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Preventive maintenance policy following the expiration of

replacement-repair warranty

Ki Mun Jung

Department of Informational Statistics, Kyungsung University

Abstract

In this paper, we consider the periodic preventive maintenance model for a repairable
system following the expiration of replacement-repair warranty. Under this preventive
maintenance model, we derive the expressions for the expected cycle length, the
expected total cost and the expected cost rate per unit time. Also, we determine the
optimal preventive maintenance period and the optimal preventive maintenance number
by minimizing the expected cost rate per unit time. Finally, the optimal periodic

preventive maintenance policy is given for Weibull distribution case.

Keywords : Expected cost rate per unit time, preventive maintenance policy,

replacement-repair warranty.
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1. }\:Ii

AtA o7 Alx"le] Aabapu; A b= A2l ARG AL vzt Al A 73 Eob
e = Alzdle] el diste] HQlE AAvE RIS Alsty] wiol EF7]Ie]
FolA = Al=del gk dd Bdgdo] e A AHa vk b bzl 1S9
Fel= BF7|ol A Al Z=dle] a17go] %”ﬂﬂ s Agol Al2"EE RS FoR WAE
| FE= 1A KW Z(replacement warranty)¥ & A% 2] (minimal repair)E 3 5}0:1 FE g
X ZF(repair warranty)eletil @& 5 vt olgjd HEF A HFo] FojA = A5l thsto
chorgt dele] ® A A (maintenance policy)o] G- %l=d, HA JLXﬂEZO] Folz AL

o W3 HAAANOFTE Sahin¥ Polatoglu(1996), Jung¥ Park(2003), Jung(2008),
Chien(2008a) 23] 32 Chien(2008b)% °] A t}. &3], Sahin¥ Polatoglu(1996)= A A u A X =
(renewing replacement warranty)@} H] 2] A 3 A 2. Z:(non-renewing replacement warranty)
o] AlFHE Alxdd tiste] A&z =w ] WA A4 3 (replacement policy)S Al ¢Hs At

183 Chien(2008a)& A A H- 3 ul A B Z(renewing free replacement warranty)o] o] %
Alz=gol] tisto] AWbAQl VW WA RGPS s 2Eal FEEFo] Fol A2 Hl
#3 AR BEE ATE2E Yeh (20003 Jung(2009)¢] A+7F diEdH, Yeh §
(200 BF7I1F & Az=ge] o] WAHW Fag HiFrt L, BRIV

AABER e B ABTEH ASE EZ(non-renewing free minimal repair warranty;

NFMW)e] Fojxl Fe]7t 7hsdk Alz=dlol g wA 8-S Atatid

A, Hol Jung(201D)2 71 WA RS} FeRFS EF6ke kAl FEe uA-
o]

2] ®. 35 (replacement-repair warranty)S A8l o] 3k HF G o] Fojz Al~E o
s WA RS AFStArt 2y Al xEle] AFEAE AlAEY] uFES dAFTORE T
o] o Hog JqUuHASdEFS F3YP3HA FH==

247171 ke B3Ikl =
Jung(2011)9] WA RFHS  A¥HH
model) &2 st H a7t glth
A 2 =R E wA-FHRS] FRE o|F dquHHRd 2t
=, a7t 7hed Alagdde wA-FlEFo] FolAH, BRIl FRE o=
7,27, -, Nrol| Al AR-&2bol] o)A o AEFo] F7]H o g o]Fojx] i oFr A Alo]of A
o] MAEY HAFyE Fag 2 NHA R AT ALel] - ] &l A
Mz Alzdloz wajdEch olgA Atdd oAWrHdRge] utiste] Z 7] v -8 (expected
total cost), 7] <34 o] (expected cycle length) & i1 @9 A1 7+3 7] o) B] & (expected cost
rate per unit time)& =313, A AURAGA S AtstaA st
2 =52 g 2ol FAET 248 = Jung(2011)0] 2 &A] Alete WA -7 B35 o]
il WARY S R ARY 0w FAstarat gt ojuj, A
AT 7S ek, el S A VI diH 8-S HAstete H A
a2 al 3 A= B omdelA nEE dURARES AA

I
3] AdHstr] fske] A4 1% Bolazat g,

o, it

S
= o
BARHEA o9 i dE ¥ (preventive maintenance

A
=2
2
rie
>
>
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2. LA-FHYRZE o]F 9 FHA AFRAA

