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Description

FIELD OF THE INVENTION

[0001] The present invention relates to methods of join-
ing a plurality of conductor segments to form a stator
winding of a stator; this stator is used for various rotational
electric machines, such as alternators and motors.

BACKGROUND OF THE INVENTION

[0002] Rotary electric machines have been required to
reduce the lengths (heights) between both stator coil
ends of a stator from an annular cylindrical stator core
thereof while increasing the winding packing factor of the
stator. In order to meet the requirement, rotary electric
machines, each of which installs therein an annular-
shaped stator with a sequentially joined-segment stator
coil, have been proposed.
[0003] The sequentially joined-segment stator coil in-
cludes a plurality of conductor segments, and each of
the conductor segments consists of a pair of straight por-
tions and a U-shaped turn portion joining the paired
straight portions. A plurality of slots are circumferentially
arranged in the stator core with given intervals.
[0004] One of the paired straight portions of one of the
conductor segments is installed in one slot of a stator
core and the other thereof is installed in another one slot
thereof; these one slot and another slot are formed
through the stator core to be circumferentially arranged
with an interval corresponding to a substantially pole
pitch of a rotor. One end of each of the straight portions
of one of the conductor segments projecting from a cor-
responding slot is inclined in a circumferential direction
of the stator core. Similarly, the remaining conductor seg-
ments are installed in corresponding pairs of slots of the
stator core, respectively.
[0005] Joining the projecting end of each of the straight
portions of each conductor segment installed in the stator
core to the projecting end of a corresponding one of the
straight portions of a corresponding one of the conductor
segments installed in the stator core forms a continuous
stator winding.
[0006] One example of methods of joining such con-
ductor segments is disclosed in US Patent No. US
6,698,083 B2 corresponding to Japanese Patent Appli-
cation Publication No. JP 2000-350422 A.
[0007] In the US Patent No. US 6,698,083 B2, four
straight portions of one and another one conductor seg-
ments are installed in a same slot of an annular cylindrical
stator core in a radial direction thereof. The projecting
end of each of the straight portions of each conductor
segment installed in a slot of the stator core is sequen-
tially joined to that of a corresponding one of the straight
portions of a corresponding one of the conductor seg-
ments installed in another slot of the stator core. This
results that at least one continuous stator winding of a
stator coil is formed.

[0008] Specifically, as illustrated in Fig. 9, one project-
ing end of one large conductor segment 200a, one pro-
jecting end of one small conductor segment 200b to be
joined thereto, one projecting end of another one large
conductor segment 200a, and one projecting end of an-
other one small conductor segment 200b are aligned in
a radial direction of a stator core 210.
[0009] Note that the innermost projecting end of one
large conductor segment 200a, the inner middle project-
ing end of one small conductor segment 200b, the outer
middle projecting end of another one small conductor
segment 200a, and the outermost projecting end of an-
other one large conductor segment 200b are respectively
referred to as "first projecting end 201", "second project-
ing end 202", "third projecting end 203", and "fourth pro-
jecting end 204". The first and second projecting ends
201 and 202 constitute an inner end pair 211, and the
third and fourth projecting ends 203 and 204 constitute
an outer end pair 212.
[0010] The first projecting end 201 is pressed toward
a radially outer side by an inner ground electrode 205
located at the inner side of the stator core 210; this results
that the first projecting end 201 and the second projecting
end 202 are contacted to be electrically conducted ther-
ebetween to constitute the inner end pair 211. In this
electrical conducting state, a welding torch 220 as a weld-
ing electrode of a welding system is arranged close to
the inner end pair 211, and thereafter, arc discharge is
carried out between the inner ground electrode 205 and
the welding torch 220. This allows the first projecting end
201 and the second projecting end 202 to be respectively
melted, and therefore, they are joined to each other.
[0011] Similarly, the fourth projecting end 204 is
pressed toward a radially inner side by an outer ground
electrode 206 located at the outer side of the stator core
210; this results that the fourth projecting end 204 and
the third projecting end 203 are contacted to be electri-
cally conducted therebetween to constitute the outer end
pair 212. In this electrical conducting state, the welding
torch 220 is arranged close to the outer end pair 212,
and thereafter, arc discharge is carried out between the
outer ground electrode 206 and the welding torch 220.
This allows the fourth projecting end 204 and the third
projecting end 203 to be respectively melted, and there-
fore, they are joined to each other.
[0012] Each of the conductor segments 200 is normally
coated with an insulating film. In order to generate the
arc discharge between the arc torch 220 and each of the
inner and outer ground electrodes 205 and 206, electrical
conduction between each of the conductor segments 200
and a corresponding one of the inner and outer ground
electrodes 205 and 206 is needed. The insulating film
located at one side of each of the first to fourth projecting
ends 201 to 204 of the conductor segments 200 is elim-
inated before or after the insertion of each conductor seg-
ment 200 into a corresponding pair of slots of the stator
core 210 with a cutter or chemical.
[0013] For example, the insulating film located at one
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side of each of the first to fourth projecting ends 201 to
204 of the conductor segments 200 is eliminated by cut-
ting it or removing it by a chemical agent. Thereafter, the
inner ground electrode 205 or the outer ground electrode
206 is directly contacted onto one side of each of the first
to fourth projecting ends 201 to 204 of the conductor seg-
ments 200 so as to be directly conducted thereto; this
allows an arc to be discharged therebetween.
[0014] This conductor-segment joining method dis-
closed in US Patent No. US 6,698,083 B2 is designed to
alternators whose stator coils are each configured such
that:

four straight portions of different conductor seg-
ments are installed in each of the slots of the stator
core; and
an inner end pair of projecting ends of respective
straight portions of different conductor segments and
an outer end pair of projecting ends of respective
straight portions of different conductor segments are
aligned in a radial direction of the stator core over
each slot of the stator core. Note that such a config-
uration of a stator coil having four straight portions
of different conductor segments installed in each slot
and having the inner and outer coil end pairs will be
referred to as "four-layer and two-row configuration"
hereinafter.

[0015] Let us consider that the conductor-segment
joining method disclosed in US Patent Publication No.
US 6,698,083 B2 is applied to high power output motors,
such as motors for automobiles. In this application, the
stator coil of the high power output motors are comprised
of:

a great number of straight portions of different con-
ductor segments are installed in each of the slots of
the stator core; and
a great number of pairs of projecting ends of respec-
tive straight portions of different conductor segments
are aligned in a radial direction of the stator core over
each slot of the stator core. Note that such a config-
uration of a stator coil having a grate-number of
straight portions of different conductor segments in-
stalled in each slot and having a great number of
pairs of projecting ends will be referred to as "many-
layer and many-row configuration" hereinafter.

[0016] The many-layer and many-row configuration of
the stator coil can increase the number of turns of the
stator coil in each phase.
[0017] In the many-layer and many-row configuration
of the stator coil, a plurality of projecting ends are dis-
posed between the inner end pair and the outer end pair.
The conductor-segment joining method disclosed in US
Patent Publication No. US 6,698,083 B2 allows electrical
conduction of the inner end pair and that of the outer end
pair because of arrangement of each of the inner ground

electrode 205 and the outer ground electrode 206. How-
ever, it may be difficult to establish electrical conduction
of the plurality of projecting ends disposed between the
inner end pair and the outer end pair using the inner and
outer ground electrodes 205 and 206. Note that such
plurality of projecting ends disposed between the inner
end pair and the outer end pair will be referred to as
"intermediate projecting ends" hereinafter.
[0018] Thus, in the many-layer and many-row config-
uration of the stator coil, how to establish electrical con-
duction between the middle projecting ends continues to
be an important issue.
[0019] In order to address the important issue, first and
second methods are proposed.
[0020] The first method includes the steps of:

arranging a pair of new intermediate ground elec-
trodes at both circumferential sides of each pair of
radially adjacent intermediate ground projecting
ends;
causing the paired new electrodes to circumferen-
tially clip the radially adjacent intermediate projecting
ends of each pair so as to contact them; and
discharging, with the use of a welding torch of an arc
welding system, an arc between the paired new elec-
trodes via the clipped radially adjacent intermediate
projecting ends of each pair.

[0021] The second method includes the steps of:

arranging radially adjacent pairs of the intermediate
projecting ends such that each of the radially adja-
cent pairs of the intermediate projecting ends is not
radially aligned with another one of the radially ad-
jacent pairs thereof and with each of the inner end
pair and the outer end pair;
radially moving at least one of the inner and outer
ground electrodes so as to make it contact to at least
one of the radially adjacent intermediate projecting
ends of each pair; and
discharging, with the use of a welding torch, an arc
between the at least one of the inner and outer
ground electrodes and the welding torch.

[0022] In place of the radial moving step, the second
method can include the following step:
radially extending at least one of the inner and outer
ground electrodes so as to make it contact to at least one
of the radially adjacent intermediate projecting ends of
each pair.
[0023] The first method can keep the radial alignment
of the plurality of projecting ends of respective straight
portions installed in each slot of the stator core, making
it possible to easily install the plurality of stator windings
in the stator core.
[0024] The second method can easily carry out using
such an arc welding without the need for another new
intermediate electrode.
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[0025] From US 2003/0137207 A1, it is known to in-
terpose an intermediate holding member between radi-
ally-adjacent pairs of electrical conductor joint end por-
tions, and joining together electrical conductor joint end
portions in each of the pairs to suppress degradation of
electrically-insulating coating on the electrical conduc-
tors and ensure clearance between the joint portions. EP
1043828 A discloses a method and apparatus for welding
a plurality of windings of rotary electric machine. An au-
tomotive AC generator is disclosed by US 6 404 091 B1
while US 2002/041129 A1 discloses a stator for a dyna-
mo-electric machine and method of manufacturing the
same. EP 1 376 816 A, finally, discloses a sequential
segment joining type stator coil of electric rotating ma-
chine and manufacturing method therefore.

SUMMARY OF THE INVENTION

[0026] The first method however requires the step of
arranging the pair of new intermediate electrodes at both
circumferential sides of each pair of radially adjacent in-
termediate projecting ends. This arrangement step may
cause the structure of the arc welding system including
the arrangement of the inner and outer ground electrodes
and the new intermediate electrodes to become compli-
cated and great-sized.
[0027] The second method however requires the step
of arranging radially adjacent pairs of the intermediate
projecting ends such that each of the radially adjacent
pairs of the intermediate projecting ends is not radially
aligned with another one of the radially adjacent pairs
thereof and with each of the inner end pair and the outer
end pair. This arrangement step may cause the installa-
tion of the plurality of conductor segments in the stator
core to become complicated.
[0028] Rotary electric machines, such as alternators
and high power output motors, to be installed in motor
vehicles are particularly desired to downsize themselves
with maintaining high efficiency. Thus, in the rotary elec-
tric machines to be installed in motor vehicles, it is re-
quired to install a plurality of stator windings of a stator
coil in each slot of a stator core with a density as high as
possible and to reduce the lengths of both ends of the
stator coil from the stator core.
[0029] In order to meet the requirements, the plurality
of stator windings of the stator coil are each made of a
plurality of plate-like conductor segments with a width as
narrow as possible, and/or the number of turns of each
of the stator windings is more increased. In addition, for
satisfying the requirements, the number of joints of the
plurality of conductor segments is more increased, and/or
pitches between the respective adjacent projecting ends
of the conductor segments are more reduced.
[0030] To implement these various means to meet the
requirements, the conductor-segment joining methods
set forth above are required to easily, rapidly, and stably
join pairs of projecting ends of different conductor seg-
ments with high accuracy and a high degree of flexibility

capable of addressing the narrow pitches between the
respective adjacent projecting ends of the conductor seg-
ments.
[0031] Even if the stator coil has the many-layer and
many-row configuration, it is strongly desired to provide
a method of easily and rapidly joining pairs of projecting
ends of different conductor segments without increasing
either the number of components or processes required
to join them.
[0032] In view of the foregoing circumstances, an ob-
ject of the present invention is to provide a method of
easily and rapidly joining pairs of projecting ends of a
plurality of conductor segments without increasing either
the number of components or processes required to join
them. This object is solved by the method of claim 1,
wherein further aspects are subject-matter of the sub-
claims.
[0033] Accordingly, one aspect of the present inven-
tion provides a method of joining a plurality of conductor
segments each inserted in at least one of a plurality of
slots formed in a stator core. Each of the plurality of con-
ductor segments has an end projecting from a corre-
sponding at least one of the plurality of slots. The method
includes the steps of:

(a) arranging the tip ends of the plurality of conductor
segments such that a plurality of pairs of the tip ends
of the plurality of conductor segments are formed,
the plurality of tip-end pairs including a first tip-end
pair and a second tip-end pair, at least one of first
paired conductor segments corresponding to the first
tip-end pair included in the plurality of conductor seg-
ments and at least one of second paired conductor
segments corresponding to the second tip-end pair
included in the plurality of conductor segments being
electrically connected to each other;
(b) preparing a first ground electrode;
(c) preparing a welding electrode;
(d) moving the first ground electrode so as to be in
contact with one tip end of the first tip-end pair of the
first paired conductor segments;
(e) moving the welding electrode so as to be opposite
to the first tip-end pair of the first paired conductor
segments;
(f) establishing electric conduction between the first
ground electrode and the welding electrode via the
first tip-end pair of the first paired conductor seg-
ments so as to weld the first tip-end pair (15a1) of
the first paired conductor segments based on the
electrical conduction therebetween;
(g) moving the welding electrode so as to be opposite
to the second tip-end pair of the second paired con-
ductor segments while the first ground electrode is
kept in contact with the tip end of the first tip-end pair
of the first paired conductor segments; and
(h) establishing electric conduction between the first
ground electrode and the welding electrode via the
welded first tip-end pair of the first paired conductor
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segments and the second tip-end pair of the second
paired conductor segments so as to weld the second
tip-end pair of the second paired conductor seg-
ments based on the electrical conduction therebe-
tween.

[0034] In preferred embodiment of this aspect, the plu-
rality of tip-end pairs include a third tip-end pair and a
fourth tip-end pair with at least one of third paired con-
ductor segments corresponding to the third tip-end pair
included in the plurality of conductor segments and at
least one of fourth paired conductor segments corre-
sponding to the fourth tip-end pair included in the plurality
of conductor segments being electrically connected to
each other, the method further comprising:

(i) preparing a second ground electrode;
(j) preparing the welding electrode;
(k) moving the second ground electrode so as to be
in contact with one tip end of the fourth tip-end pair
of the fourth paired conductor segments;
(l) moving the welding electrode so as to be opposite
to the fourth tip-end pair of the fourth paired conduc-
tor segments;
(m) establishing electric conduction between the
second ground electrode and the welding electrode
via the fourth tip-end pair of the fourth paired con-
ductor segments so as to weld the fourth tip-end pair
of the fourth paired conductor segments based on
the electrical conduction therebetween;
(n) moving the welding electrode so as to be opposite
to the third tip-end pair of the third paired conductor
segments while the second ground electrode is kept
in contact with the tip end of the fourth tip-end pair
of the fourth paired conductor segments; and
(o) establishing electric conduction between the sec-
ond ground electrode and the welding electrode via
the welded fourth tip-end pair of the fourth paired
conductor segments and the third tip-end pair of the
third paired conductor segments so as to weld the
third tip-end pair of the third paired conductor seg-
ments based on the electrical conduction therebe-
tween.

