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Optimization of preventive maintenance strategy for production
system considering product quality control

FANG Peng, LI Fang, LIU Fan, JIANG Zhuohan
(Business School, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Aiming at the production system where the mean value of product quality characteristics was
shifted due to abnormal production, a preventive maintenance strategy was proposed by considering the
combination of equipment status and preventive maintenance cycle. Using the mean value control chart
to monitor the product quality to judge the status of the machine and equipment, the total cost of
sampling costs, maintenance costs, quality loss costs and downtime loss costs was considered under
different equipment update conditions. Taking the minimum expected total cost as the objective
function, the preventive maintenance period and the parameters of the mean control chart (sample size,
sampling interval, and control coefficient) were used as decision variables to establish a model. The
differential evolution algorithm was used to solve the model to verify the feasibility, and the sensitivity
analysis method was used to verify the validity of the decision-making model. The decision model that
combined product quality and preventive maintenance was more in line with the actual situation of the
production system and improved the economic benefits of the production system.
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Fig.2 Correct alarm scenario of control chart
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Tab.6 Regression analysis of variance
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Tab.4 Experimental arrangement
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Tab.7 Regression coefficient significance test
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€2 —0.00790 0.00227 —3.48 0.018
Cq 03167 0.0757 4.18 0.009
11 0.514 0.114 4.52 0.006
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10 2 1 2 1 2 1 2 2 1 2
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14 2 2 1 1 2 2 1 2 1 1
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Tab.5 Experimental calculation results
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1 15 2.03 19.43 198.73 67.36
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4 16 2.01 19.82 241.19 102.21
5 17 2.01 19.69 222.23 89.35
6 13 2.17 19.14 217.87 95.27
7 15 2.01 18.79 205.78 82.80
8 14 2.02 18.82 207.95 81.27
9 11 2.01 19.99 237.73 60.29
10 12 2.02 17.64 249.04 63.93
11 11 2.01 17.01 23191 72.35
12 14 2.01 19.24 233.63 74.46
13 11 2.02 17.61 199.67 8291
14 11 2.01 17.76 238.49 82.02
15 11 2.01 19.62 199.51 69.89
16 10 2.01 17.87 240.13 70.90

PG 6 B 20 Mras Rk, HPENMO,
VLA S ARG 5, BIFETE S BB i 3%
s, B HRE T, MM SE PE
S0, VHIXI E(T, O A HorR&msgm, Hi,
SR AR, cpRI M IET M, B B(C, T)
Bl 2 o1 3G I /N, B 2 ol 3G R K H
., ¢, ¢, Cq» el ef’) PAE 41 7E (0,0.05) [X. [H]
W, BB B(C, D) i 2, JFH AR,
B, HASHW PEEKT 0.05, BHHEA]
Xt B(C, T) T 520

Wt R TR, RGBT O R
ot A O B i oo B0 B ) 1 R L 2R T E(C,
N HA T4 B EN TR, XEH T ERE
HOMOR, P A B W R G SRR
M > R Ge 2k P as AT iRt a], BRI 2R . AE
ERR T, TCiE S 52 I R B B e B F e
B JERPEI R A 1K B F e, #BX) E(C, T) A &
FRIEM M . 746, FEASHIAEE B R 50 BBy
AT B(C, 1) A7 5w, Nk, 7EfRiEdrs



504 oW R TR ¥ R 2021 4F 5 43 4%

JoE RN AS ST A AR HE N T AR R A Y
K

6 % it

TR 43 42 ) P02 7 7 o SO R AT M A
AR 42 ) P L % 99T 9 P 4 9 ) ) ke 5 e R
BRI E B CRIRE” M CIRIE” AR RE
P, e AL A R P RN RS R, ST
P il P 5 T e A A M A AR R . R 25 A
SEVEPEATOR S, A S S A BRI T B
PR 2 AP e R R ) R AT, O ELE G Bk X
b, 1522 0 AL S A R R MER 1 . i R
FEM T E T X B I LR S B(C, T) BA 2
FRMBNER, XL E TR A S
A E o T LA 2 AR TR 22 AR AR ] R B S 4
MG, A SCE 7= i o R B A IR AR R AR
K, HESLECE YRR, AR AL Y
R 45 A R — R A B ARAE  E a2
(EFE ) 11 URE T b B e i A P e s RS,
T AT AR B RGNS RIK R, AT LISS
BITZEFEWNENER, HE—BRAIIE

S

[1] CROSBY L B. The just-in-time manufacturing process:
control of quality and quantity[J]. Production and Inventory
Management, 1984, 25(4): 21-33.

(2] BA2E, X2 0. 5 SC R A2 A% R 48 i LBy P 4R A8 SR
PUARRERY (1], Tk TFE 578, 2016, 21(2): 100-107.

[3] SHEU S H, GRIFFITH W S. Extended block replacement
policy with shock models and used items[J]. European
Journal of Operational Research, 2002, 140(1): 50—60.

[4] BEN-DAYA M. The economic production lot-sizing
problem with imperfect production processes and imperfect
maintenance[J]. International Journal of Production
Economics, 2002, 76(3): 257-264.

[5] BER, ER 4, k71, %. MRO SZHHEARWFST [3]. 7155
HLAE IS 2R 48, 2010, 16(10): 2017-2025.

