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(67)  There are provided a method for determining
the conformity of a rolling roll and the like capable of
estimating the state of polygonal wear of a roll to be eval-
uated occurring during rolling in on-line and preventing
slight chatter marks. The method for determining the con-
formity of a rolling roll includes: a rolling load data acqui-
sition step (Step S3) of acquiring rolling load operation
data of a stand (F1 to F5) having a roll to be evaluated;
a circumferential speed data acquisition step of acquiring
circumferential speed operation data of the roll to be eval-
uated (Step S4); a vibration analysis step of analyzing
the vibration behavior of the stand (F1 to F5) using the
rolling load operation data of the stand (F1 to F5) (Step
S5); a surface shape estimation step of estimating the
surface shape ofthe roll to be evaluated from the analysis
result of the vibration behavior of the stand (F1 to F5)
and the circumferential speed operation data of the roll
to be evaluated during the rolling of a metal strip (Step
S6); and a conformity determination step of determining
the conformity of the roll to be evaluated based on the
surface shape of the roll to be evaluated (Step S7).
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Description
Technical Field

[0001] The presentinvention relates to a method for determining the conformity of a rolling roll, a method for rolling a
metal strip, and a method for producing a cold-rolled steel sheet.

Background Art

[0002] Metal strips, such as steel sheets, used for automobiles, beverage cans, and the like, undergo a continuous
casting step, a hot rolling step, or a cold rolling step, and then undergo an annealing step or a coating step to become
products. Among the steps, the cold rolling step is a final step of determining the thickness of the metal strip as the
product. In recent years, the coating thickness is sometimes made smaller than before, and the surface properties of
the metal strip before the coating step tend to affect the surface properties of the product after the coating step, and
therefore the necessity for preventing the generation of surface defects has increased.

[0003] One example of the surface defects generated in the cold rolling step include chatter marks. The chatter marks
are linear marks appearing in the width direction of the metal strip, and are surface defects in which such linear marks
periodically appear in the longitudinal direction of the metal strip. The chatter marks are considered to be generated by
the vibration (hereinafter referred to as chattering) of a rolling mill. Herein, very slight chatter marks are not identified by
visual inspection, sheet thickness measurement, or the like after the cold rolling step, and are recognized for the first
time after the coating step in some cases. Therefore, in the meantime, the generation of a large amount of surface
defects is not recognized, resulting in a decrease in product yield and a major impediment to productivity. Further, in
thin materials, such as steel sheets for cans and electromagnetic steel sheets, sudden fluctuations in the thickness or
the tension of the metal strip due to the chattering cause production troubles, such as metal strip breakage, impeding
the productivity in some cases.

[0004] From such a background, methods for suppressing the occurrence of the chattering as described in PTLS 1
to 3 and NPL 1 have been conventionally proposed, for example.

[0005] A chattering detection method for rolling mill described in PTL 1 detects the vibration in each part of a rolling
mill in operation by installing one or more vibration detectors in each part of the rolling mill, and detects chattering in the
rolling mill from the detected vibration in each part. In the chattering detection method for rolling mill, the natural frequency
of a mill, gear meshing defects, bearing defects, a backlash of the coupling between a spindle and a roll, and the natural
frequency generated by roll flaws are individually calculated and set as the basic frequency for every chatter mark
generation cause. Then, the vibration displacement, the vibration speed, or the vibration acceleration of each part is
detected, and a frequency analysis of the detected vibration displacement, vibration speed, or vibration acceleration of
each partis performed. Further, the frequency analysis of rolling parameters of a tension, a rolling torque, a rolling speed,
arolling load, and a sheet thickness fluctuation is performed. Then, when the result of performing the frequency analysis
of the measured values of the vibrations and the rolling parameters exceed a set value in the frequency of the integral
multiple of the basic frequency for every chattering generation cause, the occurrence of the chattering is determined,
and the occurrence cause is specified from the basic frequency described above.

[0006] An abnormality detection method in cold rolling or temper rolling described in PTL 2 includes a vibration signal
collection step, an FFT frequency analysis step, and a vibration abnormality determination step. The vibration signal
collection step collects vibration signals detected in at least one small-diameter roll among small-diameter rolls between
stands of a cold rolling mill or on the inlet and outlet sides of the cold rolling mill. The FFT frequency analysis step
performs a frequency analysis of the collected vibration signals by a fast Fourier transform method to obtain frequency
components included in the vibration signals and spectrum values thereof. The vibration abnormality determination step
determines that a vibration abnormality occurs when at least one of a plurality of spectrum values of the same frequency
component as a frequency of a string vibration in a plurality of vibration modes of a steel sheet arithmetically operated
by a given expression among the frequency components obtained in an execution step of the FFT frequency analysis
exceeds a preset threshold value.

[0007] In a chatter mark preventing method of a steel sheet described in PTL 3, when a steel sheet having a yield
strength of 450 MPa or less after being hot-rolled and pickled is cold-rolled, the natural frequency of a cold rolling mill
is made not to coincide with the frequency of the string vibration of the steel sheet in which the length between the final
stand of the cold rolling mill and a small-diameter roll first brought into contact with the steel sheet on the outlet side of
the cold rolling mill is set as the string length. The bending strain generated on the surface of the steel sheet represented
by a given equation is set to such a magnitude that the steel sheet is not plastically deformed.

[0008] NPL 1 describes the analysis of a "chattering" phenomenon in cold rolling of an ultra-thin steel sheet. NPL 1
describes the results of a study on the chattering phenomenon occurring during rolling of an ultra-thin cold-rolled steel
sheet with a total cold rolling reduction up to 93 to 94%, in which an actual mill research and a theoretical analysis of
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the rolling behavior were performed to examine measures to prevent the chattering.
Citation List
Patent Literatures
[0009]

PTL 1: JP 2964887 B
PTL 2: JP 6296046 B
PTL 3: JP 6102835 B

Non Patent Literature

[0010] NPL 1: An Analysis of "Chattering" in Cold Rolling for Ultra Thin Gauge Steel Strip, KAWASAKI STEEL GIHO
Vol. 8, No. 1, 1976, pp. 60-79

Summary of Invention
Technical Problem

[0011] Inthe conventional technologies described in PTLS 1to 3, NPL 1, and the like, vibration meters (accelerometers
or the like) are installed in a plurality of places in the rolling mill to monitor the vibration behavior during rolling to detect
the chattering at an early stage.

[0012] However, among the chatter marks, slight chatter marks are sometimes generated which are difficult to detect
only by the vibration measurement of the rolling mill. The slight chatter marks mean the formation of irregularities having
an amplitude of about 0.1 to 5 um on the surface of the metal strip. As described above, the slight chatter marks are not
identified by visual inspection, sheet thickness measurement, or the like after the cold rolling step, and are sometimes
recognized for the first time after the coating step. Therefore, in the meantime, the generation of a large amount of
surface defects is not recognized, resulting in a decrease in product yield and a major impediment to productivity.
[0013] Ithasbeen found that the chatter marks including the slight chatter marks are generated due to polygonal wear,
in which the profile in the circumferential direction of the surface of a rolling roll is polygonized, occurring during the
rolling. The polygonal wear means that minute irregularities are generated on the surface of the rolling roll in a rolling
process of a metal strip, and the irregularities of a specific pitch are grown, polygonizing the surface shape of the rolling roll.
[0014] Therefore, the present invention has been made to solve the conventional problems. It is an object of the
present invention to provide a method for determining the conformity of a rolling roll, a method for rolling a metal strip,
and a method for producing a cold-rolled steel sheet, capable of estimating in on-line the state of the polygonal wear of
a roll to be evaluated occurring during the rolling, and preventing the slight chatter marks caused by the polygonal wear.

Solution to Problem

[0015] To achieve the above-described object, a method for determining the conformity of a rolling roll according to
one aspect of the present invention is a method for determining the conformity, in a rolling mill including one or two or
more stands each having a plurality of rolling rolls, of a rolling roll to be evaluated optionally selected from the plurality
of rolling rolls of an optional stand of the stands, and includes: a rolling load data acquisition step of acquiring rolling
load operation data of the stand having the roll to be evaluated; a circumferential speed data acquisition step of acquiring
circumferential speed operation data of the roll to be evaluated; a vibration analysis step of analyzing the vibration
behavior of the stand using the rolling load operation data of the stand having the roll to be evaluated acquired in the
rolling load data acquisition step; a surface shape estimation step of estimating the surface shape of the roll to be
evaluated during the rolling of a metal strip from the analysis result of the vibration behavior of the stand having the roll
to be evaluated by the vibration analysis step and the circumferential speed operation data of the roll to be evaluated
acquired in the circumferential speed data acquisition step; and a conformity determination step of determining the
conformity of the roll to be evaluated based on the surface shape of the roll to be evaluated estimated by the surface
shape estimation step.

[0016] A method for rolling a metal strip according to another aspect of the present invention includes, when the
conformity of the roll to be evaluated is determined during the rolling of the metal strip using the above-described method
for determining the conformity of a rolling roll, and the conformity determination result is nonconformity, replacing the
roll to be evaluated with a new rolling roll and rolling the metal strip.
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[0017] A method for producing a cold-rolled steel sheet according to another aspect of the present invention includes
producing a cold-rolled steel sheet using the above-described method for rolling a metal strip.

Advantageous Effects of Invention

[0018] According to the method for determining the conformity of a rolling roll, the method for rolling a metal strip, and
the method for producing a cold-rolled steel sheet of the present invention, the state of the polygonal wear of the roll to
be evaluated occurring during the rolling can be estimated in on-line, and the slight chatter marks caused by the polygonal
wear can be prevented.

Brief Description of Drawings
[0019]

FIG. 1 is a schematic configuration diagram illustrating a rolling mill to which a method for determining the conformity
of a rolling roll according to one embodiment of the present invention is applied;

FIGS. 2A and 2B illustrate the specific shape of a rolling roll, in which FIG. 2A is an explanatory view in which the
cross-sectional shape (solid line) of the rolling roll is plotted with a reference circle (dashed line) assuming that the
cross-sectional shape of the rolling roll is a perfect circle and FIG. 2B is a graph showing one example of the
relationship between the position (angle) in the circumferential direction of the rolling roll and the radial deviation
amount of the cross-sectional shape from the perfect circle expressed by the diameter of the rolling roll;

FIG. 3 is a graph showing one example of the relationship between the pitch of irregularities of the surface of the
rolling roll and a spectrum value;

FIG. 4 is a schematic diagram illustrating the manner of installing the rolling roll in a roll grinder and measuring the
surface shape of the rolling roll;

FIG. 5 is a schematic configuration diagram of a rolling mill in which each of stands is provided with a conformity
determination device to which the method for determining the conformity of a rolling roll according to one embodiment
of the present invention is applied, and FIG. 5 illustrates a state in which the conformity determination device for
rolling roll is provided only in a first stand F1;

FIG. 6 is a flowchart for explaining the flow of processing in a host computer and the conformity determination device
of the rolling mill illustrated in FIG. 5;

FIG. 7 is a view for explaining a rolling mill vibration model in which a four-high stand is approximated by a mass-
spring system;

FIG. 8 is a view for explaining an example of calculating a frequency response by virtually opening the connection
to an upper backup roll when the upper work roll is selected as a roll to be evaluated in the rolling mill vibration
model in which the four-stage stand is approximated by the mass-spring system;

FIG. 9 is a view for explaining an example of calculating the frequency response by virtually opening the connection
to a lower work roll when the upper work roll is selected as the roll to be evaluated in the rolling mill vibration model
in which the four-stage stand is approximated by the mass-spring system;

FIG. 10 is a view for explaining a rolling mill vibration model in which a six-high stand is approximated by a mass-
spring system;

FIG. 11 is a view for explaining an example of calculating the frequency response when an upper intermediate roll
is selected as the roll to be evaluated in the rolling mill vibration model in which the six-stage stand is approximated
by the mass-spring system;

FIG. 12 is a view for explaining an example of calculating the frequency response when the upper intermediate roll
is selected as the roll to be evaluated in the rolling mill vibration model in which the six-stage stand is approximated
by the mass-spring system; and

FIG. 13 is a graph showing changes in circumferential speed of the rolling roll and the conformity determination
timing of the roll to be evaluated when continuous rolling of a metal strip is performed using the rolling mill illustrated
in FIG. 5.

Description of Embodiments

[0020] Hereinafter, embodiments of the present invention will be described with reference to the drawings. Herein,
the drawings are schematic. Therefore, it should be noted that the relationship between the thickness and the planar
dimension, ratio, and the like are different from the actual relationship, ratio, and the like. The drawings also include
portions different in mutual dimensional relationships and ratios.

[0021] The embodiments described below exemplify devices or methods for embodying the technical idea of the
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present invention, and the technical idea of the present invention does not specify the materials, shapes, structures,
arrangement, and the like of constituent components to the materials, shapes, structures, arrangement, and the like of
the embodiments described below.

