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Description
TECHNICAL FIELD

[0001] The present invention relates to a method for
manufacturing a stator for a rotating electrical machine
by placing coils in a stator core.

BACKGROUND ART

[0002] Methodsfor manufacturing a statorfora rotating
electrical machine include a method in which coils are
placed in a stator core shaped as a single-piece member
and a method in which a stator core is divided into seg-
ment cores, coils are placed on the segment cores, and
the segment cores having the coils placed thereon are
coupled to each other. The coil can be formed by winding
a collection of a plurality of thin magnet wires or by wind-
ing a single rectangular wire.

[0003] For example, Patent Document 1 discloses an
apparatus for manufacturing a motor stator in which a
plurality of trapezoidal coils formed by bending a rectan-
gular conductor having a rectangular section are inserted
onto a plurality of teeth in a stator core. This manufac-
turing apparatus has a coil shape restricting member that
restricts the trapezoidal coil to an obliquely deformed
state. The trapezoidal coil is inserted on the tooth while
preventing twisting of the windings by the coil shape re-
stricting member

[Related Art Document]
[Patent Document]

[0004] [Patent Document 1] Japanese Patent Applica-
tion Publication No. 2012-257410 (JP 2012-257410 A)

SUMMARY OF THE INVENTION
[Problem to be Solved by the Invention]

[0005] In the manufacturing apparatus of Patent Doc-
ument 1, however, the coil shape restricting member con-
stantly restricts the trapezoidal coil to the obliquely de-
formed state until the trapezoidal coil is inserted to a prop-
er position on the tooth. In the Patent Document 1, it is
therefore difficult to insert the trapezoidal coil onto the
tooth in the case where it is desired that the tooth have
a larger width in the circumferential direction in its base
end portion.

[0006] The present invention was developed in view
of the above circumstances and in an attempt to provide
a method for manufacturing a stator for a rotating elec-
trical machine in which the last coil to be placed on a
tooth can be smoothly placed even if the tooth has a
larger width in the circumferential direction in its base
end portion.
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[Means for Solving the Problem]

[0007] The presentinvention is a method for manufac-
turing a stator for a rotating electrical machine by placing
coils in a stator core, wherein each of a plurality of teeth
formed in a radial pattern in an inner periphery of an an-
nular yoke portion in the stator core has tip-end parallel
side surfaces formed in its tip end portion having a con-
stant width in a circumferential direction, has intermedi-
ate tilted side surfaces continuous with the tip-end par-
allel side surfaces and formed in its portion whose width
in the circumferential direction increases as closer to an
outer periphery, and has base-end parallel side surfaces
continuous with the intermediate tilted side surfaces and
formed in its base end portion having a constant width in
the circumferential direction, and the last coil is placed
on the tooth of the stator core by performing a first inser-
tion step of deforming the last coil so that each of an outer
peripheral end of a one-side conductor portion located
on one side in the circumferential direction of the last coil
and an inner peripheral end of the other-side conductor
portion located on the other side in the circumferential
direction of the last coil has an acute-angled corner, and
inserting the outer peripheral end of the one-side con-
ductor portion into an opening of a one-side slot located
on the one side in the circumferential direction of the
tooth, a second insertion step of inserting the outer pe-
ripheral end of the one-side conductor portion to abound-
ary position between the intermediate tilted side surface
and the base-end parallel side surface in the one-side
slot, and inserting an outer peripheral end of the other-
side conductor portion into an opening of the other-side
slot located on the other side in the circumferential direc-
tion of the tooth, while maintaining the deformed state of
the last coil, a third insertion step of, with the outer pe-
ripheral end of the one-side conductor portion being held
stationary, inserting the outer peripheral end of the other-
side conductor portion to a boundary position between
the intermediate tilted side surface and the base-end par-
allel side surface in the other-side slot to return the de-
formed last coil to its original shape, and a fourth insertion
step of causing the last coil to face the tooth and simul-
taneously inserting the one-side conductor portion and
the other-side conductor portion into the one-side slot
and the other-side slot.

[Effects of the Invention]

[0008] The way in which the last coil is placed on a
tooth having tip-end side surfaces, intermediate tilted
side surfaces, and base-end parallel side surfaces is de-
vised in the above method for manufacturing a stator for
a rotating electrical machine.

[0009] In order to place the last coil on the tooth, in a
first insertion step, the last coil is first deformed so that
each of an outer peripheral end of a one-side conductor
portion located on one side in the circumferential direc-
tion of the last coil and an inner peripheral end of the
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other-side conductor portion located on the other side in
the circumferential direction of the last coil has an acute-
angled corner. At this time, each of an inner peripheral
end of the one-side conductor portion and an outer pe-
ripheral end of the other-side conductor portion has an
obtuse-angled corner. The outer peripheral end of the
one-side conductor portion is inserted into an opening of
a one-side slot located on the one side in the circumfer-
ential direction of the tooth.

