EP 1033 182 A1

Européisches Patentamt

EP 1 033 182 A1

European Patent Office

(19) p)

(12)

Office européen des brevets

(1

EUROPEAN PATENT APPLICATION
published in accordance with Art. 158(3) EPC

(43) Date of publication: (51) Int.cl.”: B21B 1/26, B21B 13/14,
06.09.2000 Bulletin 2000/36 B21B 45/00
(21) Application number: 99940680.4 (86) International application number:
(22) Date of filing: 06.09.1999 PCT/JP99/04822
(87) International publication number:
WO 00/13812 (16.03.2000 Gazette 2000/11)
(84) Designated Contracting States: * TAKAHASHI, Masanori
ATBECHCYDEDKESFIFRGBGRIEITLILU Kobe-shi, Hyogo 651-1141 (JP)
MC NL PT SE « KIKKAWA, Tanehiro
Kobe-shi, Hyogo 657-0804 (JP)
(30) Priority: 08.09.1998 JP 25316198 « TAKAOKA, Shinji

(71) Applicants:

» Kawasaki Jukogyo Kabushiki Kaisha
Kobe-shi, Hyogo 650-8670 (JP)
Nakayama Steel Works, Ltd.
Osaka-shi, Osaka 551-8551 (JP)

(74)

Kobe-shi, Hyogo 655-0033 (JP)
CHIKUSHI, Ichiro
Kawanishi-shi, Hyogo 666-0137 (JP)

Representative:
Herrmann-Trentepohl, Werner, Dipl.-Ing. et al
Patentanwilte

(72) Inventors: _ Herrmann-Trentepohl
* ADACHL Ak'O Grosse - Bockhorni & Partner
Akashi-shi, Hyogo 673-0014 (JP) Forstenrieder Allee 59
81476 Miinchen (DE)
(54) SHEET HOT ROLLING MILL
(57) A finishing mill (30) included in a hot rolling mill in thickness by rolling, the formation of crown and edge-

system has a front stage (31) and a back stage (32).
The front stage (31) is provided with two or more CVC
rolling mills (31A, 31B) and the back stage (32) is pro-

drop can be suppressed and the formation of pincher in
a tail end part of the sheet can be prevented, so that a
rolled sheet can be smoothly manufactured.

vided with two or more different-diameter-roll mills (32A,
32B). When producing a thin sheet of 1.2 mm or below
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Description

TECHNICAL FIELD

[0001] The present invention relates to a hot rolling
mill system capable of smoothly producing a sheet
(steel sheet) having a uniform thickness.

BACKGROUND ART

[0002] When producing a thin sheet by hot rolling, it
is important to pass a tail end part of a sheet bar
smoothly through each rolling mill as well as to form the
sheet in a uniform thickness. When a sheet bar is rolled
with rolls, the sheet bar is rolled in an irregular thickness
due to body crowning that increases the thickness of a
middle part of the sheet with respect to width and edge-
drop that reduces the thickness of side edge parts of the
sheet sharply. When a thin sheet is rolled, a trouble
called pincher, i.e., rolling of folded tail end part of the
sheet, is liable to occur. Crowning is an increase in the
thickness of a sheet from side edges toward the middle
of the sheet with respect to width due to the bending of
rolls. Edge-drop is a sharp decrease in the thickness of
side edge parts of a sheet in curved slopes caused by
shoulders in rolls each formed at the boundary of a
working part of the roll used for pressing the sheet and
an idle part of the roll not used for pressing the sheet (a
part of the roll corresponding to a space outside the
edge of the sheet) and having the shape of a circular
arc. Pincher is folding of the tail end part of a sheet bar
that becomes unstable when a tension is not exerted on
the sheet bar between rolling mills. The folding occurs
due to collision of the unstable tail end part against a
side guide or the like, and the folded tail end part enters
the rolling mill as it is. The accuracy of the sheet is
reduced if crowning or pincher occurs. The rolls are
damaged and the rolls need grinding if pincher occurs,
and thereby production is reduced greatly.