[0022] First, in FIG. 1, an abnormal vibration of each of stands F1 to F5 of a rolling mill a occurring during rolling of a
metal strip S is referred to as chattering. Periodic-like patterns formed on the surface of the metal strip S by the chattering
are referred to as chatter marks. In a conformity determination device 30 (see FIG. 5), to which a method for determining
the conformity of a rolling roll according to this embodiment is applied, the conformity of a roll to be evaluated (described
in detail later) is determined with the chatter marks having irregularities with an amplitude of about 0.1 to 5 um formed
on the surface of the metal strip S, i.e., so-called slight chatter marks, as the target. The slight chatter marks are formed
due to fluctuations in the thickness of the metal strip S in many cases. The slight chatter marks, in which minute irreg-
ularities are formed, are difficult to detect with sheet thickness gauges 7 installed on the outlet side of the rolling mill a
in many cases. Further, even when the surface of the metal strip S after rolling is visually observed, the slight chatter
marks are difficult to determine. The slight chatter marks are detected after surface treatment, such as coating, is
performed or detected for the first time after press-forming of the metal strip S in many cases.

[0023] The chattering causing the chatter marks is considered to be caused by a backlash of bearings, gear meshes,
couplings, or the like constituting the rolling mill in many cases. In this case, the chattering has been conventionally
considered to be detectable when vibration data acquired from a vibration meter 5 installed in each of the stands F1 to
F5 of the rolling mill a are analyzed, and the magnitude of the vibration in a specific frequency band exceeds a preset
threshold. However, the inventors of the present invention have found that some slight chatter marks are difficult to
detect with the vibration meter 5 installed in each of the stands F1 to F5 or peripheral facilities thereof of the rolling mill
a. Further, the inventors of the present invention have found that, in a rolling process of the metal strip S, minute
irregularities are generated on the surface of the rolling roll, and the irregularities of a specific pitch are grown, polygonizing
the surface shape of the rolling roll (causing polygonal wear). Upper and lower work rolls 1, upper and lower backup
rolls 2, and upper and lower intermediate rolls 3 are referred to as rolling rolls 1, 2, 3, respectively. In this case, the
vibration of the stands F1 to F5 of the rolling mill a gradually increases during the rolling of the metal strip S to lead to
the chattering. Therefore, it is important to estimate the changes in surface shape of the roll to be evaluated.

(Rolling mill)

[0024] FIG. 1 illustrates the schematic configuration of a rolling mill to which a method for determining the conformity
of a rolling roll according to one embodiment of the present invention is applied.

[0025] The rolling mill a illustrated in FIG. 1 is a cold rolling mill, and is a tandem mill including a plurality of stands (in
this embodiment, the first stand F1 to the fifth stand F5 counting from the inlet side in the threading direction) cold rolling
a steel sheet as the metal strip S. Other devices (e.g., an unwinding machine, a welding machine, a looper on the inlet
side, a cutting machine on the outlet side, a winding machine, and the like) attached to the rolling mill a are not illustrated.
[0026] Herein, the first stand F1 to the fourth stand F4 counting from the inlet side in the threading direction are four-
stage stands, and the fifth stand F5 counting from the inlet side is a six-high stand.

[0027] Each of the four-stage stands F1 to F4 has the upper and lower work rolls 1 rolling the steel sheet as the metal
strip S and the upper and lower backup rolls 2 supporting the upper and lower work rolls 1, respectively, in a housing
4. The six-stage stand F5 includes the upper and lower work rolls 1, the upper and lower backup rolls 2, the upper
intermediate roll 3, and the lower intermediate roll 3 in the housing 4. The upper and lower work rolls 1 roll the steel
sheet as the metal strip S. The upper and lower backup rolls 2 support the upper and lower work rolls 1, respectively.
The upperintermediate roll 3 is arranged between the upper workroll 1 and the upper backuproll 2. The lower intermediate
roll 3 is arranged between the lower work roll 1 and the lower backup roll 2.

[0028] On the top of the housing 4 of each of the stands F1 to F5, the vibration meter 5 measuring a vibration of each
ofthe stands F1 to F5is installed. The vibration meter 5 is suitably a piezoelectric vibration sensor, and may be a vibration
meter of another type.

[0029] On the top of the upper backup roll 2 of each of the stands F1 to F5, a rolling load detector 6 detecting the
rolling load of each of the stands F1 to F5 is installed. The rolling load detector 6 contains a load cell.

[0030] Tension meter rolls 8 provided between the adjacent stands F1 to F5 each are provided with a tension meter
detecting the tension of the steel sheet as the metal strip S. Further, the sheet thickness gauge 7 detecting the sheet
thickness of the steel sheet as the metal strip S is installed on the outlet side of each of the first stand F1 and the fifth
stand F5.

[0031] Further, a work roll drive device 9 is connected to the upper and lower work rolls 1 of each of the stands F1 to
F5, and a roll speed controller 11 controlling the circumferential speeds of the upper and lower work rolls 1 is connected
to the work roll drive device 9. The roll speed controller 11 is provided with a roll rotational speed detector (not illustrated)
detecting the rotational speeds of the upper and lower work rolls 1. Further, the upper and lower work rolls 1 of each of
the stands F1 to F5 are provided with a roll gap controller 10 controlling the roll gap between the upper and lower work
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rolls 1. The roll gap controller 10 is provided with a rolling-reduction position detector (notillustrated) detecting the rolling-
reduction positions of the upper and lower work rolls 1.

[0032] Each of the stands F1 to F5 of the rolling mill a is also provided with a roll replacement device (not illustrated).
The roll replacement device is provided with a carriage (not illustrated) capable of traveling on rails (not illustrated) in
the axial direction of the rolling rolls 1, 2, 3. The truck moves to the vicinities of the rolling rolls 1, 2, 3 to be replaced
under an instruction from a host computer 14 described later. An operator removes the used rolling rolls 1, 2, 3 from the
predetermined stands F1 to F5, and then charges new rolling rolls after grinding into the predetermined stands F1 to
F5. The used rolling rolls 1, 2, 3 are transported to a roll shop to be re-ground.

[0033] Herein, a system for producing steel products is constituted by a large-scale hierarchical system to perform
production management for a large number of facilities. Specifically, the hierarchical system includes the following
hierarchical levels: the host computer 14, which is Level 3, for the highest hierarchy; a control computer 13, which is
Level 2, for a production line unit, such as a continuous cold rolling mill; and a control controller 12, which is Level 1, for
a facility unit constituting each line. The host computer 14 is a business computer, the control computer 13 is a process
computer, and the control controller 12 is a PLC.

[0034] The control computer 13 is connected between the host computer 14 and the subordinate control controller
12, and receives a production plan planned by the host computer 14 and directs the production of the steel sheet as the
metal strip S. The control computer 13 has main roles of: collecting various kinds of actual result information from the
control controller 12 and displaying the actual result information on an operation monitoring screen; and performing an
arithmetic operation based on a theoretical model and transmitting information required for the control to the control
controller 12. On the other hand, the control controller 12 has main roles of: issuing instructions to drives, valves, sensors,
and the like constituting a production facility at appropriate timing; adjusting operations such that the devices do not
interfere with each other; and actuating sensors while linking count values held by the sensors with physical information,
for example.

[0035] In this embodiment, the control computer 13 determines rolling operation conditions for the next steel sheet
before a welding point of the steel sheet as the metal strip S passes. Specifically, a pass schedule is set according to
information, such as base material dimensions (base material sheet thickness and sheet width) and product target sheet
thickness, given from the host computer 14, and the control computer 13 determines prediction values of the rolling load
and the forward slip of each of the stands F1 to F5 and set values of the roll gap and the roll circumferential speed. At
that time, specification information on the rolling roll including measured values of the roll diameter after grinding (before
charged into the stand) and the like is transmitted from the host computer 14 to the control computer 13 as information
on the rolling rolls 1, 2, 3 used for each of the stands F1 to F5 for setting the rolling load and the roll circumferential
speed. The specification information on the rolling roll includes the roll diameter, the roll barrel length, the roll number,
the roll material, the surface roughness standard classification, and the like.

[0036] The control controller 12 executes processing to control the roll speed controller 11 of each of the stands F1
to F5 and the roll gap controller 10 of each of the stands F1 to F5 based on the set values (command values) of the roll
gap and the roll circumferential speed acquired from the control computer 13. The control controller 12 also collects the
rolling load of each of the stands F1 to F5 detected by the rolling load detector 6 from the rolling load detector 6 installed
in each of the stands F1 to F5. Further, the control controller 12 collects the measured values of the rotational speeds
of the upper and lower work rolls 1 from the rotational speed detector of the roll speed controller 11. Further, the control
controller 12 continuously collects rolling data, such as tension measurement values, measured by the tension meters
provided in the tension meter rolls 8. Then, the control controller 12 outputs the rolling data to the control computer 13
every preset period.

(Conformity determination device for rolling roll)

[0037] In this embodiment, each of the rolling stands F1 to F5 is provided with the conformity determination device
30 for rolling roll determining the conformity of the roll to be evaluated as illustrated in FIG. 5. FIG. 5 illustrates a state
in which the conformity determination device 30 for rolling roll is provided only in the first stand F1. The conformity
determination device 30 estimates the surface shape of the roll to be evaluated generated during the rolling, i.e., polygonal
wear state, in on-line. Then, the conformity determination device 30 determines the conformity of the roll to be evaluated
based on the estimated surface shape, i.e., polygonal wear state, of the roll to be evaluated, and prevents the slight
chatter marks to be generated due to the polygonal wear.

[0038] Herein, the roll to be evaluated is the rolling roll optionally selected from the plurality of rolling rolls 1, 2, 3 of
an optional stand (F1 to F5) of the stands F1 to F5. The upper and lower work rolls 1, the upper and lower backup rolls
2, and the upper and lower intermediate rolls 3 are individually referred to as the rolling rolls. In the case of the four-
stage stands F1 to F4, the rolling roll optionally selected from the upper and lower work rolls 1 and the upper and lower
backup rolls 2 of an optional stand (F1 to F4) is referred to as the roll to be evaluated. In the case of the six-stage stand
F5, the rolling roll optionally selected from the upper and lower work rolls 1, the upper and lower backup rolls 2, and the
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upper and lower intermediate rolls 3 of the stand F5 is referred to as the roll to be evaluated.

[0039] The surface shape of the rolling roll (roll to be evaluated) 1, 2, 3 refers to the cross-sectional shape in the barrel
of the rolling roll (roll to be evaluated) 1, 2, 3. The rolling roll (roll to be evaluated) 1, 2, 3 has an almost circular cross-
sectional shape, and therefore the surface shape is expressed by the deviation amount from a perfect circle of the cross-
sectional shape. As the cross section of the rolling roll (roll to be evaluated) 1, 2, 3, an optional cross section in the axial
direction of the barrel may be targeted, but the cross section at the center position of the barrel is preferably targeted.

[0040] FIGS. 2A and 2B illustrate a specific example of the surface shape of the rolling roll 1, 2, 3. FIG. 2A plots the
cross-sectional shape (solid line) of the rolling roll 1, 2, 3 with a reference circle (dashed line) assuming that the cross-
sectional shape of the rolling roll 1, 2, 3 is a perfect circle. FIG. 2B illustrates the position (angle) in the circle circumferential
direction of the rolling roll 1, 2, 3 on the horizontal axis and illustrates the radial deviation amount (deviation amount) of
the cross-sectional shape from the perfect circle expressed by the diameter of the rolling roll 1, 2, 3 on the vertical axis.
The surface shape of the rolling roll (roll to be evaluated) 1, 2, 3 to be estimated of this embodiment is information
specified by the relationship between the position in the circumferential direction of the rolling roll (roll to be evaluated)
1, 2, 3 as illustrated in FIG. 2B and the size of the irregularities on the surface. The diameter of the rolling roll (roll to be
evaluated) 1, 2, 3 serving as the reference when the perfect circle is specified is measured during the grinding of the
rolling roll (roll to be evaluated) 1, 2, 3 and is stored in the host computer 14 by an operator.

[0041] The surface shape of the rolling roll (roll to be evaluated) 1, 2, 3 to be estimated in this embodiment does not
have to be information specified by a continuous curve as illustrated in FIGS. 2A and 2B. For example, it may be
acceptable that the surface of the rolling roll (roll to be evaluated) 1, 2, 3 is equally divided in the circumferential direction,
the outer diameters at the opposite positions are measured, the largest diameter and the smallest diameter of the
diameters are set as Dmax, Dmin, respectively, and Dmax-Dmin is defined as surface shape information on the rolling
roll (roll to be evaluated) 1, 2, 3. The number of equal divisions in the circumferential direction ranges from 4 to 36,000
equal divisions, and is more preferably 360 or more equal divisions.

[0042] In addition to the above, the surface shape of the rolling roll (roll to be evaluated) 1, 2, 3 is preferably information
on the cross-sectional shape related to the pitch of irregularities formed on the rolling roll (roll to be evaluated) 1, 2, 3.
On the rolling roll (roll to be evaluated) 1, 2, 3 incorporated into each of the stands F1 to F5, an irregular shape containing
a combination of a plurality of frequency components is sometimes formed in relation to the vibration of each of the
rolling stands F 1 to F5. In this case, a fast Fourier transform method frequency analysis is performed for the relationship
between the position (angle information) in the circumferential direction and the deviation amount from the perfect circle
of the rolling roll (roll to be evaluated) 1, 2, 3. The relationship between the pitch of the irregularities corresponding to
the frequency components contained in the surface shape and the spectrum value corresponding to the pitch may be
set as the surface shape of the (roll to be evaluated) 1, 2, 3. FIG. 3 illustrates an example of the relationship between
the pitch of the irregularities and the spectrum value of the surface of the rolling roll obtained by the frequency analysis
by the fast Fourier transform method from the relationship between the position information in the circumferential direction
of the rolling roll (roll to be evaluated) 1, 2, 3 and the deviation amount from the perfect circle.

