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(54) Title: STATOR STRUCTURE

FIG.9

(57) Abstract: A stator structure
comprises an edgewise coil (13)
molded with resin with long ends (13a
and 13b) being exposed, a bus bar
(17) connected to both ends of the coil
ends (13a and 13b), and a pump (34)
and injection holes (37) for directly
cooling the bus bar (17).
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DESCRIPTION

STATOR STRUCTURE -

TECHNICAL FIELD
[0001] The present invention relates to a stator structure for a
motor and more particularly to a stator structure with a high

cooling capability.

BACKGROUND ART
[0002] A motor used in a hybrid electric vehicle outputs high
power and has a high space factor of coil for reduction in motor size.
This may cause a problem in a temperature rise of the motor coil in
use. Accordingly, a demand has been increased for a method of
cooling the coil at a high cooling efficiency. When the temperature

of the coil rises, a limiter for upper limit temperature is activated

[

deterioration in steep-hill climbing capability (gradeability),
high-load steady running, and others.

[0003] JP2004-215358A discloses a technique of directly cooling
by air flow an annular bus bar exposed on a coil with a heat

conductive insulating member interposed therebetween.

DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION
[0004] However, if the technique disclosed in JP2004-215358A is
applied to a stator with a coil molded with resin, a resin molded

portion will interfere with heat conduction. This technique
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therefore could not be applied to such a stator.

[0005] The present invention has been made to solve the above

- problems and has a purpose to provide a stator structure with a coil

molded with resin and a cooling structure providing low cost and

high productivity.

MEANS FOR SOLVING THE PROBLEMS
[0006] (1) To achieve the above object, one aspect of the present
invention provides a stator structure comprising: a coil having both
ends which serve as coil terminals; a resin molded portion covering
the coil with the ends being exposed; a bus bar connected to the
ends of the coils; and a cooling unit for directly cooling the bus bar.

[0007] (2) In the stator structure (1), preferably, the resin

""molded portion is formed with an uneven part for directing both

ends of the bus bar toward the relevant ends of the coils for wire
connection.

[0008] (8) The stator structure (2), preferably, further comprises
a plurality of split cores, each of which is attached with the coil and
molded with resin.

[0009] (4) The stator structure (1), preferably, further comprises
a bus bar holder placed on an upper surface of the core located
outside the coil to hold at least part of the bus bar, each end of the
coil is bent and connected to the bus bar held by the bus bar holder.
[0010] An explanation will be given to operations and advantages
of the stator structure having the above configuration according to
the present invention.

The stator structure of the invention is.adapted such that

a bus bar is connected to ends of a coil molded with resin so as to
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expose the ends, and a cooling unit is arranged to directly cool the
bus bar.

For example, air or a cooling oil is directly sprayed to the
exposed bus bar. Accordingly, the bus bar can be cooled efficiently.
On the other hand, the heat generated in the coil covered by the
resin molded portion will be conducted to the bus bar because of the
high heat conductivity of the coil. The bus bar will heat to a
temperature almost equal to the temperature of the coil.
Accordingly, direct cooling the bus bar can provide an effect of
directly cooling the coil covered by the resin‘molded portion, thus
restraining a temperature increase of the coil. The bus bar is not
molded with resin and hence an amount of resin for resin molding
can be reduced largely.

[0011] Furthermore, the coil (a previously wound cassette coil
portion) is resin-molded with its ends serving as terminals exposed
and hence the coil portion of each coil can be protected against
scratches. This can facilitate a work of wire-connecting the bus
bars to the coil ends 1n later processes and enhance the productivity.
Herein, coil terminals tb be wiré-connected are covered by separate
protective caps or the like.

[0012] In the stator structure of the invention, the resin molded
portion is formed with the uneven part for directing both ends of the
bus bar to the coil terminals for wire connection. Accordingly, this
makes it easy to attach the bus bars to the resin molded coils and
further enhance the productivity.

[0013] In the stator structure of the invention, moreover, the
split core on which the coil is mounted 1s molded with resin. It is

therefore possible to resin-mold the coil with the coil ends being
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exposed and achieve a cost reduction.

[0014] The stator structure of the invention may be applied to
another configuration in which the bus bar holder is placed on the
core upper surface located outside the coil to hold at least part of
the bus bar, and the coil ends are bent and wire-connected to the
bus bar held in the bus bar holder. This configuration does not
need the uneven part for guide disclosed in the above configuration

(2) and can form a resin molded portion in simpler shape.

