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(57) Abréegée/Abstract:
The thickness of an electromagnetic steel sheet is set to be no more than 0.35 mm, Vickers hardness (1 kg test force) to be 150-
400, and mean crystal grain diameter to be 50-250 uym. Clearance a for a die 3 Is set to be at least 7% of the minimum thickness of
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(57) Abrege(suite)/Abstract(continued):

the thicknesses of multiple electromagnetic steel sheets and not more than 7% of the total thickness of the multiple electromagnetic
steel sheets. The pressing force exerted by sheet pressers 8 of the die 3 on the electromagnetic steel sheets Is set to be at least
0.10 MPa. Under conditions In which all of said conditions are satisfied, the stacked multiple electromagnetic steel sheets are
punched simultaneously with the die 3.
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ABSTRACT

F

Sheet thicknesses of electrical steel sheets are set to

be 0.35 mm or less,

B

a Vickers hardness (test force 1 kg) of

the sheets 1s set to be 150 to 400, and an average crystal

pr—

grain size of the sheets 1s set to be 50 to 250 um. A

f—
p—

clearance a of a mold (3) 1s set to be 7% or more of a

2 sl

minlmum sheet thickness of the sheet thicknesses of the

g

electrical steel sheets and 7% or less of a total sheet

thickness of the electrical steel sheets. A pressure that a
sheet presser (8) of the mold (3) applies to the electrical
steel sheets 1s set to be 0.10 MPa or more. In a state of

f—

satisfying all of these conditions, the stacked electrical

steel sheets are simultaneously punched out by the mold (3).
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DESCRIPTION

PUNCHING METHOD, PUNCHING DEVICE, AND METHOD FOR

MANUFACTURING LAMINATED IRON CORE

Field

O 10001} The present 1nvention relates to a punching method

r

of an electrical steel sheet that 1s used for an 1ron core of

'

a motor, a punching device, and a laminated 1ron core

manufacturing method.

Background

10 (0002 ] In recent years, attempts have been made 1in

—

reduction in size of 1ron cores 1n order to reduce welghts of

N

motors and generators of electric cars and hybrid electric

cars malnly, and 1ncrease 1n rotation has been advanced

(lncrease 1in frequency) for ensuring output. From a

pr—

15 viewpolnt of decreasing i1ron loss of the iron core, a thiner

p—

electrical steel sheet having a sheet thickness of 0.25 mm or

less, which 1s smaller than conventional, has been

increasingly desired.

[0003] The 1ron cores of the motors and the generators are

20 manufactured by using, as a base material, an electrical

steel sheet having a sheet thickness reduced for decreasing

eddy current loss, and punching the electrical steel sheet.

When punching, a mold for workpiece 1s installed 1n a press

gr—

machine, respective parts of the 1ron core are punched out 1n

25 the mold while a coi1l feeding device feeds out steel strips

formed by slitting the steel sheet into predetermined widths.

The 1ron core 1s manufactured by subjecting a plurality of

iron core element plieces after the punching to interlocking

—t

in the mold

for 1ntegration, or removing the 1ron core

30  element pieces from the mold, and then, integrating them by
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welding or fixing with bolts. The 1ron core manufactured by

laminating and 1ntegrating the thin electrical steel sheets

in this manner 1s referred to as a laminated 1ron core.

(0004 ] The above-mentioned punching 1s generally employed
because 1t 1s excellent 1n productivity. On the other hand,
the iron core element pileces need to be punched out one by
one 1in a normal punching. Accordingly, when the sheet

Jr— ﬁ

thickness of the base material 1s reduced, a large number of

element pieces are required to manufacture the 1ron core and
productivity 1s drastically lowered. Punching technigues 1in
a state 1n which the base material steel sheets are stacked

’ﬁ

and solutions of problems related to the technigues are

disclosed.
[0005] For example, Patent Literatures 1 and 2 disclose
techniques of fi1xing a plurality of steel sheets using

interlocking or the like 1n a process before punching at an

f—

carly stage of a press process 1n a mold 1in order to address

—

a problem of deviation among the steel sheets when the steel

sheets are stacked and simultaneously fed into the mold.

P'

Patent Literature 3 discloses a technigque of forming an

integration locking portion for fixing steel sheets and

)

flattening a projection of the integration locking portion

usilng push back so as not to cause the projection shape from

o

becomlng an obstacle 1n a lamination process. All of these

techniques disclose countermeasures agalinst deterioration in

dimensional accuracy when the steel sheets are simultaneously

punched out.

H

[00006] Patent Literatures 4 and 5 disclose techniques of

— r—

enabling punching of a plurality of steel sheets to be

simultaneously executed by one press process whille preventing



10

15

20

20

30

CA 02973670 2017-07-12

Docket No. PJFA-15545-PCT

shear droop and burrs from being l1ncreased by a mold having a

plurality of portions corresponding to punches and dies

therein.

1 0007] Patent Literature © discloses that a plurality of

P‘
g

steel sheets are bonded to each other while a crystal grain

slze 1s set to be 20 n (um) or more when n indicates the

number of laminated sheets. Patent Literature 7 discloses a

non—-oriented electrical steel sheet

for a rotor 1n order to

=

prevent deterioration 1in magnetic characteristics of an iron

core that occurs when a split 1ron core 1s manufactured.

Citation List

Patent Literature

0008 ] Patent Literature 1: Japanese Laid-open Patent

Publication No. Sbh-156623

Patent Literature 2: Japanese Laid-open Patent

Publication No. 2003-153503

Patent Literature 3: Japanese Laid-open Patent

Publication No. 2005-261038

Patent Literature 4: Japanese Lailid-open Patent

Publication No. 2012-115893

Patent Literature 5: Japanese Laid-open Patent

Publication No. 2012-115894

Patent Literature 6: Japanese Laid-open Patent

Publication No. 7-201551

Patent Literature 7: Japanese Lald-open Patent

Publication No. 2003-253404
sSummary

Technical Problem

[0009] It is generally known that plastic strain remailns

-

in the vicinity of punched end portions and magnetic
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characteristics are deteriorated therein because the punched

end portions recelve strong plastic deformation in the

.

punching. When the deterioration amount of the magnetic

characterilistics 1s guantitatively evaluated, the

deterioration amount cannot be explained only by the plastic

stralin. It 1s therefore considered that elastic strain

g

remaining with the plastic deformation also affects the

deterioration in the magnetic characteristics. Thus, the

punching 1s excellent 1n productivity but has a problem in

pr—

that 1t deteriorates the magnetic characteristics of the iron

core. When a plurality of stacked steel sheets are subject

to the punching, binding force between the stacked steel

sheets 1s weak and a plastically deformed portion 1is

therefore enlarged, resulting in deterioration 1in the

magnetic characteristics 1n comparison with the case in which

the punching 1s performed on the sheets one by one.

Accordingly, when the electrical steel sheets are stacked and

i

simultaneously punched out, a problem of deterilioration in the

-

magnetic characteristics of the iron core occurs.

1 0010] The above-mentioned techniques disclosed 1in Patent

Literatures 1 to 5 have focused attention on only

p——

deterioration 1n the dimensional accuracy of the iron core

—

and i1ncrease 1n the amounts of the shear droop and the burrs

——

due to the punching of the steel sheets and disclose no

1mprovement solution related to the deterioration in the

gr—

magnetic characteristics of the iron core.

(0011] In the techniques disclosed in Patent Literatures /4

and o, the stacked steel sheets are not simultaneously

punched out by one mold. These techniques have an advantage

F

from a viewpoint of the deterioration in the magnetic




10

15

20

25

30

CA 02973670 2017-07-12

Docket No. PJFA-15545-PCT

characteristics but have a disadvantage that the mold

configuration is complicated and the mold cost 1s largely

increased. Furthermore, these technigques do not disclose a

pr—

method for efficiently integrating and binding a plurality of

l1ron core element pieces provided by punching with the

punches and dies.

(0012 ] Furthermore, the technigque disclosed 1n Patent

.

