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(57) Abréegée/Abstract:
There Is provided a method for manufacturing a laminated iron core. The method includes recelving a plurality of block iron cores

which are temporarily laminated and ejected from a die, each block iron core being formed by laminating a plurality of iron core
pleces that are blanked from a thin plate workpiece using the die, individually separating the temporarily laminated block iron cores
by a block iron core separating unit, and rotating and laminating each of the separated block iron cores by a rotating and laminating
unit in order different from order of lamination of the temporarily laminated block iron cores before separation In a place different

from a location of the die.
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ABSTRACT OF THE DISCLOSURE

There 15 provided a method for manufacturing a laminated iron core.

The method 1includes receiving a plurality of block iron cores which are

temporarily laminated and ejected from a die, each block iron core being

formed by laminating a plurality of iron core pieces that are blanked from a

thin plate workpiece using the die, individually separating the temporarily

laminated block 1ron cores by a block iron core separating unit, and rotating

and laminating each of the separated block iron cores by a rotating and

laminating unit in order different from order of lamination of the
temporarily laminated block iron cores before separation in a place different

from a location of the die.
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METHOD AND APPARATUS FOR MANUFACTURING LAMINATED

IRON CORE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention rel.ates to a method for manufacturing a
laminated iron core by rotating and laminating a plurality of block iron cores
respectively formed by laminating a plurality of iron core pieces blanked

from a thin plate workpiece using a die, in a place (that is, the outside of the

die) different from a location of the die, and an apparatus for manufacturing

the laminated 1ron core.

2. Description of the Related Art

(0002] A laminated iron core is formed by laminating plural iron core pieces

blanked from a thin plate workpiece. Since this thin plate workpiece has a
plate thickness deviation, each of the iron core pieces is rotated by a given
angle and then is laminated (so-called rotated and laminated) to thereby
eliminate the plate thickness deviation of the thin plate workpiece.

For example, JP-A-2011-156585 as Patent Literature 1 discloses
rotation and lamination, and this can improve accuracy of dimensions such

as squareness or parallelism of the laminated iron core, with the result that

the rotation and lamination are very effective as a method for improving
motor characteristics.

[0003] An apparatus (rotating and laminating apparatus) for performing
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the rotation and lamination includes a case (so-called rotation and

lamination inside a die) of being incorporated into a blanking die

(hereinafter simply also called a die) for manufacturing the iron core piece,
and a case (so-called rotation and lamination outside the die) of being

installed ocutside the blanking die.

In the latter case, the iron core piece is blanked and formed by the
blanking die, and a laminated body (hereinafter called a block iron core)
laminated in any lamination thickness is ejected to the outside of the die and
then, each of the block iron cores is rotated and laminated 1n a step separate
from blanking.

[0004] The iron core piece located in the lowermost layer of each of the block
iron cores is provided with only a through hole (caulking through hole) for
reducing interference of a caulking protrusion formed for the purpose of
mutually fixing the iron core pieces adjacent in a lamination direction.
Accordingly, each of the block iron cores can be rotated and laminated
smoothly.

After the rotation and lamination described above, for a stator iron
core, each of the block iron cores is mutually fixed by welding and also, for a
rotor iron core, a step of filling a magnet-insert hole with a resin with each of
the block iron cores stacked is had, with the result that each of the block 1ron
cores is mutually fixed using a binding force by the resin.

[0005] As a laminated iron core formed by laminating plural block 1ron cores,
JP-A-11-55906 as Patent Literature 2 discloses a laminated 1ron core
constructed of plural block iron cores (CB1 to CBbH) formed by respectively

laminating two or more kinds of iron core pieces with different shapes.
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In the laminated iron core constructed in this manner, each of the

plural block iron cores (CB1 to CB5) must satisfy a management value of a
lamination thickness (lamination height of the iron core pieces), with the
result that the lamination thickness of each of the block iron cores 1s

inspected, and each of the block iron cores 1s rotated and laminated using the

block iron core satisfying the management value of the lamination thickness.

[0006] Patent Literature 1: JP-A-2011-156585

Patent Literature 2: JP-A-11-55906

SUMMARY OF THE INVENTION

[0007] Since the laminated iron core ejected from a die 1s in a state
(temporarily laminated state) in which each of the block iron cores 1s

laminated, it is necessary to once separate or disassemble the laminated

block iron cores in order to inspect the lamination thickness of each of the
block iron cores. As a result, in the case of manufacturing the laminated
iron core, it is necessary to again laminate and assemble each of the

separated block 1iron cores.

