S 2EAATL (2010) DOI: 10.5351/KJAS.2010.23.6.1147
23(6), 1147-1156

il P2 RH-52]8Z0| Z2E 0150 DY

M|t

Jon

P Mo

oo

TAAMC

s
Okm

A=tk

(2010 82 &<, 20104 10 AHEH)

O OF
0 5

2 rods v ANTERA-F RS SRH o)Fe] 227} b d Aado] tha AR AL ATt o
AN, W) AYFEIA-SEBFS ok, AA WA W] AYFETA-FelBF0] FRE olFe] HAR
Yol meHTh HA RARAS A NF AR ozt ASA SHe] BN ATl o] Tel= T, B3
9] 9 A

2

T
N

P7ko] F2H olFol WAL A2t {FAUEL ASAL BE ABI Dek 5, Asde @
AL ARl @ W ETO FoIA g W, ¥ AFRIA-FERF] TR o5 HAY HAR)
Bec) uAgos B rold Akd RN AYe] s £AA el A

+

FR80{: WAN2H, ALY J|TB|E, U] AR UNEE, ] AR E[Aee|BE, U] MM IA-s
9z

1. M2

HZ7Ibe] AFH & Azdel] g AHgAt ZW] 1A% M (maintenance policy)3} BAY AT 4]
24 $ERoRIA B AT/ E] HHL 2t Hof Fo shtoln, A BUA A7 2

FE 7 Qlth. BlischkeSt Murthy (1994, 1996)% thekdt Feje] BEA A7 B Zu]go) tste] wj$
A A Aetdet], HEE AL Ao HF7|7ke] Agof ol wet A HF (renewing war-
ranty) 3} H] 2|4 H 3 (non-renewing warranty) &2 FTEE 4= glon ALgX}e] HZnH]R Kot o] Hoj
uetrE FE RS (free warranty) 3} ¥] 2 35 (pro-rata warranty) &2 283 4= Qlt}. Ig]3 B35V
7+ Fetell A E Alagle 7ol tiste] WA v e E $ kel whel A RS (replacement
warranty) ¥} 48] 2% (repair warranty) &2 23 4= 9t}

Sahin3} Polatoglu (1996)+ E 35 7|7FA Ala"Ele] 7o) dbAdshd A|AES A Zlez wa) 3
3, RS0 A== AT SRS (renewing free replacement warranty; RFRW) 3} A A3 v & X
% (renewing pro-rata replacement warranty; RPRW), Z1&8]1 A|2®lS A o2 WA= 3] SR
BZ71208 AAAHE A ¢k v] AT S 2 S (non-renewing free replacement warranty; NFRW) 3} H]
A4 ¥ # 2.5 (non-renewing pro-rata replacement warranty; NPRW) o] Al g5+ 48] 73 AlAHE
o tte] AR&2F SH el WAl A A (replacement policy) Akttt 22| Jung¥} Park (2003)-2
Sahin3} Polatoglu (1996)7} A|¢Het HZ7|7ko] 289 o|Fo wA AL o= A A (preventive
maintenance policy) 22 27391, Jung (2008)2 H] AAEFo] FRH o|Fo FEH HAad}

o] =82 20108 % AR stEATu Aol 3t ATH S,
1(608-736) Far2 Al G tf A 3% 314-79, AR NS L FREAETH, 224, E-mail : kmjung@ks.ac.kr
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[ 2w A|free replacement)

0 W :
I3 2.1. 8| MATEIH LS (NFRW)

& gk PR AN okl 5125hTk £, Chien (20050) ABFEIALT(RFRN)o] 7
A A"l tfste] dubz ¢l 7 A 2HS 1eistgen, Chien (2008b)2 E4A AAFZ LA R
% (imperfect RFRW) 3ol 4] wAA A& 43 K ottt
A, Yeh 5 (2007)2 HZF717lA Al2ad”lo] a7do] WAE W FH 442] (minimal repair) 7} 53]
, 537 Zl‘% A= A k= 8] AAF5H A58 B Z (non-renewing free minimal repair warranty;
NFMW)o] o] ]7F 7Fs st Alaglel] tigh walZ A Akstdct. 22]al Jung (2009)2 H]
A FEZ AT RZ(NFMW) o] FolR $2]7} 7hs3t Al2Elof] thste] Wuel Clements-Croome
(2005)3} Jung (2006)2] EARYP-E o] &3t AMEA SHAA S o HARYS w3kt
Se el AR ARAFEANAE DABST S B F] 247 FYACT AgE o) A7 A
H o}, AL SRl Ao EE wAu-8o 4 2] Bl visto] v =27] wiEel HS717ke]
27 QARRAAD A A2D0E DAL H R, 7 0|7 o] WEVIZ Bl Hasel -
SAAL DT 4 98 Aol 3, DA £AHFE FAG] RAE 20

