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Maintenance Policies Following the Expiration of
Two-Dimensional Free Replacement Warranty

Ho-Gyun Kim"

Department of Industrial & Management Engineering, Dong-Eui University

Maintenance plays an important role in keeping product availability, reliability and quality at an appropriate
level. In this paper, two-types of maintenance policies are studied following the expiration of two-dimensional
(2D) free replacement warranty. Both the fixed-maintenance-period policy and the variable-maintenance-period
policy are based on a specified region of the warranty defined in terms of age and usage where all failures are
minimally repaired. An accelerating failure time (AFT) model is used to allow for the effect of usage rate on
product degradation. The maintenance model that arises following the expiration of 2D warranty is discussed.
The expected cost rates per unit time from the user’s point of view are formulated and the optimal maintenance
policies are determined to minimize the expected cost rate to the user. Finally numerical examples are given to

illustrate the optimal maintenance polices.

Keywords: Two-Dimensional Free Replacement Warranty, Maintenance Policy, AFT, Expected Cost Rates Per

Unit Time

LA E

= AAA AN tFEY AFES BF st @
o g = AlFol st At ARE AL Al oW
o] BF{warranty) S A F At B2 AIATE ARAL
YA BHF7|2k D 9) B2 EA s el thste] 4-g]
e WA 59 2AE dlFrhe AFE ARk ol i
Bo| AFo) L1 Qe 1Y BES B ZE7] Y warranty
period) & & VBRI, 224 BEFE F HFAE A A5
BZ7)173 BEA ) RN 2249 4 G A warranty re-
gion) 0.2 £ 2|97tk HEA A& 17 of| thgh ARg-AL F
A Tol whet 2 A § 3 H.(free replacement warranty) %} S
91 B Z(pro-rate warranty) 2.2 Lo} [ TH &5, 2005; Blischke
and Murthy, 1996; Kim and Rao, 2000). A &< W& o] 2
ool wet BZ7)7H P H)o] ZAAA HaL AFFEF7
HH A B33 BAdo] I thFARA =t ZAojzl B

K

3
nj =]
2
A

371208 AHEAA BAL B 2 SR AR
F7PHQL A2 W2 ZRSPA Bk A AR B30 B
29 Folt HHOR AFE HARTE SR SRANE
Ago] A 4550 £ 9H 8- H2857] Hhe] 13}

[¢]

) 0% £ F 240 T2 BT HAL AF 7}

QY FF02 {ANTIEY F4
9L At Aol BEA RARAS G4 15 o
At} Shafiee and Chukova(2013) 2001~2011'3 5-¢to]) w7k
H HZI B tigt FHATE FAsIAT BEH A
S A AR ST o M B3 A H| 2 (warranty servicing) &
AZ AHEA SHAME RSV F RATAZ 72330
BEAH 2 FAf thgk 3 A93] Bou B37 &
BARA ] et F&(A 7% 2014; Jung and Park, 2003;
Sahin and Polatoglu, 1996; Shafiee and Chukova, 2013; Yeh et
al., 2007)& A& Holt} B3V & BAFA o A-AH 5
23 =752 th23} 22t} Sahin and Polatoglu(1996)+= A A

* o] =R 20145PdE T thstw wu] A7ulel ofd) A7-HIE2014AA217).

t WAIAA} hgkim@deu.ac.kr

20149 102 59 A= 20149 12€ 239 FAE A4 20159 1€ 79 AA A



4
(renewing)/H] A AY(non-renewing) FEHZF] $7 F wAA
A= A3 Jung and Park(2003)€— R AH 35S
5]4-3}9] Sahin and Polatoglu(1996) =8-S B4 Zt} Yeh
et al2007)2 BZE717H A - 3o B AL A7k
Yeo and Yuan(2009)2 E$Hd SKimperfect) 2] & 11251
Yeh et al2007)8] B8-S SFAA o] 5 ATFEL 1349

BZOT W E AFS THEIOM 249 BFO R i)
B Ao U 170l F28 Fo WREAS OF ERE
sk

Bil=Ro )39

=T o= g Aol el AHE-A}
ol A] Sahin and Polatoglu(1996 o] BAAAEL 1835ty
]. ]y_x%;dxﬂ(—y;ﬂ 57&7]7};@ HE Exﬁ]ﬂ;ﬁxﬂ)a