[0035] In preferred embodiment of this aspect, a plu-
rality of first sets of the first tip-end pairs of the first paired
conductor segments are aligned in a circumferential di-
rection of the stator core with first pitches, a plurality of
second sets of the second tip-end pairs of the second
paired conductor segments are aligned in a circumfer-
ential direction of the stator core with second pitches so
as to be arranged radial outwardly from the plurality of
first sets, a plurality of third sets of the third tip-end pairs
of the third paired conductor segments are aligned in a
circumferential direction of the stator core with third pitch-
es so as to be arranged radial outwardly from the plurality
of second sets, and a plurality of fourth sets of the fourth
tip-end pairs of the fourth paired conductor segments are

aligned in a circumferential direction of the stator core
with fourth pitches so as to be arranged radial outwardly
from the plurality of third sets, wherein
the steps (d), (e), and (f) are carried out for each of the
plurality of first sets of the first tip-end pairs of the first
paired conductor segments so that each of the plurality
of first sets of the first tip-end pairs of the first paired
conductor segments is welded,
the steps (g) and (h) are carried out for each of the plu-
rality of second sets of the second tip-end pairs of the
second paired conductor segments so that each of the
plurality of second sets of the second tip-end pairs of the
second paired conductor segments is welded after com-
pletion of the steps (d), (e), and (f) for each of the plurality
of first sets,
the steps (k), (l), and (m) are carried out for each of the
plurality of fourth sets of the fourth tip-end pairs of the
fourth paired conductor segments so that each of the
plurality of fourth sets of the fourth tip-end pairs of the
fourth paired conductor segments is welded, and
the steps (n) and (o) are carried out for each of the plu-
rality of third sets of the third tip-end pairs of the third
paired conductor segments so that each of the plurality
of third sets of the third tip-end pairs of the third paired
conductor segments is welded after completion of the
steps (k), (l), and (m) for each of the plurality of fourth sets.
[0036] In preferred embodiment of this aspect, the first
and second ground electrodes are negative electrodes
and the welding electrode is a positive electrode, the
steps (f) and (m) are configured to establish electric con-
duction between the negative electrode and the positive
electrode via the first tip-end pair of the first paired con-
ductor segments as well as the fourth tip-end pair of the
fourth paired conductor segments ,respectively, to gen-
erate arc discharge therebetween so as to weld the first
tip-end pair of the first paired conductor segments and
the fourth tip-end pair of the fourth paired conductor seg-
ments based on the generated arc discharge, and the
steps (h) and (o) are configured to establish electric con-
duction between the negative electrode and the positive
electrode via the welded first tip-end pair of the first paired
conductor segments and the second tip-end pair of the
second paired conductor segments as well as via the
welded fourth tip-end pair of the fourth paired conductor
segments and the third tip-end pair of the third paired
conductor segments to generate arc discharge therebe-
tween so as to weld the second tip-end pair of the second
paired conductor segments and the third tip-end pair of
the third paired conductor segments based on the gen-
erated arc discharge.
[0037] In preferred embodiment of this aspect, the
welding of each of the plurality of first sets of the first tip-
end pairs of the first paired conductor segments, the
welding of each of the plurality of second sets of the sec-
ond tip-end pairs of the second paired conductor seg-
ments, the welding of each of the plurality of fourth sets
of the fourth tip-end pairs of the fourth paired conductor
segments, and the welding of each of the plurality of third
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sets of the third tip-end pairs of the third paired conductor
segments form at least one continuous stator winding to
be installed in stator core.
[0038] In preferred embodiment of this aspect, one of:
at least one of the first paired conductor segments of the
plurality of first sets, and at least one of the second paired
conductor segments of the plurality of second sets serves
as a crossover conductor segment connected to one of:
at least one of the fourth paired conductor segments of
the plurality of fourth sets, and at least one of the third
paired conductor segments of the plurality of third sets.
[0039] In preferred embodiment of this aspect, the plu-
rality of first sets of the first tip-end pairs of the first paired
conductor segments, the plurality of second sets of the
second paired conductor segments, the plurality of third
sets of the second paired ends of the second paired con-
ductor segments, and the plurality of fourth sets of the
first paired conductor segments are radially aligned with
each other, and the first, second, third, and fourth pitches
are set to be equal to each other.
[0040] In preferred embodiment of this aspect, the plu-
rality of tip-end pairs of the plurality of conductor seg-
ments include a fifth tip-end pair and a sixth tip-end pair,
the method further comprising:

(p) preparing a third ground electrode;
(q) moving the third ground electrode so as to be in
contact with at least part of the fifth tip-end pair;
(r) moving the second electrode so as to be opposite
to the sixth tip-end pair; and
(s) establishing electric conduction between the third
ground electrode and the second electrode via the
fifth tip-end pair so as to weld the sixth tip-end based
on the electrical conduction therebetween

[0041] In preferred embodiment of this aspect, the
steps (d), (e), and (f) are sequentially carried out for each
of the plurality of first sets of the first tip-end pairs of the
first paired conductor segments by circumferentially
moving the second electrode relative to each of the plu-
rality of first sets of the first tip-end pairs of the first paired
conductor segments while the second electrode is being
energized
[0042] In preferred embodiment of this aspect, the
steps (d), (e), (f), (g), and (h) as well as steps (k), (l), (m)
and (n) are sequentially carried out for each of the plu-
rality of first sets of the first tip-end pairs of the first paired
conductor segments, each of the plurality of second sets
of the second tip-end pairs of the second paired conduc-
tor segments, each of the plurality of fourth sets of the
fourth tip-end pairs of the fourth paired conductor seg-
ments, and each of the plurality of third sets of the third
tip-end pairs of the third paired conductor segments by
circumferentially and radially moving the second elec-
trode while the second electrode is being energized.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Other objects and aspects of the invention will
become apparent from the following description of em-
bodiments with reference to the accompanying drawings
in which:

Fig. 1 is an enlarged perspective view schematically
illustrating a welding system for welding a plurality
of conductor segments of a stator according to a first
embodiment of the present invention;
Fig. 2 is an enlarged perspective view of a circled
portion of the stator indicated by an arrow X in Fig. 1;
Fig. 3 is an enlarged perspective view schematically
illustrating large and small conductor segments con-
stituting a stator coil of the stator illustrated in Fig. 2;
Fig. 4 is an enlarged partially schematic sectional
view illustrating eight layered straight portions and
first to fourth tip-end pairs of one set of the stator coil
according to the first embodiment;
Fig. 5A is a partially enlarged sectional view sche-
matically illustrating how to weld the first tip-end pair
illustrated in Fig. 4 according to the first embodiment;
Fig. 5B is a partially enlarged sectional view sche-
matically illustrating how to weld the second tip-end
pair illustrated in Fig. 4 according to the first embod-
iment;
Fig. 6A is a partially enlarged sectional view sche-
matically illustrating how to weld the fourth tip-end
pair illustrated in Fig. 4 according to the first embod-
iment;
Fig. 6B is a partially enlarged sectional view sche-
matically illustrating how to weld the third tip-end pair
illustrated in Fig. 4 according to the first embodiment;
Fig. 7A is a partially enlarged sectional view sche-
matically illustrating how to weld the first tip-end pair
according to a modification of the first embodiment;
Fig. 7B is a partially enlarged sectional view sche-
matically illustrating how to weld the second tip-end
pair according to the modification of the first embod-
iment;
Fig. 8 is a partially enlarged sectional view schemat-
ically illustrating how to weld first and second inter-
mediate tip-end pairs according to a second embod-
iment of the present invention ; and
Fig. 9 is a partially enlarged sectional view schemat-
ically illustrating a conventional method of welding a
pair of large and small conductor segments.

DETAILED DESCRIPTION OF EMBODIMENTS OF 
THE INVENTION

[0044] Embodiments of the present invention will be
described hereinafter with reference to the accompany-
ing drawings.
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First embodiment

[0045] Referring to the drawings, in which like refer-
ence characters refer to like parts in several views, par-
ticularly to Fig. 1, there is illustrated a welding system 1.
For example, as the welding system 1, a TIG welding
system is used.
[0046] The welding system 1 includes a substantially
cylindrical welding torch 3 integrated with a bar-shaped
welding electrode (positive electrode) 2. The welding
electrode 2 is supported in the welding torch 3 in its axial
direction such that one end portion of the welding elec-
trode 2 projects from one end wall of the welding torch 3.
[0047] The welding system 1 includes a welding power
source 4 for supplying power to the welding electrode 2,
and a supporting table 5 having a two-dimensional mount
surface 5a.
[0048] An annular cylindrical stator core 21 of a stator
20 is supported by an inner periphery of an annular cy-
lindrical support 5b of the supporting table 5 fixedly
mounted on the mount surface 5a; this stator 20 is a work
to be welded.
[0049] The welding system 1 also includes a pair of
ground electrode members 6 for establishing electrical
conduction between the work and the welding electrode
2.
[0050] The welding system 1 further includes a robot
R serving as a horizontal and vertical driver.
[0051] The robot R is designed as, for example, a mul-
tijoint arm robot whose a mechanical hand (mechanical
gripper) grips the welding torch 3 as an example of var-
ious types of tools. The robot R is programmed to move
the mechanical hand, that is, the welding torch 3 in a
horizontal direction parallel to the horizontal mount sur-
face 5a and in a vertical direction orthogonal to the hor-
izontal direction; these horizontal direction and vertical
direction constitute a torch working space (torch movable
space).
[0052] The welding system 1 includes an electrode
driver ED mechanically linked to each of the inner and
outer ground electrode members 6 and working to move
it in the torch working space.
[0053] The welding system 1 includes a rotary drive
device 8 mechanically linked to the table 5 and working
to rotate the table 5a so as to rotate the stator 20 around
the center axis of its stator core 21.
[0054] The welding system 1 further includes a con-
troller 9 composed of a microcomputer and its peripher-
ies.
[0055] The controller 9 is programmed to:

control the power supply timing and the supplied
power level of the welding power source;
control the robot R so as to move a tip end 2a of the
one end portion of the welding electrode 2 to prede-
termined points in the torch working space;
control the electrode driver ED so as to move each
of the ground electrode members 6; and

rotate the table 5 and the stator 20 by arbitrary angles
around the center axis of the stator core 21.

[0056] The welding electrode 2 is made of, for exam-
ple, tungsten. In the first embodiment, the welding torch
3 is connected to a positive electrode of the welding pow-
er source 4; this welding torch 3 serves as a positive
electrode of the welding system 1.
[0057] Inactive gas is configured to be supplied to the
tip-end side of the welding electrode 2 through the inside
of the welding torch 3; this inactive gas works to shield
a work to be welded to thereby stabilize an arc to be
generated and protect the oxidation of the portion to be
welded.
[0058] Specifically, in response to sequential instruc-
tions sent from the controller 9, the robot R sequentially
moves the welding torch 3 to positions in the torch work-
ing space. When the torch 3 is located at each of the
positions, the tip end 2a of the welding electrode 2 is
located close to a corresponding pair of projecting ends
of straight portions of different conductor segments in-
stalled in the stator core 21 of the stator 20.
[0059] When the tip end 2a of the welding electrode 2
is located at a corresponding pair of projecting ends of
straight portions of different conductor segments in-
stalled in the stator core 21, power is supplied from the
welding power source 4 to the welding torch 3 under con-
trol of the controller 9. This allows an arc discharge to be
carried out so as to join the pair of projecting ends of
portions of different conductor segments installed in the
stator core 21 of the stator 20.
[0060] As illustrated in Fig. 2, the stator 20 as a work
to be welded is composed of the annular cylindrical stator
core 21. The stator core 21 for example consists of a
plurality of annular core sheets laminated in their axial
directions; each of these core sheets is made of a mag-
netic material, such as an iron steel.
[0061] The stator core 21 has a plurality of slots 22.
The slots 22 are formed through the stator core 21 and
circumferentially arranged at given intervals (slot pitch-
es). Each of the slots 22 is radially arranged.
[0062] The stator 20 is composed of a stator coil 23
consisting of, for example, three-phase stator windings
wound in the slots 22 of the stator core 21. The three-
phase stator windings 23a are connected to each other
at a neutral point to form, for example, star configuration.
A lead is pulled out of one end of each of the three-phase
stator windings 23a, and the leads of the three-phase
stator windings 23a are connected to an inverter/ rectifier.
[0063] The stator 20 is used to be installed in a rotary
electric machine such that the stator 20 is arranged op-
posing a rotor of the rotary electric machine. The pair of
rotor and the stator 20 serves as:

a synchronous motor in which the rotor is rotated
based on a rotating magnetic field created by the
thee-phase alternating currents supplied to the
three-phase windings 23a of the stator coil 23 from
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the inverter/ rectifier; and/or
an alternator in which magnetic fluxes created by the
rotation of the rotor (pole rotor) induce a three-phase
AC voltage in the stator coil 23; this induced three-
phase AC voltage is rectified by the inverter/ rectifier
to be output as a DC voltage.

[0064] Each of the three-phase stator windings 23a of
the stator coil 23 is made up of sequentially joined con-
ductor segments 10 placed within the slots 22 of the stator
core 21 (see Fig. 3).
[0065] Such a stator coil structure has been well known
in, for example, U.S. Patent Publications No. 6,201,332
B1, 6,249,956 B1, 6,404,091 B1, and 6,885,123 B2. Be-
cause all of the U.S. patents are assigned to the same
assignee as that of this application, disclosures of these
patents are incorporated herein by reference.
[0066] Each of the conductor segments 10 has a sub-
stantially long plate-like U or V shape, and is covered
with an insulation film, such as a resinous film, except
for tip ends 11 thereof.
[0067] The conductor segments 10 is composed of a
pair of straight portions and a U- or V-shaped turn portion
such that the paired straight portions extending at their
one ends from ends of the turn portion; these straight
portions are to be inserted into the slots 22.
[0068] Each of the conductor segments 10 is also com-
posed of paired slant portions continuing from the other
ends of the straight portions and paired tip ends contin-
uing from the respective paired slant portions. The paired
slant portions and paired tip ends project outside the slots
22 when the straight portions are placed within the slots
22.
[0069] The turn portion of each of the conductor seg-
ments 10 connects both the one ends of the paired
straight portions of each of the conductor segments 10.
[0070] The total lengths of the conductor segments 10
in their longitudinal directions are different from each oth-
er, one of which is longer than the other.
[0071] In the first embodiment, as illustrated in Fig. 3,
one of the conductor segments 10 larger in length than
the other thereof is referred to as a large conductor seg-
ment 10a; the other of the conductor segments 10 is re-
ferred to as a small conductor segment 10b. Each pair
of the large conductor segment 10a and the small con-
ductor segment 10b will be also referred to as a segment
set hereinafter.
[0072] Specifically, the large conductor segment 10a
consists of the turn portion 10c1, the paired straight por-
tions 13a, the paired slant portions 12a, and the paired
tip ends (legs) 11a. The tip ends 11a of the large con-
ductor segment 10a serve as portions to be welded.
[0073] Each of the large conductor segments 10a is
bent at the turn portion 10c1 by a predetermined electrical
angle in a circumferential direction of the stator core 21
such that the paired straight portions 13a are away from
each other. This bending of each of the large conductor
segments 10a allows the paired straight portions 13a to

be inserted in corresponding paired slots 22 of the stator
core 21; these corresponding paired slots 22 are ar-
ranged circumferentially away from each other with, for
example, a pole pitch of the rotor.
[0074] The insertion of each of the large conductor seg-
ments 10a into the corresponding paired slots 22 from
one annular end surface of the stator core 21 causes
paired one end portions corresponding to the slant por-
tions 12a and the legs 11a to project from the other an-
nular end surface of the stator core 21 by predetermined
lengths. The one end portions each of the large conductor
segments 10a are bent by a predetermined electrical an-
gle in a circumferential direction of the stator core 21 so
as to be away from each other to form the paired slant
portions 12a, respectively. The tip ends of the slant por-
tions 12a are bent such that they extend parallel to the
axial direction of the stator core 21; these tip ends serve
as the paired legs 11a of each of the large conductor
segment 10a to be welded.
[0075] Preferably, each of the legs 11a is arranged to
be circumferentially away from a corresponding one of
the straight portions 13a of each of the large conductor
segments 10a by the half of the pole pitch of the rotor.
[0076] The small conductor segment 10b consists of
the turn portion 10c2, the paired straight portions 13b,
the paired slant portions 12b, and the paired tip ends
(legs) 11b. The tip ends 11b of the small conductor seg-
ment 10b serve as portions to be welded.
[0077] Each of the small conductor segments 10b is
bent at the turn portion 10c2 by a predetermined electrical
angle in a circumferential direction of the stator core 21
such that the paired straight portions 13b are away from
each other so as to be inserted in corresponding paired
slots 22 of the stator core 21. The corresponding paired
slots 22 are arranged circumferentially away from each
other with, for example, the pole pitch of the rotor.
[0078] Each of the small conductor segments 10b is
bent at the turn portion 10c2 by a predetermined electrical
angle in a circumferential direction of the stator core 21
such that the paired straight portions 13b are away from
each other. This bending of each of the small conductor
segments 10b allows the paired straight portions 13b to
be inserted in corresponding paired slots 22 of the stator
core 21; these corresponding paired slots 22 are ar-
ranged circumferentially away from each other with, for
example, the pole pitch of the rotor.
[0079] The insertion of each of the small conductor
segments 10b into the corresponding paired slots 22 from
one annular end surface of the stator core 21 causes
paired one end portions corresponding to the slant por-
tions 12b and the legs 11b to project from the other an-
nular end surface of the stator core 21 by predetermined
lengths. The one end portions each of the small conduc-
tor segments 10b are bent by a predetermined electrical
angle in a circumferential direction of the stator core 21
so as to be close to each other to form the paired slant
portions 12b, respectively. The tip ends of the slant por-
tions 12b are bent such that they extend in parallel to the
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axial direction of the stator core 21 and are radially
aligned with each other; these tip ends serve as the
paired legs 11b of each of the small conductor segment
10b to be welded.
[0080] Preferably, each of the legs 11b is arranged to
be circumferentially away from a corresponding one of
the straight portions 13b of each of the small conductor
segments 10b by the half of the pole pitch of the rotor.
[0081] As illustrated in Fig. 3, the large and small con-
ductor segments 10a and 10b become paired. One of
the paired straight portions 13a and one of the paired
straight portions 13b of one pair of the large and small
conductor segments 10a and 10b are inserted into one
slot 22. The other of the paired straight portions 13a and
the other of the paired straight portions 13b of the one
pair of the large and small conductor segments 10a and
10b are inserted into another one slot 22. The one and
another one slots 22 become a first pair of the slots 22
such that they are circumferentially arranged to be away
from each other by the pole pitch of the rotor.
[0082] As illustrated in Fig. 3, each reference number
with no dash and that with a dash (’) are assigned to the
identical portions of different large conductor segments
10a. Similarly, each reference number with no dash and
that with a dash (’) are assigned to the identical portions
of different small conductor segments 10b.
[0083] Similarly, into a second pair of the slots 22 ad-
jacent to one circumferential side of the first pair of slots
22, the large and small conductor segments 10a’ and
10b’ of another one pair are inserted as in the case of
one pair of the large and small conductor segments 10a
and 10b (see Fig. 3).
[0084] Moreover, into a third pair of the slots 22 adja-
cent to the other circumferential side of the first pair of
slots 22, the large and small conductor segments (see
reference character 10a" in Fig. 3) of a further one pair
are inserted as in the case of one pair of the large and
small conductor segments 10a and 10b.
[0085] In this installation of the one pair (10a, 10b) and
another one pair (10a’, 10b’) of the large and small con-
ductor segments, the straight portions 13a and 13b of
the one pair of the conductor segments 10a and 10b and
those of another one pair of the large and small conductor
segments 10a’ and 10b’ are inserted in one same slot 22.
[0086] In this installation of the one pair (10a, 10b),
another pair (10a’, 10b’), and the further one pair of the
large and small conductor segments, the radially adja-
cent legs 11b of the small conductor segment 10b of the
one pair, the leg 11a’ of the large conductor segment
10a’ of another one pair, and the leg 11a’ of the large
conductor segment 10a" of the further one pair are radi-
ally aligned with each other.
[0087] Specifically, in this installation of the one pair
(10a, 10b), another pair (10a’, 10b’), and the further one
pair of the large and small conductor segments, four lay-
ered straight portions in one same slot 22 and four radially
adjacent tip ends 11a’, 11b, 11b, and 11a’ are provided.
[0088] In other words, in this installation of the one pair

