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(57) Abstract: A reactor includes a cooling block; a heat radiation base affixed to the cooling block; a reactor core that includes
a coil, and that is affixed to the heat radiation base; and a resin molded body formed on the heat radiation base to cover the reactor
e core. The heat radiation base is formed of a metal or an alloy that has a predetermined logarithmic decrement and predetermined
heat conductivity. The predetermined logarithmic decrement is equal to or higher than 0.1, and the predetermined heat conductivity

is equal to or higher than 10 W/mK.



5

10

15

20

25

WO 2008/152467 PCT/IB2008/001454
REACTOR

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The invention relates to a reactor provided in an electric vehicle, a hybrid
vehicle, or the like.

2. Description of the Related Art

[0002] In general, in a reactor in an electric power conversion circuit, a reactor core,
which has a substantially long ring shape in a plan view, is provided, and a coil is formed
around each of two longitudinal portions of the reactor core. The reactor in this state is
housed in a case. The reactor core includes partial cores. Each of the partial cores is
formed by a stacked body formed of a plurality of electromagnetic steel plates, or by a
powder magnetic core. A gap plate formed of a nonmagnetic material is provided between
the partial cores. The gap plate is fixed to the partial cores by an adhesive agent. Thus,
the reactor core is formed.

[0003] A heat sink is provided on the lower surface (bottom surface) of the case.
Further, a cooling block is provided under the case. A coolant or air is supplied into the
cooling block. In general, heat generated in the coil or the reactor core when an electric
current is applied to the coil is released to outside using the heat sink and the cooling block,
while the coil and the reactor are cooled. A resin molded body is formed to seal an area
between the case and the reactor core housed in the case. Thus, heat is transmitted from
the coil or the reactor core to the heat sink via the resin molded body.

[0004] A method of ménufacturing the reactor in related art includes a large number
of processes, for example, a process in which the case is manufactured, a process in which
the reactor core including the coil (or a coil bobbin) is housed in the case with the heat sink
being disposed under the reactor core, a process in which the resin molded body is formed
in the case after the reactor core and the heat sink are housed in the case, and a process in
which, for example, grease is applied to the reverse surface of the bottom plate of the case,

and then the cooling block is fitted to the reverse surface. Thus, it is important and
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required to increase the manufacturing yield of the reactor, in mass production of the hybrid
vehicle or the like.

[0005] A large electric current and a large voltage are generally applied to the
reactor provided in the electric vehicle, the hybrid vehicle, or the like. Therefore, the
vibration of the reactor is large, and noise due to the vibration is large. Thus, it is urgently
required .to develop a reactor in which the vibration is effectively suppressed, as well as to
increase the manufacturing yield and to increase the heat radiation performance.

[0006] For example, Japanese Patent Application Publication No. 2004-95570
(JP-A-2004-95570) describes a reactor device developed to increase the heat radiation
performance. In the reactor device, a reactor core is placed on a holding portion of a base
that serves as a heat sink, and the reactor core is fixed to the base using a fixing member.
The reactor core and the base in this state are integrated with each other using unsaturated
polyester. Thus, the reactor device is produced by mold forming.

[0007] In the above-described reactor device, heat generated in the reactor core is
effectively radiated to the base via the holding portion and a resin molded body. However,
in this reactor device-as well, the vibration caused when the reactor device is operated is not
sufficiently suppressed, as in other reactor devices in related art. Further, it is difficult to
increase the manufacturing yield of the reactor device by simplifying the processes fbr

manufacturing the reactor device.

SUMMARY OF THE INVENTION

[0008] The invention provides a reactor with heat radiation performance, in which
the vibration is suppressed, and which makes it possible to increase a manufacturing yield.

[0009] A first aspect of the invention relates to a reactor. The reactor includes a
cooling block; a heat radiation base affixed to the cooling block; a reactor core that includes
a coil, and that is affixed to the heat radiation base; and a resin molded body formed on the
heat radiation base to cover the reactor core. The heat radiation base is formed of a metal
or an alloy that has a predetermined logarithmic decrement equal to or higher than 0.1, and

a predetermined heat conductivity equal to or higher than 10 W/mK.
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[0010] In the reactor according to the first aspect, a housing, which is a constituent
member of the conventional reactor, is omitted. For example, the cooling block and the
heat radiation base on the cooling block are integrally fixed to each other, and the reactor
core including the coil is placed on the heat radiation base. Then, the resin molded body is
formed to cover the reactor core. Thus, the reactor according to the first aspect is
produced. Accordingly, it is possible to reduce the number of components in comparison
to conventional reactors, and to increase the manufacturing yield by reducing the number of
manufacturing processes.

