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ABSTRACT

A method for manufacturing a laminated core includes a laminating
process of obtaining a laminate in which a plurality of core pieces are
laminated, and a welding process of forming a weld bead which extends in a
thickness direction of the laminate on a side surface of the laminate. In the
welding process, a heat input when a center portion in a longitudinal
direction of the weld bead is formed is greater than a heat input when an end

portion of the weld bead is formed.
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TITLE
METHOD FOR MANUFACTURING LAMINATED CORE, LAMINATED CORE,

AND WELDING MACHINE

TECHNICAL FIELD

[0001] The present disclosure relates to a method for manufacturing a laminated core, a

laminated core, and a welding machine for manufacturing a laminated core.

BACKGROUND

[0002] A laminated core is a component of a motor, and is formed by stacking a
plurality of core pieces which are processed into predetermined shapes, and joining the
core pieces together. A motor includes a rotor and a stator. Each of the rotor and the
stator includes a laminated core. A method for manufacturing the motor includes
winding coils around the stator, mounting a shaft on the rotor, and the like. In the
related art, motors having a laminated core are used as drive source for refrigerators, air
conditioners, hard disk drives, electric tools or the like, and in recent years, these motors
have also been used as drive sources for hybrid cars.

[0003] Welding is a known process for manufacturing a laminated core as means for
joining electromagnetic steel sheets adjacent vertically (refer to Japanese Unexamined
Utility Model Publication No. S61-437). In the related art, joining the electromagnetic
steel sheets by welding or by welding and swaged areas together is widely adopted,

because such joining is favorable from the viewpoint of costs and operation efficiency.

SUMMARY
[0004] As shown in Fig. 2 of Japanese Unexamined Utility Model Publication No. S61-

437, in a case where a weld bead (welding portion) is formed in an entirc thickness
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direction of a laminate, the welding is performed under the same condition from start to
finish in consideration of safety. However, the inventors’ studied have revealed that, in
a case where a weld bead having a certain length (for example, 50 mm or more) is
formed in the thickness direction of the laminate, there is a problem of increased
frequency with which cracks occur in the middle of the weld bead (refer to Fig. 6).

Since the maximum stress is at the center portion of the weld bead in the thickness
direction of the laminate, cracks are considered to occur in the weld bead. If cracks
occur in the weld bead, properties such as products size or mechanical strength are not
satisfied and yield decreases. Occurrence of cracks in the weld bead may be recognized
immediately after welding, or be recognized after a predetermined time elapses.
Accordingly, for example, after welding is performed, follow-up observation is
performed for 48 hours so as to determine properties of products. The need to perform
follow-up observation is one of factor behind this decrease in efficiency of the
manufacturing process.

[0005] This disclosure explains a method for manufacturing a laminated core, a
laminated core, and a welding machine which are capable of achieving high yield and
efficiency of the manufacturing process

[0006] A method for manufacturing a laminated core according to one aspect of the
present disclosure including laminating a plurality of core pieces to obtain a laminate,
and forming a weld bead on a side surface of the laminate, the weld bead extending in a
height direction of the laminate. In forming the weld bead, heat applied when a center
portion in a longitudinal direction of the weld bead is formed is greater than heat applied
when an end portion of the weld bead is formed.

[0007] According to the manufacturing method, by allowing heat applied to the center
portion of the weld bead to be greater than heat applied to the end portion, it is possible

to sufficiently suppress occurrence of cracks in the weld bead. In a case where heat
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applied to the center portion increases by welding once, occurrence of the cracks is
prevented by improving yield strength with respect to stress at the center portion. In
addition, in a case where heat applied increases over a plurality of times, in addition to
improvement of the yield strength, occurrence of the cracks is prevented by mitigating
the stress generated by previous welding. Accordingly, for cxample, a follow-up
observation may not be performed after welding is performed, and makes the
manufacturing process of the laminated core to be effective. In addition, by limiting
locations requiring great heat applied to the center portion, it is possible to sufficiently
prevent performance of the laminated core from decreasing duc to heat during welding.

