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[Document Type] Specification

[Title of the Invention]

COATING COMPOSITION FOR ELECTRICAL STEEL SHEET, ELECTRICAL STEEL
SHEET, LAMINATED CORE, AND ROTARY ELECTRIC MACHINE

[Technical Field]

[0001]

The present invention relates to a coating composition for an electrical steel
sheet, an electrical steel sheet, a laminated core, and a rotary electric machine. Priority
is claimed on Japanese Patent Application No. 2020-104254, filed June 17, 2020, the
content of which is incorporated herein by reference.

[Background Art]
[0002]

A laminated core in which a plurality of electrical steel sheets are joined to each
other and laminated is known as a core (iron core) used in a rotary electric machine.
Caulking or welding is known as a method for joining electrical steel sheets to each
other. However, in caulking or welding, the magnetic property (core iron loss) of
electrical steel sheets is likely to deteriorate due to thermal strains or mechanical strains
during processing.

[0003]

A method for adhesion electrical steel sheets to each other on which insulation
coatings having an adhesive capability are formed on their surfaces (Patent Document 1)
is known as a joining method other than caulking and welding, for example. Since the
adhesion using the insulation coating does not impart mechanical strains or thermal
strains, it is superior in core iron loss compared with in caulking or welding. Epoxy

resins have little volume change and have excellent heat resistance, oil resistance, and
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chemical resistance and are excellent as adhesives that bond electrical steel sheets to each
other (Patent Documents 2 and 3).

[Citation List]

[Patent Documents]

[0004]

[Patent Document 1]

Japanese Unexamined Patent Application, First Publication No. 2017-011863
[Patent Document 2]

Japanese Unexamined Patent Application, First Publication No. 2000-173816
[Patent Document 3]

PCT International Publication No. W02004/070080
[Summary of the Invention]

[Problems to be Solved by the Invention]
[0005]

In recent years, in response to a request for further improvement in motor
efficiency, further reduction in core iron loss has been required. Thinning of electrical
steel sheets is effective for reducing core iron loss. However, since the Young’s
modulus of a steel sheet decreases as the film thickness decreases, it is required for stress
strain causing deterioration in iron loss not to be applied to the steel sheet. Since an
epoxy resin has excellent heat resistance but is hard and has low toughness, stress strain
is applied to a steel sheet due to hardening of the epoxy resin during adhesion.
Therefore, thinning of the steel sheet causes deterioration in iron loss.

In addition, in drive motors or the like of electric vehicles, the temperature
increases during driving, so that more heat resistance is required.

[0006]
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As techniques for improving heat resistance, there is a method for incorporating
phenol resins. However, resins having excellent heat resistance are hard at normal
temperature and a large stress is applied to a laminated core, so that the magnetic
property deteriorates. On the other hand, resins having an appropriate hardness near
normal temperature become soft at high temperature, and therefore are inferior in heat
resistance. From these, it is difficult to achieve both excellent magnetic property and
excellent heat resistance that can maintain sufficient adhesion strength even when
exposed to high temperature during driving.

[0007]

An object of the present invention is to provide a coating composition for an
electrical steel sheet that can achieve both a magnetic property of a laminated core and
heat resistance that can maintain adhesion strength between electrical steel sheets even at
a high temperature during driving, and an electrical steel sheet, a laminated core, and a
rotary electric machine using the coating composition for an electrical steel sheet.
[Means for solving the Problem]

[0008]

The present invention has the following aspects.

[1] A coating composition for an electrical steel sheet according to one aspect of
the present invention includes: an epoxy resin; an epoxy resin curing agent; and an
elastomer-modified phenolic resin, in which the amount of the elastomer-modified
phenolic resin is 10 parts by mass to 100 parts by mass with respect to 100 parts by mass
of the epoxy resin.

[2] In the coating composition for an electrical steel sheet according to [1]
above, a weight average molecular weight of an elastomer portion of the elastomer-

modified phenolic resin may be 2,000 to 200,000.
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[3] In the coating composition for an electrical steel sheet according to [1] or [2]
above, a curing shrinkage rate may be 15% or less.

[4] An electrical steel sheet according to one aspect of the present invention
having an insulating coating containing the coating composition for an electrical steel
sheet according to any one of [1] to [3] above on a surface.

[5] A laminated core according to one aspect of the present invention, in which a
plurality of the electrical steel sheets according to [4] above are laminated and caused to
adhere together.

[6] A rotary electric machine according to one aspect of the present invention
includes: the laminated core according to [5] above.

[Effects of the Invention]
[0009]

According to the above-described aspects of the present invention, it is possible
to provide a coating composition for an electrical steel sheet that can achieve both a
magnetic property of a laminated core and heat resistance that can maintain adhesion
strength between electrical steel sheets even at a high temperature during driving, and an
electrical steel sheet, a laminated core, and a rotary electric machine using the coating
composition for an electrical steel sheet.

[Brief Description of Drawings]
[0010]

Fig. 1 is a cross-sectional view of a rotary electric machine including a
laminated core according to a first embodiment of the present invention.

Fig. 2 is a side view of the laminated core shown in Fig. 1.

Fig. 3 is a cross-sectional view taken along line A-A of Fig. 2.

Fig. 4 is a plan view of a material for forming the laminated core shown in Fig.
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Fig. 5 is a cross-sectional view taken along line B-B of Fig. 4.

Fig. 6 is an enlarged view of a portion C of Fig. 5.

Fig. 7 is a side view of a manufacturing device used for manufacturing the
laminated core shown in Fig. 1.

[Embodiments for Implementing the Invention]
[0011]

Hereinafter, a laminated core according to one embodiment of the present
invention, a rotary electric machine including this laminated core, and a material forming
this laminated core will be described with reference to the drawings. In the present
embodiment, an electric motor, specifically an AC electric motor, more specifically a
synchronous electric motor, and still more specifically a permanent-magnet field electric
motor will be described as an example of a rotary electric machine. This type of electric
motor is suitably adopted for electric vehicles, for example.

[0012]

In addition, a lower limit value and an upper limit value are included in a
numerical limit range described below with “to” in between. A numerical value
represented by “less than” or “greater than” is not included in the numerical range.
[0013]

(Rotary Electric Machine 10)

As shown in Fig. 1, a rotary electric machine 10 includes a stator 20, a rotor 30,
a case 50, and a rotation shaft 60. The stator 20 and the rotor 30 are housed in the case
50.

The stator 20 is fixed in the case 50.

