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Description
Technical Field
[0001] The present invention relates to a rolling mill.
Background Art

[0002] Patent Document 1 describes one example of rolling mills that can prevent occurrence of extreme offset loads
on bearings, and make it possible to attempt to extend the service life of the bearings, increase the roll shift amount,
and in turn improve the capability of correcting the shape of a rolled material. In this document, in order for the resultant
force of bending force that acts on a bearing of a rolling roll to always act on the lengthwise center position of the bearing,
each pressure of a plurality of bending cylinders arranged along the roll-axis direction is made adjustable. That is, for
example, the hydraulic pressure of a cylinder proximate to the lengthwise center of the bearing is set high, and the
hydraulic pressure of a cylinder not proximate to the lengthwise center of the bearing is set low. Thereby, the resultant
force of the bending force is caused to act on the bearing at the lengthwise center of the bearing even if the acting
positions of the bending force are different.

Prior Art Document

Patent Document

[0003] Patent Document 1: JP-1988-055369-B
Summary of the Invention

Problem to be Solved by the Invention

[0004] There is a known rolling mill that has a shift functionality of moving rolling rolls in the roll-axis directions, and a
bending functionality of causing pressurizing force to act on bearings of the rolls in a direction perpendicular to the axes,
and controls the shape of a rolled material by controlling related action between movements of the rolls and bending
force of the rolls.

[0005] In such a rolling mill, if an offset load acts on a bearing as a result of changes in the positions of the bearing
and a bending cylinder depending on the position of a shifted roll, the lifetime of the bearing becomes shorter in some
cases, and this is particularly noticeable when the shift amount of the roll is large.

[0006] Patent Document 1 describes one example of a technology for suppressing offset loads to act on bearings,
and extending the lifetime of the bearings. In Patent Document 1, each cylinder pressure can be adjusted such that the
resultant force of bending force acting on a bearing acts on a middle portion of the bearing in the roll-axis direction.
[0007] The rolling mill requires a large number of bending cylinders according to shifting of rolls, and furthermore
requires a large number of mechanisms for adjusting pressing force of the cylinders. For example, in Patent Document
1, eight cylinders and at least four adjustment mechanisms are required per bearing. Since the number of components
of such a rolling mill increases, there is room for improvement in terms of simplification of the structure.

[0008] An object of the present invention is to provide a rolling mill having a structure that can reduce offset loads on
bearings even with a simple structure as compared to conventional rolling mills.

Means for Solving the Problem

[0009] The presentinvention includes plurality of means for solving the problem described above, and one example
thereof is a rolling mill including: a roll that is shifted in an axial direction; a bearing that is shifted in a roll-axis direction
along with the roll and receives a load from the roll; and three or more first cylinders that apply bending force vertically
to the bearing to cause the roll to perform bending, in which the bearing and the first cylinders are provided on each a
drive side and an work side of the roll, two first cylinders among the first cylinders are provided in the roll-axis direction
on the exit side or entry side in a rolling direction, one first cylinder among the first cylinders is provided on a side that
is one of the exit side and the entry side in the rolling direction, and that is opposite to a side provided with the two first
cylinders, and the first cylinder on the opposite side is positioned between the two first cylinders when viewed from the
exit side or entry side in the rolling direction.
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Advantages of the Invention

[0010] According to the present invention, offset loads on bearings can be reduced even with a simple structure as
compared to conventional rolling mills. Problems, configurations, and advantages other than those described above
become apparent from the following explanation of embodiments.

Brief Description of the Drawings
[0011]

FIG. 1 is a figure illustrating an overview of a rolling facility including a rolling mill according to a first embodiment
of the present invention.

FIG. 2 is a front view for explaining an overview of the rolling mill according to the first embodiment.

FIG. 3 is a figure illustrating part of a cross-sectional view taken along A-A’ in FIG. 2.

FIG. 4 is a figure illustrating part of a cross-sectional view taken along B-B’ in FIG. 2.

FIG. 5 is a plan view for explaining details of an intermediate-roll portion of the rolling mill according to the first
embodiment.

FIG. 6 is a figure for explaining the pressing force of a second cylinder in a case where only an axially-inner upper-
intermediate-roll bearing-housing backlash elimination cylinder on the drive side of the rolling mill according to the
first embodiment is driven.

FIG. 7 is a figure for explaining the pressing force of a second cylinder in a case where only an axially-outer upper-
intermediate-roll bearing-housing backlash elimination cylinder on the drive side of the rolling mill according to the
first embodiment is driven.

FIG. 8 is a plan view for explaining details of an intermediate-roll portion of the rolling mill according to a second
embodiment of the present invention.

FIG. 9 is a plan view for explaining details of an intermediate-roll portion of the rolling mill according to a third
embodiment of the present invention.

FIG. 10 is a plan view for explaining details of an intermediate-roll portion of the rolling mill according to a fourth
embodiment of the present invention.

FIG. 11 is a plan view for explaining details of an intermediate-roll portion of the rolling mill according to a fifth
embodiment of the present invention.

Modes for Carrying Out the Invention
[0012] Hereinafter, embodiments of a rolling mill according to the present invention are explained by using the figures.
<First Embodiment

[0013] A first embodiment of a rolling mill according to the present invention is explained by using FIG. 1 to FIG. 5.
FIG. 1is afigureillustrating an overview of a rolling facility including a rolling mill according to the present firstembodiment.
FIG. 2 is a front view for explaining an overview of the rolling mill. FIG. 3 is a figure illustrating part of a cross-sectional
view taken along A-A’ in FIG. 2. FIG. 4 is a figure illustrating part of a cross-sectional view taken along B-B’ in FIG. 2.
FIG. 5 is a plan view for explaining details of an intermediate-roll portion.

[0014] First, the overview of the rolling facility including the rolling mill according to the present embodiment is explained
by using FIG. 1.

[0015] Asillustratedin FIG. 1, arolling facility 1 has: a plurality of rolling mills that perform hot rolling of a rolled material
5 into a strip; and a controller 80. The rolling mills include seven stands, which are a first stand 10, a second stand 20,
a third stand 30, a fourth stand 40, a fifth stand 50, a sixth stand 60 and a seventh stand 70, from the rolled material 5
entry side. Each the first stand 10, the second stand 20, the third stand 30, the fourth stand 40, the fifth stand 50, the
sixth stand 60 and the seventh stand 70 in the stands, and a portion of the controller 80 that controls the stands correspond
to what is called a rolling mill in the present invention.

[0016] Note that the rolling facility 1 is not limited to a facility including seven stands like the one illustrated in FIG. 1,
and can be a facility including at least two stands.

[0017] Next, part of the overview of the rolling mill according to the present invention is explained by using FIG. 2.
Note that whereas the seventh stand 70 illustrated in FIG. 1 is explained as an example in FIG. 2, the rolling mill according
to the present invention can be applied to any stand of the first stand 10, the second stand 20, the third stand 30, the
fourth stand 40, the fifth stand 50, and the sixth stand 60 illustrated in FIG. 1.

[0018] In FIG. 2, the seventh stand 70, which is a rolling mill according to the present embodiment, is a rolling mill
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including six rolls that roll the rolled material 5, and has housings 700, the controller 80, and a hydraulic device (illustration
omitted).

[0019] The housings 700 include: an upper work roll 710 and a lower work roll 711; and an upper intermediate roll
720 and a lower intermediate roll 721 that support the upper work roll 710 and the lower work roll 711 by contacting the
upper work roll 710 and the lower work roll 711, respectively. Furthermore, the housings 700 include an upper backup
roll 730 and a lower backup roll 731 that support the upper intermediate roll 720 and the lower intermediate roll 721 by
contacting the upper intermediate roll 720 and the lower intermediate roll 721, respectively.

[0020] The upper work roll 710 in the rolls has, at its axial end portions and on both the drive side and the work side,
bearings (omitted for the convenience of illustration) that are shifted in the roll-axis direction together with the upper
work roll 710, and receive loads from the roll, and these bearings are supported by upper-work-roll bearing housings
712. Similarly, the lower work roll 711 also has bearings (illustration omitted) at its axial end portions and on both the
drive side and the work side, and these bearings are supported by lower-work-roll bearing housings 713.

