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Research on optimization of hot rolling schedule based on
improved genetic algorithm
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Technology, Wuhan 430081, China; 2 Hubei Key Laboratory of Mechanical Transmission and Manufacturing
Engineering, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: In order to solve the multi—objective hot rolling planning optimization problem of power consumption and roll wear in the
hot rolling process, an optimization model is established to minimize power consumption cost and the penalty value of specification
jump between slabs. In order to solve the optimization model efficiently, an improved genetic algorithm (IGA) is proposed. The
algorithm adopts an initialization strategy embedded with heuristic rules to improve the quality of the initial population. The adaptive
crossover and mutation operation based on the sigmoid function to enhance the universality and diversity of the algorithm solution
set. A selection strategy that combines elite selection with a roulette strategy to improve population diversity and retain quality
individuals in the evolutionary process. To evaluate the enhanced algorithm’s performance, real production data from a steel mill
was used as an example to solve the algorithm. The original artificial bee colony method, the simulated annealing algorithm, and the
conventional genetic algorithm were all used in the construction of the algorithm. Utilizing the mean goal value, optimization rate,
and coefficient of variance, the experimental findings were examined. The suggested improved algorithm outperforms the
conventional genetic algorithm in terms of optimization rate by 3. 61% and power consumption cost by 2. 87%. In other words, the
improved algorithm effectively reduces energy costs and achieves an efficient solution to the hot rolling plan optimization problem.
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Fig. 1 Hot rolled batch planning process
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Fig. 2 Schematic diagram of the hot rolling plan under time-of-

use—tariffs
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Table 2 Symbols and decision variables
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Table 3 Matrix for judging the importance of indicators
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Fig. 3 Strategy for encoding and decoding
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Fig. 4 Population initialization process of IGA algorithm
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Fig. 7 Flowchart of the improved genetic algorithm
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Table 5 Width jump penalty
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Table 9 Algorithm parameters and values

RN ks SHHE
R B 1 ke 100
TRHE 100
WL Gilkigvey 100
A% e 100
A RS 0.85
SR 0.15
AT RERL PR A 10
YRS 0. 80
AR 0.06
R J R R 10
KESIES 0.95
LKL 0.000 1
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Table 10 Comparison of Results between GA and IGA

R TE5 VR K GA IGA HEAL %/ %
1 100 1.0729 1.045 1 2.59
2 100 1.056 0 1.048 9 0.67
3 100 1.079 1 1.047 4 2.94
4 100 1.067 9 1.052 1 1.48
5 100 1.066 3 1.051 6 1.38
6 100 1.073 4 1.053 4 1.86
7 100 1.080 6 1.049 1 2.92
8 100 1.067 2 1.056 5 1.00
9 100 1.057 0 1.054 8 0.21
10 100 1.067 4 1.042 2 2.36
11 100 1.078 6 1.050 1 2.64
12 100 1.053 7 1.052 0 0.16
13 100 1.059 6 1.0399 1. 86
14 100 1.083 2 1.049 7 3.09
15 100 1.054 9 1.0515 0.32
16 100 1.067 7 1.049 3 1.72
17 100 1.085 2 1.046 1 3.60
18 100 1.064 8 1.055 4 0.88
19 100 1.055 7 1.054 3 0.13

20 100 1.071 3 1.056 6 1.37
Ave 1.068 1 1.050 3 1.66
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Fig. 8 Optimal iteration process curves of traditional GA and

improved IGA
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Fig. 9 Comparison of power consumption costs of two genetic

algorithms in the hot rolling process
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Table 11 Comparison of objective function results

=i IGA GA SA ABC
HRIREL B Max Ave Min Max Ave Max Ave Min Max Ave Min
100 1.056 6 1.0503 1.0399 1.0852 1.068 1 1.0537 1.0733 1.058 6 1.049 3 1.069 1 1.0554 1.0495

200 1.0587 1.0495 1.0383
300 1.060 6 1.048 9 1.037 2

1.0879 1.0699 1.054 4
1.0893 1.068 6 1.052 1

1.0742 1.0577 1.048 4
1.0751 1.0553 1.048 1

1.0702 1.0549 1.0493
1.071'1 1.0551 1.048 8

r12 TRRE¥XL

Table 12 Comparison of coefficient of variation %
, cv
SRR R AL B
IGA GA SA ABC
IR 0.44 9.65 2.32 1.46
PR 0.59 9.68 2.78 1.92

AL 0.71 9.97 3.04 2.14
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