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STATOR OF ROTARY ELECTRIC MACHINE
BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a stator of a rotary electric machine, and more -
particularly, to a stator in which three-phase coils are connected by a neutral point

connection conductor.

2. Description of Related Art

[0002] Japahese Patent Application Publication No. 2013-102596 (JP
2013-102596 A) describes three-phase coils being connected using a neutral point
éonneét’ion conductor in which a flat plate-like metal member has been press-formed into

an annular shape.

SUMMARY OF THE INVENTION
- [0003] A neutral point connection conductor for connecting three-phase coils
tends to be complex in shape, and the manufacturing process thereof also tends to be

- complex. With the neutral point connection conductor described in JP 2013-102596 A as

f?n;ell, a flat pléte—like fﬁetal fnember must be press-formed into an.annular shape, making

the manufacturing process complex.-

[0004]  The invention thus provides a stator of a rotary electric machine in which
the manufacture of a neutral point connection conductor for connecting a three-phase coil
is easy.

[0005] ~ The stator of a rotary electric machine according to the invention employs
the means described below to acﬁieve the object described above.

[0006] One aspect of the invention relates to a stator for a rotary electric machine
that inc‘luides a stator core, three-phase coils, and a neutral point conﬁection conductor.

The three-phase coils are wound around the stator core. The neutral point connection
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conductor is connected to each of the three-phase coils. The neutral point connection
conductor includes a linear conductor that is bent. The linear conductor includes two end
portions and an overlapping portion in which the conductor is folded back and doubled up.
One of the two end pQrtions'is connected to one-phase coil of the three-phase coils. The
other of the two end portions is connected to another—phase coil of the three-phase coils.
The overlapping portion is connected to the remaining-phase coil of the three-phase coils.
According to this aspect, the neutral point connection conductor for connecting the

three-phase coils is able to be formed by bending a single linear conductor, so manufacture

is able to be simplified.

[0007] . In the one aspect of fhe invention, an end portion of the overlapping
portion in an axial direction of the stator may ihclude a bent portion resulting from the
conductor being folded back, and the bent portion may be positioned farther in the axial
direction of the stator than the two end portions of the linear conductor. Accdrding to this
aspect, a decrease in joinability due to the oVerlapping portion of the neutral point
connection conductbr being joined to the coil at the bent portion is able to be avoided, so
the joinability of the neutral point connection conductor and the coil is able to be
improved. |

[0008] As described above, the invention prbvides a stator of a rotary electric
machine in which the manufacture of a neutral point connection conductor for connecting a

three-phase coil is easy.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] 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:
FIG. 1 ié a perspective view of an example of the overall structure of a stator
according to an example embodiment of the invention;
FIG. 2 is a view of an example of the structure of a stator core and segment coils;

FIG. 3 is a view of an example of the structure of a neutral point bus bar;

2
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FIG. 4 is view of an example of a connection between connection terminals of the
segment coils and the neutral point bus bar;

FIG. 5 1s a view of an example of a connection between the connection terminal of
one of the segment coils and an overlapping portion of the neutral point bus bar;

FIG. 6 is a view of an example in which joinability between the connection terminal
of the one segment coil and the overlapping portion of the neutral point bus bar decreases;
and |

FIG. 7 is a view of an example of the structure of the neutral point bus bar and

another of the segment coils.

DETAILED DESCRIPTION OF EMBODIMENTS
[OOiO] Hereinafter, a mode for carrying out the invention (hereinafter referred to
as an “example embodiment”) will be described with reference to the accompanying
drawings.
[0011] FIGS. 1 to'3 are views of the general structure of a stator of a rotary
electric machine according to one example embodiment of the invention. FIG 1 is a
perspective view of the overall structure of the stator. FIG. 2 is an example of the

structure of a stator core 21 and segment coils 22U, 22V, and 22W. FIG. 3 is an example

structure of the stator core 21 and the segment coils 22U, 22V, and 22W in the

circumferential direction of the stator is shown, but the structure of the remaining portion
that is not shown is the same as the structure of the portion that is shown.

[0012] The stator includes the stator core 21, the three-phase segment coils 22U,

' 22V, and 22W that are wound around the stator core 21, and the neutral point bus bar (i.e.,

a neutral point connection conductor) 42 for joining one end portion of each of the
three-phase segment coils 22U, 22V, and 22W together as a neutral point, i.e., for making
the three-phase segment coils 22U, 22V, and 22W a Y-connection (star connection). The
stator core 21 includes an annular yoke 23 that extends along in the circumferential

direction of the stator, and a plurality of teeth 24 that protfude farther toward a radially
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inner side of the stator (i.e., the side toward a rotor, not shown) than an inner peripheral
surface of the yoke 23.  The plurality of teeth 24 are arrahged at intervals (equally-spaced
intervals) in the circumferential direction of the stator. Slots are formed between adjacent
teeth 24 in the circumferential direction of the stator, and the segment coils 22U, 22V, and
22W are wound around the teeth 24 through these slots. A conductor of each of the
segment coils 22U, 22V, and 22W has a rectangular croSs-sectioh. For example, flat wire
having a rectangular cross-section is used for the conductor, but square wire having a
generally square cross-section may also be used. With the segment coil 22U, coil end
portions that pass. through slots in different positions in the circumferential direction of the -
stator and protrude farther toward one side in the axial diréction of the stator than the stator
core 21 (i.e., the teeth 24 and the yoke 23) are bent in the circumferential direction of the
statof, and tip end porﬁons of coil end portions are joined together. Similarly, with the
segment coils 22V and 22W as well, tip end portions of coil end portions that profrude
farther toward one side in the axial direction of the stator than the stator core 21 are joined

together. Connecting portions 32U, 32V, and 32W of the segment coils 22U, 22V, and

~ 22W, respectively, extend along in the axial direction of the stator.

