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STATOR , STATOR MANUFACTURING wires at the coil end , as in JP 2011 - 72071 A . However , a coil 
METHOD , AND ROTARY ELECTRIC insulating member is a separate member that is different 

MACHINE from the flat wire , so even if it is attached , there will end up 
being a gap between these members , so the insulation 

BACKGROUND OF THE INVENTION 5 performance may end up decreasing . On one hand , if an 
attempt is made to improve adhesion between the two by 

1 . Field of the Invention eliminating this gap , assemblability in a coil insulating 
The invention relates to a stator , a manufacturing method member attaching process may decrease . In addition , during 

of a stator , and a rotary electric machine provided with the attachment , the insulating layer applied to the flat wire may 
stator . More particularly , the invention relates to an improve - 10 be damaged by a coil attaching member , and as a result , 
ment of the structure of a conducting wire used in a insulation performance may end up decreasing . 
polyphase stator coil . 

2 . Description of Related Art SUMMARY OF THE INVENTION 
A rotary electric machine includes a stator provided with 

a stator coil that generates a rotating magnetic field , and a 15 The invention thus provides a stator capable of improving 
rotor rotatably provided inside the stator . The rotor rotates an in - slot space factor of a stator coil while ensuring 
by electromagnetic action operating between the rotating insulation performance , a manufacturing method of this 
magnetic field of the stator and the rotor . stator , and a rotary electric motor provided with this stator . 

One type of conducting wire used for the stator coil A first aspect of the invention relates to a stator that 
described above has a circular cross - section . However , in 20 includes a stator core in which slots are formed a predeter 
order to increase the in - slot space factor of the stator coil , a mined distance apart in a circumferential direction , and a 
flat wire that is a conducting wire with a rectangular cross - polyphase stator coil formed by a first flat wire of a first 
section is sometimes used instead of a conducting wire with phase , that is coated with an insulating layer , and a second 
a circular cross - section . flat wire of a second phase that differs from the first phase , 

Japanese Patent Application Publication No . 2011 - 72052 25 that is coated with an insulating layer , the polyphase stator 
( JP 2011 - 72052 A ) describes a stator having a stator core in coil being wound around the stator core through the slots . 
which slots are formed , and a stator coil formed by a flat The first flat wire and the second flat wire each have an 
wire coated with an insulating layer being wound in a insertion portion that is inserted into the slots , and a coil end 
distributed manner in the slots . With the flat wire described portion that protrudes from an end portion of the stator core . 
in JP 2011 - 72052 A , the insulating layer on a surface 30 A first insulating layer of an adjacent portion of the first flat 
contacting an adjacent flat wire in the radial direction in the wire that is adjacent to the second flat wire at the coil end 
slots is thin , so the in - slot space factor of the stator coil is portion of the first flat wire is thicker than a second insu 
increased . In addition , the insulating layer of the surface that lating layer in a region other than the coil end portion of the 
contacts the stator core is thick , so insulation performance is first flat wire . 
ensured . 35 Also , the stator coil may be formed by the first flat wire 

Japanese Patent Application Publication No . 2011 - 72071 and the second flat wire being wound , in a distributed 
( JP 2011 - 72071 A ) describes a stator having a stator core in manner around the stator core . 
which slots are formed , and a stator , coil formed by a flat Also , the stator coil may be formed by a segment coil . 
wire coated with an insulated layer being wound in a Also , the first insulating layer may be applied when the 
distributed manner in the slots . With the flat wire described 40 first flat wire is in a shortened state in which the first flat wire 
in JP 2011 - 72071 A , a surface is coated with an insulating has been cut to a coil segment length . 
layer , and a coil insulating portion is attached to a portion Also , the first insulating layer may be applied when the 
that is adjacent to a different phase coil at the coil end , so first flat wire has been bent into a segment coil shape from 
interphase insulation is ensured . a shortened state in which the first flat wire has been cut to 

