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(54) METHOD OF MANUFACTURING IRON CORE PRODUCT AND IRON CORE PRODUCT

(57) The present disclosure describes a method of
manufacturing a core product and a core product capable
of maintaining a favorable state of weld beads in a core
body. The method of manufacturing a core product in-
cludes: injecting molten resin into a resin injection portion
provided in a core body so as to extend in a height direc-

tion; and forming the core product by welding the core
body. Forming the core product includes welding the core
body such that a weld bead formed by welding does not
reach a buffer region set between the weld bead and the
resin injection portion.
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Description

Technical Field

[0001] The present disclosure relates to a method of
manufacturing a core product and a core product.

Background Art

[0002] Patent Literature 1 discloses a rotor core for use
in an interior permanent magnet (IPM) motor. The rotor
core includes a core body having a plurality of magnet
insertion holes at predetermined intervals around a rota-
tion axis, each magnet insertion hole passing through
and extending in the extending direction of the rotation
axis, permanent magnets disposed in the magnet inser-
tion holes, and solidified resin filling each insertion hole
and solidified.

Citation List

Patent Literature

[0003] Patent Literature 1: Japanese Unexamined Pat-
ent Publication No. 2011-067094

Summary of Invention

Technical Problem

[0004] The present disclosure describes a method of
manufacturing a core product and a core product capable
of maintaining a favorable state of weld beads in a core
body.

Solution to Problem

[0005] A method of manufacturing a core product ac-
cording to an aspect of the present disclosure includes:
injecting molten resin into a resin injection portion which
is provided in a core body and extends in the height di-
rection; and forming the core product by welding the core
body. Forming the core product includes welding the core
body such that a weld bead formed by welding does not
reach a buffer region set between the weld bead and the
resin injection portion.
[0006] A core product according to another aspect of
the present disclosure includes a core body having a res-
in injection portion extending in a height direction, a resin
portion formed in the resin injection portion, and a weld
bead formed on a peripheral surface of the core body.
The weld bead does not reach a buffer region set be-
tween the weld bead and the resin injected portion.

Advantageous Effects of Invention

[0007] With the method of manufacturing a core prod-
uct and the core product, a favorable state of weld beads

in a core body can be maintained.

Brief Description of Drawings

[0008]

FIG. 1 is an exploded perspective view illustrating
an example of a rotor.
FIG. 2 is a cross-sectional view along line II-II in FIG.
1.
FIG. 3 is a schematic diagram illustrating an example
of a manufacturing apparatus for a rotor.
FIG. 4 is a cross-sectional view illustrating injection
of molten resin into magnet insertion holes in a
stacked rotor core by a resin injecting device.
FIG. 5 is a cross-sectional view illustrating welding
of end plates to a stack by a welding device.
FIG. 6 is a top view illustrating positioning of the end
plates to the stack by a positioning member.
FIG. 7 is a flowchart illustrating an example of a meth-
od of manufacturing a rotor.
FIG. 8 is a top view illustrating an example of the
relation between a weld bead and a buffer region of
a magnet insertion hole.
FIG. 9 is a top view illustrating another example of
the relation between a weld bead and a buffer region
of a magnet insertion hole.

Description of Embodiments

[0009] An exemplary embodiment according to the
present disclosure will be described in detail below with
reference to the drawings. In the following description,
the same reference numbers are assigned to the same
elements or elements having the same functions, and an
overlapping description is omitted.

