
[Document Type] Specification 

[Title of the Invention] 

LAMINATED CORE, CORE BLOCK, ELECTRIC MOTOR AND METHOD OF 

PRODUCING CORE BLOCK 

[Technical Field] 

[0001] 

The present invention relates to a laminated core, a core block, an electric motor 

and a method of producing a core block. 

Priority is claimed on Japanese Patent Application No. 2018-235856, filed 

December 17, 2018, Japanese Patent Application No. 2018-235872, filed December 17, 

2018, Japanese Patent Application No. 2019-118338, filed June 26, 2019, and Japanese 

Patent Application No. 2019-118339, filed June 26, 2019, the content of which is 

incorporated herein by reference. 

[Background Art] 

[0002] 

In the related art, a laminated core as described in Patent Document 1 below is 

known. In the laminated core, electrical steel sheets adjacent to each other in a stacking 

direction are adhered by adhesive layers. 

[Citation List] 

[Patent Document] 

[0003] 

[Patent Document 1] 

Japanese Unexamined Patent Application, First Publication No. 2011-023523 

[Summary of the Invention] 

[Problems to be Solved by the Invention] 
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[0004] 

There is room for improvement in improving the magnetic properties of the 

laminated core of the related art. 

[0005] 

The present invention has been made in view of the above circumstances and an 

object of the present invention is to improve magnetic properties of a laminated core. 

[Means for Solving the Problem] 

[0006] 

In order to address the above problem, the present invention provides the 

following aspects. 

[0007] 

(1) According to an aspect of the present invention, there is provided a laminated core 

including a plurality of electrical steel sheets stacked to each other; and a plurality of 

adhesion parts that are provided between the electrical steel sheets adjacent to each other 

in a stacking direction and adhere the electrical steel sheets to each other, in which, when 

viewed in the stacking direction, the plurality of adhesion parts are formed in a belt shape 

that extends in a first direction, the plurality of adhesion parts are arranged in a second 

direction orthogonal to the first direction, and an angle formed by the first direction and a 

rolling direction of the electrical steel sheet is 30° or more and 90° or less. 

[0008] 

(2) In the laminated core according to (1), the angle formed by the first direction and the 

rolling direction of the electrical steel sheet may be 52.3° or more. 

[0009] 
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(3) In the laminated core according to (1) or (2), a width dimension of the adhesion part 

may be smaller than an interval dimension between the adhesion parts adjacent to each 

other in the second direction. 

[0010] 

(4) In the laminated core according to (3), the width dimension of the adhesion part may 

be 67%±5% with respect to the interval dimension between the adhesion parts adjacent to 

each other in the second direction. 

[0011] 

(5) In the laminated core according to (4), the angle formed by the first direction and the 

rolling direction of the electrical steel sheet may be 75°±5°. 

[0012] 

(6) In the laminated core according to (1) or (2), the width dimension of the adhesion part 

may be larger than the interval dimension between the adhesion parts adjacent to each 

other in the second direction. 

[0013] 

(7) In the laminated core according to (6), the width dimension of the adhesion part may 

be 167%±5% with respect to the interval dimension between the adhesion parts adjacent 

to each other in the second direction, and the angle formed by the first direction and the 

rolling direction of the electrical steel sheet may be 85° or more. 

[0014] 

(8) In the laminated core according to (6), the width dimension of the adhesion part may 

be 233%±5% with respect to the interval dimension between the adhesion parts adjacent 

to each other in the second direction, and the angle formed by the first direction and the 

rolling direction of the electrical steel sheet may be 85° or more. 

[0015] 
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(9) According to an aspect of the present invention, there is provided a laminated core 

including a plurality of electrical steel sheets stacked to each other; and a plurality of 

adhesion parts that are provided between the electrical steel sheets adjacent to each other 

in a stacking direction and adhere the electrical steel sheets to each other, in which, when 

viewed in the stacking direction, the plurality of adhesion parts are formed in a belt shape 

that extends in a first direction, the plurality of adhesion parts are arranged in a second 

direction orthogonal to the first direction, and a width dimension of the adhesion part is 

368% or less with respect to an interval dimension between the adhesion parts adjacent to 

each other in the second direction. 

[0016] 

(10) In the laminated core according to any one of (1) to (9), an average thickness of the 

adhesion parts may be 1.0 inn to 3.0 lam. 

[0017] 

(11) In the laminated core according to any one of (1) to (10), an average tensile modulus 

of elasticity E of the adhesion parts may be 1,500 MPa to 4,500 MPa. 

[0018] 

(12) In the laminated core according to any one of (1) to (11), the adhesion part may be a 

room temperature adhesion type acrylic-based adhesive containing SGA made of an 

elastomer-containing acrylic-based adhesive. 

[0019] 

(13) According to an aspect of the present invention, there is provided a core block that 

constitutes a laminated core by linking a plurality of the core blocks in a ring shape, 

including a plurality of electrical steel sheet pieces stacked to each other; and a plurality 

of adhesion parts that are provided between the electrical steel sheet pieces adjacent to 

each other in a stacking direction and adhere the electrical steel sheet pieces to each 
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other, in which, when viewed in the stacking direction, the plurality of adhesion parts are 

formed in a belt shape that extends in a first direction, the plurality of adhesion parts are 

arranged in a second direction orthogonal to the first direction, and an angle formed by 

the first direction and a rolling direction of the electrical steel sheet piece is 45° or more 

and 90° or less. 

[0020] 

(14) In the core block according to (13), the angle formed by the first direction and the 

rolling direction of the electrical steel sheet piece may be 52.3° or more. 

[0021] 

(15) The core block according to (13) or (14) may include an arc-shaped core back part 

and a tooth part that protrudes from the core back part in a radial direction of the core 

back part, in which the tooth part extends in the rolling direction. 

[0022] 

(16) In the core block according to any one of (13) to (15), the width dimension of the 

adhesion part may be smaller than an interval dimension between the adhesion parts 

adjacent to each other in the second direction. 

[0023] 

(17) In the core block according to (16), the width dimension of the adhesion part may be 

60% or less with respect to the interval dimension between the adhesion parts adjacent to 

each other in the second direction. 

[0024] 

(18) In the core block according to (17), the width dimension of the adhesion part may be 

43% or less with respect to the interval dimension between the adhesion parts adjacent to 

each other in the second direction. 

[0025] 
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(19) In the core block according to (17), the width dimension of the adhesion part may be 

43%±5% with respect to the interval dimension between the adhesion parts adjacent to 

each other in the second direction, and the angle formed by the first direction and the 

rolling direction of the electrical steel sheet piece may be 45° or more. 

[0026] 

(20) In the core block according to (16), the width dimension of the adhesion part may be 

60%±5% with respect to the interval dimension between the adhesion parts adjacent to 

each other in the second direction, and the angle formed by the first direction and the 

rolling direction of the electrical steel sheet piece may be 60° or more. 

[0027] 

(21) In the core block according to any one of (13) to (15), the width dimension of the 

adhesion part may be larger than the interval dimension between the adhesion parts 

adjacent to each other in the second direction. 

[0028] 

(22) In the core block according to (21), the width dimension of the adhesion part may be 

150%±5% with respect to the interval dimension between the adhesion parts adjacent to 

each other in the second direction, and the angle formed by the first direction and the 

rolling direction of the electrical steel sheet piece may be 85° or more. 

[0029] 

(23) In the core block according to any one of (13) to (22), an average thickness of the 

adhesion parts may be 1.0 um to 3.0 um. 

[0030] 

(24) In the core block according to any one of (13) to (23), an average tensile modulus of 

elasticity E of the adhesion parts may be 1,500 MPa to 4,500 MPa. 

[0031] 
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(25) In the core block according to any one of (13) to (24), the adhesion part may be a 

room temperature adhesion type acrylic-based adhesive containing SGA made of an 

elastomer-containing acrylic-based adhesive. 

[0032] 

(26) According to an aspect of the present invention, there is provided a laminated core 

formed by linking the plurality of core blocks according to any one of (13) to (25) in a 

ring shape. 

[0033] 

(27) According to an aspect of the present invention, there is provided an electric motor 

including the laminated core according to any one of (1) to (12), and (26). 

[0034] 

(28) According to an aspect of the present invention, there is provided a method of 

producing a core block, including: a first process in which a plurality of electrical steel 

sheet pieces are punched out from an electrical steel sheet; and a second process in which 

the plurality of electrical steel sheet pieces are stacked with adhesion parts provided 

therebetween, in which, in the first process, the electrical steel sheet piece is punched out 

so that a tooth part extends in a rolling direction of the electrical steel sheet, in which, in 

the second process, the plurality of adhesion parts are formed in a belt shape that extends 

in a first direction when viewed in a stacking direction, the plurality of adhesion parts are 

arranged in a second direction orthogonal to the first direction, and the plurality of 

electrical steel sheet pieces are stacked so that an angle formed by the first direction and 

the rolling direction is 45° or more and 90° or less. 

[0035] 

(29) In the method of producing a core block according to (28), a width dimension of the 

adhesion part may be smaller than an interval dimension between the adhesion parts 
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adjacent to each other in the second direction. 

[Effects of the Invention] 

[0036] 

According to the present invention, it is possible to improve magnetic properties 

of a laminated core. 

[Brief Description of Drawings] 

[0037] 

Fig. 1 is a cross-sectional view of an electric motor of a first embodiment. 

Fig. 2 is a plan view of a stator included in the electric motor of the first 

embodiment. 

Fig. 3 is a front view of the stator included in the electric motor of the first 

embodiment. 

Fig. 4 is a schematic view of electrical steel sheets and adhesion parts of the first 

embodiment. 

Fig. 5 is a plan view of an electric motor according to a second embodiment. 

Fig. 6 is a schematic view of electrical steel sheets and adhesion parts of the 

second embodiment. 

Fig. 7 is a schematic view of adhesion parts of a stator of a modified example. 

Fig. 8 is a graph showing a ratio of a width dimension to an interval dimension 

of adhesion parts and an iron loss with respect to an angle in a first verification test. 

Fig. 9 is a plan view of a stator core of a reference model as a simulation target 

for iron loss in a second verification test and is a plan view showing a state in which 

electrical steel sheets are fastened and bonded. 

[Embodiments for implementing the Invention] 

[0038] 
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Hereinafter, an electric motor according to an embodiment of the present 

invention will be described with reference to the drawings. Here, in the present 

embodiment, as an electric motor, a motor, specifically an AC motor, more specifically a 

synchronous motor, and still more specifically a permanent magnetic electric motor will 

be exemplified. This type of motor is suitably used for, for example, an electric vehicle. 

[0039] 

(First embodiment) 

First, an electric motor 10 of a first embodiment will be described with reference 

to Fig. 1 to Fig. 4. 

As shown in Fig. 1 and Fig. 2, the electric motor 10 of the first embodiment 

includes a stator 20, a rotor 30, a case 50, and a rotation shaft 60. The stator 20 and the 

rotor 30 are accommodated in the case 50. The stator 20 is fixed to the case 50. 

[0040] 

In the electric motor 10 of the present embodiment, for example, an excitation 

cuiTent with an effective value of 10 A and a frequency of 100 Hz is applied to each 

phase of the stator 20, and the rotor 30 and the rotation shaft 60 rotate at a rotational 

speed of 1,000 rpm accordingly. 