The flat wire that is adjacent in the radial direction in the 45 a coil segment length . 
same slot is the same phase , so the insulating layer is able Also , the first insulating layer of the adjacent portion may 
to be made thin as long as it is thick enough to provide be formed by a basic insulating layer that has a uniform 
insulation performance that prevents a short between these thickness of insulation material and is formed over the entire 
flat wires , i . e . , as long as it is thick enough to ensure first flat wire , and an insulation - reinforcing insulating layer 
interphase insulation . However , in a polyphase stator coil 50 that has higher insulation performance than the basic insu 
formed by the flat wire being wound , flat wires with different lating layer is added to the basic insulating layer at the coil 
phases are adjacent to one another at coil end portions that end portion . 
are exposed from the slots , so the insulating layer of the flat second aspect of the invention relates to a rotary electric 
wire must be of a thickness that takes into account the machine that includes a rotor , and the stator described above . 
potential difference among phases , i . e . , must be thick 55 A third aspect of the invention relates to a manufacturing 
enough to ensure interphase insulation . Therefore , the entire method of a stator having a stator core in which slots are 
flat wire is coated with a comparatively thick insulating formed a predetermined distance apart in a circumferential 
layer that takes into account a high potential difference direction , and a polyphase stator coil formed by a first 
among different phases , and this insulating layer thickness segment coil of a first phase , that is coated with an insulating 
ends up impeding improvement of the in - slot space factor of 60 layer , and a second segment coil of a second phase that 
the stator coil , which is problematic . If improvement of the differs from the first phase , that is coated with an insulating 
in - slot space factor of the stator coil is limited , a reduction layer , being wound around the stator core through the slots . 
in motor size and improvements in motor output character - This manufacturing method includes providing each of the 
istics cannot be expected first segment coil and the second segment coil with an 
One conceivable way of handling this is to attach a coil 65 insertion portion that is inserted into the slots , and a coil end 

insulated portion corresponding to the interphase insulation portion that protrudes from an end portion of the stator core ; 
only to a portion near an area between different - phase flat coating on the coil end portion of the first segment coil with 
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an insulating layer of an adjacent portion of the first segment In FIG . 1 , a Z direction indicates an axial direction of the 
coil that is adjacent to the second segment coil , such that the stator core 12 , a direction indicates a circumferential 
insulating layer of the adjacent portion is thicker than an direction of the stator core 12 , and a R direction indicates a 
insulating layer in a region other than the adjacent portion ; radial direction of the stator core 12 . 
and forming a stator coil by winding the first and second 5 The stator coil 16 is a three - phase stator coil . The stator 
segment coils coated with the insulating layer around the coil 16 of each phase is formed by a plurality of segment 
stator core . coils 20 being connected together . The segment coils 20 are 

Also , the conductor may be made to be in a shortened conducting wires , each of which is formed in a U - shape so 
as to have two insertion portions 22 that are inserted into the state by being cut to a coil segment length , the insulating 10 slots 14 , and a bridge portion 24 that extends between these layer may be coated on the conductor in the shortened state , two insertion portions 22 . The stator coil 16 in this example and the conductor coated with the insulating layer may be embodiment is formed with the segment coils 20 wound in bent into a segment coil shape to form the first segment coil . a distributed manner around the stator core 12 . A distributed Also , the conductor may be made to be in a shortened winding is a winding method in which the segment coils 20 

state by being cut to a coil segment length , the conductor in 15 are wound around the stator core 12 in such a manner that the shortened state may be bent into a segment coil shape , a segment coil 20 of one phase is inserted into two slots 14 
and the insulating layer may be applied to the conductor in that sandwich a slot 14 into which a segment coil 20 of 
a state bent into the segment coil shape to form the first another phase is inserted . The invention is not limited to this 
segment coil . winding method . That is , a concentrated winding , i . e . , a 

The stator and manufacturing method of the stator accord - 20 winding method in which a conducting wire is wound 
ing to the invention make it possible to improve the in - slot directly around the stator core 12 via an insulator , may also 
space factor of the stator coil while ensuring insulation be used , as long as the segment coils 20 that are inserted into 
performance . one slot 14 are all the same phase . 

In FIG . 1 , the bridge portion 24 is made to come out at an 
BRIEF DESCRIPTION OF THE DRAWINGS 25 end portion on one side ( i . e . , a first end portion ) in an axial 

direction Z of the stator core 12 , and the insertion portions 
Features , advantages , and technical and industrial signifi 22 on both sides of the bridge portion 24 are inserted into the 

cance of exemplary embodiments of the invention will be slots 14 . A tip end portion 26 of each insertion portion 22 
described below with reference to the accompanying draw that protrudes from an end portion on the other side ( i . e . , a 
ings , in which like numerals denote like elements , and 30 second end portion ) in the axial direction Z of the stator core 
wherein : 12 is connected by welding or the like to the tip end portion 

FIG . 1 is a view of the structure of a stator according to 26 of another segment coil 20 . In FIG . 1 , a weld 28 is shown . 
an example embodiment of the invention ; The weld 28 is an end portion of a very tip end of the tip end 

FIG . 2 is a sectional view of a slot in portion “ A ” in FIG . portion 26 of the segment coil 20 . In the stator 10 of this 
1 , cut on a plane parallel to an R - O plane ; 35 example embodiment , the welds 28 of the segment coils 20 

FIG . 3 is a view of the structure of a segment coil of each phase are all gathered on the other side ( i . e . , the 
according to the example embodiment ; second end portion side ) of the stator core 12 . 