[0021] In the presentembodiment, the upper work roll 710 is configured to be shifted in the roll-axis direction by a shift
cylinder 715 like the one illustrated in FIG. 3 via a work-side upper-work-roll bearing housing 712. Similarly, the lower
work roll 711 also is configured to be shifted in the roll-axis direction by a shift cylinder 716 like the one illustrated in FIG.
3 via a work-side lower-work-roll bearing housing 713.

[0022] The upper intermediate roll 720 has bearings 790 (see FIG. 5) at its axial end portions and on both the drive
side and the work side, and these bearings 790 are supported by upper-intermediate-roll bearing housings 722A and
722, respectively. The lower intermediate roll 721 also has bearings (illustration omitted) at its axial end portions and
on both the drive side and the work side, and these bearings are supported by lower-intermediate-roll bearing housings
723A and 723, respectively.

[0023] In addition, the upper intermediate roll 720 is configured to be shifted in the roll-axis direction by a shift cylinder
725 like the one illustrated in FIG. 3 via the drive-side upper-intermediate-roll bearing housing 722A. Similarly, the lower
intermediate roll 721 also is configured to be shifted in the roll-axis direction by a shift cylinder 726 like the one illustrated
in FIG. 3 via the drive-side lower-intermediate-roll bearing housing 723A.

[0024] Returning to FIG. 2, an entry-side fixation member 702 is fixed to the rolled material 5 entry-side housing 700,
and on the rolled material 5 exit side, an exit-side fixation member 703 is fixed to the exit-side housing 700 such that
the exit-side fixation member 703 becomes opposite to the entry-side fixation member 702.

[0025] In the seventh stand 70, as illustrated in FIG. 2 and FIG. 4, on each the work side and the drive side, upper-
work-roll bending cylinders 740 provided to a work-roll bending block part 714 of the entry-side fixation member 702,
an upper-work-roll bending cylinder 742 provided to an upper-intermediate-roll bending block part 727, and upper-work-
roll bending cylinders 741 and 743 provided to the exit-side fixation member 703 support the upper-work-roll bearing
housing 712, and, by driving these cylinders as appropriate, it is possible to apply bending force vertically to the bearing
of the upper work roll 710 to cause the upper work roll 710 to perform bending.

[0026] Similarly, as illustrated in FIG. 2 and FIG. 4, on each the work side and the drive side, lower-work-roll bending
cylinders 744 and 746 provided to the entry-side fixation member 702, and lower-work-roll bending cylinders 745 and
747 provided to the exit-side fixation member 703 support the lower-work-roll bearing housing 713, and, by driving these
cylinders as appropriate, it is possible to apply bending force vertically to the bearing of the lower work roll 711 to cause
the lower work roll 711 to perform bending.

[0027] Regarding the upper intermediate roll 720, on each the work side and the drive side, upper-intermediate-roll
bending cylinders 750 provided to the upper-intermediate-roll bending block part 727 of the entry-side fixation member
702, and an upper-intermediate-roll bending cylinder 751 provided to the upper-intermediate-roll bending block part 727
of the exit-side fixation member 703 support the upper-intermediate-roll bearing housing 722 or 722A, and, by driving
these cylinders as appropriate, it is possible to apply bending force vertically to the bearing 790 to cause the upper
intermediate roll 720 to perform bending. In addition, the upper-intermediate-roll bending block part 727 is provided with
the upper-work-roll bending cylinders 742 and 743 on the entry side and the exit side, and, by driving these cylinders
as appropriate, it is possible to cause the upper work roll 710 to perform bending.

[0028] Regarding the lower intermediate roll 721 also, on each the work side and the drive side, lower-intermediate-
roll bending cylinders 752 provided to a lower-intermediate-roll bending block part 728 of the entry-side fixation member
702, and a lower-intermediate-roll bending cylinder 753 provided to the lower-intermediate-roll bending block part 728
of the exit-side fixation member 703 support the lower-intermediate-roll bearing housing 723 or 723A, and, by driving
these cylinders as appropriate, it is possible to apply bending force vertically to the bearing 790 to cause the lower
intermediate roll 721 to perform bending. In addition, the lower-intermediate-roll bending block part 728 is provided with
the lower-work-roll bending cylinders 746 and 747 on the entry side and the exit side, and, by driving these cylinders as
appropriate, it is possible to cause the lower work roll 711 to perform bending.

[0029] The upper-work-roll bending cylinders 740 and 741 (first cylinders) in these cylinders are arranged such that
bending force is applied to the bearings of the upper work roll 710, which contacts the rolled material 5, toward the
vertical increase side (away from the rolled material), to thereby cause the upper work roll 710 to perform bending. In
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addition, the upper-work-roll bending cylinders 742 and 743 (fifth cylinders) are arranged such that bending force is
applied to the bearings toward the vertical decrease side (in the direction toward the rolled material), which is a direction
opposite to the bending force applied by the upper-work-roll bending cylinders 740 and 741, to thereby cause the upper
work roll 710 to perform bending.

[0030] Similarly, the lower-work-roll bending cylinders 744 and 745 (first cylinders) are arranged such that bending
force is applied to the bearings of the lower work roll 711 that contacts the rolled material 5 toward the vertical increase
side, to thereby cause the lower work roll 711 to perform bending. In addition, the lower-work-roll bending cylinders 746
and 747 (fifth cylinders) are arranged such that bending force is applied to the bearings toward the decrease side, which
is a direction opposite to the bending force applied by the lower-work-roll bending cylinders 744 and 745, to thereby
cause the lower work roll 711 to perform bending.

[0031] The upper-intermediate-roll bending cylinders 750 and 751 (first cylinders) are arranged such that bending
force is applied to the bearings 790 of the upper intermediate roll 720 toward the vertical increase side, to thereby cause
the roll to perform bending.

[0032] The lower-intermediate-roll bending cylinders 752 and 753 (first cylinder) are arranged such that bending force
is applied to the bearings 790 of the lower intermediate roll 721 toward the vertical increase side, to thereby cause the
roll to perform bending.

[0033] As illustrated in FIG. 2, FIG. 3, and FIG. 4, for the purpose of preventing backlashes, the entry-side fixation
member 702 on the rolled material 5 entry side is provided with upper-work-roll bearing-housing backlash elimination
cylinders 760 (second cylinders) such that horizontal force, specifically pressing force in the rolling direction, is applied
to the upper work roll 710 via liners (illustration omitted) of the upper-work-roll bearing housings 712. Similarly, the entry-
side fixation member 702 is provided with lower-work-roll bearing-housing backlash elimination cylinders 762 (second
cylinders) such that pressing force is applied to the lower work roll 711 in the rolling direction via liners of the lower-work-
roll bearing housings 713. Thereby, desired force can be applied to the work roll or the like in a direction orthogonal to
the roll-axis direction.

[0034] In addition, as illustrated in FIG. 2, FIG. 3, and FIG. 4, for the purpose of preventing backlashes, the exit-side
fixation member 703 on the rolled material 5 exit side is provided with upper-intermediate-roll bearing-housing backlash
elimination cylinders 771 (second cylinders) such that horizontal force, that is, pressing force in a direction opposite to
the rolling direction, is applied to the upper intermediate roll 720 via liners of the upper-intermediate-roll bearing housings
722A and 722. Similarly, the exit-side fixation member 703 is provided with lower-intermediate-roll bearing-housing
backlash elimination cylinders 773 (second cylinders) such that pressing force is applied to the lower intermediate roll
721 in a direction opposite to the rolling direction via liners of the lower-intermediate-roll bearing housings 723A and 723.
[0035] Returning to FIG. 2, the upper backup roll 730 has bearings (illustration omitted) at its axial end portions and
on both the drive side and the work side, and these bearing are supported by upper-backup roll bearing housings 732.
Similarly, the lower backup roll 731 also has bearings (illustration omitted) at its axial end portions and on both the drive
side and the work side, and these bearings are supported by lower-backup roll bearing housings 733.

[0036] In addition, as illustrated in FIG. 2, the entry-side housing 700 is provided with upper-backup roll bearing-
housing backlash elimination cylinders 780 such that horizontal force is applied to the upper backup roll 730 via the
upper-backup roll bearing housings 732. Similarly, the entry-side housing 700 is provided with lower-backup roll bearing-
housing backlash elimination cylinders 782 such that horizontal force is applied to the lower backup roll 731 via the
lower-backup roll bearing housings 733.