[0041] 

In the present embodiment, an inner rotor motor in which the rotor 30 is 

positioned inside the stator 20 is used as the electric motor 10. However, an outer rotor 

motor in which the rotor 30 is positioned outside the stator 20 may be used as the electric 

motor 10. In addition, in the present embodiment, the electric motor 10 is a 12-pole 18-

slot 3-phase AC motor. However, for example, the number of poles, the number of 

slots, the number of phases, and the like can be appropriately changed. 

[0042] 
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The stator 20 includes a stator core (laminated core) 21 and a winding (not 

shown). 

The stator core 21 of the present embodiment is an integrated core. The stator 

core 21 includes a ring-shaped core back part 22 and a plurality of tooth parts 23. In the 

following, the axial direction (the central axis 0 direction of the stator core 21) of the 

stator core 21 (the core back part 22) will be referred to as an axial direction, and the 

radial direction (direction orthogonal to the central axis 0 of the stator core 21) of the 

stator core 21 (the core back part 22) will be referred to as a radial direction. The 

circumferential direction (circumferential direction around the central axis 0 of the stator 

core 21) of the stator core 21 (the core back part 22) will be referred to as a 

circumferential direction. 

[0043] 

The core back part 22 is formed in an annular shape in a plan view of the stator 

20 when viewed in the axial direction. 

The plurality of tooth parts 23 protrude from the core back part 22 inward in the 

radial direction (toward the central axis 0 of the core back part 22 in the radial direction). 

The plurality of tooth parts 23 are disposed at equal intervals in the circumferential 

direction. In the present embodiment, 18 tooth parts 23 are provided at intervals of 20 

degrees of the central angle centered on the central axis 0. The plurality of tooth parts 

23 are formed to have the same shape and the same size. 

The winding is wound around the tooth part 23. The winding may be a 

concentrated winding or a distributed winding. 

[0044] 
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The rotor 30 is disposed inside the stator 20 (the stator core 21) in the radial 

direction. 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 (annular shape) disposed coaxially 

with the stator 20. The rotation shaft 60 is disposed 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 form one magnetic pole. A 

plurality of sets of permanent magnets 32 are disposed at equal intervals in the 

circumferential direction. In the present embodiment, 12 sets (24 in total) of permanent 

magnets 32 are provided at intervals of 30 degrees of the central angle centered on the 

central axis 0. 

[0045] 

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

permanent magnetic electric motor. A plurality of through-holes 33 that penetrate the 

rotor core 31 in the axial direction are formed in the rotor core 31. The plurality of 

through-holes 33 are provided to correspond to the plurality of permanent magnets 32. 

The permanent magnets 32 that are disposed in the corresponding through-holes 33 are 

fixed to the rotor core 31. Fixing of each pennanent magnet 32 to the rotor core 31 can 

be realized by, for example, adhering the outer surface of the permanent magnet 32 and 

the inner surface of the through-hole 33 with an adhesive. Here, a surface permanent 

magnet motor may be used as the permanent magnetic electric motor in place of the 

interior permanent magnet motor. 

[0046] 

<Laminated core> 
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As shown in Fig. 3, the stator core 21 is a laminated core. The stator core 21 is 

formed by stacking a plurality of electrical steel sheets 40. That is, the stator core 21 

includes the plurality of electrical steel sheets 40 stacked in the thickness direction. 

[0047] 

Here, the stacking thickness of the stator core 21 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 However, these values are examples, 

and the stacking thickness, the outer diameter and the inner diameter of the stator core 21 

are not limited to these values. Here, the inner diameter of the stator core 21 is based on 

the tip of the tooth part 23 in the stator core 21. The inner diameter of the stator core 21 

is a diameter of a virtual circle inscribed in the tips of all of the tooth parts 23. 

[0048] 

The electrical steel sheets 40 forming the stator core 21 are formed by, for 

example, punching a rolled sheet-shaped base. A known electrical steel sheet can be 

used as the electrical steel sheet 40. The 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. For example, a non-grain-

oriented electrical steel strip according to JIS C 2552:2014 can be used as the non-grain-

oriented electrical steel sheet. 

However, a grain-oriented electrical steel sheet can be used as the electrical steel 

sheet 40 in place of the non-grain-oriented electrical steel sheet. For example, a grain-

oriented electrical steel strip according to JIS C 2553:2012 can be used as the grain-

oriented electrical steel sheet. 

[0049] 

12 



The non-grain-oriented electrical steel strip has a maximum value of anisotropy 

of the iron loss that is smaller than a threshold value defined by JIS, and has no 

significant grain-orientation in the iron loss. However, since the non-grain-oriented 

electrical steel strip is a rolled sheet, it has grain-orientation of the iron loss that is equal 

to or less than the threshold value defined by J1S in the rolling direction. Similarly, the 

grain-oriented electrical steel strip has the smallest iron loss in the rolling direction. 

Therefore, both the non-grain-oriented electrical steel strip and the grain-oriented 

electrical steel strip have a smaller iron loss in the rolling direction than in other 

directions. 

[0050] 

In the present embodiment, the rolling directions of the plurality of electrical 

steel sheets 40 forming the stator core 21 coincide with each other. As described above, 

the electrical steel sheet 40 has the smallest iron loss in the rolling direction. Therefore, 

the stator core 21 has the most excellent magnetic properties in the rolling direction of 

the electrical steel sheet 40. 

[0051] 

In order to improve processability of the electrical steel sheet and the iron loss of 

the laminated core, an insulation coating is provided on both sides of the electrical steel 

sheet 40. Regarding the substance 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 applied. Examples of inorganic compounds 

include (1) a complex of dichromate and boric acid and (2) a complex of phosphate and 

silica. Examples of organic resins include an epoxy-based resin, an acryl-based resin, 

an acrylic-styrene-based resin, a polyester-based resin, a silicone-based resin, and a 

fluorine-based resin. 
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[0052] 

In order to secure the insulation performance between the electrical steel sheets 

40 stacked with each other, the thickness of the insulation coating (thickness per one side 

of the electrical steel sheet 40) is preferably 0.1 [tm or more. 

On the other hand, as the insulation coating becomes thicker, the insulation 

effect is saturated. In addition, as the insulation coating becomes thicker, the proportion 

of the insulation coating in the stator core 21 increases, and magnetic properties of the 

stator core 21 deteriorate. Therefore, the insulation coating is preferably thin to the 

extent that insulation performance can be secured. The thickness of the insulation 

coating (thickness per one side of the electrical steel sheet 40) is preferably 0.1 lam or 

more and 5µm or less, and more preferably 0.1 vm or more and 2µm or less. 

[0053] 

As the electrical steel sheet 40 becomes thinner, the iron loss improving effect is 

gradually saturated. In addition, as the electrical steel sheet 40 becomes thinner, 

production cost of the electrical steel sheet 40 increases. Therefore, in consideration of 

the iron loss improving effect and production cost, the thickness of the electrical steel 

sheet 40 is preferably 0.10 mm or more. 

On the other hand, when the electrical steel sheet 40 is too thick, it is difficult to 

perform a press punching operation on the electrical steel sheet 40. Therefore, in 

consideration of the press punching operation on the electrical steel sheet 40, the 

thickness of the electrical steel sheet 40 is preferably 0.65 mm or less. 

In addition, as the electrical steel sheet 40 becomes thicker, the iron loss 

increases. Therefore, in consideration of iron loss characteristics of the electrical steel 

sheet 40, 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. 
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In consideration of the above points, the thickness of each electrical steel sheet 

40 is, 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 Here, the thickness of 

the electrical steel sheet 40 also includes the thickness of the insulation coating. 

[0054] 

The plurality of electrical steel sheets 40 forming the stator core 21 are adhered 

by adhesion parts 41. The adhesion part 41 is an adhesive that is provided between the 

electrical steel sheets 40 adjacent to each other in the stacking direction and is cured 

without being divided. Regarding the adhesive, for example, a thermosetting adhesive 

using polymer bonding is used. Regarding the composition of the adhesive, (1) an 

acrylic resin, (2) an epoxy-based resin, (3) a composition including an acrylic resin and 

an epoxy-based resin, or the like can be applied. As such an adhesive, in addition to a 

thermosetting adhesive, a radical polymerization type adhesive can also be used. In 

consideration of productivity, it is desirable to use a room temperature curing type 

adhesive. The room temperature curing type adhesive is cured at 20°C to 30°C. 

Regarding the room temperature curing type adhesive, an acrylic-based adhesive is 

preferable. Examples of typical acrylic-based adhesives include a second generation 

acrylic-based adhesive (SGA). Any of an anaerobic adhesive, an instant adhesive, and 

an elastomer-containing acrylic-based adhesive can be used as long as the effects of the 

present invention are not impaired. The adhesive referred to here is the uncured 

adhesive, and after the adhesive is cured, it becomes the adhesion part 41. 

[0055] 

An average tensile modulus of elasticity E of the adhesion part 41 at room 

temperature (20°C to 30°C) is in a range of 1,500 MPa to 4,500 MPa. When the average 

tensile modulus of elasticity E of the adhesion part 41 is less than 1,500 MPa, there is a 
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problem of the rigidity of the laminated core decreasing. Therefore, the lower limit 

value of the average tensile modulus of elasticity E of the adhesion part 41 is 1,500 MPa, 

and more preferably 1,800 MPa. On the other hand, when the average tensile modulus 

of elasticity E of the adhesion part 41 exceeds 4,500 MPa, there is a problem of the 

insulation coating formed on the surface of the electrical steel sheet 40 being peeled off. 

Therefore, the upper limit value of the average tensile modulus of elasticity E of the 

adhesion part 41 is 4,500 MPa, and more preferably3,650 MPa. 

Here, the average tensile modulus of elasticity E is measured by a resonance 

method. Specifically, the tensile modulus of elasticity is measured according to JIS R 

1602:1995. 

More specifically, first, a measurement sample (not shown) is produced. This 

sample is obtained by adhering two electrical steel sheets 40 with an adhesive to be 

measured, and curing them to form the adhesion part 41. When the adhesive is a 

thermosetting type, this curing is performed by heating and pressurizing under heating 

and pressurizing conditions in an actual operation. On the other hand, when the 

adhesive is a room temperature curing type adhesive, the curing is performed by 

pressurizing at room temperature. 

Then, the tensile modulus of elasticity of this sample is measured by a resonance 

method. A method of measuring the tensile modulus of elasticity using the resonance 

method is performed according to JIS R 1602:1995 as described above. Then, the 

influence of the electrical steel sheet 40 itself is calculated and removed from the tensile 

modulus of elasticity (measured value) of the sample to determine the tensile modulus of 

elasticity of the adhesion part 41 itself. 

Since the tensile modulus of elasticity determined from the sample in this 

manner is equal to the average value of the laminated core as a whole, this numerical 
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value is regarded as the average tensile modulus of elasticity E. The composition is set 

so that the average tensile modulus of elasticity E is almost the same at the stack position 

in the stacking direction and at the circumferential direction position around the central 

axis of the laminated core. Therefore, the average tensile modulus of elasticity E can be 

set to a numerical value obtained by performing measurement on the cured adhesion part 

41 at the upper end position of the laminated core. 

