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(57) ABSTRACT

A metal pump housing includes a shaft support hole for
supporting a middle part of a rotary shaft. The rotary shaft
includes a first end on which a pump operating portion is
provided and a second end on which a motor rotor is provided.
A metal motor case is fixed to a part of the pump housing that
is at a side of the second end. The motor case accommodates
a motor section including a motor stator and a motor rotor. A
plastic circuit case member is fixed to a part of the motor case
that is opposite to the part to which the pump housing is fixed.
A circuit substrate for controlling the motor section is fixed to
the circuit case member and is separate from the motor case.
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ELECTRIC PUMP

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an electric pump
that draws in and discharges fluid such as oil.

[0002] Conventionally, electric pumps as disclosed in Japa-
nese Patent No. 4042050 have been proposed. The electric
pump includes a metal pump housing, which has a shaft
support hole for rotationally supporting a middle part of a
rotary shaft, and a motor case, which is fixed to the pump
housing. A motor stator is provided in the motor case, and a
motor rotor, which is provided on the end of the rotary shaft,
is accommodated inside the motor stator. The motor case is
formed of plastic and is insert-molded to cover the motor
stator. A mounting portion for mounting a circuit substrate is
integrally formed on a part of the motor case that is opposite
to the part to which the pump housing is fixed. A circuit
substrate that contains circuit components is mounted on the
mounting portion, and the circuit substrate and the circuit
components are covered by a cover fixed to the motor case.
[0003] However, in the electric pump as above described,
heat generated at a motor section including the motor stator
and the motor rotor is not easily dissipated by the plastic
motor case. Also, since the heat generated at the motor section
is directly transferred from the motor case to the circuit sub-
strate, the heat may cause damage on the circuit components.
That is, the heat generated at the motor section may be trans-
ferred from the mounting portion integrally formed on the
motor case directly to the circuit substrate.

SUMMARY

[0004] Accordingly, it is an objective of the present inven-
tion to provide an electric pump that is less likely to transmit
heat of a motor section to a circuit substrate while easily
dissipating the heat of the motor section.

[0005] Inaccordance with one aspect of the present disclo-
sure, an electric pump is provided that includes a metal pump
housing, a metal motor case, a plastic circuit case member,
and a circuit substrate. The metal pump housing includes a
shaft support hole for rotationally supporting a middle part of
a rotary shaft and a pump chamber component. The rotary
shaft includes a first end on which a pump operating portion
is provided and a second end on which a motor rotor is
provided, and the pump chamber component is configured to
define a part of the pump chamber on one end of the shaft
support hole. The metal motor case is fixed to the pump
housing at a side of the second end. The motor case is con-
figured to accommodate a motor section including a motor
stator and a motor rotor inside the motor case. The plastic
circuit case member fixed to a part of the motor case that is
opposite to the part to which the pump housing is fixed. The
circuit substrate contains a circuit component for controlling
activation of the motor section. The circuit substrate is fixed to
the circuit case member and is separate from the motor case.
[0006] According to the above-mentioned configuration,
heat generated at the motor section is reliably dissipated from
the motor case and the pump housing, which are made of
metal. Also, since the circuit substrate fixed to the circuit case
member is separate from the motor case, heat of the motor
section is not easily transferred from the motor case directly
to the circuit substrate. Furthermore, since the circuit case
member is made of plastic, heat of the motor case is not easily
transferred to the circuit substrate via the circuit case member.
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Thus, according to the electric pump of the above-mentioned
configuration, while easily dissipating heat of the motor sec-
tion from the motor case and the pump housing, the heat is
prevented from being transferred to the circuit substrate. As a
result, the circuit component is prevented from being dam-
aged by heat.

[0007] According to the above-mentioned configuration,
vibration generated at the pump operating portion and the
motor section is prevented from being directly transmitted
from the motor case to the circuit substrate. As a result, the
circuit substrate and the circuit component are prevented
from being damaged by vibration.

[0008] Inaccordance with one aspect, the circuit substrate
is located inside the motor case.

[0009] According to the above-mentioned configuration,
the entire length of the electric pump is prevented from being
increased while ensuring the length of the motor case
required for reliably dissipating heat.

[0010] In accordance with one aspect, the electric pump
further includes a metal heat sink for dissipating heat of the
circuit component, and the circuit case member is arranged
between the heat sink and the motor case.

[0011] According to the above-mentioned configuration,
since the circuit case member formed of plastic is arranged
between the motor case and the heat sink, heat generated in
the motor section is easily transferred to the metal pump
housing and not easily transferred to the heat sink. Thus, the
heat sink can be dedicated to dissipating heat generated at the
circuit component. Thus, heat of the circuit component is
reliably dissipated from the heat sink. As a result, the circuit
component is prevented from being damaged by heat.
[0012] Inaccordance with one aspect, the circuit case mem-
ber retains the circuit substrate in the vicinity of the motor
case, and the circuit case member further includes a through
hole, which extends in the axial direction of the rotary shaft.
Also, the heat sink is provided on the circuit case member to
close the through hole.

[0013] According to the above-mentioned configuration,
the heat sink, which closes the through hole of the circuit case
member, is exposed toward the motor case from the circuit
case member on which the circuit substrate is retained. Thus,
heat generated on the circuit component is efficiently trans-
ferred to the heat sink. As a result, heat of the circuit compo-
nent is efficiently dissipated.

[0014] In accordance with one aspect, the heat sink is
located inward of the outer shape of the circuit case member
as viewed in the axial direction of the rotary shaft.

[0015] According to the above configuration, the size ofthe
heat sink, which is made of metal that has a higher specific
gravity as compared to plastic, is reduced. Therefore, load
such as imposed load that the heat sink applies to the plastic
circuit case member is efficiently reduced. Also, since the
circuit case member is formed of plastic, deterioration by heat
from the motor case is concerned. Thus, reducing the imposed
load of the heat sink on the circuit case member is effective in
terms of reducing deterioration of the circuit case member.
[0016] In accordance with one aspect, the motor stator
includes a connecting portion. The circuit substrate includes
an introduction bore connected to the connecting portion of
the motor stator, and the axis of the introduction bore extends
through the through hole of the circuit case member.

[0017] According to the above-mentioned configuration,
the connection between the introduction bore of the circuit
substrate and the coil connecting portion of the motor stator
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can be visually checked via the through hole of the circuit
case member in a state in which the heat sink is not mounted.
As a result, operability is improved.

[0018] Inaccordance with one aspect, the circuit case mem-
ber includes an accommodating recess that recesses in a
direction away from the circuit substrate to accommodate the
circuit component, and the heat sink is arranged side-by-side
with the accommodating recess in a direction orthogonal to
the rotary shaft.

[0019] According to the above-mentioned configuration,
the heat sink is arranged side-by-side with the accommodat-
ing recess in a direction orthogonal to the rotary shaft. Thus,
the size of the circuit case member is prevented from being
increased in the axial direction by providing the heat sink. The
configuration contributes to size reduction of the electric
pump in the axial direction.

[0020] Inaccordance with one aspect, the heat sink is a heat
sink cover, and the heat sink cover and the motor case are
fixed to sandwich the circuit case member. Also, a part of the
heat sink cover close to the motor case includes a circuit
accommodating recess for accommodating the circuit com-
ponent.

[0021] According to the above-mentioned configuration,
the circuit component is accommodated in the circuit accom-
modating recess of the heat sink cover. Thus, heat generated
in the circuit component is more reliably dissipated from the
heat sink cover. As a result, the circuit component is more
reliably prevented from being damaged by heat.

[0022] In accordance with one aspect, the electric compo-
nent includes a large circuit component and a small circuit
component, and the large circuit component is larger than the
small circuit component. The circuit accommodating recess
includes a large recess, which is deep in the axial direction of
the rotary shaft to be able to accommodate the large circuit
component, and a small recess, which is shallow in the axial
direction to be able to accommodate the small circuit com-
ponent. A dissipation fin is formed on the back surface of the
heat sink cover that corresponds to the small recess, the dis-
sipation fin projecting in the axial direction.

[0023] According to the above-mentioned configuration,
the dissipation fin, which projects in the axial direction, is
formed on the back surface of the heat sink cover at a part that
corresponds to the small recess. Thus, the dissipation fin is
prevented from increasing the entire axial length of the elec-
tric pump, and the dissipation fin improves the dissipation
performance.

[0024] In accordance with one aspect, the small circuit
component includes a power transistor for controlling the
motor stator, the motor stator is a stator of a brushless motor,
and the small recess accommodates the power transistor.
[0025] According to the above-mentioned configuration,
the power transistor for controlling the motor stator is accom-
modated in the small recess. Thus, heat from the power tran-
sistor that easily generates heat is efficiently dissipated from
the dissipation fin, which is formed on the back surface of the
small recess.

