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FIG.3

(57) Abstract: A reactor 2 disclosed by the present specification is equipped with two coils 3 that are arranged parallel to each other,
a resin cover 41 that adheres to the two coils to cover the coils, and a column member 13. The resin cover 41 exposes lateral faces of
the coils on such a side as to be in contact with a common tangential plane KL. The column member 13 is arranged parallel to the
coils 3 in a space that is surrounded by the common tangential plane KL and the lateral faces of the respective coils 3. The column
member 13 is exposed on a side thereof that is opposed to the common tangential plane KL, and is in contact with the respective
coils 3 on the other side thereof. Furthermore, the column member 13 has a groove 13a that has an opening on the other side of the
common tangential plane KL and extends along coil axes. The groove has a width that is narrow at the opening and widens toward a
bottom of the groove. An interior of the groove is filled with resin of the resin cover 41.
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1
REACTOR

BACKGROUND OF THE INVENTION
1.F ield 'of the Invention
[0001]  The invention relates to a reactor. The reactor is a passiVe element that
utilizes a coil, and may also be referred to as "an inductor".
2. Description of Related Art
[0002] A reactor is equipped with a core as a magnetic body, and a coil that is
-wound around the core. In some cases, the reactor is designed to have a bebbin that
retains the coil. In many cases, the reactor is often covered with resin for the purpose of
bemg insulated or protected aga.mst physical contact W1th other devices (e.g., Japanese
Patent Application Publication No. 2011 249427 Jp- 2011 -249427 A), Japanese Patent
Application Publication No. 2009-246222 (JP-2009-246222 A), and Japanese Utility
Model Application Publication No, 05-066950 (JP-05-066950 U). |
[0003) In a motor drive system of each of electric vehicles including hybrid
vehicles, a reactor may be employed in a circuit of a voltage converter or the like. The
reactor for electric vehicles allows a large current to flow thereth:ough and hence
generates a large quantity of ‘heat. Technologies for efficiently cooling the reactor have
“been desired. " In each of Japanese Patent A}dplication Publication No. 2011-249427
(JP-2011-249427 A) and Japanese Patent Application Publication No. 2009-246222:
(JP-2009-246222 A), there is disclosed a reactor having coils wound around parallel
regions of ring-shaped cores respectively, as a reactor suited for electric vehicles. As a
measure against heat, in the art of Japanese Patent Application Publication No.
2011-249427 (JP-2011-249427 A), the cores and the coils are entirely cerred with resin,
but the coils are partially exposed, and a radiator plate is placed against the coils at the
- exposed portions of the coils. In the art of Japanese Patent Aﬁplication Publication No.
2009-246222 (JP-2009-246222 A), when viewed from an axial direction of the coils, the
th coils are about half covered with resin with a piane passing two axes of the coils

regarded as a border, to secure a strength, and the other halves are exposed to. promote heat
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radiation in the exposed regions.

SUMMARY OF THE INVENTION
[0004] In each of the | arts of Japanese Patent Application Publication No.
2011-249427 (JP-2011-249427 A) and Japanese Patent Application Publication No.
2009-246222 (JP-2009-246222 A), the coils are covered with resin, but are partially
exposed. For the sake of explanation, a resin éornponeht that covers the coils is referred
t§ as a resin cover. In many cases, the resin cover is made according to an injection mold
method in order to protect the coils and maintain the shape thereof. More specifically, an
assembly of the coils and the cores is. put into a mold, and molten resin is injected. The .
moid is mé.de of metal. On the other hand, the coils have windings wound therearound.
Thereforé, the contour of the céilé does not exhibit high accuracy, and gaps may be formed
between the metallic mold and the coils. If gaps are formed in contact regions between
the mold and the coils, molten resin leaks, so that the area of the 'regions of the coils o be
. intrinsically exposed may become émall.' In particular, in the'éase where the two coils are
arranged parallel to each other and lateral faces of the coils are exposed on such a side as to
be in contact with a common tangehtial plane, resin may leak out to the regions to be
iﬁninsically exposed from between the adjacent coils. This is because it is difficult to
appropriately place the mold againét both the adjacent coils and strictly close a border that
dgﬁnes a space (i.e., a cavity) to be filled with resin, between the adjacent coils.
| [0005]  The art disclosed by the present specification provides a reactor in which
coil eprsed regions of a resin cover that coveré coils are appropriately secured.
[0006] The reactor disclosed by the présent specification is equipi)ed with a resin
cover that adheres to two coils to cover the coils. The resin cover exposés lateral faces of
_the respecti{'e coils on such a side as to be in contact with a common tangential plane. In
the art disclosed by the present specification, a column member is arranged in advance
separately from injgctioﬁ-molded resin, in regions that are equivalent-to borders l;ehNeen
- the resin cover and the lateral faces to be intrinsically exposed, in a space that is