FIG . 4 is a view of the structure of the segment coil before In this way , the bridge portions 24 of the segment coils 20 
bending ; are arranged protruding on the end portion on one side ( i . e . , 

FIG . 5 is a sectional view taken along line V - V in FIG . 4 ; 40 the first end portion ) of the stator core 12 , and the tip end 
FIG . 6 is a view of the structure of the segment coil before portions 26 of the segment coils 20 are arranged protruding 

bending ; on the end portion on the other side ( i . e . , the second end 
FIG . 7 is a view of the structure of the segment coil after portion ) . A portion where the segment coil 20 protrudes at 

bending ; the end portion of the stator core 12 will be referred to as a 
FIG . 8 is a flowchart illustrating an example of one 45 “ coil end ” . The tip end portion 26 and the bridge portion 24 

manufacturing process of the stator ; of the segment coils 20 are both positioned on portions that 
FIGS . 9A to 9D are views of the states of the conductor protrude from end portions of the stator core 12 , so these 

and the flat wire in each step in the process shown in FIG . portions will hereinafter be referred to as coil end portions 
30 . Coil ends of neighboring phases are offset a predeter 

FIG . 10 is a flowchart illustrating an example of another 50 mined amount in the circumferential direction , and are 
manufacturing process of the stator ; and arranged alternately in the radial direction . 

FIGS . 11A to 11D are views showing the states of the FIG . 2 is a sectional view of the slot 14 in portion “ A ” in 
conductor and the flat wire in each step in the process shown FIG . 1 , cut on a plane parallel to an R - oplane . Ten segment 
in FIG . 10 . coils 20 are arranged in each slot 14 . The invention is not 

55 limited to the number of segment coils 20 arranged in one 
DETAILED DESCRIPTION OF EMBODIMENTS slot 14 being ten , i . e . , the number of segment coils 20 that 

are arranged in one slot 14 may also be another number . The 
Hereinafter , example embodiments of the stator according segment coils 20 in the slot 14 are portions of the insertion 

to the invention will be described with reference to the portions 22 . FIG . 2 also shows an enlarged view of an 
accompanying drawings . FIG . 1 is a view of the structure of 60 insertion portion 22 of one segment coil 20 . The segment 
the stator according to a first example embodiment . The coils 20 housed in one slot 14 form a same - phase stator coil 
stator 10 of this example embodiment is used in a rotary 16 . 
electric machine that runs by being supplied with three - Each segment coil 20 shown as an insertion portion 22 is 
phase alternating current electricity . formed by a so - called flat wire 36 , which is conducting wire 

The stator 10 includes a stator core 12 , a stator coil 16 that 65 in which a conductor 32 having a rectangular cross - section 
is wound through slots 14 of the stator core 12 , and various is coated with an insulating layer 34 . The conductor 32 is a 
phase terminals 18 that are pulled out from the stator coil 16 . metal wire member with high electrical conductivity . Cop 

8 ; 
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per , aluminum , silver , gold , or an alloy of these may be used the structure of the segment coil 20 before bending , and FIG . 
as the material . For the insulating layer 34 , a resin coating 5 is a sectional view taken along line V - V in FIG . 4 . 
may be used , for example . A polyamide resin , an epoxy The segment coil 20 is a U - shaped conducting wire 
resin , an acrylic resin , or a urethane resin or the like may be formed by the tip end portions 26 that each have a weld 28 
used for the resin . Each segment coil 20 in this example 5 at the very tip end , the insertion portions 22 , and the bridge 
embodiment is formed by one conductor 32 , but the inven portion 24 , as described above . Same - phase segment coils 
tion is not limited to this structure . A plurality of the 20 are wound in a distributed manner in the circumferential 
conductors 32 may also be arranged parallel in the circum direction 0 to form the stator coil 16 . FIG . 3 is a view 

showing a segment coil 20a of a certain phase ( e . g . , a ferential direction . 
With each segment coil 20 in this example embodiment , + 10 U - phase ) and a segment coil 20b of another phase ( e . g . , a 