Configuration of Rotor

[0010] First of all, referring to FIG. 1 and FIG. 2, a con-
figuration of a rotor 1 is described. The rotor 1 is combined
with a stator to form a motor. In the present embodiment,
the rotor 1 constitutes an interior permanent magnet
(IPM) motor.
[0011] The rotor 1 includes a stacked rotor core 2 (rotor
core), end plates 3 and 4, and a shaft 5.
[0012] The stacked rotor core 2 includes a stack 10
(core body), a plurality of permanent magnets 12, and a
plurality of solidified resins 14 (resin portions).
[0013] As illustrated in FIG. 1, the stack 10 has a cy-
lindrical shape. More specifically, an axial hole 10a (sec-
ond axial hole) passing through the stack 10 so as to
extend along the center axis Ax is provided at the center
portion of the stack 10. In other words, the axial hole 10a
extends in the stacking direction of the stack 10 (herein-
after simply referred to as "stacking direction"). The
stacking direction is the height direction of the stack 10
and is the extending direction of the center axis Ax. In
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the present embodiment, since the stack 10 rotates
around the center axis Ax, the center axis Ax also serves
as the axis of rotation.
[0014] On the inner peripheral surface of the axial hole
10a, a pair of ridges 10b and a plurality of depressed
grooves 10c are formed. The ridges 10b and the de-
pressed grooves 10c are all extend in the stacking direc-
tion from an upper end surface S1 (first end surface) to
a lower end surface S2 (second end surface) of the stack
10. A pair of ridges 10b face each other with the center
axis Ax interposed therebetween and protrude from the
inner peripheral surface of the axial hole 10a toward the
center axis Ax. One depressed groove 10c is positioned
on each of both sides of one ridge 10b. One side surface
(a side surface positioned away from the ridge 10b) of
the depressed groove 10c is an inclined surface S3 (sec-
ond inclined surface) intersecting obliquely to the radial
direction of the stack 10. In other words, the inner pe-
ripheral surface of the axial hole 10a includes the inclined
surface S3.
[0015] The stack 10 has a plurality of magnet insertion
holes 16 (resin injection portions). As illustrated in FIG.
1, the magnet insertion holes 16 are arranged at prede-
termined intervals along the outer peripheral edge of the
stack 10. As illustrated in FIG. 2, the magnet insertion
hole 16 passes through the stack 10 so as to extend
along the center axis Ax. That is, the magnet insertion
hole 16 extends in the stacking direction.
[0016] In the present embodiment, the shape of the
magnet insertion hole 16 is an elongated hole extending
along the outer peripheral edge of the stack 10. There
are six magnet insertion holes 16 in the present embod-
iment. The magnet insertion holes 16 are arranged at
predetermined intervals along the outer peripheral edge
of the stack 10 as viewed from above. The position, the
shape, and the number of magnet insertion holes 16 may
be changed, for example, according to the application of
the motor and the required performance.
[0017] On the outer peripheral surface of the stack 10,
a plurality of depressed grooves 18 are formed. The de-
pressed groove 18 extends in the stacking direction from
the upper end surface S1 to the lower end surface S2 of
the stack 10. In the present embodiment, eight depressed
grooves 18 are formed approximately at 45° intervals
around the center axis Ax on the outer peripheral surface
of the stack 10.
[0018] The stack 10 is configured such that a plurality
of blanked members W are stacked. The blanked mem-
ber W is a plate-shaped part formed by blanking an elec-
trical steel sheet ES described later into a predetermined
shape and has a shape corresponding to the stack 10.
The stack 10 may be configured by rotational stacking.
"Rotational stacking" refers to stacking a plurality of
blanked members W while shifting the angle of the
blanked members W relative to each other. The rotational
stacking is performed mainly for cancelling out the plate
thickness deviations of blanked member W. The angle
of the rotational stacking may be set to a desired value.

