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(57) Abréegée/Abstract:

A centralized power distribution unit for a vehicular thin brushless motor includes a plurality of bus bars, a resin insulation layer that
covers the bus bars, and an insulating holder having a plurality of holding grooves that hold the bus bars. The bus bars are pre-
bent in a thickness direction to be formed into a substantially annular shape. Each of the bus bars Is provided correspondingly with
a phase of the motor. The holding grooves are formed In parallel extending along a circumferential direction of the centralized
power distribution unit. The bus bars are respectively inserted into the holding grooves, and are thus stacked in a radial direction of
the centralized power distribution unit. The insulating holder and the bus bars are covered by the resin insulation layer.
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ABSTRACT OF THE DISCLOSURE

A centralized power distribution unit for a vehicular thin brushless motor includes a

plurality of bus bars, a resin insulation layer that covers the bus bars, and an 1nsulating holder
having a plurality of holding grooves that hold the bus bars. The bus bars are pre-bent in a
thickness direction to be formed into a substantially annular shape. Each of the bus bars is
provided correspondingly with a phase of the motor. The holding grooves are formed in
parallel extending along a circumferential direction of the centralized power distribution unit.
The bus bars are respectively inserted into the holding grooves, and are thus stacked 1n a

radial direction of the centralized power distribution unit. The insulating holder and the bus

.. bars are covered by the resin insulation layer.
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CENTRALIZED POWER DISTRIBUTION UNIT FOR A VEHICULAR THIN
BRUSHLESS MOTOR

BACKGROUND OF THE INVENTION
1. Field of Invention

[0001] The present invention relates to a centralized power distribution unit for a
vehicular thin brushless motor.

2. Description of Related Art

[0002] Recently, automobiles with good fuel economy have been 1n high demand.
As one example of automobile manufacturers’ efforts to meet these demands, hybnd cars with
super low fuel consumption have been developed. In particular, a hybnid car has been
proposed recently which 1s provided with an auxiliary power mechanism (a motor assist
mechanism) in which an engine provides the main power and a DC brushless motor assists
the engine upon acceleration or the like.

[0003] The motor assist mechanism 1s subject to much constraint in installation,
since a brushless motor constituting the motor assist mechanism 1s disposed 1n a limited
space, for example, a space between an engine and a transmission 1n an engine compartment.
Thus, such a brushless motor is required to have a thin configuration.

[0004] A thin brushless motor to be used 1n the motor assist mechanism of a vehicle
includes a rotor directly connected to a crankshaft of the engine, and a nng-like stator
enclosing the rotor. The stator includes many magnetic poles that have windings on cores, a
stator holder that contains the magnetic poles, and a centralized distribution unit that
concentratedly distributes currents to the windings.

[0005] Conventionally, when a centralized power distribution unit for a vehicular
thin brushless motor is to be produced, bus bars for three phases, such as the U-, V-, and W-
phases, are separately stamped out into a ring-like shape by using different presses.

[0006] Since a very large current flows through a motor of this type, a centralized
power distribution unit which is used in such a motor 1s requested to have considerably high
dielectric strength. In order to ensure an insulation distance, therefore, bus bars which are

disposed correspondingly with the motor phases must be separated from one another by a

predetermined gap in a resin insulation layer.

SUMMARY OF THE INVENTION

[0007] The inventors of this invention have improved the conventional structure to

configure a centralized power distribution unit by stamping bus bars into a strip-like shape,
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then bending the bus bars in the thickness direction into a substantially annular shape, and
insert molding the bus bars into a resin insulation layer.

[0008] Durnng the insert molding process, a resin for forming the resin insulation
layer is applied to the bus bars under pressure. Therefore, relative positions of the bus bars
are often varied, and a situation in which the predetermined gap cannot be held may occur.
This problem is very noticeable in such bus bars of a substantially annular shape.

[0009] When bus bars which have been bent into a substantially annular shape are
used in insert molding, the bus bars may be caused by heat applied in the insert molding
process to return to their onginal shape, e.g., a linear shape, whereby the bus bars may be
‘deformed. Consequently, there 1s a possibility that a product of high dimensional accuracy
cannot be obtained. In such a case, portions of the resin insulation layer may become thin.
This may make it difficult to achieve a high dielectric strength.

[0010] A technique of double-molding a linear bus bar has been proposed. It may
be contemplated to apply this technique to the insert molding. Even if this technique were
used, however, the resulting product 1s disadvantageous 1n its cost because two molding steps

must be conducted and different molds are necessary in the molding steps.

[0011] The invention has been conducted in view of the above-discussed problems.
It is an object of the invention to provide a centralized power distribution unit for a vehicular
thin brushless motor which can be produced relatively easily, the cost of which 1s low, and
which has high dielectric strength.

[0012] In order to attain these objects, this invention provides a centralized power
distribution unit for a vehicular thin brushless motor which includes a plurality of bus bars
each having a terminal portion to be connected to a battery, and tabs to be respectively
connected to windings of a stator. The bus bars are bent in a thickness direction to be formed
into a substantially annular shape, and are disposed correspondingly with a phase(s) of the
motor. A resin insulation layer that is formed by insert molding covers the bus bars, which
can concentratedly distribute a current to the windings, and which have a ring-like shape.
The centralized power distribution unit further includes an insulating holder in which a
plurality of holding grooves extending along a circumferential direction of the centralized
power distribution unit are formed in parallel, and the bus bars are respectively inserted into
the holding grooves to be stacked in a radial direction of the centralized power distribution

unit, separated from one another by a predetermined gap. The insulating holder and the bus

bars are covered by the resin insulation layer.
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[0013] According to this construction, even when resin for forming the resin
insulation layer is applied to the bus bars under pressure during the insert molding process,
relative positions of the bus bars are not vanied. This 1s because the bus bars are inserted
respectively into the holding grooves formed 1n the msulating holder to maintain the gaps
between the bus bars. Since the bus bars are held by the insulating holder, the bus bars which
are bent into a substantially annular shape can be reliably prevented from returning to a linear
shape under the influence of heat during the insert molding process. Therefore, the
dimensions between the bus bars are highly accurate, and it is possible to ensure hgh
dielectric strength. Furthermore, the resin insulation layer can be rehably prevented from
having thin portions. Moreover, unlike the double-molding method, only one kind of insert
molding mold is required, and hence the invention avoids increase of the cost.

[0014] The insulating holder may be configured by a plurality of arcuate resin
molded products, and the bus bars may be held using the arcuate resin molded products.

[0015] In this case, the insulating holder can be produced relatively easily and
accurately as compared with the case where the insulating holder is resin-molded into a true
circular shape by resin molding. Furthermore, the insulating holder can be produced at a low
cost.

[0016] Alternatively, the insulating holder may be formed into a continuous annular
shape.

[0017] In this case, the number of parts can be reduced as compared with the case
where a plurality of insulating holders of a split structure are used. Since gaps between such
insulating holders are eliminated, the generation of voids duning the insert molding process 1s
reduced. Specifically, the holding grooves of the insulating holder are completely buried by
the resin for forming the resin insulation layer. Therefore, the waterproof-ness and the air
tight-ness of the centralized power distribution unit are improved, and hence its dielectric
strength is enhanced.

[0018] The insulating holder may be completely buried in the resin insulation layer.

(0019] In this case, as compared with a configuration in which an insulating holder
is exposed from the surface of an resin insulation layer, the possibility that external moisture
or the like enters the centralized power distribution unit is very low. Therefore, the

waterproof-ness and the air tight-ness of the centralized power distribution unit are further

improved.

