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(54) DRIVER AND DRIVER-INTEGRATED ELECTRIC ACTUATOR

(57) Provided are a driver and a driver-integrated
electric actuator that can suppress a temperature rise of
the driver integrated with an electric actuator. A driver
circuit of an electric actuator-integrated driver 15 controls
a current to be supplied to an electric actuator 20. A metal

member 16 (heat-conducting portion) conducts heat gen-
erated in the driver circuit. A driver sealing portion 4 is
fixed to the electric actuator 20 and seals the driver circuit
and the metal member 16. The metal member 16 is ex-
tended to the electric actuator 20.
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Description

Technical Field

[0001] The present invention relates to a driver and a
driver-integrated electric actuator.

Background Art

[0002] A solenoid valve, which is one of electric actu-
ators, for example, used in hydraulic control or the like,
has an electromagnetic coil therein and has a structure
in which a plunger is opened and closed by energizing
the electromagnetic coil (for example, see PTL 1). Here,
the electric actuator is controlled by, for example, an elec-
trically-connected electronic control device.

Citation List

Patent Literature

[0003] PTL 1: JP 2014-152882 A

Summary of Invention

Technical Problem

[0004] Along with recent improvement in fuel efficiency
and stricter emission regulations, the adoption of electric
actuators capable of highly accurate hydraulic control
has increased, and the number of cases of mounting the
electric actuator has also increased. In addition, there is
a demand for a highly accurate current detection function
in the electronic control device for controlling the electric
actuator while demanding miniaturization in order for
comfort in a cabin space so that the proportion occupied
by an electric actuator control circuit in the entire circuit
has increased in an electronic substrate mounted in the
electronic control device, which is one of factors that
hinder the miniaturization.
[0005] There is a method of integrating an electric ac-
tuator control function in order for miniaturization and cost
reduction of the electronic control device, and the present
invention is characterized by mounting a driver including
the functionally-integrated driver circuit on a main body
side, for example, a connection part or the like of an elec-
tric actuator instead of mounting the driver on an elec-
tronic substrate in the electronic control device, that is,
being an electric actuator-integrated driver.
[0006] However, there is a case where the electric ac-
tuator is mounted in high-temperature environment, and
further, an internal heat generator, for example, a motor
and an electromagnetic coil, inside the electric actuator
also generates heat during energization so that the inside
of the electric actuator becomes high temperature. That
is, the driver integrated with the electric actuator in the
high temperature environment is also exposed to the high
temperature environment, and there is a possibility that

the driver exceeds heat resistant temperature so that the
electric actuator causes malfunction or the like unless
the heat generated from the driver is suppressed. Al-
though there is a measure to improve the heat-resistant
temperature of the driver, the cost increases.
[0007] An object of the present invention is to provide
a driver and a driver-integrated electric actuator that can
suppress a temperature rise of a driver integrated with
an electric actuator.

Solution to Problem

[0008] In order to achieve the above-described object,
the present invention includes: a driver circuit that con-
trols a current to be supplied to an electric actuator; a
heat-conducting portion that mounts the driver circuit and
conducts heat generated in the driver circuit; and a seal-
ing portion that is fixed to the electric actuator and seals
the driver circuit and the heat-conducting portion, in
which the heat-conducting portion is extended to the
electric actuator.

Advantageous Effects of Invention

[0009] According to the present invention, it is possible
to suppress the temperature rise of the driver integrated
with the electric actuator. Other objects, configurations,
and effects which have not been described above be-
come apparent from embodiments to be described here-
inafter.

Brief Description of Drawings

[0010]

[FIG. 1] FIG. 1 is a cross-sectional view illustrating
an example of a basic configuration of electric actu-
ator-integrated drivers according to first to tenth em-
bodiments of the present invention.
[FIG. 2] FIG. 2 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the first embodiment
of the present invention.
[FIG. 3] FIG. 3 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the second embodi-
ment of the present invention.
[FIG. 4] FIG. 4 is a cross-sectional view illustrating
a heat dissipation structure having another shape of
the electric actuator-integrated driver according to
the second embodiment of the present invention.
[FIG. 5] FIG. 5 is a cross-sectional view illustrating
a heat dissipation structure having still another
shape of the electric actuator-integrated driver ac-
cording to the second embodiment of the present
invention.
[FIG. 6] FIG. 6 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
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integrated driver according to the third embodiment
of the present invention.
[FIG. 7] FIG. 7 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the fourth embodiment
of the present invention.
[FIG. 8] FIG. 8 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the fifth embodiment
of the present invention.
[FIG. 9] FIG. 9 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the sixth embodiment
of the present invention.
[FIG. 10] FIG. 10 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the seventh embodi-
ment of the present invention.
[FIG. 11] FIG. 11 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the eighth embodi-
ment of the present invention.
[FIG. 12] FIG. 12 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the ninth embodiment
of the present invention.
[FIG. 13] FIG. 13 is a cross-sectional view illustrating
a heat dissipation structure of another part of the
electric actuator-integrated driver according to the
ninth embodiment of the present invention.
[FIG. 14] FIG. 14 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the tenth embodiment
of the present invention.
[FIG. 15] FIG. 15 is a cross-sectional view illustrating
an example of a basic configuration of electric actu-
ator-integrated drivers according to eleventh to six-
teenth embodiments of the present invention.
[FIG. 16] FIG. 16 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the eleventh embodi-
ment of the present invention.
[FIG. 17] FIG. 17 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the twelfth embodi-
ment of the present invention.
[FIG. 18] FIG. 18 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the thirteenth embod-
iment of the present invention.
[FIG. 19] FIG. 19 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the fourteenth embod-
iment of the present invention.
[FIG. 20] FIG. 20 is a cross-sectional view illustrating
a heat dissipation structure of another part of the
electric actuator-integrated driver according to the
fourteenth embodiment of the present invention.

[FIG. 21] FIG. 21 is a cross-sectional view illustrating
a heat dissipation structure of another part of the
electric actuator-integrated driver according to the
fifteenth embodiment of the present invention.
[FIG. 22] FIG. 22 is a cross-sectional view illustrating
a heat dissipation structure of the electric actuator-
integrated driver according to the sixteenth embod-
iment of the present invention.

Description of Embodiments

[0011] Hereinafter, electric actuator-integrated drivers
according to the first to tenth embodiments of the present
invention will be described in detail with reference to the
drawings. Incidentally, the same reference numerals in-
dicate the same parts in each drawing.
[0012] FIG. 1 is a cross-sectional view illustrating an
example of a basic configuration of the electric actuator-
integrated drivers according to the first to tenth embodi-
ments of the present invention.
[0013] As being well-known, an actuator is a general
term for a mechanism that converts input energy into a
mechanical motion, and is used in various places. There
are various types of actuators, such as a hydraulic actu-
ator, an electric actuator, a linear actuator, and a rotary
actuator, depending on a motive power source, an oper-
ation direction, and the like, and shapes and the like
thereof are not limited to one.
[0014] As illustrated in FIG. 1, an electric actuator 20
operates using electric energy as the motive power
source, and is integrated with an electric actuator-inte-
grated driver 15 for controlling the actuator 20. The elec-
tric actuator-integrated driver 15 has a driver circuit (for
example, a switching circuit including a switching ele-
ment) that energizes a drive current to the electric actu-
ator 20 based on an external input signal.
[0015] In other words, the driver circuit controls the cur-
rent supplied to the electric actuator 20.
[0016] The input signal is transmitted from a terminal
3 for connection with an external wiring via a plurality of
wire bonding (not illustrated) that electrically connect the
terminal 3 and the electric actuator-integrated driver 15.
[0017] A driver sealing portion 4 integrally seals the
electric actuator-integrated driver 15, the terminal 3, and
the plurality of wire bonding, and is integrated with the
electric actuator 20. The driver sealing portion 4 is molded
using, for example, epoxy resin or the like having excel-
lent heat resistance.