[0008] In a case where a welding machine capable of adjusting heat applied by a current
value such as a welding machine (for example, TIG welding machine) using arc
discharging is used in the welding process, preferably, a welding current value when the
center portion in the longitudinal direction of the weld bead is formed is higher than a
welding current value when the end portion of the weld bead is formed. In addition, for
example, in a case where a laser welding machine is used in the welding process,

preferably, a laser output when the center portion in the longitudinal direction of the weld

‘bead is formed is higher than a laser output when the end portion of the weld bead is

formed.

[0009] In the welding process, a welding speed when the center portion in the
longitudinal direction of the weld bead is formed may be slower than a welding speed
when the end portion of the weld bead is formed such that heat applied when the center
portion in the longitudinal direction of the weld bead is formed is greater than heat
applied when the end portion of the weld bead is formed. Alternatively, the welding
process may include welding a center portion in a longitudinal direction from a location,
at which the weld bead is formed, a plurality of times. When doing so, the center

portion may be welded again after performing welding at all the locations where the weld
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beads are formed, or all the location may be welded after performing welding only at the
center portion. In addition, the plurality of weld beads may overlap on the center
portion of the location at which the weld bead is formed.

[0010] A laminated core according to another aspect of the present embodiment
includes a laminate in which a plurality of core pieces are laminated, and a weld bead
which extends in a thickness direction of the laminate on a side surface of the laminate.
In a cross-sectional area of the weld bead in a direction orthogonal to the thickness
direction, a cross-sectional area of a center portion in a longitudinal direction of the weld
bead is greater than a cross-sectional area of an end portion of the weld bead. As
described above, in the laminated core, occurrence of cracks in the weld bead is
sufficiently suppressed, and the laminated core is effectively manufactured. In addition,
since the locations where great heat applied are limited to the center portion, a decrease
in performance due to heat during welding is prevented, and it is possible to sufficiently
suppress a decrcase in performance due to an increase in a cross-scctional area of the
weld bead and increased occurrence of electric short-circuits in the thickness direction of
the laminated core.

[0011] A welding machine according to still another aspect of the present embodiment
is a manufacturing machine for manufacturing the laminated core. The welding
machine includes a welding torch, moving means for moving the welding torch in the
thickness direction of the laminate along the side surface of the laminate, and a controller
for controlling heat applied from the welding torch to the side surface. The controller
controls heat applied from the welding torch to the laminate such that heat applied when
the center portion in the longitudinal direction of the weld bead is formed is greater than
heat applied when the end portion of the weld bead is formed. According to this
welding machine, it is possible to effectively manufacture the laminated core in which

occurrence of cracks in the weld bead is sufficiently suppressed.
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[0012] According to a laminated core, a laminated core, and a welding machine of this
disclosure, it is possible to achieve high yield and efficiency of the manufacturing

process

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Fig. 1 is a perspective view showing an example of a stator including a
laminated core.

Fig. 2A is a vertical sectional view schematically showing a depth of a weld
bead of the laminated core shown in Fig. 1.

Fig. 2B is a cross-sectional view taken along line b-b of Fig. 2A.

Fig. 2C is a cross-sectional view taken along line c-c of Fig. 2A.

Fig. 3 is a schematic view showing one example of a laminate manufacturing
apparatus including a progressive die.

Fig. 4 is a view showing an example of a stamping layout for manufacturing a
core piece.

Fig. 5 is a schematic view showing one example of a welding machine.

Fig. 6 is a graph showing frequency with which cracks occur in a weld bead
formed on a laminate in the entire height direction under certain conditions.

Fig. 7 is a graph showing profiles of welding currents in Examples 1 to 4.

Fig. 8 is a graph showing a relationship between the welding current and a
penetration arca (relative value).

Fig. 9 is a graph showing a profile of a welding speed (moving speed of welding
torch) in Example 5.

Fig. 10 is a graph showing a relationship between the welding speed and the
penetration area (relative value).

Fig. 11A is a schematic view showing another example of the welding process.

CA 2937941 2019-06-25
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Fig. 11B is a schematic view showing still another example of the welding
process.

Fig. 11C is a schematic view showing still another example of the welding
process.

Fig. 12A is a schematic view showing still another example of the welding
process.

Fig. 12B is a schematic view showing still another example of the welding
process.

Fig. 13 is a schematic view showing another example of the weld bead.

Fig. 14 is a schematic view showing still another example of the weld bead.

