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(54) ROTOR CORE FOR ROTATING ELECTRIC MACHINE AND METHOD FOR MANUFACTURING 
ROTOR CORE FOR ROTATING ELECTRIC MACHINE

(57) A rotor core of a rotating electric machine is a
rotor core of a rotating electric machine configured by
laminating annular core pieces in an axial direction while
shifting phases of the annular core pieces in a circum-
ferential direction, the annular core pieces each formed
by arranging arc-shaped core pieces side by side in the
circumferential direction. The rotor core includes a main
welding portion where the arc-shaped core pieces lami-
nated in the axial direction are welded to each other on
a side surface of the rotor core, and an additional welding
portion where the arc-shaped core pieces from a first
layer to at least a second layer in an axial end part are
welded to each other.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a rotor core of
a rotating electric machine and a method of manufactur-
ing a rotor core of a rotating electric machine.

BACKGROUND ART

[0002] As one method of manufacturing a rotor core
that forms a part of a rotor of a rotating electric machine
(motor), there is known a method of forming the rotor
core by caulking and laminating a plurality of annular core
pieces. However, in order to manufacture the rotor core
by this method, a manufacturing apparatus is required
that performs caulking and lamination.
[0003] According to a technique disclosed in
JP2015-208066A, annular core pieces are each formed
by a plurality of arc-shaped core pieces arranged in an
annular shape, and further, when laminating the annular
core pieces, the annular core pieces are arranged in such
a way as to shift the phases of the arc-shaped core pieces
in the circumferential direction, thereby forming a rotor
core. Then, welding is performed in the lamination direc-
tion (axial direction) at part of the inner peripheral surface
or the outer peripheral surface of the rotor core so that
the arc-shaped core pieces laminated with the phases
shifted in the circumferential direction are connected to
each other. In this way, the laminated arc-shaped core
pieces are integrally joined together so that the rotor core
is configured.

SUMMARY OF INVENTION

[0004] According to the technique disclosed in
JP2015-208066A, in the end part, in the axial direction,
of the laminated arc-shaped core pieces, the inner pe-
ripheral surfaces of the arc-shaped core pieces of the
first layer and the inner peripheral surfaces of the arc-
shaped core pieces of the second layer are welded to
each other. On the other hand, the inner peripheral sur-
faces of the arc-shaped core pieces of the second and
subsequent layers are welded to the inner peripheral sur-
faces of the arc-shaped core pieces on both sides in the
axial direction. Therefore, since the number of the con-
necting portions by welding is smaller in the arc-shaped
core pieces of the first layer than in the arc-shaped core
pieces of the second or subsequent layer, the stress that
acts on each welding portion becomes greater. There-
fore, when, for example, the centrifugal force is large,
such as during high speed rotation, there is a possibility
that the welding of the annular core piece of the first layer
is degraded to loosen the fixation.
[0005] A rotor core of a rotating electric machine of the
present invention is a rotor core of a rotating electric ma-
chine configured by laminating annular core pieces in an
axial direction while shifting phases of the annular core

pieces in a circumferential direction, the annular core
pieces each formed by arranging arc-shaped core pieces
side by side in the circumferential direction. The rotor
core includes a main welding portion where the arc-
shaped core pieces laminated in the axial direction are
welded to each other on a side surface of the rotor core,
and an additional welding portion where the arc-shaped
core pieces from a first layer to at least a second layer
in an axial end part are welded to each other.

BRIEF DESCRIPTION OF DRAWINGS

[0006]

FIG. 1 is an exploded perspective view of a rotor
core of a first embodiment.
FIG. 2A is a perspective view of the rotor core.
FIG. 2B is an enlarged view of an area A of FIG. 2A.
FIG. 3 is a perspective view of a rotor core of a sec-
ond embodiment.
FIG. 4A is a diagram illustrating end portions of the
rotor core.
FIG. 4B is a diagram illustrating end portions of a
rotor core of a comparative example.
FIG. 5 is a top view of a rotor core of a modification.
FIG. 6A is one example of a top view of the rotor core.
FIG. 6B is one example of a top view of the rotor core.
FIG. 6C is one example of a top view of the rotor core.
FIG. 6D is one example of a top view of the rotor core.
FIG. 7A is a perspective view of a rotor core of a third
embodiment.
FIG. 7B is a top view of the rotor core.
FIG. 8A is a perspective view of a rotor core of a
fourth embodiment.
FIG. 8B is a top view of the rotor core.
FIG. 9 is a top view of a rotor core of a fifth embod-
iment.
FIG. 10A is a perspective view of a rotor core of a
sixth embodiment.
FIG. 10B is a diagram illustrating the inner periphery
of the rotor core.

DESCRIPTION OF EMBODIMENTS

[0007] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings.