When a worker does this work manually, the worker may mistake

order of lamination or an angle of rotation and lamination of each of the

block iron cores, with the result that a defective product may be caused.
In addition, in the case of doing work of removing burrs (substances

produced at the time of fitting a caulking protrusion into a caulking through

hole) from the laminated iron core, the work of removing the burrs must be

done after each of the block iron cores is disassembled, and when each of the
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block 1ron cores 1s rotated and laminated subsequently, order of lamination

or an angle of rotation and lamination of each of the block iron cores may be

mistaken like the case of inspecting the lamination thickness described

above.
[0008] The present invention has been implemented in view of such

circumstances, and a non-limited object of the present invention 1s to provide

a method for manufacturing a laminated 1iron core capable of rotating and
laminating each of the block 1ron cores without mistaking order of

lJamination or an angle of rotation and lamination of each of the block 1ron

cores, and an apparatus for manufacturing the laminated iron core.

[0009] A first aspect of the present invention provides a method for
manufacturing a laminated iron core, the method including: receiving a
plurality of block iron cores which are temporarily laminated and ejected
from a die, each block 1ron core being formed by laminating a plurality of 1iron
core pieces that are blanked from a thin plate workpiece using the die;
1individually separating the temporarily laminated block iron cores by a block
1Iron core separating unit; and rotating and laminating each of the separated
block 1ron cores by a rotating and laminating unit in order different from
order of lamination of the temporarily laminated block iron cores before

separation 1n a place different from a location of the die.

[0010] The method for manufacturing the laminated iron core according to
the first aspect of the present invention may be configured so that each of the
individually separated block iron cores 1s sequentially arranged on a
disk-shaped placement table rotatable around a shaft center at intervals in a

circumferential direction of the placement table.
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[0011] Here, the method may further includes inspecting a lamination
thickness of each of the block iron cores by a lamination thickness inspecting

unit between separating the temporarily laminated block iron cores and

rotating and laminating the separated block 1ron cores.

The method mayv further includes inspecting a shape of each of the
block iron cores by a shape inspecting unmit between separating the
temporarily laminated block iron cores and rotating and laminating the
separated block 1ron cores.

[0012] The method may still further includes reversing fronts and backs of a
unit of the plurality of temporarily laminated block iron cores by a reversing
unit before separating the temporarily laminated block 1ron cores.

Here, the method may further includes removing burrs projected at a

back side of each of the block iron cores by a burr removing unit between

separating the temporarily laminated block iron cores and rotating and
laminating the separated block iron cores.

[0013] A second aspect of the present invention provides an apparatus for
manufacturing a laminated iron core, the apparatus including: a block 1ron

core separating unit that is provided in an upstream side and receives a

plurality of block iron cores which are temporarily laminated and ejected

from a die, each block iron core being formed by laminating a plurality of iron
core pieces that are blanked from a thin plate workpiece using the die,
wherein the block iron core separating unit individually separates the
temporarily laminated block iron cores: and a rotating and laminating that 1s
provided in a downstream side of the block iron core separating unit and

rotates and laminates each of the separated block iron cores 1n order
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different from order of lamination of the temporarily laminated block iron

cores before separation in a place different from a location of the die.

[0014] The apparatus for manufacturing the laminated iron core according
to the second aspect of the present invention may further include a
disk-shaped placement table rotatable around a shaft center, wherein each of

the block 1ron cores individually separated by the block 1ron core separating

unit can be arranged on the placement table at intervals 1in a circumferential

direction.

[0015] Here, the apparatus may further include a lamination thickness
inspecting unit that inspects a lamination thickness of each of the block iron
cores 1ndividually separated by the block iron core separating unit 1n a

downstream side of the block 1ron core separating unit and an upstream side

of the rotating and laminating unit.

