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ABSTRACT

A metal structure evaluator for rolled steel sheets
according to the present invention includes: a magnetic
property measuring unit configured to measure magnetic
properties of an evaluation target point in at least two or
more different magnetization directions by performing, in
the at least two or more different magnetization
directions, processing of applying a magnetic field on a
surface of a rolled steel sheet in one direction and
measuring the magnetic properties of the evaluation target
point on the surface of the rolled steel sheet; and a
determination unit configured to determine the metal
structure of the evaluation target point based on the
magnetic properties measured by the magnetic property

measuring unit.
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DESCRIPTION
METAL STRUCTURE EVALUATOR FOR ROLLED STEEL SHEETS, METHOD
FOR EVALUATING METAL STRUCTURE OF ROLLED STEEL SHEET,
PRODUCTION FACILITY OF STEEL PRODUCT, METHOD FOR
MANUFACTURING STEEL PRODUCT, AND METHOD OF QUALITY
MANAGEMENT OF STEEIL PRODUCT
Field
[0001] The present invention relates to a metal
structure evaluator for rolled steel sheets that evaluates
the metal structure of a surface layer of a high-strength
rolled steel sheet using electromagnetic measurement, a
method for evaluating the metal structure of a rolled steel
sheet, a manufacturing facility of steel products, a method
for manufacturing steel products, and a method of quality
management of the steel products.
Background
[0002] High-strength steel sheets are generally
manufactured using a technique called thermo-mechanical
control process (TMCP) in which controlled rolling and
controlled cooling are combined. In order to increase the
strength of a steel sheet by using the TMCP technique,
increasing the rate of cooling during controlled cooling is
effective. Controlled cooling performed at a high rate of
cooling, however, rapidly cools the surface layer of a
steel sheet and easily causes variations of the metal
structure of the surface layer, compared to the inside of
the steel sheet. The metal structure of a surface layer is
therefore a kevy to maintain properties of the steel sheet
consistent. For the above background, Patent Literature 1
discloses a method for evaluating the metal structure of a
steel sheet. Specifically, the method disclosed in Patent
Literature 1 evaluates the processed ferrite fraction based

on the electron back scatter diffraction patterns (EBSD)
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using an electron microscope and evaluates the area ratio
of a martensite~austenite mixed layer by observing, with an
optical microscope, the conditions after etching using a
corrosive ligquid.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Patent Application
Laid-open No. 2018-31069

Summary

Technical Problem

[0004] The method for evaluating a metal structure using
the electron microscope and the optical microscope, as
disclosed in Patent Literature 1, is non-real-time
evaluation performed by collecting samples. The method
therefore has difficulty evaluating the metal structure of
a steel sheet as it is, without destroying the sheet.
[0005] In view of the problem described above, it is an
object of the present invention to provide a metal
structure evaluator for rolled steel sheets and a method
for evaluating the metal structure of a rolled steel sheet
that are capable of non-destructively evaluating the metal
structure of a rolled steel sheet. It is another object of
the present invention to provide a manufacturing facility
of steel products, a method for manufacturing steel
products, and a method of guality management of the steel
products, which can non-destructively evaluate the metal
structure of a steel product and thus can improve the
manufacturing vield of the steel product.

Solution to Problem

[0006] A metal structure evaluator according to the
present invention for rolled steel sheets includes: a
magnetic property measuring unit configured to measure a

magnetic property of an evaluation target point in at least
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two or more different magnetization directions by performing, in
the at least two or more different magnetization directions,
processing of: applying a magnetic field on a surface of a
rolled steel sheet in one direction; and measuring a magnetic
property of the evaluation target point on the surface of the
rolled steel sheet; and a determination unit configured to
determine a metal structure of the evaluation target point based
on the magnetic property measured by the magnetic property
measuring unit.

[0007] The determination unit may be configured to calculate
a cyclic fluctuation component for distinguishing the metal
structure from the cyclic fluctuation component of the magnetic
property in the magnetization direction, and determine the metal
structure of the evaluation target point based on the cyclic
fluctuation component.

o008} The determination unit may be configured to determine
the metal structure of the evaluation target point, based on a
difference between magnetic properties of different
magnetization directions for judging a range of fluctuation in
magnetic property, among magnetic properties of the respective
magnetization directions.

