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Investigation for parametric vibration of rolling mill
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[ Abstract] The vibration unsteady condition of rolling mill caused by flexural vibration of strip has been investigated.

The parametric flexural vibration equation of rolled strip has been established. The parametric flexural vibration stability of

rolled strip has been studied and the regions of stability and unstability have been determined based on Floquet theory and

perturbation method. The flexural vibration of strip is unstable when the frequency of variable tension is two times as the

natural frequency of flexurakvibration strip. The characteristic of current in a temp driving motor’ s main loop has been

studied and tested, it has been proved that there are 6 harmonic component and 12 harmonic component in main loop of

driving motor electricity. The vertical vibration of working roller has been tested, the test result approves that the running

unsteady is caused by parametric vibration. It attaches importance to the parametric vibration of rolling mill.
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1 INTRODUCTION

A vibration caused by a rolling mill not only af-
fects the smoothness and steadiness of the running
mill, but also affects the quality of the rolled strip,
specially the surface quality. For a running rolling
mill, sometimes it shows violent vibration and strip
stripe, leading to closing down or breakdown of ma-
chine. In a field test, we find this kind of phe
nomenon by accidental, at a certain value of rolling
mill tension, the vertical vibration of rolling mill is
very strong. However, for some unknown reason,
the tension changes greatly, as a result, the vertical
vibration weakens rapidly, and the mill runs steadily.
There are many reasons that cause violent vibration of
the rolling mill; from energy viewpoint, the reason
comes from two aspects mainly. The first one is that
the rolling mill absorbs energy from the main drive
system continuously, the vibration aggravates contin-
uously, finally leads to unstability, however this as-
pect we can not explain the phenomenon that we ob-
served. The second one is that through the strip the
rolling mill gains energy from the coiling and uncoil-
ing machine continuously, leads to the vibration
strengthening continuously, the consequence is that
the machine closing down or is destroyed. For un-
steady of rolling mill caused by the first aspect rea
son, experts have undertaken a series of research,
of valuable achieve

and have achieved a lot

ments''" ' For examples, the dynamics specific
property analysis of the rolling system!" ?, the 3

times frequency self-excited vibration analysis of the

[3]

rolling system' ™, study on characteristics of a bend-

ing vibration of rolling system and 5 times sound in-
terval oscillation of a skin miller was conducted by
Nester’s group'*! . But for the unsteady caused by the
second reason, few study has been done in the past,
analysis of mechanism even less. It’ s necessary for us
to do research on its mechanism and provide theoreti
cal guidance for practical production.

In this paper, the authors establish a flexurakvi-
bration model of a mill strip under the effect of the
draught tension, analyze the influence about the rota-
tional speed change of the coiling and uncoiling on the
vibration of strip and the vibration of the mill system,
thus explain the phenomenon that we examined from
the aspects of both theory of test.

2 PARAMETER VIBRATION
ROLLING MILL

MODEL OF

The flexurakvibration of strip is caused by the
tensions of the coiling and uncoiling and the vertical
force. Establish the tension as F', the dynamics equa
tion is
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where w is the bending deflection of the strip; P
density; h is thickness, D= Eh’/12(1- W) bend-
ing rigidity; E is the module of elasticity; H is the
Poisson ratio.

The free vibration equation is
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The two ends ( coiling and uncoiling end) of the
strip ( plate) can be looked as free-supported, while
the other two-ends are free ends. The deflection of
strip changes little in the direction of width. In order
to investigate the vibration of the strip analytically,
we suppose w is only a function of x and ¢, it means

that the original solution is as

w=w(x, t) (3)

Let: w(x, t)= u(t) sin (n%& /1), boundary
condition is free-supported, we can induce:
pir Kl
[+ F() 2l +
%hu(z)]sinlfm: 0 (4)

Eqn. (4) can be established only when the parameter
of sin( nTk /1) is equal to zero at any time. So we

know that u(t) fits differential equations:
U(t)+ ponf 1+ 'Ekau']u(t) =0

(n=12.) (3)
where pj,= n? T[2D/l2ph
Eqn. (5) is Hill equation. Then we have

P on= IJJ_ (6)

where po, is the natural frequency of bending vibra-
tion of the strip with no tension.

