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(54) ROLLING OF METAL STRIP
(67)  The present invention has as its task to be able
to impart a high response crown/shape control function
to a rolling mill with a response of decrease bending de-
vices inferior to increase bending devices even under
conditions causing a decrease roll bending force to act.
To achieve this task, before the start of rolling, both
the increase bending force and the decrease bending
force are made to act and the composite force constituted
by a roll bending force which corresponds to the roll bal-
ance force is made to act on a work roll chock. At the
time of the start of rolling, the decrease bending force is
held at a constant value while the increase bending force
is made to change and a composite force constituted by
a predetermined roll bending force (decrease bending
force) is made to act on the work roll chock for rolling. At
the time of the end of rolling, the increase bending force
is returned to the state before the start of rolling and a
composite force with the decrease bending force consti-
tuted by the roll bending force corresponding to the roll
balance force is made to act on the work roll chock. In
that state, the rolling is ended.
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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 method which can provide a high re-
sponse crown/shape control function even in the case of
a multiple-high rolling mill with a response of decrease
bending devices lower than aresponse of increase bend-
ing devices.

Background Art

[0002] As the methods of control when performing
crown/shape controlled rolling in a four-high rolling mill,
a six-high rolling mill, or other multiple-high rolling mill,
there are roll bending which imparts a bending force to
the work roll chocks, roll shift which causes a roll to dis-
place in a roll axial direction, roll cross which imparts a
cross angle to a roll, etc.

[0003] Amongthese control methods, with roll shiftand
roll cross, it is difficult to change the settings quickly dur-
ing rolling. Therefore, these are not suitable for crown/
shape control rolling where control during rolling is de-
manded. As opposed to this, roll bending devices can be
changed in roll bending force during rolling by control of
the hydraulic pressure, so are suitable for crown/shape
control rolling.

PLT 1 describes a method of continuously rolling a rolled
material comprised of steel materials differing in width,
thickness, steel type, etc. joined together by using a hot
final rolling mill which has a roll bending mechanism and
a roll shift mechanism. However, compared with the
speed of change of the roll bending force, the speed of
change of the roll shift position is extremely slow, so dur-
ing rolling, the roll shift position is fixed and only the high
response roll bending force is used for crown control.
[0004] In this case, the crown/shape control is regulat-
ed by the speed of control of the roll bending devices.
High response has been desired from roll bending de-
vices since the past.

PLT 2describes thatthe response of aroll bending device
is determined by the secondary piping length of the servo
valve (see PLT 2, paragraph [0014] and FIG. 1). There-
fore, the bending force is controlled by servo valves which
control the difference between the increase side and de-
crease side. To secure a high response, these servo
valves are provided at the side surfaces of housing posts
at a total of four locations of the inlet sides and exit sides
of the drive side and work side of the rolling mill housing.
The lengths of piping from the servo valves to the hy-
draulic cylinder are made within 2 meters.
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Citations List
Patent Literature
[0005]

PLT 1: Japanese Patent Publication No. 6-55207 A1
PLT 2: Japanese Patent Publication No. 8-215730
A1

Summary of Invention
Technical Problem

[0006] However, the response of a roll bending device
is not determined by just the piping length from the servo
valve to the hydraulic cylinder.

For example, the rolling mill which is shown in FIG. 1 is
a four-high 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. Increase bending devices 6-1 to 6-4 are built into
project blocks 5-1 and 5-2, while decrease bending de-
vices 7-1to 7-4 are built into upper and lower backup roll
chocks 4-1 and 4-2 in this type of rolling mill. In this type
of rolling mill, the response of the decrease bending de-
vices is slower compared with the response of the in-
crease bending devices.

For this reason, when making an increase bending force
act on a work roll for crown/shape control, high response
controlis possible, but when making a decrease bending
force act on it, it is not possible to change the settings
quickly during rolling. Therefore, it is not possible to elim-
inate external factors which fluctuate during rolling such
as entry side thickness of the rolled material and the tem-
perature of the rolled material. Sometimes this caused a
drop in the product quality and yield.