(First Embodiment)

[0008] FIG. 1 is an exploded perspective view of a rotor
core 100 forming a rotor of a rotating electric machine
(motor) in a first embodiment.
[0009] An arc-shaped core piece 10 forms a part of a
ring-shaped annular core piece 20 and, more specifically,
is configured to form an angle of 90 degrees in the annular
core piece 20. The annular core piece 20 is formed by
arranging four arc-shaped core pieces 10 side by side in
the circumferential direction. Then, the rotor core 100 is
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formed by laminating a plurality of annular core pieces 20.
[0010] In this figure, with respect to the annular core
piece 20 of the first layer in the upper part in the figure,
only one of the four arc-shaped core pieces 10 forming
the annular core piece 20 are illustrated, and the other
three arc-shaped core pieces 10 are omitted in terms of
readability. Likewise, only the one arc-shaped core piece
10 is illustrated with respect to the annular core piece 20
of the first layer in the lower part.
[0011] Hereinafter, with respect to the configuration
about the arc-shaped core pieces 10 and the annular
core pieces 20, in the laminated state, suffixes of "-U1"
and "-U2" are respectively added to reference symbols
for the first layer and the second layer in the upper part.
Suffixes of "-L1" and "-L2" are respectively added to ref-
erence symbols for the first layer and the second layer
in the lower part for description. Further, with respect to
the configuration about the arc-shaped core pieces 10
and the annular core pieces 20, when disregarding the
upper-lower direction in the axial direction, suffixes of
only "-1" and "-2" are respectively added to reference
symbols for the first layer and the second layer.
[0012] In the laminated state, the annular core pieces
20 are arranged such that the boundaries between the
arc-shaped core pieces 10 forming the annular core piec-
es 20 rotate in the same direction (in this embodiment,
rotate counterclockwise facing the upper side) per a pre-
determined angle (in this embodiment, per "90/4" de-
grees). This is due to the fact that the rotor core 100 is
used in the 16-pole motor. The arc-shaped core pieces
10 form four poles arranged annularly, and the annular
core pieces 20 are shifted in phase per pole in the cir-
cumferential direction. Therefore, the annular core piec-
es 20 are laminated with the phases shifted per "90/4 (=
360/16)" degrees.
[0013] As illustrated, in the lower part of the rotor core
100, a clockwise end portion 11-L2 of the arc-shaped
core piece 10-L2 of the second layer is offset counter-
clockwise by the predetermined angle with respect to a
clockwise (right in the figure) end portion 11-L1 of the
arc-shaped core piece 10-L1 of the first layer. In the upper
part, in the order of the third layer, the second layer, and
the first layer, counterclockwise end portions 12-U3, 12-
U2, and 12-U1 of the arc-shaped core pieces 10 are offset
counterclockwise by the predetermined angle in this or-
der as going upward.
[0014] The arc-shaped core piece 10 is provided on
an inner peripheral surface thereof with a plurality of re-
cesses 14 arranged in the circumferential direction and
each configured to extend in the axial direction and to be
recessed. Further, a plurality of (in this embodiment, four)
magnet insertion holes 15 is provided in an upper surface
of the arc-shaped core piece 10 in the vicinity of the outer
periphery. Since permanent magnets are inserted into
the magnet insertion holes 15, the number of the magnet
insertion holes 15 corresponds to the number of the poles
of the motor. Accordingly, the middle point, in the circum-
ferential direction, of the arc-shaped core piece 10 will