[0013] The neutral point bus bar 42 is electrically connected to each of the

three-phase segment coils 22U, 22V, and 22W. A conductor of the neutral point bus bar

42 also has a rectangular cross-section. For example, flat wire having a rectangular

cross-section is used for the conductor, but square wire having a generally square
cross-section may also be used. In the example shown in FIGS. 1 and 2, one connecting
portion 32U of the segment coil 22U, one connecting portion 32V of tﬁe segment coil 22V,
and one connecting portion‘32W of the segment coil 22W are used as connection terminals
32U-1, 32V-1, and 32W-‘1, respectively, that connect to thé neutral point bus bar 42. The
connection terminals 32U-1, 32V-1, and 32W-1 6f the segment coils 22U, 22V, and 22W
are arranged at intervals in the circumferential direction of the stator. The lengths of these
connection terminals 32U-1, 32V-1, .and 32W-1 in the axial direction of the stator are the
same, so the positions of the connection terminals 32U-1, 32V-1, and 32W-1 in the axial

direction of the stator match.
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[0014] In this example embodiment, the neutral point bus bar 42 is formed by a
single continuous linear conductor that is bent. The neutral point bus bar 42 has an
dverlapping portion 42V Where the conductor is folded back and doubled up, between one
end portion 42U and the other end portion 42W of the neutral point bus bar 42. The
conductor of the neutral point bus bar 42, except for at both end portions 42U and 42W and
the overlapping portibn 42V, isbcovered by an insulation coating 42I. The one end portion
42U and the other end portion 42W of the neutral point bus bar 42 are arranged spacéd
apart from each other in the circumferential direction of the stator, and extend along in the
aXial direction of the stator. The one end portion 42U and the other end portion 42W
(conductor portions not éovered by thé insulation coating 42I) of the neutral point bus bar
42 have the same length in the axial direction of the stator and are in matching positions in
the axial direction of the stator. Thé overlapping portion 42V is arranged in a position
betweéri the one end portion 42U and the other end portion 42W in the circumferential
direction of the stator. The overlapping portion 42V extends-along in the axial direction
of the stator, with the conductor overlapping with itself and doubled up in the radial
direction of the stator. A bent portion 42R resulting from the conductor being folding

back is formed at an end portion on one side of the overlapping portion 42V in the axial

direction of the stator. An axial length L2 of the overlapping portion 42V that includes

 the bent portion 42R (a conductor portion not covered by the insulation coating 421I) in the

axial direction -of the stator, is longer than an axial length L1 of the one end portion 42U
and the other end portion 42W (conductor portions not covered by the insulation coating
42I) in the axial direction of the stator, so the overlépping -portion 42V (i.e., the bent

portion 42R) protrudes farther out to one side in the axial direction of the stator than the

~one end portion 42U and the other end portion 42W. In the example in FIG. 3, a

thermistor (temperature sensor) 46 covered in molded resin is attached to the neutral point
bus bar 42. The temperature of the segment coils 22U, 22V, and 22W is able to be
measured by the thermistor 46. However, the thermistor 46 may also be omitted.

[0015] The three-phase 'segment coils 22U, 22V, and 22W are electrically

connected to both end portions 42U and 42W and the overlapping portion 42V of the

5
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neutral point bus bar 42, respectively. For example, as shown in FIGS. 1 and 4, the
connection terminal 32U-1 of the segment coil 22U and the one end portion 42U of the

neutral point bus bar 42 are joined together by welding, the connection terminal 32V-1 of

‘the segment coil 22V and the overlapping portion 42V of the neutral point bus bar 42 are

joined together by welding, and the connection terminal 32W-1 of the segment coil 22W
and the other end portion 42W of the neutral point bus bar 42 are joined together by
welding. Asa resul-t, the three-phase segment coils 22U, 22W, and 22V are connected in
a Y-connection. At this time, the overlapping pc')rtionw 42V and the connection terminal
32V-1 are joined together by welding, in a state with the bent portion 42R protruding
farther toward one side in the axial diréction of the stator than the .connectyion terminal
32V-1,.as shown by FIGS. 4 and 5.

