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Opportunistic Maintenance Modeling for Serial Production
Systems with Stochastic Production Waits

NING Xiaohan, ZHOU Xiaojun
(School of Mechanical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: In order to make full use of the maintenance opportunities brought by stochastic production waits
caused by external factors such as shortage of raw materials and insufficient demands, the notions of mass
center and gravity windows are introduced and an opportunity maintenance decision-making model
combining the time window and the gravity window is proposed for multi-unit serial production systems.
Considering both internal maintenance opportunities caused by equipment mandatory maintenance and
external maintenance opportunities caused by production waits, the optimal maintenance strategy is
obtained by minimizing the total maintenance cost rate of the system in the planning period. The example
analysis shows that the combination of the time window and the gravity window has prominent advantages
in reducing the total maintenance cost, and can effectively solve the uncertainty of the arrival and duration
of production waits.

Key words: multi-unit serial system; production waits; opportunistic maintenance; maintenance time win-

dow; maintenance gravity window

Hefp R AR 7 RGN B AT RSB A AT AR 2 A Ml R T 1 T8 AR 7 R L AR X —
PER AT B BEE TR H 2R ok U8 TR R 8= F RN R AE N AR R G

¥ #5 B #8 :2020-10-09

ESWMA :EHEKARPAEA (52075336)  BHE & a0 & 1140 (2020 YFB1711103) %5 B 15 H
YEZ R A 7/ 997 AL AN B A F NS 4 SR T 5T
BIEESE JRIBE% B B 282, 44 0l E-mail : zzhou745@sjtu. edu. cn.



1282 E EH X @&

x ¥ % %55 %

I A B AL A AR 7= SRR L 1T 5 B0 G R AR AT AL
XA R R Gl ok T LS. St e 78 43 A Rl
BLAE 7 55 B LA G G AL 2R G2 W 4R 37 7 58 0 il 3 A
i BEARAE S A B o A 7 AR AT R B X

H . & B BL 2 4E 4 F 5 22 16 58 4n 4ol #1) ] &
&5 v Bz A ) BT A 7 B 5 | BB E A B )
FIHLSs A, Xia S5 R F B4 4 i 0] #1740
AT R GE TP I R A A 52 TS T R B M TRy
Pl s, X b G sh dEAT 8 A A, i A a5
W5 | RAE AP f ) 2 5 3k ifF — 0 ff 2 447 20 6 1Y) e
44wk 2. Zhou %550 [ Zhao 21 Fl Nguyen 455
BE TV A RS A W HE 2 75 5 32 X R o PR AL 2.
Zhou %" DU RAL S WML 2 2 FH1 A 0 B AR SR
SIS FAN SR e F) W7 I 75 42 32 5 I R A A 51 R Y
Blos. BAR . O A BIF5E 24 46 v 3 ey 1) T 38 5 o o] 15
B 44 i 5| & W R G NI 4Edr Hl 2 IR B R A
CET T R I ANER 4 B Bl 25 AR T i — 2P B AR 4R P
A

TER A EB AL 23 B HL 2 e 4P B 58 o, e A 2
T X PE R AR ML A AT 9. Do van SV 4
Xf 2V £ B R R GE AR ORI 09 B0 A5 LA 2 A R L X
i e © A8 Ah AL 2 2 AT 4E 47 1% 3 BRI Nzukam
BT Bruss S GEREIRAL 00 SM ML 2 X L A
RGPS e 4. Khatab 45 2% & F) B A 7= 41 &1
rP TS A A ) BRCGHE AT AL s R R T
PEYES 7 BE A £ T IR R g0k B v 4R P O A B AL B
& TR Z A0 A2 77 45 5 10 Bl BIL I B B
S, L AEO B 3 T AR R 1 BRI A T e SR I L B
BILAE 7 55 B ) I I 58 B0 28 4F I 3k B AL 25 5 48 18 (L
DUk HE R AT B 4. W SR B B B A B2
AEH RS 5 1 B BOM B A AT A A L 2 2 B

B A AT BEALEN 1k i 25 7 45 Fp BEAT HL 2 4R 47 LA SE 3
B R A 73 4. Yang 5555 5% I3 & 407 20 A1 Ok
FN UL IR R BE X A 7 45 i B AL B 3K B B
R YL TR S AL R 455 1 SR 4R
A5 9 )y B 45 AR I (RN PIL 25 B 0 R B . 1 R
HL2x B 35 BEHLME I B At [, Truong %0958 25 L
SRS 18] A B AL AT | 45 2 T i A i S5 6 TE] B
(Y BB g L2 e3P M. £ 45 R Ul R T REALYE T 2L
Pesg i e A . H AT H T BE AL SR FR AL 22 AT Bl 2>
P BT 2 R BR T PR s S LA R . BB
eIt 28 ¢ v AR R o 5 ) 0T B AR P R B N AR AL 2

AU Z B PAT = R AH T R % &
FEUCTARA I 1K H 17 25 I ] il BIL 69 25 7 45 i 42—
ol it 18] 7 5 71 0 23 AR 45 45 B0 4 4 Tk SRR L 58 3 Al
FIT A= A5 il Ok 9 AP B 4k 4P Bl 23 DA K R e P il 4%
iR ) 0 977 A4 37 5| A B P S 2 B L 2 St 4 Ak
AR HR 28 G2 A 240 BRI 0) P9 04 d D 4k 57 3l O i
I BEAIL A2 )7 25 15 1) #3 A7 R G490 e SR L AL ik o 42 11t
BL it