(10a, 10b) another pair (10a’, 10b’) of the large and small
conductor segments, and the further one pair of the large
and small conductor segments, four layered straight por-
tions in one same slot 22, a first pair of radially adjacent
tip ends 11a’ and 11b, and a second pair of radially ad-
jacent tip ends 11b and 11a’ are provided.
[0089] Similarly, into respective pairs of the slots 22
circumferentially adjacent to each other, the large and
small conductor segments 10a and 10b of the remaining
pairs are inserted as in the case of one pair of the large
and small conductor segments 10a and 10b (see Fig. 3).
[0090] As illustrated in Fig. 2, this results that the stator
coil 23 (three-phase stator windings 23a) are configured
such that:

a first group G1 of a plurality of sets of the four layered
straight portions 13 and a plurality of sets of the first
and second pairs of tip ends 11, 11’ are circumfer-
entially arranged in a concentric pattern; and
a second group G2 of a plurality of sets of the four
layered straight portions 13 and a plurality of sets of
the first and second pairs of tip ends 11, 11’ are cir-
cumferentially arranged in a concentric pattern.

[0091] In the first embodiment, the first group G1 is
arranged in an inner radius side of the stator core 21,
and the second group G2 is arranged in an outer radius
side thereof.
[0092] This configuration of the stator coil 23 illustrated
in Fig. 2 will be referred to as "eight-layer and four-row
configuration" hereinafter. In contrast, assuming that the
stator coil 23 consists of any one of the first and second
groups, the configuration of the stator coil 23 can be re-
ferred to as "four-layer and two-row configuration".
[0093] The radially adjacent tip ends 11a’ and 11b of
each first pair respectively constitute a tip-end pair 15
freely projecting from the other annular end surface of
the stator core 21. For this reason, the radially adjacent
tip ends 11a’ and 11b of each first pair are not necessarily
closely contacted to each other. Similarly, the radially
adjacent tip ends 11a and 11b’ of each second pair con-
stitute a tip-end pair 15 freely projecting from the other
annular end surface of the stator core 21. For this reason,
the radially adjacent tip ends 11a’ and 11b of each first
pair are not necessarily closely contacted to each other.
The same is true in the radially adjacent tip ends 11a and
11b’ of each second pair.
[0094] Preferably, the pole pitch of the rotor can be set
to an odd-number times as long as the number of slots
22; this allows each of the tip-end pairs 15 to be arranged
over one pitch of corresponding adjacent slots 22. As a
result, the tip-end pairs 15 are circumferentially and ra-
dially aligned with each other at the same pitches. Spe-
cifically, four tip-end pairs 15 are aligned with each other
at the same pitches in a corresponding radial direction
of the stator core 21, and the tip-end pairs 15 are circum-
ferentially arranged in a four-layered concentric pattern.
[0095] Fig. 4 is an enlarged partially schematic sec-
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tional view illustrating one set of four layered straight por-
tions 13a, 13b, a first pair of radially adjacent tip ends
11a’ and 11b, and a second pair of radially adjacent tip
ends 11b and 11a’ of each of the first and second groups
G1 and G2. In Fig. 4, the four layered straight portions
13a, 13b of each of the first and second groups G1 and
G2 are summarized to be installed in one slot 22 for the
purpose of simplification in illustration.
[0096] As illustrated in Fig. 4, in each of the first and
second groups G1 and G2, four straight portions (first,
second, third, and fourth straight portions) 13 are in-
stalled in one slot 22 to be radially aligned with each other.
[0097] In addition, four tip-end pairs 15 of the first group
G1 and the second group G2 are aligned with each other
in a radial direction of the stator core 21. The radially
arranged four tip-end pairs 15 of the first and second
groups G1 and G2 are configured to equally project in
one plane; this configuration allows continuous welding
to be easily carried out.
[0098] The edges of the tip ends of each tip-end pair
15 are welded to each other using an arc welding; this
forms each of the continuous three-phase stator windings
23a.
[0099] Note that, because the straight portion 13 of
each of the conductor segments 10 is coated with an
insulating film (not shown), four straight portions 13 of
each of the first and second groups G1 and G2 are in-
stalled in one same slot 22 to be in close contact with
each other; this can increase the coil space factor.
[0100] In contrast, the radially arranged four tip-end
pairs 15 of the first and second groups G1 and G2 are
arranged at regular intervals to establish electrical insu-
lation therebetween.
[0101] The turn portions 10c1 and 10c2 of the large
and small conductor segments 10a and 10b of each pair
can be circumferentially inclined so as to reduce the axial
length between both the stator-coil ends.
[0102] As described above, the stator coil 23 has the
eight-layer and four-row configuration as illustrated in
Figs. 2 and 4. When the stator 20 is used to a rotary
electric machine to be installed in higher-output appara-
tuses, such as motor vehicles, the stator coil 23 has a
many-layer and many-row configuration in order to in-
crease the number of turns thereof in each phase. The
number of tip-end pairs 15 is determined by the half of
the number of layers of the straight portions to be installed
in each slot 22. Specifically, the more the number of lay-
ers of the straight portions 13 in each slot 22 increases,
the more the number of portions of the stator 20 to be
welded. Specifically, the number of portions of the stator
20 to be welded is represented as the product of the
number of rows of the tip-end pairs 15 in a radial direction
of the stator core 21 and the number of circumferential
pitches of the tip-end pairs 15.
[0103] For this reason, the number of portions of the
stator 20 to be welded becomes greater with increase in
the number of layers of the straight portions to be installed
in each slot 22. Thus, it is strongly desired to provide a

method of easily and rapidly joining the tip ends 11 and
1 1’ of each tip-end pair 15.
[0104] Note that, if there is a gap between the tip ends
11 and 11’ of at least one tip-end pair 15 and the gap is
greater than a certain level, a holding jig can be used to
hold the tip ends 11 and 11’ of at least one tip-end pair
15 so as to reduce the gap therebetween.
[0105] In the first embodiment, the tip end 11a’ of one
first pair of the first group G1 located at the innermost
side of a radial direction of the stator core 21 will be re-
ferred to as "first tip end 111" hereinafter. The tip end
11b of the one first pair of the first group G1 located radial
outwardly adjacent to the first tip end 111 in a radial di-
rection will be referred to as "second tip end 112". The
pair of the first and second tip-ends 111 and 112 will be
referred to as "first tip-end pair 15a1" hereinafter.
[0106] The tip end 11b of one second pair of the first
group G1 located radial outwardly adjacent to the second
tip end 112 will be referred to as "third tip end 113". The
tip end 11a’ of the one second pair of the first group G1
located radial outwardly adjacent to the third tip end 113
will be referred to as "fourth tip end 114". The pair of the
third and fourth tip-ends 113 and 114 will be referred to
as "second tip-end pair 15a2" hereinafter.
[0107] The tip end 11a’ of one first pair of the second
group G2 located radial outwardly adjacent to the fourth
tip end 114 will be referred to as "fifth tip end 115". The
tip end 11b of the one first pair of the second group G2
located radial outwardly adjacent to the fifth tip end 115
will be referred to as "sixth tip end 116". The pair of the
fifth and sixth tip-ends 115 and 116 will be referred to as
"third tip-end pair 15a3" hereinafter.
[0108] The tip end 11b of one second pair of the second
group G2 located radial outwardly adjacent to the sixth
tip end 116 will be referred to as "seventh tip end 117".
The tip end 11a’ of the one second pair of the second
group G2 located radial outwardly adjacent to the sev-
enth tip end 117 will be referred to as "eighth tip end 118".
The pair of the seventh and eighth tip-ends 117 and 118
will be referred to as "fourth tip-end pair 15a4" hereinafter.
[0109] The second tip-end pair 15a2 and the third tip-
end pair 15a3 arranged intermediate between the first
tip-end pair (innermost tip-end pair) 15a1 and the fourth
tip-end pair (outermost tip-end pair) 15a4 will be referred
to as "intermediate tip-end pairs 15a2 and 15a3" herein-
after.
[0110] As described above, the first to fourth tip-end
pairs 15a1 to 15a4 are radially arranged at regular inter-
vals to establish electrical insulation therebetween.
[0111] Referring to Fig. 1, after each of the conductor
segments 10a and 10b has inserted into the correspond-
ing paired slots 22 of the stator core 21 from the one
annular end surface thereof, the stator core 21 is inserted
at its one annular end side into the inner periphery of the
annular cylindrical support 5b fixedly mounted on the
mount surface 5a of the supporting table 5. This allows
a plurality of sets of the first to eighth tip ends 111 to 118
to be in upward direction with respect to the mount sur-
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face 5a of the supporting table 5.
[0112] The insulating film coated around each of the
first to eight tip ends 111 to 118 of each set is eliminated
before or after the insertion of each of the conductor seg-
ments 10a and 10b has inserted into the corresponding
paired slots 22 of the stator core 21 with a cutter or chem-
ical.
[0113] Next, a conductor-segment joining method ac-
cording to the first embodiment using the welding system
1 will be described hereinafter.
[0114] As described above, the welding system 1 is
equipped with the pair of the ground electrode members
6.
[0115] The ground electrode members 6 consist of a
plurality of inner ground electrodes (inner negative elec-
trodes) 6a located opposing the inner periphery of the
stator core 21 to be arranged in a circumferential direction
of the inner periphery thereof with regular intervals cor-
responding to the pole pitches of the rotor. Each of the
plurality of inner ground electrodes 6a has a substantially
annular cylindrical shape as a whole.
[0116] Similarly, the ground electrode members 6 con-
sist of a plurality of outer ground electrodes (outer neg-
ative electrodes) 6b located opposing the outer periphery
of the stator core 21 to be arranged in a circumferential
direction of the outer periphery thereof with regular inter-
vals corresponding to the pole pitches of the rotor. Each
of the plurality of outer ground electrodes 6b has a sub-
stantially annular cylindrical shape as a whole.
[0117] Under control of the controller 9, the electrode
driver ED works to move at least one of the plurality of
inner ground electrodes 6a to be in contact with the first
tip end 111 of the first tip-end pair 15a1; this allows elec-
trical conduction between the welding electrode 2 and
the first tip-end pair 15a1.
[0118] Under control of the controller 9, the electrode
driver ED also works to move at least one of the plurality
of outer ground electrodes 6b to be in contact with the
eighth tip end 118 of the fourth tip-end pair 15a4; this
allows electrical conduction between the welding elec-
trode 2 and the fourth tip-end pair 15a4.
[0119] In the first embodiment, except for the inner and
outer ground electrodes 6a and 6b, the welding system
1 is equipped with no ground electrodes specifically for
establishing electrical conduction between the welding
electrode 2 and each of the second and third tip-end pairs
15a2 and 15a3.
[0120] Specifically, the conductor-segment joining
method according to the first embodiment is designed to
enable electrical conduction between the welding elec-
trode 2 and each of the second and third tip-end pairs
15a2 and 15a3 with the use of the inner and outer ground
electrodes 6a and 6b and previously joined intervening
conductor segments 10 without requiring any ground
electrodes for directly grounding the second and third tip-
end pairs 15a2 and 15a3.
[0121] Next, sequential steps (processes) of the con-
ductor-segment joining method according to the first em-

bodiment will be specifically described hereinafter with
reference to Figs. 5A, 5B, 5C, and 5D. Each of Figs. 5A,
5B, 6A, and 6B schematically illustrate one set of the first
to fourth tip-end pairs 15a1 to 15a4 aligned in a radial
direction of the stator core 21 of the stator 20 with the
eight-layer and four-row configuration. In Fig. 4, eight
strait portions 13 (13a, 13b) corresponding to the first to
eighth tip ends 111 to 118 are summarized to be installed
in one slot 22 for the purpose of simplification in illustra-
tion.

First welding step

[0122] The stator 20 is mounted at its stator core 21 in
the support 5b mounted on the mount surface 5a of the
table 5 such that the plurality of sets of the first to eighth
tip ends 111 to 118 is in upward direction with respect to
the mount surface 5a thereof preparatory to the conduc-
tor-segment joining method.
[0123] When the first and second tip end pairs 111 and
112 of one first tip-end pair 15a1 of conductor segments
10a and 10b installed in corresponding slots 22 of the
stator core 21 is welded to each other, an inner ground
electrode 6a corresponding to the one first tip-end pair
15a1 is selected to be moved by the electrode driver ED
toward the first tip end 111 under control of the controller
9.
[0124] When contacting to one side of the first tip end
111 of the first tip-end pair 15a1, the inner ground elec-
trode 6a is further moved radial outwardly in a direction
indicated by an arrow "A" in Fig. 5A. The radial outward
movement of the inner ground electrode 6a presses the
first tip end 111 radial outwardly so that the first tip end
111 comes close to the second tip end 112 or contacts
thereonto.
[0125] Next, under control of the controller 9, the robot
R moves the welding torch 3 so that the tip end 2a of the
welding electrode 2 is located over the first tip-end pair
15a1 with a predetermined gap therebetween.
[0126] Next, under control of the controller 9, power
with adjusted level is supplied from the welding power
source 9 to the welding electrode 2. Because the first tip
end 111 is in contact with the inner ground electrode 6a
so that electrical conduction therebetween is estab-
lished, arch discharge is created between the welding
electrode 2 and the first tip end 111 (inner ground elec-
trode 6a). This allows an arc current R1a to flow between
the welding electrode 2 and the inner ground electrode
6a through the first tip end 111.
[0127] The created arc discharge between the welding
electrode 2 and the first tip end 111 allows the first tip
end 111 to become molten. When the molten area of the
first tip end 111 is increased, the molten metal is started
to be in contact with the second tip end 112 so that the
second tip end 112 is grounded. This allows an arc cur-
rent R1b to flow between the welding electrode 2 and the
inner ground electrode 6a through the first and second
tip ends 111 and 112 to whereby the second tip end 112
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becomes molten, and thereafter, the molten area of the
second tip end 112 is increased.
[0128] As a result, the molten first and second tip ends
111 and 112 are welded to each other.
[0129] If a radial gap between the first tip end 111 and
the second tip end 112 exceeds a predetermined limit
length, it may be difficult to stably and strongly weld them.
Note that the limit length for the gap is substantially pro-
portional to a lateral cross sectional area of the conductor
segment 10.
[0130] Thus, in the first embodiment, an adequate level
of pressing force is applied to the first tip end 111 by the
movement of the inner ground electrode 6a so that the
first tip end 111 comes close to the second tip end 112.
This allows the gap between the first tip end 111 and the
second tip end 112 to lie within the predetermined limit
length to thereby stably weld the first and second tip ends
111 and 112 to each other.
[0131] Preferably, an adequate level of pressing force
is applied to the first tip end 111 by the movement of the
inner ground electrode 6a so that the first tip end 111 is
in contact with the second tip end 112. This allows arch
discharge to be created both between the welding elec-
trode 2 and the first tip end 111 and between the welding
electrode 2 and the second tip end 112. This results that
an arc current immediately flows between the welding
electrode 2 and the inner ground electrode 6a through
the first and second tip ends 111 and 112, and therefore,
an molten area of each of the first and second tip ends
111 and 112 is rapidly increased, making it possible to
immediately and stably weld them.
[0132] The pressing force to be applied to the first tip
end 111 by the movement of the inner ground electrode
6a has not necessarily a level that allows the second tip
end 112 to be radial outwardly pressed down, and has a
level that allows the gap between the first and second tip
ends 111 and 112 to be reduced. The gap between the
first tip-end pair 15a1 and the second tip-end pair 15a2
can be therefore prevented from being eliminated.