[0007] Further, the decrease bending devices cannot
be made high in response also because fixed piping can-
not be used. That is, the work rolls are more easily worn
than backup rolls due to rolling operations, so the rolls
have to be periodically replaced. However, the rolling mill
which is shown in FIG. 1 has the increase bending de-
vices built into the project blocks, so there is no need to
detach and reattach the hydraulic piping of the increase
bending devices each time replacing a roll. It is possible
to connect to hydraulic control valves through fixed pip-
ing. Due to this, it is possible to employ servo valves for
high response hydraulic control. As opposed to this, the
decrease bending devices of the rolling mill of FIG. 1 are
builtinto the upper and lower backup roll chocks, so each
time replacing the rolls, the hydraulic piping of the de-
crease bending devices has to be detached and reat-
tached. Thereis a high possibility of minute foreign matter
entering the hydraulic piping at the time of detachment
and reattachment, so it is not possible to employ servo
valves for high response hydraulic control. Further, it is
necessary to use flexible structure, freely detachable hy-
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draulic piping such as flexible piping etc. to connect to
the hydraulic control valves, so sometimes fluctuations
in the hydraulic pressure to be transmitted ended up be-
ing absorbed and eased.

Thatis, whether it is possible to connect to hydraulic con-
trol valves through fixed hydraulic piping or whether it is
necessary to connect to hydraulic control valves through
flexible structure, freely detachable hydraulic piping such
as flexible piping is the biggest cause for the response
of the decrease bending devices becoming lower than
the response of the increase bending devices.

[0008] Further, since the decrease bending devices
cannot be controlled with a high response, the rolling
becomes unstable at the time of application and release
of the decrease bending force at the time of the start of
rolling and the time of the end of rolling. This causes the
product quality to deteriorate and the productivity to fall.
Thatis, the decrease bending force cannot be applied at
the time of idling when no rolling load is being applied.
For this reason, when starting rolling, it is necessary to
quickly apply a decrease bending force. On the other
hand, at the time of end of the rolling, it is necessary to
quickly return to the roll balance state. Therefore, if
changing the roll bending force by control by inferior re-
sponse decrease bending devices, the predetermined
decrease bending force will not be applied at the tip and
tail ends of the rolled material and the parts with defective
shapes will become longer.

That is, a second discovery is that when causing a de-
crease bending force to act in a rolling mill of the type
which is shown in FIG. 1, it is difficult to quickly change
the settings during rolling, soiitis not possible to eliminate
external factors which fluctuate during rolling such as in-
let side thickness of the rolled material and the temper-
ature of the rolled material. This caused a drop in the
product quality and yield.

[0009] The technical problem of the present invention
is to provide a rolling method of a metal flat-rolled product
which can impart to a rolling mill with a response of the
decrease bending devices lower than the response of
the increase bending devices a high response crown/
shape control function even when making a decrease
bending force act.

Solution to Problem

[0010] The inventors engaged in intensive studies to
solve the above problem and as a result discovered that
by setting the bending force by the composite force of
two types of bending devices in a rolling mill with a re-
sponse of decrease bending devices lower than a re-
sponse of increase bending devices and performing con-
trol during rolling by only the high response increase
bending devices, high response crown/shape control be-
comes possible, and thereby completed the present in-
vention.

That is, this is a rolling method which changes the roll
bending force at the time of the start of rolling and the
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time of the end of rolling by using the high response in-
crease bending devicesinthe case of causing adecrease
bending force to act as the work roll bending force for the
purpose of crown/shape control. The high response in-
crease bending devices can compensate (cover for) the
response of the decrease bending devices. Furthermore,
even in the face of external factors which fluctuate during
rolling such as inlet side thickness of the rolled material
and the temperature of the rolled material, by using the
high response increase bending devices for control, good
crown/shape can be built in and the product quality and
the productivity can be remarkably improved.