BRIEF DESCRIPTION OF D‘RAWINGS

[0015] Fig. 1 is a view showing a sequence of manufacturing a
split stator in a first embodiment according to the invention;

Fig. 2 is a view showing a stator constituted of eighteen
split stators of Fig. 1 and fitted in an outer ring by shrink fitting;

Fig. 3 is a sectional view of the split stator;

Fig. 4 is a view showing a state of wire connection in the
stator using a bus bar;

Fig. 5 is a view showing a structure of a molding die for
forming an insulator;

Fig. 6 is a view showing a structure of a molding die for
forming a resin molded portion;

Fig. 7 is s a sectional view showing a shielding structure
of long ends;

Fig. 8 is a sectional view showing another shielding
structure of long ends:;

Fig. 9 is a view showing a stator structure of the first
embodiment according to the present invention;

Fig. 10is a graph showing effects of the stator structure of
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the first embodiment;

Fig. 11 a view showing a second embodiment of a stator
constituted of eighteen split stators and fitted in an outer ring by
shrink fitting;

Fig. 12 is a sectional view of the split stator of the second
embodiment; and

Fig. 13 is a sectional view of a conventional stator.

BEST MODE FOR CARRYING OUT THE INVENTION

[0016] A detailed description of a preferred embodiment of a split
core and a manufacturing method thereof for embodying a stator
structure of the present invention will now be given referring to the
accompanying drawings.

[0017] Fig. 1 shows a sequence of manufacturing a split stator.
A split stator core (hereinafter, referred to as a “split core”) 1
includes an arc-shaped base portion 10a and a teeth 11 protruding
therefrom so that a formed coil is to be mounted around the teeth 11.
This split core 10 is made by laminating steel sheets produced by
press-punching. Herein, eighteen split cores 10 are to be
assembled together to form an annular stator core so that the
arc-shaped base portions 10a are circularly arranged with the
teethes 11 each protruding radially inwardly. This split core 10 is
shown in a state (a) of Fig. 1. In a state (b) of Fig. 1, an insulator
12 is fitted on the teeth 11 of the split core 10. The insulator 12
includes a rectangular sleeve part 12b which covers the teeth 11, a
flange 12a which covers an inner surface of the base portion 10a
other than the teeth 11 and vertically extends larger than the base

portion 10a, and two ribs 12c¢ protruding upward and downward
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from the sleeve part 12b. In particular, the thickness of each side
wall of the insulator 12 is 0.2 mm to 0.3 mm in the embodiment.
[0018] A state (c) of Fig. 1 shows that a formed edgewise coil 13 1s
mounted on the teeth 11 through the sleeve part 12b of the
insulator 12. The edgewise coil 13 is made of a coil wire having a
flat rectangular cross section and being wound by edgewise bending
into a hollow shape with an inner diameter corresponding to the
shape of the teeth 11. The edgewise coil 13 is placed in close
contact with the split core 10 through the flange 12a. The
edgewise coil 13 is positioned in place in a lateral direction by the
teeth 11 through the sleeve part 12b and in a vertical direction by
the ribs 12c of the insulator 12. Accordingly, the edgewise coil 13
is held in a fixed position relative to the split. core 10. The
edgewise coil 13 includes a long end 13a extending upward from a
position close to the flange 12a and a long end 13b extending
upward from a position close to a distal end face of the teeth 11.
The long ends 13a and 13b serve as coil terminals.

t0019] In the present embodiment, the edgewise coil 13 is a
formed coil. However, other types of coils having for example
circular section, rectangular section, or others, may be adopted if
only a coil has a completely formed shape.

[0020] A state (d) of Fig. 1 shows a split stator 18 molded with
resin. In this figure, the edgewise coil 13 is coated with a resin
molded portion (layer) 14. A resin molding technique thereof will
be mentioned in detail later. The pair of long ends 13a and 13b
protrudes out of the resin molded portion 14 of the split stator 18.
The resin molded portion 14 is formed with a guide rib 14a

protruding upward from the upper surface. The guide rib 14a is
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formed with two grooves 14b and 14c. These guide rib 14a and
grooves 14b and 14c correspond to an uneven part for guide of the
invention.

[0021] Fig. 3 is a sectional view of the resin-molded split stator
18, showing a positional relationship between the edgewise coil 13
and the resin molded portion 14.