V - phase ) in a state wound in a distributed manner . an insulating layer of an adjacent portion 38 that is adjacent Typically , in a three - phase stator coil formed by a dis to a segment coil 20 of a different phase at the coil end tributed winding , a coil end portion exposed from a slot of 
portion 30 is thicker than a thin insulating layer in another one phase is arranged alternately with a segment coil of a 
region . As described above , the insulating layer of the 16 the 15 different phase that is exposed from an adjacent slot , and 
adjacent portion 38 is thicker than the insulating layer in these are adjacent , as described in JP 2011 - 72071 A . In FIG . 
another region , so hereinafter this insulating layer will be 3 . locations where different - phase segment coils are adjacent 
referred to as a “ thick insulating layer 34a ” ( see FIGS . 4 and are indicated by areas of diagonal lines . The segment coil 
5 ) . On the other hand , the insulating layer in the other 2 0a has four adjacent portions 38 that are adjacent to the 
regions is thinner than the thick insulating layer 34a , so 20 segment coil 20b at the coil end portion 30 . Similarly , the 
hereinafter this insulating layer will be referred to as a " thin segment coil 20b also has four adjacent portions 38 that are 
insulating layer 346 " to distinguish it from the thick insu - adjacent to a segment coil of a W1 - phase , not shown , when 
lating layer 34a ( see FIGS . 4 and 5 ) . Segment coils 20 of the segment coil 20b is a U2 - phase , for example . In this way , 
different phases being adjacent at the coil end portion 30 the shape of the coil end portion 30 is uniquely determined 
includes segment coils 20 of different phases contacting 25 by forming the stator coil 16 with the segment coils 20 , so 
each other and being near each other . the position of the adjacent portion 38 of each segment coil 

The thickness of the thick insulating layer 34a at the 20 is fixed . Because the position of the adjacent portion 38 
adjacent portion 38 is a thickness that is able to ensure is specified beforehand , it is easy to form the thick insulating 
insulation performance in which insulation breakdown will layer 34a that is thick on only the adjacent portion 38 in a 
not occur even at peak voltage of interphase voltage while 30 process for coating the conductor 32 with a resin layer . 
the rotary electric machine is operating , i . e . , is a thickness FIG . 4 is a view showing a straight segment coil 20 before 
that ensures interphase insulation . The insulation perfor - it is bent into a U - shape . The position of the adjacent portion 
mance required by this adjacent portion 38 is the greatest 38 is specified , as described above , before the segment coil 
from among all of the regions of the segment coil 20 . In 20 is assembled to the stator core 12 , and even before the 
other words , the insulation performance required at other 35 segment coil 20 is bent into a U - shape . The adjacent portion 
regions , is lower than the insulation performance of the 38 is provided in two locations on one surface of the 
adjacent portion 38 . By making the thickness described segment coil 20 in this example embodiment , and the 
above only at the adjacent portion 38 , the thickness of the adjacent portion 38 is provided in one location on each of 
thin insulating layer 34b in the other regions is able to be two side surfaces that are connected to this surface . 
made thinner . For example , the thickness of the thin insu - 40 The thickness of the thick insulating layer 34a of the 
lating layer 34b in the other regions is a thickness having adjacent portion 38 is thicker than the thickness of the thin 
insulation performance that takes into account the potential insulating layer 34b in the other regions , as shown in FIG . 
difference between segment coils 20 of the same phase , i . e . , 5 . In this example embodiment , first , the outer periphery of 
is a thickness that ensures intraphase insulation . By setting the conductor 32 is coated with the thin insulating layer 34b . 
the thickness of the insulating layer according to this kind of 45 Then , insulating material having even higher insulation 
required insulation performance , the overall insulating layer performance than the thin insulating layer 34b is applied or 
of the segment coil 20 is able to be made thinner , so the dripped only on to the adjacent portion 38 to form the 
in - slot space factor of the stator coil 16 is able to be insulation - reinforcing insulating layer 40 , thus forming the 
improved . thick insulating layer 34a . By forming the thick insulating 

In this example embodiment , the thickness of the insu - 50 layer 34a after forming the thin insulating layer 34b in the 
lating layer is made thicker only at positions of the segment insulating layer coating process in this way , the insulating 
coil 20 that are adjacent to another - phase coil . In particular , layer is able to be formed efficiently . In particular , in this 
an insulating layer that is thicker than at other portions is example embodiment , the segment coil 20 is the flat wire 36 
formed in a predetermined portion of the segment coil 20 , having a rectangular cross - section , and each adjacent por 
before a plurality of the short segment coils 20 are connected 55 tion 38 is positioned on a flat surface , so the insulation 
( welded ) together . That is , in a single insulating layer reinforcing insulating layer 40 is able to be easily formed on 
forming process , an insulating layer is formed changing the the thin insulating layer 34b . 
thickness at the portion . Therefore , this forming process is In this example embodiment , the insulating layer is 
extremely efficient . Moreover , the segment coil 20 is formed formed corresponding to the insulation performance 
by bending straight flat wire 36 . Therefore , a better insulat - 60 required at each region of the segment coil 20 . That is , the 
ing layer is able to be formed by making the insulating layer thick insulating layer 34a of the adjacent portion 38 that is 
thick at a predetermined portion of the straight flat wire 36 adjacent to a different - phase segment coil 20 at the coil end 
before bending . portion 30 has a thickness that ensures insulation perfor 
Next , the structure of the segment coil 20 in this example mance in which insulation breakdown will not occur even at 

