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[Document Type] Specification

[Title of the Invention]

ADHESIVELY-LAMINATED CORE FOR STATOR, METHOD OF
MANUFACTURING THE SAME, AND ELECTRIC MOTOR
[Technical Field]

[0001]

The present invention relates to an adhesively-laminated core for a stator, a
method of manufacturing the same, and an electric motor.

Priority is claimed on Japanese Patent Application No. 2018-235870 filed in
Japan on December 17, 2018, the content of which is incorporated herein by reference.
[Background Art]

[0002]

Conventionally, a laminated core in which a plurality of electrical steel sheets
are laminated on each other is known as a core used in an electric motor. The plurality
of electrical steel sheets are joined by a method such as welding, adhesion, fastening, or
the like. However, joining by welding or fastening makes it difficult to reduce vibration
of an electric motor and obtain a high mechanical strength.

[0003]

Patent Document 1 discloses a laminated core in which electrical steel sheets are
partially adhered and laminated with a cyanoacrylate-based adhesive, and then the
electrical steel sheets are entirely adhered to each other by being vacuum-impregnated
with an epoxy resin. Patent Document 2 discloses a laminated core in which a laminate
in which electrical steel sheets are laminated is coated with a cyanoacrylate-based instant
adhesive on a side surface thereof to be temporarily fixed, and then the electrical steel

sheets are entirely adhered to each other by being impregnated with a thermosetting resin
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such as an epoxy resin.
[Citation List]

[Patent Document]
[0004]

[Patent Document 1]

Japanese Unexamined Patent Application, First Publication No. 2003-264962
[Patent Document 2]

Japanese Unexamined Patent Application, First Publication No. 2005-019642
[Summary of the Invention]

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

However, the conventional methods such as Patent Documents 1 and 2 have
poor productivity, and iron loss that can be incurred in the electric motor cannot be
sufficiently suppressed.

[0006]

An object of the present invention is to provide an adhesively-laminated core for
a stator having excellent productivity and high mechanical strength and that is thus
capable of reducing vibration and noise of an electric motor and suppressing iron loss, a
method of manufacturing the same, and an electric motor including the adhesively-
laminated core for a stator.

[Means for Solving the Problem]
[0007]
One embodiment of the present invention includes the following aspects.
[1] An adhesively-laminated core for a stator including a plurality of electrical

steel sheets which are stacked on each other and of which both surfaces coated with an
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insulation coating, and an adhesion part which is disposed between the electrical steel
sheets adjacent to each other in a stacking direction and adheres the electrical steel sheets
to each other, in which all sets of the electrical steel sheets adjacent to each other in the
stacking direction are adhered by a plurality of adhesion parts, an adhesive forming the
adhesion part includes a fast-curing type adhesive and a thermosetting adhesive, and the
adhesion part is partially provided between the electrical steel sheets adjacent to each
other in the stacking direction.

[2] The adhesively-laminated core for a stator according to [1], in which the
adhesion part includes a first adhesion part formed with the fast-curing type adhesive,
and a second adhesion part formed with the thermosetting adhesive.

[3] The adhesively-laminated core for a stator according to [2], in which the
adhesion part includes the first adhesion part provided between tooth parts of the
electrical steel sheets, and the second adhesion part provided between core back parts of
the electrical steel sheets.

[4] The adhesively-laminated core for a stator according to [2] or [3], in which
the first adhesion part has a dot shape with an average diameter of 3 mm or more and 7
mm or less, the second adhesion part has a dot shape with an average diameter of 5 mm
or more and 10 mm or less, and a proportion of an adhesion area of the first adhesion part
is 5% or more and 50% or less and a proportion of an adhesion area of the second
adhesion part is 50% or more and 95% or less with respect to a total adhesion area of the
adhesion part between the electrical steel sheets.

[5] The adhesively-laminated core for a stator according to [2] or [3], in which
the first adhesion part has a dot shape with an average diameter of 3 mm or more and 7
mm or less, the second adhesion part has a dot shape with an average diameter of 5 mm

or more and 10 mm or less, and a proportion of an adhesion area of the first adhesion part
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is 5% or more and less than 50% and a proportion of an adhesion area of the second
adhesion part is 50% or more and 95% or less with respect to a total adhesion area of the
adhesion part between the electrical steel sheets.

[6] The adhesively-laminated core for a stator according to any one of [1] to [5],
in which the fast-curing type adhesive is a cyanoacrylate-based adhesive.

[7] The adhesively-laminated core for a stator according to any one of [1] to [6],
in which the thermosetting adhesive is an epoxy resin-based adhesive containing an
epoxy resin having a glass transition temperature of 80°C or higher and 150°C or lower.

[8] The adhesively-laminated core for a stator according to any one of [1] to [7],
in which an adhesion area ratio Qgo of the adhesion part to the tooth part is 10% or more
and 70% or less and an adhesion area ratio Qao of the adhesion part to the core back part
is 40% or more and 90% or less between the electrical steel sheets.

[9] A method of manufacturing an adhesively-laminated core for a stator which
is a method of manufacturing the adhesively-laminated core for a stator according to [1],
the method including repeating an operation in which the fast-curing type adhesive and
the thermosetting adhesive are applied to a part of a surface of the electrical steel sheet,
the electrical steel sheet is stacked on another electrical steel sheet, and then the electrical
steel sheets are press-stacked to form the adhesion part.

[10] An electric motor including the adhesively-laminated core for a stator
according to any one of [1] to [8].

[Effects of the Invention]
[0008]

According to the present invention, it is possible to provide an adhesively-

laminated core for a stator having excellent productivity and high mechanical strength

and that is thus capable of reducing vibration and noise of an electric motor and
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suppressing iron loss, a method of manufacturing the same, and an electric motor
including the adhesively-laminated core for a stator.

[Brief Description of Drawings]

[0009]

FIG. 1 is a cross-sectional view of an electric motor including an adhesively-
laminated core for a stator according to one embodiment of the present invention.

FIG. 2 is a side view of the laminated core for a stator.

FIG. 3 is a cross-sectional view along line A-A of FIG. 2 and is a view
illustrating an example of a disposition pattern of an adhesion part of the adhesively-
laminated core for a stator.

FIG. 4 is a side view illustrating a schematic configuration of a manufacturing
device of the adhesively-laminated core for a stator.

[Embodiments for implementing the Invention]
[0010]

Hereinafter, an adhesively-laminated core for a stator according to one
embodiment of the present invention and an electric motor including the adhesively-
laminated core for a stator will be described with reference to the drawings. In the
present embodiment, a motor, specifically an AC motor, more specifically a synchronous
motor, and even more specifically a permanent magnetic electric motor, will be described
as one example of the electric motor. A motor of this type is suitably employed for, for
example, an electric automobile.

