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Synopsis :

A new edge drop control system for thin hard steel strip has been developed by applying
suitable taper profile in the one-side tapered work roll shifting method (K-WRS:
Kawasaki Steel work roll shifting method) to four 6-high mills at the No. 2 tandem cold
mill at the Mizushima Works of Kawasaki Steel. The feed-forward edge drop control
system, corresponding to the amount of crown of a hot-rolled strip, and feed-back edge
control system using an edge drop sensor, have been established in the tandem cold mill.
Consequently, accuracy of transverse thickness within 0.5% has been achieved in steady
state (in the middle part of a strip), and within 0.8% in non-steady state (at the lead and
tail ends of a strip) over the entire length of the thin hard steel product.
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1 Introduction

Recent years have seen a fresh recognition of the
importance of resource and energy saving from the
viewpoint of preservation of the global environment.
Improvement of product yicld is one of the most im-
portant themes for the steel industry. On the other hand,
due to the stricter quality requirements of customers in
recent years, pauge accuracy in longitudinal and trans-
verse directions of strips has become an extremely
important quality control item, lmprovement in strip
fongitudinal and transverse gauge accuracy not only
promoles the automation of customers’ production lines
{for example, automated stacking of silicon steel sheets),
but also makes a major contribution to improving yicld
in steel production processcs.

Under the foregoing situations this background, the
onc-side taper work roll shifting (K-WRS) method has
becn developed and introduced at the No. 2 cold tandem
mill"* at Mizushima Works and, accuracy of transverse
thickness has been achicved within (1.53% in steady state,
and within 0.8% in non-steady state for steel sheets,
mainly of thin hard steel strips such as silicon steel.
An outline of this accurale transverse thickness control
system is presented in this paper.

* Originally published in Kewasaki Steel Giko, 28(1996)2, 103
107

Synopsis;

A new edge drop control svstem for thin hard steel
strip has been developed by appiving suitable taper pro-
Sile in the one-side tapered work roll shifiing method
(K-WRS: Kawasaki Steel work roll shifiing method) 1o
Jour 6-high mills at the No. 2 tandem cold mill at the
Mizushima Works of Kawasaki Steel. The feed-forward
edge drop control system, corvesponding to the amount
of crown of a hot-rolled strip, and feed-back edue con-
trol system using an edge drop sensor, have been estab-
lished in the tandem cold mill. Conrsequently, accuracy
of transverse thickness within 0.3% has been achieved in
steady state (in the middle part of a swrip), and within
0.8% in non-steadv state (at the lead and tail ends of
a strip) over the entire length of the thin hard steel
product.

2 Progress in the Development of Transverse
Thickness Profile Control

Kawasaki Steel has historically been a pioneer in the
development of crown and edge drop control technolo-
gies which apply the work roll shifting method using
work rolls with one-side taper in the hot and cold rolling
processes. First, the company showed that it was pos-
sible to reduce crown and edge drop by using tapered
work rolls in the last stands of the hot rolling finishing
train®™. After further development of this method, the
K-WRS method was developed and applied to actual
equipment”. In hot rolling, the K-WRS method was
applied to three stands (F3-F5) of the six-stand finishing
mill train at the Chiba Works No. | hot strip mill (June
1983)%. This technology was also applied to three stands
(F5-F7) of the seven-stand finishing mill train af the
Chiba Works No. 2 hot strip mili. Figure 1 shows the
results of crown control obtained at Chiba Works No. |
hot strip mill”, Conventionally, strip crown changes
from 120 to 30um in a rolling campaign. The strip
crown is improved to the range of 40 from 10 um by the
work roll shifting mcthod using work rolls with one-side
taper. At cold strip mulls, on the other hand, the K-WRS
method was applied to the No. | stand of the No. 1
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Fig. 2 Effect of one-side tapered work roll shifting
method in cold rolling

tandem cold mill at Mizushima Works in December
1984% 19 and tater to all stands of the No. 2 tandem cold
mill (four-stand mill) at Mizushima Works. As shown in
Fig. 2, with cold-rolled strips of mild steel, it 15 possible
to improve edge drop (hyg-h,, 5) greatly over that in con-
ventional practice'V. At present, the K-WRS method has
been introduced into 29 stands of cold rolling mills for
steel strips and non-ferrous strips around the world.

