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Optimal replacement policy after extended warranty for a

system with minimal repair warranty

Ki Mun Jung

Department of Informational Statistics, Kyungsung University

Abstract

Recently, an extended warranty of a system following the expiration of the basic
warranty 1s becoming increasingly popular to the user. In this respect, we suggest a
replacement model following the expiration of extended warranty with minimal repair
warranty from the user’'s point of view in this paper. Under extended warranty, the
failed system is minimally repaired by the manufacturer at no cost to the user during
the original extended warranty period. As a criterion of the optimality, we utilize the
expected cost rate per unit time during the life cycle from the user’s perspective and
suggest the optimal replacement period after extended warranty. Finally, a few numerical

examples are given for illustrative purpose.

Keywords : Expected total cost, extended warranty, minimal repair warranty, replacement
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B3I 7|Zke] o4 27t 7he ek Al (repairable system)oll theh o] 2291 A= A=
4 old B SE&EoRAM B2 AFUtECl ¥AE e EoF o stuvold, HokA &
A AT @ E I Ak E%Zé Y2 dutqow BIT|Ee] Aol el wel YRS

(renewing warranty)¥ B] A8 ® = (non-renewing warranty) 2.2 JE& 4 glom A&
Zko] HZFH|E Fu o Fo Wa}i T2 RZ (free warranty)¥} Hld|® 3 (pro-rata
warranty) &2 28 ¢ Aok 2gal BE7)F Fetol A Aladle] aiol] tishe]
A e FEE F3st=o wgt WA RZF (replacement warranty)¥ T8 X (repair
warranty) &2 i@ ¢ Qb A, FEl7t 7hed A" gid o R (preventive
maintenance) o] & AR&AL7F Al 2HlES st FEORE FA] e FAAITI7] et Al
glof azpo] wAsty] Aol Hele d#e] gEoltt
G, wA BTl Fo Alxdle] gk wA B odrd A #Ed A5 2= Sahind
Polatoglu (1996), Jung3} Park (2003), Chien (2008a, 2008b), 18] 3 Jung & (2010) S °|
2ttt &3], Sahin¥} Polatoglu (1996)+= H.Z7|7toll A Al~€le]] a17%o] AT H Al ~ES
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Aoz wAFHAT HF7|HE AAFEHA &Ee HABFEHRZF  (hon-renewing free
replacement warranty)¥ H| A AR # BZ (non-renewing pro-rata replacement warranty)
o] AlFHE 7 7t AlaEd tste] Algx =W WA AA (replacement policy)S
Aleratdet. 28al HagEFo] Foixl Alxge #E wAAHI pEd dTEe
Yeh 5 (2007)3 Jung (2011)9] A7} =4, Yeh 5 (2007)2 HZ7|7bol| A Al 2=Ele] 1
o] B FH2] (minimal repair)7} %] il E%—ﬂ{]—% A A k= w) A AT

X

o

234248 EZ (non-renewing free minimal repair Warranty)ol Foizl FE 7t 7rEek Al
2~ dlo]

ol ek WA S A LS

T feA AEd ATES AZHSE TYE W HJol VEHoE ATEHE BF7IIT
e 2SR EY, HTdE VEHoR ATEHE BTV gEe] AT HEs AE
St F/HH R HISV|ZES AEld 4 e AFH 23S (extended warranty)o] thdh #A
o] Z7txa gtk FH 2ol Wust Longhurst (2011)& F 7/ 4SS zt= A%d HE
st e HFAHo HE % wAAFANS Aot o, Bouguerra 5 (2012)2 thkdk 3 e 9
WA L dgRd A stoA AH BES THe] A% VIES AASEATE vk 1S
AdE = BFo 72T ola, kE AFEHE S9ETY Slagan Mg, FAoR
dFH = BV kLol "vh - olgd dFdM s ddHs BRES THs] 9
st w9 do] T ujgo] dAsitta AR, o Rt AREHE BIF wede] @
Tl g0l AFEE FARS 35 FUIETE JH-ske Aol £ ool AWk ola dA A
olgfi 3 4 rt o= Alxwle mFE] FUHEF Aol AlxEe] @fuE V3t T
7l Sle7h F7kebr] wiEolgtal & ¢tk
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ETC(k,m)= E(Cy)+ E(Cy) + E(Cy) + E(Cp). (2)
el 2 (2] Folx ZF 7] &5 Fetd thF 3 o] Fafxith