[0010] Next, in a second insertion step, the outer pe-
ripheral end of the one-side conductor portion is inserted
to a boundary position between the intermediate tilted
side surface and the base-end parallel side surface in
the one-side slot while maintaining the deformed state
of the last coil. At this time, the outer peripheral end of
the other-side conductor portion is also inserted into an
opening of the other-side slot located on the other side
in the circumferential direction of the tooth. In the second
insertion step, the last coil in the deformed state is placed
on the tooth. The one-side conductor portion of the last
coil can thus be made not to interfere with the tooth or
the previous coil placed on the tooth.

[0011] In a third insertion step, the deformed last coil
is then returned to its original state or initial state with the
outer peripheral end of the one-side conductor portion
being held stationary. At this time, the outer peripheral
end of the other-side conductor portion is inserted to a
boundary position between the intermediate tilted side
surface and the base-end parallel side surface in the oth-
er-side slot. In the third insertion step, the last coil is
placed on the tooth while returning the last coil from the
deformed shape into its original shape. The other-side
conductor portion of the last coil can thus be made not
to interfere with the first coil placed on the tooth.

[0012] Thereafter, in a fourth insertion step, the last
coil is caused to face the tooth, and the one-side con-
ductor portion and the other-side conductor portion are
then moved radially outward and simultaneously inserted
into the one-side slot and the other-side slot.

[0013] Performing the firstto fourth insertion steps thus
allows the last coil to be easily placed on the tooth while
avoiding interference, even if the tooth has the base-end
parallel surfaces in its base end portion having a larger
width in the circumferential direction.

[0014] Since the teeth have the tip-end parallel side
surfaces, magnetic flux passing through the teeth when
acurrentis appliedtothe coilsis less likely to be saturated
at the tip ends of the teeth. Moreover, forming the base-
end parallel side surfaces in each tooth increases the
width in the circumferential direction of the base end por-
tion of each tooth, allowing a large amount of magnetic
flux to pass therethrough. The use of the stator core hav-
ing such a tooth shape can improve performance of ro-
tating electrical machines.

[0015] In the above method for manufacturing a stator
for a rotating electrical machine, the last coil can therefore
be smoothly placed on the tooth even if the tooth has a
larger width in the circumferential direction of its base

($]

10

15

20

25

30

35

40

45

50

55

end portion.
BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

[FIG. 1] FIG. 1 is an illustration showing the state
where the last coil is placed on a tooth in a first in-
sertion step according to an embodiment.

[FIG. 2] FIG. 2 is an illustration showing the state
where the last coil is placed on the tooth in a second
insertion step according to the embodiment.

[FIG. 3] FIG. 3 is an illustration showing the state
where the last coil is placed on the tooth in a third
insertion step according to the embodiment.

[FIG. 4] FIG 4 is an illustration showing the state
where the last coil is placed on the tooth in the third
insertion step according to the embodiment.

[FIG. 5] FIG. 5 is an illustration showing the state
where the last coil has been placed on the tooth in
a fourth insertion step according to the embodiment.
[FIG. 6] FIG. 6 is an illustration showing the state
where the first coil has been placed on a tooth ac-
cording to the embodiment.

[FIG. 7] FIG 7 is an illustration showing a stator ac-
cording to the embodiment.

[FIG. 8] FIG 8 is an illustration conceptually showing
operation of an assembly jig according to the em-
bodiment.

[FIG. 9] FIG. 9is a perspective view showing a hold-
ing portion in a movable jig part of the assembly jig
according to the embodiment.

MODES FOR CARRYING OUT THE INVENTION

[0017] Preferred modes for carrying out the above
method for manufacturing a stator for a rotating electrical
machine will be described.

[0018] Inthe above method for manufacturing a stator
for a rotating electrical machine, the outer peripheral end
of the one-side conductor portion and the outer peripheral
end of the other-side conductor portion refer to the ends
that are located on the yoke side when the coil is placed
on the outer periphery of the tooth of the stator core.
[0019] The coils to be placed on the teeth of the stator
core prior to the last coil can be sequentially placed on
the teeth of the stator coil one by one in the circumferential
direction.

[0020] In the above method for manufacturing a stator
for a rotating electrical machine, the last coil may be
formed by winding a rectangular wire in a plurality of lay-
ers arranged in the circumferential direction so that the
coil conforms to a shape of the tooth which is formed by
the tip-end parallel side surfaces, the intermediate tilted
side surfaces, and the base-end parallel side surfaces.
[0021] In this case, the use of the rectangular wire can
increase the ratio of the slot of the stator core occupied
by the coil.
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[0022] The last coil may be placed on an insulator that
is made of an insulating resin and that has been initially
attached to the tooth of the stator core.

[0023] In this case, the last coil separated from the in-
sulator can be easily deformed.