[0026] Inaccordance with one aspect, the power transistor
is mounted on the circuit substrate, and the power transistor
contacts a bottom surface of the small recess via an elastic
member.

[0027] According to the above-mentioned configuration,
the power transistor is mounted on the circuit substrate fixed
to the circuit case member, and is abutted against the bottom
surface of the small recess via an elastic member. Thus, the
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heat sink cover is prepared without requiring high dimen-
sional accuracy, and heat from the power transistor is more
efficiently dissipated from the dissipation fin, which is
formed on the back surface of the small recess, via the elastic
member.

[0028] In accordance with one aspect, the motor stator
includes a coil connecting end. The circuit case member
includes a guiding and retaining portion for retaining the coil
connecting end and guiding the coil connecting end toward
the circuit accommodating recess. The motor case and the
circuit case member have a retaining structure that prevents
movement of the motor case and the circuit case member
relative to each other.

[0029] According to the above-mentioned configuration,
the circuit case member includes the guiding and retaining
portion, which retains the coil connecting end of the motor
stator, and guides the coil connecting end toward the circuit
accommodating recess. The motor case and the circuit case
member have a retaining structure that prevents movement
relative to each other. Thus, the coil connecting end is
arranged in a stable manner facing toward the circuit accom-
modating recess. If the structure does not include the guiding
and retaining groove nor the retaining structure, the coil con-
necting end can move freely and undesirably deform. In this
case, it is difficult to improve the reliability of the connection
between the coil connecting end and the circuit substrate,
which is fixed to the circuit case member. However, the
above-mentioned configuration improves such connection
reliability.

[0030] Inaccordance with one aspect, the circuit case mem-
ber is formed of a flexible plastic material.

[0031] According to the above-mentioned configuration,
the flexible circuit case member absorbs vibration of the
motor case. Thus, the vibration is prevented from being trans-
mitted from the motor stator to the circuit substrate via the
circuit case member.

[0032] Inaccordance with one aspect, the circuit substrate
is fixed to the circuit case member by thermal staking.
[0033] According to the above-described configuration,
circuit case member and the circuit substrate are fixed to each
other without using a fixing member such as bolts. As a result,
the structure is simplified.

[0034] In accordance with another aspect of the present
disclosure, an electric pump is provided that includes a metal
pump housing, a metal stator case, a plastic circuit case mem-
ber, and a metal heat sink cover. The metal pump housing
includes a shaft support hole for rotationally supporting a
middle part of a rotary shaft and a pump chamber component.
The rotary shaft includes a first end on which a pump oper-
ating portion is provided and a second end on which a motor
rotor is provided, and the pump chamber component is con-
figured to define a part of the pump chamber on one end of the
shaft support hole. The metal stator case is fixed to the pump
housing at a side of the second end. The stator case accom-
modates and fixes a motor stator, and the motor rotor is
accommodated inside the motor stator. The plastic circuit
case member is fixed to a part of the motor case that is
opposite to the part to which the pump housing is fixed. The
heat sink cover and the stator case are fixed to sandwich the
circuit case member, and a part of the heat sink cover that is
close to the stator case includes a circuit accommodating
recess for accommodating a circuit component.

[0035] According to the above-described configuration,
heat generated at the motor section including the motor stator
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and the motor rotor is reliably dissipated from the stator case
and the pump housing, which are made of metal. Since the
plastic circuit case member is located between the motor
section and the heat sink cover, heat of the motor section is not
easily transferred to the metal heat sink cover. That is, heat of
the motor section is not easily transferred to the circuit
accommodating recess. Thus, heat generated at the motor is
not easily transferred to the circuit component accommo-
dated in the circuit accommodating recess of the heat sink
cover. Also, heat generated at the circuit component is reli-
ably dissipated from the heat sink cover. Thus, the circuit
component is prevented from being damaged by heat.
[0036] Other aspects and advantages of the disclosure will
become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by
way of example the principles of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] The features of the present disclosure that are
believed to be novel are set forth with particularity in the
appended claims. The disclosure, together with objects and
advantages thereof, may best be understood by reference to
the following description of the presently preferred embodi-
ments together with the accompanying drawings in which:
[0038] FIG.1 is a cross-sectional view illustrating an elec-
tric pump according to a first embodiment of the present
invention;

[0039] FIG. 2 is an exploded perspective view illustrating
the electric pump of FIG. 1;

[0040] FIG. 3 is a perspective view illustrating the electric
pump of FIG. 1 as viewed from the left side in FIG. 1;
[0041] FIG. 4 is a perspective view illustrating the electric
pump of FIG. 1 as viewed from the right side in FIG. 1;
[0042] FIG. 5 is a cross-sectional view illustrating an elec-
tric pump according to a modification;

[0043] FIGS. 6(a) to 6(c) are partial cross-sectional views
illustrating electric pumps of modifications each including a
different rotor core;

[0044] FIG. 7 is an enlarged cross-sectional view illustrat-
ing a circuit case member of an electric pump according to a
second embodiment;

[0045] FIG. 8 is aside view illustrating the electric pump of
FIG. 7 as viewed from the right side in FIG. 7;

[0046] FIG. 9 is a side view illustrating the circuit case
member of FIG. 7 to which the circuit substrate is fixed as
viewed from the left side in FIG. 7, that is, from the stator
case;

[0047] FIG. 10 is a side view illustrating the external
appearance of the circuit case member of FIG. 7; and
[0048] FIG.111isaside view illustrating a state in which the
circuit case member is partially exposed by removing the heat
sink from the electric pump of FIG. 8.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0049] An electric pump for circulating vehicle oil accord-
ing to a first embodiment of the present invention will be
described with reference to FIGS. 1 to 4.

[0050] InFIG. 1, for illustration purposes, the axial direc-
tion of the electric pump extends in the left-right direction of
FIG. 1. A first end of the electric pump is located on the left
sidein FIG. 1, and a second end of the electric pump is located
on the right side in FIG. 1. A rotary shaft 7 extends in the
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left-right direction in FIG. 1. The rotary shaft 7 includes a first
end located on the left side in FIG. 1, and a second end located
on the right side in FIG. 1. That is, a pump end plate 2 is
located on the first end of the electric pump and a heat sink
cover 5 is located on the second end of the electric pump. In
the following description, first ends of members are located
on the left side in FIG. 1, and second ends are located on the
right side in FIG. 1.

[0051] As shown in FIG. 1, the electric pump includes a
pump housing 1 and the pump end plate 2, which is located on
the left side of the pump housing 1 in FIG. 1. Furthermore, the
electric pump includes a motor case, which is a stator case 3
in the first embodiment, located on the right side of the pump
housing 1 in FIG. 1, a circuit case member 4, which is located
on the right side of the stator case 3, and the heat sink cover 5,
which is located on the right side of the circuit case member
4. These components form the entire housing of the electric
pump. The electric pump accommodates a motor stator 6 and
the rotary shaft 7, which is located in the motor stator 6.
Furthermore, the electric pump accommodates a pump oper-
ating portion, which is a pump rotor 8 in the first embodiment
mounted on the first end of the rotary shaft 7, a motor rotor 9,
which is mounted on the second end of the rotary shaft 7, and
later-described circuit components located in the heat sink
cover 5.

[0052] The pump housing 1 is formed of metal, and more
specifically, is formed of an aluminum alloy, which is a non-
magnetic metal. The pump housing 1 is columnar and has a
shaft supporthole 14 at the axis for rotationally supporting the
middle part of the rotary shaft 7. The rotary shaft 7 of the first
embodiment is formed of stainless-steel, which is a nonmag-
netic metal. Also, a pump chamber recess 15 is formed on the
first end ofthe pump housing 1 (left side in FIG. 1). The pump
chamber recess 15 is defined by a pump chamber component
to define part of a pump chamber P. The pump chamber recess
15 is formed into a circular shape having an axis displaced
from the axis of the pump housing 1 (shaft support hole 1a) as
viewed in the axial direction. Also, a pump housing spigot
cylinder 1¢ is formed on the second end of the pump housing
1 (right side in FIG. 1). The outer diameter of the pump
housing spigot cylinder 1c¢ is reduced and projects like a
cylinder. Also, a small cylinder portion 1d is formed on the
end of the pump housing spigot cylinder 1¢. The outer diam-
eter of the small cylinder portion 14 is further reduced and
projects like a cylinder. An oil seal accommodating portion 1e
is formed on the second end of the pump housing 1 that
includes the small cylinder portion 14. The diameter ofthe oil
seal accommodating portion 1e is formed to be larger than the
shaft support hole 1a so as to be able to accommodate and
retain an oil seal 11. In the state in which the oil seal 11 is fitted
in the oil seal accommodating portion 1e and also fitted on the
rotary shaft 7, the oil seal 11 partitions, in a liquid-tight
manner, the pump chamber P of the shaft support hole 1a (left
side in FIG. 1) and an accommodation chamber S (right side
in FIG. 1) in which the motor stator 6 is accommodated. Also,
as shown in FIG. 2, a pair of fixing projections 1f, which
projects radially outward, is formed on the outer circumfer-
ential surface of the pump housing 1. A fixing through hole
1g, which extends in the axial direction, is formed in each of
the fixing projections 1f. The pump end plate 2 is fixed to the
first end of the pump housing 1.