[0019] As illustrated in FIG. 1 to FIG. 2, the blanked
members W adjacent in the stacking direction may be
fastened to each other by connecting tab portions 20.
These blanked members W may be fastened to each
other by a variety of known methods instead of the con-
necting tab portions 20. For example, a plurality of
blanked members W may be joined to each other by ad-
hesive or a resin material or joined to each other by weld-
ing. Alternatively, a blanked member W may be provided
with a temporarily-connecting tab, and after a plurality of
blanked members W may be fastened to each other
through temporarily-connecting tabs to produce a stack
10, the temporarily-connecting tabs may be removed
from the stack. The "temporarily-connecting tab" means
a connecting tab used for temporarily integrating a plu-
rality of blanked members W and removed in the process
of producing the stacked rotor core 2.
[0020] As illustrated in FIG. 1 and FIG. 2, one perma-
nent magnet 12 is inserted in each of the magnet insertion
holes 16. In the present embodiment, the permanent
magnet 12 has the shape of, but not limited to, a rectan-
gular parallelepiped. The kind of permanent magnets 12
may be determined according to the application of the
motor, the required performance, and the like and may
be, for example, sintered magnets or bonded magnets.
[0021] After the permanent magnet 12 is inserted, the
magnet insertion hole 16 is filled with a resin material in
a melted state (molten resin), and the molten resin is
solidified to form the solidified resin 14. The solidified
resin 14 has the function of fixing the permanent magnet
12 in the magnet insertion hole 16 and the function of
joining the blanked members W adjacent in the stacking
direction (top-bottom direction) together. Examples of the
resin material forming the solidified resin 14 include ther-
mosetting resins and thermoplastic resins. A specific ex-
ample of the thermosetting resin is a resin composition
including epoxy resin, a cure initiator, and an additive.
Examples of the additive include filler, fire retardant, and
stress reducer.
[0022] As illustrated in FIG. 1, the end plates 3 and 4
have an annular shape. More specifically, axial holes
(first axial hole) 3a and 4a passing through the end plates
3 and 4, respectively, are provided at the central portion
of the end plates 3 and 4.
[0023] A pair of protrusions 3b and a pair of notches
3c are formed on the inner peripheral surface of the axial
hole 3a. A pair of protrusions 3b face each other with the
center axis Ax interposed therebetween and protrude
from the inner peripheral surface of the axial hole 3a to-
ward the center axis Ax. One notch 3c is positioned on
each of both sides of one protrusion 3b. One side surface
(a side surface positioned away from the protrusion 3b)
of the notch 3c is an inclined surface S4 (second inclined
surface) intersecting obliquely to the radial direction of
the end plate 3. In other words, the inner peripheral sur-
face of the axial hole 3a includes the inclined surface S4.
[0024] A pair of protrusions 4b and a plurality of notch-
es 4c are also formed on the inner peripheral surface of
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the axial hole 4a, in the same manner as the axial hole
3a. The configuration of the protrusions 4b and the notch-
es 4c is similar to the protrusions 3b and the notches 3c
and will not be further explained. More specifically, the
inner peripheral surface of the axial hole 4a also includes
an inclined surface S5 (second inclined surface) inter-
secting obliquely to the radial direction of the end plate 4.
[0025] A plurality of notches 22 are formed on the outer
peripheral surface of the end plate 3. In the present em-
bodiment, eight notches 22 are formed approximately at
45° intervals around the center axis Ax on the outer pe-
ripheral surface of the end plate 3. A plurality of notches
24 are also formed on the outer peripheral surface of the
end plate 4, in the same manner as the end plate 3. In
the present embodiment, eight notches 24 are formed
approximately at 45° intervals around the center axis Ax
on the outer peripheral surface of the end plate 4.
[0026] The end plates 3 and 4 are disposed on the
upper end surface S1 and the lower end surface S2, re-
spectively, of the stack 10 and joined to the stack 10 by
welding. Specifically, as illustrated in FIG. 2, the end plate
3 is joined to a blanked member W positioned in the vi-
cinity of the upper end of the stack 10 through a weld
bead B1 provided across the depressed groove 18 and
the notch 22. Similarly, the end plate 4 is joined to a
blanked member W positioned in the vicinity of the lower
end of the stack 10 with a weld bead B2 provided across
the depressed groove 18 and the notch 24. In this man-
ner, the stacked rotor core 2 and the end plates 3 and 4
are integrated by welding to function as one rotating body
6 (core product).
[0027] The end plates 3 and 4 may be formed of stain-
less steel. Examples of the stainless steel include austen-
ite-based stainless steel (for example, SUS304). The end
plates 3 and 4 may be formed of a non-magnetic material.
The thermal expansion coefficient of the end plates 3 and
4 is typically higher than the thermal expansion coeffi-
cient of electrical steel sheets but may be equivalent to
the thermal expansion coefficient of electrical steel
sheets or may be smaller than the thermal expansion
coefficient of electrical steel sheets.
[0028] The shaft 5 has a cylindrical shape as a whole.
A pair of depressed grooves 5a are formed on the shaft
5. The depressed groove 5a extends from one end to the
other end of the shaft 5 in the extending direction of the
shaft 5. The shaft 5 is inserted in the axial holes 3a, 4a,
and 10a. The protrusions 3b and 4b and the ridge 10b
are engaged with the depressed groove 5a. With this
configuration, rotational force is transmitted between the
shaft 5 and the stacked rotor core 2.

Apparatus for Manufacturing Rotor

[0029] Referring now to FIG. 3 to FIG. 6, an apparatus
100 for manufacturing the rotor 1 is described.
[0030] The manufacturing apparatus 100 is an appa-
ratus for manufacturing the rotor 1 from an electrical steel
sheet ES (workpiece plate) which is a strip-like metal