[0056] 

The motor generates heat during driving. Therefore, when the melting point of 

the adhesion part 41 is low, the adhesion part 41 melts due to heat generated by the 

motor, the shape of an adhesion region 42 changes, and a desired effect cannot be 

obtained. Generally, an insulating coating (enamel) is provided on the surface of the 

winding wound around the stator core 21. The heatproof temperature of this coating is, 

for example, about 180°C. Therefore, a general motor is driven so that the temperature 

becomes 180°C or lower. That is, the motor can be heated up to about 180°C. In the 

present embodiment, the melting point of the adhesion part 41 is preferably 180°C or 

higher. In addition, in consideration of the safety factor considering the fact that there is 

a part in which the temperature is locally high, the melting point of the adhesion part 41 

is more preferably 200°C or higher. 

[0057] 

Regarding the adhesion method, for example, a method in which an adhesive is 

applied to the electrical steel sheet 40 and adhesion is then performed by either or both of 

heating and press-stacking can be used. Here, as the heating method, any method, for 

example, heating in a high temperature bath or an electric furnace, or directly applying 

electricity, may be used. 

[0058] 
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In order to obtain stable and sufficient adhesion strength, the thickness of the 

adhesion part 41 is preferably 1 mm or more. 

On the other hand, when the thickness of the adhesion part 41 exceeds 100 min, 

the adhesion force is maximized. In addition, as the adhesion part 41 becomes thicker, 

the space factor decreases, and magnetic properties such as the iron loss of the laminated 

core deteriorate. Therefore, the thickness of the adhesion part 41 is preferably 1µm or 

more and 100 µm or less, and more preferably 1 ium or more and 10 µm or less. 

Here, in the above, the thickness of the adhesion part 41 is an average thickness 

of the adhesion parts 41. 

[00591 

The average thickness of the adhesion parts 41 is more preferably 1.0 ium or 

more and 3.0 inn or less. When the average thickness of the adhesion parts 41 is less 

than 1.0 [tm, a sufficient adhesion force cannot be secured as described above. 

Therefore, the lower limit value of the average thickness of the adhesion parts 41 is 1.0 

pun, and more preferably 1.2 	On the other hand, when the average thickness of the 

adhesion parts 41 is thicker than 3.0 µm, there is a problem of the strain amount of the 

electrical steel sheet 40 significantly increasing due to shrinkage during thermosetting. 

Therefore, the upper limit value of the average thickness of the adhesion parts 41 is 3.0 

ium, and more preferably 2.6 

The average thickness of the adhesion parts 41 is an average value of the 

laminated core as a whole. The average thickness of the adhesion parts 41 is almost the 

same at the stack position in the stacking direction and at the circumferential direction 

position 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 the upper end position of the 
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laminated core. 

[0060] 

Here, the average thickness of the adhesion parts 41 can be adjusted, for 

example, by changing the amount of the adhesive applied. In addition, for example, 

when the adhesive is a thermosetting type, the average tensile modulus of elasticity E of 

the adhesion part 41 can be adjusted by changing either or both of heating and 

pressurizing conditions applied during adhesion and the type of curing agent. 

[0061] 

Next, the relationship between the electrical steel sheet 40 and the adhesion part 

41 will be described with reference to Fig. 4. 

Here, in this specification, the direction in which the plurality of electrical steel 

sheets 40 are stacked is simply referred to as a stacking direction. The stacking 

direction coincides with the thickness direction of the electrical steel sheet 40. In 

addition, the stacking direction coincides with the direction in which the central axis 0 

extends. 

[0062] 

When viewed in the stacking direction, the plurality of adhesion parts 41 are 

formed as a whole in a stripe shape. The entire surfaces of the electrical steel sheets 40 

adjacent to each other in the stacking direction are not completely adhered to each other. 

All of these electrical steel sheets 40 are locally adhered to each other. 

[0063] 

When viewed in the stacking direction, the plurality of adhesion parts 41 are 

formed in a belt shape in a first direction D1, and the adhesion parts 41 are arranged at 

equal intervals in a second direction D2. In other words, the surface of the electrical 

steel sheet 40 facing the stacking direction (hereinafter referred to as a first surface of the 
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electrical steel sheet 40) includes the adhesion region 42 in which the adhesion part 41 is 

provided and a non-adhesion region 43 (blank region) in which the adhesion part 41 is 

not provided. Here, the adhesion region 42 of the electrical steel sheet 40 in which the 

adhesion part 41 is provided is a region of the first surface of the electrical steel sheet 40 

in which the adhesive cured without being divided is provided. In addition, the non-

adhesion region 43 of the electrical steel sheet 40 in which the adhesion part 41 is not 

provided is a region of the first surface of the electrical steel sheet 40 in which the 

adhesive cured without being divided is not provided. The adhesion parts 41 are formed 

in a belt shape that extends in the first direction D1, and are arranged at equal intervals in 

the second direction D2. Therefore, the adhesion region 42 and the non-adhesion region 

43 of the first surface of the electrical steel sheet 40 are formed in a belt shape that 

extends in the first direction D1, and the adhesion region 42 and the non-adhesion region 

43 are alternately formed in the second direction D2. 

Here, the first direction D1 is a direction in which the adhesion part 41 formed 

in a belt shape extends, and corresponds to the long side direction of the adhesion part 

41. 	In addition, the second direction D2 corresponds to the short side direction of the 

adhesion part 41 formed in a belt shape. In addition, the first direction D1 and the 

second direction D2 are orthogonal to each other. Here, in the present embodiment, a 

case in which the width dimensions of the adhesion parts 41 and the gap dimensions 

between the adhesion parts 41 are uniform is assumed. 

In addition, in this specification, the "belt shape" as a shape in which the 

adhesion part 41 extends is a shape that extends in one direction and means that the width 

is 1.5% or more of the outer diameter of the stator core 21. When the width of the 

adhesion part 41 is 1.5% or more of the outer diameter of the stator core 21, it is possible 

to secure sufficient adhesion strength between the electrical steel sheets 40. 
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[0064] 

In Fig. 4, a rolling direction RD of the electrical steel sheet 40 is shown. In 

addition, an angle formed by the first direction D1 and the rolling direction RD of the 

electrical steel sheet 40 is set as an angle a. Generally, a larger and smaller angles are 

defined as an angle formed by two directions, and the angle a is the smaller angle 

between two angles formed by the first direction D1 and the rolling direction RD. That 

is, in this specification, the angle a is an angle of 0° or more and 90° or less. 

[0065] 

In the present embodiment, the adhesive shrinks during curing. Therefore, 

compressive stress is applied to the electrical steel sheet 40 as the adhesive is cured, and 

strain occurs in the electrical steel sheet 40 accordingly. When strain occurs in the 

electrical steel sheet 40, the value of the iron loss may increase and magnetic properties 

of the stator core 21 may deteriorate. 

Here in this specification, an increase in the value of the iron loss may be 

referred to as "deterioration of iron loss". 

[0066] 

When the adhesion parts 41 are formed in a belt shape, the compressive stress 

applied to the electrical steel sheet 40 becomes the largest in the direction (the first 

direction D1) in which the adhesion part 41 extends. 

The electrical steel sheet 40 has the highest rigidity in the direction orthogonal to 

the rolling direction RD and is unlikely to be strained by compressive stress. Therefore, 

when the angle a formed by the first direction D1 and the rolling direction RD is close to 

90°, it is possible to minimize strain of the electrical steel sheet 40. 

[0067] 
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In addition, as described above, the iron loss of the electrical steel sheet 40 is the 

smallest in the rolling direction RD. On the other hand, when strain occurs in the 

rolling direction RD, the deterioration of the iron loss becomes most significant. 

Therefore, when the first direction D1 coincides with the rolling direction RD of the 

electrical steel sheet 40 (angle a=0°), magnetic properties of the stator core 21 deteriorate 

to the maximum. Therefore, when the angle a formed by the first direction D1 and the 

rolling direction RD is away from 0°, it is possible to minimize deterioration of the iron 

loss of the electrical steel sheet 40. 

[0068] 

In the present embodiment, when the angle a formed by the first direction D1 

and the rolling direction RD is away from 0° and close to 90°, it is possible to minimize 

strain of the electrical steel sheet 40 and minimize deterioration of the iron loss of the 

electrical steel sheet 40. In the present embodiment, the angle a is preferably 30° or 

more and 90° or less. When the angle a is set to 30° or more and the first direction D1 

intersects the rolling direction at a certain angle or more, it is possible to minimize the 

influence of compressive stress of the adhesive on the iron loss of the electrical steel 

sheet 40, it is possible to minimize strain of the electrical steel sheet 40 and as a result, it 

is possible to secure sufficient magnetic properties of the stator core 21. 

[0069] 

The electrical steel sheet 40 has the largest iron loss in a direction inclined by a 

specific angle with respect to the rolling direction RD. In this specification, the 

direction in which the iron loss is the largest is referred to as a specific direction SD. 

The inventors have found that the specific direction SD of the electrical steel sheet 40 is a 

direction inclined by 57.3° with respect to the rolling direction RD. Here, the specific 

direction SD in the present embodiment is the crystal orientation of the Miller 
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index {111 }<112> in the cubic crystal which has a crystal structure of the electrical steel 

sheet 40. Since the electrical steel sheet 40 originally has a large iron loss in the 

specific direction SD, even if strain occurs in the specific direction SD, deterioration of 

the iron loss is relatively small Therefore, when the direction close to the specific 

direction SD is set as a direction in which strain occurs, it is possible to minimize 

deterioration of the iron loss of the electrical steel sheet 40 as a whole. 

[0070] 

Here, a configuration in which deterioration of the iron loss of the electrical steel 

sheet 40 is minimized will be summarized. There are mainly the following two 

configurations in which deterioration of the iron loss of the electrical steel sheet 40 due to 

compressive stress of the adhesive is minimized. 

The first configuration is a configuration in which the first direction D1 is closer 

to the direction orthogonal to the rolling direction RD of the electrical steel sheet 40. In 

this configuration, the strain itself of the electrical steel sheet 40 is prevented and 

deterioration of the iron loss is minimized. That is, in the first configuration, the angle 

a is preferably close to 90°. 

The second configuration is a configuration in which the first direction D1 is 

closer to the specific direction SD of the electrical steel sheet 40. In this configuration, 

deterioration of the iron loss of the electrical steel sheet 40 with respect to strain is 

minimized. That is, in the second configuration, the angle a is preferably close to 57.3°. 

[0071] 

Deterioration of the iron loss of the electrical steel sheet 40 due to compressive 

stress of the adhesive is minimized by the above two configurations. Therefore, when 

the angle a is set to be an angle between 57.3° and 90°, the effects of the above two 

configurations can be exhibited. Here, even if the angle a changes by about ±5°, there is 
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no significant change in the iron loss. Therefore, the angle a formed by the first 

direction D1 and the rolling direction RD is preferably 52.3° or more and 90° or less. In 

addition, 57.3° can be said to be about 60°. That is, in the present embodiment, it can be 

said that the angle a formed by the first direction D1 and the rolling direction RD is 

preferably 60° or more and 90° or less. 