(First Embodiment)

[0018] FIG. 2 illustrates the first embodiment of the
present invention. To be specific, FIG. 2 is a cross-sec-
tional view illustrating a heat dissipation structure of the
electric actuator-integrated driver of the first embodiment
of the present invention.
[0019] The present embodiment has a structure in
which a metal member 16 mounting the electric actuator-
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integrated driver 15 is extended to the actuator 20 side.
Heat generated from the electric actuator-integrated driv-
er 15 is efficiently transmitted to the metal member 16
having high thermal conductivity, and the metal member
16 is bent and extended to a cooling part of the actuator
(for example, a part in contact with a cooling medium) or
the vicinity of a heat dissipation destination of a metal
part having high thermal conductivity. Thus, it is possible
to improve the thermal conductivity of a heat dissipation
path from the electric actuator-integrated driver 15 to the
heat dissipation destination, and further, to improve heat
dissipation performance of the electric actuator-integrat-
ed driver 15.
[0020] In other words, the metal member 16 (heat-con-
ducting portion) mounts the driver circuit and conducts
the heat generated in the driver circuit. The metal mem-
ber 16 is extended to the electric actuator 20. To be spe-
cific, the metal member 16 mounts the driver circuit, and
includes a part 161 extending in an axial direction of the
electric actuator 20 and a part 162 extending from one
end of the part 161 in a direction crossing an axis of the
electric actuator 20 (specifically, in a vertical direction)
as illustrated in FIG. 2.
[0021] Although there is a structure that allows the heat
dissipation path to escape to an external harness through
the terminal 3, it is necessary to suppress a temperature
rise caused by energization as the temperature of the
external harness rises due to heat dissipation. Thus,
there is a problem of lowering the maximum amount of
the current caused to flow through the external harness,
and there is a possibility of causing a decrease in accu-
racy.
[0022] On the other hand, it is possible to improve the
heat dissipation performance of the electric actuator-in-
tegrated driver 15 without increasing the amount of heat
dissipation to the external harness according to the
present embodiment.
[0023] In addition, it is possible to dissipate the heat
by extending the mounted metal member 16 to the heat
dissipation destination of the electric actuator 20 without
depending on a mounting position of the electric actuator-
integrated driver 15. It is also possible to mount the metal
member 16 at a position away from an internal heat gen-
erator 30 for the purpose of avoiding the heat from the
internal heat generator 30 of the electric actuator, for ex-
ample, the motor or the electromagnetic coil. In addition,
it is also possible to shorten a bonding length at the time
of arranging the electric actuator-integrated driver 15 in
the vicinity of the terminal 3 and connecting the electric
actuator-integrated driver 15 and the terminal 3 by wire
bonding.
[0024] The electric actuator-integrated driver 15 and
the metal member 16 are bonded to each other by, for
example, a die bonding material having high thermal con-
ductivity. As the metal member 16, for example, a copper
alloy or the like that has excellent thermal conductivity
and is easily processed is preferable. As the resin mate-
rial used for the driver sealing portion 4 that seals the

electric actuator-integrated driver 15, the metal member
16, and the like, it is desirable to use a material that has
high heat resistance and good adhesion to silicon, metal,
a dissimilar resin material, and the like which are mate-
rials of parts to be sealed.
[0025] Here, the driver sealing portion 4 is fixed to the
electric actuator 20 and seals the driver circuit and the
metal member 16 (heat-conducting portion). Incidentally,
a connector housing 10, which holds the terminal 3 to be
connected to the external wiring (external harness) and
is fitted to an external connector, is formed in the driver
sealing portion 4 in the example of FIG. 2.
[0026] As described above, it is possible to suppress
the temperature rise of the driver integrated with the elec-
tric actuator according to the present embodiment. In ad-
dition, it is possible to suppress manufacturing cost and
an increase in size.

(Second Embodiment)

[0027] FIGS. 3, 4, and 5 illustrate the second embod-
iment of the present invention. Specifically, FIG. 3 is a
cross-sectional view illustrating a heat dissipation struc-
ture of the electric actuator-integrated driver of the sec-
ond embodiment of the present invention. FIG. 4 is a
cross-sectional view illustrating a heat dissipation struc-
ture having another shape of the electric actuator-inte-
grated driver according to the second embodiment of the
present invention. FIG. 5 is a cross-sectional view illus-
trating a heat dissipation structure having still another
shape of the electric actuator-integrated driver according
to the second embodiment of the present invention.
[0028] The metal member 16 mounting the electric ac-
tuator-integrated driver 15 in FIG. 1 has an L shape in
the present embodiment, but may have a shape as a
rectangle-shaped metal member 16A obtained by utiliz-
ing bending of a press as illustrated in FIG. 3, for example,
or a thick metal member 16B obtained by thickening a
partial wall thickness as illustrated in FIG. 4, for example.
[0029] In other words, the part 162 of the metal member
(heat-conducting portion) may have a U-shaped bent part
162a as illustrated in FIG. 3. In addition, the part 162 of
the metal member (heat-conducting portion) may be
thicker than the part 161 of the metal member as illus-
trated in FIG. 4.
[0030] In addition, a distal end-expanded metal mem-
ber 16G obtained by increasing the area of a distal end
of a metal member extended to the actuator 20 may be
used as illustrated in FIG. 5.
[0031] In other words, the metal member (heat-con-
ducting portion) may further include a part 163 extending
in an axial direction of the electric actuator 20 from one
end of the part 162 as illustrated in FIG. 5.
[0032] It is possible to efficiently release heat to the
actuator 20 by increasing the area of the distal end of the
metal member in the vicinity of the actuator 20 which is
a cooling destination. Regarding the shape of the metal
member 16, various shapes are possible within a scope
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of not departing from a gist thereof.

(Third Embodiment)

[0033] FIG. 6 illustrates the third embodiment of the
present invention. Specifically, FIG. 6 is a cross-sectional
view illustrating a heat dissipation structure of the electric
actuator-integrated driver of the third embodiment of the
present invention.
[0034] In the present embodiment, a structure is pro-
vided in which a metal block 29 is mounted to the driver
sealing portion 4 between the metal member 16 mounting
the electric actuator-integrated driver 15 and the internal
heat generator 30, such as a motor and an electromag-
netic coil, inside the electric actuator 20.
[0035] In other words, the electric actuator-integrated
driver 15 further includes the metal block 29 adjacent to
the part 161 and the part 162 of the metal member 16
(heat-conducting portion).
[0036] The actuator 20 includes the internal heat gen-
erator 30, such as the motor and the electromagnetic
coil, therein and generates heat when energized. The
metal block 29 is arranged to transfer heat generated
from the internal heat generator 30 or the electric actu-
ator-integrated driver 15 side and the driver sealing por-
tion 4 in order to prevent the internal heat generator 30
from reaching higher temperature than the electric actu-
ator-integrated driver 15 and transferring heat to the elec-
tric actuator-integrated driver 15 side and the driver seal-
ing portion 4, or in order to transfer heat of the electric
actuator-integrated driver 15 and the driver sealing por-
tion 4, whereby it is possible to suppress a rise in tem-
perature of the electric actuator-integrated driver 15.
[0037] Although the metal block is used as an example
in this drawing, it is sufficient if the heat can be trans-
ferred, and various shapes are possible within a scope
of not departing from a gist thereof.