[0011]

As illustrated in FIG. 1, an electric motor 10 includes a stator 20, a rotor 30, a

case 50, and a rotary shaft 60. The stator 20 and the rotor 30 are accommodated in the

case 50. The stator 20 is fixed to an inside of the case 50.
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In the present embodiment, an inner rotor type in which the rotor 30 is
positioned on a radially inner side of the stator 20 is employed as the electric motor 10.
However, an outer rotor type in which the rotor 30 is positioned on an outer side of the
stator 20 may also be employed as the electric motor 10.  Also, in the present
embodiment, the electric motor 10 is a 12-pole 18-slot three-phase AC motor. However,
the number of poles, the number of slots, the number of phases, or the like can be
changed as appropriate.

The electric motor 10 can rotate at a rotation speed of 1000 rpm by applying, for
example, an excitation current having an effective value of 10 A and a frequency of 100
Hz to each phase.

[0012]

The stator 20 includes an adhesively-laminated core for a stator (hereinafter
referred to as a stator core) 21 and a winding (not illustrated).

The stator core 21 includes an annular core back part 22 and a plurality of tooth
parts 23. Hereinafter, a direction along a central axis O of the stator core 21 (or the core
back part 22) is referred to as an axial direction, a radial direction of the stator core 21 (or
the core back part 22) (i.e., a direction orthogonal to the central axis O) is referred to as a
radial direction, and a circumferential direction of the stator core 21 (or the core back
part 22) (i.e., a direction revolving around the central axis O) is referred to as a
circumferential direction.

[0013]

The core back part 22 is formed in an annular shape in a plan view of the stator
20 along the axial direction.

The plurality of tooth parts 23 protrude inward in the radial direction (toward the

central axis O of the core back part 22 in the radial direction) from an inner
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circumference of the core back part 22. The plurality of tooth parts 23 are disposed at
equiangular intervals in the circumferential direction. In the present embodiment, 18
tooth parts 23 are provided at every 20 degrees in terms of the central angle with the
central axis O as a center. The plurality of tooth parts 23 are formed to have the same
shape and the same size with each other. Therefore, the plurality of tooth parts 23 have
the same thickness dimension with each other.

The windings are wound around the tooth parts 23. The windings may be a
concentrated windings or a distributed windings.

[0014]

The rotor 30 is disposed on a radially inner side with respect to the stator 20 (the
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 ring shape (an annular shape) disposed
coaxially with the stator 20. The rotary shaft 60 is disposed in the rotor core 31. The
rotary 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 disposed at equiangular intervals in the
circumferential direction. In the present embodiment, 12 sets of the permanent magnets
32 (24 in total) are provided at every 30 degrees in terms of the central angle with the
central axis O as a center.

[0015]

In the present embodiment, an interior permanent magnet motor is adopted as

the permanent magnetic 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
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through holes 33 are provided to correspond to a disposition of the plurality of permanent
magnets 32. The permanent magnets 32 are each fixed to the rotor core 31 in a state in
which it is disposed inside the corresponding through hole 33. Fixing of each
permanent magnet 32 to the rotor core 31 can be realized, for example, by causing an
outer surface of the permanent magnet 32 and an inner surface of the through hole 33 to
be adhered to each other using an adhesive or the like. Further, a surface permanent
magnet motor may be adopted as the permanent magnetic electric motor instead of an
interior permanent magnet motor.

[0016]

The stator core 21 and the rotor core 31 are both laminated cores. As
illustrated in FIG. 2, the stator core 21 may be formed by, for example, laminating a
plurality of electrical steel sheets 40.

Further, laminated thicknesses (the entire length along the central axis O) of the
stator core 21 and the rotor core 31 may each be, for example, 50.0 mm. An outer
diameter of the stator core 21 may be, for example, 250.0 mm. An inner diameter of the
stator core 21 may be, for example, 165.0 mm. An outer diameter of the rotor core 31
may be, for example, 163.0 mm. An inner diameter of the rotor core 31 may be, for
example, 30.0 mm. However, these values are an example, and the laminated thickness,
the outer diameter, and the inner diameter of the stator core 21, and the laminated
thickness, the outer diameter, and the inner diameter of the rotor core 31 are not limited
only to these values. Here, an edge portion of the tooth part 23 of the stator core 21 is
used as a reference of the inner diameter of the stator core 21. That is, the inner
diameter of the stator core 21 is a diameter of a virtual circle inscribed in the edge
portions of all the tooth parts 23.

[0017]
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Each of the electrical steel sheets 40 forming the stator core 21 and the rotor
core 31 may be formed by, for example, punching an electrical steel sheet serving as a
base material or the like.  As the electrical steel sheet 40, a known electrical steel sheet
can be used. A chemical composition of the electrical steel sheet 40 is not particularly
limited. In the present embodiment, a non-grain-oriented electrical steel sheet is used as
the electrical steel sheet 40.  As the non-grain-oriented electrical steel sheet, for
example, a non-grain-oriented electrical steel strip of JIS C 2552:2014 can be adopted.

However, as the electrical steel sheet 40, it is also possible to use a grain-
oriented electrical steel sheet instead of a non-grain-oriented electrical steel sheet.  As
the grain-oriented electrical steel sheet, for example, a grain-oriented electrical steel strip
of JIS C 2553:2012 can be adopted.

[0018]

In order to improve workability of the electrical steel sheets and iron loss of the
stator core, both sides of the electrical steel sheets 40 are preferably coated with an
insulation coating. As a material constituting the insulation coating, for example, (1) an
inorganic compound, (2) an organic resin, (3) a mixture of an inorganic compound and an
organic resin, or the like can be adopted.  As the inorganic compound, for example, (1)
a compound of dichromate and boric acid, and (2) a compound of phosphate and silica or
the like can be exemplified. As the organic resin, an epoxy resin, an acrylic resin, an
acrylic-styrene resin, a polyester resin, a silicone resin, a fluorine resin, or the like can be
exemplified.

[0019]

When the electrical steel sheets 40 are coated with the insulation coating, a

thickness of the insulation coating (average thickness per one surface of the electrical

steel sheet 40) is preferably 0.1 pm or more to secure insulation performance between the
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electrical steel sheets 40 laminated on each other.

On the other hand, an insulating effect becomes saturated as the insulation
coating becomes thicker. Also, as the insulation coating becomes thicker, a space factor
decreases and performance of the stator core deteriorates. Therefore, the insulation
coating is preferably made thin in a range in which the insulating performance can be
secured. The thickness of the insulation coating (thickness per one surface of the
electrical steel sheet 40) is preferably 0.1 pm or more and 2.0 um or less, and more
preferably 0.3 pm or more and 1.2 pm or less.

[0020]

As a sheet thickness of the electrical steel sheet 40 becomes thinner, an effect of
improving iron loss gradually saturates. Also, as the electrical steel sheet 40 becomes
thinner, a manufacturing cost of the electrical steel sheet 40 increases. Therefore, the
thickness of the electrical steel sheet 40 is preferably 0.10 mm or more when the effect of
improving iron loss and the manufacturing costs are considered.

On the other hand, if the electrical steel sheet 40 is too thick, the iron loss
increases. Therefore, when iron loss characteristics of the electrical steel sheet 40 are
considered, the thickness of the electrical steel sheet 40 is preferably 0.35 mm or less,
and more preferably 0.20 mm or 0.25 mm.

