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(54) METAL PLATE ROLLING MACHINE AND ROLLING METHOD

(57) The present invention has as its task to provide
a rolling mill which can obtain a large gap between upper
and lower work rolls and can impart a high response and
powerful roll bending force.

To achieve this task, the rolling mill which the present
invention provides is a rolling mill of a metal flat-rolled
product which has a pair of upper and lower work rolls
and a pair of upper and lower backup rolls which support
the same, which rolling mill of a metal flat-rolled product
is characterized in that hydraulic cylinders which apply
increase bending force to the upper and lower work rolls
are arranged at project blocks which project to the inside
of a rolling mill housing, rolling direction force which is
applied to a lower work roll barrel is supported by contact
surfaces of a project block and the lower work roll chock,
and rolling direction force which is applied to an upper
work roll barrel is supported by contact surfaces of a roll-
ing mill housing window which is positioned above the
project blocks and the upper work roll chock.
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Description

Technical Field

[0001] The present invention relates to a rolling mill of
a metal flat-rolled product which has a high response and
can impart a powerful roll bending force. In particular, it
relates to a rolling mill which is suitable for a plate rolling
mill or rough rolling mill for sheet hot rolling, can obtain
the maximum gap between the upper and lower work
rolls, and can impart a powerful roll bending force.
Furthermore, the present invention relates to a rolling
method, which uses the above rolling mill, which has a
high response and can provide a powerful crown/shape
control function.

Background Art

[0002] In rolling work for a metal flat-rolled product, the
crown and the shape of the rolled plate become important
indicators of quality. Numerous art relating to crown/
shape control have been disclosed. However, for exam-
ple, in rolling mills which produce thick products by mul-
tiple pass reverse rolling, such as plate rolling mills or
rough rolling mills for sheet hot rolling, the gap between
the upper and lower work rolls (roll gap) has to be made
larger than the thickness of the rolling material. For this
reason, restrictions are imposed on the crown/shape
control devices in the design of rolling mill facilities.
[0003] For example, PLT 1 discloses a rolling method
in plate rolling which rolls plate to a predetermined thick-
ness by several passes wherein the method uses shape
control devices constituted by work roll bending devices
and uses the values of rolling results in a previous pass
as the basis to control the roll bending force.
The type of the rolling mill which is disclosed in PLT 1 is
a four-high rolling mill. This rolling mill type is the structure
which is shown in FIG. 14. The rolling mill of FIG. 14 to
which decrease bending devices are arranged becomes
the rolling mill which is shown in FIG. 10. The two rolling
mills are basically the same in structure. That is, this is
a type in which an upper work roll chock 3-1 is held by
arm parts which are connected to an upper backup roll
chock 4-1. The arm parts have increase bending devices
6-1 and 6-2 of the upper work roll 1-1 built into them. By
employing such a type, a large roll gap can be obtained.
[0004] In the rolling mills of FIG. 10 and FIG. 14, the
increase bending devices 6-3 and 6-4 of the lower work
roll 1-2 are built into project blocks which connect to the
rolling mill housing 9. As other types of rolling mills which
can give a large roll gap, as shown in FIG. 11, there are
rolling mills in which at both the upper and lower backup
roll chocks 4-1 and 4-2 hold the work roll chocks 3-1 and
3-2.
[0005] Note that, an "increase bending device" means
a hydraulic device which imparts a force to a work roll
chock in a direction enlarging the roll gap. An "increase
bending device" is the general term for a device including

an actuator comprised of a hydraulic cylinder. However,
in the present invention, for simplification of the explana-
tion, an "increase bending device", unless otherwise stat-
ed, will indicate that actuator comprised of a hydraulic
cylinder. The force which is applied by the increase bend-
ing device to the work roll will be called the "increase
bending force".
On the other hand, a hydraulic device which gives a force
to a work roll chock in a direction reducing the roll gap
will be called a "decrease bending device" and the force
which is applied to the work roll due to this will be referred
to as the "decrease bending force". Further, a "decrease
bending device" is the general name for a device includ-
ing the actuator comprised of a hydraulic cylinder. How-
ever, in the present invention, for simplification of the
explanation, a "decrease bending device", unless other-
wise stated, will indicate that actuator comprised of a
hydraulic cylinder.
[0006] PLT 2, as shown in FIG. 12, discloses a rolling,
mill in which the increase bending devices 6-1 and 6-2
of the work rolls are built into the work roll chocks 3-1
and 3-2.
[0007] PLT 3 discloses a roll cross type of rolling mill.
This rolling mill also, as shown in FIG. 12, has the in-
crease bending devices 6-1 and 6-2 built into the work
roll chocks 3-1 and 3-2.
[0008] PLT 4, as shown in FIG. 13, discloses a rolling
mill which has a work roll shift function. This rolling mill
has increase bending devices 6-1 and 6-2 built into
project blocks 5-1 and 5-2 which are formed integrally
with the rolling mill housing. Note that, in the rolling mill
which is disclosed in PLT 4, a plurality of hydraulic cyl-
inders of the increase bending devices are arranged in
the roll axial direction so that no biased load is applied
at the time of shifting the work rolls. Note that, in general,
rolling mills of plate do not have decrease bending de-
vices as shown in FIG. 14. (See PLT’s 1, 2, 3, and 4.)
However, a rolling mill according to the present invention
is predicated on having decrease bending devices for
imparting a powerful crown/shape control function. For
this reason, FIG. 10, FIG. 11, FIG. 12, and FIG. 13 show
the case where there are decrease bending devices.
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[0009] PLT 1: Japanese Patent Publication No.
6-87011 A1

