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imperfect Preventive Maintenance Plan of Generation Unit
Using Quasi-renewal Theory
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Abstract - Recently, the research of PM (Preventive Maintenance) method on the RCMf(Reliability-Centered
Maintenance) of the system equipment is being actively advanced for a few years. For the most of the current power
equipment maintenance, the state of the equipment after maintenance is assumed to be becoming ‘as good as new ones’
state. However, the state of the power equipment is maintained like the states of the between ‘as good as new ones and
‘as bad as old ones’ by imperfect maintenance that implies the life decrease of the equipment by frequent breakdown, the
error of maintenance process, and so on. So, the Maintenance method considering the real case has to reflect Imperfect
maintenance than perfect maintenance.

This paper suggests the Preventive Maintenance method by using Quasi - Renewal Theory for the gas turbine
equipment as deliberating the imperfect maintenance for the real cases.

Key Words : RCM, Perfect Maintenance, Imperfect Maintenance, Quasi-renewal function, APM, BPM

1.A4 £ A2 2 9 5 o FRES @ g FEH A

T oupeke] disl B £& A i FARS W

Y AQAEE dd 7ed udn uxslgd ue of &3 Aol ‘&AT /X B (Perfect Maintenance) 2t
A A&"e a7 A3 sy, 53Ax Ao H E/MAE i, FARLFE d7eie 483 3 v &
A Adst =HoARe Ao Adule =zt )R 2 Ak @A FARS LAIOE P FAEF F, A
A 3oz Qsta BAHE dF gFE AuEw oy 28 Adujo] A= A4 A g A fA RS
o ozt A8 Axfle AHE Asld] 2 P 1A 2 FE&  Advk 2 AY Ao nFI 35 @ 4y
A2, w2t 29 A2g Avld] g 54 24 A 2 Q] dulo $HL2 FA AL ARG JAHNA
o T4 FaAd Eﬂﬂ Aol AA diF=z glow, LAY ¢ e &4, 2AY &4, BolA @2 #7349
Zr delel 482 e FARSTY FF R ALE A ¥ FToE A2d2 AMAH %*— Jel(as good as new
AHEHL Yok B, RS HEE HAA & HFE AA ones)’ 7} HA ¥t F, A ’f—iﬁl ol #EE SAH

o, -

NE,

b
TR B =

7] W2l 2 vl Y3 £9e nmeAtHA FARA  EA

SUE AHT HAHY FARF AYE FHIY] A5y A LHIT|E FARTFE

AT oJ2EL HEF S KBS Aol NIAR 7|8 &3 Maintenance)’ 7+ o] ‘&g %Z]P—T 7HRT BY o B

B(RCM: Reliability Centered Maintenance) 7# & o]t} soa 2 = o)

4%, AARF Age 4 guld AHEE D] N2h3) 2 oERdAE ANE A8 FARSE NRos @ e

H&S &7 nesfol AAAHQ FARFE & 5 Uk A% FARSFE 7HFst A8 dul 5 7FAE dud)
L J1E AYA 2 HH9 §2 By AFL An #3td Quasi-renewal ©]&& ©]&3tAH3-5]. Renewal ©]

A wel 34 F JHR YR FEREY Mo u%e 2 T Az dFoA 9 AEFHA(Convolution)dl wigh A

e dustuz gste oW KA RF(PM: Preventive o] Waghg &gt W (Laplace Transform)& 483t

Maintenance) ¢ 317o] Y AL A-¢ vz wA) L By A4A T & dden, 7HubE ¥ (Gamma Distribution) £

g A3 2ZAB(CM: Corrective Maintenance) ©] T}, Z+ g JHAste d JHEE WH(Point  availability

method)& ¢]-&3%td FAEF9 JFE T

iAo w HY Mo ZhAEN AR tisty 7Hg R
¥ EMX{Z} Fes @ BFAK TK ERTER F#HE - LH = 2= AP 7__“_,%: =S 7198 dye 3:]'_%_.6:51_ '?rx]i

.

