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(57) ABSTRACT

A winding machine includes a winding core around which a
winding is wound, a first winding jig and a second winding
Jjig positioned with the winding core interposed therebetw-
een in an axial direction of a central axis of the winding
core, and a first gripper and a second gripper that are located
on an outer side of the winding core in a radial direction
around the central axis. An outer edge portion of the first
winding jig in the radial direction and an outer edge portion
of the second winding jig in the radial direction are located
on an outer side, in the radial direction, from the winding
core. Fach of the first gripper and the second gripper
includes a pair of rollers to interpose and grip the winding.
At least one of the first gripper or the second gripper is rota-
table about the central axis.
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WINDING MACHINE AND METHOD OF
MANUFACTURING COIL

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This is a U.S. national stage of application No.
PCT/IP2020/039027, filed on Oct. 16, 2020, and with prior-
ity under 35 U.S.C. §119(a) and 35 U.S.C. §365(b) being
claimed from Japanese Application No. 2020-062127, filed
on Mar. 31, 2020, the entire contents of which are hereby
incorporated herein by reference.

1. FIELD OF THE INVENTION

[0002] The present application relates to a winding
machine and a method of manufacturing a coil.

2. BACKGROUND

[0003] For example, there is known a method of manufac-
turing a coil in which a winding is pressed and wound by
moving a wire rod guide holding portion in accordance with
a timing at which the winding is wound.

[0004] In the above-described method of manufacturing
the coil, it is necessary to move the wire rod guide holding
portion in accordance with the timing at which the winding
is wound, and thus the structure of the winding machine for
manufacturing the coil tends to be complicated.

SUMMARY

[0005] A winding machine according to an example
embodiment of the present disclosure includes a winding
core around which a winding is wound, a first winding jig
and a second winding jig positioned with the winding core
interposed therebetween in an axial direction of a central
axis of the winding core, and a first gripper and a second
gripper that are located on an outer side of the winding
core in a radial direction around the central axis. An outer
edge portion of the first winding jig in the radial direction
and an outer edge portion of the second winding jig in the
radial direction are located on an outer side, in the radial
direction, from the winding core. Each of the first gripper
and the second gripper includes a pair of rollers to interpose
and grip the winding. At least one of the first gripper or the
second gripper is rotatable about the central axis.

[0006] A method of manufacturing a coil according to an
example embodiment of the present disclosure includes
winding a winding by using the winding machine described
above.

[0007] The above and other elements, features, steps,
characteristics and advantages of the present disclosure
will become more apparent from the following detailed
description of the example embodiments with reference to
the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a cross-sectional view schematically
illustrating a motor according to an example embodiment
of the present disclosure.

[0009] FIG. 2 is a cross-sectional view illustrating a por-
tion of a stator of the present example embodiment, and is a
cross-sectional view taken along line II-II in FIG. 1.

May 18, 2023

[0010] FIG. 3 is a perspective view illustrating a portion of
a coil of the present example embodiment.

[0011] FIG. 4 is a flowchart illustrating a procedure in a
method of manufacturing the coil of the present example
embodiment.

[0012] FIG. 5 is a cross-sectional view illustrating a por-
tion of the procedure in the method of manufacturing the
coil of the present example embodiment.

[0013] FIG. 6 is a perspective view illustrating the wind-
ing machine of the present example embodiment.

[0014] FIG. 7 is a cross-sectional view illustrating the
winding machine of the present example embodiment, and
is a cross-sectional view taken along line VII-VII in FIG. 6.
[0015] FIG. 8 is a perspective view illustrating a state in
the middle of assembly of the winding machine of the pre-
sent example embodiment.

[0016] FIG. 9 is a perspective view illustrating a first
guide portion and a second guide portion of the present
example embodiment.

[0017] FIG. 10 is a perspective cross-sectional view illus-
trating a portion of the first gripper of the present example
embodiment.

[0018] FIG. 11 is a perspective cross-sectional view illus-
trating a portion of the first gripper of the present example
embodiment, and is a partially enlarged view of FIG. 10.
[0019] FIG. 12 is a perspective cross-sectional view illus-
trating a portion of an assembly procedure of the winding
machine of the present example embodiment.

[0020] FIG. 13 is a view illustrating a portion of a winding
procedure of a winding using the winding machine of the
present example embodiment.

[0021] FIG. 14 is a view illustrating another portion of the
winding procedure of the winding using the winding
machine of the present example embodiment.

[0022] FIG. 15 is a view illustrating still another portion of
the winding procedure using the winding machine of the
present example embodiment.

[0023] FIG. 16 is a partial cross-sectional view illustrating
a state where a winding is wound around a winding core of
the present example embodiment.

[0024] FIG. 17 is a perspective view illustrating a portion
of a second winding body of the present example
embodiment.

[0025] FIG. 18 is a cross-sectional view illustrating
another portion of the procedure in the method of manufac-
turing the coil of the present example embodiment.

DETAILED DESCRIPTION

[0026] As illustrated in FIG. 1, a motor 1 of the present
example embodiment is an inner rotor type motor. The cen-
tral axis of the motor 1 is a motor axis J1. The motor axis J1
is a virtual axis extending in one direction. In each drawing,
a direction in which the motor axis J1 extends is indicated
by a Z1 axis. In the following description, the axial direction
of the motor axis J1 is referred to as a “motor axial direc-
tion”, the radial direction centered on the motor axis J1 is
referred to as a “motor radial direction”, and the circumfer-
ential direction centered on the motor axis J1 is referred to
as a “motor circumferential direction”.

[0027] The motor 1 includes a housing 2, a rotor 3, a stator
10, a bearing holder 4, and bearings Sa and 5b. The housing
2 accommodates the rotor 3, the stator 10, the bearing holder
4, and the bearings Sa and 5b. The rotor 3 is rotatable about
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the motor axis J1. The rotor 3 includes a shaft 3« and a rotor
main body 3b.

[0028] The shaft 3a extends in the motor axial direction
along the motor axis J1. The shaft 3¢ has, for example, a
columnar shape extending in the motor axial direction with
the motor axis J1 as a center. The shaft 3a is rotatably sup-
ported about the motor axis J1 by the bearings 5a and 5b.
The rotor main body 35 is fixed to an outer peripheral sur-
face of the shaft 3a. Although not illustrated, the rotor main
body 3b includes a rotor core fixed to the outer peripheral
surface of the shaft 3¢ and a magnet fixed to the rotor core.
The bearing holder 4 holds the bearing 5b.

[0029] The stator 10 faces the rotor 3 in the motor radial
direction with a gap interposed therebetween. In the present
example embodiment, the stator 10 is located on the outer
side of the rotor 3 in the motor radial direction. As illustrated
in FIG. 2, the stator 10 includes a stator core 20, a plurality
of coils 30, and an insulator 40. The stator core 20 includes
an annular core back 21 surrounding the motor axis J1 and a
plurality of teeth 22 extending to an inner side in the motor
radial direction from the core back 21. The core back 21 has,
for example, a cylindrical shape centered on the motor axis
J1.

[0030] The plurality of teeth 22 are arranged at intervals
along the motor circumferential direction. The plurality of
teeth 22 are arranged at equal intervals over the entire cir-
cumference along the motor circumferential direction, for
example. In the present example embodiment, the plurality
of teeth 22 are formed integrally with the core back 21. Each
of the teeth 22 has a substantially rectangular parallelepiped
shape extending linearly along the motor radial direction.
The dimension of the teeth 22 in the motor circumferential
direction is substantially constant over the entire motor
radial direction.

[0031] Note that an inner end portion of the tooth 22 in the
motor radial direction may be provided with umbrella por-
tions protruding to both sides in the motor circumferential
direction. In addition, the tooth 22 may be a member sepa-
rate from the core back 21. In this case, the tooth 22 may be
fixed to the core back 21, for example, by press-fitting a
protrusion provided at an end portion on the outer side of
the teeth 22 in the motor radial direction into a concave por-
tion provided on the inner surface of the core back 21 in the
motor radial direction.

[0032] The plurality of coils 30 are attached to the plural-
ity of teeth 22, respectively. In the present example embodi-
ment, the coil 30 1s attached to the tooth 22 via the insulator
40. Each tooth 22 passes through the inside of each coil 30
in the motor radial direction. The inner end portion of the
teeth 22 in the motor radial direction protrudes to the inner
side in the motor radial direction from the coils 30.

[0033] The coil 30 is configured by winding a flat wire.
Therefore, the space factor of the coil 30 can be improved
as compared with the case of using a round wire. In the
present specification, the “flat wire” is a wire rod of which
a cross-sectional shape is a quadrangular shape or a substan-
tially quadrangular shape. In the present specification, the
term “substantially quadrangular shape” includes a rounded
quadrangular shape in which the corners of a quadrangular
shape are rounded. Although not illustrated, the flat wire
configuring the coil 30 in the present example embodiment
is an enameled wire having an enamel coating on the
surface.
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[0034] The coil 30 includes a pair of axially extending
portions 305 extending in the motor axial direction on both
sides of the tooth 22, to which the coil 30 is attached, in the
motor circumferential direction. The tooth 22 is interposed
between the pair of axially extending portions 305 in the
motor circumferential direction. The axially extending por-
tion 305 is configured by bundling a plurality of flat wires
configuring the coil 30. The contour shape of the axially
extending portion 305 in the cross section orthogonal to
the motor axial direction is, for example, a fan shape in
which the dimension in the motor circumferential direction
decreases toward the inner side in the motor radial direction.
[0035] The term “fan shape” as used herein involves a
shape surrounded by two arcs that are equal in center of
curvature to each other and are different in radius from
each other, and two line segments extending in radius direc-
tions of circles with their centers aligned with the centers of
curvature and respectively connecting to opposite ends of
the two arcs. In addition, the term “fan shape” as used herein
involves a strictly fan shape and a substantially fan shape.
The term “substantially fan shape” as used herein involves a
shape in which fan-shaped arcs are approximated by a plur-
ality of line segments. In the present example embodiment,
the contour shape of the axially extending portion 305 in the
cross section orthogonal to the motor axial direction is a
shape surrounded by the two arcs and two line segments as
described above. Although not illustrated, the center of cur-
vature of the contour shape of the axially extending portion
305 in the cross section orthogonal to the motor axial direc-
tion is located on the inner side of the core back 21 in the
motor radial direction and is located at a position different
from the motor axis J1.

[0036] The coil 30 includes a first winding body 31 and a
second winding body 32. Fach of the first winding body 31
and the second winding body 32 is configured by winding a
flat wire. In the present example embodiment, the first wind-
ing body 31 configures the inner portion of the coil 30 in the
motor radial direction. In the present example embodiment,
the second winding body 32 configures the outer portion of
the coil 30 in the motor radial direction. That is, the second
winding body 32 is located on the outer side of the first
winding body 31 in the motor radial direction.

[0037] The second winding body 32 is connected to the
first winding body 31. More specifically, as illustrated in
FIG. 3, one end portion 31¢ of the flat wire configuring the
first winding body 31 is connected to one end portion 32¢ of
the flat wire configuring the second winding body 32.
Accordingly, first winding body 31 and second winding
body 32 are connected in series to configure one coil 30. A
method of connecting the one end portion 31¢ and the one
end portion 32c is not particularly limited. The one end por-
tion 31¢ and the one end portion 32¢ may be fixed by solder,
may be fixed by laser welding, or may be fixed by ultrasonic
bonding. In addition, the one end portion 31¢ and the one
end portion 32¢ may be provided with concave portions that
mesh with each other.