[0037] The hydraulic device is connected to hydraulic cylinders such as the bending cylinders, backlash elimination
cylinders, or shift cylinders that are mentioned above, or rolling cylinders (illustration omitted) that apply rolling force for
rolling the rolled material 5 to the upper work roll 710 and the lower work roll 711. This hydraulic device is connected to
the controller 80.

[0038] The controller 80 performs actuation control of the hydraulic device, and supplies and discharges a hydraulic
fluid to the bending cylinders and the like mentioned above, to thereby perform drive control of those cylinders.

[0039] Next, configurations related to the upper intermediate roll 720 in the rolls are explained by using FIG. 5. Note
that the upper work roll 710, the lower work roll 711, and the lower intermediate roll 721 also can have configurations
equivalent to those of the upper intermediate roll 720. Their configurational details are approximately the same as those
of the upper intermediate roll 720, and therefore explanations thereof are omitted.

[0040] The present invention is suitably applied to the upper intermediate roll 720 like the one illustrated in FIG. 5 or
the lower intermediate roll 721.

[0041] As illustrated in FIG. 5, in the present embodiment, on the rolled material 5 entry side, and on each the drive
side and the work side of the upper intermediate roll 720, two upper-intermediate-roll bending cylinders 750 are provided
in the roll-axis direction. In addition, on the rolled material 5 exit side, one upper-intermediate-roll bending cylinder 751
is provided. The upper-intermediate-roll bending cylinder 751 provided on the rolled material 5 exit side in the cylinders
is arranged such that it is positioned between the two upper-intermediate-roll bending cylinders 750 provided on the
opposite entry side when viewed in the rolling direction.
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[0042] Furthermore, the axially-outer upper-intermediate-roll bending cylinder 750 in the two upper-intermediate-roll
bending cylinders 750 provided on the entry side on each the drive side and the work side is arranged outside an area
within which the center of the bearing 790 is shifted when the upper intermediate roll 720 is shifted in the axial direction
by the shift cylinder 725 via a shift mechanism 725A.

[0043] In addition, in the present embodiment, the upper-intermediate-roll bearing-housing backlash elimination cyl-
inders 771 arranged on the rolled material 5 exit side are arranged on both axial sides of the one upper-intermediate-
roll bending cylinder 751 provided on the same exit side when viewed in the rolling direction.

[0044] Particularly, desirably, an acting position of the output force of the three upper-intermediate-roll bending cylinders
750 and 751, and an acting position of the output force of the two upper-intermediate-roll bearing-housing backlash
elimination cylinders 771 are arranged such that each of them is kept within Lg/4 on the axially-outer side of the axial
center of the bearing 790, and within Lg/4 on the axially-inner side of the axial center of the bearing 790, that is, within
Lg/2 from the axial center of the bearing 790, when the axial length of the bearing 790 is defined as Lg, or the output
force is controlled in such a manner.

[0045] More desirably, the intermediate position of the two entry-side upper-intermediate-roll bending cylinders 750,
and the intermediate position of the two exit-side upper-intermediate-roll bearing-housing backlash elimination cylinders
771 are the same with each other or proximate to each other desirably. In this case, more desirably, the axial position
of the exit-side upper-intermediate-roll bending cylinder 751 is positioned at the intermediate position of the axial positions
of the two entry-side upper-intermediate-roll bending cylinders 750, that is, at the intermediate position between the two
upper-intermediate-roll bearing-housing backlash elimination cylinders 771.

[0046] In the present embodiment, on each the drive side and the work side, the upper-work-roll bending cylinder 742
arranged on the rolled material 5 entry side is provided at an axial position between the two upper-intermediate-roll
bending cylinders 750 that are provided in the axial direction.

[0047] In contrast to this, on each the drive side and the work side, the upper-work-roll bending cylinder 743 arranged
on the rolled material 5 exit side is provided at a position on the axially-inner side of the upper-intermediate-roll bending
cylinder 751.

[0048] Next, details of drive control of the upper-intermediate-roll bending cylinders 750 and 751, and the upper-
intermediate-roll bearing-housing backlash elimination cylinders 771 according to the present embodiment are explained
with reference to FIG. 5 and TABLE 1. The drive control of these is executed by the controller 80 that performs drive
control of the hydraulic device.

[0049] First, the controller 80 is configured to perform control such that when bending of the roll is performed, the
difference between the total output force of the two first cylinders, and the output force of the first cylinder provided on
the opposite side is within a predetermined range. Preferably, the resultant force of the roll bending cylinders is caused
to act on the roll-axis line. In addition, the controller 80 is configured to drive any one of or both of the two upper-
intermediate-roll bending cylinders 750 arranged on the entry side, and drive the first cylinder provided on the opposite
side, according to the shift position of the upper intermediate roll 720.

[0050] Here, the shift amount of the upper intermediate roll 720, that is, the shift amount of the axial center of the
bearing 790, is defined as Ls (the shift amount toward the drive direction is defined as a positive amount).
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[TABLE 1]
section
C B A

actuation target

drive-side entry-side bending cylinder (inner) OFF | ONx1/2| ON
drive-side entry-side bending cylinder (outer) ON | ONx1/2 | OFF
drive-side exit-side bending cylinder ON ON ON
work-side entry-side bending cylinder (inner) ON | ONx1/2 | OFF
work-side entry-side bending cylinder (outer) OFF | ONx1/2| ON
work-side exit-side bending cylinder ON ON ON
drive-side backlash elimination cylinder (inner) OFF | ONx1/2| ON
drive-side backlash elimination cylinder (outer) ON | ONx1/2 | OFF
work-side backlash elimination cylinder (inner) ON | ONx1/2 | OFF
work-side backlash elimination cylinder (outer) OFF | ONx1/2| ON

[0051] When the intermediate roll shifts within Ls, the bearing center exists in any of sections A, B, and C illustrated
in FIG. 5. When the bearing center exists in the section C, on the drive side, the axially-inner cylinder in the entry-side
upper-intermediate-roll bending cylinders 750 is not driven, but the axially-outer upper-intermediate-roll bending cylinder
750 and the exit-side upper-intermediate-roll bending cylinder 751 are driven.

[0052] The total output force of the driven cylinders on the entry side and the exit side acts on a position near the
intersection of the roll-axis line and a line linking the driven cylinders. The acting position of the total output force of the
cylinders is arranged such that it is kept within Lg/4 on the axially-outer side of the axial center of the bearing 790, and
within Lg/4 on the axially-inner side of the axial center of the bearing 790, that is, within Lg/2 from the axial center of the
bearing 790.

[0053] Accordingly, the boundary between the section A and the section B exists at a position within Lg/4 on the axially-
outer side of the intersection of the roll-axis line and a straight line linking the axially-inner entry-side upper-intermediate-
roll bending cylinder 750 and the exit-side upper-intermediate-roll bending cylinder 751.

[0054] In addition, the boundary between the section B and the section C exists at a position within Lg/4 on the axially-
inner side of the intersection of the roll-axis line and a straight line linking the axially-outer entry-side upper-intermediate-
roll bending cylinder 750 and the exit-side upper-intermediate-roll bending cylinder 751.

[0055] On the work side, the axially-outer cylinder in the entry-side upper-intermediate-roll bending cylinders 750 is
not driven, but the axially-inner upper-intermediate-roll bending cylinder 750 and the exit-side upper-intermediate-roll
bending cylinder 751 are driven.

[0056] When the bearing center exists in the section A, on the drive side, the axially-outer cylinder in the entry-side
upper-intermediate-roll bending cylinders 750 is not driven, but the axially-inner upper-intermediate-roll bending cylinder
750 and the exit-side upper-intermediate-roll bending cylinder 751 are driven.

[0057] On the work side, the axially-inner cylinder in the entry-side upper-intermediate-roll bending cylinders 750 is
not driven, but the axially-outer upper-intermediate-roll bending cylinder 750 and the exit-side upper-intermediate-roll
bending cylinder 751 are driven.

[0058] When the bearing center exists in the section B, on each the drive side and the work side, the output force of
both of the entry-side upper-intermediate-roll bending cylinders 750 is made 1/2 such that the total becomes the same
as the output force of the exit-side upper-intermediate-roll bending cylinder, and the exit-side upper-intermediate-roll
bending cylinder 751 is driven similarly to the cases of the sections A and C.