[0053] The pump end plate 2 is formed of metal, and more
specifically, is formed of an aluminum alloy, which is a non-
magnetic metal. The pump end plate 2 closes the pump cham-
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ber recess 15 as shown in FIG. 1, and forms the pump cham-
ber P together with the pump chamber recess 15. Also, the
pump end plate 2 includes an inlet 2a and an outlet 25, which
connect the outside and the inside of the pump chamber P as
shown in FIGS. 2 and 3. Furthermore, as shown in FIG. 2,
internal threaded bores 2¢ are formed at positions on the
pump end plate 2 corresponding to the fixing through holes
1g. The pump end plate 2 is fixed to the pump housing 1 by
through bolts 12, which will be described below. At this time,
a seal ring 13 is sandwiched between the pump housing 1 and
the pump end plate 2 to ensure the sealing performance
between the outside and the inside of the pump chamber P.
The pump rotor 8 is provided on the first end of the rotary
shaft 7 in the pump chamber P.

[0054] The pump rotor 8 of the first embodiment is of an
internal gear type, and includes an outer rotor 8a, the number
of teeth of which is represented by n (n is a natural number
greater than or equal to 3), and an inner rotor 85, the number
of teeth of which is represented by n-1. The first end of the
rotary shaft 7 is press-fitted in the inner rotor 85.

[0055] Also, the stator case 3 is fixed to the second end of
the pump housing 1.

[0056] The stator case 3 is formed of metal (for example,
iron or steel), and the motor stator 6 is accommodated and
fixed inside the stator case 3 as shown in FIG. 1. The motor
rotor 9 provided on the second end of the rotary shaft 7 is
accommodated inside the motor stator 6. More specifically,
the stator case 3 is formed of a sheet metal, and includes a
large cylinder portion 3a, a disk section 35, and a stator case
socket cylinder 3¢. The motor stator 6 is fixed to the inner
circumference of the stator case 3 by press-fitting. The disk
section 35 extends radially inward from the first end of the
large cylinder portion 3a. The stator case socket cylinder 3¢
extends from the inner edge of the disk section 35 toward the
second end of the stator case 3 in the axial direction. The
pump housing spigot cylinder 1c is fitted to the inner circum-
ferential surface of the stator case socket cylinder 3¢ in a
socket-and-spigot manner. The stator case 3 is preferably
formed integrally by pressing. In a state in which the pump
housing spigot cylinder 1c is fitted in the stator case socket
cylinder 3¢ in a socket-and-spigot manner, the stator case 3 is
fixed to the pump housing 1 by the through bolts 12, which
will be discussed below. At this time, a seal ring 14 is sand-
wiched between the pump housing 1 and the disk section 35
of'the stator case 3 to ensure the sealing performance between
the inside and the outside.

[0057] Also, the motor stator 6 is a stator that forms an inner
rotor type brushless motor together with the motor rotor 9,
and is formed by winding a coil 65 around teeth of a stator
core 6a. The diameter of a socket-and-spigot fitting portion of
the above-described embodiment, that is, the outer diameter
of'the pump housing spigot cylinder 1¢ and the inner diameter
of the stator case socket cylinder 3¢ are set to be larger than
the inner diameter of the motor stator 6. Also, the motor rotor
9 is a consequent pole rotor as shown in FIGS. 1 and 2. That
is, primary magnetic poles, which are magnets 16 in the first
embodiment, are arranged on a rotor core 15 in the circum-
ferential direction. For example, four magnets 16 are embed-
ded in the rotor core 15 to form magnetic pole portions. Iron
cores 15a of the rotor core 15 (see FIG. 2) each located
between the magnetic pole portions are configured to func-
tion as secondary magnetic poles. The rotor core 15 of the first
embodiment is a laminated core formed by laminating core
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sheets. Also, the motor rotor 9 of the first embodiment is a flat
rotor having a diameter larger than the axial length.

[0058] Also, among the rotating bodies including the rotary
shaft 7, the pump rotor 8, and the motor rotor 9, the weight
moment at a section closer to the pump rotor 8 from the axial
center of the shaft support hole 1a and the weight moment at
a section closer to the motor rotor 9 from the axial center of
the shaft support hole 1a are set to match with each other. The
weight moments are values determined by the weights of the
pump rotor 8 and the motor rotor 9, and the distances from the
axial center of the shaft support hole 1a to the pump rotor 8
and the motor rotor 9.

[0059] The axial center of the motor stator 6 is slightly
displaced from the axial center of the motor rotor 9 in the axial
direction. The axial center of the motor stator 6 of the first
embodiment is provided at a position displaced closer to the
second end of the motor rotor 9 (right side in FIG. 1) than the
axial center of the motor rotor 9. Thus, the motor rotor 9 and
the pump rotor 8 are always urged toward the second end
(right side in FIG. 1). The urging force causes the pump rotor
8 to contact the bottom surface of the pump chamber recess
15, that is, the end surface of the partitioning surfaces of the
pump chamber recess 15 that is closer to the motor stator 6 so
as to slide against the end surface. In this manner, the direc-
tion in which the motor rotor 9 is urged by the motor stator 6
is opposite to the oil outlet 25 provided on the first end of the
pump chamber P as viewed from the motor rotor 9. That is, the
direction in which the motor rotor 9 is urged by the motor
stator 6 is the same as the direction in which the pump rotor 8
is urged by the reaction to the oil discharged from the outlet
2b. Thus, the urging effect of the pump rotor 8 is enhanced in
the direction toward the bottom surface of the pump chamber
recess 1b.

[0060] As shown in FIG. 1, the circuit case member 4 is
fixed to the opening of the second end of the large cylinder
portion 3a of the stator case 3. More specifically, a flange
portion 3d, which extends radially outward, is formed at the
opening of the second end of the large cylinder portion 3a of
the stator case 3. Clinch pieces 3¢ (only one is shown in FIG.
2), which extend in the axial direction and have a pair of arms
onthe distal end, are formed on the flange portion 34 as shown
in FIG. 2. The circuit case member 4 is formed of plastic, and
includes an inner fitting cylinder 4a and a flange abutting
plate 456 as shown in FIG. 1. The flange abutting plate 45
extends radially outward, or in a direction orthogonal to the
axis, from the second end (right side in FIG. 1) of the inner
fitting cylinder 4a along the flange portion 3d4. The inner
fitting cylinder 4a can be fitted in the opening of the second
end of the large cylinder portion 3a of the stator case 3. The
flange abutting plate 45 contacts the flange portion 3dto cover
the end surface of the flange portion 3d. Also, the circuit case
member 4 of the first embodiment includes an extended por-
tion 4¢, which extends from the flange abutting plate 45 in a
direction orthogonal to the axis (downward in FIG. 1), and a
connector portion 4d, which extends from the extended por-
tion 4¢ toward the first end in the axial direction (leftward in
FIG. 1) and has a cylindrical shape. The first end of a con-
necting terminal 17 embedded in the extended portion 4c¢
protrudes in the connector portion 4d. As shown in FIGS. 2
and 4, clinch receiving portions 4e are formed at positions
corresponding to the clinch pieces 3e on the outer edge of the
circuit case member 4, that is, the outer edge of the flange
abutting plate 4b. The clinch receiving portions 4e are
retained by the clinch pieces 3e by clinch the clinch pieces 3e,
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that is, by spreading the pair of arms of the clinch pieces 3e.
In the first embodiment, the clinch pieces 3e and the clinch
receiving portions 4e configure a retaining structure, which
prevents the stator case 3 and the circuit case member 4 from
moving relative to each other. Although the retaining struc-
ture fixes the stator case 3 and the circuit case member 4 with
each other, it is a temporary retaining structure in the entire
process of the fixing structure of the electric pump. The stator
case 3 and the circuit case member 4 are finally tightly fixed
by the later described through bolts 12.