(Fourth Embodiment)

[0038] FIG. 7 illustrates the fourth embodiment of the
present invention. Specifically, FIG. 7 is a cross-sectional
view illustrating a heat dissipation structure of the electric
actuator-integrated driver of the fourth embodiment of
the present invention.
[0039] In the present embodiment, a structure is pro-
vided in which heat generated from the electric actuator-
integrated driver 15 is dissipated toward a fixed-core por-
tion 7, a valve body 11, and a valve 12 constituting the
actuator 20. Here, the fixed-core portion 7, the valve body
11, and the valve 12 are configured using a material that
has lower temperature than the electric actuator-integrat-
ed driver 15 and has excellent thermal conductivity.
[0040] The actuator 20 is constituted by a solenoid por-
tion 1 and a valve portion 2 a part of which is schematically
illustrated (a part of which is not illustrated in FIG. 7). The
solenoid portion 1 is constituted by a coil bobbin 14
formed of an electromagnetic coil 6 and a bobbin 13 mold-

ed using a synthetic resin material or the like, the fixed-
core portion 7 made of a magnetic material, a column-
shaped iron core 5 also made of a magnetic material, a
column-shaped rod 8, and an actuator housing 9.
[0041] The fixed-core portion 7 held by the actuator
housing 9 is arranged coaxially with the iron core 5, the
rod 8, and the coil bobbin 14. The iron core 5 and the rod
8 are positioned inside the fixed-core portion 7, and the
iron core 5 is magnetized when a current flows in the coil
bobbin 14 and adheres to the fixed-core portion 7 made
of the magnetic material. Along with this, the rod 8 is
pushed by the iron core 5, and the valve 12 is pushed by
the rod 8. When the current does not flow in the coil bob-
bin 14, the magnetization of the iron core 5 disappears,
the iron core 5 separates from the fixed-core portion 7,
and accordingly, the rod 8 and the valve 12 return to the
original positions.
[0042] The valve portion 2 is constituted by the valve
body 11 and the valve 12 coaxially arranged inside the
valve body 11. The valve body 11 and the valve 12 are
provided with a plurality of flow path openings through
which a fluid flows in and out. In addition, the valve body
11 is in contact with the fixed-core portion 7 at a contact
surface A (21), and is fixed by the actuator housing 9 in
the same manner as the fixed-core portion 7.
[0043] The valve 12 performs linear motion so as to
open and close the flow path opening. Here, the electric
actuator-integrated driver 15 controls the linear motion.
[0044] The electric actuator-integrated driver 15 is
mounted on the metal member 16 having favorable ther-
mal conductivity and is integrally sealed by the driver
sealing portion 4. As the bobbin 13 and the driver sealing
portion 4 are made of the same resin material having
favorable thermal conductivity, the heat generated from
the electromagnetic coil 6 wound around the bobbin 13
and the electric actuator-integrated driver 15 is efficiently
transferred to the bobbin 13 and the driver sealing portion
4 and is transferred to the valve body 11 and the valve
12 via the fixed-core portion 7 in contact with the bobbin
13 and the driver sealing portion 4. That is, it is possible
to improve the thermal conductivity of a heat dissipation
path from the electric actuator-integrated driver 15 to a
heat dissipation destination, and further, to improve the
heat dissipation performance of the electric actuator-in-
tegrated driver 15.
[0045] In this manner, the electric actuator 20 further
includes the bobbin 13 which is inserted through the
fixed-core portion 7 and around which the electromag-
netic coil 6 is wound. The driver sealing portion 4 is inte-
grally formed with the bobbin 13.
[0046] Although the metal member 16 is not extended
to the electric actuator 20 side in FIG. 7, the heat con-
ductivity between the electric actuator-integrated driver
15 and the electric actuator 20 as the heat dissipation
destination may be increased by extending the metal
member 16 to the actuator 20 side in order to further
improve the heat dissipation performance.
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(Fifth Embodiment)

[0047] FIG. 8 illustrates the fifth embodiment of the
present invention. Specifically, FIG. 8 is a cross-sectional
view illustrating a heat dissipation structure of the electric
actuator-integrated driver according to the fifth embodi-
ment of the present invention.
[0048] In the present embodiment, the driver sealing
portion 4 has a structure which is characterized by being
a dissimilar resin material higher than the thermal con-
ductivity of the bobbin 13 around which the electromag-
netic coil 6 is wound, for example, a resin material con-
taining a heat-dissipating filler. A part of the heat gener-
ated from the electric actuator-integrated driver 15 is
transferred to the driver sealing portion 4. As the driver
sealing portion 4 is in contact with the fixed-core portion
7 at a contact surface B (22), it is possible to dissipate
not only the heat of the metal member 16 but also the
heat of the driver sealing portion 4.
[0049] Although the bobbin 13 and the driver sealing
portion 4 may be made of the same resin material having
favorable thermal conductivity, the cost increases. Thus,
it is possible to form the heat dissipation structure at low
cost by molding only the driver sealing portion 4 with the
resin material having favorable thermal conductivity. The
thermal conductivity of the resin material itself is low as
well-known, and thus, the resin material may contain a
metal filler subjected to insulating treatment in order to
enhance the thermal conductivity of the resin material.
[0050] For example, an insulating metal filler such as
alumina is conceivable as a material of the filler, and it
is necessary to appropriately set a content, a particle
diameter, a shape, and the like of the filler to be contained
when considering connection reliability such as breakage
of the wire bonding at the time of molding. A nonmetal
filler, for example, silica, boron nitride or the like, other
than the metal filler may be used to enhance the thermal
conductivity of the driver sealing portion 4.
[0051] The driver sealing portion 4 may form the con-
nector housing 10 that holds the terminal 3 to be con-
nected to an external wiring and is fitted with an external
connector. In the case of forming the connector housing
10, it is necessary to select a material having strength
capable of withstanding fitting.
[0052] Here, the distal end of the metal member 16
(heat-conducting portion) extended to the electric actu-
ator 20 is adjacent to a component of the electric actuator
20 to be cooled. Specifically, the electric actuator 20 con-
trols a hydraulic oil to be used in an onboard device. The
distal end of the metal member 16 (heat-conducting por-
tion) extended to the electric actuator 20 is adjacent to
the component of the electric actuator 20 to be cooled
by the hydraulic oil.
[0053] In other words, the electric actuator 20 includes:
the fixed-core portion 7 which is a magnetic body; the
electromagnetic coil 6 wound around the fixed-core por-
tion 7, the valve 12 driven depending on an electromag-
netic force of the electromagnetic coil 6, and the valve

body 11 which is in contact with the fixed-core portion 7
and slidably holds the valve 12. The distal end of the
metal member 16 (heat-conducting portion) extended to
the electric actuator 20 is adjacent to the fixed-core por-
tion 7.
[0054] Here, the electric actuator 20 further includes
the bobbin 13 which is inserted through the fixed-core
portion 7 and around which the electromagnetic coil 6 is
wound. The driver sealing portion 4 is in contact with the
bobbin 13 and the fixed-core portion 7. The thermal con-
ductivity of the driver sealing portion 4 is higher than the
thermal conductivity of the bobbin 13.