[0020] The insulating holder may be made of, for example, PPS to which inorganic

fibers are added.
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When the matenal for forming the insulating holder is PPS, the heat

resistance and the mechanical strength can be improved. Furthermore, inorganic fibers are

added to the matenal for forming the insulating holder, so that the dielectric resistance is

further improved.
BRIEF DESCRIPTION OF THE DRAWINGS
[0022] The foregoing and other features of the present invention will become

apparent to one skilled in the art to which the present invention relates upon consideration of

the invention with reference to the accompanying drawings, wherein:

[0023]
.. .[0024]
[0025]
[0026]
[0027]
[0028]
[0029]
[0030]
6B;
[0031]

distribution unit;

[0032]
[0033]
inserted;
[0034]
[0035]

1S omitted;
[0036]

Fig. 1 1s a schematic side elevation view of a thin brushless motor;
Fig. 2 1s a schematic wiring diagram of the thin brushless motor;
Fig. 3 1s a perspective view of a centralized distribution unait;

Fig. 4 1s a front elevation view of the centralized distribution unit;
Fig. 5 i1s a rear elevation view of the centralized distribution unit;
Fig. 6A 1is a cross sectional view of the centralized distribution unit;

Fig. 6B is an enlarged cross sectional view of a terminal portion of the unit;

Fig. 6C 1s an enlarged perspective view of the terminal portion shown 1n Fig.

Fig. 7 1s a plan elevation view of a terminal portion of the centralized

Fig. 8 i1s a perspective view of an insulating holder;

Fig. 9 is a front elevation view of the insulating holder in which bus bars are

Fig. 10 1s an enlarged front elevation view of a part of the insulating holder;

Fig. 11 is a front elevation view of bus bars from which the insulating holder

Fig. 12 is an enlarged front elevation view of a part of the insulating holder,

illustrating a bus bar non-containing section 1n the holder;

10037]

Fig. 13A is a cross sectional view of the insulating holder taken along line

13a-13a 1n Fig. 9;

[0038]

Fig. 13B is a cross sectional view of the insulating holder taken along line

13b-13b 1n F1g. 9;

(0039

Fig. 13C is a cross sectional view of the insulating holder taken along line

13c-13c in Fi1g. 9;
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[0040] Fig. 14A 1s a cross sectional view of the centralized distribution unit taken
along line 14a-14a 1n kig. 4,

[0041] Fig. 14B is a perspective view of the centralized distribution unit shown in
Fig. 14A;

[0042] Fig. 15A is a cross sectional view of the centralized distribution unit taken
along line 15a-15a 1n Fig. 4;

[0043] Fig. 15B is a perspective view of the centralized distribution unit shown 1n
Fig. 15A;

[0044] Fig. 16A is a cross sectional view of the centralized distribution unit taken
along line 16a-16a 1n F1g. 4,

[0045] Fig. 16B is a perspective view of the centralized distribution unit shown in
Fig. 16A;

[(0046] Fig. 17A is a cross sectional view of the centralized distnibution umt taken
along line 17a-17a1n Fig. 4;

[0047]) Fig. 17B is a perspective view of the centralized distribution umt shown 1n
Fig. 17A;

[0048] Fig. 18A is a cross sectional view of a first press apparatus, illustrating the
apparatus in an open position;

[0049] Fig. 18B is a perspective view of a part of a strip-like blank to be pressed by

the first press apparatus shown in Fig. 18A;
[0050] Fig. 19A is a cross sectional view of the first press apparatus, illustrating the

apparatus in a closed position;

[0051] Fig. 19B is a perspective view of a strip-like blank that has been pressed 1n

the first press apparatus shown 1n Fig. 19A;

[0052] Fig. 20A is a cross sectional view of a second press apparatus, illustrating

the apparatus in an open position,;

[0053] Fig. 20B is a perspective view of a strip-like blank that has been pressed in

the second press apparatus shown 1n Fig. 20A;

[0054] Fig. 21A is a plan elevation view of a strip-like blank, illustrating the blank

in a state before a terminal portion of the bus bar 1s bent;

[0055] Fig. 21B is a longitudinal sectional view of the blank taken along line 21b-
21b 1n Fig. 21B;
[0056] Fig. 22 is a rear elevation view of the insulating holder;

[0057] Fig. 23A is an enlarged plan elevation view of a bearing recess;
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[0058] Fig. 23B 1s an enlarged perspective view of the bearing recess shown in Fig.
23A;

[0059] Fig. 24 1s a cross sectional view of an 1nsert-molding mold, illustrating the
mold in which the insulating holder is set;

[0060] Fig. 25 1s a cross sectional view of the insert-molding mold similar to Fig.
24. illustrating the mold into which a molten resin material 1s poured,

[0061] Fig. 26 1s a cross sectional view of the insert-molding mold similar to g.
23, illustrating the mold 1n which a holder support pin and an upper mold member support are
retracted;
-~ .[0062] Fig. 27 is a cross sectional view of the insert-molding mold similar to Fig.
26, illustrating the mold in an open position;

[0063] Fig. 28 is a plan view of a conductive metallic plate to be punched into the
strip-like blanks, illustrating a process for producing the centralized distribution unit ;

[0064] Fig. 29 1s a perspective view of the blanks shown 1n Fig. 28, 1llustrating the
terminal portion of each of bus bars being bent;

[0065] Fig. 30 is a perspective view of ring-like blanks that are formed by bending
the blanks shown in Fig. 29, illustrating the bus bars being inserted into the insulating holder;

[0066] Fig. 31 is a perspective view of the blanks shown 1n Fig. 30, 1llustrating tabs

of the bus bars being bent inward;

[0067] Fig. 32 is a perspective view of the blanks shown in Fig. 31, 1llustrating a

part of the terminal portions being sealed by a sealing matenal;

[0068] Fig. 33 is a front view of a second embodiment 1n which bus bars are

inserted into an insulating holder; and

[0069] Fig. 34 is a perspective view of an arcuate resin molded product constituting

an insulating holder.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0070] As shown in Fig. 1, a three-phase thin DC brushless motor 11 to be used in a

hybrid automobile is disposed between an engine 12 and a transmission 13. The thin DC
brushless motor 11 includes a rotor 14 connected, e.g., directly connected, to a crankshaft of
the engine 12, and a ring-like stator 15 enclosing the rotor 14. The stator 15 includes a
plurality of magnetic poles that have windings 16 on cores, a stator holder 18 that contains

the magnetic poles, and an annular centralized distribution unit 17 that concentratedly

distributes currents to the windings 16.

A e e o e PR o



CA 02409895 2002-10-25

7

[0071] Fig. 2 shows a schematic diagram of the stator 15. As shown in Fig. 2, an
end of each phase winding 16 1s connected to one of bus bars 22a, 22b, and 22¢ formed in the
centralized distribution unit 17 while the other end 1s connected to a ring-like conductive
member (not shown).

[0072] As shown in Figures 3 to 6, a continuous annular insulating holder 21 (Figs.
6A and 6B) made of synthetic resin 1s embedded in the centralized distribution unit 17. The
insulating holder 21 may be made of, for example, PBT (polybutyrene terephthalate), PPS
(polyphenylene sulfide), or the like.

[0073] In this embodiment, the insulating holder 21 1s made of a PPS containing a
glass fiber of 40% by weight. The reason why the nsulating holder 21 1s made of such a

material is that the material is superior in its electrical properties (dielectric strength). In

particular, in the thin DC brushless motor 11 in the present embodiment, since voltages to be
applied to the respective phase bus bars 224, 22b, and 22c¢ are high, 1t 1s important to maintain
the dielectric strength in the respective bus bars 22a, 22b, and 22c. The dielectric strength 1n
this case is required to be above 2000V. In addition, PPS has a high mechanical strength as
well as a high heat resistance in comparison with a common resin such as a PP
(polypropylene) or the like.