PLT 2: Japanese Patent Publication No. 62-220205
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Summary of Invention

Technical Problem

[0010] The typical plate rolling mill such as disclosed
in PLT 1 (rolling mill which is shown in FIG. 10 and FIG.
11) is designed having the ability to obtain a large roll
gap as its highest priority. That is, arm parts which are
connected to the upper backup roll chock 4-1 which is
set and controlled in upper and lower positions by a re-
duction device 11 holds the upper work roll chock 3-1 in
structure. Further, the arm parts, which are structurally
restricted in size, have the increase bending devices 6-1
and 6-2 built into them, so building in large capacity hy-
draulic cylinders is difficult. For this reason, a powerful
roll bending force cannot be imparted.
[0011] For example, in final rolling mills of hot strip mills
which have work roll diameters of 800 mm or so as well,
work roll bending devices of capacities exceeding 200 tf/
chock are being used in practice. As opposed to this,
even in plate rolling mills which have work roll diameters
of 1000 mm or so, only 200 tf/chock or so work roll bend-
ing devices are being used in practice. From the com-
parison of roll diameters, it is clear that larger capacity
roll bending forces are required.
[0012] Here, the roll deflection, which is an indicator of
the effect of roll bending, is inversely proportional to the
cross-sectional secondary moment of the roll if the bend-
ing moment which is applied is the same. Therefore, the
rolling bending effect of a work roll diameter of 1000 mm
becomes as much as 60% inferior compared with a final
rolling mill of a hot strip mill with a work roll diameter of
800 mm.
[0013] For this reason, as the crown/shape control de-
vices of plate rolling mills, roll cross function devices or
roll shift function devices are being commercialized and
mainly used. Work roll bending devices are not used that
much.
However, for roll cross functions or roll shift functions, it
is difficult to quickly change the settings during rolling.
Therefore, disturbance factors during rolling cannot be
eliminated, so the shape control must be said to be in-
complete.
[0014] On the other hand, like in the rolling mills which
are disclosed in PLT’s 2 and 3 (FIG. 12), when the in-
crease bending devices 6-1 and 6-2 are built into the
work roll chocks 3-1 and 3-2, the strokes of the hydraulic
cylinders can be made longer. Due to this, a large roll
gap can be realized. Further, large capacity hydraulic
cylinders can also be built in, so even with plate rolling
mills, a practical work roll bending effect can be expected.
On the other hand, the work rolls 1-1 and 1-2 are easily
worn down by the backup rolls due to the rolling opera-
tion, so have to be periodically replaced. For this reason,
with each changing operation, the hydraulic piping of the
increase bending devices has to be detached and reat-
tached. Due to this, not only does the roll changing time
become longer, but also the possibility of fine foreign mat-

ter entering into the hydraulic piping at the time of attach-
ment/detachment of the piping rises. For this reason, in
this rolling mill, it is not possible to employ servo valves
for high response hydraulic control. Further, to facilitate
detachment and reattachment of piping, it is necessary
to use flexible structure, freely detachable hydraulic pip-
ing (flexible piping etc.) to connect to the hydraulic control
valves. Further, if employing flexible piping, due to the
flexible structure, sometimes fluctuations in the hydraulic
pressure will end up being absorbed and eased. There-
fore, it becomes difficult to provide high response roll
bending devices.
[0015] On the other hand, the rolling mill which is dis-
closed in each of PLT’s 2 and 4 (FIG. 13) has the increase
bending devices 6-1 and 6-2 built into the project blocks
5-1 and 5-2 which are connected to the rolling mill hous-
ing 9. For this reason, the hydraulic piping of the increase
bending devices does not have to be detached and reat-
tached at each roll changing operation. Therefore, this
rolling mill can be provided with high response roll bend-
ing devices. For this reason, it is frequently used for final
rolling mills of hot strip mills.
However, this rolling mill supports the offset force com-
ponent which acts on the upper work roll 1-1 and other
rolling direction forces by the contact surfaces of the work
roll chock 3-1 and project block 5-2. For this reason, if
operating a reduction device 11 to increase the roll gap,
the center of rotation of the work roll will become outside
of the contact surfaces and the work roll chock 3-1 will
become unstable in posture. As a result, a large roll gap
cannot be obtained. For this reason, this rolling mill is
hardly ever employed in a plate rolling mill where a large
roll gap is required.
[0016] In the above way, in the prior art, there has never
been a rolling mill which can obtain a large roll gap where-
in high response, powerful work roll bending devices can
be built in. The problem to be solved by the present in-
vention is to provide a rolling mill which can obtain a large
gap between upper and lower work rolls and which can
impart a high response and powerful roll bending force.

