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Delay-time-based inspection model for k-out-of-n systems

LIU Xue-juan't, ZHAO Fei?

(1. Donlinks School of Economics and Management, University of Science and Technology Beijing, Beijing 100083,
China; 2. School of Management, Northeastern University at Qinhuangdao, Qinhuangdao 066004, China)

Abstract:
maintenance policy only considers one-stage system failure process, the delay-time concept defines a two-stage system

The delay-time concept has been extensively applied in the field of maintenance. Unlike traditional

failure process: the normal stage from new to an initial defect and the following delay-time stage from this defective
point to failure. Previous works using delay-time concept have mainly focused on single-component systems and multi-
component systems with a series configuration, however, have not been applied to k-out-of-n systems. Therefore, this
paper proposes a delay-time-based inspection model for k-out-of-n systems and study the optimal inspection interval
that minimizes the long-term expected cost per unit time. Both exponential and non-exponential distributions for the
time-to-defect of the components are considered. Numerical examples are presented to illustrate the effectiveness of the
proposed model.
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0 5 T

TE A A P B AR I o, T 1 A 2 5t 5%
R R ) — A B AL A 4 B 5 4 B N B E
B T M X A AT AR o 4 B A DL (i
TE 35 32 00 o R 037 0 2 A o A 3 o g
5 P 7, B3 S o 18 % bR A AT R T S 4
TR v 55 57 5. A5 B U 9, T e 4 35 3 b 4
80 Yo 1111 55 45 42 BRG0S0 30 8 e 1, el R 000 (X
V] 3ot B ot 4 B A A S BT A A S A
B L, T 5 T A AR X 0 3t 5% 4% 1 i 2% A
BT 12 5 2 B G B (1 FHY), G IR e A B i

Uts BHA: 2018-10-14; 1&[EHHA: 2019-01-08.

FEAf 78 2% R [X 18] 77 10 S T3z, ok e e (5
Salford X %% ] Christer #(#% 7 1973 42 4. 1EiR I}
[F) B9 2R G 1) R o 7 4 A R AN B B IR AR A
B B3, IS A4 140 e 490 458 P BSF ) 280 38 42 A i B 5k
1EAT B B, A A4 s ik e s 2050 44 AR B, ikt
B B B[] K B D A IR B[R] AR IX PR AN B B A, SRt
B 3FRAS IEFIRAS L SRR A BRRAS. WA
JE A BT ] By B XoF 50 A A7 R A, D S50 42 P e o 2 43
IR AT S AE BT H, 38 G R 1Y) R AT, H T,
FEIR N [A) BEARAE FR Gk 77 1 ) ds A 2 A T
KRG A RSV A 2 N A4 AR ) R BB &R

HELWBE: ExRARBEEETH (71601019,71701038);  H e = 4% 3 A BHE b 4% 9% 5 T %8 4 T H (FRF-BD-18-

009A, FRF-TP-18-006A2).
RIERE: XK.
VA IAA/EH. E-mail: liuxj@ustb.edu.cn.



1470 ECa |

5

xR ¥35%

R8I0 n HR Lk R GEAE S bR R AR AE U, T
RLEEN RG24 18 F IR I (B B 5 n K
GRS DU JE BN Lu S50 5% 2 L A & R
HAT T B AR I N AR B s 5 PR E T &
GN2HH AW RS, ZRAEHE— T — A
R, AT B IMEE A, B S A SR
FIn Lk RGiA TR — KRG

ASCHTE I n A Bk 52 48 Kontoleon T~ 1980
FH RN IJFH T AMEE, BERR. IHHE
BLIA I 286 1 2% (1) o 4 s 38 G idE AT AR 1% R
n AN AH [E] A e IR 2 1tk B EA T O7 A R, 1 2R & 4
22 /b AN BB A IR A e (B AR ), ) JR 4 T
1B (BUR MR, BT, 8T n UL R TT
F2 AR R A ] SE M ) 10 T G T TR K
F2 28 T P A W A4 A2 R B 98 2L i Sheu Z5 0171 L
/B ERE I A N H bR, X n HECE RS T
FE T8 T 45 (1) 4 42 HE MG A B Ushakumari 551181 2k
T max (N, T) KBS T nHHHE RSEH4ENE HNE A
BRI RG0S BIR T H R RGR A E0A 2] N I, 46
X R AR AT BEFr. 2OV n R LK RGTL
e 25 R A 477 S AR T A e 3 I T S NI B B TR
B B 45 S W 7E 55 1 B B, i R AR I — DR SR H
Sae/INAESP AL B AR S 2 B B, X AR 1 2R I A il Ak
R AR 2 R I Bl R G R R
I TR AE 3 FE B AT 0 38 2 SRl A A=, I &R e ik
AT TR PE4ES . A [F] - 38 B 1] 298 o g [ B i e
I FR A, L BRI FUN T F G0 B A b R 4
TR HR A BRI B, RO A TR 8 A R P AR s