plate. The manufacturing apparatus 100 includes an un-
coiler 110, a feeding device 120, a blanking device 130,
a resin injecting device 140, a welding device 150, a shaft
attaching device 160, and a controller Ctr (control unit).
[0031] The uncoiler 110 rotatably holds a coil material
111 with the coil material 111 attached thereto. The coil
material 111 is a strip-like electrical steel sheet ES wound
into a coil shape. The feeding device 120 has a pair of
rollers 121 and 122 sandwiching the electrical steel sheet
ES from above and below. A pair of rollers 121 and 122
rotate and stop based on an instruction signal from the
controller Ctr and successively feed the electrical steel
sheet ES intermittently toward the blanking device 130.
[0032] The blanking device 130 operates based on an
instruction signal from the controller Ctr. The blanking
device 130 has the function of successively blanking the
electrical steel sheet ES intermittently fed by the feeding
device 120 to form blanked members W and the function
of successively stacking the blanked members W ob-
tained by blanking to produce a stack 10.
[0033] The stack 10 is discharged from the blanking
device 130 and then placed onto a conveyor Cv1 extend-
ing between the blanking device 130 and the resin inject-
ing device 140. The conveyor Cv1 operates based on an
instruction from the controller Ctr and feeds the stack 10
to the resin injecting device 140.
[0034] The resin injecting device 140 operates based
on an instruction signal from the controller Ctr. The resin
injecting device 140 has the function of inserting a per-
manent magnet 12 into each magnet insertion hole 16
and the function of charging molten resin into the magnet
insertion hole 16 having the permanent magnet 12 in-
serted therein. As illustrated in detail in FIG. 4, the resin
injecting device 140 includes a lower mold 141, an upper
mold 142, and a plurality of plungers 143.
[0035] The lower mold 141 includes a base member
141a and an insertion post 141b provided on the base
member 141a. The base member 141a is a plate-like
member having a rectangular shape. The base member
141a is configured such that a stack 10 can be placed
thereon. The insertion post 141b is positioned approxi-
mately at the central portion of the base member 141a
and protrudes upward from the upper surface of the base
member 141a. The insertion post 141b has a cylindrical
shape and has an outer shape corresponding to the axial
hole 10a of the stack 10.
[0036] The upper mold 142 is configured such that a
stack 10 is sandwiched between the upper mold 142 and
the lower mold 141 in the stacking direction (the height
direction of the stack 10). The upper mold 142 includes
a base member 142a and a built-in heat source 142b.
[0037] The base member 142a is a plate-like member
having a rectangular shape. The base member 142a has
one through hole 142c and a plurality of accommodation
holes 142d. The through hole 142c is positioned approx-
imately at the central portion of the base member 142a.
The through hole 142c has a shape (substantially circular
shape) corresponding to the insertion post 141b, and the
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insertion post 141b can be inserted into the through hole
142c.
[0038] A plurality of accommodation holes 142d pass
through the base member 142a and are arranged at pre-
determined intervals along the periphery of the through
hole 142c. The accommodation holes 142d are posi-
tioned at places corresponding to the magnet insertion
holes 16 of the stack 10 when the lower mold 141 and
the upper mold 142 sandwich the stack 10. Each accom-
modation hole 142d has a cylindrical shape and has the
function of accommodating at least one resin pellet P.
[0039] The built-in heat source 142b is, for example, a
heater built in the base member 142a. When the built-in
heat source 142b operates, the base member 142a is
heated to heat the stack 10 in contact with the base mem-
ber 142a and heat the resin pellet P accommodated in
each accommodation hole 142d. The resin pellet P then
melts and changes into molten resin.
[0040] A plurality of plungers 143 are positioned above
the upper mold 142. Each plunger 143 is configured so
as to be insertable into and removable from the corre-
sponding accommodation hole 142d by a not-illustrated
drive source.
[0041] The stack 10 is discharged from the resin in-
jecting device 140 and then placed onto a conveyor Cv2
extending between the resin injecting device 140 and the
welding device 150. The conveyor Cv2 operates based
on an instruction from the controller Ctr and feeds the
stack 10 to the welding device 150.
[0042] The welding device 150 operates based on an
instruction signal from the controller Ctr. The welding de-
vice 150 has the function of welding the stacked rotor
core 2 and the end plates 3 and 4 together. As illustrated
in detail in FIG. 5, the welding device 150 includes a pair
of welders M10 and M20. The welder M10 is positioned
below the stacked rotor core 2 and the end plates 3 and
4, and the welder M20 is positioned above the stacked
rotor core 2 and the end plates 3 and 4.
[0043] The welder M10 includes a frame M11 (second
sandwiching member), a rotating table M12, a pair of
positioning members M13, a plunger member M14, and
a plurality of welding torches M15 (second welding torch).
The frame M11 supports the rotating table M12, the po-
sitioning members M13, and the plunger member M14.
The rotating table M12 is attached so as to be rotatable
on the frame M11. A built-in heat source M16 (heating
source) is provided inside the rotating table M12. For
example, the built-in heat source M16 may be a heater.
[0044] The positioning members M13 are attached to
the rotating table M12 so as to be movable in the radial
direction (left-right direction in FIG. 5) of the center axis
Ax of the stacked rotor core 2. The positioning members
M13 can support the stacked rotor core 2 and the end
plates 3 and 4 placed thereon.
[0045] The inner surface of the positioning member
M13 has an inclined surface expanding outward in the
downward direction. As illustrated in FIG. 6, an end of
the positioning member M13 is divided into two ends,