[0043] The surface shape of the rolling roll (roll to be evaluated) 1, 2, 3 to be estimated in this embodiment is amplitude
information related to the pitch of the irregularities formed on the surface of the roll to be evaluated as described below.
The amplitude information is a difference between the maximum value and the minimum value per pitch of the deviation
amount from the perfect circle as the cross-sectional shape of the rolling roll (roll to be evaluated) 1, 2, 3. The amplitude
information related to the pitch of the irregularities is amplitude information when the pitch of the irregularities is preset
and the pitch is set as one period. For example, the Fourier series expansion of the relationship between the position
(angle) in the circumferential direction of the roll to be evaluated and the deviation amount from the perfect circle of the
cross-sectional shape is performed, and the Fourier coefficient thus obtained can be defined as the amplitude information
related to the pitch. This is because the Fourier coefficient is an index representative of the amplitude corresponding to
a specific pitch or frequency.

[0044] As a method for measuring the surface shape of the rolling roll (roll to be evaluated) 1, 2, 3, the measurement
using a roll grinder is possible, for example. FIG. 4 schematically illustrates the manner in which the rolling roll is installed
in the roll grinder and the surface shape is measured. When the surface shape of the rolling roll (roll to be evaluated) 1,
2, 3 is measured, the vicinities of both axial ends of the rolling roll (roll to be evaluated) 1, 2, 3 are supported on rests
22. In this state, one axial end of the rolling roll 1, 2, 3 is fixed by a chuck 21 of a roll rotating device 23, and the other
axial end of the rolling roll 1, 2, 3 is pressed in the axial direction by a tailstock 24. On the surface of the barrel of the
rolling roll 1, 2, 3, a displacement meter 26 is installed which contacts the barrel of the rolling roll 1, 2, 3 and detects the
displacement of the surface. As the displacement meter 26, any contact-type or contactless-type measuring instrument
is usable. As the displacement meter 26, an optional contact-type magnetic scale having relatively high measurement
accuracy is preferably used, for example. The measurement accuracy of the magnetic scale is about 0.1 to 0.2 um, and
one having a measurement stroke of about 1 to 5 mm and a sampling frequency of about 1 kHz is preferably used.
Then, outputs of the displacement meter 26 are collected by a measuring instrument logger 27 while the rolling roll 1,
2, 3 is rotated at a low speed (e.g., 5 to 10 rpm) by the roll rotating device 23 having a rotating shaft connected to a
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motor 25. At that time, rotational speed information on the rolling roll 1, 2, 3 is acquired from the roll rotating device 23,
and thus the displacement obtained by the displacement meter 26 and the position in the circumferential direction of the
rolling roll 1, 2, 3 can be associated with each other. The position in the circumferential direction and the displacement
information on the rolling roll 1, 2, 3 may be associated with each other by rotating the rolling roll 1, 2, 3 a plurality of
times (2 to 5) and obtaining an autocorrelation of the displacement information obtained by the displacement meter 26
to thereby specify displacement information for one rotation.

[0045] The conformity determination device 30 provided in each of the stands F1 to F5 includes an operation data
acquisition section 31 having a rolling load data acquisition section 32 and a circumferential speed data acquisition
section 33, a vibration analysis section 34, an initial surface shape acquisition section 35, a surface shape estimation
section 36, and a conformity determination section 37 as illustrated in FIG. 5.

[0046] The conformity determination device 30is a computer system having an arithmetic operation processing function
to realize the functions of the operation data acquisition section 31, the vibration analysis section 34, the initial surface
shape acquisition section 35, the surface shape estimation section 36, and the conformity determination section 37 by
executing programs. The computer system can realize the above-described functions on software by executing various
dedicated computer programs stored in advance in hardware.

[0047] The operation data acquisition section 31 includes the rolling load data acquisition section 32 and the circum-
ferential speed data acquisition section 33. The rolling load data acquisition section 32 acquires information on any of
the stands F1 to Fn having the roll to be evaluated selected by an operator from the host computer 14, and, based on
the information, performs acquisition processing of rolling load operation data of any of the stands F1 to F5 having the
roll to be evaluated. The circumferential speed data acquisition section 33 acquires information on any of the stands F1
to Fn having the roll to be evaluated selected by an operator from the host computer 14, and, based on the information,
performs acquisition processing of circumferential speed data of the roll to be evaluated. The information on any of the
stands F1 to Fn having the roll to be evaluated selected by an operator is input in the control computer 13 and transmitted
to the operation data acquisition section 31 via the host computer 14.

[0048] The rolling load data acquisition section 32 acquires the rolling load operation data of any of the stands F1 to
F5 having the roll to be evaluated from the control controller 12 based on the information described above. The rolling
load operation data of any of the stands F1 to F5 is the rolling load operation data detected by the rolling load detector
6 during the rolling of the steel sheet as the metal strip S. The rolling load operation data is transmitted to the control
controller 12, and the rolling load data acquisition section 32 acquires the operation data from the control controller 12.
As the rolling load operation data of any of the stands F1 to F5, a set value of the rolling load set by the control computer
13 may also be set as the rolling load operation data. This is because, as illustrated in FIG. 13 described later, the rolling
load in the rolling of a metal strip A, a metal strip B, and a metal strip C set by the control computer 13 is set at timing
t1, t2, t3, respectively, when a joint between the tip of the metal strip S (A, B, C) and the tail end of the preceding metal
strip preceding the metal strip S (A, B, C) passes through the rolling mill a. Then, the set value of the rolling load is
transmitted from the control computer 13 to the control controller 12, and the rolling load data acquisition section 32
acquires the set value of the rolling load from the control controller 12. The rolling load operation data may be transmitted
to the vibration analysis section 34 whenever necessary during the rolling of the metal strip S as time series data, and
may be transmitted only once to the vibration analysis section 34 at the start of the rolling of the metal strip S.

[0049] The circumferential speed data acquisition section 33 acquires the circumferential speed operation data of the
roll to be evaluated from the control controller 12 based on the information described above. The circumferential speed
operation data of the roll to be evaluated acquired by the circumferential speed data acquisition section 33 is obtained
by the conversion using the roll diameter ratio between the upper and lower work rolls 1 and the roll to be evaluated
from the measured values of the rotational speeds of the work rolls 1 detected by the rotational speed detector of the
roll speed controller 11. Specifically, a rotational speed we of the roll to be evaluated can be determined by we = wd-Dd/De
using a diameter Dd of the work rolls 1 and a rotational speed wd of the work rolls 1 for a diameter De of the roll to be
evaluated. The operation data for the circumferential speed of the roll to be evaluated is time series data, and the
circumferential speed of the roll to be evaluated during the rolling of the steel sheet as the metal strip S is acquired
whenever necessary. The circumferential speed of the roll to be evaluated is preferably time series data of an optionally
set sampling period in the range of 0.1 to 5 ms. As the circumferential speed operation data of the roll to be evaluated
acquired by the circumferential speed data acquisition section 33, when a speed meter measuring the rotational speed
of the roll to be evaluated is installed in each of the stands F1 to F5, the measurement value of the speed meter is
usable. The operation data for the circumferential speed of the roll to be evaluated is transmitted to the surface shape
estimation section 36 whenever necessary during the rolling of the metal strip S.

[0050] In addition to the rolling load operation data and the circumferential speed operation data of the roll to be
evaluated described above, the operation data acquisition section 31 may also acquire other operation data when the
metal strip S is rolled. For example, the surface hardness, the Young’s modulus, the Poisson’s ratio, and the like of the
rolling roll 1, 2, 3 may be acquired as the operation data related to the attribute of the rolling roll 1, 2, 3. As the operation
data related to the rolling conditions, the set values or the actual result values of the sheet thickness, the deformation
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resistance, the rolling reduction, the forward slip, the friction coefficient, and the like of a material to be rolled may be
acquired. This is because attribute information on the rolling roll 1, 2, 3 affect the ease of wear when the roll to be
evaluated comes into contact with the other rolling roll 1, 2, 3 to be worn, which sometimes affects the surface shape of
the roll to be evaluated. Further, this is because the operation data illustrated as the rolling condition affects the contact
pressure, the relative slip velocity, or the relative slip amount between the roll to be evaluated and the other rolling rolls
1, 2, and 3 in contact with the roll to be evaluated, which sometimes affects the surface shape of the roll to be evaluated.
The operation data are transmitted to the vibration analysis section 34 or the surface shape estimation section 36.
[0051] The vibration analysis section 34 analyzes the vibration behavior of any of the stands F1 to F5 having the roll
to be evaluated using the rolling load operation data of any of the stands F1 to F5 acquired by the rolling load data
acquisition section 32.

[0052] Herein, the vibration analysis section 34 executes the vibration analysis for the vibration behavior of any of the
stands F1 to F5 into which the roll to be evaluated is incorporated, the vibration analysis considering the effect of the
rolling rolls 1, 2, 3 other than the roll to be evaluated on the vibration behavior of the roll to be evaluated. For example,
the upper backup roll 2 of any of the four-stage stands F1 to F4 is selected as the roll to be evaluated. In this case, the
vibration analysis section 34 performs the analysis of the vibration behaviors including the lower backup roll 2, the upper
work roll 1, and the lower work roll 1 constituting any of the stands F1 to F4 to determine the vibration behavior of the
upper backup roll 2 as the roll to be evaluated.

[0053] In the analysis of the vibration behavior of any of the stands F1 to F5 having the roll to be evaluated by the
vibration analysis section 34, a rolling mill vibration model is used in which any of the stands F1 to F5 having the roll to
be evaluated is approximated by a mass-spring system. Then, the spring constants in the rolling mill vibration model
are updated according to the rolling load operation data of any of the stands F1 to F5 having the roll to be evaluated,
and a frequency response when a virtual external force is applied to the rolling mill vibration model with the updated
spring constants is calculated.

[0054] The following description describes the rolling mill vibration model in which any of the stands F1 to F4, when
the stand having the roll to be evaluated is any of the four-stage stands F1 to F4, is approximated by the mass-spring
system.

[0055] The rolling mill vibration model in which any of the four-stage stands F1 to F4 is approximated by the mass-
spring system is a vibration model in which the upper and lower work rolls 1 and the upper and lower backup roll 2 are
individually set as the material points as illustrated in FIG. 7, and a damper element can be added as necessary.
[0056] In the rolling mill vibration model, m1 represents the mass of the upper backup roll 2, m4 represents the mass
of the lower backup roll 2, m2 represents the mass of the upper work roll 1, and m3 represents the mass of the lower
work roll 1. A spring constant k1 of a spring 41 between the housing and the upper backup roll 2 and a spring constant
k5 of a spring 45 between the housing and the lower backup roll 2 represent the spring constants due to the rigidity of
the housing and a bearing deformation or a roll deflection of the upper and lower backup rolls 2. A spring constant k2
of a spring 42 between the upper backup roll 2 and the upper work roll 1 corresponds to the rigidity due to the elastic
contact deformation between the upper backup roll 2 and the upper work roll 1. A spring constant k4 of a spring 44
between the lower backup roll 2 and the lower work roll 1 corresponds to the rigidity due to the elastic contact deformation
between the lower backup roll 2 and the lower work roll 1. A spring constant k3 of a spring 43 between the upper and
lower work rolls 1 is the spring constant calculated from the deformation characteristics of the metal strip S when the
metal strip S is rolled by the upper and lower work rolls 1. Further, a damping element 46 may be provided as necessary,
when a hydraulic rolling-reduction device is used as a device lifting and lowering the backup roll 2 by the roll gap controller
10 of each of the stands F1 to F4, for example.

[0057] Herein, the spring constant k3 of the spring 43 between the upper and lower work rolls 1 can be calculated
based on the ratio of the change amount of the rolling load to the change amount of the gap (roll gap) between the upper
and lower work rolls 1. For the rolling load, calculation considering the flattening deformation (e.g., Hitchcock’s roll
flattening equation) of the upper and lower work rolls 1 may be performed using a two-dimensional rolling theory, which
is an elementary analytical method. As the two-dimensional rolling theory, techniques widely used for the calculation of
the rolling load, such as Orowan theory, Karman theory, Bland & Ford’s equation, and Hill’'s approximation, are applicable.
Mill rigidity K of each of the stands F1 to F4 can be determined from the ratio of changes in load of the rolling load
detected by the rolling load detector 6 to changes in roll gap when the upper and lower work rolls 1 are brought into
contact with each other during the idling of the mill, and thus the mill stretch curve (elastic characteristic curve) can be
obtained. For the spring constant k3, a rolling load A’ obtained as a simultaneous equation solution with the elasticity
characteristic curve of each of the stands F1 to F4 is determined, when a roll gap A serving as the reference is set with
the rolling conditions serving as the reference as known values, the rolling conditions serving as the reference including
the diameters of the upper and lower work rolls 1, the inlet-side sheet thickness, the inlet-side tension, the outlet-side
tension, the deformation resistance of the material to be rolled, and the friction coefficient in a roll bite. Next, a rolling
load B’ is similarly determined when the roll gap A serving as the reference is changed to a roll gap B. The ratio of the
change amount from the rolling load A’ to the rolling load B’ to the change amount from the roll gap A to the roll gap B
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thus obtained can be defined as the spring constant k3.