In the present embodiment, an inner rotor type is adopted for the rotary electric
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machine 10 in which the rotor 30 is located inside in the radial direction of the stator 20.
However, an outer rotor type may be adopted for the rotary electric machine 10 in which
the rotor 30 is located outside the stator 20. In addition, in the present embodiment, the
rotary electric machine 10 is a 12-pole 18-slot three-phase AC motor. However, the
number of poles, the number of slots, the number of phases, and the like can be
appropriately changed.

The rotary electric machine 10 can rotate at a rotational speed of 1,000 rpm by
applying an excitation current having an effective value of 10 A and a frequency of 100
Hz to each phase, for example.

[0014]

The stator 20 includes an adhesive laminated core for a stator (hereinafter, stator
core) 21 and a winding not shown in the drawing.

The stator core 21 includes a circular core back portion 22 and a plurality of
teeth portions 23. Hereinafter, a direction of a central axis O of the stator core 21 (or
the core back portion 22) is referred to as an axial direction, a radial direction (a direction
orthogonal to the central axis O) of the stator core 21 (or the core back portion 22) is
referred to as a radial direction, and a circumferential direction (a direction of revolving
around the central axis O) of the stator core 21 (or the core back portion 22) is referred to
as a circumferential direction.

[0015]

The core back portion 22 is formed in an annular shape in a plan view of the
stator 20 when viewed from the axial direction.

The plurality of teeth portions 23 protrude from the inner circumference of the
core back portion 22 toward the inside in the radial direction (toward the central axis O

of the core back portion 22 along the radial direction). The plurality of teeth portions 23
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are arranged at equal angular intervals in the circumferential direction. In the present
embodiment, 18 teeth portions 23 are provided at every 20 degrees of the central angle
around the central axis O. The plurality of teeth portions 23 are formed to have the
same shape and the same size as each other. Accordingly, the plurality of teeth portions
23 have the same thickness dimension as each other.

The winding is wound around the teeth portions 23. The winding may be
concentrically or distributedly wound.
[0016]

The rotor 30 is placed inside in the radial direction of the stator 20 (stator core
21). The rotor 30 includes a rotor core 31 and a plurality of permanent magnets 32.

The rotor core 31 is formed in a circular shape (annular shape) placed coaxially
with the stator 20. The rotation shaft 60 is placed in the rotor core 31. The rotation
shaft 60 is fixed to the rotor core 31.

The plurality of permanent magnets 32 are fixed to the rotor core 31. In the
present embodiment, a set of two permanent magnets 32 forms one magnetic pole. The
plurality of sets of permanent magnets 32 are arranged at equal angular intervals in the
circumferential direction. In the present embodiment, 12 sets (24 in total) of the
permanent magnets 32 are provided at every 30 degrees of the central angle around the
central axis O.

[0017]

In the present embodiment, an embedded magnet motor is adopted as a
permanent-magnet field electric motor.

A plurality of through-holes 33 penetrating the rotor core 31 in the axial
direction are formed in the rotor core 31. The plurality of through-holes 33 are

provided corresponding to the arrangement of the plurality of the permanent magnets 32.
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Each permanent magnet 32 is fixed to the rotor core 31 in a state where it is placed in a
corresponding through-hole 33.  The fixation of each permanent magnet 32 to the rotor
core 31 can be realized, for example, by adhesion the outer surface of the permanent
magnet 32 to the inner surface of a through-hole 33 with an adhesive. A surface magnet
motor may be adopted as a permanent-magnet field electric motor instead of the
embedded magnet motor.

[0018]

Both the stator core 21 and the rotor core 31 are laminated cores. For example,
the stator core 21 is formed by laminating a plurality of electrical steel sheets 40 in the
lamination direction as shown in Fig. 2.

The lamination thickness (the total length along the central axis O) of each of
the stator core 21 and the rotor core 31 is, for example, 50.0 mm. The outer diameter of
the stator core 21 is, for example, 250.0 mm. The inner diameter of the stator core 21
is, for example, 165.0 mm. The outer diameter of the rotor core 31 is, for example,
163.0 mm. The inner diameter of the rotor core 31 is, for example, 30.0 mm.

However, these values are merely an example, and the lamination thickness, the outer
diameter, or the inner diameter of the stator core 21 and the lamination thickness, the
outer diameter, and the inner diameter of the rotor core 31 are not limited to these values.
Here, the inner diameter of the stator core 21 is based on distal portions of the teeth
portions 23 in the stator core 21. That is, the inner diameter of the stator core 21 is a
diameter of a virtual circle inscribed in the distal portions of all the teeth portions 23.
[0019]

Each electrical steel sheet 40 forming the stator core 21 and the rotor core 31 is
formed, for example, through punching a material 1 as shown in Figs. 4 to 6. The

material 1 is an electrical steel sheet that is a base material of the electrical steel sheets
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40. Examples of the material 1 include a strip-like steel sheet or a cut sheet.
[0020]

Although it is in the middle of explanation of the laminated core, the material 1
will be described below. In the present specification, a strip-like steel sheet that is a
base material of the electrical steel sheets 40 is sometimes referred to as the material 1.
Steel sheets having a shape used for a laminated core by punching the material 1 are
sometimes referred to as the electrical steel sheets 40.

[0021]
(Material 1)

The material 1 is handled in a state where it is wound around a coil 1A shown in
Fig. 7, for example. In the present embodiment, a non-oriented electrical steel sheet is
adopted as the material 1.  As the non-oriented electrical steel sheet, a non-oriented
electrical steel sheet of JIS C 2552:2014 can be adopted. However, a grain-oriented
electrical steel sheet may be adopted as the material 1 instead of the non-oriented
electrical steel sheet.  As the grain-oriented electrical steel sheet in this case, a grain-
oriented electrical steel sheet of JIS C 2553:2019 can be adopted. In addition, a non-
oriented thin electrical steel strip or a grain-oriented thin electrical steel strip of JIS C
2558:2015 can be adopted.

[0022]

For example, upper and lower limit values of an average sheet thickness tO of
the material 1 are set as follows in consideration of a case where the material 1 is used as
the electrical steel sheet 40.

As the material 1 becomes thinner, the production cost of the material 1
increases. For this reason, when considering the production cost, the lower limit value

of the average sheet thickness tO of the material 1 is 0.10 mm, preferably 0.15 mm, and
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more preferably 0.18 mm.

