2019 4F 4 A
E3TEE2M

[ DA N e 3

Journal of Northwestern Polytechnical University

Apr. 2019
Vol.37 No.2

https://doi.org/10.1051/ jnwpu/20193720393

% 18 T BA M LS B SR T I K R R E M R RE A

KR E,

&

A

(AR PUBR T RE2ABE, V195 BIET 211189)

i B AT RAREGR RGN R A e At BAHE B T F R R R AT M4
Wb — Y3 KR TANAERL | ) B 5 i 18] 19) [ o ) J2E 180 I 2 /= o 52 56 — e TRy M 215536, R
T B A0S R R R TR M Y500 AR AR, 4 R A 3 T Fe R B 04 A R TR IE R AR R AR A
R RV TR s o T, R M AR R SR RACTR By M 2 SR8 A BIE KR AR AN A AR B R A% R 5

# £ FobLAR sk R BLIE R FIRE N E

RV ARIEAL N FRF) 18 1L A B E R H Ay

SEARMNAE T L5 R0k R Bl T3 T R B0 SR KA B AN AR A SRR TR BT M 45 R E T VAR AL

WY R T W AR R

x #
HE S5 ES  THIT SCERAREAD: A

B 280 A sk Al B 4 | T3 R A0l 55 B ST
O B B B 77 e, ) B B 7 e S R Ik g5 R R
MRS AE | VR P B IS I 3B 2 B 4, o
PRI 55 T LA B Al o5 BB st 2545 6 i A5 113, Bt
PR R T o T RT 7 i K 2 )RR B IR 1) B 4
PR 4B S A MR S SRR R
(AR R, BOR AT LA —4E iR | ROk LA K
ZUEOR . — Y 77 TR W) AR B A I 2 B AR
Jiff (basic warranty, BW) 553, BW 55, &
T BT A5 AT B4 B FH W 3K ZE K 5T AR (extended
warranty , EW) &R /E g3, Ml & fipy 2 1m, B
A EW BEME EW B TR A 4 2
A REELA, PRI, SR BT OR (IER ) B A% 2 52 2
MOy ER T B2 i JTARR, — 22 il i %
JEA [) AE A 5 W A 2t S 4 B PR 1) 2 M RS8R, Jack
DI R W SE EW (s 2R L R AR S
B K AR S . Musakwa'* $2 H — A7
NI ASE A | T e DA BRS04 A
SEMAI, Bouguerra 25— 4 FRARHELE R, /0 #r
A A6 1] by 30 0 5T L2 31 6L % 928 £ 4 B 5208, Tong
SO R W SE EW [ I E] S B OY 4 EW (1

¥ #5 B 29:2018-04-18

A E R PR, = TR b e 1S 4% A & AR R
MEHHS :1000-2758(2019)02-0393-08

FEM PN, Darghouth %517 % [& i & 33 7 v ) 2 2
RS AR TR B A A% IV

VI FF5E £ e B 2 HE4E 15 ( corrective mainte-
nance , CM ) , 111} 52 Jifi 15 BJj 7% 4 & ( preventive mainte-
nance , PM ) # i 11732 AT DAl 20 7 il W3 B3 1 4, AT
JEAR AR RS HLRURS: . Kim 255 WA= i 25 i Ja] 301 )
FEE S B N R BB PM %, Chen %
2 SRR, S BT S P it X AT SR A
BT T (R SRS (Y 20, Chang %50 i 5 7= il 5
AW et P 8 DU i o 1 R R, Su
SV IRIE e AR A TR R R TR ORT PML SR S B
Ak, Su Wang“21 LA JBit ] 5} ) S EW A7
TR R, BT XS AN [ B %5 40 B Bt 4 1 5 il 16 PM
IS

A SCHR 32 27 i — 4R S 5T PR 1 LA TR A
BEXoF 48 A A 5 A E AN LI B PF SR IR AR A DL it
Hb T AR A Oy O] 7 i i P RE R b
FIS R AR AP AEAR K22 57, R M BB W 2% 1 |
R FEM, A SO 4k PM SIS 51 A B ELRAN S
BEAY 22 58 PM S X [A] R 7 fif T 58 1) 22 S Ak
INZE 5 BT %) £ P ) A4 Jo R AR AR A SR FH Y