[0058] The spring constant k2 of the spring 42 between the upper backup roll 2 and the upper work roll 1 and the
spring constant k4 of the spring 44 between the lower backup roll 2 and the lower work roll 1 can be calculated by
applying the Hertz contact theory for elastic contact deformation of two cylinders. The Hertz contact theory is a theoretical
solution for contact deformation within the elastic range assuming that no slip or no friction occurs between two contacting
solids. When a contact load when the two cylinders contact each other is given, the axis approach amount, the contact
pressure, and the contact length can be determined. A coefficient obtained by linear approximation of the relationship
between the axis approach amount and the contact load may be set as the spring constant.

[0059] The mill rigidity K of each of the stands F1 to F4 is measured with the upper work roll 1 brought into contact
with the lower work roll 1, and therefore a spring constant k3E related to the elastic contact deformation between the
upper work roll 1 and the lower work roll 1 is calculated by applying the Hertz contact theory. At this time, the mill rigidity
K of the rolling mill corresponds to a combined spring containing the unknown spring constants k1, k5 and the known
spring constants k2, k3E, k4. Thus, when the value of either one of the spring constants k1, k5 can be calculated or
when the ratio of both the spring constants can be estimated, the spring constants k1, k5 can be calculated from the
mill rigidity K, the spring constants k2, k3E, k4. In usual, the diameters of the upper backup roll 2 and the lower backup
roll 2 are equal to each other, and therefore the bending rigidity of the upper backup roll 2 and the bending rigidity of the
lower backup roll 2 are considered to be also equivalent to each other, so thatit may be assumed that the spring constants
k1 and k5 are equal to each other. Thus, each of the spring constants k1 to k5 can be determined. As a method for
determining each spring constant, the method described in NPL 1, for example, may be used.

[0060] A damping coefficient when the rolling mill vibration model includes the damping element 46 can be estimated
from the damping behavior of the vibration of the housing 4 by performing a hammering test from above the housing 4
with the upper work roll 1 brought into contact with the lower work roll 1. For example, the damping coefficient can be
determined from a functional equation in which the damping behavior of the amplitude is approximated by an exponential
function with respect to a time axis. The damping coefficient is a value unique to each of the stands F1 to F4, and
therefore a pre-specified damping coefficient may be stored as a fixed value in the vibration analysis section 34.
[0061] The spring constants k1 to k5 of the spring elements constituting the mass-spring model are affected by the
rolling load when the metal strip S is rolled. More specifically, the spring constants k1 to k5 calculated by the above-
described method intrinsically have non-linear characteristics, but are usually calculated as one that can be linearly
approximated in the vicinity of the rolling load when the metal strip S is rolled. Therefore, in the rolling mill vibration model
in which each of the stands F1 to F4 is approximated by the mass-spring model as described above, the vibration
characteristics change according to the rolling load when the metal strip S is rolled. Thus, when the rolling load acquired
by the rolling load data acquisition section 32 changes, the vibration analysis section 34 of this embodiment updates
the spring constants k1 to k5 of the rolling mill vibration model according to the rolling load operation data. More specifically,
the vibration analysis section 34 re-sets the spring constants k1 to k5 of the rolling mill vibration model, in which each
of the stands F1 to F4 incorporated with the roll to be evaluated is approximated by the mass-spring model, to the latest
values according to the rolling load operation data. The vibration analysis section 34 may update the spring constants
k1 to k5 of the rolling mill vibration model whenever necessary by acquiring time series data of the rolling load from the
rolling load data acquisition section 32. However, unless the dimension or the deformation resistance of the metal strip
S to be rolled significantly fluctuates, changes in spring constants k1 to k5 in the rolling mill vibration model can be
practically negligible, and therefore the rolling load operation data may be updated at least once for the single metal
strip S. More specifically, the control computer 13 performs setting and calculation before the metal strip S is rolled, and
therefore it may be acceptable that a set value of the rolling load obtained by the setting and calculation is acquired,
and the above-described spring constants k1 to k5 are updated using the value.

[0062] Then, the vibration analysis section 34 calculates the frequency response when a virtual external force is applied
to the rolling mill vibration model with the updated spring constants k1 to k5.

[0063] More specifically, for the rolling mill vibration model in which each of the stands F1 to F4 is approximated by
the mass-spring model, the connection between a material point element equivalent to the roll to be evaluated and
another material point element connected to the spring element is virtually opened. Then, the rolling mill vibration model
of each of the stands F1 to F4 is divided into two parts, and the frequency responses of the divided rolling mill vibration
models are individually calculated for the two parts. When the material point element equivalent to the roll to be evaluated
is connected to the other two material point elements, steps are divided into two steps of Step 1 and Step 2, and the
frequency response corresponding to each step is calculated. Step 1 is a step of calculating the frequency response
when the connection to one material point element is virtually opened, and a virtual external force is acted. Step 2 is a
step of calculating the frequency response when the connections to the other material point elements are virtually opened,
and a virtual external force is acted.

[0064] A detailed description is given with reference to FIGS. 8 and 9. FIG. 8 is a view for explaining an example of
calculating the frequency response by virtually opening the connection to the upper backup roll 2 when the upper work
roll 1 is selected as the roll to be evaluated in the rolling mill vibration model in which the four-stage stand is approximated
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by the mass-spring system (Step 1). FIG. 9 is a view for explaining an example of calculating the frequency response
by virtually opening the connection to the lower work roll 1 when the upper work roll 1 is selected as the roll to be
evaluated in the rolling mill vibration model in which the four-stage stand is approximated by the mass-spring system
(Step 2).

[0065] As illustrated in FIG. 8, the spring 42 (spring constant k2) connected to the material point m1 indicating the
upper backup roll 2 above the material point m2 indicating the upper work roll 1 is designated as a connection part C1.
In Step 1, when the spring 42 of the connection part C1 is released, the frequency response for each of the two divided
parts of the mass-spring model is calculated. As illustrated in FIG. 9, the spring 43 (spring constant k3) connected to
the material point m3 indicating the lower work roll 1 below the material point m2 indicating the upper work roll 1 is
designated as a connection part C2. In Step 2, when the spring element of the connection part C2 is released, the
frequency response for each of the two divided parts of the mass-spring model is calculated.

[0066] A method for calculating the frequency response in Step 1 is described. As illustrated in FIG. 8, when the
connection part C1 is opened, the mass-spring model is divided into a vibration system M1-1 above the connection part
C1 and a vibration system M1-2 below the connection part C1. For the vibration system M1-1, a frequency response
G1(io) is determined in which an output is the displacement of the material point m1 above the connection part C1 when
an upward force (external force) fis acted as an input on the material point m1 indicating the upper backup roll 2 above
the connection part C1. Similarly, for the vibration system M1-2 divided at the connection part C1, a frequency response
G2(iw) is determined in which outputs are the displacements of the material points m2, m3, m4 below the connection
part C1 when a downward force (external force) fis acted as an input on the material point m2 indicating the upper work
roll 1 below the connection part C1. i represents the imaginary unit and o represents the angular frequency. When
expressed in terms of the transfer function, G4(s), G,(s) are used. The frequency responses G1(io), G2(i») and the
transfer functions G4(s), Gy(s) represent the vibration behavior of each of the stands F1 to F4 with the connection part
C1 as the center.

[0067] The calculation of the frequency response in Step 2 is described with reference to FIG. 9. When the connection
part C2 is opened, the mass-spring model is divided into a vibration system M2-1 above the connection part C2 and a
vibration system M2-2 below the connection part C2. For the vibration system M2-1, a frequency response G3(iw) is
determined in which outputs are the displacements of the material points m2, m1 above the connection part C2 when
an upward force (external force) f is acted as an input on the material point m2 indicating the upper work roll 1 above
the connection part C2. Similarly, for the vibration system M2-2 divided at the connection part C2, a frequency response
G4(iw) is determined in which outputs are the displacements of the material points m3, m4 below the connection part
C2 when a downward force (external force) is acted as an input on the material point m3 indicating the lower work roll
1 below the connection part C2. When expressed in terms of the transfer function, G;(s), G4(s) are used. The frequency
responses G3(iw), G4(iw) and the transfer functions Gs(s), G4(s) represent the vibration behavior of the rolling mill with
the connection part C2 as the center.

[0068] The transfer functions G4(s), G,(s), Gs(s), G4(s) corresponding to the examples in FIGS. 8 and 9 can be
specifically represented by Equations (1) to (4) below, respectively.

[Math. 1]
Gz .- - (D)
m132 + k1
[Math. 2]
Gz(S)
_ (mys2+ ks + ko )(mys? + ¢ys + kg + kg) = ky?
k32(m432 + CS + k4 + k5) + k42(m2$2 + k3) - (m2$2 + k3)(m332 + k3 + k4)(m432 + Cys + k4 + k5)
Ce @)
[Math. 3]
Gy(s) s kit ke 3)
s} = =
3 (l’n]S2 + k} + kz)(mzsz + kz)— k22
[Math. 4]
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m432+ k5+ k4+ CySs

(m452 +cis+ kg + k4)(m382 + kg) - k42

Gyls) = - (4)

[0069] When the material pointelement equivalent to the roll to be evaluated is connected to one material point element
but not connected to the other material point elements, the frequency response for the connected vibration system may
be determined. For example, when the upper backup roll 2 is selected as the roll to be evaluated in FIG. 7, the upper
backup roll 2 is not connected to another material point element above the upper backup roll 2. In this case, the spring
41 (spring constant k1) serves as the connection part C1, and there are no vibration systems including the material point
element above the connection part C1. Thus, the transfer function of the vibration system M1-1 may be represented by
G4(s) = 0. Although the vibration system M1-2 including the material point elements is present below with respect to the
connection part C1, there are no other rolls in contact with the upper backup roll 2 at the connection part C1, and therefore
Gy(s) = 0 is established. This is because there are no elements contacting the upper backup roll (connection part C1)
and vibrating the upper backup roll. Thus, when the material point element equivalent to the roll to be evaluated is
connected to the lower material point element but not connected to the upper material point element, the transfer functions
G3(s), Gy(s) of the vibration system M2-1 and the vibration system 2-2 for the connected lower connection part C2 may
be determined.

[0070] Next, a rolling mill vibration model is described in which, when the stand having the roll to be evaluated is the
six-stage stand F5, the stand F5 is approximated by the mass-spring system.

[0071] The rolling mill vibration model in which the six-stage stand F5 is approximated by the mass-spring system is
a vibration model with the upper and lower work rolls 1, the upper and lower backup roll 2, and the upper and lower
intermediate roll 3 are individually set as the material points as illustrated in FIG. 10, and a damper element can be
added as necessary.

[0072] In the rolling mill vibration model, m1 represents the mass of the upper backup roll 2, m6 represents the mass
of the lower backup roll 2, m2 represents the mass of the upper intermediate roll 3, m5 represents the mass of the lower
intermediate roll 3, m3 represents the mass of the upper work roll 1, and m4 represents the mass of the lower work roll
1. A spring constant k1 of a spring 51 between the housing and the upper backup roll 2 and a spring constant k7 of a
spring 57 between the housing and the lower backup roll 2 represent the spring constants due to the rigidity of the
housing and the bearing deformation or the roll deflection of the upper and lower backup rolls 2. A spring constant k2
of a spring 52 between the upper backup roll 2 and the upper intermediate roll 3 corresponds to the rigidity due to the
elastic contact deformation between the upper backup roll 2 and the upper intermediate roll 3. A spring constant k6 of
a spring 56 between the lower backup roll 2 and the lower intermediate roll 3 corresponds to the rigidity due to the elastic
contact deformation between the lower backup roll 2 and the lower intermediate roll 3. A spring constant k3 of a spring
53 between the upper intermediate roll 3 and the upper work roll 1 corresponds to the rigidity due to the elastic contact
deformation between the upper intermediate roll 3 and the upper work roll 1. A spring constant k5 of a spring 55 between
the lower intermediate roll 3 and the lower work roll 1 corresponds to the rigidity due to the elastic contact deformation
between the lower intermediate roll 3 and the lower work roll 1. A spring constant K4 of a spring 54 between the upper
and lower work rolls 1 is the spring constant calculated from the deformation characteristics of the metal strip S when
the metal strip S is rolled by the upper and lower work rolls 1. Further, a damping element 58 may be provided as
necessary, when a hydraulic rolling-reduction device is used as a device lifting and lowering the backup roll 2 by the roll
gap controller 10 of the stand F5, for example.

[0073] When the rolling load acquired by the rolling load data acquisition section 32 changes, the vibration analysis
section 34 of this embodiment updates the spring constants k1 to k7 of the rolling mill vibration model according to the
rolling load operation data. The vibration analysis section 34 may update the spring constants k1 to k7 of the rolling mill
vibration model whenever necessary by acquiring the time series data of the rolling load from the rolling load data
acquisition section 32. However, unless the dimension or the deformation resistance of the metal strip S to be rolled
significantly fluctuates, changes in spring constants k1 to k7 in the rolling mill vibration model can be practically negligible,
and therefore the rolling load operation data may be updated at least once for the single metal strip S. More specifically,
the control computer 13 performs setting and calculation before the metal strip S is rolled, and therefore it may be
acceptable that a set value of the rolling load obtained by the setting and calculation is acquired, and the above-described
spring constants k1 to k7 are updated using the value.