[0074] As shown in Figures 8, 9, and 10, the insulating holder 21 is provided on one
side with holding grooves 23a, 23b, and 23c extending in the circumterential direction. The
holding grooves 23a, 23b, and 23c are disposed in parallel at a given distance in the radial
direction of the insulating holder 21. The bus bars 22a, 22b, and 22c¢ corresponding to the
respective phases are individually inserted into the respective holding grooves 23a, 23b, and
23c, respectively. The respective bus bars 22a, 22b, and 22c are stacked on each other in the
radial direction of the centralized distribution unit 17 with the bus bars being spaced from
each other at a given distance. Accordingly, the respective holding grooves 23a, 23b, and
23c serve to hold the respective bus bars 22a, 22b, and 22c¢ in the precise positions. The
insulating holder 21 and bus bars 22a, 22b, and 22c are entirely covered with a resin
insulation layer 25. This covering accomplishes individual insulation between the respective
bus bars 22a, 22b, and 22c.

[0075] The resin insulation layer 25 is made of a PPS containing a glass fiber,
similar to the insulating holder 21. The reason why this matenal 1s used 1n the resin
insulation layer 25 is that the material is superior in its electric properties (dielectric strength),

heat resistance, and mechanical strength, similar to the reason it 1s used 1n the insulating

holder 21. The material in the resin insulation layer 25 utilizes a synthetic resin.
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[0076] In this embodiment, the bus bar 22a at the 1nside layer corresponds to a W
phase, the bus bar 22b at the intermediate layer to a U phase, and the bus bar 22c at the
outside layer to a V phase, respectively. For convenience of explanation, the W phase bus

bar 22a is referred to as the “inside bus bar 22a” hereinafter, the U phase bus bar 22b as the

“intermediate bus bar 22b,” and the V phase bus bar 22¢ as the “outside bus bar 22c,”
respectively.

[0077] The respective bus bars 22a, 22b, and 22¢ will be explained below. The
respective bus bars 22a, 22b, and 22c¢ are formed beforehand by punching out a conductive

metallic plate made of a copper or a copper alloy into a strip-like blank using a press

.. .apparatus, and bending the blank in the thickness direction to form a discontinuous annular

configuration from which a part of an arc 1s removed (substantially a C-shape). The
diameters of the respective bus bars 22a, 22b, and 22c are set to be larger 1n order from the
inside layer to the outside layer. The formed respective bus bars 22a, 22b, and 22¢ are
inserted into the respective holding grooves 23a, 23b, and 23c. This makes 1t easy to
assemble the respective bus bars 22a, 22b, and 22c¢ in the insulating holder 21.

[0078] As shown in Figures 8 to 11, the respective bus bars 22a, 22b, and 22c¢ are
provided with respective pluralities of projecting tabs 41a, 41b, and 41¢ to which the
respective windings 16 are connected. The respective tabs 41a, 41b, and 42¢ are punched out
from the conductive metallic plate simultaneously when the respective bus bars 22a, 22b, and
22c are punched out from the plate by the press apparatus. Consequently, the respective bus
bars 22a, 22b, and 22¢ and the respective tabs 41a, 41b, and 41c are formed integrally
together as one piece by a single pressing step. This simplifies the production process 1n
comparison with a process in which the respective tabs 41a, 41b, and 41c are coupled to the
respective bus bars 22a, 22b, and 22¢ by welding.

[0079] Six of each of tabs 41a, 41b, and 41c are provided on the respective bus bars
22a, 22b, and 22c. The respective tabs 41a, 41b, and 41c in the respective phase are arranged
at an even angular distance (i.e., 60 degrees with respect to the center) in the circumferential
direction of the respective bus bars 22a, 22b, and 22c. Removed portions 42 of the respective
bus bars 22a, 22b, and 22c are displaced from each other by an angle of 20 degrees in the
circumferential direction. Consequently, eighteen of the tabs 41a to 41c¢ 1n total are arranged
at an even angular distance of 20 degrees with respect to the center in the circumferential
direction of the centralized distribution unit 17. As shown in Fig. 11, 1n the present
embodiment, in the case where the removed portion 42 of the outside bus bar 22c¢ 1s set to be

a reference, the intermediate bus bar 22b is arranged away from the reference by +20 degrees
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in the clockwise direction. Meanwhile, the inside bus bar 22a is arranged away from the
reference by -20 degrees in the counterclockwise direction.

[0080] The respective tabs 41a, 41b, and 41c of the respective bus bars 22a, and
22b, and 22c are bent into L-shapes 1n cross section to direct the distal ends of them to the
center of the centralized distribution unit 17.

[0081] Each distal end of the respective tabs 41a, 41b, and 41c projects inwardly in
the radial direction from the inner periphery of the centralized distribution unit 17. Each
winding 16 1s connected to a respective projecting portion. The respective tabs 41a, 41b, and
41c are different in length. The distal end of each of the respective tabs 41a, 41b, and 41c is
arranged on the same distance from the center of the centralized distribution unit 17.
Accordingly, the respective tabs 41a, 41b, and 41c¢ of the respective bus bars 22a, 22b, and
22c¢ are longer in length in the radial direction of the centralized distribution unit in order
from the inside bus bar 22a to the outside bus bar 22c.

[0082] As shown in Figures 15A and 15B, the tabs 41b of the intermediate bus bar
22b are, at the section covered by the resin insulation layer 25, provided with a curved
portion 44 raised 1n the height direction of the walls 43a, 43b, 43¢, and 43d that define the
holding grooves 23a, 23b, and 23c. The curved portion 44 goes around the top side of the
inside bus bar 22a (i.e., another bus bar) in the resin insulation layer 25. The curved portion
44 can provide an increased distance between the tabs 41b and the adjacent bus bar.

[0083] As shown in Figures 16A and 16B, the tabs 41c of the outside bus bar 22¢
are, at the section covered by the resin insulation layer 25 provided with a curved portion 45
raised in the height direction of the walls 43a to 43d. The curved portion 45 goes around the
top sides of the intermediate bus bar 22b as well as the inside bus bar 22a (1.e., other bus bars)
in the resin insulation layer 25. The curved portion 45 can provide an increased distance
between the tabs 41c and the adjacent bus bars. Since the curved portion 45 goes around two
bus bars 22a and 22b, the curved portion 45 1s longer than the curved portion 44 of the tab
41b on the intermediate bus bar 22b.

[0084] As shown in Figures 14A and 14B, the tabs 41a of the inside bus bar 22a

have no curved portion on the proximal end, but rather have a nght-angled portion. The tabs
41a are not required to be at an increased distance, since there is no adjacent bus bar for the
tabs to go around.

[0085] As shown in Figures 14A and 14B, inside projecting pieces 47 are formed
integrally with wall 43b, and are positioned between tab forming sections of the inside bus

bar 22a from tab non-forming sections of the intermediate bus bar 22b adjacent the inside bus
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bar 22a. The inside projecting pieces 47 can provide an increased creepage distance between
the inside bus bar 22a and the intermediate bus bar 22b adjacent the inside bus bar 22a. Six
inside projecting pieces 47 1in total, made of a synthetic resin, are provided on the wall 43b
and arranged at an even spacing 1n the circumferential direction of the insulating holder 21.
The respective inside projecting pieces 47 correspond in position to the respective tabs 41a
formed on the inside bus bar 22a. The portions of wall 43b having the inside projecting
pieces 47 are higher than the portions of wall 43b that space the tab non-forming sections of
the inside bus bar 22a and intermediate bus bar 22b.