3 Establishment of the Transverse Thickness
Profile Control System

It 1s comparatively easy to control the edge drop of

cold-rolled strip by applying the K-WRS method
because the crown of the hot-rolled strip 1s small in the
case of mild steel. However, it has been difficult to
achieve high accuracy transverse gauge control with thin
hard strips, which have high flow stress, due to the large
crown of the hot-rolled strips and the high rolling loads
required even in cold rolling. This chapter will describe
a method of transverse gauge control for thin hard strips
having high flow stress. In particular, this method uses
the K-WRS method not only to control the edge drop
which occurs in conventional cold relling, but also to
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expand the range of edge drop control to enable correc-
tion of the profile of hot-rolled strips in celd rolling to
achieve a high target within 0.5% in steady statc, and
within ().8% in non-steady state over the entire lenght of
the thin hard steel product.

3.1 Distribution of Transverse Thickness in
Cold-Rolled Strips

The starting point of edge drop in cold rolling, as
shown in Fig. 3'%, is approximately S0mm from the
strip edges at No. 1 stand, and about 30 mm from the
edge at No. 3 and No. 5 stands. Thus, deformation is not
consistent with the gencral crown ratio uniformity of the
strip, and metal flow in the transverse direction is lim-
ited in the strip edge areas. Further, the fact that defor-
mation of the crown ratio conslant also occurs at points
more than 50 mm from the edges indicates that, except
at the edges, the strip profile in hot rolling has an impor-
tant effect on the profile of cold-roiled strips,

3.2 Expansion of the Edge Drop Control Range
in Cold Rolling

In order to investigate the edge drop control range in
cold rolling, the control characteristics of the K-WRS
method were studied using a laboratory mill. The exper-
imental conditions are shown in Table 1.

The position of the work roll taper, as shown in Fig.
4, was varied in the range of EL = 50 to 80 mm (EL is
the taper starting position relative to the transverse
direction coordinate of the strip), with starting positions
lying inside the strip edges as positive positions.

The profile after one-pass rolling, as seen in Fig. §,
shows a large amount of edge-up when the taper angle 1s
large, at 1/375, and under all CL conditions, the shapc of
the taper is transferred to the strip basically up o the
point where the taper begins. This fact shows that it
is possible to control the profile of the strip at points
further instde the strip than the point where edge drop

KAWASAKI STEEL TECHNICAL REPORT
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Table 1  Experimental conditions
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begins m cold rotling, as was shown in Fig, 3. As the
control range when using tapered work rolls, Fig. 6 indi-
cates that roll taper can be used cffectively at greater
distances from the strip edge by increasing the taper
angle, making it possible o expand the control range to
the point where the profile begins to change. Figure 7
shows the measured results of the elongation differential
ratio with various angles of roll tapers in the case of EL
= B0mm. As the taper angle increases, the center clon-
gatton becomes more pronounced. With rolls having an
angle of 1/375, the steepness of the center buckle is
2.8% or less, and with an angle of /188, the center
buckle becomes considerably greater.
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Based on the investigation with the laboratory mill,
edge drop control was studied with an actual mitl, As
shown in Fig. 8, the cold rolling mill (No. 2 tandem cold
mill} at Mizushima Works, which was started up in Jan-
uary 1987, is equipped with one-side tapered work roll
shifting equipment at all stands in order to control edge
drop, and as a means of profile control, is a fully contin-
uous type cold rolling mill comprising four 6-high UC
stands with intermediate rolt shift, intermediate roll ben-
ders, and work roll benders at all stands. An edge drop
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sensor 1s installed at the delivery side of the final stand.

Figures 9 (a} and (b) show the strip profile when
rolling hot-rolled strip with a relatively large crown
using tapered work rolls with a 1/400 taper angle 1 a
commercial cold rolling operation. The figure shows
cascs when EL, = 30 and 60 mm. In case (b), when EL,
= 60, the crown ratio changes in an area about 60 mm
from the strip edges, demonstrating that it is possible in
the cold rolling process 1o conirol the profile of hot-
rolled strip. With EL, = 60 mm in this example, edge
drop in the product steel strip was almost completely
eliminated by applying the K-WRS method.
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depending on crown of hot-rolled strip

4 Development of Highly Accurate Profile
Control System in the Whole Length of
Cold-Rolled Strips

As indicaled in the previous section, it has been found
that variation of the hot-rolled strip crown is controllable
in cold rolling by correcting the hot-rolied strip profile.

Furthermore, feed-forward edge drop control system,
corresponding to the amount of crown of the hot-rolled
strip, and feed-back cdge drop control system using an
edge drop sensor, have been established in the tandem
cold mill. This technique corresponds to the in-coil
crown variation of the hot-rolled strip and the difference
m crown between the two edges of the steel sheet, so as
to provide a uniform profile covering the eatire length
and width of the cold-rolled strip.

