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G7) ABSTRACT

A power outputting apparatus is provided with an engine, a
clutch motor connected to a crank shaft thereof, and an assist
motor connected to the crank shaft or a drive shaft by a
switch apparatus. At a time of moving a vehicle backward,
an operation characteristic of the engine is set to a charac-
teristic on a low torque side in place of a characteristic at a
time of moving forward (a characteristic giving priority to
an efficiency). In addition, a torque Tm larger than an engine
torque Te and in a reverse direction is output from the assist
motor. As a result, a high torque is output to the drive shaft
while an electric power is regenerated by the clutch motor,
whereby the vehicle can be backward moved.

20 Claims, 9 Drawing Sheets
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POWER TRANSMISSION APPARATUS AND
FOUR WHEEL DRIVE EQUIPPED WITH
THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a power transmission apparatus,
a power outputting method and a hybrid vehicle, and more
particularly to a power transmission apparatus and a power
outputting method which can output at least a part of power
output by a prime mover to a drive shaft in a mechanical
form, and a hybrid vehicle equipped with a prime mover
which can output at least a part of power to a drive shaft in
a mechanical form and a power adjusting apparatus which
can transmit the power between the drive shaft.

2. Description of the Related Art

As an apparatus for converting an output torque of a prime
mover such as an internal combustion engine so as to
transmit power, in recent years, there is suggested a structure
obtained by combining an electric motor with a power
distribution performed by a planetary gear mechanism, and
a structure for distributing power by employing a pair-rotor
electric motor having two relatively rotatable rotors so as to
utilize a slip between the rotors, in place of a torque
converter using fluid. As a structure which employs the
power transmission apparatus for transmitting the power to
a plurality of drive shafts, for example, there is known a
structure shown in Japanese Patent Laid-Open Publication
No. HEI9-175203. The power transmission apparatus men-
tioned above is excellent in view that an advantage of a high
efficiency can be obtained since the power is not transmitted
to fluid or the like.

However, in such a power transmission apparatus, there
has been a problem that there were some cases where a
sufficient torque can not be obtained when reversely rotating
the drive shaft. This is due to the following reasons. In the
case of the power transmission apparatus which can output
at least a part of the power output by the prime mover to the
drive shaft in a mechanical form, it is generally impossible
to reversely rotate the prime mover such as an engine, even
in the case of reversely rotating the drive shaft. Accordingly,
there is performed a control of reversely rotating the drive
shaft while normally rotating the engine. In the case where
the power transmission apparatus is provided with a battery
and is sufficient to use an electric power stored in the battery,
it is sufficient to stop the engine and reversely rotate the
drive shaft only by a torque of the electric motor. However,
in the case where it is impossible to respond to the situation
only by the electric power stored in the battery and the case
where a state of charge of the battery is low, it is necessary
to generate a reverse rotation torque in the electric motor
while generating electric power using the power of the
engine so as to reversely rotate the drive shaft. In such cases,
the torque output to the drive shaft becomes a torque
obtained by subtracting an output torque in a normal rotating
direction generated by the engine from a torque in a reverse
rotating direction generated by the electric motor connected
to the drive shaft.

The problem mentioned above can not be overlooked in
a so-called hybrid vehicle in which the power transmission
apparatus in accordance with the above aspect is mounted,
since a high torque can not be obtained particularly at a time
when the vehicle moves backward. In the power transmis-
sion apparatus outputting at least a part of the power output
by the prime mover to the drive shaft in accordance with a
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mechanical form, the same problem occurs both in an
electricity distribution type in which power is distributed
using an electric motor having a pair of relatively rotating
rotors or in a mechanical distribution type employing a
three-shaft type power distributor such as a planetary gear or
the like. Here, if a planetary gear is employed for distrib-
uting the power in the latter case, since the number of
revolutions and the torque of each of the shafts have a simple
proportional relation determined by the number of teeth,
there is a problem that when the drive shaft is reversely
rotated and the number of revolutions and the torque of the
prime mover are high, the number of revolutions and the
toque of another shaft are out of allowable ranges.
Accordingly, the number of revolutions of the drive shaft
was limited in this respect as well.

SUMMARY OF THE INVENTION

An object of the invention is to provide a power trans-
mission apparatus, a power outputting method and a hybrid
vehicle equipped with the power transmission apparatus
which can solve the problems mentioned above and increase
freedom in controlling a number of revolutions of a drive
shaft and a torque in the case of reversely rotating the drive
shaft.

In order to solve at least a part of the object mentioned
above, in accordance with the invention, there is provided a
power transmission apparatus which can output at least a
part of power output by a prime mover to a drive shaft in a
mechanical form, comprising:

a prime mover adjuster adjusting a state of the power

output from the prime mover;
a power generator connected to the prime mover in such
a manner as to be capable of electrically regenerating at
least a part of the power output from the prime mover;

an electric motor connected between an output shaft of the
prime mover and the drive shaft and capable of nor-
mally rotating so as to rotate the drive shaft in the same
direction as a rotation direction of the output shaft and
reversely rotating so as to rotate the drive shaft in a
reverse direction to the rotation direction of the output
shaft; and

a controller rotatively driving the electric motor in the

reverse direction to that of the output shaft of the prime
mover by using an energy regenerated by the power
generator and controlling the prime mover adjuster so
as to control a state of the power output from the prime
mover to an amount lower than that in the case of
normally rotating the drive shaft, at a time of reversely
rotating the drive shaft.

