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Abstract: This paper proposes a preventive maintenance model under multi-scenario modes to solve the prob-
lem of production stagnation and shortage cost caused by the failure of 2M1B production system. This paper
analyzes the buffer inventory change track, determines different scenario mode, and develops the buffer in-
ventory holding cost models under different scenarios in the production cycle. Considering the rate threshold
level of defective rates during preventive maintenance, a preventive maintenance model with the threshold level
of defective rates when establishing the buffer inventory and the size of the buffer inventory as decision vari-
ables, and with the minimum total cost per unit time in the production cycle as the objective, is presented. The
total cost includes preventive maintenance cost, inventory holding cost, rework cost, shortage cost and war-
ranty maintenance cost. The discrete iterative algorithm is used to solve the model, and a numerical example
illustrates the practicality and effectiveness of the proposed model.

Key words: production system; buffer inventory; warranty service; defective rate; preventive maintenance

WekE H #: 2019—09—16; 53T H 3H: 2020—09—10.
HETH: B EARRHF IS EITE (71632008; 71840003; 71471116); il B SRR # 5 4% BT H (19ZR1435600); %1
BN SR R 3 4 ¥ B3 H (20YJAZHO68).



E R KBNS 5 8 2 G AT T A ™ R G TE 4E 97 BT 7T 783

i

1 3

BHEABOR I RIE K, L5t SRR IR UL LT3 58 4 H 2t A, e Atk 7 BRI ). fEH W
A TR B R S AT, R O B AR RIS AT e LA, 0 P T S AR IR R I I £
F AR LT, B AR 5 77 i 5 FRFAE, 14 A% 7= m O DO RE S5 IR 3R, A 2 B AR At e 8. 0L
R R BR 2%, T P AR E P R RIS T PR B R S5 AN RENE SRS W RS S, IR PR T
BRI a, TN I 0 B R, (A, PR IR ST B AT CSON 173758 S B2 TR BUACHITIE L i)
Azl iE R GG R R KRG B B L B R AN R A R, A T S AR R Ok
IR SRR AR DR L, 38 325 R8 DR A IR 55 SR AT 80D 46 A O 97 SRS R DR A 77 R U ARRUE « R FE 3B AT,
ARk 32 3 B 3 oIl ) SE AL

BE & DA A ZE 7 A3 A e, FERT L2 R RT S PEANA FH 0 S Y 17 S v 0K, e 4P SR A i {12
—ERNL A SRTE AL BRI, AR SCTE B e SRS AN i CRAZBILA BIF T R SRR L, £ BLA B T AN
A, R T 77 i DRAB B TR P 4E 57 SRS T IR AT 7, 15 FE 8 52 Soe G2 i IX PR A7 AN P2 R GE I R, IR AR
B8 T 5 8 SR 5 5 B T 1k 47 SRS, AR IR B o P R AN AR 7 FAS L B vt 2 7 .

BRI RGEMILEY, [ A SR OGS B AT 1 ORI, SR 0 T8 M B R AN R HTTE, XA R
(IR FEAC B T H 24 5% S 940 Christer™ 4 H f I [] (8 IR AL 50 AR 1 VF 2 4RSS A7 7E 1 iR e 2% A
55 SR A% A AN T TGV S B )R 2 S, Wang P12 8 T AR 7 e e 4% DR R T S AE TR R R, 5 B0 5
RS RE, W05 0B AT s W E KR4S S, H A2 AR 2RI, 7E k2l |, Taghipour
GBI T LS YD IR S LA T AT B ASEBY. Rp S M, Wijngaard o5 3R H T B b X PEAT, L JE 5B G2 X 1)
BB T A FIRE R E 7E 006 2 F8 BB 52 A V& b R AR T A TR 4818 7 B # /2 JA 1175 3, Nourelfath
SERFAL T B BRI PR RGBS A T Fitouhi 25 SO VR N A T HR ORBOR & R A R G0,
JE GO T B AR SMELIR S5, 7525 FEANIF i (1 448 2 PR GRAB IR 55 22 Sl L, 45t T ARSI
U s LS. 0 R ORI A Zh A LRI B AR AN W RS [F ) S AR SR e 307 5, v 1 A SR R 1 R, %S
T YR RN ER. AR5 SRR TT R, SCRRII-16 PR A 7= i R 5 e 2 e3P SRS b AT I & DAL AT 7T, JF BAE
FAE L RE T, B8 T R