embodiment will be described with reference to FIGS . 3 to 65 peak voltage of interphase voltage while the rotary electric 
5 . FIG . 3 is a view of the structure of the segment coil 20 machine is operating . On the other hand , in the regions other 
according to the example embodiment . FIG . 4 is a view of than the adjacent portion 38 , the insulation performance may 
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be less than that required at the adjacent portion 38 , so these after the conductor 32 has been cut from being long to the 
regions are coated with the thin insulating layer 34b that is shortened state . That is , in the shortened state , the core 
thinner than the thick insulating layer 34a . In this way , a conductor does not need to be fed in the longitudinal 
high degree of insulation performance is ensured only at the direction of the conductor , so the insulating layer can be 
adjacent portion 38 that is one portion of the segment coil 5 applied while the core conductor is stopped . As a result , the 
20 . In addition , by making the insulating layer 34 in the thickness of the insulating layer is able to be changed at 
other regions thinner , the in - slot space factor of the stator some parts , i . e . , the thick insulating layer 34a is able to be 
coil 16 is able to be improved while ensuring insulation made the proper thickness . Also , in the shortened state , the 
performance . Also , at the coil end portion 30 as well , the bobbin and guide of the core conductor are not necessary , so 
insulating layer in regions other than the adjacent portion 38 10 damage to the thick insulating layer 34a that is the thick 
is thin , so space can be saved at the coil ends of the stator portion can be avoided . Also , the shortened state makes 
coil 16 , which enables the rotary electric machine to be transfer molding or injection molding using a die possible in 
made smaller . the application process , so the insulating layer 34 having 
Next , the structure of a segment coil 42 according to a different thicknesses is able to be formed properly and 

second example embodiment of the invention will be 15 easily . 
described with reference to FIGS . 6 and 7 . FIG . 6 is a view Also , having the flat wire 36 be in the shortened state 
of the structure of the segment coil 42 before bending , and enables the insulating layer to be applied while the flat wire 
FIG . 7 is a view of the structure of the segment coil 42 after 36 is being rotated about the longitudinal axis of the con 
bending . ductor 32 , which obviates the need for a die , and enables the 

FIG . 6 is a view of the flat wire 36 in a shortened state in 20 thick insulating layer 34a to be formed . In this case , the thick 
which a long conductor has been cut to a coil segment insulating layer 34a is also formed on the other three 
length . This flat wire 36 is in a state before being bent into surfaces that are the same regions as the adjacent portion 38 
the segment coil 42 . Even before the segment coil 42 is bent in the longitudinal direction of the conductor 32 . 
into a U - shape , in this example embodiment as well , the In this example embodiment , a case is described in which 
position of the adjacent portion 38 is specified , as described 25 the insulating layer 34 is formed when the flat wire 36 in the 
above . Therefore , the specified adjacent portion 38 is coated shortened state , but the invention is not limited to this . The 
with the thick insulating layer 34a , and the regions other insulating layer 34 may also be applied i . e . , formed , after the 
than the adjacent portion 38 are coated with the thin insu - flat wire 36 has been bent into a segment coil shape . This 
lating layer 34b that is thinner than the thick insulating layer inhibits the insulating layer 34 from being damaged in the 
34a . The adjacent portion 38 is provided in two locations on 30 bending process , and improves the uniformity of the coating 
the segment coil 42 in this example embodiment . Also , the at the bent portion , thus making it possible to inhibit the 
flat wire 36 that is coated with the insulating layer 34 insulation performance from decreasing . 
undergoes a bending process , in which it is bent from the In this example embodiment , the same resin is used for 
shortened state into a segment coil shape , as shown in FIG . both the thick insulating layer 34a and the thin insulating 
7 . Then the flat wire 36 is wound in a distributed manner 35 layer 34b of the insulating layer 34 . Using the same material 
around the stator core 12 , thus forming the stator coil 16 . enables the same equipment to be used , as well as inhibits 