Literature 6 has aimed at reduction 1n abrasion of a mold

when the steel sheets are stacked and punched out and has not

studied a solution for preventing the deterioration 1n the

magnetic characteristics in the punching. With the technique,

the punching i1s performed 1n the state 1n which the steel

sheets are bonded to each other and a process mode thereof 1s

different from that i1n which the steel sheets are stacked

1mmedlately before being pressed and are subject to the

punching. The technique disclosed in Patent Literature 7 has

g
—

aimed at prevention of the deterioration 1n the magnetic

characteristics of the iron core that occurs when the split

i
fp—

1ron core 1s manufactured and has not taken punching of a

p——

plurallty of stacked steel sheets 1nto consideration.

[0013] The present i1nvention has been made 1n view of the

gr—

apbove-mentioned cilircumstances and an object thereof 1s to

provide a punching method, a punching device, and a laminated

gor——

1ron core manufacturing method capable of simultaneously

.

punching a plurality of stacked electrical steel sheets while

decreasing deterioration in iron loss to the minimum.
Ssolution to Problem

(0014] To solve the above-described problem and achieve
the object, a punching method i1ncludes punching out a

F

plurality of electrical steel sheets 1n a stacked state by a
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mold. Sheet thicknesses of the electrical steel sheets are

set to be 0.35 mm or less, a Vickers hardness (test force 1

kg) of the sheets 1s set to be 150 to 400, and an average

crystal grain size of the sheets 1s set to be 50 to 250 pm.

— r—

A clearance of the mold i1is set to be 7% or more of a minimum

F

sheet thickness of the sheet thicknesses of the electrical

-

steel sheets and 7% or less of a total sheet thickness of the

electrical steel sheets, and a pressure that a sheet presser

r‘

of the mold applies to the electrical steel sheets 1s set to

be 0.10 MPa or more.

[0015] Moreover, 1in the above-described punching method

0

according to the present invention, the sheet thicknesses of

the electrical steel sheets are set to be 0.25 mm or less.

[0016] Moreover, 1n the above-described punching method

according to the present invention, a static friction

pr——

ficient between surfaces of the stacked electrical steel

y—
Bl

COEC.

sheets 1s set to be 0.3 or more, and static friction

r
e

coefficients between the electrical steel sheets and a

o yr—

surface of a die plate of the mold that makes contact with

the electrical steel sheets and between the electrical steel

sheets and a surface of the sheet presser of the mold are set

to be 0.3 to 0.8.
[0017] Moreover, 1n the above-described punching method

according to the present i1nvention, the electrical steel

sheets contain Si of 0.5 to 6.6%, Al of 2.5% or less, and Mn

B

P F

of 0.1 to 3.0% 1n terms of mass ratio, and the number of

.

inclusions having a crystal grain size of 0.1 to 3.0 um 1n

fr—

steel 1s set to be 1n a range of 1000 to 8000 pieces/mm2.

(00181 A punching device according to the present

invention 1ncludes a mold, and the punching device 1s
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configured to punch a plurality of electrical steel sheets 1in

a stacked state.

Sheet thicknesses of the electrical steel

sheets are set to be 0.35 mm or less, a Vickers hardness

(test force 1 kg

) of the sheets 1s set to be 150 to 400, and

an average crystal grain size of the sheets 1s set to be 50

to 250 um. A clearance of the mold 1s set to be 7% or more

ﬁ

— pr—

of a minimum sheet thickness of the sheet thicknesses of the

electrical steel

gr—

thickness of the

fr—

sheets and 7% or less of a total sheet

electrical steel sheets, and a pressure that

f—

a sheet presser of the mold applies to the electrical steel

sheets 1s set to

be 0.10 MPa or more.

[0019] Moreover, a laminated 1ron core manufacturing

method according

and 1ntegrating

to the present 1nvention i1ncludes lamlinating

l1ron core element pileces punched using the

punching method according to the above-described invention to

manufacturing a

o~
-

laminated i1ron core.

Advantageous Effects of Invention

| 0020 ] Accord

f
s

1ng to the present invention, a plurality of

stacked electrical steel sheets can be simultaneously punched

out while decrea

mlnimum.

ﬁ

sing deterioration 1n iron loss to the

Brief Description of Drawilings

(0021 ] FIG. 1

configuration of

punching process

FIG. 2 1s a

1s manufactured

FIG. 3 1s a

magnetic charact

1s a schematic plan view for explaining the

r—
-

a punching device and the outline of

ﬁ

according to an embodiment of the invention.

view 1llustrating a laminated iron core that

1n the embodiment.

view for explaining a method for evaluating

g

eristics (i1ron loss) of the laminated iron

core that 1s manufactured in the embodiment.
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FIG. 4 1s a graph i1illustrating a relation between a

clearance and an iron 1loss deterioration ratio 1n a first

example.

FIG. 5 1s a graph 1llustrating a relation between a

sheet presser pressure and the i1ron loss deterioration ratio

1n the first example.

FIG. © 1s a graph 1lliustrating a relation between a

o

hardness of electrical steel sheets and an iron loss

’-h

deterlioration ratio of a motor core 1n a second example.

FIG. 7 1s a graph 1llustrating a relation between a

il

crystal grain size of the electrical steel sheets and the

iron loss deterioration ratio of the motor core in the second

example.

FIG. 8 1s a graph 1illustrating a relation between a

g——
mat

‘riction coefficient between electrical steel sheets

L4

static

and an 1ron l1oss deterioration ratio of a motor core 1n a

third example.

—

Description of Embodiments

10022] Hereinafter, a punching process by a punching

device and a method for manufacturing a laminated 1ron core

according to an embodiment of the present invention will be
described 1n detail with reference to the drawings. It
should be noted that the embodiment does not limit the

present 1nvention.

gr—

Configuration of Punching Device

(0023 ] First, the configuration of a punching device and

—

the outline of punching process 1n the embodiment are

described with reference to FIG. 1. As 1llustrated in FIG. 1,

a punching device 10 1ncludes a press machine 1 and pinch

rolls 2. A mold 3 used for punching that 1is i1nstalled 1in the
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press machine 1 includes a punch 4 and a die 5. A die hole 6

t)

as a through-hole having a shape corresponding to a shape of

an 1ron core element pliece to be molded and a die plate 7

making contact with a steel sheet are formed on the die 5.

The punch 4 1s conflgured so as to be elevated and lowered

relative to the die 5 by a control device (not illustrated).
When the punch 4 arranged at a position corresponding to the
die hole 6 1s 1nserted into the die hole 6, the steel sheet
interposed in the mold 3 1s sheared and punched out along the

shape of the die hole 6. A predetermined interval (clearance

a) 1s set between the punch 4 and the die 5. The mold 3

includes a sheet presser 8 to press the steel sheet in the

ﬁ

vicinity of end portions thereof from the side of the punch 4

when punching, thereby pressing and restraining the steel

sheet against and to the die plate 7. A bilasing unit 9 such

as a spring 1s provided on the sheet presser 8.

(0024 ] The 1ron core element pieces are punched out while

g

a plurality of steel strip coils C (Cl to C3) provided by

cutting a steel sheet 1nto predetermined widths are stacked

and are fed out to the mold 3 by the pinch rolls (coil

feeding device) 2. The i1ron core element pieces after the

punching process are subjected to interlocking in the mold 3

for 1ntegration, thereby manufacturing a laminated iron core.