[0024] The above method may use an assembly jig
having a movabile jig part that holds the last coil and that
is placed so as to face an inner periphery of the tooth,
and a base jig part where the movable jig part is movably
placed, and in the first to fourth insertion steps, the last
coil held by the movable jig part may be placed on the
tooth by moving a roller provided in the movabile jig part
along a guide rail provided in the base jig part.

[0025] In this case, the use of the assembly jig having
the movable jig part and the base jig part can further
facilitate placement of the last coil on the tooth. A path
in which the last coil is moved when being placed can be
appropriately formed by moving the roller along the guide
rail.

[Embodiment]

[0026] An embodiment of a method for manufacturing
a stator for a rotating electrical machine will be described
below with reference to the accompanying drawings.
[0027] In a method for manufacturing a stator 1 for a
rotating electrical machine according to the present em-
bodiment, the stator 1 is manufactured by placing a plu-
rality of coils 3 in a stator core 2 as shown in FIG. 7.
[0028] As shown in FIG. 1, each of a plurality of teeth
21thatareformedinaradial patternin the inner periphery
of an annular yoke portion 23 of the stator core 2 has tip-
end parallel side surfaces 221 formed inits tip end portion
having a constant width in the circumferential direction,
has intermediate tilted side surfaces 212 continuous with
the tip-end parallel side surfaces 211 and formed in its
portion whose width in the circumferential direction in-
creases as closer to the outer periphery, and has base-
end parallel side surfaces 213 continuous with the inter-
mediate tilted side surfaces 212 and formed in its base
end portion having a constant width in the circumferential
direction.

[0029] The last coil 3C to be placed on the tooth 21 is
placed on the tooth 21 by performing the first to fourth
insertion steps.

[0030] As shown in FIG. 1, in the first insertion step,
the last coil 3C is deformed into the shape of a rhombus
so that each of an outer peripheral end 321 of a one-side
conductor portion 32A located on one side C1 in the cir-
cumferential direction of the last coil 3C and an inner
peripheral end 323 of the other-side conductor portion
32B located on the other side C2 in the circumferential
direction of the last coil 3C has an acute-angled corner.
The outer peripheral end 321 of the one-side conductor
portion 32A is inserted into an opening of a one-side slot
22A located on the one side C1 in the circumferential
direction of the tooth 21.

[0031] Then, as shown in FIG. 2, in the second inser-
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tion step, the outer peripheral end 321 of the one-side
conductor portion 32A is inserted to the boundary posi-
tion between the intermediate tilted side surface 212 and
the base-end parallel side surface 213 in the one-side
slot 22A, and an outer peripheral end 321 of the other-
side conductor portion 32B is inserted into an opening of
the other-side slot 22B located on the other side C2 in
the circumferential direction of the tooth 21, while main-
taining the deformed state of the last coil 3C. Thereafter,
as shown in FIGS. 3 and 4, in the third insertion step,
with the outer peripheral end 321 of the one-side con-
ductor portion 32A being held stationary, the outer pe-
ripheral end 321 of the other-side conductor portion 32B
is inserted to the boundary position between the inter-
mediate tilted side surface 212 and the base-end parallel
side surface 213 in the other-side slot 22B to return the
deformed last coil 3C to its original shape. Subsequently,
as shown in FIG. 5, in the fourth insertion step, the last
coil 3C is caused to directly face the tooth 21, and the
one-side conductor portion 32A and the other-side con-
ductor portion 32B are simultaneously inserted into the
one-side slot 22A and the other-side slot 22B, respec-
tively. As used herein, the expression "directly face"
means facing from the front.

[0032] The method for manufacturing the stator 1 for
arotating electrical machine according to the presentem-
bodiment will be described in detail below with reference
to FIGS. 1t0 9.

[0033] As shownin FIG. 7, the stator 1 of the present
embodiment is used for a three-phase rotating electrical
machine, and is formed by repeatedly placing three-
phase coils, namely U-phase, V-phase, and W-phase
coils 3U, 3V, 3W, a plurality of times in the same order
on the plurality of teeth 21 of the stator core 2.

[0034] The coil 3 of each phase has a coil body 31
formed by winding a rectangular wire 301 into a plurality
of turns, a first end 33A extended at one end of the coil
body 31 to one side L1 in the axial direction of the stator
core 2, and a second end 33B extended at the other end
of the coil body 31 to the one side L1 in the axial direction
of the stator core 2. The first end 33A of the coil 3 of each
phase is extended in a direction perpendicular to the axial
direction L of the stator core 2 to extend axially outward
of and across the coil bodies 31 of the coils 3 of the other
phases so that the first end 33A is placed on the second
end 33B of the coil 3 of the same phase.

[0035] The first end 33A of the rotation placement coil
3B of each phase is bent toward the outer periphery at
an intermediate position 331 of a portion extending from
the coil 3 to the coil 3 adjoining this coil 3 as a crossover
wire. The first end 33A of the rotation placement coil 3B
therefore does not interfere with the second end 33B of
the coil 3 adjoining this rotation placement coil 3B when
rotating and placing the rotation placement coil 3B onto
the tooth 21.