[0011] For example, the rolling mill which is shown in
FIG. 1is arolling mill of a structure which employs flexible
structure, easily detachable hydraulic piping for the hy-
draulic piping of the decrease bending devices due to
the ease of detachment and reattachment of the piping
at the time of roll replacement. As a result, this is a rolling
mill which has the property that the response of the de-
crease bending devices has to be lower than the re-
sponse of the increase bending device. However, this
rolling millis structured with the increase bending devices
provided at the project blocks, so it is possible to provide
large capacity increase bending devices at the project
blocks and possible to connect to the hydraulic control
valves through fixed hydraulic piping, so the rolling mill
also has the superior property of enabling high response
increase bending devices. For this reason, the above
high response roll bending force control becomes possi-
ble.

[0012] Based on these above discoveries, the inven-
tors perfected an invention of a method of rolling a metal
flat-rolled material which can impart a high response
crown/shape control function even in a rolling mill with a
response of the decrease bending devices lower than
the response of the increase bending devices. The gist
is as follows.

[0013] (1)Arolling method of a metal flat-rolled product
which is performed using a rolling millwhich has increase
bending devices which generate an increase bending
force and decrease bending devices which generate a
decrease bending force and where the decrease bending
devices are lower in response compared with the in-
crease bending devices, the rolling method of a metal
flat-rolled product characterized by comprising, before
the start of rolling, causing both anincrease bending force
and a decrease bending 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 from the start making the
decrease bending force a predetermined in-rolling de-
crease bending force and making the increase bending
force act on the work roll chocks so that the composite
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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 predetermined in-roll-
ing decrease bending 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 the predetermined in-rolling work
roll bending force by controlling the increase 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 de-
crease bending force, and ending the rolling of the metal
flat-rolled product in that state. After that, to maintain the
composite force constituted by the roll balance force, re-
ducing 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 de-
crease bending force and if 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.

(2) A rolling method of a metal flat-rolled material as set
forth in (1), characterized by being performed using a
rolling mill,

wherein the rolling mill has a pair of upper and lower work
rolls and a pair of upper and lower backup rolls which
respectively support the same, has a structure where in-
crease hydraulic cylinders which form the increase bend-
ing devices for the upper and lower work rolls are con-
nected to hydraulic control valves through fixed hydraulic
piping and are built into project blocks which project to
the inside of the rolling mill housing, and, further, has a
structure where decrease hydraulic cylinders which form
the decrease bending devices for at least the upper work
roll are connected to hydraulic control valves through
flexible structure, freely detachable hydraulic piping and
are built into the upper backup roll chock.

[0014] (3) A rolling method of a metal flat-rolled mate-
rial as set forth in (2), characterized by measuring a hy-
draulic pressure inside of a decrease hydraulic cylinder
or inside of hydraulic piping which leads to the cylinder
and using the measured value as the basis to control the
increase bending force so that the roll bending force
which acts on the work roll chock becomes a predeter-
mined value.

Here, the "predetermined value of the roll bending force"
is the value of the roll bending force which is found in
advance from the rolling conditions etc. Further, the roll
bending force which acts on a work roll chock becomes
a composite force of the increase bending force and de-
crease bending force.

Advantageous Effects of Invention

[0015] The rolling method according to the present in-
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vention changes the roll bending force at the time of the
start of rolling and the time of the end of rolling by using
the high response increase bending devices. Therefore,
evenin arolling millin which the response ofthe decrease
bending devices is lower than the response of the in-
crease bending devices due to the employing of flexible
structure, freely detachable hydraulic piping for the hy-
draulic piping of the decrease bending devices due to
the ease of detachment and reattachment of piping at
the time of roll replacement, the high response increase
bending devices can compensate for the response of the
decrease bending devices and thereby impart a high re-
sponse, powerful crown/shape control function.
Therefore, according to the rolling method according to
the presentinvention, itis possible to build in an excellent
crown/shape even in the face of external factors which
fluctuate during rolling such as inlet side thickness of the
rolled material and the temperature of the rolled material
and possible to greatly improve the product quality and
yield.

Brief Description of Drawings
[0016]

FIG. 1 is a side view which shows an example of the
structure of a rolling mill covered by the present in-
vention.