HEWMB . FR ARBFE 4 (71671035) % Bl

PEF BT KA (1989—) AR RS 0P A | 32 2 m] Sk TR 5 R AR BRI 9T

BEEER . HE(1970—) R RFEE A S0, FENE R TRV,

E-mail: suchun@ seu.edu.cn



. 394 . wode Tk K

¥ 537 &

AR ZIE T AN [R] PM 5 G860 ik 1< I £ A% 1) 52
M, - Hh R A A SE R B DR E M pL ]

1 #ERIHE

s il i 7 ot % £ At 40 2 ) BW IR 45, BW
XN, = (t,u),t e [0,W,],u e [0,U,],HH
W, FLU, 7350 BW B[R] SIRR Fnf A i IR . BW
SRR A ] DL AT AR AN B A SR EW A TR EW
XENQ =(tu),te [W,,W,+W,1,uellU,U,
+ U, W, FLU, 535109 EW B 18] 38 FE A 5
BB, BT OR B PN = i R A R R 2R FH B /N B T
XIMPMES B I A Z BT s ™ itk BE
il 3 R S — FR 1 4k PM 5 (B K A E] [8] B
BRE LA A AR S — Uk PM, LLSE R E
), anE 1 R,

Uh+Ue o
nL
Q. / J
BN ————— > /
3 U, - 7
\ //
2, /
_ Fipi
L 7 R
0 : L
L/rK W, © L /[r Wy,
E1 4 PM FERER

i 3 e R PR O A 7 i A AR ) £ S AR
PLK PM B A A, I DL IR S 2 DR Y B IR 65
HIEAE EW BRI EAE B P 8 T I ORI e i A
Mo ARSCAY T2 H BT AN E PM J7 5 A KH 2%
0P H 23R X S i DR A% )52 T O 423 7 T 1k B9
PM S MIAE CR AN AR BILH
1.1 gk

it (o PR ) ol P i (LR SRR ) BB,
HLHL= ah B E AL R B WG . 1 k7= i AR 1k
PERE, 5 BN H e RE R AT BRI 3T, H T Y
A RO AT IS AL R A TUR
PV PR ol T 3 R e i S W ]
RIS PR Xt 7 i 3 3 B M, W8S SR e R
o A0 =0 FoR s IT IR TR 2, () AN
U(t) 735 F7R 7 b A s 8] ¢ s A SRR P ek i) i 22

FUE &, BEr = SE[0,0) XIA] N BEA KA b
SR AR BSOS BIME 5 HAS & ) AT L) 20, )
T(t) =t FEHRERE U() MT(1) ZEFFE—A
e RER AMICR , D RERRE IR, R
=U(t)/T(t) = U(t)/t, ANEH PSR B A %
St AR —HI P Bl O E | O RS 7 R TE
A BRI A R RN/, B, ATRIA
SRR R & — R A BELAS &, I MR R %k
G(r)=P{R<r}| ,0<r <o, RIS LA BFER™
s R Ui/ INRAG T 2 D)7 ot e I Dl s 32y
ACel r) WEEFFURIAM R . AT RGNS, 4 3
K FHSCHRL 12-13 ] H i S 44 I 23 o E5O8R i 348 1
FFR] | JB 7 feft T3 (el T 55 0 FH sk BT 1% B A ) X 7
mPEREIR fL sz, H AR
ACtl r)y=6,+6,r+6,T(t) +0,U(s) =
0, +0,r+ (0, +0,r)t
X, 6,, 0,,06,, 0, AR B R
1.2 AE£ PM E#E
PM AJ LAYl A0 772 i f e e v B, ek 7 1 4 i
B A SR T SCHIR [ 8 B4 AF 1 [l ) 5 0 f 4 3k
PM SRR, SE PM REAE I /D 7= 5 1) i F0L 41
W D T PM K mom e [0,0 ] HA
R, PM RCRIEE m B3GR, R A i
IR BN 2] () 7y, - ) SETE PM, &> 7 =
0 K i I AR RO 20, e o) = 0,4 0, R
S (5 - 1) R PM I S5 7 i R AR S =
2, DS j U PM I Sl SET R i B RESUAE I o) =
v+ (=) o A PMIKE m, USRS j Y PM T
e 7 b R VAE RN v = 0 + 8(m) (-
m_y)o 6(m) A PM BYAFEIRIE I F,0 < §(m) <
1, 8(m) & m IR A% ,6(0) =1,8(x ) =0, 4N
Fem =0, W] PM B&A X7 il B 3 1 R ], 7= b A8
IHANH A TE v, = ar,,j = 25 W02 52 il e KoK P 1Y
PM ™= A S FAEZ W, 280500 ,m AT 0
5 oo 8], BISLHE AN 524 PM TG B, S EU™ 0 B R
AT IHMIBSEENEZ BEPRES, ARSCRH
BRI D R ECR A IR 8(m) 5 m ZEY AR, H
o(m)=(l+m)e™,

