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(57) Abrege/Abstract:

This punch processing method for a laminated iron core, which feeds a plurality of steel plates continuously into a mold and carries
out punch processing of the plurality of steel sheets In a stacked state in a plurality of steps within the mold, Is characterized by
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(57) Abrege(suite)/Abstract(continued):

Including a step for carrying out punch processing of the outermost periphery of the laminated iron core after affixing the plurality of
stacked steel sheets to each other to affixing parts F, positioned on the outside of a closed curve L corresponding to the outermost

periphery of the laminated iron core and affixing parts F; positioned in a part finally forming the laminated iron core.
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DESCRIPTION

AND METHOD

Lt

PUNCH PROCESSING METHOD FOR LAMINATED IRON COR

L

FOR MANUFACTURING LAMINATED IRON COR
Field

' 0001] The present invention relates to a punch

processing method for a laminated iron core and a method

for manufacturing a laminated i1ron core.

Background

100021 In recent years, 1lron cores have been downsized

P

to reduce weight of motors and generators, mainly in

electric vehilcles and hybrid electric vehicles.

F'urthermore, the speed (frequency) of the motor and the

P

generator 1s increased to secure the power thereof. Thus,

from the viewpoint of reducing iron loss in the iron core,

a demand for using an electrical steel sheet having a sheet

P

thickness of 0.30 mm or less that is smaller in sheet

thickness than before, as an electrical steel sheet for

providing an 1lron core has been increased.

P

00031 The base material of the i1ron core of the motor

and the generator 1s an electrical steel sheet the sheet

thickness of which 1s reduced to reduce iron loss. The

lron core 1s manufactured by performing punch processing on
the electrical steel sheet. In the punch processing, a
processing mold is installed in a press machine. An iron

gp—
p—

core 1s manufactured by punching out portions of an iron

core while a steel sheet that has been slit into a

predetermined width is being fed by a coil feeding device

P

and 1ntegrating the portions of the iron core by

interlocking inside the mold, or by removing iron core

segments on which the punch processing is performed from

the mold and integrating the i1ron core segments using

welding or bolt fixing. In the folleowing, an iron core

that 1s manufactured by laminating and integrating thin
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electrical steel sheets 1s referred to as a "laminated i1ron

core'".,

10004 ] In 1ndustrially manufacturing the laminated iron

F

cores, a method of forming the shape of an iron core within

a mold while sequentially feeding steel sheets to the

subsequent pressing process, and removing the iron core

segments from the steel sheet by punching out the outer

periphery of the iron core in the final pressing process is

generally adopted. A method ¢©f removing 1ron core segments

from the steel sheet 1n the final pressing process, and

integrating the laminated 1ron cores by fitting

ilnterlockling projections to each other using a lowering

operation of a punch, 1s also adopted in the industrial

production ¢f iron cores using interlocking.

(0005] The pressing processes such as the above are
generally used because they are excellent 1in productivity.
However, 1n a normal punch processing, the 1ron core
segment needs to be punched out one by one. Thus, as the

—

sheet thickness of the steel sheet i1s reduced, the number

of sheets required for the same lamlinated thickness 1is

increased. This significantly reduces the efficiency. To

gr—

solve this problem, technologies of punching out =a

plurality of steel sheets 1n a stacked state have been

developed, and solutions for problems relating to the

technologies have also been developed.

10006 For example, for a problem of misalignment of

steel sheets that occurs when the steel sheets are

simultaneously fed to a mold i1n a stacked state, Patent

Literature 1 and Patent Literature 2 disclose technologies

' ol
fp—

for fixing the steel sheets to each other using

1interlocking or the like, in the initial pressing process

that 1s performed inside the mold, prior to the punch

processing. Furthermore, Patent Literature 3 discloses a
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technology of forming a combined engaging part for fixing

the steel sheets to each other, and flattening a convex

F

portion of the combined engaging part by using a push-back

P

technique so that the convex shape of the combined engaging

part will not be an obstruction in the laminating process.

The conventional technologies such as the above are

p——

countermeasures agalnst deterioration of dimensional

accuracy that occurs when the steel sheets are punched out
simultaneously. Furthermore, Patent Literatures 4 and &
each discloses a technology of simultaneously performing
punch processing on the steel sheets in a single pressing
process while preventing an increase 1in sag and burr, by

p——

using a mold that includes a plurality of portions

corresponding to a punch and a die.
Citation List
Patent Literature
(0007] Patent Literature 1: Japanese Patent Application
Laid—-open No. S55-1560623

Patent Literature 2: Japanese Patent Application
Laid-open No. 2003-153503

Patent Literature 3: Japanese Patent Application
Laid-open No. 2005-261038

Patent Literature 4: Japanese Patent Application
Laid-open No. 2012-115893

Patent Literature 5: Japanese Patent Application
Laid-open No. 2012-115894

Patent Literature 6: Japanese Patent Application
Laid-open No. 2005-34845¢6

SUmMmMary

Technical Problem

F

[0008] Deterioration of magnetic characteristics of an

iron core 1s the problem that occurs when the stacked steel

sheets are simultaneously punched out. In general, in the
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punch processing, a punched end portion is subject to

strong plastic deformation, and a plastic strain remains

around the punched end portion, which causes the magnetic

characteristics to be deteriorated. Furthermore, when the

.

deterioration amount of the magnetic characteristics is

quantitatively evaluated, the deterioration of the magnetic
characteristics cannot be explained by the plastic strain
alone. Thus, the elastic strain that remains in addition

—
e

to the plastic deformation also supposedly affects the

deterioration of the magnetic characteristics. In this

manner, although the punch processing is excellent in

productivity, there i1s a problem of deteriorating the

g

magnetic characteristics of the iron core. 1In particular,

when the punch processing 1s performed on the stacked steel

sheets, the plastic deformation portion is widely increased

because the binding force between the steel sheets is weak.