[0038] In the following description, N is a freely-selected
integer of 1 or more, and M is a freely-selected integer larger
than N. At this time, the first winding body 31 is an N-layer
winding body aligned and wound in two rows aligned in the
motor radial direction. The second winding body 32 is an
M-layer winding body aligned and wound in two rows
aligned in the motor radial direction. As illustrated in FIG.
2, in the present example embodiment, the first winding
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body 31 is configured by stacking three layers of windings
aligned and wound in two rows aligned in the motor radial
direction. That is, in the present example embodiment, N is
3, and the first winding body 31 is a three-layer winding
body aligned and wound in two rows aligned in the motor
radial direction. Accordingly, the total number of windings
of the first winding body 31 is six.

[0039] In the present example embodiment, the second
winding body 32 is configured by stacking four layers of
windings aligned and wound in two rows aligned in the
motor radial direction. That is, in the present example embo-
diment, M is 4, and the second winding body 32 is a four-
layer winding body aligned and wound in two rows aligned
in the motor radial direction. Accordingly, the total number
of windings of the second winding body 32 is eight. There-
fore, the total number of windings of the coil 30 is fourteen.
[0040] The first winding body 31 has a pair of first axially
extending portions 315 extending in the motor axial direc-
tion on both sides of the tooth 22, to which the first winding
body 31 is attached, in the motor circumferential direction.
The contour shape of the first axially extending portion 315
in the cross section orthogonal to the motor axial direction
is, for example, a fan shape in which the dimension in the
motor circumferential direction decreases toward the inner
side in the motor radial direction. More specifically, the con-
tour shape of the first axially extending portion 315 in the
cross section orthogonal to the motor axial direction is a
shape surrounded by two arcs and two line segments, simi-
larly to the axially extending portion 305 described above.
[0041] In the present example embodiment, the cross-sec-
tional shape of the portion configuring the first axially
extending portion 315 among the flat wires configuring the
first winding body 31 is a trapezoidal shape in which the
dimension in the motor circumferential direction decreases
toward the inner side in the motor radial direction. More
specifically, the cross-sectional shape of the portion config-
uring the first axially extending portion 315 among the flat
wires configuring the first winding body 31 is a rounded
trapezoidal shape in which the dimension in the motor cir-
cumferential direction decreases toward the inner side in the
motor radial direction. In the following description, a por-
tion configuring the first axially extending portion 315
among the flat wires configuring the first winding body 31
is referred to as a first coil wire portion 31a.

[0042] Each of the pair of first axially extending portions
315 is configured by bundling a plurality of first coil wire
portions 31a. In the present example embodiment, each of
the first axially extending portions 315 is configured by
bundling six first coil wire portions 31a. More specifically,
in the present example embodiment, two rows of the first
axially extending portions 315 are configured to be arranged
in the motor radial direction, each row having three first coil
wire portions 31a arranged in the motor circumferential
direction. The dimension in the motor circumferential direc-
tion in the cross section of the first coil wire portion 31a
configuring the row on the outer side in the motor radial
direction among the two rows aligned in the motor radial
direction is larger than the dimension in the motor circum-
ferential direction in the cross section of the first coil wire
portion 31a configuring the row on the inner side in the
motor radial direction. The dimension in the motor radial
direction in the cross section of the first coil wire portion
31a configuring the row on the outer side in the motor radial
direction is smaller than the dimension in the motor radial
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direction in the cross section of the first coil wire portion
31a configuring the row on the inner side in the motor radial
direction. The cross-sectional areas of the first coil wire por-
tions 31a are the same.

[0043] The second winding body 32 has a pair of second
axially extending portions 325 extending in the motor axial
direction on both sides of the tooth 22, to which the second
winding body 32 is attached, in the motor circumferential
direction. The pair of second axially extending portions
325 is arranged adjacent to the outer sides of the pair of
first axially extending portions 315 in the motor radial direc-
tion, respectively. The first axially extending portion 315
and the second axially extending portion 325 adjacent in
the motor radial direction configure the axially extending
portion 305 of the coil 30. That is, the axially extending
portion 305 includes the first axially extending portion 315
provided on the first winding body 31 and the second axially
extending portion 325 provided on the second winding body

[0044] The contour shape of the second axially extending
portion 325 in the cross section orthogonal to the motor
axial direction is, for example, a fan shape in which the
dimension in the motor circumferential direction decreases
toward the inner side in the motor radial direction. More
specifically, the contour shape of the second axially extend-
ing portion 325 in the cross section orthogonal to the motor
axial direction is a shape surrounded by two arcs and two
line segments, similarly to the axially extending portion 30b
described above.

[0045] In the present example embodiment, the cross-sec-
tional shape of the portion configuring the second axially
extending portion 325 among the flat wires configuring the
second winding body 32 is a trapezoidal shape in which the
dimension in the motor circumferential direction decreases
toward the inner side in the motor radial direction. More
specifically, the cross-sectional shape of the portion config-
uring the second axially extending portion 326 among the
flat wires configuring the second winding body 32 is a
rounded trapezoidal shape in which the dimension in the
motor circumferential direction decreases toward the inner
side in the motor radial direction. In the following descrip-
tion, the portion configuring the second axially extending
portion 326 among the flat wires configuring the second
winding body 32 is referred to as a second coil wire portion
32a.

[0046] Each of the pair of second axially extending por-
tions 325 is configured by bundling a plurality of second coil
wire portions 32a. In the present example embodiment, each
of the second axially extending portions 325 is configured
by bundling eight second coil wire portions 32a. More spe-
cifically, in the present example embodiment, two rows of
the second axially extending portions 324 are configured to
be arranged in the motor radial direction, each row having
four second coil wire portions 32a arranged in the motor
circumferential direction. The dimension in the motor cir-
cumferential direction in the cross section of the second
coil wire portion 32a configuring the row on the outer side
in the motor radial direction among the two rows aligned in
the motor radial direction is larger than the dimension in the
motor circumferential direction in the cross section of the
second coil wire portion 32a configuring the row on the
inner side in the motor radial direction. The dimension in
the motor circumferential direction in the cross section of
the second coil wire portion 32¢ is smaller than the dimen-
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sion in the motor circumferential direction in the cross sec-
tion of the first coil wire portion 31a.

[0047] The dimension in the motor radial direction in the
cross section of the second coil wire portion 32a configuring
the row on the outer side in the motor radial direction is
smaller than the dimension in the motor radial direction in
the cross section of the second coil wire portion 32a config-
uring the row on the inner side in the motor radial direction.
The dimension in the motor radial direction in the cross sec-
tion of the second coil wire portion 32¢ is larger than the
dimension in the motor radial direction in the cross section
of the first coil wire portion 31a. The cross-sectional areas
of the second coil wire portions 32a are the same.

[0048] As illustrated in FIG. 3, one end portion 31¢ con-
nected to the second winding body 32 is obliquely drawn out
from one of the pair of first axially extending portions 315 to
one side (+ Z1 side) in the motor axial direction. The one
end portion 32¢ connected to the first winding body 31 is
obliquely drawn out from one of the pair of second axially
extending portions 325 to one side in the motor axial direc-
tion. The first axially extending portion 315 from which the
one end portion 31¢ is drawn out and the second axially
extending portion 325 from which the one end portion 32¢
is drawn out are located on opposite sides with the tooth 22
interposed therebetween in the motor circumferential
direction.

[0049] Although not illustrated, the cross-sectional shape
of a portion configuring a portion other than the first axially
extending portion 315 in the flat wire configuring the first
winding body 31 is, for example, a rounded square shape.
The cross-sectional shape of a portion configuring a portion
other than the second axially extending portion 325 in the
flat wire configuring the second winding body 32 is, for
example, a rounded square shape.

[0050] As illustrated in FIG. 2, the insulator 40 is, for
example, a sheet-shaped insulating member. The insulators
40 may be an insulating tape or an insulating sheet of paper.
In the present example embodiment, the insulator 40 is pro-
vided for each of the pair of axially extending portions 305.
The insulator 40 is wound around each of the pair of axially
extending portions 30b. The insulator 40 provided on the
axially extending portion 305 surrounds the axially extend-
ing portion 305 in a cross section orthogonal to the motor
axial direction. Although not illustrated, the insulator 40 is
provided over substantially the entire axially extending por-
tion 305 in the motor axial direction.

[0051] Asillustrated in FIG. 4, a method of manufacturing
the coil 30 includes a first winding process S1, a second
winding process S2, a compression process S3, and a con-
nection process S4. As illustrated in FIG. 5, the first winding
process S1 is a process of winding a flat wire to form a first
winding body 131. The second winding process S2 is a pro-
cess of winding a flat wire to form a second winding body
132. Either the first winding process S1 or the second wind-
ing process S2 may be performed first, or may be performed
simultaneously.

[0052] The first winding body 131 is a winding body
before becoming the first winding body 31 described
above. In the first winding body 131, each cross-sectional
shape of a plurality of first coil wire portions 131a config-
uring a first axially extending portion 1315 is a rounded
square shape. The contour shape of the first axially extend-
ing portion 1315 in the cross section orthogonal to the motor
axial direction is, for example, a substantially rectangular
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shape. The cross-sectional shape of the flat wire configuring
the first winding body 131 is the same in any portion. The
first winding body 131 is a three-layer winding body aligned
and wound in two rows aligned in the motor radial direction.
[0053] The second winding body 132 is a winding body
before becoming the second winding body 32 described
above. In the second winding body 132, each cross-sectional
shape of a plurality of second coil wire portions 132a con-
figuring a second axially extending portion 132b is a
rounded square shape. The contour shape of the second axi-
ally extending portion 1325 in the cross section orthogonal
to the motor axial direction is, for example, a substantially
rectangular shape. The cross-sectional shape of the flat wire
configuring the second winding body 132 is the same in any
portion. The cross-sectional shape of the flat wire configur-
ing the second winding body 132 is the same as the cross-
sectional shape of the flat wire configuring the first winding
body 131. The second winding body 132 is a four-layer
winding body aligned and wound in two rows aligned in
the motor radial direction.

[0054] In the present example embodiment, the first wind-
ing process S1 and the second winding process S2 are per-
formed by using the winding machine 50 illustrated in
FIGS. 6 to 11. That is, the first winding process S1 and the
second winding process S2 are processes of winding the
winding 33 using the winding machine 50. In the present
example embodiment, the winding 33 is a flat wire. As illu-
strated in FIG. 7, the winding machine 50 of the present
example embodiment includes a base member 51, a first
holder 61, a second holder 62, a bearing member 63, a first
gripper 70a, a second gripper 705, a winding core 80, a first
winding jig 81, and a second winding jig 82. In addition, as
illustrated in FIG. 8, the winding machine 50 includes elas-
tic portions 65a and 65b. In addition, as illustrated in FIG. 9,
the winding machine 50 includes a first guide portion 81d
and a second guide portion 82d.

[0055] In FIGS. 6 to 16, a direction parallel to the central
axis J2 of the winding core 80 is indicated by a Z2 axis. In
the following description, unless otherwise specified, the
axial direction of the central axis J2 is simply referred to
as an “axial direction”, the radial direction centered on the
central axis J2 is simply referred to as a “radial direction”,
and the circumferential direction around the central axis J2
is simply referred to as a “circumferential direction”. In
addition, a positive side (+ Z side) of the 72 axis in the
axial direction is referred to as an “upper side”, and a nega-
tive side (-Z side) of the 72 axis in the axial direction is
referred to as a lower side. In the present example embodi-
ment, the upper side corresponds to “one side in the axial
direction”, and the lower side corresponds to “the other side
in the axial direction”.