[0036] The coils 3 of each phase are bonded together
by the first ends 33A and the second ends 33B, forming
U-phase, V-phase, and W-phase connected coils. The
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connected coils of the three phases are star-connected.
A neutral point 34 where the first ends 33A of the coils 3
of the three phases are bonded together is provided at
the first ends 33A of the connected coils of the three
phases, and lead portions 35 connected to the outside
are provided at the second ends 33B of the connected
coils of the three phases.

[0037] The rectangular wire 301 forming the coil 3 of
each phase has a substantially rectangular section, and
is formed by coating the outer periphery of a conductor
layer made of a copper material etc. with a coating layer
made of a resin material etc. The rectangular wire 301
may have aflattened section having parallel flat surfaces.
[0038] The coil 3 of each phase of the present embod-
iment is a concentrated winding coil that is formed by
extending the firstend 33A and the second end 33B from
the coil body 31 formed by winding the rectangular wire
301 in a plurality of turns. The coil 3 of each phase is
individually attached one by one to the outer periphery
of the tooth 21 so as to be placed in the slots 22A, 22B
located on both sides in the circumferential direction of
the tooth 21.

[0039] As shown in FIG. 1, the coil body 31 of the coil
3 of each phaseisformedin aquadrilateral annular shape
that is increased in diameter as closer to the outer pe-
riphery so as to conform to the shape of the tooth 21
which is formed by the tip-end parallel side surfaces 211,
the intermediate tilted side surfaces 212, and the base-
end parallel side surfaces 213. Of the coil body 31 of the
coil 3 of each phase, a portion that is to face the tip-end
parallel side surfaces 211 and a portion that is to face
the base-end parallel side surfaces 213 are formed by
winding the rectangular wire 301 into the shape of a rec-
tangular parallelepiped, and a portion that is to face the
intermediate tilted side surfaces 212 is formed by winding
the rectangular wire 301 into the shape of a rectangular
frustum. The coil body 31 of the coil 3 of each phase is
formed by winding the rectangular wire 301 in two layers
that overlap each other in the circumferential direction.
The coil body 31 of the last coil 3C has such a shape that
is increased in diameter as closer to the outer periphery.
Accordingly, to be exact, the last coil 3C that is deformed
in the first insertion step is deformed into a shape close
to a rhombus.

[0040] The coil 3 of each phase is placed on the outer
periphery of an insulator 4 as a resin that provides insu-
lation between the coil 3 and the stator core 2. Each in-
sulator 4 holds the coil body 31 on its outer periphery and
is attached to the tooth 21.

[0041] As shown in FIGS. 8 and 9, the manufacturing
method of the present embodiment uses an assembly jig
5 having a movable jig part 52 that holds the last coil 3C
and that is placed so as to face the inner periphery of the
tooth 21, and a base jig part 51 where the movable jig
part 52 is movably placed. The movable jig part 52 has
a holding portion 521 that supports upper and lower con-
ductor portions 32C of the intermediate coil 3B. The mov-
able jig part 52 can pivot with respect to the base jig part
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51 by a pivot shaft portion 522 and can slide with respect
to the base jig part 51 by a linear guide.

[0042] The base jig part 51 has two guide rails (guide
grooves) 511 that form a path X in which the intermediate
coil 3B moves when being placed on the tooth 21 of the
stator core 2. The movable jig part 52 has two rollers 523
that are placed in the two guide rails 511.

[0043] In the first to fourth insertion steps of the man-
ufacturing method, when being slid by the linear guide,
the movable jig part 52 pivots about the pivot shaft portion
522 and the two rollers 523 move along the two guide
rails 511, whereby the holding portion 521 of the movable
jig part 52 can be moved along the path X in which the
intermediate coil 3B moves. The intermediate coil 3B can
be placed on the tooth 21 by the first to fourth insertion
steps.

[0044] In a conventional assembly jig, after a concen-
trated winding coil is made to face a tooth in a tilted man-
ner, the coil is placed on the tooth by positional control
of a 2-axis moving portion. Accordingly, if the position to
which a coil is attached by the assembly jig changes while
repeatedly attaching a coil with the assembly jig, a pro-
gram for the positional control of the 2-axis moving por-
tion etc. need be modified every time the position to which
a coil is attached changes.

[0045] On the other hand, in the assembly jig 5 of the
present embodiment, the base jig part 51 having the
guide rails 511 can be adjusted in position with respect
to an attachment part to which the base jig part 51 is
attached. For example, in a structure in which a screw
inserted through a through hole formed in the base jig
part 51 is tightened into a threaded hole formed in the
attachment part, a clearance provided between the
through hole and the screw can be made larger than that
provided between the guide rail 51 and the roller 523.
Accordingly, even if the attachment position to which the
coil 3 is attached changes, the attachment position can
be easily corrected by adjusting the position of the base
jig part 51 with respect to the attachment part.