(D)

2 HERIRyET

i 7 A 3 A AR PR AR LA /AR



552 1

S IR , 25 - 25 BT PR 8 1) 2 — AR S A T DR 1 SR AT 5 - 395 -

JEAFT PM A, 4 C, F C, 43 53R Bk e/
BA TR PM A, E[ C(K, L, m) ] FemHlE
FIFE EW AR AR A, o KR L 4350 PM
{5 B P B ] (] R el FH St (BT B, me Ry PML S 19 7K
Vo B IEBIANF 2 R B 25 Sk, HOm ORI
SR 2B —B, 4w — RN E R
r W S TE BW T EW 45 5 At s ) 43501y
W,, r<Uu,/Ww,

W, =min{W,,U,/r| :{ (2)
U/r,r>UJ/W,

U
W’=min{W;+We,W; +“} (3)
r
T EW HYSEPRC B R

U
W =W -W, = min{W{),e} (4)

7E BW Fl EW N, 56 F i /R 2 B F — 48 PM 1)
IF1] B 81 535310
K, =min{K,,L,/r| (5)
K, =mini{K,,L,/r} (6)
BRI PM K m RS NS0
K PM G S5 7 il 4 s AR IS Sy
vi=v_, +8(m)(m —a_,)=j(m)K  (7)
2.1 RIPEIER G842
BET LA Bt o) DAl 3 r ABUE B A R 25
4 B PM J7 28 P SER TR AU RS R )
Py P, , Fr 3 A 0 A AE A 46 0 75
IELRUAR i = 1,2,3,4, %0 4 Bl PM 758 WAEUE
&P, ST EW NS PM SRS A 2E K
FAR AR 1 P, AR5 EW PN BCA SEJit PM {5 3 Y
FEAS PR AR E
Case 1 FEANFRIHNEA PM IG5, 277
A ST S0 TR Y S B S B N,

W,
Nezfo)\(w/; Folr)de (8)

AT T5 28 R 7 AR E SRR T IR AL B
G, B LUEE R A I SE LA RS

P =P =ELC] =[TC,NdG() (9

Case 2 fE [0, W, + W, ] WlE] 52t — 4 PM 5
Jith , %R T P R REAS B Rk

1 i 3k 7T S B e /N o A IR 55 AR B, PML Y
B ] ] 8 AR fel FH B TRD B 530 (K™ L) ST IR AR
Hn*, An,t FORE(KT, LT) KIET ,BW R 52
R PM R EL, T2l 7 EW A 508 IR 55 h2

KN
E[C;(Kz’llz’mz)] =

n*

(i-1)8(m)K* +K *
f ACel r)de +

=1 Gnsmk -
C’" n*S(m)K* +Wr—n * K * * ; Cf’ -
J A(el r)de
n*8(m)K*
M- 1)8(m)K K
f ACel r)yde + i
j=1 (i-1)8(m)K*
Col ot sugong k- ;C,, (10)
J A(e!l r)de
ngé(m)K*
FEA AR B M A H
P= [ TELCUK, Lymy) 1AG() (1)
W
Po=[ T A v
(1 =8(m))n, K" | r)dt)dG(r) (12)
Case 3 HFE[0, W,] Kjifi PM {&3), TR

S AT R A EW,
RETEI B % 3 10 A T R 2 1R
A%
BLC(Ky,Lyym) ] = C, [ A(W; -

(1 =8(m))n,K, +¢1 r)dt (13)
T EW IEIBA PM 3G, T LR A% R

Py= Py = | TELCUK, L) JAG(r) (14)