metA 2 =RdAE ZAESH FEESE BF 2 gubE
Z, 8] AAEE LA RS (NFRW) T v AJAEES2 RS (NFMW)S 3 B0
B Z (non-renewing free replacement-repair warranty; NFRRW)S 1183} 2} stc}. 28|31 o]&]gh
v QAR EZA-52 HZE(NFRRW) 0] 03 58]7} 7Fs38t A|Ado] tiste] HE7|7ko] 289 o]%
o] BAZZHzr) oA AREAL] A M2 Al2FIC R wAEE WA S 13t} gt o]
SF WA A A thste] & 7]thu]& (total expected cost), 7]t<=34 o] (expected cycle length) a8
A7 7]t B]8 (expected cost rate per unit time)S F3FaL, T AIFE 78] &S H A5 =
Ao AAQ Ao thsto] At} gt

=79 AL v 2k 230X+ v ARAFEXA RS (NFRW)Z 8] AAFEH LR
Z(NFMW) S 23sl= v QTS IA-52 25 (NFRRW) ol thste] A uxt 3c). a2lx 33
A= 2-8dA A3 v AYFS2A-F]ES(NFRRW) o] £59 o]%9] wAAHAE A3k, o
sk WA A g dAARFG Z1iu&= et} stk EgE AP Zvigs H4As)et
£ AAH9 AAR Y thsto] AAB] AR} drt. EOF 4-o A= oA 1HE ¥ AYFE
A-2 BF(NFRMW) o] 29| i A& 28] AW et7] $ete] X4 o & Ho|uA} sirt.

r

fr)

2. H| AR IH-T2|25 (NFRRW)
2.1. H| M2 IHBZE (NFRW)

v JAFERLA EF (NFRW)-E Aa”e] AlFE = 7P drbAQ 533 S99 shizn AF7HA
mo ApTISo] ofsiA therst PejE At AWE 1 gty Sahind} Polatoglu (1996)% 1] A
FERARZ(NFRW)o] 59 0|59 wx|A Ao thste] westgd o, Jung? Park (2003)-2 H|
AL EAAEZ(NFRW) o] E249 1-?4 APEAG Mo thsto] AHEITE W] AR B WA E
F(NFRW)olA & EE7|7F B Aladle] 17go] IAAEH Al2"E Fag wA 8 FAF, 30
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R 28 F 440 (free minimal repair) - 5

0 Wrar t

I 2.2, H AMLEEA52| 25 (NFMW)

k— RENAH — FrIALpE] — -~
>

0 Wy wi= Weg +.‘1;FM‘_' t

o8 2.3, U] AMAR2IA-5e| 2S5 (NFRRW)

H3717+e OA] A=A a1 gl BZ7|7be] fasHA "y 19 212 ¥ AYFE DAL
(NFRW)A ARAY FHE Ho 332 it

o[\ rN

2.2. H| MHULZ2Z|4452|BS(NFMW)

st

Sroll A Arg et v A YFE WA H A (NFRW) = BF 7|7l A Alaglof] a7go] 2
FAAE o FAE, ¥ ABFEH 2P ESF(NFMW)ollAs HS7)7F 5ol A"
A A Aoz WA= Ao] okt Hage|E FER £ 8 Eth Yeh T
v AR 2H 272 HS(NFMW) o] o Alaglol] tiste] WAl g 23t ok d g 2ol thste] 2
AEgTE W] AYFEE /\’“F/]Hi(NFMW) NN e BS7 wpyst Al2gel 7o) s
AledE FRE Hase]E & FAT, FoX BIS7202 bA] A=A ¢far o] BF7)7iRko] &
sHA "ok 2™ 2.2 v ABFEE *-rrﬂi%(NFMW)PJ AR P Hol=

