MR 14

VALYE yGLODE »PNEUMATIC/OIAPHRAGR JCYLINCER,12 TC 19+5S INe 2.92E-05/HR 14

VALVE yGLOSE PNEUMATIC/OIAPHRAGF /CYLINDERY2 TO 3.9F IA. T.95E~C& /HR 14

VALVE ,GLORE ¢+ PNEUMATIC/DIAPHRAGM 7/CYLINCER,20 TC 39.5% IN. 4.6 9E~CE/HR 14

VALVE ,GLOBE yPNEUMAT IC/DIAPHRAGH /CYLINDERy& TC 11,55 (M. 1. 46E=C5 /HR 14

VALVYE yGLOBE +SCLENGIG2 TU 3.99 IN, 2.85E=C& /HR 14

VALVE ¢y GLDBE ¢ SOULENCID%S TU L1455 INa 4,5 ZE=05/7HR L4
YALVEGLOBE+2 TO 3.99 (N, T.65E=06 /1R 1%

VALVE ¢ HAND 1.5 E=CS5/HR cl

R VALVE, MANUAL,FAILS TU REAAIN CPEN {PLUGGED? 1.0 E-0&/CM 2.0 E=04 3.0 E=05 a6
VALVE (MDTOR OPERATED.FAILS TC CPERATE 1.0 E-C2s0M 3,0 E-03 3.0 E-C4 Cb

Lt VALVE yMOTOR OPERATED.FAILS TC FEMAIN CFEN 1.9 E=04/0M 3.0 E=04 3.0 E=(C5 ch
- VALVE ,MOTOR OPERATELC,LEAK CR RULPTURE l.C E~08/HR L.0 E-Q7 1.0 E~CS Gé
L. VALVE 4MOTOR OPERATEDPLUGGELD 3.0 g=-0%/D® 3,0 E=-06 3,0 £-05 Ca
i VALVE ,NEEDLE le3€E~CE/HR 20
c o VALVE ,NEEDLE,» ELECTRIC MOTCR/SERVO,4 TC 11.45 IN. 4,99E-C&/HR 14
i VALVE yNEEDLEHYDRAULIC,172 FC 1.99 ik, 1.26E-05 MR 14
VALVE 4 NEEDLEyHYDRAULIC 4 TC 11.59 [N l« LOE-05/HR 14

' VALVE ,NEEDLE s MANUALLESS THAN [/2 (N. .49E—C6 /HR 14
VALVE , NEEDLE+MANUAL 172 TC 1.9% IN, 2¢2 E~CT/HR 14
VALVE,NEEDLE,MANUAL 4 TQ L1.5% IN. le&lE-C6& /HR 14