[0061] As shown in FIGS. 1 and 2, the circuit case member
4 includes an inwardly extending portion 4f;, which extends
radially inward, or a direction orthogonal to the axis, from the
second end (right side in FIG. 1) of the inner fitting cylinder
4a. The inwardly extending portion 4f includes guiding and
retaining grooves 4g. The guiding and retaining grooves 4g
are guiding and retaining portions for retaining coil connect-
ing ends 6¢ of the coil 65 of the motor stator 6 and for guiding
the coil connecting ends 6c¢ toward the second end of the
motor stator 6.

[0062] Also, acircuit substrate 23 is fixed to the second end
(right side in FIG. 1) of the circuit case member 4. Various
circuit components, which include capacitors 21 and a power
transistor 22, are mounted on the circuit substrate 23. The
circuit substrate 23 includes access holes through which the
coil connecting ends 6¢ that are guided from the guiding and
retaining grooves 4g can be inserted, and an access hole
through which the second end of the connecting terminal 17
can be inserted. The coil connecting ends 6¢ and the connect-
ing terminal 17 are inserted in the access holes. In a state in
which the circuit case member 4 is fixed to the stator case 3 by
the temporary retaining structure, the coil connecting ends 6¢
and the connecting terminal 17 are connected to the circuit
substrate 23 by soldering.

[0063] As shown in FIGS. 1 and 2, the heat sink cover 5 is
fixed to the circuit case member 4. The heat sink cover 5 and
the stator case 3 sandwich the circuit case member 4. The heat
sink cover 5 is formed of metal and includes a circuit accom-
modating recess 5a as shown in FIG. 1. The circuit accom-
modating recess 5a accommodates the circuit components
such that the circuit components including the capacitors 21
and the power transistor 22 are located in the vicinity of the
first end of the heat sink cover 5, that is, in the vicinity of the
stator case 3. The circuit accommodating recess Sa of the first
embodiment includes a large recess 54 and a small recess 5c¢.
The large recess 55 is deep in the axial direction to be able to
accommodate large circuit components such as the capacitors
21. The small recess Sc is shallow in the axial direction to be
able to accommodate small circuit components such as the
power transistor 22. The large circuit components are tall-
height components, and the small circuit component is a
small-height component, that is, a thin circuit component.
Also, the power transistor 22 controls switching of current
supplied to the coil 65 of the motor stator 6. The power
transistor 22 is abutted against the bottom surface of the small
recess 5¢ via an elastic member, which is a silicone rubber 24.
The bottom surface of the small recess 5¢ is an end surface
facing the first end of the heat sink cover 5, and the back
surface of the small recess Sc is an end surface that is exposed
outside and oriented toward the second end of the heat sink
cover 5.

[0064] Also, dissipation fins 5d, which protrude in the axial
direction, are formed on the back surface of the small recess
5c of the heat sink cover 5 as shown in FIGS. 1 and 2. The
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dissipation fins 54 of the first embodiment protrude within a
range that does not protrude beyond the outer end face of the
second end (right side) of the large recess 56 as shown in FIG.
1. Also, as shown in FIG. 2, a pair of (only one is shown in
FIG. 2) fixing projections Se, which project outward in a
direction orthogonal to the axis, is formed at positions on the
outer edge of the heat sink cover 5 corresponding to the fixing
through holes 1g and the internal threaded bores 2¢. The
fixing projections 5e each include a fixing through hole 5/,
which extends in the axial direction. The through bolts 12
extend through the fixing through holes 5f and the fixing
through holes 1g and are screwed to the internal threaded
bores 2¢ so that the heat sink cover 5 is fixed to the circuit case
member 4 and the stator case 3. Thus, the heat sink cover 5
and the stator case 3 are fixed to sandwich the circuit case
member 4.

[0065] The operation (action) of the above described
embodiment will now be described.

[0066] Three-phase drive current is supplied from a non-
illustrated external power source to the coil 65 of the motor
stator 6 via the connecting terminal 17 of the connector por-
tion 44 and the circuit components of the circuit substrate 23.
Then, arotating magnetic field is generated in the motor stator
6, and rotating bodies including the motor rotor 9, the rotary
shaft 7, and the pump rotor 8 are integrally rotated based on
the rotating magnetic field. As the pump rotor 8 is rotated, oil
is drawn into the pump chamber P from the inlet 2a, and the
oil is discharged from the outlet 25.

[0067] The first embodiment has the following advantages.
[0068] (1) Heat generated in the brushless motor including
the motor stator 6 and the motor rotor 9 is reliably dissipated
from the stator case 3 and the pump housing 1, which are
made of metal. The circuit substrate 23, which is fixed to the
circuit case member 4, is separate from the stator case 3. Thus,
heat of the motor stator 6 is not easily transferred from the
stator case 3 directly to the circuit substrate 23. Also, since the
circuit case member 4 is formed of plastic, heat of the stator
case 3 is not easily transferred to the circuit substrate 23 via
the circuit case member 4. Thus, the heat is not easily trans-
ferred to the circuit substrate 23 while easily dissipating heat
of the motor stator 6 from the stator case 3 and the pump
housing 1. As a result, the circuit components such as the
capacitors 21 and the power transistor 22 are prevented from
being damaged by heat.

[0069] (2) The plastic circuit case member 4 is provided
between the stator case 3 and the heat sink cover 5. Thus, heat
generated in the motor stator 6 is not easily transferred to the
heat sink cover 5, which is made of metal, and the circuit
accommodating recess Sa. Thus, heat generated in the brush-
less motor is not easily transferred to the circuit components
accommodated in the circuit accommodating recess 5a of the
heat sink cover 5. Since heat generated in the circuit compo-
nents is reliably dissipated from the heat sink cover 5, the
circuit components are prevented from being damaged by
heat.

[0070] (3) The circuit accommodating recess 5a includes
the large recess 56, which is deep in the axial direction to be
able to accommodate the large circuit components such as the
capacitors 21, and the small recess 5¢, which is shallow in the
axial direction to be able to accommodate a small and thin
circuit component such as the power transistor 22. The dissi-
pation fins 54, which project in the axial direction, are formed
on the back surface of the small recess 5c¢ of the heat sink
cover 5. Thus, the dissipation fins 5d are prevented from
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increasing the entire axial length of the electric pump, and the
dissipation fins 54 improve the dissipation performance.
[0071] (4) The power transistor 22 for controlling the motor
stator 6 is accommodated in the small recess 5c¢. Thus, heat
from the power transistor 22, which easily generates heat, is
efficiently dissipated from the dissipation fins 5d, which are
formed on the back surface of the small recess 5c.

[0072] (5) The power transistor 22 is mounted on the circuit
substrate 23 fixed to the circuit case member 4. Furthermore,
the power transistor 22 is abutted against the bottom surface
of the small recess Sc¢ via the silicone rubber 24. Thus, heat
from the power transistor 22 is more efficiently dissipated
from the dissipation fins 54, which are formed on the back
surface of the small recess 5¢, via the silicone rubber 24
without requiring high dimensional accuracy.

[0073] (6) The circuit case member 4 has the guiding and
retaining grooves 4g, which retain the coil connecting ends
6¢. The guiding and retaining grooves 4g guide the coil con-
necting ends 6¢ toward the circuit accommodating recess 5a.
The stator case 3 and the circuit case member 4 have the
clinch pieces 3e and the clinch receiving portions 4e, which
serve as the retaining structure that prevents the stator case 3
and the circuit case member 4 from moving relative to each
other. Thus, the coil connecting ends 6¢ are arranged in a
stable manner facing toward the circuit accommodating
recess Sa. If the structure does not include the guiding and
retaining grooves 4g nor the retaining structure, which
includes the clinch pieces 3e and the clinch receiving portion
4e, the coil connecting ends 6¢ may move freely and unde-
sirably deform. Thus, for example, it might be difficult to
improve the reliability of the connection between the coil
connecting ends 6¢ and the circuit substrate 23, which is fixed
to the circuit case member 4. However, the first embodiment
improves the connection reliability of the coil connecting
ends 6c¢.

[0074] (7) The rotor core 15 is a laminated core formed by
laminating core sheets. Thus, eddy current that tends to occur
by employing the consequent pole rotor is reduced. Thus, the
brushless motor becomes highly efficient, and generation of
heat in the rotor core 15 is reduced. Thus, the circuit compo-
nents are further prevented from being damaged by heat.
[0075] (8) The circuit case member 4 is formed of a flexible
plastic material. Since the circuit case member 4 absorbs
vibration of the stator case 3, the vibration is prevented from
being transmitted from the motor stator 6 to the circuit sub-
strate 23 via the circuit case member 4.