be referred to as a pole center 13.
[0015] The laminated arc-shaped core pieces 10 are
welded together in the axial direction (lamination direc-
tion) on the inner peripheries thereof at main welding
portions 16 and additional welding portions 17-L, 17-U
respectively provided at the upper and lower ends, so as
to be integrated together as a whole to form the rotor
core 100. Details of the main welding portion 16, the ad-
ditional welding portion 17-L in the lower part, and the
additional welding portion 17-U in the upper part will be
described with reference to FIG. 2A and 2B.
[0016] FIG. 2A is a perspective view of the rotor core
100, and FIG. 2B is an enlarged view of an area A of FIG.
2A.
[0017] The arc-shaped core pieces 10 forming the an-
nular core pieces 20 are respectively welded in the lam-
ination direction at the plurality of recesses 14 extending
in the axial direction. This welding portion will be referred
to as the main welding portion 16.
[0018] Simultaneously, in the lower part, the arc-
shaped core piece 10-L1 of the first layer is welded to
the arc-shaped core piece 10-L2 of the second layer at
not only the main welding portion 16, but also the inner
peripheral portion located in the clockwise direction (right
direction in the figure) with respect to the main welding
portion 16. This welding portion will be referred to as the
additional welding portion 17-L. Further, in the upper part,
the arc-shaped core piece 10-U1 of the first layer is weld-
ed to the arc-shaped core piece 10-U2 of the second
layer at not only the main welding portion 16, but also
the inner peripheral portion located in the counterclock-
wise direction (left direction in the figure) with respect to
the main welding portion 16. This welding portion will be
referred to as the additional welding portion 17-U. Here-
inafter, when the additional welding portion 17-L in the
lower part and the additional welding portion 17-U in the
upper part are not distinguished from each other, they
will be collectively referred to as the additional welding
portion 17.
[0019] In FIG. 2A, the welding portions for only the one
arc-shaped core piece 10 are illustrated on the inner pe-
riphery of the annular core piece 20. However, the main
welding portion 16 and the additional welding portion 17-
L in the lower part or the additional welding portion 17-U
in the upper part are provided also on the inner periphery
of each of the other three arc-shaped core pieces 10
forming the annular core piece 20.
[0020] In this embodiment, the connection between the
arc-shaped core piece 10-1 of the first layer and the arc-
shaped core piece 10-2 of the second layer is performed
by the main welding portion 16 and the additional welding
portion 17, and the cross-sectional areas of the main
welding portion 16 and the additional welding portion 17
are approximately equal to each other in the in-plane
direction of a surface (boundary surface) where both are
in contact with each other. Note that the cross-sectional
area of the additional welding portion 17 may be greater
than the cross-sectional area of the main welding portion
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16.
[0021] In this embodiment, the one additional welding
portion 17-L in the lower part and the one additional weld-
ing portion 17-U in the upper part are provided with re-
spect to the one main welding portion 16. By minimizing
the number of the additional welding portions 17 in this
way, it is possible to achieve a reduction in manufacturing
cost.
[0022] In this embodiment, with respect to the main
welding portion 16, the additional welding portion 17-U
is provided in the counterclockwise direction in the upper
part, and the additional welding portion 17-L is provided
in the clockwise direction in the lower part. That is, the
additional welding portion 17-U in the upper part and the
additional welding portion 17-L in the lower part are pro-
vided on the opposite sides of the main welding portion
16. This can also be described as follows.
[0023] Referring to FIG. 1, in the upper part, the end
portions, in the circumferential direction, of the arc-
shaped core piece 10-U2 of the second layer located
under the pole center 13-U1 of the arc-shaped core piece
10 of the first layer illustrated do not coincide with the
pole center 13-U1 and are asymmetric with respect to
the pole center 13-U1 as to the position in the circumfer-
ential direction. Of these end portions, the counterclock-
wise end portion 12-U2 is closer in distance to the pole
center 13-U1 than the clockwise end portion 11-U2.
[0024] In the positional relationship in the circumferen-
tial direction in the upper part, the additional welding por-
tion 17-U is located on the counterclockwise side of the
main welding portion 16. Further, the end portion 12-U2
of the second layer closer in distance to the pole center
13-U1, in the circumferential direction, of the arc-shaped
core piece 10-U1 of the first layer is located on the coun-
terclockwise side of the pole center 13-U1. In this way,
the positional relationship of the additional welding por-
tion 17-U with respect to the main welding portion 16 is
in the counterclockwise direction like the positional rela-
tionship of the end portion 12-U2, closer to the pole center
13-U1, of the arc-shaped core piece 10-U2 with respect
to the pole center 13-U1.
[0025] In the lower part, the end portions, in the cir-
cumferential direction, of the arc-shaped core piece 10-
L2 of the second layer located above the pole center 13-
L1 of the arc-shaped core piece 10-L1 of the first layer
do not coincide with the pole center 13-L1 of the arc-
shaped core piece 10-L2 of the first layer and are asym-
metric with respect to the pole center 13-L1 as to the
position in the circumferential direction. The clockwise
end portion 11-L2 of the arc-shaped core piece 10-L2 of
the second layer is closer in distance to the pole center
13-L1 of the arc-shaped core piece 10-L1 of the first layer
than the counterclockwise end portion (not illustrated).
[0026] In the positional relationship in the circumferen-
tial direction in the lower part, the additional welding por-
tion 17-L is located on the clockwise side of the main
welding portion 16. Further, the end portion 11-L2 of the
second layer closer in distance to the pole center 13-L1,