[0046] A method for placing the three-phase coils 3 on
the teeth 21 of the stator core 2 and functions and effects
of the present embodiment will be described below.
[0047] In the present embodiment, the insulator 4 that
is to hold the last coil 3C to be placed on the tooth 21 of
the stator core 2 is first attached to the tooth 21 (see FIG.
6). The three-phase coils 3U, 3V, 3W held on the outer
periphery of the insulators 4 are then sequentially placed
on the teeth 21 of the stator core 2 one by one in the
circumferential direction (placement direction) D (see
FIG. 7). The circumferential direction D in which the three-
phase coils 3U, 3V, 3W are sequentially placed one by
one is the same as the other side C2 in the circumferential
direction.

[0048] AsshowninFIG. 6, the first coil 3A to be placed
on the tooth 21 of the stator core 2 does not interfere with
the coils 3 of the other phases which adjoin the first coil
3A. Thefirst coil 3A can therefore be attached to the tooth
21 by causing the first coil 3A to directly face the inner
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periphery of the tooth 21 of the stator core 2 and moving
parallel to the radial direction the first coil 3A toward the
outer periphery. In the present embodiment, however, in
order to simplify the assembly jig 5 to be used, the first
coil 3A is placed on the tooth 21 by the first to fourth
insertion steps similarly to the intermediate coils 3B de-
scribed below.

[0049] In the present embodiment, the first and last
coils 3A, 3C to be placed on the teeth 21 of the stator
core 2 and the second intermediate coil 3B as the second
coil to be placed on the tooth 21 are the coils that form
the neutral point 34.

[0050] Next, each of the second and the following in-
termediate coils 3B to be placed on the teeth 21 of the
stator core 2 is placed on the teeth 21 by causing the
intermediate coil 3B to face the tooth 21 in a tilted manner
and gradually reducing the tilt angle to cause the inter-
mediate coil 3B to directly face the tooth 21 (see FIG. 1).
Each intermediate coil 3B has been wound around the
insulator 4 when being placed on the tooth 21.

[0051] The following first to fourth insertion steps are
then performed to place the last coil 3C on the tooth 21
of the stator core 2. In FIGS. 1 to 5, the path X in which
the last coil 3C is moved when being placed on the tooth
21 is shown regarding an outer peripheral central portion
322 of the last coil 3C.

[0052] As shown in FIG. 1, in the first insertion step,
the last coil 3C is first deformed into the shape of a rhom-
bus so that each of the outer peripheral end 321 of the
one-side conductor portion 32A located on the one side
C1 in the circumferential direction of the last coil 3C and
the inner peripheral end 323 of the other-side conductor
portion 32B located on the other side C2 in the circum-
ferential direction of the last coil 3C has an acute-angled
corner. At this time, each of an inner peripheral end 323
of the one-side conductor portion 32A and the outer pe-
ripheral end 321 of the other-side conductor portion 32B
has an obtuse-angled corner. The lastcoil 3C is deformed
by such an amount that the one-side conductor portion
32A can be inserted into the one-side slot 22A. The outer
peripheral end 321 of the one-side conductor portion 32A
is inserted into the opening of the one-side slot 22A lo-
cated on the one side C1 in the circumferential direction
of the tooth 21.

[0053] Next,asshowninFIG.2,inthe secondinsertion
step, the outer peripheral end 321 of the one-side con-
ductor portion 32A is inserted to the boundary position
between the intermediate tilted side surface 212 and the
base-end parallel side surface 213 in the one-side slot
22A while maintaining the deformed state of the last coll
3C. At this time, the outer peripheral end 321 of the other-
side conductor portion 32B is also inserted into the open-
ing of the other-side slot 22B located on the other side
C2 in the circumferential direction of the tooth 21. In the
second insertion step, the last coil 3C in the deformed
state is placed on the tooth 21. The one-side conductor
portion 32A of the last coil 3C can thus be made not to
interfere with the tooth 21 or the immediately preceding
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coil 3B placed on the tooth 21.

[0054] AsshowninFIGS. 3 and 4, in the third insertion
step, the deformed last coil 3C is then returned to its
original state or initial state with the outer peripheral end
321 of the one-side conductor portion 32A being held
stationary. At this time, the outer peripheral end 321 of
the other-side conductor portion 32B is inserted to the
boundary position between the intermediate tilted side
surface 212 and the base-end parallel side surface 213
in the other-side slot 22B. In the third insertion step, the
last coil 3C is placed on the tooth 21 while returning the
last coil 3C from the deformed shape into its original
shape. The other-side conductor portion 32B of the last
coil 3C can thus be made not to interfere with the first
coil placed on the tooth 21.

[0055] As showninFIG. 5, in the fourth insertion step,
the last coil 3C is caused to directly face the tooth 21,
and the one-side conductor portion 32A and the other-
side conductor portion 32B are then moved radially out-
ward and simultaneously inserted into the one-side slot
22A and the other-side slot 22B.

