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(54) LEVELING CONTROL DEVICE, ROLLING EQUIPMENT PROVIDED WITH SAME, AND 
LEVELING CONTROL METHOD

(57) A leveling control apparatus 150 includes a
torque acquisition unit 161 that calculates, from torques
measured by shapemeters 91, 92, 93, 94, 95, and 96
individually provided between a plurality of rolling stands,
a torque distribution applied in a widthwise direction of a
steel sheet 1 between each adjacent ones of the plurality
of rolling stands, a primary component computing unit
162 that calculates a tension distribution in the widthwise
direction from the calculated torque distribution and cal-
culates a primary component in a case where a tension
distribution of the steel strip 1 is represented by a poly-

nomial from the tension distribution, a leveling correction
amount computing unit 163 that calculates, on the basis
of the calculated primary components, a leveling correc-
tion amount for a rolling stand immediately preceding on
the rolling upstream side among the plurality of rolling
stands, and a leveling amount changing unit 164 that
changes, on the basis of the calculated leveling correc-
tion amounts, the leveling amounts in order toward the
rolling upstream side from the (last - 1)th stand among
the plurality of rolling stands.
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Description

Technical Field

[0001] The present invention relates to a leveling con-
trol apparatus, a rolling facility including the leveling con-
trol apparatus, and a leveling control method.

Background Art

[0002] As an example of strip curvature control method
in a tandem mill that can perform entirely reorganized
and consolidated control on the tandem mill to thereby
reliably prevent occurrence of curvature not only on the
exit side of a last rolling mill stand but also throughout
the entire tandem mill, Patent Document 1 describes a
strip curvature control method in a tandem mill in which
method a plurality of rolling mill stands perform rolling of
a strip simultaneously by successively passing the strip
through a plurality of rolling mill stands arranged in series,
and left and right tension deviations of the strip between
the rolling mill stands are removed by adjusting the left
and right screw-down amounts of each of the rolling mill
stands on the basis of the detected values of left and
right tension deviations of the strip between the rolling
mill stands, to thereby perform strip curvature control.
Moreover, in the strip curvature control method, the ad-
justment of the screw-down amount at a rolling mill stand
is performed in front of the position where the left and
right tension deviation of the strip is detected, on the basis
of the detected value of the left and right tension deviation
of the strip that has exited from the rolling mill stand, and
the adjusting operation is performed progressively to-
ward a rolling mill stand on the entry side.

Prior Art Document

Patent Document

[0003] Patent Document 1: JP-S63-29605-A

Summary of the Invention

Problems to be Solved by the Invention

[0004] There has been well known in the art that rolling
facilities that operate at high rolling speeds tend to cause
the strip to curve largely due to the differences between
left and right screw-down amounts at rolling mills or the
differences between left and right thicknesses of the strip.
Since the occurrence of such a strip curvature damages
the quality of the product, there have been strong de-
mands for the development of a control method for pre-
venting a strip curvature from occurring.
[0005] Methods of preventing a strip curvature include
the method disclosed in Patent Document 1, for example.
According to Patent Document 1, screw-down control is
performed at the rolling mill stand in front of the tension

detecting position on the basis of the left and right tension
deviations of the strip between the rolling mill stands, and
the control is brought progressively toward the entry side.
[0006] However, since allowable tension deviations
are different depending on the width of the strip and ten-
sion deviations contain measurement errors, the accu-
racy tends to be reduced if the measured tension devia-
tions are used as they are for the screw-down control. It
has thus become obvious that the method remains to be
improved.
[0007] According to the present invention, there are
provided a leveling control apparatus, a rolling facility in-
cluding the leveling control apparatus, and a leveling con-
trol method that are capable of increasing, compared with
the conventional art, the accuracy of screw-down control
for each rolling mill stand of a hot rolling line that includes
an array of rolling mill stands.

Means for Solving the Problems

[0008] The present invention includes a plurality of
means for solving the above problems. According to an
example of the invention, there is provided a leveling con-
trol apparatus for a hot rolling line that includes a plurality
of arrayed rolling mill stands, including
a torque acquisition unit that calculates a torque distri-
bution applied in a widthwise direction of a steel strip
between each adjacent ones of the plurality of rolling mill
stands from a torque measured by each of shapemeters
disposed between the plurality of rolling mill stands, a
primary component computing unit that calculates a ten-
sion distribution in the widthwise direction from the cal-
culated torque distribution and that calculates a primary
component in a case where a tension distribution of the
steel strip is represented by a polynomial from the tension
distribution, a leveling correction amount computing unit
that calculates a leveling correction amount for a rolling
mill stand immediately preceding on a rolling upstream
side among the plurality of rolling mill stands, on the basis
of the calculated primary component, and a leveling
amount changing unit that changes a leveling amount in
order toward the rolling upstream side from a (last - 1)th
rolling mill stand among the plurality of rolling mill stands
on the basis of the calculated leveling correction amount.

Advantages of the Invention

[0009] According to the present invention, the accura-
cy of screw-down control for each rolling mill stand of a
hot rolling line that includes an array of rolling mill stands
can be increased compared with the conventional art.
Other problems, structures, and advantages than those
described above will become apparent from the descrip-
tion of embodiments given below.

Brief Description of the Drawings

[0010]

1 2 
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FIG. 1 is a schematic view illustrating the configura-
tion of a rolling facility incorporating a leveling control
apparatus according to a first embodiment of the
present invention.
FIG. 2 is a view illustrating an example of method of
determining an allowable range for a primary com-
ponent in the leveling control apparatus according
to the first embodiment.
FIG. 3 is a flowchart illustrating an example of se-
quence of control for correcting a leveling amount in
the leveling control apparatus according to the first
embodiment.
FIG. 4 is a schematic view illustrating the configura-
tion of a rolling facility incorporating a leveling control
apparatus according to a second embodiment of the
present invention.
FIG. 5 is a flowchart illustrating an example of se-
quence of control for correcting a leveling amount in
the leveling control apparatus according to the sec-
ond embodiment.
FIG. 6 is a schematic view illustrating the configura-
tion of a rolling facility incorporating a leveling control
apparatus according to a third embodiment of the
present invention.
FIG. 7 is a flowchart illustrating an example of se-
quence of control for correcting a leveling amount in
the leveling control apparatus according to the third
embodiment.