FIG. 2 is a view which shows an example of a flow
of operation of a rolling method according to the
present invention.

FIG. 3 is a view which shows changes along with
time in a roll bending force etc. accompanying the
flow of operation of FIG. 2.

FIG. 4 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. 5 is a view which shows another example of a
flow of operation of the 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 side view which shows another example
ofthe structure of arolling mill covered by the present
invention.

FIG. 8 is a side view which shows another example
ofthe structure of arolling mill covered by the present
invention.

Description of Embodiments

[0017] Below, referringto FIGS. 1 to 8, arolling method
according to the present invention will be explained.

FIG. 1 is a side view which shows one example of the
structure of arolling mill covered by the present invention.
This rolling mill will be explained as an example. As
shown in this figure, the rolling mill which is covered by
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the present invention is a multiple high 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 work rolls.

Note that the rolling mill which is shown in this figure is
a four-high rolling mill of the type which is employed for
final tandem rolling mills of steel sheet/strip, but the in-
vention is not limited to this. It may also be a six-high
rolling mill.

[0018] Further, in this the rolling mill, upper increase
bending devices 6-1 and 6-2 which apply increase bend-
ing force to the upper work roll 1-1 and lower increase
bending devices 6-3 and 6-4 which apply increase bend-
ing force to the lower work roll 1-2 are installed in project
blocks 5-1 and 5-2 which project to the inside of the hous-
ing 9.

The work rolls 1-1 and 1-2 have to be periodically re-
placed due to the wear caused by rolling operations.
However, the rolling mill of FIG. 1 does not require de-
tachment and reattachment of the hydraulic piping of the
increase bending devices with each roll replacement op-
eration. The increase bending devices 6-1 to 6-4 can be
connected to respective hydraulic control valves through
fixed hydraulic piping. Due to this, itis possible to employ
servo valves for high response hydraulic control. There-
fore, they can be made high response increase bending
devices.

[0019] On the other hand, the upper decrease bending
devices 7-1 and 7-2 which apply the decrease bending
force to the upper work roll 1-1 are built into the upper
backup roll chock 4-1, while the lower decrease bending
devices 7-3 and 7-4 which apply the decrease bending
force to the lower work roll 1-2 are built into the lower
backup roll chock 4-2.

The backup rolls 2-1 and 2-2 as well, while not to the
extentofthe workrolls, are worn by the rolling operations,
so have to be periodically replaced. Due to this, this rolling
millrequires detachment and reattachment of the hydrau-
lic piping of decrease bending devices 7-1 to 7-4 at each
roll replacement operation. At the time of detachment
and reattachment, the possibility of minute foreign matter
entering the hydraulic piping becomes high. For this rea-
son, itis difficult to employ servo valves for high response
hydraulic control for the decrease bending devices 7-1
to 7-4. Further, when it is necessary to connect to hy-
draulic control valves through flexible piping and other
flexible structure, freely detachable hydraulic piping so
as to facilitate detachment and reattachment of piping,
sometimes the flexible structure results in fluctuations in
hydraulic pressure ending up being absorbed and eased.
[0020] Therefore, when not employing servo valves,
but employing flexible piping for hydraulic piping of the
decrease bending devices 7-1 to 7-4 due to the ease of
detachment and reattachment of the piping at the time
of roll replacement, the response of the decrease bend-
ing devices ends up becoming lower than the response
of the increase bending devices.

For this reason, when causing the decrease bending
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force to act as the work roll bending force for the purpose
of crown/shape control, it becomes difficult to quickly
change the settings during rolling. For this reason, due
to the entry side thickness of the rolled material, the tem-
perature of the rolled material, and other external factors
which fluctuate during rolling, suitable roll bending control
is not possible and sometimes the product quality and
yield are caused to fall.

[0021] On the other hand, the decrease bending force
cannot be applied at the time of idling when no rolling
load is being applied. When applying a decrease bending
force, it is necessary to quickly switch to the decrease
bending force at the time of starting rolling from the roll
balance state at the time of idling 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 decrease bending
force will not be applied at the tip and tail ends of the
rolled material and the parts with defective shapes will
become longer.