[0011] Further, the heat radiation base, on which the reactor core is directly placed,
is formed of a material that has both of a predetermined level of heat radiation performance
and a predetermined level of vibration damping performance.

[0012] In the above-described aspect, the heat radiation base may be formed of
magnesium (Mg), nickel (Ni), iron (Fe), a manganese-zirconium alloy (Mg-Zr alloy), an
aluminum-zinc alloy (Al-Zn alloy), a nickel-titanium alloy (Ni-Ti alloy), or a
manganese-copper-nickel alloy (Mn-Cu-Ni alloy).

[0013] In the above-described aspect, a liquid coolant or air may be circulated in the
cooling block. With this configuration, it is possible to effectively cool the heat radiation
base.

[0014] A second aspect of the invention relates to a reactor. The reactor includes a
cooling block; a heat radiation base affixed to the cooling block; a reactor core that includes
a coil, and that is affixed to the heat radiation base; and a resin molded body formed on the
heat radiation base to cover the reactor core. The heat radiation base is formed of a metal
or an alloy that has a predetermined logarithmic decrement and a predetermined heat
conductivity. The heat radiation base may be formed of Mg, Ni, Fe, a Mg-Zr alloy, an
Al-Zn alloy, a Ni-Ti alloy, or a Mn-Cu-Ni alloy.

[0015] The reactor according to the invention has high heat radiation performance
and high vibration damping performance. Further, according to the invention, it is possible
to reduce the number of components, and to reduce the size and weight of the reactor by

omitting the housing. Thus, the reactor according to the invention is appropriate for the
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use in the latest hybrid vehicle, electric vehicle, or the like in which high-performance, light,

and small devices need to be provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing and further features and advantages of the invention will
become apparent from the following description of example embodiments with reference to
the accompanying drawings, wherein like numerals are used to represent like elements and
wherein:

FIG. 1 is a longitudinal sectional view showing a reactor according to an embodiment
of the invention;

FIG. 2 is a sectional view taken along the line II-II in FIG. 1;

FIG. 3 is a graph showing the result of examination relating to logarithmic decrements
and heat conductivities of metals/alloys;

FIG. 4 is a diagram schematically illustrating an experiment relating to vibration of the
reactor;

FIG. 5 is a graph showing the result of measurement of vibration in an X-direction in
the vibration experiment;

FIG. 6 is a graph showing the result of measurement of vibration in a Y-direction in the
vibration experiment;

FIG. 7 is a graph showing the result of measurement of vibration in a Z-direction in the
vibration experiment; and

FIG. 8 is a graph showing the result of measurement of the temperature of an upper

portion of a coil.

DETAILED DESCRIPTION OF EMBODIMENTS
[0017] Hereinafter, an embodiment of the invention will be described with reference
to the drawings. FIG. 1 is a longitudinal sectional view showing a reactor according to an
embodiment of the invention. FIG. 2 is a sectional view taken along the line II-II in FIG. 1.

FIG. 3 is a graph showing the result of examination relating to logarithmic decrements and
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heat conductivities of metals/alloys. FIG 4 is a diagram schematically illustrating an
experiment relating to vibration of the reactor. FIGS. 5 to 7 are graphs showing the results
of measurement of vibration in an X-direction, vibration in a Y-direction, and vibration in a
Z-direction, respectively in the vibration experiment. FIG. 8 is a graph showing the result
of measurement of the temperature of an upper portion of a coil. |