[0056] A direction parallel to the X axis shown in each
drawing among the directions orthogonal to the axial direc-
tion 1is referred to as a “left-right direction X”, and a direc-
tion parallel to the Y axis shown in each drawing among the
directions orthogonal to the axial direction is referred to as a
“front-rear direction Y”. The left-right direction X and the
front-rear direction Y are directions orthogonal to each
other. A positive side (+X side) in the left-right direction
X is referred to as a “right side”, and a negative side (-X
side) in the left-right direction X is referred to as a “left
side”. A positive side (+Y side) in the front-rear direction
Y is referred to as a “front side”, and a negative side (-Y



US 2023/0154676 Al

side) in the front-rear direction Y is referred to as a “rear
side”.

[0057] Note that the left-right direction, the front-rear
direction, the upper side, the lower side, the right side, the
left side, the front side, and the rear side are merely used for
describing arrangement and other relationships between
each part. The actual arrangement and other relationships
may include those other than the relationships indicated by
these terms.

[0058] The positional relationship of each part of the
winding machine 50 will be described below with respect
to an initial state before the winding 33 is attached to the
winding machine 50, and the winding of the winding 33 is
started. FIGS. 6 and 7 illustrate the winding machine 50 in
the initial state.

[0059] Asillustrated in FIGS. 6 and 7, the base member 51
expands in a direction orthogonal to the axial direction. As
illustrated in FIG. 7, the first winding jig 81 is fixed to the
central portion of the base member 51 by a bolt 52.

[0060] The first winding jig 81 has a columnar shape
extending in the axial direction. The first winding jig 81
has, for example, a columnar shape centered on the central
axis J2. The first winding jig 81 protrudes to the upper side
from the central portion of the base member 51. The first
winding jig 81 includes a first winding jig body 81a and a
first support portion 815.

[0061] The first winding jig body 81a has a columnar
shape centered on the central axis J2. The first winding jig
body 81a has a first hole 81¢ recessed to the lower side from
the upper surface of the first winding jig body 81a. In the
present example embodiment, the first hole 81c¢ penetrates
the first winding jig body 81« in the axial direction. The
central axis J2 passes through the inside of the first hole
81c. As illustrated in FIG. 8, the first hole 81c¢ is, for exam-
ple, a rounded rectangular hole long in the front-rear direc-
tion Y. Note that the first hole 81¢ may be a hole having a
bottom portion on the lower side.

[0062] As illustrated in FIG. 7, the first support portion
815 is located inside the first hole 81c. The first support
portion 815 protrudes to the radially inner side from the
inner peripheral surface of the first hole 81¢, for example.
The first support portion 815 is located, for example, in a
portion closer to the upper side of the inside of the first
hole 81c.

[0063] In the present example embodiment, the second
winding jig 82 is located on the upper side of the first wind-
ing jig 81. The first winding jig 81 and the second winding
jig 82 are arranged with the winding core 80 interposed
therebetween in the axial direction. The second winding
jig 82 is arranged on the upper side of the first winding jig
81 with a gap therebetween. The interval between the first
winding jig 81 and the second winding jig 82 in the axial
direction is larger than two times the thickness of the wind-
ing 33 and smaller than three times the thickness of the
winding 33. The second winding jig 82 has a columnar
shape extending in the axial direction. The second winding
jig 82 has, for example, a columnar shape centered on the
central axis J2. The outer diameter of the second winding jig
82 is, for example, the same as the outer diameter of the first
winding jig 81. The second winding jig 82 includes a second
winding jig body 82a and a second support portion 825b.
[0064] The second winding jig body 82a has a columnar
shape centered on the central axis J2. The second winding
jig body 824 has a second hole 82¢ recessed to the upper
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side from the lower surface of the second winding jig body
824. In the present example embodiment, the second hole
82¢ penetrates the second winding jig body 82a in the
axial direction. The central axis J2 passes through the inside
of the second hole 82¢. As illustrated in FIG. 6, the second
hole 82¢ is, for example, a rounded rectangular hole long in
the front-rear direction Y. Note that the second hole 82¢ may
be a hole having a bottom portion on the upper side.

[0065] As illustrated in FIG. 7, the second support portion
825 1s located inside the second hole 82¢. The second sup-
port portion 825 protrudes to the radially inner side from the
inner peripheral surface of the second hole 82¢, for example.
The second support portion 825 is located, for example, in a
portion closer to the lower side of the inside of the second
hole 82c.

[0066] The winding 33 is wound around the winding core
80. The winding core 80 has a columnar shape extending in
the axial direction with the central axis J2 as the center. As
illustrated in FIG. 12, the winding core 80 has, for example,
a substantially quadrangular prism shape which is long in
the front-rear direction Y and flat in the left-right direction
X. As illustrated in FIG. 7, the winding core 80 is located
between the first winding jig 81 and the second winding jig
82 in the axial direction. The lower portion of the winding
core 80 is inserted into the first hole 81¢ from above. The
lower portion of the winding core 80 is fitted into the first
hole 81c¢. The upper portion of the winding core 80 is
inserted into the second hole 82¢ from below. The upper
portion of the winding core 80 is fitted into the second
hole 82c.

[0067] The upper portion of the winding core 80 is fixed to
the second winding jig 82, for example, by a hexagon socket
set screw 83. The hexagon socket set screw 83 is fastened to
the radially inner side from the outer peripheral surface of
the second winding jig 82. The radially inner end portion of
the hexagon socket set screw 83 is pressed against the side
surface of the winding core 80 in the left-right direction X.
The central portion of the winding core 80 in the axial direc-
tion is exposed to a gap in the axial direction between the
first winding jig 81 and the second winding jig 82.

[0068] The lower end portion of the winding core 80 is in
contact with the first support portion 815 from above in the
first hole 81¢. The upper end portion of the winding core 80
is in contact with the second support portion 825 from below
in the second hole 82¢. Accordingly, the winding core 80,
the first winding jig 81, and the second winding jig 82 are
positioned in the axial direction. The first winding jig 81 and
the second winding jig 82 protrude to the radially outer side
from the winding core 80. That is, the radially outer edge
portion of the first winding jig 81 and the radially outer edge
of the second winding jig 82 are located on the radially outer
side from the winding core 80.

[0069] As illustrated in FIG. 9, the first guide portion 81d
is located around the winding core 80. In the present exam-
ple embodiment, the first guide portion 81d protrudes from
the first winding jig 81 toward the second winding jig 82.
More specifically, the first guide portion 81d protrudes to the
upper side from the peripheral edge portion of the first hole
81c¢ of the upper surface of the first winding jig body 8la.
The first guide portion 814 and the first winding jig 81 are,
for example, a part of the same single member. The first
guide portion 81d is located, for example, on the rear side
(-Y side) of the first hole 81c¢. The radially inner surface of
the first guide portion 814 is in contact with the outer per-
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ipheral surface of the winding core 80. That is, the first
guide portion 81d is connected to the outer peripheral sur-
face of the winding core 80. The radially outer surface of the
first guide portion 81d has, for example, the same shape as
the shape of the portion, which is in contact with the first
guide portion 81d, of the outer peripheral surface of the
winding core 80 when viewed in the axial direction. The
radially outer surface of the first guide portion 814 is, for
example, a curved surface slightly curved in a direction pro-
truding toward the rear side.

[0070] The first guide portion 814 has a first guide surface
81e and a first top surface 81f. The first guide surface 81e is
a surface facing to the upper side. The first guide surface 81e
is an inclined surface located closer to the upper side toward
one side in the circumferential direction. In the present
example embodiment, one side in the circumferential direc-
tion is a side that advances counterclockwise around the
central axis J2 when viewed from above. The first top sur-
face 81f is connected to the end portion of the first guide
surface 81e on one side in the circumferential direction. In
the first top surface 81f; the first top surface 81fs, for exam-
ple, a flat surface that faces to the upper side and is ortho-
gonal to the axial direction. In the present example embodi-
ment, the first guide surface 81e¢ and the first top surface 81f
configure the upper surface of the first guide portion 81d.
[0071] The second guide portion 824 is located around the
winding core 80. In the present example embodiment, the
second guide portion 82d protrudes from the second wind-
ing jig 82 toward the first winding jig 81. More specifically,
the second guide portion 82d protrudes to the lower side
from the peripheral edge portion of the second hole 82¢ of
the lower surface of the second winding jig body 82a. The
second guide portion 824 and the second winding jig 82 are,
for example, a part of the same single member. The second
guide portion 824 is located, for example, on the rear side
(-Y side) of the second hole 82¢. The radially inner surface
of the second guide portion 824 is in contact with the outer
peripheral surface of the winding core 80. That is, the sec-
ond guide portion 824 is connected to the outer peripheral
surface of the winding core 80. The radially outer surface of
the second guide portion 82d has, for example, the same
shape as the shape of the portion, which is in contact with
the second guide portion 824, of the outer peripheral surface
of the winding core 80 when viewed in the axial direction.
The radially outer surface of the second guide portion 824
is, for example, a curved surface slightly curved in a direc-
tion protruding toward the rear side.

[0072] The second guide portion 82d has a second guide
surface 82¢ and a second top surface 82f. The second guide
surface 82¢ is a surface facing to the lower side. The second
guide surface 82¢ is an inclined surface located closer to the
upper side toward one side in the circumferential direction.
The shape of the second guide surface 82¢ is similar to the
shape of the first guide surface 81e. The first guide surface
81e and the second guide surface 82¢ are arranged to face
each other with a gap interposed therebetween in the axial
direction.

[0073] The second top surface 82fis connected to the end
portion of the second guide surface 82¢ on the other side in
the circumferential direction. In the present example embo-
diment, the other side in the circumferential direction is a
side that advances clockwise around the central axis J2
when viewed from above. The second top surface 82f'is,
for example, a flat surface that faces to the lower side and
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is orthogonal to the axial direction. The first top surface 81f
and the second top surface 82f are arranged apart from each
other in the circumferential direction. A part of the first top
surface 81f overlaps, for example, an end portion of the sec-
ond guide surface 82¢ on one side in the circumferential
direction when viewed in the axial direction. A part of the
second top surface 82f overlaps, for example, an end portion
of the first guide surface 81e on the other side in the circum-
ferential direction when viewed in the axial direction. The
first guide portion 814 and the second guide portion 824 are
arranged in attitudes opposite to each other in the axial
direction, but have shapes similar to each other, for example.
[0074] As illustrated in FIGS. 7 and 8, the first holder 61 is
a member that holds the first gripper 70a. The first holder 61
is located on the upper side of the base member 51. The first
holder 61 is supported from below by the base member S1.
As illustrated in FIG. 8, the first holder 61 has an annular
shape surrounding the first winding jig 81. The outer periph-
eral surface of the first holder 61 has, for example, an annu-
lar shape centered on the central axis J2. The first holder 61
includes a first annular portion 61c¢, a first bearing portion
61b, a plurality of first connection portions 614, and a pair of
protruding wall portions 61;.