AR n H L KRG8 I AEAEAS I X 8] 24T B A,
2 I ZE IR B (A BRI IR 22 48 SR A 1y i b ik 72, 4331
B o VR P I OO0 S T 0 AT — Fl o &R G AR T 4R
iR e A I 8] il A FE Ei o3 A (I 0L, IX PRI 0L T R 48
A SRS I SR, Bl R G A e — k4 1
BB A R ) 2 T B R G, 7E B R AT
¥, A I B S BT HR H AT R e e A2 I, AR AR I A
ARG WAL ERF, oF 955 5 AR il o 8 42 3 A 5 3, D0 2R 5 B 3, Utk
B, AR RN T o — k + 1, 0 —Fi2 KRG iE
FRIRTT AR R RE A2 I 18] Al N AEFR 20 AT IR O, 24 R 4t
HAEn — k4 VAR AR W I AT &R S AT i
e B, (LA 0 S A TN 280 0 2 P i o T e o 2
BRTET 0 — b+ LIBHT, Sk, 34 b g 1
n —k+ 1 BP0 L EPIRRG OL, 12 B 58T [l 45E B, 43
ol B ST RS I TR RS Bl FHASE AL RS T ASAUL 07 LIRS,
A BT I (8] 442 2% F B/ o B, SRAG X n P K &R

G s L AEAS AT I & .

g5 ERTIR, 1E AR A DG 5 R, o AR L B AE 3R
IRV AR AE n K R S8 B R A ST BT s AR
Tz B AR AR B R B2 43 B B R n H LR R G
BRI A R, A 2 n TPk R IR GBS
DX Ta], [R] B N7 A LR AR AT B, A e i Bl
G5 B AR STV IR ELAAR R .

1 FERFS UL FM
1.1 FEFFSULER

n: RGEh AR

U - S PRI SR B o A= Bk 1)

H: ZEIR B [H];

X = U + H:EB A R A Wb (st 1]

g (w): B E R A N T [ R 28 2% B BR 4

F(h): 2RI} [8] i) B AR 40 A7 bR 2L

T Fsr il X [A]H

k: RGUIBAT I 5 e W AR R A 2

S (h): JER IR [A] R 26 2 FE ek 2

Cy: BRI 2 H 5

C gz B A 5 o B 38T 2%

Cp: BB 5B 5 37 2

C: RGEBBEAFHLI AL EE 2.

1.2 RigHEH

1) G5 & B (R SL [F] 53 A1

2) A R A 1R L 5 5 1), B ZE AR 2 S
A AR o B o ) — o R I

3) A (IR 5 B A s — LA A I ), gk 2l i
AN AENE AT S8

4) RIS T3 R GE R, B AS A ARG 00 B ) A
iR

5) # AT DLE R Gia AT gk AT, s i 4E 12 5
TR RRIENL AT,

6) W1 HRAE PR R AT (AR I 2 8], B — K X )
W, A8 n — k + UASHE R BORE 46 R A ke, ) R 42
RAMETFAENL(Z T n — k+ LA R N sl 4 &%
A W ) IR L ANAFAE).

FE1 BT ~ R RA3) W R R G4
18 S ] SEPERE T, B, b s sk Dt
A AR B I I R ) R AT AR SRS M AT R Ok
TRV AT 2), Ji BV ARSI 76 AH DA 7T DA % SE B
FE T L), 5 T X R G AT B A A 58 38 AN 58
5 1A O, AR ST 48 56 36 B A DLEAT B 9. R kA
4) 525 WL — AR Y (block-based) £ Il 77 2 4B
WA 5) 5 SR IG UM R & R kR 6) 2 i TR
SCn HR R K FR G 1 BT T ).