53ttt = 1A BRI A E BEYgdo] 8
%l AT FHE Ao s Fota o] A7He] FEA
A Aoz AL uAE FA g v WE B
‘—H dMe Hage] 717 A F A A 1% A 2
AN B o] T4 Tt Bk Al 217

A 'dﬂ-lfl-i 21 HA A _O_ /\41318]-1:]-x]] 3%]—0]“1

ol ALE BIIH BAH AL BAST A A B DS
e 9k A 4 E AT ol & 24 RLE 1A B F
FANAE BoiETh v A s3] AES FF

~g AN 2

\x rﬂ,

o 2

me

(

2o orr oo N ot b i e
N{N' N rr El [ & ot oﬂ,

A

ro
1-11
o?-i

23 4799 g /M 248 ARt BLF 75

o] g3} o] Foi21}

ujr

1YY

2249 BF0 2 g Al Fo] et 1S R 5} okt
= 12k 24k ARl sl 12k Xd:“ﬂ"ﬂH A&
3273S 123 EJE I (point process) 2 B H(Blischke
and Murthy, 1996; Chukova and Johnston, 2006; Iskandar et al.,
2005; Jack et al., 2009), RFA 2219 ZHAM = AFLF
< ol EEXITE Yehfo] B59 G ol 2 s=24
A ¥JEZA T 8ettkBlischke and Murthy, 1996; Jung
and Bai, 2007; Kim and Rao, 2000; Murthy ef al., 1995). & =
oAM= AFAHEE(: AFE Aol A A7 U}°‘E]7<]) Ro| A
EAte 2 54 AHAb] thgk AlFAH-Erol 2hal 8t

A ol A4 A A e

TR AFAHEE roll A £ 2X 9 T AR F ue
uw=rz7} W, ZAF IZFESS h(er) = AFTE 29
ro] BIZAFETE Ak At wE AlFLGS ATl
(counting process) &2 2.& 3} Fr}. 17dd Al o] A AET}
WA I AR TEo] Al E 4= glod o] Al e 21
B 2EZIF Flasr) & 25 ARG o] Aok g Al o]

= 7

715

WU 22 B AIRE GHA| AME- g g

Ry AEASEEEHSP), EF ALY AR
E o = /\]"Q.

E’J(m; ao) *1*]'%?—5 Ty 9]’ Zﬂl aO% ;;"‘E‘ _T_"S}
TEYF

o(r) @%gr%&EaEE¢F{%)%]

K AFT(Accelerating Failure Time) 2.8 o] Al

Flz;a(r), Flz;alr) f(z;a(r) R=rd o] 235
TARENE AT 3 1A e

¥

h(z;a(r), Hz;alr) 1ZE I “T"—q 13E
Qly, y+t;alr) (y, y+t) 5L FHE H A5 et

S

MRL(t; alr)) A Aol A9] gkl

Crur Crm (BT, BA)717ke] T 11 gH] &

Cs Cr ¢, AT HEF PR, ARG, I 04 9
F7HHlE

y: k BT T8 A AR S AFY 9 1
F713EE 1) A S

B T®), E(C(t)) BT wAF7, aAF7) 3 37 F

g
oy, ks 1), p(y, Ky t) (22, HE) BA7|7H A Ao A 9]
WAF7) G 71 B E-E
Py ks 1), p(y, k, £) 5 HAS8H= H2 BA
712k

£t

r,ed Ur,v

Fe7t HH AeHE e 2AF AESTN () 2 E4AY

2|31, # 44 2)(minimal repair)7} O]—Eroixl‘ﬂ A 7to] F
"]Q‘:’q BEZT N, (2) =h(z;r) = 2t BIAG E A
(NHPP: Non-Homogeneous Poisson Process)©] ¥ TH(Blischke
and Murthy, 1996; Jack et al., 2009).

