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B Rol e £87k Hs e Azdlel thstel 28 AAmA-u A5 B o] SRE o] 5o H e
TAAAE ARIE o2 AHA, i AYTA-0 A S B 5 S B, SR ST T8 A4
SAAAR SRS S5 ¥ RARYE WeAeE 40 wARAL AR AL IO T
AR ZTS) A AIZFG AhH] -2 AFESHT, olel g T AN A ehH] 82 T3] 1A A AL &

e =g ol ot Tt v 82 L‘ﬁ T o 2 =FddA Add 7 A LA - A g2

BZo]l £59 0|39 ] wAARYE AGslr] A FX15 o & 2t
—’F—R%M DHEE, THRAZIE 7|ChH|E, R 2 MY DN MR 2, HIRM R 2R AR
S, MHFETNES.
1. ME
817} 7Fs 3k Al bk ARgA} 23] B A7 M (maintenance policy) s} B E ATE RS
717ko] AlFE] = AlEol tie R AR A3} B Z 7| 7o) Al FE A b= AlaEHo i RAP Yoz
5 o] AP 11 k. 53], B3 7]7e] Fo7 87} 7 A"l Tt o] 22 < A= AlF

4 3G R e ATF7FE0l BAE 2 o} 32 shbolnl, H27kA] BaksA A7t A
39k HESAPALE IRk o® HF 7| 7He] AfAY of Kol whe} 24 K5 (renewing warranty) 3} W] 2] A8
X Z(non-renewing warranty) &2 &S 4= 9l o, ARR-}O] HEn| ] Bt o Boj uleii= B8
Z(free warranty)3} ¥ 2] 2 Z(pro-rata warranty) &2 88 4= QIt}. 18|31 HZ7|7F 50k ‘?3}/\@%4_
Alagle] 3ol tfste] A e 488 Fa skl wel A B S (replacement warranty) 3} =2
H Z(repair warranty) 2.2 5238 5= T}

A, AABZFo] FoR A"l it BAA A #HHE A E = Sahind Polatoglu (1996),
Jung¥} Park (2003), Jung (2008), Chien (2008a, 2008b) 5] dt}. £3|, Sahin} Polatoglu (1996)+=
H3717ko\ A Ala"lof] o] A=W AlAES A 212 wAl 3 Fi1, B377E A== A
A7 W Z(renewing free replacement warranty; RFRW)3} 2| A W] & 2.5 (renewing pro-rata replace-
ment warranty; RPRW), 18] 1 A]AES A] ZACE WA= 3 FA| 9 BRE7)7H AT R b= 1)
A A F 8 H Z(non-renewing free replacement warranty; NFRW)3} 8] A 1] 2] 2 = (non-renewing pro-
rata replacement warranty; NPRW)o] 2|35 = 2] 7Hsd A|Aglof| tisto] AREA SHS] wAA
A (replacement policy)2 | 915}t K3}, Chien (20082)2 A A E 2 WA H Z 0] F0]R A|2Elo T
3o Gk 9l 7| A RS ek

g o et E‘*TLHIXI o] o] sto] A7 Sl

o] =& 201 TR A4
FAA G A 35 314-79, AA S W AR FA S, 2 w4, E-mail: kmjung@ks.ac.kr

1 (608-736) &
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I8 HaggRFo] o Alade) B A3 APH Jd+E+ Yeh 5 (2007)7} Jung
(2009)2] A-+7F AT} Yeh 5 (2007)2 HZF717FANA A|~Elof] a17go] Y= & A4=2] (minimal
repair) 7} 3 E 11, HZ 7|7 A AT A ¢k v A AAF 5 Z A 98] H Z(non-renewing free minimal re-
pair warranty; NEMW) o] 03 £g]7} 7158 A|l2"of] tjst WA A A& A3kt 18|31 Jung
(2009)2 BIAAYFEH A BT o] FoF L7} 7ls8 Al2~E ol T sle] Wust Clements-Croome
(2005)3} Jung (2006)2] B AR S 0|83 AREAL SH A9 IR AR S a2 sth.