Further, in accordance with the invention, in correspon-
dence to the power transmission apparatus mentioned above,
there is provided a power outputting method which outputs
at least a part of power output by a prime mover to a drive
shaft in a mechanical form, comprising the steps of:

adjusting a state of the power output from the prime

mover;

electrically regenerating at least a part of the power output

from the prime mover by a power generator connected
to an output shaft of the prime mover, and normally
rotating the drive shaft in the same direction as a
rotation direction of the output shaft by an electric
motor connected between the output shaft of the prime
mover and the drive shaft or reversely rotating the drive
shaft in a reverse direction to the rotation direction of
the output shaft; and

at a time of rotating the drive shaft in a reverse direction,

rotating the electric motor in the reverse direction to
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that of the output shaft of the prime mover by using an
energy regenerated by the power generator and con-
trolling a state of the power output from the prime
mover to an amount lower than that in the case of
normally rotating the drive shaft.

In accordance with the power transmission apparatus and
the power outputting method mentioned above, at a time of
rotating the drive shaft in the reverse direction, the electric
motor is rotated in the reverse direction to that of the output
shaft of the prime mover by using the energy regenerated by
the power generator, and the state of the power output from
the prime mover is controlled to an amount lower than that
in the case of rotating the drive shaft in the normal direction.
Accordingly, it is possible to increase the power in the
reverse direction output from the drive shaft.

Further, in the power transmission apparatus or the like
mentioned above, the structure may be made such that the
power generator is a pair-rotor electric motor equipped with
two relatively rotatable rotors, wherein one of the pair of
rotors is connected to the output shaft of the prime mover
and another of a pair of rotors is connected to the drive shaft.
In the case where the pair-rotor electric motor is employed
for the power generator, in power distribution, power is
taken out as an electrical energy in accordance with a slip
number of revolutions corresponding to a relative number of
revolutions of a pair of rotors, and the remaining energy is
output to the drive shaft in a mechanical form, so that the
apparatus can be made compact.

In this case, when the electric motor mentioned above can
be selectively connected to one of the output shaft of the
prime mover and the drive shaft and the drive shaft is
reversely rotated, the electric motor may be connected to the
drive shaft. In this case, it is possible to connect the electric
motor to the output shaft of the prime mover so as to realize
a so-called overdrive state and it is possible to connect the
electric motor to the drive shaft so as to realize a so-called
under-drive state. Since there is provided the structure for
switching the shaft for connecting the electric motor, no
recirculation of the energy is generated in either cases. In the
case of reversely rotating the drive shaft, since the drive
shaft can not be reversely rotated at a number of revolutions
above the number of revolutions (including the rotation
direction) of the prime mover, the structure may be made
such that the electric motor is connected to the drive shaft,
in this case.

Further, as the prime mover mentioned above, it is pos-
sible to employ an internal combustion engine which per-
forms an explosive combustion by mixing an air sucked via
an intake valve with a fuel. As the fuel, it is possible to use
various kinds of fuels such as gasoline, light oil, alcohol,
propane gas, and natural gas. Of course, it is possible to
utilize other prime movers such as a gas turbine. In the case
of using the internal combustion engine as the prime mover,
the structure may be made such that means for controlling an
amount of intake air and an opening and closing timing of
the intake valve is provided as means for adjusting a state of
power of the prime mover.

The structure may be made such that the power transmis-
sion apparatus is provided with a battery storing an electric
power regenerated by the power generator so as to drive the
electric motor using at least a part of the electric power
stored in the battery in addition to the regenerated electric
power at a time when the controller reversely rotates the
drive shaft. Since the electric power in the battery is used in
addition to the regenerated electric power, it is possible to
output a high power to the drive shaft within an allowable
range of a residual capacity of the battery.
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As another structure for distributing the power from the
prime mover, there is a so-called mechanical distribution
aspect. This structure is provided with three shafts, and
employs a three-shaft type power transmission mechanism
in which the power input to and output from the one shaft is
determined by the power input to and output from other two
shafts, wherein one of three shafts in this mechanism is
connected to the output shaft of the prime mover, another
one shaft is connected to the drive shaft, and the remaining
one shaft is connected to the power generator. Further, the
electric motor is connected to the drive shaft. By making the
structure in the above manner, it is possible to output at least
a part of the power output from the prime mover to the drive
shaft in a mechanical form. When employing the structure of
the mechanical distribution type, it is not necessary to
employ the pair-rotor electric motor and it is possible to
simplify the structure.

In accordance with the invention, there is provided a
hybrid vehicle equipped with a prime mover which can
output at least a part of power to a drive shaft in a
mechanical form and a power adjusting apparatus which can
transmit the power between the drive shaft, comprising:

a prime mover adjuster adjusting a state of the power

output from the prime mover,

wherein the power adjusting apparatus comprises:

a power generator capable of electrically regenerating
at least a part of the power output from the prime
mover;

an electric motor connected between an output shaft of
the prime mover and the drive shaft and capable of
normally rotating so as to rotate the drive shaft in the
same direction as a rotation direction of the output
shaft and reversely rotating so as to rotate the drive
shaft in a reverse direction to the rotation direction of
the output shaft; and

a controller rotatively driving the electric motor in the
reverse direction to that of the output shaft of the
prime mover by using an energy regenerated by the
power generator and controlling the prime mover
adjuster so as to control a state of the power output
from the prime mover to an amount lower than that
in the case of normally rotating the drive shaft, at a
time when the vehicle moves backward.