[0003] Pincher is more likely to occur as the sheets
become thinner. When reducing the thickness of a
sheet bar, the sheet bar is rolled at a large draft, a high
rolling force is exerted on the sheet bar and force that
moves the sheet bar laterally increases accordingly. If
the sheet bar collides against a guide or the like dis-
posed in front of the rolling mill, the tail end part of the
sheet bar is bent easily. Therefore, the lower limit of the
thickness of steel sheets that can be rolled by a hot roll-
ing mill has been 1.2 mm.

[0004] Techniques for smoothly hot-roll steel sheets
of about 1.2 mm or below in thickness, preventing
pinchers are mentioned in "(280) Overview of endless
rolling on Chiba 3 HOT", CAMP-ISIJ, Vol. 10 (1997)-
1088, and JP-A 6-106207. The techniques mentioned in
those publications join the leading end of a succeeding
sheet bar to the tail end of a preceding sheet bar before
the tail end part of the preceding sheet bar enters a fin-
ishing mill to reduce the number of tail end parts which
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are not tensioned. A part which is unavoidably a tail end
part is rolled in a thickness of 1.6 mm or above to avoid
pincher.

[0005] The cost of equipment necessary for
smoothly manufacturing thin sheets by the techniques
mentioned in those publications is considerably high as
compared with that of the conventional hot rolling mills,
because the equipment needs a special joining appara-
tus for joining together sheet bars in a short time and
the general arrangement of the line of hot rolling mills
must be changed. Therefore, great modification of the
conventional hot rolling mills is necessary to practice
the foregoing techniques. Modification work takes a
long time and the operation must be stopped for a long
time. Although the foregoing means are able to prevent
pincher, it is difficult to suppress crowning and edge-
drop by the foregoing means.

[0006] It is an object of the present invention to pro-
vide a sheet hot rolling mill system capable of suppress-
ing crowning and edge-drop and of preventing pincher
in the tail end part of a sheet bar, and having a simple
construction.

DISCLOSURE OF THE INVENTION

[0007] A hot rolling mill system of the present inven-
tion has a finishing mill consisting of a front stage and a
back stage, in which

@ The front stage includes two or more stands of
CVC rolling mills or pair-cross rolling mills, and

@ The back stage includes two or more stands of
different-diameter-roll mills.

[0008] The CVC rolling mill in @D is a well-known
rolling mill including rolls having axially varying outside
diameter and capable of axial movement (CVC rolls).
The pair-cross rolling mill is a well-known rolling mill
including a pair of sets each of a work roll and a backup
roll disposed so that the pair of sets are disposed not in
parallel to each other, the pair of sets cross each other,
middle parts of the work rolls of the pair of sets are clos-
est to each other, and the positional relation between
the pair of sets(angle between the pair of sets) can be
changed. In those rolling mills, the shape of a roll gap
can be changed. The roll gap can be changed in the
CVC rolling mill by axially moving the CVC rolls having
varying outside diameter and in the pair-cross rolling
mill by changing the positional relation between the
crossed rolls. The ability to change the roll gap of those
rolling mills is higher than that of rolling mills that uses
simple roll bending.

[0009] The different-diameter-roll mill in @ is a roll-
ing mill including a pair of work rolls respectively having
different diameters and only the work roll of a large
diameter is driven for rotation. Since one of the pair of
work rolls has a small diameter, the different-diameter-
roll mill is able to roll a sheet bar in a large draft easily
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by a low rolling force. Since a shearing force is exerted
on the sheet bar by driving only the work rolls of a large
diameter, the different-diameter-roll mill is able to roll the
sheet bar in a large draft more easily than a general roll-
ing mill having work rolls of the same large diameter.
Accordingly, the different-diameter-roll mill is able to roll
a sheet bar in the same draft as that in which the gen-
eral rolling mill or the rolling mill stated in @ and
included in the front stage even if the rolling force of the
different-diameter-roll mill is lower than those of the
general rolling mill or the rolling mill stated in @ and
included in the front stage. Therefore, even if the
number of the stands of the different-diameter-roll mill is
small and the different-diameter-roll mill has a compact
arrangement, the different-diameter-roll mill is able to
exercise the foregoing actions and to roll a sheet bar in
a sufficient draft. The different-diameter-roll mill can be
constructed by small-scale modification of a general
rolling mill, such as replacing one of a pair of rolls hav-
ing a large diameter with a roll of a small diameter.
Thus, the hot rolling mill system of the present invention
can be constructed simply at low cost if existing rolling
mills are available for constructing the hot rolling mill
system of the present invention.