each of which has the shape corresponding to the inner
peripheral surface of the notch 4c and the depressed
groove 10c. In other words, each end of the positioning
member M13 includes an inclined surface S6 (first in-
clined surface) intersecting obliquely to the moving di-
rection of the positioning member M13 and having a
shape corresponding to the inclined surfaces S4 and S5.
[0046] The plunger member M14 is positioned be-
tween a pair of positioning members M13. The plunger
member M14 has a trapezoidal shape in cross section
with its diameter reducing toward the front end (upper
end). The side surface of the plunger member M14 has
an inclined surface corresponding to the inner surface of
the positioning member M13. Therefore, when the plung-
er member M14 is pushed upward (see arrow Ar1 in FIG.
5), a pair of positioning members M13 are pushed out-
ward so as to move apart from each other (the left-right
direction in FIG. 5; see arrows Ar2 in FIG. 6). On the
other hand, when the plunger member M14 is pulled
downward, a pair of positioning members M13 move in-
ward (the left-right direction in FIG. 5) so as to approach
each other.
[0047] The welding torch M15 is configured to weld the
end plate 4 and the stack 10 together. The welding torch
M15 is, for example, a torch for laser welding. A plurality
of welding torches M15 are arranged along the periphery
of the rotating table M12.
[0048] Similarly to the welder M10, the welder M20 also
includes a frame M21 (first sandwiching member), a ro-
tating table M22 containing a built-in heat source M26
(heating source), a pair of positioning members M23, a
plunger member M24, and a plurality of welding torches
M25 (first welding torch) configured to weld the end plate
3 and the stack 10 together. The configuration of the
welder M20 is similar to the welder M10 and will not be
further explained.
[0049] The stack 10 is discharged from the welding
device 150 and then placed onto a conveyor Cv3 extend-
ing between the welding device 150 and the shaft attach-
ing device 160. The conveyor Cv3 operates based on an
instruction from the controller Ctr and feeds the stack 10
to the shaft attaching device 160.
[0050] The shaft attaching device 160 operates based
on an instruction signal from the controller Ctr. The shaft
attaching device 160 has the function of attaching the
shaft 5 to the rotating body 6 which is formied to integrate
the stacked rotor core 2 and the end plates 3 and 4 by
welding. Specifically, the shaft attaching device 160
shrink-fits the shaft 5 to the axial holes 3a, 4a, and 10a
while heating the stacked rotor core 2, the end plates 3
and 4, and the shaft 5. Here, the heating temperature
may be, for example, about 150°C to 300°C.
[0051] The controller Ctr generates an instruction sig-
nal for operating each of the feeding device 120, the
blanking device 130, the resin injecting device 140, the
welding device 150, and the shaft attaching device 160,
for example, based on a program stored in a recording
medium (not illustrated) or an operation input from an
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operator, and transmits the instruction signal to these
devices.

Method of Manufacturing Rotor

[0052] Referring now to FIG. 3 to FIG. 8, a method of
manufacturing a rotor 1 is described. First of all, as illus-
trated in FIG. 3, while an electrical steel sheet ES is suc-
cessively blanked by the blanking device 130, the
blanked members W are stacked to form a stack 10 (see
step S11 in FIG. 7).
[0053] Subsequently, the stack 10 is conveyed to the
resin injecting device 140 and, as illustrated in FIG. 4,
the stack 10 is placed on the lower mold 141 of the resin
injecting device 140. Next, permanent magnets 12 are
inserted into the magnet insertion holes 16 (see step S12
in FIG. 7). The insertion of the permanent magnets 12
into the magnet insertion holes 16 may be manually per-
formed or may be performed by, for example, a robot
hand (not illustrated) included in the resin injecting device
140 based on an instruction of the controller Ctr.
[0054] Subsequently, the upper mold 142 is placed on
the stack 10. The stack 10 is then sandwiched between
the lower mold 141 and the upper mold 142 in the stacking
direction. Next, resin pellets P are put into the accommo-
dation holes 142d. When the resin pellets P become melt-
ed by the built-in heat source 142b in the upper mold
142, the molten resin is injected into the magnet insertion
holes 16 by the plungers 143 (see step S13 in FIG. 7).
At this moment, the stack 10 is heated, for example, to
about 150°C to 180°C by the built-in heat source 142b.
Subsequently, the molten resin is solidified and then the
solidified resins 14 are formed in the magnet insertion
holes 16. The lower mold 141 and the upper mold 142
are removed from the stack 10, and the stacked rotor
core 2 is completed.
[0055] Subsequently, the stacked rotor core 2 is con-
veyed to the welding device 150, and as illustrated in
FIG. 5, the end plate 3 is disposed on the upper end
surface S1 of the stack 10 and the end plate 4 is disposed
on the lower end surface S2 of the stack 10. Specifically,
the end plate 4 is placed on the positioning members
M13 of the welder M10, the stacked rotor core 2 is placed
on the end plate 4, the end plate 3 is placed on the stacked
rotor core 2, and the welder M20 is placed on the end
plate 3 such that the positioning members M23 face the
end plate 3. The stacked rotor core 2 and the end plates
3 and 4 are thus sandwiched between a pair of welders
M10 and M20 and pressed by a predetermined pressure.
At this moment, the controller Ctr instructs the built-in
heat sources M16 and M26 to heat the stacked rotor core
2 and the end plates 3 and 4.
[0056] Subsequently, the plunger member M14 is
moved upward to expand the pair of positioning members
M13 to the left and right, and the plunger member M24
is moved downward to expand the pair of positioning
members M23 to the left and right (see arrows Ar2 in
FIG. 6). The inclined surface S6 of the positioning mem-