EIRWE ORI, B AR AE T2 S i X A7 B LR /N 5 TS S A T, e (RS e 1]
77 b 9 R 7 T A AR S AR L (ERE, T SRT EE R I TR) T8] R AR AR A 0 E 1Y, T S o DX A HPIRZS IR AN
FRale, AT e 2 PG X AR A R IGO0 T A IR REAT TS P 4k, 1 PR R4 id R v, il % e
PR R, AU IR IR ST, R BB ET I B, P RSN BT 9. R, X Gz DX i 1 T 1 4

BT IR 1A, A SO AN [F) G B AR B T 25 8 DR AB IR 55 1K A2 7 28 Gt B IR P 4 37 SO T T IR A
TC. e, TGt DX R AE AR I, B 58 AN R R 2 b DX R A 15 oo, 20l A S A 7 o 300 PA) v X PR A
FEAT AR, LUK, R U0 R 5 BEAT TS 4R 37 I K A 2 B KT 1R 2R, I R 75 AT 4R 4730 N T
TAORZE ™ R G5 AL BEAT YR 4P BR AR I 355 S0 2 2677 7 oK, — HUR LR Z 8 B RS /P, WS A 7= R 4
(G X AT B foe i, SRR 11 37 B ) R it 3R R0 9 7 X A I 2 ok 25 B R LK A o X
AP B R/ R AR B, g A7 39T N BRI TR B FH doe /MR DA L b R S5O SE T 4P B R, O 2 T L 35
TBTAES B0 EAF 5 9 S 3R T3 S Rk 3% AR AR B A2 2 . R BAR B AT 54510 0 B S0 i
AT AT VR S AT R S8 IR T PR U ) 5 7 e DRAB R 5, R R R G o X A7 R U R R
18, Z56 75 8 BE ML X 1l e 26 T 47 3% L BEAF 45 B P 3R T 3% AN GRABZEAE B 11T 45075 T AN A5
Wi, A5 AT FORE A G BANA R A7 28 G T PR R4 SR I T R P e Rl



784 R 4 TR ¥ #H 3535 %

2 [EEERS S A

ASCWETT 2MIB A7 28 Gt IR 52 1) 5 A 3 R RO S 0 17 2 45 A% it AL it D TR 32 28 8 7 2B IR BT IR
HORAEFEAT R GE AL BVREAT BLHTR T, SR DA SR i AR [R] B A A% 5. D9 e U IR, AR R IR
AP HECHORG BEAT 7 i R . AR B AR 3 1, R URE A7 RGUR B HRAT 4 AT 3. WA 1 TR,
IR R IR ZE L TR BIE 1, I BART &R 13, <1< 1), W18, FFdEAT TPt 4Edr; ik
BLLAERANGR 1o A D, 2181 < 1 < by, WIAPATAR (T4, 427 R G BE& PAT BB TR 4R 5, REEH)
RAFEEATHET, 1, BRI 0 TFAR.

BB e A AT — IR GRS A 5 REDRIELE T — IRZES A 2 AT R ST AR08 0Cnl&l 2), 8 1 iR &
GidF L AT 4B CAEIS U5 RR I R A2 oK, — BRI LB B 2R BE 1, s SL h BRI X AT
&, HF B, Geoh X EAF BRI Se 4 EHTH AL, B 2 A5 Uil LR 1.

6} ° | il

=
|
|
|
|
|
|
|
|
|
|
|
|o
s
|
lo
|
|
|
r
I
|
|
|
|

o
—o
o
- = — . =
e
ey
v

° L Dr |
o | i >
lo" 1> ! TK
t t
1 IR PEAR 2 ZEIPIX AT (R

Fig. 1 The evolution of the defective rate Fig. 2 Evolution of buffer stocks
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Fig. 3 The evolution of buffer stocks without shortages Fig. 4 The evolution of buffer stocks in the event of a shortage