S8, 220 Jung 01002 014 AFE WARZT £eNELS FA0] TS HAYTR
A-4=2] . Z (non-renewing free replacement-repair warranty; NFRRW)S 1231t &, A 235
A7l A AzEo] no] BARE A ALw AL B F3, FeRE7| A Azl 1ol
AR Hasels ABH T 2340l F5E olFe) WARAL ALk et Jung
(20102 A 5% 717k0] A A ek WA ARZTE Teisch. ThetA olel e wlAA A
B3 Euto] ot JANARFTE T ste] 7|22 HSA A A¥E AT AHES EutE <l e
o wAl-v e HEe 2 B8 AL} ok,

weba B =gollAe 718Y AARSH RS AN e wA-uATE RS
< stz sty &, XA EZI vAATE| BES S 2= FE A A v B
Z(renewing replacement-non-renewing minimal repair warranty; RRNMW)-2 A|¢Fst1l, o]2]3l HZ
717ke] Fo A g8 7hsd Alade] st nA| RS A Kz} strl ol & fEiA, FE AL
A-v AT BFo] F8H o]Fo] wARFo| thgh F7|thu]&(expected total cost), 7|22
o] (expected cycle length) 22|31 TR A1 7HF 7]t v]-&(expected cost rate per unit time)S ©] &2 02
TFotazf st 1) Fel Rl A 7o e 8 H Aslele H Ao wAFTE AR HF
o] WA M-S Al Fet A} St

B Be AL 0433} 2k 2EOIAE B EROIA 2ol 78 Bol9} 75 thste] 4743t
7, QA REAA el B A TA- AN R Eo] FRE o] T WARBE A
A Bk olE A AAFRIARZT MAAEEH 252 HEE TR P AA LA
528 o) thato] ApAIS] AR A By 227 3ROl A FE ARA-u A 1 E o)
5 o] wA| R et DAIFG 7HHu]| & o] BAH SR FESHAL, o] HE DA 7]
)82 Had}ohe 2 A WAl Ao tiste] Agstaizt stk 4-oA = oA 1" FE A
A A v B B o] 2] WA NS AA 8] A ] f1ste] XA o & Ho|aiA} gt

2. P2 MMDA-BIMA52IBS 0152 DALY
2.1. 202} IS

The-2 o] Aol ek ohlel i F AR AT A5 M & §oi9) 7158 FeF Aok,

2o
A FE XS (RFRW) Renewing Free Replacement Warranty

A A v] | 25 (RPRW) Renewing Pro-rata Replacement Warranty

v ) A F 8 H Z(NFRW) Non-renewing Free Replacement Warranty

H| A A 1] | 25 (NPRW) Non-renewing Pro-rata Replacement Warranty

AR5 H] 442 B35 (NFMW) Non-renewing Free Minimal repair Warranty
B AW FE 5 0 A -2 HZ(NFRRW)  Non-renewing Free Replacement-Repair Warranty
A2 A -89 A A48l H5(RRNMW)  Renewing Replacement-Non-renewing Minimal repair Warranty
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T Al=gle] A gAI 2 cr Al El o] el W A v

1@ T SEUEF Cm Al2dl o] Tl H] a2 h] &
F() T 4223+ Chw HZ 7] 2kl A o] T 7] &
h(r) 7o 135 35 Chm HAZ| 2kl A 9] o) 7] §
w HS71% ECL(7) 714314 o

WR A28 A W 7] 7 ETC(7) Z7Ihv)&

Wy Hare BB C(r) TR AIZE 7] )&

T Al 2E Y] WA F7) T 2 =] WA F7]

