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[ Abstract] A modeling method for driving systems of four high rolling mill was put forward in order to analyze the orr

gin of rolling mill’ s chatter that brings about light and shade streaks on the surface of steel strip from aspect of electrome

chanical coupling. The process and steps of modeling method was introduced by means of an example. The correctness of

the model and the feasibility of the modeling method were verified in simulation experiment.
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1 INTRODUCTION

Four-high rolling mill is widely used in process-
ing of steel and nonferrous metal. It integrates me-
chanical, electrical, hydraulic and automatic tech-
nologies, and accomplishs leveling and processing of
metal plate and strip. It belongs to large scale and ad-
vancedtechnology complicated electromechanical sys-

[1]

tem' . Studying on modeling of the system can con-

tribute to analyzing origin of rolling mill’ s chatter' >
which brings about light and shade streaks' on the
surface of steel strip from aspect of electromechanical
coupling' ™. So far, many scholars have done a lot of
researching work around the significant subject and
from its different aspects and achieved some impor
tant  breakthroughs'® ', Through constructing
mathematical model of CM04 temper mill , this paper
presents a coupling modeling method for driving sys
tem of four-high roll mill, expounds modeling process
and steps, engages in simulation experiment, and ac
quires a consistent result with the reality.

2 CONSTRUCTION OF COUPLING MODEL

2.1 Coupling modeling train of thought

Most of four-high rolling mills consist of many
units or subsystems whose structures, mechanical
characteristics and electrical characteristics are basi
cally similar. Each subsystem is mutually independent
and normrinterference when it doesn’ t take part in
processing metal plate and strip, so their mathemati-
cal models can be constructed respectively according
to dynamic principle. when CMO04
temper mill levels steel strip, the workpiece joins to-
gether independent subsystem to be a complicated

For example,

coupling system. As a result of conveying and fluctu-
ating of coupling force, the mutual coupling subsys-
tems will interfere each other, and their dynamic
characteristics will be affected. It is very clear from
Fig. 1 that the coupling variables between electrome-
chanical driving subsystems are forward and backw ard
tension forces, so the coupling dynamic model of the
whole system can be constructed according to calcu-
lating method and conveying regulation of forward
and backward tension forces.

@,
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Fig.1 Rolling demonstration diagram of temper mill

2.2 Dynamic model of CM04 temper mill subsys-
tem

CM 04 temper mill consists of three electrome-
chanical driving subsystems, i. e. winding reel, stand
and pay-off reel. The structure and dynamic charac
teristics of the three subsystem are quite similar. The
following will take a example of winding reel to intro-
duce subsystems’ modeling process and steps. The
electrical driving system of the winding reel is a typr
cal 2-closed-loop tuning speed system, its structural
diagram is shown as Fig. 2. It consists of speed regu-
lator (PI), current regulator ( PI), trigger, silicon
controlled rectifier (SCR), armature circuit of mo-
tor, speed-feedback circuit and current-feedback cir
cuit.
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The transfer function diagram of Fig. 2 is shown
as Fig. 3. Fig. 3 can be redone the state variable dia-
gram (omitted). In the state variable diagram, the
state variables x1, x2, %3, x4, x5, %6 and x7 are
successively defined as output signals of integrators.
The dynamic model of the winding reel may be writ-
ten as differential equation cluster:
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where  Uj,, —given speed signal, K —proportion

gain of speed regulator, T j, —integral time of speed
regulator, K j —proportion gain of current regulator,
T i —integral time of current regulator, K j, —coeffi-
cient of rectifier, T j, —delay time of rectifier, Rjx —
total resistance in armature circuit, K j, —torque con-
stant of motor, GD7 —total rotating inertia in axis of
motor, K —coefficient of electric potential energy,
M i, —torque of load,

cient, T j, —time constant in speed feedback circuit,

B,, —speed feedback coeffi-

B —current feedback coefficient, T j; —time constant
in current feedback circuit.

Similarly, the dynamic models of the stand sub-
system and the pay-off reel subsystem can be con-
structed. They are respectively expressed as differen

tial equation Eqns. (2) and (3). The names and sym-
bols of parameters in Eqn. (2) and Eqn. (3) are re
spectively corresponding with ones in Eqn. (1).
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Fig. 2 Principle diagram of electrical driving subsystem of winding reel
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Fig.3 Transfer function diagram of winding reel subsystem

2. 3 Overall model of electromechanical driving
system of CM04 temper mill

In rolling or leveling process, steel strip joins to-
gether the winding reel, the stand and the pay-off
reel, the coupling structure is shown as Fig. 1.

On condition that nj, n, and ny are rotating
speed of winding reel, stand and pay-off reel respec
tively; ij, i, and ¢y are drive ratio of winding reel,
stand and pay-off reel respectively; r;is radius of steel
roll in the winding reel, r,is radius of the roller, and
ri is radius of steel roll in the pay-off reel. The fol-
lowing expressions are acquired from Fig. 3:

ng = GDéxu (5)
375
k= Lpaa (6)

The following expressions are linear velocity of
winding reel, stand and pay-off reel.

vi= rinyi (7)
o= Fpllef le (8)
vk= reny ik (9)

The following expressions are output and input
velocity of the stand.

vo= (1+ Sg)v, (10
vi= (1- Sp)vg (11)
where Sy is the forward sliding coefficient of steel

strip in the stand, Sy, is the backward sliding coeffi-

cient.