[0009] The magnetic property measuring unit may include: a
probe array including at least two or more probes each of which
includes a mechanism configured to apply a magnetic field on the
surface of the rolled steel sheet in the one direction, and a
mechanism configured to measure a magnetic property of the
evaluation target point on the surface of the rolled steel
sheet, wherein the two or more probes are arranged to face the
respective different magnetization directions; and a moving
mechanism configured to move the rolled steel sheet and the
probe array relative to each other.

f0010] The magnetic property measuring unit may include: a
probe array provided for the at least two or more different

magnetization directions and including a plurality of probes
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each of which includes a mechanism configured to apply a
magnetic field on the surface of the rolled steel sheet in the
one direction, and a mechanism configured to measure a magnetic
property of the evaluation target point on the surface of the
rolled steel sheet, wherein the probes are arranged in a width
direction of the rolled steel sheet; and a moving mechanism
configured to move the rolled steel sheet and the probe array
relative to each other.

[0011] A method for evaluating a metal structure of a rolled
steel sheet according to the present invention includes: a
magnetic property measuring step of measuring a magnetic
property of an evaluation target point in at least two or more
different magnetization directions by performing, in the at
least two or more different magnetization directions, processing
of: applying a magnetic field on a surface of a rolled steel
sheet in one direction; and measuring a magnetic property of the
evaluation target point on the surface of the rolled steel
sheet; and a determining step of determining a metal structure
of the evaluation target point based on the magnetic property
measured at the magnetic property measuring step.

[0011al In some embodiments of the method for evaluating a
metal structure of a rolled sheet, the determining step includes
calculating a cyclic fluctuation component for distinguishing
the metal structure from the cyclic fluctuation component of the
magnetic property in the magnetization direction, and
determining the metal structure of the evaluation target point
based on the cyclic fluctuation component.

[0012] A manufacturing facility of a steel product according
to the present invention includes: a manufacturing facility of
the rolled steel sheet; and the metal structure evaluator for
rolled steel sheets according to the present invention, wherein
the manufacturing facility of the steel product is configured to
manufacture the steel product while evaluating the structure of

the
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rolled steel sheet manufactured at the manufacturing
facility of the rolled steel sheet using the metal
structure evaluator.
[0013] A method for manufacturing a steel product
according to the present invention includes: a step of
manufacturing the steel product while evaluating the metal
structure of the steel product using the method for
evaluating the metal structure of the rolled steel sheet
according to the present invention.
[0014] A method of guality management of a steel product
according to the present invention includes: a step of
managing quality of the steel product by classifying the
steel product according to the metal structure of the steel
product using the method for evaluating the metal structure
of the rolled steel sheet according to the present
invention.
Advantageous Effects of Invention
[0015] The metal structure evaluator for rolled steel
sheets and the method to evaluate the metal structure of a
rolled steel sheet according to the present invention can
non—-destructively evaluate the metal structure of a rolled
steel sheet. The manufacturing facility of steel products,
the method for manufacturing steel products, and the method
of gquality management of the steel products according to
the present invention can non-destructively evaluate the
metal structure of a steel product and thus can improve the
manufacturing yield of the steel product.
Brief Description of Drawings
[0016] FIG. 1 is a block diagram that illustrates the
configuration of a metal structure evaluator for rolled
steel sheets as an embodiment of the present invention.
FIG. 2 includes diagrams that illustrate the

configuration of a probe illustrated in FIG. 1.
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FIG. 3 includes diagrams that illustrate the
configuration of a modification of the probe illustrated in
FIG. 2.

FIG. 4 is a flowchart that illustrates a processing
flow of metal structure evaluation for rolled steel sheets,
as an embodiment of the present invention.

FIG. 5 is a schematic diagram to explain the processing
of Steps 81 to 83 illustrated in FIG. 4.

