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[Title of the Invention] 

LAMINATED CORE AND ELECTRIC MOTOR 

[Technical Field] 

	

5 	[0001] 

The present invention relates to a laminated core and an electric motor. 

Priority is claimed on Japanese Patent Application No. 2018-235866, filed 

December 17, 2018, the content of which is incorporated herein by reference. 

[Background Art] 

	

10 	[0002] 

In the related art, a laminated core as disclosed in the following Patent 

Document 1 is known. In this laminated core, electrical steel sheets adjacent to each 

other in a stacking direction are bonded by both methods of adhesion and fastening. 

[Citation List] 

	

15 	[Patent Document] 

[0003] 

[Patent Document 1] 

Japanese Unexamined Patent Application, First Publication No. 2015-136228 

[Summary of the Invention] 

	

20 	[Problems to be Solved by the Invention] 

[0004] 

In the laminated core in the related art, there is room for the improvement in 

ensuring dimensional accuracy of an external shape and improving magnetic properties. 

[0005] 

	

25 	The present invention has been made in consideration of the circumstances 
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described above, and an object thereof is to ensure dimensional accuracy of an external 

shape and improve magnetic properties. 

[Means for Solving the Problem] 

[0006] 

	

5 	In order to solve the problems, the present invention proposes the following 

aspects. 

(1) According to a first aspect of the present invention, there is provided a 

laminated core including a plurality of electrical steel sheets that are stacked on one 

another. All sets of the electrical steel sheets adjacent to each other in a stacking 

	

10 	direction are fixed to each other in the laminated core. Some sets of electrical steel 

sheets among all sets of the electrical steel sheets are fastened but not adhered to each 

other, and the remaining sets of electrical steel sheets are adhered but not fastened to each 

other. 

[0007] 

	

15 	In bonding by fastening, compared to bonding by adhesion, dimensional 

accuracy can be enhanced. Here, some sets of electrical steel sheets among all sets of 

the electrical steel sheets adjacent to each other in the stacking direction are fastened. 

Therefore, in the laminated core, accuracy of the shapes of portions formed by some sets 

thereof can be enhanced. As a result, accuracy of the external shape of the laminated 

	

20 	core can be enhanced. Thus, handling properties of the laminated core can be ensured. 

For example, even when a winding is wound around the laminated core, winding or the 

like can be accurately performed. 

However, in bonding by fastening, there is concern that a short circuit current 

(stray current) may be generated between electrical steel sheets adjacent to each other in 

	

25 	the stacking direction. Here, the remaining sets of the electrical steel sheets among all 
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sets of the electrical steel sheets adjacent to each other in the stacking direction excluding 

some sets thereof are adhered to each other. Therefore, generation of a stray current can 

be curbed between the electrical steel sheets of the remaining sets. As a result, 

magnetic properties of the laminated core can be improved. 

	

5 	[0008] 

(2) In the laminated core according to the (1), the plurality of electrical steel 

sheets may be adhered every other or more sets in the stacking direction. 

[0009] 

The plurality of electrical steel sheets are adhered every other or more sets in the 

	

10 	stacking direction. Therefore, local concentration of electrical steel sheets bonded by 

adhesion in one portion of the laminated core in the stacking direction can be curbed. In 

other words, electrical steel sheets bonded by adhesion can be dispersed in the stacking 

direction. As a result, accuracy of the external shape of the laminated core can be 

further enhanced. 

	

15 	[0010] 

(3) In the laminated core according to the (1) or the (2), the plurality of electrical 

steel sheets may be adhered every prime-numbered sets in the stacking direction. 

[0011] 

Similar to ordinary products, the laminated core also has a unique resonance 

	

20 	frequency. If the resonance frequency of the laminated core is low, resonance is likely 

to occur when an ordinary vibration is input. For this reason, it is preferable that the 

resonance frequency of the laminated core be high. 

Here, when the plurality of electrical steel sheets are adhered every N sets in the 

stacking direction, the resonance frequency of the laminated core tends to depend on N. 

	

25 	That is, when they are adhered every N sets, (N+1) electrical steel sheets are 
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disposed between adhesion parts adjacent to each other in the stacking direction, and 

these electrical steel sheets are fastened to each other. When a bonding strength of the 

adhesion parts is lower than a bonding strength of fastening, the (N+1) electrical steel 

sheets are likely to integrally behave with the adhesion parts as starting points. In other 

	

5 	words, the (N+1) electrical steel sheets behave as if they were one block. In such a 

laminated core, when the plurality of electrical steel sheets are adhered every N sets at 

equal intervals in the stacking direction, the resonance frequency of the laminated core is 

affected by a divisor of N. In addition, when the plurality of electrical steel sheets are 

adhered every Ni sets, every N2 sets, and so on in the stacking direction in a manner of 

	

10 	being different from each other, the resonance frequency of the laminated core is affected 

by the least common multiple of N1, N2, and so on. The larger the divisor or the least 

common multiple, the higher the resonance frequency of the laminated core. 

The plurality of electrical steel sheets are adhered every prime-numbered sets in 

the stacking direction. For this reason, even when the plurality of electrical steel sheets 

	

15 	are adhered every N sets (however, N is a prime number) at equal intervals in the 

stacking direction, N is a prime number, and thus the divisor can be increased. 

Moreover, also when the plurality of electrical steel sheets are adhered every N1 sets, 

every N2 sets, and so on in the stacking direction in a manner of being different from 

each other, the least common multiple of N1, N2, and so on can be increased. 

	

20 	Therefore, the resonance frequency of the laminated core can be increased. As a result, 

for example, the resonance frequency can become a frequency higher than that in an 

audible range. Accordingly, for example, even when this laminated core is applied to a 

motor, occurrence of noise due to resonance can be curbed. 

[0012] 

	

25 	(4) In the laminated core according to any one of the (1) to the (3), portions 
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adhered to each other every different numbered sets in the stacking direction may be 

present in a mixed manner in the plurality of electrical steel sheets. 

[0013] 

Portions adhered to each other every different numbered sets in the stacking 

	

5 	direction are present in a mixed manner in the plurality of electrical steel sheets. For 

this reason, when the plurality of electrical steel sheets are adhered every N1 sets, every 

N2 sets, and so on in the stacking direction in a manner of being different from each 

other, the least common multiple of N1, N2, and so on can be increased. Therefore, the 

resonance frequency of the laminated core can be increased in accordance with the least 

	

10 	common multiple of the numbers of sets thereof. Accordingly, occurrence of noise due 

to resonance can be further curbed. 

Such operational effects are noticeably exhibited when they are adhered to each 

other every different prime-numbered sets in the stacking direction. That is, in this 

case, the least common multiple can be increased. 

	

15 	[0014] 

(5) In the laminated core according to any one of the (1) to the (4), the electrical 

steel sheets may include an annular core back part and a plurality of tooth parts 

protruding in a radial direction of the core back part from the core back part and disposed 

at intervals in a circumferential direction of the core back part. 