In consideration of the above-described points, the thickness of each electrical
steel sheet 40 may be, for example, 0.10 mm or more and 0.65 mm or less, preferably
0.10 mm or more and 0.35 mm or less, and more preferably 0.20 mm or 0.25 mm.
Further, the thickness of the electrical steel sheet 40 includes the thickness of the
insulation coating.

[0021]

As illustrated in FIG. 2, in the stator core 21, an adhesion part 41 that causes the
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electrical steel sheets 40 to be adhered to each other is partially provided between all sets
of the electrical steel sheets 40 adjacent to each other in a stacking direction.  All the
sets of the electrical steel sheets 40 adjacent to each other in the stacking direction are
laminated via the adhesion part 41 that is partially provided therebetween. The
electrical steel sheets 40 adjacent to each other in the stacking direction are not fixed by
other means (for example, fastening or the like).

[0022]

The adhesion part 41 is one for causing the electrical steel sheets 40 adjacent to
each other in the stacking direction to be adhered. The adhesion part 41 is an adhesive
that is cured without being divided.

As illustrated in FIG. 3, the adhesion part 41 includes a first adhesion part 41a
and a second adhesion part 41b.  The first adhesion part 41a is a fast-curing type
adhesive that is cured without being divided. The second adhesion part 41b is a
thermosetting adhesive that is cured without being divided. The first adhesion part 41a
and the second adhesion part 41b are formed in a dot shape between the electrical steel
sheets 40 adjacent to each other in the stacking direction.

[0023]

A thickness of the adhesion part 41 is preferably 1 um or more to obtain a stable
and sufficient adhesion strength.

On the other hand, when the thickness of the adhesion part 41 exceeds 10 pm, an
adhesion force is saturated. Also, as the adhesion part 41 becomes thicker, a space
factor decreases, and magnetic properties such as iron loss of the stator core deteriorate.
Therefore, the thickness of the adhesion part 41 is preferably 1 pm or more and 10 pm or
less, and more preferably 1 um or more and 5 pm or less.

Further, in the above description, the thickness of the adhesion part 41 means an
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average thickness of the adhesion parts 41.
[0024]

The average thickness of the adhesion parts 41 is more preferably 1.0 um or
more and 3.0 um or less. When the average thickness of the adhesion parts 41 is less
than 1.0 um, a sufficient adhesion force cannot be secured as described above.
Therefore, a lower limit value of the average thickness of the adhesion parts 41 is 1.0 um,
and more preferably 1.2 pm. Conversely, when the average thickness of the adhesion
parts 41 increases more than 3.0 um, a problem such as a large increase in strain amount
of the electrical steel sheet 40 due to thermosetting shrinkage occurs. Therefore, an
upper limit value of the average thickness of the adhesion parts 41 is 3.0 um, and more
preferably 2.6 pm.

The average thickness of the adhesion parts 41 is an average value as the entire
laminated core. The average thickness of the adhesion parts 41 hardly changes
throughout laminated positions in the stacking direction and circumferential positions
around the central axis of the laminated core. Therefore, the average thickness of the
adhesion parts 41 can be set to an average value of numerical values measured at 10 or
more points in the circumferential direction at upper end positions of the laminated core.
[0025]

The adhesion part 41 is partially provided between the electrical steel sheets 40
adjacent to each other in the stacking direction. That is, an adhesion region 42 and a
non-adhesion region 43 are formed on a surface (first surface) of the electrical steel sheet
40 facing in the stacking direction. The adhesion region 42 is a region of the first
surface of the electrical steel sheet 40 at which the adhesion part 41 is provided, that is, a
region of the first surface of the electrical steel sheet 40 at which the adhesive cured

without being divided is provided. The non-adhesion region 43 is a region of the first
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surface of the electrical steel sheet 40 at which the adhesion part 41 is not provided, that
is, a region of the first surface of the electrical steel sheet 40 at which the adhesive cured
without being divided is not provided. Between the electrical steel sheets 40 adjacent to
each other in the stacking direction in the stator core 21, it is preferable that the adhesion
part 41 be partially provided between the core back parts 22 and be partially provided
between the tooth parts 23 as well.

Typically, the adhesion part 41 is disposed to be distributed to a plurality of
positions between the electrical steel sheets 40 adjacent to each other in the stacking
direction.

[0026]

FIG. 3 is an example of a disposition pattern of the adhesion part 41. In this
example, the first adhesion part 41a and the second adhesion part 41b are formed in a
plurality of circular dots. More specifically, in the core back part 22, a plurality of
second adhesion parts 41b are formed in a dot shape with an average diameter of 7 mm at
equiangular intervals in the circumferential direction. Some of each second adhesion
part 41b protrudes to the tooth part 23. In the tooth part 23, a plurality of first adhesion
parts 41a are formed in a dot shape with an average diameter of 5 mm in the radial
direction.

The average diameter illustrated here is an example. The average diameter of
the dot-shaped second adhesion part 41b is preferably 5 mm or more and 10 mm or less,
and more preferably 6 mm or more and 10 mm or less. The average diameter of the
dot-shaped first adhesion part 41a is preferably 3 mm or more and 7 mm or less, and
more preferably 3 mm or more and less than 6 mm. The average diameter of the first
adhesion part 41a is preferably smaller than the average diameter of the second adhesion

part 41b.
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Further, the formation pattern of FIG. 3 is an example, and the number, shape,
and disposition of the adhesion parts 41 provided between the electrical steel sheets 40
can be appropriately changed as necessary.

The average diameter can be obtained by measuring diameters of adhesive
marks of the adhesion parts 41 when the electrical steel sheets 40 are broken away from
each other with a ruler. When a shape of the adhesive mark in a plan view is not a
perfect circle, a diameter thereof is set as a diameter of a circumscribed circle (perfect
circle) of the adhesive mark in a plan view.

Average diameters of the first adhesion part and the second adhesion part in the
tooth parts and the core back part may not be the same.

[0027]

Generally, curing shrinkage occurs when an adhesive is cured. Due to the
curing shrinkage, compressive stress and tensile stress are applied to the electrical steel
sheets 40. When these stresses are applied to the electrical steel sheets 40, a strain is
caused. Particularly, in a case of a thermosetting adhesive, the applied stress increases
due to a difference in thermal expansion coefficient between the electrical steel sheet 40
and the adhesion part. The strain of the electrical steel sheet 40 increases iron loss of
the electric motor 10.  An influence of the strain of the electrical steel sheet 40
constituting the stator core 21 on the iron loss is larger than an influence of the strain of
the steel sheet constituting the rotor core 31 on the iron loss.

In the present embodiment, since the adhesion part 41 is partially provided, the
stress applied to the electrical steel sheet 40 due to curing shrinkage is reduced compared
to a case in which the adhesion part 41 is provided on the entire surface.

