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(57) Abstract: A drive apparatus for an electric vehicle includes a rotating electric device that drives vehicle wheels; a battery that
supplies electric power to the rotating electric device; and a terminal block which is fitted to the rotating electric device, and which
is connected to a power-supply cable through which electric power from the battery is supplied to the rotating electric device. The
rotating electric device has a housing that includes a case and a cover, a stator-core provided in the housing, and a coil-end positioned
at the end of the stator-core in the axial direction. The terminal block is disposed near the coil-end at the position equal to or lower
than the top surface of the housing. The terminal block is fitted to the rotating electric device so that the terminal block is electrically
connected to the coil-end by inserting the terminal block from the side surface of the housing.
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DRIVE APPARATUS FOR ELECTRIC VEHICLE

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a drive apparatus for an electric vehicle. More
particularly, the invention relates to a drive apparatus for an electric vehicle, which drives

an axle using a rotating electric device.

2. Description of the Related Art

[0002] Rotating electric devices generally include a stator, a rotor and a contact
terminal to which a power-supply cable is connected. Electric power from an external
power source is suppiied to the rotating electric device through the power-supply cable.
Japanese Utility Model Application Publication No. 5-95161 describes a motor (rotating
electric device) where a terminal block is provided on the outer periphery of a stator-core.

[0003] Compact rotating electric devices are described in J apanese Patent
Application Publications No. JP-A-6-22495, No. JP-A-6-351184, and No. JP-A-7-75282.

[0004] In Japanese Patent Application Publication No. JP-A-8-214492 a
rotating electric device where the power-supply cable extends through the side wall of a
housing, and connects to the winding wire of a stator via a terminal block is described.
Japanese Patent Application Publication No. JP-A-2002-208456 describes a configuration
where the connection between a shielding wire and a terminal is sealed with a seal ring
fitted to the shielding wire.

[0005] In such rotating electric devices, the positioning of the terminal block is
important. For example, when the terminal block is positioned outside of the outer
periphery of the stator in the radial direction, the height of the entire rotating electric
device (i.e., the length in the radial direction of the stator) is increased. However, due to
space constraints in a vehicle, there is a limit to the maximum height of the entire rotating

electric device that can still fit in the vehicle. Therefore, the diameter of the stator
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should be reduced so that the increase in the height of the entire rotating electric device,
due to the provision of the terminal block, is kept to a minimum. However, reducing the
diameter of the stator decreases the output of the rotating electric device.

[0006] Also, from another viewpoint, the stator and the rotor inserted in the
stator are required to be disposed at higher positions than those in the conventional cases
to reduce the agitation resistance caused by oil agitated in the housing when the rotor is
rotated.

[0007] None of the publications mentioned above addresses the

aforementioned problems.

SUMMARY OF THE INVENTION

[0008] It is an object of the invention to provide a drive apparatus for an
electric vehicle, which can be easily installed in a vehicle.

[0009] According an aspect of the invention, a drive apparatus for an electric
vehicle includes a rotating electric device; a power source; and a terminal block. The
rotating electric device drives the wheels of the vehicle. Electric power is supplied to
the rotating electric device from the power source through a power-supply passage
connected to the rotating electric device through the terminal block, which is fitted to the
rotating electric device. The rotating electric device also includes a housing; a stator
provided within the housing; and a coil-end positioned at the end of the stator in the axial
direction. The terminal block is disposed near the coil-end at a position equal to or
lower than the top surface of the housing. The terminal block is fitted to the rotating
electric device so that the terminal block is electrically connected to the coil-end, by
inserting the terminal block from the side surface of the housing.

[0010] With the aforementioned configuration, the height of the rotating
electric device housing can be reduced, and the rotating electric device can be installed in
a vehicle more easily. ~Also, the increase in the outer diameter of the rotating electric

device can be easily minimized.
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[0011] The aforementioned drive apparatus for an electric vehicle may further
include a first terminal included in the terminal block; and a second terminal, included in
the rotating electric device, that protrudes in the axial direction of the stator. The first
terminal may be fitted to the second terminal by inserting the terminal block from the
side surface of the housing along the axial direction of the stator thereby electrically
connecting the terminal block to the coil-end.