	

20 	[0015] 

The laminated core is a stator core including a core back part and tooth parts. 

For this reason, for example, when a winding is caused to pass through a slot between 

tooth parts adjacent to each other in the circumferential direction, operational effects of 

ensuring handling properties described above are noticeably exhibited. That is, if the 

	

25 	dimensional accuracy of the slot is increased, the winding can be easily wound around 
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the tooth parts as it is designed. Accordingly, a winding space factor in the slot can be 

enhanced. As a result, an electric loading inside the slot can be enhanced. 

[0016] 

(6) In the laminated core according to any one of the (1) to the (5), an average 

	

5 	thickness of the adhesion part may be within a range of 1.0 tim to 3.0 Rm. 

[0017] 

(7) In the laminated core according to any one of the (1) to the (6), an average 

tensile modulus of elasticity E of the adhesion part may be within a range of 1,500 MPa 

to 4,500 MPa. 

	

10 	[0018] 

(8) In the laminated core according to any one of the (1) to the (7), the adhesion 

part may be a room temperature adhesion type acrylic-based adhesive including an SGA 

including an elastomer-containing acrylic-based adhesive. 

[0019] 

	

15 	(9) According to a second aspect of the present invention, there is provided an 

electric motor including the laminated core according to any one of the (1) to the (8). 

[Effects of the Invention] 

[0020] 

According to the present invention, dimensional accuracy of an external shape 

	

20 	can be ensured and magnetic properties can be improved. 

[Brief Description of Drawings] 

[0021] 

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

of the present invention. 

	

25 	Fig. 2 is a plan view of a stator included in the electric motor illustrated in Fig. 
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1. 

Fig. 3 is a side view of the stator included in the electric motor illustrated in Fig. 

1. 

Fig. 4 is a plan view of an electrical steel sheet and an adhesion part of the stator 

	

5 	included in the electric motor illustrated in Fig. 1. 

Fig. 5 is a plan view of the electrical steel sheet and fastening of the stator 

included in the electric motor illustrated in Fig. 1. 

Fig. 6 is a cross-sectional view taken along arrow VI-VI illustrated in Fig. 5. 

Fig. 7 is a side view of a stator included in a first modification example of the 

	

10 	electric motor illustrated in Fig. 1. 

Fig. 8 is a cross-sectional view of the stator illustrated in Fig. 7 and is a cross- 

sectional view corresponding to that in Fig. 6. 

Fig. 9 is a side view of a stator included in a second modification example of the 

electric motor illustrated in Fig. 1. 

	

15 	Fig. 10 is a side view of a stator included in a third modification example of the 

electric motor illustrated in Fig. 1. 

[Embodiments for implementing the Invention] 

[0022] 

Hereinafter, an electric motor according to an embodiment of the present 

	

20 	invention will be described with reference to the drawings. In the present embodiment, 

a motor, specifically an AC motor, more specifically a synchronous motor, and further 

specifically a permanent magnetic electric motor will be described as an example of an 

electric motor. For example, motors of these kinds are favorably employed in electric 

automobiles and the like. 

	

25 	[0023] 
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As illustrated in Figs. 1 and 2, an electric motor 10 includes a stator 20, a rotor 

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

the case 50. The stator 20 is fixed to the case 50. 

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

	

5 	positioned on an inward side of the stator 20 is employed as the electric motor 10. 

However, an outer rotor type motor in which the rotor 30 is positioned on an outward 

side of the stator 20 may be employed as the electric motor 10. In addition, in the 

present embodiment, the electric motor 10 is a three-phase AC motor having 12 poles and 

18 slots. However, for example, the number of poles, the number of slots, the number 

	

10 	of phases, and the like can be suitably changed. For example, this electric motor 10 can 

be rotated at a rotation speed of 1,000 rpm by applying an excitation current having an 

effective value 10A and a frequency of 100 Hz to each phase. 

[0024] 

The stator 20 includes a stator core 21 and a winding (not illustrated). 

	

15 	The stator core 21 includes an annular core back part 22 and a plurality of tooth 

parts 23. Hereinafter, an axial direction (a direction of a center axis 0 of the stator core 

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

A radial direction (a direction orthogonal to the center 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. A 

	

20 	circumferential direction (an orbit direction around the center 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. 

[0025] 

The core back part 22 is formed to have an annular ring shape in a plan view in 

	

25 	which the stator 20 is viewed in the axial direction. 
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The plurality of tooth parts 23 protrude inward in the radial direction (toward the 

center axis 0 of the core back part 22 in the radial direction) from the core back part 22. 

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 every 20 degrees 

	

5 	of a central angle centering on the center axis 0. The plurality of tooth parts 23 are 

formed to have shapes and sizes equivalent to each other. For example, for the purpose 

of reducing a cogging torque, the shapes and the sizes of the plurality of tooth parts 23 

may not be equivalent to each other. 

The winding is wound around the tooth parts 23. The winding may be 

	

10 	subjected to concentrated winding or may be subjected to distributed winding. 

[0026] 

The rotor 30 is disposed on an inward side in the radial direction with respect to 

the stator 20 (the stator core 21). The rotor 30 includes a rotor core 31 and a plurality of 

permanent magnets 32. 

	

15 	The rotor core 31 is formed to have an annular shape (an annular ring shape) 

coaxially disposed with the stator 20. The rotary shaft 60 is disposed inside the rotor 

core 31. The rotary shaft 60 is fixed to the rotor core 31. 

The plurality of permanent magnets 32 are fixed to the rotor core 31. In the 

present embodiment, two permanent magnets 32 in one set form one magnetic pole. 

	

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

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

permanent magnets 32 are provided every 30 degrees of the central angle centering on 

the center axis 0. For example, for the purpose of reducing a cogging torque, the 

intervals between the permanent magnets 32 of a plurality of sets may not be equivalent 

	

25 	to each other. 

9 



[0027] 

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

a permanent magnetic electric motor. A plurality of through holes 33 penetrating the 

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

	

5 	through holes 33 are provided in a manner of corresponding to the plurality of permanent 

magnets 32. Each of the permanent magnets 32 is fixed to the rotor core 31 in a state of 

being disposed inside the corresponding through hole 33. For example, fixing of each 

of the permanent magnets 32 to the rotor core 31 can be realized through adhesion or the 

like between outer surfaces of the permanent magnets 32 and inner surfaces of the 

	

10 	through holes 33 using an adhesive. A surface permanent magnet motor may be 

employed as a permanent magnetic electric motor in place of an interior permanent 

magnet motor. 

[0028] 

Both the stator core 21 and the rotor core 31 are laminated cores. The 

	

15 	laminated core is formed by stacking a plurality of electrical steel sheets 40. 