The apparatus may further include a shape inspecting unat that
inspects a shape of each of the block 1ron cores individually separated by the
block 1ron core separating unit in a downstream side of the block 1ron core
separating unit and an upstream side of the rotating and laminating unait.
[0016] The apparatus may still further include a reversing unit that

reverses fronts and backs of a unit of the pluralhty of temporarily laminated

block iron cores 1n an upstream side of the block 1iron core separating unait.
Here, the apparatus may further include a burr removing unit that

removes burrs projected at a back side of each of the block 1ron cores
individually separated by the block iron core separating unit in a
downstream side of the block iron core separating unit and an upstream side

of the rotating and laminating unit.
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[0017] In the method and the apparatus for manufacturing the laminated
iron core according to the aspects of the present invention, in the case of
rotating and laminating the plural block iron cores in the place different
from the location of the die, the temporanly laminated block iron cores are
individually separated by the block iron core separating unit and each of the
separated block 1ron cores is rotated and laminated by the rotating and
laminating unit, with the result that each of the block 1ron cores can be
rotated and laminated without mistaking the order of lamination or an angle
of rotation and lamination of each of the block iron cores. Accordingly,
occurrence of a defective product can be prevented.
[0018] Also, when each of the individually separated block iron cores is
arranged on the disk-shaped placement table rotatable around the shaft
center in certain intervals in the circumferential direction of the placement
table, space can be saved as compared with the case of linearly arranging
each of the separated block iron cores.

Particularly, in the case of doing work of removing the burrs and

work of inspecting the lamination thickness or the shape of each of the block

iron cores on the placement table, each of the block iron cores on the
placement table can be sequentially moved to the places of various pieces of
work described above by rotating the disk-shaped placement table.
Accordingly, work efficiency can be increased since the various pieces of work
can be done in parallel with work of separation or work of rotation and

lamination of each of the block iron cores.

CA 2935356 2018-09-28
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According to an embodiment, there 1s provided a method for manutacturing a
laminated iron core, the method comprising: receiving a plurality of block iron cores which
are temporarily laminated and ejected from a die, each block iron core being formed by
laminating a plurality of iron core pieces that are blanked from a thin plate workpiece using
the die; individually separating the temporarily laminated block iron cores by a block iron
core separating unit; and rotating and laminating each of the separated block iron cores by a

rotating and laminating unit in a place different from a location of the die.

According to another embodiment, there 1s provided an apparatus for
manufacturing a laminated 1ron core, the apparatus comprising: a block iron core separating
unit that 1s provided in an upstream side and receives a plurality of block iron cores which are
temporarily laminated and ejected from a die, each block iron core being formed by
laminating a plurality of iron core pieces that are blanked from a thin plate workpiece using
the die, wherein the block iron core separating unit individually separates the temporarily
laminated block iron cores; and a rotating and laminating that is provided in a downstream
side of the block 1ron core separating unit and rotates and laminates each of the separated

block iron cores in a place different from a location of the die.

BRIEF DESCRIPTION OF THE DRAWINGS

CA 2935356 2018-09-28
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[0019] In the accompanying drawings:

Fig. 1A 1s a sectional side view of a laminated iron core manufactured
by a method for manufacturing the laminated iron core according to one
embodiment of the present invention;

Fig. 1B 1s a sectional side view of a laminated iron core according to a
modified example;

Fig. 2 1s an explanatory diagram of a reversing step and a block 1ron

core separating step of the method for manufacturing the laminated 1ron

core;

Fig. 3 1s an explanatory diagram showing order of lamination of block
iron cores before and after the reversing step of the method for
manufacturing the laminated 1ron core;

Fig. 4 1s an explanatory diagram of a burr removing step of the
method for manutfacturing the laminated iron core:

Fig. 5 1s an explanatory diagram of a lamination thickness inspecting
step and a shape inspecting step of the method for manufacturing the
laminated iron core;

Fig. 6 1s an explanatory diagram of a rotating and laminating step of
the method for manufacturing the laminated iron core: and

Fig. 715 an explanatory diagram of the rotating and laminating step.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

[0020] An embodiment embodying the present invention will be described
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with reference to the accompanying drawings, and the present invention will
be understood.
First, a laminated 1ron core 10 manufactured using a method for

manufacturing the laminated iron core according to one embodiment of the

present invention will be described with reference to Fig. 1A.

[0021] The laminated iron core 10 is a rotor iron core (or stmply called as a

rotor).
This lJaminated iron core 10 1s formed by sequentially rotating and

laminating plural (six herein) block iron cores No. 1 to No. 6 formed by

respectively laminating plural annular iron core pieces. Here, the block
1iron cores No. 1 and No. 6, No. 2 and No. 5, and No. 3 and No. 4 have the

same shape, respectively, but, for example, all the block iron cores may have

the same shape or different shapes.
Also, a laminated 1ron core 11 of Fig. 1B can be formed by reversing

the front and back of each of the block 1ron cores No. 1 to No. 6 shown 1n Fig.