FIG. 6 is a schematic diagram that illustrates the
configurations of a rotating mechanism and a lifting
mechanism of the probe.

FIG. 7 is a schematic diagram that illustrates an
example configuration of a probe array.

FIG. 8 is a schematic diagram that illustrates example
configurations of probe arrays.

FIG. 9 includes graphs that indicate example cases in
which the magnetic property of a rolled steel sheet is
measured in each of magnetization directions.

FIG. 10 is a graph that indicates an example case in
which the metal structure of a rolled steel sheet is
evaluated.

FIG. 11 is a graph that indicates an example case in
which the metal structure of a rolled steel sheet is
evaluated.
Description of Embodiments
[0017] A metal structure evaluator for rolled steel
sheets and a method to evaluate the metal structure of a
rolled steel sheet as an embodiment of the present invention
will now be described with reference to the drawings.
[0018] [Configuration]

The configuration of the metal structure evaluator for

rolled steel sheets as an embodiment of the present
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invention will now be described with reference to FIG. 1 to
FIG. 3. FIG. 1 is a block diagram that illustrates the
configuration of the metal structure evaluator for rolled
steel sheets as an embodiment of the present invention.
FIGS. 2(a) and (b) are a side view and a plan view that
illustrate the configuration of a probe 2 illustrated in
FIG. 1. FIGS. 3(a) and (b) are a side view and a plan view
that illustrate the configuration of a modification of the
probe 2 illustrated in FIG. 2.

[0019] As illustrated in FIG. 1, a metal structure
evaluator 1 for rolled steel sheets as an embodiment of the
present invention includes the probe 2 that performs
processing of applyving a magnetic field on a surface of a
rolled steel sheet in a direction and measuring the
magnetic property of an evaluation target point on the
surface of the rolled steel sheet. This operation is
performed for at least two or more different magnetization
directions to measure the magnetic property of the
evaluation target point in at least two or more different
magnetization directions. The metal structure evaluator 1
further includes a determiner 3 that determines the metal
structure of the evaluation target point in a size of
roughly several to several tens of millimeters, based on
the magnetic properties measured by the probe 2.

[0020] As illustrated in FIGS. 2(a) and (b)), the probe 2
includes a magnetization yoke 21 and a magnetic sensor 22.
[0021] The magnetization yoke 21 is a U-shaped member
made of a member 2la, and a member 21lb and a member 2lc
extended from respective ends of the member 2la toward the
surface of a rolled steel sheet 5. An excitation coil 23
is wound around the member 2la. The magnetization yoke 21
applies a magnetic fileld in a magnetization direction

indicated by an arrow, on the surface layer of the rolled

Date recue/date received 2021-10-21



10

15

20

25

30

A 03137689 2021~10~21

Docket No. PJFA-21342-PCT: FINAL

steel sheet S by supplying the current to the excitation
coil 23.

[0022] The magnetic sensor 22 measures magnetic
properties of the rolled steel sheet S, subjected to
application of a magnetic field by the magnetization voke
21, and outputs data of the measured magnetic properties to
the determiner 3. As illustrated in FIGS. 3 (a) and (b),
the excitation coil 23 is allowed to be used as the
magnetic sensor 22 by detecting a change in current flowing
in the excitation coil 23, the change which depends on the
magnetic properties of the rolled steel sheet S.

[0023] [Method]

A method to evaluate the metal structure of a rolled
steel sheet as an embodiment of the present invention will
now be described with reference to FIG. 4 to FIG. 9. FIG.
4 is a flowchart that illustrates a processing flow of
metal structure evaluation for rolled steel sheets as an
embodiment of the present invention. FIG. 5 is a schematic
diagram to explain the processing of Steps S1 to 8§83
illustrated in FIG. 3.