[0059] Regarding the upper-intermediate-roll bearing-housing backlash elimination cylinders 771, in the case of the
section C in TABLE 1, on the drive side, the axially-inner cylinder is not driven, but only the axially-outer cylinder is
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driven. On the work side, the axially-outer cylinder is not driven, but the axially-inner cylinder is driven.

[0060] In addition, in the case of the section A in TABLE 1, on the drive side, the axially-outer cylinder is not driven,
but only the axially-inner cylinder is driven. On the work side, the axially-inner cylinder is not driven, but the axially-outer
cylinder is driven.

[0061] In the case of the section B in TABLE 1, on each the drive side and the work side, both of the two cylinders
are driven at output force which is 1/2 of required output force.

[0062] Whereas the output force of the upper-intermediate-roll bending cylinders 750 and 751, and the output force
of the upper-intermediate-roll bearing-housing backlash elimination cylinders 771 have three states, which are the ON
state, 1/2 ON state and OFF state, in the case explained in the example described above, by separately and more finely
adjusting the output force of each upper-intermediate-roll bending cylinder 750 or 751 and the output force of each
upper-intermediate-roll bearing-housing backlash elimination cylinder 771, it is possible to cause the bending force to
be applied onto the axial center of the bearing 790 more accurately. Hereinafter, one example of different output control
is explained.

[0063] Hereinafter, only the drive side is explained as an example. Itis possible to deal with the work side by reversing
the positional relation in the axial direction, and details thereof are omitted.

[0064] When the bearing center exists in the section C, the axially-outer upper-intermediate-roll bending cylinder 750
is driven at output force obtained by multiplying total output force of the two upper-intermediate-roll bending cylinders
750 by a1, the axially-inner upper-intermediate-roll bending cylinder 750 is driven at output force obtained by multiplying
the total output force by a2, the total of a1 and a2 is 1, and a1 and o2 are adjusted such that the acting position of the
total output force is almost at the bearing center. The two upper-intermediate-roll bending cylinders 750 are driven along
with the upper-intermediate-roll bending cylinder 751 in this manner. Alternatively, a1 is setto 1, a2 is set to 0, and the
axially-outer upper-intermediate-roll bending cylinder 750 and the upper-intermediate-roll bending cylinder 751 are driven.
[0065] In addition, the axially-outer upper-intermediate-roll bearing-housing backlash elimination cylinder 771 is driven
at output force obtained by multiplying required output force by a predetermined coefficient y1, and the axially-inner
upper-intermediate-roll bearing-housing backlash elimination cylinder 771 is driven at output force obtained by multiplying
the required output force by a predetermined coefficient y2. Here, the total of y1 and y2 is 1, and y1 and y2 are adjusted
such that the acting position of the total output force is almost at the bearing center. Alternatively, only the axially-outer
upper-intermediate-roll bearing-housing backlash elimination cylinder 771 is driven.

[0066] When the bearing center exists in the section A, the axially-outer upper-intermediate-roll bending cylinder 750
is driven at output force obtained by multiplying total output force of the two upper-intermediate-roll bending cylinders
750 by a1, the axially-inner upper-intermediate-roll bending cylinder 750 is driven at output force obtained by multiplying
the total output force by a2, the total of a1 and a2 is 1, and a1 and a2 are adjusted such that the acting position of the
total output force is almost at the bearing center. The two upper-intermediate-roll bending cylinders 750 are driven along
with the upper-intermediate-roll bending cylinder 751 in this manner. Alternatively, a1 is set to 0, a2 is set to 1, and the
axially-inner upper-intermediate-roll bending cylinder 750 and the upper-intermediate-roll bending cylinder 751 are driven.
[0067] Inaddition, the axially-outer upper-intermediate-roll bearing-housing backlash elimination cylinder 771 is driven
at output force obtained by multiplying required output force by the predetermined coefficient y1, and the axially-inner
upper-intermediate-roll bearing-housing backlash elimination cylinder 771 is driven at output force obtained by multiplying
the required output force by the predetermined coefficient y2. Here, the total of y1 and y2 is 1, and y1 and y2 are adjusted
such that the acting position of the total output force is almost at the bearing center. Alternatively, only the axially-inner
upper-intermediate-roll bearing-housing backlash elimination cylinder 771 is driven.

[0068] When the bearing center exists in the section B, the axially-outer upper-intermediate-roll bending cylinder 750
is driven at output force obtained by multiplying total output force of the two upper-intermediate-roll bending cylinders
750 by a1, the axially-inner upper-intermediate-roll bending cylinder 750 is driven at output force obtained by multiplying
the total output force by a2, the total of a1 and a2 is 1, and a1 and o2 are adjusted such that the acting position of the
total output force is almost at the bearing center. The two upper-intermediate-roll bending cylinders 750 are driven along
with the upper-intermediate-roll bending cylinder 751 in this manner.

[0069] Inaddition, the axially-outer upper-intermediate-roll bearing-housing backlash elimination cylinder 771 is driven
at output force obtained by multiplying required output force by the predetermined coefficient y1, and the axially-inner
upper-intermediate-roll bearing-housing backlash elimination cylinder 771 is driven at output force obtained by multiplying
the required output force by the predetermined coefficient y2. Here, the total of y1 and y2 is 1, and y1 and y2 are adjusted
such that the acting position of the total output force is almost at the bearing center.

[0070] When the two upper-intermediate-roll bearing-housing backlash elimination cylinders 771 are actuated as in
TABLE 1, the actuation position can be kept within Lg/2 from the axial center of the bearing 790 when the bearing center
exists in the section B, but the actuation position cannot be kept within Lg/2 from the axial center of the bearing 790
when the bearing center exists in the section C or the section A in some cases. In contrast to this, by adjusting y1 and
v2, it becomes possible to keep the actuation position within Lg/2 from the axial center of the bearing 790 in each of the
cases of the sections A, B, and C.
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[0071] Note that the values of a1 and a2 for each area need not be the same values, and can be set to different values
as appropriate for each area such that the acting position of the total of the output force of the two upper-intermediate-
roll bending cylinders 750 and the output force of the upper-intermediate-roll bending cylinder 751 approximately matches
the center position of the bearing 790.

[0072] In addition, the values of y1 and y2 for each area need not be the same values, and can be set to different
values as appropriate for each area such that the acting position of the output force of the two upper-intermediate-roll
bearing-housing backlash elimination cylinders 771 approximately matches the center position of the bearing 790.
[0073] Next, advantages of the present embodiment are explained.

[0074] The rolling mill according to the first embodiment of the present invention mentioned above includes: a roll that
is shifted in the axial direction; a bearing that is shifted in the roll-axis direction along with the roll, and receives a load
from the roll; and three or more first cylinders that apply bending force vertically to the bearing to cause the roll to perform
bending, and the bearing and the first cylinders are provided on each the drive side and the work side. Two first cylinders
in the first cylinders are provided in the roll-axis direction on the rolled material 5 entry side or exit side, one first cylinder
in the first cylinders is provided on a side which is one of the rolled material 5 exit side and entry side, and is opposite
to a side provided with the two first cylinders, and the first cylinder on the opposite side is positioned between the two
first cylinders when viewed in the rolling direction.

[0075] Inthis manner, by arranging the three first cylinders in total in a staggered manner on the rolled material 5 entry
side and exit side, it is possible to change first cylinders to be driven as appropriate according to the shift position of the
roll, and it is thereby possible to realize a structure that can cause the resultant bending force to act on a position near
the lengthwise middle portion of the bearing even with a simple structure as compared to conventional rolling mills.
Accordingly, offset loads on the bearing can be reduced even with a simple structure.

[0076] In addition, since one or more first cylinders in the two first cylinders are arranged outside an area within which
the center of the bearing is shifted, it is possible to cause the resultant force of the bending force of the first cylinders to
act on a position near the lengthwise middle portion of the bearing more accurately and surely, and it is possible to
reduce offset loads on the bearing more surely.