%6

X 4R S A TR A n P IE & S AW X A AR 1471

2 REIRGE
21 1ER1: BEERERREL ERTEBRMIER ST
TR AT BAT “TCATAZNE” K S TE R G AT A
PERIF 5 LI SC o T i85 J% 10 S 3B B 1) B0 48 9 P ey
B L AE SR rh, A e B R GO AE IE B AT R
AT ICIE S AR MR I 1 AL T4 RE IR AL R
B, Bl R AR T B R 2 R TR e,
e H A T TC A AR T, G T A VR R G
BV 2 5025, HLH I 1R e % A e 1R P 500 A
AT HIR LB A E
40 A £ A B R 2 S 1) IR AN B0 A e, 3 T

FoTACAZNE” BRE R B AR AT 3) AT L BT AT (T
PRAEA IS ol £ SE 0T, B AR &8 S A I Rl N 7. A
RIS, R G0 KR T A AT AR S IR 1 R,
ey RN IR H A I B, ng s Bk B A 1 2
B, ng LoRBEAAF NS E M RGP En — k+1 4D
AR R A RN, 2R G Wb A L, 7 2 R G AT
BB, RGP AR ER R R T 0 — k1R
A FLAIE B0 D9 Xt 28 e AT e I 5B, RS Ho
gy & 3N A AR I R SR AT IR, 3 N2 & 23
Xof B FR G A IE T R T LMOIR S, 5 R R
RAGHIREHE.

®1 RGEMBHELNSEPRSEE

EHRSE RGIRE n(EH)  na(BRER) na () REHE
0 0 crclcy
n—1 1 0 cr-tciod
R ORI #b . . .
n 0 clcre?
n—1 1 crtodo!
[ n—2 1 1 cr=2c,0y
R RYAT 1O b o
n—1 1 cocrto;t
0 n—k ckeo_ Ccrk
k-1 1 n—k Csilcif(kq)C::/’:
RGA (n — k) AN )
k n—k cocron=k
k—1 0 n—k+1 CECO_,_,CrTh
- - 1 n—k+1 Cﬁfr"ci_w_z)C,’Z:((fiff
HRSERT  RGAn — k+ LR, REMREL

cock-ter-

—(k—1)

kE—1 n—k+1

EH SE 35 NF A B 12 W 60, S A A A 0 R A 0 3]
T ERRENBERPU > T) = [ gludu,
%ﬁﬁ‘?ﬂﬂ%ﬂ&i?ﬁ}%ﬁ’éﬁiﬁmd‘%%ﬁP(U <TNX >
T) = jo g(w)[1 — F(T — uw)]du, TR X 8 (0, T
PRI RAE BRI BE N P(X < T) = [ g(u) x
F(T — w)dut. FrBL, &5 4 2 1 0] 50, 46 00 58 97 45 o~
(ISR i A 9 N

E(Cy) =

> (nCs + n2Ca + nsCy)Cpr Cp2,, Ché x

[e%s) ni T no

[IT g(u)du} [Io g(u)[1 = F(T — u)]du} X

UOT g (T~ uw)du]”. (1)
Horp: “S™7 W ng +no+n3 =n, ng <n—k il
e BE I 155 0 IS BRSO EE S 2 R A

E(Cy) =

[(i = 1)Cy+ (n— k +1)Cf + Cr] %

K2

o e (e T
ChCit O gt - F(T-

k

(n—k+1)
mm] @)
FIT A, 2R 456 507 e OO 30128 A A 9 FRL Oy
E(C) = E(C1) + E(Ca). 3)

FE 2 (1) P ARG B AR 10 39 2 A
JEH
E(L) =
Y rcpcrE, o x

2

{j: g(u)du} " [IOT g(u)[1 — F(T — u)]du} "



1472 # % 5

xR ¥35%

[IOT g(u)F(T — u)du} " 4)
R BRI O, BTN 20 A — 5 N T I %, B
ORI IX [E] (0, T ARSI 2, i ¢, 11 (2), 2
P(t) =
00 (k=i) r ot (i-1)
[L g(u)du} UO g(u)[l—F(t—u)]du} X
t (n—k+1)
{Jo g(u)F(t — u)du}
R A BRI 17 0L T B 300 B2 R B U