[0022] Here, in the roll bending device which is de-
scribed in PLT 2, the response of a roll bending device
is determined by the length of the secondary piping of
the servo valve. That is, by shortening the length of the
piping from each servo valve to the hydraulic cylinder to
within 2 meters and controlling the pressure difference
between the increase side hydraulic pressure and the
decrease side hydraulic pressure through the servo
valve, itis possible to secure a high response of the bend-
ing force. However, the work rolls and the backup rolls
have to be periodically replaced, so it is impractical to
make both the increase side and the decrease side fixed
hydraulic piping. Therefore, itis not possible to sufficient-
ly raise the response when causing decrease bending to
act - the object of the present invention.

[0023] The rolling method according to the present in-
vention solves the problem of PLT 2.

Note that, an "increase bending device" means a hydrau-
lic device which gives a force in a direction increasing
the roll gap to a work roll chock. "Increase bending de-
vice" is a general term for a device including an actuator
comprised of a hydraulic cylinder. In the present inven-
tion, for simplification of the explanation, an "increase
bending device" will, unless otherwise stated, indicate
the actuator comprised of a hydraulic cylinder. Further,
the force which is applied to a work roll by an increase
bending device is referred to as the "increase bending
force". On the other hand, a hydraulic device which gives
a force in a direction reducing the roll gap to a work roll
chockis a"decrease bending device" and a force applied
to a work roll due to this is called a "decrease bending
force". Further, "decrease bending device" is a general
term for a device including an actuator comprised of a
hydraulic cylinder. However, in the present invention, for
simplification of the explanation, "decrease bending de-
vice" will, unless otherwise stated, indicate the actuator
comprised of a hydraulic cylinder.
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[0024] FIG. 2 is a view which shows one example of
the flow of operation of the rolling method according to
present invention. More specifically, it is a view which
shows the flow of operation of a high response increase
bending device and a somewhat lower response de-
crease bending device compared with that.

Further, FIG. 3 shows the changes along with time in the
roll bending force etc. accompanying a rolling operation
on a single rolled material in the case of following this
rolling method. FIG. 3 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. 2 and 3.

[0025] First, before the start of rolling, the set value Fg
of the 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, in the roll bending force, an increase bending
force (force in increase direction (direction opening up
rolls)) is defined as a positive value, while a decrease
bending force (force in decrease direction (direction
pressing rolls)) is defined as a negative value.

[0026] 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 (Fg) acts on the work roll chock.

That s, at the timing of idling before rolling, the increase
bending device output is made Iz (>0), the decrease
bending device output is made Dg (<0), and Ig+Dg acts
as the roll balance force Fg (>0).

Note that the roll balance force Fy 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. Further, Dg
should be set by the minimum hydraulic pressure of an
extentwhere the actuator of the decrease bending device
does not end up separating from the work roll chock.
[0027] Further, at a certain timing right before the start
of rolling (point a on time axis), a predetermined in-rolling
decrease bending device output Dg sufficient for making
the in-rolling work roll bending force Fg act is calculated
by Dg=Fg-Ir. Further, Dg and lg are simultaneously out-
put so that the roll balance force (Fg) becomes constant.
Here, I 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 Dg does notbecome excessive. lgis the increase
bending device output which becomes Ig+Dg=Fg.
Therefore, at the set timing, the composite force consti-
tuted by the work roll bending force remains at Fg and
does not substantially change.

[0028] Next, right after rolling start, control is continued
to hold the decrease bending force at a constant value
while the increase bending force is lowered and the com-
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posite force constituted by the predetermined decrease
side roll bending force Fr acts on the work roll chock.
Rolling is performed in that state. That is, at the time of
rolling start (point b on the time axis), the increase bend-
ing device output is changed from Ig to Iz. By doing this,
the slow response decrease bending device output is left
as Dg 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 Fg(>0) to the decrease bending force Fg
(<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 for example 30% of a rolling
load calculated by prediction by calculation of the set-
tings. This value is preferably set between 10 to 30%.
This is so that it can be differentiated from fluctuations in
the roll balance force and so that the start of rolling can
be quickly detected.