Solution to Problem

[0017] The inventors engaged in intensive studies to
solve the above problem and as a result discovered that
by shifting the project blocks, which project from the hous-
ing in the inward direction, to below a pass line and setting
them vertically asymmetrically with respect to the pass
line, the following become possible:

(a) The rolling direction force which is applied to the
upper work roll chock can be constantly received by
the housing in this structure. Due to this, the work
roll chock can be supported stably regardless of the
roll gap.
(b) The project blocks may have upper and lower
increase bending devices built into them. Due to this,
large capacity/large stroke powerful bending devices
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can be provided.
(c) Further, by building increase bending devices into
the project blocks, the hydraulic piping can be fixed
in place and servo valves can be applied. Due to
this, high response control of the increase bending
force becomes possible.
Further, the inventors discovered that due to these
device inventions, the following rolling mill operating
method becomes possible.
(d) Even with low response decrease bending de-
vices, cooperation with fast response increase bend-
ing devices enables high response bending force
control. Due to this, the product quality and rolling
yield are greatly improved.
The present invention was made based on these dis-
coveries and has as its gist the following:

[0018] (1) A rolling mill of a metal flat-rolled product
which has a pair of upper and lower work rolls and a pair
of upper and lower backup rolls which support the same,
which rolling mill of a metal flat-rolled product is charac-
terized in that hydraulic cylinders which apply increase
bending force to the upper and lower work rolls are ar-
ranged at project blocks which project to the inside of a
rolling mill housing, rolling direction force which is applied
to a lower work roll barrel is supported by contact surfaces
of a project block and the lower work roll chock, and a
rolling direction force which is applied to an upper work
roll barrel is supported by contact surfaces of a rolling
mill housing window which is positioned above the project
blocks and the upper work roll chock.
In the above way, an "increase bending device" is a gen-
eral term for a device including an actuator comprised of
a hydraulic cylinder. However, in the present invention,
for simplification of the explanation, an "increase bending
device" will, unless otherwise stated, indicate the actua-
tor comprised of a hydraulic cylinder.
[0019] (2) A rolling mill of a metal flat-rolled product as
set forth in (1) characterized in that a hydraulic cylinder
which applies increase bending force to the upper work
roll and a hydraulic cylinder which applies increase bend-
ing force to the lower work roll are arranged at different
positions in the project blocks when seen from a plan
view.
[0020] (3) A rolling mill of a metal flat-rolled product as
set forth in (1) or (2) characterized in that a hydraulic
cylinder which applies decrease bending force to the up-
per work roll is arranged at an upper backup roll chock
of the upper backup roll. Like with an increase bending
device, in the present invention, a "decrease bending
device" is a general term for a device including an actu-
ator comprised of a hydraulic cylinder. However, in the
present invention, for simplification of the explanation, a
"decrease bending device" will, unless otherwise stated,
indicate the actuator comprised of a hydraulic cylinder.
(4) A rolling mill of a metal flat-rolled product as set forth
in any one of (1) to (3) characterized in that a hydraulic
cylinder which applies decrease bending force to the low-

er work roll is arranged at the lower backup roll chock or
at second project blocks which are positioned below the
project blocks (for example, FIG, 4, 5-3 and 5-4).
[0021] (5) A rolling method of a metal flat-rolled product
which uses a rolling mill of a metal flat-rolled product as
set forth in (3), the rolling method of a metal flat-rolled
product characterized by: Before the start of rolling, caus-
ing both an increase bending force and a decrease bend-
ing force to act and causing, as a composite force, a roll
bending force corresponding to a roll balance force to act
on work roll chocks.
After that, causing the decrease bending force to change
to become a predetermined in-rolling decrease bending
force while causing the increase bending force to change
so that the composite force of the decrease bending force
and the increase bending force maintains the roll balance
force. This step can be eliminated if making the decrease
bending force a predetermined in-rolling decrease bend-
ing force and making the increase bending force act on
the work roll chocks so that the composite force of the
decrease bending force and the increase bending force
becomes the roll balance force.
After that, at the time of rolling start, continuing control
for holding the decrease bending force at the predeter-
mined in-rolling decrease bending force while making the
increase bending force change and making the prede-
termined in-rolling work roll bending force act on the work
roll chocks as the composite force.
During the rolling, performing the rolling so as to maintain
said predetermined in-rolling work roll bending force,
after that, at the time of rolling end, making the increase
bending force change, making a roll bending force which
corresponds to the roll balance force act on the work roll
chocks as a composite force with the decrease bending
force, and ending the rolling of the metal flat-rolled prod-
uct in that state.
After that, to maintain the composite force constituted by
the roll balance force, reducing the decrease bending
force and increase bending force. This step as well can
be omitted if maintaining the decrease bending force at
a predetermined in-rolling decrease bending force and if
making the increase bending force act on the work roll
chocks so that the composite force of the decrease bend-
ing force and the increase bending force becomes the
roll balance force.
[0022] (6) A rolling method of a metal flat-rolled product
as set forth in (5) characterized by measuring a hydraulic
pressure inside of a hydraulic cylinder which generates
the decrease bending force or inside hydraulic piping
which leads to the hydraulic cylinder and by using the
measured value as the basis to control the increasing
bending force so that a roll bending force which acts on
the work roll chocks as a composite force becomes a
predetermined value.

Advantageous Effects of Invention

[0023] The rolling mill according to the present inven-
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tion, as shown in FIG. 1, supports the rolling direction
force which is applied to the barrel of the upper work roll
1-1 by the contact surfaces between the upper work roll
chock 3-1 and the housing window above the project
block 5-2 in structure. For this reason, a large roll gap
can be obtained and a powerful roll bending force can
also be obtained.
Further, there is no need to detach and reattach the hy-
draulic piping of the increase bending devices with each
work roll changing operation. For this reason, it is possi-
ble to connect the increase bending devices through fixed
hydraulic piping to respective hydraulic control valves,
possible to employ servo valves for high response hy-
draulic control, and possible to provide high response
increase bending devices.
[0024] In the rolling method according to present in-
vention, even when low response decrease bending de-
vices have to be provided, they can be compensated for
by the high response increase bending devices so as to
impart a high response and powerful crown/shape control
function.
Therefore, even when the rolled material entry side thick-
ness or the rolled material temperature or other param-
eters fluctuate during rolling, a good crown/shape can be
built in despite these external disturbances and the prod-
uct quality and yield can be greatly improved.