In this hybrid vehicle, when the vehicle moves backward,
the prime mover adjuster is controlled so as to control the
state of the power output from the prime mover to be lower
than that in the case of normally rotating the drive shaft.
Accordingly, in the case of reversely rotating the drive shaft,
the drive torque of the drive shaft which is taken out as the
difference between the torque of the electric motor and the
torque of the prime mover can be made large as compared
to the state in which the prime mover is not controlled. As
a result, it is possible to make the state of the power at a time
of backward movement close to the desired power.

The invention can be applied to a four wheel drive hybrid
vehicle. Further, in addition to vehicles, the invention can be
employed for ships, machining tools or other equipment.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an explanatory view showing an entire structure
of a hybrid vehicle corresponding to a first embodiment of
the invention;

FIG. 2 is an explanatory view showing a schematic
structure of a power system at a time of under-drive
connection, with respect to the hybrid vehicle in accordance
with the embodiment;
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FIG. 3 is an explanatory view showing a schematic
structure of a power system at a time of over-drive
connection, with respect to the hybrid vehicle in accordance
with the embodiment;

FIG. 4 is a graph showing a relation between a connecting
state and a running state of the vehicle, with respect to the
hybrid vehicle in accordance with the embodiment;

FIG. 5 is a graph showing a relation between an operation
point of the engine and an operation efficiency;

FIG. 6 is a graph showing a relation between a number of
revolutions of the engine and the operation efficiency, in the
case where the output power is fixed;

FIG. 7 is a flow chart showing a control routine at a time
when the vehicle moves backward;

FIG. 8 is a graph showing a difference of an operation
control of an engine 50;

FIG. 9 is a schematic block diagram of a power trans-
mission apparatus 120 in accordance with a second embodi-
ment and a vehicle 110 equipped with the power transmis-
sion apparatus 120 thereon;

FIG. 10 is a graph showing an operation state of the power
transmission apparatus 120 in accordance with the second
embodiment; and

FIG. 11 is a graph showing an operation state at a time of
moving backward.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A description will be given below of embodiments in
accordance with the invention.

At first, a description will be given of a structure of the
embodiment with reference to FIG. 1. FIG. 1 is an explana-
tory view showing a schematic structure of a hybrid vehicle
on which a power transmission apparatus in accordance with
the present embodiment is mounted. A power system in the
hybrid vehicle is constituted by the following structure. An
engine 50 corresponding to a prime mover provided in the
power system is an ordinary gasoline engine, and rotates a
crank shaft 56. An operation of the engine 50 is controlled
by an exclusive fuel injection control unit (hereinafter,
referred to as an EFIECU) 70. The EFIECU 70 is a one-chip
microcomputer having CPU, ROM, RAM and the like
therein, and the CPU mainly executes a fuel injection
volume control of the engine 50, an advance angle control
of an intake and exhaust valve and other controls in accor-
dance with a program stored in the ROM. In order to make
it possible to execute these controls, a fuel injection valve
51, a throttle valve motor 54 controlling an opening degree
of a throttle valve 53 or a VVT 57 controlling an opening
and closing timing of an intake and exhaust valve (not
shown) and the like are provided in the EFIECU 70. Further,
sensors required for executing the controls, that is, various
kinds of sensors indicating an operation state of the engine
50 are connected thereto. One of them is a revolutions sensor
52 detecting a number of revolutions of the crank shaft 56.
An illustration of other sensors such as a water temperature
sensor detecting a cooling water temperature Tw, switches,
and the like is omitted.

A power transmission apparatus 20 is arranged between
the crank shaft 56 of the engine 50 and a drive shaft 22
outputting power for driving wheels 26. The power trans-
mission apparatus 20 is an apparatus basically transmitting
power of the engine 50 to the drive shaft 22, and is mainly
constituted by a clutch motor 30, an assist motor 40 and a
switch apparatus 80 switching a shaft to which the assist
motor 40 is connected.
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The clutch motor 30 is basically constituted by a syn-
chronous electric motor using a permanent magnet,
however, is different from an ordinary motor in that a
member around which a three-phase coil generating a mag-
netic field is wound is structured as a rotatable rotor and not
as a so-called stator fixed to a case. That is, in the clutch
motor 30, not only an inner rotor 32 corresponding to the
rotor in an ordinary motor, but also an outer rotor 34 around
which a three-phase coil 36 is wound can freely rotate. The
motor mentioned above is called a pair-rotor electric motor.
In this type of electric motor, since the outer rotor 34 in
which the three-phase coil 36 is provided is also rotated, it
is necessary to provide a mechanism for supplying an
electric power to the rotating coil 36. In the present
embodiment, a slip ring 38 is provided so as to supply an
electric power to the three-phase coil 36, however, it is
possible to use the other structures such as a differential
transformer. In the clutch motor 30, the inner rotor 32 and
the outer rotor 34 rotate relatively to each other due to a
mutual operation between a magnetic field generated by a
permanent magnet provided in the inner rotor 32 and a
magnetic field generated by a three-phase coil 36 provided
in the outer rotor 34. In this case, since the operation
mentioned above is reversible, it is possible to operate the
clutch motor 30 as a power generator and to regenerate an
electric power corresponding to the difference of the number
of revolutions between both rotors from the clutch motor 30.

An inner rotor shaft 33 is connected to the inner rotor 32
of the clutch motor 30, and an outer rotor shaft 35 is
connected to the outer rotor 34. The inner rotor shaft 33 is
connected to a crank shaft 56 via a damper (not shown). The
outer rotor shaft 35 is connected to the drive shaft 22 via an
output gear 21 and a chain 23. The drive shaft 22 is further
connected to an axle 26 provided with drive wheels 26R and
26L via a speed reduction gear 24 and a differential gear 25.
Accordingly, the number of revolutions and the torque of the
outer rotor 35 in the clutch motor 30 and the number of
revolutions and the torque of the axle 26 have a direct
corresponding relation.