1A and changing (replacing) order of lamination of each of the block iron
cores.

[0022] The center of the laminated iron core 10 is formed with a shaft hole
(shaft hole) 12, and plural magnet-insert holes (not shown), for permanent
magnets, made of through holes formed 1n a lamination direction of the
laminated iron core 10 are formed in the periphery (circumferentially)
around this shaft hole 12. The permanent magnet 1s fixed 1nto this
magnet-insert hole using a resin (a thermosetting resin (for example, an
epoxy resin) or a thermoplastic resin).

This laminated iron core 10 1s further formed with plural weight
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reduction holes (not shown) made of through holes in the periphery of the
laminated iron core 10 around the shaft hole 12.

[0023] The block iron cores No. 1 to No. 6 constructing the laminated iron
core 10 are mutually fixed using a binding force by the above resin with
which each of the magnet-insert holes 1s filled, but may further be joined
using welding.

In addition, the iron core piece constructing the block iron cores No. 1
to No. 6 has an annular integral structure, but may have a divided structure
capable of annularly joining plural circularly arcuate iron core piece parts, or
a structure capable of connecting a part of the plural circularly arcuate iron
core pilece parts in a circumiferential direction by a joining part and folding
this joining part to be formed in an annular shape.

[0024] This iron core piece is blanked and formed from a thin plate

workpiece (thin metal sheet) made of, for example, an amorphous material or

an electromagnetic steel plate with a thickness of about 0.10 tc 0.5 mm. In
addition, the 1iron core piece may be a piece blanked from one thin plate
workpiece, or a piece blanked from plural (for example, two, or three or more)
laminated thin plate workpieces.

The 1ron core pieces adjacent in the lamination direction are
mutually joined by caulking protrusions, and the iron core piece located in

the uppermost layer of each of the block iron cores No. 1 to No. 6 shown in

Fig. 1A or the iron core piece located 1in the lowermost layer of each of the
block 1ron cores No. 1 to No. 6 shown 1n Fig. 1B 1s formed with only the
through holes described above.

[0025] The laminated iron core 10 (similarly, the laminated iron core 11) can
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be placed on a jng 13.

The ng 13 1s used 1n the case of rotating and laminating each of the
block 1ron cores No. 1 to No. 6, and includes a support table 14 and plural
positioning rods 15 erected on this support table 14. In use, the laminated
1ron core 10 1s positioned with respect to the jig 13 by inserting each of the
positioning rods 15 into the weight reduction hole of the laminated iron core
10.

Accordingly, even 1n a state iﬁ which each of the block iron cores No.
1 to No. 6 1s only laminated without mutually joining each of the block iron
cores, the block 1ron cores can be prevented from loosening in the case of
conveyance.

[0026] Also, the laminated iron core may be a stator iron core (stator).
This laminated iron core 1s formed by rotating and laminating plural

block 1ron cores respectively formed by laminating plural annular iron core

pieces blanked from the thin plate workpiece described above. In addition,

the block i1ron cores rotated and laminated are mutually joined using
welding.

The laminated 1ron core has an annular yvoke part, and plural
magnetic pole parts connected integrally to an inner peripheral side of this
yoke part. The yoke part and the magnetic pole parts are respectively

formed by laminating plural iron core pieces having yoke piece parts and

magnetic pole piece parts. In addition, the magnetic pole piece part is
formed by blanking a slot from a strip material.
10027] Subsequently, an apparatus 20 (hereinafter simply also called a

manufacturing apparatus) for manufacturing the laminated iron core
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according to one embodiment of the present invention will be described with
reference to Figs. 1A and 2 to 7. In addition, Figs. 2 and 4 to 7 show
schematic diagrams of the manufacturing apparatus 20 in plan view.

The manufacturing apparatus (rotating and laminating apparatus)
20 1s an apparatus for rotating and laminating plural block iron cores No. 1

to No. 6 (simply described as 1 to 6 in Figs. 2, 4 to 7) respectively formed by

laminating plural iron core pieces blanked from a thin plate workpiece using
a die (not shown) in a place different from that of the die. The
manufacturing apparatus 20 includes a base table 21, and a conveying unit
22, a reversing unit 23, a block 1ron core separating unit 24, a burr removing
umt 295, a lamination thickness inspecting unit 26, a shape inspecting unit
27, and a rotating and laminating unit 28 formed on this base table 21.
Hereinafter, description will be made 1n detail.
[0028] The conveying unit 22 horizontally conveys the temporarily
laminated block iron cores No. 1 to No. 6 ejected from the die, that is, a
laminated iron core 29 in a temporarily laminated state with its laminated
state maintained.