[0010] The hot rolling mill system of the present
invention having the arrangement stated in D and @ is
capable of suppressing crowning and formation of
edge-drop and of reducing the frequency of formation of
pinchers in the tail end parts of sheets owing to the fol-
lowing working operations a) to c).

a) Crowning in the sheet can be suppressed by
changing and controlling the shape of the roll gap in
the part @ of the front stage of the finishing mill.
The crowning of the sheet is caused by irregularity
in the roll gap with respect to the direction of ampli-
tude, i.e., a direction along the axis of the roll, attrib-
utable to the bending of the rolls of the rolling mill.
When the roll gap is properly changed and control-
led by the rolling mill stated in @, the crowning of
the sheet can be reduced or a sheet having an opti-
mum crown can be manufactured. The control of
the crown through the change of the roll gap often
deteriorates the flatness and the like of the sheet.
Since such control is carried out by the front stage
of the finishing mill, the flatness of the sheet can be
improved by the middle or the back stage. When
the crown is reduced by the front stage, the back
stage needs only to maintain the small crown and
hence the rolling operation of the different-diame-
ter-roll mill can be stabilized.

b) The possibility of occurrence of pincher in the tail
end part of the sheet bar can be reduced by rolling
the sheet bar under a low rolling force by the part
@ of the back stage of the finishing mill. Pincher is
formed when the tail end part of the sheet bar to
which any tension is not applied moves laterally (to
the right or to the left of the pass line) and collides
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against a guide or the like included in the rolling
mill. Results of an investigation into pincher showed
that the tail end part of the sheet bar has difficulty in
lateral movement when the rolling force is low. It is
inferred that the lateral movement of the tail end
part of the sheet bar occurs because the rolling
means are not perfectly symmetrical; that is, the
sheet bar is urged either to the right or to the left
when the rolls of the rolling mill are not strictly sym-
metrical. Consequently, the lower the rolling force,
the smaller is the force biasing the sheet bar to the
right or to the left and the lesser the tendency of the
tail end part to move laterally. Thus, this rolling mill
has scarce possibility of forming pincher in the tail
end part even in rolling a considerably thin sheet.
Generally, the lateral movement (width of shift) of
the tail end part of a sheet bar on a finishing mill is
greater in the rolling mill of the back stage. There-
fore, it is effective in preventing pincher to roll the
sheet bar by a lower rolling force by the rolling mill
of the back stage.

c) Occurrence of edge-drop can be suppressed by
rolling a sheet bar with a low rolling force in the part
@ of the back stage of the finishing mill. Since
edge-drop is caused by shoulders in rolls each
formed at the boundary of a working part of the roll
used for pressing the sheet bar and a part of the roll
corresponding to a space outside the edge of the
sheet bar and having the shape of a circular arc,
edge-drop can be reduced by pressing the roll with
a low rolling force against the sheet bar so that a
shallow depression is formed.

[0011] Since the rolling mill (the CVC rolling mill or
the pair-cross rolling mill) of @ of this hot rolling mill
system has two or more stands, the crowning of the
sheet can be effectively suppressed. Since the rolling
mill (the different-diameter-roll mill) of @ has two or
more stands, the sheet bar can be rolled in a necessary
draft by using a very low rolling force, effectively sup-
pressing the occurrence of pincher and edge-drop.
[0012] The hot rolling mill system of the present
invention may further comprise, in addition to the fore-
going components, a temperature drop preventing
means for preventing temperature drop in the sheet
between the last stand of a roughing mill on the
upstream side and the first stand of the finishing mill.
The temperature top preventing means may be a tunnel
furnace, a sheet bar coiler/uncoiler or a sheet bar
heater.