Consequently, the magnetic characteristics of the 1ron core

will be deteriorated, compared to when the punch processing

1s performed on each steel sheet.

[0009] However, 1n the conventional technologies, only

P

the deterioration of the dimensional accuracy of the iron

core and the increase i1n the sagging amount and burr amount

that are caused by the punch processing have been taken

into consideration, and an improvement on the deterioration

r— —

of the magnetic characteristics of an iron core is not

provided. More specifically, in the technology disclosed

F F

1n Patent Literature 3, the problem of deterioration of the

P

magnetic characteristics of the iron core caused by the

punch processing on the laminated steel sheets i1is not taken
into consideration; and in addition, the mold mechanism

pecomes complicated because the technology in Patent

Literature 3 requires an extra process referred to as push-

pback, which leads to disadvantages in cost and maintenance.
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Furthermore, to fix the iron cores to each other,
interlocking 1s required in addition to the combined
engaging part. Thus, the iron cores inevitably involve the

p—
—

deterioration of the magnetic characteristics thereof

' and
—

because they are affected by both processes of the combined

engaging part and interlocking. Furthermore, in the
technologles disclosed in Patent Literatures 4 and 5, the
punch processing 1s not performed on the steel sheets in a

directly stacked state. Thus, although Patent Literatures

4 and 5 are advantageous against the deterioration of the

F

magnetic characteristics, the cost of the mold 1is

significantly increased because the mold structure becomes

—
—

complicated. Furthermore, a technology of efficiently

integrating and joining the iron core segments that are

——

punchead out using a plurality of punches and dies has not

vet developed.

10010] To perform the punch processing on the stacked

steel sheets, Patent Literature 6 discloses a technology of

simultaneously performing the punch processing and

interlocking, after welding the end surfaces of the steel

sheets 1n the longitudinal direction, or after adhering 80%

or more of the plane surface of the steel sheets with an

adhesive layer having a thickness of 3 um or more using

half-cured resin. However, the technology has problems in

R—

productivity and manufacturing cost because 1t reqguires

processing a wide area of the end surfaces of the steel

sheets 1n the longitudinal direction or 80% or more of the

plane surface.

[0011] The present invention has been made in view of

the foregoing, and an object of the present invention is to

g

provide a punch processing methed for a laminated iron core

and a method for manufacturing a laminated iron core

éapable of manufacturing a laminated iron core with high
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productivity, while preventing the deterioration of the magnetic

characteristics of the laminated iron core to the minimum.
Solution to Problem

[0012] As a result of keen studies, the inventors of the

present invention have found that; in a punch processing process

on the outermost periphery of an iron core that has the longest

circumferential length and the magnetic characteristics of which

tend to deteriorate easily; it is possible to fix the steel sheets

to each other and prevent the deterioration of the magnetic

r‘ﬂ

characteristics of the iron core that is caused by the punch

processing, by performing the punch processing on the steel sheets

in a stacked state, after fixing both sides of a closed curved

p'

line corresponding to a punched portion of the outermost periphery

of the iron core in advance. The inventors of the present

invention have conceived the present invention by examining the

conditions required by a fixing part in detail, from the viewpolnt

pr-

of preventing the deterioration of the magnetic characteristics orf

the iron core that is caused by the punch processing.
(0013] To solve the problem and achieve the object, a punch

processing method for a laminated iron core 1s provided, the punch

processing method comprising the steps of sequentially feeding a

#
—

plurality of steel sheets to a mecld and performing a plurality of

processes using the mold including punch processing the plurality

of steel sheets in a stacked state, by:

fixing the plurality of steel sheets such that the plurality
of steel sheets is stacked to each other at a first fixing part
that is positioned outside a closed curved line corresponding to
an outermost periphery of the laminated iron core and a second
fixing part that is positioned in a portion that finally serves as

the laminated iron core; and

performing punch processing on the outermost periphery of the

laminated i1ron core.

CA 2971381 2018-11-28
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[0014] Moreover, in the punch processing method for a laminated

P P
—

iron core according to the present invention, a number of palrs of

the first fixing part and the second fixing part per 100 mm 1n

~~r—

length of the closed curved line is provided, in which a length of

a line segment connecting the first fixing part with the second

g

fixing part is 400 times or less of an average sheet thickness of

the steel sheets, 1s 0.5 or more on average.

[0015] Moreover, in the punch processing method for a laminated
iron core according to the present invention, for the pair of thne
first fixing part and the second fixing part in which a length of
a line segment connecting the first fixing part and the second
fixing part is 400 times or less of an average sheet thickness of

the steel sheets, when a shorter distance out of a distance

between the first fixing part and the closed curved line and a
distance between the second fixing part and the closed curved line
is determined to be a distance between a fixing part and the
closed curved line, an average value of the distance between the
fixing part and the closed curved line is made to 250 times or

o

less of the average sheet thickness of the steel sheets.

[0016] Moreover, in the punch processing method for a laminated

iron core according to the present invention, a method of fixing

the steel sheets at the second fixing part is a method of fixing

using an interlocking projection to form a laminated iron core.

[0017] Moreover, a method for manufacturing a laminated 1ron
core according to the present invention is a method of
manufacturing a laminated iron core including: manufacturing a

laminated iron core by laminating and integrating a steel sheet tO

which punch processing is performed using the punch processing

method for the

CA 2971381 2018-11-28
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laminated 1ron core according to the present invention.