Case 4 FERER R ALIIE 5206 PM T H . T
VP T T 7R O T 5 A

E[C(K,,L,,m,) ] = X C, +
j=1

n,

(i-1)8(m)K,+K, _
J AW, + el r)de +

j=1" (i-1)s(m)K,

2d(m) Ko+ Wi-n K, (15)
J( ( LH)\(W;;+tIr)dt
nd(m)K,
FER JRPRB AR A
pL=[" E[C\(K,,L,,m,) ]1dG(r) (16)

"min

22 EHMERNIEEE

K B AT 23 JEF AR MEAN L A TR A 55, 2
AR 5 [ B A ROE o AR SOR i R B iKY
2590 B 5 SN AR FH AR, fikE FH 3 dme i 19 25%
o S S el AR, oA 509 0 % D vh 48 H]



. 396 - ode Tk ok

¥

W37 4%

PR RPN 2Tk R 5 AR A5 A1 T LA
VSR 75 W

Plo= [ ELC(K L.m)]dG(r)  (18)

Py, = ["ELC(K, L, m) 1dG(r)

1l

(19)

’’’’’

PLo= | ELCK L m) ]dG(r)

TR AR EW B (e 4 1 2
- TS 01 5 3

(20)

! " 1
PLo=[" ¢, NdG(r) (21)
pro=[ e Nrde(r) (22)
Tl
PLo= [ e NG (23)
Th

R 1 m R R 53BN AR | bR AR
NN TN s E AT 5T 3 R 7
Al e EW PN 4 301 B R R AR

3 EHISH

AT ARG AR 9], B e AR Y A A R
R 7 it B BT B 4 o O ) O T I ) 3K
EW BB ML, &% W, =3 a,U, =3 x 10*km, W, =
3a,U,=3%x10"km;A (¢l r) ISEBEE NGO, =0.1,
6, =0.2,0, =0.7,0, = 0.7, 5CHk[12] B9 ECHEH
[F] BB 23 B A T3 r B NI 20 43 A, A
HEPREIN g(r) =1/ (T = Toia) i STST 0 B
% Huang 5" SRS 80, AR SCH 7, = 0.2 %
10* km/a,r,, = 3.4 x 10* km/a, 3% r, = 1.0 x 10*
km/a il r, =2.6 x 10* km/a 4333w g(r) B 14>
R3S, A C, =250 70, F 145 T

PM KR 8(m) 1 C, B, 53CHR[ 8] IS H—
B, FTLVES] G m R38R AR I D A2 /N
[ IS} T 45 A PM 2 T

x®1 PMHHEXSH

PM /KF m B C,/7t
0 1 0
1 0.736 10
2 0.406 30
3 0.199 60
4 0.092 100
5 0.040 160

AR SEBR B M A 1 2 Y St R B
R . ASSCF A MATLAB SR 70 35 475K i, A7
S A PM SRS SAH R B B AR AR . A AF & PM
AT R B K L 48 2 KA s BN
1 ~HFI1 000 km,

3.1 RIE PM REEFOFE(RM 4%

%2 5 HHORIR] PMOZKSEBRUE T A XL Y PM3
W S SRR AS . R 2 R T ER TR A B B
fHYERl, 29 K™, L BRIFREE PMKFET,
il 325 7 S IR I B PR MR 55 LA B, St PML it 11
P ) ) B Rl P S TR Bl s A% X I [ Py, P, ] Hp Py 3R
7 il 2 S T ) B AR B AR S A, P, R I I
TS W B AR AR 5 TR T AR KT
JBT % ) S A T MR, A DX ] ) v T XU R AR s
B RORIEEE . It m = 1 Y Case 2, 3K {4
Mg IXIE [ 2 014,2 165] JG, FM A% P = (P, +
P,)/2=2090 JC, % P(P, =P, - P) RREAN
Case HER BT R B M TG, BAR PO, BT Y
O AR B A K ) 3o T %) AR s ) R I 5 K £ 4 4
A RGP W R XU 77 R AT AT A
e 3 fis .,

