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(57) Abstract: A flat wire (36) that forms a stator coil (16) has an insertion portion (22) that is inserted into a slot (14), and a coil
end portion (30) that protrudes from an end portion of the stator coil (16). An insulating layer of an adjacent portion (38) that is ad-
jacent to a tlat wire (36) of a different phase at the coil end portion (30) is thicker than an insulating layer in another region. Setting
the thickness of the insulating layer of each part according to the required insulation performance in this way makes it possible to
make the overall insulating layer thinner, and improve the in-slot space factor of the stator coil while ensuring insulation perform-

ance.
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1
STATOR, STATOR MANUFACTURING METHOD, AND ROTARY ELECTRIC
o MACHINE

BACKGROUND OF THE INVENTION

1. Field of the Invention .
[0601]  The invention relates to a stator, a manufacturing method of a statOf, and a
rotary electric machine provn:ied thh the stator. More particularly, the invention relates -

‘toan unprovement of the structure of a conductmg wire used in a polyphase stator coil.

.—2-, Description of Rela.ted‘Art‘ ‘ : ‘
- [0002] A rotary électric machine includes a stator _provided with a stator coil that
generates a rotating magnetic field, and a rotor rotatably provided inside the stator. The
rotor rotates by electromagnenc action operatmg between the rotating magnetic field of the
stator and the rotor. ) '
| [0003] One type of conducting wire used for the stator coil described above has a

Circular cross-section. However, in order to increase .the in-slot space factor of the stator
eeil, a flat wire that is a conducting wire with a rectangtllar cross-section is sometimes used -
instead of a conductmg wire w1th a circular cross-secuon ;

[0004] - Japanese Patent Apphcatlon Publlcatlon No. 2011-72052 (JP 2011-72052
'A) describes a stator havmg a stator core in whlch slots are formed, and a stator c01l>
fonned bya ﬂat wire coated with an msulatmg layer bemg wound in a distributed manner
in the slots. With the flat wire described in JP 2011-72052 A, the insulating layer on a
surface contacting an adjacentﬂat wire in the radial direction in the slots is thin, so the
in-slot space factor of the stator coil is increased. | In addition, the insulating layer of the
surface that contacts the stator core is thick, 50 insulation performance is ensured.

[0005] Japanese Patent Apphcatlon Pubhcatlon No. 2011-72071 (JP 2011-72071
Aj describes a stator having a stator core in which slots are formed, and a stator coil

formed by a flat wire coated with an insulated layer being wound in a dijétribu’ted_ manner in
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the slots. With the flat ‘wire described m JP 2011-72071 A‘ a surface is coated with an
. insulating layer, and a coil msulatmg poruon 1s attachcd toa pomon that is adgacent toa
- different phase coil at the coil end, so interphase insulation i is ensured. ’
| [0006] The ﬂat wire that is adjacent in the radial d1rect10n in the same slot is the
same phase, so the insulating layer is able to be made thin as long as it is thick enough fo
providé insulation perfonnance that prevents a short between these flat wires ie., as long
as it is thick enough to ensure mterphase msulatlon However, in a polyphase stator coil
formed by the flat wire bemg wound, flat wires w1th different phases are adJacent to one
another at cotl end portions that are exposed from the slots, so the insulating layer of the
flat- wire must be of a thit:kness that-takes into account the potential difference among
phtises, i._e., must be thick enpugh‘ to ensure interbhase insulation. Therefore, the entire
flat wire is coated with a éompafatively thickl insulating layer that -takes into account a
hlgh potential difference. antong _différent phases, and this insulating layer thickness ends
up -impeding improvement of the in-slot space factor of the stator coil,” which is
problematic. V If improverﬁgnt of the in-slot space factor of the stator coil ié limited, a
' reduction in tlit)tor sizé land improvements in motor output characteristics cannot be
expected. | - A ‘
| . [0007]  One conceivable way of handling this is to attach a coil insulated
portion corresﬁonding to the interphase_ insulaﬁo‘n O;IIY to a portion near an area between
diﬁ'erent—phase flat wires at the coil. end, as in JP 2011-72071 A. Howévef, a coivl
| insulating mérnber is a separate member that is different from the flat wire, so even if it is
attached, thére will end up | being a gap between these members, so the insulation
performanc;e may end up decreasing. On one hand, if an attempt is made to improve
'adhesion between the twolby elhnmaﬁng this gap, éssemblability in a coil insulating
» member attaching process may decrease. In addition, during attachment, the insulating -
layer applied to; tne flat wire may be damaged by a coil attaching member, and asa result,

" insulation performance may end up decreasing.