[0029] Further, at the time of rolling end, the roll bend-
ing force is returned to the state before the start of rolling,
an increase side roll bending force which corresponds to
the composite force constituted by the roll balance force
is made to act on the work roll chock, and the rolling of
the metal flat-rolled material is ended in that state.

That is, at the time of rolling end (point ¢ on time axis),
the decrease bending device output is left as Dg while
the fast response increase bending device output is re-
turned from I to Ig. By doing this, the composite force
constituted by the work roll bending force can be quickly
switched from the decrease bending force Fg (<0) to the
roll balance force Fg (>0).

Note that, "the time of rolling end (point c on time axis)"
indicates the point 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 for example 50% of a value of the measured rolling
load during rolling averaged over time. This value can be
freely set, but is preferably set to between 50 to 80%.
This is so that it can be differentiated from fluctuations in
the roll bending force and so that the end of rolling can
be quickly detected.

[0030] Further, the point of time after the elapse of for
example 1 to 3 seconds from the time of rolling end is
made the timing of work completion d. At this timing, the
increase bending device output is made Ig and the de-
crease bending device outputis made Dg. Even with this
change, the composite force constituted by the work roll
bending force is maintained at substantially the roll bal-
ance force Fpg.

[0031] AsshowninFIGS. 2and 3, 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 decrease bending devices
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with responses lower than the increase bending devices
have to be provided, they are compensated for by the
high response increase bending devices, so a high re-
sponse and powerful crown/shape control function can
be imparted.

Further, even when various factors (outside disturbanc-
es) cause the rolling force 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.

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.

[0032] FIG. 4isaview 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. 3, this
shows the changes along with time in the roll bending
force etc. which accompany arolling operation on asingle
rolled material in accordance with the flow of operation
ofthe increase bending device and the decrease bending
device which is shown in FIG. 2. That is, compared with
the case of FIGS. 2 and 3, the example of a case of a
slow speed of response of the decrease bending device
is shown.

[0033] Inthe case where the response of the decrease
bending device is low such as in this example, at the
timings b and c, the output of the high response increase
bending device rapidly changes, so the output of the poor
response decrease bending device fluctuates. As a re-
sult, the composite force constituted by the work roll
bending force is slow to reach Fg at the timing b and is
slow to reach Fg at the timing c. The rolling method which
is shown in FIG. 5 solves this problem.

[0034] FIG. 5is a view which shows another example
of the flow of operation of the rolling method according
to the present invention and shows the flow of operation
of a high response increase bending device and a de-
crease bending device with a low response compared
with the case of FIGS. 2 and 3. Below, this will be ex-
plained based on the drawings.

The rolling method which is shown in FIG. 5 measures
the hydraulic pressure in hydraulic piping which leads to
adecrease bending device and uses the found decrease
bending force, or uses the decrease bending force which
is measured by a load cell which is provided at the device,
as the basis to control an increase bending devices. That
is, the output of the increase bending device is controlled
in accordance with the decrease bending force or the
hydraulic pressure of the decrease bending device so
that before and after rolling, the work roll bending force
becomes the roll balance force Fg and so that during
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rolling, the work roll bending force becomes F. Note that
the rest of the control is similar to the rolling method which
is shown in FIG. 2.

By using the rolling method which is shown in FIG. 5 for
rolling, as shown in FIG. 6, it is possible to compensate
for fluctuations in the output of the decrease bending de-
vices by the increase bending devices and realize high
response control of the work roll bending force.

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 a decrease bending device and setting the output of
an increase bending device to compensate for this.
[0035] FIG. 7 and FIG. 8 are side views which show
other examples of the structure of a rolling mill which is
covered by the present invention. These rolling mills are
improved so as to enable the roll gap to be enlarged by
having the rolling direction force which is applied to the
barrel of the upper work roll 1-1 received not at the project
blocks 5-1 and 5-2, but the housing window 12. Among
these, the rolling mill which is shown in FIG. 7 is a rolling
mill which provides the lower decrease bending devices
7-3 and 7-4 which apply decrease bending force to the
lower work roll 1-2 at the lower backup roll chock 4-2.
The rolling mill which is shown in FIG. 8 is a rolling mill
which provides the lower decrease bending devices 7-3
and 7-4 at special project blocks 5-3 and 5-4 which are
positioned below the project blocks 5-1 and 5-2.

