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(57) Abstract: Between one conductive wire exposed region (230B), from among the conductive wire exposed regions (230B) that
are positioned on both sides of a curved portion (C1) positioned on an outermost periphery of a coil assembly, and an insula-
tion-coated conductive wire (21¢) that forms the curved portion (C1), is positioned an insulation-coated conductive wire (21b) of
one coil forming body that is different from another coil forming body that has the insulation-coated conductive wire (21¢), and the
insulation-coated conductive wire (21b) ot the one coil forming body forms another curved portion (C1).
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STATOR AND ROTARY ELECTRIC MACHINE

BACKGROUND OF THE INVENTION
1. Field of the Invention
[0001] ~ The invention relates to a stator and a rotary electric machine.
2. Description of Related Art

[0002] A fotaryelectric machine provided with a stator having a coil assembly

~of a three-phase distributed winding stator structure is described in Japanese Patent

App11cat10n Pubhcatlon No. 2003-018778 (JP 2003-018778 A), Japanese Patent
Application Pubhcatlon No. 2010-081771 (3P 2010-081771 A) and Japanese Patent
Application Publication No. 2001-238386 (JP 2001-238386 A), for example. The coil ,
assembly used in this stator is such that an insulation-coated conductive wire, in which a
eonductive wire is coated with an insulation coating,‘ is formed in a concavo-convex
shape while a generally U- shaped portion having a convex portion alternately reverses,
and is wound in a circular pattern along a 01rcumferent1al direction.

[0003] - This kind of coil assembly has an annular (i.e., circular) shape on the
WHole. Also, with this coil assembiy, a plurality of conductive wire exposed regions

where the conductive wire of the insulation-coated conductive wire is exposed are

“provided along an outer peripheral side on one end side, in the direction of a rotation axis,

of the coil assembly, and the setting of a creepage distance between two adjacent

conductive wire ‘exposed regions (i.e., the shortest distance between conductive wire

- portions along an insulator surface) is extremely important for stabilizing the function of

the stator. This‘coil assembly. is formed by a plurality of coil forming bodies, each coil
fonniﬁg body having a structure that is wound while increasing in diameter in the
circumferential direction.

[0004] In the conductive wire exposed regions, eonductofs of end portions of
the insulation-eoated conductive Wire‘fhat is coated _with insulation are exposed, anél -

these end portions are joined together by welding or the like, such that U-phase, V-phase,

CONFIRMATION COPY
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~ and W-phase coils are formed. However, in this coil assembly, when the plurality of

conductive wire exposed regions are arranged close together, the creepage distance

between two adjacent conductive wire exposed regions may become short.

SUMMARY OF THE INVENTION
[0005] Thus, the invention provides a stator having a structure that enables a
Acreepagev distance betweeh a pluralify of conductive wire exposed regions that are -
arranged on an outer peripheral. surface of a coil assembly tovbe maintained, and a rotary
electric machine provided with this stator.
[0006] A first aspect of the invention relates to a stator. The stator includes an
annular coil assembly around‘a center axis of the stator. The coil assembly is formed

from a plurality of coil forming bodies. = Each coil forming body includes i) a coil region

‘that is formed in a concavo-convex shape with generally U-shaped portions, each having

a protruding portion, reversing alternately, formed by an inéﬁlationécoated conductive
wire in which a conductive wire is coated with an insulation coating, and that is wound in
an annular shape along a circumferential direction, and ii) a plurality of conductive wire
exposed regions that are provided on end portions of the coil region, and in which the
conductive wire is exposed, and that are arranged at predetcrmined intervals along an
outer peripheral side on one end side of the coil assembly in a direction in which the

center axis extends. The protruding portion has a curved portion that increases in

" diameter on an outside in a radial direction, when the coil region is wound along the

circumferential direction. Between one of the conductive wire exposed regions, from
among the conductive wire exposed regions that are positioned on both sides of one of
the curved portions positioned on an outermost periphery of the coil assembly, and the

insulation-coated conductive wire that forms the one curved portion, is positioned the

_insulation-coated conductive wire of one of the coil forming bodies that is different from

another of the coil forming bodies that has the insulation-coated conductive wire. The

insulation-coated conductive wire of the one coil forming body forms another of the

curved portions.
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- [0007] In this aspect, each of the curved portioris positioned on the outermost
periphery of the coil assembly may be positioned in substantially a center between the "
coiiduct-ive wireiexposed regions that are adjacent in the circumferential direction. |

,[0008] " In the aspect described above, the conductive wire exposed regioné may
be provided extending toward the outside in the radial direction.