SUMMARY OF THE INVENTION
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. 3
[0008]  The invention thus provides a stator capable of improvihg an in-slot space
factor of a stator coil while ensunng msulatzon performance a manufactunng method of
thls stator, and a rotary electric motor provided wﬁ.h thJS stator. 4
V' [0009] A ﬁrst aspect of the invention relates to a stator that includes a stator core
in which slots are formed a predetermined distance apart in a circumferential direction and
a polyphase stator coil formed by a ﬁrst flat w1re - of a first phase, that is coated with an |
. 1nsu1at1ng layer, and a second flat wire of a second phase that differs from the first phase,
- that is coated with an msulatmg layer, the polyphase stator coil being wound around the
stator core through the. slots The first flat wire and the second flat wire each have an- -
insertion portlon that is inserted into the slots and a coil end portlon that protrudes from an
end portion of the stator core. A first insulating layer of an adjacent portxon of the first
-ﬂat w_ire that is adj acent to the second flat wire at the coil end _portio'n of the first ﬂat wire
is thicker than a second insutating layer in a region other than the coil end portion of the
first flat wire. | | | |
[0010]  Also, the stator eoil may be formed by the first flat wire and the second
. flat wire being wound in a dtét'n’buted manner around the stator core..'
[0011]  Also, the stator coil may be formed by a eegment coil.
[0012] Also,.the first insulating layer may be applied lwhen the first flat wire is’
ina shortened state in which the ﬁrst flat wire has been eutﬂto‘a coil segment length. |
[0013] Also, the first msulatmg layer may be apphed when the first ﬂat wire
has been bent into a segment coil shape from a shortened state in which the first flat wire |
has been cut to 4 coil segment length |
[0014]  Also, the first insulating layer of the adjacent portlon may be formed by a
basic msulatmg layer that has a uniform thickness of insulation material and is formed over | [
the entire first flat wire, and an insulation-reinforcing insulating Iayer ‘that has higher |
msulatlon perfoxmance than the basic 1nsulatmg layer is added to the basic insulating
,layer at the coil end portlon 4
[0015] A second aspect of the invention relates toa rotary electric machme that

includes a rotor, and the stator desenbed above
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(0016] A third aspect of the invention relates to a manufacturing method of é B

stator having a stator core in which slots are formedva predetermined distaﬁce apart in a
circumferential direction, and a polyphase stator coil formed by a first segment coil of a
first phase, that is coated with an insulating layer, and a second segment coil of a second
: phase that differs from the first phase, that is coated w1th an insulating layer, being wound
around the stator core through the slots. This manufacﬁmng method includes prov1d1ng
each of the first ségment coil and the second segment coil with an insertion portion that is
. inserted into the sloté, and a coil end portion that protrudes from an end portiori of the
stator core; coating on the coil end pornon of the first segment 0011 with an 1nsu1atmg layer | _
-of an adjacent portion of the ﬁrst segment coil that is adjacent to the second segment coil, .
- such that the insulating layer of the adj acent portion is thicker than an msulatmg layer in a |

region other than the adjacent portlon and fonmng a stator coil by wmdmg the first and

second segment coﬂs coated with the insulating layer around the stator core.

| - [0017] Also, the conductor may be made to be in a shortened state by being cutto a

c§il segment length, _t’he‘ insulating 1ayer may be coated onthe conductor in the éhortened
state, and the conductor coated with the i'nsulati'ng layer may be bent into a segment coil
' shaée to form the first segment coil. | | |

' [0018]  Also, the conductor rﬁay be fnade tobeina shofténéd state by being cut to .

a coil segment length, the conductor in ﬂ1e shortened state may be bent4 into a segment coil
“shape, and the insﬁlating layer. may be applied to/. the conductor ina state bent into the

segment coil shape to form the first segment coil. | |

- [0019]  The statér and manufacmring method of the stator according to 'the

" invention make it possible to- 1mprove the m-slot space factor of the stator coil while

ensurmg insulation performance

) BRIEF DESCRIPTION OF THE DRAWINGS _
[0020]  Features, advantages, and technical and industrial significance of
exemplary embodiments of the invention will be described below with reference to the

accompanying drawings, in which like numerals denote like elements, and wherein:
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FIG. 1 is a view of the structure of a stator according to an example embodiment of
“the inveﬁtioﬁ; | |
FIG. 2 is a sectional viéw of a slot m portion “A” in FIG 1, cut dn a blane ;;arallel to
anR - 0 plane; |
| FIG 3 is a view of the’ structure of a segment coil according to the” example
embodiment; o ' ‘ o l
FIG 4isa view of the structure of tHe segment coil before bending;
FIG.  is a sectional view taken along line V - V in FIG. 4 o
" FIG 6 is a view of the structure 6f the segment coil before bending;
FIG 7 is a view of the structure of the segment coil after beﬁding; A
FIG .8'is a flowchart illustrating an example of one mmufacmg procéSs of the -
stator; | | | ' _ '
' FIGS. 9A 10 9D are views of the statés.of t_hé conductor and the flat wire in each step . .
in the i#ocess shown in FIG. §; ' ' |
?IG. 10 is a flowchart illﬁstrating an example of another manufaémﬂng proc;eés'of the
.stétor; and . _
FIGS. 11A to'11D are views showing the states of the conductor and the ﬂat: wire in

each step in the process shown in FIG. 10.