[0086] As shown in Figures 15A and 15B, an outside projecting piece 48 is formed

. .integrally with wall 43¢ that spaces a tab forming section of the intermediate bus bar 22b

from a tab non-forming section of the outside bus bar 22¢ adjacent the intermediate bus bar
22b. The outside projecting piece 48 can provide an increased distance between the

intermediate bus bar 22b and the outside bus bar 22¢ adjacent the intermediate bus bar 22b.
S1x outside projecting pieces 48 in total, made of a synthetic resin, are provided on the wall
43¢ and arranged at an even spacing 1n the circumf{erential direction of the insulating holder

21. The respective outside projecting pieces 48 correspond to the respective tabs 41b formed

on the intermediate bus bar 22b. The portions of wall 43¢ having the outside projecting piece

48 are higher than the portions of wall 43¢ that space the tab non-forming sections of the

intermediate bus bar 22b and outside bus bar 22c.

[0087] As shown in Figures 3 to 7, the respective bus bars 22a, 22b, and 22c¢ are

provided on their sides with respective terminal portions 50w, 50u, and 50v formed integrally

together with the respective bus bars. The respective terminal portions 50w, 50u, and 50v
project outwardly from the resin insulation layer 25. The respective terminal portions 50w,
50u, and 50v are connected through electric power source cables 51 shown in Fig. 1 to a
battery (not shown) for the thin DC brushless motor 11. The respective terminal portions
50w, S0u, and 50v are punched out simultaneously when the bus bars 22a, 22b, and 22c are
punched out from the conductive metallic plate by a press apparatus. Accordingly, the
respective terminal portions 50w, 50u, and 50v are formed integrally together as one piece
with the bus bars 22a, 22b, and 22¢, respectively, by a single pressing process. This can
simplify the production process in comparison with a procedure in which the respective
terminal portions 50u, 50v, and 50w are welded to the respective bus bars 22a, 22b, and 22c.
[0088] As shown in Figures 6 and 7, the respective terminal portions 50u, 50v, and
50w are provided on the distal ends with bolt through-holes that permit attachment bolts (not

shown) for the electric power source cables 51 to pass. Resin-containing sections 53 are
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formed integrally together with the outer peniphery of the resin insulation layer 25 to enclose
the outer peripheries from the proximal ends to the central portions of the respective terminal
portions 50u, 50v, and 50w. The resin-containing sections 53 are filled with sealing matenal
54 made of an insulative thermosetting resin. The sealing matenal 54 embeds portions
disposed near the proximal ends away from the bolt through-holes 52 and exposed from the
resin insulation layer 25 on the respective terminal portions 50u, 50v, and 5S0w. Waterproof -
ness and airtight-ness functions are enhanced by the sealing material 54 embedding the parts
of the respective terminal portions 50u, 50v, and 50w. In the present embodiment, the

sealing material 54 is preferably a silicone-based thermosetting resin. Alternatively, the

.. thermosetting resin may be any resin other than a silicone-based resin.

[0089] Fig. 28 1s a developed view of the bus bars 22a, 22b, and 22¢c. As shown in
Fig. 28, the respective terminal portions 50u, 50v, and 50w are disposed substantially on
longitudinally central parts of the respective bus bars 22a, 22b, and 22¢. The numbers of the
respective tabs 41a, 41b, and 41c on opposite sides of the respective terminal portions 50u,
50v, and 50w are preferably the same. In more detail, three tabs 41a, 41b, and 41c are
provided on one side of the respective terminal portions 50u, 50v, and 50w while three tabs
41a, 41b, and 41c are provided on the other side of the respective terminal portions 50u, 50v,
and 50w. The reason why the same numbers of the tabs 41a, 41b, and 41c are provided on
the opposite sides of the terminal portions 50u, 50v, and 50w is to permit equal amounts of
current to flow in the tabs 41a, 41b, and 41c.

[0090] As shown in Figures 6 and 8, the respective terminal portions 50u, 50v, and
50w include embedded sections 55 covered by the sealing matenal 54 on their proximal ends,
and exposed sections 56 having the bolt through-holes 52 and not covered by the sealing
material 54 on their distal ends. The embedded sections 55 are pressed to form central ramp
portions 55a. These central ramp portions 55a can save material in companson with central
right-angled portions, and reduce weights of the bus bars 22a, 22b, and 22c.

[0091] Slits 57a and 57b are provided on opposite sides of the embedded portions
of the respective terminal portions 50u, 50v, and 50w. Both shits 57a and 57b extend 1n the
longitudinal directions of the respective terminal portions 50u, 50v, and 50w. The two shts
57a and 57b reduce a part of the embedded section 55, thereby making a width of the reduced
portion narrower than that of a non-reduced portion. Such structure can make a difference in
reducing heat contraction between the resin insulation layer 25 and the bus bars 22a to 22¢
when the resin insulation layer encloses the insulating holder 25 during insert molding. The

number and width of the slits 57a and 57b may be changed without lowering mechanical
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strengths of the respective terminal portions 50u, 50v, and 50w. For example, two slits 57a
and 57b may be provided on the opposite sides of the embedded section 55, respectively.

[0092] As shown by cross hatching in Fig. 8, parts of the exposed section 56 and
embedded section 55 on the respective terminal portions 50u, 50v, and 50w are covered by
tinning. In more detail, tinning covers an area from the distal end of the exposed section 56
to the central ramp portion 55a of the embedded section 55. This tinning can prevent the bus
bars 22a, 22b, and 22¢ from being subject to corrosion by oxidation.

[0093] After the respective terminal portions 50u, 50v, and 50w are bent by a first
press apparatus 60 shown 1n Figures 18 and 19, a second press apparatus 61 shown in Fig. 20
further bends them.

[0094] The first press apparatus 60 will be explained below with reference to
Figures 18 and 19. As shown in Figures 18 and 19, the first press apparatus 60 bends the
respective terminal portions 50u, 50v, and 50w. The first press apparatus 60 includes a
stationary lower die member 62 and a movable upper die member 63. When the upper die
member 63 moves down toward the lower die member 62, both dies are closed. Conversely,
when the upper die member 63 moves up away from the lower die member 62, both dies are
opened.

[0095] The lower die member 62 1s provided on the upper surface with a lower
forming V-shaped recess 62a and a lower forming V-shaped protrusion 62b adjacent the
recess 62a. A pilot pin 64 1s formed at the top of the lower forming protrusion 62b. When
the pilot pin 64 passes through a pilot hole 65 formed 1n the central ramp portion 55a of each
of the terminal portions 50u, 50v, and 50w, the respective terminal portions 50u, 50v, and

50w are positioned.

[0096] On the other hand, the upper die member 63 is provided on the lower surface

with an upper forming V-shaped protrusion 63a and an upper forming V-shaped recess 63b
adjacent the protrusion 63a. The upper forming protrusion 63a 1s opposed to the lower

forming recess 62a while the upper forming recess 63b 1s opposed to the lower forming

protrusion 62b. When the upper die member 63 moves down toward the lower die member
62 to the closed position, the upper forming protrusion 63a engages the lower forming recess
62a. The upper forming recess 63b is provided on the bottom surface with an escape recess
66. When the lower and upper die members 62 and 63 are driven to the closed position, the
pilot pin 64 enters the escape recess 66, thereby preventing the pilot pin 64 and upper die

member 63 from interfering with each other.
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[0097] Next, a second press apparatus 61 will be explained below by referring to
Fig. 20. As shown in Fig. 20, the second press apparatus 61 bends boundary sections
between the respective terminal portions 50u, 50v, and 50w and the respective bus bars 22a,
22b, and 22¢. The second press apparatus 61 compnses a stationary lower die member 67
and a movable upper die member 68. When the upper die member 68 moves down toward
the lower die member 67, both dies are closed. Conversely, when the upper die member 68
moves up away from the lower die member 67, both dies are opened.