Bl 3 R 4 73 R T AR AR R BRI AR 10 DL AR AR A SR I IS DL 2 X EAE IR A2 Ak
D) &5 1 P RALN TR T2 TQ,
R 1T, TQ, 5 Cy M Wy BHIE P IECA 5%, BN T, = Wi —Th, W15 E[T:] = E[Wi]—E[T4],
HHET] =h/(Opx — d — ).
Ty WERGS 808 Q1 = aq E[Th ), T SHIANR S 3E0R Q2 = an E[To), WIS 5t 1 1 507N [A]
BRTHRHN

_ Cq(Ql +Q2) _ Cq h _ h
TQI B E[Tk] N E[Tk] ((al Omax - d - al) * 2 (E[Wk] Omax - d — Qg > ) )
2) fH5c 1 R AL )= s 3k A TC,

(a) BB — PO, RACERLSRANIE 3). Dy ANE I G2 DX ZEAF R AR 18], 45 M A ST I 18] O 32T 4 30
i E T L KN ZD KL Onax — d — o HEZEE ST 22 1 IX AT
FERXFPE LR, TRABIA[0, w] P 7 i tH I ke i E =2 Ry

EF1 = (1= (Qi+Q2) /2) [ hi(@)de +(Qu+Q2) /2 || ha(w)da




786 R 4 TR ¥ #H 3535 %

L, 7 B AE (RIS BTN BPF, = CZ,EF,. IR U1 BPC, = Gy (7 + ), 360b 7, =
Dih— U8, 2y = (Wi M)h — 55 VAL, BT sy = EPF, + EPC,
max — W T G
(b) 55— FN L 22 S 4 ),

TEXFHE LT, PRAZHA0, w] P9 7= i H B B R %y
EF, = <1 _ M) fow hy(z)dx Ql + Qs f ho(x)dx

Z4 Z4
FrEL, P 4B fRAE 2 I8 EPF, = C, Z4EF2 JEAF R BN EPCy = O (Zs + Zy), Hvp Z5 = h?/(2d),
Zy= Wy — M)h — h?/(2(Onax — d — 1)) FaELZR A BSC, = Cy(Dy — h/2)%d. ZEULUR, 7= b 3

A dws1 = EPF, + EPC,y + ESC;.
%r‘*@JULﬂﬂﬂFr W, r B 1 RN N 651 = dnsi (1 — fo (R/d)) + dwsifo(h/d), 3
T olh/d) = [ 7 hya (1y))da
PRt
651 = (1= fo(h/d)) {Cy [Dih — dDE/2 + (Wi = M)h = B2/ (2(Opas — d — )] +

CZ [(1= Qi+ @2) /20) | ha(@)da + (Qi + Q2) /Z2) [ hal)da] J+
fo(h/d) { Cu[?/(2d) + (Wi = M)h = h*/(2(Opax — d = o)) + Co( Dic = h/2)"d+
CZ4[(1—(Q1+Q2 /Z4f hi(z)dz + ((Q1 + Q2) /Z4f ho(z dl‘}}

il

1
TCl -

E[Ti]
i = S (1= Pl o+ 55— [ 1y (o) (1= PO +

h/d max —d— al

{Chh (E[Wi] — E[M]) + C jo"/ “f(@) (1= P(ly)) dax

. |:2(Omaxdal)(hE[Wk]hE[]W]agE[Wk])h(2a12a2+h):|
' 2h(Omax — d — a1 )(E[Wi] — E[M]) — h?
f h 2h Oé1 — 062) + QOZQE[Wk](Omax —d~— 041) %
Omax — d — o) (E[Wi] — E[M]) — R?

Jo ha(z dxfo fp x) (1= P(ly)) dz +

2(Omax — d — 1) (hE[Wy] — RE[M] — cE[W]) — h(2c; — 22 + h)\ (v
c( 2o~ TS~ E) 1 ) Jy i+
2h(a; — ag) 4+ 20E[Wi](Omax — d — j j o
2h(Omax — d — o) (E[Wy] — E[M]) — h2 P

h/d oo
Co [ 7 fola) (1= P()) do jh/d (dz — ) fy(x) (1 — P(Ly)) dx} .