[0022] The edgewise coil 13 is mounted on the split core 10 with
the insulator 12 interposed therebetween, and then the resin
molded portion 14 is formed to coat only a winding portion (a
previously wound cassette coil portion) of the edgewise coil 13.
[0023] Fig. 2 shows a stator 19 in which the eighteen split stators
18 are assembled together. Specifically, the eighteen split stators
18 are assembled in annular form, and an outer ring 15 heated and
expanded in inner diameter is set around the split stators 18.
Then, this assembly is cooled to a normal temperature, causing the
outer ring 15 to shrink, decreasing its inner diameter. The
eighteen split stators 18 are then constricted integrally to form the
stator 19. This technique is a so-called shrink fitting of an outer
ring.

[0024] In a next step, as shown in Fig. 4, the bus bar 17 is set to
connect a long end 18D13a of one split stator 18D with a long end
18A13Db of a third split stator 18A by skipping two split stators 18C
and 18B to the right. The long ends 13a and 13b of the eighteen
split stators 18 are appropriately connected in this way through the
bus bars 17 to constitute a motor coil with three U, V, and W phases.
[0025] Herein, the bus bar 17 is Tig-welded to the long ends
18D13a and 18A13b respectively while it is engaged in the groove
14c of the guide rib 14a of the split stator 18C and the groove 14b of
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the guide rib 14a of the split stator 18B.

[0026] A method of manufacturing the split stator 18 will be
explained below. Fig. 5 shows a structure of a molding die for
forming the insulator 12. Fig. 6 shows a structure of a molding
die for forming the resin molded portion 14. For easy viewing,
those figures are not applied with hatching lines indicating
sections.

[0027] As shown in Fig. 5, the split core 10 is held by a lower die
21 in four side directions (only two of them are shown), using an
appropriate slide core selected from various slide cores configured
to hold a workpiece in two, three, or four sides directions. In this
figure, specifically, the core 10 is fixedly held between a pair of
lower slide cores 21a and 21b. From this state, an upper die 22 is
moved down. This upper die 22 includes a guide core 22a and a
leading slide core 22b which is guided by the guide core 22a to
vertically slide. The slide core 22b is urged dqwnward by a spring
or the like. A supply device 24 is disposed between the upper die
22 and the lower die 21 so as to be movable to a standby position.
[0028] An insulator forming process is explained below.

(1) In a state where the lower slide cores 21a and 21b are
opened by moving apart from each other, the split core 10 1s loaded
therebetween. The slide cores 21a and 21b are then closed by
moving toward each other to hold the split core 10 in place from
either side thereof. The split core 10 has been heated in advance.
[0029] (2) The upper die 22 stays in an open position and the
supply device 24 is moved once around the teeth 11 to supply a
required amount of a high heat-conductive material such as epoxy

resin as an insulator material 25 into a cavity K1. Fig. 5 shows a
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state after the insulator material 25 is supplied. After resin
supply, the supply device 24 is moved to its standby position.
[0030] (3) The upper die 22 is then moved downward until the
leading slide core 22b comes into contact with a distal end face of
the teeth 11. In this state, the split stator 10, the lower slide cores
21a and 21b, the guide core 22a, and the leading slide core 22b
define the cavity K1.

[0031] (4) Subsequently, the guide core 22a is further moved
downward, providing a cavity for forming the insulator 12. The
insulator material 25 is molded into the insulator 12 as shown in
Fig. 1(b).

[0032] (5) After the insulator material 25 is solidified, the upper
die 22 is moved upward.

[0033] Next, a structure of a molding die for resin molding the
edgewise coil 13 will be explained below. As shown in Fig. 6, the
lower die 21 and the lower slide cores 21a and 21b are the same in
structure as those in Fig. 5. A guide core 26a of an upper die 26 is .
the same as the guide core 22a in Fig. 5. A leading slide core 26b
which is guided by the guide core 26a to vertically slide has a lower
surface for forming a cavity of different shape from the slide core
22b in Fig. 5. The slide core 26b is also urged downward by a
spring or the like. A supply device 27 is disposed between the
lower die 21 and the upper die 26 so as to be movable to a standby
position.

[0034] In the resin molding process for molding the coil 13 with
resin, molding is performed after the edgewise coil 13 is set in a
cavity K2. Accordingly, the long ends 13a and 13b of the edgewise

coil 13 have to be shielded in an appropriate manner. A shielding
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structure is shown in Fig. 7. In this embodiment, in order to allow
automatic setting of the edgewise coil 13 in the resin molding die,
the molding die is designed to shield over the long ends 13a and 13b
serving as coil terminals up to respective proximal portions.