As this conveying unit 22, for example, a roller convevor can be used,
but the conveying unit 22 1s not limited to this conveyor.
[0029] A position of the middle of the conveying unit 22 is provided with the

reversing unit 23.

This reversing unit 23 reverses the fronts and backs (that is, upper
and lower portions of the laminated iron core 29 in the temporarily
laminated state) of a unit of the temporarily laminated block iron cores No. 1

to No. 6 as shown in Figs. 2 and 3. For example, the reversing unit 23 can
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be configured to include a gripping part capable of integrally gripping the
temporarily laminated block 1ron cores No. 1 to No. 6, and a rotating shaft
which 1s formed on this gripping part and reverses the gripping part 180°,
but 1s not limited to this configuration as long as the temporarily laminated
block 1ron cores No. 1 to No. 6 can be integrally reversed.

[0030] An installation place of the reversing unmt 23 1s not particularly

Iimited as long as the installation place is the downstream side of the die and

the upstream side of the block iron core separating unit 24, and may be, for

example, the outside of the base table 21.

Accordingly, as shown in Fig. 3, order of lamination of the block iron

cores 18 arranged 1n order of No. 6 to No. 1 from top to bottom in the
temporarily laminated state, but 1s changed 1n order of No. 1 to No. 6 from
top to bottom by the reversing unit 23. By this operation, caulking
protrusions 30 of the block iron core No. 1 projected downwardly are
projected upwardly.

[0031] As shown in Fig. 2, the downstream side of the conveying unit 22

(reversing unit 23) is provided with the block iron core separating unit 24.
This block iron core separating unit 24 individually separates the
temporarily laminated block iron cores No. 1 to No. 6. For example, the

block iron core separating unit 24 can be configured to have a robot arm

including a gripping part for gripping each of the block iron cores No. 1 to No.

6, but 1s not limited to this configuration.

In addition, each of the separated block iron cores No. 1 to No. 6 is
arranged on a disk-shaped placement table 31 by the block iron core

separating unit 24.
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[0032] The placement table 31 is formed rotatablv around the shaft center
on the base table 21.

The outer peripheral side of this placement table 31 is provided with
plural (12 herein) fixing parts 32 which can arrange each of the block iron
cores No. 1 to No. 6 in certain intervals or distances in a circumferential
direction of the placement table 31.

Accordingly, the fixing part 32 on which the block iron core is not
placed can be intermittently arranged in proximity to the downstream side
end of the conveying unit 22 by rotating the placement table 31 through a
predetermined angle (90° herein).

[0033] As shown in Fig. 4, the downstream side of the block iron core

separating unit 24 and the upstream side of the rotating and laminating unit

28 are provided with the burr removing unit 25.

This burr removing unit 25 removes burrs (substances produced at
the time of fitting the caulking protrusion into a caulking through hole)

projected to the back side of each of the block iron cores No. 1 to No. 6
individually separated by the block iron core separating unit 24. For
example, the burr removing unit 25 has a brush part for making rotating
contact with the block iron cores (block iron cores No. 1 to No. 3 in Fig. 4)
fixed to the fixing parts 32 of the placement table 31. In addition, the brush
part 1s formed upwardly and downwardly movably over the block iron core,
and always waits over the block iron core, and makes contact with a back
surface of the block iron core only in use. Also, in use, the removed burrs
can be sucked and recovered without being scattered by covering the block

1iron core and the brush part with a cover provided with a suction
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mechanism.

[0034] As shown in Fig. 5, the downstream side of the burr removing unit 25
(block iron core separating unit 24) and the upstream side of the rotating and
laminating unit 28 are provided with the lamination thickness inspecting
unit 26 and the shape inspecting unit 27.

The lamination thickness inspecting unit 26 inspects a lamination
thickness of each of the block 1ron cores No. 1 to No. 6 individually separated
by the block iron core separating unit 24 and, for example, a depth gauge can
be used.