*2 HEEFEMERN PM REEFERNTE
Case 1 Case 2 Case 3 Case 4
PM 7K m

[Pl’Pu] K* L* I:Plipu] K* Lx [P15Puj K¥ L* [Plvpu]
0 [2552,2552] [2552,2552] [2552,2552]
1 5 9 [2014,2 165] 8§ 8 [2200,2 200] 8 8 [2425,2552]
2 8 9 [1370,1 717] 8§ 11 [1774,1774] 8 11 [2290,2552]

[2552,2552]

3 8 12 [1023,1478] 9 11 [1590,1590] 9 11 [2247,2552]
4 9 15 [921,1 511] 12 15 [1634,1634] 12 15 [2267,2552]
5 12 15 [961,1 583] 12 15 [1583,1583] 12 15 [2327,2552]




F2M TR IDE R, 55 . 5 TR TR T 4 6 1 22 1 4 K o A SR T 9% - 397 -
- p, —e-p,
aep,
B 25531 E
& E
s
= -
= 2552¢ HEC
K K
g g
2551 . .
2 4
T 5K P Bk 5K P
a) Casel b) Case2
P,
2 600, 26000 up
B 5 2 500
% 2200} &
s &S
X & 2400F
=S =S
o 1800F K
I 2300 (3,2247)
1 400 s ; 2200 s i
T B 5K P TRk ALK P
c) Case3 d) Case4
B2 45 PM 5L T BIESM
R3 SERAEMER PM REFHERNE
Case 1 Case 2 Case 3 Case 4
PM /K m
[PHP.,J K L [Pl,Pu] K* L~ [PUP..] K L [PHP\.]
0 [309, 309] [309, 309] [309, 309]
1 5 10 [175, 276] 5 11 [275, 275] 5 11 [298, 309]
2 6 12 [124, 225] 5 11 [232, 232] 5 11 [289, 309]
(309, 309]
3 7 15 [ 137, 238] 7 15 [238, 238] 7 15 [ 288, 309]
4 7 15 [143, 228] 7 15 [228, 228] 7 15 [294, 309]
5 10 20  [165, 196] 7 15 [224, 224) 7 15 [306, 309]
Cose 1) Case 1 F1 Case 3 W/, EW 3% PM 153, B
—a— (ase
800 ¢~ Case2 LLP,=P, 0 2a) K 2¢) iR, 2 252 TG4 Case
Case 4 e =R — N
R s00L e 59003 1 A 0, JE LR A% = T 2252 TG, & A S EW
§ 455.15 ' [ T I 2o R A6 TG T 2250 7, i 7 DU 0 A R
= 400r 347.02 PRI %R . 7E Case 3 17, BW SCHfE T PM $f, 7= & LA
® 200 15175 S6195 20005 28543 BARR R R A EW 9] IEQRANARAR T Case 1,
I . : 225.1 X A
v P 2) Case 2 /1, P, BEZF m WSS, el 3
. . : B, 4 PM A AEAE— AT M m=4 B, ]

Ttk A gk 1

K3 AN[E] PM J7 28T B SE GRAN A S L

A FIRZER W ISR LT 4518

T T A AR 2 T I 921 JT, Wil 2b) B | it
PM 11RO S H 5 1.5%10* km, JEKRTET m
=4 W ,8(m) BWIAS /N, B2 R PM 2 H H) 2
.

3) AT &Y, B PM S ng L B A 2% H bk



. 398 - ode Tk ok

¥

W37 4%

(Case 2 ' m=4, [HIFFIIH 9 4~ H 5 1.5%10% km, %
TR P, WHE S, WA 3 Fr7s ;i Case 3 Al Case 4
Hom=3, [ MR 9 A~ Ak 1.1x10* km) . #50 Ji
K2 BW F1 EW 3P4 43 0 S PML 5 it B, PM
{14 ] B SR T /0N 2 B P UL AR 8 0 /D it e b | &
EX RO R )i S N <

32 EFMEERNE R

SEPRrR U 22 ] 47 i iR R A 22 e
SEOT AR IANF AR A, i, BT
FAGIE BEAT 326, i %E 55 PR IE N 1) PM
J7 R AECRA RS L 23 AT T AR LR oK, ol
AR AN TR B3 i (46 B 2 e S M S DR SR s O B 2%