[0013] The sheet before being rolled by the finishing
mill moves at a low speed dependent on the rolling
speed of the finishing mill. Therefore, the sheet stays for
a long time in front of the finishing mill and the tempera-
ture decreases toward the tail end of the sheet bar. The
temperature of the sheet in the back stage of the finish-
ing mill is lower than that of the same in the front stage
of the finishing mill. This hot rolling mill system main-
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tains the temperature of the Sheet before being rolled
by the finishing mill on a desired level or increases the
temperature of the sheet by the temperature top pre-
venting means. A rolling force necessary for finish roll-
ing is low when the temperature of the sheet is
sufficiently high as compared with that necessary when
the temperature of the sheet is not sufficiently high.
Therefore, this hot rolling mill system that prevents tem-
perature drop of the sheet by the temperature drop pre-
venting means can achieve finish rolling operation
(particularly that of the back stage of the finishing mill)
by using a low rolling force. Since the leading end part
and the tail end part of the sheet bar can be maintained
at the same temperature, rolling load does not vary and
stable rolling can be achieved. Thus, the occurrence of
edge-drop and pincher can be effectively suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014]

Fig. 1a is a diagrammatic view of a hot rolling mill
system in a first embodiment of the present inven-
tion;

Fig. 1b is a front elevation of an essential part of a
CVC rolling mill taken on line b-b in Fig. 1a;

Fig. 1c is a front elevation similar to Fig. 1b in which
work rolls are displaced axially relative to each
other to change roll gap;

Fig. 1d is a side elevation of an essential part of a
different-diameter-roll mill corresponding to a part
indicated at d in Fig. 1a;

Fig. 2a is a diagrammatic view of a hot rolling mill
system in a second embodiment of the present
invention;

Fig. 2b is a diagrammatic view of a hot rolling mill
system in a third embodiment of the present inven-
tion;

Fig. 2c is a diagrammatic view of a hot rolling mill
system in a fourth embodiment of the present
invention;

Fig. 3 is a view of a pair-cross rolling mill; and

Fig. 4 is a graph showing a temperature distribution
in a sheet on the front side of a finishing mill.

BEST MODE FOR CARRYING OUT THE INVENTION

[0015] Preferred embodiments of the present inven-
tion will be described hereafter. Fig. 1a is a general view
of a hot rolling mill system A in a fast embodiment of the
present invention, Fig. 1b shows a pair of work rolls 31a
and 31b included in a CVC rolling mill included in the hot
rolling mill system A shown in Fig. 1a (a view taken on
line b-b in Fig. 1a), Fig. 1c shows work rolls displaced
axially relative to each other to change roll gap, and Fig.
1d shows a different-diameter-roll mill 32 included in the
hot rolling mill system A shown in Fig. 1a (a part indi-
cated at d in Fig. 1a).
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[0016] The hot rolling mill system A is constructed
by arranging the following components. A heating fur-
nace 1 is disposed at an upstream end (left side as
viewed in Fig. 1a) and a rough rolling mill 10 is disposed
behind the heating furnace 1. The heating furnace 1 is
a heating means for heating a slab, i.e., a material, at
about 1200 °C. The rough rolling mill 10 rolls the heated
slab to a plate of a thickness on the order of 30 mm. Fig.
1a typically represents the rough rolling mill 10 by a sin-
gle stand. The rough rolling mill 10 may have a plurality
of stands. A finishing mill 30 having six stands is dis-
posed behind the rough rolling mill 10, and a coiler 40
for taking up a rolled sheet is disposed behind the finish-
ing mill 30.

[0017] The hot rolling mill system A has the follow-
ing arrangement to produce smoothly thin steel sheets
of a thickness equal to 1.2 mm or below (particularly, 1.0
mm or below) in high dimensional accuracy.