[0609] ~ In the aspect described above, the conductive wire exposed regions may
be po‘sitione-d to an outside of an outer surface of the coil region that is positioned on an
outermost side in the radial direction of the coil assembly. | |

[{0010] In the aspect’ described above, the coi] assembly may be formed by a
plurality of coil forming body sets, each of which is formed by four of the coil forming
bodies. | |

[0011]  In this structure, the coil forming body sets may be such that the coil
forming bodies are wound overlapping eacli othcr while being offset 90° along the
circumferential direction. | |

[0012] A second aispect' of the invention relates to a rotary electri¢c machine..
This rotary electric machine includes the stator according to the first aspect described
above, and a rotor positioned on an inner peripheral side of the stator.

| ‘ [0013] According to the stator and rotary electric ma‘chirie based on the aspects
described aibo’ve, the creepage distance between a plurality'of conductive wire exposed

regions that are arranged on an outer peripheral surface of a coil assembly is able to be

sufficiently maintained.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]  Features, ‘advantages, and technical and industrial signiﬁcance of
exemplary embodiments of the invention will be described below with reference to ‘ihe
accompanying drawings, in which like numerals denote like elements, apd wherein:
.FIG. 1 is a sectional view of the structure of a rotary electric machine according to
one e)iampie embodiment of the invention;

FIG. 2 is a side view of a stator as viewed from the direction of arrow II in FIG. 1;
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FIG. 3 is a perspective view of a coil assembly as viewed from the direction of
arrow Il in FIG. 1; ‘

FIG. 4 isa projection view of a coil forming body in the exarhple embddiment;_

FIG. Sisa perspective view of the coil forming bbdy in the example embodiment;

FIG. 6 is a perspective view of four coil forming bodies fit together ivn the,example
embodiment;’ o |

FIG. 7 is a partial enlarged view of a weld in conductive wire exposed regions of
two coil forming bodies in the example embodiment;

"FIG. 8 is a partial enlarged plan view of the reglon encircled by VIII in FIG. 3

FIG. 9is a part1al enlarged perspectlve view of the region encircled by VIII in FIG.

FIG. 10 1s a front VICW as viewed from the direction of arrow X in FIG. 9;
FIG. 11 is a sectional view taken along line XI in FIGS. 9 and 10;

. FIG 121sa secti.on_al view taken along line XII in FIGS. 9 énd 10;

~ FIG. 13 is a sectional view taken albng line XIII in FIGS; 9 and 10;

FIG. 14 is a partial enlarged plan view showing, with an arrow, ihe cfeepage -
distance between two adjacent conductive wire ekposed regions in the region. encircled
by VIII in FIG 3 | |

F IG. 15 is a partial enlarged perspectlve view showing, with an arrow, the creepage
distance between two adjacent conductive wire exposed regions in the region encircled
by VIILin FIG. 3; | |

FIG. 16 is a partial enlarged plan view of the positional relationship between a
conductive wire exposed region and a cxIrved portion in related art; ;

FIG. 17 is a partial enlarged perspective view of the positional relationship between

~ the conductive wire exposed region and the curved portion in‘the related art;

- FIG. 18 is a front view as viewed from the direction of arrow XVIIlin FIG. 17,
FIG. 19 is a sectional view taken along line XIX in FIGS. 17 and 18;
FIG. 20 is a sectional view taken along line XX in FIGS. 17 and 18;

FIG. 21 isa sec’t_ional view taken along line XXI in FIGS. 17 and 18;
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FIG. 22 is a partial enlarged plan view showing, with an arrow, the 'creepagev

distance between two adjacent conductive wire exposed regions in the related art; and
FIG 23 is a partial enlarged perspective view showing, with an arrow, the creepage

distance between two adjacent conductive wire exposed regions in the related art.

DETAILED DESCRIPTION OF EMBODIMENTS
[0015] A stator and rotary electric machine according to example émbodim‘ents

of the invention will now be described with reference to the accompanying drawings.