Alternatively, the laminated iron core is manufactured by

removing the 1ron core element pieces from the mold 3, and

then, 1ntegrating them by welding or fixing with bolts.

yp—
—

Principles of Invention

[0025] The present 1nvention prevents deterioration in

f.-

magnetic characteristics (i1ron loss) of the laminated iron

core (hereinafter, also referred to as an iron core) in the
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10

pr—

punching of the electrical steel sheets (hereinafter, also

referred to as steel sheets) stacked as described above.

pp—

First, the 1nventors have focused on influence of a binding

force applied between the stacked (laminated) steel sheets in

the punching. Then, the inventors have considered that

—
—

simultaneous control of both of conditions of the meld 3 and

the material to be processed (steel sheet) can increase the

binding force between the steel sheets and decrease the
deterioration 1in the magnetic characteristics (iron loss) 1n
the punching 1n the stacked state to the minimum, and have

achleved the present invention. That 1is to say, the

individual steel sheets give influences on one another

through surface friction 1n shearing process 1n the state

where the steel sheets are stacked. However, under normal

F

conditions, the frictional force 1s insufficient to prevent

the deterloration in the iron loss due to the punching. The

inventors have considered that the frictional force between

the steel sheet surfaces can be controlled appropriately by

controlling the conditions of the mold 3 and the base

material than conventional control more precisely. At first,

the 1nventors have focused on force that the sheet presser 8

applies to the steel sheets 1n the punching in order to

improve the binding force using the frictional force between

the steel sheet surfaces. Furthermore, the inventors have

tried to control a friction coefficient between the steel

P-

flcient between the steel

sheet surfaces and a friction coe:

o—

sheets and the surface of the mold 3 that makes contact

therewith to be in appropriate ranges.

(00206] Moreover, under the above-mentioned conditions,

strong tenslile stress 1is applied to the end portions of the
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steel sheets during the shearing process to the stacked steel
sheets. When the strong tensile stress 1s continuously

applied and transmitted, portions with the deteriorated

magnetic characteristics are enlarged. It has been found

O that usage, as steel, of a material having high hardness,

which 1s easy to cause breakage during the shearing process,

1s effective for shortening a period of time during which the

tensile force 1s applied during the shearing process to

reduce a range 1n which the stress remains. Moreover, it has

10  been found that usage of steel sheets having a crystal grain

slze 1n a range compatible with punching conditions is

P.
p——

effective for preventing enlargement of the elastically and

plastically deformed region from the worked end portions.

P

Conventionally, 1t has been known that the hardness of the

1> material to be processed gives influence on the magnetic

characteristics after the punching. It has been newly found

R—

that setting of the hardness of the material to be processed

p——

to a predetermined condition is particularly effective in the

punching 1n the stacked state and the present invention has

20 been made.

(0027 ] Furthermore, 1t has been known that the clearance a

gives 1nfluence on the shape and characteristics of the

material to be processed 1n the punching. When the steel

sheets are stacked and subjected to the punching, it has been

25 found that appropriate selection of the clearance a is

P‘

extremely effective 1n addition to increase of the restrain

gr—
—_—

force between the laminated steel sheets and prevention of

the enlargement of the elastically and plastically deformed

region 1n the punching. The inventors have known that

30 definition of the lower limit of the clearance a by a ratio

M
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a steel sheet having a

minimum sheet thickness among the steel sheets and definition

J—

sheet thickness of the steel sheefts are e:

of the upper limit thereof by a ratio relative to the total

F-
—

fective. The

f—
il

above-mentioned definition 1s considered to be effective

fr—

pecause a straln manner of the end portions of the steel

sheets when punching the laminated steel sheets 1s different

from that 1n the punching one steel sheet.

[0028] Furthermore, 1t has been found that simultaneocus

#

control of steel components and the amount of inclusions 1in

the steel causes early breakage of the material during the

punching to reduce the stress remalining amount due to the

elastic plastic deformation during the process.

0029] In order to prevent the deterioration 1n the iron

loss of the 1ron core 1n the punching of the stacked

h—

Jr—

electrical steel sheets, both o:

i

deterioration ratio of the i1iron

an absolute wvalue and a

gr—

loss of the 1ron core after

the punching need to be considered. For seeking only the

preferable magnetic characteristics of the 1ron core, 1t 1is

sufficient that the absolute value of the iron loss of the

1ron core 1s tried to be reduced simply without taking the

deterioration ratio due to the work into consideration.

-

.

Usage of the electrical steel sheet having a coarse crystal

grailn slze and preferable magnetic characteristics for the

g

base material of the i1ron core inevitably increases the

r—

manutfacturing cost of the base material, resulting in

1ncrease 1n the product price.

It 1s therefore important to

ﬁ

take the 1ron loss deterioration ratio i1nto consideration for

seeking manufacturing of a preferable product while

considering the total cost of the iron core. The iron loss
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deterioration ratlo 1s calculated from
(1) .
[0030] Equation 1]

Docket No. PJFA-15545-PCT

the followling eguation

Iron loss deterioration ratio (%)= (W, =W, )/W, x100

W, . Iron loss of iron core provided by punching work in state in which

steel sheets are stacked

W, : Iron loss of iron core having same shape that is provided by working

method causing sufficiently decreased iron loss deterioration due to strain

Punching Process

[0031] The punching process in the embodiment satisfies

the following requirements defined based on the above-

mentioned findings. The embodiment employs a wlre cutting

method as a work method for Wog 1n the above-mentioned

equation (1).

10032}

[Sheet Thickness of Electrical Steel Sheet: 0.35 mm or less

(desirably 0.25 mm or less)

In the embodiment, the electrical steel sheet having the

sheet thickness of 0.35 mm or less 1s used as the base

P

material of the laminated 1ron core. When the sheet

thickness 1is 1ncreased to be larger than 0.35 mm, an

advantage to be provided by the punching that 1s

simultaneously performed on the steel sheets for improving

¢ e
e

productlon efficiency of the 1ron core 1s lowered.

g

Furthermore, the total sheet thickness of two steel sheets or

more 1S excessively large and 1t 1s di:

pr—

f'."

ficult to keep

dimensional accuracy of the 1ron core in the laminated state.

In addition, preferable magnetic characteristics are not

necessarily provided even by punching under other

requlirements, which will be described later.
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(00331 The sheet thicknesses of the steel sheets that are

stacked are not necessarily the same and the steel sheets

p—
p—

having different sheet thicknesses can be combined. In this

case, it 1s sufficient that the thickness of the steel sheet

having the largest sheet thickness 1s set to be 0.35 mm or

less. As willl be described 1n a second example later, the

o~

sheet thickness of the steel sheet that 1s used 1s desirably

0.25 mm or less.

—

Clearance: 7% or more of Thickness of One

Minimum Sheet Thickness and /% or less of

Stacked Steel Sheets

F

Steel Sheet Having

ﬁ

Total Thickness of

[ 0034 ] It 1s generally known that the clearance a gives

influence on the shape of the punched end portions 1n the

punching. The clearance a needs to be changed 1n accordance

wlith the sheet thickness. When the steel sheets are stacked

—

and punched out, the respective sheet thicknesses of the

stacked steel sheets and a total wvalue of

f—

thicknesses of the steel]l sheets are

yr—

1nfluence on an appropriate value of

"-v

the sheet
factors that can give

the clearance a. The

appropriate value of the clearance a needs to be defined 1in

—

consideration of respectilive contributions.

10035 In the embodiment, the lower limit o

pi—.

gr—

the clearance

gr—

a 1s set to be 7% or more of the thickness of the steel]l sheet

having the minimum sheet thickness among the stacked steel

sheets based on a first example and the second example, which

wlll be described later. In the normal punching work, when

the clearance a 1s excessively small,

a secondary sheared

surface 1s generated i1n some cases but the magnetic

characteristics are not significantly deteriorated. When the

punching is performed 1n the state 1n which the steel sheets
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are stacked, a minlmum value of the clearance a needs to be

fr—

set 1n accordance with the sheet thickness of the steel sheet

having the minimum sheet thickness (see, examples indicated
in numbers 38, 39, 44, and 45 in Table 2 in the second

example, which will be described later) in order to prevent

g—

the deterioration 1n the magnetic characteristics of the iron

core. It 1s considered that the clearance a needs to be set

in this manner for the following reason. That is, in the

p—

punching of the multilayered steel sheets, a deviation amount

”

(drawlng amount) of the steel sheets in the vicinity of the

punched end portions 1n the lateral direction is large and

the steel sheet end portions are therefore easy to be

deformed with elevation of the punch 4. This influence

becomes more significant in the steel sheet having the

smaller sheet thickness and lower rigidity. Accordingly, in

order to reduce the i1nfluence of the deformation that is

recelved when the punch 4 1s elevated due to the excessively

1)

small clearance a, the clearance a 1s set to be 7% or more of

F

the sheet thickness of the steel sheet having the minimum

sheet thickness among the steel sheets that are stacked.