[0074] Then, the vibration analysis section 34 calculates the frequency response when a virtual external force is applied
to the rolling mill vibration model with the updated spring constants k1 to k7 in which the six-stage stand F5 having the
roll to be evaluated is approximated by the mass-spring system.

[0075] More specifically, for the rolling mill vibration model in which the stand F5 is approximated by the mass-spring
model, the connection between the material point element equivalent to the roll to be evaluated and another material
point element connected to the spring element is virtually opened, the rolling mill vibration model of the stand F5 is
divided into two parts, and the frequency responses of the divided rolling mill vibration models are individually calculated
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for the two parts. When the material point element equivalent to the roll to be evaluated is connected to the other two
material point elements, steps are divided into two steps of Step 1 and Step 2, and the frequency response corresponding
to each step is calculated. Step 1 is a step of calculating the frequency response when the connection to one material
point element is virtually opened, and a virtual external force is acted. Step 2 is a step of calculating the frequency
response when the connections to the other material point elements are virtually opened, and a virtual external force is
acted.

[0076] A detailed description is given with reference to FIGS. 11 and 12. FIG. 11 is a view for explaining an example
of calculating the frequency response by virtually opening the connection to the upper backup roll 2 when the upper
intermediate roll 3 is selected as the roll to be evaluated in the rolling mill vibration model in which the six-stage stand
is approximated by the mass-spring system (Step 1). FIG. 12 is a view for explaining an example of calculating the
frequency response by virtually opening the connection to the upper work roll 1 when the upper intermediate roll 3 is
selected as the roll to be evaluated in the rolling mill vibration model in which the six-stage stand is approximated by the
mass-spring system (Step 2).

[0077] As illustrated in FIG. 11, the spring 52 (spring constant k2) connected to the material point m1 indicating the
upper backup roll 2 above the material point m2 indicating the upper intermediate roll 3 is designated as a connection
part C3. In Step 1, when the spring 52 of the connection part C3 is released, the frequency response for each of the two
divided parts of the mass-spring model is calculated. Asillustrated in FIG. 12, the spring 53 (spring constant k3) connected
to the material point m3 indicating the upper work roll 1 below the material point m2 indicating the upper intermediate
roll 3 is designated as a connection part C4. In Step 2, when the spring element of the connection part C4 is released,
the frequency response for each of the two divided parts of the mass-spring model is calculated.

[0078] A method for calculating the frequency response in Step 1 is described. As illustrated in FIG. 11, when the
connection part C3 is opened, the mass-spring model is divided into a vibration system M3-1 above the connection part
C3 and a vibration system M3-2 below the connection part C3. For the vibration system M3-1, a frequency response
G5(iw) is determined in which an output is the displacement of the material point m1 above the connection part C3 when
an upward force (external force) fis acted as an input on the material point m1 indicating the upper backup roll 2 above
the connection part C3. Similarly, for the vibration system M3-2 divided at the connection part C3, a frequency response
G6(iw) is determined in which outputs are the displacements of the material points m2, m3, m4, m5, m6 below the
connection part C3 when a downward force (external force) f is acted as an input on the material point m2 indicating the
upper intermediate roll 3 below the connection part C3. i represents the imaginary unit and o represents the angular
frequency. When expressed in terms of the transfer function, G5(s), Gg(s) are used. The frequency responses G5(iw),
G5(iw) and the transfer functions G5(s), Gg(s) represent the vibration behavior of the stand F5 with the connection part
C3 as the center.

[0079] The calculation of the frequency response in Step 2 is described with reference to FIG. 12. When the connection
part C4 is opened, the mass-spring model is divided into a vibration system M4-1 above the connection part C4 and a
vibration system M4-2 below the connection part C4. For the vibration system M4-1, a frequency response G7(iw) is
determined in which outputs are the displacements of the material points m2, m1 above the connection part C4 when
an upward force (external force) f is acted as an input on the material point m2 indicating the upper intermediate roll 3
above the connection part C4. Similarly, for the vibration system M4-2 divided at the connection part C4, a frequency
response G8(iw) is determined in which outputs are the displacements of the material points m3, m4, m5, m6 below the
connection part C4 when a downward force (external force) is acted as an input on the material point m3 indicating the
upper work roll 1 below the connection part C4. When expressed in terms of the transfer function, G,(s), Gg(s) are used.
The frequency responses G7(iw), G8(iw) and the transfer functions G4(s), Gg(s) represent the vibration behavior of the
rolling mill with the connection part C4 as the center.

[0080] The transfer functions Gg(s), Gg(s), G7(s), Gg(s) corresponding to the examples in FIGS. 11 and 12 can be
specifically represented by Equations (5) to (8) below.

[Math. 5]

1

Gs(s) :m1

- - (5)

[0081] Gg(s) is represented by Equation (6), in which the denominator is (mgs2 + ¢4s + ky + kg) (M5s2 + kg + kg) (mys2
+ kg + kg) (M3s? + kg + K3) (Mps? + K3) Ke? (Mys? + Ks + ky) (M3s? + ky + k3) (Mys? + kg) -ks? (Mes? + €48 + ky + kg) (M3s?
+ kg +k3) (Mys2 + kg) - kg2 (Mgs? + €48 + k7 + Kg) (M52 + Kg + Ks) (Mys? + K3) -kg? (Mes? + €48 + k7 + Kg) (M52 + kg +
K3) (MyS2 + kg + Ky) + k52ks2 (MgS2 + ¢4 + K7 + Kg) + kgZkg2 (MyS2 + Ky + ky) + Ky2kg? (MyS2 + k3), and the numerator is
-(Mgs2 + ¢48 + kg + Kg) (M52 + kg + kg) (MyS2 + kg + Kg) (M382 + Ky + kg) + kg2 (M82 + kg + Ky) (M382 + Ky + Kg) + kg2
(Mgs? + C1s + ky + kg) (382 + ky + Kg) + ky? (M2 + C4S + ky + Kg) (M52 + Kg + ks) - kyZke?.

[Math. 6]
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m132+ k1 + kz

(m132+ k1 + kz)(mzsz + kz)_ k22

Gy(s) = - (D

[0082] Gg(s)is represented by Equation (8), in which the denominator is (mgs2 + ¢4s + ky + kg) (M5s2 + kg + kg) (mys?
+ ks + kg) (M3s? + ky)-ky? { (M2 + ¢4 + ky + kg) (M5S? + kg + ks) -keZ-ke? (Mys? + ks + ky) (M3s? +ky) -ks? (Mgs? + C48
+ k; + kg) (m3s2 + k4), and the numerator is

- (MgS2 + ¢S + ky + Kg) (Mg82 + kg + Kg) (My82 + kg + Ky) + kg2 (MyS2 + K5 + k) + k52 (MgS2 + €48 + K + k) .

[0083] When the material pointelement equivalent to the roll to be evaluated is connected to one material point element
but not connected to the other material point elements, the frequency response for the connected vibration system may
be determined.

[0084] Next, the initial surface shape acquisition section 35 acquires, from the host computer 14, the initial surface
shape of the roll to be evaluated before the roll to be evaluated is incorporated into any of the stands F1 to F5 having
the roll to be evaluated.

[0085] The initial surface shape of the roll to be evaluated indicates the initial amplitude of the surface of the roll to be
evaluated before the roll to be evaluated is incorporated into any of the stands F1 to F5, and is a parameter specified
after the roll to be evaluated is ground by a roll grinder. Specifically, an operator measures the surface shape of the roll
to be evaluated after grinding, and a difference between the measured maximum diameter and minimum diameter can
be determined as an initial amplitude o. As the surface shape information on the roll to be evaluated before the roll to
be evaluated is incorporated into any of the stands F1 to F5, one may be acceptable in which an initial amplitude u0(p)
is specified for every pitch p by the Fourier series expansion for the surface profile in the circumferential direction of the
roll to be evaluated after roll grinding. The initial surface shape of the roll to be evaluated is input in the control computer
13 by an operator when the operator inputs information on the selected roll to be evaluated in the control computer 13,
and is transmitted to the initial surface shape acquisition section 35 via the host computer 14.

[0086] The surface shape estimation section 36 estimates the surface shape of the roll to be evaluated using the initial
surface shape of the roll to be evaluated acquired by the initial surface shape acquisition section 35 in addition to the
analysis result of the vibration behavior of any of the stands F1 to F5 having the roll to be evaluated by the vibration
analysis section 34 and the circumferential speed operation data of the roll to be evaluated acquired by the circumferential
speed data acquisition section 33.

[0087] Herein, the analysis result of the vibration behavior of any of the stands F1 to F5 having the roll to be evaluated
by the vibration analysis section 34 is the frequency response calculated as follows, and is transmitted from the vibration
analysis section 34 to the surface shape estimation section 36. More specifically, when the frequency response is
calculated, the rolling mill vibration model is used in which any of the stands F1 to F5 having the roll to be evaluated is
approximated by the mass-spring system. Then, the spring constants k1 to k7 in the rolling mill vibration model are
updated according to the rolling load operation data of any of the stands F1 to F5 having the roll to be evaluated. The
frequency response is calculated when a virtual external force is applied to the rolling mill vibration model with the
updated spring constants k1 to k7.

[0088] The circumferential speed operation data of the roll to be evaluated acquired by the circumferential speed data
acquisition section 33 is transmitted from the circumferential speed data acquisition section 33 to the surface shape
estimation section 36.

[0089] The roll to be evaluated incorporated into any of the stands F1 to F5 receives a periodic contact load from the
other rolling rolls contacting the roll to be evaluated during the rolling of the metal strip S or the metal strip S as the
material to be rolled. The periodic contact load in this case acts on the roll to be evaluated as a load containing a
combination of vibrations of a plurality of frequencies. Such a load on the roll to be evaluated gradually progresses the
wear between solids in contact with each other, resulting in the development of irregularities of a specific period and
polygonization of the surface shape of the roll to be evaluated in some cases. Specifically, a small relative slip corre-
sponding to the vibration frequency occurs between the roll to be evaluated and the other solids with which the roll to
be evaluated comes into contact, and small wear due to the slip is grown at a specific pitch, polygonizing the surface
shape of the roll to be evaluated.

[0090] The surface shape estimation section 36 estimates the surface shape of the roll to be evaluated formed during
the rolling of the metal strip S using an index representative of the degree of damage of the roll to be evaluated received
from contacting other solids when such vibrations of a plurality of frequencies are given to the roll to be evaluated.
[0091] The surface shape estimation section 36 estimates the surface shape of the roll to be evaluated using a
parameter referred to as a "pitch damage degree" described below. The "pitch damage degree" is the parameter for
calculating the damage degree related to the pitch of the irregularities formed on the surface of the roll to be evaluated
from the frequency response characteristics of each of the stands F1 to F5 calculated using the rolling mill vibration
model in the vibration analysis section 34 and the operation data of a circumferential speed V (m/sec) of the roll to be
evaluated acquired by the circumferential speed data acquisition section 33, and can be defined as follows.
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[0092] First, when the frequency response is calculated using the rolling mill vibration model in which any of the four-
stage stands F1 to F4 having the roll to be evaluated is approximated by the mass-spring system, a pitch damage degree
AM1(p) for the connection part C1 calculated in Step 1 is represented by Equation (9) below using frequency responses
G1(iw), G2(iw).

[Math. 7]

ALI(p) = — 0 ! C e (9)
B T T (1 + koG G wo))(1 = koGali o)) + kgl Gy (i o) Giali o)

[0093] pis an evaluation pitch (m) of the irregularities formed on the surface shape of the roll to be evaluated. kg (N/m)
is the spring constant in the connection part C1, and v (m/N) is a wear development coefficient in the connection part
C1 and is the wear speed (m/N) when a unit load acts on the connection part. T (sec) is the rotation period of the roll to
be evaluated. o, (rad/sec) is the angular frequency corresponding to the evaluation pitch p, and the relationship of
Equation (10) below is established using the circumferential speed V (m/sec) of the roll to be evaluated acquired by the
circumferential speed data acquisition section 33.

[Math. 8]

Wy = 27(% <+ - (10)

[0094] The pitch damage degree AL1(p) is associated with the wear amount (damage degree) of pitch irregularities
formed on the surface of the roll to be evaluated caused by the vibration in the connection part C1, and is equivalent to
the change amount per unit time of a value obtained by causing the natural logarithm to act on the amplitude of the pitch
irregularities.

[0095] Similarly, a pitch damage degree AL2(p) for the connection part C2 is represented by Equation (11) below using
the frequency responses G3(iw), G4(iw).

[Math. 9]

AA2Gp) = — 20 ‘ ce (D
p - T (1 + koGg(l(,UQ))C] - koG,;(i(Uo))'*‘ k02 G3(IQ)0)G4(I(U0)

[0096] At this time, the roll to be evaluated receives the vibration from the upper and lower contact points, so that the
irregularities are formed on the surface. Therefore, the pitch damage degree A)L(p) of the roll to be evaluated can be
represented by AL(p) = AL1(p)+AX2(p). The pitch damage degree AL(p) of the roll to be evaluated has the characteristics
of accumulating with the vibration of the rolling mill, and a cumulative pitch damage degree A(p) is defined as in Equation
(12) below.