[0075] The first annular portion 61c¢ has an annular shape
surrounding the central axis J2. The first annular portion 61¢
has, for example, an annular shape centered on the central
axis J2. The first annular portion 61¢ has a first guide hole
61: that penetrates the left (-X side) end portion of the first
annular portion 61c in the left-right direction X. The first
guide hole 61: opens to the upper side.

[0076] The first bearing portion 615 is located to be sepa-
rated on the radially inner side of the first annular portion
61c. The first bearing portion 615 has, for example, a sub-
stantially rectangular shape long in the front-rear direction
Y when viewed in the axial direction. The first bearing por-
tion 615 has a first bearing hole 61e axially penetrating the
first bearing portion 615. The first bearing hole 61e is a sub-
stantially circular hole centered on the central axis J2. The
first bearing hole 6le opens to the left side (-X side), for
example. The first winding jig 81 is fitted to the radially
inner side of the first bearing hole 6le. The first winding
Jjig 81 rotatably supports the first holder 61 about the central
axis J2 via the inner peripheral surface of the first bearing
hole 6le. In the present example embodiment, the first
holder 61 is bidirectionally rotatable about the central axis
2.

[0077] The first bearing portion 615 has a pair of guide
grooves 61f and 61g. The guide grooves 61f and 61g are
recessed to the lower side from the upper surface of the
first bearing portion 615 and extend in the front-rear direc-
tion Y. The guide groove 61f and the guide groove 61g are
arranged with the central axis J2 interposed therebetween in
the front-rear direction Y. The guide groove 61f'is located on
the front side (+Y side) of the first bearing hole 61¢. The rear
(-Y side) end portion of the guide groove 61f opens to the
inside of the first bearing hole 61e. The guide groove 61g is
located on the rear side of the first bearing hole 61e. The end
portion of the guide groove 61g on the front side opens to
the radially inner side of the first bearing hole 61e.

[0078] The first bearing portion 615 has a pair of accom-
modation grooves 61/. The accommodation groove 614 is
recessed to the lower side from the upper surface of the first
bearing portion 615 and extends in the left-right direction X.
The left (-X side) end portion of the accommodation groove
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614 opens to the left side surface of the first bearing portion
61b. The pair of accommodation grooves 61/ is arranged
with the first bearing hole 61e¢ interposed therebetween in
the front-rear direction Y. The pair of accommodation
grooves 61/ is located on the radially outer side from the
pair of guide grooves 61f and 61g. Each of the elastic por-
tions 65a and 655 is accommodated in each of the pair of
accommodation grooves 614. The elastic portions 65« and
65b are, for example, coil springs extending in the left-right
direction X. The width of the pair of accommodation
grooves 614 in the front-rear direction Y is narrowed at the
upper opening portion. Accordingly, the elastic portions 65a
and 65b are suppressed from coming out to the upper side
from the accommodation groove 614.

[0079] The plurality of first connection portions 61d are
located between the first bearing portion 615 and the first
annular portion 61c in the radial direction. The plurality of
first connection portions 61d connect the first bearing por-
tion 615 and the first annular portion 61c. The plurality of
first connection portions 61d extend from the radially outer
surface of the first bearing portion 615 to the radially inner
surface of the first annular portion 61c. The plurality of first
connection portions 614 is arranged at intervals in the cir-
cumferential direction.

[0080] The pair of protruding wall portions 615 protrudes
to the upper side from different first connection portions
61d. The pair of protruding wall portions 61; is arranged
apart from each other on the left side (-X side) of the first
bearing portion 615. Each of the pair of protruding wall por-
tions 61; is arranged apart from the left side of each of the
pair of accommodation grooves 614. The pair of protruding
wall portions 615 is arranged with a pair of rollers 72 and 73
described later interposed therebetween in the front-rear
direction Y.

[0081] The first holder 61 includes a pair of pressing
members 64 arranged with a pair of protruding wall portions
61, interposed in the front-rear direction Y. The pair of
pressing members 64 is fixed to the upper surfaces of the
first connection portions 61d different from each other.
The pressing member 64 is fixed to the first connection por-
tion 61d by, for example, a bolt.

[0082] The second holder 62 is a member which holds the
second gripper 70b. As illustrated in FIG. 7, the second
holder 62 is located on the upper side of the first holder
61. The second holder 62 is supported from below by the
first holder 61. As illustrated in FIG. 6, the second holder
62 has an annular shape surrounding the second winding jig
82. The upper end portion of the second winding jig 82 pro-
trudes to the upper side from the upper surface of the second
holder 62, for example. The outer peripheral surface of the
second holder 62 has, for example, an annular shape cen-
tered on the central axis J2. The outer diameter of the second
holder 62 is, for example, the same as the outer diameter of
the first holder 61. The second holder 62 includes a second
annular portion 62c¢, a second bearing portion 624, and a
plurality of second connection portions 62d.

[0083] The second annular portion 62¢ has an annular
shape surrounding the central axis J2. The second annular
portion 62¢ has, for example, an annular shape centered on
the central axis J2. The second annular portion 62¢ overlaps
the first annular portion 61¢ when viewed in the axial direc-
tion. The second annular portion 62¢ has a second guide
hole 62i penetrating the right (+X side) end portion of the
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second annular portion 62¢ in the left-right direction X. The
second guide hole 627 opens to the lower side.

[0084] The second bearing portion 625 is located on the
radially inner side of the second annular portion 62¢. The
second bearing portion 625 has, for example, a substantially
rectangular shape long in the front-rear direction Y when
viewed in the axial direction. The second bearing portion
62b has a fitting hole 62¢ axially penetrating the second
bearing portion 62b. The fitting hole 62e is, for example, a
rectangular hole long in the front-rear direction Y. Although
not illustrated, the second bearing portion 625 has a pair of
accommodation grooves on the lower surface. An elastic
portion (not illustrated) is accommodated in each of the
accommodation grooves of the second bearing portion 625.
[0085] The plurality of second connection portions 62d
are located between the second bearing portion 625 and
the second annular portion 62¢ in the radial direction. The
plurality of second connection portions 62d connect the sec-
ond bearing portion 625 and the second annular portion 62c¢.
The plurality of second connection portions 62d extend
from the radially outer surface of the second bearing portion
625 to the radially inner surface of the second annular por-
tion 62¢. The plurality of second connection portions 62d is
arranged at intervals in the circumferential direction.
[0086] The bearing member 63 is a substantially rectangu-
lar parallelepiped member long in the front-rear direction Y.
The bearing member 63 is fitted into the fitting hole 62¢. The
bearing member 63 is attached to the second holder 62 to be
relatively non-rotatable about the central axis J2. The upper
end portion of the bearing member 63 protrudes to the upper
side from the upper surface of the second holder 62.

[0087] The bearing member 63 has a second bearing hole
63a axially penetrating the bearing member 63. The second
bearing hole 63a is a substantially circular hole centered on
the central axis J2. The second bearing hole 63a opens to the
right side (+X side), for example. The second winding jig 82
is fitted to the radially inner side of the second bearing hole
63a. The second winding jig 82 supports the bearing mem-
ber 63 and the second holder 62 via the inner peripheral sur-
face of the second bearing hole 634 to be rotatable about the
central axis J2. In the present example embodiment, the sec-
ond holder 62 is bidirectionally rotatable about the central
axis J2. Accordingly, the first holder 61 and the second
holder 62 are rotatable about the central axis J2 in directions
opposite to each other.

[0088] As illustrated in FIG. 7, the first gripper 70a and
the second gripper 705 are located on the outer side of the
winding core 80 in the radial direction. In the initial state
illustrated in FIGS. 6 and 7, the first gripper 70a and the
second gripper 705 are arranged with the central axis J2
interposed therebetween in the left-right direction X when
viewed in the axial direction. The first gripper 70a is located
on the radial outer side of the first winding jig 81. The sec-
ond gripper 705 is located on the radial outer side of the
second winding jig 82. In the initial state, the first gripper
70a 1s located on the left side (-X side) of the first winding
jig 81. In the initial state, the second gripper 705 is located
on the right side (+X side) of the second winding jig 82.
[0089] The first gripper 70a is held on the upper side of the
first holder 61. The second gripper 705 is held on the lower
side of the second holder 62. The first gripper 70a and the
second gripper 705 are arranged to be displaced in the axial
direction. The first gripper 70a is located on the lower side
from the second gripper 705.
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[0090] The first gripper 70a and the second gripper 705
have structures similar to each other. The first gripper 70a
and the second gripper 705 are arranged to be inverted in the
axial direction. In the following description, only the first
gripper 70a may be described as a representative of the
first gripper 70a and the second gripper 705.

[0091] As illustrated in FIG. 8, the first gripper 70a
includes a base material 71, a pair of rollers 72 and 73,
and a pair of clamping members 74 and 75. The base mate-
rial 71 is located on the radial outer side of the first winding
jig 81. The base material 71 includes a radially extending
portion 71a, a pair of first arms 715 and 71¢, and a pair of
second arms 71d and 71e. The radially extending portion
71a extends in the radial direction. A direction in which
the radially extending portion 7la extends in the initial
state 1s, for example, the left-right direction X. The radially
extending portion 71a has, for example, a quadrangular
prism shape.

[0092] The pair of first arms 715 and 71¢ extends from the
radially inner end portion of the radially extending portion
71a to both respective sides in the front-rear direction Y
orthogonal to both the direction in which the radially
extending portion 71a extends and the axial direction. The
first arm 715 extends, for example, from the radially inner
end portion of the radially extending portion 71a to the front
side (+Y side). The first arm 71¢ extends, for example, from
the radially inner end portion of the radially extending por-
tion 71a to the rear side (-Y side). Each of the pair of first
arms 715 and 71c passes between each of the pair of pro-
truding wall portions 61/ and the first bearing portion 615 in
the left-right direction X. The pair of first arms 715 and 71¢
is supported from below by the first connection portion 61d.
[0093] The pair of second arms 71d and 71e respectively
extends from the distal ends of the pair of first arms 715 and
71c in the left-right direction X in which the radially extend-
ing portion 71a extends. The second arm 71d extends to the
left side (-X side) from the front (+Y side) end portion of the
first arm 71b. The second arm 71e extends to the left side
from the rear (-Y side) end portion of the first arm 71c¢. The
pair of second arms 71d and 71e is arranged with the pair of
protruding wall portions 61; interposed therebetween in the
front-rear direction Y. Each of the pair of second arms 71d
and 71e is located between the protruding wall portion 61/
and the pressing member 64 in the front-rear direction Y. A
part of the pair of second arms 714 and 71e is covered with
the pressing member 64 from above. Therefore, even when
the first gripper 70a tries to move to the upper side, the pair
of second arms 714 and 71e is caught by the pressing mem-
ber 64. Accordingly, the first gripper 70a is suppressed from
being detached to the upper side from the first holder 61.
[0094] The pair of rollers 72 and 73 is arranged with the
radially extending portion 71a interposed therebetween in
the front-rear direction Y. The roller 72 is located, for exam-
ple, on the front side (+Y side) of the radially extending
portion 71a. The roller 73 is located, for example, on the
rear side (-Y side) of the radially extending portion 71a.
The roller 72 is rotatable about a rotation axis R2. The roller
73 is rotatable about a rotation axis R3. In the present exam-
ple embodiment, the rotation axis R2 and the rotation axis
R3 are parallel to the central axis J2. That is, in the present
example embodiment, the axial direction of the rotation axes
R2 and R3 is the axial direction of the central axis J2.
[0095] As illustrated in FIG. 10, the roller 72 includes a
cylindrical portion 72a, a first roller portion 725, and a sec-
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ond roller portion 72¢. The cylindrical portion 72a has a
cylindrical shape opening on both sides in the axial direction
around the rotation axis R2. The outer peripheral surface of
the cylindrical portion 72a has a cylindrical shape. The inner
peripheral surface of the cylindrical portion 72a has a hex-
agonal cylindrical shape. The first roller portion 72k
expands to the radially outer side about the rotation axis
R2 from the upper end portion of the cylindrical portion
72a. The first roller portion 726 has an annular shape cen-
tered on the rotation axis R2. The first roller portion 725 has,
for example, a plate shape having the plate surface facing
the axial direction.

