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Strip shape control capability of hot wide strip rolling mills
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Abstract: The elasticity deformation of rolls was analyzed by means of two-dimensional finite element method (FEM) with vari-
able thickness. Three typical mills were used as objects for analysis. A thorough study was done on the control capabilities of these
mills on the strip shape. Then the strip shape control capabilities of the three mills was compared synthetically.
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1. Introduction

The proportion of strip production has become very
important to assess a country’s steel industry level. In
that case a good strip shape is necessary for strip
quality. Controlling hot wide strip shape at strip roll-
ing is a difficult and significant problem. At present
choosing the type of hot strip rolling mills and build-
ing the automatic control model of strip shape are the
two main methods to control strip shape quality in hot
rolling [1-4]. In this article, based on the analysis of
1500-mill, 1700-mill, and 2150-mill, which are the
three typical mills in hot wide strip rolling, their strip
shape control capabilities were researched. This can
be a reference for building a strip shape control model
and choosing the type of hot wide strip rolling mills.

2. Calculated model of elasticity deformation

Three typical mills in hot wide strip rolling are
1500-mill, 1700-mill, and 2150-mill, because 1500-
mill is close to 1420-mill and 1580-mill, 1700-mill is
similar to 1780-mill and 1800-mill, and 2150-mill can
represent 2030-mill and 2350-mill, which are big wide
strip mills. Two-dimensional finite element method
(FEM) with variable thickness is used as a main tool,
to analyze the strip shape control capabilities of the
three mills [5-6]. The purpose isto research on the co-
efficients of the strip shape control model as shown in
the following equation. These coefficients follow strip
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wide changing.
Cr = KgpP+ KBFBF+ KCwa +chCb +KpwD,y, +
KDbDb + KsgrSFT + Gy, (1)

where Cy is the strip crown, Kyy the roll force effect
rate, Kgr the work roll bending effect rate, K¢, the
work roll crown effect rate, K¢, the backup roll
crown effect rate, Kp, the work roll diameter effect
rate, Kp, the backup roll diameter effect rate, K
the work roll shift effect rate, and C;, the entry strip
crown. P is the roll force, BF the work roll bending
force, C,, the work roll crown, C, the backup roll
crown, D, the work roll diameter, D, the backup
roll diameter, and SFT the work roll shifting dis-
tance.

As shown in Fig. 1, a two-dimensional FEM analy-
sis model has been advanced by Chen [7]. The basic
idea is to combine the work roll and the backup roll
into one entity, so that the distributed contact pressure
between the work and backup rolls is converted into
the internal forces that are to be determined. The
model is two-dimensional although with different
thicknesses in Z direction. Each element has its own
thickness according to the ordinate distance from its
roll axis and radius R. This specialized finite element
model can predict the roll gap profile and the contact
pressure distribution. It enables the actual mill condi-
tions to be taken into account. Its validity has been as-
certained by testing.
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3. Comparison of the strip shape control ca-
pabilities of three mills
The work condition limit of a rolling mill is always

considered, and the maximum, the intermediary, and
the minimum conditions are chosen. The rolling force
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is considered to distribute evenly, that is, Q,=1.0.
First, the conventional work roll is analyzed, where
the wear profile and thermal crown are not involved,

because they are included in the equivalent roll pro-
file.
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Fig. 1.

All kinds of calculated parameters of the three mills
are shown in Table 1. BW is the strip wide. The num-
ber of work conditions amount to the parameter prod-
uct Kgp, Kpr, Kcws Ko, Kpw, Kpp,and Kgpr,
which need to be calculated in the model. At the outset
C, can be calculated when BF=0, Qs=1.0, C, =0,
C,=0, and SFT =0. C, is the basis of calculating
other parameters. Subsequently Cy is calculated.
These model parameters can be readily calculated
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Two-dimensional FEM analysis mesh of a 4-high mill roll system.

from the following equations.