)

k
E(L2) = Y O Ol Cr(h1) %
i=1
(TP(T) - fOT P(t)dt) : )
Hr
(rP(r) - [ P(t)dr) =

T[f;o g(u)du] e “;)T g(u)[1—
(n—k+1)

F(t— u)ldul Y [ o)1~ )] _

IOT ([LOO g(u)du} e [Iot g(u)[1 — F(t—

u)]du] ey [fot g(u)F(t — u)du] (n_k+1)>
FITEA, 28 458 5E B B 300 8 A O 2
E(L) = E(Ly) + E(Ls). 6)
23 b, o SR Il i g BRIPOVE] N, 2 AR A Rk B
A I T IR MR B o A I, 28 46 R BRI ) 91 R 442 3
A

dt.

E(C
&5. @
22 1ER2: WAL R ERAIEE R

B A 2 o B 8 A P .76 5
e e L, B P T B 05 R I BB R AL IR
HO R GErh. s SN AL G5, S A
JUHLES T B4R IR A 00, 7 DA 7 A TR 75 7 T 4
SCHR (211 R 134 (KR R 8, S Rl s O 9
BT AT DA 4 /K b O UR A5 1 5 AT S 0 4 15

84 2 G5 FR S B 2 e T BRI 45 5000 A
Fet, 2% 495 17 A S 355 R B 95 7 4 0. R 5 1
B R LRGN — kLR E
KT, 2R G MR L 2R 6 1 K ) B 5 A
TEREAK I AR BB R 3 RO K T2 T
n— K+ LHIEAT, B, 50 o R WO 2L, B0 PR ARG
N T — &+ 1 T B R AL K
e, W R GEHEAT T e A 5 S 7

A4 JE 5 BO5 A 1A AT T 2.1 45 4 M4

O(T) =

W ER ARG Z, e Eny i A B B i iZ
P, RIS AEAS I I e BB A I8 B R ARt 2 A
AT SEHIRAS, BT LA, R G BERT T g a2 il A A
S . 0B 1R S RGN SR T A —
K+ LA ERAEAE T I Z0AS 0 I Ak - ah g B0 R
A&, HABPBAFIE R, PR, 75 B T I 206 RGEEAT
BT WAL 0T I 2 2 1, 38 G0 R 2R R, R R IS
SREEANEE A BN T — k4 1L EREASEFAL
A RE AR A T T U AR e ) 8 A i o i e B
T, b AT BE ) 0 RCE K, A BUHR RO, BE, 2
AN S ST R SR PR A8 Gt I S e A 1 B X 1),
LA XS T 2 e A A 1R R A I 1) AR AR5 B A
AR L, AR S0 FASEAELAT S 1) T3 3206 a0 T o X
[B]EAT 73 #r.

wr OO e DTN
0 T i-nH1T iT
w2 L N SN >
0 T (i-HT T
Wln k1 DN
0 T (i-)r it
HfEn M—- /—\: >
0 T (i-HTr ir

O MIhEkba AL o Wl
Bl 1 RGN EHEEH5)

AR 55 20 Wl o B AT DU BE T N, BT R G
For I B ASEALIR AR, WL 2, 2 EOPIRA R

step 1: H146 1% B (UL 2(a)).

1) X RGEFAT VAT A K S EE,

2) W EASIN [X 18] T4 B A B i

3) X TR THE, #REAT J IR

4) BB Z W], 4E18 5 2% F O 1R 4858 i i
KELEENO.

step 2: JF A ARALL.

1) B RALFU S BEAN TR I 440 5% 3 A Je = H b
HUAE BRAIAR BRI i u FIEIR I 8] A,

2) IR A FI BTG BRI A w I8 N T N 3L
BN SR TETn—k+1, WE20b). #15, Wui B
R ATE B T B AT W B A I S R ARAS
T AR R B 4k 42 T — AN RS I B A5 S 5, T G B
RGILF | FHEF AR, e AEELC.

step 3: F 4t 5 77 2K

TBEER C FH R ) Wt 58 4 75 30 AT 908 o 538, AL
2c).