[0012] With the aforementioned configuration, even if the axial length of the
stator is changed, the shapes of the first terminal and the second terminal do not need to
be changed. As a result, the number of additional components that may be needed in the
rotating electric device is minimized.

[0013] In the aforementioned drive apparatus for an electric vehicle, space
between the terminal block and the housing may be sealed with a seal member; the
terminal block may be electrically connected to the coil-end by fitting the first terminal to
the second terminal; and the fitting-depth of the second terminal within the first terminal
may be greater than the insertion-depth of the seal member.

[0014] The above configuration forms a more secure seal in the rotating
electric device. Also, when the terminal block is fitted, the seal portion is fitted after the
initial stage of the process for fitting the first terminal to the second terminal is completed.
Therefore, fitting of the first terminal to the second terminal can be easily detected.

[0015] One aspect of the invention provides a compact drive apparatus for an
electric vehicle. Also, the drive apparatus can be installed in the vehicle easily, and the

output of the drive apparatus can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The above mentioned and other features, advantages, technical and
industrial significance of this invention will be better understood by reading the following
detailed description of example embodiments of the invention, when considered in

connection with the accompanying drawings, in which:
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FIG. 1 is a block diagram showing the configuration of a vehicle that includes a
drive apparatus for an electric vehicle according to an example embodiment of the
invention;

FIG 2 is a cross sectional view showing a rotating electric device of the drive
apparatus for an electric vehicle according to the embodiment of the invention;

FIG. 3 is an enlarged cross sectional view showing the area of the rotating electric
device shown in FIG. 2, where a terminal is joined to a busbar;

FIG. 4 is a diagram showing the process for fitting the terminal block to the rotating
electric device shown in FIG. 2;

FIG. 5 is a diagram showing a step in the process shown in FIG. 4; and

FIG. 6 is a lateral view showing a rotating electric device according to a reference

example.

DETAILED DESCRIPTION OF THE EXAMPLE EMBODIMENTS

[0017] Hereinafter, a drive apparatus for an electric vehicle according to an
example embodiment of the invention will be described. The same or corresponding
portions are denoted by the same reference numerals, and redundant description thereof
will be omitted.

[0018] FIG. 1 shows a block diagram of the configuration of a vehicle that
includes the drive apparatus for an electric vehicle according to the embodiment of the
invention.

[0019] As shown in FIG. 1, a vehicle 100 according to the embodiment
includes front wheels 100L and 100R; rear wheels 200L and 200R; a front drive unit 30
that drives the front wheels; a rear drive unit 40 that drives the rear wheels; an engine 50;
an electronic control unit (hereinafter, referred to as “ECU”) 60, a power control unit
(hereinafter, referred to as “PCU”) 70; and a battery 80.

[0020] The rear drive unit 40 includes a rear motor-generator 90 and a clutch

95. When the rear motor-generator 90 drives the rear wheels 200L and 200R, it
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functions as a motor. The clutch 95 is provided between the rear motor-generator 90
and the axle connected to the rear wheels 200L and 200R.

[0021] When the clutch 95 is engaged, torque generated by the rear motor-
generator 90 is transmitted to the axle to drive the rear wheels 200L and 200R.
However, the rear wheels 200L and 200R may also rotate the rear motor-generator 90, for
example, during deceleration, in which case the rear motor-generator 90 then functions as
a generator.

[0022] The front drive unit 30 includes a motor for driving the front wheels
(not shown). Generally, the engine 50 drives the front wheels 100L and 100R.
However, the front wheels 100L and 100R may also be driven using torque generated by
the motor instead of or in addition to the engine 50. As with the rear motor-generator 90,
when the motor is rotated by the front wheels 100L and 100R or the engine 50, the motor
functions as a generator.

[0023] The ECU 60 serves as a “control device”. The ECU 60 receives
information on the operating state and vehicle state from sensors, such as the accelerator-
pedal depression amount and the accelerator-pedal depression speed detected by a
position sensor provided in an accelerator pedal 150. The information on the operating
state includes the output from a vehicle-wheel speed sensor and the output from a
vehicle-body inclination sensor, as well as the output from the accelerator-pedal position
sensor. Further, the information on the vehicle state includes information on the
operating condition of the rear motor-generator 90, such as the outputs from a
temperature sensor, an electric current sensor, a speed sensor, and the like provided in the
rear motor-generator 90.  On the basis of the information, the ECU 60 executes controls
for the vehicle 100.