A stacking thickness of each of the stator core 21 and the rotor core 31 is set to 

50.0 mm, for example. An outer diameter of the stator core 21 is set to 250.0 mm, for 

example. An inner diameter of the stator core 21 is set to 165.0 mm, for example. An 

outer diameter of the rotor core 31 is set to 163.0 mm, for example. An inner diameter 

	

20 	of the rotor core 31 is set to 30.0 mm, for example. However, these values are 

examples, and the stacking thickness, the outer diameter, and the inner diameter of the 

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

the rotor core 31 are not limited to these values. Here, the inner diameter of the stator 

core 21 is based on tip parts of the tooth parts 23 in the stator core 21. The inner 

	

25 	diameter of the stator core 21 is a diameter of an imaginary circle inscribed in the tip 
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parts of all the tooth parts 23. 

[0029] 

For example, each of the electrical steel sheets 40 forming the stator core 21 and 

the rotor core 31 is formed by performing punching or the like of an electrical steel sheet 

	

5 	(base material). Known electrical steel sheets can be used as the electrical steel sheets 

40. 	A chemical composition of the electrical steel sheets 40 is not particularly limited. 

In the present embodiment, non-grain-oriented electrical steel sheets are employed as the 

electrical steel sheets 40. For example, non-grain-oriented electrical steel strips of JIS C 

2552:2014 can be employed as non-grain-oriented electrical steel sheets. However, 

	

10 	grain-oriented electrical steel sheets can also be employed as the electrical steel sheets 40 

in place of non-grain-oriented electrical steel sheets. For example, grain-oriented 

electrical steel strips of JIS C 2553:2012 can be employed as grain-oriented electrical 

steel sheets. 

[0030] 

	

15 	In order to achieve the improvement in workability of the electrical steel sheets 

and an iron loss of the laminated core, an insulation coating is provided on both surfaces 

of the electrical steel sheets 40. 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 selected as a substance constituting the insulation coating. Examples of an 

	

20 	inorganic compound include (1) a complex of dichromate and boric acid, and (2) a 

complex of phosphate and silica. Examples of an organic resin include an epoxy-based 

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

silicone-based resin, and a fluorine-based resin. 

[0031] 

	

25 	In order to ensure insulating performance between the electrical steel sheets 40 
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stacked on one another, it is preferable that a thickness of the insulation coating 

(thickness for one surface of the electrical steel sheet 40) be 0.1 gm or larger. 

On the other hand, an insulating effect saturates as the insulation coating 

becomes thicker. In addition, a space factor decreases and a performance as a laminated 

	

5 	core deteriorates as the insulation coating becomes thicker. Therefore, it is better for the 

insulation coating to be thin to an extent that the insulating performance can be ensured. 

The thickness of the insulation coating (thickness for one surface of the electrical steel 

sheet 40) is preferably within a range of 0.1 !Am to 5µm and more preferably within a 

range of 0.1 gm to 2 gm. 

	

10 	[0032] 

An effect of achieving the improvement in an iron loss gradually saturates as the 

electrical steel sheets 40 become thin. In addition, manufacturing costs of the electrical 

steel sheets 40 increase as the electrical steel sheets 40 become thin. For this reason, in 

consideration of the effect of achieving the improvement in an iron loss and the 

	

15 	manufacturing costs, it is preferable that the thicknesses of the electrical steel sheets 40 

be 0.10 mm or larger. 

On the other hand, if the electrical steel sheets 40 are excessively thick, it is 

difficult to perform press punching work of the electrical steel sheets 40. For this 

reason, in consideration of press punching work of the electrical steel sheets 40, it is 

	

20 	preferable that the thicknesses of the electrical steel sheets 40 be 0.65 mm or smaller. 

In addition, if the electrical steel sheets 40 become thick, an iron loss increases. 

For this reason, in consideration of iron loss characteristics of the electrical steel sheets 

40, the thicknesses of the electrical steel sheets 40 are preferably 0.35 mm or smaller and 

more preferably 0.20 mm or 0.25 mm. 

	

25 	In consideration of the foregoing points, for example, the thickness of each of 
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the electrical steel sheets 40 is within a range of 0.10 mm to 0.65 mm, preferably within a 

range of 0.10 mm to 0.35 mm, and more preferably 0.20 mm or 0.25 mm. The 

thicknesses of the electrical steel sheets 40 also include the thicknesses of the insulation 

coatings. 

	

5 	[0033] 

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

adhered to each other via adhesion parts 41. The adhesion parts 41 are adhesives 

provided between the electrical steel sheets 40 adjacent to each other in a stacking 

direction and cured without being divided. For example, thermosetting type adhesives 

	

10 	for polymer bonding or the like are used as adhesives. A composition including (1) an 

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

based resin, or the like can be applied as a composition of the adhesives. In addition to 

thermosetting type adhesives, radical polymerization type adhesives or the like can be 

used as such adhesives. From a viewpoint of productivity, it is desirable to use room 

	

15 	temperature curing type adhesives. Room temperature curing type adhesives are cured 

at a temperature within a range of 20°C to 30°C. Acrylic-based adhesives are 

preferable as room temperature curing type adhesive. Representative acrylic-based 

adhesives include second generation acrylic adhesives (SGA) and the like. Within a 

range not imparting the effects of the present invention, any of anaerobic adhesives, 

	

20 	instant adhesives, and elastomer-containing acrylic-based adhesives can be used. The 

aforementioned adhesives denote adhesives in a state before being cured, and the 

adhesives become the adhesion parts 41 after being cured. 

[0034] 

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

	

25 	temperature (20°C to 30°C) is set within a range of 1,500 MPa to 4,500 MPa. If the 
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average tensile modulus of elasticity E of the adhesion parts 41 is lower than 1,500 MPa, 

a problem of a low rigidity of the laminated core occurs. For this reason, a lower limit 

value for the average tensile modulus of elasticity E of the adhesion parts 41 is set to 

1,500 MPa and more preferably 1,800 MPa. In contrast, if the average tensile modulus 

	

5 	of elasticity E of the adhesion parts 41 exceeds 4,500 MPa, a problem of peeling of the 

insulation coatings formed on front surfaces of the electrical steel sheets 40 occurs. For 

this reason, an upper limit value for the average tensile modulus of elasticity E of the 

adhesion parts 41 is set to 4,500 MPa and more preferably 3,650 MPa. 

The average tensile modulus of elasticity E is measured by a resonance method. 

	

10 	Specifically, the tensile modulus of elasticity is measured in conformity to JIS R 

1602:1995. 

More specifically, first, samples (not illustrated) for measurement are produced. 

The samples are obtained by adhering two electrical steel sheets 40 to each other using an 

adhesive (measurement target) and forming the cured adhesion part 41. The adhesion 

	

15 	part 41 is cured by performing heating and pressurizing under heating and pressurizing 

conditions during actual operation when the adhesive is a thermosetting type adhesive. 

On the other hand, the adhesion part 41 is cured by performing pressurizing at room 

temperature when the adhesive is a room temperature curing type adhesive. 

Further, the tensile moduli of elasticity of the samples are measured by a 

	

20 	resonance method. A method of measuring the tensile modulus of elasticity by the 

resonance method is performed in conformity to JIS R 1602:1995 as described above. 