[0077] Furthermore, since second cylinders that apply pressing force to the bearing 790 in the rolling direction or in a
direction opposite to the rolling direction are further included in one of the entry-side fixation member 702 and the exit-
side fixation member 703 that are fixed to the housings 700 at least on either the rolled material 5 entry-side or exit-side,
and are provided with the first cylinders. Thereby, it is possible to prevent the bearings and the first cylinders from moved
in the rolling direction at the time of biting of the top of the rolled material 5. Thereby, an advantage of preventing the
bending acting position from moved can be attained. That is, it is possible to suppress the movement of the bearings in
the rolling direction in a state in which the bending force is acting thereon. Accordingly, a slip does not occur at portions
that are pressed by the first cylinders, and it is possible to suppress damages to the first cylinders and wear on the
pressed side, and to keep the bending precision high.

[0078] In addition, since the second cylinders that apply pressing force to the bearing in a rolling direction or in a
direction opposite to the rolling direction are further included on either the entry side or the exit side, and the second
cylinders are arranged on both of axial sides of the first cylinder when the rolling mill is viewed in the rolling direction, it
becomes easier to cause the pressing force of the second cylinders to act on a position near the lengthwise middle
portion of the bearing, and it is possible to make it more difficult for the bearings and the first cylinders to shift in the
rolling direction at the time of biting of the rolled material. Accordingly, the bending precision can be kept higher.
[0079] An advantage attained by causing the pressing force of the second cylinders to act on a position near the
lengthwise middle portion of the bearing is as follows. FIG. 6 illustrates a case where the pressing force of a second
cylinder acts on a position near the lengthwise middle portion of the bearing in a case where only the drive-side axially-
inner upper-intermediate-roll bearing-housing backlash elimination cylinder 771 is driven.

[0080] As illustrated in FIG. 6, if it is defined that the force in the rolling direction that acts on the bearing from the roll
is Fd, the pressing force of the second cylinder is Fg2, and the outer reaction force and inner reaction force generated
to liners of the upper-intermediate-roll bearing housing 722A and the upper-intermediate-roll bending block part 727 are
F1 and F2, respectively, there is a relation of Fg2 = Fd + F1 + F2. If any of F1 and F2 becomes 0, the liners are out of
contact, and this is not preferable. Here, Fg2 is generated near the Fd-acting position, and therefore, Fg2 can be made
a relatively small value. That is, the pressing force of the second cylinder can be reduced.

[0081] In contrast to this, FIG. 7 illustrates a case where the pressing force of a second cylinder acts on a position
away from a position near the lengthwise middle part of the bearing in a case where only the drive-side axially-outer
upper-intermediate-roll bearing-housing backlash elimination cylinder 771 is driven.

[0082] The pressing force Fg1 of the second cylinder has a relation of Fg1 = Fd + F1 + F2, similarly. In order for F2
to be not 0, Fg1 inevitably becomes a large value for the balance of moments. This makes it necessary to use larger
second cylinders, and it becomes structurally difficult to house such large cylinders in the upper-intermediate-roll bending
block part 727. However, as in FIG. 6, by causing the pressing force of the second cylinders to act on a position near
the lengthwise middle portion of the bearing, the output force required of the second cylinders can be reduced, and the
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size of the cylinders can be reduced. Thereby, they can be housed in the upper-intermediate-roll bending block part 727.
[0083] Furthermore, the controller 80 that drives the first cylinders is further included, and the controller 80 is configured
to drive any one first cylinder in the two first cylinders and drive the first cylinder provided on the opposite side when
bending of the roll is performed and also the center of the bearing is arranged on the outer side of X, which is defined
as an intersection of the roll-axis line and a straight line linking the outer first cylinder and the first cylinder provided on
the opposite side, or is arranged on the inner side of Y, which is defined as an intersection of the roll-axis line and a
straight line linking the inner first cylinder and the first cylinder provided on the opposite side. Thereby, it is possible to
cause the resultant bending force to act on a position near the lengthwise middle portion of the bearing by two first
cylinders per bearing more accurately, and it is possible to suppress application of offset loads onto the bearing more
surely.

[0084] In addition, the controller 80 that drives the first cylinders is further included, and the controller 80 is configured
to perform control such that when bending of the roll is performed, the difference between the total output force of the
two first cylinders and the output force of the first cylinder provided on the opposite side is within a predetermined range.
Thereby, it is possible to cause almost the same bending force to act on the entry side and the exit side of the bearing,
and it is possible to keep the roll stably.

[0085] Furthermore, the upper intermediate roll 720 and the lower intermediate roll 721 typically have large shift
amounts. In view of this, the upper work roll 710 and the lower work roll 711 that contact the rolled material 5, and the
upper intermediate roll 720 and the lower intermediate roll 721 that contact the upper work roll 710 and the lower work
roll 711 are included, and the roll is used as the upper intermediate roll 720 and the lower intermediate roll 721. Thereby,
it is possible to realize a structure that can cause the resultant bending force to act on a position near the lengthwise
middle portion of the bearing by a simple structure even in a case where the shift amounts are large.

[0086] In addition, the entry-side fixation member 702 and the exit-side fixation member 703 that are fixed to the
housings 700 at least on either the rolled material 5 entry-side or exit-side and are provided with the first cylinders, and
the fifth cylinders that apply, to the bearings of the upper work roll 710 and the lower work roll 711 that contact the rolled
material 5, bending force in a direction opposite to the bending force applied by the first cylinders to cause the upper
work roll 710 and the lower work roll 711 to perform bending are further included. Thereby, it is possible to provide the
fifth cylinders also to the same members as the first cylinders, and it is possible to attempt to save spaces.

<Second Embodiment

[0087] The rolling mill according to a second embodiment of the present invention is explained by using FIG. 8. The
same configurations as the first embodiment are denoted with the same reference characters, and explanations thereof
are omitted. The same applies also to the following embodiments.

[0088] As illustrated in FIG. 8, in the rolling mill according to the present embodiment, in a manner opposite to that of
the rolling mill according to the first embodiment, one upper-intermediate-roll bending cylinder 750A (first cylinder) is
provided in the roll-axis direction on the rolled material 5 entry side, and two upper-intermediate-roll bending cylinders
751A (first cylinders) are provided on the rolled material 5 exit side.

[0089] The upper-intermediate-roll bending cylinder 750A provided on the rolled material 5 entry side in the upper-
intermediate-roll bending cylinders is arranged such thatitis positioned between the two upper-intermediate-roll bending
cylinders 751A provided on the opposite exit side when viewed in the rolling direction.

[0090] Inaddition, inthe presentembodiment, an upper-intermediate-roll bearing-housing backlash elimination cylinder
771A arranged on the rolled material 5 exit side is arranged, in the axial direction, between the two upper-intermediate-
roll bending cylinder 751A provided on the same exit side when viewed in the rolling direction.

[0091] In the present embodiment, the axial positions of the upper-intermediate-roll bending cylinder 750A provided
on the entry side and the exit-side upper-intermediate-roll bearing-housing backlash elimination cylinder 771A are de-
sirably the same.

[0092] Next, details of drive control of the upper-intermediate-roll bending cylinders 750A and 751A, and the upper-
intermediate-roll bearing-housing backlash elimination cylinder 771A according to the present embodiment are explained
with reference to FIG. 8 and TABLE 2.
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[TABLE 2]
section
C B A

actuation target

drive-side entry-side bending cylinder ON ON ON
drive-side exit-side bending cylinder (inner) OFF | ONx1/2| ON
drive-side exit-side bending cylinder (outer) ON | ONx1/2 | OFF
work-side entry-side bending cylinder ON ON ON
work-side exit-side bending cylinder (inner) ON | ONx1/2 | OFF
work-side exit-side bending cylinder (outer) OFF | ONx1/2| ON
drive-side backlash elimination cylinder ON ON ON
work-side backlash elimination cylinder ON ON ON

[0093] The boundary between the section B and the section C exists at a position within Lg/4 on the axially-inner side
of the intersection of the entry-side upper-intermediate-roll bending cylinder 750A and the axially-outer exit-side upper-
intermediate-roll bending cylinder 751A. When the bearing center exists in the section C, on the drive side, the entry-
side upper-intermediate-roll bending cylinder 750A is driven, and the axially-inner cylinder in the exit-side upper-inter-
mediate-roll bending cylinders 751A is not driven, but the axially-outer cylinder is driven. On the work side, the entry-
side upper-intermediate-roll bending cylinder 750A is driven, and the axially-outer cylinder in the exit-side upper-inter-
mediate-roll bending cylinders 751A is not driven, but the axially-inner cylinder is driven.

