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Abstract: The demand for individualized, small batch, and customized products in society can be satisfied by the
flexible job shop system, which features numerous equipment, complex process paths, and varying failure
frequencies. However, the single machine preventive maintenance approach currently employed to avoid
equipment breakdowns increases the number of maintenance activities, maintenance costs, and negatively impacts
production operations. To address the problems caused by traditional single machine preventive maintenance, this
study proposes the application of a group preventive maintenance approach in the flexible job shop system. A joint
mathematical model of group preventive maintenance and multi-objective flexible job shop scheduling is
established. To overcome the local search limitations of traditional algorithms, a new multi-objective evolutionary

algorithm is designed to solve the multi-objective flexible job shop scheduling problem, and demonstrate the
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application of the group preventive maintenance strategy in the flexible job shop system. Experimental results
show that the designed multi-objective evolutionary algorithm can obtain more optimal solutions, has a faster
convergence speed, and achieves better optimal solutions. Compared with the single preventive maintenance
method, the group preventive maintenance approach results in fewer maintenance activities, lower maintenance
costs, and less impact on production activities. The example results show that the group preventive maintenance
time and maintenance cost are reduced by 150% compared with the single preventive maintenance method. The
study proposes that the group preventive maintenance approach can be effectively used for the maintenance of
production equipment in the semiconductor foundries in the future.

Keywords: flexible job shop system; group preventive maintenance; multi-objective optimization algorithm;

semiconductor equipment
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Fig.1 The flowchart of the I-NSGA-III algorithm
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Table 1 The results of experiment 1
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=X
/R A A A A A A A A T A A A A A S A
15 75 12 14 77 12 14 77 12 15 75 12 14 77 12 14 72 13 14 74 12
16 73 13 15 75 12 16 77 11 15 75 12 16 70 13 15 72 12
KacemO1
16 73 13 16 77 11 16 74 12 16 70 13
16 73 13 17 80 11
7 44 5 7 43 5 7 43 6 7 42 6 7 42 6 8 41 7 7 44 5
8 42 5 8 42 5 8 42 6 8 41 7
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8 41 7 8 41 7 8 43 5 8 42 6
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Table 2 The results of Experiment 2

NSGA-III I-NSGA-III
ﬁ,fﬁﬂ . S . S
RALMERE  f. Sres S  WAUMECE S, Lres Sives
MKO1 4 42 158 36 8 40 156 36
MKO02 4 31 143 27 7 31 144 27
MKO03 5 204 861 204 10 205 888 204
MKO04 8 61 345 61 15 69 344 60
MKO05 6 178 684 175 7 177 679 174
MKO06 12 71 381 54 15 77 386 55
MKO07 7 150 678 149 11 147 678 145
MKO08 3 524 2530 523 2 523 2523 523
MEKO09 7 326 2364 299 7 320 2343 299
MK10 7 263 1994 204 14 254 1970 206
240 - O NSGA-TI
O 1-NSGA-TI
230 | 0
®
b 0®
N 220 | o
g 0 00
210 | 0 0
o
200 o] ® ©
2150

290

280
270 273 W
22T
2000260 200 X
B7 MKIOEGINRABEE
Fig.7 Optimal solutions of MK10
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Fig. 8 Maximum completion time of MKO07 Fig. 9 Total machine loading of MKO07
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Fig. 10 Maximum machine load of MKO07
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Table 3 Comparison of machine workload balance

mERY REERY
=
BERLK Z B BEHIRMA & BRI
Kacem01 0.76 0.27* 0.25 0.09*
Kacem02 0.65 0.41% 0.20 0.12*
Kacem03 0.39 0.14* 0.11 0.04*
MKO1 1.04 0.76* 0.31 0.25%
MK02 0.27 0.25% 0.11 0.07*
MKO03 1.25 0.78% 0.35 0.25%
MK 04 1.04 0.90% 0.31 0.28*
MKO05 0.03 0.02* 0.01 0.00*
MKO06 2.48 2.22% 0.83 0.82*
MKO07 0.17 0.06* 0.06 0.02*
MKO08 2.00 2.00% 0.65 0.65*
MKO09 0.29 0.23* 0.08 0.07%
MK10 1.75 1.74% 0.64 0.63*

S5 R 2 H AR Ak i MR 22 R BORTAR Mk 22 R A /N T 50 B AR DLk 09 0 22 RBORAR 1 22 R A L, %
J& e R 5 T ] 0 67 28 240 A %) 2 W A A A T 9 R T SR ) R B D 8 7 28R ) A R AL T 4 1
A E B (B S o S SRV
4.5 BHATRAMESIE S BT M4 ST R

Sk AR 5 T AL 90 BT P 0 A O s 1N T 3R AR O 4 D) 2R B R, L R MUK 02 B3 91 114 e A Aot 4 v Bl AL 32 B —
A S5 A0 FifE A ) B a0 ) 447 A 2L 950 7 1 A5 T vk g R 30 SR R A B T8 R B L N P TR LA T B i 9 R (D
EI11) o B &G LA 5 R o B2 IR 2k 57 [543 A, 32 3R 2 408 Weibull (0.05,0.85), i [ 36 [ {8 %
Py = 0.4 AR B AEE % H R 100 4~ B BUA

Bl [120) 120) DUONSTOINNUONENSCONE BREORS  EZOR IS e
e IR 2o e G RO

noe) il nowy @Y Joe) INNINGSEEINEEG 40 I
@ ee 2o no o Be
G 0 N ke

PLaEs

Plas4

PLAN3

L2

w0 ) noo) IS SERGEN 0 1)
1 2 3 4 5 8§ 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Jin T ]

11 MKO2HHBEERR
Fig. 11 The initial schedule of MK 02
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Fig. 12 The single preventive maintenance
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Fig. 13 The group preventive maintenance
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Table 4 Comparison between two maintenance methods
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Fig. 14 The semiconductor process
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