[0072] 

As shown in Fig. 4, the plurality of adhesion parts 41 are formed in a belt shape 

with a width dimension dl in the second direction D2 on the first surface of the electrical 

steel sheet 40. In addition, a gap with an interval dimension d2 is provided between two 

adhesion parts 41 adjacent to each other in the second direction D2. The interval 

dimension d2 is the width dimension of the non-adhesion region 43. Here, the width 

dimension dl of the adhesion part 41 corresponds to the width dimension of the adhesion 

region 42, and the interval dimension d2 between the adhesion parts 41 corresponds to 

the width dimension of the non-adhesion region 43. 

[0073] 

The width dimension dl of the adhesion part 41 is preferably 5% or less of the 

outer diameter of the stator core 21. When the width dimension dl is set to 5% or less 

of the outer diameter of the stator core 21, the electrical steel sheet 40 is not significantly 

locally strained due to compressive stress of the adhesive, and it is possible to minimize 

deterioration of the iron loss of the electrical steel sheets 40 as a whole. 

[0074] 

The width dimension dl of the adhesion part 41 is preferably smaller than the 

interval dimension d2 between the adhesion parts 41 adjacent to each other in the second 

direction D2 (dl <d2). In other words, the width dimension dl is preferably less than 

100% of the interval dimension d2. As described above, strain occurs in the electrical 
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steel sheet 40 due to compressive stress of the adhesive, and the iron loss of the electrical 

steel sheet 40 increases due to the strain. According to the present embodiment, when 

the width dimension dl is smaller than the interval dimension d2, it is possible to 

minimize strain of the electrical steel sheet 40 due to the adhesive and secure magnetic 

properties of the stator core 21. 

[0075] 

The width dimension dl of the adhesion part 41 is more preferably 67%±5% of 

the interval dimension d2 between the adhesion parts 41 adjacent to each other. When 

the width dimension dl is too large with respect to the interval dimension d2, the strain 

of the electrical steel sheet 40 due to compressive stress of the adhesive may increase. 

On the other hand, when the width dimension dl is too small with respect to the interval 

dimension d2, the adhesion strength between the electrical steel sheets 40 may be 

insufficient. According to the present embodiment, when the width dimension dl is set 

to 67%±5% of the interval dimension d2, it is possible to secure sufficient adhesion 

strength between the electrical steel sheets 40, minimize strain of the electrical steel sheet 

40, and secure magnetic properties of the stator core 21. 

[0076] 

In addition, when the width dimension dl is 67%±5% of the interval dimension 

d2, the angle a formed by the first direction D1 and the rolling direction RD is preferably 

75°±5°. Therefore, it is possible to more effectively minimize deterioration of magnetic 

properties of the stator core 21. 

[0077] 

Next, a case in which the width dimension dl of the adhesion part 41 is larger 

than the interval dimension d2 between the adhesion parts 41 adjacent to each other 

(dl>d2) will be described. When the width dimension dl of the adhesion part 41 is 
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larger than the interval dimension d2, it is possible to increase an adhesion force between 

the electrical steel sheets 40. 

[0078] 

On the other hand, the strain of the electrical steel sheet 40 due to compressive 

stress of the adhesive may increase. Therefore, when the width dimension dl of the 

adhesion part 41 is larger than the interval dimension d2, the direction (the first direction 

D1) in which the adhesion part 41 extends is preferably closer to the direction in which 

the rigidity is high (the direction orthogonal to the rolling direction RD). More 

specifically, when the width dimension dl of the adhesion part 41 is larger than the 

interval dimension d2, the angle a formed by the first direction D1 and the rolling 

direction RD is preferably 85° or more. Therefore, it is possible to increase an adhesion 

force between the electrical steel sheets 40, minimize strain of the electrical steel sheet 

40, and secure magnetic properties of the stator core 21. 

[0079] 

In the present embodiment, the rolling directions RD of all of the electrical steel 

sheets 40 forming the stator core 21 coincide with each other. However, the rolling 

directions RD of all of the electrical steel sheets 40 may not coincide with each other. 

For example, the stator core 21 may be fonned by turn-stacking the electrical steel sheets 

40. As an example, a stator core in which the electrical steel sheets 40 are turn-stacked 

will be described in detail. In the turn-stacked stator core, a layer of one adhesion part 

41 and a set of electrical steel sheets 40 between which the layer is interposed are 

focused on. The rolling directions RD of the set of electrical steel sheets 40 between 

which the layer of the adhesion part 41 is interposed are different from each other. In 

this case, the angle a formed by the first direction D1 and the rolling direction RD of the 

electrical steel sheet 40 positioned on one side in the stacking direction should be 
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included in the above preferable angle range, and the angle a formed by the first direction 

D1 and the rolling direction RD of the electrical steel sheet 40 on the other side in the 

stacking direction should be included in the above preferable angle range. Here, in the 

turn-stacked stator core, the first directions D1 of the layers of the adhesion parts 41 

provided between the electrical steel sheets 40 may be different from each other. 

[0080] 

In the present embodiment, the rotor core 31 is a laminated core like the stator 

core 21. That is, the rotor core 31 includes a plurality of electrical steel sheets stacked 

in the thickness direction. In the present embodiment, the stacking thickness of the 

rotor core 31 is equal to that of the stator core 21, and is, for example, 50.0 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 examples, and 

the stacking thickness, the outer diameter, and the inner diameter of the rotor core 31 are 

not limited to these values. 

[0081] 

In the present embodiment, the plurality of electrical steel sheets forming the 

rotor core 31 are fixed to each other by a fastening C (dowel, refer to Fig. 1). However, 

the plurality of electrical steel sheets 40 forming the rotor core 31 may be adhered by the 

same adhesion parts as the stator core 21. 

[0082] 

(Second embodiment) 

Next, an electric motor 110 of a second embodiment will be described with 

reference to Fig. 5 and Fig. 6. 
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As shown in Fig. 5, the electric motor 110 of the second embodiment includes a 

rotor 30, a case 50, a rotation shaft 60, and a stator 120, which are the same as those of 

the first embodiment. 

[0083] 

The stator 120 includes a stator core (laminated core) 121, a fastening ring 129, 

and a winding (not shown). 

[0084] 

The stator core 121 is a split core. Therefore, the stator core 121 includes a 

plurality of core blocks (laminated core) 124. The plurality of core blocks 124 are 

linked in a ring shape to form the stator core 121. The fastening ring 129 is disposed 

outside the plurality of core blocks 124 in the radial direction. The plurality of core 

blocks 124 are fixed to each other by being fitted into the fastening ring 129. 

Here, the stator core 121 of the present embodiment is a split core, and other 

configurations such as dimensions of respective parts are the same as those of the first 

embodiment. 

[0085] 

Next, the core block 124 will be described. 

The core block 124 is an aspect of a laminated core. The core block 124 

includes an arc-shaped core back part 122 that extends in the circumferential direction 

and a tooth part 123. 

[0086] 

The core back part 122 is formed in an arc shape centered on the central axis 0 

in a plan view when the stator 120 is viewed in the axial direction. 

The tooth part 123 protrudes inward in the radial direction from the core back 

part 122 (toward the central axis 0 of the core back part 122 in the radial direction). 
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When the plurality of core blocks 124 are arranged in a ring shape in the circumferential 

direction to form the stator core 121, the plurality of tooth parts 123 are arranged at equal 

intervals in the circumferential direction. In the stator 120 of the present embodiment, 

18 tooth parts 123 are provided at intervals of 20 degrees centered on the central axis 0. 

The plurality of tooth parts 123 are formed to have the same shape and the same size. 

The winding is wound around the tooth part 123. The winding may be a 

concentrated winding or a distributed winding. 

100871 

The core block 124 is formed by stacking a plurality of electrical steel sheet 

pieces 140 formed by punching an electrical steel sheet in the axial direction. That is, 

the core block 124 includes the plurality of electrical steel sheet pieces 140 stacked to 

each other. Therefore, the stator core 121 is a laminated core. Each of the plurality of 

electrical steel sheet pieces 140 has a T-shape when viewed in the axial direction. 

[0088] 

The electrical steel sheet pieces 140 forming the core block 124 are formed by, 

for example, punching a rolled sheet-shaped base. The same electrical steel sheets as in 

the first embodiment can be used as the electrical steel sheet pieces 140. 

[0089] 

The plurality of electrical steel sheet pieces 140 forming the core block 124 are 

adhered by adhesion parts 141. Regarding the adhesive forming the adhesion part 141 

of the present embodiment, the same adhesive as in the first embodiment is used. 

[0090] 

Next, the relationship between the electrical steel sheet pieces 140 and the 

adhesion part 141 will be described with reference to Fig. 6. In Fig. 6, the adhesion part 

141 is emphasized with a dot pattern. 
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When viewed in the stacking direction, the plurality of adhesion parts 141 are 

formed in a stripe shape as a whole. The electrical steel sheet pieces 140 adjacent to 

each other in the stacking direction are not completely adhered but are locally adhered 

and fixed to each other. 

[0091] 

When viewed in the stacking direction, the plurality of adhesion parts 141 are 

formed in a belt shape in the first direction D1, and the adhesion parts 141 are arranged at 

equal intervals in the second direction D2. In other words, the surface of the electrical 

steel sheet pieces 140 facing the stacking direction (hereinafter referred to as a first 

surface of the electrical steel sheet pieces 140) includes an adhesion region 142 in which 

the adhesion part 141 is provided and a non-adhesion region 143(blank region) in which 

the adhesion part 141 is not provided. Here, the adhesion region 142 of the electrical 

steel sheet pieces 140 in which the adhesion part 141 is provided is a region of the first 

surface of the electrical steel sheet pieces 140 in which the adhesive cured without being 

divided is provided. In addition, the non-adhesion region 143 of the electrical steel 

sheet pieces 140 in which the adhesion part 141 is not provided is a region of the first 

surface of the electrical steel sheet pieces 140 in which the adhesive cured without being 

divided is not provided. The adhesion parts 141 are formed in a belt shape that extends 

in the first direction D1, and are arranged at equal intervals in the second direction D2. 

Therefore, the adhesion region 142 and the non-adhesion region 143 of the first surface 

of the electrical steel sheet pieces 140 are formed in a belt shape that extends in the first 

direction D1, and the adhesion region 142 and the non-adhesion region 143 are 

alternately formed in the second direction D2. 

[0092] 
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In the core block 124 of the present embodiment, the rolling direction RD of the 

electrical steel sheet pieces 140 is substantially parallel to the direction in which the tooth 

part 123 extends. That is, the tooth part 123 extends in the rolling direction RD. The 

electrical steel sheet pieces 140 have the smallest iron loss in the rolling direction RD. 

Since the magnetic flux flows through the tooth part 123 in the direction in which the 

tooth part 123 extends, if the rolling direction RD is substantially parallel to the direction 

in which the tooth part 123 extends, it is possible to improve magnetic properties of the 

core block 124. Here, the terms "extend in" and "substantially parallel" include not 

only "strictly parallel" but also "extend in parallel within a range of ±5°". That is, in the 

present embodiment, the angle formed by the direction in which the tooth part 123 

extends and the rolling direction RD is within 5°. 