(Sixth Embodiment)

[0055] FIG. 9 illustrates the sixth embodiment of the
present invention. Specifically, FIG. 9 is a cross-sectional
view illustrating a heat dissipation structure of the electric
actuator-integrated driver of the sixth embodiment of the
present invention.
[0056] In the present embodiment, a structure is
formed in which the terminal 3 for connection with an
external wiring and the metal member 16 mounting the
electric actuator-integrated driver 15 have an integrated
shape, thereby forming a terminal-integrated metal mem-
ber 16C. It is possible to dissipate heat transferred to the
terminal-integrated metal member 16C not only to the
actuator 20 but also to an external harness, and it is pos-
sible to improve the heat dissipation performance of the
electric actuator-integrated driver 15.
[0057] Although only one terminal 3 is illustrated on
the drawing, a plurality of terminals and a metal member
may be formed to have an integrated shape in order to
enhance the heat dissipation performance to the external
harness.
[0058] In other words, the electric actuator-integrated
driver 15 further includes at least one external wiring ter-
minal 3 to be connected to the external harness (external
wiring) through which a control signal of a driver circuit
propagates or at least one electromagnetic coil terminal
to be connected to the electromagnetic coil 6. The metal
member (heat-conducting portion) may be integrated
with at least one of the external wiring terminal 3 or the
electromagnetic coil terminal.
[0059] In addition, only the terminal integrated with the
metal member may be set to be thicker than the other
terminal in order to improve the heat dissipation perform-
ance to the external harness. Since the terminal-integrat-
ed metal member 16C also serves as a terminal function,
it is necessary to perform plating or the like for fitting.
[0060] In other words, the external wiring terminal 3 or
the electromagnetic coil terminal that is integrated with
the metal member (heat-conducting portion) may be set
to be thicker than the external wiring terminal 3 or an
electromagnetic coil terminal that is not integrated with
the metal member.
[0061] However, there is also a possibility that a max-
imum current value is lowered along with a temperature
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rise of the terminal 3 caused by the heat dissipation to
the external harness, and thus, it is necessary to suffi-
ciently study this heat dissipation structure beforehand.

(Seventh Embodiment)

[0062] FIG. 10 illustrates the seventh embodiment of
the present invention. Specifically, FIG. 10 is a cross-
sectional view illustrating a heat dissipation structure of
the electric actuator-integrated driver of the seventh em-
bodiment of the present invention.
[0063] In the present embodiment, a structure is
formed in which a heat sink 24 is attached, by an insu-
lating adhesive 25, to the metal member 16 on which the
electric actuator-integrated driver 15 is mounted, and
heat transferred from the electric actuator-integrated
driver 15 to the metal member 16 is dissipated even to
external environment via the heat sink 24. Although a
shape of the heat sink 24 illustrated in FIG. 10 is merely
an example, the heat sink 24 may have any shape as
long as the shape has a heat dissipation effect, for ex-
ample, a rod fin or the like. The insulating adhesive 25
has lower thermal conductivity than metal or the like, and
thus, it is desirable that the metal member 16 and the
heat sink 24 be bonded to be as thin as possible. For
example, an adhesive tape and an adhesive sheet, which
can secure the thickness, and a heat-dissipating adhe-
sive having favorable thermal conductivity may be used.

(Eighth Embodiment)

[0064] FIG. 11 illustrates the eighth embodiment of the
present invention. Specifically, FIG. 11 is a cross-sec-
tional view illustrating a heat dissipation structure of the
electric actuator-integrated driver according to the eighth
embodiment of the present invention.
[0065] In the present embodiment, a structure is
formed in which a long metal member 16D on which the
electric actuator-integrated driver 15 is mounted is ex-
tended not only to the actuator 20 (the fixed-core portion
7) but also to a surface of an exterior portion of the ac-
tuator 20, and the driver sealing portion 4 is in contact
with the surface of the exterior portion at a contact surface
C (23).
[0066] In other words, the metal member (heat-con-
ducting portion) further includes a part 164 that extends
from the other end of the part 161 in a direction crossing
an axis of the electric actuator 20 (specifically, in a vertical
direction) and is adjacent to a housing of the electric ac-
tuator 20.
[0067] There is a case where heat generated from an
internal heat generator, for example, a motor or an elec-
tromagnetic coil, provided in the actuator is transferred
to the surface of the exterior portion. Incidentally, the tem-
perature of the motor or the electromagnetic coil changes
depending on a control state such as a value of a flowing
current or the like and an internal shape of a solenoid.
[0068] When the temperature of the surface of the ex-

terior portion is lower than the temperature of the long
metal member 16D, the electric actuator housing 9 func-
tions as a heat sink, it is possible to transfer heat gener-
ated from the electric actuator-integrated driver 15 via
the long metal member 16D having favorable thermal
conductivity, and it is possible to improve the heat dissi-
pation performance of the electric actuator-integrated
driver 15. Insulation coating treatment, for example, cat-
ion electrodeposition, to improve surface thermal emis-
sivity may be performed in order to improve the heat dis-
sipation performance from the surface of the exterior por-
tion to the external environment.

(Ninth Embodiment)

[0069] FIGS. 12 and 13 illustrate the ninth embodiment
of the present invention. Specifically, FIG. 12 is a cross-
sectional view illustrating a heat dissipation structure of
the electric actuator-integrated driver of the ninth embod-
iment of the present invention. FIG. 13 is a cross-sec-
tional view illustrating a heat dissipation structure of an-
other part of the electric actuator-integrated driver ac-
cording to the ninth embodiment of the present invention.
[0070] In the present embodiment, a structure is
formed in which a shielding metal member 16E having a
noise-shielding wall 16F protects the electric actuator-
integrated driver 15 from external noise 27 coming from
external environment and radiant noise 28 generated
from the electromagnetic coil 6 inside the actuator 20.
Since the driver sealing portion 4 is made of a resin ma-
terial, substantially the entire external noise 27 passes
through the inside of the driver sealing portion 4 without
being reflected so that there is a possibility that the elec-
tric actuator-integrated driver 15 malfunctions.
[0071] Even if the external noise 27 passes through
the inside of the driver sealing portion 4, the external
noise 27 is reflected by the shielding metal member 16E
having the noise-shielding wall 16F and flies to the out-
side as the shielding metal member 16E having the noise-
shielding wall 16F is positioned before reaching the elec-
tric actuator-integrated driver 15. The external noise 27
does not reach the electric actuator-integrated driver 15,
and it is possible to protect the electric actuator-integrat-
ed driver 15 from the noise. As well-known, the direction
illustrated in the drawing is an example since the external
noise 27 comes from all directions, and the positions of
the electric actuator-integrated driver 15, the noise-
shielding wall 16F, and the shielding metal member 16E
are not limited to the above-described positions.
[0072] The radiant noise 28 is generated from a noise
source such as the electromagnetic coil 6 inside the elec-
tric actuator 20. As the shielding metal member 16E hav-
ing the noise-shielding wall 16F is installed between the
noise source and the electric actuator-integrated driver
15, it is possible to reflect the radiant noise 28 and to
protect the electric actuator-integrated driver 15. In ad-
dition, it is possible to improve the shielding performance
at low cost since the metal member for heat dissipation
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also serves the noise-shielding function. It is necessary
to form the shielding metal member 16 to have a larger
shape than the electric actuator-integrated driver 15.
[0073] Although the shielding metal member 16E hav-
ing the noise-shielding wall 16F that reflects the external
noise 27 and the radiant noise 28 has the integrated
shape in the present embodiment, a shielding structure
may be formed using a plurality of metal members. For
example, one of the metal members may be equipped
with an electric actuator-integrated driver and extended
to a cooling part of the electric actuator, and another met-
al member may be arranged as a metal member for noise
shielding.
[0074] In this manner, the metal member (heat-con-
ducting portion) includes the noise-shielding wall 16F that
shields an electromagnetic wave from the outside or the
electromagnetic coil 6.