Second welding step

[0133] After the first welding step, welding of the third
and fourth tip ends 113 and 114 of one second tip-end
pair 15a2 adjacent to the previously joined first tip-end
pair 15a1 is carried out.
[0134] Specifically, after completion of the welding of
the first tip-end pair 15a1, the inner ground electrode 6a
is kept to be in contact with the one side of the first tip
end 111 of the previously joined first tip-end pair 15a1.
[0135] At that time, while the inner ground electrode
6a is kept to be in contact with the one side of the first
tip end 111 of the previously joined first tip-end pair 15a1,
the robot R moves the welding torch 3 so that the tip end
2a of the welding electrode 2 is located over the second
tip-end pair 15a2 with a predetermined gap therebetween
under control of the controller 9 (see Fig. 5B).
[0136] Next, under control of the controller 9, power

with adjusted level is supplied from the welding power
source 9 to the welding electrode 2.
[0137] Because the first tip end 111 and the second
tip end 112 of the first tip-end pair 15a1 have been welded
to each other, electrical conduction between the fourth
tip end 114 and the inner ground electrode 6a via previ-
ously joined intervening conductor segments 10 and the
welded first tip-end pair 15a1. This creates arc discharge
between the welding electrode 2 and the fourth tip end
114 (inner ground electrode 6a) so that an arc current
R2a immediately flows between the welding electrode 2
and the inner ground electrode 6a through the fourth tip
end 114, the previously joined intervening conductor seg-
ments 10, and the welded first tip-end pair 15a1 (see Fig.
5B).
[0138] Similarly, the previously welded first tip-end pair
15a1 allows electrical conduction between the third tip
end 113 and the inner ground electrode 6a via the pre-
viously joined small conductor segment 10b and the
welded first tip-end pair 15a1. This creates arc discharge
between the welding electrode 2 and the third tip end 113
(inner ground electrode 6a) so that an arc current R2b
immediately flows between the welding electrode 2 and
the inner ground electrode 6a through the third tip end
113, the small conductor segment 10b, and the welded
first tip-end pair 15a1 (see Fig. 5B).
[0139] The arc discharge created between the welding
electrode 2 and the inner ground electrode 6a through
the fourth tip end 114 and between the welding electrode
2 and the inner ground electrode 6a through the third tip
end 113 allows a molten area of each of the third and
fourth tip ends 113 and 114 to be rapidly increased, mak-
ing it possible to immediately and stably weld them.
[0140] As described above, in the second welding step,
the arc current R2a flows between the welding electrode
2 and the inner ground electrode 6a through the fourth
tip end 114 independently of the third tip end 113. Simi-
larly, the arc current R2b flows between the welding elec-
trode 2 and the inner ground electrode 6a through the
third tip end 113 independently of the fourth tip end 114.
[0141] For this reason, even if the gap between the
third tip end 113 and the fourth tip end 114 has a certain
length, it is possible to rapidly increase a molten area of
each of the third and fourth tip ends 113 and 114.
[0142] In other words, use of previously joined inter-
vening conductor segments 10 between each of the third
and fourth tip ends 113 and 114 and the inner ground
electrode 6a as an indirect ground allows the third and
fourth tip ends 113 and 114 to be stably welded. Thus,
it is possible to eliminate the necessity of providing any
ground electrodes for directly grounding the second tip-
end pair 15a2 and the step of pressing one of the third
and fourth tip ends 113 and 114 toward the other thereof.

Third welding step

[0143] Next, welding of the seventh and eighth tip end
pairs 117 and 118 of one fourth tip-end pair 15a4 of con-
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ductor segments 10a and 10b installed in corresponding
slots 22 of the stator core 21 is carried out.
[0144] The welding of the seventh and eighth tip end
pairs 117 and 118 of one fourth tip-end pair 15a4 aligned
with the previously joined first tip-end pair 15a1 can be
carried out in the same manner as that of the first and
second tip ends 111 and 112 of the first tip-end pair 15a1
described above.
[0145] Specifically, an outer ground electrode 6b cor-
responding to the one fourth tip-end pair 15a4 is selected
to be moved by the electrode driver ED toward the eighth
tip end 118 under control of the controller 9.
[0146] When contacting to one side of the eighth tip
end 118 of the fourth tip-end pair 15a4, the outer ground
electrode 6b is further moved radial inwardly in a direction
indicated by an arrow "B" in Fig. 6A. The radial inward
movement of the outer ground electrode 6b presses the
eighth tip end 118 radial inwardly so that the eighth tip
end 118 comes close to the seventh tip end 117 or con-
tacts thereonto.
[0147] Next, under control of the controller 9, the robot
R moves the welding torch 3 so that the tip end 2a of the
welding electrode 2 is located over the fourth tip-end pair
15a4 with a predetermined gap therebetween.
[0148] Next, under control of the controller 9, power
with adjusted level is supplied from the welding power
source 9 to the welding electrode 2. Because the eighth
tip end 118 is in contact with the outer ground electrode
6b so that electrical conduction therebetween is estab-
lished, arch discharge is created between the welding
electrode 2 and the eighth tip end 118 (outer ground elec-
trode 6b). This allows an arc current R3a to flow between
the welding electrode 2 and the outer ground electrode
6b through the eighth tip end 118.
[0149] The created arc discharge between the welding
electrode 2 and the eighth tip end 118 allows the eighth
tip end 118 to become molten. When the molten area of
the eighth tip end 118 is increased, the molten metal is
started to be in contact with the seventh tip end 117 so
that the seventh tip end 117 is grounded. This allows an
arc current R3b to flow between the welding electrode 2
and the outer ground electrode 6b through the eighth and
seventh tip ends 118 and 117 to whereby the seventh tip
end 117 becomes molten, and thereafter, the molten area
of the seventh tip end 117 is increased.
[0150] As a result, the molten seventh and eighth tip
ends 117 and 118 are welded to each other.
[0151] As well as the first welding step, an adequate
level of pressing force is applied to the eighth tip end 118
by the movement of the outer ground electrode 6b so
that the eighth tip end 118 comes close to or contacts
onto the seventh d tip end 117. This allows the gap be-
tween the eighth tip end 118 and the seventh tip end 117
to lie within the predetermined limit length set forth above
to thereby stably weld the eighth and seventh tip ends
118 and 117 to each other.

Fourth welding step

[0152] After the third welding step, welding of the fifth
and sixth tip end pairs 115 and 116 of one third tip-end
pair 15a3 adjacent to the previously joined fourth tip-end
pair 15a4 is carried out.
[0153] Specifically, after completion of the welding of
the fourth tip-end pair 15a4, the outer ground electrode
6b is kept to be in contact with the one side of the eighth
tip end 118 of the previously joined fourth tip-end pair
15a4.
[0154] At that time, while the outer ground electrode
6b is kept to be in contact with the one side of the eighth
tip end 118 of the previously joined fourth tip-end pair
15a4, the robot R moves the welding torch 3 so that the
tip end 2a of the welding electrode 2 is located over the
third tip-end pair 15a3 with a predetermined gap there-
between under control of the controller 9 (see Fig. 6B).
[0155] Next, under control of the controller 9, power
with adjusted level is supplied from the welding power
source 9 to the welding electrode 2.
[0156] Because the eighth tip end 118 and the seventh
tip end 117 of the fourth tip-end pair 15a4 have been
welded to each other, electrical conduction between the
fifth tip end 115 and the outer ground electrode 6b via
previously joined intervening conductor segments 10 and
the welded fourth tip-end pair 15a4. This creates arc dis-
charge between the welding electrode 2 and the fifth tip
end 115 (outer ground electrode 6b) so that an arc current
R4a immediately flows between the welding electrode 2
and the outer ground electrode 6b through the fifth tip
end 115, the previously joined intervening conductor seg-
ments 10, and the welded fourth tip-end pair 15a4 (see
Fig. 6B).
[0157] Similarly, the previously welded fourth tip-end
pair 15a4 allows electrical conduction between the sixth
tip end 116 and the outer ground electrode 6b via the
previously joined intervening conductor segment 10b
and the welded fourth tip-end pair 15a4. This creates arc
discharge between the welding electrode 2 and the third
tip end 113 (inner ground electrode 6a) so that an arc
current R2b immediately flows between the welding elec-
trode 2 and the inner ground electrode 6a through the
third tip end 113, the previously joined intervening con-
ductor segment 10b, and the welded fourth tip-end pair
15a4 (see Fig. 6B).
[0158] The arc discharge created between the welding
electrode 2 and the outer ground electrode 6b through
the fifth tip end 115 and between the welding electrode
2 and the outer ground electrode 6b through the sixth tip
end 116 allows a molten area of each of the fifth and sixth
tip ends 115 and 116 to be rapidly increased, making it
possible to immediately and stably weld them.
[0159] As described above, in the fourth welding step,
the arc current R4a flows between the welding electrode
2 and the outer ground electrode 6b through the fifth tip
end 115 independently of the sixth tip end 116. Similarly,
the arc current R4b flows between the welding electrode
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2 and the outer ground electrode 6b through the sixth tip
end 116 independently of the fifth tip end 115.
[0160] For this reason, even if the gap between the
fifth tip end 115 and the sixth tip end 116 has a certain
length, it is possible to rapidly increase a molten area of
each of the fifth and sixth tip ends 115 and 116.
[0161] As described above, the conductor-segment
joining method according to the first embodiment is con-
figured to sequentially carry out the first and second weld-
ing steps using the inner ground electrodes 6a and pre-
viously joined intervening conductor segments 10 as an
indirect electrode without providing new ground elec-
trodes. This allows the third and fourth tip ends 113 and
114 of the second tip-end pair 15a2 to be stably welded
to each other.
[0162] Similarly, the conductor-segment joining meth-
od according to the first embodiment is configured to se-
quentially carry out the third and fourth welding steps
using the outer ground electrodes 6b and previously
joined intervening conductor segments 10 as an indirect
electrode without providing new ground electrodes. This
allows the fifth and sixth tip ends 115 and 116 of the third
tip-end pair 15a3 to be stably welded to each other.
[0163] In addition, in the conductor-segment joining
method according to the first embodiment, the third and
fourth welding steps are substantially identical to the first
and second welding steps, respectively. Thus, assuming
that the sequential first and second welding steps are
collectively referred to as "basic welding step", the con-
ductor-segment joining method can be implemented by
simply carrying out the basic welding step at a required
number of times.
[0164] Note that, in the conductor-segment joining
method according to the first embodiment, the first, sec-
ond, third, and fourth welding steps for respectively join-
ing the radially aligned first, second, fourth, and third tip-
end pairs of one of the plurality of sets has been described
for the purpose of simplification in description. As illus-
trated in Fig. 2, the first to fourth welding steps set forth
above are therefore actually applied to the stator coil 23
having:

a plurality of sets of the first tip-end pairs; these sets
are circumferentially arranged in regular pitches;
a plurality of sets of the second tip-end pairs; these
sets are circumferentially arranged in regular pitch-
es;
a plurality of sets of the third tip-end pairs; these sets
are circumferentially arranged in regular pitches; and
a plurality of sets of the fourth tip-end pairs; these
sets are circumferentially arranged in regular pitch-
es.

[0165] In this actual application, the conductor-seg-
ment joining method according to the first embodiment
is configured to:

sequentially carry out the first welding step for the

individual first-tip end pairs of each set in a circum-
ferential direction;
sequentially carry out the second welding step for
the individual second-tip end pairs of each set in a
circumferential direction after all of the first-tip end
pairs of the plurality of sets are completely welded;
sequentially carry out the third welding step for the
individual fourth-tip end pairs of each set in a circum-
ferential direction after all of the second-tip end pairs
of the plurality of sets are completely welded; and
sequentially carry out the fourth welding step for the
individual third-tip end pairs of each set in a circum-
ferential direction after all of the fourth-tip end pairs
of the plurality of sets are completely welded.

[0166] This results that all of the first tip-end pairs, sec-
ond tip-end pairs, third tip-end pairs, and fourth tip-end
pairs arranged in a concentric pattern are welded to
thereby form the continuous three-phase stator windings
23a (stator coil 23).
[0167] These sequential first to fourth welding steps
can be carried out by sequentially moving the welding
torch 3, rotating the supporting table 5 together with the
stator 20, and sequentially moving each of the plurality
of inner and outer ground electrodes 6a and 6b under
control of the controller 9.
[0168] In addition, note that, in the conductor-segment
joining method according to the first embodiment, the
radially aligned first tip-end pair 15a1, second tip-end pair
15a2, fourth tip-end pair 15a4, and third tip-end pair 15a3
are sequentially welded in this order.
[0169] As described above, the conductor-segment
joining method according to the first embodiment is con-
figured to weld the intermediate tip-end pairs 15a2 and
15a3 using the inner and outer ground electrodes 6a and
6b and previously joined intervening conductor segments
10 as an indirect electrode.
[0170] For this reason, in a modification of the sequen-
tial welding order of the conductor-segment joining meth-
od according to the first embodiment, the radially aligned
first tip-end pair 15a1, fourth tip-end pair 15a4, second
tip-end pair 15a2, and third tip-end pair 15a3 can be se-
quentially welded in this order. In another modification of
the sequential welding order of the conductor-segment
joining method according to the first embodiment, the
radially aligned first tip-end pair 15a1, fourth tip-end pair
15a4, third tip-end pair 15a3, and second tip-end pair
15a2 can be sequentially welded in this order.
[0171] In a further modification of the sequential weld-
ing order of the conductor-segment joining method ac-
cording to the first embodiment, the radially aligned fourth
tip-end pair 15a4, first tip-end pair 15a1, third tip-end pair
15a3, and second tip-end pair 15a2 can be sequentially
welded in this order. In a still further modification of the
sequential welding order of the conductor-segment join-
ing method according to the first embodiment, the radially
aligned fourth tip-end pair 15a4, first tip-end pair 15a1,
second tip-end pair 15a2, and third tip-end pair 15a3 can
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be sequentially welded in this order.
[0172] Specifically, the sequential welding order of the
conductor-segment joining method according to the first
embodiment can be modified as long as each of the in-
termediate tip-end pairs 15a2 and 15a3 is welded after
a corresponding one of the first and fourth tip-end pairs
15a1 and 15a4 has been welded.
[0173] A modification of the conductor-segment joining
method according to the first embodiment will be de-
scribed hereinafter.
[0174] In the stator coil 23, one tip end 11 and the other
tip end 11 of a same conductor segment 10 included in
the first group G1 are configured as one first tip-end pair
15a1 and one second tip-end pair 15a2. Similarly, one
tip end 11 and the other tip end 11 of a same conductor
segment 10 included in the second group G2 are config-
ured as one third tip-end pair 15a3 and one fourth tip-
end pair 15a4.
[0175] As illustrated in Figs. 4, 5A, 5B, 6A, and 6B, the
stator coil 23 has mainly the configuration.
[0176] However, because the stator coil 23 has the
neutral point and the leads, part of the stator coil 23 does
not have the configuration. For example, in part of the
stator coil 23, when one tip end 11w and the other tip end
11w of a same conductor segment 10W serves as a
crossover wire connecting between one-phase stator
winding and another one-phase stator winding, the one
tip end 1 1w and the other tip end 11w of the same con-
ductor segment 10W are respectively configured as one
second tip-end pair 15a2 and one fourth tip-end pair 15a4
(see Figs. 7A and 7B).
[0177] In Figs. 7A and 7B, the eighth layered straight
portions 13a, 13b are summarized to be installed in one
slot 22 for the purpose of simplification in illustration.
[0178] As illustrated in Figs. 7A and 7B, eight straight
portions 13 are installed in one slot 22 to be radially
aligned with each other.
[0179] In addition, first to fourth tip-end pairs 15a1 to
15a4 are aligned with each other in a radial direction of
the stator core 21.
[0180] As described above, the fourth tip end 114
(11w) and the eighth tip end 118 (11w) of the same con-
ductor segment 10W are configured as one second tip-
end pair 15a2 and one fourth tip-end pair 15a4 (see Figs.
7A and 7B).
[0181] In the modification, the first tip-end pair 15a1
and the second tip-end pair 15a2 are radially symmetrical
to each other in configuration, and the third tip-end pair
15a3 and the fourth tip-end pair 15a4 are radially sym-
metrical to each other in configuration. For this reason,
as well as the first embodiment, execution of the basic
welding step (the pair of first and second welding steps)
at a required number of times allows each of the first to
fourth tip-end pairs 15a1 to 15a4 to be stably welded.
[0182] Next, the first and second welding steps (basic
welding step) of the conductor-segment joining method
according to the modification of the first embodiment will
be specifically described hereinafter with reference to

Figs. 7A and 7B.