surfounded by the common tangential plane and the lateral faces of the respective coils.
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The eolumn member is exposed on a side opposed to the common tangential plane, and is
in contact with the respective coils on the other side. The column member prevents -
molten resin from leaking out along the lateral faces of the coils, instead of a moid during
jnjection molding. Furthermore, the column member is provided with a groove that has
an opening on the other side of the common tangential plane and extends along axes of the
coils, such that the column member adheres to the lateral faces of the coils during injection
molding. A width of the groove widens from the opening toward a bottom of the grooVe.
During injection molding, an interior of the groove is ﬁlled with resin of the resin cover,
but molten resin applies a pressure in. such a mahner as to press lateral walls of the grodve
outward inside thé groove. The pressure serQes as a force thaf causes outer sides of the
lateral walls of the groove to adhere to the lateral faces of the coils respectively.
Therefore, the column member adheres well to the lateral faces of the coils, and prevents
molten resin from leaking from between the lateral faces of the 'coils aﬁd the column
member. Incidentally, it is preferable that the column member be made of resin instead of
. beil_lg ;nade'pf rhetal S0 as to ad_here well to th¢ latgral faces of the coils. Furthermore, in
order to make it easy for molten re.;,in to flow into the groove during injection molding, itis
appropriate that a gate (a resin injection hole for molten resin) that is provided through a '
cavity face of the mold be oriented toward the groove. In the finished rea_ctdr, a gafe trace
is located in a direction in which the opening‘ of the groove of the column member is
oriented. |

[0007] | Incidentally, the resin cover exposes the lateral faces of the respective
coils dn such a side as to be in contact with the common tangentiai plané. HoweVe;, other
regions of the coils may be exposed. The details and further improvements of the art
disclosed by ‘the present' speciﬁcation will be descr_ibe_d in the following " DETAILED
DESCRIPTION OF EMBODIMENTS ". .

BRIEF DESCRIPTION OF THE DRAWINGS
[0008]  Features, advantages, and technical and industrial significance of an

exemplary embbdiment of the invention will be described below with reference to the
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accompanying drawings, in which like numerals denote like elements, and wherein:
FIG. 1 is an exploded perspective view of a reactor according to the embodiment of
the invention; |
FIG. 2 is a perspective view of the reactor;
FIG. 3 is a cross-sectional view taken along a line III-III of FIG. 2; and

FIG. 4 is an enlarged view of a region surrounded by a broken line IV of FIG. 3.

DETAILED DESCRIPTION OF EMBODIMENT
[0009] ~ Referring to the drawings, a reactor according to the embodiment of the
invention will be described. FIG. 1 is an exploded perspective view showing a reactor 2
before injection molding (before resin molds are molded on parts of surfaces of coils).
FIG. 2 is a pe;spective view showing‘the reactor 2 éfter injection molding, namely, the
ﬁnishéd reactor 2. The reactor 2 is employed in, for example, a converter that steps up a
battery \}oltage to a voltage suited to drive a motor in an electric vehicle. The reactor 2 is
designed for la;;ge current, has a permissi‘t;le current value equal to or larger than 100 (A),
- and uses recfangula.r wires as windings of coils. - The rectangular wires are conducting
wires with a rectangular cross-section, aﬁd have a small electric fesjstance.’ In the reactor
2, the rectangular wires are wound wifh wide faces thereof oriented in a longitudinal
direction of the coils. In other words, the rectangular wires are wound with narrow féces
" thereof oriented in a fadial direction of the coils. Such a winding pattern is referred to as
-edgewise winding or longitudinal winding.
[0010] Referring to the exploded view of FIG. 1, an ov-erall structure of the
reactor 2 will be outlined. The reactor 2 is equipped, as its main components, with
double-barre! coils 3 that are electrically connected in series to each other and physically
arranged sﬁch that coil axes thereof extend parallél to each other, a bobbin 10 (10a and
'10b) that is inserted through the coils 3, and ring-shaped cores 30 that pass inside tubes of
the bobbins 10 respectively. Incidentally, the direction in wixich the coil axes extend is
equivalent to a direction in which an X-axis extends in the drawing. Besides, it should be

noted in FIG 1 that the right and left sides of the drawing are depicted from different
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viewpoints for the sake of easy understanding (see two coordinate systems in the drawing).