[0028]

A fast-curing type adhesive is cured in a short period of time at room
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temperature and has a smaller curing shrinkage than the thermosetting adhesive. Also,
the influence of the strain of the electrical steel sheet 40 on the iron loss is larger in the
tooth part 23 than that in the core back part 22. Therefore, when the thermosetting
adhesive is applied to the core back part 22 to form the second adhesion part 41b and the
fast-curing type adhesive is applied to the tooth part 23 to form the first adhesion part 41a
as in the present embodiment, increase in iron loss can be further suppressed.

[0029]

Also, when the adhesion part is partially provided between the electrical steel
sheets by combining a temporary adhesion using the fast-curing type adhesive that is
cured in a short period of time and a main adhesion using the thermosetting adhesive that
has a high mechanical strength after curing to cause the electrical steel sheets to be
adhered, a stator core that combines high productivity, a high strength, low noise, and
low vibration can be obtained.

[0030]

An adhesion area ratio Qg of the adhesion part 41 to the electrical steel sheet 40
is preferably 10% or more and 90% or less, more preferably 20% or more and 85% or
less, and still more preferably 30% or more and 70% or less. When the adhesion area
ratio Qo is equal to or higher than the lower limit value of the above-described range, a
mechanical strength of the laminated core is secured. When the adhesion area ratio Qo
is equal to or lower than the upper limit value of the above-described range, an effect of
suppressing the iron loss is more excellent.

Further, the adhesion area ratio Qo is a proportion of an area occupied by the
adhesion part 41 (the adhesion region 42) in the first surface of the electrical steel sheet
40 with respect to an area of the first surface of the electrical steel sheet 40. Both the

first adhesion part and the second adhesion part present on the first surface of the tooth
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part are included in calculating the adhesion area ratio Qo.
[0031]

An adhesion area ratio Qao of the adhesion part 41 to the core back part 22 is
preferably 40% or more and 90% or less, more preferably 50% or more and 90% or less,
and still more preferably 60% or more and 90% or less. When the adhesion area ratio
Quao is equal to or higher than the lower limit value of the above-described range, since
the electrical steel sheets 40 adjacent to each other in the stacking direction can be
adhered to each other with a sufficient adhesion strength, a rigidity of the stator core
improves and noise characteristics are excellent. When the adhesion area ratio Qao is
equal to or lower than the upper limit value of the above-described range, an effect of
suppressing the iron loss is more excellent.

Further, the adhesion area ratio Qao is a proportion of an area occupied by the
adhesion part 41 (the adhesion region 42) in the first surface of the core back part 22 with
respect to an area of the first surface of the core back part 22 of the electrical steel sheet
40. Both the first adhesion part and the second adhesion part present on the first surface
of the core back part are included in calculating the adhesion area ratio Qao. For
example, when some of the first adhesion part 41a formed with the fast-curing type
adhesive applied to the tooth part 23 is also present in the core back part 22, the adhesion
area ratio Qao is calculated including that portion as well.

[0032]

An adhesion area ratio Qa1 of the first adhesion part 41a to the core back part 22
is preferably 0% or more and 50% or less, more preferably 0% or more and 40% or less,
and still more preferably 0% or more and 30% or less. When the adhesion area ratio
Qa1 is equal to or higher than the lower limit value of the above-described range, a

temporary fixing effect can be obtained. When the adhesion area ratio Qa1 is not higher
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than the upper limit value of the above-described range, an effect of suppressing the iron
loss is more excellent.

Further, the adhesion area ratio Qa1 is a proportion of an area occupied by the
first adhesion part 41a in the first surface of the core back part 22 with respect to the area
of the first surface of the core back part 22 of the electrical steel sheet 40.

[0033]

An adhesion area ratio Qaz of the second adhesion part 41b to the core back part
22 is preferably 5% or more and 90% or less, more preferably 15% or more and 70% or
less, and still more preferably 30% or more and 65% or less. When the adhesion area
ratio Qa2 is equal to or higher than the lower limit value of the above-described range, an
effect of improving a rigidity of the laminated core can be obtained. When the adhesion
area ratio Qaz is equal to or lower than the upper limit value of the above-described
range, an effect of suppressing the iron loss is more excellent.

Further, the adhesion area ratio Qa2 is a proportion of an area occupied by the
second adhesion part 41b in the first surface of the core back part 22 with respect to the
area of the first surface of the core back part 22 of the electrical steel sheet 40.

[0034]

An adhesion area ratio Qgo of the adhesion part 41 to the tooth part 23 is
preferably 10% or more and 70% or less, more preferably 10% or more and 50% or less,
and still more preferably 10% or more and 30% or less. When the adhesion area ratio
Qgo is equal to or higher than the lower limit value of the above-described range, since
the electrical steel sheets 40 adjacent to each other in the stacking direction can be
adhered to each other with a sufficient adhesion strength, jumping of the tooth part can
be suppressed, and thus a core shape is excellent. When the adhesion area ratio Qgo is

equal to or lower than the upper limit value of the above-described range, an effect of
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suppressing the iron loss is more excellent.

Further, the adhesion area ratio Qgo is a proportion of an area occupied by the
adhesion part 41 (the adhesion region 42) in the first surface of the tooth part 23 with
respect to an area of the first surface of the tooth part 23 of the electrical steel sheet 40.
Both the first adhesion part and the second adhesion part present on the first surface of
the tooth part are included in calculating the adhesion area ratio Qgo. For example,
when some of the second adhesion part 41b formed with the thermosetting adhesive
applied to the core back part 22 is also present on the tooth part 23, the adhesion area
ratio Qo is calculated including that portion as well.

[0035]

An adhesion area ratio Qg1 of the tooth part 23 by the first adhesion part 41a is
preferably 5% or more and 70% or less, more preferably 6% or more and 50% or less,
and still more preferably 7% or more and 30% or less. When the adhesion area ratio
Qg1 is equal to or higher than the lower limit value of the above-described range, an
effect of preventing the tooth part from being displaced can be obtained. When the
adhesion area ratio Qg1 is equal to or lower than the upper limit value of the above-
described range, an effect of suppressing the iron loss is more excellent.

Further, the adhesion area ratio Qg is a proportion of an area occupied by the
first adhesion part 41a on the first surface of the tooth part 23 with respect to the area of
the first surface of the tooth part 23 of the electrical steel sheet 40.

[0036]

An adhesion area ratio Qg2 of the second adhesion part 41b to the tooth part 23
is preferably 0% or more and 65% or less, more preferably 0% or more and 50% or less,
and still more preferably 0% or more and 30% or less. The adhesion area ratio Qg2 may

be 0%. When the adhesion area ratio Qg2 is equal to or lower than the upper limit value
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of the above-described range, an effect of suppressing the iron loss is more excellent.

Further, the adhesion area ratio Qg2 is a proportion of an area occupied by the
second adhesion part 41b on the first surface of the tooth part 23 with respect to the area
of the first surface of the tooth part 23 of the electrical steel sheet 40.