On the other hand, if the material 1 is too thick, the production cost becomes
favorable. However, in a case where the material 1 is used as the electrical steel sheet
40, eddy current loss increases and core iron loss deteriorates.  For this reason, when
considering the core iron loss and the production cost, the upper limit value of the
average sheet thickness t0 of the material 1 is 0.65 mm, preferably 0.35 mm, and more
preferably 0.30 mm.

For example, 0.20 mm may satisfy the above-described range of the average
sheet thickness t0O of the material 1.

[0023]

The average sheet thickness t0 of the material 1 includes not only the thickness
of the base steel sheet 2 to be described below but also the thickness of an insulation
coating 3. In addition, a method for measuring the average sheet thickness tO of the
material 1 is, for example, a measurement method below. For example, in a case where
the material 1 is wound into a shape of the coil 1A, at least a part of the material 1 is
unwound into a flat sheet shape. In the material 1 unwound into a flat plate shape, a
predetermined position in the longitudinal direction of the material 1 (for example, a
position separated from an edge of the material 1 in the longitudinal direction by 10% of
the total length of the material 1) is selected. At this selected position, the material 1 is
divided into five regions along the width direction thereof. The sheet thickness of the
material 1 is measured at four locations that become boundaries of these five regions.
The average value of the sheet thickness at four locations can be set to the average sheet
thickness t0 of the material 1.

[0024]

The upper and lower limit values of the average sheet thickness t0 of this
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material 1 can be naturally adopted as upper and lower limit values of the average sheet
thickness t0 of the electrical steel sheet 40. A method for measuring the average sheet
thickness t0 of the electrical steel sheet 40 is, for example, a measurement method below.
For example, the lamination thickness of the laminated core is measured at four locations
at equal intervals in the circumferential direction (that is, every 90 degrees around the
central axis O).

Each lamination thickness measured at the four locations is divided by the
number of sheets of the electrical steel sheets 40 laminated to calculate the sheet
thickness per sheet. The average value of the sheet thickness at four locations can be set
to the average sheet thickness tO of the electrical steel sheet 40.

[0025]

As shown in Figs. 5 and 6, the material 1 includes the base steel sheet 2 and the
insulation coating 3.

The material 1 is formed by covering both surfaces of the strip-like base steel
sheet 2 with the insulation coating 3. In the present embodiment, the majority of the
material 1 is formed of the base steel sheet 2, and insulation coatings 3 thinner than the
base steel sheet 2 are laminated on the surfaces of the base steel sheet 2.

[0026]

The chemical composition of the base steel sheet 2 contains 2.5% to 4.5% of Si
by mass% as shown below. By setting the chemical composition to be within this
range, the yield strength of the material 1 (electrical steel sheet 40) can be set to, for
example, 380 MPa to 540 MPa.

[0027]
Si: 2.5% to 4.5%

Al: 0.001% to 3.0%
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Mn: 0.05% to 5.0%

Remainder: Fe and Impurities
[0028]

When the material 1 is used as the electrical steel sheet 40, the insulation coating
3 exhibits insulation performance between electrical steel sheets 40 adjacent to each
other in the lamination direction. In addition, in the present embodiment, the insulation
coating 3 has an adhesive capability and causes the electrical steel sheets 40 adjacent to
each other in the lamination direction to adhere to each other. The insulation coating 3
may have a single-layer structure or a multi-layer structure. More specifically, for
example, the insulation coating 3 may have a single-layer structure having both the
insulation performance and an adhesive capability or may have a multi-layer structure
including a lower base insulation coating having excellent insulation performance and an
upper base insulation coating having an excellent adhesion performance. The “adhesive
capability of the insulation coating 3” in the present embodiment means a capability of
expressing an adhesion strength of greater than or equal to a predetermined value under a
predetermined temperature condition in a laminate including a plurality of the electrical
steel sheets 40 laminated with insulation coatings 3 sandwiched therebetween.

[0029]

In the present embodiment, the insulation coating 3 covers both surfaces of the
base steel sheet 2 without any gap over the entire surfaces. However, a partial layer of
the insulation coating 3 may not cover both surfaces of the base steel sheet 2 without any
gap as long as the above-described insulation performance or adhesive capability can be
ensured. In other words, a partial layer of the insulation coating 3 may be intermittently
provided on the surfaces of the base steel sheet 2. However, in order to ensure

insulation performance, it is necessary for both surfaces of the base steel sheet 2 to be
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covered with the insulation coating 3 so that the entire surfaces of the base steel sheet 2
are not exposed. Specifically, in a case where the insulation coating 3 has a single-layer
structure having both insulation performance and adhesive capability without having a
lower base insulation coating having excellent insulation performance, it is necessary for
the insulation coating 3 to be formed over the entire surfaces of the base steel sheet 2
without any gap. On the other hand, in a case where the insulation coating 3 has a
multi-layer structure including a lower base insulation coating having excellent insulation
performance and an upper base insulation coating having an excellent adhesive
capability, both the insulation performance and the adhesive capability can be obtained
not only by forming both the lower base insulation coating and the upper base insulation
coating over the entire surfaces of the base steel sheet 2 without any gap but also by
forming the lower base insulation coating over the entire surfaces of the base steel sheet
without any gap and intermittently providing the upper base insulation coating.

[0030]

A coating composition constituting the lower base insulation coating is not
particularly limited, but general treatment agents such as a chromic acid-containing
treatment agent and a phosphate-containing treatment agent can be used, for example.
[0031]

The insulation coating 3 having an adhesive capability is obtained such that a
coating composition for an electrical steel sheet containing an epoxy resin, an epoxy
resin curing agent, and an elastomer-modified phenolic resin is applied thereto.

The insulation coating made of the coating composition for an electrical steel
sheet is in an uncured state or semi-cured state (stage B) before thermocompression-
bonding during production of a laminated core, and exhibits an adhesive capability when

a curing reaction proceeds through heating during the thermocompression-bonding.
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The coating composition for an electrical steel sheet may be used for forming an
insulation coating with a single-layer structure, or may be used for forming an upper base
insulation coating provided on a lower base insulation coating.

[0032]

As the epoxy resin, a general epoxy resin can be used.  Specifically, any epoxy
resin having two or more epoxy groups in a molecule can be used without particular
limitation. Examples of such epoxy resins include a bisphenol A-type epoxy resin, a
bisphenol F-type epoxy resin, a phenol novolac-type epoxy resin, a cresol novolac-type
epoxy resin, a triphenylmethane-type epoxy resin, an alicyclic epoxy resin, a glycidyl
ester-type epoxy resin, a glycidyl amine-type epoxy resin, a hydantoin-type epoxy resin,
an isocyanurate-type epoxy resin, an acrylic acid-modified epoxy resin (epoxy acrylate),
a phosphorus-containing epoxy resin, and hydrogenated products or halides (such as a
brominated epoxy resin) thereof. The epoxy resins may be used alone or a combination
of two or more thereof may be used.