[0018] The three stands 31A, 31B and 31C of the
front stage of the finishing mill 30 are the so-called CVC
rolling mills, i.e., rolling mills having rolls having diame-
ter continuously varying from one to the other end of the
rolls. As shown in Fig. 1a, the CVC rolling mills are four-
high mills each having work rolls 31a and 31b and
backup rolls 31c and 31d. As shown in Fig. 1b, the work
rolls 31a and 31b of each stand have a crown (CVC,
continuous variation of the diameter). As shown in Fig.
1c, the work rolls 31a and 31b can be simultaneously
moved in the opposite axial directions, respectively.
When the positional relation between the work rolls 31a
and 31b is adjusted by thus axially moving the work rolls
31a and 31b, the shape of a roll gap between the work
rolls 31a and 31b, i.e., gap between parts of the work
rolls 31a and 31b in contact with a sheet x, can be
changed. Know roll benders may be combined with the
work rolls 31a and 31b.

[0019] The three stands 32A, 32B and 32C of the
back stage of the finishing mill 30 are the so-called dif-
ferent-diameter-roll mills. As shown in Fig. 1a, the differ-
ent-diameter-roll mills are four-high mills each having
work rolls 32a and 32b and backup rolls 32¢ and 32d.
As shown in Fig. 1d, the work rolls 32a and 32b have dif-
ferent diameters, respectively. Only the lower large-
diameter work roll 32b is driven for rotation by a motor,
not shown, or the like, and the upper small-diameter
work roll 32a is a free roller to which any driving force is
not applied. Each stand is provided with well-known
work roll benders, not shown, to bend the work rolls 32a
and 32b. In each of the three stands 32A, 32B and 32C
as different-diameter-roll mills, the top work roller 32a
has a small diameter and only the lower work roll 32b is
driven. Therefore, a shearing force is applied to the
sheet x. Since the upper work roll has a small diameter,
the sheet can be rolled in a sufficient draft even if the
rolling force is relatively low.

[0020] In the hot rolling mill system A, the work rolls
31a and 31b of the three stands 31A, 31B and 31C of
the front stage are displaced axially as shown in Fig. 1c
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to correct the crown of the sheet x regardless of thick-
ness and width so that an optimum crown is formed.
Edge-drop in the sheet x can be reduced by using a low
rolling force by the three stands 32A, 32B and 32C, i.e.,
the different-diameter-roll mills, of the back stage 32.
The hot rolling mill system A provided with the six-stand
finishing mill 30 is capable of suppressing the formation
of crown and edge-drop and of producing sheets of high
dimensional accuracy. When a steel sheet is rolled by
the conventional hot rolling mill system to produce a 1.2
mm thick, 1220 mm wide steel sheet, a crown of about
50 um in an average is formed in a part at 25 mm from
the edge of the steel sheet. Studies made by the inven-
tors of the present invention proved that the crowns can
be limited to about 15 um in average and about 30 um
in maximum when producing either a 1.2 mm thick,
1220 mm wide steel sheet or a 1.0 mm thick, 1000 mm
wide steel sheet by this hot rolling mill system A.
[0021] The formation of pincher in the tail end part
of the sheet x can be effectively prevented by using a
low rolling force by the three stands 32A, 32B and 32C
of the back stage 32 when rolling the sheet by this hot
rolling mill system A. When the sheet x is rolled by using
such a low rolling force, the application of an asymmet-
rical force (application of different forces toward the right
and the left) to the sheet x can be suppressed to reduce
the dislocation of the sheet to the right or to the left.
Even if the thickness of the sheet x is as small as 1.2
mm or below, the hot rolling mill system A is able to
reduce the frequency of occurrence of pincher and to
continue smooth production. When producing 1.2 mm
thick, 1220 mm steel sheets by the conventional hot roll-
ing mill system, the pincher forming frequency ratio is
about 3% (three pinchers per 100 sheets). The pincher
forming frequency ratio can be limited to values on the
order of 0.5% when producing the same steel sheets by
the hot rolling mill system A of the present invention,
and can be limited to values on the order of 3% when
producing 1.0 mm thick, 1220 mm wide steel sheets by
the hot rolling mill system A.

