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(54) [Title of the invention] Hybrid drive device
(57) [Summary] -
[Problem to be solved] To provide a hybrid drive device that can % w
output sufficient driving force over a wide range of vehicle \ u

speeds while suppressing increases in size and weight of the
device, and that can further improve energy efficiency.

[Means for solving the problems] A hybrid drive device
including an input member I connected to an engine E, an output
member O connected to wheels W, a first rotating electrical
machine MGl, a second rotating electrical machine MG2, and a
differential gear device P1 having three rotating elements
respectively connected to the input member I, the output member
O, the second rotating electrical machine MG2, and the first
rotating electrical machine MG1, and is switchable between a
continuously variable speed mode in which the rotation of the
input member I is continuously variable and transmitted to the
output member O, and a first rotating electrical machine drive
mode in which the rotational driving force of the first rotating
electrical machine MGl is transmitted to the output member O
and is switchable between two gear stages.

[Selected Drawing] FIG. 1
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[Scope of Claim for Patent]
[Claim 1]

A hybrid drive device including an input member connected to an engine, an output member
connected to wheels, a first rotating electrical machine, a second rotating electrical machine, and a
differential gear device having three rotating elements: a rotating element connected to the input
member, a rotating element connected to the output member and the second rotating electrical
machine, and a rotating element connected to the first rotating electrical machine; wherein the hybrid
drive device is capable of switching between a continuously variable speed mode in which the rotation
of the input member is continuously changed and transmitted to the output member by making the
three rotating elements of the differential gear device freely rotatable and controlling the rotation of
the first rotating electrical machine, and a first rotating electrical machine drive mode in which the
rotational driving force of the first rotating electrical machine is transmitted to the output member,
and in which two gear stages with different gear ratios can be switched when transmitting the rotation
of the first rotating electrical machine to the output member by switching the rotational state of the
three rotating elements of the differential gear device.

[Claim 2]

A hybrid drive device according to Claim 1, wherein the first rotating electrical machine drive

mode is switchable between a first gear stage that stops rotation of a rotating element connected to

the input member, changes the rotation of the first rotating electrical machine, and transmits it to
the output member side, and a second gear stage that transmits the rotation of the first rotating
electrical machine to the output member side at the same speed while causing the differential gear
device to rotate integrally.

[Claim 3]

A hybrid drive device according to Claim 1 or 2, further comprising of a switchable engine drive
mode, in which the rotational driving force of the input member is transmitted to the output member,
and in which the two gear stages with different gear ratios when transmitting the rotation of the input
member to the output member can be selected by switching the rotational states of the three rotating
elements of the differential gear device.

[Claim 4]

A hybrid drive device according to Claim 3, wherein the engine drive mode is switchable between

a first gear stage that stops the rotation of the rotating element connected to the first rotating

electrical machine and changes the rotation of the input member before transmitting it to the output

member, and a second gear stage that transmits the rotation of the input member to the output
member at the same speed while causing the differential gear device to rotate integrally.
[Claim 5]

A hybrid drive device according in any one of Claims 1 to 4, wherein the second rotating electrical
machine transmits rotational driving force to the output member in one or both of the continuously
variable speed mode and the first rotating electrical machine drive mode.

[Claim 6]

A hybrid drive device according to Claim 3 or 4, wherein the second rotating electrical machine
transmits the rotational driving force to the output member in the engine drive mode.
[Claim 7]

A hybrid drive device according to any one of Claims 1 to 6, further comprising of a switchable
second rotating electrical machine drive mode in which the first rotating electrical machine is placed
in a non-driving state and the rotational driving force of the second rotating electrical machine is
transmitted to the output member.

[Claim 8]

A hybrid drive device according to Claim 1 or 2, wherein the differential gear device has three
rotating elements: a first rotating element, a second rotating element, and a third rotating element, and
wherein the first rotating element is connected to the first rotating electrical machine, the second
rotating element is connected to the input member, and the third rotating element is connected to the
output member and the second rotating electrical machine, and further comprising of a first fixing
device that selectively fixes the second rotating element to a non-rotating member; and a differential
restricting device that selectively connects any two rotating elements of the differential gear device
to rotate them integrally.
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[Claim 9]

A hybrid drive device according to Claim 8, wherein the three rotating elements of the differential
gear device include the first rotating element, the second rotating element, and the third rotating
element, in the order of rotation speed.