3.1.2 20 REB|E A K EHKF

rr 52, RN B AT b, S X FEAF A AR h, (UUE BT b, fREE & 5 R AR A sk, R R R
RAE TR DL SR AR R PR ARG L T G2 X R AR AR AL, WL 5 AT 6.

1) 5 2 PRI AR T2 H TQ,

BT X AL REIE E h, Ty N 0, ISR AE Ty WAlRI =6, B E[T}] =
FEIECN Qs = auE[T7].

AL AR TR A TQ, =

(Ip)) dzx +

h*

T} BRI
O —d—a 1 {HIE] R

CqQs _ Gy (a h* >
E[T.] ~ E[N] \ 'Opax —d—ay )




%6 M KIS 5 8 2 R P R AP S A P RGP 447 7T 787

2) &5 2 T AL A 7= 58 5% A TC,
(a) B —AE O RAERGRUIE 5), Dy AN G2 X A7 1 FE A

Wi

El5 FAREFRNBELTEHIXEFIRE

Fig. 5 The evolution of buffer stocks without shortages
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Fig. 7 Evolution of the production cycle without the establishment of buffer stocks
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M Beta, H &5 B, Beta % FE BEE HAT — i FHAb v DI T a5 K, Hd o #6) F IR, o #4) FIR. MR
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P I3 LA = SR T T AR 2 P(1D) RSN a, b 11 Beta 23 A IS HUIUE, B p(1) ~ B(3,3).
534, MBS HEUME N w = 2, 8) = 2,8, = 2, A\ = 1/36, X, = 112,C), = 5,C, = 45,C,, = 500, C, =
50, Cq = 70, Omax = 100 H47/h, d = 20 FA7/ .
hi(z) = N Bria ™", ha(x) = A5 Bawy? .
N TSR L(t), T AR T4 5 i N, Al BRI R T AR R RV AL A
AR, T RANA & A A PR, ARYE DU DR SR AR B 2 R, B
L(t+ At) = L(t)(1 +¢), (5)

Horr L(t) ARRAERTZ ¢ IR ) SRR, € 2 0 31 1 Z IR A Beta 43 1i (R BEHL A &

TEh A (t) = L(t)/z. £ T WA HEN X, RIERIE G BENL™ £ — 2 BOR R b, IF HAEH
G T EAHRL 2 1(2). RER G EANE 1, Z BB m ANEW T, SILEAT nye, IREH.
wJE, Wi =1,2,. .. ngep 19 1(T) VA AL A 1) foe /I — 325K g R £ 1(2) I BARIE S
LR
BT U(t) BE, X TARL € 1 1, QA2 E[WA] G THE. BB AR 0 I 21 R 2.
IR & = 503 ERIKH neep, = 10, AT RIBHILR, WK 2.

F2 RULER

Table 2 The simulation results
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D@y 1@ 1®@) W@ 19w 1©@ 1D 1®@w 1@ 109w FigE
T 0073 0067 0058 0054 0069 0065 0066 0067 0067 0073 0.071
27 0119 012 0091 008 0109 0112 0121 0122 0121  0.103 0.105
37 0169 021 0149 0151 0219 0177 0209 0218 0193  0.203 0.179
4T 0311 0379 0249 022 0355 0319 0352 037 0335 0337 0312
5T 0523 058 0461 0337 0601 0517 0633 0654 0539 0602 0529
6T 0821 087 0801 0496 0958 0956 0831 0904  0.811 — —
7T 0841 0893 0851 0876  0.86 — — — — — —

F dpe /s Z e ith a0 & BR AN 36 2 I BHE AT LS B T LA 2k 1(¢) = 0.4331n(t) — 0.109, 41/ 8
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Fig. 8 Approximate evolution of defective rate
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E[Wi] = exp((L, + 0.109)/0.433), E[M] = exp((l. + 0.109)/0.433).
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Table 3 The numerical results