22. P2 MARA-UIMMSR LS
2

oA et} shs B8 A A -8 A B BT ol thsle] AAF] A R
Fetth BHE71 75 ek Ala"lof] o] MAE W WA E & FAYU HAagE|E s3] I Zlo)
A9t Ql Feje] B AP Holetar & 4= . Tt A4k SHA A E W WA 8]§o] A4
|l nEte] - Z7) wj Bl 57|70 7] AHRE/A W A Ala"loz wAE & Fa, 1
o] %9 o HZ 7|7 ol = HapeE P e BRSPS 1T 5 JS Aojth. Bk oy
2} WA HF 77kl A Al2Elof] 7o) BEAIE BT 7o) A AL, H 4| RS 77 Skl B
Z717ke] AA=E A ok FEle] RS AS 1T = Utk
weba B =RoA nestuAl s RSP AL AAFE ARSI FEHareRsS £
St 75 AYnA-v e RS ot §, F5 AQAA-R A AFE B A= AP A RS 717
(0, wp)T+ A4 BZ7]7F (wg, w)o] FOJATE A HZ7|7F Soto]] A28l TAo] T s W
EZ AN2EE wA & 331, FoR BEU|E AYHETE 283 HAFE RS 5l s Has
2] & $33lo] A =, Foi7 HI7|7He A A a1 o] BZ7|7keko] fE3HA "k 97
A, wpe ARYDARZ7|7F] 2 wy 2 HAFE RS 7|70, w = wg + wyolTth §3, F5 AR
A-B A Bl A LA K Z7|7ke] YL Z, wg = 00 BIAAYFEH A BT o] HIL, g
HZ7|Zko] Qo S, wy = 00| AFEIA R Zo] HE & 5 k. webr] o] ol 1 e F
E A AARIA-R AT BSS T3] AMSEE BESAANA AYFERA RS AT RSS2
ahe GubQl el B3P o] Arha & 4= Qlth
23. 2 MAMDA-BI A2 S 0|22 WAMIH
22804 At £5 ARRA - AT BSo] FEH o|F 9] 7} 7Hs S Al
2dlof o 3k WA R ol tste] AW et} s, o] & YA ) 22 AFES 7
i) Axdole B8 AZA-m YT RS wrl FoiRA 2, AFESAAR S} FE34
2 B35 717 YR = wrdh wy 0] 22 o Xth T w = wg + wy ©] HTH
i) ARYFEAARZ 7|7 weoll A Alaglof] o] DA Al A~'lS AR os Bg g wA) si5a,
HE717k= A A E )
i) FEFEEZ 77wy ol Al 7o) B E W Al AE o) = | Age 7t 3E v, B3 7|3
2 A= A et
iv) 8 ABRA - AP BT o]l F5E o]F Y BA7T B Aladle o] A= E ARE-A}

o elslA Hage)7h AT,
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V) A2 B 7I7be] FRE = Al oA ARG ARl s wAE T
vi) Haae] 2 A E 8] e A2 e shA] =t

vil) H57)7ell A LAY s 7ol tq*— H-&2 crws EXWVM]H LAY s ol W W8 ¢
E_?ﬁﬂz_]—oﬂ/ﬂ_,] "’]/\ E]H] o Cmoli JJ—X'“H] o CrO]T/]-.

fot 22 72 oA FE ARRA-vARTEESe] 5 o]F ] WARFS AUWT +
Aek. F, A"l F8 ABRA-H AT BS o] FAXAM AFRRAEZZIZE (0, wr) 011/‘1
= Alzdol o] st FR 2 AA'S WAl £, BHE 7)ol AErt 22 FRHA

2| 5712 (wg, w)ollAE Ala'oll o] AH ™ 7R 2 HaseE £ ste] £/ Hu Ezﬂ
2 A A AL ] BF 717k ke] RS "t o33 HF7|3ko] SRE o] Fol Alage 1
7ol wAst AR ALl osiA Hage| 7t $3F AL, HAT|bo] FEE = AFlAE AR 2
A 2R Ala'o g wAlE s WA Y o] & oA aestalA} she AR S WA R o)

£

24. J|1& A2 2| Ul

B RN nes s PE AYIA- A REE 5] A8EE RS A AYFETA
HET A a5 HES TP QA Fele) BFFAo] 5] whRol, B8 AYLA-ANA A5
830l $RE 139 wARY 27|29 8371200 $2 o) WAL YL EYSE Ju
o Fejol WA R Yol Akt & 4 Ak F, 328014 AT P2 AYRA A A5 HFo) B