[0094] The boundary between the section A and the section B exists at a position within Lg/4 on the axially-outer side
of the intersection of the entry-side upper-intermediate-roll bending cylinder 750A and the axially-inner exit-side upper-
intermediate-roll bending cylinder 751A. When the bearing center exists in the section A, on the drive side, the entry-
side upper-intermediate-roll bending cylinder 750A is driven, and the axially-outer cylinder in the exit-side upper-inter-
mediate-roll bending cylinders 751A is not driven, but the axially-inner cylinder is driven. On the work side, the entry-
side upper-intermediate-roll bending cylinder 750A is driven, and the axially-inner cylinder is not driven, but the axially-
outer cylinder is driven.

[0095] When the bearing center exists in the section B, on each the drive side and the work side, the entry-side upper-
intermediate-roll bending cylinder 750A is driven similarly to the cases of the sections A and C, and the output force of
both of the exit-side upper-intermediate-roll bending cylinders 751A is made 1/2 such that the total thereof becomes the
same as the output force of the entry-side upper-intermediate-roll bending cylinder.

[0096] The upper-intermediate-roll bearing-housing backlash elimination cylinder 771A is driven no matter which of
the sections A, B, and C in TABLE 2 the bearing center exists in.

[0097] In other respects, the configuration/action is approximately the same as the configuration/action of the rolling
mill according to the first embodiment mentioned before, and details thereof are omitted.

[0098] In the second embodiment of the present invention also in which a second cylinder that applies pressing force
to the bearing 790 in the rolling direction or in a direction opposite to the rolling direction is further included on either the
entry side or the exit side, and the second cylinder is arranged between the two first cylinders when the rolling mill is
viewed in the rolling direction. Also because of this, advantages almost similar to those of the rolling mill according to
the first embodiment mentioned before can be attained.

[0099] When the intermediate roll shifts within Ls, the bearing center exists in any of sections A, B, and C illustrated
in FIG. 8. By arranging the second cylinder between the first cylinders in the axial direction when the rolling mill is viewed
in the rolling direction, the second cylinder is positioned almost at the intermediate position of Ls. Accordingly, it becomes
easier to cause the pressing force of the second cylinder to act on a position near the lengthwise middle portion of the
shifted bearing, the output force required of the second cylinder can be reduced, and the size of the cylinder can be
reduced. Thereby, it can be housed in the upper-intermediate-roll bending block part 727. Thereby, it becomes possible
to make it difficult for the bearing and the first cylinders to shift in the rolling direction at the time of biting of the rolled
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material, and thus the bending precision can be kept higher.

[0100] Similarly to the first embodiment, the axially-outer upper-intermediate-roll bending cylinder 751A is driven at
output force obtained by multiplying total output force of the two upper-intermediate-roll bending cylinders 751A by a1,
the axially-inner upper-intermediate-roll bending cylinder 751A is driven at output force obtained by multiplying the total
output force by a2, the total of a1 and a2 is 1, and a1 and a2 are adjusted such that the acting position of the total
output force is almost at the bearing center. The two upper-intermediate-roll bending cylinders 751A can be driven along
with the upper-intermediate-roll bending cylinder 750A in this manner also.

[0101] Note that the form illustrated on the drive side in FIG. 5 can be adopted for the drive side, and also the form
illustrated on the work side in FIG. 8 can be adopted for the work side. In addition, conversely, the form illustrated on
the drive side in FIG. 8 can be adopted for the drive side, and also the form illustrated on the work side in FIG. 5 can be
adopted for the work side.

<Third Embodiment

[0102] Therolling millaccording to a thirdembodimentinthe presentinventionis explained by using FIG. 9and TABLE 3.
[0103] The rolling mill according to the present embodimentillustrated in FIG. 9 corresponds to the rolling mill according
to the first embodiment, but is different in that it includes, between the two rolled material 5 entry-side upper-intermediate-
roll bending cylinders 750, an upper-intermediate-roll bending cylinder 750B (third cylinder) that further applies bending
force vertically to the bearing 790 to cause the roll to perform bending. Similarly to the upper-intermediate-roll bending
cylinders 750, the upper-intermediate-roll bending cylinder 750B is arranged so as to apply bending force toward the
increase side.

[0104] Next, details of drive control of the upper-intermediate-roll bending cylinders 750, 750B, and 751, and the upper-
intermediate-roll bearing-housing backlash elimination cylinders 771 according to the present embodiment are explained.
[0105] In the present embodiment also, the shift amount of the bearing 790 is defined as L, and L, is divided into
sections A, B, C, and D. TABLE 3 illustrates a relation between the bearing-center position and the state of driving of
each cylinder. The intersection position of the roll-axis line and a line linking e1 and d1 is the boundary between the
section D and the section C. The intersection position of the roll-axis line and a line linking €3 and d1 is the boundary
between the section B and the section A.

[TABLE 3]
section where bearing-center position exists
type position acting force
D C B A
el Pe1 1xPbe ao1XPbe 0XxPbe 0XxPbe
e2 Pe2 0xPbe a2XPbe a2XPbe 0xPbe
entry side
el Pe3 0XxPbe 0XxPbe a3XPbe 1xPbe
bending force
Total =Pe1+Pe2+Pe 3 Pbe Pbe Pbe Pbe
exit side d1 Pd1 1XPbd 1xPbd 1XPbd 1XPbd
total Pbe+Pbd | Pbet+Pbd | Pbet+Pbd | Pbe+Pbd
g1 Pg1 y1XPg y1XPg y1XPg y1XPg
backlash axial direction
elimination g2 Pg2 y2XPg y2xPg y2xPg y2XPg
pressing force total output force =Pg1+Pg2 Pg Pg Pg Pg

[0106] When the axial center of the bearing exists in the section D, an axially-outer upper-intermediate-roll bending
cylinder 750,e1 and an upper-intermediate-roll bending cylinder 751,d1 are driven.

[0107] When the axial center of the bearing exists in the section C, the axially-outer upper-intermediate-roll bending
cylinder 750,e1 is driven at output force obtained by multiplying required entry-side bending force Pbe by a predetermined
coefficient a1, an upper-intermediate-roll bending cylinder 750B,e2 is driven at output force obtained by multiplying the
required entry-side bending force Pbe by a predetermined coefficient a2, and the upper-intermediate-roll bending cylinder
751,d1 is driven.

[0108] When the axial center of the bearing exists in the section B, the upper-intermediate-roll bending cylinder 750B,
e2 is driven at output force obtained by multiplying the required entry-side bending force Pbe by the predetermined
coefficient a2, and an axially-inner upper-intermediate-roll bending cylinder 750,e3 is driven at output force obtained by
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multiplying the required entry-side bending force Pbe by a predetermined coefficient a3, and the upper-intermediate-
roll bending cylinder 751,d1 is driven.

[0109] When the axial center of the bearing exists in the section A, the axially-inner upper-intermediate-roll bending
cylinder 750,e3 and the upper-intermediate-roll bending cylinder 751,d1 are driven.

[0110] No matter which area the axial center of the bearing exists in, the resultant force of the entry-side bending force
Pbe and the exit-side bending force Pbd is adjusted such that it becomes bending force required for the roll, and the
resultant force is adjusted such that it acts on a position near the axial center of the roll.

[0111] Regarding the output force of the upper-intermediate-roll bearing-housing backlash elimination cylinders 771,
at any location, an axially-outer upper-intermediate-roll bearing-housing backlash elimination cylinder 771,g1 is driven
at output force obtained by multiplying required backlash elimination pressing force Pg by the predetermined coefficient
v1, and an axially-inner upper-intermediate-roll bearing-housing backlash elimination cylinder 771,92 is driven at output
force obtained by multiplying the required backlash elimination pressing force Pg by the predetermined coefficient y2.
[0112] Note that similarly to y1 and y2, the values of a1, a2, and a3 for each area need not be the same values, and
can be set to different values as appropriate for each area such that the acting position of the output force of the four
upper-intermediate-roll bending cylinders 750, 750B, and 751, and the acting position of the output force of the two
upper-intermediate-roll bearing-housing backlash elimination cylinders 771 approximately match the center position of
the bearing 790. In addition, it is also possible to use not only e1, but to use e1 and e2 on the entry side in the case of
the section D to cause bending force to act on a position near the lengthwise center position of the bearing, and allocation
of the output force can be set as appropriate by setting a1, a2, and a3 for each section.