[0076] The above described embodiment may be modified
as follows.
[0077] Inthe above described embodiment, the stator case

3 includes the large cylinder portion 3a, the disk section 35,
and the stator case socket cylinder 3¢. The pump housing
spigot cylinder is fit in the stator case socket cylinder 3¢ in an
axially long range in the socket-and-spigot manner. However,
the shape and the configuration of parts may be modified as
long as the stator case is fit to the pump housing in the
socket-and-spigot manner.

[0078] For example, the present invention may be modified
as shown in FIG. 5. A stator case 31 is formed of a sheet metal,
and includes a large cylinder portion 31a and a stator case
socket disk 315, which extends radially inward from the first
end of the large cylinder portion 31a. The motor stator 6 is
fixed on the inner circumference of the large cylinder portion
31a. The pump housing spigot cylinder 1¢ is fitted to the inner
circumferential surface of the stator case socket disk 315 in
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the socket-and-spigot manner. Thus, since the stator case 31 is
formed of a sheet metal, the stator case 31 can be manufac-
tured at a low cost while having high rigidity as compared to
a stator case formed of plastic as a comparative example.
Also, the stator case 31 has a simple shape, and is manufac-
tured at lower costs as compared to the above-described
embodiment including the stator case socket cylinder 3c.
[0079] According to the above-described embodiment, the
axial lengths, that is, the thicknesses of the radially inward
part and the radially outward part of the rotor core 15 are
constant. However, the axial length of the rotor core at the
radially inward part, in which the rotary shaft 7 is press-fitted,
may be shorter than the axial length of the radially outward
part.

[0080] For example, the invention may be modified as
shown in FIG. 6(a). A far-side annular recess 415, which is far
from the pump housing 1, is formed in a rotor core 41 of this
example by reducing the axial length of a radially inward part
41a. The far-side annular recess 415 is located on the opposite
side (right side in the drawing) of the rotor core 41 from the
pump housing 1.

[0081] In this case, the weight of the rotor core 41 is
reduced. Thus, for example, the weight moment of part of the
rotating body close to the motor rotor 9 is reduced, and is
easily set to match with the weight moment of the part of the
rotating body close to the pump rotor 8. Also, the far-side
annular recess 415 is formed in part of the rotor core 41 on the
opposite side from the pump housing 1, that is, the right side
in the drawing, and at a position far from the shaft support
hole 1a. Thus, as compared to a case in which a near-side
annular recess is formed in the vicinity of only the pump
housing 1 as a comparative example, the weight moment of
part of the rotating body close to the motor rotor 9 is further
reduced. Thus, for example, it is possible to set the weight
moment of part of the rotating body close to the motor rotor 9
and the weight moment of part of the rotating body close to
the pump rotor 8 to easily match with each other.

[0082] The invention may be modified as shown in FIG.
6(b). In a rotor core 42 of this example, a near-side annular
recess 425 is formed at a part of the rotor core 42 close to the
pump housing 1. The near-side annular recess 424 is formed
by reducing the axial length of the radially inward part 42a of
the rotor core 42. At least part of the oil seal 11, in this
example, the entire oil seal 11 is arranged in the near-side
annular recess 42b.

[0083] In this case, the weight of the rotor core 42 is
reduced. Thus, for example, the weight moment of part of the
rotating body close to the motor rotor 9 is reduced, and is
easily set to match with the weight moment of part of the
rotating body close to the pump rotor 8. Also, at least part of
the oil seal 11, in this example, the entire oil seal 11 is
arranged in the near-side annular recess 425. Thus, the entire
axial length of the electric pump is reduced as compared to a
case in which the oil seal 11 is not arranged in the near-side
annular recess 426 as a comparative example such as the
manner in FIG. 1 and the manner in FIG. 6(a).

[0084] The invention may be modified as shown in FIG.
6(c). In a rotor core 43 of this example, a far-side annular
recess 43b, which is far from the pump housing 1, and a
near-side annular recess 43¢, which is close to the pump
housing 1, are both formed. That is, the axial length of a
radially inward part 43a of the rotor core 43 is reduced to form
the far-side annular recess 435 at a position of the rotor core
43 opposite from the pump housing 1, and the near-side
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annular recess 43¢ at a position of the rotor core 43 near the
pump housing 1. At least part of the oil seal 11, in this
example, half the oil seal 11 is arranged in the near-side
annular recess 43¢ that is near the pump housing 1. In this case
also, the advantages of the above modified embodiments are
obtained.

[0085] Intheabove-described embodiment, the diameter of
a socket-and-spigot fitting portion of the pump housing 1 and
the stator case 3, that is, the outer diameter of the pump
housing spigot cylinder is and the inner diameter of the stator
case socket cylinder 3¢ are set to be larger than the inner
diameter of the motor stator 6. However, the diameter of a
socket-and-spigot fitting portion may be set equal to the inner
diameter of the motor stator 6.

[0086] In the above-described embodiment, the pump
housing 1 and the stator case 3 are fastened by the through
bolts 12. The through bolts 12 extend from the first end of the
pump housing 1 to the second end of the stator case 3, which
are the axial ends located far from each other. Furthermore,
the through bolts 12 extend from the pump end plate 2 to the
heat sink cover 5, which are members on both sides of the
electric pump. However, the pump housing 1 may be fixed to
the stator case 3 by other structure.

[0087] In the above-described embodiment, the circuit
accommodating recess 5a includes the large recess 55 and the
small recess 5¢. However, for example, the circuit accommo-
dating recess may have a constant depth.

[0088] Intheabove-described embodiment, the dissipation
fins 54, which project in the axial direction, are formed on the
back surface of the small recess 5c¢ of the heat sink cover 5.
However, for example, the heat sink cover does not necessar-
ily have to include the dissipation fins 54, or the dissipation
fins may be formed on the back surface of the large recess 54.

[0089] Intheabove-described embodiment, the power tran-
sistor 22 is accommodated in the small recess 5¢. However,
the structure does not need to accommodate the power tran-
sistor 22. Also, in the above-described embodiment, the
power transistor 22 contacts the bottom surface of the small
recess Sc via the silicone rubber 24. However, for example,
the structure does not necessarily have to include the silicone
rubber 24. In this case, the power transistor 22 does not
contact the bottom surface of the small recess 5c¢.

[0090] In the above described embodiment, the circuit case
member 4 includes the guiding and retaining grooves 4g. The
stator case 3 and the circuit case member 4 include the clinch
pieces 3e and the clinch receiving portions 4e, which serve as
the retaining structure that prevents movement relative to
each other. However, the structure does not necessarily have
to include the guiding and retaining grooves 4g and the retain-
ing structure, which includes the clinch pieces 3e and the
clinch receiving portions 4e. Also, the guiding and retaining
portions of the above described embodiment are not limited to
the guiding and retaining grooves 4g as long as the guiding
and retaining portions retain the coil connecting ends 6c and
guide the coil connecting ends 6¢ toward the circuit accom-
modating recess 5a. For example, the guiding and retaining
portion may be changed to a guiding and retaining hole that
extends through the inwardly extending portion 4f1in the axial
direction.

[0091] In the above described embodiment, the rotor core
15 is a laminated core formed by laminating core sheets.
However, for example, the rotor core 15 may be changed to a
rotor core formed of a sintered metal.
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[0092] Inthe above described embodiment, the motor rotor
9 is a consequent pole rotor. However, the motor rotor 9 may
be changed to other types of rotors.

[0093] In the above described embodiment, the rotating
body including the rotary shaft 7, the pump rotor 8, and the
motor rotor 9 is set such that the weight moment of a part close
to the pump rotor 8 from the axial center of the shaft support
hole 1a matches with the weight moment of a part close to the
motor rotor 9 from the axial center of the shaft support hole
1a. However, it is not necessary to set as described above.
[0094] Inthe above described embodiment, the axial center
of the motor stator 6 is provided to be located closer to the
second end of the motor rotor 9 than the axial center of the
motor rotor 9. That is, the axial center of the motor stator 6 is
located at a position displaced in a direction to separate from
the pump chamber P. However, the axial center of the motor
stator 6 may be located near the first end, that is, at a position
displaced toward the pump chamber P.

[0095] Inthe above described embodiment, the axial center
of the motor stator 6 is located at a position displaced in the
axial direction from the axial center of the motor rotor 9.
However, the motor stator 6 and the motor rotor 9 may be
provided such that the axial centers of the motor stator 6 and
the motor rotor 9 match with each other.