[Claim 10]

A hybrid drive device according to Claim 8 or 9, further comprising of a separation device that
selectively separates the input member from the second rotating element.
[Claim 11]

A hybrid drive device of any one of Claims 8 to 10, further comprising of a second fixing device
that selectively fixes the first rotating element to a non-rotating member.
[Claim 12]

A hybrid drive device of any one of Claims 8 to 11, wherein in the first rotating electrical machine
drive mode, a first gear position is achieved when the first fixing device is in a fixed state and the
differential restricting device is in a disengaged state, and a second gear position is achieved when
the first fixing device is in a disengaged state and the differential restricting device is in an engaged
state.

[Claim 13]

A hybrid drive device of any one of Claims 8 to 12, wherein the continuously variable speed mode
is achieved when the first fixing device is in an unfixed state and the differential restricting device is
in a disengaged state.

[Claim 14]

A hybrid drive device according to Claim 11, further comprising of a switchable engine drive
mode: a mode in which the rotational driving force of the input member is transmitted to the output
member, wherein the engine drive mode is switchable between two gears with different gear ratios
when the rotation of the input member is transmitted to the output member by switching the rotational
states of three rotational elements of the differential gear device, and wherein in the engine drive
mode, a first gear is realized when the first fixing device is in an unfixed state, the second fixing
device is in a fixed state, and the differential restricting device is in a disengaged state, and a second
gear is realized when the first fixing device is in an unfixed state, the second fixing device is in an
unfixed state, and the differential restricting device is in an engaged state.

[Claim 15]

A hybrid drive device according to any one of Claims 8 to 14, wherein the first fixing device is
configured to include any one of a friction engagement element that frictionally engages the second
rotating element or a rotating element that rotates integrally therewith with a non-rotating member, a
meshing engagement element that meshes with the second rotating element or a rotating element that
rotates integrally therewith with a non-rotating member, and a one-way clutch that prevents the
second rotating element from rotating in a negative direction.

[Claim 16]

A hybrid drive device according to any one of Claims 8 to 15, wherein the differential restricting
device is configured to include any one of a friction engagement element that frictionally engages the
first rotating element or a rotating element that rotates integrally therewith with the second rotating
element or a rotating element that rotates integrally therewith; a meshing engagement element that
meshes and engages the first rotating element or a rotating element that rotates integrally therewith
with the second rotating element or a rotating element that rotates integrally therewith; and a
combination of the meshing engagement element and a one-way clutch that prevents the rotation
speed of the first rotating element from becoming faster than the rotation speed of the second rotating
element.

[Claim 17]

A hybrid drive device according to Claim 11 or 14, wherein the second fixing device is configured
to include any one of a friction engagement element that frictionally engages the first rotating element
or a rotating element that rotates integrally therewith with a non-rotating member; a meshing
engagement element that meshes and engages the first rotating element or a rotating element that
rotates integrally therewith with a non-rotating member; and a combination of the meshing
engagement element and a one-way clutch that prevents the first rotating element from rotating in a
positive direction.

[Claim 18]
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A hybrid drive device according to any one of Claims 1 to 17, wherein a power storage means for
supplying power to the first rotating electrical machine and the second rotating electrical machine is
configured to be chargeable by an external power source.

[Claim 19]

A hybrid drive device comprising of an input member connected to an engine, an output member
connected to wheels, a first rotating electrical machine, a second rotating electrical machine, and a
differential gear device, wherein the differential gear device has three rotating elements: a first
rotating element, a second rotating element, and a third rotating element, and wherein the first rotating
element is connected to the first rotating electrical machine, the second rotating element is connected
to the input member, and the third rotating element is connected to the output member and the second
rotating electrical machine; and further comprising of a first fixing device that selectively fixes the
second rotating element to a non-rotating member, and a differential restricting device that selectively
connects any two rotating elements of the differential gear device to rotate them together.

[Claim 20]

A hybrid drive device according to Claim 19, further comprising of a decoupling device that
selectively decouples the input member and the second rotating element.
[Claim 21]

A hybrid drive device according to Claim 19 or 20, further comprising of a second fixing device
that selectively fixes the first rotating element to a non-rotating member.
[Claim 22]

A hybrid drive device according to any one of Claims 19 to 21, wherein the three rotating elements
of the differential gear device include the first rotating element, the second rotating element, and the
third rotating element, in the order of rotation speed.