DETAILED DESCRIPTION

[0014] An embodiment according to the present disclosure will be described in detail
with reference to the drawings. In descriptions below, the same reference numerals are
assigned to the same elements or elements having the same function, and overlapping
descriptions thereof are omitted.

[0015] Fig. 1 is a perspective view of a laminated core S configuring a stator. The
shape of the laminated core S is approximately cylindrical, and a rotor (not shown) is
disposed in an opening Sa which is positioned at the center portion of the laminated core
S. The laminated core S includes an approximately annular yoke portion Sy, and tooth
portions St which extends in a center direction from the inner circumferential side of the
yoke portion Sy. According to a use and performance of a motor, a width (W in Fig. 1)
of the yoke portion Sy is approximately 2 mm to 40 mm. The laminated core S shown
in Fig. 1 has six tooth portions St. In addition, the number of the tooth portions St is not
limited to six.

[0016] As shown in Fig. 1, the laminated core S includes a laminate 10 in which a
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plurality of core pieces M processed in a predetermined shape are laminated, swaged
areas 2 which are formed in the tooth portions St, and a plurality of weld beads 11 which
extend in a thickness direction of the laminate 10 on the side surface 10a of the laminate
10. In the present embodiment, a total of three weld beads 11 are formed from the
upper surface of the laminate 10 to the lower surface thereof (in the entire thickness
direction of the laminate 10). In addition, here, a case where joining by the swaged
arcas 2 and joining by welding (weld beads 11) are used is exemplified. However,
joining by only the welding may be used. The number of the weld beads 11 is not
limited to three, and may be set so as to obtain sufficient strength according to the shape
or size of the laminated core.

[0017] Fig. 2A is a vertical sectional view schematically showing the depth of the weld
bead 11 of the laminated core S. Compared to end portions 11b and 11b, in a center
portion 11a in the longitudinal direction (thickness direction of the laminate 10) of the
weld bead 11, the weld bead 11 is formed to a deep position from a side surface 10a of
the laminate 10. Fig. 2B is a cross-sectional view taken along line b-b of Fig. 2A.

Fig. 2C is a cross-sectional view taken along line c-c of Fig. 2A.  That is, in a cross-
sectional area (penetration area) of the weld bead 11 in a direction orthogonal to the
thickness direction of the laminate 10, the cross-sectional area of the center portion 11a
in the longitudinal direction of the weld bead 11 is greater than the cross-sectional area of
each of the end portions 11b and 11b of the weld bead 11.  As described below, this is
because heat applied when the center portion 11a in the longitudinal direction of the weld
bead 11 is formed is greater than heat applied when the end portions 11b and 11b of the
weld bead 11 are formed in the welding process.

[0018] Fig. 3 is a schematic view showing one example of an apparatus for
manufacturing the laminate 10. A laminate manufacturing apparatus 100 shown in Fig.

3 includes a uncoiler 110 on which a coil C is mounted, a feeding device 130 of a strip-
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shaped core material (hereinafter, referred to as a “workpiece platc W”) which is drawn
from the coil C, a progressive die 140 which performs stamping on the workpiece plate
W, and a press machine 120 which operates the progressive die 140.

[0019] The coil C is rotatably supported by the uncoiler 110.  For example, a length of
an electromagnetic steel sheet configuring the coil C is 500 m to 10,000 m. A thickness
of the electromagnetic steel sheet configuring the coil C may be approximately 0.1 mm
to 0.5 mm, and from the viewpoint of achieving more favorable magnetic characteristics
of the laminated core S, the thickness of the electromagnetic steel sheet may be
approximately 0.1 mm to 0.3 mm. A width of the electromagnetic steel sheet
(workpiece plate W) may be approximately 50 mm to 500 mm.,

[0020] The feeding device 130 includes a pair of rollers 130a and 130b disposed
vertically, and the workpiece plate W is interposed therebetween. The workpiece plate
W is introduced into the progressive die 140 via the feeding device 130. The
progressive dic 140 continuously performs stamping, half blanking, push back
processing if necessary, or the like on the workpiece plate W,

