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Assembly Scheduling Optimization of Complex Electromechanical Products

Considering Parallel Batch Processing
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Abstract: Complex electromechanical product assembly lines often adopt modular design to achieve parallel
production of multiple types of products. During the assembly process of each module, there are complex
situations such as batch processing of some process groups and parallel processing of multiple machines,
which brings huge challenges to the formulation of workshop scheduling plans. This paper takes the flexible
assembly workshop of complex electromechanical products as the research object, considers the parallel batch
processing of multiple machines under the multi-variety small batch production mode, and establishes a multi-
objective integer programming model with the goals of minimizing the makespan and the delay time, and
maximizing the average equipment utilization. According to the characteristics of the problem, a fast non-
dominated sorting genetic algorithm solution model embedded with heuristic rules is designed. Experiments
show that the scheduling strategy and model proposed in this paper can provide a reasonable batch plan for
batch production units. Compared with the traditional non-dominated sorting genetic algorithm, the improved
algorithm shortens the maximum completion time by 4.25% on average, reduces the total delay time by
32.30% on average, and increases the average equipment utilization by 0.69 % .
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Table 2 Assembly parameters of various types of products
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Table 4 Assembly workpiece parameters

F5 %> L e Pe 0 (' D ]
1.2.3 P, 0 1440
4.5 P, 90 1440
6.7 P, 120 1440
Day1 8 P, 150 1440
9 p, 180 1440
10,11 P, 0 1200
12.13 P, 60 1200
14 P, 150 1200
1.2 P, 0 1400
3 P, 60 1400
4.5.6 P, 180 1400
7.8 pr, 0 900
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Day4 9.10 P, 0 1400
11.12 P, 60 1400
13.14 P 210 1400
15.16 P, 300 1400
1.2.3 P, 0 900
4.5.6 P, 90 900
7.8 P, 180 900
9.10 P, 0 1200
Dayb
11.12 P, 120 1200
13.14 P, 0 800
15.16 P, 300 800
17.18.19 P, 360 800
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Table 5 Orthogonal experimental analysis table of NS-

GAH-1
‘A TR N
FH P P g i I ey
100 0.7 0.10 1508.75 2814.5 93.08

100 0.8 0.15 1516.25 2953 93.62

100 0.9 0.20 1481.5 2550.25 93.73

150 0.7 0.15 1466 2420 94.69

0.8 0.20 1462.5 2370.25 94.79
150 0.9 0.10 1483.25 2559 94.61
200 0.7 0.20 1451.75 2036.5 94.38
200 0.8 0.10 1442 1983.5 95.12
200 0.9 0.15 1445 2008.75 94.31
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Table 6 Algorithm test comparison

=) 27 e L
o . ERETL  HH/ TPHR&

S AHE/min omin R/ Y

NSGA-1I 1159 0 97.69
Dayl .

NSGAH-1I 1132 0 98.22

NSGA-1I 1509 2965 94.52
Day?2 .

NSGAH-1I 1413 1775 94.99

NSGA-1I 1484 654 95.32
Day3 .

NSGAH-I 1418 216 96.93

NSGA-1I 1309 1615 95.05
Day4 .

NSGAH-I 1236 936 95.56

NSGA-1I 1539 5672 93.06 %
Dayb .

NSGAH-1I 1499 4970 93.22%
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Table 7 Test result analysis %

H#r  Dayl Day2 Day3 Day4 Day5
N —2.3 —6.4 —4.4 —5.6 —2.6
S 0.0 —40.1  —66.9 —42.0 —124

/s +0.5 +0.5 +1.7 +0.5 +0.2
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LU T RO N = S R R AW =Bt I K e
MBI AL R T 22 5. b, 75 iR
2 o J i 1 ) ok A el AR ) e A o A SR B
AL, AE 2 AR B SR, 5 R SRR i B 2
P, RS & UM ) 46 R W B A 008 D ) s b
FE S )R], B2 R % B bR IS 2k AR . B



554 BT A R R 2 4 (3 SR B 24 D) %576
2100 12 000 100
= 2000 — NSGA-1II 11 000 — NSGA-1II &
‘E 1900 ---NSGAH-T | lg 888 ---NSGAH-T | <
= 1800 = 3000 o
= = 7000 =
= 1700 = 6000} E
Je 1600 & 5000 - TiTh | =
£ 1500 © 2000} '“m‘v”’v- h & 70} — NSGA-TI
- ' \ i s
T
1300 . . . 1 000 . s . L L L L
0 30 60 90 120 150 0 30 60 90 120 150 0 30 60 90 120 150
AR/ S AV/C AR/
(a) Makespan iteration curves (b) Tardiness iteration curves (c) Average equipment utilization iteration curves
K8 Bk AUMZ XS L
Fig.8 Comparison of algorithm iteration curves
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(b) Gantt chart of manual scheduling
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Fig.9 Gantt charts from examples
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