[0037]

Between the electrical steel sheets 40 adjacent to each other in the stacking
direction, a proportion (proportion P1) of an adhesion area of the first adhesion part 41a
with respect to a total adhesion area of the adhesion part 41 is preferably 5% or more and
50% or less, and a proportion (proportion P2) of an adhesion area of the second adhesion
part 41b with respect thereto is preferably 50% or more and 95% or less. Thereby, an
effect of improving the mechanical strength, an effect of reducing noise and vibration,
and an effect of suppressing the iron loss can be sufficiently obtained. Also, it is more
preferable that the proportion P; be 5% or more and less than 50% and the proportion P
be 50% or more and 95% or less, it is still more preferable that the proportion P be 10%
or more and 40% or less and the proportion P2 be 60% or more and 90% or less, it is
particularly preferable that the proportion P1 be 15% or more and 40% or less and the
proportion P2 be 60% or more and 85% or less, and it is most preferable that the
proportion P; be 15% or more and 35% or less and the proportion P2 be 65% or more and
85% or less. A sum of the proportion P1 and the proportion P2 is 100%.

In calculating the adhesion area ratios Qo, Qao, Qa1, Qa2, Qgo, Qs1, and Qg2, and
the proportions P1 and P, an area of the adhesive marks obtained by an image analysis of
the adhesive marks of the adhesion part 41, the first adhesion part 41a, or the second
adhesion part 41b after the electrical steel sheets 40 are broken away from each other is
employed as an area of the adhesion region formed by each adhesion part.

[0038]
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In the present embodiment, it is preferable that the first adhesion part 41a have a
dot shape with an average diameter of 3 mm or more and 7 mm or less, the second
adhesion part 41b have a dot shape with an average diameter of 5 mm or more and 10
mm or less, the proportion P be 5% or more and less than 50%, and the proportion P> be
50% or more and 95% or less.  Also, it is more preferable that the first adhesion part
41a have a dot shape with an average diameter of 3 mm or more and 7 mm or less, the
second adhesion part 41b have a dot shape with an average diameter of 5 mm or more
and 10 mm or less, and the proportion P1 be 5% or more and less than 50%, the
proportion P2 be 50% or more and 95% or less, the adhesion area ratio Qgo be 10% or
more and 50% or less, and the adhesion area ratio Qg1 be 6% or more and 50% or less.
[0039]

The fast-curing type adhesive is one in which a monomer in a liquid state is
instantly polymerized by a very small amount of moisture in the air or on a surface of an
adherend to exhibit an adhesiveness.

As the fast-curing type adhesive, for example, a cyanoacrylate-based adhesive
and an anaerobic adhesive can be exemplified. Of these, the cyanoacrylate-based
adhesive known as an instant adhesive is preferable in terms of being excellent in fast-
curing properties.

[0040]

As the cyanoacrylate-based adhesive, an adhesive in which cyanoacrylate is
polymerized and cured can be used without limitation.  As the cyanoacrylate contained
in the cyanoacrylate-based adhesive, for example, methyl cyanoacrylate, ethyl
cyanoacrylate, methoxyethyl cyanoacrylate, butyl cyanoacrylate, and octyl cyanoacrylate
can be exemplified. The cyanoacrylate contained in the cyanoacrylate-based adhesive

may be one type or two or more types.
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[0041]

The thermosetting adhesive may be a one-component type or a two-component
type.

As the thermosetting adhesive, for example, an epoxy resin-based adhesive, a
phenol resin-based adhesive, and an unsaturated polyester resin-based adhesive can be
exemplified. Of these, the epoxy resin-based adhesive is preferable from a viewpoint in
which a stator core having a high mechanical strength can be easily obtained.

[0042]

The epoxy resin-based adhesive contains an epoxy resin and a curing agent.

The epoxy resin is not particularly limited, and for example, a bisphenol A type
epoxy resin, a bisphenol F type epoxy resin, a bisphenol AD type epoxy resin, an amine
type epoxy resin, an alicyclic epoxy resin, a phenol novolac type epoxy resin, and a
naphthalene type epoxy resin can be exemplified. Of these, the phenol novolac type
epoxy resin is preferable from a viewpoint of application properties.

The curing agent contained in the epoxy resin-based adhesive may be one type
or two or more types.

[0043]

A glass transition temperature (Tg) of the epoxy resin is preferably 80°C or
higher and 150°C or lower, more preferably 100°C or higher and 150°C or lower, and still
more preferably 120°C or higher and 150°C or lower. When the Tg of the epoxy resin
is equal to or higher than the lower limit value of the above-described range, a stator core
having excellent heat resistance and high mechanical strength can be easily obtained.
When the Tg of the epoxy resin is equal to or lower than the upper limit value of the
above-described range, adhesion to the electrical steel sheet can be easily obtained.

Further, the Tg of the epoxy resin is a midpoint glass transition temperature

21



10

15

20

25

measured by a differential scanning calorimetry (DSC) method according to JIS K 7121-
1987.
[0044]

A number average molecular weight (Mn) of the epoxy resin is preferably 1200
or more and 20000 or less, more preferably 2000 or more and 18000 or less, and still
more preferably 2500 or more and 16000 or less. When the Mn of the epoxy resin is
equal to or more than the lower limit value of the above-described range, an adhesion
strength can be easily increased. When the Mn of the epoxy resin is not more than the
upper limit value of the above-described range, the epoxy resin-based adhesive becoming
highly viscous is easily suppressed.

Further, the Mn of the epoxy resin can be measured by size-exclusion
chromatography (SEC) described in JIS K 7252-1:2008 using polystyrene as a standard
substance.

[0045]

For the curing agent, a generally used thermosetting epoxy resin curing agent
can be used. The curing agent is not particularly limited, and for example, an acid
anhydride-based curing agent (phthalic anhydride, hexahydrophthalic anhydride, 4-
methylhexahydrophthalic anhydride, or the like), a phenol novolac resin, and
dicyandiamide (DICY) can be exemplified. The curing agent contained in the epoxy
resin-based adhesive may be one type or two or more types.

[0046]

The phenol novolac resin is a novolak type phenol resin obtained by subjecting
phenols (phenol or the like) and aldehydes (formaldehyde or the like) to a condensation
reaction using an acid catalyst.  As the curing agent, the phenol novolac resin is

preferable from a viewpoint in which a stator core having a high mechanical strength can
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be easily obtained.
[0047]

A curing agent content in the epoxy resin-based adhesive can be appropriately
set according to types of curing agents, and for example, when a phenol novolac resin is
used, 5 parts by mass or more and 35 parts by mass or less with respect to 100 parts by
mass of the epoxy resin is preferable.

[0048]

The epoxy resin-based adhesive may contain an acrylic resin in addition to the
epoxy resin and the curing agent. An acrylic modified epoxy resin obtained by graft-
polymerizing the acrylic resin on the epoxy resin may also be used.

[0049]

The acrylic resin is not particularly limited. As monomers used for the acrylic
resin, for example, 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, cyclohexyl (meth) acrylate, 2-ethylhexyl (meth) acrylate, 2-hydroxyethyl
(meth) acrylate, and hydroxypropyl (meth) acrylate can be exemplified. Further, the
(meth) acrylate means acrylate or methacrylate.