in the circumferential direction, of the arc-shaped core
piece 10-L1 of the first layer is located on the clockwise
side of the pole center 13-L1. In this way, the positional
relationship of the additional welding portion 17-L with
respect to the main welding portion 16 is in the clockwise
direction like the positional relationship of the end portion
11-L2, closer to the pole center 13-L1, of the arc-shaped
core piece 10-L2 with respect to the pole center 13-L1.
[0027] Therefore, since the additional welding portion
17-U in the upper part and the additional welding portion
17-L in the lower part are provided on the opposite sides
of the main welding portion 16, the deviation, in the cir-
cumferential direction, of the arrangement of the addi-
tional welding portions 17 is suppressed so that the weld-
ing can be further strengthened.
[0028] When manufacturing the rotor core 100, first,
the arc-shaped core pieces 10 are arranged side by side
in the circumferential direction to form the annular core
pieces 20 (side-by-side arrangement step), the annular
core pieces 20 are laminated while shifting the phases
in the circumferential direction (lamination step), the arc-
shaped core pieces 10 are respectively welded on the
inner peripheries of the annular core pieces 20 to provide
the main welding portions 16 (main welding step), and
the arc-shaped core pieces 10 from the first layer to at
least the second layer in each of the end parts in the axial
direction are additionally welded to each other (additional
welding step), so that the rotor core 100 is manufactured.
[0029] In this embodiment, the additional welding por-
tion 17 welds together the two layers, i.e. the arc-shaped
core piece 10-1 of the first layer and the arc-shaped core
piece 10-2 of the second layer, but not limited thereto. It
is satisfactory if the additional welding portion 17 welds
together the arc-shaped core pieces 10 from the arc-
shaped core piece 10-1 of the first layer to at least the
arc-shaped core piece 10-2 of the second layer, and the
arc-shaped core piece 10-3 of the third layer or more may
also be welded.
[0030] According to the first embodiment, the following
effects can be obtained.
[0031] According to the first embodiment, there are
provided, on the side surface of the rotor core 100 formed
by the laminated annular core pieces 20, the main weld-
ing portion 16 where the arc-shaped core pieces 10 are
welded to each other in the axial direction, and the addi-
tional welding portion 17 where the arc-shaped core piec-
es 10 from the arc-shaped core piece 10-1 of the first
layer to at least the arc-shaped core piece 10-2 of the
second layer in the axial end part are welded to each
other.
[0032] Herein, to examine an example where the ad-
ditional welding portion 17 is not provided, the arc-
shaped core piece 10-1 of the first layer is welded to the
side surface of the arc-shaped core piece 10-2 of the
second layer only at one portion. On the other hand, the
arc-shaped core piece 10-n of the second or subsequent
layer is welded to the side surfaces of the arc-shaped
core pieces 10-n-1, 10-n+1, that are adjacent upward
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and downward in the lamination direction, at two portions.
Therefore, since the arc-shaped core piece 10-1 of the
first layer is welded only at one portion by the main weld-
ing portion 16, relatively large stress acts on the main
welding portion 16 during rotation or the like.
[0033] It is conceivable to provide a plurality of main
welding portions 16 for reinforcing the welding strength
of the arc-shaped core piece 10-1 of the first layer. How-
ever, this may cause an increase in manufacturing cost
due to an increase in welding time, degradation of dimen-
sional accuracy due to an increase in welding strain, or
the like.
[0034] On the other hand, in this embodiment, in order
to increase the number of welding portions of the arc-
shaped core piece 10-1 of the first layer where relatively
large stress is generated during rotation, the additional
welding portion 17 that welds together the arc-shaped
core pieces from the arc-shaped core piece 10-1 of the
first layer to at least the arc-shaped core piece 10-2 of
the second layer is provided. Consequently, not only the
welding can be more strengthened, but also the axial
length of the additional welding portion 17 can be mini-
mized, and therefore, it is possible to suppress an in-
crease in manufacturing cost and degradation of dimen-
sional accuracy.
[0035] According to the first embodiment, the cross-
sectional area of the additional welding portion 17 is ap-
proximately equal to the cross-sectional area of the main
welding portion 16 in the in-plane direction of the bound-
ary surface between the arc-shaped core piece 10-1 of
the first layer and the arc-shaped core piece 10-2 of the
second layer. Alternatively, the cross-sectional area of
the additional welding portion 17 is greater than the cross-
sectional area of the main welding portion 16.
[0036] The arc-shaped core piece 10-1 of the first layer
is welded to the arc-shaped core piece 10-2 of the second
layer at two portions, i.e. the main welding portion 16 and
the additional welding portion 17, and accordingly, the
sum of the cross-sectional areas of the welding portions
becomes approximately twice or greater than twice the
cross-sectional area of the main welding portion 16. On
the other hand, since the arc-shaped core piece 10-n of
the second or subsequent layer is welded to the arc-
shaped core pieces 10-n-1, 10-n+1, located on the upper
and lower sides in the lamination direction, at the main
welding portion 16, the sum of the cross-sectional areas
of the welding portions becomes twice the cross-section-
al area of the main welding portion 16. Therefore, since
the total cross-sectional area of the welding portions
equivalent to that of the arc-shaped core piece 10-n of
the second or subsequent layer is ensured also for the
arc-shaped core piece 10-1 of the first layer, it is possible
to ensure the welding strength equal to or greater than
that of the second or subsequent layer.
[0037] According to the first embodiment, the one ad-
ditional welding portion 17 is provided with respect to the
one main welding portion 16. Consequently, since the
number of the additional welding portions 17 can be min-