Advantageocus Effects of Invention

[0018] The punch processing method for a laminated iron

core

and the method for manufacturing a laminated iron core

according to the present invention can manufacture a

laminated 1lron core with high productivity, while

preventing the deterioration of the magnetic

F

characteristics of the laminated iron core to the minimum.

——

Brief Description of Drawings

[0019] FIG. 1 1s a schematic view i1illustrating a

configuration of a punch processing device.

FIG. 2 1s a schematlc view 1illustrating a

configuration of a stator 1i1iron core and fixing parts.

FIG. 3 1s a schematic view 1lllustrating a

.
—

configuration of the stator 1ron core and the fixing parts.

FIG. 4-1 1s a schematic view 1llustrating a

i
pr—

configuration of the stator i1ron core and the fixing parts.

FIG. 4-2 1s a schematic view 1llustrating a

—
-

configuration of the stator 1ron core and the fixing parts.

-
a3

FIG. 5 1s a diagram 1llustrating a relation of the

p—

length of a line segment AB, the number of pailirs of fixing

parts Fa and Fg per unit length of a closed curved line 1,

*
p——

and motor efficiency.

FIG. © 1s a schematic view 1llustrating a

configuration of the stator i1ron core and the fixing parts.

FIG. 7 1s a diagram 1llustrating a relation of

distance between the closed curved line L and the fixing

parts Fp and Fg, and the motor efficiency.

FIG. 8 1s a diagram 1llustrating a relation between a

F

rati1o of a portion in the closed curved line L without the

f1xing parts Fa and Fp, and the motor efficiency.

FIG. 9 1s a schematic view for explaining a process

for i

"1xXing steel sheets to each other using an interlocking
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O
projection.
Description of Embodiments
10020] Hereinafter, a punch processing method for a

laminated 1ron core and a method for manufacturing a

laminated 1ron core according to the present invention wil]
be described, with reference to the accompanying drawings.
[0021] Applicable Range

First, an applicable range of the present invention

wlill be described with reference fo FIG. 1.

(0022 ] The present inventlion can pbe applied to a punch

processing device 1 as 1llustrated 1n FIG. 1. DMore

specifically, the punch processing device 1 illustrated in

FIG. 1 1s a device: that delivers a plurality of steel

sheets 2a to 2¢ that are wound into a coil shape after
being slit 1nto a predetermined width, using delivering
devices 3a to 3c¢; that continuocusly inserts the steel

sheets Za to Z2c¢ 1n a stacked state 1nto a press machine 5

using a pinch roll 4; and that continuously performs punch
processing on the steel sheets Z2a to Z2c¢ using a mold 6

having a plurality of pressing process, 1n the press

machine 5. In FIG. 1, reference numerals 7, 8, 9, and 10
respectively i1ndicate a punch, a sheet holder, a die, and a

die hole. The reference character a 1ndicates a gap
(clearance) between a side surface of the punch 7 and a

side surface of the die hole 10.

[ 0023 ] By applying the present invention to the punch

processing device 1 1llustrated i1n FIG. 1, it 1s possible

to produce an 1ron core having excellent magnetic

—
—

characteristics at high efficiency. Furthermore, 1t 1is

possible to improve the productivity when the present

invention 1s applied to a punch processing process on an

electrical steel sheet having a sheet thickness of 0.30 mm

or less, the production efficlency of which is



10

15

20

2

30

CA 02971381 2017-06-16

Docket No. PJFA-15442-PCT
10

significantly reduced when a normal punch processing 1s

performed. Furthermore, a high effect can be cobtained when

the present invention is applied to manufacturing wvarious

laminated iron core products that are laminated and

produced after the punch processing 1s performed, more

specifically, in particular manufacturing iron cores for

motors and generators in which the magnetic characteristics

of the 1ron core will be improved by reducing strain

accumulated 1n a punched end portion.

10024 ] F'ixing Parts for Steel Sheets before Punch

Processing

Fixing parts for steel sheets prior to the punch

P

processing of the present invention will now be described.

("

[0025] In the punch processing of an iron core, when a

portion with a large outer diameter i1s to be punched out, a

deformation amount around the punched end portion 1s large,

T

and the magnetic characteristics easily deteriorate. 1In

particular, when the punch processing i1s performed on the

-

outermost periphery of the i1iron core, the cilircumferential

length to be processed at a time 1s long, and 1n addition,

1

for a stator i1ron core, the i1nner perilphery side (inside of

H

the teeth tip end portion) thereocf 1s punched out, and thus

the punch processing 1s performed on the outermost

periphery with the binding force (rigidity) 1inside the

steel sheet itself lowered. Consequently, introduction of

straln easily occurs 1in the punched end portion. Thus,

when the punch processing 1s performed on the steel sheets

in a stacked state, the magnetic characteristics of the
lron core easlly deteriorate during the punch processing on
the outermost periphery.

100206] Consequently, 1n the present invention, for

example, as 1llustrated 1n FIG. 2Z2(a), a fixing part Fa 1s

disposed outside a closed curved line L corresponding to
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the outermost periphery of the 1ron core, and at the same

time, a fixing part Fp 1s disposed on a portion inside the

closed curved line L that 1s the i1ron core. Thus, the

bonding force between the steel sheets 1s increased when

the stacked steel sheets are punched out, and a portion

F

around the boundaries of the steel sheets is less deformed

when the portion 1s deformed while being pulled into the

P~

clearance. Thils can prevent the deterioration of the

magnetic characteristics.

