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2} g}y, WA, A|la"o= HAAEZ (non-renewing warranty)©] Fo{A| 11, H]
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1:}51 7H3%ict. 281 RAARZ 7T ] FRE oo Alage] 7ol wAYS)

W 442 (minimal repair)7} $3E ], NHAA LR AF7]AE AEX o
A A Aladlez FAFETE o3 AR ARY ) thste] BYAIHF 7]
H]-8 (expected cost rate per unit time)-& F3}3 o] & H 433 FH A9 R
A F719 A5 A3 HEY AR AR (optimal PM policy) < AR M=
S Vst o
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o] Ao A= Wuel Clements-Croome (2005)2] 04]‘31' AR o] tiste] AHRE
Iz} 2EL thed 22 6719 78710 BEo) 2FEHEEF st 7]EY
A7E £ o €ukdQd FH=E FFsch S, Al ‘:’WH MR & BA R A
5o i3 EFE 3AY ALE 7S 7120 AR ARYS AR AL &
e FHshs QAT olF Qoo FEEXE Z: FEHSEHA HET AR
QHEF o)t

i) PM2 kz, k = 1,2,...,N,o|A F7|Ho 8 o|FojX| ], z= PMe] F7]9]
i, N& PM9 3ol 1gja NHA PMSF7)dA = AlAade] A AL
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h(t), for0<t <=z
h — k
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vi) HapeRlE2 o, APEANEL ¢, 2T TAH L ¢ 0|t

A9k 2L 2o gi3iA Wuel Clements-Croome (2005)-2 @A 7))
Hl-go] thZ3t Zo] TS B, ol#d T AtG 7tiu &S 43}
< HAY N*g} & 2 S0l tisir 2gstgct

N 1 k
{ Y {h(iz — (i = 1)n) = h(i(z — )}z
k

1 i=1

T

(k4+1)=
/k h(t — kn)dt> dG(n) + (N — 1)c, + c,.} (21
k=0
A7IA, & A" A ERo)T, ey AYRAN R T2 T ¢, X 2ES F
Ag|ul-golth

3. BIAARZ o] F 2 AR

2 =volA A shs Aladoe v RS 7|7t
Zroja] Alaglel] mAFo] RASIE, A|AHL A Aoz
ME AZE A ka1 o] BE7)70bo] fAgch 18

B37I17 9] RAn {8 AEHA 9= nAYEER (non—renewing free-
replacement warranty : NFRW)3} 2 Av]-82] JdRE XE3H= v A48 R
(non-renewing pro-rata warranty : NPRW)2. 2 ZEH T} ]Xﬂ*gi’goﬂ/ﬂ%
57170 S5 WY Alade] £ (age)o| A 034 wAloldl A5 =&,
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A A lo12a 7Pgstatl. ol ul, y = wold [ = 00] E| 2, I = 0°]d y = w7}
Aot

o)Al °]2 % MAPRZo] Fo}A Ao Wugl Clements-Croome (2005)<]
YL o] 8T A YR AR Ao hato] A E L

3.1. DA 7Idu]&

°] A LHI= PPRARYL T 2} WA, ALl HAAR
T wZb FARIL, AR F o] FEH o|F o] F7] zult} YR AGF O] o] Fo
e, A E A5 o] o]Fo] A o]Fo= Wue}t Clements-Croome (2005)] o=}
BARYS wEna 7%t 283 uiAfARE7IZe] 89 o] A|2Hd)
a7 A Hasert $YHY, NAA] R AZ 7| E AR AL 93]
A A Aa"log wAEch
ol2f3t AR FA Aol thste] DAAG Zhu] &S T3] A $A A
279 718 o] (expected cycle length)S Ealo]of =], AP H Z o)A
© B Tl Ala"ol] 2o wAFti® HE7|7ko] A2 AR R gkw
el B 7|17kgko] §A5 7] el Al2we) 7viestdoe] Lo] g3} Zo] P
¢ AUk
L=w+ Nz. (3.1)
123 F7)tHu]§ (total expected cost)2 Jung® Park (2003) 1831 Wush
Clements-Croome (2005)2] 235 o] &3t4d t}-&3} Zro] L& Atk