Modes for Carrying Out the Invention

[0011] Leveling control apparatuses, rolling facilities
including the leveling control apparatuses, and leveling
control methods according to embodiments of the
present invention will be described hereinbelow with ref-
erence to the drawings.
[0012] In the drawings accompanying the present de-
scription, those constituent elements which are identical
or correspond to each other are denoted by identical or
similar reference characters, and their repetitive expla-
nation may be omitted from the description.
[0013] Furthermore, materials to be rolled according
to the present invention are not limited to steel strips, but
may be metal strips that can generally be rolled, and are
not restricted to any particular types, but may be nonfer-
rous materials such as aluminum and copper other than
steel strips.

<First Embodiment>

[0014] A leveling control apparatus, a rolling facility in-
cluding the leveling control apparatus, and a leveling con-
trol method according to a first embodiment of the present
invention will be described below with reference to FIGS.
1 through 3.
[0015] First, the overall configuration of a rolling facility
including the leveling control apparatus will be described
below with reference to FIG. 1. FIG. 1 is a schematic view

illustrating the configuration of the rolling facility incorpo-
rating the leveling control apparatus according to the first
embodiment.
[0016] A rolling facility 200 in FIG. 1, is a finishing rolling
facility for rolling a steel strip 1, and includes an F1 rolling
mill stand 10, an F2 rolling mill stand 20, an F3 rolling
mill stand 30, an F4 rolling mill stand 40, an F5 rolling
mill stand 50, an F6 rolling mill stand 60, an F7 rolling
mill stand 70, cameras 81, 82, 83, 84, 85, and 86,
shapemeters 91, 92, 93, 94, 95, and 96, a leveling control
apparatus 150, etc.
[0017] The rolling facility 200 is not limited to the con-
figuration including the seven rolling mill stands as illus-
trated in FIG. 1, but may include a minimum of three
rolling mill stands or more.
[0018] A rolling mill is provided with the F1 stand 10,
the F2 stand 20, the F3 rolling mill stand 30, the F4 rolling
mill stand 40, the F5 rolling mill stand 50, the F6 rolling
mill stand 60, and the F7 rolling mill stand 70 each in-
cludes: a top work roll and a bottom work roll; a top backup
roll and a bottom backup roll that support the top work
roll and the bottom work roll, respectively, by contacting
them; screw-down devices 11, 21, 31, 41, 51, 61, and 71
disposed above the respective top backup rolls; and load
detectors 12, 22, 32, 42, 52, 62, 72. The information on
rolling loads measured by the load detectors 12, 22, 32,
42, 52, 62, and 72 is transmitted via communication line
110 to the leveling control apparatus 150.
[0019] Each of the rolling mill stands may be configured
as a six-high rolling mill including top and bottom inter-
mediate rolls disposed between the top and bottom work
rolls and the top and bottom backup rolls. The roll con-
figuration of the rolling mill is not limited to the above
configurations, but may include a minimum of top and
bottom work rolls.
[0020] The shapemeters 91, 92, 93, 94, 95, and 96 are
disposed between the F1 rolling mill stand 10, the F2
rolling mill stand 20, the F3 rolling mill stand 30, the F4
rolling mill stand 40, the F5 rolling mill stand 50, the F6
rolling mill stand 60, and the F7 rolling mill stand 70, re-
spectively, and are measuring instruments for measuring
torques on the steel strip 1. The shapemeters 91, 92, 93,
94, 95, and 96 are capable of detecting a tension distri-
bution on the steel strip 1 along the widthwise direction
thereof, and are also capable of detecting the position of
the steel strip 1.
[0021] The information on a surface shape, measured
by the shapemeter 91, of the steel strip 1 on the exit side
of the F1 rolling mill stand 10 (the entry side of the F2
rolling mill stand 20) is transmitted via the communication
line 110 to the leveling control apparatus 150. The infor-
mation on a surface shape, measured by the shapemeter
92, of the steel strip 1 at the exit side of the F2 rolling ill
stand 20 (the entry side of the F3 rolling mill stand 30) is
transmitted via the communication line 110 to the leveling
control apparatus 150. The information on a surface
shape, measured by the shapemeter 93, of the steel strip
1 at the exit side of the F3 rolling mill stand 30 (the entry
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side of the F4 rolling mill stand 40) is transmitted via the
communication line 110 to the leveling control apparatus
150. The information on a surface shape, measured by
the shapemeter 94, of the steel strip 1 at the exit side of
the F4 rolling mill stand 40 (the entry side of the F5 rolling
mill stand 50) is transmitted via the communication line
110 to the leveling control apparatus 150. The informa-
tion on a surface shape, measured by the shapemeter
95, of the steel strip 1 at the exit side of the F5 rolling mill
stand 50 (the entry side of the F6 rolling mill stand 60) is
transmitted via the communication line 110 to the leveling
control apparatus 150. The information on a surface
shape, measured by the shapemeter 96, of the steel strip
1 at the exit side of the F6 rolling mill stand 60 (the entry
side of the F7 rolling mill stand 70) is transmitted via the
communication line 110 to the leveling control apparatus
150.
[0022] A shapemeter 97 is also a measuring instru-
ment for measuring a surface shape of the steel strip 1
as with the shapemeter 91, etc., and is disposed on the
exit side of the F7 rolling mill stand 70. The information
on a surface shape, measured by the shapemeter 97, of
the steel strip 1 at the exit side of the F7 rolling mill stand
70 is transmitted via the communication line 110 to the
leveling control apparatus 150.
[0023] The camera 81 is disposed in a position where
it can photograph an image including the steel strip 1 on
the exit side of the F1 rolling mill stand 10 and the entry
side of the F2 rolling mill stand 20. The camera 82 is
disposed in a position where it can photograph an image
including the steel strip 1 on the exit side of the F2 rolling
mill stand 20 and the entry side of the F3 rolling mill stand
30. The camera 83 is disposed in a position where it can
photograph an image including the steel strip 1 on the
exit side of the F3 rolling mill stand 30 and the entry side
of the F4 rolling mill stand 40. The camera 84 is disposed
in a position where it can photograph an image including
the steel strip 1 on the exit side of the F4 rolling mill stand
40 and the entry side of the F5 rolling mill stand 50. The
camera 85 is disposed in a position where it can photo-
graph an image including the steel strip 1 on the exit side
of the F5 rolling mill stand 50 and the entry side of the
F6 rolling mill stand 60. The camera 86 is disposed in a
position where it can photograph an image including the
steel strip 1 on the exit side of the F6 rolling mill stand
60 and the entry side of the F7 rolling mill stand 70.
[0024] These cameras 81, 82, 83, 84, 85, and 86 pho-
tograph images including the steel strip 1 directly from
above the steel strip 1 or obliquely from above the steel
strip 1 at intervals shorter than 0.1 second, for example,
preferably in a moving image format. The data on the
photographed images are transmitted via the communi-
cation line 110 to the leveling control apparatus 150.
[0025] The leveling control apparatus 150 is an appa-
ratus configured with a computer for controlling operation
of the various devices in the rolling facility 200, and has
a torque acquisition unit 161, a primary component com-
puting unit 162, a leveling correction amount computing