Thereafter, the tensile modulus of elasticity of the single adhesion part 41 is obtained by 

removing the influence of the electrical steel sheet 40 itself from the tensile modulus of 

elasticity (measurement value) of the sample through calculation. 

	

25 	The tensile moduli of elasticity obtained in this manner from the samples 
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become equivalent to an average value in the entire laminated core, and thus this 

numerical value is regarded as the average tensile modulus of elasticity E. The 

composition is set such that the average tensile modulus of elasticity E seldom varies at 

stacking positions in the stacking direction thereof or at positions in the circumferential 

	

5 	direction around the center axis of the laminated core. For this reason, the value of the 

average tensile modulus of elasticity E can also be a numerical value obtained by 

measuring the cured adhesion part 41 at an upper end position in the laminated core. 

[0035] 

For example, a method in which an adhesive is applied to the electrical steel 

	

10 	sheets 40 and then they are adhered to each other through any of or both heating and 

press-stacking can be employed as an adhesion method. For example, any method may 

be adopted as heating, such as heating inside a high temperature bath or an electric 

furnace or a method of direct electrification. 

[0036] 

	

15 	In order to stably obtain a sufficient adhesion strength, it is preferable that the 

thicknesses of the adhesion parts 41 be 1µm or larger. 

On the other hand, if the thicknesses of the adhesion parts 41 exceed 100 pm, an 

adhesion force saturates. In addition, the space factor decreases as the adhesion parts 41 

become thicker, and a torque density when the laminated core is applied to a motor 

	

20 	decreases. Therefore, the thicknesses of the adhesion parts 41 are preferably within a 

range of 1 pm to 100 pm and more preferably within a range of 1 pm to 10 Rm. 

In the foregoing description, the thicknesses of the adhesion parts 41 denote the 

average thickness of the adhesion parts 41. 

[0037] 

	

25 	It is more preferable that the average thickness of the adhesion parts 41 be 
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within a range of 1.0 gm to 3.0 gm. If the average thickness of the adhesion parts 41 is 

smaller than 1.0 gm, a sufficient adhesion force described above cannot be ensured. For 

this reason, a lower limit value for the average thickness of the adhesion parts 41 is set to 

1.0 gm and more preferably 1.2 gm. In contrast, if the average thickness of the 

	

5 	adhesion parts 41 becomes thick exceeding 3.0 gm, a problem such as drastic increase in 

strain amounts of the electrical steel sheets 40 due to shrinkage at the time of 

thermosetting occurs. For this reason, an upper limit value for the average thickness of 

the adhesion parts 41 is set to 3.0 gm and more preferably 2.6 gm. 

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

	

10 	laminated core. The average thickness of the adhesion parts 41 seldom varies at 

stacking positions in the stacking direction thereof or at positions in the circumferential 

direction around the center axis of the laminated core. For this reason, the value of the 

average thickness of the adhesion parts 41 can be the average value of numerical values 

measured at ten or more places at the upper end position in the laminated core in the 

	

15 	circumferential direction. 

[0038] 

For example, the average thickness of the adhesion parts 41 can be adjusted by 

varying an applying amount the adhesive. In addition, for example, in a case of a 

thermosetting type adhesive, the average tensile modulus of elasticity E of the adhesion 

	

20 	parts 41 can be adjusted by changing one or both heating and pressurizing conditions 

applied at the time of adhesion and the kind of a curing agent, or the like. 

[0039] 

In the present embodiment, the plurality of electrical steel sheets 40 forming the 

rotor core 31 are fixed to each other using a fastening C (dowel). However, the plurality 

	

25 	of electrical steel sheets 40 forming the rotor core 31 may be adhered to each other via 
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the adhesion parts 41. 

A laminated core such as the stator core 21 or the rotor core 31 may be formed 

through so-called turn-stacking. 

[0040] 

	

5 	Here, as illustrated in Figs. 3 and 4, in the stator core 21 of the present 

embodiment, all sets of the electrical steel sheets 40 adjacent to each other in the stacking 

direction are fixed by any of adhesion and fastening. Some sets of the electrical steel 

sheets 40 among all sets of the electrical steel sheets 40 are fastened but not adhered to 

each other, and the remaining sets of electrical steel sheets 40 are adhered but not 

	

10 	fastened to each other. 

[0041] 

In the present embodiment, the plurality of electrical steel sheets 40 are adhered 

every other or more sets in the stacking direction, specifically every prime-numbered sets 

(at least in this specification, the prime number includes 1), and more specifically every 

	

15 	other set. In other words, when the plurality of electrical steel sheets 40 are adhered 

every N sets in the stacking direction, N is a natural number, specifically N is a prime 

number, and more specifically N is 1. That is, the plurality of electrical steel sheets 40 

are adhered every other set in the stacking direction and fastened every other set. In 

other words, the plurality of electrical steel sheets 40 are alternately bonded in the 

	

20 	stacking direction by fastening and adhesion. Namely, as illustrated in Fig. 3, the 

adhesion parts 41 are not disposed between all sets but are disposed every other set. In 

addition, in the electrical steel sheet 40 interposed between a pair of electrical steel sheets 

40 in the stacking direction, the electrical steel sheet 40 is fastened to one of the pair of 

electrical steel sheets 40 and is adhered to the other. 

	

25 	Here, adhering the plurality of electrical steel sheets 40 every N sets in the 
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stacking direction denotes that the electrical steel sheets 40 of N sets (N+1 sheets) are 

disposed between a pair of adhesion parts 41 disposed away from each other in the 

stacking direction. When N is 1, the electrical steel sheets 40 of one set (two sheets) are 

disposed between the pair of adhesion parts 41. When N is 2, the electrical steel sheets 

	

5 	40 of two sets (three sheets) are disposed between the pair of adhesion parts 41. 

[0042] 

The present invention is not limited thereto. As in stators 20A and 20B 

according to each of modification examples illustrated in Figs. 7 and 8 or Fig. 9, the 

plurality of electrical steel sheets 40 may be adhered every two sets (every three sheets) 

	

10 	or every three sets (every four sheets) in the stacking direction. In other words, the 

adhesion parts 41 may be provided every two sets or every three sets in the stacking 

direction. In these cases, the electrical steel sheets 40 which are not adhered are 

fastened to each other. Consequently, in all sets of the electrical steel sheets 40, the 

number of sets of the electrical steel sheets 40 bonded by fastening is larger than the 

	

15 	number of sets of the electrical steel sheets 40 bonded by adhesions. 