H o]Z o] WA RFH-2 SahinF} Polatoglu (1996)%} Yeh 5 (20()7)4 Ao TH WA ERHS i‘@'
Sh= Qa9 Fehe) wARFe] Ak WA, wy = 0919 Yeh 5 (2007)°04] eI H W AP TEH 2
FeRFol FRE o159 wAH A3} 5L 53, wy = 0019 Sahin3} Polatoglu (1996)7} 123
AT ELARF] FEE ol F9| A A o] Bk

3. 22 MADA-BIA eI 2E0] S2E 0|2 ZA2| WHIHH
3.1. BER|AIZIE J|CHE| S

H =RoHe Ao zAAZAE 23] A% 7oz dAY 7| g 8] 8-& A8st A} 5t
7] W&ol 238N st B85 AYA-v S BSo] FEH o] T WA R Ui A
v 718 kol of stok. WA, A 71|82 73] YElAE E71oe3 7 dls
ol & FaloF sttt WA, A2 S ZUleE 2 ol o Zol AAYRA B S 7|l A 7]
=3 ol 9} ni A S 77kl A Y] 7|tk d o] Tl BE7|7e] £8H o] Juls=32
olg] o =g 7& 4 9t

ECL(7) = ECLy, + ECLy,, + ECLy,. (3.1

A (3.)o1A ECLy, 7 ECLy 2 WA R0l Fol4m, 388 A4 rol i A2e Al2eo
2 BAATH A 2R E 42 e 2ol B & 4 Yt

ECLy, = wy. (3.2)
ECLy = 1. (3.3)
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olAl, 4 (3.1)°ll = ECLy, & 73t Fetuatste 7|ti<@d o] ECL(nE =% <+ Utk Al
ARAEZ 17P°1W-4 7= 0] ECLy, = 73171 HAslA+ AYLA RS 77 5 <ol d¥sh=
1] F 3 aystoiof gt wEkA K-S AR RA RS 713 F el Ao WshA] ok w7t
Ao AlEe] WASI, X2 B 7170 mA e argo] AT ZHE S Aol S 7)7elA
of Alag o] A kol 2kl ZH8kAE. AA7IA, X; < we, j=1,2,...,mO]3L Xy > weo] T WA,
HS 717 & ol Aldol]l mAe] 7o) AT 7HY 8, = K = mo] FolA & Aol <&
Aol

ECLw, k=m = ZX;
=
oty IHBE K =mo] FoA the= 27 stol| A 7|the& 4 o] ECLy, & T3 2ol 3z th

m

ECLWR,K:m = Z E [X/|Xj < WR]
Jj=1

_1wg)

= mF(wR)’ (3.4)
A7VA I(s) = [} tf(ydeelch. 2], A (3 el e 712 ol K = mo] Fol4 vk= =4 5t
oA 7t AojBnz dvtAo g 230l gle FF=E I8y AsliAe Ko 228 aLgstojof gt
K& ABRAEZF 7|7 5 <ol ar7o] DAYshA] obg w7k o] Alajle] WA Slrolnw o) 22

P(K =m) = (1 - Fwg)Fwp)", m=0,1,2,.... 3.5)
upekA] A (3.4)8} (3.5)2FE 7t o] ECLy, & that 2ol H5 ¢ & Stk

_ I(wg)
ECLy, = 700 (3.6)

B AIA AL BF 0] i el s Aol thet AR Ao ohat A
2we] Ze#7e] ECLmE 4 (3.1). (3.2). 3.3) 1213 (3.6) 0.2 ¥ bzt o] Fa)2leh

ECL(1) = (( ’;)) +wy+T (3.7)

ojAl, & ABA - YT HG o] e Tl The T A"l thEk A g Aol thgk ARg-A}
we] F7]thu]§ ECL(n)< 73Hd "t} F7]thH]-§ ECL(1)& B35 7]3b <holl 25k 71thnl &,
S717k0] FEH 0|5 BA7|Z 5ol TS vl 7]|a BT o] SR = AR AL Al
2 wAs] AR 7itha g2 ger 72 4 ok F71thH]8 ECL(n)< T-3817] #slA 257
Sl Alglol] me) o] WAL 7 shAk A, B ]7J°1 FEH o|F9 A7
+7) & ol WshE nFo R Aste] o] FolA & HaF e &2 that 2ol Fef Xt