[0022] Figs. 2a, 2b and 2c show other embodi-
ments of the present invention. A hot rolling mill system
B shown in Fig. 2a is provided with a tunnel furnace 21
disposed between the last stand of a rough rolling mill
10 and the first stand 31A of the finishing mill 30. The
tunnel furnace 21 is a tunnel-shaped furnace extended
along a pass line and is able to heat a sheet with a heat-
ing means, such as a burner or the like, provided
therein. The last stand of the rough rolling mill 10 and
the first stand 31A of the finishing mill 30 are different
from each other in sheet feed speed (the sheet feed
speed of the former is higher than that of the latter).
Since the sheet delivered from the former is rolled at a
low speed dependent on the delivery speed of the fin-
ishing mill 30, the temperature of the sheet at the
entrance of the finishing mill 30 decreases from the
leading end to the tail end of the sheet. The tunnel fur-
nace 21 prevents such a temperature decrease. A roll-
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ing force necessary for rolling a sheet that is heated to
prevent the temperature decrease is lower than that
necessary for rolling a sheet that is not heated. Since
the leading end part and the tail end part can be rolled
by substantially the same rolling force, the stands of the
finishing mill 30, particularly, the different-diameter-roll
mills 32A, 32B and 32C of the back stage 32 may be
considerably low, which enhances the effect of sup-
pressing edge-drop and pincher. Generally, tempera-
ture decrease at the tail end part of the sheet is the
greatest. Therefore, the effect of the tunnel furnace 21
in suppressing the formation of pincher is significant.
Thus, the hot rolling mill system B (similarly, hot rolling
mill systems C and D, which will be described later) is
capable of reducing the frequency of forming pinchers
more effectively than the hot rolling mill system A.
[0023] As shown in Fig. 2a, the finishing mill 30 of
the hot rolling mill system B has seven stands. The
three stands 32A, 32B and 32C of the back stage 32,
similarly to those of the hot rolling mill system A shown
in Fig. 1a, are different-diameter-roll mills. The hot roll-
ing mill system B differs from the hot rolling mill system
A shown in Fig. 1a in providing a front stage with four
stands 31A, 31B, 31C and 31D provided with CVC rolls.
The number of the rolling mills (stands) of the finishing
mill 30, similarly to that of the stands of the rough rolling
mill 10, may be properly determined according to the
thickness and grade of sheet and the speed of produc-
tion. At least some of the stands of the front stage 31 of
the finishing mill 30 may be a well-known pair-cross roll-
ing mill 36 capable of changing the shape of a roll gap
as shown in Fig. 3. The pair-cross rolling mill 36 is a
well-known rolling mill including a pair of sets of a work
roll 36a and a backup roll 36¢, and of a work roll 36b and
a backup roll 36d, disposed so that the pair of sets are
not parallel to each other, the pair of sets cross each
other, middle parts of the work rolls 36a and 36b closest
to each other, and the positional relation between the
pair of sets (angle between the pair of sets) can be
changed. The design of the hot rolling mill system may
be changed without departing from the scope of the
present invention. For example, the stands of the back
stage 32 may be different-diameter-roll mills provided
with CVC rolls. Similarly, such changes may be made in
the hot rolling mill systems C and D shown in Figs. 2b
and 2c and the hot rolling mill system A shown in Fig.
1a.

[0024] The hot rolling mill system C shown in Fig.
2b is provided with a sheet bar coiler/uncoiler 22
between the last stand of a rough rolling mill 10 and the
first stand 31A of the finishing mill 30. The
coiler/uncoiler 22 is an apparatus for coiling and uncoil-
ing a sheet (sheet bar), such as Coilbox® commercially
available from Steltech Ltd. (Canada). Since the tem-
perature of the sheet is liable to drop before the sheet is
fed to the finishing mill 30 as mentioned above, the drop
of the temperature of the long sheet is suppressed by
coiling the long sheet in a coil, and then the sheet is
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uncoiled from the coil and is fed to the finishing mill 30
to reduce the drop of the temperature of the sheet. Con-
sequently, the sheet can be rolled for finish rolling by a
low rolling force, which is effective in preventing the for-
mation of edge-drop and pincher.