[0018] FIG. 1 is a longitudinal sectional view showing the reactor 10 according to
the embodiment of the invention e;nd FIG. 2 is a sectional view taken along the line II-II in
FIG. 1. The reactor 10 includes a cooling block 1, a heat radiation base 2, a reactor core 3,
and a resin molded body 4 that are arranged in the stated order in a direction from a lower
position to an upper position. A coolant W is supplied to the cooling block 1 from a
radiator or the like. The heat radiation base 2 is fixed to the cooling block 1. The reactor
core 3 1s fixed to an upper surface of the heat radiation base 2 by an epoxy adhesive agent 5.
In the reactor core 3, acoil 6 is formed. The resin molded body 4 seals the reactor core 3
including the coil 6, and the exposed upper surface of the heat radiation base 2. The
reactor core may be formed by joining an I-shaped magnetic core to a U-shaped magnetic
core using an adhesive agent. Also, a gap plate may be used to form an air gap. Each of
the I-shaped core and the U-shaped core may be formed by a stacked body that is formed by
stacking silicon steel plates. Alternatively, each of the I-shaped core and the U-shaped
core may be formed by a powder magnetic core formed by pressing magnetic power
produced by covering soft magnetic metal power or soft magnetic metal oxide powder with
a resin binder.  If the cores are formed using a magnetic powder, iron powder, iron-silicon
alloy powder, iron-nitrogen alloy powder, iron-nickel alloy powder, iron-carbon alloy
powder, iron-boron alloy powder, iron-cobalt alloy powder, iron-phosphorus alloy powder,
iron-nickel-cobalt alloy powder, or iron-aluminum-silicon alloy powder, for example, may
be used. The gap plate may be formed of, for example, ceramic such as alumina (Al,O3)
or zirconia (ZrO»).

[0019] " The resin molded body 4 is formed of an epoxy resin, for example, an
urethane resin, or the like. The cooling block 1, the heat radiation base 2, and the reactor

core 3 are integrally fixed to each other, and placed in a mold (not shown). Then, a resin
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material is filled into the mold, and pressure forming is performed. Thus, the resin molded
body 4 shown in FIG. 1 is formed.

[0020] The temperature of the coolant W supplied to the cooling block1 from- the
radiator or the like, is approximately 65 °C, and thus, relatively high. However, even at
this temperature, the temperature of the coolant W is sufficiently cold to cool the coil 6,
which is at a temperature of at least 100 °C, and the reactor core 3, which closely contacts
the coil 6, when the reactor 10 is operating.

[0021] The heat radiation base 2 is formed of a metal material or an alloy material
that has both of a predetermined level of vibration damping performance and a
predetermined level of heat radiation performance.

[0022] In the embodiment, a criterion relating to the vibration damping performance
is that the logarithmic decrement is equal to or higher than 0.1. The criterion of the
logarithmic decrement is set to meet predetermined three-dimensional vibration criteria, as
described later. Another criterion, relating to the heat radiation performance, is that the
heat conductivity is equal to or above 10 W/mK. The criterion of the heat conductivity is
set so that the temperature of the upper portion of the coil is equal to or below a
predetermined temperature when the reactor 10 is operating.

[0023] In FIG 3, each point denoted by “examples 1 to 5 indicates a metal or an
alloy that meets both of the above criteria. Each point denoted by “comparative examples
1 to 3” indicates a metal or the that does not meet one of the criteria.

[0024] Metals/alloys in the examples 1 to 5 are a Mn-Cu-Ni alloy, a Mg-Zr alloy,
Mg, Ni, and Fe, respectively. Other alloys that meet both criteria include, for example,
Al-Zn alloy and a Ni-Ti alloy.

[0025] Metals in fhe comparative examples 1 to 3 are Pb, Ti, and Al, respectively.
Anothef metal that fails to meet at least one of the criteria is Cu.

[0026] Accordingly, 2 Mn-Cu-Ni alloy, a Mg-Zr alloy, an Al-Zn alloy, a Ni-Ti alloy,
Mg, Ni, or Fe is selected as the material of the heat radiation base 2 included in the reactor
10 according to the embodiment.

[0027] As shown in FIG. 1, the reactor 10 does not include the resin housing.
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Therefore, the size and weight of the reactor 10 are reduced, as compared to conventional
reactors. Further, the reactor core is affixed to the heat radiation base, and the heat
radiation base is formed of a metal or an alloy that that exhibits the requisite vibration
damping performance and heat radiation performance. Thus, the reactor 10 has both of the
vibration damping performance and the heat radiation performance.

[0028] As shown in FIG. 4, a power source 40 was connected to a reactor, and the
reactor was operated. At this time, vibration was measured using an acceleration pickup
20, and the temperature of the upper portion of the coil was measured using a thermocouple
30. The experiment was conducted on the reactors 10 in which the heat radiation bases are
formed of the metals or the alloys specified in the examples 1 to 5, and reactors 10’ in
related art, in which heat sinks are formed of the metals specified in the comparative
examples 1 to 3. As shown in FIG. 4, the vibration in each of the X-direction and the
Y-direction that define a plane, and the vibration in the vertical Z-direction were measured
in vibration acceleration (G = gal). Then, it was determined whether the vibration in each
direction was equal to or below a criterion value. The criterion value of the temperature of
the upper portion of the coil was set to 130 °C, and it was determined whether the
temperature of the upper portion of the coil was equal to or below the criterion value.
Each criterion value of the vibration acceleration and the criterion value of the temperature
may be changed as appropriate.