[0033]

The amount of epoxy resin with respect to the total mass of the coating
composition for an electrical steel sheet is, for example, preferably 30 to 90 mass%, more
preferably 40 to 80 mass%, and still more preferably 50 to 70 mass%. When the
amount of epoxy resin is greater than or equal to the above-described lower limit value,
the adhesion strength of the electrical steel sheets 40 can be further enhanced. When
the amount of epoxy resin is less than or equal to the above-described upper limit value,
stress strain of the electrical steel sheets 40 can be further suppressed.

[0034]
A latent curing agent of a type which cures an epoxy resin and in which a curing

reaction starts due to heating at a predetermined temperature can be used as an epoxy
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resin curing agent. Examples of epoxy resin curing agents include aromatic
polyamines, acid anhydrides, phenolic curing agents, dicyandiamide, boron trifluoride-
amine complexes, and organic acid hydrazides.

[0035]

Examples of aromatic polyamines include meta-phenylenediamine,
diaminodiphenylmethane, diaminodiphenylethane, and diaminodiphenylsulfone.
[0036]

Examples of acid anhydrides include phthalic anhydride, hexahydrophthalic
anhydride, tetrahydrophthalic anhydride, pyromellitic anhydride, and pyromellitic
anhydride.

[0037]

Examples of phenolic curing agents include a phenol novolac resin, a cresol
novolac resin, a bisphenol novolac resin, a triazine-modified phenol novolac resin, and a
phenol resol resin.

[0038]

As epoxy resin curing agents, an aromatic polyamine, a phenolic curing agent,
and dicyandiamide are preferable, a phenolic curing agent is more preferable, and a
phenol resol resin and a phenol novolac resin are still more preferable from the viewpoint
of easily achieving both a magnetic property and heat resistance. The epoxy resin
curing agents may be used alone or a combination of two or more thereof may be used.
[0039]

The lower limit value of the amount of the epoxy resin curing agents in the
coating composition for an electrical steel sheet is preferably 1 part by mass or more and
more preferably 3 parts by mass or more with respect to 100 parts by mass of the epoxy

resin. The upper limit value of the amount of epoxy resin curing agents is preferably 50
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parts by mass or less and more preferably 35 parts by mass or less.
[0040]

The elastomer-modified phenolic resin is a phenolic resin obtained by grafting a
thermoplastic elastomer having a soft segment and a hard segment. For example, an
elastomer-modified phenolic resin can be obtained by incorporating an elastomer when
phenols are polycondensated with aldehydes. In addition, an elastomer-modified
phenolic resin can also be obtained by reacting an elastomer with a phenolic resin.
[0041]

The phenolic resin in the elastomer-modified phenolic resin may be a phenol
novolac resin or a phenol resol resin.

Phenols are not particularly limited, and examples thereof include phenol, o-
cresol, cardanol, alkylphenols (such as isopropylphenol and p-isobutylphenol),
bisphenols (such as bisphenol A and bisphenol F), and polyhydric phenols (such as
resorcin). The phenols may be used alone or a combination of two or more thereof may
be used.

[0042]

Aldehydes are not particularly limited, and examples thereof include
formaldehyde, paraformaldehyde, acetaldehyde, and benzaldehyde. The aldehydes may
be used alone or a combination of two or more thereof may be used.

[0043]

Examples of thermoplastic elastomers include acrylic rubber, ethylene-
propylene rubber, styrene-butadiene rubber, acrylonitrile-butadiene rubber, isoprene
rubber, and silicone rubber. The thermoplastic elastomers may be used alone or a
combination of two or more thereof may be used.

[0044]

16



10

15

20

25

The lower limit of the weight average molecular weight (Mw) of an elastomer
portion of the elastomer-modified phenolic resin is 2,000 to 200,000. If the Mw of the
elastomer portion is greater than or equal to the lower limit value, deterioration in iron
loss of a laminated core is likely to be inhibited. If the Mw of the elastomer portion is
less than or equal to the upper limit value, thickening of a coating composition for an
electrical steel sheet applied to a steel sheet can be suppressed.

The lower limit of the Mw of the elastomer portion is preferably 3,000 or more
and more preferably 4,000 or more. The upper limit of the Mw of the elastomer portion
is preferably 180,000 or less and more preferably 160,000 or less.

The Mw of the elastomer portion is measured as a polystyrene-equivalent value
through gel permeation chromatography (GPC) after decomposing an elastomer and a
phenolic resin through a hydrolysis reaction and separating them from each other through
liquid chromatography (HPLC).

[0045]

The lower limit of the amount of elastomer portion in the elastomer-modified
phenolic resin is preferably 5 mass% or more and more preferably 10 mass% or more.

If the amount of elastomer portion is greater than or equal to the lower limit value, core
iron loss is favorable.

The upper limit of the amount of elastomer portion is preferably 40 mass% or
less and more preferably 35 mass% or less.  If the amount of elastomer portion is less
than or equal to the upper limit value, curing can be promptly performed.

[0046]

The amount of elastomer-modified phenolic resin in the coating composition for

an electrical steel sheet is 10 parts by mass to 100 parts by mass with respect to 100 parts

by mass of the epoxy resin. If the amount of elastomer-modified phenolic resin is
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greater than or equal to the lower limit value, a laminated core with an excellent
magnetic property can be obtained. If the amount of elastomer-modified phenolic resin
is less than or equal to the upper limit value, a laminated core with excellent heat
resistance can be obtained.

The lower limit of the amount of elastomer-modified phenolic resin is preferably
10 parts by mass more and more preferably 20 parts by mass or more. The upper limit
of the amount of elastomer-modified phenolic resin is preferably 80 parts by mass less
and more preferably 70 parts by mass or less.