[0021] Fig. 4 is a schematic view showing a stamping layout for manufacturing a core
piece M configuring the laminate 10. A process of forming pilot holes P on the
workpiece plate W is performed at a position (a) of Fig. 4. A process of forming a total
of six openings H1 configuring the inner circumferential surface of the yoke portion Sy
and the side surfaces of the tooth portions St is performed at a position (b) of Fig. 4. A
process of forming swaged areas 2 on portions in which the tooth portions St are formed
at a position (¢) of Fig. 4. In addition, when the core piece M configuring the
undermost layer in the laminate 10 is manufactured, punched holes (not shown) are
formed instead of the swaged areas 2. A process of forming an opening H2 becoming
the opening Sa is performed at a position (d) of Fig. 4. A process of forming an

opening H3 configuring the outer circumferential surface of the yoke portion Sy is
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performed at a position (e¢) of Fig. 4. By forming the opening H3, the core piece M
having the shape shown at a position (f) of Fig. 4 is obtained. By laminating a plurality
of core pieces M, the laminate 10 is obtained (lamination process).

[0022] Fig. S is a schematic view showing an example of a welding machine, and shows
a process of performing welding from the upper end of the laminate 10. A Tungsten
Inert Gas(T1G) welding machine 200 shown in Fig. 5 includes an electrode rod 210
(welding torch), an inert gas delivery device 220, moving means 230 for moving the
electrode rod 210 along the side surface 10a of the laminate 10, and a control device 240
(controlier) for controlling heat applied from the electrode rod 210 to the side surface 10a
of the laminate 10. In a state where the laminate 10 is interposed between welding tools
250a and 250b and a compressive force is applied to the laminate 10 in the thickness
direction, the weld beads 11 are formed on the side surface 10a of the laminate 10
(welding process). Accordingly, the core pieces M adjacent vertically are joined by
swaged areas 2 and the welding, and thus, the laminated core S is manufactured.

[0023] In the TIG welding, tungsten is used as a material of the elecirode rod 210. In
addition, in order to block a weld location from the atmosphere and to protect the weld
location, welding is performed while blowing inert gas (argon, helium, or the like) to the
weld location from inert gas delivery device 220. The moving means 230 includes a
guide 231 which extends in the thickness direction of the laminate 10 along the side
surface 10a of the laminate 10, and a drive mechanism (not shown) which slides an
electrode rod support body 211 which is provided to be slidable with respect to the guide
231. As a specific example of the drive mechanism, there is a servo motor or the like.
[0024] The control device 240 controls heat applied from the electrode rod 210 to the
side surface 10a of the laminate 10. A computer can be used as the control device 240.
In the related art, in a series of welding operations, a welding current value and a welding

speed are constant. In this case, as shown in Fig. 6, weld cracks occurred at the center
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portion of the weld bead. Meanwhile, as shown in Examples | to 4 of Fig. 7, in a series
of welding operations, by changing the welding current value midway, heat applied when
the center portion 11a of the weld bead 11 is formed is greater than heat applied when the
end portions 11b and 11b of the weld bead 11 are formed. According to the control of
the welding current value, it is possible to sufficiently suppress occurrence of the weld
cracks. As a result, occurrence of the weld cracks becomes 0%.

[0025] Profiles of the welding current values are not limited to those shown in Fig. 7.
The welding current value when welding starts, the maximum value of the welding
current values, a period which maintains the maximum value of the welding current
values, an inclination when the welding current increases, an inclination when the
welding current decreases, or the like may be appropriately determined according to
specifications of the laminated core. The profiles of the welding current values are not
limited to folded line shapes shown in Fig. 7, and may be curves.

[0026] Fig. 8 is a graph showing a relationship between the welding currents and
penetration areas (relative values). A “penetration area ratio” of the vertical axis in Fig.
8 is based on the penetration area (cross-sectional area of weld bead) when welding is
performed under a condition in which the welding current is 115A and the welding speed
is 5 mm/second. As shown in this graph, the penetration area increases by increasing
the welding current value.

[0027] In Example 5 of Fig. 9, in a series of welding operations, by changing the
welding speed (moving speed of the electrode rod 210) midway, heat applied when the
center portion 11a of the weld bead 11 is formed is greater than heat applied when the
end portions 11b and 11b of the weld bead 11 are formed. According to the control of
the welding speed, it is possible to sufficiently suppress occurrence of weld cracks. As
a result, the occurrence of weld cracks becomes 0%.

[0028] The profiles of the welding speeds are not limited to those shown in Fig. 9.