(Tenth Embodiment)

[0075] FIG. 14 illustrates the tenth embodiment of the
present invention. Specifically, FIG. 14 is a cross-sec-
tional view illustrating a heat dissipation structure of the
electric actuator-integrated driver of the tenth embodi-
ment of the present invention.
[0076] In the present embodiment, a structure is
formed in which a sealing-integrated fixed-core portion
7A extends so as to oppose the L-shaped metal member
16 with a constant clearance, and the extending part is
sealed by the driver sealing portion 4 to have an integrat-
ed shape.
[0077] In other words, a fixed-core portion includes an
opposing portion 71 that is adjacent to and oppose the
part 162 of the metal member 16 as illustrated in FIG. 14.
[0078] The sealing-integrated fixed-core portion 7A,
which is a magnetic material and has excellent thermal
conductivity, extends to the vicinity of the metal member
16 and is integrally sealed with the driver sealing portion
4, and accordingly, heat transferred from the electric ac-
tuator-integrated driver 15 to the metal member 16 and
the driver sealing portion 4 is efficiently transferred to the
sealing-integrated fixed-core portion 7A and transferred
to the valve body 11 and the external environment.
[0079] In addition, the electric actuator integrated with
the electric actuator-integrated driver 15 may be, for ex-
ample, a hydraulic electric actuator that controls hydrau-
lic pressure of an onboard transmission. In the case of
the hydraulic electric actuator, the valve portion 2 con-
stituted by the valve body 11 and the valve 12 is provided
with a flow path opening configured to allow oil to flow in
and out, although schematically illustrated, so as to be
exposed to the oil. The oil is cooled by an oil cooler, and
the valve body 11 and the valve 12, which are compo-
nents of the valve portion 2, are cooled by being exposed
to the oil. In addition, the sealing-integrated fixed-core
portion 7A in contact with the valve body 11 at the contact
surface 21 is also cooled. That is, the heat can be effi-
ciently released to the components of the electric actu-

ator which is cooled by the oil in the present embodiment.
[0080] In addition, a structure in which the metal mem-
ber 16 protrudes toward the electric actuator and is fitted
in or sealed by a concave portion of the actuator may be
adopted.
[0081] As for the heat dissipation path, the external
harness via the terminal and the external environment
using the heat sink have been described as described
above, and the heat dissipation to the external harness
has a problem of the maximum current value, and the
heat dissipation using the heat sink has a problem that
it is difficult to obtain sufficient heat dissipation perform-
ance when the external environment is high temperature
and when there is no wind speed.
[0082] Thus, it is particularly desirable to form the heat
dissipation structure with the most effective heat transfer
to the actuator side that improves the thermal conductiv-
ity from the driver to the heat dissipation destination of
the actuator, that is, the structure in which the largest
amount of heat is released to the actuator.
[0083] Hereinafter, electric actuator-integrated drivers
according to eleventh to sixteenth embodiments of the
present invention will be described in detail with refer-
ence to the drawings. Incidentally, the same reference
numerals indicate the same parts in each drawing.
[0084] FIG. 15 is a cross-sectional view illustrating an
example of a basic configuration of the electric actuator-
integrated drivers according to the eleventh to sixteenth
embodiments of the present invention. A configuration
and an operation of the electric actuator 20 illustrated in
FIG. 15 are the same as those of the electric actuator 20
illustrated in FIG. 1.
[0085] The driver sealing portion 4 integrally seals the
electric actuator-integrated driver 15, a base 104A
mounting the electric actuator-integrated driver 15, the
terminal 3, the wire bonding, and a metal member 102
to be described below, and is integrated with the electric
actuator 20.
[0086] In other words, the driver sealing portion 4 is
fixed to the electric actuator 20 and stores the electric
actuator-integrated driver 15 therein. As a material of the
driver sealing portion 4, the driver sealing portion 4 is
formed using, for example, epoxy resin, unsaturated pol-
yester, or the like having excellent heat resistance. In
addition, the material may contain a heat-dissipating filler
in order to enhance thermal conductivity of the driver
sealing portion 4. As a material of the base 104A, the
base 104A is formed using, for example, a metal material
having favorable thermal conductivity.
[0087] The metal member 102 (heat-conducting por-
tion) is arranged so as to be in contact with the electric
actuator 20, and extends (stretches) to the electric actu-
ator-integrated driver 15 and the driver sealing portion 4.
In other words, the metal member 102 is in contact with
the driver sealing portion 4 that seals the electric actuator-
integrated driver 15 and the electric actuator 20, and con-
ducts heat.
[0088] Specifically, the metal member 102 (heat-con-
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ducting portion) has a part 1021 along the axial direction
of the electric actuator 20 and a part 1022 extending from
one end of the part 1021 along a direction crossing the
axis of the electric actuator 20. The part 1022 is in contact
with the electric actuator 20.
[0089] Regarding a shape of the metal member 102,
various shapes are conceivable within a scope of not
departing from a gist thereof. In addition, a surface of the
metal member 102 may be subjected to, for example,
insulation treatment such as alumite and electrodeposi-
tion coating, roughening treatment, or the like. When the
metal member 102 is subjected to surface treatment, the
adhesion with the driver sealing portion 4 is improved,
and it is possible to improve the thermal conductivity from
the electric actuator-integrated driver 15 to the heat dis-
sipation destination, and further, to improve the heat dis-
sipation performance of the electric actuator-integrated
driver 15.
[0090] The heat generated from the electric actuator-
integrated driver 15 is dissipated to the electric actuator
20 via the driver sealing portion 4, the base 104A, and
the metal member 102. The electric actuator 20 is cooled
by a metal housing, for example, by being attached to
the metal housing and is cooled as a fluid to be controlled
by the electric actuator 20 passes through the electric
actuator, and thus, is excellent as the heat dissipation
destination.
[0091] Incidentally, the base 104A on which the electric
actuator-integrated driver 15 (driver circuit) is mounted
includes a part 104A1 along the axial direction of the
electric actuator 20 and a part 104A2 extending from one
end of the part 104A1 along a direction crossing the axis
of the electric actuator 20 in the present embodiment, as
illustrated in FIG. 15. The part 104A2 is in contact with
the electric actuator 20. Accordingly, the heat generated
from the electric actuator-integrated driver 15 is dissipat-
ed to the electric actuator 20 via the base 104A. That is,
the base 104A functions as a heat-conducting portion
that conducts the heat generated by the electric actuator-
integrated driver 15 to the electric actuator 20.

(Eleventh Embodiment)

[0092] FIG. 16 illustrates the eleventh embodiment of
the present invention. Specifically, FIG. 16 is a cross-
sectional view illustrating a heat dissipation structure of
the electric actuator-integrated driver of the eleventh em-
bodiment of the present invention.
[0093] In the present embodiment, the electric actua-
tor-integrated driver 15 is in contact with the metal mem-
ber 102 via a heat-dissipating member 106. The metal
member 102 is arranged so as to be in contact with the
electric actuator 20, and heat generated from the electric
actuator-integrated driver 15 is dissipated to the electric
actuator 20 side via the heat-dissipating member 106
and the metal member 102. For example, a sheet having
favorable thermal conductivity, grease, an adhesive, and
the like that have excellent heat resistance are conceiv-

able as the heat-dissipating member 106. In other words,
the heat-dissipating member 106 is a member (dissimilar
member) that is arranged between the metal member
102 (heat-conducting portion) and the electric actuator-
integrated driver 15 (driver circuit), and is made of a dif-
ferent material from the driver sealing portion 4 (sealing
portion) as illustrated in FIG. 16.
[0094] In addition, there is a case where the electric
actuator-integrated driver 15 includes wire bonding to
electrically connect the driver circuit. Since the wire bond-
ing has a small diameter, there is a possibility of breakage
at the time of forming the driver sealing portion 4. As the
heat-dissipating member 106 is arranged such that the
wire bonding is buried, it is possible to protect the wire
bonding (wire bonding material) at the time of forming
the driver sealing portion 4. In other words, a bonding
wire is buried by the heat-dissipating member 106 (dis-
similar member) and is electrically connected to the elec-
tric actuator-integrated driver 15 (driver circuit).
[0095] Incidentally, a material to bury the wire bonding
is not limited to the heat-dissipating member, in other
words, is not necessarily a material having excellent ther-
mal conductivity. That is, for example, a silicon material,
an epoxy material, an acrylic material, or the like that
does not contain a heat-dissipating filler or the like may
be used instead of the heat-dissipating member 106.