imized, it is possible to achieve a reduction in manufac-
turing cost.
[0038] According to the first embodiment, the addition-
al welding portions 17 are respectively provided at the
upper and lower ends in the axial direction. Specifically,
with respect to the main welding portion 16, the additional
welding portion 17-U at the upper end is provided in the
counterclockwise direction, and the additional welding
portion 17-L at the lower end is provided in the clockwise
direction. That is, the additional welding portion 17-U at
the upper end and the additional welding portion 17-L at
the lower end are provided in the opposite directions with
respect to the main welding portion 16. This configuration
can also be described as follows.
[0039] According to the first embodiment, the arc-
shaped core pieces 10 are laminated such that the po-
sitions, in the circumferential direction, of both circumfer-
ential end portions 11-2, 12-2 of the arc-shaped core
piece 10 of the second layer do not coincide with the pole
center 13-1 of the arc-shaped core piece 10 of the first
layer and are asymmetric with respect to the pole center
13-1 in the circumferential direction. In the circumferential
direction, the position of the additional welding portion
17 with respect to the main welding portion 16 is on the
same side (the counterclockwise side in the upper part,
the clockwise side in the lower part) as the position of
the circumferential end portion (12-2 in the upper part,
11-2 in the lower part), closer to the circumferential center
of the arc-shaped core piece 10 of the first layer, of the
arc-shaped core piece 10 of the second layer with respect
to the circumferential center of the arc-shaped core piece
10 of the first layer. With this configuration, the additional
welding portion 17-U at the upper end and the additional
welding portion 17-L at the lower end are provided in the
opposite directions with respect to the main welding por-
tion 16.
[0040] In the entirety including the upper part and the
lower part, since the additional welding portions 17-U,
17-L are provided on both circumferential sides of the
main welding portion 16, the circumferential deviation of
the additional welding portions 17 is suppressed so that
it is possible to achieve an improvement in the welding
strength of the arc-shaped core pieces 10.

(Second Embodiment)

[0041] In the first embodiment, the description has
been given of the example in which the one main welding
portion 16 and the one additional welding portion 17 are
provided with respect to the one arc-shaped core piece
10. In a second embodiment, a description will be given
of an example in which a plurality of main welding portions
16 and a plurality of additional welding portions 17 are
provided with respect to one arc-shaped core piece 10,
and more specifically, an example in which a main weld-
ing portion 16 and additional welding portions 17 are pro-
vided per pole (per magnet insertion hole 15).
[0042] FIG. 3 is a perspective view of a rotor core 100
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of the second embodiment.
[0043] According to this figure, one arc-shaped core
piece 10-1 is provided with four main welding portions
16 respectively corresponding to the magnet insertion
holes 15, i.e. corresponding to the poles. Additional weld-
ing portions 17 are provided with respect to each of the
main welding portions 16.
[0044] Consequently, the additional welding portion
17-U in the upper part and the additional welding portion
17-L in the lower part are provided on both sides of the
main welding portion 16. Therefore, the circumferential
deviation of the additional welding portions 17 is sup-
pressed so that it is possible to achieve an improvement
in the welding strength of the arc-shaped core pieces 10.
[0045] According to the second embodiment, the fol-
lowing effects can be obtained.
[0046] FIG. 4A is a top view of the rotor core 100 in
this embodiment and illustrates the arc-shaped core
piece 10-U1 of the first layer in the upper part and the
arc-shaped core piece 10-L1 of the first layer in the lower
part. According to this figure, in the arc-shaped core piece
10-U1, the additional welding portion 17-U is provided in
the counterclockwise direction with respect to the main
welding portion 16. The additional welding portion 17-L
is provided in the clockwise direction with respect to the
main welding portion 16. That is, the additional welding
portion 17-U in the upper part and the additional welding
portion 17-L in the lower part are provided on both sides
of the main welding portion 16.
[0047] On the other hand, FIG. 4B illustrates a top view
of a rotor core 100 of a comparative example. In this
comparative example, an additional welding portion 17-
U in the upper part and an additional welding portion 17-
L in the lower part are provided in the clockwise direction
with respect to the main welding portion 16, i.e. only on
one side of the main welding portion 16. Therefore, the
arrangement of the additional welding portions 17 devi-
ates in the circumferential direction.
[0048] In this way, in this embodiement, in the entirety
including the upper part and the lower part, since the
additional welding portions 17 are provided on both cir-
cumferential sides of the main welding portion 16, the
circumferential deviation of the additional welding por-
tions 17 is suppressed so that it is possible to achieve
an improvement in the welding strength of the arc-shaped
core pieces 10.

(Modification)

[0049] In a modification, further, additional welding
portions 17 are configured to be equal in width in the
circumferential direction.
[0050] FIG. 5 is a top view of a rotor core 100. In FIG.
5, one of arc-shaped core pieces 10-1 forming an annular
core piece 20-1 of the first layer is illustrated.
[0051] Main welding portions 16 are each provided at
a position facing the circumferential center of a corre-
sponding one of magnet insertion holes 15 arranged at