[0027] To obtain such effects, the steel sheets need to

be fixed to each other without fail at the fixing part Fa

and the fixing part Fg, before the punch processing is

performed on the outermost periphery. Thus, the steel

sheets need to be fixed to each other at the fixing part Fa

and the fixing part Fz 1n the process performed 1nside the

mold, betfore the punch processing i1s to be performed on the

outermost periphery. Furthermore, because the fixing part

Fa 15 disposed outside the outermost periphery of the iron

P

core, the fixing part Fp also increases the rigidity of the

entire steel sheets when the stacked steel sheets are fed

inside the mold. Thus, the fixing part Fp also prevents a

failure that occurs when the electrical steel sheets having
a thin sheet thickness are stacked and being fed.

(0028 ] Due to the above-described reasons, 1t 1is

preferable to dispose the fixing part Fp outside the closed

curved line L corresponding to the outermost periphery of

the steel sheets, and dispose the fixing part Fz on a

portion that 1s the iron core, and then perform the punch

processing on the outermost periphery after the subseguent

process 1nside the mold. It is to be noted that the fixing

part Fa and the fixing part Fz may be provided
simultaneocusly 1n the process performed inside the mold, or

may be provided 1n separate processes. Alternatively, one
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of the fixing part Fp and the fixing part Fz may be

——

provided before the other. However, to increase the

rigirdity of the entire steel sheets, it is preferable to

provide the fixing part Fa first, because the fixing part

Fa that 1s placed outside the outermost periphery has a

higher effect.

[0029] Positlons to Fix Steel Sheets to Each Other:

Distance between Fixing Part Fp and Fixing Part Fy

The followlng explains the distance between the fixing

part Fp and the fixing part Fk.
[0030] In the present invention, when the punch

processing 1s performed on the stacked steel sheets,

portions for fixing the steel sheets to each other are

provided on both sides of a line (line segment or closed

curved line) that 1s to be cut by the punch processing.

F

This makes 1t possible to minimize the deformation of the

—

end portion of the steel sheets during the punch processing,

F

and prevent the deterioration of the magnetic

-y

characteristics of the iron core. For example, in the

punch processing of a stator 1ron core illustrated in FIG.

3(a), the closed curved line L corresponds to the outermost

P

periphery of the stator iron core, and the fixing part Fa

1s disposed on a portion that is to be discarded as a

residual part of the punch processing, and the fixing part
g 1s disposed in the portion that is the iron core.
[0031] When the punch processing is performed without

the laminated steel sheets being bound (or under a weak

binding conditlon), the deformation amount of the steel
sheets 1s 1ncreased when the steel sheets are pulled into
the clearance. Consequently, the magnetic characteristics

wlill be deteriorated. ©On the other hand, the punch

processing performed after fixing the stacked steel sheets

at the positions on both sides of the closed curved line L
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g

can prevent the deformation of the end portion of the iron

core at the vicinity of the punched end portion. This

"

makes 1t possible to prevent the deterioration of the

magnetic characteristics of the iron core.

[0032] To obtain the above effects, the fixing part Fj

and the fixing part Fy need to be brought close to each

F

other sufficiently enough. Furthermore, due to the above-

described reasons, 1t 1s preferable to set a single

lntersection between a line segment AB connecting the
fixing part Fa with the fixing part Fr, and the entire
closed curved lines L to which the punch processing 1s to

gr—r

be performed. When there are a plurality of shearing

g

portions on the line segment AB, the effect of binding the

steel sheets to each other during the punch processing 1is

divided, and the effects of the present invention cannot be
obtained. Furthermore, the deformation amount of the steel
sheets caused by the punch processing depends on the sheet

P

thickness of the steel sheets, and the rigidity of the

steel sheets 1s reduced as the sheet thickness 1s reduced.

Consequently, the deformation amount (in this example, a

degree of deterioration relative to that when a single

steel sheet 1s punched out) on the punched end portion will

be i1ncreased.

[0033] For the above-described reasons, 1t is possible

to prevent the magnetic characteristics of the i1ron core by

setting the length c¢f the line segment AB connecting the
fixing part Fa with the fixing part Fz to a certain value

or less, the value corresponding to the average sheet

thickness ¢©of the stacked steel sheets. More specifically,

as 1llustrated 1n FIG. 5, 1t 1s possible to prevent the

p— .
P

deterioration of motor efficiency by setting the length of

the line segment AB to 400 times or less (preferably 250

—~ -

tilmes or less) of the average sheet thickness of the
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stacked steel sheets. Tt is to be noted that the fixing
parts Fp and Fp may be disposed so that the line segment AB
and the closed curved line I, do not necessarily cross each

other at right angles, as illustrated 1n FIG. 4-2(e).

(0034 ] Furthermore, to obtain the above-descrilibed

F F

effects, a pair of the fixing parts Fa and Fz (a palir of

the fixing parts Fp and Fz 1n which the length of the line

segment AB 1s 400 times c¢or less of the average sheet

thickness of the stacked steel sheets) that satisfies the
above—-described conditions needs To be available at a

predetermined ratio or more, 1n the closed curved line L.

In the results i1llustrated 1n FIG. 5, the preferable range

of the number of pailrs of the fixing parts Fp and Fy, 1n

which the length of the line segment AB 1s 400 times or

o

less of the average sheet thickness of the stacked steel

sheets, 1s 0.5 or more per 100 mm 1n length of the closed
curved line I, and the scope of the present i1nvention 1is
limited to the above.

[0035] When the fixing parts Fp and g are disposed as

illustrated in FIG. 4-2(e), a single fixing part Fa

F

constitutes two or more palrs of the fixing parts Fp and F;.