(Twelfth Embodiment)

[0096] FIG. 17 illustrates a twelfth embodiment of the
present invention. Specifically, FIG. 17 is a cross-sec-
tional view illustrating a heat dissipation structure of an
electric actuator-integrated driver of the twelfth embodi-
ment of the present invention.
[0097] In the present embodiment, the structure is
formed in which a base 104B mounting the electric ac-
tuator-integrated driver 15 is in contact with the metal
member 102, which is in contact with the electric actuator
20, via the heat-dissipating member 106. The base 104B
conducts heat generated from the electric actuator-inte-
grated driver 15. In particular, when a material of the base
104B is metal, the heat generated from the electric ac-
tuator-integrated driver 15 is efficiently conducted to the
base 104B. The heat transferred to the base 104B is
dissipated to the electric actuator 20 via the heat-dissi-
pating member 106 and the metal member 102. In other
words, the heat-dissipating member 106 is a member
(dissimilar member) that is arranged between the base
104B on which the electric actuator-integrated driver 15
(driver circuit) is mounted and the metal member 102
(heat-conducting portion), and is made of a different ma-
terial from the driver sealing portion 4 (sealing portion)
as illustrated in FIG. 17.

(Thirteenth Embodiment)

[0098] FIG. 18 illustrates a thirteenth embodiment of
the present invention. Specifically, FIG. 18 is a cross-
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sectional view illustrating a heat dissipation structure of
an electric actuator-integrated driver of the thirteenth em-
bodiment of the present invention.
[0099] Although specific configuration and operation
of the electric actuator 20 are similar to those of the fourth
embodiment of FIG. 7, the driver sealing portion 4 and
the bobbin 13 are made of different materials in FIG. 18.
However, the same material may be used, and the driver
sealing portion 4 and the bobbin 13 may be integrally
molded.
[0100] Heat generated when the electromagnetic coil
6 is energized is transferred to the electric actuator-inte-
grated driver 15 via the bobbin 13 and the driver sealing
portion 4 so that the electric actuator-integrated driver 15
is exposed to high temperature. Heat generated from the
electric actuator 20 is dissipated via the driver sealing
portion 4, the base 104B, and the metal member 102.
[0101] The metal member 102 is in contact with the
valve portion 2. Although schematically illustrated, the
valve portion 2 has a valve therein and is provided with
a plurality of flow path openings through which a fluid
flows in and out. The fluid constantly flows in and out
through the flow path opening in the valve portion 2, and
the valve portion 2 is cooled by being exposed to the
fluid. The metal member 102 (heat-conducting portion)
is cooled by being in contact with the cooled valve portion
2. That is, the heat generated from the electric actuator-
integrated driver 15 can be efficiently released to the elec-
tric actuator 20 via the metal member 102.
[0102] Incidentally, the electric actuator 20 includes
the coil bobbin 14 constituted by the electromagnetic coil
6 and the bobbin 13 around which the electromagnetic
coil 6 is wound, the fixed-core portion 7 that holds the
coil bobbin 14, the valve 12 driven depending on an elec-
tromagnetic force of the electromagnetic coil 6, the valve
portion 2 that holds the valve 12, and the electric actuator
housing 9 as illustrated in FIG. 18. The electric actuator
housing 9 holds the coil bobbin 14, the fixed-core portion
7, the valve 12, and the valve portion 2.
[0103] Although being in contact with the metal mem-
ber 102 via the driver sealing portion 4 in FIG. 18, the
electric actuator-integrated driver 15 may be in contact
with the metal member 102, for example, via a heat-dis-
sipating member having excellent thermal conductivity
in order to further improve the heat dissipation perform-
ance.

(Fourteenth Embodiment)

[0104] FIGS. 19 and 20 illustrate a fourteenth embod-
iment of the present invention. Specifically, FIG. 19 is a
cross-sectional view illustrating a heat dissipation struc-
ture of an electric actuator-integrated driver according to
the fourteenth embodiment of the present invention, and
FIG. 20 is a cross-sectional view illustrating a heat dis-
sipation structure of another part of the electric actuator-
integrated driver of the fourteenth embodiment of the
present invention.

[0105] In the present embodiment, the metal member
102 having a metal shielding wall 102a is in contact with
the electric actuator 20 and is arranged so as to cover
the electric actuator-integrated driver 15, the driver seal-
ing portion 4, and the base 104B with a constant clear-
ance. As the metal shielding wall 102a covers the electric
actuator-integrated driver 15 and is arranged between
the external noise 27 (external radiation noise) and the
radiant noise 28 (actuator radiation noise), and the elec-
tric actuator-integrated driver 15, it is possible to shield
the noise generated from external environment and the
inside of the actuator, and it is possible to protect the
electric actuator-integrated driver 15 from the radiation
noise.
[0106] Incidentally, although the electric actuator-inte-
grated driver 15 is in contact with the metal shielding wall
102a via the driver sealing portion 4 in FIG. 19, the electric
actuator-integrated driver 15 may be in contact with the
metal shielding wall 102a via, for example, a heat-dissi-
pating member having excellent thermal conductivity in
order to further improve the heat dissipation perform-
ance. Furthermore, it is possible to improve the heat dis-
sipation performance by bringing the heat generated
from the electric actuator-integrated driver 15 into contact
with the metal shielding wall 102a via the base 104B and
the heat-dissipating member.

(Fifteenth Embodiment)

[0107] FIG. 21 illustrates a fifteenth embodiment of the
present invention. Specifically, FIG. 21 is a cross-sec-
tional view illustrating a heat dissipation structure of an
electric actuator-integrated driver of the fifteenth embod-
iment of the present invention.
[0108] In the present embodiment, a heat-dissipating
fin-equipped metal member 102 in contact with the elec-
tric actuator 20 includes a heat-dissipating fin 102b (ex-
ternally-exposed portion). The heat-dissipating fin 102b
is exposed to external environment, and the heat-dissi-
pating fin-equipped metal member 102 is in contact with
the electric actuator-integrated driver 15 via the driver
sealing portion 4. Heat transferred from the electric ac-
tuator 20 to the heat-dissipating fin-equipped metal mem-
ber 102 via the driver sealing portion 4 can be dissipated
not only to the electric actuator 20 side but also to the
external environment via the heat-dissipating fin 102b.
The heat-dissipating fin-equipped metal member 102
may be subjected to insulation coating treatment, for ex-
ample, cation electrodeposition, to improve surface ther-
mal emissivity in order to further improve the heat dissi-
pation performance to the external environment.
[0109] A shape of the heat-dissipating fin 102b illus-
trated in FIG. 21 is merely an example, and may be any
shape as long as the shape has the heat dissipation ef-
fect, for example, a rod fin or the like. In addition, although
being in contact with the electric actuator-integrated driv-
er 15 via the driver sealing portion 4 in FIG. 21, the heat-
dissipating fin-equipped metal member 102 may be in
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contact with the electric actuator-integrated driver 15, for
example, via a heat-dissipating member having excellent
thermal conductivity in order to further improve the heat
dissipation performance.