]E & U9 A ARE TAFOE FAEHA AFY A
EE TAF AR ot AAGA A E AlFe]
%A%%mlﬁﬂﬁﬂ S AEE FAF AT}
BEth AA AMEEO] o THE W, T FY] AF =
S 71 AFAF TN T FEFE vRIh AHE-Eo| F7te)

& 3K(degradation) = Z7}akal L FA| 7HS 74453 Al 7ITk
Aa AHEEo| F7sIHTASHY), AFAlsEe HAgth
(Z7Fsth. Cﬂﬁ}Oﬂ 3k AFE-E9] G3= AFT(Accelerated
Failure Time) 28 02 233} & 4= T} AFT 23 & &-&
ato] AHE-E ro[r] xe] A WA 1 /\]{}TO[TJ < o
ZE BAAE ZEETE A7) ke AFT B8 9 Algolth

Tzﬁﬂin21 (1)

r



8 221 B8 B

Fastel WS 1A 1AW AFE FAskE 39
o whe} grebalnh B =RolAE Hasdd B4s

A k-2 MTBFel| Wl F-A1& <= glvkal 744§t wetbs
2~ =
T = =

PEES EEPEEELBIEEE

AFE 2R 2299 0,1 <0, 1) & 2 24
Zo2 et o714 Az A7 BA0l T UE AL %u
AA0ITh 2349 HEE S AEe] o] ol E AFE

2ol vl wA 5@@ X FRdr R rol /it
1S Agde BEE wolA 22T FA$Fe] 94
= w7} 9 4 grcq U/Wiu}ﬁ%%ﬂl UM F
3 $9E vfro] Bk AHEE ol B RFFEAA
W& o3 27 Ak

W _{m r< Ul W%Jf;

_CIL

, o 2)
Foizl A]'o ErE& 7P A A E B30 FRE & AF
02 AFE BAshke HA77HE 7HAA "k BRI
ole B A Ao met AFS AMES A5 A AF R
wA g RAG AR WA AT BE FE § G
Al HAGEE St YA 712k, Foll oA & St
1 RA7IZF BAS nHst 5 s AlFel wA7)7r
W+t ol&e] o] WA HihgelE Pl w,
+t, OM FUAE Sk vy ARG A0 T HAY| e, ,
0% 3 WAl TN Gl N DR LAFE WEF w77 A
A5 vtk T AME rE Zhe AM Al 1 1A
712 A Aol s BA7|2E A A 3loll A Sr2] R4 4 H]
9 A o] met A HAVN ¢ S AT Ao
2244 AHAHE(W,

S

[ex

pay o
ofo

o

o

whebA] 2t BAA Aol A ALE-Eof whe
o, f(woie)), (W, r(w 1)) o] A
AE 3 HagE F9re A Lxﬂr,

3

HZ717F EEAHNA AR 4 AFY] Ry He
(0. )91 5k 5] A $o) AR AL 85712 £ 2
Aol A ygfg__} Aol o] nieto g WAVt Lol E &

RS EIREDIEE

Y 5 Ik H4 WA7170¢) Boleyel B} thE ol n

F& WAFNE AYRIL A Rnz 0Py

(non-stationary) XA Fo] #H}h AMEARE y(y < W)}

BSsla O 5§ wAF7) 7 7 el EEo] A
7] H t* V= AR sl A} gk

Ek=>0)&
7hEe A4

T,c

313 BRI AA

RENZ/ SO AWAT DAY SEH LS R
91 ABAE 02 AP DAL+ o, TS Do)
WA 5 BaAE Ha

o

Ll
Agerl g gt vl g 47
93l y7F TR S wf B 7] 7 AR ol A A FS] TS
ol “41@ 245 BEFFE [Fly+z;alr) = Fly; alr))]
[F(y;a(r) 7t Btk Hage A9 208 Aeddre
f(y+x'oz( N/ Fy+z;alr) 7t S yZA0A ¢,
8ol FolA= ?ﬂ«l ﬁﬁ%‘—rLQ(y y+t,. . alr)
:H(y+tc;a( ) = Hly; a(r)) 7Tk W2bA BA7175

TEul 8- 1 gH -2 ( ,,,,+cf,,,,,) - Qly, y+t, i alr)
°l o} 2 v &3} a7 H)&-of) 718k *F‘lx}: LRGPAR
SEAIANA ZF WA o tjal] wARE ¢ & FEeth wA
FY H FREE E(C(t,,) = (¢, +ep) - Qyy
+t, .5 a(r) e, +k - Chw ola1, WAF7) E(1( o)) =W,