[0096] Inthe above described embodiment, the motor rotor
9 is a flat rotor that has a diameter larger than the axial length.
However, the motor rotor 9 may be changed to a rotor that has
an axial length greater than the diameter.

[0097] Inthe above described embodiment, the pump oper-
ating portion, which is the pump rotor 8, is of an internal gear
type. However, the pump operating portion may be changed
to other pump rotor as long as it draws in and discharges fluid.

[0098] Inthe above described embodiment, the circuit sub-
strate 23 may be fixed to the circuit case member 4 by thermal
staking. With this structure, the circuit case member 4 and the
circuit substrate 23 are fixed to each other without using a
fixing member such as bolts. As a result, the structure is
simplified.

[0099] A second embodiment of the present invention will
now be described with reference to FIGS. 7 to 11.

[0100] Inan electric pump according to the second embodi-
ment, mainly the circuit case member differs from the first
embodiment, and the fixing configuration of the circuit sub-
strate is also different. Thus, hereinafter, like or the same
reference numerals are given to those components that are
like or the same as the corresponding components of the first
embodiment and detailed explanations are omitted.

[0101] As shown in FIG. 7, a motor case of the electric
pump according to the second embodiment, which is a stator
case 50, is formed of, for example, an iron or steel cylindrical
member. The stator case 50 accommodates a motor section
(the motor stator 6 and the motor rotor 9). The pump housing
1, which is identical to that of the first embodiment, is fixed to
the first end of the stator case 50 in the axial direction. An
open end 50a is located at the second end of the stator case 50
on the opposite side from the pump housing 1, and a circuit
case member 51, which closes the open end 504, is mounted
on the open end 50q. The stator case 50 has a large diameter
portion 505, which has a diameter larger than the axially
middle part of the stator case 50. The large diameter portion
505 extends from the open end 50a toward the first end of the
stator case 50 along a predetermined length in the axial direc-
tion.
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[0102] The circuit case member 51 is formed of a flexible
plastic material, and has a circular shape that is coaxial with
the stator case 50 as viewed in the axial direction as shown in
FIG. 8. Engaging pieces 515, which project radially outward,
are provided on an outer circumferential wall 51a of the
circuit case member 51 in the circumferential direction (four
in the second embodiment). Each of the engaging pieces 515
are engaged with corresponding one of engaging projections
50c¢ provided on the outer circumferential surface of the large
diameter portion 505 so that the circuit case member 51 is
fixed to the large diameter portion 505. A seal ring 51c¢ (see
FIG. 7) is arranged between the open end 50a of the stator
case 50 and the circuit case member 51 to ensure the sealing
performance between the open end 50a of the stator case 50
and the circuit case member 51.

[0103] A circuit substrate 60 is fixed to the circuit case
member 51 to be located at part of the circuit case member 51
close to the stator case 50. Various circuit components such as
capacitors 61, a noise eliminating element, which is a coil 62,
power transistors 63, and a control IC 64 are mounted on the
circuit substrate 60.

[0104] More specifically, substrate fixing portions 52 (four
in the second embodiment), which bulge radially inward from
the outer circumferential wall 51a and extend in the axial
direction, are formed on the circuit case member 51 as shown
in FIG. 9. Each substrate fixing portion 52 has a contact
surface 52a, which contacts the circuit substrate 60, and the
contact surfaces 52a are formed to be located on the same
plane orthogonal to the axis of the rotary shaft 7.

[0105] A projection 525, which projects in the axial direc-
tion, is formed on each contact surface 524. In a state in which
the projections 524 are inserted in the circuit substrate 60 and
the contact surfaces 52a contact the circuit substrate 60, the
projections 525 are melted by heat so that the circuit substrate
60 is thermally crimped to the contact surfaces 52a.

[0106] The circuit substrate 60 is fixed to be orthogonal to
the axis of the rotary shaft 7 by contacting the contact surfaces
52a (see FIG. 7). Also, the circuit substrate 60 has a circular
shape as viewed in the axial direction, and is fixed such that
the center of the circuit substrate 60 matches with the center
of the circuit case member 51, that is, the axis of the stator
case 50. As shown in FIG. 8, the circuit substrate 60 has a
smaller diameter than an inner circumferential surface 504 of
the large diameter portion 505 of the stator case 50. The
circuit substrate 60 is fixed to the substrate fixing portions 52
ata position axially inward than the open end 50q of the stator
case 50. That is, the circuit substrate 60 is located inside the
large diameter portion 505 of the stator case 50.

[0107] As shown in FIGS. 7 and 10, an accommodating
recess 53 is formed in the circuit case member 51, and the
accommodating recess 53 accommodates the capacitors 61
and the coil 62, which are mounted on a second substrate
surface 60a of the circuit substrate 60. The second substrate
surface 60a is a plate surface of the circuit substrate 60 on the
opposite side from the motor section. A first substrate surface
605 is a plate surface of the circuit substrate 60 facing the
motor section.

[0108] AsshowninFIG. 8, the accommodating recess 53 is
formed in a range slightly larger than the semicircle that is
half the outer shape of the circuit case member 51, which has
a circular shape as viewed in the axial direction. A heat sink
mounting portion 55 is formed at part of the circuit case
member 51 other than the accommodating recess 53. A heat
sink 54 made of metal (for example, aluminum) is mounted
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on the heat sink mounting portion 55. As shown in FIG. 10, a
bottom wall 53a (ceiling in FIG. 10) of the accommodating
recess 53 and the heat sink mounting portion 55 has different
axial height. The accommodating recess 53 is more deeply
recessed in a direction away from the circuit substrate 60 as
compared to the heat sink mounting portion 55. That is, the
circuit case member 51 has a step formed by the accommo-
dating recess 53 and the heat sink mounting portion 55.
[0109] As shown in FIG. 8, a vent 56 for adjusting the
pressure in the electric pump is provided on the bottom wall
53a (axial end surface) of the accommodating recess 53. The
vent 56 is provided corresponding to the axial center (radial
center) of the circuit case member 51, and a projection 535,
which projects toward the heat sink mounting portion 55 as to
bulge in the radial direction, is formed at part of the accom-
modating recess 53 corresponding to the vent 56. The heat
sink 54 is a recess formed along the projection 535 as viewed
in the axial direction.

[0110] As shown in FIGS. 8 and 10, the accommodating
recess 53 is a section that accommodates components that are
relatively tall (tall-height components) among the circuit
components mounted on the second substrate surface 60a of
the circuit substrate 60. In the second embodiment, the three
capacitors 61 and the coil 62 are tall-height components, and
are arranged on a region of the second substrate surface 60a of
the circuit substrate 60 corresponding to the accommodating
recess 53.

[0111] As shown in FIG. 11, a semi-arcuate through hole
57, which extends in the axial direction of the rotary shaft 7,
is formed in the heat sink mounting portion 55. The heat sink
54 is fixed to the heat sink mounting portion 55 to close the
through hole 57. More specifically, the heat sink 54 has a
fitting portion 54a (see F1G. 10), which is fitted in the through
hole 57. The fitting portion 54a closes the through hole 57.
Also, the fitting portion 54a extends inside the heat sink
mounting portion 55 and is exposed toward the stator case 50
by being fitted in the through hole 57. That is, the fitting
portion 54a of the heat sink 54 is in the vicinity of the second
substrate surface 60a of the circuit substrate 60.

[0112] In this manner, the circuit case member 51 of the
second embodiment covers the open end 504a of the stator case
50 with the accommodating recess 53 and the heat sink
mounting portion 55. Since the through hole 57 formed in the
heat sink mounting portion 55 is closed by the heat sink 54,
the open end 504 of the stator case 50 is sealed.

[0113] As shown in FIG. 10, the heat sink 54 mounted on
the heat sink mounting portion 55 is arranged side-by-side
with the accommodating recess 53 in a direction orthogonal
to the rotary shaft 7. Dissipation fins 545, which project
axially outward (opposite to a fitting portion), are formed on
the heat sink 54. The dissipation fins 545 project in a range
that the dissipation fins 545 do not project more than the
bottom wall 53a of the accommodating recess 53 in the axial
direction. Thus, while preventing the entire axial length ofthe
electric pump from being increased by the dissipation fins
54b, the dissipation fins 545 improve the dissipation perfor-
mance of the heat sink 54.