1 00306] On the other hand, the upper limit of the clearance

’-‘-v

a 1s set to be 7% or less of the total thickness of the

stacked steel sheets based on the first example and the

second example, which will be described later. This is a

necessary condlition for preventing the deterioration in the

1ron loss by decreasing the deflection amount of the steel

sheets to the minimum when the punching is performed on the

f—

stacked steel sheets. The embodiment employs a method of

making the steel sheets be more close to be integrated by

appropriately controlling the sheet presser 8 or the friction
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-
-—

coefficient of the steel sheet surfaces as wilill be described

later. In comparison with the punching to one steel sheet, a

=

drawing amount of the steel sheets into the die hole 6 tends

to be 1ncreased during the punching to the stacked steel

sheets. A ratio of the clearance a relative to the total

sheet thickness of the stacked steel sheets 1s set to be a

.

value that is smaller than that of the clearance a when the

steel sheets are regarded as one steel sheet.

Sheet Presser Pressure: 0.10 MPa or more

s

[0037] In general, the sheet presser 8 of the mold 3 for

p—

the punching 1s used mainly for preventing Jumping of the

material to be punched in the punching. By contrast, 1n the

embodiment, the sheet presser 8 1s used for 1ncreasing the

e g—

binding force in the vicinity of the end portions of the

stacked steel sheets on which the shearing process 1s

performed when the steel sheets are stacked and are subjected

to the punching. By pressing the steel sheets sufficiently

’-h

with the sheet presser 8, deviation of positions 1s reduced

F'

pbetween the steel sheets and the drawing amount of the steel

sheets 1nto the die hole 6 during the punching, and the

p—— v

deformation amount of the end portions of the steel sheets 1is

reduced. As a result, the deterioration 1n the magnetic

characteristics of the steel sheets 1s reduced. In order to
obtaln this result, the pressure (sheet presser pressure)
that the sheet presser 8 applies to the steel sheets is set

to be at least 0.10 MPa. When the sheet presser pressure 1is

lower than 0.10 MPa, the binding force between the steel

sheets 1s lowered during the punching and the local deviation

p—

amount of the end portions during the punching i1s increased,

resulting 1n the deterioration in the magnetic
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characteristics.

1 0038] In the embodiment, the sheet presser pressure 1is

g

preferably set to be in a range of 0.30 to 0.80 MPa based on

the first example, which will be described later, 1n a

P

further limited manner. An effect of i1ncreasing the binding

force between the stacked steel sheets i1s enhanced

particularly when the sheet presser pressure is set to be
0.30 MPa or more. On the other hand, when the sheet presser
pressure 1s higher than 0.80 MPa, 1t can be said that the

g

pinding force between the steel sheets 1s sufficiently high

but the 1ron loss deterioration ratio 1s 1ncreased. As a

reason for this, 1t 1s estimated that a speed at which a

P‘

stripper plate of the sheet presser 8 and the steel sheets

hit each other is 1ncreased when the punching is continuously

performed to make strain easy to be generated 1n the steel

Sheets.

[0039] The sheet presser 8 can have the above-mentioned

functions by causing the sheet presser pressure to be applied

— —
—

to the local portions of the base material 1n the vicinity of

the punch 4 during the punching. A force that the sheet

presser 8 presses the material to be processed using the mold

Pv-

3 1s normally uniform over the entire surface of the stripper

—

plate of the sheet presser 8, and the force is therefore

calculated by dividing a total value of the force acting on

=

the sheet presser 8 by the area of the sheet presser 8.

10040 ] Crystal Grain Size of Electrical Steel Sheets:

gr—

Average Crystal Grain Size of 50 to 250 um

The crystal grain size 1s an important factor dominating

the magnetic characteristics of the non-oriented electrical

steel sheets. It 1s generally known that as the crystal
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graln size 1s larger, the i1ron loss 1s more excellent.

’-h

Influence by the crystal grain size of the electrical steel

sheets that are subject to the punching to the deterioration

1n the magnetic characteristics of the 1ron core after the
punching has not been well known (see Patent Literatures 6
and 7).

(0041 ] The present 1nvention controls the crystal grain

P i

size of the electrical steel sheets on which the punching is

simultaneously performed to be in an appropriate range in

—

addition to the requirements of the punching process in order

to prevent the deterioration 1n the magnetic characteristics

that are easy to occur when the punching i1s performed on the

steel sheets 1n the stacked state.

P

(00421 In the punching of the steel sheets, the binding

force between the steel sheets 1s required to be increased

with the sheet presser pressure, the frictional force between

the steel sheet surfaces, and the like but only the increase

fr—

1n the binding force is not sufficient to prevent the

deterloration 1n the 1ron loss 1n the i1ron core element

pleces after the punching. That 1s to say, the drawing

amount of the steel sheet having a relatively weak binding

force among the stacked steel sheets into the die hole 6 with

g—

the lowering of the punch 4 1s increased. When the steel

sheet 1s punched out in a state in which the elastic plastic

ﬁ

deformation 1s generated 1n the end portions thereof, an

o~ r—~

accumulation amount of the straln on the end portions of the

steel sheet after the punching 1s increased and the iron loss

—

of the i1iron core 1s deteriorated. The accumulation amount of

the strain due to the elastic plastic deformation is

conslidered to be 1ncreased in accordance with increase 1in
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pr—

unevenness of mechanical characteristics 1n the base material.

Grain boundary portions and inner portions of the crystal
grains are roughly distributed 1n the steel sheet having a

coarse crystal grain size. The deterioration 1n the 1ron

loss 1s therefore considered to be significant 1in the
punching 1n the state 1n which the steel sheets are stacked.

On the other hand, the crystal grain boundaries are densely

distributed in the steel sheet having a fine crystal grain

size to cause the deformation to uniformly occur 1n the steel

sheet,

1004 3]

thereby preventing the deterioration 1n the 1ron loss.

In the embodiment, when the steel sheets are

stacked and are subject to the punching, the sheet presser

to 50

pressure 1s 1ncreased and the crystal graln size 1s set

to 250 um (more desilirably 100 to 200 um) based on the second

which wi1ill be described later.

example, With this setting,

the 1ron loss deterioration amount can be made small and the

ﬁ

the 1ron loss of the 1ron core after the

absolute value of

On the other

punching can pbe made sufficiently decreased.

hand,

—
p—

when the sheet presser pressure 1s not sufficient,

the

b P

fect of decreasing the absolute value of the 1ron loss of

~

gr—

the 1ron core cannot be sufficiently provided even by setting

the crystal grain size to 50 to 250 um That

(100 to 200 pm).

.

1s to say, the desired effect 1s provided only by

appropriately controlling both of the crystal grain size and

the sheet presser pressure.

(0044 ] As described above, when the crystal graln size 1s

P—v

increased

0 be larger than 200 pum or 250 um, the amount o:

o

strain remalning 1n the end portions of the steel sheets is

g

increased and the 1ncrease amount of the i1ron loss of the

1Lron core 1s 1ncreased when the steel sheets are stacked and
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o~

are subject to the punching. The upper limit of the crystal

grain size 1s therefore set to 250 um, and preferably 200 um.

On the other hand, when the crystal grain size 1s smaller

than 100 um or 50 um, the above-mentioned deterioration 1n

the iron loss 1s

g

avoided but the magnetic characteristics of

the base material 1tself of the 1ron core 1s 1nferior and the

ﬁ

P

absolute value of the 1ron loss of the manufactured 1ron core

1s therefore 1inferior. Accordingly, such a crystal grain

i

size 1s not approprlate for a material for a high-efficient

Pv

motor. In consideration of this, the lower limit of the

crystal grain size 1s set to be 50 um, and preferably 100 um.