[0056] All of the three-phase coils 3A, 3B, 3C are
placed on the teeth 21 of the stator core 2 in this manner.
[0057] AsshowninFIG. 7, in the stator core 2, the first
ends 33A and the second ends 33B of the coils 3 of the
same phase which are placed on each other, the first
ends 33A forming the neutral point 34, and the second
ends 33B forming the lead portions 35 can be bonded
by welding.

[0058] As described above, even if each tooth 21 has
the base-end parallel side surfaces 213 in its base end
portion having a larger width in the circumferential direc-
tion, performing the first to fourth insertion steps allows
the last coil 3C to be easily placed on the tooth 21 so as
to avoid interference.

[0059] Since the teeth 21 have the tip-end parallel side
surfaces 211, magnetic flux passing through the teeth 21
when a current is applied to the coils is less likely to be
saturated at the tip ends of the teeth 21. Moreover, form-
ing the base-end parallel side surfaces in each tooth 21
increases the width in the circumferential direction of the
base end portion of each tooth 21, allowing a large
amount of magnetic flux to pass therethrough. The use
of the stator core 2 having the shape of the teeth 21 can
improve performance of rotating electrical machines.
[0060] In the method for manufacturing the stator 1 for
arotating electrical machine according to the presentem-
bodiment, the last coil 3C can be smoothly placed on the
tooth 21 even if the tooth 21 has a larger width in the
circumferential direction of its base end portion.

Claims

1. A method for manufacturing a stator (1) for a rotating
electrical machine by placing coils (3) in a stator core
(2), wherein
each of a plurality of teeth (21) formed in a radial
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pattern in an inner periphery of an annular yoke por-
tion in the stator core has tip-end parallel side sur-
faces (211) formed in its tip end portion having a
constant width in a circumferential direction, has in-
termediate tilted side surfaces (212) continuous with
the tip-end parallel side surfaces and formed in its
portion whose width in the circumferential direction
increases as closer to an outer periphery, and has
base-end parallel side surfaces (213) continuous
with the intermediate tilted side surfaces and formed
in its base end portion having a constant width in the
circumferential direction, and

the last coil (3C) is placed on the tooth of the stator
core by performing

a first insertion step of deforming the last coil so that
each of an outer peripheral end (321) of a one-side
conductor portion (32A) located on one side in the
circumferential direction of the last coil and an inner
peripheral end (323) of the other-side conductor por-
tion (32B) located on the other side in the circumfer-
ential direction of the last coil has an acute-angled
corner, and inserting the outer peripheral end of the
one-side conductor portion into an opening of a one-
side slot (22A) located on the one side in the circum-
ferential direction of the tooth,

a second insertion step of inserting the outer periph-
eral end of the one-side conductor portion to a
boundary position between the intermediate tilted
side surface and the base-end parallel side surface
in the one-side slot, and inserting an outer peripheral
end of the other-side conductor portion into an open-
ing of the other-side slot located on the other side in
the circumferential direction of the tooth, while main-
taining the deformed state of the last coill,

a third insertion step of, with the outer peripheral end
of the one-side conductor portion being held station-
ary, inserting the outer peripheral end of the other-
side conductor portion to a boundary position be-
tween the intermediate tilted side surface and the
base-end parallel side surface in the other-side slot
to return the deformed last coil to its original shape,
and

a fourth insertion step of causing the last coil to face
the tooth and simultaneously inserting the one-side
conductor portion and the other-side conductor por-
tion into the one-side slot and the other-side slot.

The method for manufacturing a stator for a rotating
electrical machine according to claim 1, character-
ized in that

the last coil is formed by winding a rectangular wire
in a plurality of layers arranged in the circumferential
direction so that the coil conforms to a shape of the
tooth which is formed by the tip-end parallel side sur-
faces, the intermediate tilted side surfaces, and the
base-end parallel side surfaces.

The method for manufacturing a stator for a rotating
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electrical machine according to claim 1 or 2, char-
acterized in that

the last coil is placed on an insulator (4) that is made
of an insulating resin and that has been initially at-
tached to the tooth of the stator core.

The method for manufacturing a stator for a rotating
electrical machine according to any one of claims 1
to 3, characterized in that

the method uses an assembly jig (5) having a mov-
able jig part (52) that holds the last coil and that is
placed so as to face an inner periphery of the tooth,
and a base jig part where the movable jig part is
movably placed, and

in the first to fourth insertion steps the last coil held
by the movable jig part is placed on the tooth by
moving aroller (523) provided in the movable jig part
along a guide rail provided in the base jig part.

Patentanspriiche

1.