Brief Description of Drawings

[0025]

FIG. 1 is a side view which shows an example of the
structure of a rolling mill according to the present
invention.
FIG. 2 is a see-through plan view which shows an
example of the arrangement of upper and lower in-
crease bending devices.
FIG. 3 is a see-through plan view which shows an
example of the arrangement of upper and lower in-
crease bending devices.
FIG. 4 is a side view which shows another example
of the structure of a rolling mill according to the
present invention.
FIG. 5 is a view which shows an example of a flow
of operation of a rolling method according to the
present invention.
FIG. 6 is a view which shows changes along with
time in a roll bending force etc. accompanying the
flow of operation of FIG. 5.
FIG. 7 is a view which shows changes along with
time in a roll bending force etc. in the case where a
response of decrease bending devices is low.
FIG. 8 is a view which shows another example of a
flow of operation of the rolling method according to
the present invention.
FIG. 9 is a view which shows changes along with
time in a roll bending force etc. accompanying the
flow of operation of FIG. 8.

FIG. 10 is a side view which shows the structure of
a rolling mill according to the prior art.
FIG. 11 is a side view which shows the structure of
a rolling mill according to the prior art.
FIG. 12 is a side view which shows the structure of
a rolling mill according to the prior art.
FIG. 13 is a side view which shows the structure of
a rolling mill according to the prior art.
FIG. 14 is a side view which shows the structure of
a rolling mill according to the prior art.

Description of Embodiments

[0026] Below, referring to FIGS. 1 to 13, a rolling mill
according to the present invention and a rolling method
which uses that rolling mill will be explained. FIG. 1 is a
side view which shows one example of the structure of
the rolling mill according to the present invention. As
shown in this figure, the rolling mill according to the
present invention is a rolling mill which is provided with
a pair of upper and lower work rolls 1-1 and 1-2 and a
pair of upper and lower backup rolls 2-1 and 2-2 which
support the same.
Further, the rolling mill according to the present invention
is a rolling mill which arranges upper increase bending
devices 6-1 and 6-2 which apply increase bending force
to the upper work roll 1-1 and lower increase bending
devices 6-3 and 6-4 which apply increase bending force
to the lower work roll 1-2 at project blocks 5-1 and 5-2
which project to the inside of the housing 9.
[0027] This point is the same as a conventional rolling
mill which is shown in FIG. 13. However, the rolling mill
according to the present invention fundamentally reeval-
uates this to solve the problem in the conventional rolling
mill which is shown in FIG. 13. That is, it changes the
positions of the project blocks 5-1 and 5-2, the shape of
the upper work roll chock 3-1, etc. from the viewpoint of
the structural design of the rolling mill, in particular from
the viewpoint of obtaining a large roll gap.
[0028] In the conventional rolling mill which is shown
in FIG. 13, a large roll gap cannot be obtained. This rolling
mill arranges the project blocks 5-1 and 5-2 to be sub-
stantially vertically symmetrical with the position through
which the rolled material 10 passes (pass line). For this
reason, the contact surfaces where the upper work roll
chock 3-1 and the project block 5-2 contact can be used
to support the offset force component or other rolling di-
rection force which acts on the upper work roll 1-1, that
is, the rolling direction force which is applied from the
rolled material 10, the upper backup roll 2-1, etc. to the
barrel of the upper work roll 1-1. In this structure, as the
roll gap is made larger, the position of the center of rota-
tion of the upper work roll 1-1 (the working point of the
rolling direction force) and the upper work roll chock 3-1
move upward and the contact surface area with the
project block 5-2 which supports the rolling direction force
is decreased. Therefore, as the roll gap is made larger,
the upper work roll chock 3-1 becomes unstable in pos-
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ture and a large roll gap cannot be obtained.
[0029] The rolling mill according to the present inven-
tion solves the above problem. The rolling mill according
to the present invention, as shown in FIG. 1, arranges
the project blocks 5-1 and 5-2 which project from the
housing 9 in the inside direction at positions shifted to
below the pass line. That is, unlike in the conventional
rolling mill which is shown in FIG. 13, the project blocks
5-1 and 5-2 are arranged vertically asymmetrically with
respect to the pass line. Furthermore, the upper work roll
chock 3-1 does not contact the project block 5-2 to sup-
port the rolling force, but contacts the housing window to
support the rolling force.
[0030] Due to this, in the rolling mill according to the
present invention, the contact surfaces of the upper work
roll chock 3-1 and the housing window 12 above the
project block 5-2 are used to support the offset force com-
ponent and other rolling direction force which acts on the
upper work roll 1-1, that is, the rolling direction force which
is applied from the rolled material 10, the upper backup
roll 2-1, etc. to the barrel of the upper work roll 1-1.
According to such a structure, even if operating the re-
duction device 11 of the rolling mill to increase the roll
gap, the area by which the upper work roll chock 3-1 and
the housing window contact does not change at all.
Therefore, the upper work roll chock 3-1 is constantly
held stably in posture regardless of the roll gap.
[0031] As shown in FIG. 13, a rolling mill which has
upper and lower increase bending devices arranged at
the project blocks is known. However, the rolling mill ac-
cording to the present invention fundamentally reevalu-
ates the positions of the project blocks 5-1 and 5-2 and
the shape of the upper work roll chock 3-1 so as to support
the rolling direction force which is applied to the barrel of
the upper work roll 1-1 by the contact surfaces between
the upper work roll chock 3-1 and the housing window
12 above the project block 5-2 in structure, so a large roll
gap can be obtained.
Further, in the rolling mill according to the present inven-
tion, upper increase bending devices 6-1 and 6-2 which
apply increase bending force to the upper work roll 1-1
and lower increase bending devices 6-3 and 6-4 which
apply increase bending force to the lower work roll 1-2
are arranged at the project blocks 5-1 and 5-2 which
project to the inside of the housing 9. For this reason,
there is no need to detach and reattach the hydraulic
piping of the increase bending devices with each work
roll changing operation and high response increase
bending devices can be employed. This is because it is
possible to connect them through fixed hydraulic piping
to respective hydraulic control valves, and servo valves
for high response hydraulic control can be employed.
[0032] Note that, in the rolling mill according to the
present invention, the rolling direction force which is ap-
plied to the barrel of the lower work roll 1-2 is supported
by the contact surfaces between the lower work roll chock
3-2 and the project block 5-2. For this reason, the rolling
mill according to the present invention which is shown in