Cn= CmN(T),

TS 175}9] S0l op AlE Y] T FH apengolth T
g A~ 1o 7 UE = g8 Tt 2T

T R

e

o] 7141 N(r)= RA717F 51|
B3 BF 7127 HA 7)1 5 el 1A

off

F

Cr=mcpy +crmN(T),
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A7IA e HA7IH B oko] AT 1402 op|5 WIS, ¢, HEVT Skl BATHE
Doz Ashol WA S Folth E3 w+ o)A ALHL A Ao wAISH] g Ay

F& F(C) = ccol Bk WA B3I 5ol A\agol mite] el WASER A1 ol 5
K = mo] o174 g1 B9l % 71thul §-2 ke ek

ECL(T)k=m = Crw (m + fw h(t)dt) +(Cm + Crm) " h(t)dt + c,. 3.8)

28152 o2 K = mo] Fo1A gleke 22 ol FHA 7199184 4 (83 4 39
B 787 s L ad 7l g2 The 3} 2ol TalRich

ECL(7) = ¢y (;((v:;l;)) L: h(t)dt) +(Cm + Cpm) j];w ' h(t)dt + c,. (3.9)

25, 4 3.9 7Ide#dolek 4 (3.9)9 *711”41&1 S 2HE T8 YA - A Y52 S o]
T2 o)) A A that A AIZNS 71l g2 T3} o] P S & 5 ok
cra (FOvR) + Fwe) [ h(o)dt) + Fwp)cm + cpm) [ h(Ddt + Fwg)e,

€= I(wr) + Fwg)owys + 1) - G0

3.2. Z|A O WA M

& AollAe A @10yl T3l A e AT ZIThH] gl 2 A 75 A A -w AT 2

Zo] 389 o]F9] FZ o wAAF A tiste] ARz} 3t F, 4] (3.10)0] FoIA = FF A
A A-w AR HESo] F8E o]F ] WA A tigk AT 7|t 8] 8-S H 45 s 2
X l 7] "2 AR sk BAS 8 starz) ok
AR, HAe wAF7) 2 27 AsiA 4 (3.10)S ol BIA] 12} ] ESte] 002 3 3 o}
%% AL 4 Utk
(l(w) + wF(wR)) h(w + 1) + F(wg) (Th(w +7)— f " Th(t)dt) - (3.11)
w (Cm + cf,m)

A71A co = cr(Fwg) + Fwg) [ h(n)dn) + F(wg)e, ©]th.

2dd] 4] (3.1009] FAIE 7S C)E h(n7F S7H4od S| AHE-E5H (pseudo-convex
function) 7} | 7] W 2of] 2] HA7|7F e 4] 3.11)S WSl r9 o] ") wekA B8 A4
TA-B A HZo] 25H o3 4] 3.11)E WEF = A Ho A N2 A AEoZ gHFe=
Zo) A AZ ol A DA 7| ThH] §-2 2 28)5He H M o) wA|HHo] Wk

=
B RN 18 28 AYRA-nAGSE HSo) FRE o) Fo] wA R e 2 K] mA|
=N 7] A A|2"e] AN T7F A =R 571 12 9Fo] B8 3 (Weibull distribution) S
Ay F, P8R A28l uFETFE h() = A7 o) Ak 18| BEVIHE w =015,
T BT A St 7ol mhE B8 cpy = cpm = 1.5, BAZ| A 9] ] 4502
= 1o]gkx 7} A 3A}

Elol=p=3,=4223 =52 Fl 75 ABAUA- v QYT HFo] TEH o] 59 F
Aol RAAAT 2 whe] B A Zlchelgo] teht glek & 13 2% 1914 B = 3, wg = 0.15