DETAILED DESCRIPTION OF EMBCDIMENTS

. [6021] Hefemaﬁer,- evxampleA emb§diments of the stator according to the invention

\;_vill be described with reference to the accorﬁpanying drawings. FIG lisa view of the
:structure‘ of the stator according to a first example 'embodiment.. The stator 10 of this

exé.mp.Ie embodiment is used in a rotary electric machine that runs by being supplied with

thrge-ﬁhase altemafing current electn'éity. : ‘

| [0d22} - The stator 10 includes a stator core 12, a stator coil 16 that is wound

through slots 14 of the stator core 12, and various phase terminals 18 thét are pulled out

from the stator coil 16. |

[0023) - InFIG ll, a Z direction indicates an axial ,direc.tion'of the stator core 12, a
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6 direction indicates a circumferential direction of the stator. core 12, and a R direction
indicates a radial direction of the stator core 12. ‘

[0024] - The stator coil 16 is a three-phase stator coil. The stator coil 16 of each
phase is formed by a plurality of segment coils 20 being connected together. - The segment
coils 20 are eondueting wires, each of which is formed in a U-shape so as to have two
‘ _insertion portions 22 that are inserted iﬁto the slots 14, and a bridge pertion 24 that extends o

between these two nsertion po;ﬁons 22. The stator coil 16 in this example embodiment
is formed with the segment coi}s 20 wound in a distributed n;,xanqer around the stator core
12. A disﬁibuted windi.ng isa wmdmg method in which the segment coils 20 are wound
eround'ﬂxe stator eore' 12 in such a manner that a segment' coil 20 of one phase is inserted
into two slots 14 that sandwich a slot 14 inte which a segment coil 20 of another phase is
.inserted. The invention is not Ifmite_d to this winding 'method'.' That is, a concentrated ‘
winding, i.e., a2 winding method in ;vhich a conducting wire is wouhd diréctly a;bund‘ the
‘stator core 12 via an insulator, may also .be ﬁsed, as long as the segment coils 20 that are
 inserted into one slot 14 are all the same phase. -

[0025]  In FIG. 1, the bridge portion 24.is made to come out at an end portion on
“one side (i.e., a first end portion) in an axial direction Z of the stator core 12, and the
' iriseﬁ:ion poriiohs‘22 on both sides of the bridge portion 24 are inserted into the slots 14.

A tip end portion 26 of each insertion portion 22 that protrudes from an end portion on the |
“other side (i.e., a second end portion) in the aiial direction Z of the stator core 12 is
connected by welding or the like to the tlp end portion 26 of another segrnent c011 20. .In
FIG 1, a weld 28 is shown. The weld 28 1s an end portion of a very tip end of the tip end
portion 26 of the segment coil 20 In the stator 10 of this eXample embodunent the welds
28 of the segment coils 20 of each phase are all gathered on the other 51de (e, the second
end portion side) of the stator core 12. ‘
{0026}  In this way, the bridge portions 24 of the segment coils 20 are arranged
protruding on the end porfion on one side (i.e., the first end portion) of the stator core 12,
- and the tip end portions 26 of the segment coils 20 are arranged protruding on the end

“portion on the other side (i.e., the second end portion). A portion where the segment coill



WO 2014/115018 PCT/IB2014/000060

7

20 protrudes at the end portion of the staier core 12 Wil} be referred to as a “coil end”,

The tip end portion 26 and the bridge portion 24 of the. segment coils 20 are both
positioned on portions that protrude from end portions of the stator core 12, so these
' portions will hereinafter be referred to as coil end pbrtions 30. Coii ends of neighbering
phases are offset a predetemnned amount in the c1rcumferent1al direction, and. are arranged

. alternately in the radial direction.

| '[0027) . FIG 2 is a sectional view of the slot 14 in pomon “A” in FIG l,cutona
plane parallel to an R - 0 plane. Ten segment coils 20 are arranged in each slot 14. The |

 invention is not limited to the number of segment corls 20 arranged in one slot 14 bemg ten,
ie., the number of segment coils 20.that are arranged in one slot 14 may also be another '
number The segment coils 20 in the slot 14 are pomons of the insertion portions- 22.
FIG. 2 also shows an enlarged view of an msertlon portion 22 of one segment c01l 20

: The segment coils 20 housed in one slot 14 form a same-phase stator coil 16.

[0028]  Each segment coil 20 shown as an insertion portion 22 is formed by a
sefcalled ﬂat Wire 36, which is conducting wire in which a conductor 32 having a
‘rectangular cross-s'ection is coated w1th anAinsulating layer 34. The conducter R2isa
" metal wire member with high electncal conductmty Copper, aluminum, sﬂver gold or
an alloy of these may be used as the material, For the insulating layer 34, a resin coating
may be used, for example, A polyamrde resin, an epoxy resin, an acrylic resin, or a
urethane resin or the like may be used for the resin. Each segment coil 20 in this example
'embediment' is formed by one conductor 32 but the' invention is not limited to- this
‘structure. A plurality of the conductors 32 may- also be arranged parallel in the
cucumferennal direction.