[0035] The lower die 21 is formed with a deep groove 21d at a
position to receive the long end 13a of the edgewise coil 13
extending from the cavity of the lower die 21. Correspondingly,
the upper die 26 is formed with a long protrusion 26e. Those deep
groove 21d and long protrusion 26e shield the periphery of the long
end 13a.

[0036] The lower die 21 is further formed with a shallow groove
21c at a position to receive the long end 13b extending from the
cavity. The upper die 26 is correspondingly formed with a short
protrusion 26d. Those shallow groove 21c¢ and short protrusion
26d shield the periphery of the long end 13b. For preventing
damage to a surface layer of the coil, the dies are provided, on
contact surfaces, with a cushioning member such as elastomer as
needed.

[0037] Fig. 8 shows another shielding structure, corresponding to
only a circled portion A indicated with a dashed line in Fig. 7. In
this method, a parting line 29 between the upper die 26 and the
lower die 21 is defined as an inclined (stepped) plane, not a flat
plane, between the long ends 13a and 13b existing at different
levels in section. Accordingly, this method enables shielding of the
periphery of each long end 13a, 13b without forming the long
protrusion 26e.

[0038] The coil resin-molding process is explained below.

(1) In a state where the lower slide cores 21a and 21b are
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opened by moving apart from each other, the split core 10 with the
molded insulator 12 is loaded therebetween. The slide cores 21a
and 21b are then closed by moving toward each other to hold the
split core 10 from either side thereof. The split core 10 has been
heated in advance. In this state, the formed edgewise coil 13 is
inserted in the lower die 21 and set on the core 10.

[0039] (2) The upper die 26 stays in an open position and the
supply device 27 is moved once around the teeth 11 (the coil 13) to
supply a required amount of a resin molding material 28 forming
the resin molded portion 14 into the cavity K2. Fig. 6 showé a
state where the resin molding material 28 has been supplied.
After resin supply, the supply device 27 is moved to its standby
position. |

[0040] (3) The upper die 26 is moved downward until the leading
slide core 26b comes into contact with the distal end face of the
teeth 11. In this state, the split core 10, the lower slide cores 21a
and 21b, the guide core 26a, and the leading slide core 26b define
the cavity K2.

[0041] (4) Subsequently, the guide core 26a of the upper die 26 is
further moved downward, providing a cavity for forming the resin
molded portion 14. The cavity K2 includes the edgewise coil 13
and is larger than the cavity K1. The resin molding material 28 is
supplied in the cavity K2 and molded into the shape of the resin
molded portion 14 as shown in Fig. 1 (d).

[0042] (5) After the resin molding material 28 is solidified and

then the upper die 26 is moved upward.

[0043] The following explanation is given to the stator structure



10

15

20

25

WO 2009/041172 PCT/JP2008/064376
. 12

of the present embodiment. Fig. 9 shows this stator structure 1.
The stator 19 is secured to a casing 31 providing a sealed space by a
bolt inserted in a mounting hole 15a of the outer ring 15. The
casing 31 holds a rotor shaft 33 rotatably through a bearing 38.
The casing 31 holds a predetermined amount of cooling o1l 32.
[0044] The casing 31 is formed with a feed passage 35 for feeding
the cooling oil 32 to a pump 34 and an output passage 36 for
outputting the cooling oil 32 from the pump 34. The output
passage 36 communicates with a plurality of injection holes 37
circularly arranged to face the long ends 13a and 13b and the bus
bars 17. The cooling oil 32 is thus directly injected through the
injection holes 37 toward the long ends 13a and 13b and the bus
bars 17 to directly cool them. The cooling oil 32 will drop down
into a cooling-o01l reservoir.

[0045] Fig. 10 is a graph showing the effects resulting from the
use of the statdr structure 1 of the present embodiment as shown in
Fig. 9. In the graph, a vertical axis indicates the temperature of
the edgewise coil 13 and a lateral axis indicates the elapsed time of
activation of the motor at constant voltage and current.

[0046] In the graph, a line A represents the result of a cooling
test on a conventional stator of Fig. 13 with the cooling structure of
Fig. 9 and a line B represents the result of a cooling test on the
stator 18 of the present embodiment. The graph of Fig. 10 reveals
that the present embodiment could provide so larger cooling effect
of preventing a temperature increase of several tens of degrees
under the same condition of a hill-climbing pattern.