F2 M-t XM | 250 Z2E O|FL| WMES 703
E1: AARA-vAETeEFol TE5H o] T HH o wAAA
B WR Optimal policy 10 ;6 30
0.10 ke 0.807 1.136 1.366
C(t%) 12.8050899456 20.0653410446 26.1134576112
3 015 ™ 0.834 1.163 1.393
C(t") 13.3486082555 20.7303233503 26.8637213756
020 T 0.862 1.190 1.420
C(t") 13.9197176245 21.4203207397 27.6374936941
0.10 T 0.608 0.812 0.948
C(t%) 13.5966130140 2.5619175907 0.3619390672
4 015 ™ 0.627 0.830 0.966
C(t") 14.2993179007 23.5252498367 31.5230848107
020 T 0.646 0.849 0.985
C(t") 15.0620451963 24.5564661215 32.7574284962
0.10 [ 0.526 0.674 0.772
C(t") 13.8348635128 23.7841596544 32.6736829736
5 015 T 0.540 0.688 0.785
C(t") 14.6182511195 249368325563 34.1211001861
0.20 T 0.555 0.703 0.800
C(t%) 15.4799115526 26.1877397482 35.6810652817
20
cn
70
60
50
40
30
20
10
0
J& 1 AYRA-v A Y Te]HFo] FEH o] o H Ao wA QA =3, c =20, wg =0.15)
¢ =20 W, 4 (.10 23k HAe] DAF17 11630] BE & 4 g, ol = 22 AL
A-vlAg e BZF o] TRH o]F ol 1.163A| Fol A ARgAell ofsiA A 2-& /‘]CE‘L‘EE oA
AAZF 7))o 20.730327F = a2, o] Z 0] 7|t u]-§ SHA H A 2] WA o] H "4~— AL 9
n)gith & 1o oA e ke A wA|F7]9} ololl th-&dh= T AT 7] &% LS 9

u] = 7]—‘.:.
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=eollAE 71 AYF

IE—,—EJ o2 e A}
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1745]0] 92 ), pFkol S7Fe
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28 AALA- QA5 RE LS ALY, AtE BE7|7ke] FRE olFo] HARFL A
St =, $e7 b5 s Aadols 21 AAIA-H A G BEo] Fol AN TR LA HZ7IH
O, wr)ol A= Al2Elo] o] MASE FER AAES LA 23 BE72E Addrh. 183
RS2 HE7IF (up, )OI A A 2B D] AW RE 2 Hase)rl S5 T, S0 HE
717+ AAE A L o] WE7|7heho] A HL). EF BE7|7ho] FRE oo Aawe] 2
o] BAISkR ALg Aol SSIA H a7t £AE L, HAYZke] FRHE AleIA ALgAe] ol
N Az Nades RAEE BARYL AR Aolth. B Ro] AlkE WAl R Yol thajo] A&}
Zro) |jesigol, E7|0uE 1el7 BN ojE 8-S olgdos Fagon, Tall ©
QNG 7T 82 H 25 A Ao AR AL AN ZoE £X4 o8 Folo] B =¥
oA mel® ARG thek 2 2e] AZ7)oh 1 whe] BN el 8L AAT 5 A2
Aow], AW E(c,), AAILARZO] 71Hw,) 221 A 28le] A7 7o) FENES(B)9] Fho] T
s B m) A2 o] AR D A7 Alein] o) WskE AW R gITh TR ATl A
A e 9EQ FREE A90e nHSo e, o r BET|eA A28 2
o] MAIE W AHE A7} ] GO ARES AEFE FERF Ao Thte] ATE AWY W7} 9
th Az,

x

it
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Replacement Model Following the Expiration of
Free RRNMW

Ki Mun Jung -

“Department of Informational Statistics, Kyungsung University

Abstract

This paper proposes an optimal replacement policy following the expiration of a free renewing replacement-
non-renewing minimal repair warranty. To do so, the free renewing replacement-non-renewing minimal repair
warranty is defined and then the maintenance model following the expiration of free renewing replacement-
non-renewing minimal repair warranty from the user’s point of view is studied. 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.
We derive the expressions for the expected cycle length and the expected total cost to obtain the expected cost
rate per unit time. Finally, the numerical examples are presented for illustrative purposes.

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