Conventionally , when coating a long conductor with an the manufacturing cost and work load from increasing . Also , 
insulating layer , a continuous process of applying insulation because the material of the thick insulating layer 34a and the 
coating resin , making the coating even , and baking is thin insulating layer 34b is the same and only the thickness 
performed . During this process , a core conductor is fed out 40 of the coating is changed when forming the insulating layer 
at a predetermined speed in a longitudinal direction of the 34 , adhesion among different materials does not have to be 
conductor . In the application process resin is applied by taken into account , so the insulating layer 34 having good 
dipping the conducting wire into a tank filled with resin , or insulation performance and good adhesion is able to be 
by dripping resin onto the conducting wire , and then the formed . 
conducting wire is passed through a die , where the coating 45 In these example embodiments , a case in which three 
thickness is adjusted and the coating is evened out . Also , in phase alternating current electricity is supplied to the stator 
order to form a coating of a predetermined thickness , coil 16 is described , but the invention is not limited to this 
typically , the process from application to baking is repeated structure . That is , polyphase alternating current electricity , 
a plurality of times . With such a conventional insulating i . e . , electricity of alternating current with a plurality of 
layer forming method , when an attempt is made to change 50 phases , may also be supplied to the stator coil 16 . 
the coating thickness at some parts , a process and equipment In the first example embodiment , a case is described in 
capable of pinpoint application must be newly added , and which the insulation - reinforcing insulating layer 40 is mate 
the continuously fed conductor must be stopped each time in rial having higher insulation performance than the thin 
this pinpoint application process , and the thickness of the insulating layer 34b , but the invention is not limited to this 
coating must be changed only at the target portion ( e . g . , the 55 structure . The insulation - reinforcing insulating layer 40 may 
adjacent portion 38 ) . As a result , the manufacturing cost of course also be formed by recoating with the same type of 
increases , and the manufacturing time increases , which is resin as that of the thin insulating layer 34b , as long as it is 
problematic . Also , there will be interference between the possible to ensure insulating performance in which insulat 
thick resin layer , and a bobbin for winding and a guide that ing breakdown will not occur among the phases . 
supports the core conductor , so the thick resin layer will end 60 Also , in the first example embodiment , a case is described 
up being shaved or peeled off , or the central line of the core in which only the insulating layer of the adjacent portion 38 
will be difficult to establish and the target portion will be is the thick insulating layer 34a , but the invention is not 
unable to be made the proper thickness , all of which are limited to this structure . As described in the second example 
problematic . embodiment , the thick insulating layer 34a may also be 

In this example embodiment , the foregoing problems are 65 formed on the other three surfaces as long as it is in the same 
solved by forming the insulating layer 34 that includes the region as the adjacent portion 38 in the longitudinal direc 
thick insulating layer 34a and the thin insulating layer 34b tion of the conductor 32 . 
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Next , the manufacturing method of the stator 10 struc is adjacent in the circumferential direction . Consequently , 
tured in this way will be described with reference to FIGS . the stator coil 16 that is wound around the stator core 12 is 
8 and 9A to 9D . FIG . 8 is a flowchart illustrating an example formed , and the manufacturing process of the stator 10 ends . 
of one manufacturing process of the stator 10 , and FIGS . 9A This kind of manufacturing process differs from a con 
to 9D are views of the states of the conductor 32 and the flat 5 ventional process such as that described earlier , in that the 
wire 36 in each step in the process shown in FIG . 8 . The insulating layer 34 is formed after the conductor 32 has been 
flowchart in FIG . 8 illustrates in detail the manufacturing cut to a short state . By cutting the conductor 32 to the short 
process of the stator coil 16 in particular . The manufacturing state in this way , the long core conductor does not need to 
method of the stator core 12 is similar to that of the related be fed in the longitudinal direction of the conductor in the 
art so a detailed description thereof will be omitted . 10 resin layer coating step , so the resin can be applied while the 

First , in step S01 , a long conductor 32a is cut to form a short core conductor 32b is stopped . As a result , the thick 
short conductor 32b . FIG . 9A shows this cut state . The ness of the insulating layer is able to be changed at some 
length of short conductor 32b is the length of the segment parts ; i . e . , the thick insulating layer 34a is able to be made 
coil 42 before the bending process , i . e . , is the coil segment the proper thickness and / or position . Also , by making the 
length . 15 conductor 32 short before the resin layer coating process , the 

In step S02 , the insulating layer 34 is applied to the short bobbin and guide of the core conductor are no longer 
conductor 32b . At this time , the insulating layer 34 of the necessary , so damage to the thick insulating layer 34a due to 
adjacent portion 38 of the coil end portion 30 is applied so contact with these members can be avoided . 
as to be thicker than the thin insulating layer 34 in another In the manufacturing method of the stator 10 described 
region . More specifically , an epoxy resin or polyester resin 20 above , a case in which the insulating layer 34 is formed 
or the like is applied to the outer periphery of the conductor before the conductor 32 is bent into the segment coil shape , 
32b . Then the resin is heated and hardened to form the thin but the invention is not limited to this manufacturing 
insulating layer 34b . Next , the same resin as that used for the method . That is , a manufacturing method shown in FIGS . 10 
thin insulating layer 34b , or resin having higher insulation and 11A to 11D , as will be described next , may also be 
performance than the thin insulating layer 34b , is applied or 25 employed . FIG . 10 is a flowchart illustrating an example of 
dripped only on to the adjacent portion 38 . This resin is then another manufacturing process of the stator 10 , and FIGS . 
heated and hardened to form the thick insulating layer 34a . 11A to 11D are views showing the states of the conductor 32 
It is by this process that the short flat wire 36 , such as that and the flat wire 36 in each step in the process shown in FIG . 
shown in FIG . 9B , is formed . The position of the adjacent 10 . 
portion 38 is able to be specified beforehand , as previously 30 First , in step S11 in the flowchart shown in FIG . 10 , the 
described , even before the segment coil 20 is assembled to conductor 32 is cut in two to form a long conductor 32a and 
the stator core 12 . Therefore , with the short conductor 32b a short conductor 32b . FIG . 11A shows this cut state . 
as well , it is possible to easily form only the adjacent portion Then the process proceeds on to step S12 , where the short 
38 with the thick insulating layer 34a that is thick . conductor 32b is bent into a segment coil shape . The bent 