First welding step

[0183] The stator 20 is mounted at its stator core 21 in
the support 5b mounted on the mount surface 5a of the
table 5 such that the plurality of sets of the first to eighth
tip ends 111 to 118 is in upward direction with respect to
the mount surface 5a thereof preparatory to the conduc-
tor-segment joining method.
[0184] When the first and second tip end pairs 111 and
112 of one first tip-end pair 15a1 of conductor segments
10a and 10b installed in corresponding slots 22 of the
stator core 21 is welded to each other, an inner ground
electrode 6a corresponding to the one first tip-end pair
15a1 is selected to be moved by the electrode driver ED
toward the first tip end 111 under control of the controller
9.
[0185] Similarly, an outer ground electrode 6b corre-
sponding to one fourth tip-end pair 15a4 radially aligned
with the selected one first tip-end pair 15a1 is selected
to be moved by the electrode driver ED toward the eighth
tip end 118 under control of the controller 9.
[0186] When contacting to one side of the first tip end
111 of the first tip-end pair 15a1, the inner ground elec-
trode 6a is further moved radial outwardly in a direction
indicated by an arrow "A" in Fig. 7A. The radial outward
movement of the inner ground electrode 6a presses the
first tip end 111 radial outwardly so that the first tip end
111 comes close to the second tip end 112 or contacts
thereonto.
[0187] Similarly, when contacting to one side of the
eighth tip end 118 of the fourth tip-end pair 15a4, the
outer ground electrode 6b is further moved radial inward-
ly in a direction indicated by an arrow "B" in Fig. 7A. The
radial inward movement of the outer ground electrode 6b
presses the eighth tip end 118 radial inwardly so that the
eighth tip end 118 comes close to the seventh tip end
117 or contacts thereonto.
[0188] Next, under control of the controller 9, the robot
R moves the welding torch 3 so that the tip end 2a of the
welding electrode 2 is located over the first tip-end pair
15a1 with a predetermined gap therebetween.
[0189] Next, under control of the controller 9, power
with adjusted level is supplied from the welding power
source 9 to the welding electrode 2. Because the first tip
end 111 is in contact with the inner ground electrode 6a
so that electrical conduction therebetween is estab-
lished, arch discharge is created between the welding
electrode 2 and the first tip end 111 (inner ground elec-
trode 6a). This allows an arc current R5a to flow between
the welding electrode 2 and the inner ground electrode
6a through the first tip end 111.
[0190] The created arc discharge between the welding
electrode 2 and the first tip end 111 allows the first tip
end 111 to become molten. When the molten area of the
first tip end 111 is increased, the molten metal is started
to be in contact with the second tip end 112 so that the
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second tip end 112 is grounded. This allows an arc cur-
rent R5b to flow between the welding electrode 2 and the
inner ground electrode 6a through the first and second
tip ends 111 and 112 to whereby the second tip end 112
becomes molten, and thereafter, the molten area of the
second tip end 112 is increased.
[0191] As a result, the molten first and second tip ends
111 and 112 are welded to each other.
[0192] Specifically, in the modification, the first welding
step substantially identical to that according to the first
embodiment is carried out.

Second welding step

[0193] After the first welding step, welding of the third
and fourth tip end pairs 113 and 114 of one second tip-
end pair 15a2 adjacent to the previously joined first tip-
end pair 15a1 is carried out.
[0194] Specifically, after completion of the welding of
the first tip-end pair 15a1, the inner ground electrode 6a
is kept to be in contact with the one side of the first tip
end 111 of the previously joined first tip-end pair 15a1.
[0195] At that time, while the inner ground electrode
6a is kept to be in contact with the one side of the first
tip end 111 of the previously joined first tip-end pair 15a1,
the robot R moves the welding torch 3 so that the tip end
2a of the welding electrode 2 is located over the second
tip-end pair 15a2 with a predetermined gap therebetween
under control of the controller 9 (see Fig. 7B).
[0196] Next, under control of the controller 9, power
with adjusted level is supplied from the welding power
source 9 to the welding electrode 2.
[0197] As set forth above, the previously welded first
tip-end pair 15a1 allows electrical conduction between
the third tip end 113 and the inner ground electrode 6a
via the previously joined small conductor segment 10b
and the welded first tip-end pair 15a1. This creates arc
discharge between the welding electrode 2 and the third
tip end 113 (inner ground electrode 6a) so that an arc
current R6a immediately flows between the welding elec-
trode 2 and the inner ground electrode 6a through the
third tip end 113, the corresponding small conductor seg-
ment 10b, and the welded first tip-end pair 15a1 (see Fig.
7B).
[0198] In addition, the eighth tip end 118 of the fourth
tip-end pair 15a4 and the fourth tip end 114 of the second
tip-end pair 15a2 allow electrical conduction therebe-
tween via an intervening conductor segment 10, and the
outer ground electrode 6b is in contact with the eighth tip
end 118.
[0199] This creates arc discharge between the welding
electrode 2 and the fourth tip end 114 (outer ground elec-
trode 6b) so that an arc current R6b immediately flows
between the welding electrode 2 and the outer ground
electrode 6b through the fourth tip end 114, the interven-
ing conductor segment 10W, and the fourth tip-end pair
15a4 (see Fig. 7B).
[0200] The arc discharge created between the welding

electrode 2 and the inner ground electrode 6a through
the third tip end 113 and between the welding electrode
2 and the outer ground electrode 6b through the fourth
tip end 114 allows a molten area of each of the third and
fourth tip ends 113 and 114 to be rapidly increased, mak-
ing it possible to immediately and stably weld them.
[0201] As described above, in the second welding step,
the arc current R6a flows between the welding electrode
2 and the inner ground electrode 6a through the third tip
end 113 independently of the fourth tip end 114. Similarly,
the arc current R6b flows between the welding electrode
2 and the outer ground electrode 6b through the fourth
tip end 114 independently of the third tip end 113.
[0202] For this reason, even if the gap between the
third tip end 113 and the fourth tip end 114 has a certain
length, it is possible to rapidly increase a molten area of
each of the third and fourth tip ends 113 and 114.
[0203] Thus, it is possible to eliminate the necessity of
providing any ground electrodes for directly grounding
the second tip-end pair 15a2 and the step of pressing
one of the third and fourth tip ends 113 and 114 toward
the other thereof.
[0204] As described above, the conductor-segment
joining method according to each of the first embodiment
and its modification is configured to weld the intermediate
tip-end pairs 15a2 and 15a3 using the inner and outer
ground electrodes 6a and 6b and previously joined inter-
vening conductor segments 10 as an indirect electrode
without requiring any ground electrodes for directly
grounding the second and third tip-end pairs 15a2 and
15a3.
[0205] It is possible to therefore easily and rapidly join
each of the first to fourth tip-end pairs 15a1 to 15a4 with-
out increasing the number of welding processes.
[0206] In the first embodiment and its modification, an
adequate level of pressing force is applied to the tip end
11 of an innermost or outermost conductor segment 10
by the movement of the corresponding ground electrode
member 6. This allows the tip end of the innermost or
outermost conductor segment to come close to or contact
onto the tip end 11’ of another conductor segment 10’
adjacent to the innermost or outermost conductor seg-
ment 10. The gap between the tip end 11 of the innermost
or outermost conductor segment 10 and the tip end 11’
of another conductor segment 10’ can be therefore re-
duced.
[0207] This causes an arc current to easily and imme-
diately flow between the welding electrode 2 and the
ground electrode member 6 through the tip ends 10 and
10’, making it possible to stably and rapidly weld the tip
end 11 of the innermost or outermost conductor segment
10 and the tip end 1 1’ of another conductor segment 10’.
[0208] In the first embodiment and its modification, an
arc current flows between the welding electrode 2 and
the ground electrode member 6 through one tip end 11
of one intermediate tip-end pair independently of the oth-
er tip end 11’ thereof via the previously joined innermost
or outermost tip-end pair 15a1 or 15a4. Similarly, an arc
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current flows between the welding electrode 2 and the
inner ground electrode member 6 through the other tip
end 11’ of the one intermediate tip-end pair independ-
ently of the one tip end 11 thereof.
[0209] For this reason, even if the gap between the
one and the other tip ends 11 and 11’ has a certain length,
it is possible to rapidly increase a molten area of each of
the one and the other tip ends 11 and 11’.
[0210] In other words, use of previously joined inter-
vening conductor segments 10 between each of the one
and the other tip ends 11 and 11’ and the ground elec-
trode member 6 as an indirect ground allows the one and
the other tip ends 11 and 11’ to be stably welded. Thus,
it is possible to eliminate the necessity of providing any
ground electrodes for directly grounding the pair of one
and the other tip ends 11 and 11’ and the step of pressing
one of the tip ends 11 and 11’ toward the other thereof.
This can more simplify the manufacturing processes of
the stator coil 23 while keeping low the manufacturing
cost.
[0211] The conductor-segment joining method accord-
ing to the first embodiment and its modification is config-
ured to cause relative movement of the welding torch 3
and a plurality of sets of radially-aligned tip-end pairs
arranged in a concentric pattern in the torch working
space. This can carry out sequential welding for each of
the tip-end pairs with high accuracy, thus rapidly and sta-
bly welding each of the tip-end pairs. This makes it pos-
sible to increase the time required to completely join each
of the tip-end pairs so as to form the stator coil 23 (the
continuous three-phase stator windings).

Second embodiment

[0212] The second embodiment of the present inven-
tion will be described hereinafter with reference to Fig.
8. Like parts between the first and second embodiments,
to which like reference characters are assigned, are omit-
ted or simplified in description.
[0213] In the first embodiment, the conductor-segment
joining method is applied to the stator coil 23 having the
eight-layer and four-row configuration as illustrated in
Figs. 2 and 4.
[0214] In contrast, a conductor-segment joining meth-
od according to the second embodiment is applied to a
stator coil 23X having a twelfth-layer and six-row config-
uration illustrated in Fig. 8.
[0215] As illustrated in Fig. 8, a first intermediate tip-
end pair 15a10 composed of ninth tip end 151 and tenth
tip end 152 and a second intermediate tip-end pair 15a11
composed of eleventh tip end 153 and twelfth tip end 154
are located between the second tip-end pair 15a2 and
the third tip-end pair 15a3.
[0216] In the configuration of the stator core 23X, the
conductor-segment joining method according to the first
embodiment can weld the second tip-end pair 15a2 with
the use of the first tip-end pair 15a1 as an indirect ground
electrode, and similarly, weld the third tip-end pair 15a3

with the use of the fourth tip-end pair 15a4 as an indirect
ground electrode.
[0217] In the configuration of the stator core 23X, how-
ever, the conductor-segment joining method according
to the first embodiment cannot weld the first intermediate
tip-end pair 15a10 and the second intermediate tip-end
pair 15a11 because each of the first and fourth previously
joined tip-end pairs 15a1 and 15a4 cannot be used as
an indirect ground electrode.
[0218] Thus, in the second embodiment, the ground
electrode members 6 further consists of a plurality of in-
termediate ground electrodes 6c located over the circum-
ferentially arranged first and second intermediate tip-end
pairs 15a10 and 15a11 with regular intervals correspond-
ing to the pole pitches of the rotor. Each of the plurality
of intermediate ground electrodes 6c has a substantially
annular cylindrical shape as a whole.
[0219] Specifically, when the ninth and tenth tip ends
151 and 152 of one first intermediate tip-end pair 15a10
of conductor segments 10a and 10b installed in corre-
sponding slots 22 of the stator core 21 is welded to each
other, an intermediate ground electrode 6c correspond-
ing to the one first intermediate tip-end pair 15a10 is se-
lected to be moved by the electrode driver ED toward the
ninth and tenth tip ends 151 and 152 under control of the
controller 9.
[0220] When contacting to the ninth and tenth tip ends
151 and 152 of the first intermediate tip-end pair 15a10,
the intermediate ground electrode 6c is further moved
axial downwardly in a direction indicated by an arrow "C"
in Fig. 8. The axial downward movement of the interme-
diate ground electrode 6c presses the ninth and tenth tip
ends 151 and 152 axial downwardly.
[0221] Next, under control of the controller 9, the robot
R moves the welding torch 3 so that the tip end 2a of the
welding electrode 2 is located over the second interme-
diate tip-end pair 15a11 with a predetermined gap ther-
ebetween.
[0222] Next, under control of the controller 9, power
with adjusted level is supplied from the welding power
source 9 to the welding electrode 2. Because the ninth
and tenth tip ends 151 and 152 are in contact with the
intermediate ground electrode 6c so that electrical con-
duction therebetween is established, arch discharge is
created between the welding electrode 2 and each of the
eleventh and twelfth tip ends 153 and 154 (intermediate
ground electrode 6c). This allows an arc current R10a to
flow between the welding electrode 2 and the intermedi-
ate ground electrode 6c through the twelfth tip end 154
and an arc current R10b to flow between the welding
electrode 2 and the intermediate ground electrode 6c
through the eleventh tip end 153.
[0223] The created arc discharge between the welding
electrode 2 and each of the eleventh and twelfth tip ends
153 and 154 allows each of the eleventh and twelfth tip
ends 153 and 154 to become molten. When the molten
area of each of the eleventh and twelfth tip ends 153 and
154 is increased, the molten eleventh and twelfth tip ends
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153 and 154 are welded to each other.
[0224] Thereafter, welding of the ninth and tenth tip
ends 151 and 152 of the second intermediate tip-end pair
15a2 with which the intermediate ground electrode 6c is
in contact is carried out.
[0225] Specifically, the intermediate ground electrode
6c is moved by the electrode driver ED toward the pre-
viously joined eleventh and twelfth tip ends 153 and 154
under control of the controller 9. This allows the interme-
diate ground electrode 6c to be in contact with the pre-
viously joined eleventh and twelfth tip ends 153 and 154
of the second intermediate tip-end pair 15a11.
[0226] Next, under control of the controller 9, the robot
R moves the welding torch 3 so that the tip end 2a of the
welding electrode 2 is located over the first intermediate
tip-end pair 15a10 with a predetermined gap therebe-
tween.
[0227] Next, under control of the controller 9, power
with adjusted level is supplied from the welding power
source 9 to the welding electrode 2. Because the eleventh
and twelfth tip ends 153 and 154 are pressed to be in
contact with the intermediate ground electrode 6c so that
electrical conduction therebetween is established, arch
discharge is created between the welding electrode 2
and each of the ninth and tenth tip ends 151 and 152
(intermediate ground electrode 6c). This allows a first arc
current, whose direction is opposite to that of the arc cur-
rent R10a, to flow between the welding electrode 2 and
the intermediate ground electrode 6c through the ninth
tip end 151 and a second arc current, whose direction is
opposite to that of the arc current R10b, to flow between
the welding electrode 2 and the intermediate ground elec-
trode 6c through the tenth tip end 152.
[0228] The created arc discharge between the welding
electrode 2 and each of the ninth and tenth welding tip
ends 151 and 152 allows each of the ninth and tenth tip
ends 151 and 152 to become molten. When the molten
area of each of the ninth and tenth tip ends 151 and 152
is increased, the molten ninth and tenth tip ends 151 and
152 are welded to each other.
[0229] At that time, if there are not-yet-joined interme-
diate tip-end pairs, the welding processes using the in-
termediate ground electrodes 6c can be repeated until
all of the not-yet-joined intermediate tip-end pairs are
completely welded.
[0230] Accordingly, in the second embodiment, even
if a stator coil having a many-layer and many-row con-
figuration greater than the stator coil 23 having an eighth-
layer and four-row configuration according to the first em-
bodiment, it is possible to:

move an intermediate ground electrode 6c contact
with one tip ends of at least one intermediate tip-end
pair between the second and third tip-end pairs 15a2
and 15a3;
move the welding torch 3 so that the tip end 2a of
the welding electrode 2 is located over the other tip
ends of the at least one intermediate tip-end pair; and

supply an arc current through the welding electrode
2 and the intermediate ground electrode 6c so as to
cause an arc current to immediately flow through the
other tip ends of the at least one intermediate tip-
end pair to the intermediate ground electrode 6c,
thus rapidly and stably welding the other tip ends of
the at least one intermediate tip-end pair.