Since the clutch motor 30 is structured such that both the
inner rotor 32 and the outer rotor 34 can be rotated, it is
possible to transmit power input from one of the inner rotor
shaft 33 and the outer rotor shaft 35 to the other. Although
it is impossible to change the torque by the clutch motor 30
itself due to an action and reaction relation, however, if a
power running is performed by setting the clutch motor 30
as an electric motor, the number of revolutions of the other
shaft becomes high. Accordingly, power (=number of
revolutionsxtorque) output from the other shaft becomes
high. When a regenerating operation is performed by setting
the clutch motor 30 as the power generator, the number of
revolutions of the other shaft becomes low, and it is possible
to take out an electric power corresponding to the difference
between the number of revolutions (=difference of number
of revolutionsxtorque). That is, by using the clutch motor
30, it is possible to transmit the remaining power while
taking out a part of the power in a form of electric power.
Further, if neither the power running nor the regenerating
operation is performed, a state is created in which the power
is not transmitted. Since this state corresponds to a state in
which the mechanical clutch is released, this electric power
generator is called as a clutch motor.

The assist motor 40 corresponding to another motor
constituting the power transmission apparatus 20 is also
structured as a synchronous electric motor using a perma-
nent magnet, and in the present embodiment, the permanent
magnet and the three-phase coil 46 are respectively provided
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in a side of a rotor 42 and a side of a stator 44. The stator
44 of the assist motor 40 is fixed to a case, and the rotor 42
is connected to a hollow rotor shaft 43. The inner rotor shaft
33 connected to a crank shaft 56 extends through an axial
center of the hollow rotor shaft 43.

In order to drive the clutch motor 30 and the assist motor
40, a first drive circuit 91 and a second drive circuit 92 which
are connected to a battery 94 are provided. The first drive
circuit 91 is a transistor inverter provided with a plurality of
transistors corresponding to switching elements therein, and
is electrically connected to a control unit 90. When the
control unit 90 PWM controls an on and off time of the
transistor in the first drive circuit 91, a three-phase alternat-
ing current flows through a portion between the battery 94
and the three-phase coil 36 wound around the outer rotor 34
of the clutch motor 30 via the first drive circuit 91 and the
slip ring 38 connected to both elements. A rotational mag-
netic field is formed in the outer rotor 34 in accordance with
the three-phase alternating current, and the rotation of the
clutch motor 30 is controlled. As a result, it is possible to
perform an operation of power running the clutch motor 30
by using an electric power of the battery 94, an operation of
storing the electric power regenerated from the clutch motor
30 in the battery 94, and the like.

On the contrary, the assist motor 40 is connected to the
battery 94 via the second drive circuit 92. The second drive
circuit 92 is also constituted by a transistor inverter, and is
connected to the control unit 90 so as to be operated in
accordance with the control thereof. When switching the
transistor in the drive circuit 92 in accordance with the
control signal of the control unit 90, the three-phase alter-
nating current flows through the three-phase coil 46 wound
around the stator 44 and generates the rotational magnetic
field, whereby the assist motor 40 is rotated. The assist
motor 40 can also perform a regenerating operation.

In addition to the clutch motor 30 and the assist motor 40
mentioned above in detail, a switch apparatus 80 is provided
in the power transmission apparatus 20. This switch appa-
ratus 80 connects the assist motor 40 to any one of the outer
rotor shaft 35 and the inner rotor shaft 33 in the clutch motor
30, or switches to a state in which the assist motor 40 is not
connected to any of the shafts. A description will be given
of a structure of the switch apparatus 80. The switch
apparatus 80 is provided with a first gear 81 connected to the
outer rotor shaft 35 in the clutch motor 30, a second gear 82
connected to the inner rotor shaft 33, a third gear 83
connected to neither one of the shafts, and a movable gear
84 cngaged with these gears. The movable gear 84 is
connected to another member of a spline shaft 85 having one
end fixed to the rotor shaft 43. Accordingly, the movable
gear 84 can slide in an axial direction with respect to the
rotor shaft 43 while rotating together with the rotor shaft 43.
An actuator 86 for switching a sliding position of a movable
gear 84 in the spline shaft 85 is provided in the switch
apparatus 80. The actuator 86 can be realized by a motor, a
solenoid or the like, and is controlled by a control unit 90.

When the movable gear 84 is at a position a in FIG. 1, the
first gear 81 and the movable gear 84 are engaged with each
other, and the rotor shaft 43 of the assist motor 40 is
connected to the outer rotor shaft 35 of the clutch motor 30.
As a result, the power output from the engine 50 is output
to the drive shaft 22 via the clutch motor 30, and the assist
motor 40 can transmit power between the drive shaft 22.
This structure is schematically shown in FIG. 2. When the
switch apparatus 80 switches the movable gear 84 to the
position a, the structure is equivalent to the structure shown
in FIG. 2. Hereinafter, this connecting state will be called an
under-drive connection.
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On the contrary, when the switch apparatus 80 switches
the movable gear 84 to a position ¢ in FIG. 1, the second gear
82 and the movable gear 84 are engaged with each other, and
the rotor shaft 43 of the assist motor 40 is connected to the
inner rotor shaft 33 of the clutch motor 30. As a result, with
respect to the output system of the power output to the drive
shaft 22 via the clutch motor 30 from the engine 50, the
assist motor 40 can transmit power between the assist motor
40 and the inner rotor shaft 33. This structure is schemati-
cally shown in FIG. 3. When the switch apparatus 80
switches the movable gear 84 to the position c, the structure
is equivalent to the structure shown in FIG. 3. Hereinafter,
this connecting state will be called an over-drive connection.

