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(54) ELECTRIC DRIVE APPARATUS

(57) Provided is an electric drive apparatus in which
a detected portion (10) of a rotation angle sensor is dis-
posed at an end of a shaft (7) of a motor, and a sensor
portion (300) as a detection portion of the rotation angle
sensor is disposed coaxially with the rotating axis of the
shaft. In a control unit (200), an inverter circuit portion
with a drive element (SW) for driving the motor, and a

control substrate (17) which is separate from the sensor
portion and controls the output of the inverter circuit por-
tion are disposed. The sensor portion and the control
substrate are electrically connected, with the control sub-
strate disposed along a plane perpendicular to the rotat-
ing axis of the shaft.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an electric drive
apparatus in which a motor and a control unit (drive de-
vice portion) that controls driving of the motor are inte-
grally configured and, more particularly, relates to an
electric drive apparatus suitable for use in an electric
power steering apparatus for a vehicle.

BACKGROUND ART

[0002] The structure of an electric drive apparatus for
an electric power steering apparatus has been heretofore
devised and, for example, the following patent docu-
ments are known as the arrangement and structure of a
rotation angle sensor.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0003] Patent Document 1: Japanese Unexamined
Patent Publication No. 2011-41355
Patent Document 2: Japanese Unexamined Patent Pub-
lication No. 2011-229228

SUMMARY OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] However, in the structure of Patent Document
1, a shaft inserts through a circuit portion; and thus, the
distance from a bearing to a permanent magnet is long
and accordingly runout of the permanent magnet tends
to be increased. If the runout is large, a magnetic field of
a semiconductor magnetic sensor portion comes off from
a desired state; and accordingly, the detection accuracy
of a rotation angle is deteriorated and an angle error is
increased. As a result, a problem exists in that vibration
and/or noise of the motor is increased. Furthermore, a
problem exists in that, in the structure of Patent Docu-
ment 2, a rotation angle sensor is susceptible to noise
from an inverter circuit portion and noise from a control
substrate of a power module or the like.
[0005] Besides, a problem exists in that, in both Patent
Document 1 and Patent Document 2, a sensor is mount-
ed on a control substrate and accordingly the mounting
area of the control substrate is reduced by just that much.
[0006] The present invention has been made to solve
the above described problem, and an object of the
present invention is to provide an electric drive apparatus
in which runout of a shaft is reduced, the detection ac-
curacy of a rotation angle is improved, and in addition,
noise interference from an inverter circuit and a control
substrate is reduced.

MEANS FOR SOLVING THE PROBLEMS

[0007] According to the present invention, there is pro-
vided an electric drive apparatus equipped with a motor
and a control unit serving as a drive device portion dis-
posed on the opposite side to the output axis side of the
motor, the electric drive apparatus including: a detected
portion of a rotation angle sensor, the detected portion
being disposed at an end of a shaft on the opposite side
to the output axis side of the motor; and a sensor portion
serving as a detection portion of the rotation angle sen-
sor, the sensor portion being disposed at a position co-
axially with the rotating axis of the shaft. The control unit
includes an inverter circuit portion having a drive element
which is attached to a heat sink and is for driving the
motor and a control substrate which is separate from the
sensor portion and controls the output of the inverter cir-
cuit portion; and the sensor portion and the control sub-
strate are electrically connected and the arrangement of
the control substrate is disposed along a plane perpen-
dicular to the rotating axis of the shaft of the motor.

ADVANTAGEOUS EFFECT OF THE INVENTION

[0008] According to the electric drive apparatus of the
present invention, the control substrate and the sensor
portion of a rotation angle are separately configured,
whereby the mounting area of the control substrate can
be enlarged. Furthermore, the distance between a bear-
ing and a permanent magnet serving as the detected
portion of the rotation angle sensor, the detected portion
being disposed at the shaft end, is reduced, whereby
runout is reduced; and as a result, there can be obtained
effects that the detection accuracy of the rotation angle
is improved and vibration and/or noise of the motor can
be reduced.
[0009] Besides, noise interference from the inverter
circuit and the control substrate to the rotation angle sen-
sor can be reduced and the arrangement of the control
substrate is disposed along the plane perpendicular to
the rotating axis of the motor, whereby there exists an
effect that the axial length of an electronic control unit
(ECU) serving as the control unit can be shortened as
compared with arrangement (vertical arrangement)
where the control substrate is disposed along a flat plane
parallel to the rotating axis.
[0010] The foregoing and other objects, features, and
advantageous effects of the present invention will be-
come more apparent from detailed description in the fol-
lowing embodiments and description in the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011]