[Detailed Description of the Invention]
[Technical Field]
[0001]

The present invention relates to a hybrid drive device comprising of an input member connected to
an engine, an output member connected to wheels, a first rotating electrical machine, a second rotating
electrical machine, and a differential gear device having three rotating elements: a rotating element
connected to the input member, a rotating element connected to the output member and the second
rotating electrical machine, and a rotating element connected to the first rotating electrical machine.
[Background Art]

[0002]

In recent years, hybrid vehicles have been put into practical use, which can improve the engine's
fuel efficiency and reduce exhaust gas emissions by using both an engine and a rotating electrical
machine as a driving force source. As an example of a hybrid drive device used in such a hybrid
vehicle, Patent Literature 1 listed below discloses a configuration comprising of an engine, an output
differential gear unit connected to the wheels, a generator, an electric motor, and a planetary gear unit.
In this hybrid drive device, the planetary gear unit has a generator connected to the sun gear, an engine
connected to the carrier, and an electric motor and an output differential gear unit connected to the
ring gear via a counter gear mechanism. In addition, the electric motor and output differential gear
device connected via the counter gear mechanism are configured to rotate while maintaining a
constant rotation speed ratio.

[0003]

Patent Literature 1] Japanese Patent Application Laid-Open No. 08-183347 (FIG. 1)
Disclosure of Invention]

Problems to be Solved by the Invention]

0004]

However, when operating as an electric vehicle (EV), in which the engine is stopped and the vehicle
is driven by the driving force of either or both the electric motor and the generator, the hybrid drive
device described in Patent Literature 1 above typically does not drive the generator, but it only drives
the electric motor to drive the vehicle. In this case, the generator is rotated by the driving force of the
electric motor, and the inertia of the generator's rotor causes additional driving force to be consumed
when the vehicle accelerates or decelerates, resulting in a problem of reduced energy efficiency.
Furthermore, in order to enable high-speed driving and high acceleration using only the rotational
driving force of the electric motor, it is necessary to provide a large electric motor, which poses the
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problem of increasing the size and weight of the hybrid drive device.
[0005]

In addition, in a driving mode in which the driving force of the engine is distributed between the
generator and the output differential gear unit, and electricity is generated by the generator and the
electric motor on the output differential gear unit supplements the vehicle's driving force, the electric
power generated by the electric motor can sometimes be used to power the generator, particularly at
high vehicle speeds. In this state, a portion of the rotational driving force generated by the generator
is consumed by the electric motor located downstream in the power transmission system (on the wheel
side) to generate electricity, creating a power circulation phenomenon that reduces energy efficiency.
[0006]

The present invention has been made in consideration of the above-mentioned problems, and its
purpose is to provide a hybrid drive device that can output sufficient driving force over a wide range
of vehicle speeds while suppressing increases in size and weight of the drive device, and that can also
improve energy efficiency.

[Means for solving the problems]
[0007]

In order to achieve the above-mentioned objectives, the hybrid drive device of the present invention
includes an input member connected to an engine, an output member connected to wheels, a first
rotating electrical machine, a second rotating electrical machine, and a differential gear device having
three rotating elements: a rotating element connected to the input member, a rotating element
connected to the output member and the second rotating electrical machine, and a rotating element
connected to the first rotating electrical machine. The characteristic configuration of this hybrid drive
device is that it is switchable between a continuously variable speed mode in which the rotation of
the input member is continuously changed and transmitted to the output member by making the three
rotating elements of the differential gear device freely rotatable and controlling the rotation of the
first rotating electrical machine, and a first rotating electrical machine drive mode in which the
rotational driving force of the first rotating electrical machine is transmitted to the output member,
and which is switchable between two gear stages with different gear ratios when transmitting the
rotation of the first rotating electrical machine to the output member by switching the rotational state
of the three rotating elements of the differential gear device.

[0008]

In this application, the term "connection" includes not only a structure that directly transmits
rotation, but also a structure that indirectly transmits rotation via one or more members. Moreover, in
this application, the term "rotating electrical machine" is used as a concept that includes a motor
(electric motor), a generator (electric generator), and a motor-generator that functions as both a motor
and a generator as necessary. Furthermore, in the present application, the term "rotational driving
force" is used as a concept that includes torque.

[0009]

According to this characteristic configuration, by switching between the continuously variable
transmission mode and the first rotating electrical machine drive mode, as well as the two gears
provided in the first rotating electrical machine drive mode, depending on the vehicle's driving
condition and vehicle speed range, it is possible to drive the vehicle with high energy efficiency while
outputting sufficient driving force in a variety of vehicle driving conditions and vehicle speed ranges.
Additionally, because each of these modes and gear stages is achieved by switching the rotational
state of each rotating element of a single differential gear device, the drive transmission system of the
hybrid drive device can be configured simply, making it possible to prevent the device from becoming
larger and heavier.