unit 163, a leveling amount changing unit 164, an off-
center amount computing unit 165, and a storage unit
166.
[0026] The torque acquisition unit 161 calculates a
toque distribution on the steel strip 1 along the widthwise
direction thereof between the F1 rolling mill stand 10, the
F2 rolling mill stand 20, the F3 rolling mill stand 30, the
F4 rolling mill stand 40, the F5 rolling mill stand 50, the
F6 rolling mill stand 60, and the F7 rolling mill stand 70
from the torques measured by the shapemeters 91, 92,
93, 94, 95, and 96 that are disposed respectively between
the F1 rolling mill stand 10, the F2 rolling mill stand 20,
the F3 rolling mill stand 30, the F4 rolling mill stand 40,
the F5 rolling mill stand 50, the F6 rolling mill stand 60,
and the F7 rolling mill stand 70. The torque acquisition
unit 161 is preferably a main entity for carrying out a
torque acquiring step.
[0027] The torque acquisition unit 161 also calculates
a toque distribution along the widthwise direction of the
steel strip 1 on the rolling downstream side of the F7
rolling mill stand 70, from the torque on the steel strip 1
acquired by the shapemeter 97 disposed on the rolling
downstream side of the last F7 rolling mill stand 70.
[0028] The off-center amount computing unit 165 cal-
culates deviations between the center of the steel strip
1 along the widthwise direction thereof and the rolling
center between respective rolling mill stands of the F1
rolling mill stand 10, the F2 rolling mill stand 20, the F3
rolling mill stand 30, the F4 rolling mill stand 40, the F5
rolling mill stand 50, the F6 rolling mill stand 60, and the
F7 rolling mill stand 70, from the results measured by
strip position detectors disposed respectively between
the F1 rolling mill stand 10, the F2 rolling mill stand 20,
the F3 rolling mill stand 30, the F4 rolling mill stand 40,
the F5 rolling mill stand 50, the F6 rolling mill stand 60,
and the F7 rolling mill stand 70.
[0029] The strip position detectors whose measured
results are acquired by the off-center amount computing
unit 165 are represented by the cameras 81, 82, 83, 84,
85, and 86 or the shapemeters 91, 92, 93, 94, 95, 96,
and 97.
[0030] The primary component computing unit 162 cal-
culates a tension distribution on the steel strip 1 along
the widthwise direction thereof from the torque distribu-
tion calculated by the torque acquisition unit 161. The
primary component computing unit 162 also calculates
a primary component of a polynomial that represents the
tension distribution on the steel strip 1 from the calculated
tension distribution. At this time, the primary component
computing unit 162 can correct the torque distribution on
the steel strip 1 along the widthwise direction thereof on
the basis of the deviations (off-center amount ΔYc in FIG.
2) calculated by the off-center amount computing unit
165. The primary component computing unit 162 is pref-
erably a main entity for carrying out a primary component
computing step.
[0031] The leveling correction amount computing unit
163 calculates leveling correction amounts for the rolling
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mill stands 10, 20, 30, 40, 50, and 60 immediately pre-
ceding on the rolling upstream side, on the basis of the
primary component calculated by the primary component
computing unit 162. The leveling correction amount com-
puting unit 163 should preferably calculate a leveling cor-
rection amount for the F7 rolling mill stand 70 on the basis
of the primary component calculated by the primary com-
ponent computing unit 162. The leveling correction
amount computing unit 163 is preferably a main entity
for carrying out a leveling correction amount computing
step.
[0032] More specifically, the leveling correction
amount computing unit 163 performs leveling correction
on the F6 rolling mill stand 60 using the primary compo-
nent of the tension distribution calculated from the torque
on the steel strip 1 that has been measured by the
shapemeter 96 disposed on the exit side of the F6 rolling
mill stand 60. This processing is performed progressively
toward the rolling upstream side.
[0033] When the leveling of each rolling mill stand is
changed, both the primary components on the entry and
exit sides of each rolling mill stand vary. Therefore, it is
desirable to determine an amount of adjustment using
the primary component on the exit side of the last F7
rolling mill stand 70. It is thus desirable to perform leveling
correction on the F7 rolling mill stand 70 using the primary
component of the tension distribution calculated from the
torque on the steel strip 1 that has been measured by
the shapemeter 97 disposed on the exit side of the F7
rolling mill stand 70.
[0034] When the leveling is corrected at an upstream
rolling mill stand, its effect is propagated to downstream
rolling mill stands. Consequently, it is desirable to per-
form feedback control on the leveling amount of each
rolling mill stand such that the strip wedge ratio is con-
stant, i.e., the primary component is zero.
[0035] When the trailing end (terminal strip end) of the
steel strip 1 reaches the shapemeter 94 on the entry side
of the F5 rolling mill stand 5, the shapemeter 96 of the
F7 rolling mill stand 70 starts being lowered vertically
downwardly (starts being spaced from the steel strip 1).
From this timing, therefore, it is desirable to perform lev-
eling correction on the F6 rolling mill stand 60 and the
F7 rolling mill stand 70 using the off-center amounts of
the steel strip 1 that have been input from the camera 85
on the entry side of the F6 rolling mill stand 60 and the
camera 86 on the entry side of the F7 rolling mill stand
70. More specifically, it is desirable to correct the leveling
of the F6 rolling mill stand 60 using the off-center amount
between the F5 rolling mill stand 50 and the F6 rolling
mill stand 60 and to correct the leveling of the F7 rolling
mill stand 70 using the off-center amount between the
F6 rolling mill stand 60 and the F7 rolling mill stand 70.
[0036] Moreover, when the trailing end of the steel strip
1 has passed through the position below the camera 86
on the entry side of the F7 rolling mill stand 70, no off-
center amount can be measured. It is therefore desirable
to switch to lock-on control on the differential load on the