FIG. 1 is a schematic configuration view showing the
whole configuration of an electric drive apparatus
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according to Embodiment 1 of the present invention;
FIG. 2 is an explanation view of constituent compo-
nents in which respective components of the electric
drive apparatus of FIG. 1 are axially lined up;
FIGS. 3 are each an explanation view of a sensor
portion disposed in the electric drive apparatus of
Embodiment 1 of the present invention;
FIG. 4 is an explanation view showing an example
of a permanent magnet for a sensor, which is dis-
posed in the electric drive apparatus of Embodiment
1 of the present invention;
FIG. 5 is an explanation view showing other example
of the permanent magnet for the sensor, which is
disposed in the electric drive apparatus of Embodi-
ment 1 of the present invention;
FIG. 6 is an explanation view of an electric power
steering apparatus to which an electric drive appa-
ratus of the present invention is applied;
FIGS. 7 are each an explanation view of a sensor
portion according to Embodiment 2 of the present
invention;
FIG. 8 is a schematic configuration view showing the
whole configuration of an electric drive apparatus
according to Embodiment 2 of the present invention;
FIG. 9 is a schematic configuration view showing the
whole configuration of an electric drive apparatus
according to Embodiment 3 of the present invention;
FIG. 10 is an explanation view of constituent com-
ponents in which respective components of the elec-
tric drive apparatus of FIG. 9 are axially lined up;
FIG. 11 is a schematic configuration view showing
the whole configuration of an electric drive apparatus
according to Embodiment 4 of the present invention;
FIG. 12 is a modified example of Embodiment 4 of
the present invention and is a schematic configura-
tion view showing the whole configuration of an elec-
tric drive apparatus on which two magnetic sensors
are mounted;
FIG. 13 is a schematic configuration view showing
the whole configuration of an electric drive apparatus
according to Embodiment 5 of the present invention;
FIG. 14 is a schematic configuration view showing
the whole configuration of an electric drive apparatus
according to Embodiment 6 of the present invention;
and
FIGS. 15 are each an explanation view of a resolver
disposed in the electric drive apparatus of Embodi-
ment 6 of the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0012] Hereinafter, embodiments of an electric drive
apparatus of the present invention will be described by
using drawings. Incidentally, the same reference numer-
als as those shown in the respective drawings represent
the same or corresponding elements.

EMBODIMENT 1.

[0013] FIG. 1 is a schematic configuration view show-
ing the whole configuration of an electric drive apparatus
according to Embodiment 1 of the present invention.
[0014] In FIG. 1, the electric drive apparatus is struc-
tured such that a permanent magnet type motor 100 and
an electronic control unit (ECU) serving as a control unit
are integrated.
[0015] First, the permanent magnet type motor 100 will
be described.
[0016] The permanent magnet type motor (hereinafter,
merely referred to as a "motor") 100 has a stator core 1
formed by laminating magnetic steel sheets, an armature
winding 2 wounded around the stator core 1, and a frame
3 that fixes the stator core 1. The frame 3 is fixed to a
housing 4 disposed on a front portion of the motor by
bolts 6. A bearing 5A is disposed on the housing 4 and
the bearing 5A rotatably supports a shaft 7 together with
a bearing 5B. The bearing 5B is supported by a wall por-
tion 8 that is disposed integrally with or separately from
the frame 3.
[0017] A pulley 9 is press-fitted at one tip end of the
shaft 7, that is, on the output axis side; and the pulley 9
is operable to transfer driving force to a belt of an electric
power steering apparatus to be described later.
[0018] A permanent magnet for a sensor 10, serving
as a detected portion of a rotation angle sensor, is dis-
posed at the other tip end of the shaft 7. A rotor core 11
is press-fitted onto the shaft 7 and a permanent magnet
12 is fixed to the rotor core 11. Incidentally, FIG. 1 shows
an example in which the permanent magnet 12 is fixed
to the surface of the rotor core 11; however, the perma-
nent magnet 12 may be structured to be embedded in
the rotor core 11.
[0019] Next, an electronic control unit (ECU) 200 serv-
ing as the control unit will be described.
[0020] The ECU 200 is provided with a first connector
13 that receives a signal from a torque sensor, a second
connector 14 that receives automobile information such
as vehicle speed, and a power source connector 15 for
supplying power source. Further, the ECU 200 includes
an inverter circuit which is for driving the motor; and the
inverter circuit has a switching element SW such as a
metal oxide semiconductor field effect transistor (MOS-
FET). As the switching element SW, there is conceivable,
for example, a configuration in which a bare chip is
mounted on a direct bonded copper (DBC) substrate and
a configuration in which a bare chip is a module molded
with resin.
[0021] Current for driving the motor flows in the switch-
ing element SW, thereby generating heat. Consequently,
the switching element SW is structured to dissipate the
heat by being brought into contact with a heat sink 16 via
adhesive, an insulation sheet, or the like.
[0022] The inverter circuit includes a smoothing capac-
itor, a coil for eliminating noise, a power source relay,
busbars for electrically connecting those components,
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and the like, in addition to the switching element SW;
however, such components are omitted in FIG. 1. The
busbars are integrally formed with resin to form an inter-
mediate member 23. Furthermore, a control substrate 17
is disposed next to the intermediate member 23. The
control substrate 17 sends a control signal to the switch-
ing element SW for adequately driving the motor on the
basis of the information received from the first connector
13 and the second connector 14.
[0023] The control signal is transmitted by a connection
member (not shown in the drawing) which electrically
connects between the control substrate 17 and the
switching element SW. The connection member is fixed
by wire-bonding, press-fitting, soldering, or the like. The
inverter circuit and the control substrate 17 are covered
by a case 18. The case 18 may be made of resin; or even
in the case of metal such as aluminum, the case 18 may
be configured such that resin and metal such as alumi-
num are combined.
[0024] The arrangement of the control substrate 17 is
disposed along a plane perpendicular to the rotating axis
of the shaft 7 of the motor. The control substrate 17 is
configured to be disposed in this arrangement; and thus,
there exists an effect that the axial length of the ECU 200
can be shortened as compared with a case (vertical ar-
rangement) where the control substrate 17 is disposed
along a flat plane parallel to the rotating axis of the shaft
7. Incidentally, even if the control substrate 17 is not nec-
essarily disposed along the plane perpendicular to the
rotating axis, there can be obtained an effect that the
axial length can be shortened if the control substrate 17
is not disposed along the flat plane parallel to the rotating
axis.
[0025] A sensor portion 300 is disposed on the heat
sink 16 on the side near to the motor 100. The sensor
portion 300 has a magnetic sensor 19, a substrate 20, a
connection member 21, and a supporting member 22;
and the substrate 20 mounted with the magnetic sensor
19 is fixed to the heat sink 16 by screws (not shown in
the drawing).
[0026] The fixing of the substrate 20 to the heat sink
16 that is subjected to a large change in temperature
under the influence of the heat generation of the switching
element SW, is made by screw-fastening; and therefore,
there exist effects that the screw-fastening is resistant to
rise in temperature and heat cycle as compared with the
adhesive.
[0027] The magnetic sensor 19 is disposed at a posi-
tion coaxially with the rotating axis of the shaft 7 and
corresponding to the permanent magnet for the sensor
10. The magnetic sensor 19 detects a magnetic field gen-
erated by the permanent magnet for the sensor 10 and
detects a rotation angle of a rotor of the motor by knowing
the direction of the magnetic field.
[0028] The ECU 200 supplies an adequate drive cur-
rent to the motor 100 according to the rotation angle.
[0029] Furthermore, the connection member 21 is sup-
ported by the supporting member 22 and electrically con-