regular intervals. The circumferential offset angles of the
additional welding portions 17 with respect to the main
welding portions 16 are equal to each other. Therefore,
the additional welding portions 17 are provided at regular
intervals in the circumferential direction (equal angle with
respect to the center of the annular core piece 20 : θ).
Consequently, it is possible to suppress a reduction in
productivity as shown below.
[0052] In this modification, the four main welding por-
tions 16 are provided with respect to the arc-shaped core
piece 10-1, but not limited thereto. That is, it is satisfactory
if the additional welding portions 17 are provided at reg-
ular intervals in the circumferential direction regardless
of the intervals of the main welding portions 16.
[0053] According to this modification, the following ef-
fects can be obtained.
[0054] According to this modification, the additional
welding portions 17 provided with respect to the main
welding portions 16 are arranged at regular intervals
(equal angle) in the circumferential direction. When the
rotor core 100 is long in the lamination direction (axial
direction) and there is variation in the thickness of the
arc-shaped core pieces 10, the lamination number of the
arc-shaped core pieces 10 differs per rotor core 100. In
such a case, the circumferential arrangement of the arc-
shaped core pieces 10 of the first layer differs per rotor
core 100.
[0055] FIGS. 6A to 6D are each a top view of the rotor
core 100 and respectively illustrate the cases where the
circumferential arrangements of the arc-shaped core
pieces 10 of the first layers differ from each other. As
illustrated in these figures, it is assumed that there are
four types of different arrangements of the arc-shaped
core pieces 10 of the first layers. Even when the circum-
ferential arrangements of the arc-shaped core pieces 10
differ from each other in this way, since the additional
welding portions 17 are provided at regular intervals in
the circumferential direction, the arrangements of the ad-
ditional welding portions 17 in the respective arc-shaped
core pieces 10 are the same. Therefore, since it is not
necessary to configure the rotor core 100 taking into ac-
count the difference in the arrangement of the additional
welding portions 17 in the arc-shaped core pieces 10, a
reduction in productivity is suppressed.

(Third Embodiment)

[0056] In the first and second embodiments, the addi-
tional welding portions 17-U in the upper part are all pro-
vided on the same side (counterclockwise direction) of
the main welding portions 16, and the additional welding
portions 17-L in the lower part are all provided on the
same side (clockwise direction) of the main welding por-
tions 16. In a third embodiment, a description will be given
of an example in which the arrangements of additional
welding portions 17 with respect to main welding portions
16 differ from each other in each of the upper part and
the lower part.
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[0057] FIG. 7A is a perspective view of a rotor core 100
of the third embodiment, and FIG. 7B is a top view of the
rotor core 100 and illustrates an arc-shaped core piece
10-1 of the first layer.
[0058] According to these figures, an additional weld-
ing portion 17 is provided, with respect to a corresponding
main welding portion 16, on the side of a circumferential
end portion, closer to the main welding portion 16, of
circumferential end portions of the arc-shaped core piece
10.
[0059] That is, in the clockwise direction (rightward in
FIG. 7B) with respect to a pole center 13-1, the additional
welding portion 17 is provided, with respect to the corre-
sponding main welding portion 16, on the side of an end
portion 11-1 (the clockwise side, the right side in FIG.
7B) to which the corresponding main welding portion 16
is closer. Leftward of the pole center 13-1, the additional
welding portion 17 is provided, with respect to the corre-
sponding main welding portion 16, on the side of an end
portion 12-1 (the counterclockwise side, the left side in
FIG. 7B) to which the corresponding main welding portion
16 is closer. With this configuration, it is possible to re-
duce the stress that becomes relatively large at the end
portions of the arc-shaped core piece 10 during rotation
as indicated by arrows in the figure, and therefore, it is
possible to suppress the loosening of the fixation, by
welding, of the arc-shaped core piece 10.
[0060] According to the third embodiment, the follow-
ing effects can be obtained.
[0061] In the arc-shaped core piece 10, the stress (cen-
trifugal force) that is greater at the end portions (11-1,
12-1) than at the pole center 13-1 is generated due to
the arc shape during rotation. In FIG. 7B, large arrows
show that the stress generated at portions near the end
portions of the arc-shaped core piece 10 is large, and
small arrows show that the stress generated at portions
near the pole center 13-1 is small.
[0062] In this embodiment, the additional welding por-
tion 17 is provided, with respect to the corresponding
main welding portion 16, on the side of the end portion,
closer to the main welding portion 16, of the arc-shaped
core piece 10-1. Consequently, since the additional weld-
ing portion 17 is provided on the side of the end portion
of the arc-shaped core piece 10, where the stress is rel-
atively large during rotation, relatively large stress is eas-
ily reduced so that it is possible to suppress the loosening
of the fixation, by welding, of the arc-shaped core piece
10.

(Fourth Embodiment)

[0063] In the first to third embodiments, the description
has been given of the example in which the one additional
welding portion 17 is provided with respect to the one
main welding portion 16 in each of the upper part and
the lower part, but not limited thereto. In a fourth embod-
iment, a description will be given of an example in which
a plurality of additional welding portions 17 is provided

with respect to one main welding portion 16 in each of
the upper part and the lower part.
[0064] FIG. 8A is a perspective view of a rotor core 100
of the fourth embodiment, and FIG. 8B is a top view of
the rotor core 100 and illustrates an arc-shaped core
piece 10-1 of the first layer.
[0065] The arc-shaped core piece 10-1 is provided with
a plurality of main welding portions 16, and two additional
welding portions 17 are respectively provided on both
sides of each of the main welding portions 16. Conse-
quently, it is possible to achieve an increase in the weld-
ing strength of the arc-shaped core piece 10. Note that
three or more additional welding portions 17 may be pro-
vided with respect to the main welding portion 16.
[0066] According to the fourth embodiment, the follow-
ing effects can be obtained.
[0067] According to the fourth embodiment, the two or
more additional welding portions 17 are provided with
respect to the one main welding portion 16. Consequent-
ly, compared to the case where the one additional weld-
ing portion 17 is provided with respect to the one main
welding portion 16, it is possible to achieve an improve-
ment in welding strength in the case where the two ad-
ditional welding portions 17 are provided with respect to
the one main welding portion 16.
[0068] Further, since the cross-sectional area of each
of the additional welding portions 17 for obtaining a de-
sired welding strength can be reduced, it is possible to
achieve a reduction in manufacturing cost. In this way, it
is possible to improve the degree of freedom of design
of the additional welding portions 17.