[0093] 

In Fig. 6, the angle a formed by the first direction D1 and the rolling direction 

RD of the electrical steel sheet pieces 140 is shown. As in the above embodiment, the 

electrical steel sheet pieces 140 have the highest rigidity in the direction orthogonal to the 

rolling direction RD and are unlikely to be strained by compressive stress. Therefore, 

when the angle a formed by the first direction D1 and the rolling direction RD is close to 

90°, it is possible to minimize strain of the electrical steel sheet pieces 140. 

[0094] 

In addition, as described above, the iron loss of the electrical steel sheet pieces 

140 is the smallest in the rolling direction RD, but on the other hand, when strain occurs 

in the rolling direction RD, deterioration of the iron loss becomes most significant. 

Therefore, when the first direction D1 coincides with the rolling direction RD of the 

electrical steel sheet pieces 140 (angle a=0°), magnetic properties of the core block 124 

deteriorate to the maximum. Therefore, when the angle a formed by the first direction 
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D1 and the rolling direction RD is away from 0°, it is possible to minimize deterioration 

of the iron loss of the electrical steel sheet pieces 140. 

[0095] 

In the present embodiment, when the angle a formed by the first direction D1 

and the rolling direction RD is away from 0° and closer to 90°, it is possible to minimize 

strain of the electrical steel sheet pieces 140 and it is possible to minimize deterioration 

of the iron loss of the electrical steel sheet pieces 140. 

[0096] 

In the present embodiment, the angle a is preferably 45° or more and 90° or less. 

When the angle a is set to 45° or more and the first direction D1 intersects the rolling 

direction at a certain angle or more, it is possible to minimize the influence of 

compressive stress of the adhesive on the iron loss of the electrical steel sheet pieces 140, 

it is possible to minimize strain of the electrical steel sheet pieces 140, and as a result, it 

is possible to secure sufficient magnetic properties of the core block 124. 

[0097] 

Since the electrical steel sheet pieces 140 originally has a large iron loss in the 

specific direction SD, even if strain occurs in the specific direction SD, deterioration of 

the iron loss is relatively small. Therefore, when the direction close to the specific 

direction SD is set as a direction in which strain occurs, it is possible to minimize 

deterioration of the iron loss of the electrical steel sheet pieces 140 as a whole. 

[0098] 

Here, a configuration in which deterioration of the iron loss of the electrical steel 

sheet pieces 140 is minimized will be summarized. There are mainly the following two 

configurations in which deterioration of the iron loss of the electrical steel sheet pieces 

140 due to compressive stress of the adhesive is minimized. 
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The first configuration is a configuration in which the first direction D1 is closer 

to the direction orthogonal to the rolling direction RD of the electrical steel sheet pieces 

140. In this configuration, the strain itself of the electrical steel sheet pieces 140 is 

prevented and deterioration of the iron loss is minimized. That is, in the first 

configuration, the angle a is preferably close to 90°. 

The second configuration is a configuration in which the first direction D1 is 

closer to the specific direction SD of the electrical steel sheet pieces 140. In this 

configuration, deterioration of the iron loss of the electrical steel sheet pieces 140 with 

respect to strain is minimized. That is, in the second configuration, the angle a is 

preferably close to 57.3°. 

[00991 

Deterioration of the iron loss of the electrical steel sheet pieces 140 due to 

compressive stress of the adhesive is minimized by the above two configurations. 

Therefore, when the angle a is set to be an angle between 57.3° and 90°, the effects of the 

above two configurations can be exhibited. Here, even if the angle a changes by about 

±5°, since there is no significant change in the iron loss, the angle a formed by the first 

direction D1 and the rolling direction RD is preferably 52.3° or more and 90° or less. In 

addition, since 57.3° can be said to be about 60°, it can be said in the present embodiment 

that the angle a formed by the first direction D1 and the rolling direction RD is 

preferably 60° or more and 90° or less. 

[01001 

The plurality of adhesion parts 141 are formed in a belt shape with the width 

dimension dl in the second direction D2 on the first surface of the electrical steel sheet 

pieces 140. In addition, a gap with the interval dimension d2 is provided between two 

adhesion parts 141 adjacent to each other in the second direction D2. The interval 
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dimension d2 is the width dimension of the non-adhesion region 143. Here, the width 

dimension dl of the adhesion part 141 corresponds to the width dimension of the 

adhesion region 142, and the interval dimension d2 between the adhesion parts 141 

cotTesponds to the width dimension of the non-adhesion region 143. 

[0101] 

The width dimension dl of the adhesion part 141 is preferably 5% or less of the 

outer diameter of the stator core 121. When the width dimension dl is set to 5% or less 

of the outer diameter of the stator core 121, the electrical steel sheet pieces 140 is not 

significantly locally strained due to compressive stress of the adhesive, and it is possible 

to minimize deterioration of the iron loss of the electrical steel sheet pieces 140 as a 

whole. 

[0102] 

The width dimension dl of the adhesion part 141 is preferably smaller than the 

interval dimension d2 between the adhesion parts 141 adjacent to each other in the 

second direction D2 (d1<d2). In other words, the width dimension dl is preferably less 

than 100% of the interval dimension d2. As described above, strain occurs in the 

electrical steel sheet pieces 140 due to compressive stress of the adhesive, and the iron 

loss of the electrical steel sheet pieces 140 increases due to the strain. According to the 

present embodiment, when the width dimension dl is smaller than the interval dimension 

d2, it is possible to minimize strain of the electrical steel sheet pieces 140 due to the 

adhesive and secure magnetic properties of the core block 124. 

[0103] 

The width dimension dl of the adhesion part 141 is more preferably 60% or less 

of the interval dimension d2 between the adhesion parts 141 adjacent to each other. 

Therefore, it is possible to more reliably minimize strain of the electrical steel sheet 
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pieces 140 due to the adhesive and secure magnetic properties of the core block 124. In 

addition, for the same reason, the width dimension dl of the adhesion part 141 is still 

more preferably 43% or less of the interval dimension d2 between the adhesion parts 141 

adjacent to each other. 

[0104] 

Next, a case in which the width dimension dl of the adhesion part 141 is larger 

than the interval dimension d2 between the adhesion parts 141 adjacent to each other 

(d1>d2) will be described. When the width dimension dl of the adhesion part 141 is 

larger than the interval dimension d2, it is possible to increase an adhesion force between 

the electrical steel sheet pieces 140. 

[0105] 

On the other hand, the strain of the electrical steel sheet pieces 140 due to 

compressive stress of the adhesive may increase. Therefore, when the width dimension 

dl of the adhesion part 141 is larger than the interval dimension d2, the direction in 

which the adhesion part 141 extends (the first direction D1) is preferably closer to the 

direction in which the rigidity is high (direction orthogonal to the rolling direction RD). 

More specifically, when the width dimension dl of the adhesion part 141 is larger than 

the interval dimension d2, the angle a formed by the first direction D1 and the rolling 

direction RD is preferably 85° or more. Therefore, it is possible to increase the 

adhesion force between the electrical steel sheet pieces 140, it is possible to minimize 

strain of the electrical steel sheet pieces 140, and it is possible to secure magnetic 

properties of the core block 124. 

[0106] 
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Next, a method of producing the core block 124 and the stator core 121 of the 

present embodiment will be described. The method of producing the core block 124 

mainly includes a first process and a second process. 

[0107] 

First, in the first process, a plurality of T-shaped electrical steel sheet pieces 140 

are punched out from a rolled electrical steel sheet. In the first process, the electrical 

steel sheet pieces 140 are punched out so that the tooth parts extend in the rolling 

direction RD of the electrical steel sheet. 

[0108] 

Next, in the second process, the plurality of electrical steel sheet pieces 140 are 

stacked with the adhesion parts 141 provided therebetween. In the second process, the 

plurality of adhesion parts 141 are formed in a belt shape that extends in the first 

direction D1 when viewed in the stacking direction. In addition, the plurality of 

adhesion parts 141 are arranged in the second direction D2. In addition, the plurality of 

electrical steel sheet pieces 140 are stacked so that the angle formed by the first direction 

D1 and the rolling direction RD becomes 45° or more and 90° or less. When the 

adhesion part 141 is cured, the plurality of electrical steel sheet pieces 140 are fixed to 

each other. 

[0109] 

(Modified example) 

Next, adhesion parts 241 of a modified example that can be applied to the above 

embodiments will be described with reference to Fig. 7. Here, the same components as 

in the above embodiments will be denoted with the same reference numerals, and 

descriptions thereof will be omitted. 

[0110] 
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As in the above embodiment, the plurality of adhesion parts 241 are provided 

between the electrical steel sheets 40 (or the electrical steel sheet pieces 140) of this 

modified example. The adhesion parts 241 are formed in a belt shape in the first 

direction D1 on the first surface of the electrical steel sheet 40 when viewed in the 

stacking direction. In addition, the plurality of adhesion parts 241 are arranged at equal 

intervals in the second direction D2. Two adhesion parts adjacent to each other in the 

second direction D2 are arranged to be separated by the interval dimension d2. 

[0111] 

The adhesion parts 241 of this modified example include a plurality of element 

adhesion parts 241c arranged in the first direction Dl. In the present embodiment, the 

element adhesion parts 241c are a mass of a plurality of adhesives that are arranged in the 

first direction D1 and form the adhesion parts 241. A plurality of adhesives have 

substantially the same shape. The element adhesion parts 241c adjacent to each other in 

the first direction D1 are linked to each other. The element adhesion parts 241c have a 

substantially oval shape with the first direction D1 as a major axis when viewed in the 

stacking direction. Therefore, both ends of the adhesion parts 241 in the width direction 

are wound and extend in the first direction Dl. The element adhesion parts 241c may 

have a substantially circular shape in addition to the substantially oval shape shown in 

this modified example. 

As shown in this modified example, "an adhesion part that extends in a belt 

shape" in this specification does not necessarily have to be linear at both ends in the 

width direction and may be wound in the first direction Dl. 

[0112] 
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The adhesion parts 241 extend along a center line CL centered on the center line 

CL parallel to the first direction Dl. The adhesion parts 241 have a symmetrical shape 

centered on the center line CL. 

[0113] 

As shown in this modified example, when both ends of the adhesion parts 241 in 

the width direction are wound and extend, the width dimension dl of the adhesion parts 

241 can be defined as follows. That is, a virtual line VL that linearly approximates both 

ends of the adhesion parts 241 in the width direction is set, and the width dimension dl 

of the adhesion parts 241 is defined. The virtual line VL extends substantially parallel 

to the center line CL. A pair of virtual lines VL are virtual linear lines that are defined 

so that an area of the region interposed between the pair of virtual lines VL is equal to an 

area of the adhesion parts 241 when viewed in the stacking direction. 

[0114] 

In this modified example, the width dimension dl of the adhesion parts 241 is a 

distance dimension between the pair of virtual lines VL in the second direction D2. In 

addition, in this modified example, the interval dimension d2 is a distance dimension 

between the virtual lines VL of the adhesion parts 241 adjacent to each other. 