% 6 5 X248 %

£ R TR R R s 0 n P BE R oAb X ) AR A

1473

RGHIIAL

RS HOMA

=T, to0T,,
([Toir T3 THIHAE X TD)

j=1,C,=0,1=0

A

j=1,C,=0 —
! [>T
- X
BENLA Kou b, D=u, <
r=1,..,n @
=it " Ol . @
AL 20 o e s o >
B A
Y
<:n N r=r+1
A
C=C+C
< D=D
C=C+C+C,
e~ BALA BRu, b,
D,=iT+u,
C=C+C+C,
L BEALA: B, h,
D.=iT+u,

c=XC+C, |®D
C,=C,+C
L=L+maxL,

[N=N+1]

[ N=N,0]

(b) itk A

& 2

1) 4 SEBR FRASAEAE (017 G050 Bk, R e A 3 12 4
mATn —k+ LR, LR, AR 412 2 F R
GHHKE.

2) F| W 22 435 75 "L o ST S e W R, T SR
JE R BT SR, B R A B I — K+ 1
N D; A5 W g e il 58 345 10, e AABLIRLE.

step 4: Wi BTG L.

DL 2(d), 1555 D F X A AN A T SRS 2 A A
%%E%ﬁﬁﬁ%%%Aﬁﬁﬁ%%ﬁ%?Fﬁ

B AR UM RGO AL RGO K.

(c) FEEC

(d) D

RGRMNIERURTE

step 5: o il B 7 1% 1AL

PR B X6 BT 28 G Aer I BE T A5 98, e AN B
THEEURH 50 BRI 2% I o0 2 HTEAT & 08, T R G EHT
MR T

step 6: B UL TE K.

0 V8 4 I B S A N BE R, e S R D B
B BRE 58— IR BT A, i3k Cp ML, — SN 58
B A0 SR AR Tk BV TE AR, I BEAT TR — R
. 24T BN, 58 B, 73 45 E NS BB,
() Cp A1 L, 33k 11 ] 45 21) 5 A7 s 3] 442 9% 1, T 5 /) H)



1474 # % 5

xR ¥35%

FAAL R [R) R4S B T BTG L8 T B Ay e AR ) X ).
3 HEZREG

ARATLA3 L2 RGUNHIL BTN T = 3NEE
MRS, B TFEE = 2/ MHEH KRG A feia ¥,
TN TR B, D) 2 B e, AR A2 S A 1) AiE AR B
T) A AN FiE 25000 A1, I AB G CLBt SE PR B e B 7 A2
,r$[4,8] .

3CH S A 3% B Matlab FHEEAT VR, BT T A
SERE R A P, OV SR AR BT A, R TR SE PR S
Hh ARSI X R] K FE A PR, W BAZE & BT 23 1T () R 4,
25 78 — AN AT BE ARSI X JR) P A v TR DA B B[] A6
TE I ] P, 38 7 A X ) AL 3K f A L g B
S 1) HT B 9% P 36 B /I 14D SRS F 1] 3411 28 28 i Bt
S (YRS WU 1XC 160 Ay g A ASE W X T 3 o 504 oK A 77 v
AAAE T A %), BA 55 1
31 HERG—BHFRVIEERGE L S BTE AR

RG]

W 3 H L 2 F G0 A ] U R R AR T iR
MNSHCR N, BT 0o A, IR (R iR NS HN A, 1)
Fa A, TR BN “on” IR R AR
ZHHE IR 2 TR,

#+<2 HEBSHEE

Au An Cs Cy Cy Cm

0.015 0.03 50 200 200 1000

ORI X R T B B 15 ~ 35, 26 KA 1, 3K
(1) ~ (7) F1 3 2 () 2 BOBUME, v 545 B I T 24
Yz o, W B 3 FrR. BT, AR X A D 22
TR, B B () 3 B A% 2 BN, N 8.T15 I, BT LA, B
Al R C(22) = 8.715. RIEERR 22 A BLA7 I (8] % R 58
TEAT RS I ST it TR 75 4 24 412 A B A SRS

9.3

M

EE 0!