nects the substrate 20 and the control substrate 17 of
the sensor portion 300. This connection may be made
by press-fitting or soldering. Incidentally, the connection
member 21 needs to pass through the heat sink 16 and
the intermediate member 23; and thus, a hole portion
(not shown in the drawing) through which the connection
member 21 passes through is formed in the heat sink 16
and the intermediate member 23. Further, although not
shown in the drawing, the intermediate member 23 is
configured such that a guide capable of positioning the
connection member 21 is provided. By this configuration,
electrical connection between the sensor portion 300 and
the control substrate 17 can be smoothly performed and
productivity is improved.
[0030] A concave portion 24 is formed in the heat sink
16 in FIG. 1, thereby increasing the distance between
the magnetic sensor 19 mounted on the substrate 20 of
the sensor portion 300 and the surface of the heat sink
16. The heat sink 16 is fixed to the frame 3 of the motor
100 by screws, shrink-fitting, or the like.
[0031] The heat sink 16 is fixed to the frame 3 of the
motor 100 in such a manner, the heat of the heat sink 16
can be transferred to the frame 3 of the motor 100.
[0032] FIG. 2 is a view in which respective components
are axially separated and lined up to help understanding
of the configuration of the electric drive apparatus of FIG.
1.
[0033] The sensor portion 300 is assembled by inte-
grating the substrate 20, the magnetic sensor 19, the
supporting member 22, and the connection member 21.
The connection member 21 of the sensor portion 300
passes through the heat sink 16 and the intermediate
member 23 to be electrically connected to the control
substrate 17. Press-fitting or soldering is known as the
connection method. The arrangement of the control sub-
strate 17 is disposed along a plane perpendicular to the
rotating axis of the motor 100. If, in the case of this con-
figuration, the extending direction of the connection
member 21 to be electrically connected to the sensor
portion 300 is perpendicular to the control substrate 17;
and therefore, there exists an effect that assembly is easy
when the connection member 21 is fixed by press-fitting
or soldering. The switching element SW is fixed to the
heat sink 16 via the adhesive or the insulation sheet. The
case 18 of the ECU 200 equipped with the first connector
13, the second connector 14, and the power source con-
nector 15 is fixed to the heat sink 16 via adhesive or
screws. The heat sink 16 is fixed to the frame 3 of the
permanent magnet motor 100 by shrink-fitting or bolts.
[0034] FIGS. 3 are each an explanation view of the
sensor portion (detection portion) disposed in the electric
drive apparatus of Embodiment 1 of the present inven-
tion; (a) is a view seen from the front side; and (b) is a
view seen from the lateral side. The magnetic sensor 19
is mounted on the substrate 20; the supporting member
22 integrated with the connection member 21 is disposed
on the substrate 20; and the connection member 21 and
the substrate 20 are fixed by press-fitting or soldering.
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Incidentally, the magnetic sensor 19 may be configured
by a magneto-resistance effect element (MR element),
an anisotropic magneto-resistance element (AMR ele-
ment), a giant magneto-resistance effect element (GMR
element), a tunneling magneto-resistance element (TMR
element), or the like.
[0035] The connection member 21 on the opposite side
to the substrate 20 when viewed from the supporting
member 22 is electrically connected to the control sub-
strate 17 and this is also fixed by press-fitting or soldering.
In the case of fixing by press-fitting, the space between
the connection members 21 can be narrowed; and there-
fore, reduction in size of the sensor portion 300 and the
control substrate 17 can be achieved. Further, solder is
not used and therefore there also exists an effect that a
manufacturing process is simplified.
[0036] The substrate 20 is formed with three screw
holes 25 and is fixed to the heat sink 16 by screws by
using the holes 25. Incidentally, the number of the screw
holes 25 is not limited to three and the position of the
screw holes 25 is not limited to the position of FIGS. 3.
As shown in FIGS. 3, the control substrate 17 and the
sensor portion 300 of the rotation angle are configured
by separate substrates; and therefore, there also exists
an effect that the mounting area of the control substrate
can be enlarged as compared with a case where the mag-
netic sensor 19 is mounted on the control substrate 17.
[0037] FIG. 4 and FIG. 5 are each a perspective view
of a portion of the permanent magnet for the sensor (de-
tected portion) 10.
FIG. 4 shows a configuration example having a cylindrical
shape. A permanent magnet 10M is magnetized in the
direction of an arrow Y of the drawing and is a two pole
permanent magnet. Incidentally, this direction Y is
formed on a flat plane perpendicular to a rotating axis 7
a of the rotor. The permanent magnet 10M is configured
by a neodymium bonded magnet, a neodymium sintered
magnet, a ferrite magnet, or the like and is fixed by a
permanent magnet supporting portion 10S.
[0038] The fixing may be made by adhesive or may be
configured to be fixed each other by being integrated with
the permanent magnet supporting portion 10S in the case
of the bonded magnet. In order to reduce the influence
on a magnetic field generated by the permanent magnet
10M, the permanent magnet supporting portion 10S may
be made of stainless steel based or aluminum based
non-magnetic metal or resin. Further, the permanent
magnet supporting portion 10S is fixed to the shaft 7 by
press-fitting or the like.
[0039] FIG. 5 shows a configuration example in which
the permanent magnet has a cuboid-shape. A permanent
magnet 10C is magnetized in a direction of an arrow Y
of the drawing and is a two pole permanent magnet. In-
cidentally, this direction Y is formed on a flat plane per-
pendicular to the rotating axis 7a of the rotor. The per-
manent magnet 10C is configured by a neodymium bond-
ed magnet, a neodymium sintered magnet, a ferrite mag-
net, or the like and is fixed by a permanent magnet sup-