(Sixteenth Embodiment)

[0110] FIG. 22 illustrates a sixteenth embodiment of
the present invention. Specifically, FIG. 22 is a cross-
sectional view illustrating a heat dissipation structure of
an electric actuator-integrated driver of the sixteenth em-
bodiment of the present invention. The electric actuator
20 is attached to a metal housing 130 having a heat-
dissipating base 131. The metal member 102 (heat-con-
ducting portion) in contact with the electric actuator 20
includes a heat-dissipating surface 102c (externally-ex-
posed portion). The heat-dissipating surface 102c is ex-
posed to the outside and is opposed to the heat-dissipat-
ing base 131 with a constant clearance, and the clear-
ance is filled with a heat-dissipating member 106. Heat
generated from the electric actuator-integrated driver 15
is dissipated to the metal housing 130 via the driver seal-
ing portion 4, the metal member 102, and the heat-dis-
sipating member 106. The metal housing 130 is cooled
as a circulating fluid constantly flows in and out, and thus,
is preferable as a heat dissipation destination.
[0111] In other words, the electric actuator 20 controls
the fluid passing through a flow path provided in the metal
housing 130. As illustrated in FIG. 22, the heat-dissipat-
ing surface 102c (externally-exposed portion) is connect-
ed to the metal housing 130 via the heat-dissipating mem-
ber 106. In other words, the metal member 102 (heat-
conducting portion) has a U-shaped portion (including
the heat-dissipating surface 102c) exposed from the driv-
er sealing portion 4, and the U-shaped portion is con-
nected to the metal housing 130 via the heat-dissipating
member 106.
[0112] Examples of a material of the metal housing 130
includes an aluminum die cast and the like. In addition,
a surface of the metal housing 130 may be subjected to
insulation treatment such as alumite and electrodeposi-
tion coating. The heat generated from the electric actu-
ator-integrated driver 15 is efficiently dissipated to the
external environment by the heat-radiation from the sur-
face subjected to the insulation treatment.
[0113] Regarding a shape of the metal housing 130,
various shapes are conceivable within a scope of not
departing from a gist thereof, and for example, the metal
housing 130 may be a part of components of a transmis-
sion.
[0114] Incidentally, the present invention is not limited
to the above-described embodiments, and includes var-
ious modification examples. For example, the above-de-
scribed embodiments have been described in detail in
order to describe the present invention in an easily un-
derstandable manner, and are not necessarily limited to
one including the entire configuration that has been de-
scribed above. In addition, some configurations of a cer-

tain embodiment can be substituted by configurations of
another embodiment, and further, a configuration of an-
other embodiment can be added to a configuration of a
certain embodiment. In addition, addition, deletion or
substitution of other configurations can be made with re-
spect to some configurations of each embodiment.
[0115] For example, an inner shape of the electric ac-
tuator can adopt various shapes.
[0116] The electric actuator-integrated driver 15 is il-
lustrated as one in the above-described embodiments,
but may be a plurality of elements. In addition, the bases
104A and 104B may be a resin material made of, for
example, glass epoxy instead of being the metal material.
[0117] Although the driver sealing portion 4 is used as
the sealing portion (storage portion) in the above-de-
scribed embodiments, but a case (housing) may be used.
[0118] Embodiments of the present invention may be
provided as the following aspects.

(1) A driver that is mounted on an actuator and drives
the actuator, the driver including: a driver circuit that
energizes the actuator with a drive current; and a
heat dissipation path configured to conduct heat gen-
erated from the driver circuit to the actuator side.
(2) The driver described in (1), the driver including a
metal member that mounts the driver circuit, in which
the heat dissipation path has a structure in which the
metal member extends to the actuator side.
(3) The driver described in any one of (1) and (2) in
which the actuator includes: an electromagnetic coil;
a fixed core that is a magnetic body; a valve that is
driven by an electromagnetic force of the electro-
magnetic coil; and a body portion that movably holds
the valve, and the heat dissipation path is a path to
dissipate heat from the driver circuit to the fixed core,
the body portion, or the valve side.
(4) The driver described in (3), the driver including a
sealing resin that seals the driver circuit, in which the
actuator includes a bobbin portion that stores the
electromagnetic coil, the sealing resin is closer to
the bobbin portion and the fixed core than other
members of the actuator, and the heat dissipation
path is formed such that thermal conductivity of the
sealing resin is higher than thermal conductivity of
the bobbin portion.
(5) The driver described in (4) in which the sealing
resin is a resin containing a filler.
(6) The driver described in (2) in which the metal
member is integrated with at least one of a terminal
for electrical connection with an external wiring that
allows the driver circuit to receive a control signal
from the outside, and a terminal for electrical con-
nection with the electromagnetic coil.
(7) The driver described in (6) in which, among the
plurality of terminals to which the driver circuit is con-
nected, a terminal integrated with the metal member
is thicker than the other terminals among the plurality
of terminals.
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(8) The driver described in any one of (2), (6) and
(7) in which the metal member is arranged between
an external electromagnetic noise source or the elec-
tromagnetic solenoid and the driver circuit.
(9) The driver described in any one of (3) to (8), the
driver including a sealing resin that seals the driver
circuit, in which a part of the fixed core is sealed by
the sealing resin.
(10) The driver described in any one of (3) to (9) in
which the actuator is a hydraulic actuator configured
to operate an onboard device, and at least a part of
the body portion, the valve, and the fixed core is
cooled with oil for driving the hydraulic actuator.
(11) The driver described in any one of (1) to (10) in
which the heat dissipation path increases the amount
of heat conducted from the driver circuit to the actu-
ator side as compared with a case where the heat
dissipation path is not provided.
(12) The driver described in any one of (1) to (11) in
which the heat dissipation path dissipates more heat
to the actuator side than to a side of an external space
side or an external wiring that allows the driver circuit
to receive a control signal from the outside.
(13) The driver described in any one of (2) or (6) to
(8) in which the metal member is formed such that
a tip extending to the actuator side has a shape to
increase a contact area with the fixed core.
(14) The driver described in any one of (2), (6) to (8)
or (13) in which the metal member protrudes to the
actuator so as to be fitted in or sealed by the actuator.
(15) An actuator that includes: an actuator main
body; and a driver that is mounted on the actuator
main body and drives the actuator main body, the
driver including a driver circuit that energizes the ac-
tuator main body with a drive current and a heat dis-
sipation path configured to conduct heat generated
from the driver circuit to the actuator main body side.
(16) A driver that is mounted on an actuator and
drives the actuator, the driver including: a driver cir-
cuit that energizes the actuator with a drive current;
and a metal member that mounts the driver circuit,
in which the metal member extends to the actuator
side.
(17) A driver that is mounted on an actuator and
drives the actuator, the driver including: a driver cir-
cuit that energizes the actuator with a drive current;
and a sealing resin that seals the driver circuit, in
which the actuator includes an electromagnetic coil,
a bobbin portion that stores the electromagnetic coil,
and a fixed core that is a magnetic body, the sealing
resin is closer to the bobbin portion and the fixed
core than other members of the actuator, and ther-
mal conductivity of the sealing resin is higher than
thermal conductivity of the bobbin portion.
(51) An electric actuator-integrated driver that is in-
tegrally mounted on an electric actuator and drives
the electric actuator based on a signal from the out-
side, the electric actuator-integrated driver including:

a driver circuit that energizes the electric actuator
with a drive current based on the signal; a metal
member that conducts heat generated from the driv-
er circuit to the electric actuator side; and a sealing
portion that seals the driver circuit and the metal
member, in which the metal member is in contact
with the electric actuator.
(52) The electric actuator-integrated driver of (51) in
which the driver circuit is in contact with the metal
member via a dissimilar material different from a ma-
terial constituting the sealing portion.
(53) The electric actuator-integrated driver of (52),
the electric actuator-integrated driver including wire
bonding for electrical connection with the driver cir-
cuit, in which the wire bonding is buried in the dis-
similar material.
(54) The electric actuator-integrated driver de-
scribed in (51) in which a base on which the driver
circuit is mounted is in contact with the metal member
via a dissimilar material different from a material con-
stituting the sealing portion.
(55) The electric actuator-integrated driver de-
scribed in (51) in which the electric actuator includes:
a coil bobbin that is constituted by an electromag-
netic coil and a bobbin around which the electromag-
netic coil is wound; a fixed-core portion that holds
the coil bobbin; a valve driven by an electromagnetic
force of the electromagnetic coil; a valve portion that
holds the valve; and an electric actuator housing that
holds the coil bobbin, the fixed-core portion, the
valve, and the valve portion, and the metal member
is in contact with the valve portion.
(56) The electric actuator-integrated driver of (51) in
which the metal member is surface-treated.
(57) The electric actuator-integrated driver of (51) in
which the metal member includes a metal shielding
wall that covers the driver circuit.
(58) The electric actuator-integrated driver of (51) in
which a part of the metal member includes an exter-
nally-exposed portion.
(59) The electric actuator-integrated driver of (58) in
which the externally-exposed portion is in contact,
via a heat-dissipating member, with a metal housing
having a flow path through which a fluid to be con-
trolled by the electric actuator passes.