[0029] . With each segment coil 20 in this example embodiment, an msulatlng
layer of an adjacent portion 38 that is adjacent toa segment coil 20 of a different phase at
.the coil end portion 30 is ‘thicker than'a thin insulating layer in another region. As ° |
.described above, the insulating layer of the adjacent portion 38- is thicker than the
insulating layer in another region, so hereinafter this insulating layer will be referred to as a

""‘thickA insnlatin‘g layer 34a” (see FIGS. 4 and 5). Onthe other hand, the insulating layer
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.in the other_ regions is thinner than the thick insulating layer 34a, sol-hereina_ﬂer this .
insulating layer willl be referred to as e.“thin insulating layer 34b” to distinguish it from the
 thick insulating layer 34a (se¢ FIGS. 4 and 5). Segment coils 20 of different phases being
adjacent at the coil end portion 30 includes segment coils 20 of different phases contactmg
each other and being near each other. |
| ' [0030] - The thickness of the thick insulating layer 34a at the adjacent portion 38is
a"thicknees fha_t is able to ensure.insulation performance in  which insulation breakdown -
will not occur even at pe'a.k voltage of interphase voltage while the rotary electric machine -
‘is .Qpereting, ie., is va- thickness that ensures interphase insulation. The insulation
-performance required by this adjacent portion 38 is the greatesf !from among all of the
‘regioné of the segment coil 2'02 In other words, the insulation performance required at
other regions is lower than the insulatien performance of fhe adjacent portion 38. By
) making the thickness described above ‘only at the adjacent portion 38, the thicknese of the
thin insulaiing layer 34b in the other regions is able to be made thinner. For example, the '
‘thickness of the thin insulating layer 34b in the other reglons is a thickness havmg
, msulatlon performance that takes into account the potent1a1 difference between segment
coils 20 of the same phase, i.e., is a thickness that ensures mtraphase insulation. By -
setting the thickness of the insnlating layer .accordingA to this kind of required insulation
performance, the overall insulating layer of the segment coil 20 is able to be made thmner
5o the in-slot space factor of the stator coil 16 is abIe to be improved. -
[0031]  In this example embodiment, the thickness of the insulating layer is mede _
-thicker only at pesitions of the segment coil 20 that are adjacent to another-phase coil. In
particular, an-insulating layer that is thicker than at other portions is formed in a
predetermmed portion of the segment coil 20, before a plurallty of the short segment coils
20 are connected (welded) together. Thatis,ina smgle insulating layer forming process,
an msulatmg layer is formed changing the thickness at the portion. Therefore, this_
forming‘process is extremely efficient. Moreover, the segment coil 20 is formed by»
bending straight flat wire 36. . Therefere, a better insulating layer is able to be formed by

making the insulating layer thick at a pfedetermined portion of the straight flat wire 36
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before bending.
{0632]  Next, the structure of the 'se.gment coil 20 in this example embodiment will
be described with reference to FIGS. 3 1o 5. FIG. 3'is a view of the strtlcture of the
' éegmenf coil 20 according to the example embodiment. FIG 4 is 2 view of the structure
.of the segment coil 20 before bendmg, and FIG 5 is a sectional view taken along line Vi~
VinFIG 4. | . .
- . [0033] The segment coil 20 is a U-shaped conducting wire formed by the tip end
portions 26 that each have a weld 28 at the very tip end, the insertion -portioﬁs 22, and the
bﬁoge portion 24, as described above. Same-phase segment coils 20 are wound in a )
. distributed manner i the circumferential direction 6 to form the stator coil 16, FIG 3.is a
view showmg a segment c01l 20a of a certam phase (e.g., a U-phase) and a segment c01l
20b of another phase (e g.a V—phase) ina state wound ina distributed manner.’

[0034] Typlcally, ina thr_ee-phase stator coil formed by a distributed'winding,-'a
coil end portion exposed from a slot of on'e phase is ‘arranged alternately with a seginent
c01l of a different phase that is exposed from an adjacent slot, and these are adjacent, as

 described in JP 2011- 72071 A In FIG. 3, locatlons where dlﬁ"erent-phase segment coils
‘are adjacent are 1nd1cated by areas of diagonal lmes The segment coil 20a has four
adjacent portions 38 that are adjacent to the segment c01l 20b at the coil end portion 30.
Similarly, the segment coil 20b also has four adjacent portions 38 that are adjacent to a
segment coil of a Wl-bhase, not shown, when the segment coil 20b is a U2-phase, for |
,'example. In this Way, the shape of the coil end portion 30 is uniquely determined by
forming the stator coil 16 with the segment coils 20, 50 the}position‘ of the adjacent portion »
38. of each segment coil 20 is ﬁxebl. Because the position of the adjacent portion 38 is '
speclﬁed beforehand 1t is easy to form the thlck 1nsulatmg layer 34a that is thick on only _. ‘
,'the adJacent portion 38 in a process for coating the conductor 32 with a resin layer 4_

[0035] FIG 4 is a view showmg a straight segment coil 20 before it is bent into a
U-shape: The posmon of the ad]acent portion 38 is spec1ﬁed as described above before
the segment coil 20 is assembled to the stator core 12, and even before the segment coil 20

is bent into a U-shape. The adJacent portion 38 is -provided in two locations on one
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surface of the segment coil 20 in this example embodlment and the adjacent pomon 38is
provided i in one location on each of two side surfaces that are connected to this surface. A
[0036]  The thickness of the thlck insulating layer 34a of the adjacent portion 38 is

thlcker than the thlckneSS of the thin insulating layer 34b in the other reglons as shown in
FIG 5. In this example embodlment first, the outer periphery of the conductor 32 is’
coated with the thm insulating layer 34b. Then, insulating material havmg even hlgher
.insulation performance than the thin insulating layer 34b is appl.led or dripped only' onto