Continuing on , the process advances on to step SO3 , 35 portion is provided at three locations on the bridge portion 
where the conductor 32b having the insulating layer 34 , i . e . , 24 , as shown by the regions encircled by the broken lines in 
the flat wire 36 , is bent into a segment coil shape . On one flat FIG . 11B . 
wire 36 , the bent portion is provided at three locations on the Continuing on , in step S13 , the insulating layer 34 is 
bridge portion 24 of the segment coil 42 , as shown by the formed by applying resin to the segment coil - shaped con 
regions encircled by the broken lines in FIG . 9C . The 40 ductor 32b . More specifically , the thin insulating layer 345 
bending radius of the inner peripheral side of these bent is formed on the outer periphery of the conductor 32b . Then , 
portions is 2 . 5 mm , for example . A jig , not shown , used in the thick insulating layer 34a is formed using the same resin 
the bending process includes an inner peripheral side jig that as that used for the thin insulating layer 34b , or resin having 
has an outer diameter corresponding to the inner peripheral higher insulation performance than the thin insulating layer 
side of the bent portion , and that restrains this inner periph - 45 34b , only on to the adjacent portion 38 . As a result , the 
eral side , and outer peripheral side jigs that restrain both segment coil - shaped flat wire 36 , i . e . , the segment coil 42 , 
ends of the bent portion in the longitudinal direction of the is formed . 
flat wire 36 from the outer peripheral side of the bent Finally , in step S14 , the segment coil 42 is wound around 
portion . The bent portion is formed by making the flat wire the stator core 12 to form the stator coil 16 as is shown in 
36 contact the inner peripheral side jig and pressing the flat 50 FIG . 11D , and then this manufacturing process ends . The 
wire 36 toward the inner peripheral side with at least one of regions encircled by the broken lines in FIG . 11D are 
the outer peripheral side jigs . The bending jig is not limited welding points for connecting the tip end portions 26 of 
to the structure described above . A conventional jig may also adjacent segment coils 42 together , as described in the 
be used . manufacturing process above . 

Finally , in step S04 , the flat wire 36 is wound around the 55 As is shown in this flowchart , the insulating layer 34 is 
stator core 12 to form the stator coil 16 . More specifically , able to be coated on after the conductor 32b is bent . This 
the bridge portion 24 is made to come out at an end portion inhibits the insulating layer 34 from being damaged in the 
on one side in the axial direction Z of the stator core 12 , and bending process , and improves the evenness of the coating 
the insertion portions 22 on both sides of the bridge portion at the bent portion , thus making it possible to inhibit the 
24 are inserted into the slots 14 . A tip end portion 26 of each 60 insulation performance from decreasing . 
insertion portion 22 that protrudes from an end portion on In the resin layer coating processes of the two manufac 
the other side in the axial direction Z of the stator core 12 is turing processes described above , a case in which the 
then bent toward the outside in the circumferential direction . insulating layer 34 is formed by applying resin to the 
Then the end portion of each tip end portion 26 ( i . e . , the conductor 32b is explained , but the invention is not limited 
regions encircled by the broken lines in FIG . 9D ) is con - 65 to this coating method . A different coating method may be 
nected by welding or the like to the end portion of the tip end used as long as the insulating layer 34 of different thick 
portion 26 of another segment coil 20 of the same phase that nesses is able to be formed on the outer periphery of the 
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conductor 32b . For example , electrodeposition or a vacuum 6 . A rotary electric machine comprising : 
evaporation may also be used . Also , the conductor 32b is in a rotor ; and 
a short state of a predetermined length , and the position a stator including : 
where the thick insulating layer 34a is formed is specified a stator core in which slots are formed a predetermined 
beforehand , so the insulating layer 34 can also be suitably 5 distance apart in a circumferential direction ; and 
formed by transfer molding or injection molding using a die a polyphase stator coil formed by a first flat wire of a first 
or the like . Employing these molding methods enables the phase and a second flat wire of a second phase that 
insulating layer 34 having different thicknesses to be formed differs from the first phase , the first flat wire and the 
properly and easily . second flat wire being coated with an insulating layer , 