‘The invention is not necessarily limited to numbers and amounts and the like that are
referred to in the description below unless speciﬁcally stated. Further, like pnrts. and
| corresponding parts will be denoted by like reference characters -and redundant
descriptions may- not be repeated.  Also, thé use of the structures in the ex'ample.

“embodiments in appropriate combinations is intended from the beginning.

[0016]  (Example embodiment)
The general structure of a rotary electric machine 1 will be described with reference

to FIGS. 1 and 2. FIG. 1 is a sectional view of the structure of the rotary electric

- machine 1 -according to this example embodiment, and FIG. 2 is a side view of a stator as

viewed from the direction of arrow II in FIG. 1.- The rotary electric machine 1 includes a

rotor 140, and a stator 30 provided on an outer periphery of the rotof 140.  The rotor 140

is able to rotate about a shaft 130 (i.e., a rotation axis CL).

[0017] The stator 30 inclndes a stator core 10. An outer peripheral surface 12

of the stator core 10 is fit togéther with ‘an outer cylindrical ring 40. The stator core 10
has a stator core thrust surface 11, and a coil end‘ 20 is pyovided on this’ stator core thrust
surface 11. |

[0018] The coil end 20 is formed by a coil assembly 230 around which an
insulation-coated conductive wiré 21 is ‘wound. , Thé details Qf this ’coil assembly 230
will be described later. The coil end 2Q is provided protruding out in a direction in
wnich the rotation axis (CL) extends from the stator core thrust surface 11 (i.e., a thrust

difection), and inclu_des a coil end thrust surface 101 and a coil end outer peripheral
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11 side, and the coil end outer periphéral surface 102 is provided on the stator core outer
peripheral surface 12 side.

[0019] The structure of the coil assembly 230 will now be described with

~ reference to FIGS. 3 to 7. FIG. 3 is a perspective view of a coil assembly 230 as viewed

from the direction of arrow III in FIG. 1, FIG. 4 is a projéction view of a coil forming
body 230a, FIG. 5 is a perspective view of the coil forming body 230a, FIG. 6 is a
perspective view of four coil forming bodies 230&1 to 230a4 fit together, and FIG. 7 is a -
partial enlarged view of é weld in conductive wire exposed regions of the coil forming
body 230al and the coil forming body 230a4. |

[0020]  The coil assembly 230 is formed from a plurality of coil forming bodies.

~ In this example embodiment, the coil assembly 230 is formed by preparing 12 of each of

the four coil forming bodies 230al to 230a4 and winding them overlapping one another.
Referfing to FIGS. 4 to 6, one éoil fOrming body 230a includes a coil region 230A and
conductive  wire exposed regions‘ 230B. The coil region 230A is formed in a
concavo-convex shape witﬁ alternately reversing geneially U-shaped portions 232 each
having a protruding portion P, using the inéulatioh-coated conductive wire 21 in which a
conductive wire 211 is coated by an insulation coating 212 (see FIG. 8), and is WOhnd ina
ring shapé in the circumferential direction. The conductive wire exposed regions 230B

are regions that are provided at both end portions of this coil region 230A, and in which

the conductive wire 211 is exposed, and that are arranged at predetermined intervals

along the outer peripheral surface on one end side of the coil assembly 230 in the

direction in which the rotation gxis (CL) extends. Also, when the coil forming body
230a is wound in the circumferential direction, a curved portion C1 (distance D2 in FIG.
8) that‘b‘ecomes larger in diameter on the outside in the radial direction. is provided on
each of the protfuding portions P. o
[0021] FIG. 5 is a perspective view of the coil forming body 230‘.a wound in the ’
circumferential direction. FIG. 6 is a view of a coil forfr_ling body set 230Y in which

four coil fdrming bodies 230al, 230a2, 230a3, and 230a4 that are vforr.ned just like the coﬂ
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forming body 230a in FIG. 5 are wound overlapping one another while being offset 90° in

the circumferential direction.