™
(e}
S
3
=)
-
=
(=]
(0f°]
)
o
(=]
NIRE)
for (B N rlo ML fu

2.3. H| AL UAH-+e|25(NFRRW)

2147 2280040 B3R #AD ATAA Wol st ] AYTETABF (NFRW)FH ¥
ABTEH 25 BF(NFMW)S] cfste] goiugich. %, BF7I75 A2go] 2go] W=
ez @A Bt HatelE fHsel 2t B3N vsel Asngch Teu AL SHol
A AR mAEge] Hage) wgel wste ulS 27 W] BEVIZH) 27] AHREAA G
A Azdoz TAE B Fi, 1 olFe] ARSI Bl HareE SAs Fr 254

< 2T & e otk wWEbA o] AojlAe o BEE AW & =F v AYFRuA R
S (NFRW) 3} 8] A FEH A2 BS(NFMW) S 293 W] A7 uA-42] 25 (NFRRW) & 1
gletuat grh =, v AAFERA-FEF(NFRMW) oM+ ZAES7E (0,wrr) H25E]
HF71Z (wrr,w)ol -rOV]‘Il HAAES7IL Flle FRE AT 24 & 71, Hased
71 Felle HagelE st FA Ak 474, w = wrr + wrn ol 2F, Foi A
7122 Bl A= A m_’ ol BF7)17wko] fasH dArk. 29 238 ¥ AT ERA-sER
S (NFRRW) 9] A=l EjE HoAEt
g, ] AR ERA - B (NFRMW) oA A ES7|7ke] o &, wrr = 0019 2.2 04
A9 0] JAREH A5 EES(NFMW) o] H31, £e]RZ7)7k0] Qo™ =, wry = 00]W 2,180
A Are v AR FEAAEF(NFRW) ] H< L—’F Atk wEba] o] Hojlaf afd v AT R
A-72 25 (NFRRW) 2 &3] AREH = H5 A v AYFEuA RS v ABFeHare|BT
< ok A FEje] v ARFrES] doka & 5 gl
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% NFRRW 71 Maintenance Period %‘
K NFRW S NFMW  — | o

| | | 7

0 Wrg w w+x
(System age: ) '::PL‘FR +F.£.‘FM" (System age: yTwpg, 1)

O 3.1, U] MMFEUA-+2|2S(NFRRW)0| 2 & 0|22 DAY

3. H| MR WH-5+2I2S(NFRRW) 0|F2| WJHIEZH

3.1. ZA2H

B Ao 2378004 A% 1] AATELA-F] 85 (NFRRW) o] FE9 059 184 28e]

A 30] st} 4910 Sel, ol AN cheat e APES A Bet
(7H4)
i) Azl v AYTE @A BE(NFRRW) 7|2 7 o431, 2R aABE71 8
44217172 UehiE wrrdh weare] 22 F1Ath W, w = wrr +wea©] AT,

i) W AP ERA-52 RE(NFRRW) o] 28 o|Fo] 277 5o Aadle] 2ao] was
Ar R CE REPES PR e

i) FEIAARZV] FEEE AFANAY Aade] 35L& yot).

iv) BFEIARF7T 5 ¢ A"+ kAL 3170 vy sit)

v) Ala"le BAT|7E] FEEE AFAA AREAl| o siA AT

vi) HagE @ WAE F33H7] A5 A a8 3HA] et

vii) BS717F e BA7| A S Dol WE RS2 g, BATNAMY FHAF RS2

cm 013l WA E-2 ¢ o]t}

Aot 22 718 FolA v AYFES2A-FB S (NFRRW) o] $5% 0|39 wARYE 18T &
Atk &, Ala”oles v AAAFE2A-Fe| RS (NFRRW)o| FoJAA FREIARZ7|ZF (0,wrr)ol
e A"l nxgo] dASHH g7 A2 3AS F3, FEHLFE RS0 (wrr, w)olAE=
Alzde] 17do] dAAEH Bg 8 HALeE 35t £ ok B8, Fo43 BRI oA AA
HA ka1 o BHET|70ke] §EEA "ok T3 B35 V|7ke] FRH o]Fof A’ a17fe] Wkt
H AREA || 9siA HagE Tt £85I, HAT|7Ee] 85 E AlZAAMw AREAL siA AHEZ-E A
2HOE WAEHE AARYE 1‘34'5]3—}} stoy. 1% 3.12 olgst wAIRYE AYs] F+= AYPZHA
e olct.