F

[0045] It 1s sufficient that the average crystal grain

F‘

size 1S calculated based on observation of the cross section

p—

of the steel sheets. That 1s to say, the crystal grain size

1s sultably evaluated wilith an 1maglng process by providing a

sample cross section by cutting and polishing, and then,

exposing the crystal grain boundaries by an etching process.

(004 6] The average crystal grain size 1s calculated as

follows. First,

the average area that the crystal grain

occuples the cross section 1s provided by countlng the number

P'

..

of crystal gralins present 1n the observation area and

p——

dividing the observation area by the number of crystal grains.

p——

When the shape of the crystal grains 1s assumed to be

circular, the average crystal graln size 1s calculated from

——

the calculated average area of one crystal grain. When the

average crystal graln size calculated by this method is 80 um

or less, the value 1s employed as the average crystal grain

slze.

(0047 ] On the

coarse and the cross section contains partial fine crysta.

other hand, when the crystal grain size 1is




10

15

20

2O

30

CA 02973670 2017-07-12

Docket No. PJFA-15545-PCT
21

grains or cuts a portion around a grain boundary triple

junction, the above-mentioned method generates errors in the

calculation of the grain size. For preventing generation of

the errors, when the average crystal graln size calculated by

the above-mentioned method is larger than 80 um, calculation

F

involving weighting by the area ratios of the individual

crystal grains observed 1n the cross section 1s suiltable.

—

That 1s to say, when the area of each crystal is assumed to

pe S(1) and the area ratio 1s assumed to be r(i), the average

crystal grain area 1s expressed by the following eguation (2).

F-

By regarding the shape of the crystal grains to be circle,

the average crystal grain size can be calculated as an

equivalent circle diameter from the average crystal grain

area.
[0048] [Equation 2]

(S) = S(i)x r(i)

(004 9] Hardness of Electrical Steel Sheets: Vickers

Hardness (test force 1 kg) of 150 to 400

When the hardness of the material 1s increased,

elongation 1s lowered and the material to be processed 1is

broken at an early stage 1n the shearing process. It 1is

grr——

considered that the drawing amount of the material to be

processed 1nto the die hole 6 1s reduced and the accumulation

- —

amount of the strain 1n the vicinity of the worked end

portions 1s decreased, thereby preventing the deterioration
1n the 1ron loss. As mentioned above, 1in the punching in the

state 1n which the steel sheets are stacked, the drawing

amount of the material to be processed (steel sheets) into

’-

the die hole 6 1s easy to be 1ncreased and the degree of

p—

lmportance for appropriately controlling the breakage of the
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material to be processed 1s extremely higher than that in the

normal punching work.

00501 In the present invention, the conditions of the

sheet presser 8 and the frictional force between the

electrical steel sheet surfaces are simultaneously made

appropriate to thereby 1ncrease the binding force between the

electrical steel sheets to some degree. In addition, the

F‘

hardness of the material (electrical steel sheets) 1s set to

be 1n an appropriate range to cause the breakage during the

punching to occur at appropriate positions, thereby

preventing the deterioration in the i1ron loss.

2 "
-

[0051] A significant effect of preventing the

deterioration 1n the i1ron loss 1s provided by controlling the

-

Vickers hardness of the base material to be 1n an appropriate

range as 1ndicated 1n the second example, which will be
described later. The 1ron loss deterioration ratio when two
electrical steel sheets or more are stacked and punched out

1s 1nferior to the 1ron loss deterioration ratli1o when one

electrical steel sheet 1s punched out and 1mprovement for

this i1in the future 1s necessary.

(0052 ] The hardness of the steel sheets can be evaluated

by measuring the Vickers hardness and can be limited by a

measurement value (HV1) with a weight of 1 kg. In the

embodiment, 1n order to provide the above-mentioned iron loss

deterioration prevention effect, the hardness of the

electrical steel sheets 1s set to be the Vickers hardness of

150 or more. As 1ndicated in the second example, which will

pe described later, the steel sheets having the Vickers

f—

hardness of 190 or more are particularly suitable. When the

pr—

Vickers hardness of the steel sheets exceeds 400, 1t is
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—

disadvantageous from a view point of damage of the mold 3.

p—

For this reason, the Vickers hardness of the steel sheets is

limited to be 400 or more.

-

0053 ] Static Friction Coefficient between Electrical

Steel Sheet Surfaces: 0.3 or more

r—
.

ficient between Die Plate Surface Making

Static Friction Coe:

Contact With Electrical Steel Sheets and Electrical Steel

Sheets and Static Friction Coefficient between Sheet Presser

Surface and Electrical Steel Sheets: 0.3 to 0.8

As described above, the present invention uses the

o)

effect provided by increase 1n the binding force between the

steel sheets when the stacked steel sheets are simultaneously

punched out. The above-mentioned effect 1is provided by

—

ficient of the steel sheet

P—
—

= N

1ncreasing the static friction coe:

g—
—

ficient

surfaces. That 1s to say, the static friction coe:

-

between the surfaces of the electrical steel sheets that are

stacked and are subject to the punching is reguired to be

controlled. When different electrical steel sheets are used,

P—
et —

the static friction coefficient between the stacked surfaces

r—

of the electrical steel sheets 1s preferably evaluated.

10054 ] Furthermore, 1n order to prevent the steel sheets

from being drawn into the die hole 6 in the punching, the

-

frictional forces particularly in the vicinity of the punch 4

r— —

on the surface of the die plate 7 and the surface of the

sheet presser 8 that make contact with the electrical steel

sheets on which the punchiling is performed are required to be

Fv

"1cients

simultaneously increased. The static friction coe

between the electrical steel sheet surface and the surfaces

of the above-mentioned members of the mold 3 need to be 0.3

Or more. In order to provide the effect, the static friction
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gr—

1n a region of approximately 10 mm

or more 1n the vicinity of the die hole 6 1s reguired to be

—

controlled. That 1s to say, the above-mentioned effect can

be provided by a method of

the region having a width

P

F

changing roughness and so on 1n

y——

of approximately 10 mm or more in

ﬁh

the vicinity of the die hole 6 or the entire surfaces of the

sheet presser 8 and the di

the electrical steel sheet

e plate / that make contact with

S .

ﬁ

(0055] In precise punching process, a method of increasing

the binding force i1n the punching by providing a projection

on the sheet presser 8 and causing the projection to be

bitten into the material 1

-

s also employed. However, such

biting of the projection deteriorates the magnetic

characteristics of the 1ron core and is not therefore

preferable 1n the punching of the iron core material for

motors and generators.

P
el

[0056] In the embodiment, the static friction coefficient

between the steel sheet surfaces 1s set to be 0.3 or more and

—
p—

o~
-l|—1

the static friction coe:

cients between the steel sheet

surface and the mold member surfaces making contact with the

steel surface are set to be 0.3 or more based on a third

example, which will be des

oy

coefficients between the s

cribed later. When the friction

P

urface of the electrical steel

sheets that are subject to the punching and the mold surfaces

pr—

making contact with the surface of the electrical steel

sheets are too high, the electrical steel sheets are not

smoothly transported in the mold 3, and the 1ron loss of the

iron core after the punching is deteriorated. For preventing

this, the static friction

Oor less.

o

ficients are limited to be 0.8

COe ]
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[0057] Steel Components of Electrical Steel Sheets: Si:
0.5 to 6.6%, Al: 2.5% or less, Mn: 0.1 to 3.0%

g

In the embodiment, contents of Si, Al, and Mn as steel

g—

components of the electrical steel sheets as the base

—

material of the i1ron core are set to 0.5 to ©.06%, Z2.5% or

F

less, and 0.1 to 3.0%, respectively, 1n terms of mass ratio

based on a fourth example, which will be described later.