10
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The welding speed when welding starts, the minimum value of the welding speeds, a
period which maintains the minimum value of the welding speeds, an inclination when
the welding speed increases, an inclination when the welding speed decreases, or the like
may be appropriately determined according to specifications of the laminated core. The
profiles of the welding speeds are not limited to folded line shapes shown in Fig. 9, and
may be curves.

[0029] Fig. 10 is a graph showing a relationship between the welding speed and the
penetration arca (relative values). The “penetration area ratio” of the vertical axis in
Fig. 10 is based on the penetration area (cross-sectional area of weld bead) when welding
is performed under a condition in which the welding current is 115A and the welding
speed is 5 mm/second. As shown in this graph, the penetration area increases by
decreasing the welding speed.

{0030] In the above descriptions, the case where at least one of the welding current
value and the welding speed is changed in a series of welding operations is exemplified.
However, the weld beads 11 may be formed by a plurality of times of welding which is
continuously performed in a series of welding operations. By performing welding at
the center portion again after performing welding at all the locations where the weld
beads are formed, or by performing welding at all the location after performing welding
only at the center portion, it is possible to increase heat applied of the center portion. In
addition, Figs. 11A to 11C are schematic views showing a case one weld bead 12 is
formed by three-time welding in a series of welding operations. Fig. 11A shows a
process in which a weld bead 12a is formed from one end portion of the laminate 10 to
the center portion. Fig. 11B shows a process in which one connected weld bead 12¢ is
formed by forming a weld bead 12b from the other end portion of the laminate 10 to the
center portion.  Fig. 11C shows a process in which a weld bead 12 is formed by forming

a weld bead 12d at the center portion of the one connected weld bead 12¢ of the laminate

11
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10. Each of the weld beads 12a and 12b may be formed from the center portion of the
laminate 10 toward the end portion. By performing the processes shown in Figs. 11A to
11C, it is possible to cause heat applied when the center portion in the longitudinal
direction of the weld bead 12 is formed to be greater than heat applied when the end
portion of the weld bead is formed.

[0031] Figs. 12A and 12B are schematic views showing a case where one weld bead 13
is formed by two-time welding in a series of welding operations. Fig. 12A shows a
process in which a weld bead 13a is formed from one end portion of the laminate 10 to a
position which passes the center portion and does not reach the other end portion.  Fig.
12B shows a process in which a weld bead 13 is formed by a weld bead 13b from the
other end portion of the laminate 10 to a position which passes the center portion and
does not reach the one end portion. The center portion of the weld bead 13 is formed by
two-time welding (weld beads 13a and 13b).

[0032] By performing the processes shown in Figs. 12A and 12B, it is possible to cause
heat applied when the center portion in the longitudinal direction of the weld bead 13 is
formed to be greater than heat applied when the end portion of the weld bead is formed.
The weld beads 13a and 13b may be formed from a position close to the one end portion
of the laminate 10 toward the other end portion. The weld beads 13a and 13b may be
simultaneously formed using two welding torches. At this time, the movements of the
two welding torches are set such that welding is not simultaneously performed at the
same position.

[0033] According to the embodiment, by allowing heat applied to the center portions of
the weld beads 11, 12, and 13 to be greater than heat applied to the end portions, it is
possible to sufficiently suppress occurrence of cracks in the weld beads 11, 12, and 13.
Accordingly, for example, the follow-up observation after welding may not be

performed, and it is possible to cause the manufacturing process of the laminated core S

12
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to be effective. Accordingly, it is possible to achieve high yield and efficiency of the
manufacturing process. In addition, by limiting the location requiring great heat applied
to the center portion, it is possible to prevent a decrease in performance of the laminated
core S due to heat during welding.

[0034] Hereinbefore, the embodiment of the present invention is described in detail.
However, the present invention is not limited to the embodiment. For example, in the
embodiment, the case is exemplified in which one connected weld bead is formed in the
entire thickness direction of the laminate 10 joined by the swaged areas 2. However, as
shown in Fig. 13, a plurality of weld beads 14 (for example, approximately 5 mm to 20
mm length) may be intermittently formed. In this case, by increasing heat applied to the
center portion in each weld bead 14, it is possible to prevent cracks of the weld bead 14.
[0035] A laminate 20 shown in Fig. 13 is configured of a plurality of blocks 20a, 20a. ...
The plurality of core pieces configuring the block 20a are joined to each other by the
swaged area. Accordingly, even when one connected weld bead 14 is not formed over
the entire laminate 20, the core pieces are not separated from each other. Meanwhile,
the blocks 20a are joined by the weld beads 14. In the laminate 20 configured of the
plurality of blocks 20a, 20a..., since the blocks 20a are rotationally stacked on each
other, there is an advantage that it is possible to decrease influences due to deviation in
plate thicknesses of the workpiece plates W.