[0024] As illustrated in FIG. 4, the processing to
evaluate the metal structure of a rolled steel sheet, as an
embodiment of the present invention, sets the probe 2 to
apply a magnetic field in a predetermined magnetization
direction to the rolled steel sheet § (Step 81), and
applies a magnetic field in the predetermined magnetization
direction to the rolled steel sheet S and measures magnetic
properties (Step S2). It is then determined whether
magnetic properties have been completely measured for all
the magnetization directions, at least two or more
directions, of which magnetic properties are necessary to
be measured (Step S3). If measurement 1s not completed (No

at Step $3), the probe 2 is set to apply a magnetic field
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in a magnetization direction, the magnetic properties of
which are yet to be measured. If measurement is completed
(Yes at Step 83), the determiner 3 evaluates (determines)
the metal structure of the rolled steel sheet S, based on
the magnetic property of each magnetization direction
measured by the probe 2 (Step S4).

[0025] More specifically, the processing of Steps S1 to
53 repeats measuring of magnetic properties while rotating
the probe 2 on a horizontal plane in increments of A
degrees to change the magnetization direction, with an
evaluation target point P on the surface of the rolled
steel sheet S kept in the center of the probe 2, as
illustrated in FIG. 5. In the measurement of each magnetic
property, for example, as the method described in Japanese
Translation of PCT International Application Laid—-open No.
H2-504077, the tangential magnetic field strength and the
high frequency component (described later) at each time as
magnetic properties are measured while an alternating
magnetic field generated by a sinusoidal signal is being
applied, and the maximum value and the mean value of the
tangential magnetic field strength, the magnetic
coercivity, the coefficient of a high frequency component,
and other elements are calculated.

[0026] The alternating magnetic field is generated by
applving a signal where a high frequency sinusoidal signal,
specifically, a signal having an amplitude of approximately
one to one hundredth of the amplitude of a fundamental low
frequency (50 Hz to 500 Hz) sinusoidal signal and having a
frequency of approximately one KHz to ten KHz, is
superimposed on the fundamental low frequency sinusoidal
signal. The above high frequency component is an
observation signal for the superimposed high frequency

component, among magnetization signals (or current signals
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observed, if the probe 2 is not used) measured by the probe
2. The tangential magnetic field strength corresponds to
the amplitude of this high frequency component.

[0027] At this time, a rotating mechanism 4 to rotate
the probe 2 on the horizontal plane and a lifting mechanism
5 to 1ift the probe 2, as illustrated in FIG. 6, are used
to make the probe 2 automatically rotate and magnetized in
a predetermined magnetization direction and to measure the
magnetic properties. This process may be repeated for
predetermined magnetization directions. As another method,
as illustrated in FIG. 7, magnetic properties in each
magnetization direction may be measured using a probe array
where the probes 2 are arranged to face respective
magnetization directions to be measured. This method
repeatedly measures the magnetic properties while moving
the rolled steel sheet S and the probe array relative to
each other. As still another method, as illustrated in
FIG. 8, magnetic properties in each magnetization direction
may be measured using probe arrays arranged to face
respective magnetization directions to be measured and
including a plurality of probes 2 arranged in the width
direction of the rolled steel sheet S§. This method
repeatedly measures the magnetic properties while moving
the rolled steel sheet S and the probe arrays relative to
each other.

[0028] FIGS. 9(a) and (b) are graphs that indicate
example cases in which magnetic properties of rolled steel
sheets S having different metal structures are measured in
each of magnetization directions, using the same
magnetization conditions. In the examples, the
magnetization directions are rotated in increments of 15
degrees, such as 0°, 15°, 30°, .., 345°. Magnetic properties

are therefore measured at every 15 degrees and obtained for
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360 degrees. Any angle interval for measurement is
selectable, and the intervals are not necessarily to be
constant. The examples of FIGS. 9(a) and (b) indicate that
dependency of the magnetic property on magnetization
direction significantly differs by metal structure.
Particularly, in the example of FIG. 9(a), a drastic change
is observed at every 90° cycle of the magnetization
direction. The changes represent the presence of strong
anisotropy. It is therefore preferable to make a
measurement at least every 45° to capture these 90° cycle
changes. Evaluation may be made for magnetization
directions of total 180° or 90°, instead of 360°.

