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Hybrid System Modeling and Model Predictive Control of a Hot Strip Mill Tension/Looper System

Jun-ichi IMURA, Akira KOJIIMA, Shiro MASUDA, Kazuro TSuDA and Kazuya ASANO

Synopsis

: This paper proposes a new looper control design method of a hot strip mill, where the strip tension and looper trajectories between the non-

contact mode and the contact mode are simultaneously optimized. First, based on the model linearized around some equilibrium point in each
mode, a discrete-time piecewise affine model, which is one of standard hybrid system models, is derived to describe the discontinuous dy-
namics of this system. Next, a model predictive control method for this model is proposed. The proposed method provides an exact solution
to this control problem. However, it will not be easy to calculate an exact solution on-line via the usual personal computers. So an approxi-
mate solution method is also presented, where a solution can be obtained on line. Furthermore, the proposed method can be used to generate
a feedforward control input, where optimality of trajectories between the non-contact mode and the contact mode is considered. This will be

practically useful because it is executed via off-line computation. Finally, numerical simulations show the effectiveness of the proposed

method, compared with the constant-torque based control.
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Fig. 1. Strip tension and looper control.
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Fig. 2. Strip tension/looper system.
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Table 1. Physical parameter values in the interstand ten-
sion and looper angle systems.

J 1216x10° [Nm?| || ¢ 9.8 [m/s?]

H 3.1 x 1073 [m] b 1.0 [m]
7 0.6 [m) p | 7.85 x 10° [kg/m?
Jé; 1.167 /180 [rad] l 2.8 [m]

W, 2.5 x 10° [kg TL 0.125 [m]

D 49.0 [N-m-s] bc 5.07/180 [rad]

Ticr 0.05 [s] Ornin 107 /180 [rad]

| E 1.96 |GPa) Tasr 025
€1 0.1 €9 0.5
Table 2. Operating point in the non-contact mode and the

contact mode.

0. | 20m/180 [rad] || 6, | 107/180 [rad]
o, 9.8 [MPa) On 9.8 [MPa]
Tre | 4.20 x 10° [N-m] || Ty, | 2.96 x 10° [N-m]
Vie 9.29 [m/s] Vin 9.29 [m/s]
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method).
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Refererence input of Work Roll Verocity : VRref (u2+VRc)
T T T

9.33
7 932 r s
E ] ‘\ onstant torque
931 r : ¥ ‘method
93 vt
1 \N
9.29 Ak
028 | Y hybrid method
9.27 . L !
0 0.5 1 1.5 2
Time [Second]
93 Work Roll Verocity : VR (x5+VRc)
7 \/constanl torque
E s method
9.295
929 [
9.285 - ! .
0 0.5 1 15 2

Time [Second]

Fig. 5. Reference input of work roll velocity and work roll
velocity (the hybrid method and constant torque
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(k) x(k)
w(k+1) x(k+1)
U, .= . 5 kT .
w(k+N,) X(k+N,+1)

B LU O :=block.diag[Q,..., O, P], R :=block.diag[R,..., R]

Lk, FHERK (19) &
J(x(k), i) ijrQAfk+ﬁ[RdA+7NA ............................... (20)
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Jgk:]“lx(k)+[‘2dk+[; ............................................. (21)
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J(x(k), d,)=u] Hii,+2a] (Fx(k)+ I/ OT)
+x/(k)Gx(k)+ 21 OLx(k)+ IO+ YN, ++++++(22)
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