[0047]

The coating composition for an electrical steel sheet may contain components
other than the epoxy resin, the epoxy resin curing agent, and the elastomer-modified
phenolic resin.  Examples of the other components include an acrylic resin, a curing
promoter (curing catalyst), an emulsifier, and a defoaming agent. From the viewpoint
of ensuring the adhesion strength, the coating composition for an electrical steel sheet
does not contain inorganic fillers such as silica, alumina, and glass. The other
components may be used alone or a combination of two or more thereof may be used.
[0048]

The acrylic resin is not particularly limited. Examples of monomers used for
acrylic resins include unsaturated carboxylic acids such as acrylic acid and methacrylic
acid, and (meth)acrylates such as methyl (meth)acrylate, ethyl (meth)acrylate, n-butyl
(meth)acrylate, isobutyl (meth)acrylate, cyclohexyl (meth)acrylate, 2-ethylhexyl
(meth)acrylate, 2-hydroxyethyl (meth)acrylate, and hydroxypropyl (meth)acrylate. The
(meth)acrylate means an acrylate or a methacrylate. The acrylic resins may be used
alone or a combination of two or more thereof may be used.

[0049]
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An acrylic resin may have a structural unit derived from monomers other than an
acrylic monomer. Examples of other monomers include ethylene, propylene, and
styrene. The other monomers may be used alone or a combination of two or more
thereof may be used.

[0050]

The glass transition point (Tg point) of an acrylic resin is not particularly
limited, but the lower limit thereof is preferably -40°C and more preferably -20°C. The
upper limit of the Tg point of an acrylic resin is preferably 80°C and more preferably
50°C.

[0051]

In a case where the coating composition for an electrical steel sheet contains an
acrylic resin, the amount of acrylic resin is not particularly limited and can be set to, for
example, 5 mass% to 60 mass% with respect to the total amount of the epoxy resin and
the acrylic resin. In a case where an acrylic modified epoxy resin or an acrylic
monomer is contained, the same applies to the amount thereof.

[0052]

In a case where an acrylic resin is used, an acrylic modified epoxy resin obtained
by grafting an acrylic resin onto an epoxy resin may be used. The coating composition
for an electrical steel sheet may contain a monomer that forms an acrylic resin.

[0053]

In general, epoxy resin adhesives with excellent heat resistance have a large
Young’s modulus near normal temperature when the adhesion strength at a high
temperature is guaranteed, and stress is applied to a steel sheet to deteriorate the magnetic
property (core iron loss). On the other hand, in a case of a resin composition having a

moderate strength near normal temperature, the heat resistance deteriorates.
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In the present embodiment, application of stress to a steel sheet near normal
temperature is suppressed using an elastomer-modified phenolic resin obtained by
grafting a thermoplastic elastomer which has a soft segment and a hard segment and has
a large elastic modulus, and therefore deterioration in magnetic property (core iron loss)
is suppressed.

In addition, since elastomers bind to phenolic resins and do not flow even when
exposed to a high temperature, the adhesive strength in a high temperature environment
is also ensured. In this manner, both the magnetic property and the heat resistance are
achieved using a specific amount of elastomer-modified phenolic resin. It is difficult to
enjoy the effect of the present invention by simply incorporating the thermoplastic
elastomer into the composition without grafting the thermoplastic elastomer. That is, a
superior magnetic property can be obtained using an elastomer-modified phenolic resin
obtained by grafting the thermoplastic elastomer. In a case where a thermoplastic
elastomer that has not been grafted is used, there is a concern that the adhesion strength
at a high temperature may deteriorate and the laminated state may be distorted because
only a thermoplastic elastomer component flows when pressure is applied to a steel
sheet.

[0054]

The curing shrinkage rate of the coating composition for an electrical steel sheet
is preferably 15% or less, more preferably 12% or less, still more preferably 10% or less,
and particularly preferably 8% or less.  If the curing shrinkage rate is lower than or
equal to the upper limit value, the application of stress to a steel sheet is likely to be
reduced and a laminated core having an excellent magnetic property is likely to be
obtained.

The curing shrinkage rate is measured through a method according to JIS
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K6941.
[0055]

The insulation coating 3 can be formed, for example, by applying a coating
composition for an electrical steel sheet to the surface of a base steel sheet and
performing drying and baking.

The lower limit value of a reaching temperature during baking is preferably
120°C or higher and more preferably 140°C or higher. The upper limit value of a
reaching temperature during baking is preferably 200°C or lower and more preferably
180°C or lower. If the reaching temperature is higher than or equal to the above-
described lower limit value, the coating composition for an electrical steel sheet is
sufficiently bonded to an electrical steel sheet and peeling-off is suppressed. If the
reaching temperature is lower than or equal to the above-described upper limit value,
overcuring of an epoxy resin can be suppressed and the adhesive capability of the coating
composition for an electrical steel sheet can be maintained.

[0056]

The lower limit value of baking time is preferably 5 seconds or longer and more
preferably 10 seconds or longer. The upper limit value of baking time is preferably 40
seconds or shorter and more preferably 30 seconds or shorter. If the baking time is
longer than or equal to the above-described lower limit value, the coating composition
for an electrical steel sheet 1s sufficiently bonded to an electrical steel sheet and peeling-
off is suppressed. If the baking time is shorter than or equal to the above-described
upper limit value, overcuring of an epoxy resin can be suppressed and the adhesive
capability of the coating composition for an electrical steel sheet can be maintained.
[0057]

For example, upper and lower limit values of the average thickness t1 of the
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insulation coating 3 may be set as follows in consideration of a case where the material 1
is used as the electrical steel sheet 40.

In a case where the material 1 is used as the electrical steel sheet 40, the average
thickness t1 (the thickness of a single surface of the electrical steel sheet 40 (material 1))
of the insulation coating 3 is adjusted so that insulation performance and an adhesive
capability between electrical steel sheets 40 laminated to each other can be ensured.
[0058]

In a case of the insulation coating 3 having a single-layer structure, the average
thickness t1 (the thickness of a single surface of the electrical steel sheet 40 (material 1))
of the entire insulation coating 3 can be set to, for example, 1.5 pm to 8.0 pum.

In a case of the insulation coating 3 having a multi-layer structure, the average
thickness of a lower base insulation coating can be set to, for example, 0.3 pum to 2.5 pum,
and preferably to 0.5 um to 1.5 um. The average thickness of an upper base insulation
coating can be set to, for example, 1.5 pm to 8.0 pm.

Regarding a method for measuring the average thickness t1 of the insulation
coating 3 in the material 1, the thicknesses of the insulation coating 3 at a plurality of
locations can be obtained through the same idea as that of the average sheet thickness tO
of the material 1 and can be used to obtain an average of the thicknesses.

[0059]

The upper and lower limit values of the average thickness t1 of the insulation
coating 3 of this material 1 can be naturally adopted as upper and lower limit values of
the average thickness t1 of the insulation coating 3 of the electrical steel sheet 40.