[0050]

A number average molecular weight (Mn) of the acrylic resin is preferably 5000
or more and 100000 or less, more preferably 6000 or more and 80000 or less, and still
more preferably 7000 or more and 60000 or less. When the Mn of the acrylic resin is
equal to or more than the lower limit value of the above-described range, an adhesion
strength can be easily increased. When the Mn of the acrylic resin is not more than the
upper limit value of the above-described range, the epoxy resin-based adhesive becoming
highly viscous is easily suppressed.
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Further, the Mn of the acrylic resin can be measured by the same method as that
in the Mn of the epoxy resin.
[0051]

When the epoxy resin-based adhesive contains an acrylic resin, an acrylic resin
content is not particularly limited, and can be, for example, 20% by mass or more and
80% by mass or less with respect to a total amount of the epoxy resin and the acrylic
resin.

[0052]

In the present embodiment, a plurality of electrical steel sheets forming the rotor
core 31 are fixed to each other by fastening (dowel). However, the plurality of
electrical steel sheets forming the rotor core 31 may also have a laminated structure fixed
by an adhesive as in the stator core 21.

Further, the laminated cores such as the stator core 21 and the rotor core 31 may
also be formed by so-called turn-stacking.

[0053]

(Method of manufacturing stator core)

The stator core 21 can be manufactured, for example, by repeating an operation
in which the fast-curing type adhesive and the thermosetting adhesive are applied to a
part of a surface of the electrical steel sheet 40, the electrical steel sheet 40 is stacked on
another electrical steel sheet, and then the electrical steel sheets are press-stacked to form
the adhesion part 41 at room temperature (for example, 20°C or higher and 30°C or
lower).

[0054]
Curing of the applied fast-curing type adhesive progresses at room temperature,

and the first adhesion part 41a is formed. Also, curing of the thermosetting adhesive
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progresses due to heating at the time of the press-stacking, and the second adhesion part
41b is formed.

Either the fast-curing type adhesive or the thermosetting adhesive may be
applied first or they may be applied at the same time. Also, the fast-curing type
adhesive and the thermosetting adhesive may be applied individually or may be applied
in a mixed state.

[0055]

Hereinafter, a method of manufacturing the stator core 21 using a manufacturing
device 100 illustrated in FIG. 4 will be described.

First, the manufacturing device 100 will be described. In the manufacturing
device 100, while an electrical steel sheet P is sent in an arrow F direction from a coil C
(hoop), the electrical steel sheet P is punched a plurality of times by a mold disposed at
each stage to be gradually formed into a shape of the electrical steel sheet 40, the fast-
curing type adhesive and the thermosetting adhesive are applied to predetermined
positions on a lower surface of a second and subsequent electrical steel sheets 40, and the
punched-out electrical steel sheets 40 are sequentially laminated and press-stacked while
being heated.

[0056]

As illustrated in FIG. 4, the manufacturing device 100 includes a first stage
punching station 110 at a position closest to the coil C, a second stage punching station
120 disposed adjacent to the punching station 110 on a downstream side in a conveying
direction of the electrical steel sheet P, a first adhesive-coating station 130 disposed
adjacent to the punching station 120 on a further downstream side, and a second
adhesive-coating station 140 disposed adjacent to the first adhesive-coating station 130

on a further downstream side.
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[0057]

The punching station 110 includes a female mold 111 disposed below the
electrical steel sheet P and a male mold 112 disposed above the electrical steel sheet P.

The punching station 120 includes a female mold 121 disposed below the
electrical steel sheet P and a male mold 122 disposed above the electrical steel sheet P.

The first adhesive-coating station 130 and the second adhesive-coating station
140 respectively include an applicator 131 and an applicator 141 each having a plurality
of injectors disposed according to a disposition pattern of the adhesion part 41 described
above.

[0058]

The manufacturing device 100 further includes a stacking station 150 at a
position downstream of the second adhesive-coating station 140. The stacking station
150 includes a heating device 151, a fixed mold for outer shape 152, a heat insulation
member 153, a fixed mold for inner shape 154, and a spring 155.

The heating device 151, the fixed mold for outer shape 152, and the heat
insulation member 153 are disposed below the electrical steel sheet P.

The fixed mold for inner shape 154 and the spring 155 are disposed above the
electrical steel sheet P.

[0059]

<Punching step>

In the manufacturing device 100 having the above-described configuration, first,
the electrical steel sheet P is sequentially sent from the coil C in the arrow F direction of
FIG. 4. Then, punching processing by the punching station 110 is first performed with
respect to the electrical steel sheet P.  Next, punching processing by the punching station

120 is performed with respect to the electrical steel sheet P.  Due to punching processing
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of these, a shape of the electrical steel sheet 40 having the core back part 22 and the
plurality of tooth parts 23 illustrated in FIG. 3 is obtained in the electrical steel sheet P.
However, since it is not completely punched out at this point, the processing proceeds to
the next step in the arrow F direction.
[0060]

<Application step>

In the first adhesive-coating station 130 of the next step, the fast-curing type
adhesive is supplied from the injectors of the applicator 131 to be applied in a dot shape
to a plurality of positions on a lower surface of the tooth part 23 of the electrical steel
sheet 40. Further, in the second adhesive-coating station 140, the thermosetting
adhesive is supplied from the injectors of the applicator 141 to be applied in a dot shape
to a plurality of positions on a lower surface of the core back part 22 of the electrical
steel sheet 40.
[0061]

<Laminating step>

Next, the electrical steel sheet P is sent to the stacking station 150, punched out
by the fixed mold for inner shape 154, and laminated with high accuracy. For example,
when a notch is formed at a plurality of positions on an outer circumferential end portion
of the core back part and a scale is pressed against the notches from a side surface, the
electrical steel sheets 40 can be prevented from being displaced and can be laminated
with higher accuracy. At the time of the lamination, the electrical steel sheet 40 is
heated to, for example, 150°C or higher and 160°C or lower by the heating device 151
while receiving a constant pressing force by the spring 155. Curing of the thermosetting
adhesive is accelerated by the heating.

[0062]
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The punching step, the application step, and the laminating step as described
above are sequentially repeated, and thereby a predetermined number of electrical steel
sheets 40 can be laminated via the partially provided adhesion part 41.

The stator core 21 is completed by the above steps.

[0063]

A method of manufacturing the stator core is not limited to the above-described
method. For example, the thermosetting adhesive may be applied at the first adhesive-
coating station 130, and the fast-curing type adhesive may be applied at the second
adhesive-coating station 140. Also, at either or both of the first adhesive-coating station
130 and the second adhesive-coating station 140, the thermosetting adhesive and the fast-
curing type adhesive may be individually applied, and the thermosetting adhesive and the
fast-curing type adhesive may be applied in a mixed state.

[0064]

Further, the technical scope of the present invention is not limited to the above-
described embodiments, and various modifications can be made without departing from
the meaning of the present invention.