N-1 k

TO@ Nl = eo-+ (e + egm) | [Zz{hm— (i = 1))  hli(z - m)}e

k=1 =1

N (k+ D)z
+> / h(t — kn) dt| dG(n), (3.2)
k=0 kx
o714,
co = CT(w_;y_) + (N = Depm +cr + lcpw, under NPRW,
(N — L)cpm + ¢r + lcfyy, under NFRW
°lX, wE HIABEZIT, y BFE7|70] FEE wlo Aade] 4 |2 B2
12 5291 Hage) a# & B2, e AIRANE, ¢

J“& U, ¢ BF7I17 ol TS 1%
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714, coe A (3.2)14 B Yo, ¢ Tt 2

{co + (em + ¢m)en}s (3:3)

)
z [N—1
¢ = /0 [ > {h(iz — (i — 1)n +y) — h(i(z —n) + y)}a

k=1 i=1
1

(k+1)z+y
+ / h(t — kn) dt
k=0 kx+y

-

dG(n).

Al (3.3)1A AR AL Z47t N = 10]W BF7|7%o] F82F o|F 9 IAR

O3 PEAY £2& BE AR 97t FEESTE oMY
31 7H38PA Jungd} Park (2003)014 1® RZE7|7te] 89
2354 Fdsl He &+ Ark

3.2. H7e] YA

oA, A (3.3)] FolA Y& FAXNNT 7]
HAARAES AWzt A oAtEd 7] * & 3
A 13 w)Ee 0hE 002 ¥ EW oSS 2g £ Atk

N(N

(w+ NT) 0T 1)~ b)) — 90) + N(o(T) - (o)

(cm + cfm) {

Ty z (N—-1
></ * h(t)dt}} — N(em +¢fm) [/o { Z{h(m —(@-1n+y)x
N=1 p(k+1)aty
—h(ilz —n) +y)} +
n) +y kzzo/k

471N, o(T) = 48| 01T g(0) = G| I®, a4 (3914 B
o gck. 2, 4 (3.3)2 wEshe AR 7] 79 e N9 ol 2237
SEE 4 (34)8 95k Y F7] 279k AR YA A% N E FA
Frolokul i}t o] & A Jungd Park (2003)0l14 z*2} N*& 27 A A
23 52 Azt dith & Al (34)E BESE 27t N9 8471 57 o

h(t - kn)dt} dG(n)| = Ny, (3.4)
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ol °o]& zyolgtal 31l o] e 4] (3.3)Y] zuiAle] Y, C(an, Ny, 1)<
Nete g4t HEE HHe 845 N e o 2ol 7% % itk
min

N* = N C(zn,Nly,l), N=1,2,.... (3.5)

o, 4 (3.3)9 VANDT AU EE Hasksre A Rt A (35)0IA
FH N*oli, HHe 7] z*& an-7F HTh

SRR

B =EolA 23" APEARY e H A RAFAS dF5t7] A
AlA|lY] IAZE T7F AE R (scale parameter)7t 191 lo]BE X (Weibull
distribution) & ¥t} 7HgstAt. &, 7HEE Ala”Y 2FERTE M) =
pto—1o) At a1 R AL 429 nt Wust Clements-Croome (2005)2)
EvoAt FLsHA o 22 ExdeE e dSEE (uniform distribu-

tion) & gttt 714 51}

n
G(n) = { T’
0

, otherwise.

F41l: =38 o A YR A ZFHI A 7] hu]&
(w=05cpm=1,ecm=1¢cm=crp=151=1z=n)

NPRW NFRW
&| vy | = N C@,N9)| «# N* C(z,NY)
01]0522 2 4854 10640 1 3.637
2102|0472 2 4906 |0.583 1 3.867
03]0572 1 4859 0530 1 4.098
0.1]0.38 5 5751 10506 2 4.461
3102/0429 3 5902 |0.466 2 4.767
03(0.389 3 5930 |0.582 1 5.045
01]0353 7 6.428 |0.450 3 5.076
4102|0366 5 6.656 |0.416 3 5.449
030364 4 6.727 | 0456 2 5.789
0.1]033L 9 6981 |0416 4 5.574
51020331 7 7275 0384 4 6.007
03]0.346 5 7393 | 0402 3 6.404
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F 42 =49 u) A F AR A F A GYA T 71thH] &
(w=05com=1cm=1ctpm=cpp=151=12=n)