[0010]

Here, it is preferable that the first rotating electrical machine drive mode be configured to be
switchable between a first gear stage that stops the rotation of the rotating element connected to the
input member and changes the rotation of the first rotating electrical machine before transmitting it
to the output member, and a second gear stage that transmits the rotation of the first rotating electrical
machine to the output member at the same speed while the differential gear device rotates integrally.
[0011]

According to this configuration, in the first rotating electrical machine drive mode in which the
vehicle is driven primarily using the rotational driving force of the first rotating electrical machine, it
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is possible to select and switch between a gear stage in which the rotation of the first rotating electrical
machine is changed in speed by the differential gear device and transmitted to the output member
side, and a gear stage in which the rotation of the first rotating electrical machine is transmitted to the
output member side at the same speed without being changed in speed by the differential gear device,
depending on the required driving force of the vehicle. Therefore, the first rotating electrical machine
drive mode can be applied to a wide range of vehicle speeds.

[0012]

Moreover, it is preferable to configure the transmission to further include a switchable engine drive
mode, which is a mode in which the rotational driving force of the input member is transmitted to the
output member, and which is capable of switching between two gear stages with different gear ratios
when transmitting the rotation of the input member to the output member by switching the rotational
states of the three rotating elements of the differential gear device.

[0013]

According to this configuration, in addition to the continuously variable speed mode and the first
rotating electrical machine drive mode, the engine drive mode can be switched depending on the
running state and vehicle speed range of the vehicle. Furthermore, by appropriately switching
between the two gears provided in each of the engine drive mode and the first rotating electrical
machine drive mode depending on the vehicle's driving conditions and vehicle speed range, it is
possible to drive the vehicle with high energy efficiency while outputting sufficient driving force in
a variety of vehicle driving conditions and vehicle speed ranges. Additionally, because each of these
modes and gear stages is achieved by switching the rotational state of each rotating element of a single
differential gear device, the drive transmission system of the hybrid drive device can be configured
simply, making it possible to prevent the device from becoming larger and heavier.

[0014]

It is also preferable that the engine drive mode be configured to be switchable between a first gear
stage that stops the rotation of the rotating element connected to the first rotating electrical machine
and changes the rotation of the input member before transmitting it to the output member, and a
second gear stage that transmits the rotation of the input member at the same speed as the output
member while rotating the differential gear device as a single unit.

[0015]

According to this configuration, in the engine drive mode in which the vehicle is driven mainly
using the rotational driving force of the engine, it is possible to select and switch between a gear stage
in which the engine rotation is changed in speed by the differential gear device and transmitted to the
output member side, and a gear stage in which the engine rotation is transmitted to the output member
side at the same speed without being changed in speed by the differential gear device, depending on
the required driving force of the vehicle. Therefore, the engine drive mode can be applied to a wide
range of vehicle speeds.

[0016]

Preferably, the second rotating electrical machine is configured to transmit a rotational driving
force to the output member in one or both of the continuously variable speed mode and the first
rotating electrical machine drive mode.

[0017]

According to this configuration, in one or both of the continuously variable transmission mode and
the first rotating electrical machine drive mode, by supplementarily adding the driving force of the
second rotating electrical machine to the rotational driving force of the engine or the rotational driving
force of the first rotating electrical machine distributed to the output member by the differential gear
device, it is possible to output an appropriate driving force to the output member in accordance with
the driving force required by the vehicle.

[0018]

It is also preferable that the second rotating electrical machine is configured to transmit rotational
driving force to the output member in the engine drive mode.
[0019]

According to this configuration, in engine drive mode, by supplementing the driving force of the
second rotating electrical machine with the driving force of the engine, it is possible to output an
appropriate driving force to the output member in accordance with the required driving force of the
vehicle.
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[0020]

It 1s also preferable that the configuration further includes a switchable second rotating electrical
machine drive mode in which the first rotating electrical machine is put into a non-driving state and
the rotational driving force of the second rotating electrical machine is transmitted to the output
member.