During the process of the rolling, the tensions of
coiling and uncoiling fluctuates thinly near a certain
fixed value Fy, the wave frequency is revolving fre-
quency of coiling and uncoiling, so we can get

F= Fo- Focosa (7)
where  ® is revolving frequency of coiling and un-
coiling. Put Eqn. (7) into Ecgl (5), we can get
W)+ pRf1e A 2 o

(n=1, 2..) (8)
Suppose

~ ’ F
Pon= P on 1+ ;(j (9)

when Fcos @ is a slight harmonic force, Eqn. (8)
can be turned into M athieu equation, that is
u(e)+ po,,[l— heos@Ju(t) = 0 (10)
where h= F/p,
3 PARAMETRIC VIBRATION STEADY CHAR-
ACTER OF ROLLING MILL

Suppose

5= pha(Z)% €= phu(2)h
let t= 2t1/ ©, after put it into Eqn. ( 10),
ing symbol ¢, as ¢, we can obtain

U(e)+ [ 6+ &os2tfu(t)= 0 (11)
where €1

still mark-

According to Floquet theory!'!, the canonical

form of the Mathieu equation (Eqn. (11)) is

u(t) = exp( ¥vt)¥t) (12)
where 9(t) is a periodic function, its period is T or
27, whether Y is real number or imaginary number is
determined by the values of 6 and € Based on Flo-
quet theory, the boundaries betw een stability and un-
stability regions can be decided by the circle solution
of Eqn. (11). These boundaries can be obtained by
asymptotic expansion according to following forms:

§= n’+ &+ €8+ ... (13)

u= uo+ i+ Sur+ --- (14)
where n is an integer that included zero. Put Eqn.
(13) and Eqn. ( 14) into Mathieu Eqn. (11), use the
condition that the coefficient of the same power equa
tion is zero, we can get

g+ nug= 0 (15a)
W+ nui=— ( 8+ cos2t)uo (15b)
th+ nus=—- ( 6+ cos2t)ui— Suo (15¢)
Then we can get the solution of zero order equa
tion (Eqn. (15a)):
cos nt
wo= | o n= 0,1, 2.. (16)

After we decide the solution of high order

asymptotic solution under the condition of n= 0, 1
[12]

and 2, it can be get from perturbation theory
that:
1) When n= 0
b=- 5 €+ 0(€) (17)
2) When n=1

From Eqn. (16) and suppose x o= cost, we can
get the boundary of the regions of stability and unsta-

bility in the &€ trace:

= 1— -2Le- Ley oo (18)
If we suppose x o= sint, the another boundary is
6= 1+ Te- €+ 0(E) (19)
3) When n= 2

Also from Eqn. (16) and establish x o= cos ¢,
we can get the boundary of the regions of stability and
unstability in the &€ trace:

5= 4+ €+ O(E) (20)

If we suppose x o= sin ¢, the other boundary is

8= 4- fge% 0(€) (21)

The boundaries of Eqns. (17) ~ (21) of the re-
gions of stability and unstability in the &€ trace are
shown in Fig. 1, in which the shadow region in the

boundary is unstability, the other region is stability.

4 UNSTABLE CONDITION OF VIBRATION OF
STRIP

The unstable condition of vibration of strip is in-
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duced from Eqns. (18) and (19), when
_ 1
| 6- 11= 3282 (22)

the vibration of strip is unstable.
Put 8= pin(2/ @7 into Eqn. (22), we can get
5= pin(Y ©)? = (23)
pon = /2 (24)
Eqn. (24) indicates that the flexuraktvibration of
strip is unstable if the frequency of variable tension is
two times as the natural frequency of strip flexurakvi
bration. It is induced that when the verticakvibration
of mill aggravates, the mill system is unstable.
With the same reason, it can be induced from

Eqns. (20) and (21),
1
| 6- 4= 4832 (25)

the vibration of strip is unstable.
Put 8= pgn(2/ @7 into Eqn. (25), we can get

when

8= pon(Y ©)? = (26)
namely
Pon E w (27)

Eqn. (27) indicates that the flexuraktvibration of
strip is unstable too if the frequency of variable ten-
sion is the same as the natural frequency of flexural
vibration strip, which leads to aggravate the mill ver
ticakvibration and unstable mill system.

S ANALYSES OF LIVING SURVEY

In a certain large iron and steel enterprise, some-
times violent temp mill vibration occurs and stripes
appear on the surface of strip, which seriously affects
the normal production and the quality of products se-
riously. Entrusted by the enterprise, we have done a
lot of field tests on the vibration of skin miller and the
parameters of electrical system.