[0036] As shown in Fig. 14, by intermittently forming a plurality of weld beads 15 and
16 extending in parallel in multiple rows and overlapping the end portions, it is possible
to form the entire laminate 30.

[0037] In the embodiment, the case in which the core picce is stamped from one
workpiece plate W is exemplified. However, the core pieces may be stamped in a state
where the plurality of workpiece plates W are superimposed on each other. In this case,

when the plurality of workpiece plates W are used, workpiece plates W having kinds,

13
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thicknesses and/or widths different each other may be combined and used. In addition,
a core piece for a rotor and a core piece for a stator may be stamped from one workpiece
plate W,

[0038] In the embodiment, the case in which the welding process is performed by the
TIG welding is exemplified. However, the welding process may be performed by arc

welding or laser welding in addition to the TIG welding.

14
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WHAT IS CLAIMED IS:

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

laminating a plurality of core pieces to obtain a laminate, the plurality of core pieces
comprising an upper core piece forming an upper end surface of the laminate, a lower core piece
forming a lower end surface of the laminate, and at least two central core pieces located between

the upper core piece and the lower core piece in a height direction of the laminate; and

forming a weld bead on a side surface of the laminate by partially melting the plurality of
core pieces, the weld bead extending continuously from the upper end surface of the laminate to

the lower end surface of the laminate in the height direction of the laminate,
wherein forming the weld bead includes:

forming a first end portion of the weld bead by partially melting the upper core
piece,

forming a center portion of the weld bead that extends in the height direction of the
laminate by partially melting the at least two central core pieces to each other, and

forming a second end portion of the weld bead by partially melting the lower core
piece,

wherein a maximum cross-sectional arca of the center portion of the weld bead in a
direction orthogonal to the height direction of the laminate is larger than a cross-sectional area of

the first end portion and the second end portion of the weld bead in the orthogonal direction.

2. The method according to claim 1, wherein forming the weld bead includes setting a
welding current value for the center portion of the weld bead to be greater than a welding current
value for the first and second end portions of the weld bead in order to vary a cross-section area of

the weld bead.

-~

3. The method according to claim 1 or 2, wherein forming the weld bead includes setting a

welding speed for the center portion of the weld bead to be slower than a welding speed for the

15

CA 2937941 2019-11-22



10

15

20

25

first and second end portions of the weld bead in order to vary a cross-section area of the weld

bead.

4. The method according to claim 1, wherein forming the weld bead includes welding the
center portion of the weld bead multiple times in order to vary a cross-section area of the weld

bead.

5. The method according to claim 1, wherein forming the weld bead includes forming the
weld bead such that the maximum cross-sectional area associated with the center portion of the
weld bead continuously decreases in the height direction to the cross-sectional area associated with

the first and second end portions of the weld bead.

6. The method according to claim 5, wherein a minimum cross-sectional arca associated with
the first and second end portions extends across two or more of the plurality of core pieces in the

height direction of the laminate.

7. The method according to claim 1, wherein forming the weld bead includes setting a
welding heat value for the center portion of the weld bead to be greater than a welding heat value
for the first and the second end portions of the weld bead in order to vary a cross-sectional area of

the weld bead.

8. The method according to claim 1, wherein forming the weld bead includes forming the first
end portion, the center portion, and the second end portion as a continuous weld bead formed by a

single pass of a welding torch across the side surface of the laminate.

9. A method for manufacturing a laminated core, comprising:

laminating a plurality of core pieces to obtain a laminate; and

16

CA 2937941 2019-11-22



10

15

20

25

forming a weld bead on a side surface of the laminate by partially melting the plurality of
core pieces, the weld bead extending from an upper end surface of the laminate to a lower end

surface of the laminate in a height direction of the laminate,
wherein forming the weld bead includes:

applying a greater amount of heat to a center portion of the weld bead as compared
to an amount of heat applied to an end portion of the weld bead in a longitudinal direction of the

weld bead,
welding a first section of the weld bead, and

subsequently welding a second section of the weld bead which at least partially
overlaps the first section at the center portion of the weld bead so that the center portion of the

weld beam is welded multiple times.