[0024] The PCU 70 is a set of electric-power converters required in the vehicle
100.  The PCU 70 includes an inverter (not shown) that converts DC electric power to
AC electric power and a DC-DC converter (not shown) that changes the voltage level of
the DC electric power. In particular, the inverter converts DC electric power supplied

from the battery 80 to AC electric power for driving the motor-generator 90. Also, when
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the engine 50 drives the motor-generator to generate electric power, or when the motor-
generator generates electric power through regenerative braking, the inverter converts the
generated AC electric power to DC electric power for charging the battery 80. The DC-
DC converter is used mainly to change the DC voltage to the level appropriate for the
power source for auxiliary devices and accessories, such as an air conditioner.

[0025] The battery 80 is connected to the PCU 70 through a power-supply
cable 81. The front drive unit 30 and the rear drive unit 40 are connected to the PCU 70
through power-supply cables 82 and 83, respectively. Electric power is transmitted
through the power-supply cables 81, 82 and 83.

[0026] In this embodiment, the front wheels 100L and 100R of the vehicle 100
are driven by the front drive unit 30 (in a front-wheel drive mode). However, when the
vehicle takes off, the vehicle is suddenly accelerated, or the vehicle runs on a road with
low friction coefficient, the vehicle is driven by four wheels (in a four-wheel drive mode)
to stably distribute drive torque.

[0027] When the vehicle is driven in four-wheel drive mode, a flag indicating
that the clutch 95 should be engaged is turned ON in the ECU 60, and the clutch 95 is
engaged according to the flag. This allows torque output from the rear motor-generator
90 to be transmitted to the rear wheels 200L and 200R. As a result, the rear wheels
200L and ZQOR are driven as well as the front wheels 100L and 100R. Also, when the
vehicle decelerates or when the brakes are applied, the clutch 95 is engaged to operate the
rear motor-generator 90 as the generator and to recover energy for charging the battery
80.

[0028] FIG. 2 is a cross sectional view showing a rotating electric device 1 of
the drive apparatus for an electric vehicle according to the embodiment.

[0029] For example, the rotating electric device 1 is used as the rear motor-
generator 90 in the vehicle shown in FIG. 1. In this case, the rotating electric device 1 is
connected to the PCU 70 via a power-supply cable 83. The power-supply cable 83 is
connected to a terminal block 10. Electric power is supplied to the rotating electric

device 1 through the power-supply cable 83 (refer to FIG. 1).
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[0030] As shown in FIG. 2, the rotating electric device 1 includes a housing,
which includes a case 2 and a cover 3.  The case 2 supports one end of a rotating shaft 4
via a bearing.  The cover 3 supports the other end of the rotating shaft 4 via a bearing.
The rotating electric device 1 includes a rotor and a stator.

[0031] The rotor includes a rotor-core 5 fitted to the rotating shaft 4.
Permanent magnets (not shown) are buried in the rotor-core 5. The rotor-core 5 is made
of magnetic material such as iron or iron alloy. The permanent magnets are disposed at
substantially equal intervals near the outer periphery thereof.

[0032] The stator includes a stator-core 6 having a ring shape. The stator is
made of magnetic material such as iron or iron alloy. A plurality of teeth (not shown)
are formed on the inner peripheral surface of the stator-core 6. Also, a plurality of slots
(not shown) are formed on the inner peripheral surface of the stator-core 6. The slots
are grooves formed between the teeth. The slots open to the inner periphery of the
stator-core 6.

[0033] Stator winding wires, which include a U-phase winding wire, a V-phase
winding wire, and a W-phase winding wire, are wound around the teeth such that the
stator winding wires are fitted in the slots. The U-phase winding wire, the V-phase
winding wire, and the W-phase winding wire are offset from each other in the
circumferential direction.