 [0022] Conductive wire exposed regions 230B of each coil forming body 230al,
230a2, 230a3, and 230a4 are provided extending toward the outside in the radial direétion,
except for the conductive wire exposed fegion 230B on one end side of each of the coil

forming body 230a2 and the coil forming body 230a3. The conductive wire exposed

region 230B on the one end side of each of the coil forming bddy 230a2 and the coil

forming body 230a3 is provided extending in the direction in which the rotation axis CL

extends (i.e., upward in FIG. 6). -

. [0023] In FIG. 6, the conductive wire exposed region 230B on one end side of
the coil forming body 230al is connected in the region eﬁcil'cled by W1 in FIG. 6 to the
conductive wire exposed region 230B on the other end side of the coil forming body
230a4, and a weld W is formed.
| [0024] The conductive wire exposed region 230B on one end side of the coil
forming body 230a2 is .connected in the region encircled by W2 in FIG. 6 to the
conductive wire exposed region 230B on the other end side of the coil forming bodyv
230ai, and a weld W is formed.

| [0025] The conductive wire exposed region 230B on one end side of the coil

forming body 230a4 is connected in the region encircled by W3 in FIG 6 to the

, conductibve wire eprsed region 230B on the other end -side of the coil forming body

230a3, and a weld W is formed. '
| [0026] As shdwﬁ in FIG 7, in the region encircléd by W1 in FIG 6, the |
conductive wire exposed regions 230B are wefaed tégefher with the conductive wire‘
exposed region 230B of the coil forming body 230a4 placed on top of the cqnductive
wire exposed region 230B of the coil forming body 230al. ‘ '

[0027]  Also, thé weld W of the conductive Wire éxposed fegions 23OB is
positioned to the outside (by distance D1) of an outer surface MO of a coil region 230A
that 1s positioned farthest outside in the rédial direction of the coil forming body 230al.

The regions encircled by W2 and W3 in FIG. 6 are the same in this respect.
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[0028] The coil assembly 230 shown in FIG. 3 is formed by preparing 12 of the

coil forming body sets 230Y shown in FIG. 6 and winding them overlapping one another. .

This coil assembly 230 forms a coil assembly of a three-phase distributed winding stator

structure that includes a V-phase coil 23V, a U-phase coil 23U, and a W-phasev coil 23W.

- [0029]  Next, a creepage distance between two adjacent conductive wire exposed
regiovns 230B, among a plurality »of' conductive wire exposed regions 230B arranged in
the coil assembly 230, will be described with reference to FIGS. § to 15.

| [0030] FIG. 8 is a partial enlarged plan view of the region encircled by VIII in

FIG. 3, FIG. 9 is a partial enlarged perspective view of the region encircled by VIII in FIG.

3, FIG. 10 is a front view as viewed from the direction of arrow X in FIG. 9, FIG. 11 is a
sectional view taken along line XI in FIGS. 9 and 10, FIG. 12 is a sectional view taken
along line XII iﬁ FIGS. 9 and 10, FIG. 13 is a sectional view taken along 1iﬁe XIII in
FIGS. 9 and 10, FIG 14 is a partiél enlarged plan view ‘showing,-with én afrow, the
creepage distance between two adjacent conductive wire exposed regions in the region‘
encircled by VIII in FIG. 3, and FIG. 15 is a partial enlarged perspective view showing,

with an arrow, the creepage distance between two adjacent conductive wire exposed

- regions in the region encircled by VIII in FIG. 3.

[0031] Referring to FIGS. 8 to 10, in the coil assembly 230 of this example

~ embodiment, the conductive wire exposed regions 230B are provided in a total of 48

locations on the circumference, and the distance between adjacent conductive wire

exposed regions 230B is set as L.

[0032]  Also, between one cohductive wire exposed regién 230B (i.e., the one on
the right side in FIG. 8), from among the conductive wire exposed regions 230B
positioned on both sides of a curved portion C1 positioned on thé outermost periphery of
the coil assembiy 230, and an insulation-coated conduétivg wire 21c¢ that forms the
curved portion C1, is another insulation-coated conductive wire 21b. |

[0033] Further, in this example embodiment, in order to position this other
insulation-coated conductive wire 21b between the conductive wire exposed region 230B

and the insulation-coated conductive wire 21c that forms the curved portion CI, the
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~curved portion C1 is arranged ina substantially center position between conductive wire

éxposed regions 230B that are adjacent in the circumferential direction.

[0034] | Arranging the curved portion Cl in a substantially center position
between: the conductive Wire expdséd regions 230B that are adjacent in »the
circumferential direction in this way enables the other insulation-coated conductive wire
21b, and the insulation-coated conductive wire 21c¢ that forms the curved portion C1, to
be arranged in positions a distance hl below the lower éurfaée of the conductive wire;
exposed regions 230B in the axial direction when viewed in a cross-section taken along
line X1 in FIGS. 9 and 10 (see FIG. 11).