[0231] In the first embodiment and its modifications,
while the power is supplied from the welding power
source 9 to the welding electrode 2, the conductor-seg-
ment joining method is configured to:

sequentially move the welding torch 3 over the cir-
cumferentially arranged first-tip end pairs individual-
ly to weld them;
sequentially move the welding electrode 2 over the
circumferentially arranged first-tip end pairs individ-
ually to weld them;
sequentially move the welding electrode 2 over the
circumferentially arranged second-tip end pairs in-
dividually to weld them;
sequentially move the welding electrode 2 over the
circumferentially arranged third-tip end pairs individ-
ually to weld them; and
sequentially move the welding electrode 2 over the
circumferentially arranged fourth-tip end pairs indi-
vidually to weld them.

[0232] The present invention is however not limited to
the structure.
[0233] Specifically, every time the welding electrode 2
is moved to be located over each of the first to fourth tip
end pairs, the welding power source 4 can be controlled
by the controller 9 to supply power to a corresponding
one of the first to fourth tip end pairs. Every time the
welding electrode 2 is moved from each of the first to
fourth tip end pairs, the welding power source 4 is con-
trolled by the controller 9 to stop the power supply to a
corresponding one of the first to fourth tip end pairs.
[0234] In each of the first and second embodiments,
as an example of various joining machines, the TIG weld-
ing system 1 is used, but another joining system, such
as CO2 welding system or MIG welding system can be
used in place of the TIG welding system 1.
[0235] In each of the first and second embodiments,
as an example of various joining machines, the TIG weld-
ing system 1 for generating an arc current is used, but
another joining system with the use of energization of
each of the tip-end pairs to be joined, such as a leaser
welding system for generating a laser beam, can be used.
[0236] While there has been described what is at
present considered to be the embodiments and their
modifications of the present invention, it will be under-
stood that various modifications which are not described
yet may be made therein, and it is intended to cover all
such modifications in the appended claims.
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Claims

1. A method of joining a plurality of conductor segments
(10a, 10b) each inserted in at least one of a plurality
of slots (22) formed in a stator core (21), each of the
plurality of conductor segments (10a, 10b) having a
turn portion (10c1, 10c2), straight portions (13a, 13b)
and tip ends (111, 112, 113, 114, 115, 116, 117, 118;
151, 152, 153, 154) projecting from a corresponding
at least one of the plurality of slots (22), the method
comprising the steps of:

(a) arranging the tip ends (111, 112, 113, 114,
115, 116, 117, 118; 151, 152, 153, 154) of the
plurality of conductor segments (10a, 10b) such
that a plurality of pairs (15a1, 15a2, 15a3, 15a4;
15a10, 15a11) of the tip ends (111, 112, 113,
114, 115, 116, 117, 118; 151, 152, 153, 154) of
the plurality of conductor segments (10a, 10b)
are formed, the plurality of tip-end pairs (15a1,
15a2, 15a3, 15a4; 15a10, 15a11) including a
first tip-end pair (15a1) and a second tip-end pair
(15a2), at least one of first paired conductor seg-
ments (10a, 10b) corresponding to the first tip-
end pair (15a1) included in the plurality of con-
ductor segments (10a, 10b) and at least one of
second paired conductor segments (10a, 10b)
corresponding to the second tip-end pair (15a2)
included in the plurality of conductor segments
(10a, 10b) being electrically connected to each
other;
(b) preparing a inner ground electrode (6a);
(c) preparing a welding electrode (2);
(d) moving the inner ground electrode (6a) so
as to be in contact with one tip end (111) of the
first tip-end pair (15a1) of the first paired con-
ductor segments (10a, 10b);
(e) moving the welding electrode (2) so as to be
opposite to the first tip-end pair (15a1) of the first
paired conductor segments (10a, 10b);
(f) establishing electric conduction between the
inner ground electrode (6a) and the welding
electrode (2) via the first tip-end pair (15a1) of
the first paired conductor segments (10a, 10b)
so as to weld the first tip-end pair (15a1) of the
first paired conductor segments (10a, 10b)
based on the electrical conduction therebe-
tween;
(g) moving the welding electrode (2) so as to be
opposite to the second tip-end pair (15a2) of the
second paired conductor segments (10a, 10b)
while the inner ground electrode (6a) is kept in
contact with the tip end (111) of the first tip-end
pair (15a1) of the first paired conductor seg-
ments (10a, 10b); and
(h) establishing electric conduction between the
inner ground electrode (6a) and the welding
electrode (2) via the welded first tip-end pair

(15a1) of the first paired conductor segments
(10a, 10b) and the second tip-end pair (15a2)
of the second paired conductor segments (10a,
10b) so as to weld the second tip-end pair (15a2)
of the second paired conductor segments (10a,
10b) based on the electrical conduction there-
between.

2. The method according to claim 1, wherein the plu-
rality of tip-end pairs (15a1, 15a2, 15a3, 15a4;
15a10, 15a10) include a third tip-end pair (15a3) and
a fourth tip-end pair (15a4) with at least one of third
paired conductor segments (10a, 10b) correspond-
ing to the third tip-end pair (15a3) included in the
plurality of conductor segments (10a, 10b) and at
least one of fourth paired conductor segments (10a,
10b) corresponding to the fourth tip-end pair (15a4)
included in the plurality of conductor segments (10a,
10b) being electrically connected to each other, the
method further comprising:

(i) preparing a outer ground electrode (6b);
(j) preparing the welding electrode (2);
(k) moving the outer ground electrode (6b) so
as to be in contact with one tip end (118) of the
fourth tip-end pair (15a4) of the fourth paired
conductor segments (10a, 10b);
(l) moving the welding electrode (2) so as to be
opposite to the fourth tip-end pair (15a4) of the
fourth paired conductor segments (10a, 10b);
(m) establishing electric conduction between the
outer ground electrode (6b) and the welding
electrode (2) via the fourth tip-end pair (15a4)
of the fourth paired conductor segments (10a,
10b) so as to weld the fourth tip-end pair (15a4)
of the fourth paired conductor segments (10a,
10b) based on the electrical conduction there-
between;
(n) moving the welding electrode (2) so as to be
opposite to the third tip-end pair (15a3) of the
third paired conductor segments (10a, 10b)
while the outer ground electrode (6b) is kept in
contact with the tip end (118) of the fourth tip-
end pair (15a4) of the fourth paired conductor
segments (10a, 10b); and
(o) establishing electric conduction between the
outer ground electrode (6b) and the welding
electrode (2) via the welded fourth tip-end pair
(15a4) of the fourth paired conductor segments
(10a, 10b) and the third tip-end pair (15a3) of
the third paired conductor segments (10a, 10b)
so as to weld the third tip-end pair (15a3) of the
third paired conductor segments (10a, 10b)
based on the electrical conduction therebe-
tween.

3. The method according to claim 2, wherein a plurality
of first sets of the first tip-end pairs (15a1) of the first
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paired conductor segments (10a, 10b) are aligned
in a circumferential direction of the stator core (21)
with first pitches, a plurality of second sets of the
second tip-end pairs (15a2) of the second paired
conductor segments (10a, 10b) are aligned in a cir-
cumferential direction of the stator core (21) with sec-
ond pitches so as to be arranged radial outwardly
from the plurality of first sets, a plurality of third sets
of the third tip-end pairs (15a3) of the third paired
conductor segments (10a, 10b) are aligned in a cir-
cumferential direction of the stator core (21) with third
pitches so as to be arranged radial outwardly from
the plurality of second sets, and a plurality of fourth
sets of the fourth tip-end pairs (15a4) of the fourth
paired conductor segments (10a, 10b) are aligned
in a circumferential direction of the stator core (21)
with fourth pitches so as to be arranged radial out-
wardly from the plurality of third sets, wherein
the steps (d), (e), and (f) are carried out for each of
the plurality of first sets of the first tip-end pairs (15a1)
of the first paired conductor segments (10a, 10b) so
that each of the plurality of first sets of the first tip-
end pairs (15a1) of the first paired conductor seg-
ments (10a, 10b) is welded,
the steps (g) and (h) are carried out for each of the
plurality of second sets of the second tip-end pairs
(15a2) of the second paired conductor segments
(10a, 10b) so that each of the plurality of second sets
of the second tip-end pairs (15a2) of the second
paired conductor segments (10a, 10b) is welded af-
ter completion of the steps (d), (e), and (f) for each
of the plurality of first sets,
the steps (k), (l), and (m) are carried out for each of
the plurality of fourth sets of the fourth tip-end pairs
(15a4) of the fourth paired conductor segments (10a,
10b) so that each of the plurality of fourth sets of the
fourth tip-end pairs (15a4) of the fourth paired con-
ductor segments (10a, 10b) is welded, and
the steps (n) and (o) are carried out for each of the
plurality of third sets of the third tip-end pairs (15a3)
of the third paired conductor segments (10a, 10b)
so that each of the plurality of third sets of the third
tip-end pairs (15a2) of the third paired conductor seg-
ments (10a, 10b) is welded after completion of the
steps (k), (l), and (m) for each of the plurality of fourth
sets.

4. A method according to any one of claims 1 to 3,
wherein the inner and outer ground electrodes (6a,
6b) are negative electrodes and the welding elec-
trode (2) is a positive electrode, the steps (f) and (m)
are configured to establish electric conduction be-
tween the negative electrode and the positive elec-
trode via the first tip-end pair (15a1) of the first paired
conductor segments (10a, 10b) as well as the fourth
tip-end pair (15a4) of the fourth paired conductor
segments (10a, 10b), respectively, to generate arc
discharge therebetween so as to weld the first tip-

end pair (15a1) of the first paired conductor seg-
ments (10a, 10b) and the fourth tip-end pair (15a4)
of the fourth paired conductor segments (10a, 10b)
based on the generated arc discharge, and the steps
(h) and (o) are configured to establish electric con-
duction between the negative electrode and the pos-
itive electrode via the welded first tip-end pair (15a1)
of the first paired conductor segments (10a, 10b) and
the second tip-end pair (15a2) of the second paired
conductor segments (10a, 10b) as well as via the
welded fourth tip-end pair (15a4) of the fourth paired
conductor segments (10a, 10b) and the third tip-end
pair (15a3) of the third paired conductor segments
(10a, 10b) to generate arc discharge therebetween
so as to weld the second tip-end pair (15a2) of the
second paired conductor segments (10a, 10b) and
the third tip-end pair (15a3) of the third paired con-
ductor segments (10a, 10b) based on the generated
arc discharge.

5. A method according to claim 2, wherein the welding
of each of the plurality of first sets of the first tip-end
pairs (15a1) of the first paired conductor segments
(10a, 10b), the welding of each of the plurality of
second sets of the second tip-end pairs (15a2) of the
second paired conductor segments(10a, 10b), the
welding of each of the plurality of fourth sets of the
fourth tip-end pairs (15a4) of the fourth paired con-
ductor segments (10a, 10b), and the welding of each
of the plurality of third sets of the third tip-end pairs
(15a3) of the third paired conductor segments (10a,
10b) form at least one continuous stator winding (23)
to be installed in stator core (21).

6. A method according to claim 2, wherein one of: at
least one of the first paired conductor segments (10a,
10b) of the plurality of first sets, and at least one of
the second paired conductor segments (10a, 10b)
of the plurality of second sets serves as a crossover
conductor segment connected to one of: at least one
of the fourth paired conductor segments (10a, 10b)
of the plurality of fourth sets, and at least one of the
third paired conductor segments (10a, 10b) of the
plurality of third sets.

7. A method according to claim 2, wherein the plurality
of first sets of the first tip-end pairs (15a1) of the first
paired conductor segments (10a, 10b), the plurality
of second sets of the second paired conductor seg-
ments (10a, 10b), the plurality of third sets of the
third tip-end pairs (15a3) of the third paired conductor
segments, and the plurality of fourth sets of the fourth
paired conductor segments are radially aligned with
each other, and the first, second, third, and fourth
pitches are set to be equal to each other.

8. A method according to claim 2, wherein the plurality
of tip-end pairs (15a1, 15a2, 15a3, 15a4; 15a10,
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15a11) of the plurality of conductor segments (10a,
10b) include a first intermediate tip-end pair (15a10)
and a second intermediate tip-end pair (15a11), the
method further comprising:

(p) preparing a intermediate ground electrode
(6c);
(q) moving the intermediate ground electrode
(6c) so as to be in contact with at least part of
the first intermediate tip-end pair (15a10) by
moving the intermediate electrode (6c) axially
downwardly and pressing ninth and tenth tip
ends (151, 152) axially downwardly;
(r) moving the second electrode (2) so as to be
opposite to the second intermediate tip-end pair
(15a3); and
(s) establishing electric conduction between the
intermediate ground electrode (6c) and the
welding electrode (2) via the fifth tip-end pair
(15a10) so as to weld the second intermediate
tip-end (15a11) based on the electrical conduc-
tion therebetween.

9. A method according to claim 2, wherein the steps
(d), (e), and (f) are sequentially carried out for each
of the plurality of first sets of the first tip-end pairs
(15a1) of the first paired conductor segments (10a,
10b) by circumferentially moving the welding elec-
trode (2) relative to each of the plurality of first sets
of the first tip-end pairs (15a1) of the first paired con-
ductor segments (10a, 10b) while the welding elec-
trode (2) is being energized.

10. A method according to claim 6, wherein the steps
(d), (e), (f), (g), and (h) as well as steps (k), (l), (m)
and (n) are sequentially carried out for each of the
plurality of first sets of the first tip-end pairs (15a1)
of the first paired conductor segments (10a, 10b),
each of the plurality of second sets of the second tip-
end pairs (15a2) of the second paired conductor seg-
ments (10a, 10b), each of the plurality of fourth sets
of the fourth tip-end pairs (15a4) of the fourth paired
conductor segments (10a, 10b), and each of the plu-
rality of third sets of the third tip-end pairs (15a3) of
the third paired conductor segments (10a, 10b) by
circumferentially and radially moving the welding
electrode (2) while the welding electrode (2) is being
energized.