porting portion 10S. The fixing may be made by adhesive
or may be configured to be fixed each other by being
integrated with the permanent magnet supporting portion
10S in the case of the bonded magnet. In order to reduce
the influence on a magnetic field generated by the per-
manent magnet 10C, the permanent magnet supporting
portion 10S may be made of stainless steel based or
aluminum based non-magnetic metal or resin. Further,
the permanent magnet supporting portion 10S is fixed to
the shaft 7 by press-fitting or the like.
[0040] The magnetized directions of the permanent
magnets 10M and 10C, are each formed on the flat plane
perpendicular to the rotating axis 7a. Thus, magnetic flux
density generated in the proximity of the magnetic sensor
includes: a vector component formed on the flat plane
perpendicular to the rotating axis 7a, the vector compo-
nent being a main component; and a component of a
rotating axis direction, the component being extremely
small. Furthermore, the magnetic sensor 19 detects the
direction of the magnetic flux density on the flat plane
perpendicular to the rotating axis 7a. Thus, the direction
of the magnetic flux density is hardly changed even if
there exists eccentricity and/or runout; and therefore,
there has an effect that a rotation angle can be detected
with high accuracy.
[0041] As shown in FIG. 4, the cylindrically shaped
magnet is used and thus the generated magnetic flux
density becomes uniform. As a result, the magnetic flux
density in the proximity of the magnetic sensor also be-
comes uniform; and therefore, there exists an effect that
the detection accuracy of the rotation angle can be im-
proved.
[0042] Furthermore, as shown in FIG. 5, when the
cuboid shaped magnet is used, as in the cylindrically
shaped magnet of FIG. 4, the generated magnetic flux
density becomes uniform and the magnetic flux density
in the proximity of the magnetic sensor also become uni-
form; and therefore, in addition to the effect that the de-
tection accuracy of the rotation angle can be improved,
there can also be obtained effects that the cuboid magnet
is easy in manufacturing and material yield ratio can be
improved as compared with a complicated shape in the
case of the sintered magnet.
[0043] As described above, according to the electric
drive apparatus of Embodiment 1 of the present inven-
tion, there can be obtained the following excellent effects.

(1) The control substrate 17 and the sensor portion
300 serving as the detection portion of the rotation
angle are configured by the separate substrates; and
thus, the mounting area of the control substrate 17
can be enlarged.
(2) The distance between the bearing 5B and the
permanent magnet 10 serving as the detected por-
tion of the rotation angle sensor, the detected portion
being disposed at the end of the shaft 7, is reduced;
and thus, runout and/or eccentricity is reduced. As
a result, there can be obtained effects that the de-
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tection accuracy of the rotation angle is improved
and vibration and/or noise of the motor can be re-
duced. Further, there can be obtained an effect that
noise interference from the inverter circuit and the
control substrate 17 to the rotation angle sensor can
be reduced.
(3) The connection member 21 that electrically con-
nects the sensor portion 300 to the control substrate
17 passes through the inverter circuit portion; and
therefore, there exists an effect that the electric drive
apparatus can be reduced in size. Furthermore, the
sensor portion 300 is electrically connected to the
control substrate 17 directly; and therefore, there ex-
ists an effect that the electric drive apparatus can be
reduced in size.
(4) The electrical connection between the sensor
portion 300 and the control substrate 17 is configured
to be positioned by the intermediate member 23; and
therefore, there exists an effect that a requirement
value of the accuracy of a component can be relaxed.
(5) Press-fitting is used for the electrical connection
between the sensor portion 300 and the control sub-
strate 17; and thus, the connection can be made with-
out using solder. The space between the connection
members can be reduced. Thus, even if a large
number of connection members 21 are disposed
side by side, width is reduced as compared with a
case where the connection is made by solder; and
therefore, it becomes possible to reduce in size of
the electric drive apparatus.
(6) The control substrate equipped with the rotation
sensor is more posteriorly located than the circuit
portion in the conventional Patent Document 1 and
accordingly the distance from the bearing to the ro-
tation sensor is long; whereas, in the configuration
of the present Embodiment 1, the magnetic sensor
19 is disposed near to the bearing 5B and therefore
the distance between the bearing 5B and the per-
manent magnet for the sensor 10 is close. Thus, ru-
nout and/or eccentricity at an end of the shaft is re-
duced; and therefore, as a result, there can be ob-
tained effects that runout and/or eccentricity of the
permanent magnet for the sensor is reduced, the
detection accuracy of the rotation angle is improved,
and vibration and/or noise of the motor is reduced.
(7) Further, in Embodiment 1 of FIG. 1, the concave
portion 24 is formed on the heat sink 16 to increase
the distance between the magnetic sensor 19 mount-
ed on the substrate 20 of the sensor portion 300 and
the surface of the heat sink 16. The temperature of
the heat sink 16 increases due to heat generation of
the switching element SW during the driving of the
motor. If the concave portion 24 is not provided and
the distance between the heat sink 16 and the mag-
netic sensor 19 is extremely close, the heat of the
heat sink 16 is transferred to the magnetic sensor
19, and the temperature of the magnetic sensor 19
becomes extremely high; and accordingly, there are

also conceivable cases where the detection accura-
cy of the rotation angle is deteriorated and the mag-
netic sensor 19 is not operated due to an excessive
rise in temperature.
However, the concave portion 24 is formed on the
heat sink and thus the distance between the heat
sink 16 and the magnetic sensor 19 can be in-
creased. Therefore, there exist effects that the rise
in temperature of the magnetic sensor 19 is reduced
and the accuracy of the rotation angle can be im-
proved.