[0098] The lower die member 67 is provided on the upper surface with a lower

forming protrusion 67a that engages the embedded section 55 on the respective terminal

.. portions 50u, 50v, and 50w. An insertion pin 69 is formed near the lower forming protrusion

67a on the lower die member 67 to position the terminal portions 50u, 50v, and 50w. When
the respective terminal portions 50u, 50v, and 50w are set on the lower die member 67, the
insertion pin 69 passes through the respective bolt through-hole 52. When the insertion pin
69 passes through the bolt through-hole 52, the respective terminal portions 50u, 50v, and
50w are prevented from being displaced.

[0099] The upper die member 68 is provided on the lower surface with an upper
forming recess 68a opposing the lower forming protrusion 67a. When the upper and lower
die members 68 and 67 are driven to the closed position, the upper forming recess 63a
engages the lower forming protrusion 67a. The thickness of the portion of the upper die
member 68 other than the portion at which the upper forming recess 68a 1s formed 1s
designed so that the insertion pin 69 on the lower die member 67 does not interfere with the
upper die member 68 when the upper and lower die members are driven to the closed
position.

(0100) As shown in Fig. 18a and Figures 21A and 21B, a plurality of notches 59
extending in the lateral (width) direction are formed on the areas to be bent on the respective
terminal portions 50u, 50v, and 50w by the first and second press apparatuses 60 and 61.
Each notch 59 is formed in a surface of a strip-like blank 92 punched out from the conductive
metallic plate before forming the respective terminal portions 50u, 50v, and 50w. In the
present embodiment, one notch is formed in one surface of the strip-like blank 92
corresponding to the respective terminal portions 50u, SOv, and 50w, while three notches are

formed in the other surface of the blank 92. The strip-like blank 92 is bent inwardly at the
notch 59.
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[0101] Next, a process for bending the respective terminal portions 50u, 50v, and
50w by using the first and second press apparatuses 60 and 61 mentioned above will be
explained.

[0102] As shown in Figures 18A and 18B, when the upper and lower die members
63 and 62 of the first press apparatus 60 are driven to the opened position, the strip-like
blanks 92 punched out from the conductive metallic plate are put on the lower die member
62. The pilot pin 64 on the lower die member 62 passes through the pilot hole 65 formed 1n a
respective strip-like blank 92 to prevent or reduce displacement of the blank 92.

[0103] As shown in Figures 19A and 19B, when the upper and lower die members
63 and 62 are driven to the closed position, the strip-like blank 92 is clamped between the
lower forming recess 62a and the upper forming protrusion 63a and between the lower
forming recess 62b and the upper forming protrusion 63b. Thus, the respective strip-like
blanks 92 are bent at the portions corresponding to the respective terminal portions 50u, SOv,
and 50w to form the respective terminal portions 50u, 50v, and 50w. Thereafter, the upper
and lower die members 63 and 62 are driven to the opened position and the strip-like blank
92, in which the respective terminal portion 50u, 50v, or 50w 1s formed, 1s removed from the
lower die member 62.

[0104] As shown in Figures 20A and 20B, when the upper and lower die members
68 and 67 of the second press apparatus 61 are driven to the opened position, the respective
terminal portion 50u, 50v, or 50w formed by the first press apparatus 60 engages the lower
die member 62. The insertion pin 69 passes through the bolt through-hole 52 formed in the
respective terminal portions 50u, 50v, or 50w to prevent or reduce displacement of the blank
92.

[0105] When the upper and lower die members 68 and 67 are driven to the closed
position, an end of the strip-like blank 92, namely a portion corresponding to the respective
bus bars 22a, 22b, or 22c, is clamped between the lower forming protrusion 67a and the
upper forming recess 68a to bend at a right angle the boundary areas between the respective
bus bar 22a, 22b, or 22¢ and the respective terminal portion 50u, 50v, or 50w. Thereatter, the
upper and lower die members 68 and 67 are driven to the opened position and the strip-like
blank 92, in which the respective terminal portion 50u, 50v, or 50w 1s formed, 1s removed
from the lower die member 67.

[0106] As shown in Figures 24 to 27, the resin insulation layer 25 for covenng the
insulating holder 21 is formed by an insert-molding mold 70. The insert-molding mold 70

comprises a stationary lower mold member 71 and a. movable upper mold member 72. The
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upper mold member 72 can move to and from the lower mold member 71. When the upper
mold member 72 moves down to the lower mold member 71, the mold 70 is placed in a
closed position. When the upper mold member 72 moves up from the lower mold member
71, the mold 70 1s placed 1n an open position.

[0107] A forming recess 71a in the lower mold member 71 1s opposed to a forming
recess 72a in the upper mold member 72. When the lower and upper mold members 72 and
71 are driven to the closed position, the forming recesses 72a and 71a define an annular
cavity 73. A molten resin matenal 90 1s poured through a gate (not shown) into the cavity 73

to form the resin insulation layer 25. A plurality of gates are formed 1n the inner peripheral

... . face (the face on the left side in Figs. 24 to 27) of the lower mold member 71. The gates are

formed at regular intervals along the inner penipheral face of the lower mold member 71.
Therefore, the pressure of the molten resin material 90 is uniformly applied to the insulating
holder 21 in the cavity 73.

[0108] The upper mold member 72 is provided with upper mold member supports
80 that push an upper surface of the insulating holder 21 to be contained 1in the cavity 73.
The upper mold member supports 80 can move out from and into an inner top surface of the
upper forming recess 72a. Although not shown 1n the drawings, a plurality of upper mold
member supports 80 (eighteen in the present embodiment) are provided in the upper mold
member 72. The upper mold member supports 80 are arranged at an even spacing on the
circumference of the insulating holder 21, except for the portions where the terminal portions
50u, 50v, and 50w are located. When the upper mold member supports 80 are advanced out
from the upper forming recess 72a, a plurality of latch grooves 81 formed 1n the ends of the
supports 80 engage the wall 43b that spaces the inside bus bar 22a from the intermediate bus
bar 22b, and also engage the wall 43c that spaces the intermediate bus bar 22b from the
outside bus bar 22c. Under this engagement condition, distal end surfaces of the upper mold
member supports 80 come into contact with upper end edges of the respective bus bars 22a,
22b, and 22c. Consequently, the upper mold member supports 80 push the insulating holder
21 (an upper portion of the holder 21 in Fig. 24).

[0109] The lower mold member 71 is provided with holder support pins 74 that
support the insulating holder 21 to be contained in the cavity 73. The holder support pins 74
can move out from a bottom surface of the lower forming recess 71a into the cavity 73 and
move from the cavity 73 into the bottom surface. Although not shown 1n the drawings, a
plurality of holder support pins 74 (thirty-six pins in the present embodiment) are provided 1n

the lower mold member 71. The holder support pins 74 are arranged at an even spacing on
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the circumference of the insulating holder 21. Each holder support pin is preferably formed
into a stick-like configuration having a tapered end. Preferably, the tapered end of each
holder support pin 74 has a taper angle of about 30 to 150 degrees.