F7 rolling mill stand 70.
[0037] The leveling correction amount computing unit
163 can calculate leveling correction amounts such that
the calculated primary component falls within an allow-
able range.
[0038] FIG. 2 is a view illustrating an example of meth-
od of determining an allowable range for a primary com-
ponent.
[0039] FIG. 2 illustrates the timing when the trailing end
of the steel strip 1 has left the F6 rolling mill stand 60.
Inasmuch as the steel strip 1 has left the F6 rolling mill
stand 60, only the F7 rolling mill stand 70 exerts lateral
restraint forces on the steel strip 1, tending to allow the
steel strip 1 to move off-center to a large extent.
[0040] It is assumed that the average thickness of the
steel strip 1 on the entry side of the F7 rolling mill stand
70 is indicated by H, the difference between the thick-
nesses of both edges of the steel strip 1 on the entry side
of the F7 rolling mill stand 70 is indicated by ΔH, the
average thickness of the steel strip 1 on the exit side of
the F7 rolling mill stand 70 is indicated by h, the difference
between the thicknesses of both edges of the steel strip
1 on the exit side of the F7 rolling mill stand 70 is indicated
by Δh, and the difference between the center of the F7
rolling mill stand 70 along the widthwise direction thereof
and the center of the steel strip 1 along the widthwise
direction thereof, i.e., the off-center amount of the steel
strip 1, is indicated by ΔYc. The off-center amount ΔYc
of the steel strip 1 is calculated using the angular velocity
of rotation of the tail end of the steel strip 1 and the speed
at which the steel strip 1 moves in the widthwise direction
thereof. Further, the angular velocity of rotation of the tail
end of the steel strip 1 and the speed at which the steel
strip 1 moves in the widthwise direction thereof are cal-
culated using a change in the strip wedge ratio (Δh/h -
ΔH/H). Furthermore, the primary component (elongation
difference ratio) of the polynomial that represents the ten-
sion distribution on the steel strip 1 is correlated to the
change in the strip wedge ratio (Δh/h - ΔH/H), and the
leveling amount (difference between screw-down ratios)
is also correlated to ΔH and Δh, so that they can be cal-
culated by way of calculation. By determining the allow-
able maximum value of the off-center amount ΔYc (for
example, the off-center amount ΔYc at the F7 rolling mill
stand 70 at the time where the tail end of the steel strip
1 contacts a side guide (omitted from illustration)), it can
be calculated by way of calculation how much the primary
component of the torque distribution on the steel strip 1
along the widthwise direction thereof on the exit side of
the F7 rolling mill stand 70 at the allowable maximum
value of the off-center amount ΔYc will be.
[0041] The leveling correction amount computing unit
163 can calculate, using a range of primary components
of torque distributions capable of keeping the off-center
amount ΔYc within an allowable range as an allowable
range, a leveling correction amount such that the primary
component calculated by the primary component com-
puting unit 162 falls within the allowable range.
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[0042] The leveling amount changing unit 164 changes
the leveling amount progressively toward the rolling up-
stream side from a (last - 1)th rolling mill stand among
the F1 stand 10, the F2 stand 20, the F3 rolling mill stand
30, the F4 rolling mill stand 40, the F5 rolling mill stand
50, the F6 rolling mill stand 60, and the F7 rolling mill
stand 70, on the basis of the leveling correction amount
calculated by the leveling correction amount computing
unit 163. Moreover, it is desirable that the leveling amount
changing unit 164 should change the leveling amount of
the F7 rolling mill stand 70 before the leveling amount of
the (last - 1)th rolling mill stand is changed. The leveling
amount changing unit 164 is preferably a main entity for
carrying out a leveling amount changing step.
[0043] The leveling amount changing unit 164 outputs
control parameter information on the calculated leveling
amount to the screw-down devices 11, 21, 31, 41, 51,
61, and 71 via communication line 120. The screw-down
devices 11, 21, 31, 41, 51, 61, and 71 then operate to
realize the leveling amount having been input.
[0044] The storage unit 166 is a storage device of the
computer configuring the leveling control apparatus 150,
and should preferably be an SSD or an HDD.
[0045] Control of operation of the devices by the lev-
eling control apparatus 150 and control of operation of
the torque acquisition unit 161, the primary component
computing unit 162, the leveling correction amount com-
puting unit 163, the leveling amount changing unit 164,
the off-center amount computing unit 165, and the stor-
age unit 166 are carried out in accordance with various
programs recorded in the storage unit 166.
[0046] Control processing for controlling operation that
is carried out by the leveling control apparatus 150 may
be combined in one program or separated in a plurality
of programs, or represented by a combination of those
programs. The programs may be partly or wholly imple-
mented by dedicated hardware or modularized.
[0047] Now, a leveling control method, preferably per-
formed by the leveling control apparatus 150 according
to the present embodiment, for a hot rolling line including
the array of the F1 stand 10, the F2 stand 20, the F3
rolling mill stand 30, the F4 rolling mill stand 40, the F5
rolling mill stand 50, the F6 rolling mill stand 60, and the
F7 rolling mill stand 70 will be described below with ref-
erence to FIG. 3. FIG. 3 is a flowchart illustrating an ex-
ample of sequence of control for correcting a leveling
amount in the leveling control apparatus according to the
first embodiment.
[0048] As illustrated in FIG. 3, first, the shapemeter 97
measures the torque on the steel strip 1 on the exit side
of the F7 rolling mill stand 70 (last rolling mill stand), and
the torque acquisition unit 161 of the leveling control ap-
paratus 150 calculates a torque distribution on the steel
strip 1 along the widthwise direction thereof and the pri-
mary component computing unit 162 calculates a primary
component along the widthwise direction of the steel strip
1 (step S101).
[0049] Then, the leveling correction amount computing