(Fifth Embodiment)

[0069] In the first to fourth embodiments, the descrip-
tion has been given of the example in which the additional
welding portions 17 are respectively provided in the up-
per part and the lower part with respect to each of the
main welding portions. In a fifth embodiment, a descrip-
tion will be given of an example in which additional weld-
ing portions 17 are provided only with respect to part of
main welding portions 16, and there are those main weld-
ing portions 16 provided with no additional welding por-
tion 17.
[0070] FIG. 9 is a top view of a rotor core 100 of the
fifth embodiment and illustrates an arc-shaped core piece
10 of the first layer.
[0071] The arc-shaped core piece 10 is provided with
four main welding portions 16. Additional welding por-
tions 17 are respectively provided on both circumferential
sides of the main welding portion 16 located in the vicinity
of each of a clockwise end portion 11 and a counterclock-
wise end portion 12, but no additional welding portion 17
is provided with respect to the main welding portions 16
closer to a pole center 13. Consequently, it is possible
to achieve an improvement in welding strength as shown
below.
[0072] According to the fifth embodiment, the following
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effects can be obtained.
[0073] According to the fifth embodiment, the two or
more additional welding portions 17 are provided with
respect to the one main welding portion 16 located in the
vicinity of each of the circumferential end portions 11, 12
of the arc-shaped core piece 10. That is, no additional
welding portion 17 is provided with respect to the main
welding portions 16 located in the vicinity of the pole cent-
er 13 of the arc-shaped core piece 10.
[0074] Herein, as described above with reference to
FIG. 7B in the third embodiment, in the arc-shaped core
piece 10-1, large stress is generated due to centrifugal
force during rotation in the vicinity of each of the end
portions 11, 12 compared to at the pole center 13. In this
embodiment, the greater number of the additional weld-
ing portions 17 with respect to the main welding portion
16 is provided on the side near each of the end portions
11, 12 of the arc-shaped core piece 10. On the other
hand, since no additional welding portion 17 is provided
in the vicinity of the pole center 13 where the stress is
relatively small, the number of the additional welding por-
tions 17 can be reduced. Therefore, it is possible to effi-
ciently reinforce the welding strength of the arc-shaped
core piece 10 while achieving a reduction in manufactur-
ing cost.

(Sixth Embodiment)

[0075] In the first to fifth embodiments, the description
has been given of the example in which the additional
welding portions 17 are respectively provided in the up-
per part and the lower part in the axial direction. In this
embodiment, a description will be given of an example
in which additional welding portions 17 are provided only
on one side in the axial direction.
[0076] FIG. 10A is a perspective view of a rotor core
100 of the sixth embodiment, and FIG. 10B is a diagram
illustrating the inner periphery of the rotor core 100. In
these figures, laminated arc-shaped core pieces 10, main
welding portions 16, and additional welding portions 17
are illustrated. Further, in this figure, the welding direction
of the main welding portion 16 is indicated by an arrow.
The additional welding portions 17-U are each provided
only in the end part on the side near the start point of the
welding direction. Consequently, it is possible to efficient-
ly reinforce the welding strength as shown below.
[0077] According to the sixth embodiment, the follow-
ing effects can be obtained.
[0078] According to the sixth embodiment, the main
welding portion 16 is welded in the direction of the arrow
in the figure in the axial direction. That is, the upper end
is the start point, and the lower end is the end point. The
additional welding portions 17 are provided only in the
upper end part on the side of the start point at the time
of the welding of the main welding portion 16.
[0079] The main welding portion 16 tends to decrease
in cross-sectional area and in welding strength at the
start point in the welding direction. Therefore, by provid-