[Math. 10]

Ap)= Y AAR) -At - - - (12)

[0097] Herein, Atis the sampling period of the circumferential speed of the rolling roll acquired by the operation data
acquisition section. The pitch damage degree AL(p) sometimes becomes negative depending on the rolling conditions,
and this case means that the irregularities corresponding to the pitch p gradually become smaller.

[0098] When the cumulative pitch damage degree A(p) is determined as described above, amplitude information u(p)
corresponding to the pitch p in the process of rolling the metal strip is calculated by Equation (13) below.

[Math. 11]

ulp)=aexplA®P] - - - (13)

[0099] o represents the initial surface shape of the roll to be evaluated input from the initial surface shape acquisition
section 35, i.e., the initial amplitude of the surface of the roll to be evaluated before the roll to be evaluated is incorporated
into any of the stands F1 to F4, and is the parameter specified after the roll to be evaluated is ground by a roll grinder.
Specifically, an operator measures the surface shape of the roll to be evaluated after grinding, and a difference between
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the measured maximum diameter and minimum diameter can be determined as the initial amplitude o. As information
on the surface shape of the roll to be evaluated before the roll to be evaluated is incorporated into any of the stands F1
to F4, one may be acceptable in which the initial amplitude uO(p) is specified for every pitch p by the Fourier series
expansion for the surface profile in the circumferential direction of the roll to be evaluated after roll grinding.

[0100] When the initial amplitude uO(p) is specified for every pitch p, the amplitude information u(p) corresponding to
the pitch p can be calculated by Equation (14) below.

[Math. 12]

ulp) =uglp)exp[AP) ] - - - (14)

[0101] When the frequency response is calculated using the rolling mill vibration model in which the six-stage stand
F5 having the roll to be evaluated is approximated by the mass-spring system, the amplitude information u(p) corre-
sponding to the pitch p can be calculated using the same technique as above.

[0102] As another aspect of the surface shape estimation section 36, the surface shape of the roll to be evaluated
may be estimated based on the past operation actual results of the actual result data of the frequency response of each
of the stands F1 to F5 and the circumferential speed of the roll to be evaluated and the surface shape of the roll to be
evaluated. For example, the actual result data of the frequency responses G(s), Gx(s), G3(s), G4(s), Gs(s), Gg(s), G7(s),
Gg(s) corresponding to the roll to be evaluated acquired by the vibration analysis section 34, the operation actual result
data, such as the average speed and the maximum speed as the circumferential speed of the roll to be evaluated, and
the surface shape measurement results of the roll to be evaluated, which are measured after the completion of the rolling
of the metal strip S, are stored in a database in association with each other. It may be acceptable that the roll to be
evaluated is set when the metal strip S is rolled, and these data are acquired by the operation data acquisition section
31 and transmitted to the surface shape estimation section 36.

[0103] The surface shape of the roll to be evaluated estimated by the surface shape estimation section 36, i.e.,
amplitude information u(p) corresponding to the pitch p of the surface of the roll to be evaluated, is transmitted to the
conformity determination section 37 connected to the surface shape estimation section 36.

[0104] The conformity determination section 37 determines the conformity of the roll to be evaluated based on the
surface shape of the roll to be evaluated estimated by the surface shape estimation section 36. More specifically, the
conformity determination section 37 refers to the value of the amplitude information u(p) corresponding to the pitch p of
the surface of the roll to be evaluated calculated by the surface shape estimation section 36. Then, the conformity
determination section 37 determines a case where the value of the amplitude information u(p) corresponding to the pitch
p of the roll to be evaluated is less than the upper limit of the amplitude corresponding to the preset pitch p as conformity
(accepted), and a case where the value is equal to or more than the upper limit as nonconformity (rejected).

[0105] The upper limit of the amplitude corresponding to the preset pitch p is the upper limit of the amplitude corre-
sponding to the pitch p, which is set as the surface shape of the roll to be evaluated in advance when it is turned out
that the irregularities at a specific pitch p are likely to grow from the past operation actual results or the past generation
actual results of the chatter marks. Thus, the rolling roll replacement timing can be properly managed, and a decrease
in the production efficiency or a working ratio of the rolling mill a can be prevented.

[0106] Then, the determination results by the conformity determination section 37 are transmitted to the display device
38 connected to the conformity determination section 37. The display device 38 displays the output of the result, i.e.,
the determination result by the conformity determination section 37.

(Method for determining conformity of rolling roll)

[0107] The method for determining the conformity of a rolling roll according to this embodiment determines the con-
formity of the roll to be evaluated which is the rolling roll optionally selected from the plurality of rolling rolls 1, 2, 3 of the
optional stand (F1 to F5) using the conformity determination device 30 for rolling roll.

[0108] The conformity determination method is described with reference to FIGS. 6 and 13. FIG. 6 is a flowchart for
explaining the flow of processing in the host computer 14 and the conformity determination device 30 of the rolling mill
a illustrated in FIG. 5. FIG. 13 is a graph showing changes in circumferential speed of the rolling roll 1, 2, 3 and the
conformity determination timing of the roll to be evaluated when continuous rolling of the metal strip S is performed using
the rolling mill a illustrated in FIG. 5.

[0109] The normalrolling mill a continuously rolls the plurality of metal strips S, and therefore, in the example illustrated
in FIG. 13, the rolling is performed in the order of the metal strips A, B, C. The tip of the metal strip A and the tail end of
the preceding metal strip preceding the metal strip A are joined by welding. Then, at the timing t1 when the joint passes
through the rolling mill a, the processing in the host computer 14 and the conformity determination device 30 of the
rolling mill a illustrated in FIG. 6 is performed.
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[0110] Priorto the processingin the host computer 14 and the conformity determination device 30 in FIG. 6, an operator
inputs information on the selected roll to be evaluated and the initial surface shape of the roll to be evaluated (initial
amplitude o of the surface of the roll to be evaluated) in the control computer 13, and the information is input in the host
computer 14. The information on the selected roll to be evaluated is the information on which rolling roll of the plurality
of rolling rolls 1, 2, 3 of any of the stands F1 to F5 is selected as the roll to be evaluated.

[0111] Then, the host computer 14 selects the roll to be evaluated based on the information input in the host computer
14 in Step S1. Then, the host computer 14 transmits the information on the selected roll to be evaluated to the operation
data acquisition section 31 of the conformity determination device 30 provided in any of the stands F1 to F5 having the
roll to be evaluated. Further, the host computer 14 transmits information on the initial surface shape of the roll to be
evaluated to the initial surface shape acquisition section 35 of the conformity determination device 30 provided in any
of the stands F1 to F5 having the roll to be evaluated (roll to be evaluated selection step).

[0112] Next, in Step S2, the initial surface shape acquisition section 35 of the conformity determination device 30
provided in any of the stands F1 to F5 having the roll to be evaluated acquires the information on the initial surface shape
of the roll to be evaluated, i.e., initial amplitude o of the surface of the roll to be evaluated, from the host computer 14
(initial surface shape acquisition step).

[0113] The initial surface shape acquisition section 35 may acquire one in which the initial amplitude uO(p) is specified
for every pitch p by the Fourier series expansion for the surface profile in the circumferential direction of the roll to be
evaluated after roll grinding as the surface shape information on the roll to be evaluated.

[0114] Next, in Step S3, the rolling load data acquisition section 32 of the conformity determination device 30 provided
in any of the stands F1 to F5 having the roll to be evaluated acquires the rolling load operation data of any of the stands
F1 to F5 having roll to be evaluated from the control controller 12 based on the selection information on the roll to be
evaluated from the host computer 14 (rolling load data acquisition step).

[0115] Herein, the rolling load operation data of the stands F1 to F5 is the rolling load operation data detected by the
rolling load detector 6 when the joint between the metal strip A and the preceding metal strip passes through the stands
F1 to F5. As the rolling load operation data of the stands F1 to F5, a set value of the rolling load set by the control
computer 13 may also be set as the rolling load operation data. This is because, at the timing t1 when the joint between
the tip of the metal strip A and the tail end of the preceding metal strip preceding the metal strip A passes through the
rolling mill a, the rolling load in the rolling of the metal strip A by the control computer 13 is set.

[0116] Next, in Step S4, the circumferential speed data acquisition section 33 of the conformity determination device
30 provided in any of the stands F1 to F5 having the roll to be evaluated acquires the circumferential speed operation
data of the roll to be evaluated from the control controller 12 based on the selection information on the roll to be evaluated
from the host computer 14 (circumferential speed data acquisition step).

[0117] Herein, the circumferential speed operation data of the roll to be evaluated acquired by the circumferential
speed data acquisition section 33 is obtained by the conversion using the roll diameter ratio between the upper and
lower work rolls 1 and the roll to be evaluated from the measured values of the rotational speed of the work rolls 1
detected by the rotational speed detector of the roll speed controller 11.

[0118] Next, in Step S5, the vibration analysis section 34 of the conformity determination device 30 provided in any
of the stands F1 to F5 having the roll to be evaluated analyzes the vibration behavior of any of the stands F1 to F5 having
the roll to be evaluated using the rolling load operation data of any of the stands F1 to F5 acquired in Step S3 (rolling
load acquired step) (vibration analysis step).

[0119] In the analysis of the vibration behavior of any of the stands F1 to F5 having the roll to be evaluated by the
vibration analysis section 34, the rolling mill vibration model in which any of the stands F1 to F5 having the roll to be
evaluated is approximated by the mass-spring system is used as described above. Then, the spring constants k1 to k5
in the rolling mill vibration model are updated according to the rolling load operation data of any of the stands F1 to F5
having the roll to be evaluated acquired in Step S3. Then, the frequency response is calculated when a virtual external
force is applied to the rolling mill vibration model with the updated spring constants k1 to k5.

[0120] Herein, the transfer functions G,(s), G,(s), G3(s), G4(s) indicating the frequency responses G1(iw), G2(iw),
G3(iw), G4(iw) corresponding to the examples in FIGS. 8 and 9 of the four-stage stands F1 to F4 can be represented
by Equations (1) to (4) above, respectively.

[0121] The transfer functions Gg(s), Gg(s), Gs(s), Gg(s) indicating the frequency responses G5(iw), G6(iw), G7(iw),
G8(iw) corresponding to the examples in FIGS. 11 and 12 of the six-stage stand F5 can be represented by Equations
(5) to (8) above, respectively.

[0122] Next, in Step S6, the surface shape estimation section 36 estimates the surface shape of the roll to be evaluated
during the rolling of the metal strip S (surface shape estimation step). In the estimation of the surface shape of the roll
to be evaluated, the analysis result of the vibration behavior of any of the stands F1 to F5 having the roll to be evaluated
by Step S5 (vibration analysis step) is used. Further, in the estimation of the surface shape of the roll to be evaluated,
the circumferential speed operation data of the roll to be evaluated acquired in Step S4 (circumferential speed data
acquisition step) is used. Further, in the estimation of the surface shape of the roll to be evaluated, the initial surface
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shape of the roll to be evaluated acquired in Step S2 (initial surface shape acquisition step) is used.

[0123] Herein, the analysis result of the vibration behavior of any of the stands F1 to F5 having the roll to be evaluated
by Step S5 (vibration analysis step) is the frequency response calculated as follows, and is transmitted from the vibration
analysis section 34 to the surface shape estimation section 36. More specifically, when the frequency response is
calculated, the rolling mill vibration model is used in which any of the stands F1 to F5 having the roll to be evaluated is
approximated by the mass-spring system. Then, the spring constants k1 to k7 in the rolling mill vibration model are
updated according to the rolling load operation data of any of the stands F1 to F5 having the roll to be evaluated. The
frequency response is calculated when a virtual external force is applied to the rolling mill vibration model with the
updated spring constants k1 to k7.

[0124] The circumferential speed operation data of the roll to be evaluated acquired in Step S4 (circumferential speed
data acquisition step) is transmitted from the circumferential speed data acquisition section 33 to the surface shape
estimation section 36.

[0125] The roll to be evaluated incorporated into any of the stands F1 to F5 receives a periodic contact load from the
other rolling rolls contacting the roll to be evaluated during the rolling of the metal strip S or the metal strip S as the
material to be rolled. The periodic contact load in this case acts on the roll to be evaluated as a load containing a
combination of vibrations of a plurality of frequencies. Such a load on the roll to be evaluated gradually progresses the
wear between solids in contact with each other, resulting in the development of irregularities of a specific period and
polygonization of the surface shape of the roll to be evaluated in some cases. Specifically, a small relative slip corre-
sponding to the vibration frequency occurs between the roll to be evaluated and the other solids with which the roll to
be evaluated comes into contact, and small wear due to the slip is grown at a specific pitch, polygonizing the surface
shape of the roll to be evaluated.

[0126] In Step S6, the surface shape estimation section 36 estimates the surface shape of the roll to be evaluated
formed during the rolling of the metal strip S using an index representative of the degree of damage of the roll to be
evaluated received from contacting other solids when such vibrations of a plurality of frequencies are given to the roll
to be evaluated.