unit 163 of the leveling control apparatus 150 computes
a leveling correction amount for the F7 rolling mill stand
70 in view of the primary component calculated in step
S101, and the leveling amount changing unit 164 chang-
es the leveling amount (step S102).
[0050] Thereafter, the primary component computing
unit 162 calculates a primary component of a tension
distribution on the steel strip 1 between the F6 rolling mill
stand 60 and the F7 rolling mill stand 70 in the same
manner as on the exit side of the F7 rolling mill stand 70
(last rolling mill stand) (step S103).
[0051] Thereafter, the leveling correction amount com-
puting unit 163 computes a leveling correction amount
for the F6 rolling mill stand 60 in view of the primary com-
ponent calculated in step S103, and the leveling amount
changing unit 164 changes the leveling amount (step
S104).
[0052] The same processing as with step S101 and
step S102 or step S103 and step S104 is carried out with
respect to the F5 rolling mill stand 50, the F4 rolling mill
stand 40, the F3 rolling mill stand 30, the F2 rolling mill
stand 20, and the F1 rolling mill stand 10 (corresponding
respectively to steps S105, S106, S107, S108, S109,
S110, S111, S112, S113, and S114 (a leveling correction
amount for F1 is computed in view of the primary com-
ponent, and the leveling is changed)).
[0053] When the leveling is corrected on an upstream
rolling mill stand, its effect is propagated to downstream
rolling mill stands. Consequently, it is desirable to com-
pute a leveling correction amount for the F7 rolling mill
stand 70 on the assumption that the leveling correction
at the F6 rolling mill stand 60 represents a constant strip
wedge ratio (step S121) and to reflect the computed lev-
eling correction amount in the processing of step S102.
[0054] The processing of step S121 is the same as
with the F5 rolling mill stand 50, etc. It is thus possible to
compute leveling correction amounts respectively for the
F1 rolling mill stand 10, the F2 stand 20, the F3 rolling
mill stand 30, the F4 rolling mill stand 40, the F5 rolling
mill stand 50, and the F6 rolling mill stand 60 on the as-
sumption that the leveling corrections at these rolling mill
stands represent a constant strip wedge ratio (corre-
sponding respectively to steps S122, S123, S124, S125,
and S126) and to reflect the computed leveling correction
amounts in the processing of step S102, etc.
[0055] In order to avoid endless looping through step
S121, etc., it is desirable to record the number of times
that step S121 is performed, and, if step S121 has been
performed a predetermined number of times, to stop per-
forming steps S121, ···, S126, or to stop performing steps
S121, ···, S126 after a predetermined time has passed
after they had been performed for the first time, or to stop
performing steps S121, ···, S126 in a case where the
corrections in those steps are lower than a prescribed
value.
[0056] Thereafter, it is determined whether the primary
component of the tension distribution on the steel strip 1
at the exit side of each of all the rolling mill stands satisfies
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an allowable value or not (step S130). If it is determined
that the primary component satisfies the allowable value,
then the processing is completed (the control parameter
information on the calculated leveling amount is output
to the gear-down devices 11, 21, 31, 41, 51, 61, and 71).
In contrast, if the primary component does not satisfy the
allowable value with respect to even one of the rolling
mill stands, then the processing goes back to step S101,
and the processing is continued to calculate control pa-
rameters for the leveling amount until the primary com-
ponent satisfies the allowable value at the exit sides of
all the rolling mill stands.
[0057] While rolling the steel strip 1, it is desirable to
perform the processing illustrated in FIG. 3 uninterrupt-
edly. In other words, after the processing is completed,
it is desirable to start the processing afresh from the out-
set.
[0058] Of the above steps, steps S101 and S103 cor-
respond to the primary component computing step, and
steps S102, S104, S114, and S126 correspond to the
leveling correction amount computing step and the lev-
eling amount changing step.
[0059] Advantages of the present embodiment will be
described below.
[0060] The leveling control apparatus 150 of the rolling
facility 200 according to the first embodiment of the
present invention as described above includes: the
torque acquisition unit 161 that calculates a toque distri-
bution on the steel strip 1 along the widthwise direction
thereof between the F1 rolling mill stand 10, the F2 rolling
mill stand 20, the F3 rolling mill stand 30, the F4 rolling
mill stand 40, the F5 rolling mill stand 50, the F6 rolling
mill stand 60, and the F7 rolling mill stand 70 from the
torques measured by the shapemeters 91, 92, 93, 94,
95, and 96 that are disposed between the F1 rolling mill
stand 10, the F2 rolling mill stand 20, the F3 rolling mill
stand 30, the F4 rolling mill stand 40, the F5 rolling mill
stand 50, the F6 rolling mill stand 60, and the F7 rolling
mill stand 70; the primary component computing unit 162
that calculates a tension distribution on the steel strip 1
along the widthwise direction thereof from the calculated
torque distribution and that calculates a primary compo-
nent of a polynomial that represents the tension distribu-
tion on the steel strip 1 from the tension distribution; the
leveling correction amount computing unit 163 that cal-
culates leveling correction amounts for the rolling mill
stands 10, 20, 30, 40, 50, and 60 immediately preceding
on the rolling upstream side, on the basis of the calculated
primary component; and the leveling amount changing
unit 164 that changes the leveling amount progressively
toward the rolling upstream side from the F6 rolling mill
stand 60, on the basis of the calculated leveling correction
amounts.
[0061] It is thus possible to compute appropriate lev-
eling amounts in view of the width of the steel strip 1 and
measurement errors, and to increase the accuracy of
screw-down control compared with the conventional art.
[0062] Furthermore, since the leveling correction

amount computing unit 163 calculates leveling correction
amounts so as to keep the calculated primary component
within the allowable range, the primary component can
be reduced and the strip wedge ratio becomes nearly
constant. As the steel strip 1 can thus be rolled while
holding its stripe wedge, the steel strip 1 can have its off-
center movement reduced. Because of these advantag-
es, the steel strip 1 can be rolled more stably.
[0063] Moreover, when the leveling of each rolling mill
stand is changed, both the primary components on the
entry and exit sides of each rolling mill stand vary. There-
fore, the torque acquisition unit 161 calculates a toque
distribution on the steel strip 1 along the widthwise direc-
tion thereof on the rolling downstream side of the F7 roll-
ing mill stand 70 from the torque on the steel strip 1 that
has been acquired by the shapemeter 97 disposed on
the rolling downstream side of the F7 rolling mill stand
70, and the leveling amount changing unit 164 changes
the leveling amount at the F7 rolling mill stand 70 prior
to the (last - 1)th rolling mill stand, thereby making the
accuracy of screw-down control higher.
[0064] The left and right tension deviations are difficult
to be measured correctly in a case where the steel strip
1 is shifted from the rolling center. Therefore, the leveling
control apparatus 150 further includes the off-center
amount computing unit 165 that calculates deviations be-
tween the center of the steel strip 1 along the widthwise
direction thereof and the rolling center between the F1
rolling mill stand 10, the F2 rolling mill stand 20, the F3
rolling mill stand 30, the F4 rolling mill stand 40, the F5
rolling mill stand 50, the F6 rolling mill stand 60, and the
F7 rolling mill stand 70, from the results measured by the
respective strip position detectors disposed between the
F1 rolling mill stand 10, the F2 rolling mill stand 20, the
F3 rolling mill stand 30, the F4 rolling mill stand 40, the
F5 rolling mill stand 50, the F6 rolling mill stand 60, and
the F7 rolling mill stand 70. The primary component com-
puting unit 162 corrects the torque distribution on the
steel strip 1 along the widthwise direction thereof on the
basis of the deviations calculated by the off-center
amount computing unit 165, thereby correcting the torque
difference by the deviations, so that the primary compo-
nent can be calculated with better accuracy. Conse-
quently, the accuracy of screw-down control can further
be increased.