=

T

=5 8.9

s X:22

E Y:8.715
8.7 —

18 22 26 30 34
LA IIX 6] T

B3 HERGIHEER
SRS DX T (1) 225 SR 2 52 B 2 U K/ B 82,
2 JUE AR By I, 5 AR I X ] T A 1 2 kA AR
b B G, F B 3EAT BB 3 A, oA S EUE AR, 45
RANE 4 PR, 2 C, BUE 7353 9 600 800+ 1000+
1200 A1 1400 B, A2 300 X 18] T (1) S AR 8 50 99 8 € (25)

= 8.507,C(23) = 8.619,C(22) = 8.715, C(21) =
8.8,C(20) = 8.878, n] Wit Al X (8] B 5 C,,, FI 14
KT A% /I, 156 B B o 28 G g e Ak 348 9 FH () 388 o, 5 22
HE . 248 R0 X [) P BE A B R A B IR [ R e (10
A7 CA R/ ZR G R 45

11.5

—~ C,=600
—a—- C,=800

] — C'=1000
e 10.5F |- C'=1200
,:ig‘g —— C,=1400
E8
)
o &=
gig 93
g

8.5

10 20 30 40 50
YEfERR X ) T

4 O, FEITHRMIHER

32 BERHI2—EBHBIFIIEERFE &K S B E] AR

RS

H1 T AT 7R 3 A B A B B 1, AR SE R IR [A]
PR AR 2Tz [ N2 9 3 T 2 R g R A
PRI SR o A A2 IF T i A JBSATT 2R A, BAT 7K 93 AT D
WA B pR 5 R
aB(az)B-De=(2)" 2 > 0

f(x;a,ﬂ)Z{

0, x <O.

Hodr: o ABENLZE &, o A1 B B /R 20 AT B 3L
A a = 0.04M 5 = 1.42, FEIR I 8] 2 2

ZHILER 2, BUBE LK E T = 50000, &30 X [8] T (1)

BUE YO 10 ~ 30,32 F 2.2 5 (AL IR AR AT 1B 5L,

RIS & F A0 ] 5 B, s P AR X ) K 2 A

C(18) = 11.1.

12.5

En

Sz 120

=4

S 11

p: X:18
Y:11.1
-—

11.0
10 14 18 22 26 30

LR IX 6 T

5 HERBIEMER

!

P

4 & @

X8 FH A A o )38 145 3 50 b 5 7 o 9 00 06 o
H ke 28 45 1) B PG A A R0 X 18] — 75 150 2 R 48 09
B BT 1 FIR A 053, T 58 37 3 B e 7 7
BT o 1 2 46 Bl PR AR, — 2 A 8 000 A5 O 15 0L,
YT H AR, BT T S o o i 21 3 B
7 ELRAR. 5 4 BT 5o W 1 Lk AT H (B3 51, 75
H T RGBT X 7, 52 F R B0 497
W] T A 6 2 088 3w 45 L 10 B . S P (A 2R 4



%6

X 4R S A TR A n P IE & S AW X A AR 1475

HIRFE N n P B RGER SR T —FhoT
il R AN X 18] (R 59, (A R I [ BRAR AT 1 S —
A HE . 2R, SO B R G & AR AR AR A AL
0. 3 — 20 BRI TC R ERORR BE AR, 25 A A 2 TR AN FE
F AT, G A A R b mT DA i A A7 iR F

IR R S 5

S £ 3 fk (References)

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

Wang W. Models of inspection, routine Service, and
replacement for a serviceable one-component system[J].
Reliability Engineering and System Safety, 2013, 116(8):
57-63.

RZEGR, XE, IRTE. B A R 12 7 i EPQ
iR YEE R A T]. KRG LRYR, 2018, 33(1):
136-144.

(Liu X J, Zhao F, Ma X Y. Integrated EPQ and
maintenance model for a multi-product production system
with varying production rate[J]. Journal of Systems
Engineering, 2018, 33(1): 136-144.)

B 3CTT, A T T SE IR B ZE B A S A
B R 1o AT D). R LAREL 5 52, 2013, 33(7):
1654-1660.

(Lv. W Y, Zheng R. Delay-time-based model of
optimization grouping maintenance type and case
study[J]. Systems Engineering— Theory & Practice,
2013, 33(7): 1654-1660.)

Wang W. An overview of the recent advances in
delay-time-based maintenance modeling[J]. Reliability
Engineering and System Safety, 2012, 106(1): 165-178.
Liu X, Wang W, Peng R, et al. A delay-time-based
inspection model for parallel systems[J]. Journal of Risk
and Reliability, 2015, 229(6): 556-567.