[0114] Also, as shown in FIG. 8, the heat sink 54 is pro-
vided inward than the outer shape of the circuit case member
51, or the outer circumferential surface as viewed in the axial
direction. That is, the heat sink 54 is smaller as compared to
the circuit case member 51, and forms a part of the circuit case
member 51. The area of the heat sink 54 as viewed in the axial
direction is smaller than the circuit substrate 60.
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[0115] As shown in FIG. 11, introduction bores 60c¢ are
formed through the circuit substrate 60 in the axial direction
of the rotary shaft 7. The axes of the introduction bores 60c¢
(lines along the extending direction) are parallel to the axis of
the rotary shaft 7, and the axes of the introduction bores 60c
pass through the through hole 57 of the circuit case member
51. That is, the introduction bores 60c¢ are formed within a
projected range of the through hole 57 in the axial direction.
The coil connecting ends 6¢ drawn out from the coil 65 of the
motor stator 6 are inserted in the introduction bores 60c, and
the coil connecting ends 6¢ are electrically connected to the
circuit substrate 60 by soldering. While connecting the coil
connecting ends 6c¢, the through hole 57 serves as an opera-
tion window in a state in which the heat sink 54 is not
mounted. Thus, the connection between the introduction
bores 60c and the coil connecting ends 6c can be visually
checked via the through hole 57.

[0116] As shown in FIG. 9, the power transistors 63 (six in
this embodiment) and the control IC 64 are mounted on the
first substrate surface 605 of the circuit substrate 60 (the back
of'the second substrate surface 60a). The power transistors 63
and the control IC 64 are small-height circuit components as
compared to the capacitors 61 and the coil 62 accommodated
in the accommodating recess 53. The small-height circuit
components are concentrated on the first substrate surface
60b.

[0117] The power transistors 63 perform switching control
of current supplied to the coil 65 of the motor stator 6, and are
circuit components that tend to generate heat. In the second
embodiment, at least some of the power transistors 63 are
arranged within the projected range of the heat sink 54 in the
axial direction. Thus, the power transistors 63 are arranged in
the vicinity of the heat sink 54, and heat generated in the
power transistors 63 are efficiently dissipated.

[0118] The operation of the second embodiment will now
be described.
[0119] The stator case 50 is formed of metal, and the plastic

circuit case member 51 is fixed to the open end 50a of the
stator case 50 on the opposite side from the metal pump
housing 1. Thus, heat generated at the motor section (the
motor rotor 9 and the motor stator 6) is reliably dissipated
from the stator case 50 and the pump housing 1. The circuit
substrate 60 is fixed to the circuit case member 51, and is
separated from the stator case 50. Thus, heat of the motor
section is not easily transferred directly from the stator case
50 to the circuit substrate 60. Also, since the circuit case
member 51 is formed of plastic, heat of the stator case 50 is
not easily transferred to the circuit substrate 60 via the circuit
case member 51. Thus, while facilitating dissipation of heat
of the motor section from the stator case 50 and the pump
housing 1, heat is prevented from being transferred to the
circuit substrate 60. As a result, the circuit components are
prevented from being damaged by heat. Also, vibration gen-
erated at the pump rotor 8 and the motor section is prevented
from being directly transmitted from the stator case 50 to the
circuit substrate 60. As a result, the circuit substrate 60 and the
circuit components are prevented from being damaged by
vibration.

[0120] Also, the circuit case member 51 is fixed to the open
end 504 of the stator case 50, and the heat sink 54 is provided
to form a part of the circuit case member 51. That is, since the
plastic circuit case member 51 is arranged between the stator
case 50 and the heat sink 54, heat generated at the motor
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section is easily transferred to the metal pump housing 1 and
is hindered from being transferred to the heat sink 54.

[0121] Also, the circuit substrate 60 fixed to the circuit case
member 51 is configured to be located inside the large diam-
eter portion 505 of the stator case 50. If a structure in which
the circuit substrate 60 is arranged in the circuit case member
51 unlike the second embodiment is considered as a compara-
tive example, the size of the circuit case member 51 is
increased in the axial direction. Furthermore, in the structure
in which the circuit substrate 60 is arranged in the circuit case
member 51, the axial length of the stator case 3 may be
reduced to prevent the entire length or the axial length of the
electric pump from being changed, that is, to prevent the
entire length of the electric pump from being increased. That
is, the ratio of the stator case 3 with respect to the entire length
of the electric pump may be reduced. However, if the axial
length of the stator case 3 is reduced, dissipating performance
of'the stator case 3 that dissipates heat of the motor section is
reduced. In this respect, the second embodiment prevents the
entire length of the electric pump from being increased since
the circuit substrate 60 is arranged inside the stator case 50,
without reducing the axial length of the stator case 3, that is,
without reducing the ratio of the stator case 3 with respect to
the entire length of the electric pump. That is, the second
embodiment prevents the entire length of the electric pump
from being increased while ensuring the axial length of the
stator case 50 required to reliably dissipate the heat.

[0122] The second embodiment has the following advan-
tages.
[0123] (9) The plastic circuit case member 51 is fixed to the

open end 50qa of the stator case 50. The circuit components for
controlling activation of the motor section (the motor rotor 9
and the motor stator 6) are mounted on the circuit substrate
60. The circuit substrate 60 is fixed to the circuit case member
51 and is separate from the stator case 50. With this structure,
heat generated at the motor section is reliably dissipated from
the metal stator case 50 and the pump housing 1 located on the
opposite side from the circuit case member 51. Also, since the
circuit substrate 60 fixed to the circuit case member 51 is
separate from the stator case 50, heat of the motor section is
not easily transferred from the stator case 50 directly to the
circuit substrate 60. Also, since the circuit case member 51 is
formed of plastic, heat of the stator case 50 is not easily
transferred to the circuit substrate 60 via the circuit case
member 51. Thus, heat is prevented from being transferred to
the circuit substrate 60 while facilitating dissipation of heat of
the motor section from the stator case 50 and the pump hous-
ing 1. As a result, the circuit components are prevented from
being damaged by heat. Also, vibration generated at the pump
rotor 8 and the motor section is prevented from being directly
transmitted from the stator case 50 to the circuit substrate 60.
As aresult, the circuit substrate 60 and the circuit components
are prevented from being damaged by vibration.

[0124] (10) The electric pump includes the metal heat sink
54 for dissipating heat of the circuit components. The circuit
case member 51 is located between the heat sink 54 and the
stator case 50. With this structure, since the plastic circuit case
member 51 is located between the stator case 50 and the heat
sink 54, heat generated at the motor section is easily trans-
ferred to the metal pump housing 1 and is prevented from
being transmitted to the heat sink 54. Thus, the heat sink 54 is
allowed to dedicate to dissipating heat generated at the circuit
components. Thus, heat of the circuit components is reliably
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dissipated from the heat sink 54. As a result, the circuit com-
ponents are prevented from being damaged by heat.

[0125] (11) The circuit substrate 60 is configured to be
located inside the large diameter portion 505 of the stator case
50. Thus, the entire length of the electric pump is prevented
from being increased, and the size of the electric pump in the
axial direction is prevented from being increased while ensur-
ing the axial length of the stator case 50 required for reliably
dissipating the heat.

[0126] (12) The circuit case member 51 retains the circuit
substrate 60 such that the circuit substrate 60 is located in the
vicinity of the stator case 50. Furthermore, the circuit case
member 51 includes the through hole 57, which extends in the
axial direction of the rotary shaft 7. The heat sink 54 is
provided to close the through hole 57. With this configuration,
the heat sink 54, which closes the through hole 57 of the
circuit case member 51, is exposed in the vicinity of the stator
case 50, near which the circuit substrate 60 is retained. Thus,
heat generated at the circuit components is efficiently trans-
ferred to the heat sink 54. As a result, heat of the circuit
components is efficiently dissipated.

[0127] (13) The heat sink 54 is located inward than the
outer shape of the circuit case member 51 as viewed in the
axial direction of the rotary shaft 7. Thus, the size of the heat
sink 54, which is made of metal that has a higher specific
gravity as compared to plastic, is reduced. Therefore, load
such as imposed load that the heat sink 54 applies to the
plastic circuit case member 51 is efficiently reduced. Also,
since the circuit case member 51 is formed of plastic, dete-
rioration by heat from the motor case is concerned. Thus,
reducing the imposed load of the heat sink 54 on the circuit
case member 51 is effective in terms of reducing deterioration
of the circuit case member 51.