2.1 F713 < A HARY

o

o]

o%

2 Ho A= Jung(201D) 8] wA-FEEFo] TRE o]Fo ALEA FHO wARY
BARFOR FFdaA s, oF ANA et g AFES BT

i) Alzgdds RA-FHRS7F w7t FAALL, ABRA RS 7| BT BS7)HS
YEtH = wp wyol 2424 Fo43n &) w=wp+ w0l A

i) ABUARZTT wy 5 Ao o] AR Aol fAOE WAL L,
713 A A E T

i) MABTFH RS wy, T A"l aio] MAHH Ajxwe] HAFerl S,
HF71302 AR A gt

iv) HZ7|7ke] FTx5E o|Fo HA7|ZF ek Ayl o] AR ARG ARe] o Ff A
#H et TEEE]E}

v) oW B A (preventive maintenance; PM)< kr, k=1,2,---,No A F7]H 0 & o]Fo|X|H,
= PME F7]ola, N& PMe| 3ol 18a NHA PMF7|ddA e AlZ~dlo] A
Ao 7 WA AT}

vi) A& EE R F7] Atolol A ade] BAEWE HAhFHE TS

vii) h(t)E PMo] o] Fo{x]#] ¢S weo] 7} =38t (intensity function) X <=57}g=o]t}.

vi) kA PMo] o] Fo]xl o] 9] A~wle] ALdka= Canfield(1986) 7t Zﬂ"&ﬁi PM d}all
A= o 2ol xdETh

{hk(t), for0<t<r

fz
olN

Z{h(w— (i—1)n)=hG(r—n)+h(t—Fkn), forkr<t< (k+1)r

i=1

A7IA, nE AWRAL F=F& FHI= AAEHN 0<n < 7ot}

ix) Hagd, diEd a2a wAE Fdsky] A A2 agetA et

x) BTl el el wE HE2 ¢, BAVIZAA BAS= g uhE W&
Chms NBEAZIZEAA o] FolA = P RAN &L ¢, BI7|FAAM ] Higen] &2
Cor BN A O] A e M &2 ¢, 0]l AAH G2 ¢ ot}

dsh 2o ARE BN WA-FYRF] FRE o] Fo PuARIS HAT F Qo
o, olel g aguARgel tistel AAel aguA A5 2L Pud F/18 A4 9
2R 48D EANGG Hgel Gapa: u}% 404 AN e g

=
[
—_
3
—y
o
j=)
i)
Q
(@)
—_
=
o
=1
24
i
ot
i)
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e
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22 @A 71 &

2 mEodAs HAY AR AFAs AAst] AT VIEo R dAE 7] &S ALE
7] Wi 314NN HEE wA-FeluFol FRE ol Fe| AMRAnd hE wlA
g 718 Fretelof k. T AIMY V&2 FYIHH &3 Ve o] = 5 -E
TaAE e, e ol ECL(m N)E Jung 5(2010)% Jung(2011)9] 235 o] &3}
HovE o] Fe it
ECL(1,N) = M-ﬁ- wy,+ NT. (D
F(wR)

| ik et r g A sl A& SHO F 7] H
& ETC(r,N)& RBZF7|1% Fobol] WAsh= 7diu &, ®BF7|7te] F5H o]F9o RV
kel WAy ElE V] tiH 8 el o B 7] Rho) %iﬂ% Aol Ao Al 2~dls uLA|Etr] 9§
. Z71& ETCO(r,N)E AADARZ7)
ot wAEE g F 3FE e st ok Z&E}. webA] K5 AAYAARZTIL F
Qboll 7ol WASHA S w7bA o] A"l WA S, X, E BV A mie] agol
AT RS Agol BTl A Alxle]l A Rroletar ZhA kAt o 7] A,
X, <wp, j=1,2,---, moliL X ., >wzpol Hr},

S713F Eotoll AlZz=wlo] o] age] BAPTIIL TS, 5 K=mo] FolA 2
U= 24 stollA 71divlg ETC(r, N) & tha3t o] Fafdth