[0115] 

The adhesion part 241 shown in this modified example can have the same 

effects as the adhesion part 41 in the above embodiment. The adhesion part 241 of this 

type is formed by, for example, applying an adhesive to a plurality of points on the 

electrical steel sheet 40 in dot forms from a plurality of dispensers in the first direction 

D1 and then pressing the electrical steel sheet 40 against the other electrical steel sheet 

40, and compressing the adhesive between the two electrical steel sheets 40. In this 
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manner, even if the width dimension of the adhesion parts 241 is non-uniform, the same 

effects as in the above embodiment can be obtained. 

[0116] 

Here, the technical scope of the present invention is not limited to the above 

embodiments and modified examples thereof, and various modifications can be made 

without departing from the gist of the present invention. 

[0117] 

In the above embodiments, a case in which the adhesion parts are provided in 

the entire region in the plane of the electrical steel sheet 40 or the electrical steel sheet 

piece 140 has been described. However, the adhesion parts may be partially provided in 

the plane of the electrical steel sheet 40 or the electrical steel sheet piece 140. As an 

example, stripe-shaped adhesion parts may be provided only in a region overlapping the 

core back part of the electrical steel sheet. In addition, stripe-shaped adhesion parts 

may be provided only in a region overlapping the tooth part of the electrical steel sheet. 

[0118] 

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

embodiments. Specifically, the dimensions of the outer diameter and the inner diameter 

of the stator core, the stacking thickness, the number of slots, the dimension ratio of the 

circumferential direction and the radial direction of the tooth part, the dimension ratio of 

the tooth part and the core back part in the radial direction, and the like can be arbitrarily 

designed according to desired characteristics of the electric motor. 

[0119] 

In addition, in the core block 124 of the second embodiment, a convex shape 

may be provided on one end side of the core back part 122 in the circumferential 

direction and a concave shape may be provided on the other end side thereof in the 
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circumferential direction. In this case, when the convex shape is inserted into the 

concave shape, it is possible to minimize positional deviation when the plurality of core 

blocks 124 are linked in the circumferential direction. In addition, the core block may 

have two or more tooth parts for one core back part. In addition, the core back part and 

the tooth part each may be a separate core block. 

[0120] 

In the rotor in the above embodiments, a set of two permanent magnets 32 form 

one magnetic pole, but the present invention is not limited thereto. For example, one 

permanent magnet 32 may form one magnetic pole, and three or more permanent 

magnets 32 may form one magnetic pole. 

[0121] 

In the above embodiments, the permanent magnetic electric motor has been 

exemplified as the electric motor, but the structure of the electric motor is not limited 

thereto, as will be exemplified below, and additionally, various known structures not 

exemplified below can also be used. 

In the above embodiments, the permanent magnetic electric motor has been 

exemplified as the synchronous motor, but the present invention is not limited thereto. 

For example, the electric motor may be a reluctance motor or an electromagnet field 

motor (wound-field motor). 

In the above embodiments, the synchronous motor has been exemplified as the 

AC motor, but the present invention is not limited thereto. For example, the electric 

motor may be an induction motor. 

In the above embodiments, the AC motor has been exemplified as the motor, but 

the present invention is not limited thereto. For example, the electric motor may be a 

DC motor. 
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In the above embodiments, the motor has been exemplified as the electric motor, 

but the present invention is not limited thereto. For example, the electric motor may be 

a generator. 

[0122] 

In the above embodiments, a case in which the laminated core according to the 

present invention is applied to the stator core has been exemplified, but the laminated 

core can be applied to the rotor core. In addition, the laminated core according to the 

present invention may be applied to a laminated core other than the electric motor such as 

a transformer. 

[0123] 

In addition, the components in the above embodiments can be appropriately 

replaced with well-known components without departing from the gist of the present 

invention, and the above modified examples may be appropriately combined. 

[Examples] 

[0124] 

Next, verification tests were performed to verify the above operations and 

effects. The verification test was performed by a simulation using software. As 

software, electromagnetic field simulation software based on finite element method 

JMAG (commercially available from JSOL Corporation) was used. 

[0125] 

<First verification test> 

First, as a first verification test, the integrated core exemplified in the first 

embodiment was verified. As models used for simulation, stator cores (laminated 

cores) of Model No. Al to Model No. A22 to be described below were assumed. The 

electrical steel sheet used for each model was a non-grain-oriented electrical steel sheet 
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with a plate thickness of 0.25 mm. The shape of the electrical steel sheet was the same 

as that shown in Fig. 2. 

[0126] 

In the stator cores of Model No. Al to Model No. A21, a plurality of adhesion 

parts shown in Fig. 4 were provided between the electrical steel sheets. That is, in the 

stator cores of Model No. Al to Model No. A21, the plurality of adhesion parts extended 

in a belt shape in the first direction Dl. On the other hand, in the stator core of Model 

No. A22, between the electrical steel sheets, the adhesion parts were provided on the 

entire first surface of the electrical steel sheet. That is, the adhesion parts of Model No. 

A22 were provided on the entire first surface of the electrical steel sheet. The stator 

core of Model No. A22 was a model prepared in order to determine the reference value 

of the iron loss. Hereinafter, the stator core of Model No. A22 will be referred to as a 

"reference model". 

[0127] 

The stator cores of Model No. Al to No. A7 were models of Group Al. In the 

models of Group Al, the width dimension dl of the adhesion part was 233% with respect 

to the interval dimension d2 between the adhesion parts adjacent to each other. In the 

models of Group Al, the width dimension dl of the adhesion part was 7 mm, and the 

interval dimension d2 between the adhesion parts was 3 mm 

The stator cores of Model No. A8 to No. A14 were models of Group A2. In 

the models of Group A2, the width dimension dl of the adhesion part was 167% with 

respect to the interval dimension d2 between the adhesion parts adjacent to each other. 

In the models of Group A2, the width dimension dl of the adhesion part was 5 mm, and 

the interval dimension d2 between the adhesion parts was 3 mm. 
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The stator cores of Model No. A15 to No. A21 were models of Group A3. In 

the models of Group A3, the width dimension dl of the adhesion part was 67% with 

respect to the interval dimension d2 between the adhesion parts adjacent to each other. 

In the models of Group A3, the width dimension dl of the adhesion part was 2 mm, and 

the interval dimension d2 between the adhesion parts was 3 mm. 

In Group Al, Group A2 and Group A3, models in which the angle a formed by 

the first direction D1 and the rolling direction RD (refer to Fig. 4) was set to 0°, 15°, 30°, 

45°, 60°, 75° and 90° were prepared. 

[0128] 

Table 1 shows the simulation results of the iron loss of the electrical steel sheet 

for each model. Here, the iron loss of each model is expressed as a percentage based on 

the value of the iron loss of the reference model (stator core of Model No. A22). In 

addition, Table 1 shows the results of a drop test on a mockup in which the same 

adhesion parts as in each model were provided. In the drop test, each model was 

dropped 10 times from a height of 1 in. The evaluation A indicates that the adhesion 

parts did not peel off after being dropped 10 times. In addition, the evaluation A-

indicates that the adhesion parts did not peel off after being dropped 5 times, but did peel 

off by the 10th  time. 

[0129] 

[Table 1] 

Model Width Angle a Iron loss Drop test Remark 

No. dimension 

dl/interval 

dimension 

[°] ratio [%] 
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d2 

Group Al Al 233% 0° 96.661 A 

A2 233% 15° 96.695 A 

A3 233% 30° 96.593 A 

A4 233% 45° 96.525 A 

A5 233% 60° 96.457 A 

A6 233% 75° 96.354 A 

A7 233% 90° 96.252 A 

Group A2 A8 167% 0° 95.843 A 

A9 167% 15° 95.741 A 

A10 167% 30° 95.639 A 

All 167% 45° 95.537 A 

Alt 167% 60° 95.434 A 

A13 167% 75° 95.366 A 

A14 167% 90° 95.332 A 

Group A3 A15 67% 0° 92.572 A- 

Al6 67% 15° 92.504 A- 

A 1 7 67% 30° 92.334 A- 

Al8 67% 45° 92.266 A- 

A19 67% 60° 92.164 A- 

A20 67% 75° 92.095 A- 

A21 67% 90° 92.129 A- 

A22 100 Reference 

model 
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[0130] 

Comparing the stator cores of Model No. Al to Model No. A21, it was 

confirmed that, in the model belonging to any of Group 1 to Group A3, when the angle a 

formed by the first direction D1 and the rolling direction RD was 30° or more, it was 

possible to minimize the iron loss. In addition, it was confirmed that, when the angle a 

was 60° or more, it was possible to further minimize the iron loss. 

[0131] 

Comparing Group Al, Group A2 and Group A3 with each other, the iron loss of 

the model of Group A3 was the smallest. In the model of Group A3, the width 

dimension dl was 67% with respect to the interval dimension d2. That is, in the model 

of Group A3, the width dimension dl was smaller than the interval dimension d2. 

Therefore, it was thought that strain of the electrical steel sheet 40 due to the adhesive 

was minimized and it was possible to secure magnetic properties of the stator core 21. 

In addition, it was confirmed that, when the width dimension dl was 67% with respect to 

the interval dimension d2, it was possible to minimize deterioration of the iron loss of the 

electrical steel sheet 40. Even if the ratio of the width dimension dl to the interval 

dimension d2 changed by about ±5%, there was no significant change in the iron loss. 

Therefore, it can be said that, even if the width dimension dl was 67%±5% with respect 

to the interval dimension d2, it was possible to minimize deterioration of the iron loss of 

the electrical steel sheet 40. 

[0132] 

Comparing respective models in Group A3, the stator core of Model No. A20 in 

which the angle a formed by the first direction D1 and the rolling direction RD was 75° 

had the smallest iron loss. That is, it was confirmed that, when the width dimension dl 

was 67% with respect to the interval dimension d2, if the angle a was set to 75°, it was 
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possible to significantly minimize deterioration of the iron loss. Here, even if the angle 

a changed by about ±5°, there was no significant change in the iron loss. In addition, 

even if the ratio of the width dimension dl to the interval dimension d2 changed by about 

±5%, there was no significant change in the iron loss. Therefore, it can be said that, 

when the width dimension dl was 67%±5% with respect to the interval dimension d2, if 

the angle a was set to 75°±5°, it was possible to significantly minimize deterioration of 

the iron loss. 

[01331 

In the model of Group A2, the width dimension dl was 167% with respect to the 

interval dimension d2. Comparing respective models in Group A2, the stator core of 

Model No. A14 in which the angle a formed by the first direction D1 and the rolling 

direction RD was 90° had the smallest iron loss. That is, it was confirmed that, when 

the width dimension dl was 167% with respect to the interval dimension d2, if the angle 

a was set to 90°, it was possible to significantly minimize deterioration of the iron loss. 

As described above, even if the angle a changed by about ±5°, there was no significant 

change in the iron loss. In addition, even if the ratio of the width dimension dl to the 

interval dimension d2 changed by about ±5%, there was no significant change in the iron 

loss. Therefore, it can be said that, when the width dimension dl was 167%±5% with 

respect to the interval dimension d2, if the angle a was set to 85° or more, it was possible 

to significantly minimize deterioration of the iron loss. 