[0021]

With this configuration, in addition to the continuously variable speed mode and the first rotating
electrical machine drive mode, it is possible to further switch to the second rotating electrical machine
drive mode in which the vehicle is propelled using the rotational driving force of the second rotating
electrical machine. Furthermore, if the hybrid drive device has an engine drive mode, in addition to
the continuously variable speed mode, the engine drive mode, and the first rotating electrical machine
drive mode, it is possible to switch to a second rotating electrical machine drive mode in which the
vehicle is propelled using the rotational driving force of the second rotating electrical machine.
Therefore, by switching between the above modes depending on the vehicle's running state and
vehicle speed range, it is possible to run the vehicle with even higher energy efficiency while still
outputting sufficient driving force.

[0022]

Moreover, as a specific configuration of the hybrid drive device for realizing each of the above
modes, it is preferable that the differential gear device has three rotating elements: a first rotating
element, a second rotating element, and a third rotating element, with the first rotating element being
connected to the first rotating electrical machine, the second rotating element being connected to the
input member, and the third rotating element being connected to the output member and the second
rotating electrical machine, and wherein it is configured to include a first fixing device that selectively
fixes the second rotating element to a non-rotating member, and a differential restricting device that
selectively connects any two rotating elements of the differential gear device to rotate them together.
[0023]

According to this configuration, by controlling the first fixing device and the differential restricting
device, the rotational states of the three rotating elements of the differential gear device can be
switched to realize each mode of the continuously variable speed mode and the first rotating electrical
machine drive mode, as well as each gear stage of the first rotating electrical machine drive mode.
Therefore, with this configuration, it is possible to realize a hybrid drive device with a simple
configuration that can switch between each mode and each gear position depending on the vehicle's
driving state and vehicle speed range, and that can output sufficient driving force while running the
vehicle with high energy efficiency in various vehicle driving states and vehicle speed ranges.
[0024]

Preferably, the three rotating elements of the differential gear device are the first rotating element,
the second rotating element, and the third rotating element in order of rotation speed.

[0025]

In the present application, the "order of rotation speed" refers to either the order from high speed
to low speed, or the order from low speed to high speed, depending on the rotation state of the
differential gear device, but the order of the rotating elements remains the same in either case.
[0026]

According to this configuration, in the continuously variable speed mode, the rotational driving
force of the input member connected to the engine is transmitted to the first rotating electrical machine
to generate electricity, while the rotation of the input member is continuously changed and the
rotational driving force is transmitted to the output member side to run the vehicle. At this time, the
second rotating electrical machine is powered by the electric power generated by the first rotating
electrical machine, and the rotational driving force of the second rotating electrical machine can
supplement the rotational driving force from the input member. Furthermore, according to this
configuration, in the first rotating electrical machine drive mode, by connecting the differential
restricting device, a direct drive stage can be realized in which the differential gear device transmits
the rotation of the first rotating electrical machine to the output member at the same speed, and by
fixing the first fixing device, another gear stage can be realized in which the differential gear device
changes the speed of the rotation of the first rotating electrical machine and transmits it to the output
member.

[0027]
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Preferably, the apparatus further comprises a separation device that selectively separates the input
member from the second rotating element.
[0028]

According to this configuration, in a mode in which the vehicle is driven solely by the rotational
driving force of one or both of the first rotating electrical machine and the second rotating electrical
machine without using the rotational driving force of the engine, the input member and the second
rotating element of the differential gear device can be separated. Therefore, it is possible to prevent
the rotational driving force of one or both of the first and second rotating electrical machines from
being consumed in order to cause the engine to idle. Therefore, in such a mode in which the rotational
driving force of the engine is not used, it is possible to improve energy efficiency.

[0029]

Preferably, the device further comprises a second fixing device that selectively fixes the first
rotating element to a non-rotating member.
[0030]

According to this configuration, by controlling the second fixing device in addition to the first
fixing device and the differential restricting device, the rotational states of the three rotating elements
of the differential gear device can be switched, and in addition to the continuously variable speed
mode and each mode of the first rotating electrical machine drive mode, and each gear stage of the
first rotating electrical machine drive mode, the engine drive mode and each gear stage of the engine
drive mode can also be realized. Furthermore, when the three rotating elements of the differential
gear device are the first rotating element, the second rotating element, and the third rotating element
in order of rotation speed, in engine drive mode, by connecting the differential restricting device, a
direct drive stage can be realized in which the differential gear device transmits the rotation of the
input member to the output member at the same speed, and by fixing the second fixing device, a speed
increase stage can be realized in which the differential gear device increases the rotation of the input
member and transmits it to the output member. Therefore, the engine drive mode can be applied to
the medium to high vehicle speed range, and particularly in the high vehicle speed range, by using
the increased speed stage of the engine drive mode, the engine rotation speed can be kept low while
driving. As a result, it is possible to run the vehicle with high energy efficiency using the rotational
driving force of the engine.