. .the adjacent :portioh 38 to form the inshlation—reinforcing insulating layer 40, thus formirig '
the thick insulatiﬁg layer 34a. By forming ‘the‘ thiek insulatlng layer 34a after forming the
thin insulating layer 34b in-the insulating layer coatmg process in this way, the msulatmg ’
layer is able to be formed efﬁc1ently In parucular in thlS example embodiment, the '
‘segment coil 20 i is the flat wire 36 havmg a rectangular cross-sectmn, and each adjacent

| .pomon 38is posmoned on a flat surface, so the msulatmn-remforcmg insulating layer 40 is

| able to be eas1ly formed on the thin insulating layer 34b.

[0037] In this example embodunent the insulating layer is formed corresponding

‘to the insulation performance requn'ed at each region of the segment coil 20. That is, the
thl_Ck insulating layer 34a of the adjacent portion 38 that is adjacent to a dlfferent-phase "
segment coil 20 at the coil end portion 30 has a thickness that ensures insulaﬁon |
performance in which insulation breakdown will not oceur even at peak voltage of
interphase voltage while the rotary electnc machine is operating. On the other hand, in
‘the regions other than the adjacent portmn 38, the insulation performance may be less than
that reqmred at the adJacent poruon 38 SO these reg10ns are coated with the thin insulating
layer 34b that is thinner than the thick insulating layer 34a. In this way, a high degree of -
insulation performance is ensured only at the adjacent portion 38 that is one portion of the
segment coil 20. In addition, by making the insulating layer 34 in the other regions
ﬂ]innef, the in-slot space factor of the stator coil 16 is able to be improved while ensuring .,
insulation performance. Also, at the coil end portion 30 as well the insulatihg layer in
regions other than the adJacent portion 38 is thin, so space can be saved at the coil ends of .

the stator coil 16, whlch enables the rotary electric machine to be made smaller
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[0038]  Next, the structure of a segntent coil 42 aecording to a second example
embodiment of the invention will be described with reference to FIGS. 6 and 7. FIG 6is.
a view of the structure of the'segment coil 42 before bending, and FIG. 7i isa view of the
structure of the segment coil 42 after bendmg
[0039]  FIG. 6 is a view of the flat wire 36 in a shortened 'state in which a long -
.conductor has been cut to a coil segment length. This.flat wire 36 is'in a state before
bemg bent into the segment coil 42. Even before the segment coﬂ 42 is bent into a
U- shgpe, in this exarr_lple embodiment as well, the position of the adjacent portion 38 is
specified, as described above. ‘Therefore, the specified adjacent portion 38 is coated with
the thick insulating leyer 34a, at1d the regions other than the adjacent portion 38 are coated
‘ 'with.the thin insulating layer 34b that is thinner than the thick inﬁulaﬁpg layer 34a. The
adjacent. portion 38 is provided in two locations on the segment ceil 42 in this example -
embodiment. Also, the flat wire 36 that is coated with the insulatirtg layer 34 undergoes a
. bendiné process, in which it is bent from the shortened state into a segment coil shape, as
shown in FIG. 7. Then ttte flat wire 36 is wound in a distributed manner around the stator
“core 12, thus forming the stator coil 16
[0040] Conventlonally, when coatmg a long conductor with an 1nsulat1ng layer, a |
* continuous process of applying insulation coating resin, making the coating even, and
baking is performed. Dtn-ing this p‘rocess, a core conductor is fed out at a.predetermined
speed in a longltudmal du'ectlon of the conductor. In the application process resin is
.apphed by dipping the conducting wire into a tank filled w1th resin, or b y drlpplng resin onto
| the conductmg the, and then the conducting wire is passed through a die, where the
coating thickness is adjusted and the coafing is evened out. Also, in order to form a’
coating of a predetermined thickness, typically, the process from Vapplication to baking. is
repeated a plurality of timeé._ With such a conventional insulating layer forming method,
When an attempt is made to. change the coating thickness ‘at some parts, a process and
- equipment capable of pinpoint application must be newly added, and the continuously fed
~conductor must be stopped each time in this pihpoint application process, and the thickness