Verfahren zum Herstellen eines Stators (1) fur eine
rotatorische elektrische Maschine, indem Wicklun-
gen (3) in einem Statorkern (2) platziert werden, bei
dem jeder einer Mehrzahl von Zahnen (21), die in
einem radialen Muster in einem Innenumfang eines
ringférmigen Jochabschnitts in dem Statorkern aus-
gebildet sind, in seinem Spitzenendabschnitt, der ei-
ne konstante Breite in einer Umfangsrichtung auf-
weist, ausgebildete spitzenendige parallele Seiten-
flachen (211) aufweist, durchgehend mit den spitze-
nendigen parallelen Seitenfldchen und in seinem
Abschnitt, dessen Breite in der Umfangsrichtung zu-
nimmt je nadher an einem Auflenumfang, ausgebil-
dete geneigte Zwischenseitenflachen (212) aufweist
und durchgehend mit den geneigten Zwischensei-
tenflachen und in seinem Basisendabschnitt, der ei-
ne konstante Breite in der Umfangsrichtung auf-
weist, ausgebildete basisendige parallele Seitenfla-
chen (213) aufweist, und

die letzte Wicklung (3C) auf dem Zahn des Stator-
kerns platziert wird, indem ein erster Einfligeschritt
eines Verformens der letzten Wicklung, so dass je-
des eines AuRenumfangendes (321) eines einersei-
tigen Leiterabschnitts (32A), der auf einer Seite in
der Umfangsrichtung der letzten Wicklung liegt, und
eines Innenumfangendes (323) des anderseitigen
Leiterabschnitts (32B), der auf der anderen Seite in
der Umfangsrichtung der letzten Wicklung liegt, eine
spitzwinklige Ecke aufweist, und eines Einfligens
des AulRenumfangendes des einerseitigen Leiterab-
schnittsin eine Offnung eines einerseitigen Schlitzes
(22A), der auf der einen Seite in der Umfangsrich-
tung des Zahns liegt,

ein zweiter Einfugeschritt eines Einfligens des Au-
Renumfangendes des einerseitigen Leiterabschnitts
in eine Grenzposition zwischen der geneigten Zwi-
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schenseitenflache und der basisendigen parallelen
Seitenflache in dem einerseitigen Schlitz und eines
Einfliigens eines AuRenumfangendes des andersei-
tigen Leiterabschnitts in eine Offnung des andersei-
tigen Schlitzes, der auf der anderen Seite in der Um-
fangsrichtung des Zahns liegt, wahrend der verform-
te Zustand der letzten Wicklung beibehalten wird,
ein dritter Einfigeschritt eines Einfliigens, mit dem
stationar gehaltenen AuRenumfangende des einer-
seitigen Leiterabschnitts, des AulRenumfangendes
des anderseitigen Leiterabschnitts in eine Grenzpo-
sition zwischen der geneigten Zwischenseitenflache
und der basisendigen parallelen Seitenflache in dem
anderseitigen Schlitz zum Rickfuhren der verform-
ten letzten Wicklung in ihre urspriingliche Form, und
ein vierter Einfligeschritt eines Bewirkens, dass die
letzte Wicklung dem Zahn zugewandt ist, und eines
gleichzeitigen Einfligens des einerseitigen Leiterab-
schnitts und des anderseitigen Leiterabschnitts in
den einerseitigen Schlitz und den anderseitigen
Schlitz

durchgefihrt wird.

Verfahren zum Herstellen einer Stators flr eine ro-
tatorische elektrische Maschine nach Anspruch 1,
dadurch gekennzeichnet, dass

die letzte Wicklung ausgebildet ist, indem ein recht-
eckiger Draht in einer Mehrzahl von Schichten, die
in der Umfangsrichtung angeordnet sind, gewickelt
ist, so dass die Wicklung einer Form des Zahns ent-
spricht, der durch die spitzenendigen parallelen Sei-
tenflichen, die geneigten Zwischenseitenflachen
und die basisendigen parallelen Seitenflachen aus-
gebildet ist.

Verfahren zum Herstellen eines Stators fir eine ro-
tatorische elektrische Maschine nach Anspruch 1
oder 2, dadurch gekennzeichnet, dass

die letzte Wicklung auf einem lIsolator (4) platziert
wird, der aus einem isolierenden Harz gemacht ist
und der anfangs an dem Zahn des Statorkerns an-
gebracht worden ist.

Verfahren zum Herstellen eines Stators flr eine ro-
tatorische elektrische Maschine nach einem der An-
spriche 1 bis 3, dadurch gekennzeichnet, dass
das Verfahren eine Montagevorrichtung (5) mit ei-
nem bewegbaren Vorrichtungsteil (52), der die letzte
Wicklung halt und der so platziert ist, dass er einem
Innenumfang des Zahns zugewandt ist, und einem
Basisvorrichtungsteil verwendet, bei der der beweg-
bare Vorrichtungsteil bewegbar platziert ist, und

in dem ersten bis vierten Einfligeschritt die letzte
Wicklung, die durch den bewegbaren Vorrichtungs-
teil gehalten wird, auf dem Zahn platziert wird, indem
eine Rolle (523), die in dem bewegbaren Vorrich-
tungsteil vorgesehen ist, entlang einer Flhrungs-
schiene, die in dem Basisvorrichtungsteil vorgese-
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hen ist, bewegt wird.