T

+i, 2 DA y ok k7F FARE o, wAF7] F 7]

—_

&5y ks t, ) E T 2T
plys kst ) = (e, +e¢,) - Qyy+t, s alr)) ;
te, ke )/ (W +t,,) 3)
g1

Fy(«)EFROIY, ys}t k7F FoAZ W p(y, kt, ) E
t,(t, . =0)ol thall F-EZ(pseudo-convex) FoJtk
W, - h(y;alr) = (c,+k- cfu)/( m+cfm)0]?i t (y, k)
=00]3, P B (c,, +ep,) + Rly+t, (y, k) s alr) =p,
(y, ks t, (y, k) & D53 Fd s 3t (y, k) 7FEA S

olN

ks
Fy(«)EIFROMFOE(C(t, )/ ot, . =0Qy, y+t, .5 alr))
Jot. . =h(y+t,.;alr) OO]J_. 32E (c(t.,)/ o, =@
(y, y+t, .;alr ))/Btz = 8h(y+t7,.c;oz(r)) > 0 o]tk w3t
t,. & A N3l o, (y, &, t..)E T EH T3} 2ok
pc(y, k,0)= (cr +k- C/‘,w)/ - pc(y, k, o0) = (cm +cf>m)
lim Qy, y+t, .5 a(r) /(W +t, )= (c, +¢;,,) - h(o)

= oo, TIHER F(C(t, ) = Ypositive) 0|1 EZ3[t £( 77(¢, )
o] ¢, ol thal A&o|x Fo| B ) (y, k t,,)E F-E23
7 YA FEL 0014 9] 14} 1,:_?,5}5,:,] B3 o wa}

A=t 21=s



oY,

32 HE AV A

HE HAZZE AL AW, +¢,, F 3 A 1A
Aol A o] Folt) y7t ol A W, RAY|7 5 H gt
MRL(y+t,,;a(r) & 228t H 2A4F7] E[7(t, )]
= W,+t,,+ MRL(y+t,,;a(r) ©] Btk

/ Flu s alr) du/F(  alr)

=z aﬂ[RL(y-i—t,_’U salr )/at,,w = h(y-’—t,_yv ca(r)) - MRL
(y+t.,;alr) —19122 K71, )< t, 0 dal 5713
Folth WA F7|F FH S Tl B 1 B3 8 A
SIAe] Hl-g3 vl wAIe) B8 F A WAl 1A
Mol A 1 wA| 7} o] FolA 178 BA7|ZE A X9 4
WAl o) vlawe W, F7} ARG o, o 2l go] 714
o= WAsith webA, 7] & 7]fﬂﬂl &Ep,(y, ko t, )T
U3} 2] Fok
oy kit ) = [le, +e,) Qys y+t,, 5alr))

+e, e, Hk+1) - ¢, (4)
/[W,, +t,,\,L,+]WRL(y+ t.,;alr)]

71 MRL(t; a

7|HEEEp, (v, ko t,,) S t, 0 T3l B3 7}
=34 EZ47]7H Sy, k)& 00] FaL o}d
A (e, cp,,) [ MRL(y+4, ,(y. k) 5 a(r))
=y b £,y B)E BEAIE £y k), 0< L,
(y, k) < co 7} EXFE AH R E 14 HA7|ZEFH
sl &g p, (y, k, tm,)7} A 2 B2 ol
o el agk 2ol ¢ (y, k) o R A 8-S HAE 5 3l

the B 40] AReh
p(y, Ky t) = p,(y, k, t) iff
(Cq+cf,m) ( )]V[RL(y+t)
7 AR AN AH BANND e, 1) E A7 e A
AzA¢ BEIY
Py ks 1) = (e, +ep ) hly+t,,)
p“(y7 k, t: ):(Cm+cf,m)/]l/[RL(y+t:,v)
a2 aMRL(t;a(r))/ot=h(t;a(r) - MRL(t;a