NPRW NFRW
e |y x* N*  C(z*,N*)| z* N*  C(z*,N%)
0.1 0.416 4 4.533 0.648 1 3.490
21020469 2 4.733 0.583 1 3.735
0.3 10.554 1 4.767 0.521 1 3.997
0.1 |0.365 7 5.231 0.448 3 4.223
310.210.358 5 5.611 0.464 2 4.594
0.3 ]0.378 3 5.811 0.562 1 4.957
0.1]0.326 11 5.740 0.392 5 4.715
410.2]0.330 7 6.252 0.417 3 5.215
0.3 ]0.327 5 6.578 0.375 3 5.689
0.1 0.310 14 6.145 0.379 6 5.099
5 10.2]0.312 9 6.769 0.359 5 5.698
0.3 10.316 6 7.195 0.349 4 6.271

3: =54 Wl FA YRA AT FHA LT 7]H¥ S
(w:0-57Cpm:17szl’Cfm:wa:1'5al:1ax:T/)

NPRW NFRW
el y | o* N*  C(z*,N*)| z* N*  C(z*,N*)
0.110.394 6 4.191 0.660 1 3.377
2102|0417 3 4.519 0.589 1 3.626
0.3 | 0.549 1 4.673 0.522 1 3.900
0.1 0.357 10 4.716 0.432 4 3.951
310.2)0.354 6 5.240 0.414 3 4.404
0.3 | 0.346 4 5.611 0.418 2 4.832
0.1,0.329 15 5.092 0.382 7 4.328
410.20.323 9 5.758 0.366 5) 4.916
0.3 0.314 6 6.282 0.378 3 5.500
0.1]0.310 20 5.388 0.364 9 4.616
510.2]0.297 13 6.168 0.340 7 5.313
0.3 ]0.294 8 6.816 0.329 5 6.015

T 412 yo} .9 Wstol wet 4 (33)0) Sl VAN AThul gL Hash
2

She Z A R F7)9h A4 a8 aue] gATT ZHblES
T Q. FA ¢ = 30| y = 0.19 uw}, NPRWSl 7% 4 (3.3)&
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ke A H9 oA Tk 03860 4k 57 BS ¢ 4 vk )AL )
AR A 571 7k0) ZRE ol Fof 0.386A1FuITh I LRAS FHSIL TH WA
NFRA F NN 2L AT TR 7401 Aehu) g ZHoA 2 Ae)
AYRAHHo) BTk 2L Juath. 429} E 430 Yeht gl HA9 o
PR Z719 ASE oA 4G ofv)e} Ega}u} £41, %42 391 B
1322 XH . gto] TAS ) %L W y7t S/ N Radh, O, NY)E
274 ¢ 4 glom, ygto] WSO 92 0 o0 Z745HE N*9 C(a*, N*)7}
71 ¢ % Uk =9, WAMTERS (NFRW)Q AS0c) A e 2 s
(NPRW) ¢l 397} 34 9l AIZHg 7]oju) 8] 2 AL & 5 k.

5. 48
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PM Policy with Random Maintenance Quality
Following the Expiration of Non-Renewing Warranty

Ki Mun Jung?

Abstract

This paper develops the optimal periodic preventive maintenance policy
following the expiration of non-renewing warranty. We assume that Wu and
Clements-Croome’s (2005) periodic PM model with random maintenance
quality is utilized to maintain the system after the non-renewing warranty
is expired. Given the cost structure to the user during the cycle of the
product, we drive the expressions for the expected cost rate per unit time.
Also, we obtain the optimal number and the optimal period by minimizing
the expected cost rate per unit time. The numerical examples are presented
for illustrative purpose.

Keywords: Expected cost rate per unit time; non-renewing warranty; PM

quality; preventive maintenance.
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