[00111 The ring-shaped cores 30 are constituted by a pair of U-shaped cores 31a
and 31b and two I-shaped cores 32. Both the cores are obtained by sintering ferrite
particles coated with an insulatiﬁg material together with resin. The pair of the U-Ishaped
cores 31a and 31b are arranged with end faces thereof facing each other. The I-shapeq
cores 32 are arranged between the end faces of the pair of the U-shaped cores 31a and 31b.
The .two I-shaped cores 32 that are arranged parallel to each other constitute parallel
regions in the ring-shaped cores. Spacer plates 33 are arranged between the end faces of
the U-shaped cores 31a and 31b and the I-shaped cores 32 respectively. The spacer plates
33 are made of ceramics.

[0012] The bobbin 10 is divided into two parts, namely, a ﬁrs;c part 10a aﬁd a
second part 10b in the direction of the coil axes. The first part 10a has a structure in
whicf)x two tube portions 12 are fixed to a flange 19 so as to beb parallel to each other in
accordance with the double-barrel coils 3. The coils 3 are formed by winding rectangular
wires into a substantially rectangﬁlar shape, and the tube portions 12 are also substantially
rectangular. The flange 19 defines one end of a coil Windihg range.

[0013]  The second part 10b is equivalent to the other flange. Accordingly, the
second part 10b may be referred to as'the flange 10b in the following description. The
flange 10b is provided with fitting holes 18a in which the two tube portions 12 that extend
from the flange 19 of the first part 10a are fitted respectively. A column member 13
extends from the flange 19 parallél to 'the tube portions 12. The flange 10b is provided
with a fitting hole 18b in which a tip of the column member 13 is fitted. The column
'membe_r 13 and the fitting hole 18b will be described later.

[0014]  The coils 3 are formed by winding rectangular wires in a substantially
rectangular shape, and the tube portions 12 are also substantially in the shape of a quadratic
prism. The double-barrel coils 3 are passéd.through the two tube portions 12 respectively,
and the I-shaped cores 32 and the spacer. plates. 33 aée inserted into the tube portiqns »'12
respectively. Then, when the second part 10b is fitted to tips of the tube portions 12, the

bobbin 10 is finished, and a unit having the double-barrel coils 3 that are parallel to each
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her and wound between the two flanges 19 and 10b of the bobbin is finished. When the U-
1aped cores 31a and 31b are inserted from both sides of the bobbin respectively, an
isembly of the reactor 2 except a resin cover is finished. In the assembly of the reactor 2,
e coils 3 are wound around the parallel regions of the ring-shaped cores 30 respectively.
esides, the pair of the flanges 19 and 10b define a winding range of the coils.

[0015] Incidentally, the tube portions 12 of the bobbin are substantially
| the shape of a quadratic prism as described above. Convex streaks 15 are provided on four
teral faces of each of the tube portions 12 respectively. Heéd faces of the ridges 15
ut on inner faces of the coils 3 respectively. At a stage where the coils 3 are passed
rough the cores 30 respectively, gaps are created beside the ridges 15 respectively.
owever, the gaps are filled with resin of the resin cover during injection molding of the resin
yver (which will be described later). |

{0016} The flange 19 as one of the flanges is provided with slits 11 through
hich lead portions 3a of the coils 3 pass respectively. The lead portions 3a pass through
ie slits 11 respectively, but small plates 4 are arranged between the slits 11 and the lead
ortions 3a respectively. The small plates 4 are provided with holes, through which the
:ad portions 3a are passed respectively. Steps are provided around the small plates 4
:spectively, and those step regions engage steps that are provided in the slits 11
:spectively. The small plates 4 are constituted of small-diameter portions and
irge-diameter portions across the steps respectively. The large-diameter portions are
pposed to the coils 3 respectively, and the small-diameter portions are located on the other
ide of the coils 3 respectively. The holes of the small plates 4 are so dimensioned as to
e closely fitted to the lead portions 3 a respectively. Peripheries of the lead portions 3a are
ealed by the small plates 4 respectively. Besides, the large-diameter portions of the small
lates 4 abut on peripheral edges of the slits 11 from the coil sides respectively, thus
losing up the slits respectively. As will be described later, the coils 3 are molded by
esin between the pair of the flanges 19 and 10b. However, when the reactor 2 before
njection molding is put into a mold to inject resin between the pair of the flanges 19 and

Ob, the small plates 4 prevent resin from leaking from between the slits 11 and the lead
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pbrtions 3a respectively.