[0096] As illustrated in FIG. 11, the outer peripheral sur-
face of the first roller portion 725 is a contact portion 72f that
can come into contact with the winding 33 in the radial
direction around the rotation axis R2 of the roller 72. That
is, the roller 72 has the contact portion 72f. A pair of collar
portions 72d and 72e is provided on the outer peripheral
surface of the first roller portion 72b. That is, the roller 72
has the pair of collar portions 724 and 72e. The pair of collar
portions 72d and 72e protrudes to the outer side from the
contact portion 72fin the radial direction around the rotation
axis R2 of the roller 72. The pair of collar portions 724 and
72e¢ has an annular shape centered on the rotation axis R2.
The pair of collar portions 724 and 72e is arranged to face
each other with a space interposed therebetween in the axial
direction of the rotation axis R2. The collar portion 72d is
located, for example, at the upper end portion of the contact
portion 72f The collar portion 72e is located, for example,
at the lower end portion of the contact portion 72f. The pair
of collar portions 72d and 72e axially interpose the front
(+Y side) edge portion of the winding 33.

[0097] As illustrated in FIG. 10, the second roller portion
T2¢ expands to the outer side in the radial direction about the
rotation axis R2 from the lower end portion of the cylindri-
cal portion 72a. The second roller portion 72¢ has an annu-
lar shape centered on the rotation axis R2. The second roller
portion 72¢ has, for example, a plate shape having the plate
surface facing the axial direction.

[0098] The outer diameter of the second roller portion 72¢
is larger than the outer diameter of the first roller portion
725, for example. The radially extending portion 71a and
the protruding portion 74¢ to be described later are located
between the first roller portion 72b and the second roller
portion 72¢ in the axial direction. The first roller portion
72b and the second roller portion 72¢ interpose the front
(+Y side) portion of the radially extending portion 71a in
the axial direction.

[0099] In the present example embodiment, the shape of
the roller 73 is similar to the shape of the roller 72. Similarly
to the roller 72, the roller 73 includes a cylindrical portion
73a, a first roller portion 73b, and a second roller portion
73c. The radially extending portion 71a and the protruding
portion 75¢ to be described later are located between the first
roller portion 735 and the second roller portion 73c¢ in the
axial direction. The first roller portion 735 and the second
roller portion 73¢ interpose the rear (-Y side) portion of the
radially extending portion 71« in the axial direction. As illu-
strated in FIG. 11, similarly to the roller 72, the roller 73 has
a contact portion 73f'and a pair of collar portions 734 and
73e. That is, each of the pair of rollers 72 and 73 has the
contact portion and the pair of collar portions. The pair of
collar portions 734 and 73e axially interpose the rear edge
portion of the winding 33.
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[0100] The first roller portion 725 and the first roller por-
tion 73b can grip the winding 33 with the winding inter-
posed therebetween in the front-rear direction Y. Accord-
ingly, the pair of rollers 72 and 73 can grip the winding 33
with the winding interposed therebetween. In a state where
the winding 33 is gripped by the pair of rollers 72 and 73,
each of the contact portion 72f and the contact portion 73f1s
in contact with the winding 33 in the radial direction around
the rotation axes R2 and R3 to interpose the winding 33. As
illustrated in FIG. 10, the second roller portion 72¢ and the
second roller portion 73¢ are in contact with each other in
the radial direction around the rotation axes R2 and R3.
[0101] As illustrated in FIG. 8, the pair of clamping mem-
bers 74 and 75 is arranged with the radially extending por-
tion 71a and the pair of rollers 72 and 73 interposed in the
front-rear direction Y. The clamping member 74 is located
on the front side (+Y side) of the radially extending portion
71a and the roller 72. The clamping member 75 is located on
the rear side (-Y side) of the radially extending portion 71a
and the roller 73.

[0102] The clamping member 74 includes a straight por-
tion 74a, a curved portion 74b, and a protruding portion 74c¢.
The straight portion 74a extends in the left-right direction X
in which the radially extending portion 71a extends. The
straight portion 74a is located on the front side (+Y side)
of the radially extending portion 71a. The straight portion
74a has a portion axially interposing the front side portion of
the radially extending portion 71a. The curved portion 745
is connected to the radially inner end portion of the straight
portion 74a. The curved portion 745 is located on the front
side of the roller 72. The curved portion 74b extends in the
circumferential direction around the rotation axis R2. The
curved portion 74b is curved in a direction to protrude to
the front side when viewed in the axial direction.

[0103] The protruding portion 74c¢ protrudes from the
curved portion 74b toward the radially extending portion
71a. The protruding portion 74¢ protrudes to the rear side
(-Y side) from the curved portion 74b, for example. The
protruding portion 74¢ is located between the first roller por-
tion 72b and the second roller portion 72¢ in the axial direc-
tion. The protruding portion 74¢ has a bearing concave por-
tion 74e recessed in a direction away from the radially
extending portion 71a. The bearing concave portion 74e is
recessed to the front side (+Y side) from the rear end portion
of the protruding portion 74¢. As illustrated in FIG. 10, the
cylindrical portion 72a is located inside the bearing concave
portion 74e. The inner surface of the bearing concave por-
tion 74e supports the cylindrical portion 72« to be rotatable
about the rotation axis R2. The inner surface of the bearing
concave portion 74e is pressed against the outer peripheral
surface of the cylindrical portion 72a from the front side.
The cylindrical portion 72« is interposed in the front-rear
direction Y by the protruding portion 74¢ and the radially
extending portion 71a.

[0104] The shape of the clamping member 75 is arranged
substantially symmetrically in the front-rear direction Y
with respect to the shape of the clamping member 74. The
clamping member 75 includes a straight portion 75a, a
curved portion 75bh, and a protruding portion 75¢. The
straight portion 75a extends in the left-right direction X in
which the radially extending portion 71a extends. The
straight portion 75« is located on the rear side (-Y side) of
the radially extending portion 71a. The straight portion 75a
has a portion axially interposing the rear portion of the
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radially extending portion 71a. The curved portion 756 is
connected to the radially inner end portion of the straight
portion 75a. The curved portion 756 is located on the rear
side of the roller 73. The curved portion 75b extends in the
circumferential direction around the rotation axis R3. The
curved portion 75b is curved in a direction to be convex to
the rear side when viewed in the axial direction.

[0105] The protruding portion 75c¢ protrudes from the
curved portion 75h toward the radially extending portion
71a. The protruding portion 75¢ protrudes to the front side
(+Y side) from the curved portion 75b, for example. The
protruding portion 74c¢ is located between the first roller por-
tion 73b and the second roller portion 73¢ in the axial direc-
tion. The protruding portion 75¢ has a bearing concave por-
tion 7S5e recessed in a direction away from the radially
extending portion 71a. The bearing concave portion 75¢ is
recessed to the rear side (-Y side) from the front end portion
of the protruding portion 75¢. The cylindrical portion 73a is
located inside the bearing concave portion 75e. The inner
surface of the bearing concave portion 75e supports the
cylindrical portion 73a to be rotatable about the rotation
axis R3. The inner surface of the bearing concave portion
75¢ 1s pressed against the outer peripheral surface of the
cylindrical portion 73a from the rear side. The cylindrical
portion 73a is interposed in the front-rear direction Y by
the protruding portion 75¢ and the radially extending por-
tion 71a.

[0106] The clamping member 75 has a through hole 754
penetrating the straight portion 75a in the front-rear direc-
tion Y. A bolt 79 passes through the through hole 754 from
the rear side (-Y side). The bolt 79 passes through a through
hole 71/ provided in the radially extending portion 71a in
the front-rear direction Y and is fastened into a female screw
hole 74d provided in the straight portion 74a of the clamp-
ing member 74. As the bolt 79 is fastened, the clamping
members 74 and 75 approach each other in the front-rear
direction Y. As the bolt 79 is fastened, the cylindrical por-
tion 72a of the roller 72 is pressed against the radially
extending portion 71a by the inner surface of the bearing
concave portion 74e in the protruding portion 74¢. As the
bolt 79 is fastened, the cylindrical portion 73a of the roller
73 is pressed against the radially extending portion 71a by
the inner surface of the bearing concave portion 75¢ in the
protruding portion 75¢.

[0107] Accordingly, by adjusting the fastening amount of
the bolt 79, the frictional force around the rotation axes R2
and R3 generated between the outer peripheral surfaces of
the cylindrical portions 72a and 73a of the rollers 72 and 73
and the inner surfaces of the bearing concave portions 74e
and 75¢ and the side surface of the radially extending por-
tion 71a in the front-rear direction Y can be adjusted. In the
following description, the frictional force around the rota-
tion axes R2 and R3 generated between the outer peripheral
surfaces of the cylindrical portions 72a and 73a of the roll-
ers 72 and 73 and the inner surfaces of the bearing concave
portions 74e and 75e¢ and the side surface of the radially
extending portion 7la in the front-rear direction Y is
referred to as “the rotational static frictional force of the roll-
ers 72 and 73”.

[0108] By adjusting the fastening amount of the bolt 79, a
force for interposing the winding 33 between the first roller
portions 726 and 736 can also be adjusted. That is, the radial
frictional force generated between the first roller portions
72b and 73b and the winding 33 can be adjusted by adjust-
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ing the fastening amount of the bolt 79. In the following
description, the radial frictional force generated between
the first roller portions 7256 and 736 and the winding 33 is
referred to as “the holding static frictional force of the wind-
ing 33”.

[0109] In the present example embodiment, since the sec-
ond roller portions 72¢ and 73c¢ are in contact with each
other in the front-rear direction Y, a part of the fastening
force due to the fastening of the bolt 79 can be received by
the second roller portions 72¢ and 73c¢. Accordingly, the
load applied to the cylindrical portions 72a and 73a and
the first roller portions 72b and 736 can be suppressed
from becoming excessively large, and the rotational static
frictional force of the rollers 72 and 73 and the holding static
frictional force of the winding 33 can be suitably adjusted.

[0110] The first gripper 70a is held to be movable in the
radial direction with respect to the first holder 61 within a
range in which the pair of first arms 715 and 71¢ is movable
between the first bearing portion 616 and the protruding
wall portion 61;. As illustrated in FIG. 8, the radially outer
portion of the first gripper 70a passes through the first guide
hole 61; in the radial direction. The radially outer portion of
the first gripper 70q is fitted into the first guide hole 61:i. In
the present example embodiment, the radially outer portion
of the first gripper 70a includes the radially outer portion of
the radially extending portion 71« and the radially outer por-
tions of the straight portions 74a and 75a. The radially outer
end portion of the first gripper 70a protrudes to the radially
outer side from the first holder 61.