[0047] As described in detail above, according to the stator

structure 1 of the present embodiment, the bus bars 17 are
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connected to the long ends 13a and 13b of the coils 13 each molded
with resin with the long ends 13a and 13b extending so as not to be
covered with resin. The stator structure 1 further includes the
pump 34 and the injection holes 37 for directly cooling the bus bars
17. - Accordingly, the cooling oil 32 is directly sprayed to the
exposed bus bars 17, thereby efficiently cooling the bus bars 17.
On the other hand, the heat generated in each coil 13 covered with
the resin molded portion 14 is conducted to the bus bars 17 because
of high heat conductivity of the coils 13 and hence the bus bars 17
heat to a temperature almost equal to the temperature of the coils
13. Each coil 13 is made of copper, which has heat conductivity as
high as 400 W/mK. Accordingly, it can be cooled at extremely
higher cooling efficiency than the resin molded portion having heat
conductivity of the order of 0.2 to 2 W/mK.

[0048] By directly cooling the bus bars 17 as above, the coils 13
covered by the resin molded portions 14 can be directly cooled.
Thus, the temperature increase of each coil 13 can be restrained.
[0049] Herein, the cooling oil 32 is used as a cooling medium.
Alternatively, not only liquid but also air, gas, or the like may be
adopted. The bus bars 17 are not covered with resin molding and
therefore the amount of resin needed for molding can be reduced
largely.'

[0050] Furthermore, each coil 13 is molded with resin so that the
coil ends 13a and 13b are exposed. The winding portion (the
previously. wound cassette coil portion) of each coil 13 can therefore
be protected against scratches. This can facilitate a work of
wire-connecting the bus bars 17 to the coil ends 13a and 13b in later

processes and enhance the productivity. Herein, coil terminals to
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be wire-connected are covered by separate protective caps or the
like.

[0051] According to the stator structure 1 of this embodiment,
the uneven part for guide (the guide rib 14a, the grooves 14b and
14c) are formed in each resin molded portion 14 to direct both ends
of the bus bar 17 toward the relevant long ends 13a and 13b
respectively for wire connection. This makes it easy to attach the
bus bars 17 to the resin molded coils 13 and further enhance the
productivity.

[0052] In the stator structure of the present embodiment, the
stator is constituted of a plurality of split cores divided per teeth
and each split core is molded with resin. It is therefore easy to
resin-mold the coil 18 with the ends 13a and 13b being exposed and
achieve a cost reduction. The stator may be constituted of split
cores each having one or more teeth.

[0053] According to the split stator 18 of this embodiment, the
formed coil 13 is fitted on the teeth 11 of the split core 10 with the
insulator 12 interposed therebetween and the coil 13 is molded with
resin, forming the resin molded portion 14 so that the long ends 13a
and 13b remain exposed. An insulation performance of the coil 13
can be ensured.

[0054] Only the space for the winding portion of the coil 13 can
be filled with resin by resin molding. It is thus possible to reduce
the amount of resin needed for resin molding. Conventionally, bus
bars do not need to be molded with resin if only they are arranged
at sufficient intervals to provide insulation. If the above
configuration is to be resin-molded by a conventional technique, all

the stator cores 10, particularly, all eighteen winding portions have
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to be placed simultaneously in contact with a molding die to form a
molding cavity. Thus, thirty-six coil terminals need to be
shielded or protected from the resin molding. This requires a
molding die of a complicated shape which is technically difficult to
produce.

[0055] The split stators 18 of the present embodiment can be
manufactured by individually molding eighteen winding portions
with resin while sealing only two coil terminals of each coil. It is
therefore possible to mold resin in only the space for each coil
winding portion and hence cut down more than 40% of an amount of
resin required for the resin molding.

[0056] As a comparison, Fig. 13 1s a sectional view showing a
conventional resin molding configuration. In the conventional
configuration, a resin molded portion 14 is formed not only in the
space for a winding portion of the coil 13 but also over the bus bars
17 together. It is found frbm the comparison between the
configurations in Figs. 13 and 3 that the present embodiment could
achieve a 40% reduction of resin molding material.

[0057] Meanwhile, the molding cavity in one resin molding is
small in volume, so that resin of low fluidity can be used as it is.
A motor for hybrid electric vehicle needing high torque will be
supplied with relatively high voltage, thus generating a large
amount of heat. Accordingly, the resin molded portion is
required to have higher heat conductivity. For this end, an
additive is added to the resin. This may decrease the resin
fluidity, causing a technical difficulty in filling the resin in the
molding cavity in every corner, particularly, in internal space

(clearances) in a winding portion of the coil.
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[0058] According to the split stator of the present embodiment,
the volume of the molding cavity is so small as to allow the resin to
be filled throughout the internal space in the winding portion of the
coil 13. This makes it possible to increase the efficiency of
releasing heat generated in the coil 13 to the outside through the
resin molded portion 14.