[0017]  FIG. 2 is a perspective view showing the reactor 2 after injection molding,
namely, the finished reactor 2. The coils 3 are molded by resin (covéred with resin)
between the pair of the flanges 19a and 10b. The resin cover that covers the coils 3 is.
denoted by a reference numeral 41. However, the resin cover 41 has windows 45 above,
and the coils 3 are partially exposed from the windows respectively. Besides, lower sides
of the coils 3 are also exposed from the resin cover 41. The coils haQé a éubstantially

. rectangular cross-section, and the exposed regions of the lower sides thereof are those of
the rectangular lateral faces of the two coils which are oriented in the same direction. In
other words, those faces are the lateral faces of the respective coils on such a side as to be-
in contact with a common tangential plane.

[0018] - A gate trace is denoted by a reference numeral 44. The gate trace is
equivalent to a resin injection hole that is provided through a cavity face of a mold when
the reactor before injection molding is put in the mold. :

[0019]  The resin cover 41 covers up to about half of a thickngss of the flange 19
on the coil sides. As described above, the slits 11 for drawing out the lead portions,
which are formed throth the flange 19, are sealed by the small plates 4 respectiveljrl
Therefore, resin does not leak from between the slits 11 and the lead portions 3a.

[0020] In the reactor 2, the U;shaped cores 31a and 31b are also covered with
resin outside the flange 19 (the second part 10b) (on the other side of the coils 3). A resin
cover that covers the cores is denoted by a reference numeral 42. The resin cover 42 has
fixation ribs 43 for fixing the reactor 2 to a housing. The resin cover 42 is also
manufa'c’aired through injection molding.

{0021]  The column memBer 13 and the fitting hdle 18b fitted. thereto shown in
FIG. 1 will be described.  FIG. 3 stiows a cross-section along a line II-1II of FIG. 2. The
column member 13 extends from the flange 19 as one of the flanges along the axes of the
coils 3. A tip of the column membler 13 is fitted to the fitting hole 18b of the other flange
10b. (see FIG. 1). The column member 13 is made of the same resin as the bobbin 10.

As shown in FIG. 3, the coluinn member 13 is located in a space that is surrounded by a
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common tangential plane KL that is in contact with the lateral faces of the two coils 3 and
- the lateral faces of the two coils 3, and extends parallel to the coils 3. The column
member 13 is embedded at an end of the resin cover 41 that fills a gap between the two
coils 3. Besides, the coiumn member 13 is equipped with a groove 13a that extends
parallel to the coils 3 and opens in an orientation reverse to the common tangential plane
KL. An interior of the groove 13a is filled with resin of the resin cover 41, and outer
sides of lateral walls of the groove 13a abut on the lateral faces of the coils 3 respectively.
This column member 13 closes the gap between the adjacent coils 3 so as to prevent
molten resin from leaking out to the 16Wer face sides of the coils between the two coils 3

during injection molding of the resin cover 41.

[0022] FIG 4-is an enlarged view showing a range indicated by a reference
symbol IV in FIG. 3. FIG. 4 shows how the resin cover 41 is ihjection—nioldéd, and a
mold 81 is aléo~depi'cted.

[0023] The vgroove 13a of thé column member 13 has a width that widens from.an
openiﬁg 13b toward a bottom of the groove, in a crossjsection of FIG. 4, ’namelly, a
- cross-section that is perpendicular to the axes of the coils. In FIG. 4, a width W1 of the
opening of the groove'léa is smaller th‘aﬂ a width W2 of the bottom of the groove 13a.

' [0024]  An advantage of the éolumn member 13 ;an'll be described. There is a
| gap Sp between the mold 81 and the coils 3, but tﬁe column member 13 closes up a lower
end of the gab between the adjacent coils 3, along the lateral facés of the coils 3 and along
the axes of the coils. As indicated by a gate trace 44 of the resin cover 41 in FIG. 3, the
resin injection hole opens toward the opening 13b of the groove 13a of the column member
13 in the mold. " Accordingly, as indicated by an arrow A of FIG. 4, mdlten resin flows
downward from above through the gap between the adjaqenf coils 3 (flows toward the
opening 13b-of the groove 13a), and applies a pressure to the lateral walls of the groove
inside the groer 13a. Then, as indicated by an arrow B of FIG. 4, both the lateral walls
of the groove 13a are pres'sed against the adjacent coils 3 respectively. This causes the
lateral faces of the coils 3 to adhere to the column member 13, and prevents resin from

leaking to the gap Sp. That is, lower faces 3b of the coils 3 that are scheduled to be
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exposed are appropriately exposed. Incidentally, in a finished product, the groovev 13a of
the column member 13 is filled with the resin constituting the resin cover 41.