[0060]
A method for measuring the average thickness t1 of the insulation coating 3 of

the electrical steel sheet 40 is, for example, a measurement method below. For
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example, among a plurality of electrical steel sheets forming a laminated core, an
electrical steel sheet 40 (an electrical steel sheet 40 of which the surface is exposed in the
lamination direction) located on the outermost side in the lamination direction is selected.
On the surface of the selected electrical steel sheet 40, a predetermined position (for
example, a just intermediate (central) position between an inner circumferential edge and
an outer circumferential edge in the electrical steel sheet 40) in the radial direction is
selected. The thickness of the insulation coating 3 of the electrical steel sheet 40 at the
selected position is measured at four locations at equal intervals in the circumferential
direction (that is, every 90 degrees around the central axis O). The average value of the
thicknesses measured at the four locations can be set to the average thickness t1 of the
insulation coating 3.

[0061]

The reason why the average thickness t1 of the insulation coating 3 is measured
in an electrical steel sheet 40 located on the outermost side in the lamination direction in
this manner is because insulation coatings 3 are formed so that the thicknesses of the
insulation coatings 3 hardly change at the lamination position along the lamination
direction of electrical steel sheets 40.

[0062]

The electrical steel sheets 40 are manufactured by punching the above-described
material 1, and a laminated core (the stator core 21 or the rotor core 31) is manufactured
using the electrical steel sheets 40.

[0063]
(Method for Laminating Laminated Core)
Hereinafter, the description will return to the laminated core.

The plurality of the electrical steel sheets 40 forming the stator core 21 are
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laminated through the insulation coatings 3 as shown in Fig. 3.
[0064]

The electrical steel sheets 40 adjacent to each other in the lamination direction
are bonded to each other over the entire surface using the insulation coating 3. In other
words, the surface (hereinafter, referred to as a first surface) of an electrical steel sheet 40
facing the lamination direction is an adhesive area 41a over the entire surface.

However, the electrical steel sheets 40 adjacent to each other in the lamination direction
may not be bonded to each other over the entire surface. In other words, the adhesive
area 41a and a non- adhesive area (not shown in the drawing) may coexist on the first
surface of the electrical steel sheet 40.

[0065]

In the present embodiment, the plurality of the electrical steel sheets on the side
forming the rotor core 31 are fixed to each other using caulk 42 (dowel) shown in Fig. 1.
However, the plurality of the electrical steel sheets forming the rotor core 31 may also
have a lamination structure fixed by the insulation coatings 3 similarly to the stator core
21.

In addition, the laminated core such as the stator core 21 or the rotor core 31
may also be formed through so-called rotary lamination.

[0066]
(Method for Producing Laminated Core)

The stator core 21 is manufactured using a manufacturing device 100 shown in
Fig. 7, for example. Hereinafter, in describing the manufacturing method, the laminated
core manufacturing device 100 (hereinafter, simply referred to as the manufacturing
device 100) will be described first.

[0067]
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In the manufacturing device 100, the material 1 is punched multiple times using
dies arranged on each stage while sending the material 1 from the coil 1A (hoop) in the
arrow F direction to gradually form the shape of the electrical steel sheets 40. Then, the
punched electrical steel sheets 40 are laminated and pressurized while raising the
temperature. As a result, the electrical steel sheets 40 adjacent to each other in the
lamination direction are bonded to each other using the insulation coatings 3 (that is,
portions located in the adhesive areas 41a in the insulation coatings 3 are made to exhibit
an adhesive capability), and the adhesion is completed.

[0068]

As shown in Fig. 7, the manufacturing device 100 includes multiple stages of
punching stations 110. The punching stations 110 may have two stages or three stages
or more. Each stage of the punching stations 110 includes female dies 111 arranged
below the material 1 and male dies 112 arranged above the material 1.

[0069]

The manufacturing device 100 further includes a lamination station 140 at a
downstream position of the most downstream punching station 110. This lamination
station 140 includes a heating device 141, an outer circumference punching female die
142, a heat insulating member 143, an outer circumference punching male die 144, and a
spring 145.

The heating device 141, the outer circumference punching female die 142, and
the heat insulating member 143 are arranged below the material 1.  On the other hand,
the outer circumference punching male die 144 and the spring 145 are arranged above the
material 1. The reference numeral 21 indicates a stator core.

[0070]

In the manufacturing device 100 having the configuration described, first, the
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material 1 is sequentially sent from the coil 1A in the arrow F direction of Fig. 7. Then,
this material 1 is sequentially punched by the multiple stages of the punching stations
110. The shape of the electrical steel sheet 40 having the core back portion 22 and the
plurality of teeth portions 23 shown in Fig. 3 is provided to the material 1 through the
punching processing. However, since the material is not completely punched at this
point in time, the process proceeds to the next step along the arrow F direction.

[0071]

Finally, the material 1 is sent to the lamination station 140, punched by the outer
circumference punching male die 144, and laminated with high accuracy. During this
lamination, the electrical steel sheet 40 receives a constant pressing force due to the
spring 145. By sequentially repeating the punching process and the lamination process
described above, a predetermined number of electrical steel sheets 40 can be stacked.
Furthermore, a laminated core formed by stacking the electrical steel sheets 40 in this
manner is heated to, for example, a temperature of 200°C using the heating device 141.
By this heating, the insulation coatings 3 of the adjacent electrical steel sheets 40 are
bonded to each other (adhesion step).

[0072]

The conditions of the adhesion step are not particularly limited. For example,
the heating temperature in the adhesion step is preferably 120°C to 250°C. The heating
time in the adhesion step is affected by the size of the laminated core or the heating
method, but is, for example, 30 seconds to 120 minutes. In addition, when adhesion the
insulation coatings 3, the adhesion may be performed through pressurizing the laminate.
The pressure and the pressurization time when pressurizing the laminate are, for
example, preferably 2 to 300 MPa and 30 seconds to 120 minutes.

[0073]
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The heating device 141 may not be placed in the outer circumference punching
female die 142. That is, the laminated electrical steel sheets 40 may be taken out of the
outer circumference punching female die 142 before being bonded to each other in the
outer circumference punching female die 142. In this case, the outer circumference
punching female die 142 may not have the heat insulating member 143.  Furthermore,
in this case, the stacked electrical steel sheets 40 before being bonded to each other may
be sandwiched and held from both sides in the lamination direction using a tool not
shown in the drawing, and then transported or heated.

The stator core 21 is completed through each of the above steps.