[0029] FIG. 5 shews the measured vibration in the X-direction. FIG. 6 shows the
measured vibration in the Y-direction. FIG. 7 shows the measured vibration in the
Z-direction. FIG. 8 shows the result of measurement of the temperature measured at the

upper portion of the coil. Table 1 shows the collective results.
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Table 1

Measured vibration (G:gal) Temperature
_ measured at upper
X-direction Y-direction Z-direction portion of the coil:
Criterion: 4.5G | Criterion: 3.5G | Criterion: 4.0G | Criterion: 130 °C or
or lower or lower or lower lower
Example 1 1.8 1.7 2.1 127
Example 2 23 2.2 - 2.5 111
Example 3 2.5 2.1 2.7 94
Example 4 4.2 3.1 3.4 109
Example 5 4.5 3.4 4.0 108
Comparative 59 7.6 7.2 114
‘example 1 '
Comparative 18.9 14.1 17.7 122
example 2
Comparative 17.7 16.4 17.0 88
example 3

[0030] With regard to the vibration characteristic, FIGS. 5 to 7 and Table 1 show
that each reactor 10 that includes a heat radiation base formed of the metals or alloys
specified in examples 1 to 5 meets all the vibration criteria, and the vibration acceleration in
the reactors 10 is at most approximately 25% that of the reactors 10°, which the heat sinks
formed of Ti and Al in the comparative examples 2 and 3.

[0031] With regard to the temperature of the upper portion of the coil, FIG. 8 and
Table 1 show that each reactor 10 that includes a heat radiation bases base formed of the
metals or alloys in the examples 1 to 5 meets the criterion, and each reactor 10’ that includes
a heat sink formed of the metals specified in the comparative examples 1 to 3 also meets the
criterion. The result shows that even the heat sinks of the reactors 10°, which are formed
of the metal materials specified in the comparative examples, sufficiently provide the heat
radiation performance. Thus, the result is considered to be appropriate.

[0032] The results of the experiments show that it is possible to produce a reactor
that has both high heat radiation performance and high vibration damping performance, by
placing and fixing the reactor core onto a heat radiation base formed of the metal material or
the alloy material specified in one of the examples 1 to 5.

[0033]  Although the embodiment of the invention has been described in detail with

reference to the drawings, the configuration of the invention is not limited to the described
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embodiment. Design modifications and the like may be made without departing from the

scope of the invention.
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CLAIMS
1. Areactor, characterized by comprising:

a-cooling block;

a heat radiation base affixed to the cooling block;

a reactor cbre that includes a coil, and that is affixed to the heat radiation base; and

a resin molded body formed on the heat radiation base to cover the reactor core,

Wherei.n the heat radiation base is formed of a metal or an alloy that has a predetermined
logarithmic decrement equal to or higher than 0.1, and a predetermined heat conductiﬁty

equal to or higher than 10 W/mK.

2. The reactor according to claim 1, wherein the heat radiation base is formed of Mg, Ni, Fe,
a Mg-Zr alloy, an Al-Zn alloy, a Ni-Ti alloy, or a Mn-Cu-Ni alloy.
3. The reactor according to claim 1 or 2, wherein the reactor core is affixed to the heat

radiation base using a silicon adhesive agent or an epoxy adhesive agent.

4. The reactor according to any one of claims 1 to 3, wherein the resin molded body is

formed of an epoxy resin or a urethane resin.

5." Areactor, characterized by comprising:

a cooling block;

a heat radiation base affixed to the cooling block;

a reactor core that includes a coil, wherein the reactor core is affixed to the heat radiation
base; and

a resin molded body formed on the heat radiation base that covers the reactor core,
wherein |

the heat radiation base is formed of Mg, Ni, Fe, a Mg-Zr alloy, an Al-Zn alloy, a Ni-Ti
alloy, or a Mn-Cu-Ni alloy that has a predetermined logarithmic decrement and a ‘

predetermined heat conductivity. -
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