The rolling method according to the present invention
can also be applied to these rolling mills. Due to this, it
is possible to build in a good crown/shape even in the
face of external factors which fluctuate during rolling such
as inlet side thickness of the rolled material and the tem-
perature of the rolled material and possible to greatly
improve the product quality and yield.

Industrial Applicability

[0036] The presentinvention can be utilized for rolling

of steel plate, in particular for reverse rolling mills which

require particularly large gaps etc.

Reference Signs List

[0037]
1-1.

1-2.
2-1.

upper work roll

lower work roll

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
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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
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

A rolling method of a metal flat-rolled product which
is performed using a rolling mill which has increase
bending devices which generate an increase bend-
ing force and decrease bending devices which gen-
erate a decrease bending force and where said de-
crease bending devices are lower in response com-
pared with said increase bending devices,

the rolling method of a metal flat-rolled product char-
acterized 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, holding the
decrease bending force at said predetermined
in-rolling decrease bending 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 compos-
ite force;

during the rolling, performing the rolling so as to
maintain said predetermined in-rolling work roll
bending force by control of the increase 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.

2. Arolling method of a metal flat-rolled material as set

forth in claim 1, characterized by being performed
using a rolling mill,

wherein the rolling mill further has a pair of upper
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and lower work rolls and a pair of upper and
lower backup rolls which respectively support
the same,

has a structure where increase hydraulic cylin-
ders which form said increase bending devices
for the upper and lower work rolls are built into
project blocks which project to the inside of the
rolling mill housing and fixed hydraulic piping is
connected to hydraulic control valves of the in-
crease hydraulic cylinders, and, further, has a
structure where decrease hydraulic cylinders
which form said decrease bending devices for
the upper work roll are built into the upper back-
up roll chock and flexible structure, freely de-
tachable hydraulic piping are connected to hy-
draulic control valves of the decrease hydraulic
cylinders.

A rolling method of a metal flat-rolled material as set
forth in claim 2, characterized by measuring a hy-
draulic pressure inside of a decrease hydraulic cyl-
inder orinside of hydraulic piping which leads to said
cylinder and using the measured value as the basis
to control the increase bending force so that the roll
bending force which acts on the work roll chock be-
comes a predetermined value.
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Fig.2

CALCULATE SETTINGS OF ROLLING MILL CORRESPONDING TO NEXT ROLLING
OPERATION—CGOMPUTE AND OUTPUT WORK ROLL BENDING FORCE SETTING Fp
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TO IN-ROLLING SETTING Iz
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CHANGE FROM IN-ROLLING SETTING I

TO PRE-ROLLING SETTING I MAINTAIN SETTING Dg
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10



EP 2 554 284 A1

Fig.3
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Fig.4

12

ROLLING LOAD

N
L
S
oy
o
(g
w Ly L
) &) =
— ) —
= ] 8
= S g
s (&) o
< = &
= e ~—r
= =] wl :
= & & I‘I\\'\
i L o
RN g S = 0 =T 0O Of--==-mmmmm e Y @ S rtg—----—--- B
(g
LLl L 0
7] L2 o
< 5 =
= L =
o S © @ S 2
m—edem e O Q9 et O —— e 1" T~~~ 77 [
m =) % i
b < & o=
wn m o om wn m o
5 o
P a. x
5 5 &
3 o =



EP 2 554 284 A1

Fig.5

CALGULATE SETTINGS OF ROLLING MILL CORRESPONDING TO NEXT ROLLING
OPERATION—COMPUTE AND OUTPUT WORK ROLL BENDING FORCE SETTING Fg
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Fig.6
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Fig.7
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Fig.8
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