[0044] FIG. 6 is an explanation view of an electric pow-
er steering apparatus of an automobile to which the elec-
tric drive apparatus of the present invention is applied.
In FIG. 6, a driver performs steering of steering wheels
(not shown in the drawing); and its torque is transmitted
to a shaft 401 via a steering shaft (not shown in the draw-
ing). At this time, torque detected by a torque sensor 402
is converted into an electrical signal to be transmitted to
the electronic control unit (ECU) 200 serving as the con-
trol unit via the first connector 13 through a cable (not
shown in the drawing). The ECU 200 is equipped with
the inverter circuit which is for driving the control sub-
strate and the motor as previously described. On the oth-
er hand, automobile information such as vehicle speed
is converted into an electrical signal to be transmitted to
the ECU 200 via the second connector 14. The ECU 200
calculates necessary assist torque from the torque and
the automobile information such as vehicle speed and
supplies current to the permanent magnet type motor
100 via the inverter. The motor 100 is disposed in a di-
rection parallel to the movement direction (shown by an
arrow X) of a rack axis. Furthermore, power source sup-
ply to the ECU 200 is performed from a battery or an
alternator via the power source connector 15. Torque
generated by the permanent magnet type motor 100 is
decelerated by a gear box 403 in which a belt (not shown
in the drawing) and a ball screw (not shown in the draw-
ing) are incorporated and generates propulsive force that
moves the rack axis (not shown in the drawing) disposed
inside a housing 404 in the direction of the arrow X to
assist steering force of the driver. This allows a tie-rod
405 to move and thus tires can be turned to circle the
vehicle. The driver is assisted by the torque of the per-
manent magnet type motor 100 and can circle the vehicle
with less steering force. Incidentally, a rack boot 406 is
provided so that a foreign substance does not enter into
the device. Furthermore, the motor 100 and the ECU 200
are integrated to constitute the electric drive apparatus.
[0045] In this electric power steering apparatus, vibra-
tion and/or noise generated by the motor is transmitted
to the driver and accordingly the vibration and/or noise
is preferable to be small.
[0046] When the electric drive apparatus of the present
Embodiment 1 is used in the electric power steering ap-
paratus of the automobile, there can be obtained an effect
that the apparatus can be reduced in size. Furthermore,
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the detection accuracy of the rotation angle of the motor
is improved; and therefor, there can also be obtained an
effect that vibration and/or noise is reduced.
[0047] Incidentally, the motor is the permanent magnet
type motor in the present Embodiment 1; however, it goes
without saying that the motor may be an induction motor,
a synchronous reluctance motor, or a switched reluc-
tance motor.
[0048] Incidentally, in addition to the configuration of
the rotation angle sensor described in the present Em-
bodiment 1, there is also conceivable a configuration in
which a magnetic detection element is disposed on the
outer circumferential side of the ring shaped magnet
magnetized in multipoles according to the number of mo-
tor poles.
[0049] However, in this configuration, the positional ac-
curacy of the magnetic detection element, magnetization
waveform distortion or eccentricity of the ring shaped per-
manent magnet magnetized in multipoles, and the like
exert an extremely large influence on an angle error.
[0050] Accordingly, a problem is significant as the ro-
tation sensor for use in the electric power steering appa-
ratus. On the other hand, in the configuration of the
present Embodiment 1, the magnetic sensor serving as
the detection portion of the rotation angle sensor is dis-
posed at a position coaxially with the rotating axis; and
therefore, the influence on the angle error of positional
deviation is small. Furthermore, the permanent magnet
for the sensor, serving as the detected portion, is mag-
netized in two poles; and therefore, there can be obtained
effects that the distortion of the magnetization waveform
is hardly generated and the angle error can be reduced.
Further, it becomes possible to function as a rotation sen-
sor of 1X by two-pole magnetization and thus it can also
correspond to driving of a motor with a number of optional
poles. Therefore, there can be obtained an effect that
designing of the rotation sensor can be commonalized
even a motor with a number of different poles. Further,
there also exists an effect that the configuration is simple
because of two poles.

EMBODIMENT 2.