[0035] Also, when viewed in a cross-section taken along line XII in FIGS. 9 and

- 10, the insulation-coated conductive wire 21c¢ that forms the curved portion C1 is able to

arranged in a position not contacting the other insulation-coated conductive wire 21b (see

FIG. 12). Further, when viewed in a cross-section taken along line XIII in FIGS. 9 and

-10, the insulation-coated conductive wire 21c that forms the curved pdrtion Cl is able to

.be arranged in a position a distance h2 below the lower surface of the conductive wire

exposed regions 230B (see FIG. 13).

[0036] Accordingly, referring to FIGS. 14 and 15, the creepage distance

. between adjacentl;y.‘ arranged conductive wire exposed regions 230B is able to be

maintained at a distance that follows a path from the conductive wire exposed region
230B on the right side —> the other insulation-coated conductive wire 21b — the
insulation-coated conductive wire 21c — the conductive wire exposed region 23OB on
the left sidé, as shown by arrow CR1 in bqth drawings. |
| [0037]' (Related art)
Here, the creepage distance between two adjacently arranged conductive wire

exposed regions 230B of the coil assembly 230 according to related art will now be

‘described with reference to FIGS. 16 to 23.

[0038] FIG. 16 is a partial enlarged plaﬁ view of the positional relationship
between the conductive wire exposed region 230B and the curved portion C1 in the

related art, FIG. 17 is a partial enlarged perspective view of the positional relationship -
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between the conductive wire exposed region 23OB and the curved portion'C1 in the
related art, F‘IG. 18 is a front view as vieWed from the direction of arrow XVIII in FIG. 17,
FIG. 19 is a sectional view taken along line XIX in FIGS. 17 and 18, FIG. 20 is a
sectional .view taken along line XX' in FIGS. 17 and 18, FIG. 21 is a sectional view taken

along line XXI in FIGS. 17 and 18, FIG. 22 is a partial enlarged plan view showing, with

an arrow, the creepage distance between two adjacent conductive wire exposed regions

230B in the related art, and FIG. 23 is a partial enlarged perspective view showing, wfth
an arrow, the creepage distance between two adjacent conductive wire exposed regions
230B in the related art. |

[0039] Referring to FIGS. 16 to 18, in the cbil assembly of the related art, the
cohductive wire exposed regions 230B are provided in a total of 48 locations ‘on the

circumference, and the distance between adjacent conductive wire exposed regibns 230B

~ is set as L. This is the same as it is with the coil ‘asse.mbly 230 0f the example -

erﬁbodiment. _

- [0040]  The cufved portion C1 positioned on the outermost periphery of the coil
assembly is positioned on a radial inside of the conductive wire éXposed regions 230B
when viewed from the radia}l direction. - 'When the curvéd- portion Cl is not arranged in a
substantially center position betWeen conductive wire exposed regions 230B that are
adjacent in the circumferential direction, but is instead érranged on the radial inside of the
conductive wire exposed regions 230B in the related art in this way, the insulation-coated
conductive Wiré 21b that formé the curved portion C1 is arranged in a position that is
Substantially the same height as the position of the lower surface of the conductive wire
exposed regio“ns 230B, in the axial direction, when viewed in a cross-section taken along
line XIX in FIGS. 17 and 18. | |

[0041] Also, the insulation-coated COndthive wire 21b that forms the curved
portion C1 is arranged in: >a~ position that’ is‘ higher than another insulation-coated
conductive wire 21a, when viewed irylva cross-section taken along line XX in FIGS. 17

and 17 (see FIG. 20). When.viewed in a cross-section taken albng line XXI in FIGS. 17

‘and 18, the insulation-coated conductive wire 21b that forms the curved portion Cl
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contacts thé insulation-coated chductive wire 2la that forms the condubt_ive wire
exposed region 230B (seé FIG 21). | » |

[0042] ,Accdrdingly, referring to FIGS. 22 and 23, the creepage distance
between adjaéently arranged conductivé wire ex‘posed regions 230Bbis a distance that
follows a path frbm the conductive wire exposed regidn 23OB on the right side — the
Qtyher insulation-coated conductive wire‘ 21a — the conductive wire exposed region 230B
on the left side, as shown by arrow CR2 in both drawings.