The switch apparatus 80 can switch the movable gear 84
to a position b for engaging with the third gear 83. At this
position, the movable gear 84 is in a neutral state engaged
with neither of the first gear 81 and the second gear 82. The
power output from the engine 50 at this time is output to the
drive shaft 22 via the clutch motor 30 as it is.

Each of the connection states of each of the gears can be
switched by the switch apparatus 80 mentioned above, in
accordance with a running state of the hybrid vehicle 10. A
relation between the running state of the vehicle 10 and the
connection state of the assist motor 40 is shown in FIG. 4.
FIG. 4 shows a range in which the vehicle runs by taking a
vehicle speed on a horizontal axis and taking a torque on a
vertical axis. An area shown by a curve LIM in FIG. 4 shows
a state in which the hybrid vehicle can run. An area OD
shown by a hatching corresponds to a range for running in
accordance with the over-drive connection. The other area
UD corresponds to a range for running in accordance with
the under-drive connection. Further, an area EV corresponds
to a range for running in a state where the engine 50 is
stopped and only the assist motor 40 is used as the power
source. The hybrid vehicle 10 in accordance with the
embodiment runs while switching the connection state of the
assist motor 40 by the switch apparatus 80 in accordance
with the running state.

In this case, the switch apparatus 80 in the present
embodiment can be constituted by a plurality of clutches.
That is, in place of the combination of the first to third gears
81 to 83, and the movable gear 84, the structure may be
made such that a first clutch for connecting and disconnect-
ing the outer rotor shaft 35 and the rotor shaft 43 is provided,
and a second clutch for connecting and disconnecting the
inner rotor shaft 33 and the rotor shaft 43 is provided. In this
case, it is not necessary to provide the spline shaft 85.

The operation state of the hybrid vehicle in accordance
with the present embodiment is controlled by the control
unit 90. The control unit 90 is a one-chip microcomputer
having CPU, ROM, RAM and the like inside in the same
manner as that of the EFIECU 70, and is structure is made
such that the CPU executes various kinds of control pro-
cesses mentioned below in accordance with the program
stored in the ROM. In order to make it possible to perform
these controls, various kinds of sensors and switches are
electrically connected to the control unit 90. As the sensors
and switches connected to the control unit 90, there are an
accelerator pedal position sensor 65« for detecting an oper-
ating amount of an accelerator pedal 65, a shift position
sensor 66a for detecting a position of a shift lever 66 and the
like. The control unit 90 is connected to the EFIECU 70 by
a communication line, and communicates various kinds of
information between the control unit 90 and the EFIECU 70.
By outputting the information required for controlling the
engine 50 from the control unit 90 to the EFUECU 70, it is
possible to indirectly control the engine 50. It is possible to
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inversely input the information such as the number of
revolutions of the engine 50 from the EFIECU 70. The
control unit 90 functions as a controller in accordance with
the invention.

A description will be briefly given of an operation of the
power transmission apparatus 20. The power transmission
apparatus 20 realizes a power distribution by a slip between
the inner rotor 32 and the outer rotor 34 in the clutch motor
30. A part of the power of the engine 50 is directly output to
the drive shaft 22 via the clutch motor 30 in a mechanical
form, and a part thereof is taken out from the clutch motor
30 in a form of electric power by a slip rotation between two
rotors 32 and 34. The energy taken out in the form of
electricity can be stored in a battery 94 mentioned below and
can be output to the assist motor 40 corresponding to another
motor constituting the power transmission apparatus 20 so
as to be used for increasing the torque of the drive shaft 22.
That is, the power transmission apparatus 20 can freely
control the power output to the drive shaft 22 by three
elements including the engine 50 outputting the power or
keeping a stop state, the clutch motor 30 communicating the
power with the slip rotation, and the assist motor 40 capable
of power running and regenerating.

The control of the engine 50 in a normal operation state
is performed with priority to efficiency. This state is shown
in FIGS. 5 and 6. When a required power Pe from the engine
50 is output to the EFIECU 70 from the control unit 90, the
EFIECU 70 sets an operation point of the engine 50 on the
basis of the required power Pe. The operation point means
a combination of a target number of revolutions Ne and a
target torque Te of the engine 50. FIG. 5 shows an operation
state of the engine 50 by taking the number of revolutions
Ne of the engine on a horizontal axis and taking the torque
Te on a vertical axis. A curve B in FIG. 5 shows a limit range
in which the operation of the engine 50 can be performed.
Curves al to a6 drawn by solid lines show operation points
in which the operation efficiency of the engine 50 becomes
fixed. The operation efficiency becomes subsequently lower
in the order of a1 to a.6. Further, curves C1 to C3 drawn by
broken lines respectively show lines in which the power
(number of revolutionsxtorque) output from the engine 50
becomes fixed.

The operation efficiency of the engine 50 differs greatly in
accordance with the number of revolutions and the torque as
shown in FIG. 5. FIG. 6 shows a relation between the
number of revolutions Ne and the efficiency cwof the engine
50 in the case of outputting the power corresponding to the
curves C1 to C3 in FIG. 5. In the case of outputting the
power corresponding to the curve C1 from the engine 50, the
operation efficiency becomes the highest at a time of oper-
ating the engine 150 at the operation point (number of
revolutions and torque) corresponding to a point Al in FIGS.
5 and 6. In the same manner, in the case of outputting the
power corresponding to the curves C2 and C3, the highest
efficiency is obtained in the case of operating at points A2
and A3 shown in FIGS. 5 and 6. When selecting the
operation point having the highest operation efficiency in
each of the power to be output, the curve A in FIG. 5 can be
obtained. This is called an operation curve.