[0111] An elastic force FE toward the radially outer side is
applied to the first gripper 70a by the elastic portions 65a
and 65b. That is, the elastic portions 65a and 655 apply a
force to the pair of rollers 72 and 73 in a direction away from
the winding core 80. In the initial state, the elastic portion
65a applies, to the first arm 715, the elastic force FE toward
the left side (-X direction). The elastic portion 65b applies,
to the first arm 71c, the elastic force FE toward the left side.
[0112] The total value of the elastic forces FE applied by
the two elastic portions 65a and 656 is smaller than the hold-
ing static frictional force of the winding 33. In addition, the
rotational moment generated in the rollers 72 and 73 by
applying the elastic force FE of the two elastic portions
65a and 6556 to the first gripper 70a is smaller than the rota-
tional static frictional force of the rollers 72 and 73. There-
fore, even when the elastic portions 65a and 655 apply the
elastic force FE to the rollers 72 and 73, the rollers 72 and 73
do not rotate about the rotation axes R2 and R3, and slippage
does not occur between the rollers 72 and 73 and the wind-
ing 33. Accordingly, the winding 33 can be interposed and
pulled by the pair of rollers 72 and 73, and a tension T can be
applied to the winding 33. The magnitude of the tension T is
the sum of the magnitudes of the elastic forces FE applied
by the two elastic portions 654 and 655.

[0113] As illustrated in FIG. 6, the second gripper 705
includes a pair of rollers 77 and 78 that can be gripped
with the winding 33 interposed therebetween. The pair of
rollers 77 and 78 is located to be slightly separated above
the pair of rollers 72 and 73 of the first gripper 70a. Simi-
larly to the first gripper 70a, the second gripper 705 is held
to be movable in the radial direction with respect to the sec-
ond holder 62. The radially outer portion of the second grip-
per 70b passes through the second guide hole 62 in the
radial direction. The radially outer portion of the second
gripper 705 is fitted into the second guide hole 62i. The
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radially outer end portion of the second gripper 705 pro-
trudes to the radially outer side from the second holder 62.
[0114] As described above, the first holder 61 and the sec-
ond holder 62 are bidirectionally rotatable about the central
axis J2, and thus the first gripper 70a held by the first holder
61 and the second gripper 705 held by the second holder 62
are also bidirectionally rotatable about the central axis J2.
Accordingly, in the present example embodiment, the first
gripper 70a and the second gripper 70/ are rotatable about
the central axis J2 in the directions opposite to each other.
[0115] In the present example embodiment, a worker or
the like forms the first winding body 131 and the second
winding body 132 by using the winding machine 50
described above. In the following description, an example
of a case where the second winding body 132 is formed by
the winding machine 50 will be described. Note that, in the
present specification, the “worker or the like” includes a
worker, an assembling device, and the like that perform
each work. Each work may be performed only by the
worker, may be performed only by the assembling device,
or may be performed by the worker and the assembling
device.

[0116] In a state where the windings 33 are gripped by the
first gripper 70a and the second gripper 705, the worker or
the like assembles the first holder 61 holding the first gripper
70a and the second holder 62 holding the second gripper
705 on the base member 51. As illustrated in FIG. 12, at
this time, the second winding jig 82, the winding core 80,
and the bearing member 63 are not assembled. In addition,
at this time, the winding 33 linearly extends from the first
gripper 70a to the second gripper 705 when viewed in the
axial direction. In this state, the winding 33 passes over the
first hole 81c¢ of the first winding jig 81.

[0117] Next, the worker or the like assembles the second
winding jig 82 in a state where the winding core 80 is fixed.
The worker or the like inserts the winding core 80 into the
guide groove 61g from above, and moves the winding core
80 and the second winding jig 82 to the rear side (-Y side)
along the guide groove 61g. Accordingly, the worker or the
like fits the winding core 80 into the first hole 81c¢. At this
time, the winding core 80 pushes and bends the portion of
the winding 33 arranged on the first hole 81¢ toward the rear
side. Accordingly, as illustrated in FIG. 13, the portion of
the winding 33 located between the portion gripped by the
first gripper 70a and the portion gripped by the second grip-
per 706 is slightly curved toward the rear side.

[0118] In this state, a portion of the winding 33 which is in
contact with the rear (-Y side) end portion of the winding
core 80 is located between the first guide portion 81d and the
second guide portion 82d in the axial direction. As illu-
strated in FIG. 9, a portion of the winding 33 which is in
contact with the rear end portion of the winding core 80 is
arranged obliquely along the first guide surface 81e and the
second guide surface 82e¢. After assembling the winding
core 80 and the second winding jig 82, the worker or the
like fits the bearing member 63 into the fitting hole 62e.
Accordingly, the winding machine 50 in the initial state illu-
strated in FIGS. 6 and 7 is assembled.

[0119] The worker or the like rotates the first holder 61
and the second holder 62 about the central axis J2 in the
directions opposite to each other with respect to the winding
machine 50 in the initial state to wind the winding 33 around
the winding core 80. The worker or the like rotates the first
holder 61 clockwise about the central axis J2 when viewed
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from above, and rotates the second holder 62 counterclock-
wise about the central axis J2 when viewed from above.
Accordingly, as illustrated in FIGS. 13 to 15, the first grip-
per 70a and the second gripper 705 rotate about the central
axis J2 in the directions opposite to each other, and the
winding 33 is wound around the winding core 80. By repeat-
ing the procedure illustrated in FIGS. 13 to 15, the second
winding body 132 wound around the winding core 80 is
formed as illustrated in FIG. 16.

[0120] In FIG. 16, in the cross section of a plurality of
second coil wire portions 1324 in the second winding body
132, the winding order is virtually indicated by a number.
Among the plurality of second coil wire portions 132a
stacked in two layers in the axial direction, the second coil
wire portion 132a located on the lower side is a portion
wound around the winding core 80 by the first gripper 70a.
Among the plurality of second coil wire portions 132a
stacked in two layers in the axial direction, the second coil
wire portion 132a located on the upper side is a portion
wound around the winding core 80 by the second gripper
706.

[0121] When the winding 33 is wound around the winding
core 80, the winding 33 is pulled to the radially inner side.
Therefore, the first gripper 70a which grips the winding 33
is also pulled to the radially inner side to be moved. Accord-
ingly, the elastic portions 65a¢ and 65b are further com-
pressed and deformed, and the elastic force FE applied
from the elastic portions 65a and 655 to the pair of rollers
72 and 73 increases. Further, when the rotational moment
applied to the pair of rollers 72 and 73 by the elastic force
FE becomes larger than the rotational static frictional force
of the rollers 72 and 73, the pair of rollers 72 and 73 rotates
to sequentially feed the winding 33. Accordingly, the wind-
ing 33 can be fed in a state where the tension T is suitably
applied to the winding 33. Note that since the holding static
frictional force of the winding 33 is larger than the elastic
force FE when the pair of rollers 72 and 73 starts to rotate, it
is possible to suppress slippage from occurring between the
winding 33 and the pair of rollers 72 and 73. As for the
second gripper 705, the winding 33 is fed from the pair of
rollers 77 and 78 similarly to the first gripper 70a.

[0122] According to the present example embodiment,
each of the first gripper 70a and the second gripper 705
includes a pair of rollers that can be gripped with the wind-
ing 33 interposed therebetween. At least one of the first grip-
per 70a and the second gripper 705 is rotatable about the
central axis J2. Therefore, by rotating the rotatable gripper,
among the first gripper 70a and the second gripper 705,
about the central axis J2, the winding 33 can be wound
around the winding core 80. At this time, since the first
winding jig 81 and the second winding jig 82 are arranged
with the winding core 80 interposed in the axial direction,
the movement of the winding 33 in the axial direction can be
suppressed by the first winding jig 81 and the second wind-
ing jig 82. In addition, since the winding 33 can be gripped
by the pair of rollers 72 and 73 and the pair of rollers 77 and
78, the winding 33 can be fed by the rotation of each roller
while applying the tension T to the winding 33 as described
above. Accordingly, the winding 33 can be wound suitably
along the outer peripheral surface of the winding core 80. As
described above, according to the present example embodi-
ment, the winding 33 can be suitably wound around the
winding core 80 without providing a member or the like
that moves in accordance with the timing at which the wind-
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ing 33 is wound. Therefore, the coil 30 can be suitably man-
ufactured while the winding machine 50 has a simple
structure.

[0123] According to the present example embodiment, the
first gripper 70a and the second gripper 706 are rotatable
about the central axis J2 in the directions opposite to each
other. Therefore, as described above, the first gripper 70a
and the second gripper 70b are simultaneously rotated
about the central axis J2 in the directions opposite to each
other, and the winding 33 can be wound around the winding
core 80. Accordingly, when the winding 33 is wound around
the winding core 80 one or more turns as illustrated in FIG.
15, the portion of the winding 33 fed out from the first grip-
per 70a and wound around the winding core 80 and the por-
tion fed out from the second gripper 705 and wound around
the winding core 80 overlap each other in the axial direction.
Therefore, the portion of the winding 33 wound by one of
the first gripper 70a and the second gripper 70b can be
pressed in the axial direction by the portion of the winding
33 wound by the other of the first gripper 70« and the second
gripper 705.

[0124] Specifically, in the present example embodiment,
the portion of the winding 33 wound by the first gripper
70a is suppressed from moving to the lower side by the
first winding jig 81, and the portion of the winding 33
wound by the second gripper 705 is suppressed from mov-
ing to the upper side. In addition, the portion of the winding
33 wound by the second gripper 705 is suppressed from
moving to the upper side by the second winding jig 82,
and the portion of the winding 33 wound by the first gripper
70q is suppressed from moving to the lower side. Accord-
ingly, the windings 33 can be suitably aligned and wound,
and the coil 30 can be more suitably manufactured.

[0125] According to the present example embodiment, the
winding machine 50 includes the first holder 61 that holds
the first gripper 70a and the second holder 62 that holds the
second gripper 70b. The first holder 61 has an annular shape
surrounding the first winding jig 81. The second holder 62
has an annular shape surrounding the second winding jig 82.
The first holder 61 and the second holder 62 are rotatable
about the central axis J2 in the directions opposite to each
other. Therefore, by rotating the first holder 61 and the sec-
ond holder 62 in opposite directions to each other about the
central axis J2, the first gripper 70a and the second gripper
70b can be easily revolved about the central axis J2.

[0126] According to the present example embodiment, the
winding machine 50 has the first guide portion 814 located
around the winding core 80. The first guide portion 814 has
the first guide surface 81e located closer to the upper side
toward one side in the circumferential direction around the
central axis J2. Therefore, as illustrated in FIG. 9, when the
winding 33 is attached to the winding machine 50, the por-
tion of the winding 33 that comes into contact with the
winding core 80 can be arranged obliquely to be inclined
in the axial direction along the first guide surface 8le.
Accordingly, the portion of the winding 33 wound in the
first turn by the first gripper 70a and the portion of the wind-
ing 33 wound in the first turn by the second gripper 705 can
be arranged to be suitably shifted in the axial direction.
Therefore, the portion of the winding 33 wound in the sec-
ond turn by the first gripper 70a and the second gripper 705
is easy to be suitably overlapped with the portion of the
winding 33 wound in the first turn in the axial direction.
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[0127] Specifically, in the present example embodiment,
the portion of the winding 33 wound in the second turn by
the first gripper 70a is easy to be inserted into the lower side
of the portion wound in the first turn by the second gripper
705b. In addition, the portion wound in the second turn by the
second gripper 706 is easy to be inserted into the upper side
of the portion wound in the first turn by the first gripper 70a.
[0128] The end portion of the winding 33 wound in the
second turn by the first gripper 70a can be supported from
the front side (+Y side) by the radially outer surface of the
first guide portion 81d. Therefore, it is possible to suppress
the end portion of the winding 33 wound in the second turn
by the first gripper 70a from entering the lower side of the
portion of the winding 33 arranged obliquely along the first
guide portion 81d. Therefore, the portion of the winding 33
wound in the third turn by the first gripper 70a can be sui-
tably overlapped on the outer side of the portion of the wind-
ing 33 wound in the first turn by the first gripper 70a. There-
fore, the windings 33 can be more suitably aligned and
wound.