- Hwy)
ETC(,N| K=m) = i +mey, + m“+cf“ f h(t
Wp F(wR)

wp
N

+(c,,L+(;,»,,,,,)(Z Z{h((z‘*l)(T*n) +(r4w)) =h(i(r—n) +w)}r

k=1li=1

N—-1 (k+1)74+w
+2/ h(t—kn)dt|+(N—1)e, +e,,
k=0Y krt+w

A7NA ¢, BEZ|FIN Y o] wE W&, ¢, & BATIGNA wAEE wae uw
& HlE, ¢, v AWEATIZINA o] FolX] = R NE, ¢ 2]

g, o, M ERATIIRAe] HAi ﬂﬂl%oli ¢, wAMHEed. 1

aRiE, 4 @9 Qi AHHEE K=mol Fold Qrke 23 selx
2 27e] 91 92 YY) AaAE Ko $EE
=
[¢)

al
groll 3ol AsA BE WrpHe] Azwle] WA S|
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P(K=m)=(1—Flw)Flwg)™", m=0, 1, 2, ---. (3)

weks wA-FeRFe]l 9 e bsd Asded hE gRd
Wel F/WuE BTC()E A (% 4 (ozRE thgs) o] T

r [('LUR) FU)R) w
ETC(r,N) = o Flwy) + 5 F(wR) +(cm7w+cf’w)fwkh(t)dt
+ (c m T Cp) ) (kz Z{h i—1)(r—n)+(+w)—hlilr—n)+w)}r

N—-1 (k+1)1+w
+ Z/ h(t—Fkn)dt|+(N—1)c, +c,.

p
k=0 kr+w

olAl, 2] (19 7Idwstdolet 2 (4)9] ZF7|gin] g o2 RE wWAl-F8 550l
o dr A th3k AT 7 H] & vS3 Zo] Fa S

C(r,N)=

N=1 p(k+1)7+w _
+) / h(t—kn)dt |+ Flwy)(N—1)c
k=0Y kr+w

el A Bl TN GAATG 7 H] &S BF7|ZFe A Alz=gle] arito] AT ARG
A7 A vgs AEsta wA 2 HaFE ) olFofA = FE wAl-FYESd A5l
et RbeF, BS7Ztol A R E = Alage] aged diste] wAl B et FRRE o

WA - Rl AlgErd A G)EFEH AT e Eo] v 2

1 _ w _
O(TaN) - [(wR)+ F(wR)(wA[+NT) Cf,'zz;F(wR)+ F(wR)Cf,w\/‘wﬁh(t)dt_F F(wR)(Cm +cf;m,) :
N—1 k
kz Z{h i—1)(r— n)-l—(r-l—w))—h(i(r— 77)+w)}7'

N-1 plk+1)r+w _
e [ e dt)+ Flw,)(N—1)e, + Flwy)e,

14
k=0% kr+w
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ShA ) BZ7|be] FEE o]%d oWH A Fo] o]Fox R FErid 4 (59 TR
Z1tu] &2 3 Zo] Hi=d), o]l Jung(2001)e 7 A 3]

& w+T _
) e Pl + Flug) 6+ 1) f h(t)di+ Py (e, +ey,,) [ ChOdr Pl e,

Clr) =

I(wR) + F(wR)(wM—l-T)

23 HA Y AR AAS

oA, wA-FenFe] FRH olF o] AWuARI] N g4 ZHe] AT /o)
Mgl 4 (51 Aasse AMe) dYnAgAS APRE BAE Bvm
A9 dgnd 77 £ 27 Qa4 A G)F ol wBalA 1A vVES Gg 002 Fu

W dee 9 F Ak
c (al + Ta, + a3) + NF(w)(TQGQ + Ta; — a4) = NCQ/(cm tcrm ). 6)

21 (6)NA ¢y, ¢y, ay, ay, as, a, = ZH7 B 2

ﬁ
o
o
o
e
o

=Ilw) +wF(wp),
6= ) g Bl ) + Flug) ey +p,) [ B Fluog) (N—1)e, + Flug)e,
N—1 k
ZZ (i—1)(r—n)+ (T—Fw))—h(i(T_??)"‘w)}y
=1i=
N—1 k
Z (Gi—1)r—n)+(r+w)—n' Gi(r—n)+w)i},
k=1i=
N—
az = {(k:-i—l)h((k—l—1)T+w—kn)—kh(k7+w—kn))},
k=0
N=1 pkt)rtw
a, = Efkﬂ : h(t—kn) dt.
k=0 kr+ w

Jungsh Park(2003)9] AAERE A2W FEFFE h1)7h BEQA £37 FHelm Ne
ol FolA™, 4 (6)2 wE:s= HAA9 F7] 79 grol 4 FUASA EAdGE AU
& % gleh 2 og@il TAAE £ Nel gol dEeA HuE 4 (5)F wEas F