The operation point in the embodiment is set by storing an
experimentally determined operation curve in advance in the
ROM within the control unit 90 as a map, reading the
operation point corresponding to the required power Pe by
referring to the map mentioned above, and setting the target
number of revolutions Ne and the target torque Te in the
engine 50. In accordance with the above operation, it is
possible to always operate the engine 50 at the operation
point having a high operation efficiency.
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In this case, in order to perform these controls, the control
unit 90 detects the torque of each of the shafts in addition to
the number of revolutions of each of the shafts by sensors.
The number of revolutions of the respective shafts are
detected by resolvers provided on the respective shafts, and
the torque are detected by the current detectors provided in
the first drive circuit 91 and the second drive circuit 92,
respectively. An illustration of these sensors is omitted in
FIG. 1.

Next, a description will be given of a backward movement
control among the operation control processes of the hybrid
vehicle 10 in accordance with the present embodiment. FIG.
7 is a flow chart showing a backward movement processing
routine which the control unit 90 executes in the present
embodiment. When this process routine is started, it is
judged whether or not a shift position SP detected by the
shift position sensor 664 is a rear position (step S100). In the
case that the shift lever 66 is at the rear position and the
judgement mentioned above is “YES, ” a process of driving
the actuator 86 of the switch apparatus 80 and switching the
movable gear 84 of the switch apparatus 80 to the position
a is executed next (step S110). As a result, the rotor shaft 43
of the assist motor 40 is connected to the outer rotor shaft 35
of the clutch motor 30, and the power transmission apparatus
20 comes into a so-called under-drive state (refer to FIG. 2).

Next, a process of locking up the clutch motor 30 is
executed (step S120). There is executed a control of apply-
ing a lock-up current to the three-phase coil 46 so that the
rotor 42 of the assist motor 40 does not rotate. As a result,
the drive shaft 22 connected to the assist motor 40 is fixed,
and the wheels 26R and 26L do not move. The axle 26 is
locked by the assist motor 40 so as to prevent the vehicle
from start moving immediately after putting the shift lever
66 in the rear position.

Next, it is judged whether or not the accelerator pedal has
been depressed and the accelerator pedal position sensor 65a
had detected this fact (step S130). Because the vehicle 10 is
not moved backward unless it is detected that the accelerator
pedal has been depressed. Unless the accelerator pedal is
depressed, the process goes back to step S100 and the
processes mentioned above (the steps S100 to S130) are
repeated. In this case, if the shift lever 66 is switched to
positions other than the rear position during that period (step
$100), the switch apparatus 80 switches the movable gear 84
to another position required for control (step S140), and the
present routine is temporarily finished.

When the shift lever 66 is in the rear position and the
accelerator pedal is depressed, it is next judged whether or
not the out put of the battery 94 is sufficient (step S150). This
is because it is possible to move the vehicle 10 backward
using only the electric power from the battery 94 and driving
the assist motor 40 if the residual capacity of the battery 94
is sufficient. In this case, the clutch motor 30 is controlled to
be free (step S160) and thereafter the assist motor 40 is
controlled corresponding to the pedaling amount of the
accelerator pedal (step S190). Accordingly, in this case, if a
strong torque is required at a time of moving backward, it is
possible to output the required torque to the axle 26 in an
allowable range of a rating of the assist motor 40. In this
case, the rotation direction of the assist motor 40 is reverse
to the rotation direction at a time of moving the vehicle 10
forward.

On the contrary, in the case that it is judged that the output
of the battery 94 is not sufficient (step S150), a process of
starting the engine 50 by the clutch motor 30 is executed
(step S170). This process is executed by driving the clutch
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motor 30 in a state the assist motor 40 is locked up and
driving the crank shaft 56 to approximately one thousand
revolutions. Until the number of revolutions of the crank
shaft 56 of the engine 50 is increased to one thousand
rotation, the intake and exhaust valves are set to a state in
which a compression ratio is the smallest, that is, an energy
loss due to the pump work is small, by the VVT 57. It is
possible to easily start the engine 50 by starting the injection
of fuel from the fuel injection valve 51 and igniting the
mixed gas by an igniter (not shown) after the number of
revolutions is increased.

When the engine 50 is started in the manner mentioned
above, the process proceeds to a control of the engine 50
(step S180). The engine 50 is generally operated in accor-
dance with the operation line A giving priority to the
efficiency, as described in FIGS. 5 and 6. However, at a time
of moving backward, the control is executed in accordance
with the operation line set to a lower torque side compared
to the operation line A. The operation line at a time of
moving backward is shown in FIG. 8. As shown in FIG. 8,
at a time of moving backward, the engine 50 is controlled in
accordance with the backward movement operation line B
set to a lower torque side compared to the operation line A
giving priority to the efficiency. In order to operate the
engine 50 in accordance with the operation line B, it is
sufficient to control an amount of fuel injected from the fuel
injection valve 51, an amount of intake air adjusted by the
throttle valve 53 and an opening and closing timing (an
advance angle value) of the intake and exhaust valves
adjusted by the VVT 57. Further, the ignition timing may be
controlled. Since the control of the engine 50 is actually
executed by the EFIECU 70, the control unit 90 actually
only instructs the EFIECU 70 the operation line with which
the engine 50 should be operated.