FESCM, R, S8 T = Bl R AR 2 R
MUY (1], R 48 TREE IS 5 LB, 2014, 34(1):
223-232.

(Wang W B, Zhao F, Peng R. Modeling of the optimal
multiple inspection policy based on a three-stage failure
process[J]. Systems Engineering— Theory & Practice,
2014, 34(1): 223-232.)

Zhao Fei, Liu Xue-juan, Peng Rui. Inspection-based
policy considering human errors for three-stage delay
time degradation systems[J]. Journal of Shanghai
Jiaotong University: Science, 2018, 23(5): 702-706.
Wang W, Banjevic D. Ergodicity of forward times of the
renewal process in a block-based inspection model using
the delay time concept[J]. Reliability Engineering and
System Safety, 2012, 100(1): 1-7.

Liu X, Wang W, Peng R. An integrated production,
inventory and preventive maintenance model for
a multi-product production system[J]. Reliability
Engineering and System Safety, 2015, 137(1): 76-86.
RZEGR, RE, ETE. 277 b AL oI 5 AR
VEAEIZ A PR (7], op BB, 2017, 25(11):
189-196.

(Liu X J, Zhao F, Ma X Y. Joint optimal multi-product

production and non-cyclical preventive maintenance
planning model[J]. Chinese Journal of Management
Science, 2017, 25(11): 189-196.)

[11] B4r, k& 2T XM & K20 & R g iabsEis
Wi AR ZRA (7], 125 1R, 2018, 33(5): 769-781.
(Yang G H, Zhang Z H. Review if interval observer
based fault diagnosis techniques for dynamic systems[J].
Control and Decision, 2018, 33(5): 769-781.)

[12] E&EE, HORE. TR A RSN B izshizh 1], 42
il 5 P, 2003, 18(2): 199-202.

(Wang L G, Ma B L. Self-motion control of redundant
manipulators[J]. Control and Decision, 2003, 18(2):
199-202.)

[13] Lu X, Wang W, Yang H, et al. Optimizing the periodic
inspection interval for a 1-out-of-2 cold standby system
using the delay-time concept[J]. Quality and Reliability
Engineering International, 2012, 28(6): 648-662.

[14] Papastavridis S G, Koutras M V. Consecutive k-out-of-n
systems with maintenance[J]. Annals of the Institute of
Statistical Mathematics, 1992, 44(4): 605-612.

[15] Yuan L, Cui Z. Reliability analysis for the consecutive
k-out-of-n: F system with repairmen taking multiple
vacations[J]. Applied Mathematical Modelling, 2013,
37(7): 4685-4697.

[16] Salehi E T, Asadi M, Eryilmaz S. Reliability analysis
of consecutive k-out-of-n systems with non-identical
components lifetimes[J]. Journal of Statistical Planning
and Inference, 2011, 141(8): 2920-2932.

[17] Sheu S H, Chien Y H. Optimal age-replacement policy
of a system subject to shocks with random lead-time[J].
European Journal of Operational Research, 2004, 159(1):
132-144.

[18] Ushakumari P V, Krishnamoorthy A. k-out-of-n system
with repair: The max (V,T) policy[J]. Performance
Evaluation, 2004, 57(1): 221-234.

(191 E£%, /R, £ HH k-out-of-n: F RGN VI B

JE S A S T 7 (0], Tl TAR 58 HE, 2011, 16(1):
70-73.
(Wang Y, Pan E S, Wang K. Two-phase maintenance
periodic policy research based on k-out-of-n: F'
system[J]. Industrial Engineering and Management,
2011, 16(1): 70-73.)

[20] Ross S M. Introduction to probability models[M].
Burlington: Elsevier, 2007: 439-446.

[21] Wang W. Aninspection model based on three-stage failure
process[J]. Reliability Engineering and System Safety,
2011, 96(7): 838-848.

[22] Murthy D N P, Xie M, Jiang R. Weibull models[M]. New
Jersey: Willey, 2004: 9-15.

fE& BN

X285 (1982—), 22, P, 18-, et rr etk ek
AN F5An PN I 5, E-mail: liuxj@ustb.edu.cn;

AL (1984—), L, BIlZHR, 184, Wt rrFEdk i
Hifs 5 & TS, B-mail: zhaofei @neuq.edu.cn.

TR FE%)