Iy la h EWL E[N] EFFARA FESRM RIHRAH REGEEHRA A it

0.01 0 60 297 3.24 843.96 93.02 234.78 94.06 1565.32
0.07 0.03 60 5.98 6.25 787.02 59.93 242.67 107.64 1521.24
0.12 007 60 6.79 7.04 560.27 54.2 250.03 118.93 1435.96
0.18 0.1 60 7.56 7.81 439.08 50.83 261.46 129.88 1378.56
023 0.13 60 7.94 8.19 409.01 44.2 274.98 141.37 1259.42
028 02 50 8.15 8.39 399.04 39.28 281.92 152.98 1143.84
033 023 40 8.38 8.61 387.89 41.79 293.88 160.85 1038.75
038 028 60 8.57 8.81 388.33 44.23 304.07 181.04 1092.56
048 03 60 8.76 8.93 374.28 48.66 325.42 208.43 1217.56
058 043 60 8.98 9.19 357.35 53.02 341.09 23791 1413.83

M9 FE] 10 R LA H, e SRS AE 2 1) 04 0.33 I A A #EAT TP PE 4R, D9 17 A2 2M1B &
gerp b i st A 1 LRI AR L A R R, R BEAE AR 1 B F 0.23 WS — A B = 40 HLLI SR A,
BRI, S EIRRATY 1.038.75.
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Fig.9 When I/,=0.23, h/= 40, the total cost per unit time changes with Fig. 10 When I; = 0.33, h’ = 40, the total cost per unit time changes
Iy with [,
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D) SRAZIA w. G ORAE 3G I sy f5 4 22 b B A7 38 00, 2R AT TR A 44477 R 37 9% o X A7 1 K i 258 ) L 1Y
I, XRG4 B AT I A 2 K. B AR P I AT I TR I RE G, 1k 9% ORAB ZEAE B FH AN B A7 ) ] A
(R B 3G 0. eAb, BRI G2 ih BEAF IR/ 1 4E4 S TR] R R ok 2% FH, W3R 4 o,

2) BT A R 2 Cs. 138 5 0T LA Y, et 67 e A] P S 9t FH I 5 o6 2 FH A 189 g 38 b, T 7
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MR e M0 ot B BRI 0, e Rt f P 7 385 I v 355 0, b s 1 e D00 6 e 2 92 18 4% PRV A2 LN 1), DA 4 A
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x4 ETH—REPNHSKREEST ®5 ETHEREFEANSLREEE
Table 4 Evolution of optimal policy based on single warranty period Table 5 Evolution of optimal strategy based on single shortage cost

w h I, A I'(h,lp,la) Cs K Iy s I'(hyly,la)
2 40 0.33 0.23 1 038.75 10 35 0.11 0.03 471.32

45 0.34 0.25 1 087.90 20 35 0.11 0.03 807.96
6 55 0.36 0.27 1199.25 45 40 0.33 0.23 1038.75
10 69 0.39 0.29 1289.58 100 60 0.36 0.26 1476.24
14 82 0.43 0.32 1 471.06 200 60 0.46 0.37 2357.87

3) HALP i RARYE B RIE B O, B L S i e A7 A i AIE IREL S i B0 1) DR-A2 442 9 R A2 AL T AN
&, R T R YR IRE S, LR 6 PR,

F6 ETH—RELEEANRMEREE

Table 6 Evolution of optimal strategy based on single warranty maintenance cost

Cr % I I I(h,ly, 1a)
10 39 031 0.2 998.85
20 39 032 0.21 1023.81
50 40 0.33 0.23 1038.75
100 40 0.33 0.24 1057.03
200 41 0.34 0.25 1070.68

4) BALIUGT IR T2 ] C. B FORL B e IR T 2l A s gl T 2 IR v, D9 1 B4 1 56 BRAE AT
55, FEARRE BRI, DRI, 2Rk DX R A7 RN A P 3@ AT I TR) 8, AE IR 0 T, BRI 18] A 1 2 2 T BE A IR
TR g, Wk 7 pros.
x7 ETHR-RIZEANRMEREE

Table 7 Evolution of optimal policies based on single rework costs

Cq % U I I(h,lp, 1a)
10 31 03 02 1002.82
20 34 0.31 0.22 1021.33
70 40 0.33 0.23 1038.75
100 45 0.34 0.24 1 046.37
200 52 0.35 0.26 1059.36