The adhesion part for causing the electrical steel sheets to be adhered to each
other preferably includes two types of the first adhesion part formed with the fast-curing
type adhesive and the second adhesion part formed with the thermosetting adhesive but
may also include a third adhesion part formed with an adhesive in which the fast-curing
type adhesive and the thermosetting adhesive are mixed. When the adhesion part for
causing the electrical steel sheets to be adhered to each other includes the third adhesion
part, the adhesion part may include only the third adhesion part or may include a
combination of either or both of the first adhesion part and the second adhesion part and

the third adhesion part.
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[0065]

A shape of the stator core is not limited to the form illustrated in the above-
described embodiment. Specifically, dimensions of the outer diameter and inner
diameter, a laminated thickness, and the number of slots of the stator core, a dimensional
ratio of the tooth part in the circumferential direction and the radial direction, a
dimensional ratio in the radial direction between the tooth part and the core back part, or
the like can be arbitrarily designed according to desired characteristics of the electric
motor.

[0066]

In the rotor of the above-described embodiment, a set of two permanent magnets
32 forms one magnetic pole, but the present invention is not limited thereto. For
example, one permanent magnet 32 may form one magnetic pole, or three or more
permanent magnets 32 may form one magnetic pole.

[0067]

In the above-described embodiment, the permanent magnetic electric motor has
been described as an example of the electric motor, but a structure of the electric motor is
not limited thereto as will be illustrated below, and furthermore, various known structures
not illustrated below can also be employed.

In the above-described embodiment, the permanent magnetic electric motor has
been described as an example of the electric motor, but the present invention is not
limited thereto. For example, the electric motor may also be a reluctance motor or an
electromagnet field motor (wound-field motor).

In the above-described embodiment, the synchronous motor has been described
as an example of the AC motor, but the present invention is not limited thereto. For

example, the electric motor may also be an induction motor.
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In the above-described embodiment, the AC motor has been described as an
example of the motor, but the present invention is not limited thereto. For example, the
electric motor may be a DC motor.

In the above-described embodiment, the motor has been described as an
example of the electric motor, but the present invention is not limited thereto. For
example, the electric motor may be a generator.

[0068]

The stator core 21 can also be employed in a transformer instead of the electric
motor 10. In this case, a grain-oriented electrical steel sheet is preferably employed for
the electrical steel sheet instead of the non-grain-oriented electrical steel sheet.

[0069]

In addition, the components in the above-described embodiments can be
appropriately replaced with well-known components within a range not departing from
the meaning of the present invention, and the modified examples described above may be
appropriately combined.

[0070]

Hereinafter, the present invention will be specifically described with reference to
examples, but the present invention is not limited to the following description.
[0071]

(Adhesive)

Fast-curing type adhesive (A-1): Cyanoacrylate-based adhesive (product name
“Aron Alpha”, manufactured by Toagosei Co., Ltd.).

Thermosetting adhesive (B-1): Epoxy resin-based adhesive (product name
“ThreeBond”, manufactured by ThreeBond Co., Ltd., Tg of epoxy resin: 130°C).

[0072]
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(Example 1)

A hoop having a composition for a non-grain-oriented electrical steel sheet
containing 3.0% by mass of Si, 0.5% by mass of Al, and 0.1% by mass of Mn was
prepared. A thickness of the base steel was 0.3 mm. An insulation coating treatment
agent containing a metal phosphate and an acrylic resin emulsion was applied to the hoop
and baking was performed at 300°C so that the hoop is coated with an insulation coating
in a predetermined amount.

A stator core was fabricated by punching the hoop (electrical steel sheet) into a
single-plate core which has a ring shape with an outer diameter of 200 mm and an inner
diameter of 134 mm and to which 18 rectangular tooth parts 23 each having a length of
23 mm and a width of 15 mm are provided on an inner diameter side and then laminating
it in sequence using the manufacturing device 100 having the configuration illustrated in
FIG. 4 by the following procedures.

The hoop was sequentially sent in the arrow F direction of FIG. 4 from the coil
C. Then, punching processing by the punching station 110 was first performed with
respect to the hoop, and next, punching processing by the punching station 120 was
performed with respect to the hoop. Due to punching processing of these, a shape of the
electrical steel sheet 40 having the core back part 22 and the plurality of tooth parts 23
illustrated in FIG. 3 was formed in the hoop (punching step).

Next, the fast-curing type adhesive (A-1) was applied in a dot shape to
predetermined positions on a lower surface (the first surface) of the tooth parts 23 of the
hoop using the applicator 131 at the first adhesive-coating station 130. Next, the
thermosetting adhesive (B-1) was applied in a dot shape to predetermined positions on
the lower surface (the first surface) of the core back part 22 of the hoop using the

applicator 141 at the second adhesive-coating station 140 (application step).
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Next, the hoop sent to the stacking station 150 was punched into a single-plate
core by the fixed mold for inner shape 154 and then laminated while being pressurized
(laminating step). At this time, the adhesive was heated to 80°C by the heating device
151 to accelerate curing of the adhesive.

The punching step, the application step, and the laminating step described above
were sequentially repeated to laminate 130 single-plate cores. An average diameter of
the first adhesion part formed with the fast-curing type adhesive (A-1) between the
electrical steel sheets 40 was 5 mm. An average diameter of the second adhesion part
formed with the thermosetting adhesive (B-1) was 8 mm. The adhesion area ratios Qp,
Qno, Qai, Qa2, Qo, Qr1, and Qg2, and the proportions P; and P> were as shown in Table
1.

[0073]

(Examples 2 to 13)

A stator core was fabricated in the same manner as in example 1 except that
average diameters, the adhesion area ratios Qo, Qao, Qai, Qa2, Qno, Qg1 and Qg», and the
proportions P1 and P> of the first adhesion part and the second adhesion part were as
shown in Tables 1 and 2.

[0074]

(Comparative example 1)

The fast-curing type adhesive (A-1) was applied to the first surface of the tooth
part in the same manner as in example 1 for a temporary adhesion, thereafter the metal
steel sheets were entirely adhered to each other by being vacuum-impregnated with the
thermosetting adhesive (B-1), and thereby a stator core having the adhesion area ratios
Qo, Qao, Qai, Qaz, Qro, Qr1, and Qp2 and the proportions P1 and P> as shown in Table 2

was fabricated.
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[0075]

(Comparative example 2)

A stator core was fabricated in the same manner as in example 1 except that an
adhesive used was only the fast-curing type adhesive (A-1), and the adhesion area ratios
Qo, Qao, Qat, Qa2, Qro, Qn1, and Qg2 and the proportions P1 and P> were as shown in
Table 2.

[0076]

(Comparative example 3)

A stator core was fabricated in the same manner as in example 1 except that an
adhesive used was only the thermosetting adhesive (B-1), and the adhesion area ratios
Qo, Qao, Qat, Qa2, Qro, Qn1, and Qg2 and the proportions P1 and P> were as shown in
Table 2.

[0077]

(Evaluation)

The following evaluation was performed on the stator core of each example.
The results are shown in Tables 1 and 2.