[0043] (Operation and eftects)

In this way, accdrding to the stator 3‘0 that uses the coil assembly 230 of the

example embodiment, the cfeepage distance between two adjacently arranged conductive.

 wire exposed regions 230B is able to be increased by the other insulation-coated

conductive wire 21b being positioned between one of the conductive wire exposed
regioﬁs 230B (Le., the one on the right side in FIG. 8), .from among the conductive wire
exposed regions 230B positioned on both sides of the 'cui'.ved portion C1 positioned on
the outermost periphery,__and the insulation-coated conductive wire 21c that forms the |
curved portion C1.  As d result, the performance reliability of thé rotary electric machine
that uses this stator 30 is able to be improved. | ( |
[0044] While example embodiments of the. invention have been described, the
example embodiménts diéclosed herein are in all respeéts merely examples and should in
ho way be construed as limifing. The scope of the invention is indicated not by the
foregoing description but by the scope of the claims for patent, and is intended to include

all modifications that are within the scope and meanings equivalent to the scope of the

claims for patent.
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CLAIMS:

1. A stator (30) that includes an annular coil assembly .(230) around a center axis
(CL) of the stator (30), wherein the coil assembly (230) is formed from a plurality of coil
forming bodies (230al to 230a4), the stator (30) characterized in that:

each coil forming body (230al to 230a4) includes i) a coil region (230A) that is
fdrmed in a concavo-convex shape with generally U-shalﬁed portions (232)‘, each having a
protruding portion (P), reversing fclltern’ately, forméd by an insulation-coated conductive
wire (21, 21a, 21b; 21¢) in which a conductive wire (211) is coated with an insulation
coating (212), and that 1s wound in an annular shape along a circumferential direction,
and ii) a plurality of conductlve wire exposed regions (23OB) that are provided on end‘
portions of the coil region (230A), and in which the conductive wire (211) is exposed,
- and that are arranged at predetermined intervals along an outer peripheral side on one end.
side of the éoil as_éémbly (230) in a direction in which the center axis (CL) extends;

the protruding portion (P) has a curved portion (Cll) that ihcreases in diameter on an
outside in a radial direction, when the coil region (230A) is wound along the
~ circumferential direction; |

between one ovf the condqctive wire exposed regions (230B), from among the
cbnductive wire exposed regions (230B) that are positioned on both sides -of one of the
curved portions (C1) positioned on an outermost periphery of the coil assembly (230),
and the insulation-coated conductive wire (21c) that forms the one cﬁrved portion (C1), is
positioned the insulation-coated conductive wire (21b) of one of the coil forming bodies
(230a2) that is different from another of the coil forming bodies ('230al)£that'has the
insulation-coated conductive wire (21¢); and |

the insulation-coated conductive wire (21b) of the one coil forming body (230a2)

forms another of the curved portions (C1).

2. The stator (30) according to claim 1, wherein each of the curved portions (C1)

positioned on the outermost periphery of the coil assembly (230) 1s positioned in
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substantially a center between the conductive wire exposed regions (230B) that are

adjacent in the c1rcumferent1al direction.’

3. The stator (30) according to claim 1 or 2, wherein the conductiv_e wire exposed

regions (230B) are provided extending toward the outéide; in the radial direction. .

4. ‘The stator (3 0) according to any one of claims 1 to 3, wherein the conductive
wire exposed regions (230B) are positioned to an outside of an outer surface (MO) of .,the
- coil region (230A) that is positioned on an outermost side in the radial direction of the

coil assembly (230)..

5. The stator (30) according to any one of claims 1 to 4, wherein the coil assembly
(230) is formed by a plurality of coil forming body éets (230Y), each of which is formed

by four vof the coil forming bodies (230al to 230a4).

6. The stator (30) according to claim 5, wherein the coil forming body sets (230Y)
are such that the coil forming bodies (230al to 230a4) are wound overlapping each other‘

whlle bemg offset 90° along the circumferential direction.

7. A rotary electric machine characterized by comprising:
 the stator (30) according to any one of claims 1 to 6; and

a rotor (140) positioned on an inner peripheral side of the stator (30).
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