Patentansprüche

1. Verfahren zum Verbinden einer Mehrzahl von Lei-
tersegmenten (10a, 10b), die jeweils in zumindest
eine von einer Mehrzahl von Spalten (22), die in ei-
nem Statorkern (21) gebildet sind, eingesetzt sind,
wobei jedes von der Mehrzahl von Leitersegmenten
(10a, 10b) einen Wendeabschnitt (10c1, 10c2), ge-

rade Abschnitte (13a, 13b) und Spitzenenden (111,
112, 113, 114, 115, 116, 117, 118; 151, 152, 153,
154), die aus zumindest einer entsprechenden der
Mehrzahl von Spalten (22) herausragen, aufweist,
wobei das Verfahren die folgenden Schritte aufweist:

(a) Anordnen der Spitzenenden (111, 112, 113,
114, 115, 116, 117, 118; 151, 152, 153, 154) der
Mehrzahl von Leitersegmenten (10a, 10b) so,
dass eine Mehrzahl von Paaren (15a1, 15a2,
15a3, 15a4; 15a10, 15a11) der Spitzenenden
(111, 112, 113, 114, 115, 116, 117, 118; 151,
152, 153, 154) der Mehrzahl von Leitersegmen-
ten (10a, 10b) ausgebildet wird, wobei die Mehr-
zahl von Spitzenendpaaren (15a1, 15a2, 15a3,
15a4; 15a10, 15a11) ein erstes Spitzenendpaar
(15a1) und ein zweites Spitzenendpaar (15a2)
umfasst, wobei zumindest eines von ersten ge-
paarten Leitersegmenten (10a, 10b), das dem
ersten Spitzenendpaar (15a1) entspricht, das in
der Mehrzahl von Leitersegmenten (10a, 10b)
beinhaltet ist, und zumindest eines von zweiten
gepaarten Leitersegmenten (10a, 10b), das
dem zweiten Spitzenendpaar (15a2) entspricht,
das in der Mehrzahl von Leitersegmenten (10a,
10b) enthalten ist, elektrisch miteinander ver-
bunden sind;
(b) Bereitstellen einer inneren Erdungselektro-
de (6a);
(c) Bereitstellen einer Schweißelektrode (2);
(d) Bewegen der inneren Erdungselektrode (6a)
derart, dass sie ein Spitzenende (111) des ers-
ten Spitzenendpaars (15a1) der ersten gepaar-
ten Leitersegmente (10a, 10b) berührt;
(e) Bewegen der Schweißelektrode (2) derart,
dass sie dem ersten Spitzenendpaar (15a1) der
ersten gepaarten Leitersegmente (10a, 10b) ge-
genüberliegt;
(f) Herstellen einer elektrischen Leitung zwi-
schen der inneren Erdungselektrode (6a) und
der Schweißelektrode (2) über das erste Spit-
zenendpaar (15a1) der ersten gepaarten Leiter-
segmente (10a, 10b) derart, dass das erste Spit-
zenendpaar (15a1) der ersten gepaarten Leiter-
segmente (10a, 10b) auf Basis der elektrischen
Leitung zwischen diesen geschweißt wird;
(g) Bewegen der Schweißelektrode (2) derart,
dass sie dem zweiten Spitzenendpaar (15a2)
der zweiten gepaarten Leitersegmente (10a,
10b) gegenüberliegt, während die innere Er-
dungselektrode (6a) mit dem Spitzenende (111)
des ersten Spitzenendpaars (15a1) der ersten
gepaarten Leitersegmente (10a, 10b) in Kontakt
gehalten wird; und
(h) Herstellen einer elektrischen Leitung zwi-
schen der inneren Erdungselektrode (6a) und
der Schweißelektrode (2) über das geschweißte
erste Spitzenendpaar (15a1) der ersten gepaar-
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ten Leitersegmente (10a, 10b) und das zweite
Spitzenendpaar (15a2) der zweiten gepaarten
Leitersegmente (10a, 10b), so dass das zweite
Spitzenendpaar (15a2) der zweiten gepaarten
Leitersegmente (10a, 10b) auf Basis der elek-
trischen Leitung zwischen diesen geschweißt
wird.

2. Verfahren nach Anspruch 1, wobei die Mehrzahl von
Spitzenendpaaren (15a1, 15a2, 15a3, 15a4; 15a10,
15a10) ein drittes Spitzenendpaar (15a3) und ein
viertes Spitzenendpaar (15a4) enthält, wobei zumin-
dest eines der dritten gepaarten Leitersegmente
(10a, 10b), das dem dritten Spitzenendpaar (15a3)
entspricht, das in der Mehrzahl von Leitersegmenten
(10a, 10b) enthalten ist, und zumindest eines der
vierten gepaarten Leitersegmente (10a, 10b), das
dem vierten Spitzenendpaar (15a4) entspricht, das
in der Mehrzahl von Leitersegmenten (10a, 10b) ent-
halten ist, elektrisch miteinander verbunden sind,
wobei das Verfahren ferner aufweist:

(i) Bereitstellen einer äußeren Erdungselektro-
de (6b);
(j) Bereitstellen der Schweißelektrode (2);
(k) Bewegen der äußeren Erdungselektrode
(6b) derart, dass sie mit einem Spitzenende
(118) des vierten Spitzenendpaars (15a4) der
vierten gepaarten Leitersegmente (10a, 10b) in
Kontakt steht;
(l) Bewegen der Schweißelektrode (2) derart,
dass sie dem vierten Spitzenendpaar (15a4) der
vierten gepaarten Leitersegmente (10a, 10b)
gegenüberliegt;
(m) Herstellen einer elektrischen Leitung zwi-
schen der äußeren Erdungselektrode (6b) und
der Schweißelektrode (2) über das vierte Spit-
zenendpaar (15a4) der vierten gepaarten Lei-
tersegmente (10a, 10b), so dass das vierte Spit-
zenendpaar (15a4) der vierten gepaarten Lei-
tersegmente (10a, 10b) auf Basis der elektri-
schen Leitung zwischen diesen geschweißt
wird;
(n) Bewegen der Schweißelektrode (2), so dass
sie dem dritten Spitzenendpaar (15a3) der drit-
ten gepaarten Leitersegmente (10a, 10b) ge-
genüberliegt, während die äußere Erdungselek-
trode (6b) mit dem Spitzenende (118) des vier-
ten Spitzenendpaars (15a4) der vierten gepaar-
ten Leitersegmente (10a, 10b) in Kontakt gehal-
ten wird; und
(o) Herstellen einer elektrischen Leitung zwi-
schen der äußeren Erdungselektrode (6b) und
der Schweißelektrode (2) über das geschweißte
vierte Spitzenendpaar (15a4) der vierten ge-
paarten Leitersegmente (10a, 10b) und das drit-
te Spitzenendpaar (15a3) der dritten gepaarten
Leitersegmente (10a, 10b), so dass das dritte

Spitzenendpaar (15a3) der dritten gepaarten
Leitersegmente (10a, 10b) auf Basis der elek-
trischen Leitung zwischen diesen geschweißt
wird.

3. Verfahren nach Anspruch 2, wobei eine Mehrzahl
von ersten Sätzen der ersten Spitzenendpaare
(15a1) der ersten gepaarten Leitersegmente (10a,
10b) in einer Umlaufrichtung des Statorkerns (21) in
ersten Abstände ausgerichtet wird, eine Mehrzahl
von zweiten Sätzen der zweiten Spitzenendpaare
(15a2) der zweiten gepaarten Leitersegmente (10a,
10b) in einer Umlaufrichtung des Statorkerns (21) in
zweiten Abständen ausgerichtet wird, so dass sie
von der Mehrzahl von ersten Sätzen aus radial nach
außen angeordnet sind, eine Mehrzahl von dritten
Sätzen der dritten Spitzenendpaare (15a3) der drit-
ten gepaarten Leitersegmente (10a, 10b) in einer
Umlaufrichtung des Statorkerns (21) in dritten Ab-
ständen ausgerichtet wird, so dass sie von der Mehr-
zahl von zweiten Sätzen aus radial nach außen an-
geordnet sind, und eine Mehrzahl von vierten Sätzen
der vierten Spitzenendpaare (15a4) der vierten ge-
paarten Leitersegmente (10a, 10b) in einer Umlauf-
richtung des Statorkerns (21) in vierten Abständen
ausgerichtet wird, so dass sie von der Mehrzahl von
dritten Sätzen aus radial nach außen angeordnet
sind, wobei die Schritte (d), (e) und (f) für jeden von
der Mehrzahl von ersten Sätzen der ersten Spitze-
nendpaare (15a1) der ersten gepaarten Leiterseg-
mente (10a, 10b) durchgeführt werden, so dass je-
der von der Mehrzahl von ersten Sätzen der ersten
Spitzenendpaare (15a1) der ersten gepaarten Lei-
tersegmente (10a, 10b) geschweißt wird,
die Schritte (g) und (h) für jeden von der Mehrzahl
von zweiten Sätzen der zweiten Spitzenendpaare
(15a2) der zweiten gepaarten Leitersegmente (10a,
10b) durchgeführt werden, so dass jeder von der
Mehrzahl von zweiten Sätzen der zweiten Spitze-
nendpaare (15a2) der zweiten gepaarten Leiterseg-
mente (10a, 10b) nach Beendigung der Schritte (d),
(e) und (f) für jeden von der Mehrzahl von ersten
Sätzen geschweißt wird,
die Schritte (k), (l) und (m) für jeden von der Mehrzahl
von vierten Sätzen der vierten Spitzenendpaare
(15a4) der vierten gepaarten Leitersegmente (10a,
10b) durchgeführt werden, so dass jeder von der
Mehrzahl von vierten Sätzen der vierten Spitzenend-
paare (15a4) der vierten gepaarten Leitersegmente
(10a, 10b) geschweißt wird, und
die Schritte (n) und (o) für jeden von der Mehrzahl
von dritten Sätzen der dritten Spitzenendpaare
(15a3) der dritten gepaarten Leitersegmente (10a,
10b) durchgeführt werden, so dass jeder von der
Mehrzahl von dritten Sätzen der dritten Spitzenend-
paare (15a2) der dritten gepaarten Leitersegmente
(10a, 10b) nach Beendigung der Schritte (k), (l) und
(m) für jeden von der Mehrzahl von vierten Sätzen
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geschweißt wird.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei
die inneren und äußeren Erdungselektroden (6a, 6b)
Negativelektroden sind und die Schweißelektrode
(2) eine Positivelektrode ist, wobei die Schritte (f)
und (m) so konfiguriert sind, dass sie über das erste
Spitzenendpaar (15a1) der ersten gepaarten Leiter-
segmente (10a, 10b) sowie das vierte Spitzenend-
paar (15a4) der vierten gepaarten Leitersegmente
(10a, 10b) eine elektrische Leitung zwischen der Ne-
gativelektrode und der Positivelektrode herstellen,
um eine Bogenentladung zwischen diesen zu erzeu-
gen, so dass das erste Spitzenendpaar (15a1) der
ersten gepaarten Leitersegmente (10a, 10b) und
das vierte Spitzenendpaar (15a4) der vierten ge-
paarten Leitersegmente (10a, 10b) auf Basis der er-
zeugten Bogenentladung geschweißt werden, und
wobei die Schritte (h) und (o) so konfiguriert sind,
dass sie über das geschweißte erste Spitzenend-
paar (15a1) der ersten gepaarten Leitersegmente
(10a, 10b) und das zweite Spitzenendpaar (15a2)
der zweiten gepaarten Leitersegmente (10a, 10b)
sowie über das geschweißte vierte Spitzenendpaar
(15a4) der vierten gepaarten Leitersegmente (10a,
10b) und das dritte Spitzenendpaar (15a3) der drit-
ten gepaarten Leitersegmente (10a, 10b) eine elek-
trische Leitung zwischen der Negativelektrode und
der Positivelektrode herstellen, um eine Bogenent-
ladung zwischen diesen zu erzeugen, so dass das
zweite Spitzenendpaar (15a2) der zweiten gepaar-
ten Leitersegmente (10a, 10b) und das dritte Spit-
zenendpaar (15a3) der dritten gepaarten Leiterseg-
mente (10a, 10b) auf Basis der erzeugten Bogen-
entladung geschweißt werden.

5. Verfahren nach Anspruch 2, wobei das Schweißen
von jeder der Mehrzahl von ersten Sätzen der ersten
Spitzenendpaare (15a1) der ersten gepaarten Lei-
tersegmente (10a, 10b), das Schweißen von jeder
der Mehrzahl von zweiten Sätzen der zweiten Spit-
zenendpaare (15a2) der zweiten gepaarten Leiter-
segmente (10a, 10b), das Schweißen von jeder der
Mehrzahl von vierten Sätzen der vierten Spitzenend-
paare (15a4) der vierten gepaarten Leitersegmente
(10a, 10b) und das Schweißen von jedem von der
Mehrzahl von dritten Sätzen der dritten Spitzenend-
paare (15a3) der dritten gepaarten Leitersegmente
(10a, 10b) zumindest eine kontinuierliche Stator-
wicklung (23) bildet, die in einem Statorkern (21) in-
stalliert wird.

6. Verfahren nach Anspruch 2, wobei eines von zumin-
dest einem der ersten gepaarten Leitersegmente
(10a, 10b) von der Mehrzahl von ersten Sätzen und
zumindest eines von den zweiten gepaarten Leiter-
segmenten (10a, 10b) von der Mehrzahl von zweiten
Sätzen als ein Crossover-Leitersegment dient, das

mit einem von zumindest einem der vierten gepaar-
ten Leitersegmente (10a, 10b) von der Mehrzahl von
vierten Sätzen und zumindest einem von den dritten
gepaarten Leitersegmenten (10a, 10b) von der
Mehrzahl von dritten Sätzen verbunden ist.

7. Verfahren nach Anspruch 2, wobei die Mehrzahl von
ersten Sätzen der ersten Spitzenendpaare (15a1)
der ersten gepaarten Leitersegmente (10a, 10b), die
Mehrzahl von zweiten Sätzen der zweiten gepaarten
Leitersegmente (10a, 10b), die Mehrzahl von dritten
Sätzen der dritten Spitzenendpaare (15a3) der drit-
ten gepaarten Leitersegmente und die Mehrzahl von
vierten Sätzen der vierten gepaarten Leitersegmen-
te radial zueinander ausgerichtet sind, und wobei die
ersten, zweiten, dritten und vierten Abstände so ein-
gestellt werden, dass sie miteinander identisch sind.

8. Verfahren nach Anspruch 2, wobei die Mehrzahl von
Spitzenendpaaren (15a1, 15a2, 15a3, 15a4; 15a10,
15a11) der Mehrzahl von Leitersegmenten (10a,
10b) ein erstes Zwischen-Spitzenendpaar (15a10)
und ein zweites Zwischen-Spitzenendpaar (15a11)
beinhaltet, wobei das Verfahren ferner aufweist:

(p) Bereitstellen einer Zwischen-Erdungselekt-
rode (6c);
(q) Bewegen der Zwischen-Erdungselektrode
(6c) derart, dass sie mit zumindest einem Teil
des ersten Zwischen-Spitzenendpaars (15a10)
in Kontakt steht, indem die Zwischenelektrode
(6c) axial nach unten bewegt wird und neunte
und zehnte Spitzenenden (151, 152) axial nach
unten gedrückt werden;
(r) Bewegen der zweiten Elektrode (2) derart,
dass sie dem zweiten Zwischen-Spitzenend-
paar (15a3) gegenüberliegt; und
(s) Herstellen einer elektrischen Leitung zwi-
schen der Zwischen-Erdungselektrode (6c) und
der Schweißelektrode (2) über das fünfte Spit-
zenendpaar (15a10), so dass das zweite Zwi-
schen-Spitzenende (15a11) auf Basis der elek-
trischen Leitung zwischen diesen geschweißt
wird.

9. Verfahren nach Anspruch 2, wobei die Schritte (d),
(e) und (f) nacheinander für jeden von der Mehrzahl
von ersten Sätzen der ersten Spitzenendpaare
(15a1) der ersten gepaarten Leitersegmente (10a,
10b) durchgeführt werden, indem die Schweißelek-
trode (2) relativ zu jedem von der Mehrzahl von ers-
ten Sätzen der ersten Spitzenendpaare (15a1) der
ersten gepaarten Leitersegmente (10a, 10b) umlau-
fend bewegt wird, während die Schweißelektrode (2)
bestromt wird.

10. Verfahren nach Anspruch 6, wobei die Schritte (d),
(e), (f), (g) und (h) sowie die Schritte (k), (l), (m) und
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(n) nacheinander für jeden von der Mehrzahl von
ersten Sätzen der ersten Spitzenendpaare (15a1)
der ersten gepaarten Leitersegmente (10a, 10b), je-
den von der Mehrzahl von zweiten Sätzen der zwei-
ten Spitzenendpaare (15a2) der zweiten gepaarten
Leitersegmente (10a, 10b), jeden von der Mehrzahl
von vierten Sätzen der vierten Spitzenendpaare
(15a4) der vierten gepaarten Leitersegmente (10a,
10b), und jeden von der Mehrzahl von dritten Sätzen
der dritten Spitzenendpaare (15a3) der dritten ge-
paarten Leitersegmente (10a, 10b) durchgeführt
werden, indem die Schweißelektrode (2) umlaufend
und radial bewegt wird, während die Schweißelek-
trode (2) bestromt wird.

