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The Control Strategy of Vertical Torsional Coupling Vibration of
Rolling Mill Based on Coupled Backstepping Method

ZHANG Liu-Liu' QIAN Cheng' HUA Chang-Chun' BAI Zhen-Hua’ LEI Tong®

Abstract A control strategy based on coupling backstepping method is proposed to suppress the vertical torsional
coupling vibration of rolling mill. Firstly, the coupling effect of the drive system, hydraulic system and the roll sys-
tem is considered. According to the dynamic theorem, the vertical torsional coupling vibration model of the rolling
mill is established. Then, in view of the coupling relationship between the two subsystems, a control strategy of
electromechanical hydraulic vertical torsional coupling vibration suppression of rolling mill is proposed. Based on
the specific order backstepping method, the coupling vibration control strategy is designed to overcome the prob-
lem of nesting each other in the controller design. Considering the output performance constraints of the coupled
system, with the aid of the barrier Lyapunov function method and the neural network to approximate the unknown
nonlinear function, an adaptive neural network vibration suppression control strategy is designed. It is proved theor-
etically that the designed controller can make the system output meet the required transient-steady performance in-
dex. Finally, a simulation is carried out on 650 mm rolling mill by using the actual data to show the validity of the
proposed control strategy in this paper.

Key words Electromechanical hydraulic, vertical torsional vibration coupling, output constraints, adaptive control,
rolling mill vibration suppression
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Fig.1  Schematic diagram of roll and
transmission system
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Fig.2  Dynamic model of vertical torsional
coupling of rolling mill
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Table 1  The simulation parametes of electromechanical

hydraulic vertical torsional coupling
system of rolling mill

ZH HfE ZH 4

m1 89357 x 10% kg ky 1.25 x 107* m/v
k11 7.2 x 10 N/m Be 7 x 108 Pa

€11 1.2 x 10° (N *s)/m Vv 0.0732 m?

P 2 x 107 Pa Im 1552 kg *+ m?

P 1 x 10° Pa JL 1542 kg *+ m?

A1 1.9635 x 107! m? K 593 x10° (N *m)/rad
Az 3.015 x 1072 m? TL1 14500 N * m

C, 5% 10716 TLD 2190 X sin (7t) N+ m
Cq 0.62 R 0.4

w 0.119 c1 0.2

() 0.1 c3 0.1

Cq 0.2 a 0.13

b 0.002 c 0.2
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Fig.3  Comparison of roll vibration displacement with or

without output performance constraints control of
coupled rolling mill vertical vibration system
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Fig.4 Comparison of load speed tracking error with or

without output performance constraints control of
coupled rolling mill torsional vibration system
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Fig.5  The response of roll vibration velocity
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Fig.7  The response of load speed and

motor speed difference
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