<Second Embodiment>

[0065] A leveling control apparatus, a rolling facility in-
cluding the leveling control apparatus, and a leveling con-
trol method according to a second embodiment of the
present invention will be described below with reference
to FIGS. 4 and 5. FIG. 4 is a schematic view illustrating
the configuration of a rolling facility incorporating the lev-
eling control apparatus according to the second embod-
iment of the present invention, and FIG. 5 is a flowchart
illustrating an example of sequence of control for correct-
ing a leveling amount.

11 12 



EP 4 374 983 A1

8

5

10

15

20

25

30

35

40

45

50

55

[0066] A rolling facility 200A in FIG. 4 includes a strip
wedge amount measuring instrument 98 for measuring
a strip thickness distribution of the steel strip 1 along the
widthwise direction thereof, in place of the shapemeter
97 disposed on the exit side of the F7 rolling mill stand
70 of the rolling facility 200 according to the first embod-
iment described above. The strip wedge amount meas-
uring instrument 98 may be a strip thickness meter or a
profile meter as long as it can measure data from which
a strip wedge amount can be calculated.
[0067] A leveling control apparatus 150A further in-
cludes a strip wedge amount acquiring unit 167A in ad-
dition to the leveling control apparatus 150 according to
the first embodiment.
[0068] The strip wedge amount acquiring unit 167A
calculates a strip wedge amount of the steel strip 1 on
the rolling downstream side of the F7 rolling mill stand
70, from the strip thickness distribution of the steel strip
1 along the widthwise direction thereof that has been
measured by the strip wedge amount measuring instru-
ment 98 disposed on the rolling downstream side of the
F7 rolling mill stand 70.
[0069] A leveling correction amount computing unit
163A calculates a leveling correction amount for the F7
rolling mill stand 70 on the basis of the strip wedge
amount calculated by the strip wedge amount acquiring
unit 167A, and a leveling amount changing unit 164A
also changes the leveling amount at the F7 rolling mill
stand 70 prior to the (last - 1)th rolling mill stand.
[0070] When the steel strip 1 is rolled at the F7 rolling
mill stand 70 of the rolling facility 200A, the transcription
ratio of the strip wedge is considered to be essentially
zero, and the strip wedge (strip wedge ratio) of the steel
strip 1 before it is rolled is thought to be inherited as it is.
A leveling correction amount for the F7 rolling mill stand
70 is computed from the measured value of the strip
wedge after the steel strip 1 has been rolled, i.e., on the
exit side of the F7 rolling mill stand 70, and the difference
between oil columns of the screw-down device 71 on the
drive side and the work side is adjusted.
[0071] Now, a leveling control method, preferably per-
formed by the leveling control apparatus 150A according
to the present embodiment, will be described below with
reference to FIG. 5.
[0072] As illustrated in FIG. 5, first, the strip wedge
amount measuring instrument 98 and the strip wedge
amount acquiring unit 167A of the leveling control appa-
ratus 150A measure the strip wedge of the steel strip 1
on the exit side of the F7 rolling mill stand 70 (step S201).
[0073] Then, the leveling correction amount computing
unit 163A of the leveling control apparatus 150A com-
putes a leveling correction amount for the F7 rolling mill
stand 70 in view of the strip wedge calculated in step
S101, and the leveling amount changing unit 164 chang-
es the leveling amount (S202). The leveling correction
amount computing unit 163A may compute a leveling
correction amount from the calculated strip wedge ac-
cording to a known method.

[0074] The subsequent processing of steps S203
through S230 is the same as the processing of steps
S103 through S130 illustrated in FIG. 3 and will be omit-
ted from detailed description.
[0075] The other structural and operational details are
substantially the same as those of the leveling control
apparatus, the rolling facility including the leveling control
apparatus, and the leveling control method according to
the first embodiment described above, and will be omitted
from detailed description.
[0076] The leveling control apparatus, the rolling facil-
ity including the leveling control apparatus, and the lev-
eling control method according to the second embodi-
ment offer essentially the same advantages as those of
the leveling control apparatus, the rolling facility including
the leveling control apparatus, and the leveling control
method according to the first embodiment described
above.
[0077] The leveling control apparatus 150A further in-
cludes the strip wedge amount acquiring unit 167A that
calculates a strip wedge amount of the steel strip 1 on
the rolling downstream side of the F7 rolling mill stand
70 from the strip thickness distribution of the steel strip
1 along the widthwise direction thereof that has been
measured by the strip wedge amount measuring instru-
ment 98 disposed on the rolling downstream side of the
F7 rolling mill stand 70. The leveling correction amount
computing unit 163A calculates a leveling correction
amount for the F7 rolling mill stand 70 on the basis of the
strip wedge amount calculated by the strip wedge amount
acquiring unit 167A, and the leveling amount changing
unit 164A also changes the leveling amount at the F7
rolling mill stand 70 prior to the (last - 1)th rolling mill
stand, thereby making the accuracy of screw-down con-
trol higher even in case shape data on the exit side of
the F7 rolling mill stand 70 cannot be used.