v

These contents of the steel components form a base satisfying

—

the Vickers hardness of the material that i1s 150 or more and

accelerates formation of the i1nclusions 1n the steel. The

Ty

effects provided by the Vickers hardness are as described

=
p——

above. Effects provided by the 1inclusions 1n the steel will]

be described later.

p—— |}

(0058 ] S1 1s an element that i1ncreases a specific

”

reslistance of the steel and thereby lowers eddy current loss

to contribute to decrease 1n the i1iron loss. When the

additive amount (content) thereof is lower than 0.5% in terms

of mass ratio, 1t 1s difficult to increase the Vickers

hardness to be 150 or more without involving the

pr—

deterioration of the 1ron loss of the material even when

other components (Al, Cr, and the like) are added. The

content of S1 1s therefore limited to be 0.5% or more. When

— —

the content of Si1 is higher than 6.6% 1in terms of mass ratio,

—

1t 1s difficult to perform the punching 1n a state in which

gr—

Lwo sheets or more are stacked due to embrittlement of the

base material. The content of S1 1s therefore limited to be

0.5 to 6©.0% 1n terms of mass ratio.

r—~ "

(00591 Al 1s an element that increases the specific

gr—

reslistance of the steel to contribute to decrease 1n the 1ron

loss 1n the same manner as Si1i. Al forms inclusions such as
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t

the steel and contributes to acceleration of

the breakage during the punching as will be described later.

P‘
PPl

When Al 1is excessively added, the amount of precipitates 1in

the steel are excessively 1ncreased and the 1ron loss 1s

deteriorated. The content of Al 18 therefore limited to be

2.5% or less 1in

terms of mass ratio.

i o~ ¥

(00060 ] Mn has a function of 1ncreasing the specific

resistance of the steel and preventing red embrittlement 1in

hot rolling. Furthermore, Mn forms MnS 1n the steel and

contributes to i1mprovement 1n punching workabillity as will be

described later.

el

content of Mn needs to be set to be 0.1% or more 1n terms ot

s

In order to provide these effects, the

mass ratio. When the content of Mn 1s higher than 3.0% in

pr—

terms of mass ratio, lowering 1n a magnetic flux density

Py

becomes significant. The content of Mn 1s therefore limited

to be 0.1 to 3.0% 1n terms of mass ratio.

[0061] In addition, presence of S, Se, Cu, Ti, Nb, and N

as 1n-steel additive elements or i1mpurities 1n the steel 1s

ﬁ

p—

requlrements of

effective 1n order to form the precipitates satisfying the

the present invention. Furthermore, addition

of Sb, Sn, Cr, P, and the like 1nto the steel 1s also

recommended for

pr——

tryving to decreasing the i1ron loss from a

viewpolnt of improvement 1n the 1ron loss without reducing

the 1ron loss deterioration prevention ei

invention.

f-'

fect of the present

—
.

gr—

(0062 ] Number of Inclusions 1n Steel: Inclusions 1000 to

8000 pieces/mm?

—

the punching 1in

Having Grain size of 0.1 to 3.0 pum

In the embodiment, when the steel sheets are subject to

the stacked state, 1n addition to the above-

mentioned regqulirements, the number of inclusions having the
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*

grain size of 0.1 to 3.0 um 1n the steel 1s set to 1000 to

2

8000 pieces/mm” based on the fourth example, which will be

described later. Thilis setting decreases the i1ron loss of the

iron core after the punching. This 1s because when the stee.

sheets are drawn into the die hole 6 and are broken during

the punching, the steel sheets are broken from the i1nclusions

as crack generation origins at an early stage 1n the punching

p—

process and the amount of strain remaining 1n the 1ron core

after the punching 1s decreased as 1n the study for the

hardness of the steel sheets.

10063] When the number of inclusions having the gralin size

i)

of 0.1 to 3.0 um is smaller than 1000 pieces/mm°, the above-

o
—

mentioned effects are not provided. When the number of

inclusions is larger than 8000 pieces/mm®, the steel sheets

‘hemselves are deteriliorated 1n the magnetic characteristics.

When the inclusions having the grain size of 0.1 to 3.0 um

— —

ficlently ensured, the above-mentioned effects can be

ale SuUl

provided while decreasing the deterloration i1n the magnetic

characteristics of the steel sheets to the minimum. Rased on

these requirements, the gralin size and the number of

inclusions are limited to be the above-mentioned ranges.

(00641 The content of the precipitates can be calculated

by observing the cross section (at approximately 1/4 sheet

—

thickness) of the base material steel sheets, counting the

grain size and the number of inclusions 1in an observation

p—

visual field, and dividing the number of inclusions 1n a

region matching with the grain size range by the area of the

observation visual field.

(0065 ] Although techniques of i1mproving punching

performance and cutting performance by adjusting the amount
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of precipitates 1n the electrical steel sheets have been

p—

known, all of these technigues are 1ntended to improve

plp—

abrasion resistance of tools and do not examine the

r—h

prevention of the deterioration 1in the magnetic

characteristics. Furthermore, the steel sheets having

preferable characteristics as products as a result of

o —

appropriate control of inclusion dispersion at a steel

manufacturing stage have also been disclosed. None of them

1s however led to the improvement 1n the i1ron loss after the

punching i1n the state in which the steel sheets are stacked

as 1n the present i1nvention.

[0066] Lamlinated Iron Core Manufacturing Method

The 1ron core element pileces provided by the punching

process that satisfilies the above-mentioned requirements are

laminated and integrated with one another to manufacture a

laminated 1ron core for a motor or a generator.

[0067] As a method for 1ntegrating the 1ron core element
pleces, there 1s a method (what i1s called in-mold

interlocking) in which the 1ron core element pleces are

separated from the base material after the punching i1n the
mold 3, and then, are subject to i1nterlocking 1n the mold 3

lowered by the punch 4. This method 1s excellent 1n

manufacturing performance. As another method, a method in

which only dowels for interlocking are formed 1n the punching

g

process 1n the mold 3 and a device other than the mold 3 for

punching applies pressure after the punching for interlocking

may pbe employed. Furthermore, a method in which only the

punching 1s performed 1n the mold 3 and the 1ron core element

pleces are integrated with one another by welding, fixing

— -

with bolts, coating of an adhesive, or application of
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adhesive coating outside the mold 3 may be employed.

Alternatively, a method 1n which an adhesive 1s applied to

the electrical stee]l sheet surfaces and the 1ron core element

pleces are made to adhere to each other and are punched

ﬁ

instead of i1interlocking 1n the mold 3 can also be applied to

the 1nvention.

(0068 | Examples

-

Hereinafter, examples of the present 1nvention will be

described. Among the examples below, those that satisfy the

requirements of the present i1nvention correspond to 1nventive

f-
P

examples and those that do not satisfy the requirements of

the present invention correspond to comparative examples.

[00069] First Example

Two steel strip coils for punching work that were

provided by slitting an electrical steel sheet coi._

- P

containing Si1 of 3.0%, Al of 0.8%, Mn of 0.7%, and P of 0.03%

—

1n terms of mass ratio 1n steel and having a sheet thickness

e

of 0.25 mm so as to have widths of 160 mm were prepared as

B

the base material steel sheets. The two steel strip coills

(Cl and C2) were simultaneously subject to the punching using

the punching device 10 illustrated in FIG. 1 (work method:

pr—

punching of two stacked sheets). The 1ron core element

pieces provided by the punching were subject to interlocking

1n the mold 3 to manufacture a stator i1iron core for a

brushless DC motor (motor core) 1llustrated in FIG. 2.

L 0070] The clearance (one side) a 1n the punching was made

r-v

to vary 1n a range of 2 to 15% relative to the total sheet

pr— o

thickness of 0.50 mm of the two electrical steel] sheets. The

pressure (sheet presser pressure) that the sheet presser 8

applies to the electrical steel sheets in the mold 3 was made
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to vary 1n a range of 0.05 to 1.0 MPa. The Vickers hardness

(test force 1 kg) of the used electrical steel sheets was set

to 195, the average crystal grailn size was set to 80 um, the

static friction coefficient between the steel sheets was set

5 to 0.2, and the static friction coefficient between the steel

sheets and the mold 3 (the sheet presser 8 and the die plate

/) was set to 0.25.