[0029] At the processing of Step S4, the determiner 3
determines the anisotropy based on the magnetic property of
each magnetization direction measured by the probe 2. In
the present embodiment, the determiner 3 evaluates the
anisotropy of the magnetic property by calculating a
component of Fourier series expansion corresponding to the
angle of a magnetization direction. More specifically, the
determiner 3 calculates a component F(P, n) indicated by
the following expression (1) with the value of the magnetic

property, measured at an angle 6 of a magnetization

direction, set as P(0) and the degree of the Fourier series
set as n. In this calculation, for example, the component
F(P, 4) where n = 4 corresponds to a fluctuation component
of the 90° cycle. The determiner 3 determines the metal
structure of the evaluation target point P, based on the
obtained component F (P, n). The method of determination is
determined by previously studying the relation between the
magnetic properties of a target material and the metal
structure. In the examples of FIGS. 9(a) and (b), the

component F(P, 4) is get noticed. Specifically, using a
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previously set determination threshold Tp,s, if the absolute
value of the component F(P, 4) is equal to or greater than
the determination threshold Tp,4, the metal structure of the
evaluation target point P is determined to be a metal
structure A. If the component F(P, 4) is smaller than the
determination threshold Tp,4, the metal structure of the
evaluation target point P is determined to be a metal
structure B. Although an example case using the 90° cycle
has been described above, any component other than the 90°
cycle may be used, if a given difference is large enough to
determine a difference between metal structures. In other
words, it is effective to use the strength of a cyclic
component obtained at an angle that can differentiate
(distinguish) metal structures from each other.
[0030]

F(P,n)= ;P(@)— cos(no) 1

[0031] Such a method is also conceivable that uses a set
{P(0) le of values of magnetic properties, as indicated in
the following expression (2), obtained in the respective
magnetization directions, and determines the metal
structure by evaluating the range of fluctuation of the
value P(0). For example, based on calculation of a maximum
value maxP and a minimum value minP and calculation of a
difference AP between the maximum value maxP and the
minimum value minP using the following expression (3), if
the difference AP is equal to or greater than a previously
set determination threshold Tap, the metal structure of the
evaluation target point P may be determined to be a metal

structure A. If the difference AP is smaller than the

previously set determination threshold Tap, the metal
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structure of the evaluation target point P may be determined
to be a metal structure B. The difference AP is not limited
to a difference between the maximum value maxP and the
minimum value minP. Since it is only necessary to evaluate
how much the value P(0) fluctuates, a difference in the
value P(0) between specific angles may be evaluated to judge

the range of fluctuation of the magnetic property.

[0032]

{P(e)}e = {P(eo ), P(el ), P(Gz ), ) P(ON -1 )} 16.)
[0033]

AP = max P — min P 3
f0034] As is apparent from the above description, because

dependency of the magnetic property on the magnetization
direction differs between metal structures, the metal
structure evaluator 1 for rolled steel sheets as an
embodiment of the present invention determines the metal
structure of the rolled steel sheet S8 by measuring magnetic
properties of at least two or more magnetization directions
and calculating dependency of the magnetic property on the
magnetization direction. The metal structure evaluator 1
therefore enables nondestructive evaluation of the metal
structure of the rolled steel sheet 5.
[0035] [First Example]

In a first example, a sinusoidal magnetic field of 125
Hz was applied to a steel sheet, and the mean values of
tangential magnetic field strength was measured as a

magnetic property. Total 24 magnetization directions were

set at intervals of 15°, such as 0°, 15°, 30°, .. ,345°,

relative to the direction of rolling. A component F(P,4)
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corresponding to a fluctuation component of the 90° cycle
was evaluated. A determination threshold Tp,4 was given as
0.07. If the absolute value of the component F(P,4) is
equal to or less than the determination threshold Tp,s, the
5 metal structure of the evaluation target point P was
determined to be a bainite structure. If the absolute
value of the component F(P,4) is larger than the
determination threshold Tp,4, the metal structure of the
evaluation target point P was determined to be a ferrite
10 and bainite structure, which is a structure having strong
magnetic anisotropy. Corresponding to observation of the
above evaluation target point P using a microscope, an
adjacent portion of the evaluation target point P was
observed to classify the metal structure. Metal structures
15 of respective evaluation target points are indicated in
Table 1, and the wvalues of the components F(P, 4) of the
evaluation target points are indicated in FIG. 10. As
illustrated in FIG. 10, the metal structure can be
determined by evaluating dependency of the magnetic

20 property on the magnetization direction.