FIG. 1 increases the height of the part of the lower work
roll chock 3-2 which is sandwiched between the project
blocks 5-1 and 5-2. Further, the roll gap is mainly adjusted
by making the upper work roll chock move up and down,
so there is little up and down movement of the lower work
roll chock. For this reason, there is no destabilization of
the posture of the lower work roll as the roll gap becomes
larger.
[0033] FIG. 2 is a cross-sectional plan view which
shows an example of the arrangement of the upper and
lower increase bending devices. That is, it is a cross-
sectional view of the pass line heights of the project
blocks 5-1 and 5-2.
In the rolling mill according to the present invention, the
upper and lower increase bending devices are preferably
arranged offset from each other in the cross-sectional
plan view of the project blocks. For example, as shown
in FIG. 2, the upper increase bending devices 6-1 and
6-2 and the lower increase bending devices 6-3 and 6-4
are preferably arranged to a positional relationship where
they are shifted in the axial direction of the work roll 1-2.
By doing this, the upper and lower increase bending de-
vices will not interfere with each other. It is possible to
increase the strokes of the upper increase bending de-
vices 6-1 and 6-2 and obtain a further larger roll gap.
Note that, in FIG. 2, the lower increase bending devices
6-3 and 6-4 are respectively comprised of two hydraulic
cylinders at the entry side and the exit side. However,
similar effects can be obtained by using single hydraulic
cylinders and arranging them at different positions in the
axial direction of the work roll 1-2 so as not to interfere
with the upper increase bending devices 6-1 and 6-2.
[0034] FIG. 3 is a cross-sectional plan view which
shows an example of the arrangement of the upper and
lower increase bending devices. That is, it is a cross-
sectional view of the pass line height of the project blocks
5-1 and 5-2. As shown in this figure, the upper increase
bending devices 6-1 and 6-2a and the lower increase
bending devices 6-3 and 6-4 may be arranged in a posi-
tional relationship shifted in the rolling direction. With this
arrangement as well, the upper and lower increase bend-
ing devices do not interfere with each other. It is possible
to increase the strokes of the upper increase bending
devices 6-1 and 6-2 to obtain a further larger roll gap.
[0035] Up to here, the structure of the rolling mill ac-
cording to the present invention has been explained
mainly from the viewpoint of one of the problems to be
solved, that is, obtaining a large roll gap. Next, it will be
explained that according to this structure, another prob-
lem, that is, imparting a powerful roll bending force, can
also be easily solved.
[0036] FIG. 10 and FIG. 11 are both rolling mills ac-
cording to the prior art. Each rolling mill enables a large
roll gap to be obtained.
However, in these conventional rolling mills, a powerful
roll bending force cannot be imparted. This is because
the arm parts which project out from the upper backup
roll chock 4-1 downward have the upper increase bend-
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ing devices 6-1 and 6-2 built into them in structure, so
large capacity and large stroke upper increase bending
devices 6-1 and 6-2 cannot be provided. Further, these
rolling mills have arm parts extending from the upper
backup roll chocks, so the installation spaces of the upper
decrease bending devices end up near the axial centers
of the rolls. For this reason, the arm parts interfere with
the bearings of the upper backup rolls, so large capacity
upper decrease bending devices 7-1 and 7-2 cannot be
provided.
[0037] On the other hand, as shown in FIG. 1, in the
rolling mill according to the present invention, project
blocks 5-1 and 5-2, which project from the housing 9 of
the rolling mill in the inside direction, are provided with
large capacity/large stroke upper increase bending de-
vices 6-1 and 6-2.
Further, the rolling mill according to the present invention
does not provide the upper backup roll chock 4-1 with
arm parts like the rolling mills which are shown in FIG.
10 and FIG. 11. For this reason, large capacity upper
decrease bending devices 7-1 and 7-2 can be provided
at positions of the upper backup roll chock 4-1 which do
not interfere with the bearings of the upper backup roll.
Due to this, the upper work roll 1-1 can be given a large
decrease bending force.
[0038] That is, according to the rolling mill according
to the present invention, which fundamentally reevalu-
ates the positions of the project blocks 5-1 and 5-2 and
the shape of the upper work roll chock 3-1 and is struc-
tured to support the rolling direction force which is applied
to the barrel of the upper work roll 1-1 by the contact
surfaces of the upper work roll chock 3-1 and the housing
window 12, a large roll gap can be obtained and a pow-
erful roll bending force can be imparted. Further, there
is no need to detach and reattach hydraulic piping of the
increase bending devices with each work roll changing
operation. For this reason, it is possible to connect hy-
draulic control valves to the increase bending devices
6-1 to 6-4 through fixed hydraulic piping and possible to
employ servo valves for high response hydraulic control.
Therefore, it is possible to provide high response in-
crease bending devices.
[0039] FIG. 4 is a side view which shows another ex-
ample of the rolling mill according to the present inven-
tion. The rolling mill which is shown in FIG. 4 has an upper
roll system configured the same as in FIG. 1, but has a
lower roll system configured differently. The rolling mill
which is shown in FIG. 1 is provided at the lower backup
roll chock 4-2 with lower decrease bending devices 7-3
and 7-4 which apply decrease bending force to the lower
work roll. As opposed to this, the rolling mill which is
shown in FIG. 4 provides the lower decrease bending
devices 7-3 and 7-4 at the special project blocks 5-3 and
5-4 which are positioned below the project blocks 5-1
and 5-2.
[0040] In this regard, if, like in the rolling mill which is
shown in FIG. 1, providing the lower decrease bending
devices 7-3 and 7-4 at the lower backup roll chock 4-2,