R4 hEARMER PM REEFERNE

Case 1 Case 2 Case 3 Case 4
PM K- m

[Pl’PuJ K* L* I:Plipu:l Kk L* [PUPuJ K* L* [PUPuJ
0 [1257,1257] [1257,1257] [1257,1257]
1 5 9 [995,1074 ] 6 8 [1084,1 084 ] 6 8 [1195,1257]
2 6 9 [682,850] 9 8 [ 891, 891] 9 8 [1131,1257]

[1257,1257]
3 8 12 [516,744] 9 11 [777,777] 9 11 [1112,1257]
4 10 12 [457,688 ] 12 11 [745,745] 12 11 [1125,1257]
5 12 15 [484,775] 18 15 [ 886,886 ] 18 15 [1152,1257]
x5 RERAXEMEN PM REEFIERNE
Case 1 Case 2 Case 3 Case 4
PM 7KF- m

[P,P,] K* L [P,P,] K* L’ [r,nr,] K" L’ [P,P,]
0 [ 986,986 | 986,986 | [ 986,986 |
1 8 4 [765,836] 8 4 [ 836,836 8 4 930,986 ]
2 8 7 [499,654 ] 9 5 [679,679] 9 5 [ 868,986 ]

[ 986,986 |
3 9 8 [ 353,608 ] 9 8 [ 608,608 ] 9 8 [ 842,986 ]
4 12 10 [ 298,605 ] 12 10 [ 605,605 ] 12 10 [ 845,986 ]
5 12 10 [ 300,583 12 10 [ 583,583 ] 12 10 [ 865,986 |

F3~50ME T 3 KM HIRBE 1 E it PM
MG FAELRANAS . H o] LATS S LR 458

1) §%F Py 5 P, BIE, @RI f, 1
il IR R AR A T Z 0], ik 3~5 i
TN o KSR T R T R A AR S (] N fiE 4
TR, 7 kAR R B A B b s B R R
A Aol FH 300 2% 7 ol R (R T A A RR (U)
T b B IR LA AR, 448 2 e b s v f
FH 2050 1) A FH s (i) Al P S ERAR 423 2 AR BE 1Y
SRR (W A U, 7 it 0 A A0 2 R {3 T i) 6] R AR
i, BRI e 2 SRR Fof o e A IR 1k
L.

2) T£ Case 2 Case 3 il Case 4 W Bf#E m )14
hn, =48 PM Ry [H] BRI A2 R, BT PM SR A

TR EE BRI PRSI Tt AR BRAR , DA B A 150 A v 1Y
PM HUA

3) g AT AR Y 22 S Pk S BUH L 1Y PM SR
WA [ A8 . DL Case 2 M40, X T v 4 FH 2% iR
% M m=2 [AIFEIIN 6 N H B 1.2x10* km B | il 1
R B OR A S/, P, A B 5 T X o AR TR
JBI&  m =4 B, i 3 5 A AR AR fe 2, PML ) ] B
43518 10 4> H 8% 1.2x10* km 12 4> H 8% 1.0x10*
km DB 14 T 258 808, P A ST Ak 0 A
o B, AR P i ok e R

4 &

RICAE Z A RARMESR T A1 XS S SR AR AR &



552 1

SRIGERR , 55 : 5 JE TR AR5 1) SR 1k — AR SR T E SR AT

- 399 -

[ PN BB AIL R R0 7 i, BIF 58 3 4 J5 R 1) 5 A ) A
O S AT TS 1] R P 2068 77 i 3B A 1 BE 2
FIAZZE PM 3NE, i M EW SR B, o)
HrANTE] PM J7 5806 JE LRA A O 52 10, I 8 H € il £k
A ELCRAN A AL, AR R BB, A3 A R 2538 O
1 BW HI EW ] 4 52t 58— A9 PMH& it il 3 7 2
ARA B A PR 2, BTt RE A8 R 36 50 g 140 i

PERE ; @ A [ 7 388 B2 ) Jo5T 25 A ol £ 1) A8 I
RS A PM SR BT & L PRt >R, R SRS
T LA L) 206 S O | ] BT B 91 B 4 o O 25
Hilg, WLOh, HIEZ AR T A S IR A XU
D IR LKA [0 A1 8 P AR AR I R
L n] LASE R SRR B ORE A IR, 5 2 AT & T AR
SR ST LR SRS