Aol F7] 7o Mo o HA IG5 NB EA Folopul st} o2 A 24 () Wt
FstE b N B H7l Wit o] E ryolEkal shal, o] ghg 24 (59 rulale o<l
9, Clry V)2 NREe] @427 Huz HAe] 314 N vt 2o 73 5 g
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N*: mn C(TNvN)a N= 1a2737"' . (7)

Wet A (G)e] @AY g Hastshs AMe] S5 4 (DA F Vol
ol W A F7] £ orob Bk A%, wA-Fengel FRE olFol A dvid
252 FAs:, NAA agRAFI s g oA A=
2 4ol ogrAgAe] Hi, 1 o] GeiA

1’5:]'/\]7& T7} 73.1::_ ZF(scale parameter)ﬂ 1¢1 9}o]
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<E 1>ee pg=3, p=4 28 g=5% A5l dste] 247 wA-FEEFo] TEE o]F]
R oqm_ﬂ_“é”% Towe] @A 7))ol vERY Stk <GB 1>olA g=4
w, =0.15, ¢, =304 W], 2 BOF FHAslel= HA Y oA F7]= 0363490]a ogRA 3l
FE 30 HS o 7 e, o wA-FERFe] FEE o)Fe 03634941 HNA A MAl o
BAES a6k, 0.72698(= 0.36349 X 2)A| oA F HA AR AS st Al |A oird
7191 1.09047(= 0.36349 X 3)ol| A= A2 Alxadloz wASHH Az 7)din]§-o] 3556157
o] ¥aL, o]Ze] 7|thu]§ FWelA HA ] R Ao = 4 njgity <3E 1>l Fo
A e e HAH O diEAFIe Slg 1Elar ol oi-&-at 7)tH] S U o

S Zhet) 3 <E ID>EFEH OS2 AMlS

c. @l F7kskd SAIRbE 7R &3 o E A 31Tt

il
, BEkel S7Fsh @A ZIoiH] 82 SUbekaL diR A Sl wolkde & 4 Sl

rh
I o
Ir

<E 1> wA-FeuE ool HAel dudg )

= A 7 Cr

g | w | HH A N 20 0
T 0.59092 0.85879 0.60434

0.1 N 1 1 2
o(r ,N) 16.06664 24.92509 32.05306
T 0.61933 0.88678 0.62011

3 0.15 N 1 1 2
o(r ,N) 16.91386 25.96299 33.09639
T 0.64909 0.91615 0.63607

0.2 N 1 1 2
o N 17.82547 271.07373 34.20400
T 0.46337 0.63330 0.35542

0.1 N 1 1 3
o(r ,N) 16.11892 26.58462 34.32930
T 0.48328 0.40519 0.36349

4 0.15 N 1 2 3
o(r ,N) 17.11185 27.86483 35.56157
T 0.50389 0.41686 0.30886

0.2 N 1 2 4
olr N 18.21082 29.14544 36.80806
T 0.41599 0.35161 0.27073

0.1 N 1 2 4
ol N 15.83920 26.81881 34.47440
T 0.43066 0.36031 0.24298

5 0.15 N 1 2 5
o(r ,N) 16.87968 28.10744 35.69207
T 0.44638 0.29215 0.24766

0.2 N 1 3 5
o(r ,N) 18.04818 29.38021 36.90973
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4. A&

 =wolAs w7t 7he e Aladel tiete] wAl-FH RS FRE ol F-o AUrRdA
AE Aoz 7E Al Jung(201D)] wAIG S Akl JEje] HygA o o)
Aottt &, WA RZF7IE Fetol AlAagle] aFo] BAEE AJAFE WA Fa BT
U AAEY, FYRS7IZE st Alxge] o] AN Y Higds FHst] F
B3k A Ge dA-FH RISl FRE olFo ARSA SHe qURARYES
AAlstaL, ol# gk o] V& MARES EFeh= BAdAAol S HAvh 2Ela At
o dRgel st AHEA SHe SEeAE VuHEs olEHer Fakglen,
T S Ve &S Hasteks H A dWMEAAANS AAYsks W 9]
of dato] At 2oz A4 dF Foto] B =EolA ndE AR
g HA ] A rd F7)9h AR Sl g O o) @AY VHgS 24E 7 9l
T2 B, 2 o Adsidt fEo] AN S wARSV|E So] uYgd gow
Wstel o HA o] R dAgH g G ZlgiH&o] w3k WstE wol=xd s
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