[0016] With the neutral point bus bar 42, a bus bar portion 42A that is posiﬁoned
to the other side of the ohe end portion 42U in the axial direction of the stafor is bent so as
to be positioned farther toward the outside in the radiai direction of the stator than the one
end portion 42U, and a bus bar portion 42B that is positioned to the other side of the
overlapping portion 42V in the axial direction of the stator is bent so as to be positioned
farther toward the outside in the radial direction of the stator than the overlapping portion
42V.  Also, the bus bar portions 42A and 42B are connected together via a bus bar portion
42D that extends in the circumferential direction of the stator. From the bus bar portion
42A tc; the 7bus bar portién 42D is bent from the other side in the axial direction of the
stator toward one side in the circumferential direction of the stator, and from the bus bar
portion 42D to the bus bar poﬁion 42B is bent from one side in the circumferential

direction of the stator toward the one side in the axial direction of the stator. Similarly, a

“bus bar portion 42C that 1s positioned to the other side of the other end portion 42W in the

axial direction of the stator is bent so as to be positioned farther toward the outside in the
radial direction of the_ stator than the other end portion 42W, and the bus bar portions 42B
and 42C are connected together via a bus bar portion 42E that extends in the
circumferential direction of the stator. '

[0017]  According to the éxample embodiment described above, the neutral poiht

6
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bus bar 42 for connecting to the connection terminals 32U-1, 32V-1, and 32W-1 of the

~segment coils 22U, 22V, and 22W is able to be formed simply by bending a single

continuous linear conductor. Therefore, manufacturing the neutral point bus bar 42 for
connecting the thrée—phase segment coils 22U, 22V, ahd 22W in a Y-connection is easy.
[0018] If the bent portion 42R formed on the end portion in the axial direction of
the stator is separated from the connection terminal 32V-1 in the radial direction of the
stator, aé shown in FIG. 6, when the overlapping portion 42V of the neutral point bus bar
42 is joined to the connection terminal 32V-1 of the segment coil 22V by welding, the
joinability by welding between the bent portion 42R and the connection terminal 32V-1
will tend to decrease. On the other hand, with the neutral point bus bar 42 in this example
embodiment, the axiall length L2 of the overlapping portion 42V that includes the bent
portion 42R (a conductor portion not covered by the insulation coating 42I) in the axial
direction of the stator is longer than the axial lehgth L1 of both end portions 42U and 42W
(conductor portions not covered by the insulation coating 42I) in the axial direction of the
stator, and the bent portion 42R protrudes out in the axial direction of the stator farther than
both end portions 42U and 42W. Therefore, even if the connection terminal 32V-1 is

joined to.the overlapping portion 42V while the bent portion 42R protrudes out farther in

“the axial direction of the stator than the connection terminal 32V-1, the joining length of

the connection terminal 32V-1 and the overlapping portion 42V excluding the bent portion

42R is able to be sufficiently ensured, similar to the joining length of both end portions

42U and 42W of the neutral point bus bar 42 and the connection terminals 32U-1 and -
32W-1 of the segment coils 22U and 22W. Therefore, the joinability by welding of the

overlapping portion 42V of the neutral point bus bar 42 and the connection terminal 32V-1

~ of the segment coil 22V is able to be improved.

[0019] Moreover, with the neutral point bus bar 42, the bus bar portion 42A that
is positioned to the other side of the one end portion 42U in the axial direction of the stator
is bent so as to be positioned farther to the outside than the one end portibn 42U in the
radial direction of the stator, so interference between the bus bar portion 42A and the

segment coils (the segment coil 22W in the example in FIG. 7), as shown in FIG. 7.

7
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Similarly, the bus bar portion 42B that is positioned to the other side of the overlapping
portion 42V in the axial direction of the stator is bent so as to be positioned farther to the
outside than the overlapping portion 42V in the radial direction of the stator, and the bus
bar portion 42C that is positioned to the other side of the other end portion 42W in the
axial direction of the stator is bent so as to be positioned farther to the outside than the
other end portion 42W in the radial direction of the stator, so interference between the bus
bar portions 42B and 42C and the segment coils is able to be avoided. Therefore,‘
interference between the neutral point bus bar 42 and bthe ségment coils 22U, 22V, and .
22W is able to be avoided without changing the shapes of the segment coils 2v2U, 22V, and
22W. -

[0020] While modes for carrying out the invention, i.e., example embodiments,
have been described, the invention is not limited to the example embodiments, but may be

carried out in any of a variety of modes without departing from the scope thereof.
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CLAIMS:

1. A stator for a rotary electric machine, the stator comprising:
a stator core;
three-phase coils that are wound around the stator core; and
a neutral point connection conductor that is connected to each of the three-phase coils,

the neutral point connection conductor including a linear conductor that is bent, the linear

- conductor including two end portions and an overlapping portion in which the conductor is

folded back and doubled up, one of the two end portions being connected to one-phase coil
of the three-phase coils, the other of the two end portions being connected to another-phase
coil of the three-phase coils, and the overlapping portion being conneéted to the

remaining-phase coil of the three-phase coils.

2. The stator according to claim 1, wherein
an end portion of the overlapping portion in an axial direction of the stator includes a

bent portion resulting from the conductor being folded back, the bent portion being

positioned farther in the axial direction of the stator than the two end portions of the linear

conductor.
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FIG. 6
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