VALVE ,OIL 2.4 E=Ca/HR 20

VALVE ,PLUG 342 TE=-CLE/HR 20

VALVE yPLUGyMECHa»1/2 TU 1 .55 1M, le& TE=GE /HR 14

VALVE ,PLUGyMECH.+2 TO 3.99 IAh. 2. T4E=CS /HR 14
VALVE s PLUGyMECH.»4 T0 11.59 [M. 3.52E-C& /HR 1&

VALVE y PLUG s PNEUMATIC/DEAPHRAGM /CYLINDER,2 TC 2.5% [M. 7.8 E=-CT/HR 14

VALYE s PLUG PNEUMATIC/DIAPHRAGMACYLINDER 4 TG 11.59 IM. 1.18E=CS/HR 14

VALYE, PLUG,SOLENCID,LESS THAN 1/2 IN. 3.19E-Co /HR 14

VALVE PNEUMATIC &+ 08E-CT/HR 20

VALVE , POSITIONER 5«0 E-0S5/RR 01
VALVE , PRESSURE RELIEF 2+5 E=G&/HR o1

VALVE +REL LEF 5.7 E-C&/MR  1.41E-CS 3.2TE-(6 12

VALVE JREL [EF 1« 59E-06 /HR 20

VALVE ,RELIEF, BLOCKAGE 5.C E-Q7/HR 15

VALVE ,RELIEF,FAILS TO LFEM 1.0 E-C5/CM  3,C E=05 3.0 E-Cé ce
VALVE,REL IEF, LEAKAGE 2.0 E-Co/HA 15

VALVE yRELIEF . PREMATURE CPEN 1«0 E-CS/HR 3.{ €=~C5 3.C E-Cé ce

VALVC, SELECTOR le& E~Q0S/HR 1.97E-0% 3,70E-(é 12
VALVE , SELF OPERATED 1.22E~-C6/HR S.48E=06 T.0 E~(E& 8

VALVE, SELF OPERATED 2.17E-CEAY 1,73E~-05 5.0 E-C7 ca

VALVE ,S5ELF OPFRATED,DOWNSTREAN 6.3 E=0T/HR 1.73E-06 7T.0 E=-CH c8
VALVE 4 SELF OPERATED,DOWNSTRE AN leé E-Q&/sCY 5.48E~C6 5.0 E=C7 cs
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TABLE II, Contd
Component Failure—Rate Data
CCMFCAENT FAILURE FIGH LOW REF.
DESCRIFTICN RATE VALUE VALLE
VALVE ,SELF OPEKATED,EXTERNAL 6.3 E-CT7/HR 1.T3E-06 T.J E-C8 CB8
VALVYE,SELF OPERATEDEXTERNAL 1.4CE-G6/CY S5,48E-06 5.C E-CT €8
VALVE » SELF OPERATED,EXTERNAL FLUID 2.0 E-C6/HR 5,43E-06 T.C €-C8 (&8
VALVE,SELF UPERATEDEXTERNAL FLUID S.4BE-0&/LY 1,73E-0% 5.0 E-CT CB
VALVE » SELF UPERATED,FLUID FEAD 6.3 E=CT7/HR 1,73E=Cd 7.0 E-C&8 (8
VALYE+SELF OPEFATEDsFLUID READ le4 E~CHJCY 5,48-06 5.0 E-C7  C8
VALVE,SELF OPERATED,GRAVITY 6.3 E-C7/HR 1.73E-06 7.0 E-CE (B
YALYE ¢+ SELF LPERATED,GRAVITY 1.40E=-C6/CY 5.48-06 5.0 E-CT  C8
VALVE, SELF GPERATEDsPRUCESS FLLID 6.3 E=CT/HR 1.73E-06 7.0 E=CE CB
VALVE+SELF GPERATEO.PROLESS FLLID lo4 E~G&/CY S,48g-06 5.C E-CT @8
VALVE ¢ SELF CPERATED,UPSTREAM 6.3 E=CT/MR  1.73E-06 T.( E-(2 (8
VALVE ¢ SELF CPERATEDsUPSTREAM l.4 E-0&6/CY 5.48E=-06 5.0 E-C7 C&8 - 4
VALVE 4 SHUTLFF 6.5 E-C6/HR  Ll.C2E=-C5 L.S3E~Ch 12 5
VALVE ¢ SCLENQID 3.0 E=-05/HR 01
VALVE » SOLENGID 4.8 E~-05/HR cl v
VALVE » SCLENGID 1.1 E=C5/HR 1.STE=05 2.27E-C6 12 . .
VALVE y SOULENDID 1. 64E=06IHR 20 T
NALVE s SOLENOID CPERATED,FAILS T1C OPERATE 1.0 E~03/DM 3,0 E=03 3,0 g-C4 08
VALVEZ 2 SOLENCIO OPERATED.PLUGGEL l.0 E-C4/DM 3.0 E-04 3.0 E-C5 C&
VALVEs TEMPERATJRE REGULATCR,FILLED SYSTEM THERNMAL,BLLE 2.0 E=-C6/HR 5.48E=06 7.0 g-C8  (C8
VALVE s TEMPERATURE REGULATCR.FILLED SYSTEM, THERMAL,BLLE 5.48E=C6/Y 1.T3E-05% 5.C E=-(7T  C8
VALYEy TESTFLOWMETERS,CRIFICES ,RUPTURE l.0 E-CB/HR 1,0 £-08 1,0 g-Cs 411
VALVE , VACUUM, FAILS TQ OPERATE 3,0 E-D5/CM 1.0 E-04 1.0 E-CS5 C&
VALVE s VACUUMyRUPTURES 1.0 E~Ceé/HP  1,G E-Q7 1.9 E-0% ch
VALVE , WATER 1.90E-06/HR 20
VALVE » 3% AY 4.6 E~Q6J/HR  T,41E-06 1,87p-Cs 12
YALVE , 4—WAY 4.6 E-C&/HR T.22E-06 1.8lE-C& 12
VENTILATORS 2.CSE-Q6/HR &£,7BE-06 5.9 E-CT cC@
VENTILATORS 4 PURER  RGOF 3, ISE=C6/HR  E.TIE-06 2.33E-C4& 08
VENTILATORS,PRCPELLER FANS le24E-CE&/HR 5.92E-06 5.9 E-C7  Cg
VESSELS+PRESSURE 2.37E-CT /MR 20
VESSELSWPRESSURE y GENERAL 3.0 E-CEMR 15
VESSELS,PRESSURE.HIGH STANCARC 3.0 E=Q7/HR 1s
VESSZLS,STEEL s PRESSURE+CATASTRCPHIC FAILURE 8.0 E=CS/HR 11
VESSELS,STEEL,PRESSUREPUTENTIALLY CANGEFCLS FAILLRE l.4 E=CT7/hR 11
VIBRATORSELECTRONIC 5.0 E-0&6/HR a3
VIBRATORS yELECTRONIC S.0 E-CT/HR 8.0 E=CT7 4.0 E-C7 12.
WELDS.CONNECTING WELD+6 [ACH TC L3 INCh PIPE 2.8 E-05/HR 14
WELDS  INTERNAL WELDS,PRIMARY CCARTAINMENT PENETRATICMS le6 E-~QT/HR 14
WELDS JLEAK 3.6 E-C9/HR 1.0 E-C7 l.0 g-1l0 C&
WIRING,CRIMPED AND WELUED JCIAIS .0 E=~09/HR 03
WIRING sELECTRICAL CONDUCTCRSsCONTROL CABLE,NECPRENE Ge6 E=~06/HR 14
WIRING¢ELECTRICAL CCNDUCTELRS ¢ FCWER CABLE,ALLMINUM 3.9 E~C&/HR 14
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TABLE II, Contd