SE K :

(1]

(2]

(3]

[4]
(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

COHEN M A, AGRAWAL N, AGRAWAL V. Winning in the Aftermarket[J]. Harvard Business Review, 2006, 84(5):
129-138

BLISCHKE W R, MURTHY D N P. Product Warranty Management-I; A Taxonomy for Warranty Policies[ J]. European Journal
of Operational Research, 1992, 62(2) . 127-148

JACK N, MURTHY D N P. A Flexible Extended Warranty and Related Optimal Strategies[ J]. Journal of the Operational Re-
search Society, 2007, 58(12) . 1612-1620

MUSAKWA F T. Pricing a Motor Extended Warranty with Limited Usage Cover[ J]. Astin Bulletin, 2015, 45(1) ; 101-125
BOUGUERRA S, CHELBI A, REZG N. A Decision Model for Adopting an Extended Warranty under Different Maintenance Pol-
icies[ J]. International Journal of Production Economics, 2012, 135(2) : 840-849

TONG P, LIU Z X, MEN F, et al. Designing and Pricing of Two-Dimensional Extended Warranty Contracts Based on Usage
Rate[ J|. International Journal of Production Research, 2014, 52(21) : 6362-6380

DARGHOUTH M N, AITKADI D, CHELBI A. Joint Optimization of Design, Warranty and Price for Products Sold with Mainte-
nance Service Contracts| J]. Reliability Engineering & System Safety, 2017, 165; 197-208

KIM C S, DJAMALUDIN I, MURTHY D N P. Warranty and Discrete Preventive Maintenance[ J|. Reliability Engineering &
System Safety, 2004, 84(3): 301-309

CHEN J A, CHIEN Y H. Renewing Warranty and Preventive Maintenance for Products with Failure Penalty Post-Warranty[ J].
Quality & Reliability Engineering International, 2007, 23( 1) ; 107-121

CHANG W L, LIN J H. Optimal Maintenance Policy and Length of Extended Warranty within the Life Cycle of Products[ ] ].
Computers & Mathematics with Applications, 2012, 63(1) : 144-150

SU C, WANG X L. Optimizing Upgrade Level and Preventive Maintenance Policy for Second-Hand Products Sold with Warranty
[J]. Journal of Risk and Reliability, 2014, 228(5) ; 518-528

SU C, WANG X L. A Two-Stage Preventive Maintenance Optimization Model Incorporating Two-Dimensional Extended Warranty
[J]. Reliability Engineering & System Safety, 2016, 155; 169-178

WANG Y K, LIU Z X, LIU Y L. Optimal Preventive Maintenance Strategy for Repairable Items under Two-Dimensional Warran-
ty[ J]. Reliability Engineering & System Safety, 2015 142(5) ; 326-333

HUANG Y S, HUANG C D, HO J W. A Customized Two-Dimensional Extended Warranty with Preventive Maintenance[ J |. Eu-
ropean Journal of Operational Research, 2016, 257(3) . 971-978



- 400 - [ A O N

B
gl

Research on Pricing of Flexible Two-Dimensional Extended
Warranty Considering Preventive Maintenance

ZHANG Xiaolei, SU Chun

(School of Mechanical Engineering, Southeast University, Nanjing 211189, China)

Abstract; Facing the uncertainty in transaction of two-dimensional extended warranty, a flexible pricing model is
presented considering imperfect preventive maintenance combined with the degradation characteristics of item. The
measure of two-dimensional preventive maintenance is carried out based on specified age interval or usage interval ,
the effect of imperfect preventive maintenance is described by age reduction model. The extended warranty cost is
modeled from the perspective of manufacturer and customer, the method of gridding search is employed to optimize
the maintenance strategy under different cases. Moreover, customized extended warranty price and warranty services
are proposed on the basis of consumer usage rates. The results demonstrate that it is helpful to maximize the benefit
of vendor by providing customized warranty strategy, the implementation of preventive maintenance during the whole

warranty period can effectively reduce warranty cost for both sides.

Keywords: extended warranty; two-dimensional preventive maintenance; usage rate; customized warranty

strategy ; flexible pricing
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