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Study on the Vibration of the 1700 Four Rollers Rolling Mill

! Zehao Wu, ! Gongfa Li, ' Po Gao, * Yuan He, * Dawei Tan
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Wauhan University of Science and Technology, Wuhan 430081, Hubei, China
Tel.: 086-02768862283
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Abstract: Aimed at the vibration problem of the rolling mill, by using the large FEM software ANSY'S,
modal analysis of the rolling mill is did. The natural frequency and the vibration models of rolling mill
model are obtained. Analysis the simulation results, the causation of the vibration is found, and the
solutions are proposed, which provides references for the designing of mill and restraining mill
vibration. Copyright © 2012 IFSA.
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1. Introduction

The vibration of rolling mill is a long plagued problem in mill industry. The losses are very serious cased
by the vibration of rolling mill. Such as rolled strips appear chatter marks, and the quality cannot meet
the production standards. Others components of rolling mill are damaged. Not only the efficiency of
production is reduced, but also the safety of staffs is threatened.

As there are so many parts on mill and the assembly of those parts is complex, so there are much
vibration signals when the mill is working. The transitional vibration and noise is eliminated after the
researching of vibration, and then the frequency of excitation is minimized. The signal measurements
are simplified, and the analysis of problem becomes efficient, by using the finite element analysis
software of ANSYS. The dynamic vibration modals of rolling mill are achieved on the software
platform. The performance of every parts of rolling mill is descried by the clear dynamics cloud when
rolling mill is motivated [1]. The location and type of vibration source is determined by the result of
modal analysis, which provides a powerful theoretical foundation for the inhibitor and avoiding of mill
vibration [2].
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2. The Characteristics of the Chatter Marks on Backup Rolls Surface

This is a 1700 four rollers rolling mill, its barrel length is 1700 mm, and started from 1978. The main
components of rolling mill: the aches, the pressure device, the backup rolls, the balance tanks, the
working rolls, the replacing roll device, the locking device and the wedge. When it is working at the
stable speed of 1000 m /min, the vibration of rolling mill is significant. Chatter marks appear on backup
roll surface, the chatter marks shown as Fig. 1.

Fig. 1. The shape of chatter marks on backup rolls surface.

The Chatter marks parallel to the axis of roll. The lights and darks are alternated. The distance between
light and dark is uniformity, and approximately is 138.8 mm. The intensity of chatter marks is different
generally, no obvious law. The brightness of stripes can be transformed each other with the changement
of the observation and illumination angle. The light stripes are changed into the dark stripes, while the
dark stripes are changed into the light stripes. The locations of chatter marks on backup roll surface are
not fixed. And chatter marks are shifted on the circumuferential direction of roll surface. The roughness
of the light filed or the dark filed is the same.

There is a close correspondence between the distance of chatter marks, the rolling speed and the
vibration frequency [3]. The stable rolling speed is 1000 m /min, while the distance of chatter marks is
138.8 mm. So the contact state between the working rolls and the backup rolls presents a certain
periodicity. And the vibration frequency of backup rolls is :

14
f =—=120Hz 1
. , ®

where v is the stable rolling speed; A is the distance of chatter marks; f is the vibration frequency.

With the mill is working, the surface of rolled strips also appear irregular chatter marks. The quality of
rolled strips is reduced, and the backup rolls are damaged. There is a close association between the
vibration and chatter marks. To reduce the losses cased by chatter marks, it is need to determine the
location and type of vibration. To find the reason why the vibration frequency 120 Hz is caused, modal
analysis of rolling mill.
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3. The Theory of Modal Analysis

The classic definition of modal analysis: in order to find the modal parameters of the system, the
physical coordinates in the differential equations of vibration in a linear constant system is transformed
into the modal coordinates, which decouples the equations. It is an independent equation described by
the modal coordinates and the modal parameters [4]. The coordinate transformation matrix is called the
modal matrix that each column is the mode shape.

MGG+ [CIHG+ KT} =[Q], (2

where [M] is the mass matrix of system; [K] is the stiffness matrix of system; [C] is the damping matrix
of system; {x} is the acceleration column vector of system; {x} is the velocity column vector of system;
{x} is the displacement column vector of system; [Q] is the loading matrix.