ber M13 is in contact with the inclined surface S5 of the
end plate 4 and the inclined surface S3 of the stack 10
to push them radially outward, so that the end plate 4 is
positioned to the stack 10. Similarly, the inclined surface
S6 of the positioning member M23 is in contact with the
inclined surface S4 of the end plate 3 and the inclined
surface S3 of the stack 10 to push them radially outward,
so that the end plate 3 is positioned to the stack 10.
[0057] Subsequently, the controller Ctr instructs the
welding torch M15 such that the welding torch M15 emits
laser toward the notch 24 and the depressed groove 18
across the end plate 4 and the stack 10. Similarly, the
controller Ctr instructs the welding torch M25 such that
the welding torch M25 emits laser toward the notch 22
and the depressed groove 18 across the end plate 3 and
the stack 10. With this process, the end plate 3 and the
stack 10 are welded together through the weld beads B1,
and the end plate 4 and the stack 10 are welded together
through the weld beads B2 (see step S14 in FIG. 7). As
a result, the end plates 3 and 4 are joined to the stacked
rotor core 2 to from the rotating body 6.
[0058] Here, as illustrated in FIG. 8, the direction of
laser emitted from welding torch M15, M25, the position
irradiated with the laser, the intensity of the laser, etc.
may be set such that the weld bead B1, B2 does not
overlap a buffer region R1 set so as to surround the mag-
net insertion hole 16. The buffer region R1 may be spaced
apart from the magnet insertion hole 16 by at least 0.5
mm or more.
[0059] Subsequently, the controller Ctr instructs the ro-
tating table M22 to actuate the rotating table M22. As
described above, since the stacked rotor core 2 and the
end plates 3 and 4 are sandwiched between a pair of
welders M10 and M20, the rotational force of the rotating
table M22 is transmitted to the stacked rotor core 2, the
end plates 3 and 4, and the rotating table M12 to rotate
them. In this way, while the stacked rotor core 2 and the
end plates 3 and 4 are intermittently rotated by the rotat-
ing table M22, the inside of the notches 3c and 4c and
the depressed grooves 10c are successively irradiated
with laser from the welding torches M15 and M25. The
order of laser radiation to the inside of the notches 3c
and 4c and the depressed grooves 10c is not limited. The
inside of the notches 3c and 4c and the depressed
grooves 10c not adjacent in the circumferential direction
of the center axis Ax may be successively irradiated with
laser, or the inside of the notches 3c and 4c and the
depressed grooves 10c facing each other with respect
to the center axis Ax may be successively irradiated with
laser. In this case, heat influence between the welding
portions is reduced, so that deformation of the stacked
rotor core 2 and the end plates 3 and 4 by heat can be
suppressed.
[0060] Subsequently, the rotating body 6 is conveyed
to the shaft attaching device 160, and the shaft 5 is shrink-
fitted to the rotating body 6 (see step S15 in FIG. 7). The
rotor 1 is thus completed.
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Effects

[0061] When the permanent magnets 12 are sealed
by resin in the magnet insertion holes 16, an organic com-
ponent of the molten resin may spread to the periphery
of the magnet insertion holes 16. If the weld bead B1, B2
overlaps the region where this organic component
spreads, the organic component may bubble to produce
voids in the weld bead B1, B2. The contact of the weld
beads B1 and B2 with the organic component may be
suppressed by providing the notches 22 and 24 and the
depressed grooves 18 at places away from the magnet
insertion holes 16. However, the notches 22 and 24 and
the depressed grooves 18 are often provided in the vi-
cinity of the magnet insertion holes 16. The reason for
this is as follows. The magnet insertion holes 16 are po-
sitioned in the vicinity of the outer peripheral surfaces of
the end plates 3 and 4 and the stack 10, and the strength
in the vicinity of the magnet insertion holes 16 tends to
decrease. The vicinity of the magnet insertion holes 16
is therefore welded in some cases in order to increase
the strength of joining the end plates 3 and 4 and the
stack 10.
[0062] In the foregoing embodiment, the end plate 3,
4 and the stack 10 are welded together such that the
weld bead B1, B2 does not reach the buffer region R1
(see FIG. 8). The organic component spreading to the
periphery of the magnet insertion hole 16 is therefore
less likely to be heated by the weld bead B1, B2, and
voids are less likely to be produced in the weld bead B1,
B2. A favorable joined state of the end plates 3 and 4 to
the stack 10 thus can be maintained.
[0063] In the foregoing embodiment, the end plates 3
and 4 and the stack 10 are welded together in a state in
which the end plates 3 and 4 are positioned relative to
the stack 10 by the positioning members M13 and M23.
This configuration can suppress displacement of the end
plates 3 and 4 from the stack 10 by heat during welding.
[0064] In the foregoing embodiment, the inclined sur-
faces S6 of the positioning members M13 and M23 are
in contact with the inclined surfaces S3 to S5 of the axial
holes 3a, 4a, and 10a, whereby the end plates 3 and 4
are positioned relative to the stack 10 not only in the
moving direction (see arrows Ar2 in FIG. 6) of the posi-
tioning members M13 and M23 but also in the direction
intersecting the moving direction. With this configuration,
the end plates 3 and 4 can be positioned relative to the
stack 10 more accurately only by moving the positioning
members M13 and M23 in one direction (see arrows Ar2
in FIG. 6).