[0034] A coil-end 7 of the stator winding wires is connected to a busbar 8.
The busbar 8 is fitted into a terminal 9 provided in the terminal block 10 so that the coil-
end 7 is electrically connected to the terminal block 10. The terminal block 10 includes
a seal member that seals the space between the terminal 10 and the cover 3 using the O-
ring 11 in a terminal block-installation portion. The terminal block 10 is connected to a
power-supply passage (for example, the power-supply cable 83 in FIG. 1).

[0035] As shown in FIG. 2, the rotating electric device 1 is provided under a
floor 12 of the vehicle. The terminal block 10 is disposed at a position equal to or lower
than the top surface of the housing (cover 3) of the rotating electric device 1. The

terminal block 10 is fitted to the rotating electric device 1 by inserting the terminal block
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10 from the side surface of the housing (cover 3).

[0036] The busbar 8 protrude from the coil-end 7 in the lateral direction (i.e.,
the direction where the stator-core 6 extends). The terminal 9 protrudes from the
terminal block 10 in the lateral direction (i.e., the direction where the stator-core 6
extends). The terminal block 10 is inserted from the side surface of the cover 3 in the
lateral direction.

[0037] The configuration of the rotating electric device 1 may be changed as
needed to fit the configuration of the vehicle where the rotating electric device 1 is
installed. That is, the axial lengths of the rotor-core 5 and the stator-core 6 may be
changed (as shown, for example, by the arrow in FIG. 2) when necessary. As a result,
the coil-end 7 may be positioned in areas indicated by two-dot chain lines in FIG. 2.

[0038] Because the busbar 8 and the terminal 9 having the aforementioned
shapes are employed, only the shape of the cover 3 needs to be changed if the coil-end 7
is moved due to the change in the axial length of the stator-core 6. That is, the rotating
electric device 1 can be formed without changing the shapes of the busbar 8, the terminal
9, and the terminal block 10. This reduces the number of additional components
needed.

[0039] The terminal 9 includes a receptacle, which faces the busbar 8. The
busbar 8 is fitted into the receptacle so that the busbar 8 is electrically connected to the
terminal 9. To allow the busbar 8 to be easily fitted into the terminal 9, the end of the
busbar 8 is a tapered point, and the terminal 9 has an end with a curved surface (for
example, a circular end). Typically, the terminal 9 is composed of a leaf spring.
However, the terminal 9 may be made of thermosetting material. The busbar may be
formed with a receptacle that faces the terminal. In this case, the terminal would be
fitted into the receptacle of the busbar so that the terminal is electrically connected to the
busbar.  Also, the receptacle may have a concave shape.

[0040] Because the busbar 8 and the terminal 9 have the aforementioned
configurations, the busbar 8 does not need to be joined to the terminal 9 by a bolt. This

eliminates the need to provide a cover for the area where the busbar 8 is joined to the
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terminal 9. This reduces the number of components of the rotating electric device 1, and
the man-hours required to produce the rotating electric device 1.

[0041] FIG. 3 is an enlarged cross sectional view of the area of the rotating
electric device 1, where the busbar 8 is joined to the terminal 9.

[0042] As shown in FIG. 3, the fitting-depth of the busbar 8 within the terminal
9 (indicated by L2 in FIG. 3) is longer than the insertion-depth of the seal portion
(indicated by L1 in FIG. 3). The term “the seal portion” refers to the area where the O-
ring 11 is pressed against the cover 3. The term “the insertion-depth of the O-ring”
signifies the distance from the O-ring 11 to the edge of the flange portion 3A of the cover
3 (refer to FIG. 5). The position of the seal portion is determined based on the diameter
of the O-ring or the like, substantially uniformly.

[0043] FIG. 4 shows the process for fitting the terminal block 10 to the rotating
electric device 1. FIG. 5 is a diagram showing a step in the process shown in FIG. 4.
Hereinafter, the effect of making L2 longer than L1 will be described with reference to
FIG. 4 and FIG. 5.