~ of the coating must be changed only at the target portion (e.g., the adjacent portion 38).
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“Asa resﬁlt, the rnanufacturing cost iﬁcreases, and the inanufacturing time increases, which
is'problematic. Also, there will be interfefenqe between t'he‘ thick resin layer, an_d a
* bobbin for winding and a guide that suppoﬁs the core conductor, so the thick resin layer ‘
will end up being shaved or peeled off;-or the central line of the core will be difficult to
establish and the target portion will be uhéble to be made the propér thickness, all of which
are prc;blematic; ' . - -
| [0041] In - this . example ' embodiment, the fbregoing problems are solved by
'f'omiing the insulatihg layer 34 that in;:ludes the thick insulatingA layer 34a and the thin |
- insulating Alayer 34b after the conductor 32 has been cut from being long to the shortened
_I'state. That is, in the sh‘ortened- sfate, the core conductor does not need -toAbe fed in the{
' lbngitudinal direction of ,the'oo'ndu.ctor, so the insulating layer can be applied while the -
"core conductor is stopped. . As a result, the ﬁickness of the insulating layer is able to be
_cilanged at some i)arts, i.e.,vt'he thick irisulating layer 34a is able.to be made the proper
thickngss. . Also, in the shortened state, the bobbin and guide of the jcbre:conductor are not
nécessary, so damage to the thick iﬁsulating layer 34a that fs the thlck portion can be
av.oided. Also, the shonened-state makes ﬁansfer molding or injection'mold.ing_ uéing a
die possible in the application process, so the ‘i_nAsulati'nAg l'ayer: 34 having different
" thicknesses is able to be formed properly and easily. . 4
[0042]  Also, having the flat -wire 36 be in the shortened state enables the
insulating layer tol be applied Wﬁile the flat Wire 36 is being rotated about the 'longitudinz_ﬂ
‘axis of the conductor 32, which obviates the need for a die, and enables thé thick insulatingl
. layer 34a to be formied. In this case, the thick insulaﬁxié layef 34a is also formed on t'he:
other three surfaces thgt are the same regions as the adjacent portion 38 in the longitudinal
direction of the conductor 32. | o | | '
[0043]  In this example embodiment, a case is described in which the insulating |
- layer 34 is formed when the flat wire 36 in the éhortened state, but the invention is nét
Timited to this, The insulating layer 34 may also be applied i.e., formed, after the flat
wire 36 has been bent into a Segment coil shape. This inhibits the insulating layer 34

‘_ffom being damaged'i_h the bending process, and imbr_oves the uniformity of the coating at
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the bent portion, thus making it possible to inhibit the insulation performance ﬁem
. decreasing. o , |
[0044] In this example embodiment, the same resin is used for both the thick
' msulatmg layer 34a and the thin msulatmg layer 34b of the. msulatmg layer 34, Usmg the
same material enables the same equipment to be used, as well as inhibits the man_ufacturmg
-c-ost and work load from increasing. | Also, because the material of the thick insulating
layer 34a and the thin insulating layer 34b is the same and only the thickness of the coating
1s changed when fonning the insulating layer 34, adhesion axﬁbng different materials does
" not have to be taken into account, so the msulatmg layer 34 havmg good 1nsu1atlon
perfonnance and good adhesion is able to be formed A
[0045]  In these example embodiments, a case in which three-phas’e Aalite‘m'ati'ng
- current electricity is euppiied to the stator coil 16 is c_leé_cn‘bed, :bm the invention is not
limited to this structure. That is, polyphase altemating_eufrenf electricity, i.e., electricity
-of alternating current with a plurality of phases, may é.lso_be supplied to the stator coil 16.
-[0046] In the first example embod1ment a case is descnbed in which the
ﬁmsulauon-remforcmg insulating Iayer 40 is matenal having hlgher 1nsulat10n performance
. than the thin insulating layer 34b, but the invention is not limited to this structure. The
‘insulation-reinforcing ihsulating layer 40 may of course also be formed by recoating with
the same type of resin as that of the thin insulating layer 34b, as long as it is poesible to
ensure ~iﬁsulating perfom;a,nce in which insulating breakdown will not occur among the
phases. o | _ ‘ | |
[0047] Also, in the ﬁfet exaﬁlple embodiment, a case'is described in w}ﬁch only
the insulating layer of the adjaeent portion 38 is the thick insulating layer 34a, but the
- invention is not limited to this structure. = As described in the second example
embodiment, the thick insulating layer 34a may also be formed on the other three surfaces
as long as it is in the same region as the adjacent portion 38 in th_e longitudinal direction of
‘the conductor 32, | ‘
{0048} Next, the manufacturing method of the stator 10 stfhétured in this way will
be described with reference_ to FIGS. 8 and QA to 9D. FIG 8 is a flowchart illustrating an -
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example of one manufacturing process of the stator 10, and FIGS. 9A to 9D are views of
the states of the conductor 32 and the flat \yire 36 in each step in the process shown in FIG
- 8. The ﬂowchart in FIG. 8 illustrates in detail the rnanufacturmg process of the stator coil
16 in pa.mcular The manufactunng method of the stator core 12 is sumlar to that of the
related art so a detailed descnptlon thereof will be omitted.
- [0049]  First, m_step S01, a long conductor 32a i 1_s cut to form a short conductor
32b. FIG. 9A shows this cnt state. The length of short conductor 32b is the length of the
segment coil 42 before the bending process ie., is the coil segment length |
[0050] In step S02, the insulating layer 34 is applied to the short conductor 32b.
At thrs time, the insulating layer 34 of the adjacent portion 38 of the coil end portlon 301s |
applled so as to be thicker than the thin msulatmg layer 34in another region. More
specifically, an epoxy resin or polyester resin or the like is applied to the outer periphery of
the conductor 32b. Then the resin is heated and hardened to form the thin insulating layer
34b. Next, the same resin Aa's, tha_t used for the thin insulating layer 34h, or resin having
higher insulation performance than the thin insulating layer 34b, is applied or tiripped only
on to the adjacent portion 38. This resin is then heated and’ hardened to form the thick
.insulating layer 34a. Itis by this process that the short flat wire 36 such as that shown in
FIG 9B, is formed. The position of the adjacent portion 38 is able to be specified
“beforehand, as 1s described in paragraphs [0034] and [0035], even before the segment coil
20 is assembled to the stator core 12 Therefore, with the short conductor 32b as well, it
is possible to easily form only the adjacent portlon 38 wrth the _thlck insulating layer 34a -
that is thick. . 4 | ,
0051} Contmumg on, the process advances on to step S03, where the conductor -
32b having the insulating layer 34 ie., the flat wire 36, is bent into a segment coil shape.
On one flat wire 36, the bent portlon is provided at three locations on the bridge portion 24
of the segment coil 42, as shown by the regions encircletl' by the broken lines in FIG. 9C.
The bending radius’ of the inner penpheral side of these bent pomons is 2.5 mm, for
example. A jig, not shown, used in the bending process anludes an inner peripheral side