[0043] 

Moreover, the present invention is not limited thereto. As in a stator 20C 

according to the modification example illustrated in Fig. 10, portions adhered to each 

other every different numbered sets in the stacking direction may be present in a mixed 

	

20 	manner in the plurality of electrical steel sheets 40. In other words, in the plurality of 

electrical steel sheets 40, portions adhered every first numbered sets in the stacking 

direction and portions adhered every second numbered sets in the stacking direction may 

be present in a mixed manner. In the modification example illustrated Fig. 10, in the 

plurality of electrical steel sheets 40, portions adhered every other set (every two sheets) 

	

25 	in the stacking direction and portions adhered every two sets (every three sheets) in the 
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stacking direction are present in a mixed manner. That is, the plurality of electrical steel 

sheets 40 are adhered to each other every different prime-numbered sets in the stacking 

direction. Sets which are not adhered are bonded by fastening. Here, in this 

modification example, the electrical steel sheets 40 are adhered every two sets after being 

	

5 	adhered every other set in the stacking direction and adhered every two sets after being 

adhered every other set. In other words, the plurality of electrical steel sheets 40 are 

alternately adhered every other set (every first numbered sets) and every two sets (every 

second numbered sets) in the stacking direction. 

In this modification example, in place of every other set and every two sets, the 

	

10 	electrical steel sheets 40 may be adhered every numbered sets such as every three or 

more sets. 

In addition, the plurality of electrical steel sheets 40 may not be alternately 

adhered every first numbered sets and every second numbered sets in the stacking 

direction. For example, the electrical steel sheets 40 adhered every first numbered sets 

	

15 	and the electrical steel sheets 40 adhered every second numbered sets may be irregularly 

disposed. 

Moreover, the plurality of electrical steel sheets 40 may not be alternately 

adhered every numbered sets of two kinds such as every first numbered sets and every 

second numbered sets in the stacking direction. That is, they may be alternately 

	

20 	adhered every numbered sets of three or more kinds. 

[0044] 

As illustrated in Fig. 4, the electrical steel sheets 40 which are adjacent to each 

other in the stacking direction and adhered to each other via the adhesion parts 41 are not 

adhered to each other throughout the whole surface. These electrical steel sheets 40 are 

	

25 	locally adhered to each other. 
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[0045] 

In the present embodiment, the electrical steel sheets 40 adjacent to each other in 

the stacking direction are adhered via the adhesion parts 41 provided along 

circumferential edges of the electrical steel sheets 40. Specifically, the electrical steel 

	

5 	sheets 40 adjacent to each other in the stacking direction are adhered to each other via 

first adhesion parts 41a and second adhesion parts 41b. The first adhesion parts 41a are 

provided along outer circumferential edges of the electrical steel sheets 40 in a plan view 

in which the electrical steel sheets 40 are viewed in the stacking direction. The second 

adhesion parts 41b are provided along inner circumferential edges of the electrical steel 

	

10 	sheets 40 in a plan view in which the electrical steel sheets 40 are viewed in the stacking 

direction. Each of the first and second adhesion parts 41a and 41b is formed to have a 

strip shape in a plan view. 

[0046] 

Here, a strip shape also includes a shape in which a width of a strip varies in the 

	

15 	middle. For example, a shape in which a circular point continues in one direction 

without being divided is also included in a strip shape extending in one direction. In 

addition, being along the circumferential edge includes not only a case of being 

completely parallel to the circumferential edge but also a case of having an inclination 

within five degrees, for example, with respect to the circumferential edge. 

	

20 	[0047] 

The first adhesion parts 41a are disposed along the outer circumferential edges 

of the electrical steel sheets 40. The first adhesion parts 41a continuously extend 

throughout the whole circumference in the circumferential direction. The first adhesion 

parts 41a are formed to have an annular ring shape in a plan view in which these first 

	

25 	adhesion parts 41a are viewed in the stacking direction. 
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The second adhesion parts 41b are disposed along the inner circumferential 

edges of the electrical steel sheets 40. The second adhesion parts 41b continuously 

extend throughout the whole circumference in the circumferential direction. 

[0048] 

	

5 	The second adhesion parts 41b include a plurality of tooth portions 44 and a 

plurality of core back portions 45. The plurality of tooth portions 44 are provided at 

intervals in the circumferential direction and disposed in the respective tooth parts 23. 

The plurality of core back portions 45 are disposed in the core back part 22 and join the 

tooth portions 44 adjacent to each other in the circumferential direction to each other. 

	

10 	The tooth portion 44 includes a pair of first portions 44a and a second portion 

44b. The first portions 44a are disposed at intervals in the circumferential direction. 

The first portions 44a extend in the radial direction. The first portions 44a extend in a 

strip shape in the radial direction. The second portion 44b joins the pair of first portions 

44a to each other in the circumferential direction. The second portion 44b extends in a 

	

15 	strip shape in the circumferential direction. 

[0049] 

In the present embodiment, the shapes of all the adhesion parts 41 provided 

between the electrical steel sheets 40 in a plan view are the same. The shapes of the 

adhesion parts 41 in a plan view denote the entire shapes of the adhesion parts 41 in a 

	

20 	plan view in which the electrical steel sheets 40 provided with the adhesion parts 41 are 

viewed in the stacking direction. Having the same shapes of all the adhesion parts 41 

provided between the electrical steel sheets 40 in a plan view includes not only a case in 

which the shapes of all the adhesion parts 41 provided between the electrical steel sheets 

40 in a plan view are completely the same but also include a case in which they are 

	

25 	substantially the same. The case of being substantially the same indicates a case in 
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which the shapes of all the adhesion parts 41 provided between the electrical steel sheets 

40 in a plan view are in common in portions of 95% or more. 

[0050] 

Further, in the present embodiment, an adhesion area ratio of the electrical steel 

	

5 	sheets 40 via the adhesion parts 41 is within a range of 1% to 40%. In the illustrated 

example, the adhesion area ratio is within a range of 1% to 20% and specifically 20%. 

The adhesion area ratio of the electrical steel sheets 40 via the adhesion parts 41 is a ratio 

of a surface area of a region in which the adhesion parts 41 are provided (adhesion region 

42) on a surface directed in the stacking direction (which will hereinafter be referred to as 

	

10 	a first surface of the electrical steel sheets 40) to a surface area of the first surface in the 

electrical steel sheets 40. A region in which the adhesion parts 41 are provided 

indicates a region in which an adhesive cured without being divided is provided 

(adhesion region 42) on the first surface of the electrical steel sheets 40. For example, 

the surface area of the region in which the adhesion parts 41 are provided is obtained by 

	

15 	capturing an image of the first surface of the electrical steel sheets 40 after peeling and 

performing image analysis of results of the captured image. 

[0051] 

In the present embodiment, the adhesion area ratio of the electrical steel sheets 

40 via the adhesion parts 41 between the electrical steel sheets 40 is within a range of 1% 

	

20 	to 20%. In both the electrical steel sheets 40 adjacent to each other in the stacking 

direction, both the adhesion area ratios of the electrical steel sheets 40 via the adhesion 

parts 41 are within a range of 1% to 20%. When the adhesion parts 41 are provided on 

both sides in the stacking direction with respect to one electrical steel sheet 40, both the 

adhesion area ratios of both surfaces of the electrical steel sheet 40 are within a range of 

	

25 	1% to 20%. 

22 



Compared to a case in which the electrical steel sheets 40 are fastened, an 

adhesion area (bonded area) can be easily ensured by adhering the electrical steel sheets 

40 via the adhesion parts 41. 