4.1 Edge Drop Control Corresponding to the
Variation of Crown of the Hot-Rolled Strip

4.1.1 Feed-forward edge drop control system

Figure 10 shows the experimental resuits'™ for the
EL, at which the edge drop at 20 mm from the strip edge
became 0 um after 4-pass cold rolling with hot-rolicd
strips having various crowns (Cry;). Here, edge drop is
defined as the difference between the strip thickness at
20 mm from the edge and that at a point 100 mm from
the cdge. It is confirmed that there 1s an optimal value of
EL, corresponding to the amount of crown in the hot-
rolled strip. Moreover, it 1s necessary to increase the
amount of EL; substantially in proportion to the increas-
ing size of the hot-rolled strip crown.

The feed-forward edge drop control system, by using
the imformation from the profile sensor placed at the
delivery side of the hot strip mill, controls work rolls
shifting of No. 1 stand to obtain the target cdge drop by
using the relationship shown in Fig. 10.

4.1.2 Feed-back edge drop control system

The influence of the amount of work rofl shifting at
the first stand EL, on the change of strip thickness at

KAWASAKI] STEEL TECHNICAL REPORT
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each position after 4-pass rolling was cvaluated. An
experiment was conducted to measure the strip thickness
value at each position on the strip edge by varying EL,
within the same strip, and Fig. 11 shows the results. The
rclationship between change of thickness and work rolt
shifting is represented by the following model formula.

AE(:f(AELJ ......................... (l)

where AFE.,: Strip thickness variation at x mm pasition
()

AEL: Changing valuc of EL for No. | stand (mm)

f: Function expressing the correlation be-
tween AL and AEL, at each position

The fecd-back edge drop control system controls work
rolls shifting of No. 1 stand to obtain the target edge
drop by using the relationship.

4.2 Setting up the Edge Drop Control Target
and Asymmetrical Work Roll Shifting

Figure 12 shows a schematic drawing of the produced
strip profile which was controlled by using a work roll
with a 1/400 taper angle. Strip thickness has a tendency
to have a small edge-up in an area at 10 to 15 mm from
the strtp edge. The targets of controlled thickness devia-
tion are conducted & 5 um at this area, and thickness
deviation within — 5 gm in an arca at 25 to 30 mm from
strip edge where the strip becomes thin. It is possible to
achieve the accurate transverse thickness profile by this
control.

There are cases in hot rolling where crown variance
between the strip edges is caused by a difference in tem-
perature, load, or off-centering of the strip. With the K-
WRS method for cold rolling, the edge drop difference
between the two edges must be reduced. The crown dif-
ference between both edges of hot-rolled strips is con-
trolled by asymmetrical work roll shifting between the
top and bottom work rolls. When asymmetric shifting
control is applied, strip camber may occur. Figure 13
shows the result of the strip camber calculated by an
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asymmetric roll deformation calculating model'®. This
result shows that even though asymmetrical shifting of
the top and bottom work rolls would generate a small
camber in cold rolling, as long as the difference in work
roll shifting position is within 20 mm, camber value can
be controlled within 1 mm. In fact, there is no problem
in the practical operations by applying asymmetric shift-
ing control.

4.3 Establishment of the Profile Control System

Figure 14 shows feed-forward and feed-back edge
drop control systems which would maximize the effect
of the K-WRS method established in the No. 2 tandem
coid mill.

A result of the application of this profile contrel sys-
tem applied to the No. 2 tandem coid mill at Mizushima
Works is shown in Table 2 and Fig. 15 A large
improvement over the conventional control method
using the fixed work roll shifting position and straight
work roll has been achieved in transverse thickness pro-
file accuracy, and for cold rolling thin hard steel strips
with high flow stress, the development targets of * 0.5%
in steady state and * 0.8% in non-steady state have been
accomplished.

5 Conclusions

Transverse thickness profile control was applied by
the one-side tapered work roll shifting (K-WRS) method
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Table 2 Companison of accuracy of transverse thick-
ness (hygy = hys) (%)

E Achievement ratio within] Achievement ratio within

+ (0.5% in steady state  + 0 8% in non-steady state

Former

85.7 2.1

96.8 96.4

The present
development

on all stands of the No. 2 cold tandem mill at

Mizushima Works, with the following results:

(1) Accuracy of transverse thickness was achieved
within (.5% in steady state and within 0.8% in non-
steady state over the full length of the thin hard steel
product.

(2) A feed-forward edge drop control system corre-
sponding to the amount of crown of the hot-rolled
strip was established in the tandem cold mill.

(3) A feed-back edge control system using an edge drop
sensor was established in the tandem cold mill.

(4) Optimization of the taper angle of the work roll
expanded the edge drop control range during cold
rolling.
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