[0025] The hot rolling mill system D shown in Fig.
2c is provided a coiler/uncoiler 22 similar to that shown
in Fig. 1b, and a sheet bar heater 23 disposed behind
the coiler/uncoiler 22 and in front of the finishing mill 30.
The sheet bar heater 23 heats the leading end part and
the tail end part of a sheet with a heating means, such
as a burner or the like to raise the temperature of the
front and the tail end part of the sheet coiled by the
coiler/uncoiler 22 because the temperature of the front
and the tail end part is liable to drop. Pincher occurs in
the tail end part of the sheet. Therefore, when the tail
end part of the sheet is heated by the sheet bar heater
23, the tail end part of the sheet can be rolled by a
reduced rolling force, so that the rate of occurrence of
pincher can be effectively reduced.

[0026] The hot rolling mill system according to the
present invention exercises the following effects.

1) Formation of a crown and edge-drop in the sheet
is suppressed and, at the same time, the frequency
of formation of pincher in the tail end part of the
sheet can be reduced. Since pincher is hardly
formed even if the sheet is considerably thin, the
stable production of thin sheets having, for exam-
ple, a thickness of about 1.2 mm or below can be
achieved and the sheets can be rolled in a highly
accurate thickness.

2) Since special devices and apparatus are not
essential, the equipment cost is low and the hot roll-
ing mill according to the present invention can be
constructed in a short period simply by modifying
the existing hot rolling mill system.

3) The heating means interposed between the
rough rolling mill and the finishing mill to prevent the
drop of the temperature of the sheet further effec-
tively suppressing the formation of edge-drop and
pincher, because finish rolling can be achieved by
using a reduced rolling farce when the drop of the
temperature of the sheet before the sheet is fed to
the finishing mill can be prevented.

Claims

1. A hot rolling mill system having a finishing mill
including a front stage and a back stage;
wherein the front stage includes two or more stands
of CVC rolling mills, and

the back stage includes two or more stands of
different-diameter-roll mills.

2. The hot rolling mill system according to claim 1,
wherein each of the different-diameter-roll mill
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10.

1.

12,

includes a roll of a large diameter that is driven for
rotation, and a free rotatable roll of a small diame-
ter.

The hot rolling mill system according to claim 2,
wherein the roll having a large diameter is a lower
roll, and the roll having a small diameter is an upper
roll.

The hot rolling mill system according to claim 1, fur-
ther comprising a rough rolling mill disposed on an
upstream side of the finishing mill, and a tempera-
ture drop preventing means for preventing tempera-
ture drop of a sheet, disposed between the rough
rolling mill and the finishing mill.

The hot rolling mill system according to claim 4,
wherein the temperature drop preventing means is
a tunnel furnace provided with a heating means
and permitting a sheet to pass therethrough.

The hot rolling mill system according to claim 4,
wherein the temperature drop preventing means is
a sheet coiler/uncoiler.

The hot rolling mill system according to claim 4,
wherein the temperature drop preventing means is
a heater for heating a leading end part and a tail
end part of a sheet.

A hot rolling mill system having a finishing mill
including a front stage and a back stage;

wherein the front stage includes two or more stands
of pair-cross rolling mills, and

the back stage includes two or more stands of
different-diameter-roll mills.

The hot rolling mill system according to claim 8,
wherein each of the different-diameter-roll mills
includes a roll of a large diameter that is driven for
rotation, and a free rotatable roll of a small diame-
ter.

The hot rolling mill system according to claim 9,
wherein the roll having a large diameter is a lower
roll, and the roll having a small diameter is an upper
roll.

The hot rolling mill system according to claim 8, fur-
ther comprising a rough rolling mill disposed on an
upstream side of the finishing mill, and a tempera-
ture drop preventing means for preventing tempera-
ture drop of a sheet, disposed between the rough
rolling mill and the finishing mill.

The hot rolling mill system according to claim 8,
wherein the temperature drop preventing means is
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a tunnel furnace provided with a heating means
and permitting a sheet to pass therethrough.

The hot rolling mill system according to claim 8,
wherein the temperature drop preventing means is
a sheet coiler/uncaoiler.

The hot rolling mill system according to claim 8,
wherein the temperature drop preventing means is
a heater for heating a leading end part and a tail
end part of a sheet.
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