[0113] In other respects, the configuration/action is approximately the same as the configuration/action of the rolling
mill according to the first embodiment mentioned before, and details thereof are omitted.

[0114] With the rolling mill according to the third embodiment of the present invention also, advantages almost similar
to those of the rolling mill according to the first embodiment mentioned before can be attained.

[0115] In addition, since a third cylinder that further applies bending force vertically to the bearing 790 to cause the
roll to perform bending is included between the two first cylinders, an area within which the bending force can be caused
to act widens in the axial direction. Accordingly, the shift amount can be increased, and it is possible to cause a load to
be applied at the lengthwise center position of the bearing more accurately when the shift amount is small.

[0116] Furthermore, the output force of the upper-intermediate-roll bending cylinders 750, 750B, and 751 is caused
to act on an upper-intermediate-roll bearing-housing flange part 822AB in FIG. 9 as roll bending force. The length of the
upper-intermediate-roll bearing-housing flange part 822AB is defined as Lsg. When the intermediate roll shifts, the
bearing also shifts along with its bearing housing. In order to cause roll bending force to act at a position to which the
bearing has shifted, the upper-intermediate-roll bearing-housing flange part 822AB is needed for bending cylinders that
are driven at the position to which the bearing has shifted. Since bending cylinders to be used are chosen according to
the shift position, this gives an advantage of not requiring long L-g even in a case where the shift amount is large, and
of not complicating the bearing housing. Problems that a bearing housing becomes long in the axial direction, and large
in size, and the structure becomes complicated occur in a case where long L is required, but these problems can be
avoided.

[0117] Note that whereas the one upper-intermediate-roll bending cylinder 750B is provided in the case explained in
the present embodiment, two or more upper-intermediate-roll bending cylinders 750B can be provided. At this time, the
axial positions of the second and subsequent upper-intermediate-roll bending cylinders 750B are not particularly limited.
One or more second and subsequent upper-intermediate-roll bending cylinders 750B can be arranged on the axially-
outer side of the axially-outer upper-intermediate-roll bending cylinder 750, one or more second and subsequent upper-
intermediate-roll bending cylinders 750B can be arranged on the axially-inner side of the axially-inner upper-intermediate-
roll bending cylinder 750, and so on.

[0118] In addition, like the relation between the first embodiment and the second embodiment, the entry side and the
exit side in FIG. 9 can be reversed, and the upper-intermediate-roll bending cylinders 750 and the upper-intermediate-
roll bending cylinder 750B can be arranged on the exit side. In this case also, the number of upper-intermediate-roll
bending cylinders 750B is not particularly limited, and one or more upper-intermediate-roll bending cylinders 750B can
be provided.

[0119] Furthermore, one or more cylinders with specifications similar to those of the upper-intermediate-roll bending
cylinder 750B can be added on the entry side and the exit side.

<Fourth Embodiment>
[0120] The rolling mill according to a fourth embodiment of the present invention is explained by using FIG. 10 and
TABLE 4.

[0121] Therolling millaccording to the presentembodimentillustratedin FIG. 10 corresponds to the rolling mill according
to the first embodiment, but is different in that it further includes, on the rolled material 5 exit side, upper-intermediate-
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roll bending cylinders 751C (fourth cylinders) each of which is, on the drive side, at a position on an axially-outer side
of, and is, on the work side, at a position on an axially-inner side of the two rolled material 5 entry-side upper-intermediate-
roll bending cylinders 750 when viewed in the rolling direction. Similarly to the upper-intermediate-roll bending cylinders
750, the upper-intermediate-roll bending cylinders 751C are arranged to apply bending force toward the increase side.
[0122] Next, details of drive control of the upper-intermediate-roll bending cylinders 750, 751, and 751C, and the
upper-intermediate-roll bearing-housing backlash elimination cylinders 771 according to the present embodiment are
explained.

[0123] In the present embodiment also, the shift amount of the bearing 790 is defined as L, and Ly is divided into
sections A and B. TABLE 4 illustrates a relation between the bearing-center position and the state of driving of each
cylinder. The intersection position of the roll-axis line and a line linking e1 and d2 is the boundary between the section
B and the section A.

[TABLE 4]
section where bearing-center position
type position af]g:rg exists
B A
el Pe1 1XPbe ael1XPbe
entry side e2 Pe2 0XxPbe ae2XPbe
total=Pe1+Pe2 Pbe Pbe
bending force d1 Pd1 ad1XxPbd 0XxPbd
exit side d2 Pd2 ad2xPbd 1xPbd
total=Pd1+Pd2 Pbd Pbd
total Pbe+Pbd Pbe+Pbd
axial g1 Pg1 71XPg 71XPg
backlash elirfnoi::etion pressing direction 92 Pg2 12xPg y2xPg
total output force=Pg1+Pg2 Pg Pg

[0124] When the axial center of the bearing 790 exists in the section B, the axially-outer upper-intermediate-roll bending
cylinder 750,e1 and upper-intermediate-roll bending cylinder 751C,d1 are driven at output force obtained by multiplying
the required exit-side bending force Pbd by a predetermined coefficient ad1, and the upper-intermediate-roll bending
cylinder 751,d2 is driven at output force obtained by multiplying the required exit-side bending force Pbd by a predeter-
mined coefficient ad2.

[0125] Regarding the backlash elimination cylinders, in any section, the axially-outer upper-intermediate-roll bearing-
housing backlash elimination cylinder 771,91 is driven at output force obtained by multiplying the required backlash
elimination pressing force Pg by the predetermined coefficient y1, and the axially-inner upper-intermediate-roll bearing-
housing backlash elimination cylinder 771,92 is driven at output force obtained by multiplying the required backlash
elimination pressing force Pg by the predetermined coefficient y2.

[0126] When the axial center of the bearing 790 exists in the section A, the upper-intermediate-roll bending cylinder
750,e1 is driven at output force obtained by multiplying the required entry-side bending force Pbe by a predetermined
coefficient ae1, an upper-intermediate-roll bending cylinder 750,e2 is driven at output force obtained by multiplying the
required entry-side bending force Pbe by a predetermined coefficient ae2, and the upper-intermediate-roll bending
cylinder 751,d2 is driven.

[0127] Note that the coefficients ae1, ae2, ad1, and ad2 for each section need not be the same values, but are set
to different values as appropriate for each section such that the acting position of the output force of the four upper-
intermediate-roll bending cylinders 750,e1, 750,e2, 751C,d1, and 751,d2 approximately matches the center position of
the bearing 790.

[0128] In addition, the coefficients y1 and y2 for each section of the upper-intermediate-roll bearing-housing backlash
elimination cylinders 771,91 and 771,92 need not be the same values, but are set to different values as appropriates
for each section such that the acting position of the output force of the upper-intermediate-roll bearing-housing backlash
elimination cylinders 771,91 and 771,92 approximately matches the center position of the bearing 790 or becomes as
close to the center position of the bearing 790 as possible.

[0129] In other respects, the configuration/action is approximately the same as the configuration/action of the rolling
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mill according to the first embodiment mentioned before, and details thereof are omitted.

[0130] With the rolling mill according to the fourth embodiment of the present invention also, advantages almost similar
to those of the rolling mill according to the first embodiment mentioned before can be attained.

[0131] In addition, one or more fourth cylinders that further apply bending force vertically to the bearing 790 to cause
the roll to perform bending are further included at positions on an axially-outer side of the one first cylinder provided on
the opposite exit side, and one of the two entry-side first cylinders is arranged between the first cylinder and the fourth
cylinders that are provided on the opposite side when the rolling mill is viewed in the rolling direction. Also because of
this, the area within which the bending force can be caused to act can be widened in the axial direction, and the shift
amount can be increased.