'jig that hias an outer diameter corresponding to the i 41nner penpheral side of the bent portion,
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| and that restrains thlS inner peripheral side, and outer penpheral s1de jigs that restrain both
ends of the bent pomon in the longltudmal direction of the flat wire 36 from the outer
| peripheral side of the bent portion. The bent portion is formed by_makmg the flat wire 36
contact the inner peripheral side jig and pressing the ﬂat wire 36 toward the inner
- peripheral side with at least one of the outer periphéral side jigs. The bending jig is not -
limited to the structure described above. A conventional jig may also be used.
'[0052] Finally, in step S04, the flat wire 36 is wound around the stator core 12 o
form the stator coﬂ 16. More specifically, the bridge pomon 24 is made to come Qu_t at an
'-end portidn on one side in the axial direéﬁbn Z of the_'s'tato'r.core 12, and the i_rxsertion
portions 22 on both sides of the bridge portion 24 are inserted into the slots 14. “Atip end
, pomon 26 of each insertion portion 22 that protrudes from an end portion on the other side
: in the ax1al direction Z of the stator core 12 is then bent toward the outside in the
. circumferential direction. Then the end portion of each tip end portion 26 (i.e., the
regions encircled by the broken lines in FIG. 9D) is connected by welding or the like to the
end portion of the ti.p”end portion 26 of another segment coil 20 of the same phase that s
4adjace'nt in the circurnfe'rential direction. Consequently, the statdr coil 16 that is wound
~around the stator core 12 is formed, and the manufacturmg process of the stator 10 ends.
[0053] This kind of manufacturing process differs from a conventional process
such as that described in paragraph [0040], in that the insulating layér 34 is formed after
“the conductor 32 has been cut to a shortA state. By cutting the conductor 32 to the short
state in this way, the long core conductor does not need to be fed in the longitudinal
direction of the conductor in the resin layer coating step, so the resin can be applied while
the short core conductor 32b is stopped. - Asa résult, the thickness of the insulating layer |
is able to be changed at some parts, i.e., the thick insulating layér 34a is ablc? to be made
the proper thickness and/or position. Also, by making the conductor 32 short before the ;
‘resin layer coating process, the bobbin and guide of the core conductor a_fe no longer
necessary, so damage to the thick insulating layer 34a due to contact with these members
can be avoided. | '

[0054] ‘In, the manufacturing method of the stator 10 described above, a case in
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which the insulating layer 34 is formed before the conductor 32 is bent into the segrnent
~ coil shape, but the invention is not limiteci to this manufacturing meth'od.i That is, a
_manufacturing method shown in F IGS. 10 and 11A to 11D, as will be described next, may
also be employed. FIG 10 is a flowchart illustrating an example of another
manufacturing process of the stator 10, and FIGS. 11A to 11D ar'eiviews showing the states
.of the conductor 32 and the flat wire 36 in eabh step in the processlshown in FIG. 10.

[0055} . First, in step S1l1 in the flowchart shown i in FIG 10, the conductor 32 is
cut in two to form a long conductor 32a and a short conductor 32b. FIG. 11A shows this
‘cut state, o ' _

. [0056]  Then the Isrocess proceeds on to step S12, where the short conductor 32b _-
"is bent into a segment coil shape. The bent porfion'is provided -'a't three locations on the
bridge portion 24, as shown 'by the regions encircled by the broken lines in F‘iG 11B. |
' [0057] Contmumg on, in step S13, the msulatmg layer 34 is formed by applying

»resm to the segment coil-shaped conductor 32b. More spe(:lﬁcally, the thin msulatmg

Iayer 34b is formed on the outer periphery of the conductor 32b. Then, the thick
insulating layer 34a.is formed usmg the same resin as that used for the thin insulating layer ‘
: 34b or resin having higher msulation performance than the thin msuIatmg layer 34b, only
on to the adjacent portion 38. As a result, the segment coil-shaped flat wire 36, i.e:, the
segment coil 42, is-formed. . _

[0058] Fmally, in step Sl4 the segment coil 42 is wound around the stator core
12 to form the stator coil 16 as is shown in FIG. 11D, and then this manufacturmg process
._ends | The regions encircled by the broken lines m FIG llD are welding points for

A connecting the tip end portions 26 of adjacent segment coﬂs 42 together, as described in
the manufacturing process above. ) ‘

[0059]  As is shown in this flowchart, the insnlating layer 34 is able to be coated
on after the conductor 32b is bent, This inhibits the vinsu‘lating, layer 34 fron'i being
damaged in the bending process, and imi_iroyes the evenness of the coating at the bent” '
portion, thus making it possible to inhibit ‘fhe insulation performance from decreasing.