[0110] Asshown in Fig. 22, and Figures 23 A and 23B, when the holder support
pins 74 move out from the bottom surface of the lower forming recess 71a into the cavity 73,
the distal ends of the pins 74 engage bearing recesses 75 1n the lower surface of the insulating
holder 21. This engagement can prevent displacement of the insulating holder 21 in the
radial direction of the cavity 73 when the insulating holder 21 1s contained in the cavity 73.
The insulating holder 21 1s fixed at a proper position in the cavity 73 by the holder support
pins 74 and upper mold member supports 80. Consequently, the resin insulation layer 235 is
formed around the insulating holder 21 at a umiform thickness.

[0111] Each bearing recess 75 has a taper that reduces the recess in diameter toward
the inner top part. Thus, the holder support pin 74 finally engages the bearing recess 75
while the pin 74 1s being guided along the inner periphery of the bearing recess 75.
Accordingly, when the insulating holder 21 is set in the lower forming recess 71a in the lower
mold member 71, the holder support pin 74 does not fail to engage the bearing recess 75.

[0112] Two arcuate ribs 76a and 76b are formed around the holder support pin 74
on the bottom surface of the insulating holder 21. The rnbs 76a and 76b make a virtual depth
of the bearing recess 75 larger. This reduces the chance of the holder support pin 74
disengaging from the bearing recess 75 inadvertently and reduces the chance of the insulating
holder 21 displacing in the cavity 73.

[0113] A plurality of notches 77a and 77b (two notches in the present embodiment)
are formed between the ribs 76a and 76b. The formation of the notches 77a and 77b allows
the resin for forming the resin insulation layer 25 to easily move toward the bearing recesses
75 via the notches 77a and 77b in the state where the holder support pin 74 1s extracted from
the bearing recess 75 during the process of insert molding the resin insulation layer 25. In the
centralized power distribution unit 17 in the final production step, the bearing recesses 75 are
filled with the resin insulation layer 25. The numbers of the ribs 76a and 76b and the notches
77a and 77b can be arbitrarily changed. When the nibs 76a and 76b are formed as one nb
having a C-like shape, for example, the notches 77a and 77b can be configured as one notch.

[0114] As shown in Figures 22, 23, and in Figures 14 to 16, the insulating holder 21
is provided, in its bottom surface, with a plurality of communication holes 78 communicating
with the holding grooves 23a, 23b, and 23¢. The communication holes 78 facilitate the flow

of resin for forming the resin insulation layer 25 into the respective holding grooves 23a, 23b,
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and 23c during insert molding. The plural communication holes 78 are provided on the
periphery of the insulating holder 25. In more detail, the respective communication holes 78
are arranged along the holding grooves 23a, 23b, and 23c. In addition, as shown in Fig. 10,
the respective communication holes 78 are shifted from each other in the circumferential
direction of the insulating holder 21. This means that only one communication hole 78 is
disposed on the same line in the radial direction of the insulating holder 21.

[0115] As shown in Figures 22 and 24, the insulating holder 21 is provided on the
inner surface with positioning projections 82 the distal ends of which come into contact with

the inner surface of the lower forming recess 71a when the insulating holder 21 is set in the

.. lower mold member 71. The plural positioning projections 82 are arranged at an even

spacing in the circumferential direction of the insulating holder 21. When all of the
positioning projections 82 come 1nto contact with the inner surface of the lower forming
recess 71a, displacement of the insulating holder 21 in its circumferential direction can be
substantially eliminated.

[0116] As shown in Figures 9, 12, and 13, the respective holding grooves 23a to
23c in the insulating holder 21 are divided into a bus bar containing section 83 that
accommodates the bus bars 22a to 22¢ and a bus bar non-containing section 84 that does not
accommodate the bus bars. First reinforcement nbs 85 are provided at a given distance in the
circumferential direction of the insulating holder 21 on the holding grooves 23a, 23b, and 23c
in the bus bar non-containing section 84. The respective first reinforcement ribs 85 are
formed integrally together with bottom surfaces and inner side surfaces of the walls 43a to
43d partitioning the respective holding grooves 23a, 23b, and 23c.

[0117] The communication holes 78 that serve to facilitate to flow the moiten resin
material 90 into the respective holding grooves 23a, 23b, and 23c¢ are formed in the bottom
surface of the respective holding grooves 23a, 23b, and 23¢ in the respective sections 83 and
84. Thus, the molten resin matenal 90 easily flows into the respective holding grooves 23a,
23b, and 23c.

[0118] Three holding grooves 23a, 23b, and 23c are provided 1n the bus bar
containing section 83 in the insulating holder 21 while two holding grooves 23a and 23b are
provided in the bus bar non-containing section 84 in the insulating holder 21. That 1s, there 1s
no holding groove 23c at the outermost side 1n the bus bar non-containing section 84. The

bus bar non-containing section 84 in the insulating holder 21 1s narrower than the bus bar

containing section 83.
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[0119] Furthermore, the bus bar non-containing section 84 in the insulating holder
21 is provided on the outer peripheral wall (specifically, the outer peripheral wall defining the
median holding groove 23b) with a second reinforcement rib 86 extending in the
circumferential direction of the insulating holder 21. The second reinforcement rib 86 is
formed into an arcuate shape and a radius of curvature of the rib 86 is set to be the same as
the radius of the insulating holder 21.

[0120] Next, a process for insert-molding the centralized distribution umt 17 by
using the insert-molding mold 70 described above will be explained below.

[0121] When the mold 70 1s driven to the opened position, the insulating holder 21
is put in the lower forming recess 71a in the lower mold member 71.  The holder support
pins 74 projecting from the lower forming recess 71a engage the bearing recesses 75 in the
insulating holder 21 at the distal ends. Thus, the insulating holder 21 1s supported in the
lower mold member 71 with the holder 21 being spaced at a certain distance from the bottom
surface of the lower forming recess 71a. At this time, the respective plural positioning
projections 82 on the insulating holder 21 come into contact with the inner periphery of the
lower forming recess 71a at the distal end surfaces. This substantially prevents
displacement of the insulating holder 21 in the radial direction.

[0122] As shown in Fig. 24, when the upper mold member 72 moves down toward
the lower mold member 71 to close the mold 70, the cavity 73 is defined in the mold 70.
When the mold 70 is closed, the distal end surfaces of the upper mold member supports 80
projecting from the upper forming recess 72a come into contact with the upper ends of the
bus bars 22a, 22b, and 22c. Further, the latch grooves 81 in the distal end surfaces of the
upper mold member supports 80 engage the walls 43b and 43c that partition the respective
holding grooves 23a, 23b, and 23c. Consequently, the upper mold member supports 80
push the insulating holder 21 and the bus bars 22a, 22b, and 22c.  As described above, the
insulating holder 21 is constrained from upward and downward movement by the plural
holder support pins 74 and plural upper mold member supports 80.

[0123] As shown in Fig. 25, molten resin material 90 for forming the resin
insulation layer 25 is poured through a gate (not shown) formed in one of the mold members,
e.g., the lower mold member 71, into the cavity 73. At this time, the molten resin materal
90 that is poured to cover the insulating holder 21 flows through openings of the respective
holding grooves 23a, 23b, and 23c into their interiors. In addition, the molten resin material
90 flows through the communication holes 78 in the insulating holder 21 into the holding

grooves 23a, 23b, and 23c.  Even if the molten resin matenial 90 1s applied under pressure to
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the holding grooves 23a, 23b, and 23c¢ in the bus bar non-containing section 84 (see Fig. 12)
in the insulating holder 21, the first and second reinforcement ribs 85 and 86 prevent or
reduce deformation of the walls 43a to 43c.