The shape inspecting unit 27 inspects a shape (contour shape) of each
of the block 1ron cores No. 1 to No. 6 individually separated by the block 1ron
core separating unit 24, and can be implemented by, for example, 1image
processing using an 1imaging camera.

[0035)] As shown in Figs. 6 and 7, the downstream side of the lamination
thickness inspecting unit 26 and the shape inspecting unit 27 1s provided

with the rotating and laminating unit 28.

This rotating and laminating umt 28 rotates and laminates each ot

the separated block iron cores No. 1 to No. 6 1n order different from order ot

lamination just before separation, that 1s, after reverse by the reversing unit

23 (right side of Fig. 3). For example, the rotating and laminating unit 28
can be configured to include a robot arm having a gripping part for gripping
each of the block iron cores and having a function of rotating each of the
eripped block iron cores through a preset angle, but is not limited to this
configuration.

[0036] This rotation and lamination can be performed by sequentially
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placing each of the block iron cores No. 1 to No. 6 on the jig 13 arranged in
proximity to the placement table 31 by jig supply unit 34.

In addition, in the case of placing each of the block iron cores No. 1 to
No. 6 on the g 13, a position of display formed in each of the block iron cores

No. 1 to No. 6 1s recognized before placement by image processing using an

1maging camera, and each of the block iron cores 1s rotated through a preset

angle.
[0037] In this way, the laminated iron core 10 shown in Fig. 1A can be
obtained.

In the block iron core No. 6 of this laminated iron core 10, a caulking
protrusion 35 1s projected, but this caulking protrusion 35 can be removed
(crushed) in a subsequent step.

[0038] As described above, the laminated iron core 10 rotated and laminated

by the manufacturing apparatus 20 1s conveyed to the downstream side in a
state placed on the jig 13, and each of the magnet-insert holes is filled with
the resin described above and further using welding, the block iron cores No.

1 to No. 6 can be mutually joined.

In addition, the block iron core separating unit 24, the burr removing
unit 25, the lamination thickness inspecting unit 26, the shape inspecting
unit 27, and the rotating and laminating unit 28 described above are
sequentially arranged around the placement table 31 from the upstream side
toward the downstream side 1n a rotating direction of the placement table 31,
but are not limited to this arrangement. For example, the block 1ron core
separating unit 24, the burr removing unit 25, the lamination thickness

inspecting unit 26, the shape inspecting unit 27, and the rotating and
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Jaminating unit 28 may be linearly arranged without using the placement
table 31.
[0039] Subsequently, a method for manufacturing the laminated iron core
according to one embodiment of the present invention will be described with
reference to Figs. 1Aand 2 to 7.

The method for manufacturing the laminated iron core 10 1s a

method for rotating and laminating plural block 1iron cores No. 1 to No. 6

respectively formed by laminating plural iron core pieces blanked from a thin
plate workpiece using a die in a place different from a location of the die.
The method includes a reversing step, a block iron core separating step, a

burr removing step, a lamination thickness inspecting step, a shape

inspecting step, and a rotating and laminating step. Hereinafter,
description will be made in detail.
[0040] (Reversing step)

As shown in Fig. 2. the temporarily laminated block 1ron cores No. 1
to No. 6 ejected from the die, that 1s, the laminated 1ron core 29 1n a
temporarily laminated state with its laminated state maintained 1s
horizontally conveved by the conveying unit 22.

During this convevance (before the block iron core separating step),
the fronts and backs (that is, upper and lower portions of the laminated iron
core 29 in the temporarily laminated state) of a unit of the temporarily
laminated block iron cores No. 1 to No. 6 are reversed by the reversing unit
23 as shown 1n Figs. 2 and 3.

[0041] (Block iron core separating step)

As shown in Fig. 2, by the block iron core separating unit 24, the
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temporarily laminated block iron cores No. 1 to No. 6 are individually

separated and are sequentially arranged in each of the fixing parts 32
formed on the placement table 31.

In addition, in Fig. 2, after the block iron cores No. 1 to No. 3 1n the

block iron cores No. 1 to No. 6 constructing the laminated iron core 29 in the

temporarily laminated state are first arranged in the fixing parts 32, the
placement table 31 is rotated 90°, and the remaining block 1iron cores No. 4 to
No. 6 are arranged in the fixaing parts 32.

[0042] (Burr removing step)

As shown in Fig. 4, burrs projected at the back sides of the block 1ron
cores No. 1 to No. 3 are removed by the burr removing unit 25.