[0060] In the resin layer coating processes of the _tWo manufacturing processes
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- described above, a case in which the msulatmg layer 34 is formed by applylng resin to the

- ‘conductor 32b is explained, but the invention is not hmlted to this coatmg method. A

' dlfferent coatlng method may be used as long as the msulatmg layer 34 of different

'.-t}uclgmesses is able to be formed on ‘the outer periphery of the conductor 32b. For
example, electrodepositioﬁ'_ or a vacuum -evaporation. may also be used. Also, the
coﬁductor 32b is in a short state of a predetennined length, and the: position where the thick - |
msulatmg layer 34a is formed is specified beforehand so the insulating layer 34 can also

Cbe suitably formed by ‘transfer moldmg or injection molding using a die or the like. -

- Employing these moldmg methods enables the xnsulatmg layer 34 having dlfferent o

v

| thlcknesses to be formed properly and easﬂy
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CLAIMS:

1. A stator comprising: |
‘a stator core in which slots are formed a predetermined distance apart in a
eircumferential direction; aﬂd ‘ | |
A. a polyphase stator coil formed by a first flat wire of a first phase, that is coated with
4 an'insuleting layer, and a secend flat wire of e 'second‘ phase that differs from the first phase,'
that is coated with an insulating layer, the polyphase stator coil being wound z;round the.
_stator core through the slots, ' .
wherein the first flat wire and the second flat wire each have an insertion portion that
is inserted into the elots,- and a coil end portion that protrudes from an end portion of the
stator core; and | .
wherein a first insulating layer of an adjacent portion of the first flat wire that is adjacent to .
‘the second flat wire at the coil-end portion of the first flat wire is thicker than a second - -

insulating layer in a region other than the coil end portion of the first flat wire.

2. The stator according to claim 1, wherein
the stator coil is formed by the first flat wire and the second flat wire being wound in

a distributed manner around the stator core.

3. The stator according to claim 1 or 2, wherein

the stator coil is formed by a segment coil.

4. The stator according to claim 3, wherein ~
the first insulating layer is apphed when the ﬁrst flat wire is in a shortened state in

whxch the first flat wire has been cut to a coil segment lengﬂL

5. The stator according to claim 3, wherein

the first insulating layer is applied!{ when the ﬁrst flat wire has been bent into a
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segment coil shape from a shortened state in which the first flat wire has been cut to a coil

segment length. -

6. The stator according to any one of claims 1 to 5, wherein

the ﬁrst insulating layer of the adjacent pomon is formed by a basw insulating layer
that as a uniform tlnckness of insulation material and is formed over the entire first flat wire,
. and an 1nsulat10n—re1nforcmg msulatmg layer that has hlgher insulation performance than -

the 1 basic insulating layer and is added to the basic 1nsulat1ng.layer at the coil end portion.

7. A rotary electric machine comprising:
‘-arotor;and

 the stator according to any one of claims 1t0 6.

8. A manufacturing method of a stator ha\}ing a ste.tor core in which slots-are formed a
* predetermined distance apart in a circumferential.directiou, und a polyphase stator coil "
) formed hy a first segment coil of a ﬁr;st phase, that i$ coated with an'insullating layer, and a
second segment coil of a second phase that differs from the ﬁrst phase, that is coated with
_ an insulating layer, being wound around the stator core through the slots, compnsmg _
prov1d1ng each of the first segment coil and the second segment coil with an insertion
-~ -portion that is inserted into the slots, and a coil end portion that protrudes from an end
- portion of the stator core; o |
| applying to the coil end portion of the-ﬁrst segment coil . | an insulating layer of an _
'v adjacent portion of the ﬁrst segment coil that is adjacent to the second segment coil, suoh _
that the insulating layer of the adjacent portion is thicker than an insulating layef ina
region other than the adj acent i)onion‘ end | 4
| forrmng a stator coil by winding the first and second segment coils coated with the

’ msulatmg layer around the stator core.

9. The manufacturing method aceording o clmm 8, whefein
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the A.condu'cto; is made to be in} a §}10ﬂéned sfate by being cut to a coil segment length;
- the insulating Iayef is applied to the conductor in the shortened state; and
the conductor coated thh thé insulating Iayer is bent into a segment coil shape.to‘

formi the ﬁrst segment coil.

~ 10.The manu'fac‘tum:lg method according to claim 8, wherein |
| the co'nductor‘ is made to be in a shortened stéte by being cutto a coil segment length; -
the condﬁctor in the shortened State is bent into a segment coil shape; and |
" the msulatmg layer is applied to the conductor in a state bent into the segment coil

: shape to form the first segment coil.
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FIG. 8
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~ FIG. 10
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