[0074]

As described above, in the present invention, an insulation coating is formed on
the surface of an electrical steel sheet using the coating composition for an electrical steel
sheet in which the elastomer-modified phenolic resin is combined with the epoxy resin
and the epoxy resin curing agent at a specific ratio. Accordingly, it is possible to
achieve both an excellent magnetic property (core iron loss) of a laminated core and
excellent heat resistance that can maintain adhesion strength between electrical steel
sheets even at a high temperature during driving.

[0075]

The technical scope of the present invention is not limited to the embodiment,
and various modifications can be made within the scope not departing from the gist of the
present invention.

[0076]

The shape of the stator core is not limited to the form shown in the embodiment.

Specifically, the dimensions of the outer diameter and the inner diameter of a stator core,

the lamination thickness, the number of slots, the dimensional ratio of teeth portions in
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the circumferential direction to the radial direction, the dimensional ratio in the radial
direction between teeth portions and a core back portion, and the like can be arbitrarily
designed according to the characteristics of a desired rotary electric machine.

[0077]

A set of two permanent magnets 32 forms one magnetic pole in the rotor of the
embodiment, but the present invention is not limited to this. For example, one
permanent magnet 32 may form one magnetic pole, or three or more permanent magnets
32 may form one magnetic pole.

[0078]

In the above-described embodiment, the permanent-magnet field electric motor
has been described as an example of the rotary electric machine 10. However, the
structure of the rotary electric machine 10 is not limited to those provided as exemplary
examples below, and well-known various structures that have not been provided as an
exemplary example below can also be adopted.

In the above-described embodiment, the permanent-magnet field electric motor
has been described as an example of the rotary electric machine 10, but the present
invention is not limited to this. For example, the rotary electric machine 10 may be a
reluctance electric motor or an electromagnet field electric motor (winding-field electric
motor).

In the above-described embodiment, the synchronous electric motor has been
described as an example of the AC electric motor, but the present invention is not limited
to this. For example, the rotary electric machine 10 may be an induction electric motor.

In the above-described embodiment, the AC electric motor has been described as
an example of the rotary electric machine 10, but the present invention is not limited to

this. For example, the rotary electric machine 10 may be a DC electric motor.
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In the above-described embodiment, the electric motor has been described as an
example of the rotary electric machine 10, but the present invention is not limited to this.
For example, the rotary electric machine 10 may be a power generator.

[0079]

In addition, it is possible to appropriately replace constituent elements in the
embodiment with well-known constituent elements within the scope not departing from
the gist of the present invention, and the above-described modification example may be
appropriately combined.

[Examples]
[0080]

Hereinafter, the effect of an aspect of the present invention will be specifically
described with reference to examples. However, the conditions in the examples are
merely an example of conditions adopted for confirming the effect and the feasibility of
the present invention, and the present invention is not limited by the following
description. The present invention can adopt various conditions as long as the gist of
the present invention is not deviated and the object of the present invention is achieved.
[0081]

[Raw Materials]

Raw materials used in the examples will be shown below.
(Epoxy Resin)

E1: Bisphenol A-type epoxy resin

E2: Bisphenol F-type epoxy resin

E3: Cresol novolac-type epoxy resin
[0082]

(Elastomer-Modified Phenolic Resin)
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Al: Acrylic rubber-modified phenolic resin (a novolac type, a mass ratio of a
phenolic resin portion to an elastomer portion=70:30, Mw of the elastomer portion:
35,000)

A2: Styrene-butadiene rubber-modified phenolic resin (a novolac type, a mass
ratio of a phenolic resin portion to an elastomer portion=65:35, Mw of the elastomer
portion: 20,000)

A3: Ethylene-propylene rubber-modified phenolic resin (a novolac type, a mass
ratio of a phenolic resin portion to an elastomer portion=85:15, Mw of the elastomer
portion: 160,000)

Ad4: Silicone rubber-modified phenolic resin (a novolac type, a mass ratio of a
phenolic resin portion to an elastomer portion=90:10, Mw of the elastomer portion:
3,000)

[0083]
(Epoxy Resin Curing Agent)

H1: Phenol resol resin

H2: Phenol novolac resin

H3: Diaminodiphenylmethane

H4: Dicyandiamide

HS5: 4-Methylhexahydrophthalic anhydride
[0084]

(Compounding Agent)

M1: Acrylic resin (methyl methacrylate unit : styrene unit : 2-ethylhexyl acrylate
unit (molar ratio) = 60:30:10, glass transition temperature: 40°C)

M2: Acrylic resin (methyl methacrylate unit : n-butyl acrylate unit (molar ratio)

=70:30, glass transition temperature: 15°C)
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[0085]
[Magnetic Property]

10 rectangular electrical steel sheets (veneers) with a size of 55 mm x 55 mm
were cut out from each electrical steel strip of the examples, and laminated and bonded to
each other under the conditions of a steel sheet temperature of 200°C, a pressure of 10
MPa, and a pressurization time of 1 hour to produce a laminated core. Regarding the
obtained laminated core, the magnetic properties of the veneers in the rolling direction
and the direction perpendicular to the rolling direction were measured through a veneer
magnetism measurement method according to JIS C2556(2015), and the average value of
these values was obtained as a magnetic property. Regarding the magnetic property
(magnetism), “W10/400 (W/kg)” was evaluated as iron loss. “W10/400” is iron loss
when the frequency is 400 Hz and a maximum magnetic flux density is 1.0 T.

[0086]
[Adhesion Strength]

Two rectangular electrical steel sheets (veneers) having a width of 30 mm and a
length of 60 mm were cut out from each electrical steel strip of the examples.
Subsequently, a coating composition for an electrical steel sheet was applied to the
surface thereof, and distal portions having a width of 30 mm and a length of 10 mm were
superposed on each other and pressurized to produce a sample for measurement. The
pressurization conditions were a steel sheet temperature of 200°C, a pressure of 10 MPa,
and a pressurization time of 1 hour.

The obtained sample was pulled at a tensile speed of 2 mm/minute, and
maximum loads (N) until the sample was peeled off were measured in atmospheres of
atmospheric temperatures of 25°C and 150°C, and a numerical value obtained by

dividing each maximum load (N) by the adhesion area was regarded as a adhesion
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strength (MPa).
[0087]
[Curing Shrinkage Rate]

A coating composition for an electrical steel sheet was applied to the surface of
each electrical steel strip of the examples, and a curing shrinkage rate was measured.
The curing shrinkage rate was measured by changing the coating thickness according to
JIS K 6941.