«JEIFR & F,(+)EDMRL(Z 0MRL

(t)/ot <0)S EI3EE n(t) < 1/MRL(t) 7} B} A3}
HOo g A4 (¢, +¢;,,) < p.(t) MRL(y+1) o] FAE,

pc(t:,c) = (Cm +Cf.,m)h(y+tj‘c) = pz'(ti,c) = pl'(t:=l')
= (cm +cf.7m)/]V[RL(y+t:71,) > (cm +cf>m)h(y+t:_’l,)

FHA hly+t, > h(y+t,,) 2t >t 5 uls ok
Z2049 e 8 R g 2ol 28E + U

p.(t, ) MRL(y+t, ) = (c,, +cjm)h(y+t* ) MRL(y+t, )
= (cpy+ep,) [LHOMRL(y+t, )/ ot]

meba 4229 240 ESET

471 —1 < aMRL(t; a(r)/ot < 00| EE, 244 ¢,
>c, old At vk A =t} A ¢, 9 ¢, mol 0744 7+

235 ].134_ A} U 61-1:]-

& WAF7F AR S AR ZEE p.(y,
kot ) oy ko t,,)E 7] ZHHIEES ot =
oy, K, t, )€ 7t BA7| o] AFTH y2A A48 B
2717 Bt kW) wA7} AW 2A% F7] JgH L8
Z M Hr
4, 3| €A

TR AAE A8t HARA % 1‘% T EAE AA Al
B AEE X AERESF o 9 RS BE 2 9]
TEYT F(ria)) =1—exp(— x/ao) g 7P o
bl ool 5 AH8-gro) FolAE 2%
=1—exp(—z/a(r ))P7F Eth AFT &
S gAY #ed A=, 74
3 2 1A ESTE 0 A "o 2 o
T4 #(closed) FE}7} glo] A7
ko 2 dojof tiBlischke and Murthy, 2000; Rausand and
Hoyland, 2004).

>~
op

H ol EL?‘_’, rg [UllI ol
> lr
X
S5
Q
>

o 2 ¥

KB B

Hu,a(r)):(%) o )
kB 6—1

h(z,am):ﬁ(rio) o

221 - 2 W=2(d)°)L U=2(x 10" Km)Z U/ W
=10tk %%A}ogrozl(xmﬁfm/bﬂ) oo, =1(d),
B=20|HAFT ¥ & AlFEr=20th o] B4 BSEE



10 224 BE B3|
AMAW LS r<19 e 2012 r>19 WE 2/ro|H,
hysalr)) =2rty, Qly, y+t(y, k) ;alr)) =t +2ty)
Th etk B3 R AR B4 ghe st 2ok g v g
= ¢ =L, =c,, =02 ¢ =00°]2 k=1°]9 y=0.1,
0.3,0.5,0.8,1.0, 1.5, 1.9°| T}

AL} ALgEol nhe} e AHS-Er=06), F A

E(r=09) 8 ¥ AHE(r=12)d o, LA717H4 7|
3 AA RANDT 7|gu &80 A<k 1>, <X

< 350 JEUSITE Sd 02 AHE BEL

7Fo] 002 11 RA7| A M= BZE7|7to] FEFH A
Aol A o aA g sl
A A 1% AW
Alstete orlolt 71 E 4 Slxo] HI7IL FE

AA o] %

HE BRA A A=
o] A= Al el M a1

F29 %) By

A AR S AFY TRy 7 AY, Rl g,
V& E A A BT A 7RIS EL S
%} ? ATk T3 ARE-Ero] F7Hel whEt H A BA 7|7k

Adtal 7| EC] S/ ¢ T <ag 1> 2 &
Feul e AFY Sl e Feddrs RoFa
Atk AFEE0] 04 W) ¢ =13374% FAEA F7}ao] AL
EE .60 At 178 BA7|8 49 99T,
7 BAVZPE A FEFArET 2 ¢ 5 214