AC
Ku = M 2
AC=Cg -C, 3)

In Eq. (2), K, is the instance of effect rate, AM is
the instance of parameter change. In Eq. (3), AC is
the difference between Cr and C,. Cr and C, are
the strip crowns corresponding to the instance AM .

Table 1. Calculated parameters of three mills
Mill type of Qs/ (tmm™) BF/kN BW /mm D,/ mm D,/ mm C, /pm C,/pm SFT/ mm
0.7 0 900 600 1350 -150 -100 -100
1 550 1050 540 1250 0 0 0
1500 1.3 1100 1300 — — 150 100 100
— — 1400 — — — — —
0.7 0 900 700 1550 -150 -100 -150
1 600 1150 630 1450 0 0 0
1700 1.3 1200 1350 — — 150 100 150
— — 1550 — — — — —
0.7 0 900 700 1600 -150 -100 -200
1 750 1300 630 1450 0 0 0
2150 1.3 1500 1700 — — 150 100 200
— — 2000 — _ — —_ —

3.1. Effect of strip width on strip crown

Somers [8] predicts that roll deflection, and there-
fore strip crown, increases with an increase in roll
force. As the roll force is proportional to the strip
width, it can be expected to have a greater strip crown
for the wider products that are rolled. Finite element

analysis shows that the strip crown decreases with an
increase in strip width reaching a certain extent. As
shown in Fig. 2, this strip width inflexion approxi-
mates from about 70% to 80% of the roll barrel length.
In that case this result is the same as Ginzburg’s [9-
10].
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The maximum strip crown of 1500-mill is close to
that of 1700-mill in these three mills, as shown in Fig.
2. However 2150-mill’s maximum strip crown is
greater than those of the other mills. It can be identi-
fied that the wider mill has the greatest strip center
crown, and the strip crown also increases with in-
creasing strip width. After a certain strip width the
strip crown decreases.
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Fig. 2. Variation in strip center crown with strip width for
three hot strip mills.

3.2. Effect of roll force on the strip crown

The effect of roll force on the strip center crown
can be shown by the effect of the roll force parameter,
Kgr. As stated earlier, the relationship between the
roll force effect rate and the strip width is similar to
the effect of strip width on the strip crown. First, it in-
creases with an increase in strip width. Second, it de-
creases with an increase in strip width reaching a cer-
tain extent. As shown in Fig. 3, the roll force effect
rate of 2150 mill changes rapidly and is greater than
those of the other mills. The maximum roll force ef-
fect rate of 2150-mill is twice as much as those of
1500-mill and 1700-mill. It shows that the effect of
the roll force on the strip crown is greater when wide
strips are rolled at the wider mill. However 1500-
mill’s roll force effect rate is similar to that of 1700-
mill’s with an increase in strip width.

3.3. Effect of bending force on the strip crown

Roll bending is one of the most common methods
used for continuous strip crown control during rolling.
Moreover, it is the main measure of the strip control
model. At present, work roll positive bending forces
are applied to the work roll chocks in hot rolling. The
effect of the bending force on the strip center crown is
shown by bending force effect parameter, Kgg, and is
in opposition to the effect of roll force. Positive roll
bending causes the strip profile to become concave.
As shown in Fig. 4 the work roll bending effect rate,
K gr, increases almost linearly, with an increase in the

strip width, BW. Furthermore the maximum bending
force effect rate of 2150-mill is greater than those of
the other mills. When the same wide strips are rolled
the effect of bending force of the wider mill is smaller.
This indicates that the wider mill needs a great bend-
ing force to get the same strip crown.
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Fig. 3. Variation in roll force effect rate with strip width
for three hot strip mills.
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Fig. 4. Variation in roll bending effect rate with strip
width for three hot strip mills.