[0051] FIGS. 7 are each an explanation view of a sen-
sor portion according to Embodiment 2 of the present
invention, in which two magnetic sensors are mounted;
(a) is a view seen from the front side; and (b) is a view
seen from the lateral side.
[0052] In FIGS. 7, magnetic sensors 19A and 19B are
mounted on a substrate 20. In Embodiment 2, a different
point from FIGS. 3 is that a total of two magnetic sensors,
the magnetic sensor 19A and the magnetic sensor 19B,
are mounted, one on each of the front and back sides of
the substrate 20. Furthermore, the positions of two mag-
netic sensors 19A and 19B are arranged so as to be lined
on the rotating axis of a motor.
[0053] By this arrangement, in the case of detecting a
magnetic field generated by a permanent magnet for a

sensor, serving as a detected portion, two magnetic sen-
sors 19A and 19B can detect substantially the same di-
rectional magnetic flux density vectors; and therefore,
two magnetic sensors can improve the detection accu-
racy of an angle.
[0054] A supporting member 22 integrated with con-
nection members 21a and 21b are disposed on the sub-
strate 20; and the connection members 21a and 21b and
the substrate 20 are fixed by press-fitting or soldering.
The connection members 21a and 21b on the opposite
side to the substrate 20 when viewed from the supporting
member 22 are electrically connected to a control sub-
strate and this is also fixed by press-fitting or soldering.
In the case of fixing by press-fitting, the space between
the connection members 21a and between the connec-
tion members 21b can be narrowed; and therefore, re-
duction in size of the sensor portion and the control sub-
strate can be achieved. Further, solder is not used; and
therefore, there also exists an effect that a manufacturing
process is simplified.
[0055] More particularly, in Embodiment 2 of FIGS. 7,
two magnetic sensors are mounted and accordingly the
connection members 21a and 21b are needed more than
FIGS. 3. More specifically, in FIGS. 7, a total of sixteen
total connection members of eight connection members
21a for the magnetic sensor 19A and eight connection
members b for the magnetic sensor B are provided. With
that, eight holes for fixing connection members 21ah for
the magnetic sensor 19A and eight holes for fixing con-
nection members 21bh for the magnetic sensor 19B are
also provided. If it is configured such that connection is
performed by press-fitting, even when a large number of
connection members are provided as described above,
there exist effects that the space between the connection
members can be narrowed and the sensor portion can
be reduced in size.
[0056] Incidentally, the substrate 20 is formed with
three screw holes 25 and is fixed to a heat sink by screws
by using the holes 25. In addition, the number of the screw
holes 25 are not limited to three and the positions of the
screw holes are not also limited to the positions of FIGS.
7.
[0057] As described above, according to Embodiment
2 of the present invention, two magnetic sensors are
mounted on the substrate; and thus, even when one of
sensor elements is undetectable in a duplex system,
there can be obtained an effect of redundancy that a ro-
tation angle of the motor can be detected by another sen-
sor element. Further, two magnetic sensors are mounted
on the front and back of the same substrate; and thus,
two magnetic sensors can detect substantially the same
directional magnetic flux density vectors. Therefore, two
magnetic sensors can improve the detection accuracy of
the angle. In addition, the rotation angle of the rotor of
the motor can be estimated from angle information of two
magnetic sensors; and therefore, there exists an effect
that the rotation angle can be detected with higher accu-
racy.
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[0058] FIG. 8 is a schematic configuration view show-
ing the whole configuration of an electric drive apparatus
according to Embodiment 2 of the present invention. A
different point from FIG. 1 is that two magnetic sensors
of the magnetic sensors 19A and 19B are mounted on a
sensor portion 300. Incidentally, connection members of
the sensor portion 300 are configured to be separated
into the connection members 21a and the connection
members 21b, which correspond to two magnetic sen-
sors, the magnetic sensor 19A and the magnetic sensor
19B, as shown in FIGS. 7; however, this configuration is
omitted in FIG. 8 for simplicity.
[0059] A concave portion 24 is formed on a heat sink
16; the distance between the surface of the heat sink and
the magnetic sensor 19A and the distance between the
surface of the heat sink and the magnetic sensor 19B
can be increased by the presence of the concave portion
24. In consequence, heat of the heat sink 16 is hardly
transferred to the magnetic sensor 19A and the magnetic
sensor 19B; and thus, rise in temperature of the magnetic
sensor 19A and the magnetic sensor 19B can be sup-
pressed. Consequently, there can be obtained an effect
that the accuracy of the rotation angle can be improved.

EMBODIMENT 3.

[0060] FIG. 9 is a schematic configuration view show-
ing the whole configuration of an electric drive apparatus
according to Embodiment 3 of the present invention and
is an example in which a connection member is integrally
configured with an intermediate member.
[0061] A different point from FIG. 1 is that a connection
member 21F serving as a first connection member that
electrically connects between a sensor portion 300 and
an intermediate member 23 and a connection member
21R serving as a second connection member that elec-
trically connects between the intermediate member 23
and a control substrate 17 are configured so as to be
integrated with the intermediate member 23. For exam-
ple, the intermediate member 23 may be configured such
that a busbar of an inverter circuit portion is insert-molded
with resin and the connection member 21F and the con-
nection member 21R may also be configured to be inte-
grally formed.
[0062] FIG. 10 is a view in which respective constituent
components of the electric drive apparatus of FIG. 9 are
axially separated and lined up.
[0063] The connection member 21F and the connec-
tion member 21R are integrally configured with the inter-
mediate member 23. The sensor portion 300 has a sub-
strate 20 and a magnetic sensor 19, but does not have
a connection member.
[0064] As described above, the connection member is
not present in a state where the sensor portion 300 is
assembled; and therefore, there exist effects that a pro-
truded portion is not present, the structure of the sensor
portion 300 is simple, and it is also advantageous in han-
dling.

EMBODIMENT 4.

