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Abstract: Flatness is an important indicator to measure the quality of quenched steel plate, and the prediction of flatness
is of great significance for the continuous and stable production of high-quality steel plate. This paper proposes a method
based on operating mode recognition to predict the flatness for the roller quenching process, which provides a reference
for the quenching production control decision. Firstly, the characteristics of the quenching process are analyzed. Then the
fuzzy C-means clustering algorithm is used to recognize the operating modes of the process, the support vector machine
is used to establish the flatness prediction model for each operating mode, and the improved particle swarm optimization
algorithm is applied to improve the accuracy of the model. Finally, experiments are performed using industrial production
data, and the results verify the feasibility and effectiveness of the flatness prediction method proposed in this paper.
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Fig. 1 Roller quenching process of steel plate
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Fig. 3 Structure of flatness prediction method
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Fig. 6 Structure of control system in quenching process

SE M

[11 BAI Zhenhua, ZHAO Weiquan, ZHANG Miaoxing, et al. A shape
prediction model of eight-high rolling mills and its applications. Chi-
na Mechanical Engineering, 2018, 29(4): 493 — 498.
(AR, B, TR, . \EREUNUSUR PR J R . Hh
UM THE, 2018, 29(4): 493 —498.)

[2] WANG D C, LIU H M. A model coupling method for shape predic-
tion. Journal of Iron and Steel Research International, 2012, 19(2):
22 -217.

[3] LIU Jianchang, CHEN Yingying, ZHANG Ruiyou. Intelligent
flatness-controller based on PSO-BP network. Control Theory & Ap-
plications, 2007, 24(4): 674 — 678.

(K, R %, Tk I K. B TPSO-BPI4S AR T8 ikt il 2. 1
HELS SR, 2007, 24(4): 674 - 678.)

[4] WANG Z H, MA G S, GONG DY, et al. Application of mind evo-
lutionary algorithm and artificial neural networks for prediction of
profile and flatness in hot strip rolling process. Neural Processing
Letters, 2019, 50: 2455 — 2479.

[5] RATH S, SENGUPTA P P, SINGH A P, et al. Mathematical-artificial
neural network hybrid model to predict roll force during hot rolling of
steel. International Journal of Computational Materials Science and
Engineering, 2013, 2(1): 1 — 16.

[6] ZHANG X L, GAO W Y, LAI Y J, et al. Flatness predictive model
based on T-S cloud reasoning network implemented by DSP. Journal
of Central South University, 2017, 24(10): 2222 — 2230.

[71 DU S, MU M, CHEN L F, et al. Operating mode recognition
based on fluctuation interval prediction for iron ore sintering pro-
cess. IEEE/ASME Transactions on Mechatronics, 2020, 25(5): 2297
—2308.

[8] HUJ, WU M, CHEN X, et al. A multi-level prediction model of car-
bon efficiency based on differential evolution algorithm for iron ore

sintering process. IEEE Transactions on Industrial Electronics, 2018,
65(11): 8778 — 8787.

[91 YUAN Guo, HAN Yi, WANG Chao, et al. Cooling mechanism dur-
ing quenching by plate roller quenching machine. Transactions of
Materials and Heat Treatment, 2010, 31(12): 148 — 152.

(e, %, £, 55 b SR IR SRR (K7 AL, 14
RHAGEHEAR, 2010, 31(12): 148 - 152.)

[10] HAN Y. Study on temperature field and shape control for plate roller
quenching machine. Shenyang: Northeastern University, 2008.

[11] ZHAO Fei, LU Ningyun, YANG Yi. Product quality prediction
method for injection molding process based on operating mode recog-
nition. CIESC Journal, 2013, 64(7): 2526 — 2534.

(R, Bl T =, B3 T LU AR 2 ™ o o Tt 7 vk
T 54, 2013, 64(7): 2526 —2534.)

[12] ROUSSEEUW P J. Silhouettes: A graphical aid to the interpretation
and validation of cluster analysis. Journal of Computational and Ap-
plied Mathematics, 1987, 20: 53 — 65.

[13] DU S, MU M, CHEN L F, et al. Operating mode recognition of iron
ore sintering process based on the clustering of time series data. Con-
trol Engineering Practice, 2020, 96: 104297.

[14] SHAO Xinguang, YANG Huizhong, CHEN Gang. Parameters selec-
tion and application of support vector machines based on particle
swarm optimization algorithm. Control Theory & Applications, 2006,
23(5): 740 — 743.

(FRAE 0, R, BRN. TR TR AR S R R B S H0%k
PSR 3RS 5N, 2006, 23(5): 740 — 743.)

[15] LI Guojin, Wang Xueru, HUANG Peng. Prediction of chlorophyll
a content in landscape lake waters based on PSO-SVM. Water Re-
sources and Power, 2019, 37(11): 58 — 61.

(EEEHE, FET, T8, 35T PSO-SVMFI UMK AT 4t Ra
. K FARERIE, 2019, 37(11): 58 - 61.)

[16] YING X L, SHE J H, WU M. Integrated hybrid-PSO and fuzzy-NN
decoupling control for temperature of reheating furnace. IEEE Trans-
actions on Industrial Electronics, 2009, 56(7): 2704 —2714.

[17] LI Wen, YANG Zhennan. Application of improved PSO algorithm
in boom type heading system of road-header. Control Engineering of
China, 2020, 27(10): 1834 — 1837.

(B, WIRF . U RIPSORLIETEIR AW IAE HE R B RLH] . 421
TF%, 2020, 27(10): 1834 — 1837.)

[18] DU S, MU M, CHEN X, et al. Intelligent integrated control for burn-
through point to carbon efficiency optimization in iron ore sintering
process. IEEE Transactions on Control Systems Technology, 2020,
28(6): 2497 — 2505.

[19] LI Chunfu, YE Hao, WANG Guizeng. Quality prediction of batch
processes based on multiway PLS method. Journal of System Simu-
lation, 2004, 16(6): 1168 — 1174.

(FHE, R, T, T 210 PLS LM RS0 B . &
i HAFAR, 2004, 16(6): 1168 — 1174.)

& R A

B B BUERTICAE, HRTEOT RO R A Dk e S,
E-mail: chencong1996 @cug.edu.cn;

2B R, AR, BRI RO R S
FIFEHE RS, E-mail: wumin@cug.edu.cn;

Prigig B2, M, AR RSB RE RS i S
I3 I BARA S = E YR, E-mail: chenluefeng @cug.edu.cn;

B O3 EALRRUE, BETEIT RO R A o R AR S
E-mail: www.zhangwen@cug.edu.cn;

MO R, B AP R A Tl R S e,

E-mail: dusheng@cug.edu.cn.