5) HARLPS iR PEAE R SR ] O, BRSNS 18] B R A5 A B 1 2 PR G2k A7 A 77 I8 AT IS TR AN A 18 R
{H, IX I R ER 2 2 B 12 A7 35 A 2l P AR 2% F (s o s80n. - el A7 BRI, PRAB I A IR DR A2 442 9
P2 AR, oL A R T BRI AR A 2, W3R 8 o,
*8 ETH—FARANSMBREE

Table 8 Evolution of optimal policy based on a single holding charge

Ch R I v I(h, I, la)
49 0.36 0.25 1025.86
5 40 0.33 0.23 1038.75
10 33 0.33 0.22 1 085.09
20 30 0.32 0.22 1 125.46
50 26 0.3 0.21 1297.32

6) AL 5] P A TR L 447 3 Cp. St X A it o 4k I [ 57 ) I 41 437 9% P (R 8o ir 384 o, A
T R AIG I JE a5k 3% Y, DASACRD B8 e ) PEAE R AT 9 R L 2 RN CRAS A2 2 . AR SR D0 5T B AL 0], B 5 Tty
PELED™ 9% P RSN S0, W LA HY, S R SR 2 /b BE & A LIRS 8], L3R 9 B,
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Table 9 Evolution of optimal strategies based on single preventive maintenance costs

Ch R I I I(h, b, la)
100 29 0.29 0.2 1023.71
200 32 0.3 0.21 1031.96
500 40 0.33 0.23 1038.75
1000 58 0.34 0.24 1044.02
2000 74 0.35 0.26 1050.11

5 ZRiE

ARLHET P A ARSI 2MIB A7 R 45, St T 2 G X BEAF 1 5 N 25 R = i DR B IR 55 I T BT
Y MG AT, 0 AR R GUHEAT AR, ISR A 7 R G0 IR e AR AE, 2k S B 1, B, AT TR 4R,
BRI 1, N, BT X AR AR SCUL by, L AL, AR SR B, DATREE 4EY 9% R T8 L AR5 4
1B AR o L R i f FEAG) S P B B ) 28 FH Dl H B R 3, S U8, (6 H AR R 8 T=(h,
Uy Lo)B5c/IN. FH A ST () B0 2 A R RN (B A e SR 754 B o7 ) [ B FH S /N (R e R 4 9 SRS (R 1, ). TE IR
R = 0.33 REHT BT ELED, HHAERSF 1 = 0.23 BT b/ = 40 FIZEh PEAT, X B A7 s JR) 8 9%
5/), 41 038.75.

SEHk:

1

[

Christer A H, Waller W M. Delay time models of industrial inspection maintenance problems. Journal of the Operational Research
Society, 1984, 35(5): 401-406.

[2

—

Wang W B. An inspection model for a process with two types of inspections and repairs. Reliability Engineering & System Safety,
2009, 94(2): 526-533.
3

—

Taghipour S, Banjevic D. Optimum inspection interval for a system under periodic and opportunistic inspections. IIE Transactions,
2012, 44(11): 932-948.

[4

—_

Wijngaard J. The effect of interstage buffer storage on the output of two unreliable production units in series, with different production
rates. IIE Transactions, 1977, 11(1): 374-390.

Wiz, RErh A, XL, S5, ST A5 iy YL CAS 20 AT 007 il S A RS DR SRR, Tl TR, 2016, 19(1): 38—44.

Yang Z Y, Cheng Z H, Deng L J, et al. A product extended warranty decision optimization model based on life cycle cost analysis.
Industrial Engineering, 2016, 19(1): 38—44. (in Chinese)

MZEGE, R 2, IR 27 m A RIS AR R 2 B S AR, o [E A ERLE, 2017, 25(11): 189-196.

Liu X J, Zhao P, Ma X Y. Integrated optimization model for multi-product production planning and aperiodic preventive maintenance.
Chinese Journal of Management Science, 2017, 25(11): 189-196. (in Chinese)