[0129] By providing the first guide portion 81d as
described above, it is possible to suppress the displacement
of the winding 33 and to suitably align and wind the winding
33. Therefore, the winding 33 can be wound at a relatively
high speed in a state where a relatively strong tension T is
applied to the winding 33.

[0130] According to the present example embodiment, the
winding machine S0 has the second guide portion 82d
located around the winding core 80. The second guide por-
tion 82d has the second guide surface 82¢ located closer to
the upper side toward one side in the circumferential direc-
tion around the central axis J2. The first guide surface 81e
and the second guide surface 82¢ are arranged to face each
other with a gap interposed therebetween in the axial direc-
tion. Therefore, by the first guide surface 81¢ and the second
guide surface 82e¢, the portion of the winding 33 in contact
with the winding core 80 can be arranged more suitably to
be obliquely inclined in the axial direction. Accordingly, the
windings 33 can be more suitably aligned and wound.
[0131] The end portion of the winding 33 wound in the
second turn by the second gripper 705 can be supported
from the front side (+Y side) by the radially outer surface
of the second guide portion 82d. Therefore, it is possible to
suppress the end portion of the winding 33 wound in the
second turn by the second gripper 705 from entering the
upper side of the portion of the winding 33 arranged obli-
quely between the first guide portion 814 and the second
guide portion 82d. Therefore, the portion of the winding
33 wound in the third turn by the second gripper 705 can
be suitably overlapped on the outer side of the portion of
the winding 33 wound in the first turn by the second gripper
70b. Accordingly, the windings 33 can be more suitably
aligned and wound.

[0132] According to the present example embodiment, the
first guide portion 814 and the second guide portion 824 are
connected to the outer peripheral surface of the winding core
80. Therefore, the portion of the winding 33 brought into
contact with the winding core 80 is easy to be brought into
contact with the first guide portion 81d and the second guide
portion 82d. Accordingly, the winding 33 can be suitably
guided by the first guide portion 814 and the second guide
portion 82d. Therefore, the windings 33 can be more suita-
bly aligned and wound.
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[0133] According to the present example embodiment, the
first guide portion 81d protrudes from the first winding jig
81 toward the second winding jig 82, and the second guide
portion 82d protrudes from the second winding jig 82
toward the first winding jig 81. Therefore, by changing the
axial interval between the first winding jig 81 and the second
winding jig 82, the axial interval between the first guide
portion 81d and the second guide portion 824 can be easily
changed. Accordingly, even in a case where the thickness of
the winding 33 is changed, by changing the interval between
the first guide portion 814 and the second guide portion 82d
according to the thickness of the winding 33, the winding 33
can be suitably wound around the winding core 80.

[0134] According to the present example embodiment, the
roller 72 has the collar portions 72d and 72¢ protruding from
the contact portion 72fto the outer side in the radial direc-
tion about the rotation axis R2 of the roller 72. The roller 73
has the collar portions 73d and 73e protruding from the con-
tact portion 73fto the outer side in the radial direction about
the rotation axis R3 of the roller 73. Therefore, the windings
33 in contact with the contact portions 72f and 73f can be
pressed in the axial direction by the collar portions 72d, 72e,
73d, and 73e. Accordingly, it is possible to suppress the
winding 33 gripped by the first gripper 70a from being dis-
placed in the axial direction. In addition, similarly, the collar
portion provided on the second gripper 70b can suppress the
winding 33 gripped by the second gripper 705 from being
displaced in the axial direction. Therefore, when the wind-
ing 33 is wound by the first gripper 70a and the second
gripper 70b, when the portion of the winding 33 wound by
the first gripper 70a and the portion of the winding 33
wound by the second gripper 70/ intersect to be displaced
in the axial direction, the portions of the winding 33 can be
suppressed from coming into contact with each other. There-
fore, the winding 33 can be more suitably wound. In addi-
tion, the inclination of the winding 33 can be suppressed.
Accordingly, it is possible to suppress the twisting of the
winding 33.

[0135] According to the present example embodiment,
each the pair of rollers 72 and 73 includes a pair of collar
portions arranged to face each other with a space interposed
therebetween in the axial direction of the rotation axis R2,
R3. Therefore, the winding 33 can be interposed and pressed
in the axial direction by each of the pair of collar portions
72d and 72e¢ and the pair of collar portions 734 and 73e.
Accordingly, the winding 33 can be further suppressed
from being displaced in the axial direction with respect to
the pair of rollers 72 and 73. Therefore, when the winding
33 is wound, it is possible to further suppress the contact
between the portion of the winding 33 wound by the first
gripper 70a and the portion of the winding 33 wound by
the second gripper 70b. Therefore, the winding 33 can be
more suitably wound. In addition, the inclination of the
winding 33 can be further suppressed. Accordingly, it is pos-
sible to further suppress the twisting of the winding 33.
[0136] According to the present example embodiment, the
winding machine 50 includes the elastic portions 65a and
65b that apply a force to the pair of rollers 72 and 73 in a
direction away from the winding core 80. Therefore, the
tension T can be applied to the winding 33 gripped by the
pair of rollers 72 and 73 by the force received from the elas-
tic portions 65a and 65b. Accordingly, the tension T can be
easily applied to the winding 33.
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[0137] According to the present example embodiment, the
winding 33 wound around the winding core 80 is a flat wire.
Therefore, it is easy to align and wind the winding 33 with
respect to the winding core 80.

[0138] As illustrated in FIG. 17, the second winding body
132 formed by using the winding machine 50 is provided
with a first concave portion 1324 generated by providing
the first guide portion 81d. The first concave portion 1324
is provided in a circumferentially extending portion 132¢
connecting the end portions of the pair of second axially
extending portions 1326 in the motor axial direction to
each other. More specifically, the first concave portion
1324 is provided at the first turn of the circumferentially
extending portion 132¢. The first concave portion 1324 is
recessed in the motor radial direction. Although not illu-
strated, the second winding body 132 is also provided with
a second concave portion generated by providing the second
guide portion 824d. The second concave portion is provided
in a portion of the circumferentially extending portion 132¢
on the side opposite to the side where the first concave por-
tion 1324 is provided in the motor radial direction.

[0139] As illustrated in FIG. 18, the compression process
S3 is a process of compressing and deforming the first wind-
ing body 131 and the second winding body 132. As illu-
strated in FIG. 4, in the present example embodiment, the
compression process S3 includes a first compression process
S3a and a second compression process S3b. The first com-
pression process S3a is a process of compressing and
deforming the first winding body 131. The second compres-
sion process S3b is a process of compressing and deforming
the second winding body 132. In the present example embo-
diment, the first compression process S3a and the second
compression process S3b are provided before the connec-
tion process S4. Either the first compression process S3a
or the second compression process S3h may be performed
first, or may be performed simultaneously.

[0140] In the first compression process S3a of the present
example embodiment, the contour shape of the first axially
extending portion 1315 in the cross section orthogonal to the
motor axial direction is deformed into a fan shape in which
the dimension in the motor circumferential direction
decreases toward the inner side in the motor radial direction.
Accordingly, the cross-sectional shape of the portion config-
uring the first axially extending portion 1315 among the flat
wires configuring the first winding body 131, that is, the
cross-sectional shape of the first coil wire portion 131a is
deformed into a trapezoidal shape in which the dimension
in the motor circumferential direction decreases toward the
inner side in the motor radial direction. By the first compres-
sion process S3a, the first axially extending portion 1315
becomes the first axially extending portion 315, and the
above-described first winding body 31 is formed.

[0141] In the second compression process S3b of the pre-
sent example embodiment, the contour shape of the second
axially extending portion 1325 in the cross section orthogo-
nal to the motor axial direction is deformed into a fan shape
in which the dimension in the motor circumferential direc-
tion decreases toward the inner side in the motor radial
direction. Accordingly, the cross-sectional shape of the por-
tion configuring the second axially extending portion 1325
among the flat wires configuring the second winding body
132, that is, the cross-sectional shape of the second coil wire
portion 132a is deformed into a trapezoidal shape in which
the dimension in the motor circumferential direction
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decreases toward the inner side in the motor radial direction.
By the second compression process S35, the second axially
extending portion 1325 becomes the second axially extend-
ing portion 32b, and the above-described second winding
body 32 is formed.

[0142] As described above, in the compression process
S3, the contour shape of the first axially extending portion
1315 in the cross section orthogonal to the motor axial direc-
tion is deformed into a fan shape in which the dimension in
the motor circumferential direction decreases toward the
inner side in the motor radial direction, and the contour
shape of the second axially extending portion 1325 in the
cross section orthogonal to the motor axis J1 is deformed
into a fan shape in which the dimension in the motor circum-
ferential direction decreases toward the inner side in the
motor radial direction.

[0143] A method of compressing and deforming each
winding body in first compression process S3a and second
compression process S3b is not particularly limited. In the
first compression process S3a and the second compression
process S3b of the present example embodiment, each axi-
ally extending portion is subjected to press working by a
mold surrounding each axially extending portion of each
winding body, and each winding body is compressed and
deformed.

[0144] The connection process S4 is a process of arran-
ging the second winding body 32 on the outer side of the
first winding body 31 in the motor radial direction to con-
nect the first winding body 31 and the second winding body
32. In the connection process S4 of the present example
embodiment, the one end portion 31c¢ of the first winding
body 31 and the one end portion 32¢ of the second winding
body 32 are connected. As described above, a method of
connecting the one end portion 31¢ and the one end portion
32c¢ is not particularly limited. Through the above processes,
the coil 30 is manufactured.

[0145] According to the present example embodiment, the
coil 30 includes the first winding body 31 and the second
winding body 32 connected to the first winding body 31.
When N is a freely-selected integer of 1 or more, and M is
a freely-selected integer larger than N, the first winding
body 31 is an N-layer winding body aligned and wound in
two rows aligned in the motor radial direction, and the sec-
ond winding body 32 is an M-layer winding body aligned
and wound in two rows aligned in the motor radial direction.
In the case of aligning and winding flat wires in two rows, it
is easy to align and wind the flat wires with high accuracy as
compared with the case of aligning and winding the flat
wires in three or more rows. Therefore, by connecting a
plurality of winding bodies each aligned and wound in two
rows, it is possible to easily manufacture the coil 30 in
which flat wires are accurately aligned in four or more
rows. Accordingly, the distortion of the shape of the coil
30 can be suppressed.