oA, oA Al ¥ AAFELA-Fe] RS (NFRRW)o] £EH o]&Fe —‘T—jﬂ—?—‘oi‘% Sahin3} Po-
latoglu (1996)9} Yeh 5 (2007)9] Aol 189 AARFLS 23eh= Aubx ol Fefo] WA= ol
"tk F, wrr = 0°]% Yeh 5 (2007)04 2&E ] A5 54£¢ali%—°l(NFMW)§E-‘4 o] %
o] AAARZAT FLEA =, wpym = 00 Sahind} Polatoglu (1996)7F 1123t v] AAFZAA R
%(NFRW)o] £58 o5 wAg o] A}

=
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3.2. CIRIAIZIS J[THY| S

o] ZolA& 3.1800A 23 v] ABFEAA-TE] HF(NFRRW)o] FEH o]F9] WA RF o ozl
SN 7Ihu] &2 ekt gk WA, A ZHihl g ] feiA s S 71Thhl8t 7]
tetdolE Feflof gty a8, Zvieddole Ala"e] Fo)Xl HFo] v AR ZFo]7] wfZol
chest o] B2 & 4 Aok (T 3.1 Ax),

ECL(z) = w + . (3.1)

B, w Q7oA T @ARZel e FHES BEVZ ol s A
B(Cu)%h BAZRE Sl 4slE Aog B9 o2 78 4 gtk B3/ 59
ol o] WARE FEZ AAdE @A X 228 8 7] BEe] B3717 5] 24

Al
< 71tulg E(Cw)E B3t &0l B3 7)2bellA DA ske a7l me 7ltiv]&

o= FaAT
yt+wpm
E(Cyw) = ca (k + / h(t)dt), (3.2)
AZIA caw BF71ZONA B8 o] W vlE, kv FREAAES7|E Tl AT 7] 3
oA, y' FRAANEF 7|0l FRH= AR A&l ot 3l HAZ|ZE Fboll= Al
28] o] WA W ALg Aol A H ot £AS 1, WAVl FEHE AF (w + )0
ARGARl S wAF BR B F el WE = 7lEHH] E(Cm)2 th&3 o] Fafxick
Yytwppm T
E(Cm) = (ca + cm) / h(t)dt + ¢y, (3.3)
Yy+wpm

A7NA ot REATNA BATHE 230l T2 WIS, oS BATIIINS] Hafeln g, ¢S @A
B80T, yE FRAARSI|0] FRIE AGoINL Aam $olth. nz v AAEEY
A-4:2) % (NFRRW) o] S55 0|59 A4 o] that £7/chul& TEC(z)L 4] (3.2)9 (3.3)22
RE) t}e7} o] TaUL & 4 Atk

TEC(z) = E(Cw) + E(Cm)

y+wFM y+wpn +x
=cal k+ / ) + (cqa + cm)/ h(t)dt + cr, (3.4)

Yyt+wp

Wb Al (3.1)9) Atheddols} 4 (3.4)9) E7Itul§ o2 e W AMFEIA-52 8% (NFRM
W)ol 228 o5 LAl A Aol tha the A7 7|cjul- 8-S TheT} o] TANE & 4 9l

( ) { y+wFM ( ) ( ) y-‘erM-‘rz
C(x) = ( htdt>+ cd+cm/ t)dt + ¢,
w+x y+wp s

v ABFE DA RE(NFRW) 3 v] AYFEH 452 HE5(NFMW)E 25 o] FoX 123 v
FEXA-F2 2S5 (NFRRW) S 588 497 57] wi&oll, oA 4 (3.5)0] Fo1A4 U= Hl H*&‘%E
WA-FE) S (NFRRW) o] F8H o|F2] T ztg 7Ithu]§3} v] AAFEuA 2Z(NFRW) E=
H ARAYFZH LGRS (NFMW) o] F59 0|59 ARSA S WA A st dAIZHE 71t
H|&9 BAE AH A Ay WA, H AYESIA-F2 2S5 (NFRRW) A 2 RHE7)7k0] gle
W 5, wrp = 00]W ¥] AAAFEX 4T RF(NFMW)o] H B2 y =0, k = 0013 w = wrp©] B

ko

0::