[0065] FIG. 11 is a schematic configuration view show-
ing the whole configuration of an electric drive apparatus
according to Embodiment 4 of the present invention and
is an explanation view of a configuration in which a sensor
portion 300 is disposed on the opposite side to a motor
100 when viewed from a heat sink 16.
[0066] A concave portion 24 is formed on the heat sink
16 made of non-magnetic metal such as aluminum; and
the thickness of the heat sink 16 at the concave portion
24 is thinner than other portion. Magnetic flux generated
by a permanent magnet for a sensor 10 reaches the sink
16 on the opposite side to the motor 100 via a thinned
portion of the heat sink 16T. The magnetic flux is detected
by the magnetic sensor 300; and thus, a rotation angle
of a rotor of the motor 100 can be detected.
[0067] By this configuration, the distance between the
sensor portion 300 and an intermediate member 23 and
between the intermediate member 23 and a control sub-
strate 17 can be reduced; and therefore, there exist ef-
fects that the length of connection members 21F and 21R
can be shortened and a reduction in weight and a reduc-
tion in material cost of the sensor portion 300 can be
achieved. Furthermore, a hole through which the con-
nection member passes through does not need to be
formed in the heat sink 16; and therefore, there exists an
effect that processing cost of the heat sink 16 can be
reduced. Incidentally, the concave portion 24 is formed
on the motor 100 side; however, it may be configured
such that the concave portion is formed on the opposite
side to the motor 100.
[0068] FIG. 12 is a modified example of Embodiment
4 of the present invention and is a schematic configura-
tion view showing the whole configuration of an electric
drive apparatus on which two magnetic sensors are
mounted.
[0069] A different point from FIG. 11 is that two mag-
netic sensors of a magnetic sensor 19A and a magnetic
sensor 19B are mounted on a sensor portion 300. Inci-
dentally, connection members of the sensor portion 300
are configured to be separated into connection members
21a and connection members 21b, which correspond to
two magnetic sensors, the magnetic sensor 19A and the
magnetic sensor 19B, as shown in FIGS. 7; however,
this configuration is omitted in FIG. 12 for simplicity.
[0070] As described above, according to this embodi-
ment of the present invention, two magnetic sensors 19A
and 19B are mounted; and thus, there exists an effect
that it can bring redundancy to the function of the sensor.
Further, two magnetic sensors 19A and 19B are mounted
on the front and back of the same substrate; and thus,
two magnetic sensors 19A and 19B can detect substan-
tially the same directional magnetic flux density vectors.
Therefore, two magnetic sensors can improve the detec-
tion accuracy of the angle. In addition, the rotation angle
of the rotor of the motor can be estimated from angle
information of two magnetic sensors 19A and 19B; and
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therefore, there exists an effect that the rotation angle
can be detected with higher accuracy.

EMBODIMENT 5.

[0071] FIG. 13 is a schematic configuration view show-
ing the whole configuration of an electric drive apparatus
according to Embodiment 5 of the present invention and
is an explanation view of a structure in which a magnetic
shield 26 is disposed between a sensor portion 300 and
a heat sink 16. The magnetic shield 26 is made such that
a plate of magnetic material such as iron is processed
by sheet metal working and is screwed to the heat sink
16. If the magnetic shield 26 is disposed between the
sensor portion 300 and the heat sink 16 in such a manner,
magnetic flux generated by a switching element SW, a
busbar of an inverter circuit, and the like in which large
current flows, is shielded and is hardly influenced on a
magnetic sensor 19; and therefore, there exists an effect
that the detection accuracy of a rotation angle is im-
proved.

EMBODIMENT 6.

[0072] FIG. 14 is a schematic configuration view show-
ing the whole configuration of an electric drive apparatus
according to Embodiment 6 of the present invention and
is an explanation view of a configuration in which a rota-
tion angle sensor is a resolver 500.
[0073] Different points from FIG. 1 are that the resolver
500 is disposed on a heat sink 16; and, as a detected
portion, a permanent magnet for a sensor is not disposed,
but a resolver rotor (not shown in FIG. 14) is disposed at
one end of a shaft 7 by press-fitting.
[0074] The structure of the resolver in Embodiment 6
is shown in FIGS. 15. FIG. 15(a) is a view seen from the
rear side; and FIG. 15(b) is a view seen from the lateral
side. In FIGS. 15, a resolver rotor 501 formed by lami-
nating magnetic steel sheets is a shape in which an out-
ward shape has a convex portion so as to change a gap
permeance. The number of the convex portions is se-
lected according to the number of motor poles. In FIGS.
15, five convex portions are provided; and thus five
changes in gap permeance can be obtained by one ro-
tation. Therefore, it operates as a resolver having an axial
double angle of 5X suitable for driving a motor with a
number of pole pairs of five.
[0075] Incidentally, FIGS. 15 show an example of 5X;
however, it goes without saying that even 1X may be
permissible. Furthermore, design may be made accord-
ing to the number of motor pole pairs.
[0076] A resolver stator core 502 is disposed outside
the resolver rotor 501. Coils 503 are wound on the re-
solver stator core 502 and the coils 503 are composed
of one phase excitation winding and two phase output
windings. Although omitted in FIGS. 15, the coils 503 are
protected by a resin-made cover 505 or the like. Further-
more, the heat sink 16 is formed with screw holes 504 to

fix the resolver stator core 502. Electrical connection with
a control substrate 17 is performed by a connection mem-
ber 21 and is fixed by press-fitting or soldering. The con-
nection member 21 is supported by a resin-made sup-
porting member 22. The resolver stator core 502, the coil
503, the cover 505, the connection member 21, and the
supporting member 22 constitute a detection portion.
[0077] The resolver 500 is composed of the core 502,
the coil 503, the connection member 21, the supporting
member 22, and the cover 505; and there exist effects
that the structure is simple and vibration resistance is
improved as compared with a magnetic sensor using a
semiconductor. Furthermore, a heat resistant tempera-
ture becomes high as compared with the magnetic sen-
sor; and therefore, there exists an effect that a use tem-
perature range of the electric drive apparatus can be ex-
panded. Besides, a part of the resolver is disposed to be
embedded in the heat sink 16 by providing a structure in
which a concave portion is formed on the heat sink 16;
and thus, there exists an effect that the axial size of the
electric drive apparatus can be reduced.
[0078] Further, the resolver 500 is disposed so that the
coil 503 surrounds the whole circumference around the
resolver rotor 501; and thus, a configuration is made such
that even if the resolver rotor 501 is off-centered, its in-
fluence is reduced. On the other hand, there is also con-
ceivable a configuration in which a magnetic detection
element is disposed on the outer circumferential side of
a ring shaped magnet magnetized in multipoles accord-
ing to the number of motor poles; however, a large
number of magnetic detection elements need to be dis-
posed on the periphery of the ring shaped magnet in order
to reduce the influence of eccentricity by this configura-
tion and this leads to an increase in cost and an increase
in size of the sensor.