Revendications

1. Procédé de jonction d’une pluralité de segments
conducteurs (10a, 10b) insérés chacun dans au
moins l’une d’une pluralité d’encoches (22) formées
dans un noyau de stator (21), dans lequel chacun
de la pluralité de segments conducteurs (10a, 10b)
comporte une partie de retour (10c1, 10c2), des par-
ties droites (13a, 13b) et des extrémités terminales
(111, 112, 113, 114, 115, 116, 117, 118 ; 151, 152,
153, 154) faisant saillie d’au moins l’une correspon-
dante de la pluralité d’encoches (22), dans lequel le
procédé comprend les étapes :

(a) d’agencement des extrémités terminales
(111, 112, 113, 114, 115, 116, 117, 118 ; 151,
152, 153, 154) de la pluralité de segments con-
ducteurs (10a, 10b) de sorte qu’une pluralité de
paires (15a1, 15a2, 15a3, 15a4 ; 15a10, 15a11)
des extrémités terminales (111, 112, 113, 114,
115, 116, 117, 118 ; 151, 152, 153, 154) de la
pluralité de segments conducteurs (10a, 10b)
soient formées, dans lequel la pluralité de paires
d’extrémités terminales (15a1, 15a2, 15a3,
15a4 ; 15a10, 15a11) comprend une première
paire d’extrémités terminales (15a1) et une
deuxième paire d’extrémités terminales (15a2),
au moins l’un des premiers segments conduc-
teurs appariés (10a, 10B) correspondant à la
première paire d’extrémités terminales (15a1)
incluse dans la pluralité de segments conduc-
teurs (10a, 10b) et au moins l’un des deuxièmes
segments conducteurs appariés (10a, 10b) cor-
respondant à la deuxième paire d’extrémités ter-
minales (15a2) incluse dans la pluralité de seg-
ments conducteurs (10a, 10b) étant connectés
électriquement l’un à l’autre ;
(b) de préparation d’une électrode de masse in-
térieure (6a) ;
(c) de préparation d’une électrode de soudage
(2) ;
(d) de déplacement de l’électrode de masse in-

térieure (6a) de manière à ce qu’elle soit en con-
tact avec une extrémité terminale (111) de la
première paire d’extrémités terminales (15a1)
des premiers segments conducteurs appariés
(10a, 10b) ;
(e) de déplacement de l’électrode de soudage
(2) de manière à ce qu’elle soit face à la première
paire d’extrémités terminales (15a1) des pre-
miers segments conducteurs appariés (10a,
10b) ;
(f) d’établissement d’une conduction électrique
entre l’électrode de masse intérieure (6a) et
l’électrode de soudage (2) par l’intermédiaire de
la première paire d’extrémités terminales (15a1)
des premiers segments conducteurs appariés
(10a, 10b) de manière à souder la première pai-
re d’extrémités terminales (15a1) des premiers
segments conducteurs appariés (10a, 10b) sur
la base de la conduction électrique entre elles ;
(g) de déplacement de l’électrode de soudage
(2) de manière à ce qu’elle soit face à la deuxiè-
me paire d’extrémités terminales (15a2) des
deuxièmes segments conducteurs appariés
(10a, 10b) tandis que l’électrode de masse in-
térieure (6a) est maintenue en contact avec l’ex-
trémité terminale (111) de la première paire
d’extrémités terminales (15a1) des premiers
segments conducteurs appariés (10a, 10b) ; et
(h) d’établissement d’une conduction électrique
entre l’électrode de masse intérieure (6a) et
l’électrode de soudage (2) par l’intermédiaire de
la première paire d’extrémités terminales (15a1)
soudées des premiers segments conducteurs
appariés (10a, 10b) et de la deuxième paire
d’extrémités terminales (15a2) des deuxièmes
segments conducteurs appariés (10a, 10b) de
manière à souder la deuxième paire d’extrémi-
tés terminales (15a2) des deuxièmes segments
conducteurs appariés (10a, 10b) sur la base de
la conduction électrique entre elles.

2. Procédé selon la revendication 1, dans lequel la plu-
ralité de paires d’extrémités terminales (15a1, 15a2,
15a3, 15a4 ; 15a10, 15a11) comprend une troisième
paire d’extrémités terminales (15a3) et une quatriè-
me paire d’extrémités terminales (15a4) avec au
moins l’un des troisièmes segments conducteurs ap-
pariés (10a, 10b) correspondant à la troisième paire
d’extrémités terminales (15a3) inclus dans la plura-
lité de segments conducteurs (10a, 10b) et au moins
l’un des quatrièmes segments conducteurs appariés
(10a, 10b) correspondant à la quatrième paire d’ex-
trémités terminales (15a4) inclus dans la pluralité de
segments conducteurs (10a, 10b) connectés élec-
triquement l’un à l’autre, dans lequel le procédé com-
prend en outre :

(i) la préparation d’une électrode de masse ex-
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térieure (6b) ;
(j) la préparation de l’électrode de soudage (2) ;
(k) le déplacement de l’électrode de masse ex-
térieure (6b) de manière à ce qu’elle soit en con-
tact avec une extrémité terminale (118) de la
quatrième paire d’extrémités terminales (15a4)
des quatrièmes segments conducteurs appa-
riés (10a, 10b) ;
(l) le déplacement de l’électrode de soudage (2)
de manière à ce qu’elle soit face à la quatrième
paire d’extrémités terminales (15a4) des qua-
trièmes segments conducteurs appariés (10a,
10b) ;
(m) l’établissement d’une conduction électrique
entre l’électrode de masse extérieure (6b) et
l’électrode de soudage (2) par l’intermédiaire de
la quatrième paire d’extrémités terminales
(15a4) des quatrièmes segments conducteurs
appariés (10a, 10b) de manière à souder la qua-
trième paire d’extrémités terminales (15a4) des
quatrièmes segments conducteurs appariés
(10a, 10b) sur la base de la conduction électri-
que entre elles ;
(n) le déplacement de l’électrode de soudage
(2) de manière à ce qu’elle soit face à la troisiè-
me paire d’extrémités terminales (15a3) des
troisièmes segments conducteurs appariés
(10a, 10b) tandis que l’électrode de masse ex-
térieure (6b) est maintenue en contact avec l’ex-
trémité terminale (118) de la quatrième paire
d’extrémités terminales (15a4) des quatrièmes
segments conducteurs appariés (10a, 10b) ; et
(o) l’établissement d’une conduction électrique
entre l’électrode de masse extérieure (6b) et
l’électrode de soudage (2) par l’intermédiaire de
la quatrième paire d’extrémités terminales
(15a4) soudées des quatrièmes segments con-
ducteurs appariés (10a, 10b) et de la troisième
paire d’extrémités terminales (15a3) des troisiè-
mes segments conducteurs appariés (10a, 10b)
de manière à souder la troisième paire d’extré-
mités terminales (15a3) des troisièmes seg-
ments conducteurs appariés (10a, 10b) sur la
base de la conduction électrique entre elles.

3. Procédé selon la revendication 2, dans lequel une
pluralité de premiers ensembles des premières pai-
res d’extrémités terminales (15a1) des premiers
segments conducteurs appariés (10a, 10b) sont ali-
gnés dans une direction circonférentielle du noyau
de stator (21) avec des premiers pas, une pluralité
de deuxièmes ensembles des deuxièmes paires
d’extrémités terminales (15a2) des deuxièmes seg-
ments conducteurs appariés (10a, 10b) sont alignés
dans une direction circonférentielle du noyau de sta-
tor (21) avec des deuxièmes pas de manière à être
agencés radialement vers l’extérieur par rapport à
la pluralité de premiers ensembles, une pluralité de

troisièmes ensembles des troisièmes paires d’extré-
mités terminales (15a3) des troisièmes segments
conducteurs appariés (10a, 10b) sont alignés dans
une direction circonférentielle du noyau de stator
(21) avec des troisièmes pas de manière à être agen-
cés radialement vers l’extérieur par rapport à la plu-
ralité de deuxième ensembles, et une pluralité de
quatrièmes ensembles des quatrièmes paires d’ex-
trémités terminales (15a4) des quatrièmes seg-
ments conducteurs appariés (10a, 10b) sont alignés
dans une direction circonférentielle du noyau de sta-
tor (21) avec des quatrièmes pas de manière à être
agencés radialement vers l’extérieur par rapport à
la pluralité de troisièmes ensembles, dans lequel
les étapes (d), (e), et (f) sont effectuées pour chacun
de la pluralité de premiers ensembles des premières
paires d’extrémités terminales (15a1) des premiers
segments conducteurs appariés (10a, 10b) de sorte
que chacun de la pluralité de premiers ensembles
des premières paires d’extrémités terminales (15a1)
des premiers segments conducteurs appariés (10a,
10b) soit soudé,
les étapes (g) et (h) sont effectuées pour chacun de
la pluralité de deuxièmes ensembles des deuxièmes
paires d’extrémités terminales (15a2) des deuxiè-
mes segments conducteurs appariés (10a, 10b) de
sorte que chacun de la pluralité de deuxièmes en-
sembles des deuxièmes paires d’extrémités termi-
nales (15a2) des deuxièmes segments conducteurs
appariés (10a, 10b) soit soudé après l’achèvement
des étapes (d), (e), et (f) pour chacun de la pluralité
de premiers ensembles,
les étapes (k), (l), et (m) sont effectuées pour chacun
de la pluralité de quatrièmes ensembles des quatriè-
mes paires d’extrémités terminales (15a4) des qua-
trièmes segments conducteurs appariés (10a, 10b)
de sorte que chacun de la pluralité de quatrièmes
ensembles des quatrièmes paires d’extrémités ter-
minales (15a4) des quatrièmes segments conduc-
teurs appariés (10a, 10b) soit soudé, et
les étapes (n) et (o) sont effectuées pour chacun de
la pluralité de troisièmes ensembles des troisièmes
paires d’extrémités terminales (15a3) des troisièmes
segments conducteurs appariés (10a, 10b) de sorte
que chacun de la pluralité de troisièmes ensembles
des troisièmes paires d’extrémités terminales (15a2)
des troisièmes segments conducteurs appariés
(10a, 10b) soit soudé après l’achèvement des étapes
(k), (l), et (m) pour chacun de la pluralité de quatriè-
mes ensembles.

4. Procédé selon l’une quelconque des revendications
1 à 3, dans lequel les électrodes de masse intérieure
et extérieure (6a, 6b) sont des électrodes négatives
et l’électrode de soudage (2) est une électrode po-
sitive, les étapes (f) et (m) sont configurées pour éta-
blir une conduction électrique entre l’électrode né-
gative et l’électrode positive par l’intermédiaire de la
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première paire d’extrémités terminales (15a1) des
premiers segments conducteurs appariés (10a, 10b)
ainsi que par l’intermédiaire de la quatrième paire
d’extrémités terminales (15a4) des quatrièmes seg-
ments conducteurs appariés (10a, 10b), respective-
ment, pour générer une décharge d’arc entre elles
de manière à souder la première paire d’extrémités
terminales (15a1) des premiers segments conduc-
teurs appariés (10a, 10b) et la quatrième paire d’ex-
trémités terminales (15a4) des quatrièmes seg-
ments conducteurs appariés (10a, 10b) sur la base
de la décharge d’arc générée, et les étapes (h) et
(o) sont configurées pour établir une conduction
électrique entre l’électrode négative et l’électrode
positive par l’intermédiaire de la première paire d’ex-
trémités terminales (15a1) soudée des premiers
segments conducteurs appariés (10a, 10b) et de la
deuxième paire d’extrémités terminales (15a2) des
deuxièmes segments conducteurs appariés (10a,
10b) ainsi que par l’intermédiaire de la quatrième
paire d’extrémités terminales soudée (15a4) des
quatrièmes segments conducteurs appariés (10a,
10b) et de la troisième paire d’extrémités terminales
(15a3) des troisièmes segments conducteurs appa-
riés (10a, 10b) pour générer une décharge d’arc en-
tre elles de manière à souder la deuxième paire d’ex-
trémités terminales (15a2) des deuxièmes segments
conducteurs appariés (10a, 10b) et la troisième paire
d’extrémités terminales (15a3) des troisièmes seg-
ments conducteurs appariés (10a, 10b) sur la base
de la décharge d’arc générée.

5. Procédé selon la revendication 2, dans lequel le sou-
dage de chacun de la pluralité de premiers ensem-
bles des premières paires d’extrémités terminales
(15a1) des premiers segments conducteurs appa-
riés (10a, 10b), le soudage de chacun de la pluralité
de deuxièmes ensembles des deuxièmes paires
d’extrémités terminales (15a2) des deuxièmes seg-
ments conducteurs appariés (10a, 10b), le soudage
de chacun de la pluralité de quatrièmes ensembles
des quatrièmes paires d’extrémités terminales
(15a4) des quatrièmes segments conducteurs ap-
pariés (10a, 10b), et le soudage de chacun de la
pluralité de troisièmes ensembles des troisièmes
paires d’extrémités terminales (15a3) des troisièmes
segments conducteurs appariés (10a, 10b) forment
au moins un enroulement de stator continu (23) des-
tiné à être installé dans le noyau de stator (21).

6. Procédé selon la revendication 2, dans lequel l’un
d’au moins l’un des premiers segments conducteurs
appariés (10a, 10b) de la pluralité de premiers en-
sembles, et d’au moins l’un des deuxièmes seg-
ments conducteurs appariés (10a, 10b) de la plura-
lité de deuxièmes ensembles sert en tant que seg-
ment conducteur répartiteur connecté à l’un d’au
moins l’un des quatrièmes segments conducteurs

appariés (10a, 10b) de la pluralité de quatrièmes en-
sembles, et d’au moins l’un des troisièmes segments
conducteurs appariés (10a, 10b) de la pluralité de
troisièmes ensembles.

7. Procédé selon la revendication 2, dans lequel la plu-
ralité de premiers ensembles des premières paires
d’extrémités terminales (15a1) des premiers seg-
ments conducteurs appariés (10a, 10b), la pluralité
de deuxièmes ensembles des deuxièmes segments
conducteurs appariés (10a, 10b), la pluralité de troi-
sièmes ensembles des troisièmes paires d’extrémi-
tés terminales (15a3) des troisièmes segments con-
ducteurs appariés, et la pluralité de quatrièmes en-
sembles des quatrièmes segments conducteurs ap-
pariés sont alignés radialement les uns avec les
autres, et les premier, deuxième, troisième et qua-
trième pas sont établis de manière à être égaux les
uns aux autres.

8. Procédé selon la revendication 2, dans lequel la plu-
ralité de paires d’extrémités terminales (15a1, 15a2,
15a3, 15a4 ; 15a10, 15a11) de la pluralité de seg-
ments conducteurs (10a, 10b) comprend une pre-
mière paire d’extrémités terminales intermédiaire
(15a10) et une deuxième paire d’extrémités termi-
nales intermédiaire (15a11), dans lequel le procédé
comprend en outre :

(p) la préparation d’une électrode de masse in-
termédiaire (6c) ;
(q) le déplacement de l’électrode de masse in-
termédiaire (6c) de manière à ce qu’elle soit en
contact avec au moins une partie de la première
paire d’extrémités terminales intermédiaire
(15a10) en déplaçant l’électrode intermédiaire
(6c) axialement vers le bas et en pressant les
neuvième et dixième extrémités terminales
(151, 152) axialement vers le bas ;
(r) le déplacement de la deuxième électrode (2)
de manière à ce qu’elle soit face à la deuxième
paire d’extrémités terminales intermédiaire
(15a3) ; et
(s) l’établissement d’une conduction électrique
entre l’électrode de masse intermédiaire (6c) et
l’électrode de soudage (2) par l’intermédiaire de
la cinquième paire d’extrémités terminales
(15a10) de manière à souder la deuxième ex-
trémité terminale intermédiaire (15a11) sur la
base de la conduction électrique entre elles.

9. Procédé selon la revendication 2, dans lequel les
étapes (d), (e), et (f) sont effectuées séquentielle-
ment pour chacun de la pluralité de premiers ensem-
bles des premières paires d’extrémités terminales
(15a1) des premiers segments conducteurs appa-
riés (10a, 10b) en déplaçant circonférentiellement
l’électrode de soudage (2) par rapport à chacun de
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la pluralité de premiers ensembles des premières
paires d’extrémités terminales (15a1) des premiers
segments conducteurs appariés (10a, 10b) alors
que l’électrode de soudage (2) est alimentée.

10. Procédé selon la revendication 6, dans lequel les
étapes (d), (e), (f), (g), et (h) ainsi que les étapes (k),
(l), (m) et (n) sont effectuées séquentiellement pour
chacun de la pluralité de premiers ensembles des
premières paires d’extrémités terminales (15a1) des
premiers segments conducteurs appariés (10a,
10b), chacun de la pluralité de deuxièmes ensem-
bles des deuxièmes paires d’extrémités terminales
(15a2) des deuxièmes segments conducteurs appa-
riés (10a, 10b), chacun de la pluralité de quatrièmes
ensembles des quatrièmes paires d’extrémités ter-
minales (15a4) des quatrièmes segments conduc-
teurs appariés (10a, 10b), et chacun de la pluralité
de troisièmes ensembles des troisièmes paires d’ex-
trémités terminales (15a3) des troisièmes segments
conducteurs appariés (10a, 10b) en déplaçant cir-
conférentiellement et radialement l’électrode de sou-
dage (2) alors que l’électrode de soudage (2) est
alimentée.
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