Reliability Centered Maintenance:
Implementaion made simple
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' Electric Power Research Institute

" American Society of Mechanical Engineers
" Edison Electric Institute

¢ Argonne National Laboratory

° Department of Energy

' American Nuclear Society

¥ International Atomic Energy Agency

» Canadian Atomic Energy Control Board
! Federal Aviation Administration

' Nuclear Regulatory Commission

"' Maintenance Steering Group

' Maintenance Review Board
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" functions

" interfaces

¢ functional failures

® establishing system boundaries
subsystem boundaries

in-system in-interfaces

in-system out-interfaces

out outsystem in-interfaces

system functions

"' subsystem functions

'Y failures of those subsystem functions
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¥ standby system

¢ immediately critical

® multiple-failure analysis

" potentially critical components
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safety-related

non-safety-related

quality class

safety-related nuclear steam supply system
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system functions

¢ subsystem functions

® failures of those functions

' consequences of those functional failures
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' Confusion regarding convention
¥ open position

" shell-side cooling medium

¢ active functional components

° normally passive component

" hidden failures

¥ Redundancy

* run-to-failure component
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"backup systems

" standby systems

¢ run-to-failure

° canon law

" Inappropriate component classifications
¥ critical

" noncritical
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critical components

potentially critical components
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' potentially critical component
' potential failure

" impending precursor

¢ time duration

°* multiple failures

Vinitiating events
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' commitment

" economic

" run-to-failure

¢ Commitment Components

° Regulatory Administration

' Environmental Administration

¥ Occupational Safety and Health =
M insurance

' Environmental Protection Agency
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" economic component

¢ economic consequence

AN



Cuglgl pogdle ] cowd Sl (g0 Cuglgl (po,S sloul 1) plaie (golal (o atws oyl (e &SI Lo
e b Sl Slahad oy 5lie RCM slo MUﬁM‘ﬁo;o)LbllLéJ)slajm Ll )5 plxil 6l gy
olaldl e G laie a4 ol (Sew a5 (5 Y0 Vo e S S ey SO ol ol b b ] Sl
TR EWPIE SN e JEE SIS WRCH U SV VSRR ST
$,05 1) Sl Sligas Saodl @dly 40 4l G giaie b5 5 el ol S GaBgte | Loty Slacels

A5 o
aS aes ol ol Lad 80l g3y aslip I p pols o ey jo a5 wes o 7, BT pl o)lgen
3995 3k Sl S sl 5l (S g g ploul wal ool (g3, sl aST Sley ;0 PM sla cJlad den
Coglol o9 was o Fy ol cpl a5 Sloj (Jb ol b oaeld a5 asl eliiinl wob opl 4l ansl axsls
OIKST jeb 4 .Sl Grgad 4 g oo 1) SelaS 09 Latuie U 0gd eols 18 Lo el g9, » b
SIS ol Slles b gl o) sl p a5 solaildl o SO L g ye goladl ool S

IRV PEPLES KV I SPUS e S 525 SO L Lo o ppe oled

IS JESERRNK gL QKO ARG LGt [ SV y

3 5 G G bt ol o 0ol cgu jlzs (6l 03,18 3l 4 (RTF) (ol 565,515 pgede
Caol aseie Coably S 1l sl oo "€ Labsl Sl 808 palitegn auty 4z | RTF e . olosy slo
a2 9 L 5 5l gimad STaS olo wales &l 1) (S0 mul cpl (luaige das 5l ol 8l iy a5
EJCRE CRCI I ICEA YT S BRGNP S DRPSRCOWN I S LIRS g T S WP JK SRRV )
il 455055 el 4 4938l sla mitane b Slpgass yils a5 el ol 553 Cayol SlS Ul il Loans
lolis SelS v 5L el 353,55 £ 51 s b 525 3] 45 el Line

S5y az Wb a8 RTE 8ly (glise a4y calin gl a5 0,0 0925 039 50l a5 Sl 5-U-0 5,15 iy s

0,5 )15 st S (gl 0 lailinsl iy a3 gl 4 5y 50 @dly o b (A& 88 G 0 4z s REM &,
22 4l g 298 Ol Sl jlre o5 ($52 1S o 0l |y 0l @ 2 5z Ygamo )50
&2 on ) 2l ool 7y a5 el ciolew ol )3-U-0 )50 L kasl iy Ol e g (65,1005 g4
S potde ol Co e g 3l 68 sla sl i)l cal Dol (e e ol ) 6l sl (B

S S Gl e aS Sley et Sl shme gy 380 iy SO ALl e aiiiee (o jlews (g

' canon law
" Run-to-Failure Components
" the misunderstood orphan of reliability
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" plant level
" not normally operating
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Y initiating event
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¢ premature failures
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' crisis management

¥ worst-case

" Common Mode Failures
¢ failure mechanism
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' Vibration monitoring and analysis

" alighment

" Vibration sensors

¢ support mounts

® support pads

" trending

¥ Acoustic monitoring

 check valve

' Thermography or infrared monitoring
' hot spots
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' Oil sampling and analysis

Y incipient bearing or internal gear failures
" simple-to-use on-site equipment

¢ X-ray or radiography inspection

° casings

' Magnetic particle inspection

Y Eddy current testing

A Ultrasonic testing
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' Liquid penetrant

" dye

" Motor current signature analysis

¢ clamp-on probe

° Boroscope inspections

" Diagnostics for motor-operated valves
¥ Diagnostics for air-operated valves

" diagnostic test box
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' Instruments

¥ black boxes

" instrument loops

¢ transmitter

° sensor

Vindicator

¥ signal conditioner
Mindicator reading

' Functional instrument
"Nonfunctional instruments
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' vernier navigational metrics
Y efforts labor-intensive

" Reliability

¢ capacity factor
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¥ precursors

" measurement of events

¢ the cumulative and integrated rate of unwanted aggregate events per unit of time
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' unplanned shutdowns
" amount of capacity factor
" system designator
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' Spartan
" weighting factor
" moving average
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' Unplanned plant or facility trips
¥ capacity factor
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' Unplanned operator actions
" logbook

" operator evolutions

* work-around

® Unplanned power reductions
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' Production delays
¥ Enforcement actions
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' Litigation occurrences
" theme park corporation
" Citations and violations
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' Root-cause evaluations
Y Injuries
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