INDUSTRIAL APPLICABILITY

[0079] An electric drive apparatus of the present inven-
tion is particularly suitable for use in an electric power
steering apparatus for a vehicle.

DESCRIPTION OF REFERENCE NUMERALS

[0080] 1: Stator core, 2: Armature winding, 3: Frame,
5A and 5B: Bearing, 7: Shaft, 7a: Rotating axis, 8: Wall
portion, 9: Pulley, 10, 10M, and 10C: Permanent magnet
for sensor, 10S: Permanent magnet supporting portion,
13: First connector, 14: Second connector, 15: Power
source connector, 16: Heat sink, 16T: Thinned portion of
heat sink, 17: Control substrate, 18: Case, 19, 19A, and
19B: Magnetic sensor, 20: Substrate, 21, 21a, 21b, 21F,
and 21R: Connection member, 22: Supporting member,
23: Intermediate member, 24: Concave portion, 25:
Screw hole, 26: Magnetic shield, SW: Switching element,
100: Permanent magnet type motor, 200: Control unit
(electronic control unit (ECU)), 300: Sensor portion, 401:
Shaft, 402: Torque sensor, 403: Gear box, 404: Housing,
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405: Tie-rod, 406: Rack boot, 500: Resolver, 501: Re-
solver rotor, 502: Resolver stator core, 503: Coil, 504:
Screw hole, 505: Cover

Claims

1. An electric drive apparatus equipped with a motor
and a control unit serving as a drive device portion
disposed on the opposite side to the output axis side
of said motor, said electric drive apparatus compris-
ing:

a detected portion of a rotation angle sensor,
said detected portion being disposed at an end
of a shaft on the opposite side to the output axis
side of said motor; and
a sensor portion serving as a detection portion
of said rotation angle sensor, said sensor portion
being disposed at a position coaxially with the
rotating axis of said shaft,
said control unit including: an inverter circuit por-
tion having a drive element which is attached to
a heat sink and is for driving said motor; and a
control substrate which is separate from said
sensor portion and controls the output of said
inverter circuit portion; and
said sensor portion and said control substrate
being electrically connected and the arrange-
ment of said control substrate being disposed
along a plane perpendicular to the rotating axis
of said shaft of said motor.

2. The electric drive apparatus according to claim 1,
wherein said sensor portion has a substrate;
said substrate is mounted with a magnetic sensor;
said substrate is provided with a connection member
to be electrically connected to said control substrate
and said sensor portion, and a supporting member
to be integrated with said connection member; and
said connection member passes through said invert-
er circuit portion.

3. The electric drive apparatus according to claim 1,
wherein said sensor portion is disposed on a heat
sink of said inverter circuit portion and is disposed
on the motor side when viewed from said heat sink.

4. The electric drive apparatus according to claim 1,
wherein said sensor portion is electrically connected
to said control substrate directly.

5. The electric drive apparatus according to claim 1,
further comprising an intermediate member dis-
posed between said heat sink and said control sub-
strate, and
wherein electrical connection between said sensor
portion and said control substrate is positioned by

said intermediate member.

6. The electric drive apparatus according to claim 5,
wherein said intermediate member is configured so
that a first connection member to be electrically con-
nected to said sensor portion and a second connec-
tion member to be electrically connected to said con-
trol substrate are integrated.

7. The electric drive apparatus according to claim 1,
wherein press-fitting is used for electrical connection
between said sensor portion and said control sub-
strate.

8. The electric drive apparatus according to claim 1,
wherein said detected portion has a permanent mag-
net;
said sensor portion has a magnetic sensor; and
said magnetic sensor is disposed at a position facing
said permanent magnet.

9. The electric drive apparatus according to claim 8,
wherein said permanent magnet is magnetized in
two poles and a magnetized direction is formed on
a flat plane perpendicular to the rotating axis of said
shaft.

10. The electric drive apparatus according to claim 8,
wherein said sensor portion has a substrate; and
said substrate is disposed such that at least one sur-
face of said substrate is mounted with said magnetic
sensor and the other side of said substrate is also
mounted with a component.

11. The electric drive apparatus according to claim 8,
wherein said sensor portion has a substrate; and
said substrate is disposed such that at least two mag-
netic sensors are mounted on both surfaces of said
substrate at positions coaxially with the rotating axis
of said shaft.

12. The electric drive apparatus according to claim 1,
wherein said sensor portion has a substrate;
said substrate is mounted with a magnetic sensor;
and
said substrate is fixed to said heat sink by screw-
fastening.

13. The electric drive apparatus according to claim 1,
further comprising a magnetic shield disposed be-
tween said sensor portion and said heat sink.

14. The electric drive apparatus according to any one of
claim 1 or claims 3 to 7,
wherein said detected portion of said rotation angle
sensor has a protruded portion and is configured by
a rotor for a sensor, said rotor having magnetism; and
said sensor portion is a resolver which is configured
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by a coil composed of an excitation winding an output
winding and a stator for a sensor, said stator having
core.
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