(5

—_

[6

—_

[7

—

Nourelfath M, Chatelet E. Integrating production, inventory and maintenance planning for a parallel system with dependent compo-
nents. Reliability Engineering and System Safety, 2012, 101: 59-66.
[8] Fitouhi M C, Nourelfath M. Integrating noncyclical preventive maintenance scheduling and production planning for multi-state
systems. Reliability Engineering and System Safety, 2014, 121: 175-186.
91 A Hi, s A ET e BRI AEE MRS L. S5 LRER, 2017, 32(3): 423-432.
Zhou Y, Kou G. Research on maintenance outsourcing strategy based on dynamic game of complete information. Journal of Systems
Engineering, 2017, 32(3): 423—432. (in Chinese)
[10] X 5. ATAMEL SR e K 8] Jm B8 52 FR I B WL EE R . R 48 T RE 243, 2019, 34(1): 12-28.
Liu L. Single machine rescheduling with limited maximum time deviation under outsourcing conditions. Journal of Systems Engi-
neering, 2019, 34(1): 12-28. (in Chinese)
[11] XUZeds, X 2, Bmeve. R R IR £ 7 i BPQ 5 R 4B &Y. R4 TSR, 2018, 33(1): 136-144.
Liu X J, Zhao P, Ma X Y. Multi-product EPQ and equipment maintenance integration model considering productivity adjustment.
Journal of Systems Engineering, 2018, 33(1): 136—144. (in Chinese)



%6 M KIS 5 8 2 R P R AP S A P RGP 447 7T 795

[12]

[13]

[14]

[15]

[16]

[17]

(18]

ik HLm A SN EREN S0 ES TURAE SRR T EEEARRE, 2018, 26(7): 71-83.

Zhang Q, Gao J. The combined quality signal transmission function of warranty period and price in competitive market. Chinese
Journal of Management Science, 2018, 26(7): 71-83. (in Chinese)

KN, 227K, AR . 2T = B (] SEAR AR R [ 8 24 I A HEM F 7. F2ih) 55 $R 5K, 2020, 35(7): 1780-1786.

LiuQM, Li Y P, Ye C M. Research on equipment preventive maintenance strategy based on three-stage time delay model. Control
and Decision, 2020, 35(7): 1780-1786. (in Chinese)

SRE PR, R, 2 3, S B IR P X AT IR AL R G L 42 B SR . T SENLEE i R 4, 2015, 21(6): 1593-1600.
Cheng G Q, Zhou B H, Li L, et al. Consider the optimal maintenance and replacement strategy for degraded systems with buffer
stocks. Computer Integrated Manufacturing System, 2015, 21(6): 1593-1600. (in Chinese)

#ORE RIER, UL RIS 5 R R A U R, RE TR S TR, 2019, 41(7): 1560-1567.

Lu C, Xu T X, Wang H. Equipment maintenance and spare parts inventory joint optimization decision. Systems Engineering and
Electronic Technology, 2019, 41(7): 1560-1567. (in Chinese)

OGRS, AR R BT R RN S8 A TP AR 1 R E T AR T IR LR RGBS S S, 2017, 37(10):
2621-2629.

LuZ, Guo Q S, Xu J. Optimal economic production volume decision based on periodic incomplete preventive maintenance. System
Engineering: Theory and Practice, 2017, 37(10): 2621-2629. (in Chinese)

XUEHH, B30T, AR 258 PR PEAE SR X IR 4 A 58 SR TR 418 SRS I 5. vHSENLRL AT 4L, 2018, 35(9): 2614-2616.
LiuQM, Li WY, Ye C M. Study on equipment imperfection prevention maintenance strategy considering intermediate inventory
bufter. Computer Application Research, 2018, 35(9): 2614-2616. (in Chinese)

O, B0, WM X AR TR AR R A RS B A PLAL. Tk THE, 2018, 21(6): 46-53.

Huang S, Lii W Y. Joint optimization of repairable devices with buffer based on time delay. Industrial Engineering, 2018, 21(6):
46-53. (in Chinese)

EEREN:

XIEHIA(1984—), 55, LR H RN, i+, RIZER, §Hoerm: 447 PR B, AN L8 FE4%, Email: Igm0531@163.com;
MM (1996—), B, Y3 H M, W28, B FU 77 [): 4 4697, Email: 1402065592 @qq.com;

I (1964—), 5, ZHEWR A, L, 237, M4 S0, #7077 M 478 FE, Email: yechm6464@163.com;
o OWI(1968—), 55, TR AN, Lk, R, AR S0, BE 505 ) fEREEET B, Email: mdong @sjtu.edu.cn.