The modal parameters of the system are identified, which is the ultimate goal of modal analysis. The
basis for the vibration analysis of structural systems, the diagnosis and prediction of vibration fault and
the properties optimization of structural dynamic are provided by modal analysis. So in order to
understand and analyze the mechanism of the natural frequency characteristics, and simulate their
dynamic behavior, modal analysis of rolling mill is needed [5].

4. The Modal Analysis of Rolling Mill
4.1. Establish The Model of Rolling Mill
The location of vibration source can not be got clearly, so the whole rolling mill model established. With

the sheets of this mill, the components of rolling mill are drawn by the three-dimensional mapping
software of PROE. And the three-dimensional solid model of rolling mill is shown as Fig. 2.

Fig. 2. The model of rolling mill in PROE.

Because the size of rolling mill is large, the structure and the assembly is complex, so it is difficult to
establish the model in the pre-processor of ANSYS, otherwise the expression of the structure is
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incomplete [6]. Before doing the modal analysis, the model of rolling mill can be simplified base on the
three-dimensional solid model of rolling mill. Then change into the IGES format (the compatible file
format of ANSYS). The main predigested parts are the pressure system of rolling mill, the oblique lease
system of rolling mill, the roller device of the under roll. Expert these, the two pieces arches, the beam,
the roll systems of rolling mill and the balance cylinder are remains the same with sheets of rolling mill.
And the finite element model of rolling mill is shown as Fig. 3.

Fig. 3. The model of rolling mill in ANSYS.

4.2. Modal Analysis in ANSYS

Importing the finite element model into ANSYS, and began doing the model analysis of rolling mill. The
properties of material should be defined at first. The elasticity coefficient is 2.1E5 MPa, the Poisson’s
ratio is 0.3, and the density is 7.8E-9 t/m>. As the model is solid and complex, so the entire structure
meshed by 8-node hexahedral element Brick 8 node 45, which is SOLID 45 element. The meshed map
of rolling mill is shown as Fig. 4.

Fig. 4. The meshed map of rolling mill.
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The loading of constraints are determined by the installation of rolling mill in the actual and the force in
the working process. There are eight bolts used to fix rolling mill, so in this connection at the surface of
the eight bolts’ hole plus all constraints, the displacement of rolling mill in X, Y, Z directions is 0.

Subspace is suitable to get less vibration mode (< 40) of the models that is medium or not large. The
needed memory is relatively small, if this method is used. The solid elements and the shell elements of
the unit should have a better shape in Subspace. And any warning message about the shape of the unit
should be attention. As a rigid body vibration mode convergence problems may occur, so it is used in the
situation that there is no constraint equations [7].

Modal analysis of ANSYS is a linear analysis, any non-linear characteristics like the elastic, the plastic
and the element of contact gap will be ignored, even if these are taken into the analysis. The non-linear
characteristics are directly converted into linear terms, so the non-linear characteristics are not
considered in the post-processing of modal analysis [8]. So the exposure in modal analysis is GLU. The
1% to 10" vibration modes are extracted in modal analysis of rolling mill, and the results are shown as
Table 1.

Table 1. The modal results of the top 10 steps.

SET 151 an 3I’d 4th 5th
FREQ (HZ) 21.9 36.3 46.7 78.7 89.6
SET 6th 7th 8th gth 101h
FREQ (HZ2) 116.3 142 176.2 240.5 469.5

The vibration patterns are be shown by the cloud model, and the DMX also can be get from the cloud
model. All of these can be used to judge whether rolling mill is working properly or not. The vibration
diagrams of 1st to 6th are shown as Fig. 5.