[01341 

In the model of Group Al, the width dimension dl was 233% with respect to the 

interval dimension d2. Comparing respective models in Group Al, the stator core of 

Model No. A7 in which the angle a formed by the first direction Dl and the rolling 

direction RD was 90° had the smallest iron loss. That is, it was confirmed that, when 
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the width dimension dl was 233% with respect to the interval dimension d2, if the angle 

a was set to 90°, it was possible to significantly minimize deterioration of the iron loss. 

As described above, even if the angle a changed by about ±5°, there was no significant 

change in the iron loss. In addition, even if the ratio of the width dimension dl to the 

interval dimension d2 changed by about ±5%, there was no significant change in the iron 

loss. Therefore, it can be said that, when the width dimension dl was 233%±5% with 

respect to the interval dimension d2, if the angle a was set to 85° or more, it was possible 

to significantly minimize deterioration of the iron loss. 

[0135] 

As shown in Table 1, the mockups of Group Al and Group A2 had better drop 

strength than the mockup of Group A3. In the mockups of Group Al and Group A2, 

the width dimension dl of the adhesion part was larger than the interval dimension d2, 

and in the mockup of Group A3, the width dimension dl of the adhesion part was smaller 

than the interval dimension d2. Accordingly, it was confirmed that, when the width 

dimension dl of the adhesion part was larger than the interval dimension d2 between the 

adhesion parts adjacent to each other in the second direction D2, it was possible to 

increase the adhesion strength. 

[0136] 

Next, in addition to the above models of Nos. Al to A21, a simulation was 

performed on models in which the width dimension dl/the interval dimension d2 and the 

angle a were changed in a wide range. More specifically, simulation models in which 

the width dimension dl/the interval dimension d2 was changed to 0%, 50%, 67%, 100%, 

150%, 167%, 200%, 233%, 250%, 300%, 350%, 400%, 450%, and 500%, and the angle 

a was changed to 0°, 15°, 30°, 45°, 60°, 75°, and 90° were prepared, and the iron loss was 
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calculated. In addition, based on these simulation results, a threshold value at which the 

iron loss was improved was verified for the reference Model No. A22 of the related art. 

[0137] 

Fig. 8 is a graph in which the horizontal axis represents the width dimension 

dl/the interval dimension d2 and the vertical axis represents the angle a, and the iron loss 

ratio with respect to the reference Model No. 22 is indicated by the grayscale shade. In 

Fig. 8, the region in which the grayscale density is low indicates that the iron loss is 

improved (that is, the iron loss ratio is 100% or less) compared to the reference Model 

No. A22. 

[0138] 

As shown in Fig. 8, when the width dimension dl/the interval dimension d2 was 

368% or less, the iron loss was improved compared to the reference Model No. A22 of 

the related art regardless of the angle a. That is, it was confirmed that the width 

dimension dl of the adhesion part was preferably 368% or less with respect to the 

interval dimension d2 between the adhesion parts adjacent to each other in the second 

direction D2. When the width dimension dl/the interval dimension d2 was smaller, the 

iron loss was improved, and the width dimension dl/the interval dimension d2 was 

preferably 233% or less, more preferably 167% or less, and still more preferably 67% or 

less. 

[0139] 

<Second verification test> 

Next, in a second verification test, the split core exemplified in the second 

embodiment was verified. 

As models used for simulation, stator cores (laminated cores) of Model No. B1 

to Model No. B21 to be described below were assumed. The stator cores of Model No. 
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B1 to Model No. B21 had a plurality of core blocks linked in the circumferential 

direction. The core block of each stator core was formed of a non-grain-oriented 

electrical steel sheet piece with a plate thickness of 0.25 mm The shape of the 

electrical steel sheet piece was the same as that shown in Fig. 6, and the rolling direction 

RD of the electrical steel sheet piece coincided with the direction in which the tooth part 

extended. 

[0140] 

In the core blocks of Model No. B1 to Model No. B21, a plurality of adhesion 

parts as shown in Fig. 6 were provided between the electrical steel sheet pieces. That is, 

in the core blocks of Model No. B1 to Model No. B21, the plurality of adhesion parts 

extended in a belt shape in the first direction Dl. 

[0141] 

The stator cores of Model No. B1 to No. B7 were models of Group Bl. In the 

models of Group Bl, the width dimension dl of the adhesion part was 150% with respect 

to the interval dimension d2 between the adhesion parts adjacent to each other. The 

width dimension dl of the adhesion part of the models of Group B1 was 3 mm, and the 

interval dimension d2 between the adhesion parts was 2 mm The stator cores in Group 

B1 in which the angle a formed by the first direction D1 and the rolling direction RD 

(refer to Fig. 6) was set to 0°, 15°, 30°, 45°, 60°, 75° and 90° were used as Model No. B1 

to No. B7. 

[0142] 

The stator cores of Model No. B8 to No. B14 were models of Group B2. In the 

models of Group B2, the width dimension dl of the adhesion part was 60% with respect 

to the interval dimension d2 between the adhesion parts adjacent to each other. In the 

models of Group B2, the width dimension dl of the adhesion part was 3 mm, and the 
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interval dimension d2 between the adhesion parts was 5 mm. The stator cores in Group 

B2 in which the angle a formed by the first direction D1 and the rolling direction RD 

(refer to Fig. 6) was set to 0°, 15°, 30°, 45°, 60°, 75° and 90° were used as Model No. B8 

to No. B14. 

[0143] 

The stator cores of Model No. B15 to No. B21 were models of Group B3. In 

the models of Group B3, the width dimension dl of the adhesion part was 43% with 

respect to the interval dimension d2 between the adhesion parts adjacent to each other. 

In the models of Group B3, the width dimension dl of the adhesion part was 3 mm, and 

the interval dimension d2 between the adhesion parts was 7 mm. The stator cores in 

Group B3 in which the angle a formed by the first direction D1 and the rolling direction 

RD (refer to Fig. 6) was set to 0°, 15°, 30°, 45°, 60°, 75° and 90° were used as Model No. 

B15 to No. B21. 

[0144] 

In addition, as a comparison target, as shown in Fig. 9, the iron loss of a stator 

core 121X of Model No. B22 in which a plurality of non-grain-oriented electrical steel 

sheet pieces 140 were fastened in all layers was determined. The stator core 121X of 

Model No. B22 was a model prepared for comparing the iron loss between the 

conventional configuration and the present invention. Hereinafter, the stator core of 

Model No. B22 will be called a "reference model". The stator core 121X of the 

reference model had the plurality of core blocks 124X. In the stator core 121X of the 

reference model, the plate thickness of the electrical steel sheet pieces 140 was 0.25 mm, 

and the rolling direction RD of the electrical steel sheet piece coincided with the 

direction in which the tooth part extended. In the core block of the stator core 121X of 

the reference model, a first fastening Cl provided in the core back part 122 and two 
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second fastenings C2 provided in the tooth part 123 were provided. The first fastening 

Cl was positioned at the center of the core back part 122 in the circumferential direction. 

The two second fastenings C2 were arranged in the radial direction at the center of the 

tooth part 123 in the circumferential direction. The ratio of the area of the fastenings Cl 

and C2 within the first surface of the electrical steel sheet pieces 140 was about 3.2%. 

[0145] 

Table 2 shows the simulation results of the iron loss of the electrical steel sheet 

piece for each model. In addition, Table 2 shows the results obtained by performing the 

drop test on mockups in which the same adhesion parts as those of each model were 

provided. The drop test was performed in the same procedure as in the above first 

verification test. In addition, evaluation criteria for the drop test in this test were the 

same as in the first verification test. 

[0146] 

Here, the iron loss inhibition rate Rt shown in Table 2 was a value obtained by 

dividing a difference between the iron loss of each model and the iron loss of the 

reference model (the stator core of Model No. B22) by the iron loss of the reference 

model and expressed as a percentage. That is, the iron loss inhibition rate in the table 

was expressed by the following Formula (1) when the iron loss of each model was set as 

W and the iron loss of the reference model was set as Worg. 

[0147] 

[Math. 1] 

W W 
Rt = 	x100 

Worg  

[0148] 

(1) 
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[Table 2] 

Model 

No. 

Width 

dimension 

dl/interval 

dimension 

d2 

Angle a 

[°] 

Iron loss 

inhibition 

rate Rt 

[Vo] 

Drop test Remark 

Group B1 B1 150% 0° -6.9 A 

B2 150% 15° -7.2 A 

B3 150% 30° -7.5 A 

B4 150% 45° -7.9 A 

B5 150% 60° -8.0 A 

B6 150% 75° -7.8 A 

B7 150% 90° -8.3 A 

Group B2 B8 60% 0° -7.5 A- 

B9 60% 15° -7.8 A- 

B10 60% 30° -7.8 A- 

B11 60% 45° -7.9 A- 

B12 60% 60° -8.1 A- 

B13 60% 75° -8.3 A- 

B14 60% 90° -8.5 A- 

Group B3 B15 43% 0° -7.5 A- 

B16 43% 15° -7.7 A- 

B17 43% 30° -8.0 A- 

B18 43% 45° -8.2 A- 
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B19 43% 60° -8.2 A- 

B20 43% 75° -8.6 A- 

B21 43% 90° -8.9 A- 

B22 0 Reference 

model 

[0149] 

Comparing the stator cores of Model No. B1 to Model No. B21, it was 

confirmed that, in the model belonging to any of Group 1 to Group B3, when the angle a 

formed by the first direction D1 and the rolling direction RD was 45° or more, it was 

possible to sufficiently minimize the iron loss (the iron loss inhibition rate Rt was -7.8% 

or less). In addition, it was confirmed that, when the angle a was 60° or more, it was 

possible to further minimize the iron loss (the iron loss inhibition rate Rt was -7.9% or 

less). 

[0150] 

Comparing Group Bl, Group B2 and Group B3 with each other, the iron loss of 

the model of Group B2 was smaller than the iron loss of the model of Group Bl, and 

additionally, the iron loss of the model of Group B3 was the smallest. In the models of 

Group B2 and Group B3, the width dimension dl was smaller than the interval 

dimension d2. Therefore, it was thought that strain of the electrical steel sheet pieces 

140 due to the adhesive was minimized and it was possible to secure magnetic properties 

of the stator core 121. In the model of Group B2, the width dimension dl was 60% 

with respect to the interval dimension d2, and in the model of Group B3, the width 

dimension dl was 43% with respect to the interval dimension d2. That is, in the model 

of Group B3, the ratio of the width dimension dl to the interval dimension d2 was 

smaller than that of the model of Group B2. It was confirmed that it was possible to 
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minimize deterioration of the iron loss of the electrical steel sheet pieces 140 more 

effectively in the model of Group B3 than the model of Group B2. That is, according to 

this verification test, it was confirmed that, when the width dimension dl was 60% or 

less with respect to the interval dimension d2, it was possible to minimize the iron loss, 

and when the width dimension dl was 43% or less with respect to the interval dimension 

d2, it was possible to further minimize the iron loss. 

[0151] 

Since the ratio of the width dimension dl to the interval dimension d2 was 

different for each of Group Bl, Group B2 and Group B3, preferable ranges of the angle a 

were different from each other. The iron loss inhibition rate Rt in Table 2 was 

preferably -8% or less as one standard. 