[0146] M is a freely-selected integer larger than N. There-
fore, the number of layers of the second winding body 32
located on the outer side of the first winding body 31 in the
motor radial direction is larger than the number of layers of
the first winding body 31. Here, in a case where the motor 1
is an inner rotor type motor, an interval between the teeth 22
adjacent to each other in the motor circumferential direction
increases toward the outer side in the motor radial direction.
Therefore, by making the number of layers of the second
winding bodies 32 located on the outer side of the first wind-
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ing body 31 in the motor radial direction larger than the
number of layers of the first winding body 31, more wind-
ings can be arranged between the teeth 22 with high space
efficiency. Accordingly, the total number of windings of the
coil 30 can be suitably increased.

[0147] For example, in a case where a multilayer wound
coil is simply formed by aligning and winding flat wires, the
total number of windings of the coil is the number obtained
by multiplying the number of alignments by the number of
layers. Therefore, for example, in a case where at least one
of the number of alignments and the number of layers is
limited, there is a possibility that the total number of wind-
ings of the coil that can be adopted is limited. On the other
hand, according to the present example embodiment, since
the number of layers of the first winding body 31 and the
number of layers of the second winding body 32 are differ-
ent from each other, it is easy to adjust the total number of
windings of the coil 30 by adjusting the number of layers of
each winding body. Therefore, the degree of freedom of the
total number of windings of the coil 30 that can be adopted
can be improved. In the present example embodiment, for
example, the total number of windings of the coil 30 can be
set to any even number of six or more.

[0148] In addition, according to the present example
embodiment, the contour shape of the axially extending por-
tion 305 in the cross section orthogonal to the motor axial
direction is a fan shape in which the dimension in the motor
circumferential direction decreases toward the inner side in
the motor radial direction. Therefore, the coils 30 can be
suitably filled and arranged between the teeth 22 adjacent
to each other in the motor circumferential direction. Accord-
ingly, it is easy to further improve the space factor of the coil

[0149] In addition, for example, in a case where the con-
tour shape of the axially extending portion is formed into the
fan shape as described above in the conventional multilayer
wound coil, the cross-sectional shape of the coil wire por-
tion located on the inner side in the motor radial direction
has a smaller dimension in the motor circumferential direc-
tion and a larger dimension in the motor radial direction. On
the other hand, the cross-sectional shape of the coil wire
portion located on the outer side in the motor radial direction
has a larger dimension in the motor circumferential direc-
tion and a smaller dimension in the motor radial direction.
Accordingly, the cross-sectional shape of at least some of
the coil wire portions tends to be flat. In this case, the eddy
current loss of the coil tends to increase. When a flat wire
having a substantially square cross-sectional shape is
deformed to have a flat cross-sectional shape, the deforma-
tion amount of the flat wire tends to increase. Therefore,
when the flat wire is deformed, there is a possibility that
the enamel coating provided on the surface is broken. In
addition, the deformation of each coil wire portion config-
uring the axially extending portion tends to be non-uniform.
[0150] On the other hand, according to the present exam-
ple embodiment, the number of layers of the second winding
body 32 located on the outer side of the first winding body
31 in the motor radial direction is larger than the number of
layers of the first winding body 31. Therefore, the number of
layers of the second winding bodies 32 configuring the por-
tion of the axially extending portion 305 on the outer side in
the motor radial direction can be relatively large, and the
number of layers of the first winding bodies 31 configuring
the portion of the axially extending portion 305 on the inner
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side in the motor radial direction can be relatively small.
Accordingly, even when the contour shape of the axially
extending portion 305 is deformed into a fan shape, the
deformation amount of each coil wire portion configuring
the axially extending portion 30b can be reduced. Therefore,
the cross-sectional shape of each coil wire portion can be
suppressed from becoming flat. Therefore, it is possible to
suppress an increase in eddy current loss of the coil 30. In
addition, it is possible to suppress breakage of the enamel
coating provided on the surface of the flat wire. In addition,
it is possible to suppress the deformation of each coil wire
portion configuring the axially extending portion 305 from
becoming non-uniform.

[0151] For example, in a case where flat wires are simply
aligned and wound to form a multilayer wound coil, in a
certain number of layers or the like, the contour shape of
the axially extending portion may be difficult to be com-
pressed and deformed into a fan shape due to the increase
in the deformation amount of the flat wires as described
above. Therefore, in a case where the contour shape of the
axially extending portion is formed in a fan shape, the num-
ber of layers and the like are likely to be limited, and there is
a possibility that the total number of windings of the coil
that can be adopted is limited. On the other hand, according
to the present example embodiment, the contour shape of
the axially extending portion can be formed into a fan
shape while suppressing the deformation amount of each
coil wire portion as described above. Therefore, it is possi-
ble to suppress the occurrence of limitation on the total num-
ber of windings of the coil 30 that can be adopted, and it is
easy to adopt the desired total number of windings of the
coil 30 within an even number range of six or more.

[0152] According to the present example embodiment, the
first compression process S3a and the second compression
process S3b are provided before the connection process S4.
Therefore, it is possible to connect the first winding body 31
and the second winding body 32 after the first winding body
131 and the second winding body 132 are respectively
deformed to form the first winding body 31 and the second
winding body 32. Accordingly, each winding body can be
easily compressed and deformed as compared with a case
where the first winding body 131 and the second winding
body 132 are collectively compressed and deformed after
being bonded.

[0153] The present disclosure is not limited to the above-
described example embodiment, and another configuration
may be adopted within the scope of the technical idea of the
present disclosure. The type of the winding wound by the
winding machine is not particularly limited. The winding
may be, for example, a round wire. One of the first gripper
and the second gripper may be non-rotatable about the cen-
tral axis of the winding core. In this case, the winding core
may be rotatable about the central axis. In this case, the
winding can be wound similarly to the above-described
example embodiment by simultaneously rotating the other
gripper rotatable about the central axis and the winding core
in the same direction about the central axis. The first gripper
and the second gripper may be rotatable only in one direc-
tion around the central axis.

[0154] The first guide portion may be provided on the
winding core. The first guide portion may not have the first
guide surface. The first guide portion may not be provided.
The second guide portion may be provided on the winding
core. The second guide portion may not have the second
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guide surface. The second guide portion may not be
provided.
[0155] One of the pair of rollers of the first gripper may
not have the collar portion. One of the pair of rollers of the
second gripper may not have the collar portion. The collar
portion may not be provided. The elastic portion may be any
member as long as a force is applied to the pair of rollers ina
direction away from the winding core. One elastic portion
may be provided for each gripper, or three or more elastic
portions may be provided for each gripper. The elastic por-
tion may not be provided.
[0156] N is not particularly limited as long as it is an inte-
ger of 1 or more. M is not particularly limited as long as it is
an integer larger than N. L is not particularly limited as long
as it is an integer larger than M. For example, N may be 1, M
may be 2, and L. may be 3. That is, the first winding body
may be a single-layer winding body, the second winding
body may be a two-layer winding body, and the third wind-
ing body may be a three-layer winding body. In addition, M
may be greater than N by 2 or more, and L. may be greater
than M by 2 or more. N, M, and L are preferably, for exam-
ple, 10 or less. This is because it is easy to wind the flat wire
to form each winding body, and it is easy to compress and
deform each winding body. In addition, M is preferably, for
example, three times or less of N. In this way, when the
second winding body is compressed and deformed, the
cross-sectional shape of the coil wire portion configuring
the second axially extending portion can be suppressed
from becoming flatter. The contour shape of the axially
extending portion in the cross section orthogonal to the
axial direction may not be a fan shape. The cross-sectional
shape of the coil wire portion configuring the axially extend-
ing portion may not be a trapezoidal shape.
[0157] The process of compressing and deforming the first
winding body and the process of compressing and deform-
ing the second winding body may be provided after the pro-
cess of connecting the first winding body and the second
winding body. The processes of compressing and deforming
the first winding body and the second winding body may not
be provided. The coil formed by the winding machine of the
present disclosure is not particularly limited. The coil
formed by the winding machine of the present disclosure
may be the first winding body itself or the second winding
body itself.
[0158] The motor to which the coil formed by the winding
machine of the present disclosure is applied is not particu-
larly limited. The motor to which the coil formed by the
winding machine of the present disclosure is applied may
be an outer rotor type motor. The configurations and meth-
ods described above in the present specification can be
appropriately combined within a range consistent with
each other.
[0159] Features of the above-described preferred example
embodiments and the modifications thereof may be com-
bined appropriately as long as no conflict arises.
[0160] While example embodiments of the present disclo-
sure have been described above, it is to be understood that
variations and modifications will be apparent to those
skilled in the art without departing from the scope and spirit
of the present disclosure. The scope of the present disclo-
sure, therefore, is to be determined solely by the following
claims.

1-12. (canceled)

13. Awinding machine comprising:
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awinding core around which a winding is wound,;

afirst winding jig and a second winding jig positioned with
the winding core interposed therebetween in an axial
direction of a central axis of the winding core; and

a first gripper and a second gripper that are located on an

outer side of the winding core in aradial direction around
the central axis; wherein

an outer edge portion of the first winding jig in the radial

direction and an outer edge portion of the second winding
jig in the radial direction are located on an outer side, in
the radial direction, from the winding core;

each of the first gripper and the second gripper includes a

pair of rollers to interpose and grip the winding; and

at least one of the first gripper or the second gripper is rota-

table about the central axis.

14. The winding machine according to claim 13, wherein
the first gripper and the second gripper are rotatable about the
central axis in directions opposite to each other.

15. The winding machine according to claim 14, further
comprising:

afirst holder that holds the first gripper; and

a second holder that holds the second gripper; wherein

the first holder has an annular shape surrounding the first

winding jig;

the second holder has an annular shape surrounding the sec-

ond winding jig; and

the first holder and the second holder are rotatable about the

central axis in directions opposite to each other.

16. The winding machine according to claim 13, further
comprising a first guide portion that is located around the
winding core; wherein

the first guide portion includes a first guide surface oppos-

ing one side in the axial direction of the central axis; and
the first guide surface is located closer to one side in the

axial direction of the central axis toward one side in a

circumferential direction around the central axis.

17. The winding machine according to claim 16, further
comprising a second guide portion that is located around the
winding core; wherein

the second guide portion includes a second guide surface

opposing another side in the axial direction of the central
axis;
the second guide surface is located closer to one side in the
axial direction of the central axis toward one side in the
circumferential direction around the central axis; and

the first guide surface and the second guide surface oppose
each other with a gap interposed therebetween in the
axial direction of the central axis.

18. The winding machine according to claim 17, wherein
the first guide portion and the second guide portion are con-
nected to an outer peripheral surface of the winding core.

19. The winding machine according to claim 17, wherein

the first guide portion protrudes from the first winding jig

toward the second winding jig; and

the second guide portion protrudes from the second wind-

ing jig toward the first winding jig.
20. The winding machine according to claim 13, wherein
each of the pair of rollers includes a contact portion that is
contactable with the winding in a radial direction around
a rotation axis of the roller; and

at least one of the pair of rollers includes a collar portion
protruding from the contact portion to an outer side in
the radial direction about the rotation axis of the roller.

21. The winding machine according to claim 20, wherein
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each of the pair of rollers includes a pair of the collar por-

tions; and

the pair of collar portions are opposed to each other with a

space interposed therebetween in an axial direction of the
rotation axis.

22. The winding machine according to claim 13, further
comprising an elastic portion that applies a force to the pair
of rollers in a direction away from the winding core.

23. A method of manufacturing a coil, comprising winding
a winding by using the winding machine according to
claim 13.

24. The method of manufacturing the coil according to
claim 23, wherein the winding is a flat wire.
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