5.1 Electrical spectral analyses of coiling and umr
coiling

The running equipments of the temp mill’ s coil-
ing and uncoiling machine adopt the direct current
electrical driving system which is consisted of SCR-
D. The driving system uncoiling is a coaxial driving
double-motors. Two running machines of the coiling
machine are driven coaxially by steeFband couple.
The rectiformer for the motors is a threewinding
transformer, whose mode of connection is D/y5 and
d0. Thus the phase difference between the input volt-
age of these two sets of rectifiers is 30°. In the wave
form of commutating voltage, the 6th harmonic com-
ponent is inverse (the phase difference is 180°),
while the phase of the 12th harmonic component is
the same. When magnetic flux is a constant, the 6th
harmonic torque of the two electromachines is just
right opposite in direction, and the 12th harmonic
torque is just right the same in direction. The very

character of the torque of running electromachine will
influence the dynamics deeds of machine system; such
influence is decided by the relationship of the machine
system’ s parameter and the electrical parameter.

As the input voltage of the two sets of rectifier is
in phase, great harmonic component in the main cir-
cuit of drive motor is caused. In fact the field tests
show that the main circuit exists large harmonic com-
ponent, shown in Fig. 1, the electrical circuit has fol-
lowing characters:

1) The feedback of the coiling and uncoiling mo-
tors and the signal of the disturbing noise are very
weak, which has little influence to the torque and the
force of coiling and uncoiling.

2) The harmonic component of the main circuit
in the drive motor’ s circuit is very obvious, Figs. 1
and 2 shows the spectrum of the drive motor main
circuit, the main harmonic component is the 6th har
monic ( 300 Hz), the 12th harmonic ( 600 Hz) and
the 18th harmonic (900 Hz) .
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Fig. 1 Spectrum of coiling motor main current
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Fig. 2 Spectrum of uncoiling motor main current

3) The harmonic component of the drive motor
excitation circuit is very small, the reason is that the
inductance of excitation circuit is large, the character
of the flat component rejects the harmonic current
validly.

The above analysis and the field tests indicates
that during the process of production, large harmonic
component is caused in the drive motor main circuit.
The main harmonic component are the 6th humorous
(300Hz), the 12th humorous (600 Hz) and the 18th
humorous (900 Hz) . The harmonic current causes to
the change of the torque, with the same frequency as
that of harmonic current, and the change of drive
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motor’ s torque results in the changes of coiling and
uncoiling tensions, since the tension change is in ac
cordance with the torque, the change frequency of
tension is in accordance with the frequency of the har
monic current, i. e., the superposition of the circle
function of 300, 600, 900Hz. They can be expressed
as
F= Fo+ 01c0s(6007 )+ apcos(12007T¢ ) +
azcos( 1800 7% ) (28)

where F is the tension of coiling or uncoiling, Fy is
the constant item of the changed coiling and uncoiling

tension; 0; is constant.

5.2 Natural frequency of strip vibration and test of
mill vertical vibration

During the process of rolling, the rolling draught
tension is determined by production process. Theoret-
ically the tension is a constant, however, it s real
fluctuated slightly. When the tension is Fo, from
Eqn. (9) it can be induced that the natural frequency
of strip flexurakvibration is

- Ty

n = n 1 29
pon=pon I+ 0 (29)
For example, when the skin miller draughts a

certain steelplate with the thickness of 1. 98 mm, the
tension is 73 kN, it can be calculated from Eqn. ( 29)
that the third order natural frequency of strip flexu-
ral-vibration is 301. 11Hz. This frequency value is
close to half of the 6th harmonic current frequency of
the motor main circuit current, or the frequency of
the tension’ s 600 Hz component. From the above
analysis of the unstable condition of strip flexurakvi
bration, we can get that the strip appears flexurakvi-
bration unstable which strengthens the vertical vibra-
tion of running mill, as a result the verticakvibration
of the rolling mill becomes violent.

The field test analysis proves the analysis above.
Fig. 3 shows the spectrum of chart of running mill
verticakvibration. The set-off crest frequency of run-
ning mill verticakvibration is closed to 600 Hz, as
shown in Fig. 3, it is induced that the strip appears
unstable flexurakvibration. Because the strip tension
exists harmonic component of 600 Hz, and the third
order natural frequency (301. 11 Hz) of the strip flex-
uratvibration is closed to half the harmonic compo-
nent frequency of the strip tension (600 Hz), the
strip flexuralvibration is unstable, which makes the
upper and lower drive mill all vibrate violently in ver
tical direction.

From the above strip unstable condition, we can
induce that when the natural frequency of strip
flexurakvibration is close to half of the harmonic
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Fig. 3 Spectrum chart of running mill
verticalvibration

component frequency of the tension which changes
periodically, the strip flexurakvibration becomes un-
stable; and the natural frequency of flexuralvibration
relates to tension, therefore we can avoid unstability
by the way of changing tension.
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