o] %

]\__

O, it u“

o] 14 BAVANINME HEZEF
tﬂEEZ']ﬂﬂ'%ﬂ()ﬂH H3TE S

A s Aol AARY L % % 9k

0>4
>3L’
e
)
=
o
9,
X
=l

CH 1> 2| A 2XFHM(r=0.6)
g BT ME BsIgt
Cm=00 | Cm=01 | Cm=03 Cm=00 [ Cm=01 | Cm=03
’ o D, 14 (5 1) D (o 18, (1)
0.1 | 5064 | 0268 | 3.871 | 0309 | 2703 | 0363 1711 | 0346 | 1328 | 0354 | 0569 | 0361
03 | 5007 | 0275 | 3.802 | 0319 | 2617 | 0378 1547 | 0363 | 1.184 | 0371 | 0456 | 0379
05 | 4950 | 0.283 | 3.733 | 0329 | 2530 | 0393 1381 | 0.380 | 1.038 | 0389 | 0338 | 0398
08 | 4863 | 0294 | 3.627 | 0344 | 2395 | 0414 1131 | 0409 | 0815 | 0418 | 0.155 | 0426
1.0 | 4804 | 0301 | 3556 | 0354 | 2303 | 0428 0.962 | 0430 | 0.663 | 0439 [ 0.029 | 0.446
15 | 4656 | 0319 | 3373 | 0379 | 2064 | 0462 0.538 | 0.492 | 0278 | 0.499 | 0.000 | 0.501
1.9 | 4534 | 0334 | 3222 [ 0398 | 1862 | 0488 0.197 | 0556 | 0.000 | 0557 | 0.000 | 0.557
CH 2> 2™ 2RFEM(r=0.9)
1 BA7Z HE 173
Cm=00 | Cm=01 | Cm=03 Cm=00 [ Cm=01 | Cm=03
. D). ey 18 (5 1) £ Dop, (e Lt (1)
0.1 [ 1570 [ 0438 | L1114 | 0478 | 0.694 | 0521 1159 [ 0445 | 0.560 | 0462 [ 0.000 | 0.467
03 | 1456 | 0461 | 0983 | 0505 | 0541 | 0552 1.046 | 0468 | 0.440 | 0488 | 0.000 | 0.492
05 | 1338 | 0482 | 0.845 | 0.530 | 0379 | 0576 0.925 | 0490 | 0311 | 0511 | 0.000 | 0514
08 | 1154 | 0513 | 0.626 | 0561 | 0.111 | 0598 0.730 | 0521 | 0.099 | 0540 [ 0.000 | 0.540
1.0 | 1.024 [ 0531 [ 0469 | 0578 | 0.000 | 0.600 0.590 | 0541 | 0.000 | 0555 | 0.000 | 0.555
15 ] 0673 | 0570 | 0.024 | 0.600 | 0.000 | 0.600 0.208 | 0583 | 0.000 | 0586 | 0.000 | 0.586
1.9 | 0355 | 0592 | 0.000 | 0.600 | 0.000 | 0.600 0.000 | 0.610 | 0.000 | 0.610 [ 0.000 | 0.610
H 3 FHAE B (r=1.2)
g BATIE ME BsIgt
Cm=00 | Cm=01 [ Cm=03 Cm=00 | Cm=01 | Cm=03
Y 5 (1), p(y, 187, (3, 1)) 1), (g, 1,85, (y, 1))
0.1 | 0.644 | 0.617 | 0425 | 0653 | 0.231 | 0.687 0.402 | 0629 | 0.080 [ 0.638 | 0.000 | 0.638
03 | 0495 | 0.659 | 0259 | 0.695 | 0.047 | 0.719 0.265 | 0.671 | 0.000 | 0.677 | 0.000 | 0.677
0.5 | 0334 | 0692 | 0077 | 0718 | 0.000 | 0.720 0.113 | 0704 | 0.000 | 0.705 | 0.000 | 0.705
0.8 | 0.067 | 0.719 | 0.000 | 0.720 | 0.000 | 0.720 0.000 | 0.734 | 0.000 | 0.734 | 0.000 | 0.734
1.0 | 0000 | 0720 | 0.000 | 0.720 | 0.000 | 0.720 0.000 | 0748 | 0.000 | 0.748 | 0.000 | 0.748




r=16r=14r=12r=09 r=0.8 r=0.6
41

— 3 B

£ :

= :

2. 2

(0] i

g :

tg .