[0078]

<Core strength>

After dropping the stator core from a height of 1 m, a core strength was
evaluated by measuring the number of sets of the electrical steel sheets in which a gap
was generated between the electrical steel sheets among all the sets of the electrical steel
sheets adjacent to each other in the stacking direction. When a distance between the
electrical steel sheets was larger than that before the dropping, it was determined that a
gap was generated between the electrical steel sheets. A smaller number of sets of the

electrical steel sheets in which a gap was generated between the electrical steel sheets
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means higher core strength.

o: The number of sets of the electrical steel sheets in which a gap generated
between the electrical steel sheets was less than 1. That is, this is a case in which no
problem has occurred in the stator core.

A: The number of sets of the electrical steel sheets in which a gap generated
between the electrical steel sheets was 1 or more and less than 2.  That is, this is a case
in which a visible gap has generated in the stator core.

x: The number of sets of the electrical steel sheets in which a gap generated
between the electrical steel sheets was 2 or more. That is, this is a case in which a
plurality of visible gaps have generated or cracked in the stator core.

[0079]

<Hammering test (noise evaluation)>

An outer circumferential end portion of the core back part of the stator core was
vibrated in the radial direction by an impact hammer, and a modal analysis of noise and
vibration was performed with a distal end of the tooth part and a central portion of the
core back part in a direction of 180° axially with respect to the vibration source as
measurement points.  Also, when a central portion of the core back part in the radial
direction was vibrated in the axial direction by an impact hammer, a modal analysis of
noise and vibration was performed with a distal end of the tooth part and a central portion
of the core back part in a direction of 180° axially with respect to the vibration source as
measurement points. The evaluation was performed according to the following criteria.
A smaller value means that more noise can be suppressed.

1: Only one or two vibration peaks are detected.

2: Several vibration peaks are detected.

3: 10 or more vibration peaks are detected depending on a vibration direction.

34



10

15

20

25

4: There is a main peak, but 10 or more vibration peaks are detected.

5: There is no main peak, and 10 or more vibration peaks are detected.
[0080]

<lIron loss>

Stator iron loss was measured using a rotational iron loss-simulator having a
rotor-shaped detector with a diameter of 133.5 mm. This rotational iron loss-simulator
is one disclosed in the papers of technical meetings in the Institute of Electrical
Engineers of Japan, RM-92-79, 1992.

In evaluation of iron loss of the stator core, a fixed by fastening-stacking core
having 10 laminated sheets in which eight adhesion parts were formed in the core back
part and a fastening with a diameter of 1.5 mm was formed in a central portion of all the
tooth parts was fabricated as a core serving as evaluation criteria. The stator core and
the fixed by fastening-stacking core in each example were measured using the rotational
iron loss-simulator, and the iron loss was evaluated according to the following evaluation
criteria.

o: Magnetism was better by 20% or more compared to that of the fixed by
fastening-stacking core.

A: Magnetism was better in a range of 10% or more and less than 20%
compared to that of the fixed by fastening-stacking core.

x: Improvement in magnetism compared to that of the fixed by fastening-
stacking core was not observed, or improvement in magnetism was less than 10%
compared to that of the fixed by fastening-stacking core.

[0081]
<Productivity>

When the stator core was fabricated at 150 spm (the number of electrical steel
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sheets laminated in one minute was 150) using the manufacturing device illustrated in
FIG. 4, a fixing state of the stator core taken out from the mold was checked and
productivity of the stator was evaluated according to the following criteria.

o: The laminated core could be fabricated without any problem.

A: The electrical steel sheets were broken away from each other or lamination
was twisted during handling.

x: Fixing between the electrical steel sheets was insufficient.
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[Industrial Applicability]
[0084]

According to the present invention, productivity and a mechanical strength of a
laminated core for a stator are improved, and thus vibration and noise of an electric
motor can be reduced and iron loss can be suppressed. Therefore, industrial
applicability is high.

[Brief Description of the Reference Symbols]
[0085]

10 Electric motor

20 Stator

21 Adhesively-laminated core for stator

40 Electrical steel sheet

41 Adhesion part

41a First adhesion part

41b Second adhesion part
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[CLAIMS]
[Claim 1]

An adhesively-laminated core for a stator comprising:

a plurality of electrical steel sheets which are stacked to each other and each of
which both surfaces coated with an insulation coating; and

an adhesion part which is disposed between the electrical steel sheets adjacent to
each other in a stacking direction and adheres the electrical steel sheets to each other,
wherein

all sets of the electrical steel sheets adjacent to each other in the stacking
direction are adhered by a plurality of adhesion parts,

an adhesive forming the adhesion part includes a fast-curing type adhesive and a
thermosetting adhesive,

the adhesion part is partially provided between the electrical steel sheets
adjacent to each other in the stacking direction,

the adhesion part includes a first adhesion part formed with the fast-curing type
adhesive and a second adhesion part formed with the thermosetting adhesive,

the adhesion part includes the first adhesion part provided between tooth parts of
the electrical steel sheets and the second adhesion part provided between core back parts
of the electrical steel sheets,

the first adhesion part has an average diameter of 3 mm or more and 7 mm or
less in a dot shape, the second adhesion part has an average diameter of 5 mm or more
and 10 mm or less in a dot shape,

a proportion of an adhesion area of the first adhesion part is 5% or more and less
than 50% and a proportion of an adhesion area of the second adhesion part is 50% or

more and 95% or less with respect to a total adhesion area by the adhesion part between
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the electrical steel sheets,

an adhesion area ratio Qgo of the adhesion part to the tooth part is 10% or more
and 70% or less and an adhesion area ratio Qao of the adhesion part to the core back part
is 40% or more and 90% or less between the electrical steel sheets,

an adhesion area ratio Qa1 of the first adhesion part to the core back part is 0%
or more and 50% or less,

an adhesion area ratio Qa2 of the second adhesion part to the core back part is
5% or more and 90% or less,

an adhesion area ratio Qg1 of the first adhesion part to the tooth part is 5% or
more and 70% or less, and

an adhesion area ratio Qg2 of the second adhesion part to the tooth part is 0% or
more and 65% or less.

[Claim 2]

The adhesively-laminated core for a stator according to claim 1, wherein the
fast-curing type adhesive is an cyanoacrylate-based adhesive.
[Claim 3]

The adhesively-laminated core for a stator according to claim 1, wherein the
thermosetting adhesive is an epoxy resin-based adhesive containing an epoxy resin
having a glass transition temperature of 80°C or higher and 150°C or lower.

[Claim 4]

A method of manufacturing an adhesively-laminated core for a stator which is a
method of manufacturing the adhesively-laminated core for a stator according to claim 1,
the method comprising repeating an operation in which the fast-curing type adhesive and
the thermosetting adhesive are applied to a part of a surface of the electrical steel sheet,

the electrical steel sheet is stacked on another electrical steel sheet, and then the electrical
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steel sheets are press-stacked to form the adhesion part.
[Claim 5]
An electric motor comprising the adhesively-laminated core for a stator

according to claim 1.
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