[0124] When the molten resin material 90 substantially fills the cavity 73, as shown
in Fig. 26, the holder support pins 74 retract into the lower mold member 71 and the upper
mold member supports 80 retract into the upper mold member 72.  Although the insulating
holder 21 is fully floated in the cavity 73 without any supports, the insulating holder 21 will
not incline in the cavity 73 since the molten resin material 90 is being poured into the cavity
73. In addition, the molten resin material 90 will fill the holes caused by the retraction of
the holder support pins 74 and upper mold member supports 80. Furthermore, the molten
resin material 90 flows into the bearing recesses 75 in which the holder support piné have
engaged, the spaces around the bearing recesses 75, and the spaces between and around the
upper ends of the walls 43b and 43c. Thus, the molten resin material 90 covers the
insulating holder 21.

[0125] As shown in Fig. 27, after a given period of time has passed and the molten
resin material 90 has cooled and solidified, the insulation layer 25 is formed. Thereafter, the
upper mold member 72 and the lower mold member 71 are separated and placed in the
opened position, and the centralized distribution unit 17, in which the insulating holder 21
and the resin insulation layer 25 are integrated together, 1s removed from the mold 70.

[0126] An exemplary process for producing the centralized distribution unit 17 1s
explained below.

[0127] (Step of punching a conductive metallic plate)

[0128] As shown in Fig. 29, a conductive metallic plate 91 1s punched out and bent
to form the respective bus bars 22a to 22¢ and a strip-like blank 92 by a press apparatus (not
shown). Since the strip-like blanks 92 of the respective bus bars 22a, 22b, and 22c have
linear shapes, it is possible to punch them in parallel. This improves yield significantly in
comparison with punching the strip-like blanks 92 into annular shapes.

[0129] (First bending of the bus bars)

[0130] As shown in Fig. 29, the first and second press apparatuses 60 and 61
mentioned above bend the portions corresponding to the terminal portions 50u, 50v, and 50w
in the strip-like blanks 92.

[0131] (Second bending of the bus bars)

[0132] As shown in Fig. 29, the portions corresponding to the bus bars 22a, 22b,
and 22c in the strip-like blanks 92 in which the terminal portions 50u, 50v, and 50w have
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been formed are bent in the thickness direction to form annular shapes. This bending work
is carried out by a bending device (not shown). Thus, the bus bars 22a, 22b, and 22¢ are
formed into substantially annular shapes beforehand, before attaching the bus bars 22a, 22b,
and 22c to the insulating holder 21.

[0133] (Step of inserting the bus bars)

[0134] As shown in Fig. 30, the respective bus bars 22a, 22b, and 22c are inserted
into the insulating holder 21 that has already been produced. At this time, the bus bars are
inserted into the insulating holder 21 in order from the outermost position to the innermost
position. That is, the outside bus bar 22a, intermediate bus bar 22b, and inside bus bar 22c
are inserted into the insulating holder 21 in that order. If the inside bus bar 22c 1s inserted
into the insulating holder 21 before inserting the intermediate bus bar 22b, the prior bus bar
interferes with entrance of the latter bus bar.

[0135] (Third bending of the bus bars)

[0136] As shown in Fig. 31, the respective tabs 41a, 41b, and 41c are bent so that
their distal ends are directed to the center of the insulating holder 21 with the respective bus
bars 22a to 22c being attached to the insulating holder 21. The curved portions 44 and 45
are formed on the proximal ends of tabs of the the intermediate bus bar 22b and outside bus
bar 22c, respectively.

[0137] (Insert molding)

[0138] As shown in Fig. 32, the resin insulation layer 25 is formed on the outer
periphery of the insulating holder 21 to which the bus bars 22a, 22b, and 22¢ have been °
already attached. This forming process may be carried out by using the insert-molding mold
70 mentioned above. Thereafter, the centralized distribution unit 17 1s taken out from the
insert-molding mold 70. Finally, the sealing material 54 fills the resin containing sections
53 (Fig. 5) formed in the resin insulation layer 25.

[0139] (Second embodiment)

[0140] Next, a second embodiment will be described. In this embodiment, only
parts which are different from those of the above embodiment will be described.

[0141] In the above embodiment, the insulating holder 21 is configured by a single
member. In contrast, in this embodiment, as shown in Figs. 33 and 34, the insulating
holder 21 is configured by a plurality of arcuate resin molded products 95. In the same
manner as the configuration of the insulating holder 21, the holding grooves 23a to 23¢ which
are defined by the walls 43a to 43d are formed in each of the arcuate resin molded

products 95. The arcuate resin molded products 95 are arranged along the circumferential
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direction of the bus bars 22a, 22b, and 22¢ so that both ends of each of the molded
products 95 are joined to the end faces of adjacent arcuate resin molded products 95,
respectively.  As a result, the insulating holder 21 is formed into a continuous annular shape.

[0142] When insert molding 1s to be conducted, the bus bars 22a, 22b, and 22c¢ are
inserted into the holding grooves 23a, 23b, and 23c, respectively, to form the insulating
holder 21 into an annular shape. As described in the first embodiment, thereafter, the
insulating holder 1s set in the lower mold member 71 of the insert molding mold 70, and the
molten resin material 90 is injected into the cavity 73 to mold the resin insulation layer 25
around the insulating holder 21.

[0143] In this embodiment, since the insulating holder 21 is configured by the
plural arcuate resin molded products 95, the insulating holder can be produced relatively
easily and accurately as compared with the case where the insulating holder 21 is resin-
molded into a true circular shape by resin molding. Furthermore, the insulating holder 21
can be produced at a low cost.

[0144] Accordingly, effects including the following effects may be obtained
according to the above-described embodiments.

[0145] (1) The bus bars 22a, 22b, and 22c¢ are inserted into the holding
grooves 23a, 23b, and 23c formed 1n the insulating holder 21, whereby the gaps between the
bus bars are maintained. Therefore, variation of the relative positions of the bus bars 22a,
22b, and 22c can be reduced or prevented even when the molten resin material 90 for forming
the resin insulation layer 25 is applied to the bus bars 22a, 22b, and 22c¢ under pressure during
the insert molding process.

[0146] (2) Since the bus bars 22a, 22b, and 22c are held by the insulating
holder 21, the bus bars 22a, 22b, and 22c¢ which are bent into a substantially annular shape
can be reliably prevented from returning to a linear shape under the influence of heat of the
molten resin matenial 90 during the insert molding process. Therefore, it is possible to
prevent or reduce impairment of the dimensional accuracy between the bus bars 22a, 22b, and
22c, with the result that high dielectric strength can be ensured. Moreover, it is possible to
reliably prevent or reduce the occurrence of thin portions of the resin insulation layer 25.

[0147] (3) The resin insulation layer 25 1s formed around the insulating holder 21
and the bus bars 22a, 22b, and 22¢, by using the insert molding mold 70. According to the
above-described production method, unlike a double-molding method, only one kind of
mold 70 is required. Therefore, increases in the production cost of the centralized power

distribution unit 17 can be prevented or reduced.
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[0148] (4) When the insulating holder 21 1s formed into a continuous annular
shape, unlike the case where the insulating holder 21 1s configured by a plurality of arcuate
members of a split structure, the insulating holder 21 has no gap into which the molten resin
material 90 can enter. In such an insulating holder 21, therefore, there 1s no space into
which the molten resin material 90 for forming the resin insulation layer 25 can enter during
the insert molding process. This can prevent or reduce generation of voids during the
process of molding the resin insulation layer 25, with the result that the waterproof-ness, the
air tight-ness, and the dielectric strength of the centralized power distribution unit 17 can be
ensured. Consequently, it is possible to provide a highly reliable centrahized power
distribution unit 17.