<Third Embodiment>

[0078] A leveling control apparatus, a rolling facility in-
cluding the leveling control apparatus, and a leveling con-
trol method according to a third embodiment of the
present invention will be described below with reference
to FIGS. 6 and 7. FIG. 6 is a schematic view illustrating
the configuration of a rolling facility incorporating the lev-
eling control apparatus according to the third embodi-
ment, and FIG. 7 is a flowchart illustrating an example of
sequence of control for correcting a leveling amount.
[0079] A rolling facility 200B in FIG. 6 is free of the
shapemeter 97 in the rolling facility 200 according to the
first embodiment and the strip wedge amount measuring
instrument 98 in the rolling facility 200A according to the
second embodiment, but is configured to provide calcu-
lated values representing a strip wedge amount of and
a tension distribution on the steel strip 1 on the exit side
of the last F7 rolling mill stand 70 if the data of such a
strip wedge amount of and a tension distribution are not
available. A leveling control apparatus 150B further in-

13 14 



EP 4 374 983 A1

9

5

10

15

20

25

30

35

40

45

50

55

cludes a strip wedge amount computing unit 168B that
calculates a strip wedge amount of the steel strip 1 on
the rolling upstream side of the F7 rolling mill stand 70,
on the basis of rolling loads and leveling amounts from
an upstream rolling stand mill to the (last - 1)th rolling mill
stand among the F1 stand 10, the F2 stand 20, the F3
rolling mill stand 30, the F4 rolling mill stand 40, the F5
rolling mill stand 50, the F6 rolling mill stand 60, and the
F7 rolling mill stand 70.
[0080] A leveling correction amount computing unit
163B of the leveling control apparatus 150B calculates
a leveling correction amount for the F7 rolling mill stand
70 on the basis of the strip wedge amount calculated by
the strip wedge amount computing unit 168B, and a lev-
eling amount changing unit 164B also changes the lev-
eling amount at the F7 rolling mill stand 70 prior to the
(last - 1)th rolling mill stand.
[0081] With a rolling facility including a plurality of roll-
ing mill stands, at the F1 rolling mill stand and the F2
rolling mill stand as former stages, a strip wedge is formed
substantially according to the leveling, i.e., transcription
is dominant. In contrast, at rolling mill stands beginning
with the F3 rolling mill stand 30 as later stages, a wedge
(ratio) that enters a rolling mill stand also appears on the
exist side, i.e., inheritance is dominant, in order to avoid
deformations that are large in shape.
[0082] Based on these phenomena, consequently, a
strip wedge on the exit side of each rolling mill stand can
be predicted. Therefore, a strip wedge on the entry side
of the F7 rolling mill stand 70 as the last stage can be
calculated, and when the leveling at the F7 rolling mill
stand 70 is changed on the basis of the calculated strip
wedge amount on the exit side of the F6 rolling mill stand
60, its effect occurs at upstream rolling mill stands,
changing tensions measured by the shapemeters 91, 92,
93, 94, 95, and 96. Subsequently, control for changing
the leveling amount is performed progressively toward
upstream as with the first and second embodiments.
[0083] However, since when the leveling is changed
at an upstream rolling mill stand, it affects the calculated
value of the strip wedge on the entry side of the F7 rolling
mill stand 70, it is desirable to control the leveling mount
and calculate a strip wedge independently of each other
at each rolling mill stand. For example, the strip wedge
is computed at all times in steps S301 through S306,
whereas the leveling change processing in steps S307
through S330 is carried out between the start and the end.
[0084] Now, a leveling control method, preferably per-
formed by the leveling control apparatus 150B according
to the present embodiment, will be described below with
reference to FIG. 7.
[0085] As illustrated in FIG. 7, first, the strip wedge
amount computing unit 168B of the leveling control ap-
paratus 150B computes a strip wedge on the exit side of
the F1 rolling mill stand 10 using a measured rolling load
P, a predicted roll profile value Cw, and a measured lev-
eling amount ΔS at the F1 rolling mill stand 10 (step
S301).

[0086] Then, the strip wedge amount computing unit
168B computes a strip wedge on the exit side of the F2
rolling mill stand 20 using the calculated strip wedge val-
ue on the exit side of the F1 rolling mill stand 10 that has
been calculated in step S301, a measured rolling load P,
a predicted roll profile value Cw, and a measured leveling
amount ΔS at the F2 rolling mill stand 20 (step S302).
[0087] The same processing as with step S301 and
step S302 is carried out with respect to the F3 rolling mill
stand 30, the F4 rolling mill stand 40, the F5 rolling mill
stand 50, and the F6 rolling mill stand 60 (corresponding
respectively to steps S303, S304, S305, and S306).
[0088] Thereafter, inasmuch as when the steel strip 1
is rolled at the F7 rolling mill stand 70, the transcription
ratio of the strip wedge is considered to be essentially
zero, the leveling correction amount computing unit 163B
of the leveling control apparatus 150B computes a lev-
eling correction amount for the F7 rolling mill stand 70 in
view of the strip wedge (strip wedge ratio) on the exit side
of the F6 rolling mill stand 60 that has been computed in
a step corresponding to step S306 prior to the rolling,
and the leveling amount changing unit 164B changes the
leveling amount (step S307).
[0089] Step S308 and subsequent steps are basically
the same as the processing of steps S103 through S130
illustrated in FIG. 3 and will be omitted from detailed de-
scription, the difference being that if the primary compo-
nent does not satisfy the allowable value with respect to
even one of the rolling mill stands in step S330, then the
processing goes back to step S307, and the processing
is continued to calculate control parameters for the lev-
eling amount until the primary component satisfies the
allowable value at all of the rolling mill stands.
[0090] The other structural and operational details are
substantially the same as those of the leveling control
apparatus, the rolling facility including the leveling control
apparatus, and the leveling control method according to
the first embodiment described above, and will be omitted
from detailed description.
[0091] The leveling control apparatus, the rolling facil-
ity including the leveling control apparatus, and the lev-
eling control method according to the third embodiment
offer essentially the same advantages as those of the
leveling control apparatus, the rolling facility including the
leveling control apparatus, and the leveling control meth-
od according to the first embodiment described above.
[0092] The leveling control apparatus 150B further in-
cludes the strip wedge amount computing unit 168B that
calculates a strip wedge amount of the steel strip 1 on
the rolling upstream side of the F7 rolling mill stand 70,
on the basis of rolling loads and leveling amounts from
an upstream rolling stand mill to the (last - 1)th rolling mill
stand among the F1 stand 10, the F2 stand 20, the F3
rolling mill stand 30, the F4 rolling mill stand 40, the F5
rolling mill stand 50, the F6 rolling mill stand 60, and the
F7 rolling mill stand 70. The leveling correction amount
computing unit 163B calculates a leveling correction
amount for the F7 rolling mill stand 70 on the basis of the
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strip wedge amount calculated by the strip wedge amount
computing unit 168B, and the leveling amount changing
unit 164B also changes the leveling amount of the F7
rolling mill stand 70 prior to the (last - 1)th rolling mill
stand, thereby making the accuracy of screw-down con-
trol higher even in a case where various data cannot be
used on the exit side of the F7 rolling mill stand 70.