In such a case, the single fixing part Fp can prevent the

deformation during the punch processing, by serving as a

P

constituent of two ¢or more pairs of the fixing parts Fap and

Fg simultanecusly. Thus, the above-described pair can be
supposedly the pair of the fixing parts Fa and Fp 1n the

closed curved line L. Furthermore, when the pairs of the

fixing parts Fn and Fr that satisfy the conditions relating

to the line segment AB are distributed unevenly relative to

the closed curved line L, 1t 1s difficult to obtain the

desirable effects. As 1llustrated 1n FIG. 8, when the

pr—

ratio of the length of a portion in the closed curved line

L without the fixing parts Fp and Fg (sum of arc lengths c¢f
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the first rank arc length and the second rank arc length)

exceeds 00% of the entire closed curved 1line L, the motor

efflciency 1s reduced. Thus, 1t 1s preferable to make the

P

ratio of the portion such as above less than 50%.

[00306] Positions to Fix Steel Sheets to Each Other:
Distance between Fixing Parts Fp and Fy, and Closed Curved
Line L

Next, the distance between the fixing parts Fp and Fy,

and the closed curved line L will be described.

10037] A higher effect can be obtained, by limiting the

ﬁ

length of the line segment AB corresponding to the average

sheet thickness of the stacked steel sheets (400 times or
less of the average sheet thickness), as well as by
providing the fixing parts Fa and Fg such as the above at

positions close to the closed curved line L. As

1llustrated in FIG. 7, 1t 1s possible to prevent the

—

deterioration of the motor efficiency, by making the

distance between the fixing parts Fp and Fp, and the closed

curved line L, to 250 times or less of the average sheet

F

thickness of the stacked steel sheets. This 1s possibly

pecause when a part where the laminated steel sheets are

fixed to each other 1s brought close to the portion where

F

the shearing process 1s performed, the deformation of the

steel sheets at the clearance portion of the mold can be

prevented. Consequently, 1t 1s possible to prevent the

deterioration of the magnetic characteristics of the

punched end portion. In this example, respective distances

petween the fixing parts Fp and Fy that are at both sides

of the line segment AB and the closed curved line L are the

pr—

length of a perpendicular line extending from each of the

fixing parts tc the closed curved line L (closest distance

petween the fixing part and the closed curved line). When

the distances between the fixing parts Fp and Fz and the



10

15

2.0

25

30

CA 02971381 2017-06-16

Docket No. PJFA-15442-PCT
16

closed curved line L are varied, i1t 1is preferable to

p—
—

measure the distance between one of the fixing parts Fp and

Fg that 1s closer to the closed curved line L, and the

closed curved line L, and adopt the average value.

[0038] Method of Fixing Steel Sheets to Each Other

F

Next, a method of fixing the steel sheets to each

other will be described.

[0039] In the present i1nvention, a method such as a gspot

—

welding and a partial application of an adhesive may be

pr——

applled as a method ¢f fixing the steel sheets to each

—

It 1s possible to assume that the deterioration of

I

other.

the magnetic characteristics can be prevented, by

performing the method such as the spot welding and the

partial application of an adhesive over a wilide range on the

o

steel sheets. However, 1f the area 1s 1ncreased, the

productivity will be decreased. Thus, 1t 1s preferable to

apply the above-described method on the number of portions

as less as possible, and it 1s sultable to perform the

above-described method under the conditions specified in
the present invention.

(0040] The combined engaging part that 1s provided on
the portion used as the i1ron core 1n the technology
disclosed in Patent Literature 3 has a certain amount of
area and 1s crushed by the push back. Thus, the combined
engaglng part and the surrounding area are subjected to
strong processing. Consequently, the magnetic

P

characteristics of the iron core are also significantly

deteriorated i1n the combined engaging part. On the other

hand, when the method of partially applying an adhesive 1is

F

used, the magnetic characteristics of the iron core do not

deterliorate. Furthermore, when the method of spot welding
1s used, a portion where the magnetic characteristics are

deteriorated 1s limited to a small area. Thus, the adverse
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—

effect on the magnetic characteristics of the 1ron core 1s

small.
(0041} Furthermore, from the viewpoint of productivity
of the iron core, a method of fixing using interlocking 1is

suiltable to be used as the method of fixing the i1ron cores

to each other, from the viewpolint of productivity. In the

p—
p—

method of fixing using 1interlocking, the steel sheets can

be fixed to each other before the punch processing, by

providing a projection for 1nterlocking in the final
pressing process, while the steel sheets are 1n a stacked
state. Furthermore, by using the interlocking projection
in the final pressing process, the 1ron core segments are
integrated by fitting the interlocking projections to each

other i1nside the mold. Consequently, 1t 1s possible to

manufacture a highly efficient iron core. FIG. 9 1s a

schematic view 1llustrating the above process.

10042] More specifically, in the final pressing process

1llustrated in FIG. 9, the steel sheets Za and 2Z2b that are
cenveyed directly above holes 10a and 10b provided on a
lower mold 21 are pressed into the holes 10a and 10b by
opunches 7a and 7b that are lowered from an upper mold 23.

Thus, an interlocking projection 25 having a convex shape

is formed on the lower side, and the steel sheets Z2a and 2D

are fixed to each other by the interlocking projection 295.
Next, the steel sheets 2a and 2b are conveyed so that the
interlocking projection 25 1s placed directly below a punch
7c, and the punch processing 1s performed on the outermost

H

periphery of the 1ron core by the punch 7¢ that is lowered

from the upper mold 23. Then, the steel sheets Z2a and 2b
are stacked on the steel sheets being conveyed earlier so
that the interlocking projections 25 are overlapped with

each other. The 1nterlocking projection 25 1s then pushed

and fitted i1nto the interlocking projection 25 on the steel
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sheet below by an interlocking fastening punch 7d.