[0149] (5) The insulating holder 21 is completely covered by the resin insulation
layer 25. As compared with a configuration in which the insulating holder 21 1s partly
exposed, therefore, the possibility that external moisture or the like enters the resin insulation
layer 25 is very low. Consequently, decrease of the waterproof-ness and the air tight-ness of
the centralized power distribution unit 17 can be prevented or reduced, and the reliability can
be further enhanced.

[0150] (6) PPS is preferably used as the material for forming the insulating
holder 21 and the resin insulation layer 25. Since PPS has excellent mechanical strength,
the centralized power distribution unit 17 can sufficiently withstand shocks due to vibrations
of a vehicle, and the like. Since PPS is mixed with glass fibers, the resin insulation layer
can attain dielectric strength that is sufficient even for the bus bars 22a, 22b, and 22c through
which a large current flows.

[0151] (7) The insulation between the bus bars 22a, 22b, and 22c is realized by the
insulating holder 21 and the resin insulation layer 25. Therefore, expensive insulation
coating such as Teflon® is not required, so that the centralized power distribution unit 17 can
be produced in a relatively easy manner and at a low cost.

[0152] (8) When the bus bars 22a, 22b, and 22c for respective phases are held by
an insulating holder 21 configured by a single member, and the assembly is covered by the
resin insulation layer 25, as compared with the case in which the bus bars are held by a
plurality of insulating holders configured by arcuate resin molded products, and the assembly
is covered by the resin insulation layer 25, the number of parts can be largely reduced, and

the cost can be lowered.

[0153] (Other embodiments)
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[0154] The above-described embodiments of the invention may be modified in, for

example, the following ways.
[0155] e Inthe above-described embodiments, the invention i1s applied to the

three-phase thin brushless motor 11.  The invention 1s not limited to this, and may be
applied to a single-phase motor. In accordance with the application to a single-phase motor,
the numbers of the bus bars and the holding grooves may be set to two.

[0156] e Inthe above-described embodiments, the thin DC brushless motor 11 1s
used. Alternatively, the invention may be applied to an AC brushless motor.

[0157] From the foregoing description, technical concepts including the following
may be appreciated.

[0158] (1) The material for forming the resin insulation layer may be PPS, the
same as the material used for the insulating holder. According to this configuration, the use
of the same matenal in the insulating holder and the resin insulation layer can enhance the
affinity between them as compared with the case where materials of different kinds are used
in combination. As a result, the insulating holder and the resin insulation layer can be
strongly bonded together.

[0159] (2) The centralized power distribution unit includes: a plurality of bus
bars; an insulating holder which holds the bus bars while maintaining the bus bars in a non-
contact state; and a resin insulation layer which covers the bus bars and the insulating holder.
According to this configuration, the gaps between the bus bars can be maintained, and
insulation among the bus bars can be reliably attained.

[0160] (3) The centralized power distribution unit includes: a plurality of bus
bars which are disposed correspondingly with a phase(s) of a motor; an insulating holder 1n
which a plurality of holding grooves for respectively accommodating the bus bars are
formed: and a resin insulation layer which covers the bus bars and the insulating holder, and a
current can be concentratedly distributed to windings of a stator. According to this
configuration, the gaps between the bus bars used for the stator of the motor can be
maintained, and insulation among the bus bars can be reliably attained.

[0161] According to the invention, production can be relatively simplified. The
production cost can be reduced, and the dielectric strength can be enhanced.

[0162] According to the invention, the insulating holder can be produced relatively

easily and accurately as compared with the case where the insulating holder is resin-molded

into a true circular shape.
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[0163] According to the invention, generation of voids during the insert molding
process is prevented or reduced. Therefore, the waterproof-ness and the air tight-ness of the
centralized power distribution unit can be improved, and hence its dielectric strength can be
enhanced.

[0164] According to the invention, the possibility that exiernal moisture or the like
enters the member can be made very low as comparced with a configuration in which an
insulating holder is exposed from the surface of a resin insulation layer. |

[0165] According to the invention, the heat resistance, the mechanical strength, and
the dielectric resistance of the insulating holder can be improved.

[0166] While the invention has been described in conjunction with the specific
erribodiments described ahove, many equivalent alternatives, modifications and vanations
may become apparent to those skilled in the art when given this disclosure.  Accordingly,
the exemplary embodiments of the invention as set forth abave are considered to be
illustrative and not limiting.  Various changes to the described embodiments may be made
without departing from the spirit and scope of the invention.
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WHAT IS CLAIMED IS:.

1. A centralized power distribution unit for a vehicular thin brushless motor,
wherein said centralized power distribution unit 1s formed into a ring configuration and can
concentratedly distribute current to stator windings of the motor, the centralized power
distribution unit comprising:

a plurality of bus bars, each having a terminal portion to be connected to a
power source and one or more tabs to be respectively connected to one or more of the stator
windings, the bus bars bent in a thickness direction to be formed into a substantially annular
shape, each of the bus bars provided correspondingly with a phase of the motor;

a resin insulation layer that covers the bus bars; and

an insulating holder having a plurality of holding grooves that hold the bus
bars, the holding grooves formed in parallel extending along a circumferential direction of the
centralized power distribution unit; wherein

the bus bars are respectively inserted into the holding grooves and are thus
stacked in a radial direction of the centralized power distribution unit, the bus bars separated
from one another by a predetermined gap, and

the insulating holder and the bus bars are covered by the resin insulation layer.

2. The centralized power distribution unit according to claim 1, wherein the
insulating holder is configured by a plurality of arcuate resin molded products.

3. The centralized power distribution unit according to claim 1, wherein the
insulating holder is formed into a continuous annular shape.

4. The centralized power distribution unit according to claim 1, wherein the
insulating holder is completely covered by the resin insulation layer.

S The centralized power distribution unit according to claim 1, wherein the resin
insulation layer 1s formed by insert molding.

6. The centralized power distribution unit according to claim 1, wherein at least
one of the terminal portions includes a first section extending in a first direction that 1s a
substantially radial direction of the centralized power distribution unit, a second section
extending in a second direction substantially perpendicular to the first direction, and a ramp
section connecting the first and second sections and extending in a third direction that is
different from the first and second directtons.

7. The centralized power distribution unit according to claim 1, wherein at least

one slit is provided in at least one of the terminal portions.

i o h e MR e S e e o e e A e et 1w fe i b A v o R VIV WIS GO SR AN R ML T AR Bk B IO S i ST .
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8. The centralized power distribution unit according to claim 7, wherein a section
of the at least one of the terminal portions is covered by a sealing material, and the at least
one slit is provided in the section covered by the sealing material.

9. The centralized power distribution unit according to claim 7, wherein the at
least one slit extends 1n a longitudinal direction of the terminal portion.

10.  The centralized power distribution unit according to claim 1, further
comprising a plurality of reinforcement ribs positioned in portions of the holding grooves that
are not occupied by the bus bars.

11.  The centralized power distribution unit according to claim 10, wherein the
reinforcement ribs are integral with bottom surfaces and wall surfaces of the holding grooves.

12.  The centralized power distribution unit according to claim 1, further
comprising a reinforcement rib provided on an outer periphery of a wall of the holding
grooves that are not occupied by the bus bars, extending in a circumferential direction of the
insulating holder.

13. The centralized power distribution unit according to claim 1, wherein the
insulating holder includes a plurality of walls that define the plurality of holding grooves,
further comprising a plurality of projecting pieces extending from a top end of at least one of

the walls at positions corresponding to positions of the tabs of one of the bus bars.

O ma a o o o o aaam g a8 _am as
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