Modifications

[0065] Although an embodiment of the present disclo-
sure has been described above in detail, the foregoing
embodiment is susceptible to various modifications with-
out departing from the spirit of the present invention.

(1) In the foregoing embodiment, the buffer region
R1 is set on the periphery of the magnet insertion
hole 16. However, the buffer region is not limited to
this as long as it is set between the magnet insertion
hole 16 and the weld bead B1, B2. For example, as
illustrated in FIG. 9, a buffer region R2 may be set
on the periphery of weld bead B1, B2. In this case,
the buffer region R2 may be spaced apart from the
weld bead B1, B2 by at least 0.5 mm or more.
(2) As long as the shaft 5 can be attached to the
rotating body 6, the entire inner peripheral edges of
the axial holes 3a and 4a of the end plates 3 and 4
do not necessarily match the inner peripheral edge
of the axial hole 10a of the stack 10. For example,
the entire inner peripheral edges of the axial holes
3a and 4a of the end plates 3 and 4 may be positioned
radially outside the inner peripheral edge of the axial
hole 10a of the stack 10.
(3) The permanent magnets 12 may be sealed by
resin in the magnet insertion holes 16 after the shaft
5 is attached to the stack 10. Alternatively, the end
plates 3 and 4 may be welded to the stacked rotor
core 2 after the shaft 5 is attached to the stacked
rotor core 2. In these cases, heat in shrink-fitting of
the shaft 5 can be used for the resin sealing process
or the welding process.
(4) In the foregoing embodiment, the end plates 3
and 4 are positioned relative to the stack 10 by bring-
ing the inclined surfaces S6 of the positioning mem-
bers M13 and M23 into contact with the inclined sur-
faces S3 to S5 of the end plates 3 and 4 and the
stack 10. However, the inclined surfaces S3 to S6
are not necessarily used for positioning them. For
example, two pairs of positioning members movable
in the intersecting directions may be used.
(5) In the welding process, the outer peripheral sur-
face of the stack 10 may be welded at a plurality of
places in the stacking direction while the welding
torches M15 and M25 are moved in the top-bottom
direction.
(6) In the foregoing embodiment, the welding device
150 includes two welders M10 and M20. However,
the welding device 150 may include one welder. In
this case, for example, the welding torch of the weld-
er may weld the end plate 3 and the stack 10 first
and then move (lower) in the height direction to weld
the end plate 4 and the stack 10 together. Alterna-
tively, in this case, for example, the end plate 3 and
the stack 10 may be welded together first, and there-
after the stacked rotor core 2 may be reversed to-
gether with the joined end plate 3 and set in the weld-
ing device 150 so that the end plate 4 and the stack
10 are welded together.
(7) In the foregoing embodiment, the end plate 4 and
the stack 10 are joined by applying laser from the
welding torch toward the depressed groove 18 and
the notches 22 and 24. However, the end plate 4 and
the stack 10 may be joined by applying laser from
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the welding torch toward a portion other than the
depressed groove 18 and the notches 22 and 24.
(8) The conveyors Cv1 to Cv3 are not necessarily
used in conveying the stack 10, the stacked rotor
core 2, or the rotating body 6. For example, they may
be placed in a container and conveyed manually.
(9) The end plate may be disposed at least one end
surface of the stack 10. Alternatively, the rotor 1 does
not necessarily include an end plate. In this case, for
example, the stack 10 is welded such that a plurality
of blanked members W are joined. For example, a
weld bead extending in the height direction from the
upper end to the lower end of the stack 10 may be
formed on the peripheral surface of the stack 10 such
that all the blanked members W are joined. Alterna-
tively, a weld bead may be formed on the peripheral
surface of the stack 10 such that several blanked
members W at the upper end and/or the lower end
of the stack 10 may be joined. In these cases, curling
of the blanked member W at the upper end and/ or
the lower end can be suppressed. Particularly in the
latter case, since the weld bead is formed at a part
of the upper end and/or the lower end, deterioration
in magnetic characteristics of the rotor 1 by welding
can be suppressed.
(10) A plurality of permanent magnets 12 may be
inserted in one magnet insertion hole 16. In this case,
a plurality of permanent magnets 12 may be ar-
ranged adjacent to each other along the stacking
direction in one magnet insertion hole 16 or may be
arranged in the longitudinal direction of the magnet
insertion hole 16.
(11) In the foregoing embodiment, the stack 10
formed by stacking a plurality of blanked members
W functions as a core body to which permanent mag-
nets 12 are attached. However, the core body may
be configured with anything other than the stack 10.
Specifically, the core body may be, for example, a
compact of ferromagnetic powder or may be formed
by injection-molding a resin material containing fer-
romagnetic powder.
(12) The present technique may be applied to a core
product (for example, stacked stator core) other than
the rotor 1. Specifically, the present technique may
be applied when a resin layer for insulating a stacked
stator core from a winding coil is provided on the
inner peripheral surface (resin injection portion) of a
slot of the stacked stator core. The stacked stator
core may be a split-type stacked stator core formed
of a plurality of core pieces in combination or may
be a non-split-type stacked stator core. In these
stacked cores, the present technique may be applied
when a plurality of blanked members are joined by
charging molten resin into a through hole (resin in-
jection portion) passing through in the height direc-
tion.