Consequently, the steel sheets are fixed to each other.

(004 3] The combined engaging part in the technology

disclosed in Patent Literature 3 does not have a function

of interlocking, because the combined engaging part 1s

formed and crushed by the push back. Thus, 1nterlocking

for joining the steel sheets to each other needs to be
provided separately. Consequently, the magnetic
characteristics of the iron core are significantly

F

deteriorated due to both processes of the combined engaging

part and interlocking. On the other hand, 1n the present

invention, the projection that is finally used for

interlocking is also used as a unit for joinlng and fixing
the steel sheets to each other in the middle of the punch

processing. Thus, 1t 1s possible to prevent the

r—

deterioration of the magnetic characteristics of the 1ron

core as much as a normal 1ron core having 1nterlocking.

(0044 ] Due to the above-described reasons, the present

invention adopts the method of fixing the steel sheets to
each other using the method such as the spct welding and
the partial application of an adhesive, with which the

deterioration of the magnetic characteristics 1s small, at

both sides of the portion (closed curved line 1.) where the
shearing process 1s performed before the punch processing;

or the method of fixing the steel sheets to each other by

F

providing a projection that 1s finally used for

interlocking for manufacturing the i1rcon core, and by using

the projection to fix the steel sheets to each other. The

method of fixing using the adhesive, the method of fixing

e

—

by spot welding, and the method of fixing by providing the

interlocking projection may be combinedly used. For

example, the method of fixing by spot weldlng may be used

for the fixing part outside the i1ron core, and the method
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of fixing by providing the interlocking projection may be

.

used to f£fix i1nside the 1ron core.

[0045] Method for Manufacturing Laminated Iron Core

The present i1nvention 1is applicable as a method for

manufacturing an integrally lamlnated i1ron core, by fixing

the i1ron core segments that are punched out using the
above~described method to each other i1nside the mold. The

method for manufacturing the integrally laminated 1ron core

includes a method using an adhesive, a method of weldling

gr—

the side surfaces of the lamlnated steel sheets, or a

gr—

method of providing a projection for interlocking fastening

in the midway process 1nside the mold, and joining the
steel sheets to each other using the interlocking

projection 1n the final pressing process.

[0046] Mold

The mold 1n the present invention 1s a mold for

implementing the method described above, and has a function

P
—

of fixing the steel sheets 1n a stacked state to each other

by performing spot welding, by applying a gquilck drying

adhesive, or by providing an 1nterlocking projection on

both sides of the closed curved line L that finally becomes

F

the outermost periphery of the iron core. Then, by

performing the shearing processing, namely the punch

(shearing) processing, of separatling the outermost

periphery of the iron core segment from the steel sheets,

gt

in the final process of the processes performed 1nside the

f——
h—

mold, 1t 1s posslble to minimize the deterioration of the

magnetic characteristics of the 1ron core that occurs when

the punch processing 1s performed on the steel sheets in a

stacked state.

Embodiments

(0047 ] First Embodiment

A stator 1ron core (outer diameter 200 mm, 12 slots,
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teeth width 14 mm, and back yoke width 10 mm) for a

brushless direct current (DC) motor i1llustrated in FIGS.

2(a) and 2(b) was manufactured by simultaneously performing

the punch processing on two electrical steel sheets having

it r
p—

a sheet thickness of 0.20 mm and a sheet width of 210 mm

using the device illustrated in FIG. 1, as well as by

performing interlocking inside the mold. In the mold for

pr—
p—t

performing the punch processing, the pressing processes of

total of five sequential processes were performed one after

another. The first process in the mold i1ncludes a function

of applying an adhesive on a predetermlined position of
steel sheets. Two steel sheets were adhering to each other

by applying a quick drying adhesive on an area having a

diameter of 5 mm at the positions of the fixing parts Fj

and Fg in FIGS. 2(a) and 2(b), relative to the final shape

P

of the stator iron core, and the punch processing was

performed on the outermost periphery (closed curved line L)

in the final fifth process 1nside the mold. In this

example, as 1llustrated i1n FIGS. Z(a) and Z2(b), the fixing

part Fa is disposed at the position outside the outermost

P

periphery of the 1ron core, the fixing part Fy 1s disposed

at the position inside the 1ron core, and the length of the

line segment AB is as i1llustrated in FIGS. Z2(a) and 2(b).

Furthermore, a process wilithout providing the fixing part Fp

or the fixing part Fp was performed for comparison.

10048 ] A motor with a rare earth magnet was manufactured

by using the stator 1ron core that was manufactured as

described above, and the motor efficiency at the rated
output was measured. The results are 1llustrated in the

following table 1. Furthermore, the detailils on the fixing

parts Fa and Fz that are provided outside the outermost

'-|

periphery of the stator 1ron core and i1nside the stator

lron core, respectively, are also described 1n the table 1.
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for the palr of the fixing

parts Fa and Fp that are present at both sides of the

closed curved line

L,

1t was confirmed that a particularly

high motor efficiency can be obtained when the number of

5 palrs of the fixing parts Fa and Fg, 1n which the length of
the line segment AB 1s 400 times or less of the average
sheet thickness of the steel sheets, 1s 0.5 or more per 100
mm in length of the closed curved line L that 1s specified
1in the present 1nvention.