In addition, at this time, the other block iron cores No. 4 to No. 6 are
arranged in the fixing parts 32, with the result that plural pieces of work can
be done 1n parallel.

(0043] (Lamination thickness inspecting step)

As shown in Fig. 5, lamination thicknesses of the block 1ron cores No.
1 to No. 3 are inspected by the lamination thickness inspecting unit 26.
Here, the block iron core satisfving a management value of the lamination
thickness proceeds to the next step, and the block iron core which does not
satisfv the management value of the lamination thickness is discarded.

Also, at this time, the other block iron cores No. 4 to No. 6 are burred,
with the result that plural pieces of work can be done in parallel.

[0044] (Shape inspecting step)

As shown in Fig. 5, shapes of the block iron cores No. 1 to No. 3 are

inspected by the shape inspecting unit 27. Here, the block iron core with a
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normal shape proceeds to the next step, and the block iron core with a
defective shape 1s discarded.
In addition, the shape inspecting step may be performed at the time

different from that of the lamination thickness inspecting step described

above, but can simultaneously be performed to thereby improve work
efficiency.
10045] (Rotating and laminating step)

As shown i1n Figs. 6 and 7, by the rotating and laminating unit 28,
each of the separated block 1ron cores No. 1 to No. 6 with the burr removing
step, the lamination thickness inspecting step and the shape inspecting step
performed is rotated and laminated on the jig 13 in order different from
order of lamination just before separation, that is, after reverse by the
reversing unit 23 (right side of Fig. 3).

[0046] This rotation and lamination can be performed by sequentially
placing each of the block 1ron cores No. 1 to No. 6 on the ng 13 arranged 1n
proximity to the placement table 31 by the ng supply unit 34 after a position
of display formed 1n each of the block 1ron cores No. 1 to No. 6 1s recognized
bv 1image processing using an 1maging camera.

In addition, when the position of display cannot be recognized, an
angle of rotation and lamination 1s not found, with the result that the
rotation and lamination are stopped and subsequently, the rotation and
lamination are performed using the block 1ron core capable of recognizing the
posifion of display.

[0047) In Fig. 7, each of the block iron cores No. 1 to No. 6 is rotated 180°

and 1s laminated one by one, but an angle of rotation can be changed
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according to, for example, a kind of laminated iron core.

In this way, the laminated iron core 10 shown in Fig. 1A can be
obtained.

In addition, the laminated iron core 11 shown in Fig. 1B can be
obtained bv reversing the front and back of each of the block 1ron cores No. 1
to No. 6 and changing (replacing) order of lamination of the block 1ron cores

after the completion of the burr removing step, the lamination thickness

inspecting step and the shape inspecting step described above.

[0048] As described above, the laminated iron core 10 rotated and laminated

by the manufacturing apparatus 20 is conveyed to the downstream side 1n a

state placed on the jig 13, and each of the magnet-insert holes is filled with
the resin described above and further using welding, the block iron cores No.

1 to No. 6 are mutually joined.

[0049] The present invention has been described above with reference to the
embodiment, but the present invention 1s not limited to the configuration
described in the embodiment described above, and also 1includes other

embodiments and modified examples contemplated within the scope of the

matter described in the claims. For example, the case of constructing the

method for manufacturing the laminated iron core and the apparatus for

manufacturing the laminated iron core of the present invention by
combining a part or all of the respective embodiments and modified
examples described above is also included in the scope of right of the present
1invention.

For example, a structure of the laminated iron core is not imited to

the embodiment described above, and a structure formed with an oil hole
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may be used. A shape inspection of this oil hole can be conducted by the

shape inspecting unit described above.

[0050] Also, the embodiment described above describes the case of
constructing the apparatus for manufacturing the laminated iron core of the
reversing unit, the block iron core separating unit, the burr removing unit,
the lamination thickness inspecting unit, the shape inspecting unit, and the

rotating and laminating unit. However, the apparatus for manufacturing

the laminated iron core is not limited to this case, and may be constructed of

only the block iron core separating unit and the rotating and laminating unit
as necessary, and can also be constructed by selectively adding any one or

two or more of the reversing unit, the burr removing unit, the lamination

thickness inspecting unit and the shape inspecting unit to the block iron core
separating unit and the rotating and laminating unit. In addition, in this
case, each of the steps constructing the method for manufacturing the

laminated iron is constructed similarly.
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CLAIMS:

1. A method for manufacturing a laminated iron core, the method comprising:

receiving a plurality of block iron cores which are temporarily laminated and ejected
from a die, each block iron core being formed by laminating a plurality of iron core pieces
that are blanked from a thin plate workpiece using the die;

individually separating the temporarily laminated block tron cores by a block iron

core separating unit; and

rotating and laminating each of the separated block iron cores by a rotating and

laminating unit in a place different from a location of the die.