Revendications

Procédé de fabrication d’un stator (1) pour une ma-
chine électrique rotative en plagant des bobines (3)
dans un coeur de stator (2), dans lequel

chacune d’une pluralité de dents (21) formées dans
un motif radial dans une périphérie intérieure d’'une
partie de culasse annulaire dans le coeur de stator
a des surfaces latérales paralléles a extrémité en
pointe (211) formées dans sa partie d’extrémité en
pointe présentant une largeur constante dans une
direction circonférentielle, a des surfaces latérales
(212) inclinées intermédiaires continues avec les
surfaces latérales paralléles a extrémité en pointe
et formées dans sa partie, dont la largeur dans la
direction circonférentielle augmente lorsqu’elle s’ap-
proche d’une périphérie extérieure et a des surfaces
latérales paralléles a extrémité de base (213) conti-
nues avec les surfaces latérales inclinées intermé-
diaires et formées dans sa partie d’extrémité de base
présentant une largeur constante dans la direction
circonférentielle et

la derniére bobine (3c) est placée sur les dents du
coeur de stator en réalisant

une premiere étape d’'insertion de déformation de la
derniére bobine de sorte que chacune d’une extré-
mité périphérique extérieure (321) d’une partie de
conducteur d’un cbté (32A) située sur un cété dans
la direction circonférentielle de la derniére bobine et
une extrémité périphérique intérieure (323) de la par-
tie de conducteur de l'autre cbété (32B) située sur
I'autre cété dans la direction circonférentielle de la
derniére bobine a un coin a angle aigu, et d’insertion
de I'extrémité périphérique extérieure de la partie de
conducteur d’un c6té dans une ouverture d’'une fente
d’un coté (22A) située sur I'un c6té dans la direction
circonférentielle des dents,

une deuxiéme étape d’insertion pour l'insertion de
I'extrémité périphérique extérieure de la partie de
conducteur d’'un c6té dans une position limite entre
la surface latérale inclinée intermédiaire et la surface
latérale paralléle a extrémité de base dans la fente
d’un cbté, etd’insertion d’'une extrémité périphérique
extérieure de la partie de conducteur d’autre coté
dans une ouverture de la fente d’autre coté située
sur l'autre c6té dans la direction circonférentielle des
dents, tout en maintenant I'état déformé de la der-
niére bobine,

une troisieme étape d’insertion, avec I'extrémité pé-
riphérique extérieure de la partie de conducteur d’'un
cOté étant maintenue stationnaire, d’insertion de
I'extrémité périphérique extérieure de la partie de
conducteur de l'autre c6té dans une position limite
entre la surface latérale inclinée intermédiaire et la
surface latérale paralléle a extrémité de base dans



15 EP 2 955 820 B9

la fente de l'autre c6té pour ramener la derniére bo-
bine déformée dans sa forme originale et

une quatrieme étape d’insertion pour amener la der-
niére bobine a faire face aux dents et insérer simul-
tanément la partie de conducteur d’'un coté et la par-
tie de conducteur d’autre c6té dans la fente d’un cété
et la fente d’autre coté.

Procédé de fabrication d’un stator pour une machine
électrique rotative selon la revendication 1, carac-
térisé en ce que

la derniére bobine est formée par enroulement d’'un
fil rectangulaire dans une pluralité de couches agen-
cées dans la direction circonférentielle de sorte que
la bobine se conforme a une forme des dents qui est
formée par les surfaces latérales paralléles a extré-
mité en pointe, les surfaces latérales inclinées inter-
médiaires et les surfaces latérales paralléles a ex-
trémité de base.

Procédé de fabrication d’un stator pour une machine
électrique rotative selon la revendication 1 ou 2, ca-
ractérisé en ce que

la derniére bobine est placée sur un isolateur (4) qui
est réalisé avec une résine isolante et qui a été ini-
tialement attaché aux dents du coeur de stator.

Procédé de fabrication d’un stator pour une machine
électrique rotative selon I'une quelconque des re-
vendications 1 a 3, caractérisé en ce que

le procédé utilise un gabarit de montage (5) présen-
tant une partie de gabarit mobile (52) qui maintient
la derniére bobine et qui est placé de sorte a faire
face a une périphérie intérieure des dents, et une
partie de gabarit de base ou la partie de gabarit mo-
bile est placée de maniére mobile et

dans les premiére a quatriéme étapes d’insertion, la
derniére bobine maintenue par la partie de gabarit
mobile est placée surles dents pardéplacementd’'un
rouleau (523) prévu dans la partie de gabarit mobile
le long d’un rail de guidage prévu dans la partie de
gabarit de base.
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FIG. 5
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FIG. 9
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