10 (0049]
Table 1
Dis- F1xing Dis- Dis- Number | Loga—- | Motor Note
LOS1- Part tance tance of rithm | Effi-
tilon bhe ~ bhe— Pairs of clency
of | tween | tween | Fp—Fs (5)
Fixing Fa and | Fa and /1100
Parts Fy Fx mm
/Sheet
Thick-
ness |
Both | 35 mm
Fa and Or 175 o J.9 Q2.2 Embodiment
FIG. F'm less
2 (a) Only | .
Fa (No - - 0 0.00 91.2 Compératlve
; Example
E'g)
35 mm
. or 175 2 0.32
Bota less C t 3
Fa and 91.5 oribartat e
- 95 mm Example
) or 475 61 0.96
FIG. less
2 (b) Only o
Fa (No | - - 0| 0.00| o1.p| Comparative
Fg) P
Only - Ny
. (No | - : 0| 0.00| 1.1 | Comparative
Fa) P
N ' -
None O Ia _ _ 11 0.00 51 o | Comparative
or Fp Exanmple
10050 ] second Embodiment
A stator 1ron core (outer diameter 200 mm, 12 slots,
teeth width 12 mm, and back yoke width 8 mm) for a
brushless DC motor illustrated in FIGS. 3(a) to 3(c) was

15 manufactured by simultanecusly performing the punch

CA 2971381 2017-08-22
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processing on three electrical steel sheets having a sheet

thickness of 0.15 mm and a sheet width of 210 mm using the

device illustrated in FIG. 1, as well as by performing

interlocking inside the mold. The punch processing was

performed on the inner periphery of the iron core, the slot

portion, and the outer periphery of the 1ron core, after

the three steel sheets were fixed to each other by
providing a round interlocking (diameter 1.2 mm and depth

0.10 mm) at the positions of the fixing parts Fa and Fjy

illustrated 1n FIGS. 3(a) to 3(c). An integrated stator

iron core was manufactured by fitting the round
interlocking projections to each other i1nside the mold, at
the same time when the outer periphery of the 1ron core was

punched out.

0051] A motor with a rare earth magnet was manufactured

by using the obtained stator iron core, and the motor

efficiency at the rated output conditions was measured. As

P
p—

a result, the motor efficiency was 92.8% by the stator iron

core (embodiment) 1llustrated i1n FIG. 3(a), 91.8% by the

stator iron core (comparative example) illustrated in FIG.

3{b), and 91.5% by the stator 1lron core (comparative

example) illustrated in FIG. 3(c). Thus, particularly

excellent motor characteristics were obtalined by the stator

iron core illustrated in FIG. 3(a) under the conditions

matching with the conditions of the present 1nvention.

0002} Third Embodiment

A stator 1iron core (outer diameter 250 mm, 12 slots,
teeth width 15 mm, and back yoke width 11 mm) for za
brushless DC motor illustrated in FIGS. 4-1 and 4-2 was

manufactured, by simultanecusly performing the punch

processing on two electrical steel sheets having a sheet

——

thickness of 0.20 mm and a sheet width of 260 mm using the

device 1llustrated in FIG. 1, as well as by performing
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P

interlocking inside the mold. At the positions of the

fixing parts Fp and Fy 1llustrated 1n FIGS. 4-1 and 4-2,

two steel sheets were fixed to each other by spot weldlng

the fixing part Fp in the first process of the sequentilal

processes performed inside the mold. Then, the punch

gr—

processing was performed on the inner periphery of the iron

core and the slot portion. The two steel sheets were then

fixed to each other by providing a V-shaped interlocking

(width: 1 mm, length: 2 mm, and depth: 0.3 mm) at a portion

that finally serves as an 1ron core 1in the fourth process

performed 1nside the mold. Then, the punch processing was

performed on the outer periphery of the 1ron core, 1n the

final fifth process, and the laminated steel sheets were

temporarlly 1ntegrated by fitting the V-shaped 1interlocking
projections to each other using a punch lowering operation
of the punch processing on the outermost periphery. An
integrated stator 1ron core was manufactured by extracting
the laminated steel sheets from the mold, by pressing the
laminated steel sheets using the press machine, and by
completely fitting the interlocking projections to each
other. A motor with a rare earth magnet was manufactured

F
——

by using the stator i1ron core, and the motor efficiency at

the rated output conditions was measured.

(0053 ] FIG. 5 1llustrates a relation of the number of

A

palrs of the fixing parts Fp and Fp that satlisfy the

conditions of the present invention per 100 mm in

circumference length of the closed curved line 1L, the ratio

of the line segment AB relative to the average sheet

F
—

thickness of the steel sheets, and the motor efficiency.

As 1llustrated in FIG. 5, by controlling the ratio of the

line segment AB relatilve to the average sheet thickness of

— -

the steel sheets, and the number of pairs of the fixing

—

parts Fp and Fg per 100 mm in length of the closed curved
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line L within the range specified in the present 1nvention,

1t was confirmed that a high motor efficiency can be
obtailined.

(0054 ] Fourth Embodiment

A stator 1ron core (outer diameter 200 mm, 12 slots,
teeth width 14 mm, and back vyvoke width 10 mm) for a

brushless DC motor illustrated in FIGS. 4-1 and 4-2 was

manufactured, by simultaneously performing the punch
processing on three electrical steel sheets having a sheet
thickness of 0.10, 0.15, and 0.20 mm, respectively, and a

F

sheet width of 260 mm using the device i1llustrated 1n FIG.

1, as well as by performing 1interlocking 1nside the mold.