<Others>

[0093] The present invention is not limited to the em-
bodiments described above, but covers various changes
and modifications therein. The above embodiments have
been described in detail for an easier understanding of
the present invention, and the present invention should
not be limited to any configurations including all the fea-
tures described above.
[0094] Some of the configurations of one of the em-
bodiments may be replaced with some of the configura-
tions of the other embodiments, and some of the config-
urations of one of the embodiments may be added to
some of the configurations of the other embodiments.
Moreover, some of the configurations of each of the em-
bodiments may be added to, or deleted, or replaced with
some of the configurations of the other embodiments.

Description of Reference Characters

[0095]

1: Steel strip
10: F1 rolling mill stand
11, 21, 31, 41, 51, 61, 71: Screw-down device
12, 22, 32, 42, 52, 62, 72: Load detector
20: F2 rolling mill stand
30: F3 rolling mill stand
40: F4 rolling mill stand
50: F5 rolling mill stand
60: F6 rolling mill stand
70: F7 rolling mill stand
81, 82, 83, 84, 85, 86: Camera
91, 92, 93, 94, 95, 96, 97: Shapemeter
98: Strip wedge amount measuring instrument
110, 120: Communication line
150, 150A, 150B: Leveling control apparatus
161: Torque acquisition unit
162: Primary component computing unit
163, 163A, 163B: Leveling correction amount com-
puting unit
164, 164A, 164B: Leveling amount changing unit
165: Off-center amount computing unit
166: Storage unit
167A: Strip wedge amount acquiring unit
168B: Strip wedge amount computing unit
200, 200A, 200B: Rolling facility

Claims

1. A leveling control apparatus for a hot rolling line that
includes a plurality of arrayed rolling mill stands, the
leveling control apparatus comprising:

a torque acquisition unit that calculates a torque
distribution applied in a widthwise direction of a
steel strip between each adjacent ones of the
plurality of rolling mill stands from a torque
measured by each of shapemeters disposed be-
tween the plurality of rolling mill stands;
a primary component computing unit that calcu-
lates a tension distribution in the widthwise di-
rection from the calculated torque distribution
and that calculates a primary component in a
case where a tension distribution of the steel
strip is represented by a polynomial from the ten-
sion distribution;
a leveling correction amount computing unit that
calculates a leveling correction amount for a roll-
ing mill stand immediately preceding on a rolling
upstream side among the plurality of rolling mill
stands, on a basis of the calculated primary com-
ponent; and
a leveling amount changing unit that changes a
leveling amount in order toward the rolling up-
stream side from a (last - 1)th rolling mill stand
among the plurality of rolling mill stands on a
basis of the calculated leveling correction
amount.

2. The leveling control apparatus according to claim 1,
wherein
the leveling correction amount computing unit calcu-
lates the leveling correction amount such that the
calculated primary component falls within an allow-
able range.

3. The leveling control apparatus according to claim 1
or 2, wherein

the torque acquisition unit calculates a torque
distribution on the steel strip along the widthwise
direction thereof on a rolling downstream side
of a last rolling mill stand among the plurality of
rolling mill stands, from a torque on the steel
strip that has been acquired by the shapemeter
disposed on the rolling downstream side of the
last rolling mill stand, and
the leveling amount changing unit also changes
a leveling amount of the last stand prior to the
(last - 1)th rolling mill stand.

4. The leveling control apparatus according to claim 1
or 2, further comprising a strip wedge amount ac-
quiring unit that calculates a strip wedge amount of
the steel strip on a rolling downstream side of a last
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rolling mill stand from a strip thickness distribution
of the steel strip along the widthwise direction there-
of, the strip thickness distribution having been meas-
ured by a strip wedge amount measuring instrument
disposed on a rolling downstream side of the last
rolling mill stand among the plurality of rolling mill
stands, wherein

the leveling correction amount computing unit
calculates a leveling correction amount for the
last rolling mill stand on a basis of the strip wedge
amount calculated by the strip wedge amount
acquiring unit, and
the leveling amount changing unit also changes
a leveling amount of the last stand prior to the
(last - 1)th rolling mill stand.

5. The leveling control apparatus according to claim 1
or 2, further comprising a strip wedge amount com-
puting unit that calculates a strip wedge amount of
the steel strip on the rolling upstream side of a last
rolling mill stand on a basis of rolling loads and lev-
eling amounts from an upstream rolling stand mill to
the (last - 1)th rolling mill stand among the plurality
of rolling mill stands, wherein

the leveling correction amount computing unit
calculates a leveling correction amount for the
last rolling mill stand on a basis of the strip wedge
amount calculated by the strip wedge amount
computing unit, and
the leveling amount changing unit also changes
a leveling amount of the last stand prior to the
(last - 1)th rolling mill stand.

6. The leveling control apparatus according to any one
of claims 1 through 5, further comprising:

an off-center amount computing unit that calcu-
lates deviations between a center of the steel
strip along the widthwise direction thereof and
a rolling center between the plurality of rolling
mill stands from results measured by respective
strip position detectors disposed between the
plurality of rolling mill stands, wherein
the primary component computing unit corrects
the torque distribution on the steel strip along
the widthwise direction thereof on a basis of a
deviation calculated by the off-center amount
computing unit.

7. A rolling facility comprising:

a leveling control apparatus according to any
one of claims 1 through 6;
a plurality of rolling mill stands for rolling a steel
strip; and
shapemeters disposed between the plurality of

rolling mill stands.

8. A leveling control method for a hot rolling line that
includes a plurality of arrayed rolling mill stands, the
leveling control method comprising:

a torque acquiring step that calculates a torque
distribution applied in a widthwise direction of a
steel strip between each adjacent ones of the
plurality of rolling mill stands from a torque
measured by each of shapemeters disposed be-
tween the plurality of rolling mill stands;
a primary component computing step that cal-
culates a tension distribution in the widthwise
direction from the calculated torque distribution
and that calculates a primary component in a
case where a tension distribution of the steel
strip is represented by a polynomial from the ten-
sion distribution;
a leveling correction amount computing step
that calculates a leveling correction amount for
a rolling mill stand immediately preceding on a
rolling upstream side among the plurality of roll-
ing mill stands, on a basis of the calculated pri-
mary component; and
a leveling amount changing step that changes
a leveling amount in order toward a rolling up-
stream side from a (last - 1)th rolling mill stand
among the plurality of rolling mill stands on a
basis of the calculated leveling correction
amount.
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