[0052] 

	

5 	As illustrated in Fig. 5, fastenings Cl and C2 are formed in the electrical steel 

sheets 40 fastened to each other. The fastenings Cl and C2 include first fastenings Cl 

provided in the core back part 22 and second fastenings C2 provided in the tooth parts 

23. 

[0053] 

	

10 	A plurality of first fastenings Cl are disposed at equal intervals in the 

circumferential direction. In the illustrated example, the first fastenings Cl are disposed 

alternately with the tooth parts 23 in the circumferential direction. The first fastenings 

Cl are disposed between the tooth parts 23 adjacent to each other in the circumferential 

direction. The first fastenings Cl are disposed at the center of the core back part 22 in 

	

15 	the radial direction. 

The second fastenings C2 are provided in all of the tooth parts 23. The second 

fastenings C2 are disposed at the center of the respective tooth parts 23 in the 

circumferential direction. Two second fastenings C2 are disposed side by side in each 

of the tooth parts 23 in the radial direction. 

	

20 	[0054] 

As illustrated in Fig. 6, the first fastening Cl includes projected parts C11 and 

recessed parts C12 provided in the respective electrical steel sheets 40. The projected 

parts C11 protrude from the electrical steel sheets 40 in the stacking direction. The 

recessed parts C12 are disposed in portions positioned on rear sides of the projected parts 

	

25 	C11 in the respective electrical steel sheets 40. The recessed parts C12 are hollow in 
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the stacking direction with respect to the front surfaces (first surfaces) of the electrical 

steel sheets 40. The projected parts C11 and the recessed parts C12 are formed by 

pressing each of the electrical steel sheets 40, for example. 

Here, one of two electrical steel sheets 40 fastened to each other will be referred 

	

5 	to as a first electrical steel sheet 40, and the other will be referred to as a second electrical 

steel sheet 40. The first fastenings Cl are formed by causing the projected parts C11 of 

the first electrical steel sheet 40 to be fitted into the recessed parts C12 of the second 

electrical steel sheet 40. When the projected parts C11 are fitted into the recessed parts 

C12 and the first fastenings Cl are formed, relative displacement between two electrical 

	

10 	steel sheets 40 adjacent to each other in the stacking direction is restricted. 

[0055] 

The second fastenings C2 have a constitution similar to that of the first 

fastenings Cl. The second fastening C2 includes the projected parts C11 and the 

recessed parts C12 provided in the respective electrical steel sheets 40. The second 

	

15 	fastenings C2 are formed when the projected parts C11 of the first electrical steel sheet 

40 are fitted into the recessed parts C12 of the second electrical steel sheet 40. When 

the projected parts C11 are fitted into the recessed parts C12 and the second fastenings 

C2 are formed, relative displacement between two electrical steel sheets 40 adjacent to 

each other in the stacking direction is restricted. 

	

20 	[0056] 

The shapes of the projected parts C11 and the recessed parts C12 are not 

particularly limited. For example, through holes may be provided as the recessed parts 

C12 in the electrical steel sheets 40. 

In addition, a direction in which the projected parts C11 protrude and a direction 

	

25 	in which the recessed parts C12 are hollow may be directed to any of a first side D1 and a 
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second side D2 in the stacking direction. 

[0057] 

In the present embodiment, the fastenings Cl and C2 and the adhesion parts 41 

do not overlap each other in a plan view and are disposed at positions avoiding each 

	

5 	other. The fastenings Cl and C2 and the adhesion parts 41 are alternately disposed in a 

plan view. The sum of the surface areas of the fastenings Cl and C2 in a plan view is 

smaller than the sum of the surface areas of the adhesion parts 41. 

[0058] 

In addition, in the present embodiment, the electrical steel sheets 40 fastened to 

	

10 	each other are not adhered. In other words, the adhesion parts 41 are not provided 

between the electrical steel sheets 40 fastened to each other. 

Moreover, in the present embodiment, the electrical steel sheets 40 adhered to 

each other are not fastened. In other words, in the electrical steel sheets 40 adhered to 

each other, the projected parts C11 and the recessed parts C12 are not fitted to each other. 

	

15 	That is, restriction of relative displacement between the electrical steel sheets 40 adhered 

to each other is not realized by at least fitting between the projected parts C11 and the 

recessed parts C12. 

[0059] 

Compared to bonding by adhesion, bonding by fastening can enhance 

	

20 	dimensional accuracy. Here, some sets of the electrical steel sheets 40 among all sets of 

the electrical steel sheets adjacent to each other in the stacking direction are fastened to 

each other. Therefore, in the stator core 21, accuracy of the shapes of portions formed 

by some sets thereof can be enhanced. As a result, accuracy of the external shape of the 

stator core 21 can be enhanced. Thus, handling properties of the stator core 21 can be 

	

25 	ensured. For example, even when a winding is wound around the stator core 21, 
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winding or the like can be accurately performed. 

In the present embodiment, when a winding is caused to pass through a slot 

between the tooth parts 23 adjacent to each other in the circumferential direction, 

operational effects of ensuring handling properties described above are noticeably 

	

5 	exhibited. That is, if the dimensional accuracy of the slot is increased, the winding can 

be easily wound around the tooth parts 23 as it is designed. Accordingly, a winding 

space factor in the slot can be enhanced. As a result, an electric loading inside the slot 

can be enhanced. 

[0060] 

	

10 	However, in bonding by fastening, there is concern that a short circuit current 

(stray current) may be generated between the electrical steel sheets 40 adjacent to each 

other in the stacking direction. Here, the remaining sets of the electrical steel sheets 40 

among all sets of the electrical steel sheets 40 adjacent to each other in the stacking 

direction excluding some sets thereof are adhered to each other. Therefore, generation 

	

15 	of a stray current can be curbed between the remaining sets of the electrical steel sheets 

40. 	As a result, magnetic properties of the stator core 21 can be improved. 

[0061] 

The plurality of electrical steel sheets 40 are adhered every other or more sets (in 

the present embodiment, every other set) in the stacking direction. Therefore, local 

	

20 	concentration of the electrical steel sheets 40 bonded by adhesion in one portion of the 

stator core 21 in the stacking direction can be curbed. In other words, the electrical 

steel sheets 40 bonded by adhesion can be dispersed in the stacking direction. As a 

result, accuracy of the external shape of the stator core 21 can be further enhanced. 

[0062] 

	

25 	Incidentally, similar to ordinary products, the stator core 21 also has a unique 
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resonance frequency. If the resonance frequency of the stator core 21 is low, resonance 

is likely to occur when an ordinary vibration is input. For this reason, it is preferable 

that the resonance frequency of the stator core 21 be high. 

Here, when the plurality of electrical steel sheets 40 are adhered every N sets in 

	

5 	the stacking direction, the resonance frequency of the stator core 21 tends to depend on 

N. 