[ 10]

The forward tension force' ™ is expressed as

AE
Ti= —L‘I_—J.(yj— vo)dt (12)
The backward tension force' ' is expressed as
ALE
Ty = _th_J.(”i‘ vi)de (13)

where A} is the crosscut area of input steel strip,
A ¢ is the crosscut area of output steel strip, Ly, is the
length of steel strip between the pay-off reel and
stand, Ly is the length of steel strip between the
stand and the winding reel, and E is elastic modulus

of steel strip. Let state variable x o= T, x23= T,

the differential equations are obtained from Eqns. (4)

~ (13).
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In the differential equation cluster (1), the load
torque M i, includes friction torque M i, and the for
ward tension force torque M jri. Their relation is de-
scribed as

r;T

M= M+ M= finj+ _"l_i=
J
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where fis friction coefficient.

In the differential equation cluster (2), the load
torque M ., includes friction torque M 4, the forward
tension force torque M .r¢ and the backward tension

force torque. Their relation is described as
Mgfz: Mgf_ Mng‘" MgTh
=Jgng- g
g g
375f ¢ Ig Iy
X12— T Xnt X 17
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where [, is friction coefficient.

lg

In the differential equation cluster ( 3), the load
torque M iy, includes friction torque M i and the for-
ward tension force torque M y1y,. Their relation is de-
scribed as

ryT,
—_
M= Myy— Myrp= frnk— . =

Lk
375f ¢ Ik
GDﬁxlg_ Rz (18)
where [\ is friction coefficient.

Let Eqgns. (16), (17) and (18) substitute re-
spectively into M, in Eq. (1), M, in Eqn. (2) and
My, in Eqn.(3). Therefore, the overall dynamic
model consisting of Eqns. (1), (2), (3), (14) and

(15) can be obtained. It is easily written to state
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space model (omitted) .

3 REDUCTION AND SIMULATION OF SYSTEM
MODEL

3.1 Model reduction approach

Fourhigh rolling mill is comparatively compli-
cated system consisted of many stands or units. The
order of model constructed by the above-mentioned
method is fairly high. It will bring about many trou-
bles to system model simulation and optimization de-
sign. Sometimes, this work is even unable to be
done. Therefore, a model reduction approach is pro-
posed under the condition of retaining main eigenval-
ues values and significant state variables of original
system. It is just to ignore some minor time constants
according to timescale principle!'"’.  Specifically
speaking, because the delay of SCR and the time con-
stants in the current and speed feedback circuit are far
less than those in main circuit and electromechanical
time constants, they can be ignored when construct-
ing overall model. For example, in the above con-
structed dynamic model of CM 04 temper mill, T i,
Titn, Tias Tofis, Tetmr Tgas Tksis, T and Ty may
be nullified. In addition, when CM04 temper mill
works normally, the speed regulators in the electrical
driving control systems of the winding reel and the
pay-off reel are saturated, that is to say, the speed
loops are open. In this case, system’s model can be
simplified greatly. The order of model is reduced
from 23 to 12. It will bring about much convenience
to finding the solution of model, analyzing and de
signing system.

3.2 Model simulation

Let the actual parameter values of CM04 temper
mill substitute into the above constructed mathemati
cal model, and the model is simulated''?! by means of
MATAB 5.3 language. When the input is step sig-
nal, the dynamic curves of the rotating speed nj, ng
and ny are displayed as Fig. 4. The dynamic curves of
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Fig. 4 Dynamic curves of rotating speeds

deviation AT and AT} of tension force Ty and T,
are shown as Fig. 5 and Fig. 6. It is visible that the
simulating results are basically consistent with reali-
ty. Thus, the model is correct, and it is probable to
analyze causes that bring about light and shade
streaks on the surface of steel strip processed by
CM 04 temper mill and design an optimum controller
for CM 04 temper mill based on the model.
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Fig. 5 Dynamic curves of deviation AT ¢

AT/10°N

M Oh

q
3

AT, /10°N
%

AT,
S
i 2 3 4 5

0 6 71 B8

Time/s

Fig. 6 Dynamic curves of deviation AT,

4 CONCLUSION

Aiming at four-high rolling mill, the following
steps are applied to constructing the coupling mathe-
matical model of electromechanical driving system.
Firstly, the mathematical model of each electrical
driving subsystem is constructed by means of model-
ing method of structural principle. Secondly, the
overall coupling model is constructed according to
coupling parameters, like tension force, which join
together distributed subsystems. Finally, the overall
model is simplified according to time scale principle
which can retain main eigenvalues values and signifi-
cant state variables, and a practical model is ob-
tained. This modeling method has universal reference
and application value to coupling modeling of the
complicated electro-mechanical systems whose subsys-
tems are coupled by workpiece. The coupling model
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can be applied to synthetic studies on complicated
electromechanical systems, such as chatter analysis,

parameter optimization, optimum control.
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