[00361]
Table 1
No. Base Material Metal Structure
1 A Ferrite and Bainite
2 A Ferrite and Bainite
3 A Ferrite and Bainite
4 B Bainite
5 B Bainite
6 B Rainite
7 c Bainite
8 C BRainite
g9 C Bainite
[0037] [Second Example]

In the second example, using the same target to be

25 measured and the same method of measuring of magnetic
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properties as the first example, the above difference AP
was calculated, and the determination threshold Tar was
given as 0.03. If the difference AP is equal to or greater

than the determination threshold Taer, the metal structure

of the evaluation target point P was determined to be a
ferrite and bainite structure. If the difference AP is

smaller than the determination threshold Tapr, the metal

structure of the evaluation target point P was determined

to be a bainite structure. Values of the difference AP
obtained at respective evaluation target points are
illustrated in FIG. 11. As illustrated in FIG. 11, the
metal structure can be determined by evaluating dependency
of the magnetic property on the magnetization direction.
[0038] An embodiment to which the present invention made
by the inventors of the present invention is applied has
been described. It should be noted that the description
and drawings of the embodiment, serving as a part of
disclosure of the present invention, are not intended to
limit the present invention. For example, the metal
structure evaluator 1 for rolled steel sheets as an
embodiment of the present invention is installed to a known
or unknown manufacturing facility of rolled steel sheets,
and a steel product is manufactured while evaluating the
metal structure of a rolled steel sheet, manufactured at
the manufacturing facility of rolled steel sheets. This
configuration can improve the manufacturing yield of the
rolled steel sheet. Furthermore, the manufacturing
facility of rolled steel sheets equipped with the metal
structure evaluator 1 for rolled steel sheets as an
embodiment of the present invention is installed to a known
or unknown manufacturing facility of steel products. A

steel product is manufactured while evaluating the metal
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structure of a rolled steel sheet, manufactured at the
manufacturing facility of rollied steel sheets. This
configuration can improve the manufacturing yield of the
steel product. A steel product is manufactured while
evaluating the metal structure of the steel product (more
specifically, the metal structure of a rolled steel sheet
being processed to manufacture the steel product or a rolled
steel sheet from which the steel product has been
manufactured) using the metal structure evaluator 1 for
rolled steel sheets and the method to evaluate the metal
structure of a rolled steel sheet, as an embodiment of the
present invention. This configuration can improve the
manufacturing yield of the steel product. Furthermore, the
metal structure evaluator 1 for rolled steel sheets and the
method to evaluate the metal structure of a rolled steel
sheet, as an embodiment of the present invention, are used
to classify a steel product according to the metal structure
of the steel product (more specifically, the metal structure
of a rolled steel sheet being processed to manufacture the
steel product or a rolled steel sheet from which the steel
product has been manufactured), thereby managing the quality
of the steel product. As described above, other
embodiments, examples, operational techniques, and the like,
that are made by the skilled or other persons based on the
present embodiment are all included in the scope of the
present invention.