[0132] Note that whereas the one upper-intermediate-roll bending cylinder 751C is provided in the case explained in
the present embodiment, two or more upper-intermediate-roll bending cylinders 751C can be provided. At this time, the
axial positions of the second and subsequent upper-intermediate-roll bending cylinders 751C are not particularly limited.
One or more upper-intermediate-roll bending cylinders 751C can be arranged between the upper-intermediate-roll bend-
ing cylinder 751C and the upper-intermediate-roll bending cylinder 751, one or more upper-intermediate-roll bending
cylinders 751C can be arranged on the axially-inner side of the upper-intermediate-roll bending cylinder 751, and so on.
[0133] In addition, the entry side and the exit side in FIG. 10 can be reversed, and the upper-intermediate-roll bending
cylinders 750 and the upper-intermediate-roll bending cylinder 751C can be arranged on the entry side. In this case
also, the number of the upper-intermediate-roll bending cylinders 751C is not particularly limited, and one or more upper-
intermediate-roll bending cylinders 751C can be provided.

[0134] Furthermore, the upper-intermediate-roll bending cylinders 751C can be added on the entry side and the exit
side.

<Fifth Embodiment>

[0135] The rolling mill according to a fifth embodiment of the present invention is explained by using FIG. 11.

[0136] Therollingmillaccording to the presentembodimentillustratedin FIG. 11 corresponds to the rolling mill according
to the first embodiment illustrated in FIG. 5, but is different in that the upper-work-roll bending cylinders 742 and 743
and the lower-work-roll bending cylinders 746 and 747 that apply pressing force toward the decrease side are omitted.
In other respects, the configuration/action is approximately the same as the configuration/action of the rolling mill ac-
cording to the first embodiment mentioned before, and details thereof are omitted.

[0137] With the rolling mill according to the fifth embodiment of the present invention also, advantages almost similar
to those of the rolling mill according to the first embodiment mentioned before can be attained.

[0138] Note that similarly to the present embodiment, it is possible to omit decrease-side bending cylinders in the third
embodiment and the fourth embodiment also. In addition, it is also possible to add decrease-side bending cylinders in
the second embodiment.

<Others>

[0139] Note that the present invention is not limited to the embodiments described above, and includes various mod-
ification examples. The embodiments described above are explained in detail in order to explain the present invention
in an easy-to-understand manner, and the present invention is not necessarily limited to those including all the config-
urations explained. Whereas portions around intermediate rolls are explained, the same principles can be used effectively
for portions around shifted work rolls.

[0140] In addition, it is also possible to replace some of the configurations of an embodiment with configurations of
another embodiment, and it is also possible to add a configuration of an embodiment to the configurations of another
embodiment. In addition, also, some of the configurations of each embodiment can additionally have another configu-
ration, can be deleted and can be replaced with other configurations.

Description of Reference Characters
[0141]

1: Rolling facility

5: Rolled material

10: First stand (rolling mill)
20: Second stand (rolling mill)
30: Third stand (rolling mill)
40: Fourth stand (rolling mill)
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50: Fifth stand (rolling mill)

60: Sixth stand (rolling mill)

70: Seventh stand (rolling mill)

80: Controller

700: Housing

702: Entry-side fixation member

703: Exit-side fixation member

710: Upper work roll (roll)

711: Lower work roll (roll)

712: Upper-work-roll bearing housing

713: Lower-work-roll bearing housing

714: Work-roll bending block part

715, 716, 725, 726: Shift cylinder

720: Upper intermediate roll (roll)

721: Lower intermediate roll (roll)

722, 722A: Upper-intermediate-roll bearing housing

723, 723A: Lower-intermediate-roll bearing housing

725A: Shift mechanism

727: Upper-intermediate-roll bending block part

728: Lower-intermediate-roll bending block part

730: Upper backup roll

731: Lower backup roll

732: Upper-backup roll bearing housing

733: Lower-backup roll bearing housing

740, 741: Upper-work-roll bending cylinder (first cylinder)

742, 743: Upper-work-roll bending cylinder (fifth cylinder)

744, 745: Lower-work-roll bending cylinder (first cylinder)

746, 747: Lower-work-roll bending cylinder (fifth cylinder)

750, 750A, 751, 751A: Upper-intermediate-roll bending cylinder (first cylinder)

750B: Upper-intermediate-roll bending cylinder (third cylinder)

751C: Upper-intermediate-roll bending cylinder (fourth cylinder)

752, 753: Lower-intermediate-roll bending cylinder (first cylinder)

760: Upper-work-roll bearing-housing backlash elimination cylinder (second cylinder)
762: Lower-work-roll bearing-housing backlash elimination cylinder (second cylinder)
771, 771A: Upper-intermediate-roll bearing-housing backlash elimination cylinder (second cylinder)
773: Lower-intermediate-roll bearing-housing backlash elimination cylinder (second cylinder)
780: Upper-backup roll bearing-housing backlash elimination cylinder

782: Lower-backup roll bearing-housing backlash elimination cylinder

790: Bearing

822AB: Upper-intermediate-roll bearing-housing flange part

Claims

1.

A rolling mill comprising:

a roll that is shifted in an axial direction;

a bearing that is shifted in a roll-axis direction along with the roll, and receives a load from the roll; and
three or more first cylinders that apply bending force vertically to the bearing to cause the roll to perform bending,

wherein
the bearing and the first cylinders are provided on each a drive side and an work side of the roll,

two first cylinders among the first cylinders are provided in the roll-axis direction on the exit side or entry side

in a rolling direction,

one first cylinder among the first cylinders is provided on a side that is one of the entry side and the exit side in

the rolling direction, and that is opposite to a side provided with the two first cylinders, and

the first cylinder on the opposite side is positioned between the two first cylinders when viewed from the exit

side or entry side in the rolling direction.
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The rolling mill according to claim 1, wherein
one or more of first cylinders in the two first cylinders are arranged outside an area within which a center of the
bearing is shifted.

The rolling mill according to claim 1 or 2, further comprising:

a fixation member that is fixed to a housing of the rolling mill at least on either the exit side or entry side in the
rolling direction, and that is provided with the first cylinders; and

a second cylinder that is disposed on either the entry side or the exit side of the fixation member, and applies
pressing force to the bearing in a rolling direction or in a direction opposite to the rolling direction.

The rolling mill according to any one of claims 1 to 3, further comprising:

on either the entry side or the exit side, a second cylinder that applies pressing force to the bearing in a rolling
direction or in a direction opposite to the rolling direction, wherein

the second cylinder, when the rolling mill is viewed from the exit side or entry side in the rolling direction, is
arranged between the two first cylinders or is arranged on both of axial sides of the one first cylinder.

The rolling mill according to any one of claims 1 to 4, further comprising:

a controller that drives the first cylinders, wherein

the controller is configured to drive any one first cylinder of the two first cylinders and drive the first cylinder
provided on the opposite side when bending of the roll is performed and when a center of the bearing is arranged
on either an axially-outer side of an intersection of an axis line of the roll and a straight line linking the one first
cylinder and a first cylinder, the first cylinder being one first cylinder of the two first cylinders and being provided
on an axially-outer side, or an axially-inner side of an intersection of the axis line of the roll and a straight line
linking the one first cylinder and a first cylinder, the first cylinder being one first cylinder of the two first cylinders
and being provided on an axially-inner side.

The rolling mill according to any one of claims 1 to 5, further comprising:

a controller that drives the first cylinders, wherein

the controller is configured to perform control such that when bending of the roll is performed, a difference
between total output force of the two first cylinders and output force of the first cylinder provided on the opposite
side is within a predetermined range.

The rolling mill according to any one of claims 1 to 6, further comprising:
between the two first cylinders, a third cylinder that further applies bending force vertically to the bearing to cause
the roll to perform bending.

The rolling mill according to any one of claims 1 to 6, further comprising:

at a position on an axially-outer side of the one first cylinder provided on the opposite side, one or more fourth
cylinders that apply bending force vertically to the bearing to cause the roll to perform bending, wherein,

when the rolling mill is viewed from the exit side or entry side in the rolling direction, one first cylinder of the two
first cylinders is arranged between the first cylinder and the fourth cylinder that are provided on the opposite side.

The rolling mill according to any one of claims 1 to 8, comprising:

a work roll that contacts a rolled material; and
an intermediate roll that contacts the work roll, wherein
the roll is the intermediate roll.

10. The rolling mill according to any one of claims 1 to 9, further comprising:

a fixation member that is fixed to a housing of the rolling mill at least either entry-side or exit-side in the rolling
direction, and is provided with the first cylinders; and
a fifth cylinder that applies, to a bearing of a work roll that contacts a rolled material, bending force in a direction
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opposite to the bending force applied by the first cylinders to cause the work roll to perform bending.

18
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