° F
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oh webA 4 (3.5)9 DAY 7t g2 T3t 2ol HaL, o] Yeh 5 (2007)A % v] AY
AR EH S| (NFMW)FEE 0|5 uAA Aol thah SAIZtg 7|tiw] &34 FdstA At

1 w w—Hxz
C(z) = w—i—x{cd/o h(t)dt + (chrcm)/w h(t)dtJrcT}. (3.6)
£, H ARFESAA-FYEF(NFRRW)A Fe|BE7|te] §lod &, wrny = 0°]¥, w =
wrrd) W AR DARE(NFRW) o] Beh. 123 4 (35)9] B9A7 il §-2 chew ol
|31, o]+ Sahin¥} Polatoglu (1996) A4 317 ¥] AYFEIZAES(NFRW)o] FEH o|F o] IA|

B2 gk D91 A121% 7t o] FUA Hrh.

w+x

C(z) = L {Cdk’ + (ca + cem) /y+z h(t)dt + cr}. (3.7)

A9 4 (35), (3.6) 2T (3.7)EFE ¥ AYRELARF w= v AYREALFI RS0 SR
o159 ALgA} Sl AP o] The WAk Al -2 ¥ AR ELA-4 RS (NFRRW) o]
29 0|39 wAR A td BN AojHlge] S A7 B & 4 vk,

3.3. Z|0| DHHA

o1Al, ] AF-E A -42) HE(NFRRW) o] 282 o] %9 222] wAlBalol chato] 2ksiuz}.
2l (3.5)° oA e v AAAFSWA-T2|HS5(NFRRW) o] T5% o] wA|F A tf3 EH’%/\]
79 A ge Haslehs HAe AT B BAFE BAS kA WA, A
2% 27 9904 A (3.5)% a0l B 17} vlBalo] 002 3 W theL 2L 4 Aok,
ytwpn o
Ao A BR)oNA co = ca+ (k+ [} h(t)dt) + erolth. T-E] 4 (3.5)9] SHAIY lehu]
£ C(z)= h(t)7} S748old 2 AHE-E 84 (pseudo-convex function)©]”] wj&of & 2] B A7|7t