[6] DHOUIB K, GHARBI A, BEN AZIZA M N. Joint optimal
production control/preventive maintenance policy for
imperfect process manufacturing cell[J]. International
Journal of Production Economics, 2012, 137(1): 126—136.

(7] PNEAL, Ff, EDBY B, 2. W] {8 22 48 T By 1k 46 4 1 1] 1)
B5E [7]. ARAERZ2E 4 (AR, 2014, 35(1): 84—
87.

[8] STOUMBOS Z G, REYNOLDS JRM R, RYAN T P, et al.

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

The state of statistical process control as we proceed into
the 21st century[J]. Journal of the American Statistical
Association, 2000, 95(451): 992-998.

BEN-DAYA M, RAHIM M A. Effect of maintenance on
the economic design of x-control chart[J]. European
Journal of Operational Research, 2000, 120: 131-143.

YIN H, ZHANG G J, ZHU H P, et al. An integrated model
of statistical process control and maintenance based on the
delayed monitoring[J]. Reliability Engineering & System
Safety, 2015, 133: 323-333.

DING S H, KAMARUDDIN S. Maintenance policy
optimization-literature review and directions[J]. The Interna-
tional Journal of Advanced Manufacturing Technology,
2015, 76(5/8): 1263-1283.

BASRI E I, ABDUL RAZAK I H, AB-SAMAT H, et al.
Preventive maintenance (PM) planning: a review[J].
Journal of Quality in Maintenance Engineering, 2017,
23(2): 114-143.

AR KR . T RO e o 1] 1 1 TR BT A 4R ] (D). 7
ZEHR L K2R, 2014, 19(6): 92-95.

SRR, 98 Che. X—R RN P 1S S B DL AL 3T 7],
RE THE, 2015, 33(5): 152-158

FER TR . T A (LS ) P PO 15 95 ) A T P A Y
WEIE (3. A PR A s TH R, 2018(11): 157—
160.

BRIER, R, 3. 28 KGR Rttt | s
il 5 WA B A LAk [J]. RGE TR IS 550k, 2019,
39(8): 2152-2161.

KHATAB A, DIALLO C, AGHEZZAF E H, et al.
Integrated production quality and condition-based
maintenance optimisation for a stochastically deteriorating
manufacturing  system[J]. International Journal of
Production Research, 2019, 57(8): 2480-2497.

AR, X 3. X-R P R R B AT 7 R G e
Tk (3] PRI AR 2274, 2019, 40(9): 1616-1621.
PASHA M A, BAMENI MOGHADAM M. A generalized
version of Ben-Daya-Rahim (2000) and Rahim-Banerjee
(1993) cost models in economic design of X-control charts
for systems with early replacement and preventive
maintenance under decreasing integrated hazard[J].
Communications in Statistics-Simulation and Computation,
2020, 49(1): 178-193.

PR, BRI, e, RoE SRR B P 1 5 s
AR S BT ). Tl TR, 2017, 22(4): 85-90,
114.

NERI F, TIRRONEN V. Recent advances in differential
evolution: a survey and experimental analysis[J]. Artificial
Intelligence Review, 2010, 33(1/2): 61-106.

(4. TLZ0)


http://dx.doi.org/10.3969/j.issn.1007-5429.2016.02.014
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1108/JQME-04-2016-0014
http://dx.doi.org/10.12011/1000-6788-2018-0104-10
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/03610918.2018.1478097
http://dx.doi.org/10.3969/j.issn.1007-5429.2016.02.014
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1108/JQME-04-2016-0014
http://dx.doi.org/10.12011/1000-6788-2018-0104-10
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/03610918.2018.1478097
http://dx.doi.org/10.3969/j.issn.1007-5429.2016.02.014
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1108/JQME-04-2016-0014
http://dx.doi.org/10.12011/1000-6788-2018-0104-10
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/03610918.2018.1478097
http://dx.doi.org/10.3969/j.issn.1007-5429.2016.02.014
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1108/JQME-04-2016-0014
http://dx.doi.org/10.12011/1000-6788-2018-0104-10
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/03610918.2018.1478097
http://dx.doi.org/10.3969/j.issn.1007-5429.2016.02.014
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1007-5429.2016.02.014
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0377-2217(01)00224-7
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/S0925-5273(01)00168-2
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.1016/j.ijpe.2012.01.023
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.3969/j.issn.1005-3026.2014.01.020
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1108/JQME-04-2016-0014
http://dx.doi.org/10.12011/1000-6788-2018-0104-10
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/03610918.2018.1478097
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1080/01621459.2000.10474292
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1016/S0377-2217(98)00379-8
http://dx.doi.org/10.1108/JQME-04-2016-0014
http://dx.doi.org/10.12011/1000-6788-2018-0104-10
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/00207543.2018.1521021
http://dx.doi.org/10.1080/03610918.2018.1478097

	1 问题描述
	2 符号描述及假设
	2.1 符号描述
	2.2 假设

	3 模型建立
	3.1 均值控制图
	3.2 更新周期内的期望时间和期望费用
	3.3 更新周期内的单位时间期望总费用

	4 模型求解算法
	5 算例分析
	5.1 算例结果及对比
	5.2 灵敏度分析

	6 结　论