[0127] In Step S6, the surface shape estimation section 36 estimates the surface shape of the roll to be evaluated
using the parameter referred to as the "pitch damage degree" described above. The "pitch damage degree" is the
parameter for calculating the damage degree related to the pitch of the irregularities formed on the surface of the roll to
be evaluated from the frequency response characteristics of each of the stands F1 to F5 calculated using the rolling mill
vibration model in Step S5 (vibration analysis step) and the circumferential speed operation data of the roll to be evaluated
acquired in Step S4 (circumferential speed data acquisition step).

[0128] First, when the frequency response is calculated using the rolling mill vibration model in which any of the four-
stage stands F1 to F4 having the roll to be evaluated is approximated by the mass-spring system, the pitch damage
degree AL1(p) for the connection part C1 calculated in Step 1 is represented by Equation (9) above using the frequency
responses G1(iw), G2(iw).

[0129] The pitch damage degree AA2(p) for the connection part C2 is represented by Equation (11) above using the
frequency responses G3(iw), G4(iw).

[0130] At this time, the roll to be evaluated receives the vibration from the upper and lower contact points, so that the
irregularities are formed on the surface. Therefore, the pitch damage degree A)L(p) of the roll to be evaluated can be
represented by AL(p) = AL1(p)+AX2(p). The pitch damage degree AL(p) of the roll to be evaluated has the characteristics
of accumulating with the vibration of the rolling mill, and the cumulative pitch damage degree A(p) is defined as in Equation
(12) above.

[0131] When the cumulative pitch damage degree A(p) is determined as described above, the amplitude information
u(p) corresponding to the pitch p in the process of rolling the metal strip is calculated by Equation (13) above.

[0132] Herein, a represents the initial surface shape of the roll to be evaluated, i.e., the initial amplitude of the surface
of the roll to be evaluated before the roll to be evaluated is incorporated into any of the stands F1 to F4, acquired in Step
S2 (initial surface shape acquisition step), and is the parameter specified after the roll to be evaluated is ground by a
roll grinder. Specifically, an operator measures the surface shape of the roll to be evaluated after grinding, and a difference
between the measured maximum diameter and minimum diameter can be determined as the initial amplitude o. As the
information on the surface shape of the roll to be evaluated before the roll to be evaluated is incorporated into any of
the stands F1 to F4, one may be acceptable in which the initial amplitude uO(p) is specified for every pitch p by the
Fourier series expansion for the surface profile in the circumferential direction of the roll to be evaluated after roll grinding.
[0133] When the initial amplitude uO(p) is specified for every pitch p, the amplitude information u(p) corresponding to
the pitch p can be calculated by Equation (14) above.

[0134] When the frequency response is calculated using the rolling mill vibration model in which the six-stage stand
F5 having the roll to be evaluated is approximated by the mass-spring system, the amplitude information u(p) corre-
sponding to the pitch p can be calculated using the same technique as above.

[0135] Then, the surface shape of the roll to be evaluated estimated by the surface shape estimation section 36, i.e.,
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amplitude information u(p) corresponding to the pitch p of the surface of the roll to be evaluated, is transmitted to the
conformity determination section 37 connected to the surface shape estimation section 36.

[0136] Then, in Step S7, the conformity determination section 37 determines the conformity of the roll to be evaluated
based on the surface shape of the roll to be evaluated estimated by the surface shape estimation section 36 (conformity
determination step). Specifically, the conformity determination section 37 refers to the value of the amplitude information
u(p) corresponding to the pitch p of the surface of the roll to be evaluated calculated by the surface shape estimation
section 36. Then, the conformity determination section 37 determines a case where the value of the amplitude information
u(p) corresponding to the pitch p of the roll to be evaluated is less than the upper limit of the amplitude corresponding
to the preset pitch p as conformity (accepted), and a case where the value is equal to or more than the upper limit as
nonconformity (rejected).

[0137] The upper limit of the amplitude corresponding to the preset pitch p is the upper limit of the amplitude corre-
sponding to the pitch p, which is set as the surface shape of the roll to be evaluated in advance when it is turned out
that the irregularities at a specific pitch p are likely to grow from the past operation actual results or the past generation
actual results of the chatter marks. Thus, the rolling roll replacement timing can be properly managed, and a decrease
in the production efficiency or the working ratio of the rolling mill a can be prevented.

[0138] Then, in Step S8, the display device 38 displays the output of the result, i.e., determination result in Step S7,
(display step). An operator performing a rolling operation can confirm the conformity determination result of the roll to
be evaluated on the display device 38.

[0139] This completes the processing in the host computer 14 and the conformity determination device 30 at the timing
t1 when the joint between the tip of the metal strip A and the tail end of the preceding metal strip preceding the metal
strip A passes through the rolling mill a.

[0140] Then, in FIG. 13, at the timing t2 when the joint between the tip of the metal strip B and the tail end of the
preceding metal strip A preceding the metal strip B passes through the rolling mill a, the processing in the host computer
14 and the conformity determination device 30 illustrated in FIG. 6 is repeated. Also at the timing t3 when the joint
between the tip of the metal strip C and the tail end of the preceding metal strip B preceding the metal strip C passes
through the rolling mill a, the processing in the host computer 14 and the conformity determination device 30 illustrated
in FIG. 6 is repeated.

[0141] Thus, according to the method for determining the conformity of a rolling roll of this embodiment, the conformity
of the roll to be evaluated is determined, the roll to be evaluated being the rolling roll optionally selected from the plurality
of rolling rolls 1, 2, 3 of the optional stand (F1 to F5) having the plurality of rolling rolls 1, 2, 3 in the rolling mill a including
the plurality of stands F1 to F5. The conformity determination method includes the rolling load data acquisition step (Step
S3) of acquiring the rolling load data operation data of any of the stands F1 to F5 having the roll to be evaluated. The
conformity determination method further includes the circumferential speed data acquisition step (Step S4) of acquiring
the circumferential speed operation data of the roll to be evaluated. The conformity determination method further includes
the vibration analysis step (Step S5) of analyzing the vibration behavior of any of the stands F1 to F5 using the rolling
load operation data of any of the stands F1 to F5 having the roll to be evaluated acquired in the rolling load data acquisition
step (Step S3). The conformity determination method further includes the surface shape estimation step (Step S6) of
estimating the surface shape of the roll to be evaluated during the rolling of the metal strip S from the analysis result of
the vibration behavior of any of the stands F1 to F5 having the roll to be evaluated by the vibration analysis step (Step
S5) and the circumferential speed operation data of the roll to be evaluated acquired in the circumferential speed data
acquisition step (Step S4). The conformity determination method further includes the conformity determination step (Step
S7) of determining the conformity of the roll to be evaluated based on the surface shape of the roll to be evaluated
estimated by the surface shape estimation step (Step S6).

[0142] Thus, the state of the polygonal wear of the roll to be evaluated occurring during the rolling is estimated in on-
line by estimating the surface shape of the roll to be evaluated during on-line, the conformity of the rolling roll is determined
based on the estimated polygonal wear state, and the slight chatter marks caused by the polygonal wear can be prevented.
[0143] The method for determining the conformity of a rolling roll according to this embodiment includes the initial
surface shape acquisition step (Step S2) of acquiring the initial surface shape of the roll to be evaluated before the roll
to be evaluated is incorporated into any of the stands F1 to F5 having the roll to be evaluated. Then, the surface shape
estimation step (Step S6) estimates the surface shape of the roll to be evaluated during the rolling of the metal strip S
using the initial surface shape of the roll to be evaluated acquired in the initial surface shape acquisition step (Step S2)
in addition to the analysis result of the vibration behavior of any of the stands having the roll to be evaluated by the
vibration analysis step (Step S5) and the circumferential speed operation data of the roll to be evaluated acquired in the
circumferential speed data acquisition step (Step S4).

[0144] This allows more accurate estimation of the surface shape of the roll to be evaluated.

[0145] According to the method for determining the conformity of a rolling roll of this embodiment, the surface shape
of the roll to be evaluated is the amplitude information u(p) associated with the pitch p of the irregularities formed on the
surface of the roll to be evaluated.
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[0146] This results in the estimation of the amplitude information u(p) associated with the pitch p of the irregularities
formed on the surface of the roll to be evaluated, the amplitude information u(p) accurately indicating the state of the
polygonal wear of the roll to be evaluated occurring during the rolling, and thus the slight chatter marks generated due
to the polygonal wear can be appropriately prevented.

[0147] According to the method for determining the conformity of a rolling roll of this embodiment, the analysis of the
vibration behavior of any of the stands F1 to F5 having the roll to be evaluated by the vibration analysis step (Step S5)
uses the rolling mill vibration model in which any of the stands F1 to F5 having the roll to be evaluated is approximated
by the mass-spring system. Then, the spring constants k1 to k7 in the rolling mill vibration model are updated according
to the rolling load operation data of any of the stands F1 to F5 having the roll to be evaluated. Then, the frequency
response is calculated when a virtual external force is applied to the rolling mill vibration model with the updated spring
constants k1 to k7.

[0148] This allows the calculation of the frequency response in response to changes in vibration characteristics ac-
cording to the rolling load of the rolling mill vibration model in which each of the stands F1 to F4 is approximated by the
mass-spring model, making it possible to obtain a more appropriate analysis result of the vibration behavior of any of
the stands F1 to F5 having the roll to be evaluated.

(Method for rolling metal strip)

[0149] A method for rolling a metal strip according to this embodiment includes determining the conformity of the roll
to be evaluated during the rolling of the metal strip S using the above-described method for determining the conformity
of a rolling roll, and, when the conformity determination result is nonconformity, replacing the roll to be evaluated with
a new rolling roll and rolling the metal strip S.

[0150] More specifically, when the roll to be evaluated is determined as nonconformity by the above-described method
for determining the conformity of a rolling roll, the rolling mill a is suspended once. Then, it may be acceptable that at
least the roll to be evaluated, which is determined as nonconformity, is removed from any of the stands F1 to F5 and
replaced with a new rolling roll after ground by a roll grinder, and then the rolling of the metal strip S is restarted. This
can prevent the generation of the chatter marks on the surface of the metal strip S and allows the production of the metal
strip S having a high yield.

(Method for producing cold-rolled steel sheet)

[0151] Then, the cold-rolled steel sheet is preferably produced using the above-described method for rolling a metal
strip. More specifically, the cold-rolled steel sheet is suitably targeted as the above-described metal strip S. This is
because the cold-rolled steel sheet is required to have a uniform surface appearance, and even the slight chatter marks
are determined to be surface defects.

[0152] The embodiment of the present invention is described above, but the present invention is not limited to this
embodiment and can be variously altered or modified.

[0153] Forexample, in this embodiment, the rolling mill a has the five stands, in which the stands F1 to F4 each contain
a four-high rolling mill and the stand F5 contains a six-high rolling mill. However, the number of the stands is not limited
to five. It may be determined as appropriate which of the plurality of stands contains the four-stage rolling mill or the six-
stage rolling mill.

[0154] The conformity determination device 30 does not necessarily have to include the initial surface shape acquisition
section 35 acquiring the initial surface shape of the roll to be evaluated before the roll to be evaluated is incorporated
into any of the stands F1 to F5 having the roll to be evaluated. The surface shape estimation section 36 does not
necessarily have to estimate the surface shape of the roll to be evaluated using the initial surface shape of the roll to be
evaluated acquired by the initial surface shape acquisition section 35 in addition to the analysis result of the vibration
behavior of any of the stands F1 to F5 having the roll to be evaluated by the vibration analysis section 34 and the
circumferential speed operation data of the roll to be evaluated acquired by the circumferential speed data acquisition
section 33.

[0155] The surface shape of the roll to be evaluated estimated by the surface shape estimation section 36 does not
necessarily have to be the amplitude information u(p) associated with the pitch p of the irregularities formed on the
surface of the roll to be evaluated.

[0156] The analysis of the vibration behavior of any of the stands F1 to F5 having the roll to be evaluated by the
vibration analysis section 34 does not necessarily have to be an analysis in which the rolling mill vibration model is used
in which any of the stands F1 to F5 having the roll to be evaluated is approximated by the mass-spring system, the
spring constants k1 to k7 in the rolling mill vibration model are updated according to the rolling load operation data of
any of the stands F1 to F5 having the roll to be evaluated, and the frequency response when a virtual external force is
applied to the rolling mill vibration model with the updated spring constants k1 to k7 is calculated.
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EXAMPLES

[0157] As examples of the present invention, an example is described in which the rolling mill (tandem rolling mill) a
having the four stands of F1 to F4 is targeted, the first three stands F1 to F3 being the four-stage rolling mills and the
final stand F4 being the six-stage rolling mill.

[0158] In this example, the upper backup roll 2 of the third stand F3 which is the four-stage rolling mill was selected
as the roll to be evaluated. The roll to be evaluated has a diameter of 1370 mm. The upper and lower work rolls 1 of the
stand F3 have diameters of 480 to 550 mm, and a plurality of metal strips S was rolled while the plurality of work rolls
1 was replaced whenever necessary. The roll to be evaluated is a forged steel roll, and was charged into the stand F3
after being finished by a roll grinder to have a centerline average roughness of 0.8 um Ra. As a result of measuring the
irregularities in the circumferential direction of the roll to be evaluated after the roll grinding, the maximum amplitude
was 0.1 um, and thus the initial amplitude o of the surface of the roll to be evaluated was set to 0.1 pm.