3.4. Effect of work roll crown on the strip crown
The effect of work roll crown on the strip crown is
shown by the work roll crown effect rate, Kcw .
Work roll crown effectively changes the no-load roll
gap profile and modifies the roll contact conditions
between the work rolls and backup rolls. It is one of
the most common methods used for correcting a strip
profile. This crown is for the whole work roll length
and different from the strip crown. The effect of the
work roll crowns of the three mills with an increase in
strip width is shown in Fig. 5. The work roll crown is
equal to —150 pm. As shown in Fig. 5, 2150-mill has
the maximum work roll crown effect rate. However, at
the same strip width the rate of 2150-mill is smaller
than that of 1700-mill. It indicates that the work roll of
a wider mill can use a big crown to reach the same
crown adjusting capability.
3.5. Effect of backup crown on the strip crown

The effect of backup crown on the strip crown is
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shown by the backup roll crown effect rate, K, . As
shown in Figs. 5 and 6, the use of backup roll crown is
much less common than that of work roll crown, as
backup roll crown only modifies the interface condi-
tions between the backup rolls and the work rolls. It
has little effect on the no-load roll gap. The backup
roll crown of the three mills is equal to 150 pm. 2150-
mill has the maximum backup roll crown effect rate as
shown in Fig. 6. However, at the same strip width the
rate of 2150-mill is smaller than that of 1500-mill.
This indicates that the backup roll of a wider mill can
use a biger crown to reach the same crown adjusting
capability. Moreover, this crown must not have a
negative influence on the interface conditions between
the backup rolls and the work rolls.
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Fig. 5. Variation in work roll crown effect rate with strip
width for three hot strip mills.
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Fig. 6. Variation in backup roll crown effect rate with
strip width for three hot strip mills.

3.6. Effect of work roll diameter on the strip crown

The work roll diameter effect rate, Kp, , shows the
effect of work roll diameter on the strip center crown.
First, the effect of work roll diameter of the three mills
increases with an increase in strip width. Second, it
decreases with an increase in strip width reaching a
certain extent. As shown in Fig. 7 this strip width in-
flexion approximates from about 70% to 80% of the
roll barrel length. 1500-mill has the maximum work
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roll diameter effect rate at the same strip width, as the
work roll diameter of 1500-mill is smaller than those
of 1700-mill and 2150-mill. As the work roll diameter
decreases, the resistance of the roll stack to deflection
is lesser under a rolling load, resulting in a greater
strip crown.
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Fig. 7. Variation in work roll diameter effect rate with
strip width for three hot strip mills.

3.7. Effect of backup roll diameter on the strip
crown

The effect of a backup roll diameter on the strip
crown can be shown by the backup roll diameter ef-
fect rate, Kp,, as the backup roll diameters are usu-
ally 1.5 to 2.5 times greater than the work roll diame-
ter. With respect to the deflection, it becomes obvious
that the effect of backup roll diameter on the strip
crown is more sensitive than that of work roll diame-
ter on the strip crown. The effect of backup roll
diameter of three mills with an increase in strip width
is shown in Fig. 8. As shown in Fig. 8, 2150-mill has
the maximum backup roll diameter effect rate. How-
ever, at the same strip width the rate of 1500-mill is
greater than those of 1700-mill and 2150-mill. The
work roll diameter of 1500-mill is the smallest. As the
backup roll diameter decreases, the resistance of roll
stack to deflection is lesser under a rolling load, re-
sulting in a greater strip crown.
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Fig. 8. Variation in backup roll diameter effect rate with
strip width for three hot strip mills.
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3.8. Other effect factors on the strip crown

The conventional work rolls and backup rolls are
analyzed in roll deformation. By shifting work rolls
there is no influence on the strip crown when the strip
width changes. If continuously variable crown (CVC)
rolls and linear variable crown (LVC) [11] rolls are
analyzed, the shift work rolls have a great influence on
the parameters of the strip control model.

4. Conclusions

(1) Two-dimensional FEM with variable thickness
is an effective facility for analyzing the elasticity de-
formation of rolls. '

(2) The common coefficients of the strip shape
model are used as objects for analysis. The strip shape
control capabilities of three typical mills, which fol-
low the strip width changing, were compared. Hence,
it offers a reference for building the strip shape model.

(3) The results of the strip shape control capabilities
of these three mills will serve as a useful reference for
choosing other types of hot wide strip rolling mills.
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