At the positions of the fixing parts Fa, Fg, Fan, and Fay
(N=1 to ©6) 1llustrated in FIGS. 6(a) toc 6(c), the two steel
sheets were fixed to each other by providing a V-shaped

interlocking (width: 1 mm, length: 2 mm, and depth: 0.15

mm) on each of the fixing part Fp as well as the fixing
parts inside the iron core. Then, the punch processing was
performed on the 1nner periphery of the i1ron core, the slot

P

portion, and the outer periphery of the ircon core. A

stator iron core was then manufactured by fitting the V-
shaped interlocking projections to each other using the

punch lowering operation of the punch processing on the

outermost periphery. Furthermore, in the above, the

distance between the fixing parts Fp and Fg and the closed

curved line L of the ocutermost periphery (minimum value of

the distance between the fixing parts Fa and Fg, and the

closed curved line L. of the outermost periphery) in the

mode 1llustrated in FIG. 6(b) was changed relative to the

basic position 1llustrated 1n FIG. 6(a). Furthermore, the

F

distribution state of the pairs of the fixing parts Fa and

Fr was changed in the mode 1llustrated in FIG. 6(c). In

the mode 1llustrated in FIG. ©(c), i1ntersections Py between
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the closed curved line L and the fixing parts Fay and Fgy

(N=1 to 6) were obtained. A sum of the longest arc length
(first rank arc length) and the second longest arc length
(second rank arc length) between the adjacent intersections

Py was then calculated, and the ratio of the sum relative

to the total length of the closed curved 1line L was

obtalined. A motor with a rare earth magnet was

manufactured by using the stator iron core, and the motor

efficiency at the rated output conditions was measured.

0055] As illustrated in FIG. 7, by making the distance

between the fixing parts Fp and Fz and the closed curved

p——

line L (shorter of the distance between the fixing part Fj

and the closed curved line L, and the distance between the

fixing part Fz and the closed curved line L) 250 times or

less of the average sheet thickness of the steel sheets, a

" e

particularly high motor efficiency was obtained.

Furthermore, as 1llustrated in FIG. 5, by controlling the

g gr—

number of pairs of the fixing parts Fp and Fp per 100 mm in

pr——

length of the closed curved line T. within the range

specified 1n the present invention, a high motor efficiency

was obtained. Furthermore, as 1llustrated in FIG. 8, 1n

the above definition, by making a portion without the pair

of the f[i1xing parts Fa and Fz (sum of the first rank arc

length and the second rank arc length) less than 50% of the

total length of the closed curved line L, 1t was confirmed

that the motor i1ron loss 1s 1mproved.

[0056] The embodiments to which the 1nvention made by

the present 1nventors 1s applied have been described. It
1s to be understood that the present invention 1s not
limited to the descripticns and drawings constituting a
part of the disclosure of the present invention according
to the present embodiment. That 1s, the other embodiments,

examples, operational techniques, and the like that are
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made by those skilled 1n the art based on the present

embodiment,

invention.

Industrial Applicability

0057

processing method for

for manu:

are all i1included i1n the scope of the present

The present invention can provide a punch

a lamilinated 1ron core and a method

acturing a lamlnated 1ron core capable o:

ﬁ
p—

manufacturing a laminated 1ron core with high productivity,

while preventing the deterioration of the magnetic

characteristics o:

Reference Signs List

0058 ] 1
2a, 2b, 2c
3a, 3b, 3c

4 pinch roll

5 press machine
6 mola

7, Ta, Tb, ’c
7d interlocking
3 sheet holder
9 die

10 die hole
10a, 10b hole
21 lower mold
23 upper mold
25 1nterlocking

punch processing device
steel sheet

delivering device

punch

fastening punch

projection

- the laminated i1ron core to the minimum.
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CLAIMS

1. A punch processing method for a laminated 1lron core, the

punch processing method comprising the steps of sequentially

p—

feeding a plurality of steel sheets to a mold and performing a

plurality of processes using the mold including punch processing

the plurality of steel sheets in a stacked state, Dby:

fixing the plurality of steel sheets such that the plurality

of steel sheets are stacked to each other at a first fixing part
that is positioned outside a closed curved line corresponding to
an outermost periphery of the laminated iron core and a second
fixing part that is positioned in a portion that finally serves as

the laminated iron core; and

performing punch processing on the outermost periphery of the

laminated i1ron core.

2. The punch processing method for the laminated iron core

according to claim 1, wherein a number of pairs of the first

fixing part and the second fixing part per 100 mm in length of the

closed curved line, in which a length of a line segment connecting

the first fixing part with the second fixing part is 400 times or

gh—

less of an average sheet thickness of the steel sheets, 1s 0.0 or

more on average.

3. The punch processing method for the laminated i1ron core

according to claim 2, wherein for each of the pairs of the first

P

fixing part and the second fixing part in which a length of a line

segment connecting the first fixing part with the second fixing

part is 400 times or less of an average sheet thickness of the

P
—
bbdh

steel sheets, an average value of a shorter distance out of a
distance between the first fixing part and the closed curved line

and a distance between the second fixing part and the closed
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curved line is made to 250 times or less of the average sheet

thickness of the steel sheets.

4. The punch processing method for the laminated iron core

according to claim 1, wherein for a pair of the first fixing part

and the second fixing part in which a length of a line segment

connecting the first fixing part with the second fixing part 1s

p——
p—

400 times or less of an average sheet thickness of the steel

sheets, an average value of a shorter distance out ¢f a distance

between the first fixing part and the closed curved line and a

distance between the second fixing part and the closed curved line

is made to 250 times or less of the average sheet thickness of the

stee] sheets.

o The punch processing method for the laminated iron core

according to any one of claims 1 to 4, wherein a method of fixing

the steel sheets at the second fixing part is a method of fixing

using an interlocking projection to form the laminated iron core.

6. A method for manufacturing a laminated iron core, the method
comprising:
manufacturing a laminated iron core by laminating and

integrating a plurality of steel sheets to which punch processing

is performed using the punch processing method for the laminated

iron core according to any one of claims 1 to 5.

CA 2971381 2018-11-28
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