when changing the lower backup roll 2-2, it is necessary
to detach and reattach the hydraulic piping of the de-
crease bending devices. That is, there is a high possibility
of minute foreign matter entering the hydraulic piping at
the time of detachment and reattachment.
For this reason, in general, it becomes difficult to employ
servo valves for high response hydraulic control and
sometimes is necessary to employ flexible piping for
some parts.
Therefore, compared to when employing fixed piping and
servo valves, the response of the roll bending devices
has to become lower.
[0041] As opposed to this, according to the rolling mill
which is shown in FIG. 4, the above problem which occurs
when changing the lower backup roll 2-2 can be solved.
This is because it is possible to employ servo valves for
high response hydraulic control for the hydraulic piping
of the lower decrease bending devices which are provid-
ed at the specialized project blocks and flexible piping
need not be used. For this reason, change of the lower
backup roll 2-2 becomes easy and high response roll
bending devices can be provided.
[0042] Next, the rolling method according to present
invention will be explained. As shown in FIG. 1 and FIG.
4, when arranging the upper decrease bending devices
7-1 and 7-2 at the upper backup roll chock 4-1, when
changing the upper backup roll 2-1, the hydraulic piping
of the decrease bending devices has to be detached and
reattached. At the time of detachment and reattachment,
there is a high possibility of minute foreign matter entering
into the hydraulic piping.
For this reason, in general, it becomes relatively difficult
to employ servo valves for high response hydraulic con-
trol. Further, to facilitate detachment and reattachment
of piping, it is necessary to use flexible structure, freely
detachable hydraulic piping such as flexible piping etc.
to connect to the hydraulic control valves. Further, if em-
ploying flexible piping or other flexible structure, freely
detachable hydraulic piping, due to the flexible structure,
sometimes fluctuations in the hydraulic pressure will end
up being absorbed and eased.
Therefore, when trying to provide the upper decrease
bending devices 7-1 and 7-2 at the upper backup roll
chock 4-1, compared with when employing fixed piping
and servo valves, the response of the roll bending devic-
es has to become lower.
[0043] In this regard, the decrease bending force can-
not be applied at the time of idling when no rolling load
is being applied. For this reason, when applying a de-
crease bending force, it is necessary to quickly set the
decrease bending force in the interval from the idling state
where a roll balance is obtained to the start of rolling and
further to quickly return to the roll balance state at the
time of rolling end. Therefore, if changing the roll bending
force by control by inferior response decrease bending
devices, there is a possibility that the predetermined de-
crease bending force will not be applied at the tip and tail
ends of the rolled material and the parts with defective
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shapes will become longer.
[0044] The rolling method according to present inven-
tion solves the above problem. That is, this is a rolling
method which uses a rolling mill according to the present
invention which arranges upper decrease bending de-
vices 7-1 and 7-2 at the upper backup roll chock 4-1 and
solves the above problems which can occur in that rolling
mill.
[0045] In the above way, in a rolling mill which provides
upper decrease bending devices 7-1 and 7-2 at the upper
backup roll chock 4-1, sometimes the decrease bending
devices become poor in response.
However, in the rolling mill according to the present in-
vention, the project blocks 5-1 and 5-2 which project from
the housing 9 to the inside direction are provided with
upper increase bending devices 6-1 and 6-2 in structure,
so these can be made large capacity/large stroke upper
increase bending devices 6-1 and 6-2. Further, it is not
necessary to detach and reattach the hydraulic piping of
the increase bending devices with each roll changing op-
eration, so it is possible to employ fixed hydraulic piping
and servo valves. Due to this, it is possible to provide
high response increase bending devices.
The rolling method according to present invention chang-
es the roll bending forces at the time of rolling start and
at the time of rolling end by using the high response in-
crease bending devices and compensates for the re-
sponse of the decrease bending devices when making
the decrease bending force act on the work rolls for the
purpose of crown/shape control.
[0046] FIG. 5 is a view which shows one example of
the flow of operation of the rolling method according to
present invention. That is, it is a view which shows the
flow of operation of a high response increase bending
device and a somewhat lower response decrease bend-
ing device.
Further, FIG. 6 shows the changes along with time in the
roll bending force etc. for a single rolled material in this
rolling method. FIG. 6 shows, from the top, the changes
along with time in the rolling load, output of an increase
bending device, output of a decrease bending device,
and the composite force of the same, that is, the work
roll bending force. Below, this will be explained based on
FIGS. 5 and 6.
First, before the start of rolling, the set value FR of the
rolling work roll bending force corresponding to the rolled
material to be next rolled is calculated and output. Here,
assume that FR is calculated as a negative value, that is,
a decrease bending force. Note that, in the present in-
vention, an increase bending force (force in increase di-
rection (direction opening up rolls)) is made a positive
value, while a decrease bending force (for in decrease
direction (direction pressing upper and lower work rolls
against each other)) is made a negative value.
[0047] Before the start of rolling, both the increase
bending force and decrease bending force are made to
act and the composite force constituted by the increase
side roll bending force corresponding to the roll balance