27 A (3.8)2 WESE 29 go] AT wWeha ¥ ABFRILA-42 25 (NFRRW)o] £83 o] F
Zal 2 RN Aze Aadon aAsHE Qo) ARSI Hle) wa)%

=2

— 1>
o

oo

o

U

4. TXH of

2 =gdA 289 8] APFERA-FES(NFRRW)o] T5F ©o|F9 aAEFHo| thsh 29
AAZAE Ayslr] A AlaEe] AT T7F AERg7E 19 o] B8 (Weibull distribu-
tion)E sttt ZFAEAL &, 7HRE Alade] 1RETSE h(t) = ,Bt“ o] At} 1a BZE7|%t
2 w =05, BRIV B BA7|7HA A= 2o e H]§2 ¢q = 1, BT A 9] 4
TN gL ¢, =2 283 k = 108t 7MASIAE F 4.1, 4.2 28|21 439= B =3, =4 2132
B =52 Aol v ABFEAA-TE HF(NFRMW)o] S5H o]$2] H Ao wAAA 1 wje] o
AR 7IUHH1%°] Ueht ok & 41004 8 =4, wrr = 0.1, y = 2/4wrr = 0.05, ¢, = 20¥
o, 4 (3.5)F Haslels H A AAF7]7} 0.76840] BE & 5 &, ol ¥ AYFEuA-E
HZ(NFRRW)©] T8 o]Fo] 0.7684 ] H oA ARl oA MZ-2 AlaEl o2 WASHH WA
7r 71oin]g-0] 21.7039¢] H a1, o] A o] 7|hu|-§ SHA FH A WA Y] "k AL ofnjsict
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9| ™Mo WM™ (wrpr = 0.10)
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. . Cr
B Y Optimal policy 0 20 0
1 z* 0.7568 1.0530 1.2642
UFR C(z*) 12.5701 19.6603 25.6809
2 z* 0.7426 1.0393 1.2507
3 yFR C(z*) 12.8008 19.9620 26.0324
z* 0.7285 1.0257 1.2374
TR C(z*) 13.0360 20.2690 26.3895
1 z* 0.6007 0.7857 0.9123
UFR C(z*) 12,9511 21.2961 28.6976
. EN z* 0.5832 0.7684 0.8951
4 C(z*) 13.2355 21.7039 29.2012
z* 0.5658 0.7512 0.8779
FR C(z*) 13.5284 22.1230 29.7181
1 z* 0.5392 0.6750 0.7656
3 UFR C(z*) 12.9642 21.9607 30.1433
2 T 0.5199 0.6558 0.7465
5 —WER
4 C(z*) 13.2738 22.4289 30.7419
3 z* 0.5007 0.6367 0.7275
3 PR C(z*) 13.5949 22.9134 31.3602
F 4.2. NFRRWO| Z2 0159 £%0| DM (wpr = 0.15)
. . Cr
B Y Optimal policy 0 20 30
1 z* 0.7783 1.0738 1.2846
VFR C(z*) 2.2325 19.2178 25.1646
2 z* 0.7568 1.0530 1.2642
3 TR C(z*) 12.5698 19.6600 25.6807
z* 0.7355 1.0325 1.2440
TR C(z*) 12.9169 20.1141 26.2095
1 z* 0.6273 0.8119 0.9383
FR C(z*) 12.5401 20.7053 27.9663
. 2, z* 0.6007 0.7857 0.9123
4 C(z*) 12.9510 21.2961 28.6975
z* 0.5745 0.7598 0.8865
3 UFR C(z*) 13.3807 21.9119 29.4579
1 z* 0.5683 0.7040 0.7945
TR C(z*) 12.5205 21.2876 29.2809
2 z* 0.5392 0.6750 0.7656
5 —WER
4 C(z*) 12.9642 21.9607 30.1433
3 z* 0.5103 0.6463 0.7370
3 PR C(z*) 13.4329 22.6691 31.0486

T

Norlr

4.
o}.
Z_‘

1ol Fo1A Qe o A AAF7]2} oo "l-g3he SHAIZG 78 = 543t oJuE 2
8]0 F 4.29) 4.304= 22 RETA IS JERE wrrd TS 0.109)4 0.159) 0.200.2
FASIAIZIEA HAHY nAG AT T uje] GYAIE Zoju] S-S ofA] FEkgch BE, & 4.29)
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I 4.3. NFRRWO| &&% 0/F2]

B

[Ho] WHIEHM(wrpr = 0.20)

Cr

B Y Optimal policy 0 20 0
1 z* 0.8001 1.0948 1.3053
UFR C(z*) 11.9052 18.7873 24.6612
2 z* 0.7711 1.0668 1.2778
3 yFR C(z*) 12.3432 19.3633 25.3347
T 0.7425 1.0392 1.2507
TR C(z*) 12.7982 19.9599 26.0305
1 z* 0.6541 0.8384 0.9646
UFR C(z*) 12.1475 20.1388 27.2632
. 2 z* 0.6184 0.8031 0.9296
4 C(z*) 12.6750 20.8994 28.2068
z* 0.5832 0.7684 0.8950
FR C(z*) 13.2350 21.7035 29.2009
1 z* 0.5977 0.7332 0.8236
R C(z*) 12.1006 20.6480 28.4592
2 T 0.5586 0.6943 0.7849
5 —WER
4 C(z*) 12.6656 21.5081 29.5638
3 z* 0.5199 0.6558 0.7465
3 PR C(z*) 13.2737 22.4289 30.7419
2 Z1g)gol e s & 410049 5L

=]
=~
w
=
N
2
2
X0,
Ir
o
2
o
EJ
i_:"
N
N
=)
|
E=)
1o
T,
do
>
N,

1) yok Bgrel A O] 9L W, o zkol A BN S 8L SAT AR Bold
!