o %
0O 2 lll fIS 8
Age(years)
KO8 1D $2g89 (¢, =0, y=0.5)

5.2 &

B ERANE A A S 249 B2 W] FRY
o] %9 B A S Actetirt 2244l HISO 2 shof e Al E
o 24< A ERA 1AL AW o2 RY S TAFT 7
Y 243t0] ool B3k A5 EFE eI B
ARAorE 1Y BAY|Z AAT WE BN AL
ST A A SR AR-E whet wAlF7] T 7
WRZH$ES H2seke 47 wavie] 299w
Zo] 229 o F9 RAYHo] FeJloR Verhich
DA EGG7} o] BRI 0} FHAZA A 237
8 7RSS el gs ATkl

F5 AF FAZRE S T3 (1) A (stationary)
BARAL 1o gtk AR B3I o) A S o
A d=58  IAU BS71739 AR A 27
2be) Zolg AR a0k ah APANE AL AL X 5
Qe Aol tk o] 3ol 7 julg-gol Zol 7k At
(@) B3 B3P RAYAS TFE & o £
Foll Aagelzhold BRI 528 EHY 5 Ak
FnEd

[1] AZ1F - Rao, B. M. - ¥| 35+ 253 (2005), PH
L& zke BSAFY el A et a3

A, A1, pp. 341-348.
2] 7% (2014), AA-F2 BZE do A AFH HZo]
5% o]Z9 oHtH AR AL AT A|14E,

pp. 122-128.
[3] Blischke, W. R. and Murthy, D. N. P. (1996), Product

= 11

Warranty Handbook, N. Y., Marcel Dekker.

[4] Blischke, W. R. and Murthy, D. N. P. (2000), Reliability:
modeling, prediction and optimization, N.Y, Wiley.

[5] Chukova, S. and Johnston, M. R. (2006), Two-dimensional
warranty repair strategy based on minimal and complete re-
pairs, Mathematical and Computer Modelling, Vol. 44, pp.
1133-1143.

[6] Iskandar, B. P., Murthy, D. N. P., and Jack, N. (2005), A
new repair-replace strategy for items sold with a two-di-
mensional warranty, Computer & Operations Research,
Vol. 32, pp. 669-682.

[7] Jack, N., Iskander, B. P., Murthy, D. N. P. (2009), A re-
pair-replace strategy based on usage rate for itms sold with
a two-dimensional warranty, Reliability Engineering and
System Safety, Vol. 94, pp. 611-617.

[8] Jung, G. M. and Park, D. H. (2003), Optimal maintenance
strategies during the post-warranty period, Reliability
Engineering and System Safety, Vol. 82, pp. 173-185.

[9] Jung, M. and Bai, D. S. (2007), Analysis of field data un-
der two-dimensional warranty, Reliability Engineering and
System Safety, Vol.92, pp. 135-143.

[10] Kim, H. G. and Rao, B. M.(2000), Expected warranty cost
of two-attribute free-replacement warranties based on a bi-
variate exponential distribution, Computer & Industrial
Engineering, Vol. 38, pp. 425-434.

[11] Murthy, D. N. P., Iskander, B. P., and Wilson, R. J. (1995),
Two-dimensional failure free warranties: two-dimensional
point process models, Operations Research, Vol. 43, pp.
356-366.

[12] Rausand, M. and Hoyland, A. (2004), System Reliability
Theory: models, statistical methods, and applications,
Wiley.

[13] Sahin, 1. and Polatoglu, H. (1996), Maintenance strategies
following the expiration of warranty, [EEE Transactions
on Reliability, Vol. 45, No. 2, pp. 220-228.

[14] Shafiee, M. and Chukova, S. (2013), Maintenance models
in warranty: A literature review, European Journal of
Operational Research, Vol. 229, pp. 561-572.

[15] Yeh, R. H., Chen, M., and Lin, C. (2007), Optimal periodic
replacement policy for repairable products under free-re-
pair warranty, European Journal of Operational Research,
Vol. 176, pp. 1678-1686.

[16] Yeo, W. M. and Yuan, X. M. (2009), Optimal warranty poli-
cies for systems with imperfect repair, European Journal of
Operational Research, Vol. 178, pp. 187-197.