[0128] (14) The introduction bores 60c¢ are formed in the
circuit substrate 60, and are connected to the connecting
portions drawn out from the coil 65 of the motor stator 6,
which are the coil connecting ends 6¢. The axes of the intro-
duction bores 60c¢ are configured to extend through the
through hole 57 of the circuit case member 51. With this
configuration, in the state in which the heat sink 54 is not
mounted on the through hole 57 of the circuit case member
51, the connection between the introduction bores 60c¢ of the
circuit substrate 60 and the coil connecting ends 6¢ can be
visually checked via the through hole 57 of the circuit case
member 51. As a result, operability is improved.

[0129] (15) The circuit case member 51 includes the
accommodating recess 53. The accommodating recess 53 is
recessed in a direction away from the circuit substrate 60 to
accommodate the circuit components, which include tall-
height components such as the capacitors 61 and the coil 62.
The heat sink 54 is arranged side-by-side with the accommo-
dating recess 53 in a direction orthogonal to the rotary shaft 7.
Thus, the size of the circuit case member 51 is prevented from
being increased in the axial direction by providing the heat
sink 54. This contributes to size reduction of the electric pump
in the axial direction.

[0130] (16) The circuit case member 51 is formed of a
flexible plastic material. Thus, the circuit case member 51
having flexibility absorbs vibration of the stator case 50.
Thus, vibration is prevented from being transmitted from the
motor stator 6 to the circuit substrate 60 via the circuit case
member 51.

[0131] (17) The circuit substrate 60 is fixed to the circuit
case member 51 by thermal staking. Thus, the circuit case
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member 51 and the circuit substrate 60 are fixed without using
fasteners such as bolts. As a result, the structure is simplified.

[0132] Theabove described embodiments may be modified
as follows.
[0133] According to the second embodiment, the circuit

substrate 60 is fixed to the circuit case member 51 by thermal
staking. However, the circuit substrate 60 may be fixed to the
circuit case member 51 by bolts or an adhesive.

[0134] According to the second embodiment, the accom-
modating recess 53 and the heat sink 54 are arranged in
proximity in the direction orthogonal to the rotary shaft 7 in
the circuit case member 51. However, besides this, for
example, the heat sink 54 may be located axially outward than
the bottom wall 53a of the accommodating recess 53, that is,
on the opposite side from the stator case 50.

[0135] According to the second embodiment, the circuit
substrate 60 is arranged inside the large diameter portion 505
of'the stator case 50. However, besides this, for example, the
circuit substrate 60 may be arranged inside the circuit case
member 51.

[0136] Types of the circuit components mounted on the
circuit substrate 60 are not limited to the above-mentioned
second embodiment, but may be modified as required in
accordance with the configuration.

[0137] In each of the above embodiments, the electric
pump is for circulating the vehicle oil. However, the electric
pump may be used in other applications.

DESCRIPTION OF THE REFERENCE
NUMERALS

[0138] 1...pump housing, 1a ... shaft support hole, 15 .
. . pump chamber recess (pump chamber component), 3, 31,
50 . . . stator case (motor case), 3e . . . clinch pieces config-
uring part of retaining structure, 4, 51 . . . circuit case member,
4e . . . clinch receiving portions configuring part of retaining
structure. 4g . . . guiding and retaining grooves (guiding and
retaining portions), 5 . . . heat sink cover, Sa . . . circuit
accommodating recess, 56 . . . large recess, 5¢ . . . small
recess, 5d, 54b . . . dissipation fins, 6 . . . motor stator, 6¢ . . .
coil connecting ends (connecting portions), 7 . . . rotary shaft,
8 ... pump rotor (pump operating portion), 9 . . . motor rotor,
21, 61 . . . capacitors (circuit components), 22, 63 . . . power
transistors (circuit components), 23, 60 . . . circuit substrate,
24 . .. silicone rubber (elastic member), 53 . . . accommodat-
ing recess, 54 . . . heat sink, 57 . . . through hole, 60c . . .
introduction bores, 62 . . . coil (circuit component), 64 . . .
control IC (circuit component), P . . . pump chamber.

1. An electric pump, comprising:

a metal pump housing including a shaft support hole for
rotationally supporting a middle part of a rotary shaft
and a pump chamber component, wherein the rotary
shaft includes a first end on which a pump operating
portion is provided and a second end on which a motor
rotor is provided, and the pump chamber component is
configured to define a part of the pump chamber on one
end of the shaft support hole;

ametal motor case fixed to the pump housing at a side of the
second end, wherein the motor case is configured to
accommodate a motor section including a motor stator
and a motor rotor inside the motor case;

a plastic circuit case member fixed to a part of the motor
case that is opposite to the part to which the pump
housing is fixed; and
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a circuit substrate containing a circuit component for con-

trolling activation of the motor section,

wherein the circuit substrate is fixed to the circuit case

member and is separate from the motor case.

2. The electric pump according to claim 1, wherein the
circuit substrate is located inside the motor case.

3. The electric pump according to claim 1, wherein

the electric pump further includes a metal heat sink for

dissipating heat of the circuit component, and

the circuit case member is arranged between the heat sink

and the motor case.

4. The electric pump according to claim 3, wherein

the circuit case member retains the circuit substrate in the

vicinity of the motor case,

the circuit case member further includes a through hole,

which extends in the axial direction of the rotary shaft,
and

the heat sink is provided on the circuit case member to

close the through hole.

5. The electric pump according to claim 4, wherein the heat
sink is located inward of the outer shape of the circuit case
member as viewed in the axial direction of the rotary shaft.

6. The electric pump according to claim 4, wherein

the motor stator includes a connecting portion,

the circuit substrate includes an introduction bore con-

nected to the connecting portion of the motor stator, and
the axis of the introduction bore extends through the
through hole of the circuit case member.

7. The electric pump according to claim 4, wherein

the circuit case member includes an accommodating recess

that recesses in a direction away from the circuit sub-
strate to accommodate the circuit component, and

the heat sink is arranged side-by-side with the accommo-

dating recess in a direction orthogonal to the rotary shaft.

8. The electric pump according to claim 3, wherein

the heat sink is a heat sink cover, and the heat sink cover and

the motor case are fixed to sandwich the circuit case
member, and

apart of the heat sink cover close to the motor case includes

a circuit accommodating recess for accommodating the
circuit component.
9. The electric pump according to claim 8, wherein
the electric component includes a large circuit component
and a small circuit component, and the large circuit
component is larger than the small circuit component,

the circuit accommodating recess includes a large recess,
which is deep in the axial direction of the rotary shaft to
be able to accommodate the large circuit component,
and a small recess, which is shallow in the axial direction
to be able to accommodate the small circuit component,
and

a dissipation fin is formed on the back surface of the heat

sink cover that corresponds to the small recess, the dis-
sipation fin projecting in the axial direction.

Jul. 25,2013

10. The electric pump according to claim 9, wherein

the small circuit component includes a power transistor for
controlling the motor stator,

the motor stator is a stator of a brushless motor, and

the small recess accommodates the power transistor.

11. The electric pump according to claim 10, wherein the
power transistor is mounted on the circuit substrate, and the
power transistor contacts a bottom surface of the small recess
via an elastic member.

12. The electric pump according to claim 8, wherein

the motor stator includes a coil connecting end,

the circuit case member includes a guiding and retaining
portion for retaining the coil connecting end and guiding
the coil connecting end toward the circuit accommodat-
ing recess, and

the motor case and the circuit case member have aretaining
structure that prevents movement of the motor case and
the circuit case member relative to each other.

13. The electric pump according to claim 1, wherein the

circuit case member is formed of a flexible plastic material.

14. The electric pump according to claim 13, wherein the
circuit substrate is fixed to the circuit case member by thermal
staking.

15. The electric pump according to claim 1, wherein a rotor
core of the motor rotor is a laminated core formed by lami-
nating core sheets.

16. An electric pump, comprising:

a metal pump housing including a shaft support hole for
rotationally supporting a middle part of a rotary shaft
and a pump chamber component, wherein the rotary
shaft includes a first end on which a pump operating
portion is provided and a second end on which a motor
rotor is provided, and the pump chamber component is
configured to define a part of the pump chamber on one
end of the shaft support hole;

ametal stator case fixed to the pump housing at a side of the
second end, wherein the stator case accommodates and
fixes a motor stator, and the motor rotor is accommo-
dated inside the motor stator;

a plastic circuit case member fixed to a part of the motor
case that is opposite to the part to which the pump
housing is fixed; and

a metal heat sink cover, wherein the heat sink cover and the
stator case are fixed to sandwich the circuit case mem-
ber, and a part of the heat sink cover that is close to the
stator case includes a circuit accommodating recess for
accommodating a circuit component.

17. The electric pump according to claim 16, wherein the

rotor core of the motor rotor is a laminated core formed by
laminating core sheets.
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