That is, when they are adhered every N sets, (N+1) electrical steel sheets 40 are 

disposed between the adhesion parts 41 adjacent to each other in the stacking direction, 

and these electrical steel sheets 40 are fastened to each other. When a bonding strength 

	

10 	of the adhesion parts 41 is lower than a bonding strength of fastening, the (N+1) 

electrical steel sheets 40 are likely to integrally behave with the adhesion parts 41 as 

starting points. In other words, the (N+1) electrical steel sheets 40 behave as if they 

were one block. In such a stator core 21, when the plurality of electrical steel sheets 40 

are adhered every N sets at equal intervals in the stacking direction, the resonance 

	

15 	frequency of the stator core 21 is affected by a divisor of N. In addition, when the 

plurality of electrical steel sheets 40 are adhered every N1 sets, every N2 sets, and so on 

in the stacking direction in a manner of being different from each other, the resonance 

frequency of the stator core 21 is affected by the least common multiple of N1, N2, and 

so on. The larger the divisor or the least common multiple, the higher the resonance 

	

20 	frequency of the stator core 21. 

[0063] 

The plurality of electrical steel sheets 40 are adhered every prime-numbered sets 

(in the present embodiment, every other set) in the stacking direction. For this reason, 

even when the plurality of electrical steel sheets 40 are adhered every N sets (herein, N is 

	

25 	a prime number) at equal intervals in the stacking direction, N is a prime number, and 
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thus the divisor can be increased. Moreover, also when the plurality of electrical steel 

sheets 40 are adhered every N1 sets, every N2 sets, and so on in the stacking direction in 

a manner of being different from each other, the least common multiple of N1, N2, and 

so on can be increased. Therefore, the resonance frequency of the stator core 21 can be 

	

5 	increased. As a result, for example, the resonance frequency can become a frequency 

higher than that in an audible range. Accordingly, for example, as in the present 

embodiment, even when this stator core 21 is applied to a motor, occurrence of noise due 

to resonance can be curbed. 

[0064] 

	

10 	In the modification example illustrated in Fig. 10, portions adhered to each other 

every different numbered sets in the stacking direction are present in a mixed manner in 

the plurality of electrical steel sheets 40. For this reason, when the plurality of electrical 

steel sheets 40 are adhered every N1 sets, every N2 sets, and so on in the stacking 

direction in a manner of being different from each other, the least common multiple of 

	

15 	N1, N2, and so on can be increased. Therefore, the resonance frequency of the stator 

core 21 can be increased in accordance with the least common multiple of the numbers of 

sets thereof. Accordingly, occurrence of noise due to resonance can be further curbed. 

As in the foregoing example, such operational effects are noticeably exhibited 

when they are adhered to each other every different prime-numbered sets in the stacking 

	

20 	direction. That is, in this case, the least common multiple can be increased. 

[0065] 

The technical scope of the present invention is not limited to the embodiment, 

and various changes can be applied within a range not departing from the gist of the 

present invention. 

	

25 	[0066] 
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The shape of the stator core is not limited to the forms described in the 

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

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

tooth part 23 in the radial direction to the circumferential direction, the dimensional ratio 

	

5 	of the core back part 22 to the tooth parts 23 in the radial direction, and the like can be 

arbitrarily designed in accordance with the characteristics of a desired electric motor. 

[0067] 

In the rotor according to the embodiment, two permanent magnets 32 in one set 

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

	

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

magnets 32 may form one magnetic pole. 

[0068] 

In the embodiment, a permanent magnetic electric motor has been described as 

an example of an electric motor, but the structure of the electric motor is not limited 

	

15 	thereto as described below as an example. Moreover, various known structures which 

are not described below as an example can also be employed. 

In the embodiment, a permanent magnetic electric motor has been described as 

an example of a 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 

	

20 	(wound-field motor). 

In the embodiment, a synchronous motor has been described as an example of 

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

motor may be an induction motor. 

In the embodiment, an AC motor has been described as an example of a motor, 

	

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

In the embodiment, a motor has been described as an example of as an electric 

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

may be a generator. 

	

5 	[0069] 

In the embodiment, a case in which the laminated core according to the present 

invention is applied to a stator core has been described as an example, but it can also be 

applied to a rotor core. 

[0070] 

	

10 	Furthermore, the constituent elements in the embodiment can be suitably 

replaced with known constituent elements within a range not departing from the gist of 

the present invention. In addition, the modification examples may be suitably 

combined. 

[0071] 

	

15 	Next, a verification test for verifying the foregoing operational effects was 

performed. This verification test was performed in simulations using software. An 

electromagnetic field simulation software based on finite element method JMAG 

manufactured by JSOL Corporation was utilized as the software. 

A first verification test and a second verification test were performed as the 

	

20 	verification test. 

[0072] 

(First verification test) 

In the first verification test, operational effects based on a mixture of fastening 

and adhesion were verified. 

	

25 	In this verification test, simulations were performed for stators of comparative 
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examples 1 and 2 and stators of examples Ito 3. 

[0073] 

In all the stators of the comparative examples 1 and 2 and the stators of the 

examples 1 to 3 in common, the foregoing stator 20 according to the embodiment 

	

5 	illustrated in Figs. 1 to 6 was adopted as a basic structure, and the following points were 

changed in this stator 20. That is, sheet thicknesses of electrical steel sheets were set to 

0.20 mm, a stacking thickness of a laminated core was set to 50 mm, the number of 

electrical steel sheets was set to 250. 

[0074] 

	

10 	Then, in the stator of the comparative examples 1, all the layers of the 250 

electrical steel sheets were bonded by fastening. In the stator of the comparative 

example 2, all the layers of the 250 electrical steel sheets were bonded by adhesion. In 

the stator of the example 1, 250 electrical steel sheets were bonded every other set in the 

stacking direction by adhesion, and the remaining electrical steel sheets were bonded by 

	

15 	fastening (they were alternately bonded by adhesion and fastening). In the stator of the 

example 2, 250 electrical steel sheets were bonded every two sets in the stacking 

direction by adhesion, and the remaining electrical steel sheets were bonded by fastening. 

In the stator of the example 3, in 250 electrical steel sheets, 125 electrical steel sheets on 

one side in the stacking direction were bonded by adhesion, and the 125 remaining 

	

20 	electrical steel sheets were bonded by fastening. 

[0075] 

In each of the stators of the comparative examples 1 and 2 and the examples 1 to 

3, an iron loss for one electrical steel sheet and the dimensional accuracy as a stator core 

were checked. An iron loss was calculated through simulations utilizing the foregoing 

	

25 	software. The dimensional accuracy was evaluated based on the size of deviation from 

31 



an aimed dimension in a case in which five stator cores were manufactured for each 

example. 

[0076] 

The following table 1 shows the results. 