E(CE) = C(C k’)a

e

w+ kL
B(Cy) = s f h(t)dt,
0
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(C’L[) (cfm + Cm, )f h (t)dt7
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(hazard rate function)e]il, Clc,,k)& F7FH4 <
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ol Bk AHAE o & otk F, A%E mEvI0e] FRE oFel 10601ES]A el A
A2e Aagow aAs: go] AHex SuelA Jlduge] 74g 47 WAt & 5
gtk <E 2>el TFE AR wEFVIbel tiskel HA e WAFIIS o we] BelAZY
Z1eulgol et ek

N

<E 1> AFE BEo] v AR dE v AR

FH

w L @ I6] ~ Cry Chm Cm c, c,
0.5 0.1 1 3 0.05 3 3 5 100 1.5
Expected Cost Rate Per Unit Time
300
275 z
C(k,7) 250 /
225 i
200 P
175 -~
150 ~
125 —
o N I
83.02761 s \"‘=
50
25
0

=
[

a jil 2 3
1.0601 T
<Oy 2> AFE BHFol TRE olF9 HA wAF7] AH(k=3)
< 2> AE HFol FRE ol HA wAAA I dAE 7 hH]&
k T C(k,7)
1 1.2451 81.72136
2 1.1526 82.37173
3 1.0601 83.02761
4 0.9671 83.67287
5 0.8741 84.29165
6 0.7806 84.86828
7 0.6861 85.38730
8 0.5911 85.83338
9 0.4951 86.19126
10 0.3981 86.44568
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Gl =R Hag wlgol kel weh AAe] wAFE @Ol WAt



84 / HAige BREE e Alzdd did A" 8BS olFo] HH mAAY

g o gL ShRthe Aple & 5
WA G Ak 7 iu] g0

e} HAe] wAF7 = Aol g A kg 7 e §

07 <F 5>olE AREE= wEo poln|sd wE HAo wA
go] Yeht de=d, o A%

XA
oA weAZG e Fhaths 84S o 5 Aok

CTIL
k 5 10 15
T C(k,7) T C(k,7) T C(k,7)

1 1.2451 | 81.72136 | 0.9641 | 95.38780 | 0.7981 | 105.54587
2 1.1526 | 82.37173 | 0.8671 | 95.75033 | 0.6976 | 105.49758
3 1.0601 83.02761 0.7686 95.98792 0.5956 105.15926
4 0.9671 | 83.67287 | 0.6696 | 96.06280 | 0.4911 | 104.46481
5 0.8741 | 84.29165 | 0.5686 | 95.93692 | 0.3836 | 103.34560
6 0.7806 | 84.86828 | 0.4656 | 95.57155 | 0.2726 | 101.72911
7 0.6861 | 85.38730 | 0.3601 | 94.92686 | 0.1576 99.53699
8 0.5911 85.83338 0.2521 93.96135 0.0381 96.68254
9 0.4951 | 86.19126 | 0.1411 | 92.63107 | 0.0001 93.46124
10 0.3981 | 86.44568 | 0.0266 | 90.88876 | 0.0001 90.91871

G
k 100 150 200
T C(k,7) T C(k,7) T C(k,7)

1 1.2451 81.72136 1.5111 106.95919 1.7231 129.49543
2 1.1526 82.37173 1.4166 107.52805 1.6276 130.01259
3 1.0601 83.02761 1.3221 108.10248 1.5321 130.53517
4 0.9671 83.67287 1.2281 108.66833 1.4366 131.05027
5 0.8741 84.29165 1.1331 109.21162 1.3411 131.54515
6 0.7806 84.86828 1.0381 109.71849 1.2451 132.00712
7 0.6861 85.38730 0.9426 110.17519 1.1491 132.42359
8 0.5911 85.83338 0.8466 110.56806 1.0521 132.78202
9 0.4951 86.19126 0.7496 110.88348 0.9546 133.06990
10 0.3981 86.44568 0.6516 111.10784 0.8566 133.27473
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C(k,7)
82.03943
83.09883
84.25296
85.48403
86.77468
88.10801
89.46758
90.83746
92.20219
93.54676

2.0

1.2491
1.1606
1.0736
0.9871
0.9016
0.8161
0.7306
0.6456
0.5601
0.4741

81.72136
82.37173
83.02761
83.67287
84.29165
84.86828
85.38730
85.83338
86.19126
86.44568

1.5

1.2451
1.1526
1.0601
0.9671
0.8741
0.7806
0.6861
0.5911
0.4951
0.3981

4.

81.12415
81.07111
80.91733
80.64616
80.24060
79.68316
78.95569
78.03919
76.91353
75.55710

o FYulgol W A

0.5

H

1.2386
1.1381
1.0361
0.9331
0.8286
0.7221
0.6136
0.5031
0.3901
0.2741
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