and the polyphase stator coil being wound around the 
The invention claimed is : stator core through the slots , 
1 . A stator comprising : wherein the first flat wire and the second flat wire each 
a stator core in which slots are formed a predetermined have an insertion portion that is inserted into the slots , 

distance apart in a circumferential direction ; and 15 the first flat wire and the second flat wire each have a 
a polyphase stator coil formed by a first flat wire of a first coil end portion that protrudes from an end portion of 

phase and a second flat wire of a second phase that the stator core ; 
differs from the first phase , the first flat wire and the wherein the insulating layer of the first flat wire includes 
second flat wire being coated with an insulating layer , a first insulating layer and a second insulating layer , 
and the polyphase stator coil being wound around the 20 wherein the first insulating layer of an adjacent portion 
stator core through the slots , of the first flat wire is thicker than the second insulating 

wherein the first flat wire and the second flat wire each layer of the first flat wire , the adjacent portion is a 
have an insertion portion that is inserted into the slots , portion adjacent to the second flat wire at the coil end 
the first flat wire and the second flat wire each have a portion of the first flat wire , and the second insulating 
coil end portion that protrudes from an end portion of 25 layer is in a region other than the adjacent portion and 

the stator core ; the other three surfaces in a same region as the adjacent 
wherein the insulating layer of the first flat wire includes portion in the longitudinal direction of the first flat 

wire ; and a first insulating layer and a second insulating layer , 
wherein the first insulating of an adjacent portion of the the first insulating layer is formed by applying or dripping 

insulation material , first flat wire is thicker than the second insulating layer wherein of the first flat wire , the adjacent portion is a portion the first flat wire is configured to be coated with the first 
adjacent to the second flat wire at the coil end portion insulating layer when the first flat wire is in a shortened of the first flat wire , and the second insulating layer is state in which the first flat wire has been cut to a coil in a region other than the adjacent portion and the other 35 segment length . 
three surfaces in a same region as the adjacent portion 7 . A manufacturing method of a stator having a stator core 
in the longitudinal direction of the first flat wire ; and and a polyphase stator coil , slots being formed a predeter 

the first insulating layer is formed by applying or dripping mined distance apart in a circumferential direction in the 
insulation material , stator core , the polyphase stator coil being formed by a first 

wherein 40 segment coil of a first phase and a second segment coil of a 
the first flat wire is configured to be coated with the first second phase that differs from the first phase , the first 

insulating layer when the first flat wire is in a shortened segment coil and the second segment coil being coated with 
state in which the first flat wire has been cut to a coil an insulating layer , and the polyphase stator coil being 
segment length . wound around the stator core through the slots , 

2 . The stator according to claim 1 , wherein 45 the manufacturing method comprising : 
the stator coil is formed by the first flat wire and the providing the first segment coil and the second segment 

second flat wire being wound in a distributed manner coil , each of the first segment coil and the second 
around the stator core . segment coil having an insertion portion that is inserted 

into the slots , and a coil end portion that protrudes from 3 . The stator according to claim 1 , wherein 50 an end portion of the stator core ; the stator coil is formed by a segment coil . coating the first segment coil with the insulating layer ; 
4 . The stator according to claim 3 , wherein applying or dripping insulation material to an adjacent the first insulating layer is coated on when the first flat portion , such that a first insulating layer of the adjacent wire has been bent into a segment coil shape from the portion is thicker than a second insulating layer in a 

shortened state in which the first flat wire has been cut 55 region other than the adjacent portion , and the adjacent 
to the coil segment length . portion being a surface adjacent to the second segment 

5 . The stator according to claim 1 , wherein coil at the coil end portion of the first segment coil , and 
the first insulating layer of the adjacent portion is formed the second insulating layer being formed in a region 
by a basic insulating layer and an insulation - reinforcing other than the adjacent portion and the other three 
insulating layer , surfaces in a same region as the adjacent portion in the 

the basic insulating layer has an even thickness of insu longitudinal direction of the first segment coil ; and 
lation material and is formed over the entire first flat forming the polyphase stator coil by winding the first 
wire , and segment coil and the second segment coil coated with 

the insulation - reinforcing insulating layer has higher insu the first and second insulating layers around the stator 
lation performance than the basic insulating layer and 65 core , wherein 
is added to the basic insulating layer at the coil end a conductor is made to be in a shortened state by being cut 
portion by applying or dripping . to a coil segment length ; 

45 
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the insulating layer is coated on the conductor in the 

shortened state ; and 
the conductor coated with the insulating layer is bent into 

a segment coil shape to form the first segment coil . 
* * * * * 