Examples

[0066]

Example 1. A method of manufacturing a core prod-
uct (6) according to an example of the present dis-
closure includes: injecting molten resin into a resin
injection portion (16) which is provided in a core body
(10) and extends in a height direction; and forming
the core product (6) by welding the core body (10).
Forming the core product (6) includes welding the
core body (10) such that a weld bead (B1, B2) formed
by welding does not reach a buffer region (R1) set
between the weld bead (B1, B2) and the resin injec-
tion portion (16). When molten resin is injected into
the resin injection portion, an organic component of
the molten resin may spread to the periphery of the
magnet insertion hole. If the weld bead overlaps the
region where this organic component spreads, the
organic component may bubble to produce voids in
the weld bead. However, according to Example 1,
since the weld bead does not reach a predetermined
buffer region, voids are less likely to be produced in
the weld bead. With this configuration, a favorable
state of the weld bead in the core body can be main-
tained.
Example 2. In the method in Example 1, the weld
bead (B1, B2) may be spaced apart from the resin
injection portion (16) by 0.5 mm or more. In this case,
voids are less likely to be produced in the weld bead.
Example 3. A core product (6) according to another
example of the present disclosure includes a core
body (10) having a resin injection portion (16) ex-
tending in a height direction, a resin portion (14)
formed in the resin injection portion (16), and a weld
bead (B1, B2) formed on a peripheral surface of the
core body (10). The weld bead (B1, B2) does not
reach a buffer region (R1) set between the weld bead
(B1, B2) and the resin injection portion (16).

Reference Signs List

[0067]

1 rotor

2 stacked rotor core (rotor core, rotating
body)

3 end plate (first end plate)

3a axial hole (first axial hole)

4 end plate (second end plate)

4a axial hole (first axial hole)

5 shaft
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6 rotating body (core product)

10 stack (core body)

10a axial hole (second axial hole)

12 permanent magnet

14 solidified resin (resin portion)

16 magnet insertion hole (resin injection por-
tion)

100 apparatus for manufacturing rotor

140 resin injecting device

150 welding device

B1, B2 weld bead

M10, M20 welder

M11 frame (second sandwiching member)

M21 frame (first sandwiching member)

M13 positioning member

M23 positioning member

M15 welding torch (second welding torch)

M25 welding torch (first welding torch)

M16, M26 built-in heat source (heating source)

R1, R2 buffer region

S1 upper end surface (first end surface)

S2 lower end surface (second end surface)

S3 inclined surface (second inclined surface)

S4 inclined surface (second inclined surface)

S5 inclined surface (second inclined surface)

S6 inclined surface (first inclined surface)

Claims

1. A method of manufacturing a core product, the meth-
od comprising:

injecting molten resin into a resin injection por-

tion which is disposed in a core body and ex-
tends in an axial direction; and
forming the core product by welding the core
body,
wherein forming the core product includes weld-
ing the core body such that a weld bead formed
by welding does not reach a buffer region set
between the weld bead and the resin injection
portion.

2. The method according to claim 1, wherein the weld
bead is spaced apart from the resin injection portion
by 0.5 mm or more.

3. A core product comprising:

a core body having a resin injection portion ex-
tending in an axial direction;
a resin portion formed in the resin injection por-
tion; and
a weld bead formed on a peripheral surface of
the core body,
wherein the weld bead does not reach a buffer
region set between the weld bead and the resin
injection portion.
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