force (FB) acts on the work roll chock.
That is, at the timing of idling before rolling, the increase
bending device output is made IB (>0), the decrease
bending device output is made DB (<0), and IB+DB acts
as the roll balance force FB (>0).
The roll balance force FB is determined as the force by
which the work roll which is driven by the electric motor
and the backup roll which is driven by that roll do not slip
even at the time of the idling state. At this time, DB should
be set by the minimum hydraulic pressure of an extent
where the actuator of the decrease bending device does
not end up separating from the work roll chock.
[0048] Further, at a certain timing before the start of
rolling (point a on time axis), a predetermined in-rolling
decrease bending device output DS sufficient for making
the in-rolling work roll bending force FR act is calculated
by DS=FR-IR. Further, DS and IS are simultaneously out-
put so that the roll balance force (FB) becomes constant.
Here, IR is the increase bending device output during
rolling. A value close to the minimum value of possible
control is determined in advance so that the absolute
value of DS does not become excessive. IS is the increase
bending device output which becomes IS+DS=FB. There-
fore, at the set timing, the composite force constituted by
the work roll bending force remains at FB and does not
substantially change.
[0049] Next, at the time of rolling start, the decrease
bending force is held at a constant value while the in-
crease bending force is lowered and the composite force
constituted by the predetermined in-rolling work roll
bending force FR acts on the work roll chock.
That is, at the time of rolling start (point b on the time
axis), the increase bending device output is changed
from Is to IR. By doing this, the slow response decrease
bending device output is left as DS while the fast response
increase bending device can be controlled to quickly
switch the composite force constituted by the work roll
bending force from the roll balance force (FB(>0)) to the
in-rolling work roll bending force (FR(<0)).
Note that, "the time of rolling start (b)" indicates the point
of time of start of rolling. This may be detected for exam-
ple by the method of finding the time when the load which
is detected by a load cell for measurement of the rolling
load of a rolling mill exceeds 30% of a predicted rolling
load.
[0050] Further, at the time of rolling end, the roll bend-
ing force is returned to the state before the start of rolling
by making a roll bending force which corresponds to the
composite force constituted by the roll balance force (FB)
act on the work roll chock and ending the rolling.
That is, at the time of rolling end (point c on time axis),
the decrease bending device output is left as DS while
the fast response increase bending device output is
made to change from IR to IS. By doing this, the composite
force constituted by the work roll bending force can be
quickly switched from the in-rolling work roll bending
force (FR(<0)) to the roll balance force (FB(>0)).
Note that, "the time of rolling end (c)" indicates the point
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of time of ending the rolling end. This may be detected
for example by the method of finding the time when the
load which is detected by a load cell for measurement of
the rolling load of a rolling mill falls under 50% of an av-
erage value of measured rolling load.
[0051] Further, the point of time after the elapse of for
example 1 to 3 seconds from the time of rolling end (c)
is made the timing of work completion (point d on time
axis). At this timing, the increase bending device output
is changed to IB and the decrease bending device output
is changed to DB. Even with this change, the composite
force constituted by the work roll bending force is main-
tained at substantially the roll balance force (FB).
[0052] As shown in FIGS. 5 and 6, in the rolling method
according to present invention, at the time of rolling start
and at the time of rolling end, the roll bending force is
changed by using high response increase bending de-
vices. For this reason, even if relatively low response
decrease bending devices have to be provided, they are
compensated for by the high response increase bending
devices, so a high response and powerful crown/shape
control function can be imparted.
Further, even when various factors (outside disturbanc-
es) cause the rolling load to change during rolling, quick
control to make the high response increase bending de-
vices maintain the optimal work roll bending force is pos-
sible. In this case, control should be performed to make
the in-rolling work roll bending force change, for example,
in accordance with the measured value of the rolling load.
That is, according to the rolling method according to
present invention, even when the rolled material entry
side thickness or the rolled material temperature or other
parameters fluctuate during rolling, a good crown/shape
can be built in despite these external disturbances. Due
to this, the product quality and yield can be greatly im-
proved.
[0053] FIG. 7 is a view which shows the changes along
with time in the rolling bending force etc. in the case of
a low response of the decrease bending device (in par-
ticular, in the case of having hydraulic pressure charac-
teristics whereby if the reaction force is withdrawn, the
pressure ends up falling). In the same way as FIG. 6, this
shows the changes along with time in the roll bending
force etc. which accompany a rolling operation on a single
rolled material in accordance with the flow of operation
of the increase bending device and the decrease bending
device which is shown in FIG. 5. That is, compared with
the case of FIGS. 5 and 6, the example of a case of a
slow speed of response of the decrease bending device
is shown.
[0054] In the case of FIG. 7, at the timings b and c, the
output of the high response increase bending device rap-
idly changes, so the output of the poor response de-
crease bending device fluctuates. As a result, the com-
posite force constituted by the work roll bending force is
slow to reach FR at the timing b and is slow to reach FB
at the timing c. The rolling method which is shown in FIG.
8 solves this problem.