[0044] As shown in FIG 4, first, the terminal block 10 is inserted into a
terminal block receptacle of the cover 3 (with a force P1). The terminal 10 is inserted to
an installation position shown in FIG. 3 from the left side to the right side in FIG. 3.
Thus, the busbar 8 is fitted to the terminal 9. FIG. 5 shows the initial stage of fitting the
busbar 8 to the terminal 9. Initially, the O-ring 11 does not contact the flange portion
3A of the cover 3. Accordingly, transition from the state where the busbar 8 does not
contact the terminal 9 to the state where the busbar 8 is fitted to the terminal 9 at the
initial stage can be easily determined. The term “fitting-depth” signifies the distance
that the busbar 8 is moved in a receptacle of the terminal 9 by inserting the terminal block
to the installation position shown in FIG. 3, after the busbar 8 is fitted to the terminal 9 at
the initial stage.

[0045] After it is determined that the busbar 8 is fitted to the terminal 9 at the
initial stage, the terminal block 10 is pushed with additional force (with a force P2). At

this step, the seal portion needs to be formed by pressing the O-ring 11 against the wall of
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the flange portion 3A. Therefore, the force P2 is greater than the force P1 used in the
previous step (i.e., P2 > P1).

[0046] Because L2 has a greater length than L1, as described above, the
positioning of the busbar 8 and the terminal 9 (i.e., the initial stage) can be completed
before the O-ring 11 closely contacts the cover 3. Thus, fitting of the busbar 8 to the
terminal 9 can be easily detected.

[0047] FIG. 6 is a side view showing a rotating electric device according to a
reference example.

[0048] In FIG. 6, a terminal block-installation portion 10A is provided outside
of the outer periphery 6A of the stator in the radial direction. As a result, the rotating
electric device interferes with a cross member 13 of the floor 12. However, reducing the
outer periphery 6A of the stator as shown in FIG. 6 in order to minimize this interference
is not desirable, because of the adverse effect it would have on the output of the rotating
electric device 1.

[0049] Meanwhile, in the drive apparatus for an electric vehicle according to
the embodiment, with the aforementioned configuration, the height of the housing of the
rotating electric device 1 can be reduced, which facilitates installation of the rotating
electric device into the vehicle. Another consequence of the reduced height is that the
increase in the outer diameter of the rotating electric device can be kept to a minimum.
Further, from another viewpoint, because the terminal block is disposed at the position
equal to or lower than the top surface of the housing, the rotor shaft can be disposed at a
higher position than the rotor shafts in the conventional cases. As a result, the position
of the rotor shaft may be moved upward with respect to the level of oil present in the
housing. Therefore, the drag on the rotor that would be caused by the agitation of oil
when the rotor is rotated can be significantly reduced. Also, the amount of oil agitated
by the rotor is reduced. Therefore, an oil sump with a smaller capacity can be used,
which reduces the size of the drive apparatus.

[0050] The above description can be summarized as follows.

[0051] The drive apparatus for an electric vehicle according to the embodiment
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includes the rotating electric device 1 (motor-generator 90); the power source (battery
80); and the terminal block 10. The rotating electric device 1 (motor-generator 90)
drives the vehicle wheels. The power source (battery 80) supplies electric power to the
rotating electric device 1. The terminal block 10 is fitted to the rotating electric device 1,
and is connected to the power-supply passage (power-supply cable 83). Electric power
is supplied to the rotating electric device 1 from the power source through the power-
supply passage (power-supply cable 83). The rotating electric device 1 includes the
housing, which includes the case 2 and the cover 3; the stator-core 6 provided in the
housing; and the coil-end 7 positioned at the end of the stator-core 6 in the axial direction.
The terminal block 10 is disposed near the coil-end 7 at the position equal to or lower
than the top surface of the housing. The terminal block 10 is fitted to the rotating
electric device 1 so that the terminal block 10 is electrically connected to the coil-end 7,
by inserting the terminal block 10 from the side surface of the housing.

[0052] Also, the terminal block 10 includes the terminal 9 (first terminal).
The rotating electric device 1 includes the busbar 8 (second terminal) that protrudes in the
axial direction of the stator-core 6. The terminal block 10 is fitted to the rotating electric
device 1 by inserting the terminal block 10 into the housing in the axial direction of the
stator-core 6.