[0071] As a reference example, one electrical steel sheet

under the same condilitions as those in the above-mentioned

10 example (Inventive Example) except that the sheet thickness

was set to 0.50 mm was punched out without being stacked

(work method: punching of cone sheet). In order to evaluate

the deterioration ratio of the 1ron loss by the punching, a

p

motor core having the same dimensions was manufactured by

15 wire cutting (work method: wire cutting).

—

[0072] In order to simply evaluate the i1ron loss of the

manufactured motor core (core iron loss), a magnetic circuilt

was formed by windling a primary coll for excitation bl and a

secondary coil for magnetic flux measurement b2 around a core

20  back portion as 1llustrated 1n FIG. 3 and the core iron loss

was evaluated by measuring magnetism. Table 1 1ndicates the

r‘-

above-mentioned conditionsg and evaluation results of the core

1ron loss.
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(0074 ] FIG. 4 1s a graph 1llustrating a relation between

the clearance a of the mold 3 for the punching and the 1ron

loss deterilioration ratio expressed by the above-mentioned

equation (1). As illustrated in FIG. 4, 1t was found that 1in

Pv

5 the case of the punching to one sheet, the 1ron loss

deterioration ratio was lowered with reduction in the

clearance a. On the other hand, 1t was found that i1n the

case of the punching to two stacked sheets, the 1ron loss

deterioration ratio was significantly lowered when the

10 clearance a was set to 3.5 to 7% of the total sheet thickness

-

of the two electrical steel sheets. It was also found that

rﬁ

1n the case of the punching to two stacked sheets, the iron

I

loss deterioratlion ratio was higher than that 1n the case of

the punching to one sheet even under the above-mentioned

15 conditions, resulting 1n that future challenges were left.

[0075] FIG. 5 1s a graph 1llustrating a relation between

the sheet presser pressure and the 1ron loss deterioration

ratio. As 1llustrated in FIG. 5, 1n the case of the punching

to one sheet, the 1ron 10oss deterioration ratio hardly

20 depends on the sheet presser pressure. On the other hand, it

was found that in the case of the punching to two stacked
sheets, the 1ron loss deterioration ratio was lowered when
the sheelt presser pressure was controlled to be 1n a range of
0.10 MPa or more (desirably 0.30 to 0.80 MPa).

25 [0076] Second Example

Steel strip coills for punching work that were provided

slitting electrical steel sheet coils having different

crystal grain sizes with varied contents of Si, Al, Mn, and P

r—

1n steel and having sheet thicknesses of 0.35 mm, 0.25 mm,

e

30 0.20 mm, and 0.15 mm so as to have widths of 160 mm were
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prepared as the base material steel sheets. The two steel

strip coils (Cl and C2) of a varied combination among them

were simultaneously subject to the punching using the

punching device 10 1llustrated in FIG. 1. Outer peripheral

gr—

portions of the iron core element pleces provided by the

punching were welded to manufacture a stator 1ron core for a

brushless DC motor (motor core). The clearance (one side) a

F

in the punching was set to 25 um (5% of the total sheet

p—

thickness of the two sheets) and the pressure (sheet presser

pressure) that the sheet presser 8 applies to the material in

the mold 3 was set to 0.35 MPa.

[O07 7] As a comparative example, 1n order to evaluate

deterioration 1n the magnetic characteristics (i1ron loss) due

to the punching, a motor core having the same dimensions as

those 1n the example (inventilive example) was manufactured by

wlre cutting (work method: wilre cutting).

g—

(0078 ] The 1ron loss ¢©f the manufactured motor core (core

iron loss) was evaluated by simply measuring magnetism using

the magnetic circuit i1llustrated in FIG. 3. Table Z

1ndicates the above-mentioned conditions and evaluation

-

results of the core 1ron 1loss.
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[0080] FIG. 6 1s a graph 1llustrating a relation between

the hardness of the electrical steel sheets and the 1ron 1loss

—

deterioration ratio of the motor core. FIG. 7 1s a graph

F

1llustrating a relation between the crystal grain size of the

electrical steel sheets and the i1ron l1loss deterioration ratio

of the motor core. It should be noted that the 1ron 1loss

deterioration ratio 1n FIG. ¢ and FIG. 7 indicates an

ﬁ

increase ratio of the 1ron loss of the motor core (core iron

p—

loss) 1n the example relative to the iron loss of the motor

core (wlire cutting core 1ron loss) manufactured by wire

cutting.

(0081 ] As 1llustrated in FIG. 6 and FIG. 7, 1t was found

that when the hardness and the crystal grain size satisfied
the requirements 1n the above-mentioned embodiment (inventive
example), the 1ron loss deterioration ratio was lowered and

increase (deterioration) 1n the 1ron loss was decreased. On

the other hand, 1t was found that when the hardness and the

crystal grain size did not satisfy the requirements 1n the
above-mentioned embodiment, the 1ron loss deterioration ratio
was higher than 17%.

— -

10082] Comparison of examples indicated i1n numbers of 10,

14, 37, and 50 in Table 2 that employ the equivalent

electrical steel sheets and work method revealed that the

p—

1ron loss deterioration ratio in the punching of two stacked

sheets was lower when the sheet thicknesses were 0.25 mm,

0.20 mm, or 0.15 mm than that when the sheet thickness was

'-v

0.35 mm. Based on this finding, usage of the electrical

steel sheet having the sheet thickness of 0.25 mm or less 1s

-

advantageous when the technigque of the present invention is

applied.
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'0083] Furthermore, 1t was found that when the electrical

steel sheets (steel strip coills) having different sheet

thicknesses were combined and were subject

O the punching,

increase 1n the iron loss due to the punching was decreased

fr—

by setting the clearance a to be 7% or more of the minimum

sheet thickness and 7% or less of the total sheet thickness.

(0084 ] Third Example

p— -

Jp—
s

A static friction coefficient of the surface of an

P

electrical steel sheet coil containing Si of 3.0%, Al of 0.8%,

fr—

Mn of 0.7%, and P of 0.03% 1n terms of mass ratio in steel,

g—

having the Vickers hardness (measured with a weight of 1 kg)

P and

of 195, having a crystal grain size of 100 um, and having a

sheet thickness of 0.10 mm was made to vary. The static

friction coefficient was made to vary by causing compositions

—

(resin blending ratio and wax addition amount) of chromic

acld-resin based coating to vary. Three steel strip coils

.

(Cl to C3) having widths of 160 mm were prepared from the

electrical steel sheet coil. The three steel strip coils

were simultaneously subject to the punching using the

punching device 10 1llustrated in FIG. 1 (work method:

punching). The 1ron core element pleces provided by the

punching were subject to interlocking in the mold 3 to

manufacture a stator i1ron core for a brushless DC motor

(motor core). The clearance (one side) a in the punching was

set to 15 pum (4.3% of the total sheet thickness 0.35 mm), and

the sheet presser pressure was set to 0.06 to 0.5 MPa.

(00857 In the mold 3 for the punching, roughness of a

portion (mold surface 1) of the die plate 7 that makes

f_b-
r—

contact with the electrical steel sheets and roughness of a

portion (mold surface 2) of the sheet presser 8 that makes
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contact with the electrical steel sheets were made to vary to

e

cause the static friction coefficlient between the mold 3 and

the electrical steel sheets to vary.

10086} As a reference example, 1n order to evaluate
deterioration 1n the magnetic characteristics (iron loss) due

to the punching, a motor core having the same dimensions as

those 1n the example (i1nventive example) was manufactured by

wlre cutting (work method: wire cutting).