After instructing the control of the engine 50 to the
EFIECU 70, the process proceeds to a process of controlling
the assist motor 40 in accordance with the depression
amount of the accelerator pedal (step S190). In the case that
the engine 50 is stopped, the torque which the assist motor
40 outputs is output to the drive shaft 22 as it is. However,
in the case that the engine 50 is operated, since the rotation
direction of the drive shaft 22 (the backward moving
direction) and the rotation direction of the crank shaft 56 are
opposite to each other, a torque Td output to the drive shaft
22 is obtained by subtracting an output torque Te of the
engine 50 from an output torque Ta of the assist motor 40.
At this time, the clutch motor 30 is in a regenerating state so
as to regenerate the power output from the engine 50 in the
form of electricity. The magnitude of the regenerated energy
Pe is such that a maximum value obtained by the product
between the engine torque Te and a number of revolutions
difference AN between both rotors 32 and 34. Most of the
energy which the engine 50 outputs is regenerated by the
clutch motor 30, is stored in the battery 94 and is used for
driving the assist motor 40 mentioned below. In this case, in
accordance with the relation of an action and reaction, the
engine torque Te applied to the inner rotor shaft 33 appears
in the side of the outer rotor shaft 35 of the clutch motor 30
as it is.

In the case of operating the engine 50 at a time of moving
backward in accordance with the operation line B in the low
torque side, the torque of the engine 50 becomes TB when
the number of revolutions of the engine 50 is NI.
Accordingly, a torque Td output to the drive shaft 22 is
expressed by the following formula.

Td=Ta-TB
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In which Ta is an output torque of the assist motor 40, and
is determined by the torque line of the motor shown by a
solid line MA in FIG. 8. In this case, since the torque output
to the drive shaft 22 becomes equal to the torque Ta of the
assist motor 40 when the engine 50 is stopped, the torque
output to the drive shaft 22 becomes small by a correspond-
ing degree in the case that the engine 50 is operated.

After executing the processes mentioned above, it is
judged whether or not the accelerator pedal is turned off
(step S195), and the processes mentioned above (the steps
$150 to S195) are repeated as far as the accelerator pedal is
not returned. At a time when the accelerator pedal is turned
off, the process goes to “END” and the present routine is
completed.

In accordance with the present embodiment mentioned
above, in the case of moving the vehicle 10 backward, the
movable gear 84 of the switch apparatus 80 is switched to
the position a and the engine 50 is stopped or started in
accordance with the residual capacity of the battery 94, and
in the case of starting the engine 50, the engine 50 is
operated in accordance with the operation line B with lower
torque than in the case of moving the vehicle 10 forward. As
a result, in the case of moving the vehicle 10 backward, it is
possible to obtain a stronger torque in comparison with the
conventional one. In the case of operating the engine 50 in
accordance with the conventional operation line A giving
priority to the efficiency, the torque of the engine 50 at the
number of revolutions N1 becomes TA, and the torque Td
output from the drive shaft 22 is expressed by the following
formula.

Td=Ta-TA

Taking a relation TA>>TB into consideration, it can be
seen that the present embodiment can output a significantly
large torque from the drive shaft 22 at a time of moving
backward in comparison with the conventional art. As a
result, in the present embodiment, it is possible to obtain a
large climbing force even at a time of moving backward. The
effect mentioned above is more significant as the number of
revolutions of the drive shaft 22 becomes larger, as shown
in FIG. 8. In the assist motor 40, the torque output from the
assist motor 40 is quickly reduced when the number of
revolutions becomes higher in accordance with the general
output characteristic of the motor. At an operation point
where the conventional operation line A giving priority to
the efficiency and the characteristic line MA of the assist
motor 40 intersect, with the conventional control, it is
impossible to obtain the torque for moving backward from
the drive shaft 22. However, in accordance with the present
embodiment, it is possible to still obtain the torque
expressed by the formula “Td=Ta2-TB2”.

Therefore, in accordance with the present embodiment, it
is possible to realize a high torque for climbing, and generate
electrical power by the clutch motor 30 using the engine 50
as the power source so as to control the output of the electric
power from the battery 94 at a minimum level, at a time of
moving the vehicle backward. Even in the case that the
output of the battery 94 can not be sufficiently obtained, it is
possible to secure a high climbing force at a time of moving
the vehicle backward for a sufficient long time.

Next, a description will be given of a second embodiment
in accordance with the invention. A hybrid vehicle 110 of a
second embodiment is provided with a so-called mechanical
distribution type power transmission apparatus 120, as
shown in FIG. 9. The hybrid vehicle 110 employs a plan-
etary gear 200 and an electric power generator 210 in place
of the clutch motor 30 distributing the power in the first
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embodiment. Other structures are substantially the same as
those of the hybrid vehicle (refer to FIG. 1) in the first
embodiment, and there are provided a control unit 190
controlling the entire apparatus, an EFIECU 170 controlling
the engine 150, first and second drive circuits 191 and 192
driving respective motors mentioned below, a battery 194
supplying and storing the electric power, an accelerator
pedal position sensor 165a connected to the control unit 190
and detecting a depression amount of the accelerator pedal
165, a shift position sensor 1664 detecting a position of the
shift lever 166, and the like.