[0053] Also, the terminal block 10 includes the seal portion that seals the space
between the terminal 10 and the housing using the O-ring 11. By fitting the busbar 8
into the terminal 9, the terminal 10 is electrically connected to the coil-end 7. The
fitting-depth (L2) of the busbar 8 within the terminal 9 is longer than the insertion-depth
(L1) of the seal portion.

[0054] Thus, the embodiment of the invention that has been disclosed in the
specification is to be considered in all respects as illustrative and not restrictive. The
technical scope of the invention is defined by claims, and all changes which come within
the meaning and range of equivalency of the claims are therefore intended to be

embraced therein.
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CLAIMS

1. A drive apparatus for an electric vehicle, comprising a rotating electric device
which includes a housing, a stator provided in the housing, and a coil-end positioned at
an end of the stator in an axial direction, and which drives wheels of the vehicle; a power
source that supplies electric power to the rotating electric device; a power-supply passage
through which electric power is supplied to the rotating electric device from the power
source; and a terminal block to which the power supply passage is connected,
characterized in that:

the terminal block is disposed near the coil-end at a position equal to or lower
than a top surface of the housing, and is fitted to the rotating electric device so that the
terminal block is electrically connected to the coil-end by inserting the terminal block

from a side surface of the housing.

2. The drive apparatus for an electric vehicle according to claim 1, wherein the
terminal block is fitted to the rotating electric device along the axial direction of the

stator.

3. The drive apparatus for an electric vehicle according to claim 1, further
comprising:
a first terminal included in the terminal block; and
a second terminal, included in the rotating electric device, that protrudes in the
axial direction of the stator, wherein the first terminal is fitted to the second terminal by
inserting the terminal block from the side surface of the housing along the axial direction

of the stator thereby electrically connecting the terminal block to the coil-end.

4. The drive apparatus for an electric vehicle, according to claim 3, wherein the

first terminal is composed of a leaf spring.
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5. The drive apparatus for an electric vehicle, according to claim 3, wherein the

first terminal is made of a thermosetting material.

6. The drive apparatus for an electric vehicle according to any one of claims 3 to 5,
wherein an end of the first terminal includes a receptacle which faces the second

terminal.

7. The drive apparatus for an electric vehicle, according to claim 6, wherein an
end of the receptacle of the first terminal has a curved surface to facilitate insertion of the

second terminal.

8. The drive apparatus for an electric vehicle, according to claim 6 or 7, wherein
the second terminal is a busbar that can be fitted into the receptacle at the end of the first

terminal, thereby electrically connecting the first terminal and the second terminal.

9. The drive apparatus for an electric vehicle, according to claim 8, wherein the
end of the busbar is tapered to facilitate insertion into the receptacle at the end of the first

terminal.

10. The drive apparatus for an electric vehicle according to any one of claims 1 to
9, further comprising a seal member, included in the terminal block, that seals a space

between the terminal block and the housing.

11. The drive apparatus for an electric vehicle according to claim 10, wherein the

seal member is an O-ring.

12. The drive apparatus for an electric vehicle according to claim 10 or 11,
wherein a fitting-depth of the second terminal within the first terminal is greater than an

insertion-depth of the seal member.
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13. The drive apparatus for an electric vehicle according to any one of claims 10
to 12, wherein the seal member contacts a flange portion of the housing such that the seal
member and the flange portion of the housing constitutes a seal portion, after the first

terminal contacts the second terminal, when the terminal block is inserted in the housing.

14. The drive apparatus for an electric vehicle according to any one of claims 1 to

13, wherein the terminal block is disposed within the housing.

15. A drive apparatus for an electric vehicle, comprising:

a rotating electric device which includes a housing, a stator provided in the
housing, and a coil-end positioned at an end of the stator in an axial direction, and which
drives wheels of the vehicle;

a power source that supplies electric power to the rotating electric device;

a power-supply passage through which electric power is supplied to the rotating
electric device from the power source; and

a terminal block to which the power supply passage is connected, wherein the
terminal block is disposed near the coil-end at a position equal to or lower than a top
surface of the housing, and is fitted to the rotating electric device so that the terminal
block is electrically connected to the coil-end by inserting the terminal block from a side

surface of the housing.
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