10. The method according to claim 9, wherein a maximum cross-sectional area of the center
portion of the weld bead in a direction orthogonal to the longitudinal direction of the weld bead is
larger than a maximum cross-sectional area of the end portion of the weld bead in the orthogonal

direction.

11. A laminated core, comprising:

a plurality of core pieces laminated together as a laminate, the plurality of core pieces
comprising a first end core piece forming a first end surface of the laminate, a second end core
piece forming a second end surface of the laminate, and at least two central core pieces located
between the first end core piece and the second end core piece in a height direction of the laminate;

and

a weld bead located on a side surface of the laminate, the weld bead extending continuously
from the first end surface of the laminate to the second end surface of the laminate in the height

direction of the laminate,
wherein the weld bead includes
a first end portion formed by partially melting the first end core piece, and
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a center portion that extends in the height direction of the laminate and is formed

by partially melting the at least two central core pieces to each other, and

wherein a maximum cross-sectional area of the center portion of the weld bead in a
direction orthogonal to the height direction of the laminate is larger than a maximum cross-

sectional area of the first end portion of the weld bead in the orthogonal direction.

12. The laminated core according to claim 11,

wherein the weld bead further includes a second end portion formed by partially melting

the second end core piece, and

wherein the maximum cross-sectional area of the center portion of the weld bead in the
orthogonal direction is larger than a maximum cross-sectional area of the second end portion of

the weld bead in the orthogonal direction.

13.  The laminated core according to claim 12,

wherein the first end portion, the center portion, and the second end portion are formed in

a longitudinal direction of the weld bead, and

wherein the longitudinal direction is parallel to the height direction of the laminate.

14.  The laminated core according to claim 12 or 13, wherein a minimum cross-sectional area
associated with the first and the second end portions extends across two or more of the plurality of

core pieces in the height direction of the laminate.

15.  The laminated core according to any one of claims 11 to 14,

wherein the first end portion of the weld bead is formed by partially melting the first end

core piece to an adjacent core piece, and

wherein the adjacent core piece is located between the first end core piece and the at least

two central core pieces.
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16. A welding machine, comprising:
a welding torch;

an actuator configured to move the welding torch continuously from a first end surface of
a laminate to a second end surface of the laminate in a height direction of the laminate along a side

surface of the laminate, the laminate including a plurality of core pieces laminated together; and

a controller configured to control the welding torch and the actuator so as to form the weld

bead on the side surface of the laminate,
wherein the controller is configured to perform a plurality of operations including:

forming a first end portion of the weld bead by partially melting, with the welding

torch, a first end core piece located at the first end surface of the laminate,

forming a center portion of the weld bead that extends in the height direction of the
laminate after forming the first end portion by partially melting, with the welding torch, at least
two adjacent central core pieces to each other, the at least two central core pieces positioned at a

center portion of the laminate in the height direction of the laminate, and

forming a second end portion of the weld bead after forming the center portion by
partially melting, with the welding torch, a second end core piece located at the second end surface

of the laminate, and

wherein a maximum cross-sectional area of the center portion in a direction orthogonal to
the height direction of the laminate is larger than a cross-sectional area of the first and the second

end portion in the orthogonal direction.

17.  The welding machine according to claim 16,

wherein the controller is configured to form the weld bead by varying a welding current of

the welding torch,

wherein a first welding current value is used to form the center portion of the weld bead,

and
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wherein a second welding current value is used to form one or both of the first and the

second end portions of the weld bead.

18.  The welding machine according to claim 16 or 17,

wherein the controller is configured to form the weld bead by varying a welding speed of

the welding torch,
wherein a first welding speed value is used to form the center portion of the weld bead, and

wherein a second welding speed value is used to form one or both of the first and the second

end portions of the weld bead.

19.  The welding machine according to any onc of claims 16 to 18, wherein the controller is
configured to form the weld bead by forming the first end portion, the center portion, and the
second end portion as a continuous weld bead formed by a single pass of the welding torch across

the side surface of the laminate.
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