In this embodiment, the planetary gear 200 provided in
the power transmission apparatus 120 is constituted by a sun
gear 201 rotating at a center, a planetary carrier 203 provided
with a planetary pinion gear revolving around an outer
periphery of the sun gear 201 while rotating, and a ring gear
202 rotating in an outer periphery thereof. The sun gear 201,
the planetary carrier 203 and the ring gear 202 respectively
have different rotational axes. A sun gear shaft 204 which
serves as a rotational axis of the sun gear 201 is hollow, and
is connected to a rotor 212 of the electric power generator
210. A planetary carrier shaft 206 which serves as a rota-
tional axis of the planetary carrier 203 is connected to a
crank shaft 156 of the engine 150. A ring gear shaft 205
corresponding to a rotational axis of the ring gear 202 is
connected to an axle 116 via a differential gear 114.

In the planetary gear 200, it is well known in a mechanism
study that the following relation is established in the number
of revolutions and the torque of the sun gear shaft 204, the
planetary carrier shaft 206 and the ring gear shaft 205. That
is, when the power states of two rotating shafts among three
rotating shafts are determined, the power state of the remain-
ing one rotating shaft is determined on the basis of the
following relational formulas. The relational formulas are as
follows. In the formulas, the formula (1) expresses a relation
of the number of revolutions of the respective shafts, the
formula (2) expresses a relation of the torque of the respec-
tive shafts, and the formula (3) expressed a gear ratio,
respectively:

Ns=(1+p)/pxNc-Nr/p;

Ne=p/(1+p)xNs+Nr/(1+p);

Nr=(1+p)Nc-pNs; (1)
Tes=Texp/(1+p)=pTer;
Ter=Tc/(1+p); (2)

p=number of teeth in the sun gear 201/number of teeth in the ring
gear 202 3)

wherein
Ns is a number of revolutions of the sun gear shaft 204;
Tes is a torque of the sun gear shaft 204;
Nc is a number of revolutions of the planetary carrier shaft

206 (accordingly, equal to the engine number of revo-
lutions Ne);

Tc is a torque of the planetary carrier shaft 206;

Nr is a number of revolutions of the ring gear shaft 205;

and

Ter is a torque of the ring gear shaft 205.

The electric power generator 210 has the same structure
as that of the assist motor 240. That is, the electric power
generator 210 is structured as a three-phase synchronous
motor in which a coil is wound around a stator 214, and a
permanent magnet is adhered to a rotor 212. The stator 214
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is fixed to a case. A rotational magnetic field is generated
when a three-phase alternating current is applied to the coil
wound around the stator 214, and the rotor 212 rotates due
to a mutual operation between the coil and a permanent
adhered to the rotor 212. The electric power generator 210
has a function as a power generator regenerating the power
in the form electric power when the rotor 212 is rotated by
the external force. In this case, the coil wound around the
stator 214 of the electric power generator 210 is electrically
connected to a drive circuit 191. The control unit 190 turns
on and off the transistor in the drive circuit 191 so as to
control the operation of the electric power generator 210.

In the first embodiment (FIG. 1), the power distribution is
performed by regenerating a part of the power input to the
inner rotor 32 as the electric power by the relative slip
between the inner rotor 32 and the outer rotor 34 in the
clutch motor 30 while transmitting the residual power to the
outer rotor 34. Further, it is possible to increase the power
input from the inner rotor 32 so as to transmit to the outer
rotor 34 by power running the clutch motor 30. As men-
tioned above, the clutch motor 30 serves as a function of the
power transmission apparatus which increases and reduces
the power input from one of the shafts by communication of
the electric power so as to transmit it to another of the shafts.

In the hybrid vehicle in accordance with the second
embodiment, it is possible to obtain the same function as that
of the clutch motor 30 in the first embodiment by the
combination of the planetary gear 200 and the electric power
generator 210. The planetary carrier shaft 206 corresponds
to the inner rotor shaft 33 of the clutch motor 30, and the ring
gear shaft 205 corresponds to the outer rotor shaft 35. In this
embodiment, it is possible to obtain the power adjusting
apparatus function by the combination thereof.

When the power is input to the planetary carrier shaft 206
from the engine 50, the ring gear 202 and the sun gear 201
rotate in accordance with the formulas (1) to (3) mentioned
above. It is possible to stop the rotation of any one of the ring
gear 202 and the sun gear 201. The ring gear 202 is rotated
so as to transmit a part of the power output from the engine
50 to the front axle 116 in a mechanical form. Further, the
sun gear 201 is rotated so as to regenerate a part of the power
output from the engine 150 by the electric power generator
210 as the electric power. On the contrary, when power
running the electric power generator 210, the torque output
from the electric power generator 210 can be mechanically
transmitted to the axle 116 via the sun gear 201, the
planetary gear 203 and the ring gear 202. Accordingly, it is
possible to increase the torque output from the engine 150 so
as to output to the axle 116 by power running the electric
power generator 210. As mentioned above, in accordance
with the second embodiment, it is possible to obtain the
same function as that of the clutch motor 30 by the combi-
nation of the planetary gear 200 and the electric power
generator 210.

In this embodiment, whether the assist motor 240 is
connected to the output shaft (the crank shaft) of the engine
150 or to the drive shaft side is set by a switch apparatus 180
provided with a first gear 111, a second gear 112 and a third
gear 113. An actuator for switching is provided in the switch
apparatus 180 in the same manner as that of the first
embodiment, and is connected to the control unit 190,
however, an illustration thereof is omitted. Also in this
embodiment, the power transmission apparatus 120 can
employ various kinds of structures according to the engag-
ing state of the gear. When engaging the first gear 111 with
the third gear 113, the rotor 142 of the assist motor 240 is
connected to the ring gear 205 of the planetary gear 200.