2. The method for manufacturing the laminated iron core according to claim 1, wherein

each of the separated block iron cores is rotated and laminated in an order different from an

order of lamination of the unseparated temporarily laminated block 1ron cores.

3. The method for manufacturing the laminated iron core according to claim 1 or 2,
wherein each of the individually separated block iron cores is sequentially arranged on a
disk-shaped placement table rotatable around a shaft center at intervals in a circumterential

direction of the placement table.

4. The method for manufacturing the laminated iron core according to any one of
claims 1 to 3, further comprising:
inspecting a lamination thickness of each of the block iron cores by a lamination

thickness inspecting unit between separating the temporarily laminated block iron cores and

CA 2935356 2018-09-28
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rotating and laminating the separated block 1ron cores.

5. The method for manufacturing the laminated iron core according to any one of

claims 1 to 4, further comprising:

inspecting a shape of each of the block iron cores by a shape inspecting unit between
separating the temporarily laminated block iron cores and rotating and laminating the

separated block iron cores.

6. The method for manufacturing the laminated iron core according to any one of
claims 1 to 5, further comprising:
reversing fronts and backs of a unit of the plurality of temporarily laminated block

iron cores by a reversing unit before separating the temporarily laminated block 1ron cores.

7. The method for manufacturing the laminated iron core according to claim 6, further
comprising:
removing burrs projected at a back side of each of the block 1ron cores by a burr

removing unit between separating the temporarily laminated block iron cores and rotating and

laminating the separated block 1ron cores.

8. An apparatus for manufacturing a laminated iron core, the apparatus comprising:

a block iron core separating unit that is provided in an upstream side and receives a
plurality of block iron cores which are temporarily laminated and ejected from a die, each
block iron core being formed by laminating a plurality of iron core pieces that are blanked

from a thin plate workpiece using the die, wherein the block iron core separating unit

CA 2935356 2018-09-28
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individually separates the temporarily laminated block iron cores; and

a rotating and laminating that is provided in a downstream side of the block iron core

separating unit and rotates and laminates each of the separated block iron cores in a place

different from a location of the die.

9. The apparatus for manufacturing the laminated iron core according to claim 8§,
wherein the rotating and laminating unit rotates and laminates each of the separated block iron
cores 1n an order different from an order of lamination of the unseparated temporarily

laminated block iron cores.

10

10. The apparatus for manufacturing the laminated iron core according to claim 8 or 9,

further comprising:

a disk-shaped placement table rotatable around a shaft center, wherein each of the
block 1ron cores individually separated by the block iron core separating unit can be arranged

15  onthe placement table at intervals in a circumferential direction.

11, The apparatus for manufacturing the laminated iron core according to any one of

claims 8 to 10, further comprising:

a lamination thickness inspecting unit that inspects a lamination thickness of each of
20  the block 1ron cores individually separated by the block iron core separating unit in a
downstream side of the block iron core separating unit and an upstream side of the rotating

and laminating unit.

CA 2935356 2018-09-28
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12. The apparatus for manufacturing the laminated iron core according to any one of

claims 8 to 11, further comprising:

a shape inspecting unit that inspects a shape of each of the block 1ron cores
individually separated by the block iron core separating unit in a downstream side of the block

iron core separating unit and an upstream side of the rotating and laminating unit.

13. The apparatus for manufacturing the laminated iron core according to any one of

claims 8 to 12, further comprising:

a reversing unit that reverses fronts and backs of a unit of the plurality of temporarily

laminated block iron cores in an upstream side of the block iron core separating unit.

14. The apparatus for manufacturing the laminated iron core according to claim 13,

further comprising:

a burr removing unit that removes burrs projected at a back side of each of the block
iron cores individually separated by the block iron core separating unit in a downstream side

of the block iron core separating unit and an upstream side of the rotating and laminating unit.

CA 2935356 2018-09-28
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