[0059] Furthermore, only two terminals of each coil have only to
be shielded. As compared with the case where the stator cores are
entirely resin-molded at the same time, accordingly, the molding die
can be designed more easily, leading to a reduction in molding die
cost.

[0060] The insulator 12 is integrally formed on the split core 10
by resin molding. That is, after the insulator 12 is molded from
resin on the split core 10, the formed coil is inserted in the die and
then molded with resin. By such a series of processes after the
split stator core 10 is loaded in the lower molding die 21, the split

stator 18 can be manufactured consecutively.

[0061] A second embodiment of the present invention will be
described below. The second embodiment is substantially identical
in structure to the first embodiment and the identical or similar
components are given the same reference signs and their
explanations will be omitted. The following explanation is thus
focused on the differences from the first embodiment. Fig. 11
shows a stator 19A in which the eighteen split stators 18 of Fig. 12
are assembled together. Fig. 12 is a sectional view of the split
stator 18.

[0062] The eighteen split stators 18 are assembled in annular
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form, and the outer ring 15 heated and expanded in inner diameter
is set around the split stators 18. Then, this assembly is cooled to
a normal temperature, causing the outer ring 15 to shrink,
decreasing its inner diameter. The eighteen split stators 18 are
then constricted integrally to form the stator 19A. This technique
is a so-called shrink fitting of an outer ring.

[0063] In a next step, not shown, the long end 13a of one split
stator 18 is connected with the long end 13b of a third split stator
18 by skipping two split stators 18 to the left by means of the bus
bar 17 (17A, 17B, or 17C) in the holder 16 (16A, 16B, or 16C). The
long ends 13a and 13b of the eighteen split stators 18 are
appropriately connected.in this way through the bus bars 17 (174,
17B, 17C) in the holders 16 (16A, 16B, 16C) to constitute a motor
coil with three U, V, and W phases.

[0064] The stator structure of the second embodiment is
constituted merely by replacing the stator 19 shown in Fig. 9 with
the stator 19A of Fig. 11. Accordingly, the details thereof will not
be repeated herein.

[0065] According to the stator structure of the second
embodiment, the bus bar holder 16 holding at least part of the bus
bar 17 is placed on the base portion 10a of the core 10 located
outside the coil 13, and the long ends 13a and 13b of each coil 13 are
bent to be connected to the bus bars 17 held in the holder 16. Thus,
this embodiment does not need the uneven part for guide (the guide
rib 14a, the grooves 14b and 14c) of the first embodiment, thereby
enabling easier resin molding. |

[0066] The present invention 1s not limited to the above

embodiments and may be embodied in other specific forms without
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departing from the essential characteristics thereof.

[0067] In the above embodiment, the cooling oil 32 is used to cool
the coils 13 but an air cooling technique may be adopted instead.
[0068] In the above embodiment, the explanation is given to the
split stator 18 including a single edgewise coil 13. As an
alternative, a split core having two teethes 11 may be adopted, in
which two edgewise cores 13 are mounted on the teethes
respectively, and all the split cores are assembled and entirely
resin-molded.

[0069] Another alternative is to employ a split stator core
having three teethes 11 on which three edgewise coils 13 are
mounted individually, and the split stator cores are assembled and
entirely resin-molded.

[0070] As explained in the above embodiments, the present
invention may be applied to any coil made of a coil wire having a
circular, square, or different-shaped section as well as the
edgewise coil if only it is finished as a formed coil.

[0071] While the presently preferred embodiment of the present
invention has been shown and described, it is to be understood that
this disclosure is for the purpose of illustration and that various
changes and modifications may be made without departing from the

scope of the invention as set forth in the appended claims.
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CLAIMS
1. A stator structure comprising:
a coil having both ends which serve as coil terminals;
a resin molded portion covering the coil with the ends
being exposed;
a bus bar connected to the ends of the coils; and

a cooling unit for directly cooling the bus bar.

2. The stator structure according to claim 1, wherein
the resin molded portion is formed with an uneven part
for directing both ends of the bus bar toward the relevant ends of

the coils for wire connection.

3. The stator structure according to claim 2 further
comprising a plurality of split cores, each of which is attached with

the coil and molded with resin.

4. The stator structure according to claim 1 further
comprising a bus bar holder placed on an upper surface of the core
located outside the coil to hold at least part of the bus bar, each end
of the coil is bent and connected to the bus bar held by the bus bar
holder.
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