[0025]  The column member 13 extends from the flange 19 as one of the flanges
of the bobbin 10, and is engaged. with the fitting hole 18b of the other flange (the second
part 10b). . Therefore, the column member 13 is supported at both ends thereof, and hence
can well endure the pressure of resin during injection molding as well. Incidentally, a
bottom face of the column member 13 (a face that is opposed to the common tangential
plane KL in FIG. 3) is in contact with the mold 81, and therefore is supported by: the ﬁlold
81 as well. | '

[0026] Points top remember about the art described in the embodiment of the
_invention will be mentioned. The resinoué column member 13 more effectively seals the
gap ‘between the coils than the metallic mold fhat closes up the g’ép between the adjacent
~coils 3. This is because of the following reason. The coils are assemblies of windings
and the contour thereof does not exhibit high accuracy, and therefore, a gap may be formed
therebet_weenviri the metallic mold. In contrast, the.resirllous column member 13 is more
flexible than the metal, and hence can be flexibly deformed in accordance with the
dispersion of the contour of the coils. Thus, gaps are unlikely to be formed between the
cblu_mn member 13 and the coils. | )

[0027] Besides, the windings of the coils may be equipped ~with insulating
coatings. However, if such coils firmly abut on the metallic mold, the insulating coatings
may be damaged. The resinous column membef 13 is also advantageous in that there is a
low possibility of the insulating coatings being damaged.

[0028] . Ina situatioﬁ where the reactor 2 is actually mounted, a radiator pléte ora
cooler is arranged in a region equivalent to the mold 81 of FIG. 4. The radiator plate or
the cooler is in direct éoﬁtact with the coils to cool the coils. The column member 13
éppropriately secures the regions to be exposed of the lower faces 3b of the coils and the
peripheries.there'of. In the reactor 2 éccording to this embodiment of tﬁe invention, the
resin cover is prevented from unintentionally narrowing the regions to be exposed, so that

the heat radiation performance of the coils is not damaged. Incidentally, "the lower faces
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of the coils" are an appellation for the convenience of explanation, and the lateral faces of
the coils that are to be exposed should not be limited to the lower faces.

' [0029]  The coils are not absolutely required to be substantially in the shape of a |
quadratic prism. The faces of the coils that are in contact with the coolef may be flat, and
the other regions of the coils may be entirely or parfially curved.

[0030]  Although the concrete examples of the invention have been described
above in detail, these are nothing more than exemplifications, and are not intended to limit
the claims. The art set forth in the claims encompasses various modifications and
alterations of the concrete examples exemplified above. The technical elements described
in the present specification or the dravvings are technically useful alone or in Qarious
combinations, and should not be li'mite;d to the combinations set forth in the claims at lthe
time of the filing of the application. Besides, the art exemplified in the present
‘ épeciﬁcaﬁon or the drawings can achieve a plurality of objects at the same time, and is

technically useful by achieving one of the objects in itself.
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CLAIMS

1. A reactor comprising:

two coils that are arranged parallel to each other;

a resin cover that adheres to the two coils to cover the coils, the resin cover being
configured to expose lateral faces of the respective coils on such a side as to be in contact
with a common tangential plane; and

a column member that is arranged parallel to coil axes in a space that is surrounded
by the common tangential plane and the lateral faces of the réspective coils, the column
member being exposed on a side thereof that is opposed to the common tangential plane
and being in contact with the resp¢ctive coils on a side thereof that is not opposed to the
common tangential plane, the column merhber having a groove that has an opening on an
other side of the common tangential plane and extends along the coil axes, the groove
having a width that widens from the opening toWard a bottom of the groove, and an

interior of the groove being filled with resin of the resin cover.

2. The reactor according to claim 1, wherein

the column member is made of resin.

3. The reactor according to claim 1 or l2, wherein

the resin cover is made through injection molding.

4. The reactor according to claim 3, wherein
a gate trace during injection molding of the resin cover is located in a direction in

which the opening of the column member is oriented.
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