[0159] The metal strip S rolled by the rolling mill a is a sheet-type cold-rolled steel sheet including ultra-low carbon
steel, high strength steel sheet, or the like. The rolling speed (circumferential speed of the upper and lower work rolls 1
of the final stand F4) has the minimum speed of 200 m/min and the maximum speed of 1300 m/min. The rolling was
performed at the maximum speed set by the control computer 13 according to the size (sheet thickness, sheet width,
base metal length) and the steel grade of the metal strip S as the material to be rolled. However, the rolling speed was
re-set as appropriate during the rolling of the metal strip according to the judgment of an operator, depending on the
supply state of the metal strip S to the rolling mill a and the like.

[0160] In this example, an operator inputs the information on the selected roll to be evaluated (information in which
the upper backup roll 2 of the third stand F3 was selected as the roll to be evaluated) and inputs the initial surface shape
of the roll to be evaluated (initial amplitude a of the surface of the roll to be evaluated of 0.1 wm) in the control computer
13, and then the information is input in the host computer 14.

[0161] Then, the host computer 14 selected the roll to be evaluated based on the information inputin the host computer
14 in Step S1, and transmitted the information on the selected roll to be evaluated to the operation data acquisition
section 31 of the conformity determination device 30 provided in the stand F3 having the roll to be evaluated. Further,
the host computer 14 transmitted the information on the initial surface shape of the roll to be evaluated to the initial
surface shape acquisition section 35 of the conformity determination device 30 provided in the stand F3 having the roll
to be evaluated.

[0162] Next, the initial surface shape acquisition section 35 of the conformity determination device 30 provided in the
stand F3 having the roll to be evaluated acquired the information on the initial surface shape of the roll to be evaluated,
i.e., initial amplitude o (= 0.1 um) of the surface of the roll to be evaluated, from the host computer 14 in Step S2.
[0163] Next, the rolling load data acquisition section 32 of the conformity determination device 30 provided in the stand
F3 having the roll to be evaluated acquired the rolling load operation data of the stand F3 having the roll to be evaluated
from the control controller 12 based on the selection information on the roll to be evaluated from the host computer 14
in Step S3.

[0164] Herein, as the rolling load operation data of the stand F3, the set value of the rolling load was 5000 kN to 25000
kN from the results of setting and calculation by the control computer 13 executed before the tip of the succeeding metal
strip having the joint between the preceding metal strip and the succeeding metal strip passed through the rolling mill a
in the continuous rolling of the succeeding metal strip, with the stand F3 as the target.

[0165] Next, the circumferential speed data acquisition section 33 of the conformity determination device 30 provided
in the stand F3 having the roll to be evaluated acquired the circumferential speed operation data of the roll to be evaluated
from the control controller 12 based on the selection information on the roll to be evaluated from the host computer 14
in Step S4.

[0166] Herein, the circumferential speed operation data of the roll to be evaluated acquired by the circumferential
speed data acquisition section 33 was obtained by the conversion using the roll diameter ratio between the upper and
lower work rolls 1 and the roll to be evaluated from the measured values of the rotational speed of the work rolls 1
detected by the rotational speed detector of the roll speed controller 11.

[0167] Next, in Step S5, the vibration analysis section 34 of the conformity determination device 30 provided in the
stand F3 having the roll to be evaluated analyzed the vibration behavior of the stand F3 having the roll to be evaluated
using the rolling load operation data of the stand F3 acquired in Step S3.

[0168] In the analysis of the vibration behavior of the stand F3 having the roll to be evaluated by the vibration analysis
section 34, the rolling mill vibration model was used in which the stand F3 having the roll to be evaluated was approximated
by the mass-spring system. Then, the spring constants k1 to k5 in the rolling mill vibration model were updated according
to the rolling load operation data of the stand F3 having the roll to be evaluated acquired in Step S3. Then, the frequency
response was calculated when a virtual external force was applied to the rolling mill vibration model with the updated
spring constants k1 to k5.

[0169] Herein, the vibration analysis section 34 virtually opened the connection between the material point m1 indicating
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the upper backup roll 2 and the other material points connected with the springs 41, 42 of the third stand F3 having the
roll to be evaluated, divided the mass-spring model of the stand F3 into two parts, and individually calculated the frequency
responses of the divided rolling mill vibration models for the two parts. For another material point connected to the
material point m1 indicating the upper backup roll 2 with the spring 41, no material point is present due to the absence
of the rolling roll above the material point m1. Another material point connected to the material point m1 indicating the
upper backup roll 2 with the spring 42 is the material point m2 indicating the upper work roll 1 due to the presence of
the upper work roll 1 below the material point m1.

[0170] Due to the absence of a rolling roll contacting the upper backup roll 2 from further above, the transfer functions
G4(s), Ga(s), Gs(s), Gu(s) representing the frequency responses G1(iw), G2(iw), G3(im), G4(iw) were constituted by
Equations (15) to (18) below, respectively.

Gi(s) = 0 - (15)
Go(s) = 0 - (16)
[Math. 13]
Gz —— - - - (IT)
3 m182+k1
[Math. 14]
G4(S)

_ (m332+ k3+ k4)(m452+ CiS + k4 + ks)" k42

N k32(m452 + CiS + k4 + ks) + k42(m252 + k3) - (m282 + k3)(m352 + k3 + k4)(m452 + CiS + k4 + ks)

- - - (18)

[0171] Next, the surface shape estimation section 36 of the conformity determination device 30 provided in the stand
F3 having the roll to be evaluated estimated the surface shape of the roll to be evaluated during the rolling of the metal
strip S in Step S6. In the estimation of the surface shape of the roll to be evaluated, the analysis result (frequency
response) of the vibration behavior of the stand F3 having the roll to be evaluated by Step S5 and the circumferential
speed operation data of the roll to be evaluated acquired in Step S4 were used. Further, in the estimation of the surface
shape of the roll to be evaluated, the initial surface shape of the roll to be evaluated acquired in Step S2 was also used.
[0172] More specifically, the surface shape estimation section 36 calculated the pitch damage degree AL1(p) by
Equation (9) above, and calculated the pitch damage degree AA2(p) by Equation (11) above. Further, the pitch damage
degree AML(p) of the roll to be evaluated was calculated by A(p) = AL1(p) + AA2(p), and the cumulative pitch damage
degree A(p) of the roll to be evaluated was calculate by (12). Further, the amplitude information u(p) corresponding to
the pitch p was calculated using the initial amplitude o by Equation (13). The wear development coefficient v in the
calculation of the pitch damage degrees AL1(p), AL2(p) was set to 1.0 X 10-14 m/N.

[0173] In this example, the amplitude at the pitch p of 25 mm was focused as the surface shape of the roll to be
evaluated because the pitch of the chatter marks occurred in the metal strip S in the past was 25 mm. Then, the conformity
determination section 37 referred to the value of the amplitude information u(p) corresponding to the pitch p calculated
whenever necessary by the surface shape estimation section 36 and determined a case where the amplitude at the
pitch of 25 mm of the roll to be evaluated was less than 3.0 um as conformity (accepted), and a case where the amplitude
was 3.0 um or more as nonconformity (rejected).

[0174] The determination results by the conformity determination section 37 were displayed on the display device 38.
[0175] In this example, when the total rolling weight of the metal strip S reached 50,000 tons, the amplitude at the
pitch of 25 mm of the roll to be evaluated was estimated to be 3.0 um, and therefore the conformity determination section
37 determined the roll to be evaluated as nonconformity, and the determination result was displayed on the display
device 38. Therefore, an operator stopped the rolling once based on the determination result displayed on the display
device 38. Thereafter, the operator removed the upper backup roll 2 of the third stand F3 from the stand F3, and measured
the surface shape. The measurement showed that the amplitude with the pitch of 25 mm was 3.2 um. Thus, it was able
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to be confirmed that the nonconformity of the roll to be evaluated was determined with good accuracy.

[0176] The upper and lower backup rolls 2 and the upper and lower work rolls 1 of the stand F3 were replaced with
new ground rolls, and then the metal strip S was rolled in the same manner as above. At that time, not only the upper
backup roll 2 but the lower backup roll 2 of the stand F3 was added as the roll to be evaluated. Then, the conformity
determination section 37 setthe criterioninwhich 2.5 umwas set as the upper limit as the amplitude with the pitch of 25 mm.
[0177] Then, continuous rolling was carried out with the same metal strip S as above as the material to be rolled.
When the amplitude corresponding to the pitch of 25 mm as the surface shape of either the upper backup roll 2 or the
lower backup roll 2 of the third stand F3 selected as the roll to be evaluated exceeded 2.5 um, the upper backup roll 2
and the lower backup roll 2 of the stand F3 were replaced with new ground rolling rolls, and then the rolling of the metal
strip S was continued. As a result, the occurrence rate of the chatter marks in the metal strip S was reduced by about
70% as compared with a conventional operation method of replacing the backup roll when the preset total rolling weight
was reached.

Reference Signs List
[0178]

1 work roll (rolling roll)

2 backup roll (rolling roll)

3 intermediate roll (rolling roll)

4 housing

5 vibration meter

6 rolling load detector

7 sheet thickness gauge

8 tension meter roll

9 work roll drive device

10 roll gap controller

11 roll speed controller

12 control controller

13 control computer

14 host computer

21 chuck

22 rest

23 roll rotating device

24 tailstock

25 motor

26 displacement meter

27 measuring instrument logger

30 conformity determination device for rolling roll
31 operation data acquisition section
32 rolling load data acquisition section
33 circumferential speed data acquisition section
34 vibration analysis section

35 initial surface shape acquisition section
36 surface shape estimation section
37 conformity determination section
38 display device

41 to 45 spring

46 damping element

51 to 57 spring

58 damping element

a rolling mill

F1 to F5 stand

S metal strip
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1. A method for determining conformity of a rolling roll,

the method being a method for determining conformity, in a rolling mill including one or two or more stands each
having a plurality of rolling rolls, of a rolling roll to be evaluated optionally selected from the plurality of rolling
rolls of an optional stand of the stands,

the method comprising:

arolling load data acquisition step of acquiring rolling load operation data of the stand having the roll to be
evaluated;

a circumferential speed data acquisition step of acquiring circumferential speed operation data of the roll
to be evaluated;

a vibration analysis step of analyzing a vibration behavior of the stand using the rolling load operation data
of the stand having the roll to be evaluated acquired in the rolling load data acquisition step;

a surface shape estimation step of estimating a surface shape of the roll to be evaluated during rolling of
a metal strip from an analysis result of the vibration behavior of the stand having the roll to be evaluated
by the vibration analysis step and the circumferential speed operation data of the roll to be evaluated
acquired in the circumferential speed data acquisition step; and

a conformity determination step of determining the conformity of the roll to be evaluated based on the
surface shape of the roll to be evaluated estimated by the surface shape estimation step.

2. The method for determining conformity of a rolling roll according to claim 1 comprising:

an initial surface shape acquisition step of acquiring an initial surface shape of the roll to be evaluated before
the roll to be evaluated is incorporated into any of the stands having the roll to be evaluated, wherein

the surface shape estimation step estimates the surface shape of the roll to be evaluated during the rolling of
the metal strip using the initial surface shape of the roll to be evaluated acquired in the initial surface shape
acquisition step in addition to the analysis result of the vibration behavior of the stand having the roll to be
evaluated by the vibration analysis step and the circumferential speed operation data of the roll to be evaluated
acquired in the circumferential speed data acquisition step.

3. The method for determining conformity of a rolling roll according to claim 1 or 2, wherein the surface shape of the
roll to be evaluated is amplitude information associated with a pitch of irregularities formed on a surface of the roll
to be evaluated.

4. The method for determining conformity of a rolling roll according to any one of claims 1 to 3, wherein the analysis
of the vibration behavior of the stand having the roll to be evaluated by the vibration analysis step includes using a
rolling mill vibration model in which the stand having the roll to be evaluated is approximated by a mass-spring
system, updating spring constants in the rolling mill vibration model according to the rolling load operation data of
the stand having the roll to be evaluated, and calculating a frequency response when a virtual external force is
applied to the rolling mill vibration model with the updated spring constants.

5. A method for rolling a metal strip comprising:

when the conformity of the roll to be evaluated is determined during the rolling of the metal strip using the method
for determining conformity of a rolling roll according to any one of claims 1 to 4, and a conformity determination
result is nonconformity,

replacing the roll to be evaluated with a new rolling roll and rolling the metal strip.

6. A method for producing a cold-rolled steel sheet comprising:
producing a cold-rolled steel sheet using the method for rolling a metal strip according to claim 5.
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FIG. 6
( START )

SELECT ROLL TO BE EVALUATED

— S1

ACQUIRE INITIAL SURFACE SHAPE OF
ROLL TO BE EVALUATED

ACQUIRE ROLLING LOAD DATA OF
STAND HAVING ROLL TO BE EVALUATED

ACQUIRE CIRCUMFERENTIAL SPEED DATA
OF ROLL TO BE EVALUATED

—— 4

ANALYZE VIBRATION OF STAND HAVING
ROLL TO BE EVALUATED

ESTIMATE SURFACE SHAPE OF
ROLL TO BE EVALUATED

DETERMINE CONFORMITY OF
ROLL TO BE EVALUATED

OUTPUT RESULT

END

30



~

EP 4 406 671 A1

FIG. 7
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FIG. 13
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