Reference Signs List

[0119]

1 solenoid portion
2 valve portion
3 terminal
4 driver sealing portion
5 iron core
6 electromagnetic coil
7 fixed-core portion
7A sealing-integrated fixed-core portion
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8 rod
9 electric actuator housing
10 connector housing
11 valve body
12 valve
13 bobbin
14 coil bobbin
15 electric actuator-integrated driver
16 metal member
16A rectangle-shaped metal member
16B thick metal member
16C terminal-integrated metal member
16D long metal member
16E shielding metal member
16F noise-shielding wall
16G distal end-extended metal member
20 electric actuator
21 contact face A
22 contact face B
23 contact face C
24 heat sink
25 insulating adhesive
27 external noise
28 radiant noise
29 metal block
30 internal heat generator
102 metal member
104A, 104B base
106 heat-dissipating member
102a metal shielding wall
102b heat-dissipating fin
102c heat-dissipating surface
130 metal housing
131 heat-dissipating base

Claims

1. A driver comprising:

a driver circuit that controls a current to be sup-
plied to an electric actuator;
a heat-conducting portion that conducts heat
generated in the driver circuit; and
a sealing portion that is fixed to the electric ac-
tuator and seals the driver circuit and the heat-
conducting portion,
wherein the heat-conducting portion is extended
to the electric actuator.

2. The driver according to claim 1, wherein
the heat-conducting portion mounts the driver circuit.

3. The driver according to claim 2, wherein
a distal end of the heat-conducting portion extended
to the electric actuator is adjacent to a component
of the electric actuator to be cooled.

4. The driver according to claim 2, wherein
the electric actuator controls a hydraulic oil to be
used in an onboard device, and
a distal end of the heat-conducting portion extended
to the electric actuator is adjacent to a component
of the electric actuator to be cooled by the hydraulic
oil.

5. The driver according to claim 2, wherein
the heat-conducting portion comprises:

a first part that mounts the driver circuit and ex-
tends in an axial direction of the electric actuator;
and
a second part that extends from one end of the
first part in a direction crossing an axis of the
electric actuator.

6. The driver according to claim 5, wherein
the second part of the heat-conducting portion is
thicker than the first part of the heat-conducting por-
tion.

7. The driver according to claim 5, wherein
the heat-conducting portion further comprises a third
part that extends from one end of the second part in
the axial direction of the electric actuator.

8. The driver according to claim 5, further comprising
a metal block that is adjacent to the first part and the
second part of the heat-conducting portion.

9. The driver according to claim 2, wherein
the electric actuator comprises:

a fixed core that is a magnetic body;
an electromagnetic coil that is wound around the
fixed core;
a valve that is driven depending on an electro-
magnetic force of the electromagnetic coil; and
a body portion that is in contact with the fixed
core and slidably holds the valve, and
a distal end of the heat-conducting portion ex-
tended to the electric actuator is adjacent to the
fixed core.

10. The driver according to claim 9, wherein
the electric actuator further comprises a bobbin
which is inserted through the fixed core and around
which the electromagnetic coil is wound, and
the sealing portion is formed integrally with the bob-
bin.

11. The driver according to claim 9, wherein
the electric actuator further comprises a bobbin
which is inserted through the fixed core and around
which the electromagnetic coil is wound,
the sealing portion is in contact with the bobbin and
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the fixed core, and
thermal conductivity of the sealing portion is higher
than thermal conductivity of the bobbin.

12. The driver according to claim 2, further comprising
at least one external wiring terminal that is connected
to an external wiring through which a control signal
of the driver circuit propagates or at least one elec-
tromagnetic coil terminal that is connected to the
electromagnetic coil,
wherein the heat-conducting portion is integrated
with at least one of the external wiring terminal and
the electromagnetic coil terminal.

13. The driver according to claim 12, wherein
the external wiring terminal or the electromagnetic
coil terminal, which is integrated with the heat-con-
ducting portion, is thicker than the external wiring
terminal or the electromagnetic coil terminal that is
not integrated with the heat-conducting portion.

14. The driver according to claim 5, wherein
the heat-conducting portion further comprises a
fourth part that extends from another end of the first
part in a direction crossing the axis of the electric
actuator and is adjacent to a housing of the electric
actuator.

15. The driver according to claim 2, wherein
the heat-conducting portion comprises a shielding
wall that shields an electromagnetic wave from out-
side or the electromagnetic coil.

16. A driver-integrated electric actuator comprising:

an electric actuator;
a driver circuit that controls a current to be sup-
plied to the electric actuator;
a heat-conducting portion that mounts the driver
circuit and conducts heat generated in the driver
circuit; and
a driver that is fixed to the electric actuator and
comprises a sealing portion that seals the driver
circuit and the heat-conducting portion,
wherein the heat-conducting portion is extended
to the electric actuator.

17. The driver according to claim 1, wherein
the heat-conducting portion is in contact with the
electric actuator.

18. The driver according to claim 17, further comprising
a dissimilar member that is arranged between the
heat-conducting portion and the driver circuit and
represents a member made of a different material
from the seal portion.

19. The driver according to claim 18, further comprising

a bonding wire that is buried in the dissimilar member
and electrically connected to the driver circuit.

20. The driver according to claim 17, further comprising:

a base on which the driver circuit is mounted;
and
a dissimilar member that is arranged between
the base and the heat-conducting portion and
represents a member made of a different mate-
rial from the seal portion.

21. The driver according to claim 17, wherein
the electric actuator comprises:

a coil bobbin that is constituted by an electro-
magnetic coil and a bobbin around which the
electromagnetic coil is wound;
a fixed-core portion that holds the coil bobbin;
a valve that is driven depending on an electro-
magnetic force of the electromagnetic coil;
a valve portion that holds the valve; and
an electric actuator housing that holds the coil
bobbin, the fixed-core portion, the valve, and the
valve portion,
wherein the heat-conducting portion is in contact
with the valve portion.

22. The driver according to claim 17, wherein
the heat-conducting portion is surface-treated.

23. The driver according to claim 17, wherein
the heat-conducting portion comprises a metal
shielding wall that covers the driver circuit.

24. The driver according to claim 17, wherein
the heat-conducting portion comprises an externally-
exposed portion that is exposed to outside of the
sealing portion.

25. The driver according to claim 24, wherein
the electric actuator controls a fluid passing through
a flow path provided in a metal housing, and
the externally-exposed portion is connected to the
metal housing via a heat-dissipating member.

26. The driver according to claim 17, further comprising
a base on which the driver circuit is mounted, wherein
the base is in contact with the electric actuator.
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