[0055] FIG. 8 is a view which shows the flow of oper-
ation in the case where there is a fast response increase
bending device and a slow response decrease bending
device. Below, this will be explained based on the draw-
ing.
In the rolling method which is shown in FIG. 8, a load cell
which is set at the decrease bending device is used to
constantly measure the decrease bending force or the
hydraulic pressure inside of the hydraulic piping which
leads to that device. This measured value is used as the
basis to control the increase bending device. That is, the
output of the increase bending device is controlled in ac-
cordance with the decrease bending force or hydraulic
pressure of the decrease bending device so that the work
roll bending force becomes the roll balance force FB be-
fore and after rolling and the work roll bending force be-
comes FR during rolling. Note that the rest of the control
is similar to the rolling method which is shown in FIG. 5.
By rolling by the rolling method which is shown in FIG.
8, as shown in FIG. 9, it is possible for fluctuations in
output of the decrease bending device to be compensat-
ed for by the increase bending device and for the work
roll bending force to be optimally controlled with a high
response.
Further, even without measuring the decrease bending
force during rolling or feedback control by measurement
of the hydraulic pressure, it is possible to obtain similar
effects by predicting in advance the fluctuations in output
of the decrease bending device and setting the output of
the increase bending device to compensate for this.

Industrial Applicability

[0056] The present invention can be utilized for rolling
of steel plate, in particular for reverse rolling mills which
require particularly large gaps etc.

Reference Signs List

[0057]

1-1. upper work roll
1-2. lower work roll
2-1. upper backup roll
2-2. lower backup roll
3-1. upper work roll chock
3-2. lower work roll chock
4-1. upper backup roll chock
4-2. lower backup roll chock
5-1. entry side project block
5-2. exit side project block
5-3. entry side lower project block
5-4. exit side lower project block
6-1. entry side upper increase bending device
6-2. exit side upper increase bending device
6-3. entry side lower increase bending device
6-4. exit side lower increase bending device
7-1. entry side upper decrease bending device
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7-2. exit side upper decrease bending device
7-3. entry side lower decrease bending device
7-4. exit side lower decrease bending device
8-1. entry side backup roll balancing device
8-2. exit side backup roll balancing device
9. housing
10. rolled material
11. reduction device
12. housing window

Claims

1. A rolling mill of a metal flat-rolled product which has
a pair of upper and lower work rolls and a pair of
upper and lower backup rolls which support the
same, which rolling mill of a metal flat-rolled product
is characterized in that
hydraulic cylinders which apply increase bending
force to the upper and lower work rolls are arranged
at project blocks which project to the inside of a rolling
mill housing,
rolling direction force which is applied to a lower work
roll barrel is supported by contact surfaces of a
project block and the lower work roll chock, and
rolling direction force which is applied to an upper
work roll barrel is supported by contact surfaces of
a rolling mill housing window which is positioned
above the project blocks and the upper work roll
chock.

2. A rolling mill of a metal flat-rolled product as set forth
in claim 1 characterized in that a hydraulic cylinder
which applies increase bending force to the upper
work roll and a hydraulic cylinder which applies in-
crease bending force to the lower work roll are ar-
ranged at different positions in the project blocks
when seen on a plan view.

3. A rolling mill of a metal flat-rolled product as set forth
in claim 1 or 2 characterized in that a hydraulic
cylinder which applies decrease bending force to the
upper work roll is arranged at an upper backup roll
chock of the upper backup roll.

4. A rolling mill of a metal flat-rolled product as set forth
in any one of claims 1 to 3 characterized in that a
hydraulic cylinder which applies decrease bending
force to the lower work roll is arranged at the lower
backup roll chock or at second project blocks which
are positioned below the project blocks.

5. A rolling method of a metal flat-rolled product which
uses a rolling mill of a metal flat-rolled product as set
forth in claim 3, the rolling method of a metal flat-
rolled product characterized by:

before the start of rolling, causing both an in-

crease bending force and a decrease bending
force to act and causing, as a composite force,
a roll bending force corresponding to a roll bal-
ance force to act on work roll chocks;
after that, at the time of rolling start, continuing
control for holding the decrease bending force
at the predetermined in-rolling decrease bend-
ing force while making the increase bending
force change and making the predetermined in-
rolling work roll bending force act on the work
roll chocks as the composite force;
during the rolling, performing the rolling so as to
maintain said predetermined in-rolling work roll
bending force; and
after that, at the time of rolling end, making the
increase bending force change, making a roll
bending force which corresponds to the roll bal-
ance force act on the work roll chocks as a com-
posite force with the decrease bending force,
and ending the rolling of the metal flat-rolled
product in that state.

6. A rolling method of a metal flat-rolled product as set
forth in claim 5, characterized by measuring a hy-
draulic pressure inside of a hydraulic cylinder which
generates the decrease bending force or inside hy-
draulic piping which leads to the hydraulic cylinder
and by using the measured value as the basis to
control the increasing bending force so that a roll
bending force which acts on the work roll chocks as
a composite force becomes a predetermined value.
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