2) ¢, 3} kel LA o] U W, ygtol A VAN AhH] §-2 ST WA Hold
O !

=
5. 7:!_:

H =RoAE b AYFEERA-52 25 (NFRRW) o] $59 0|59 uinge uesgit. &, 58
7k 7he @t Aladlelle vl AR R A2 BG (NFRRW) o] FoiA X FRE WA RZ71ZE (0, wrr)ol

A ALR 2] BAN FRE ALBE DAl 22, FEALLAUFAL (wrn )l
Aol o] WANE FEE H45eE £He] Frh Teln Fojd BE/ZHE thAl A A
o) BEI|0Re] FEAA Boh EH B30 SRR o9 ALdl TF0] L A
Aol el Hapelt am, RAVIe] FEEE ARAA ARgAe] JalN Az e AxHo

A
Z 3AEE AARYS Lssith olH T I’Jﬂ_‘i‘éﬂl thato] ALEAE SHe Ztie@d o], F 71w
| 283 SN 7l g2 Fekgith =3, DAY Tt 8= Haskeke 2 A WAl gAY
of dsiXE doEYT. 2oz FA4 A& 53}0% 2 =olA e wARP ek H Ao wA
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2719} 1 W) DA 8L ARF 5 e HIon, WAHE(c,), FRILARZ7|Tbo]
FaHE QoML A2de £H(y) 2
o AF7) W A A hul 8] WshE b R ).

<
=

o
2

o
J&

Blischke, W. R. and Murthy, D. N. P. (1994). Warranty Cost Analysis, Marcel Dekker, New York.
Blischke, W. R. and Murthy, D. N. P. (1996). Product Warranty Handbook, Marcel Dekker, New York.

Chien, Y. H. (2008a). A general age replacement model with minimal repair under renewing free-replacement
warranty, Furopean Journal of Operational Research, 186, 1046-1058.

Chien, Y. H. (2008b). Optimal age-replacement policy under an imperfect renewing free-replacement war-
ranty, IEEE Transactions on Reliability, 57, 125-133.

Jung, K. M. (2006). Extension of PM model with random maintenance quality, The Korean Communications
in Statistics, 13, 651-656.

Jung, K. M. (2008). PM policy with random maintenance quality following the expiration of non-renewing
warranty, The Korean Communications in Statistics, 15, 7T7-86.

Jung, K. M. (2009). Two PM policies following the expiration of free-repair warranty, Journal of Korean
Data & Information Science Society, 20, 999—1007.

Jung, G. M. and Park, D. H. (2003). Optimal maintenance policies during the post-warranty period, Relia-
bility Engineering and System Safety, 82, 173—185.

Sahin, I. and Polatoglu, H. (1996). Maintenance strategies following the expiration of warranty, [EEE Trans-
actions on Reliability, 45, 220-228.

Wau, S. and Clements-Croome, D. (2005). Preventive maintenance models with random maintenance quality,
Reliability Engineering and System Safety, 90, 99-105.

Yeh, R. H., Chen, M. Y. and Lin, C. Y. (2007). Optimal periodic replacement policy for repairable products
under free-repair warranty, European Journal of Operational Research, 176, 1678-1686.



1156 2

Replacement Model Following the Expiration of
NFRRW

Ki Mun Jung!

!Department of Informational Statistics, Kyungsung University

(Received August 2010; accepted October 2010)

Abstract
This paper proposes a replacement policy following the expiration of a non-renewing free replacement-repair
Warranty(NFFRW). The non-renewing free replacement-repair warranty is defined and then the maintenance
model following the expiration of the NFRRW is studied from the user’s point of view. As the criteria to
determine the optimality of the maintenance policy, we consider the expected cost rate per unit time from
the user’s perspective. All maintenance costs of the system incurred after the expiration of the warranty are
paid by the user. Given the cost structures during the life cycle of the system, we determine the optimal
maintenance period following the expiration of a NFRRW. Finally, the numerical examples are presented

for illustrative purposes.

Keywords: Replacement model, expected cost rate per unit time, non-renewing free replacement
warranty, non-renewing free minimal repair warranty, non-renewing free replacement-repair war-
ranty(NFRRW).
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