ing the additional welding portions 17 only in the end part
on the side of the start point of the welding of the main
welding portion 16, it is possible to achieve an improve-
ment in strength on the side where the welding strength
is relatively small, and since the number of the welding
portions can be minimized, it is possible to achieve a
reduction in manufacturing cost.
[0080] The configurations of the rotor cores 100 in the
embodiments described above are only examples, and
not limited thereto. Herein, the 16-pole motor is exempli-
fied, but the number of the poles is not limited thereto.
The description has been given using the example in
which the body of the rotor core 100 is manufactured by
laminating the plurality of annular core pieces 20 each
formed by the plurality of 4-pole arc-shaped core pieces
10 arranged annularly, while shifting the phases per pole
in the circumferential direction, but the shape and the
number of the poles of the arc-shaped core piece 10 and
the number of the poles of the phase shifted at the time
of the lamination are not limited thereto likewise. Further,
there is shown the main welding portion 16 welded uni-
formly in the lamination direction at one portion per pole,
i.e. at the pole center on the inner diameter side where
the rotor exists, but the portion, the number, the position,
and the aspect of the main welding portion 16 are not
limited thereto. Further, in terms of improving the produc-
tivity, the additional welding portion 17 may be welded
on not only the first layer and the second layer, but also
a plurality of layers including the first layer and the second
layer. Note that the number of the layers is preferably the
number of the layers corresponding to about 7% of the
lamination thickness of the rotor core pieces.
[0081] While the embodiments of the present invention
have been described above, the above-described em-
bodiments only show part of application examples of the
present invention and are not intended to limit the tech-
nical scope of the present invention to the specific con-
figurations of the above-described embodiments. The
above-described embodiments can be combined as ap-
propriate.

Claims

1. A rotor core of a rotating electric machine, the rotor
core configured by laminating annular core pieces
in an axial direction while shifting phases of the an-
nular core pieces in a circumferential direction, the
annular core pieces each formed by arranging arc-
shaped core pieces side by side in the circumferen-
tial direction, the rotor core comprising:

a main welding portion where the arc-shaped
core pieces laminated in the axial direction are
welded to each other on a side surface of the
rotor core; and
an additional welding portion where the arc-
shaped core pieces from a first layer to at least
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a second layer in an axial end part are welded
to each other.

2. The rotor core according to claim 1, wherein, in a
boundary surface between the arc-shaped core
pieces of the first layer and the second layer in the
axial end part, a cross-sectional area of the addition-
al welding portion is approximately equal to a cross-
sectional area of the main welding portion or is great-
er than the cross-sectional area of the main welding
portion.

3. The rotor core according to claim 1 or 2, wherein the
one additional welding portion is provided with re-
spect to the one main welding portion in the axial
end part.

4. The rotor core according to claim 3, wherein:

the additional welding portion is provided in each
of the axial end parts;
the arc-shaped core pieces are laminated such
that, in the axial end part, positions, in the cir-
cumferential direction, of circumferential end
portions of the arc-shaped core piece of the sec-
ond layer do not coincide with a circumferential
center of the arc-shaped core piece of the first
layer and are asymmetric with respect to the cir-
cumferential center in the circumferential direc-
tion; and
in the circumferential direction, a position of the
additional welding portion with respect to the
main welding portion is on the same side as a
position of the circumferential end portion, clos-
er to the circumferential center of the arc-shaped
core piece of the first layer, of the arc-shaped
core piece of the second layer with respect to
the circumferential center.

5. The rotor core according to claim 3, wherein:

the additional welding portion is provided in each
of the axial end parts; and
the additional welding portion at one end and
the additional welding portion at the other end
are provided on different sides of the main weld-
ing portion in the circumferential direction.

6. The rotor core according to any one of claims 3 to
5, wherein:

a plurality of the main welding portions and a
plurality of the additional welding portions are
provided with respect to the one arc-shaped
core piece; and
the additional welding portions are provided at
regular intervals in the circumferential direction.

7. The rotor core according to claim 3, wherein:

a plurality of the main welding portions and a
plurality of the additional welding portions are
provided with respect to the one arc-shaped
core piece; and
in the circumferential direction, the additional
welding portion is provided, with respect to the
corresponding main welding portion, on a side
of a circumferential end portion, closer to the
corresponding main welding portion, of two cir-
cumferential end portions of the arc-shaped
core piece.

8. The rotor core according to claim 1 or 2, wherein the
two or more additional welding portions are provided
with respect to the one main welding portion in the
axial end part.

9. The rotor core according to claim 1 or 2, wherein:

a plurality of the main welding portions and a
plurality of the additional welding portions are
provided with respect to the one arc-shaped
core piece; and
in the axial end part, the two or more additional
welding portions are provided with respect to the
one main welding portion located in a vicinity of
a circumferential end portion of the arc-shaped
core piece.

10. The rotor core according to claim 1 or 2, wherein:

a plurality of the main welding portions and a
plurality of the additional welding portions are
provided with respect to the one arc-shaped
core piece; and
the additional welding portion is provided in the
axial end part on an end point side when the
main welding portion is welded in the axial di-
rection.

11. A method of manufacturing a rotor core of a rotating
electric machine by arranging arc-shaped core piec-
es side by side in a circumferential direction and lam-
inating the arc-shaped core pieces in an axial direc-
tion, the arc-shaped core pieces each forming a part
of a corresponding one of annular core pieces, the
method comprising:

a side-by-side arrangement step of arranging
the arc-shaped core pieces side by side in the
circumferential direction;
a lamination step of laminating the annular core
pieces while shifting phases in the circumferen-
tial direction;
a main welding step of welding the arc-shaped
core pieces laminated in the axial direction to
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provide a main welding portion on a side surface
of the rotor core; and
an additional welding step of welding the arc-
shaped core pieces from a first layer to at least
a second layer in an axial end part.
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