1 o) &4 iR e Y 4P 3R B

AT AP R A RN 1 R %A
e n G4 LT A RGN RSN & TR
SRR AR R AR 7 T I B AL B s Y A AR
T HAFLEmS [ BEAL. 15 . ep AT 4" RGP — A
VA I LT B R 4L i s L. O T kb
VA AR 1 A AL ] 3 245 HL AR m] A A A
7 AR R A R B AP B AIL 23 X A R AT i A

TE A7 5 J5 T8 0 T HR AT A2 R G Y A —
BB 2 B 52 A A AR R I % B A S AL
SRR A AE TR TR 2 R A AR T A

e [ e
bR e
™ (—
Ml = | wx1 w | k&2 | weeem | ik, | = (N
™ ™
Jﬁ(*}f*ﬂrﬁm‘wmiﬁ%ﬁ
A R 0
e oo I OV e YR
g ok (P2
B R4 g i 2 e A 1

Fig. 1 Production waits in serial production line
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Fig. 2 Two situations of equipment maintenance
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Tab.1 Equipment parameters

i CM/5t CM /55 P/ (J6 + h™ 1) 4/ (6« h™1) M/h a; Bi 0;

1 513 628.0 52.3 1748 3.42 3.10 67.00 0.97
2 507 711.0 44. 8 1802 3.31 2.90 84. 24 0. 95
3 535 998.0 37.2 2378 3.00 3.03 107. 78 0.98
4 629 1131.2 53.4 2752 3. 20 2.88 103. 36 0.95
5 908 876.0 51.4 1822 2.89 3.12 78.59 0.98
6 545 884.0 37.2 1804 3. 14 3.70 98. 26 0.97
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Tab.2 System maintenance schedule

. RGHEY I 3 UK

l r=1 r=2 r=3 r=4 r=>5 r==6 r="7 r=38 r=9
1 1 0 1 0 1 1 0 1 1

2 0 1 0 1 0 1 0 1 1

3 0 1 0 1 0 1 0 1 0

4 0 1 0 1 0 1 0 1 1

5 1 0 1 0 1 1 0 1 1

6 1 0 1 0 1 0 1 1 1
t/h 145. 62 160. 80 271. 41 335. 27 426. 45 525.55 565.02 718.55 862. 85

_ RGO

Z r=10 r=11 r=12 r=13 r=14 r=15 r=16 r=17 r=18
1 0 1 0 1 0 1 1 1 0

2 0 1 0 0 1 1 1 0 0

3 1 0 0 1 0 1 0 1 1

4 0 0 1 0 0 1 0 1 0

5 0 1 0 0 1 1 1 1 0

6 0 1 0 0 1 1 1 1 0
t/h 903. 84 985. 06 1033. 36 1 065. 04 1112.00 1240.07 1346. 28 1478.07 1553.55
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Fig. 5 Total cost rate analysis of system mainte-

nances at different downtime costs
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Fig. 6 Analysis of the proportion of gravity window

improvements at different downtime costs
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Tab.3 Simulation results of different downtime costs

P Twin" /h F* /kN 4™/t - h 1) /(B h ) ¥ /GE < h D) 8/ %
0.10 60 2.9 318.715 27 281.839 2 274.437 1 16. 72
0. 20 80 4.0 411. 607 28 361.176 6 346. 2340 22.86
0. 40 90 3.7 506. 001 81 437.2519 412.490 9 26.48
0. 50 100 3.9 562.588 74 490. 878 3 462.240 1 28.54
0. 80 90 4.2 656. 733 53 586. 2013 524.346 7 46.72
1.00 80 4.9 727. 866 63 668. 7855 583.4952 59.08
1.25 140 4.5 783,242 24 723.118 9 624. 9857 62.01
2. 00 180 4.0 985.138 45 913.276 8 741.153 4 70.55
2.50 210 7.2 1057. 890 10 989. 734 4 813.1143 72.16
5.00 240 5.9 1572.102 50 1509.066 0 1159.1510 84,74

10. 00 340 5.4 2433.612 10 2 400. 648 0 2192.5110 86.33
25. 00 470 6.2 4006. 108 30 3993.2380 3897.190 0 88.18
50. 00 560 13.0 6 785. 667 50 6 780.433 4 6 667. 250 4 95. 58
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Fig. 7 Total cost rate analysis of system maintenances at

different production wait frequencies
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Fig. 8 Analysis of the proportion of gravity window im-

provements at different production wait frequencies
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Tab. 4 Simulation results of different production wait frequencies

A/QR «h™ b Twinx /h F* /kN ™/t «h™ 1) avs/(ge « h™ 1) ¥ /(JE « h 1) ¢/ %
1/40 80 1.6 $38. 871 3 726.119 7 656. 925 9 38.03

1/30 70 1.4 779. 477 4 689.210 0 607. 462 0 47. 52

1/25 60 1.9 755.503 6 681.504 3 585. 652 5 56. 43

1/20 80 1.9 727. 866 6 668. 785 5 583. 495 2 59. 08

1/15 180 5.1 703.895 2 642.503 8 536. 292 0 63. 37

1/10 220 5.3 646. 689 8 612.300 3 520. 242 7 72. 80

1/5 180 1.0 609. 526 2 600. 181 4 182,039 6 92. 67
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