[0088]
[Evaluation]

Each example was evaluated according to the following criteria. The smaller
the iron loss, the more the stress strain applied to each electrical steel sheet is suppressed.
The measurement results and the evaluation results are shown in Table 2.  In the tables,
values out of the scope of the invention are underlined.

[0089]
[Criteria]

“Good”: The adhesion strength at 25°C is 5.0 MPa or more, the adhesion
strength at 150°C is 1.0 MPa or more, and a magnetic property is less than 12.0 W/kg.

“Bad”: The adhesion strength at 25°C is less than 5.0 MPa, the adhesion
strength at 150°C is less than 1.0 MPa, or a magnetic property is 12.0 W/kg or more.
[0090]

[Example 1]

A non-oriented electrical steel sheet having a sheet thickness of 0.25 mm and a
width of 100 mm and containing 3.0% of Si, 0.2% of Mn, 0.5% of Al, and a remainder of
Fe and impurities by mass% was used as a base steel sheet.

The components shown in Table 1 were mixed with each other to prepare each
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coating composition for an electrical steel sheet. The obtained coating composition for
an electrical steel sheet was applied to the surface of the base steel sheet and baked at
200°C for 5 seconds to obtain each electrical steel strip having an insulation coating with
an average thickness of 3 pm.

[0091]

[Examples 2 to 10 and Comparative Examples 1 to 6]

Electrical steel strips were obtained in the same manner as in Example 1 except
that the composition and baking conditions of the coating composition for an electrical
steel sheet were changed as shown in Table 1.

[0092]

The compositions and the baking conditions of the coating compositions for an
electrical steel sheet of the examples are shown in Table 1. The evaluation results of the
magnetic property (magnetism) and the adhesion strength of the examples are shown in

Table 2.
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[0093]

[Table 1]
Elastomer-
Epoxy resin modlﬁgd Ep oxy resin Compounding Baking conditions .
phenolic curing agent agent Curing
resin shrinkage
Parts Parts Parts Parts Reaching Time rate (%)
Type | by | Type | by | Type | by | Type by temperature
o [second]
mass mass mass mass [°C]

Example 1 El Al 40 H1 5 M1 15 200 5 43
Example 2 El Al 15 H2 7 M1 15 140 30 4.1
Example 3 El A2 85 H1 5 M1 15 140 30 3.9
Example 4 E2 A2 65 H2 7 M2 30 160 20 44
Example 5 E2 A3 30 H1 5 M2 30 160 20 4.6
Example 6 E3 A3 30 H2 7 - - 140 30 4.3
Example 7 E3 A4 75 H2 7 M1 10 140 30 4.1
Example 8 El Al 40 H3 3 M2 20 160 20 4.8
Example 9 El A2 65 H4 1 M1 15 180 10 4.6
Example 10 | EI1 A2 65 H5 7 M2 30 160 20 4.5

Comparative | gy | 100 | A3 | 6 | H1 | 5 | M1 | 15 200 5 5.7
Example 1

Comparative | Al | 3 |®m| 7 | M| 15 140 30 6.7
Example 2

Comparative | -, A3 | 110 | H2 | 7 | M1 35 140 30 4.1
Example 3

Comparative | p, Al | 145 | HI | 5 | M1 | 5 160 20 43
Example 4

Comparative |, - SlHm | s | M 10 180 10 1.2
Example 5

Comparative | p, At 30 | - | - | M| 10 160 20 54
Example 6
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[0094]

[Table 2]
Adhesion strength [MPa] Magm[a\t{]c /15;]0 perty Evaluation
25°C 150°C W10/400
Example 1 12.0 4.0 11.1 Good
Example 2 11.0 3.0 11.4 Good
Example 3 12.0 3.0 11.3 Good
Example 4 13.0 4.0 11.2 Good
Example 5 11.0 3.0 11.4 Good
Example 6 13.0 4.0 11.4 Good
Example 7 12.0 3.0 11.1 Good
Example 8 10.0 1.0 11.6 Good
Example 9 10.0 1.0 11.7 Good
Example 10 9.0 1.0 11.6 Good
Comparative Example 1 14.0 4.0 12.8 Bad
Comparative Example 2 14.0 3.0 12.3 Bad
Comparative Example 3 11.0 0.6 11.2 Bad
Comparative Example 4 10.0 0.4 10.9 Bad
Comparative Example 5 15.0 5.0 13.8 Bad
Comparative Example 6 4.0 0.0 10.9 Bad
[0095]

As shown in Table 2, in Examples 1 to 10 in which an elastomer-modified
phenolic resin is combined with an epoxy resin and an epoxy resin curing agent at a
specific ratio, a sufficient adhesion strength can be ensured even at 150°C, and the
examples had excellent heat resistance and an excellent magnetic property.

On the other hand, in Comparative Examples 1 to 4 in which the amount of
elastomer-modified phenolic resin is out of the scope of the present invention,
Comparative Example 5 in which no elastomer-modified phenolic resin is contained, and
Comparative Example 6 in which no epoxy resin curing agent is contained, both the heat
resistance and the magnetic property could not be achieved.

[Industrial Applicability]
[0096]
According to the present invention, both the magnetic property and the heat

resistance of a laminated core can be achieved. Accordingly, the industrial applicability

35



is significant.

[Brief Description of the Reference Symbols]

[0097]

10

1 Material

2 Base steel sheet

3 Insulation coating

10 Rotary electric machine
20 Stator

21 Stator core

40 Electrical steel sheet
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[CLAIMS]
What is claimed is:
1. A coating composition for an electrical steel sheet comprising:
an epoxy resin;
an epoxy resin curing agent; and
an elastomer-modified phenolic resin,
wherein an amount of the elastomer-modified phenolic resin is 10 parts by mass

to 100 parts by mass with respect to 100 parts by mass of the epoxy resin.

2. The coating composition for an electrical steel sheet according to claim 1,
wherein a weight average molecular weight of an elastomer portion of the

elastomer-modified phenolic resin is 2,000 to 200,000.

3. The coating composition for an electrical steel sheet according to claim 1 or 2,

wherein a curing shrinkage rate is 15% or less.

4. An electrical steel sheet comprising:
an insulation coating containing the coating composition for an electrical steel

sheet according to any one of claims 1 to 3 on a surface.

5. A laminated core,
wherein a plurality of the electrical steel sheets according to claim 4 are

laminated and caused to adhere together.

6. Arotary electric machine comprising:
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the laminated core according to claim 5.
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