5 	[0077] 

[Table 1] 

Comparative 
example 1 

Example 1 Example 2 Example 3 
Comparative 
example 2 

Bonding 
method 

Fastening for 
all layers 

Fastening and 
adhesion 
every other 
set 

Adhesion 
every two 
sets and 
fastening for 
the remaining 
sheets 

Fastening for 
the half and 
adhesion for 
another half 

Adhesion for 
all layers 

Stray current 
Short circuit 
generated 

Slight short 
circuit 

Slight short 
circuit 

Slight short 
circuit 

Short circuit 
avoided 

Dimensional 
accuracy 

Excellent Good Allowable Good Poor 

Iron loss 
(w/kg) 

25.2 23.4 24.0 23.5 21.6 

[0078] 

From the above, in the example 1, compared to the comparative example 1, the 

improvement in an iron loss of 8.8% (=(25.2-23.4) /25.2) was observed, for example. 

10 	Compared to the comparative example 1, the improvement in an iron loss was achieved 

in all of the examples 1 to 3, and it was also confirmed that there was slight generation of 

a stray current. Further, regarding the dimensional accuracy, a result that the examples 

1 to 3 were more excellent than the comparative example 2 was obtained. 

[0079] 

15 	(Second verification test) 

In the second verification test, the relationship between adhesion intervals and 

resonance was verified. 

In this verification test, simulations were performed for stators of examples 11 to 
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21. 

[0080] 

In all the stators of the examples 11 to 21 in common, the foregoing stator 20 

according to the embodiment illustrated in Figs. 1 to 6 was adopted as a basic structure, 

	

5 	and the following points were changed in this stator 20. That is, the sheet thicknesses of 

the electrical steel sheets were set to 0.20 mm, the stacking thickness of the laminated 

core was set to 50 mm, the number of electrical steel sheets was set to 250. 

[0081] 

Then, the stators of the examples 11 to 19 were set as follows. 

	

10 	In the stator of the example 11, 250 electrical steel sheets were bonded every 

other set in the stacking direction by adhesion, and the remaining electrical steel sheets 

were bonded by fastening (they were alternately bonded by adhesion and fastening). 

In the stator of the example 12, 250 electrical steel sheets were bonded every 

two sets in the stacking direction by adhesion, the remaining electrical steel sheets were 

	

15 	bonded by fastening. 

Similarly, in the stators of the examples 13 to 19, in 250 electrical steel sheets, 

the interval for bonding by adhesion was incremented by one set in accordance with 

increment of the number of the example, such as every three sets, every four sets, and so 

on to every nine sets in the stacking direction. 

	

20 	[0082] 

In addition, the stators of the examples 20 and 21 were set as follows. 

In the stator of the example 20, in 250 electrical steel sheets, portions adhered 

every three sets in the stacking direction and portions adhered every five sets in the 

stacking direction were mixed, and then sets which were not adhered were bonded by 

	

25 	fastening. 
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In the stator of the example 21, in 250 electrical steel sheets, portions adhered 

every three sets in the stacking direction, portions adhered every five sets in the stacking 

direction, and portions adhered every seven sets in the stacking direction were mixed, 

and then sets which were not adhered were bonded by fastening. 

	

5 	[0083] 

Regarding these stators of the examples 11 to 19, it was checked whether or not 

a vibration within an audible range occurs at the time of resonance. 

[0084] 

The following table 2 shows the results. 

	

10 	[0085] 

[Table 2] 

Example 
11 

Example 
12 

Example 
13 

Example 
14 

Example 
15 

Example 
16 

Example 
17 

Example 
18 

Example 
19 

Example 20 Example 21 

Disposition of 
adhesion parts 

Every 
other set 

Every 
two sets 

Every 
three  

sets 
 

Every 
four sets 

Every 
five sets 

Every 
six sets 

Every 
seven 
sets 

Every 
eight 
sets 

Every 
nine set 

Every three 
sets and 
every five 
sets are 
mixed 

E Every three 
 

sets, every 
 

five sets, and 
every seven 
sets are 
mixed 

Resonance 
Weak in 
audible 
range 

Weak in 
audible 
range 

Weak in 
audible 
range 

Strong 
m 
audible 
range 

Weak n 
audible 
range 

Strong 
. 
in 
audible 
range 

i Weal, in 
 

audible 
range 

Strong 
m 
audible 
range 

Strong 
m 
audible 
range 

Extremely 
weak in 
audible range 

Extremely 
weak in 
audible range 

[0086] 

From the above, in the stators of the examples 11, 12, 13, 15, and 17 (the stators 

in which the plurality of electrical steel sheets were adhered every prime-numbered sets 

15 	in the stacking direction), it was confirmed that a vibration within an audible range was 

weak. 

Moreover, in the stators of the examples 20 and 21 (the stators in which portions 

adhered to each other every different prime-numbered sets in the stacking direction were 

present in a mixed manner in the plurality of electrical steel sheets), it was confirmed that 

20 	a vibration within an audible range was extremely weak. 

[Industrial Applicability] 
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[0087] 

According to the present invention, dimensional accuracy of an external shape 

can be ensured and magnetic properties can be improved. Thus, there is significant 

industrial applicability. 

	

5 	[Brief Description of the Reference Symbols] 

[0088] 

10 Electric motor 

21 Stator core (laminated core) 

22 Core back part 

	

10 	23 Tooth part 

40 Electrical steel sheet 
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[CLAIMS] 

1. A laminated core comprising: 

a plurality of electrical steel sheets that are stacked on one another, 

	

5 	wherein all sets of the electrical steel sheets adjacent to each other in a stacking 

direction are fixed to each other in the laminated core, and 

wherein some sets of electrical steel sheets among all sets of the electrical steel 

sheets are fastened but not adhered to each other, and the remaining sets of electrical steel 

sheets are adhered but not fastened to each other. 

10 

2. The laminated core according to claim 1, 

wherein the plurality of electrical steel sheets are adhered every other or more 

sets in the stacking direction. 

	

15 	3. The laminated core according to claim 2, 

wherein the plurality of electrical steel sheets are adhered every prime-numbered 

sets in the stacking direction. 

4. The laminated core according to claim 2 or 3, 

	

20 	wherein portions adhered to each other every different numbered sets in the 

stacking direction are present in a mixed manner in the plurality of electrical steel sheets. 

5. The laminated core according to any one of claims 1 to 4, 

wherein the electrical steel sheets include an annular core back part and a 

	

25 	plurality of tooth parts protruding in a radial direction of the core back part from the core 
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back part and disposed at intervals in a circumferential direction of the core back part. 

6. The laminated core according to any one of claims 1 to 5, 

wherein an average thickness of the adhesion part is within a range of 1.0 j.tm to 

5 	3.0 Rm. 

7. The laminated core according to any one of claims 1 to 6, 

wherein an average tensile modulus of elasticity E of the adhesion part is within 

a range of 1,500 MPa to 4,500 MPa. 

10 

8. The laminated core according to any one of claims 1 to 7, 

wherein the adhesion part is a room temperature adhesion type acrylic-based 

adhesive including an SGA including an elastomer-containing acrylic-based adhesive. 

15 	9. An electric motor comprising: 

the laminated core according to any one of claims 1 to 8. 
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