Industrial Applicability

[0039] According to the present invention, a metal

structure evaluator for rolled steel sheets and a method
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for evaluating the metal structure of a rolled steel sheet
capable of non—-destructively evaluating the metal structure
of a rolled steel sheet can be provided. According to the
present invention, a manufacturing facility of steel
products, a method for manufacturing steel products, and a
method of quality management of the steel products are
provided that can improve manufacturing yield of a steel
product by non-destructively evaluating the metal structure
of the steel product.
Reference Signs List
[0040] 1 METAL STRUCTURE EVALUATOR FOR ROLLED STEEL
SHEETS

2 PRORE

3 DETERMINER

4 ROTATING MECHANTISM

5 LIFTING MECHANISM

21 MAGNETIZATION YOKE

2la, 21b, 21c¢ MEMBER

22 MAGNETIC SENSOR

23 EXCITATION COIL

P EVALUATION TARGET POINT

S ROLLED STEEL SHEET
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CLATIMS :
1. A metal structure evaluator for rolled steel sheets, the metal
structure evaluator comprising:

a magnetic property measuring unit configured to measure a
magnetic property of an evaluation target point in at least two or
more different magnetization directions by performing, in the at
least two or more different magnetization directions, processing
of: applying a magnetic field on a surface of a rolled steel sheet
in one direction; and measuring a magnetic property of the
evaluation target point on the surface of the rolled steel sheet;
and

a determination unit configured to determine a metal structure
of the evaluation target point based on the magnetic property
measured by the magnetic property measuring unit, wherein

the determination unit is configured to

calculate a cyclic fluctuation component for
distinguishing the metal structure from the cyclic fluctuation
component of the magnetic property in the magnetization direction,
and

determine the metal structure of the evaluation target

point based on the cyclic fluctuation component.

2. The metal structure evaluator for rolled steel sheets
according to claim 1, wherein the magnetic property measuring unit
includes:
a probe array including at least two or more probes each of

which includes

a mechanism configured to apply a magnetic field on the
surface of the rolled steel sheet in the one direction, and

a mechanism configured to measure a magnetic property of
the evaluation target point on the surface of the rolled steel
sheet,

wherein the two or more probes are arranged to face the
respective different magnetization directions; and

a moving mechanism configured to move the rolled steel sheet
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and the probe array relative to each other.

3. The metal structure evaluator for rolled steel sheets
according to claim 1, wherein the magnetic property measuring unit
includes:

a probe array provided for the at least two or more different
magnetization directions and including a plurality of probes each
of which includes

a mechanism configured to apply a magnetic field on the
surface of the rolled steel sheet in the one direction, and

a mechanism configured to measure a magnetic property of
the evaluation target point on the surface of the rolled steel
sheet,

wherein the probes are arranged in a width direction of
the rolled steel sheet; and

a moving mechanism configured to move the rolled steel sheet

and the probe array relative to each other.

4. A method for evaluating a metal structure of a rolled steel
sheet, the method comprising:

a magnetic property measuring step of measuring a magnetic
property of an evaluation target point in at least two or more
different magnetization directions by performing, in the at least
two or more different magnetization directions, processing of:

applying a magnetic field on a surface of a rolled steel
sheet in one direction; and

measuring a magnetic property of the evaluation target
point on the surface of the rolled steel sheet; and

a determining step of determining a metal structure of the
evaluation target point based on the magnetic property measured at
the magnetic property measuring step, wherein

the determining step includes

calculating a cyclic fluctuation component for
distinguishing the metal structure from the cyclic fluctuation

component of the magnetic property in the magnetization direction,

Date Recue/Date Received 2023-06-19



10

i5

20

25

89080796
20

and
determining the metal structure of the evaluation target

point based on the cyclic fluctuation component.

5. A manufacturing facility of a steel product, the manufacturing
facility comprising:

a manufacturing facility of the rolled steel sheet; and

the metal structure evaluator for rolled steel sheets
according to any one of claims 1 to 3, wherein

the manufacturing facility of the steel product is configured
to manufacture the steel product while evaluating the structure of
the rolled steel sheet manufactured at the manufacturing facility

of the rolled steel sheet using the metal structure evaluator.

6. A method for manufacturing a steel product, the method
comprising:

a step of manufacturing the steel product while evaluating the
metal structure of the steel product using the method for
evaluating the metal structure of the rolled steel sheet according

to claim 4.

7. A method of gquality management of a steel product, the method
comprising:

a step of managing quality of the steel product by classifying
the steel product according to the metal structure of the steel
product using the method for evaluating the metal structure of the

rolled steel sheet according to claim 4.
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