(0087 ] The 1ron loss of the manufactured motor core (core

iron loss) was evaluated by simply measuring magnetism using

the magnetic circuit 1llustrated in FIG. 3. Table 3

1ndicates the above-mentioned conditions and evaluation

—

results of the core 1ron loss.
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1 0089] FIG. 8 1s a graph 1llustrating a relation between

the statilic friction coefficient between the steel sheets and

the 1ron loss deterioration ratio of the motor core. AS

illustrated in Table 3 and FIG. 8, 1t was found that i1n the

example, the three steel sheets were simultaneously punched

out and the 1ron loss deterioration ratlio was therefore
higher than that when the two steel sheets were
simultaneously punched out but the i1ron loss deterioration

Pﬁ

ratio of the 1ron core manufactured by wire cutting was

—

lowered by satisfying the reguirements of the present

invention. In particular, as illustrated in FIG. 8, 1t was

found that the 1ron loss deterioration ratio was stably

lowered to be 21% or lower by setting the static friction

g—
=

coefficient between the steel sheets to be 0.3 or more and

—
P~

ficient between the steel

setting the static friction coe:

o

sheets and the mold 3 to be 1n a range of 0.3 to 0.8.

Fourth Example

(0090 ] The si1ize and the number of inclusions 1n steel were

adjusted by adjusting degassing process time and a molten

steel refluxing speed when manufacturing a steel slab. Then,

v

the contents of S1, Al, Mn, and other elements were adjusted

by component adjustment 1n a degassing process. Subsequently,

continuous casting, hot rolling, hot rolled sheet annealing

and pickling, and cold rolling were performed and a sheet

pr——

thickness was set to 0.15 mm. Thereafter, an electrical

steel sheet coi1l was manufactured by finish annealing and

coating application. Two steel strip coils (Cl and C2)

having widths of 160 mm were prepared from the electrical

steel sheet coil.

10091 ] Conditions of the coating application were the same
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pr—

as those for both of the steel strip coils. The static

P

friction coefficient between the steel sheets was set to 0.4

f“
d

and the static friction coefficient between the steel sheets

and the mold 3 (surfaces making contact with the steel

sheets) was set to 0.4. The crystal grain size, the hardness,

fr—

and the number of 1nclusions in steel were 1nvestigated for

these steel strip coils Cl and CZ.

(0092 ] Thereafter, the two steel strip coills were

simultaneously subject to the punching using the punching

F

device 10 illustrated 1n FIG. 1 (work method: punchiling of two

stacked sheets). The 1ron core element pleces provided by

the punching were subject to interlocking in the mold 3 to

manufacture a stator i1ron core for a brushless DC motor

(motor core). The clearance (one side) a 1n the punching was

y—

set to 12 um (4% of the total sheet thickness of the two

sheets) and the sheet presser pressure was set to 0.40 MPa.

The ratio of the clearance a relative to the steel sheet

-

ﬁ
P—

having the minimum sheet thickness was 8% and the ratio of

the clearance a relative to the total sheet thickness was 4%.

p—

[0093] The 1ron loss of the manufactured motor core (core

iron loss) was evaluated by simply measuring magnetism using

the magnetic circuit 1llustrated in FIG. 3. Table /4

indicates the above-mentioned conditions and evaluation

yo——

results of the core i1iron loss.
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[0095] As 1llustrated in Table 4, 1t was found that when

the number of inclusions having the crystal grain size of 0.1

to 3.0 um 1n steel was set to 1000 to 8000 pieces/ﬁmf, the

1ron loss deterioration ratio could be lowered to be 15% or

lower even 1n the punching of two stacked sheets and a

o 2l
pr—r-

particularly excellent effect of preventing the deterioration

1in the 1ron loss could be provided.

(00961 As described above, with the punching process 1n
the embodiment, when the steel sheets are stacked and are
subject to the punching, the deterioration 1in the 1ron loss

F-

of the 1ron core can be decreased to the minimum.

—r

“1clent

Accordingly, the laminated 1ron core for a high-etf

rotating equilpment of a motor or a generator can be

manutfactured from an electrical steel sheet having a small

sheet thickness highly efficiently.

(0097 ] Hereinbefore, the embodiment to which the invention

made by the present 1nventors 1s applied has been described.

The description and the drawlings in the embodiment that form

gr— pre—

a part of the disclosure of the present invention do not

limit the present invention. That is to say, all of other

empbodiments, examples, operation techniqgques, and the like

that are made by those skilled in the art based on the

embodiment are encompassed in the scope of the invention.

Industrial Applicability

0088 ] As described above, the punching method, the

punching device, and the laminated iron core manufacturing

method according to the present invention are useful for the

punching to the steel sheet that 1s used for the iron core

e

and manufacturing of the laminated iron core, and 1n

particular, are suiltable for the punching method, the



CA 02973670 2017-07-12

Docket No. PJFA-15545-PCT
45

punching device, and the laminated 1ron core manufacturing

N

method capable of simultaneocusly punchiling a plurality o:

t

stacked electrical steel sheets while decreasing

deterioration 1n 1ron loss to The minimum.

5 Reference Signs List

10099 1 PRESS MACHIN.

L]

PINCH ROLL

MOLD
PUNCH

10 DI

L*]

DI

L*]

L]

HOL.
DL

L*]

PLATE

-]

SH.

ET PRESSER

BIASING UNIT

O 0 -1 &Y U B W N

15

0 PUNCHING DEVIC:

L

CLEARANC.

L*]

Al

C STEEL STRIP COIL (ELECTRICAL STEEL SHEET)
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CLAIMS

1. A punching method comprising:

punching out a plurality of electrical steel sheets 1n a

stacked state by a mold, wherein

sheet thicknesses of the electrical steel sheets are set

to be 0.35 mm or less, a Vickers hardness (test force 1 kg)

of the sheets 1s set to be 150 to 400, and an average crystal

et

p—

graln slze of the sheets 1s set to be 50 to 250 um,

gor—
p—

a clearance of the mold 1s set to be 7% or more of a

up—

minimum sheet tThickness of the sheet thicknesses of the

electrical steel]l sheets and 7% or less of a total sheet

o~

thickness of the electrical steel sheets, and

a pressure that a sheet presser of the mold applies to

the electrical steel sheets 1s set to be 0.10 MPa or more.

2 . The punching method according to claim 1, wherein the

’~

sheet thicknesses of the electrical steel sheets are set to

be 0.25 mm or less.

3. The punching method according to claim 1 or 2, wherein a

static friction coefficient between surfaces of the stacked

electrical steel sheets 1s set to be 0.3 or more, and static

F o d

friction coefficients between the electrical steel sheets and

— -

a surface of a die plate of the mold that makes contact with

the electrical steel sheets and between tThe electrical steel

sheets and a surface of the sheet presser of the mold are set

to be 0.3 to 0.8.

F

4, The punching method according to any one of claims 1 to
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3, wherein the electrical steel sheets contain S1 of 0.5 to

F
.

6.0%, Al of 2.5% or less, and Mn of 0.1 to 3.0% 1n terms of

..

-

mass ratio, and the number of inclusions having a crystal

grain size of 0.1 to 3.0 um i1n steel 1s set to be 1n a range

R—

5 of 1000 to 8000 pieces/mmz.

D. A punching device comprising:

a mold,

the punching device being configured to punch a

10 plurality of electrical steel sheets 1n a stacked state,

whereiln

g

sheet thicknesses of the electrical steel sheets are set

to be 0.35 mm or less, a Vickers hardness (test force 1 kg)

of the sheets 1s set to be 150 to 400, and an average crystal

15 grain size of the sheets 1s set to be 50 to 250 um,

——

a clearance of the mold 1s set to be 7% or more of a

p— Jr—

minimum sheet thickness of the sheet thicknesses of the

gr—

electrical steel sheets and 7% or less of a total sheet

thickness of the electrical steel sheets, and

20 a pressure that a sheet presser of the mold applies to

the electrical steel sheets 1s set to be 0.10 MPa or more.

o . A laminated 1ron core manufacturing method comprising:

laminating and integrating iron core element pieces

25 punched using the punching method according to any one of

claims 1 to 4 to manufacturing a laminated i1ron core.
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