Cémponent Failure-Rate Data

o v o - -

CCMFCMENT FAILURE FIGH LOn REF.
JESCRIFTICN RATE VAL UE VALLE
WIRING s EL ELTRICAL CCNDUCTCRS.PCRER CABLENECPRENE ' . 3.G2E-05/HR 14
WIRINGOPEN CIRCULT 1,0 E-CE/HR  1.C E~Q5 1,0 E-C& Q&
WIRING,SHORT TO GROUND 3.0 E-CT/HR 1.0 E-06 3.0 E~C8 (6
WIKRINGr SHORT TO POWER 1.6 E-CE/HR 1,0 E-07 1.0 E=C§ Cé6
WIRENG » SOLDERED JCINTS 4.0 E-09/HR 5.0 E-09 2.0 E-1C 12
W QL INGsSOLDERED JUINTS,AUTC 1.0 E=-09/HR 03
WIRING » SOLUERED JCINTS,RANC 5.0 E-C8/HR a3
WIRING ¢ TERMINALS 5.0 E-CT/HR c2
WIRING: TERMINALS 5.0 E-CB/HR 2.7 E~-07 4.1 E-C8 12
WIRING»WIRES 1.5 E-CE/HR 1.2 E-CT 8.0 E=CS 12
WIRINGsWIRES 1.0 E~CT/HH 15
wIRING e WRAPPED JUINTS . 1.0 E=1Q0/HR ca
- *
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