[0152] 

In the model of Group Bl, the width dimension dl was 150% with respect to the 

interval dimension d2. Comparing respective models in Group Bl, only in the stator 

core of Model No. B7 in which the angle a formed by the first direction D1 and the 

rolling direction RD was set to 90°, the iron loss was less than -8%. That is, it was 

confirmed that, when the width dimension dl was 150% with respect to the interval 

dimension d2, if the angle a was set to 90°, it was possible to significantly and 

sufficiently minimize deterioration of the iron loss. Here, even if the angle a changed 

by about ±5°, there was no significant change in the iron loss. In addition, even if the 

ratio of the width dimension dl to the interval dimension d2 changed by about ±5%, 

there was no significant change in the iron loss. Therefore, it can be said that, when the 

width dimension dl was 150%±5% with respect to the interval dimension d2, if the angle 

a was set to 85° or more, it was possible to sufficiently minimize deterioration of the iron 

loss. 
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[0153] 

In the model of Group B2, the width dimension dl was 60% with respect to the 

interval dimension d2. Comparing respective models in Group B2, in the stator cores of 

Model Nos. B12, 13, and 14 in which the angle a formed by the first direction D1 and the 

rolling direction RD was 60° or more, the iron loss was less than -8%. That is, it was 

confirmed that, when the width dimension dl was 60% with respect to the interval 

dimension d2, if the angle a was set to 60° or more, it was possible to sufficiently 

minimize deterioration of the iron loss. As described above, even if the ratio of the 

width dimension dl to the interval dimension d2 changed by about ±5%, there was no 

significant change in the iron loss. Therefore, it can be said that, when the width 

dimension dl was 60%±5% with respect to the interval dimension d2, if the angle a was 

set to 60° or more, it was possible to significantly and sufficiently minimize deterioration 

of the iron loss. 

[0154] 

In the model of Group B3, the width dimension dl was 43% with respect to the 

interval dimension d2. Comparing respective models in Group B3, in the stator cores of 

Model Nos. B18, 19, 20, and 21 in which the angle a formed by the first direction D1 and 

the rolling direction RD was 45° or more, the iron loss was less than -8%. That is, it 

was confirmed that, when the width dimension dl was 43% with respect to the interval 

dimension d2, if the angle a was set to 45° or more, it was possible to sufficiently 

minimize deterioration of the iron loss. As described above, even if the ratio of the 

width dimension dl to the interval dimension d2 changed by about ±5%, there was no 

significant change in the iron loss. Therefore, it can be said that, when the width 

dimension dl was 43%±5% with respect to the interval dimension d2, if the angle a was 
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set to 60° or more, it was possible to significantly and sufficiently minimize deterioration 

of the iron loss. 

[0155] 

As shown in Table 2, the mockup of Group B1 had better drop strength than the 

mockups of Group B2 and Group B3. In the mockup of Group Bl, the width dimension 

dl of the adhesion part was larger than the interval dimension d2, and in the mockups of 

Group B2 and Group B3, the width dimension dl of the adhesion part was smaller than 

the interval dimension d2. Accordingly, it was confirmed that, also in the split core, 

when the width dimension dl of the adhesion part was larger than the interval dimension 

d2 between the adhesion parts adjacent to each other in the second direction D2, it was 

possible to increase the adhesion strength. 

[Industrial Applicability] 

[0156] 

According to the present invention, it is possible to improve magnetic 

properties. Therefore, the industrial applicability is high. 

[Brief Description of the Reference Symbols] 

[0157] 

10, 110 Electric motor 

21, 121 Stator core (laminated core) 

22, 122 Core back part 

23, 123 Tooth part 

40 Electrical steel sheet 

41, 141, 241 Adhesion part 

124, 124X Core block 

140 Electrical steel sheet piece 

56 



Dl First direction 

D2 Second direction 

dl Width dimension 

d2 Interval dimension 

RD Rolling direction 

a Angle 
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[CLAIMS] 

1. A laminated core, comprising: 

a plurality of electrical steel sheets stacked to each other; and 

a plurality of adhesion parts that are provided between the electrical steel sheets 

adjacent to each other in a stacking direction and adhere the electrical steel sheets to each 

other, 

wherein, when viewed in the stacking direction, 

the plurality of adhesion parts are formed in a belt shape that extends in a first 

direction, 

the plurality of adhesion parts are arranged in a second direction orthogonal to 

the first direction, and 

an angle formed by the first direction and a rolling direction of the electrical 

steel sheet is 30° or more and 90° or less. 

2. The laminated core according to claim 1, 

wherein the angle formed by the first direction and the rolling direction of the 

electrical steel sheet is 52.3° or more. 

3. The laminated core according to claim 1 or 2, 

wherein a width dimension of the adhesion part is smaller than an interval 

dimension between the adhesion parts adjacent to each other in the second direction. 

4. The laminated core according to claim 3, 

wherein the width dimension of the adhesion part is 67%±5% with respect to the 

interval dimension between the adhesion parts adjacent to each other in the second 
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direction. 

5. The laminated core according to claim 4, 

wherein the angle formed by the first direction and the rolling direction of the 

electrical steel sheet is 75°±5°. 

6. The laminated core according to claim 1 or 2, 

wherein the width dimension of the adhesion part is larger than the interval 

dimension between the adhesion parts adjacent to each other in the second direction. 

7. The laminated core according to claim 6, 

wherein the width dimension of the adhesion part is 167%±5% with respect to 

the interval dimension between the adhesion parts adjacent to each other in the second 

direction, and 

wherein the angle formed by the first direction and the rolling direction of the 

electrical steel sheet is 85° or more. 

8. The laminated core according to claim 6, 

wherein the width dimension of the adhesion part is 233%±5% with respect to 

the interval dimension between the adhesion parts adjacent to each other in the second 

direction, and 

wherein the angle formed by the first direction and the rolling direction of the 

electrical steel sheet is 85° or more. 

9. A laminated core, comprising: 
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a plurality of electrical steel sheets stacked to each other; and 

a plurality of adhesion parts that are provided between the electrical steel sheets 

adjacent to each other in a stacking direction and adhere the electrical steel sheets to each 

other, 

wherein, when viewed in the stacking direction, 

the plurality of adhesion parts are formed in a belt shape that extends in a first 

direction, 

the plurality of adhesion parts are arranged in a second direction orthogonal to 

the first direction, and 

a width dimension of the adhesion part is 368% or less with respect to an 

interval dimension between the adhesion parts adjacent to each other in the second 

direction. 

10. The laminated core according to any one of claims 1 to 9, 

wherein an average thickness of the adhesion parts is 1.0 [tm to 3.0 [tm. 

11. The laminated core according to any one of claims 1 to 10, 

wherein an average tensile modulus of elasticity E of the adhesion parts is 1,500 

MPa to 4,500 MPa. 

12. The laminated core according to any one of claims 1 to 11, 

wherein the adhesion part is a room temperature adhesion type acrylic-based 

adhesive containing SGA made of an elastomer-containing acrylic-based adhesive. 

13. A core block that constitutes a laminated core by linking a plurality of the core 
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blocks in a ring shape, comprising: 

a plurality of electrical steel sheet pieces stacked to each other; and 

a plurality of adhesion parts that are provided between the electrical steel sheet 

pieces adjacent to each other in a stacking direction and adhere the electrical steel sheet 

pieces to each other, 

wherein, when viewed in the stacking direction, 

the plurality of adhesion parts are formed in a belt shape that extends in a first 

direction, 

the plurality of adhesion parts are arranged in a second direction orthogonal to 

the first direction, and 

an angle formed by the first direction and a rolling direction of the electrical 

steel sheet piece is 45° or more and 90° or less. 

14. The core block according to claim 13, 

wherein the angle formed by the first direction and the rolling direction of the 

electrical steel sheet piece is 52.3° or more. 

15. The core block according to claim 13 or 14, comprising 

an arc-shaped core back part and a tooth part that protrudes from the core back 

part in a radial direction of the core back part, 

wherein the tooth part extends in the rolling direction. 

16. The core block according to any one of claims 13 to 15, 

wherein the width dimension of the adhesion part is smaller than an interval 

dimension between the adhesion parts adjacent to each other in the second direction. 
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17. The core block according to claim 16, 

wherein the width dimension of the adhesion part is 60% or less with respect to 

the interval dimension between the adhesion parts adjacent to each other in the second 

direction. 

18. The core block according to claim 17, 

wherein the width dimension of the adhesion part is 43% or less with respect to 

the interval dimension between the adhesion parts adjacent to each other in the second 

direction. 

19. The core block according to claim 17, 

wherein the width dimension of the adhesion part is 43%±5% with respect to the 

interval dimension between the adhesion parts adjacent to each other in the second 

direction, and 

wherein the angle formed by the first direction and the rolling direction of the 

electrical steel sheet piece is 45° or more. 

20. The core block according to claim 16, 

wherein the width dimension of the adhesion part is 60%±5% with respect to the 

interval dimension between the adhesion parts adjacent to each other in the second 

direction, and 

wherein the angle formed by the first direction and the rolling direction of the 

electrical steel sheet piece is 60° or more. 
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21. The core block according to any one of claims 13 to 15, 

wherein the width dimension of the adhesion part is larger than the interval 

dimension between the adhesion parts adjacent to each other in the second direction. 

22. The core block according to claim 21, 

wherein the width dimension of the adhesion part is 150%±5% with respect to 

the interval dimension between the adhesion parts adjacent to each other in the second 

direction, and 

wherein the angle formed by the first direction and the rolling direction of the 

electrical steel sheet piece is 85° or more. 

23. The core block according to any one of claims 13 to 22, 

wherein an average thickness of the adhesion parts is 1.0 um to 3.0 µm. 

24. The core block according to any one of claims 13 to 23, 

wherein an average tensile modulus of elasticity E of the adhesion parts is 1,500 

MPa to 4,500 MPa. 

25. The core block according to any one of claims 13 to 24, 

wherein the adhesion part is a room temperature adhesion type acrylic-based 

adhesive containing SGA made of an elastomer-containing acrylic-based adhesive. 

26. A laminated core formed by linking the plurality of core blocks according to any 

one of claims 13 to 25 in a ring shape. 

63 



27. An electric motor, comprising the laminated core according to any one of claims 1 

to 12, and 26. 

28. A method of producing a core block, comprising: 

a first process in which a plurality of electrical steel sheet pieces are punched out 

from an electrical steel sheet; and 

a second process in which the plurality of electrical steel sheet pieces are stacked 

with adhesion parts provided therebetween, 

wherein, in the first process, the electrical steel sheet piece is punched out so 

that a tooth part extends in a rolling direction of the electrical steel sheet, 

wherein, in the second process, the plurality of adhesion parts are formed in a 

belt shape that extends in a first direction when viewed in a stacking direction, the 

plurality of adhesion parts are arranged in a second direction orthogonal to the first 

direction, and the plurality of electrical steel sheet pieces are stacked so that an angle 

formed by the first direction and the rolling direction is 45° or more and 90° or less. 

29. The method of producing a core block according to claim 28, 

wherein a width dimension of the adhesion part is smaller than an interval 

dimension between the adhesion parts adjacent to each other in the second direction. 
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