E-mail : jokim@hanyang.ac.kr 2 cz wEdd 2w o9& oy 83 HE(APM:
: £ 5 £
* B & R REEAX DX BRISH RELRE Age-dependent Preventive Maintenance) ¥ £E 4

** b 8 . A27)E F48 A AR
E'&"@Eli ; 2(])0%7;‘?2%— —;j E} o v §-X| R Z(BPM: Block Preventive Maintenance) '3 ¢

° 'l_ A
SR T 1 200842 3H 250 H]-& o] ALt erm sk Byl B4 fARS

Quasi-renewal OI 22 0|28 wWHMAH|2] EX35t XIS of atxd| HE 735

r°l
30



BRBGAEL 578 5% 2008% 58

g neld &

X

Ha F71¢ 0|82 AA3 1,31,

S o9& o FXES APMS Al2"e =9 (Life
HE FARF wyPeE Aurt 13 BA)H
AA7NA st ey @AY Ay 3Fo= Qlsty
@3194 S&e] AR F& Adule ux3lE Iy Fol
AE T 98 7tA 9oz mFo] wAEA "o
Aol AL HAg AHE A" Ady] 3F(System
Equipment Failure) AlAolgtx 3w Aw] 1% 9 Ay
T dHolg T& 1o Aduld eI PMFUIE T=
dosled A vl MAHE §FAESFIA B9 PM &
tAAA Adnje] gAY mFe] TAIE CME
AGEA =H CM o|FFE A PME A3ystA o
ole} A& {FAHEF WHE APMolglar Ao, o]
a9 19 YeEr AT

PM PM CM rPM

—t—t+——+—>

0 T T tp T Time

3% 1 7Y 2F oY FXEs &

Fig. 1 The Age-dependent PM Policy

BPM< AlA® Adnje] o 77
H3le AF Aoz F7) NHE
M AdstA do. PM ¥ A AdA Adele) @™
ME Ad3stA Ao PM2 dASA #

A Aol A FARFIA o, w@tA BPME
714 X194 (PPM: Periodic Preventive Maintenance)
= A 7l FAES (TBM: 7Time  Based

Maintenance) =til 3tH, 18 26 e AT

PM PMCMPM PM

— >

| T T tp T T Time

a8 2 =5 olg gAEs S
Fig. 2 The Block PM Policy

23 A

A e

o

ST FAERSHE oAU FRIES B " FAESTY
Ao WE AlAE dule AHE UIH & FAEs &
Al 2"l Adu|o] AHle ‘ARG L AEH(As good as new
ones) 7F H¥ AL LW, 43I FAET A3 3 FoE
A 22 Aol vt dvh

736

A3 NAI 7L AHI HA g :
FRRG F ?luliﬂ Ae) AR A8 HBAHAA A2
4 o] To 7 23y, Al2"HL XA
+ o ‘HATe -f-X B (Minimal
Maintenance) = 'rrx]l‘i"f‘ Avtd ‘FRAES AR EHE
gtz 2] 2+  AMEl(As bad as old ones) I 22 AHE
SARF7 2 £ dvh wEA Al2"Ey AdHE NEE
A& (Brand new ones) HUE EIA R ‘g3 LA
ABROE £ ¢ FAERT @ Fd & yERT

3. 2 KX EF 24

o

3.1 Renewal Process

FRABRF AP F Alzde] AJHE @A AHIE
g3 PR =3 d43 Az Sequence Time) ol A
ZFE A zke] m$ Fo} mHIFRA gevti v & W, &4
2 7 ARL 5,8, S-S0 =, A g d AAE
e FARF QA T, T, Ty Ty 99 2 Az
AN Alz=" FHE X X, XXyt 2% 5 X=
(N—1) HA ANA AL Alole] &% MEH(Operatlon
state) ©|®, NE Counting Process %= Renewal

Process# 1 &0, AgdozE & 18 33 2t}

N(t) o
T
X,t —
x4 o
3] i i
x 4 —ay ;
2] T | i |
o s B
0 —t >
O S, S, S, S, Time

18 3 Renewal Processe| 4Hel
Fig. 3 The state of Renewal Process
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