4.3. Analysis of Simulation Results

Known by the calculation results, the vibration frequency of backup rolls 120 Hz is very close to the
natural frequency of 6th 116.3 Hz. And shown by the 6th vibration mode, the two working rolls of
rolling mill are moved in the opposite direction. On the same side, the working roll and the backup roll
are moved in the opposite direction. All of those consistent with the actual working conditions of the
rolling mill. So it is considered that the natural frequency of 6th is caused by the vibration frequency of
backup rolls. When the vibration frequency of backup rolls reaches 120 Hz, approaching the natural
frequency of 6th, the rolling mill is occurred resonance [9]. And the surface of backup rolls appears
irregular chatter marks. Then the vibration of working rolls is incentived by the chatter marks on backup
rolls surface, which leads to forced vibration of working rolls. And the chatter marks become more
obvious.

Based on the above analysis, the restraining measures of chatter marks are obtained. The
countermeasures are derived as follows: adding roll to control vibration in the inlet side or changing the
speed of stable rolling.

The relatively movement between the rolls system is caused by the fluctuation of entry tension, which
also is the reason why chatter marks appear on the surface of rolls surface [10]. So adding roll to control
vibration in the inlet side that the resonance is suppressed and eliminated, and the chatter marks are
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eliminated. because the chatter marks are caused in the speed of stable rolling, so changing the speed, the
vibration frequency of backup rolls should not approached the natural frequency of 6™, the rolling mill is

not occurred resonance. Last, the chatter marks are eliminated.

NODAL SOLUTION AN
JUL 21 2012
STEP=1
TR =t 09:39:439
FREQ®Z1.096
i (AVG)
RITSen
DAX =, 100561
SAX =, 100561
0 023014 046027 0041 0F2055
011507 .03452 057534 -OBOS4R 103561
the modal of pzj

(a) The 1* vibration mode.

MODAL SOLUTTON

STEP=1

Ul =3
FREC=46.569
r=ON [ava)
BETE=0

DX =, 191726
MK =, 131726

AN

auL 21 1012
09:41:29

o 029273
014636

the modal of pzj

(c) The 3" vibration mode.

050545 L0791 W11
.043909 073181 . 102454

700
131726

JuL 21 2012
OBrd0:Es

NODAL SOLOTION AN

STEP=1

BUB =2
FREQ=3¢.2¢8
usum (v
REYS=0

DR =, 100534
SAE =, 100614

1]

024208 + LOT2623 .
012104 JO3E311 00819 084716

the modal of pzj

< 108934

(b) The 2" vibration mode.

JUL 21 201
08:449:08

NODAL SOLUTION AN

STEP=1
SUB =4
FREQ=TH, 651
st [AVG)
RSYE=0

DNX =, 124511
SMX =.124511

il
0 L02TEED .055338 NCETTH 110678
013935 041504 068173 0DER4Z .124511
the modal of pzj

HODAL SOLUTION

STEP=1

suB =5
FREQ=83, 557
oEuN 1 KVG)
REYE=0

DHX =.162386
SHE =, 162306

Sl
o O3R0AE 072172 I0BZST
018043 054129 090215 «1263

the modal of pzj

Jm 21 2012
09:43:33

.144343
162386

(e) The 5™ vibration mode.

(d) The 4" vibration mode.

NODAL SOLUTION -~ ra— AN

ETEP=1 amL z1 $03%
SUB =6 09:43:03
FREQ=116.251

wsun 1Avs}

ESYH=0

BRE =.0TEE1L
EME = 078611

L]
0 017468 014938
.008735 .026204

the modal of pzj

.052400 068977

043673 061142 078811

(f) The 6™ vibration mode.

Fig. 5. The vibration cloud modes of 1st to 6th.

16



Sensors & Transducers Journal, Vol. 16, Special Issue, November 2012, pp. 11-17

5. Conclusions

In this paper, the three-dimensional solid model of a factory’s four-roll rolling mill is established, which
clearly expresses the structure of rolling mill. The late, the simulations of roll motion, pressure action
and rolling are achieved based on this model.

The natural frequencies and the mode shapes of rolling mill are got after modal analysis, which is the
foundation of the dynamic analysis of rolling mill. The results can be used to judge the capper marks are
caused by the vibration of backup rolls.

The causation of the vibration is found, and the solutions are proposed, which provides references for the
designing of mill and restraining mill vibration
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