[0031]

In the specific configuration of the hybrid drive device described above, in the first rotating
electrical machine drive mode, a first gear stage is realized when the first fixing device is in a fixed
state and the differential restricting device is in a disconnected state, and a second gear stage is
realized when the first fixing device is in a disconnected state and the differential restricting device
is in a connected state.

[0032]

The continuously variable speed mode is realized when the first fixing device is in an unfixed state
and the differential restricting device is in a disconnected state.
[0033]

In addition, when the vehicle further includes a second fixing device that selectively fixes the first
rotating element to a non-rotating member, and further includes a switchable engine drive mode that
is a mode in which the rotational driving force of the input member is transmitted to the output
member, and that is capable of switching between two gear stages with different gear ratios when
transmitting the rotation of the input member to the output member by switching the rotational state
of the three rotating elements of the differential gear device, in the engine drive mode, the first gear
stage is realized when the first fixing device is in an unfixed state, the second fixing device is in a
fixed state, and the differential restriction device is in a disconnected state, and the second gear stage
is realized when the first fixing device is in an unfixed state, the second fixing device is in an unfixed
state, and the differential restricting device is in a connected state.

[0034]

Preferably, the first fixing device is configured to have, for example, any of a frictional engagement
element that frictionally engages the second rotating element or a rotating element that rotates
integrally therewith with a non-rotating member, a meshing engagement element that meshes and
engages the second rotating element or a rotating element that rotates integrally therewith with a non-
rotating member, and a one-way clutch that prevents the second rotating element from rotating in the
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negative direction.
[0035]

Furthermore, it is preferable that the differential restricting device is configured to include any of
a friction engagement element that frictionally engages the first rotating element or a rotating element
that rotates integrally therewith with the second rotating element or a rotating element that rotates
integrally therewith, a meshing engagement element that meshes and engages the first rotating
element or a rotating element that rotates integrally therewith with the second rotating element or a
rotating element that rotates integrally therewith, and a combination of the meshing engagement
element and a one-way clutch that prevents the rotation speed of the first rotating element from
becoming faster than the rotation speed of the second rotating element.

[0036]

It is also preferable that the second fixing device is configured to have any of a friction engagement
element that frictionally engages the first rotating element or a rotating element that rotates integrally
therewith with a non-rotating member, a meshing engagement element that meshes and engages the
first rotating element or a rotating element that rotates integrally therewith with a non-rotating
member, and a combination of the meshing engagement element and a one-way clutch that prevents
the first rotating element from rotating in the positive direction.

[0037]

The hybrid drive device of the present invention has a first rotating electrical machine drive mode
that has two switchable gear stages, making it possible to execute a mode in which the vehicle runs
using only the rotational driving force of the rotating electrical machine without using the rotational
driving force of the engine, over a relatively wide vehicle speed range. Therefore, this hybrid drive
device is particularly suitable as a drive device for a so-called plug-in hybrid vehicle in which the
storage means for supplying power to the first rotating electrical machine and the second rotating
electrical machine is configured to be chargeable by an external power source.

[0038]

Another characteristic configuration of the hybrid drive device of the present invention, which is
equipped with an input member connected to an engine, an output member connected to wheels, a
first rotating electrical machine, a second rotating electrical machine, and a differential gear device,
is that the differential gear device has three rotating elements: a first rotating element, a second
rotating element, and a third rotating element, the first rotating element being connected to the first
rotating electrical machine, the second rotating element being connected to the input member, and
the third rotating element being connected to the output member and the second rotating electrical
machine, and is equipped with a first fixing device that selectively fixes the second rotating element
to a non-rotating member, and a differential restricting device that selectively connects any two
rotating elements of the differential gear device to rotate them together.

[0039]

According to this characteristic configuration, by controlling the first fixing device and the
differential restricting device, it is possible to realize two gear stages with different gear ratios: a
continuously variable speed mode in which the rotation of the input member is continuously changed
and transmitted to the output member, and a first rotating electrical machine drive mode in which the
rotational driving force of the first rotating electrical machine is transmitted to the output member.
Therefore, with this configuration, it is possible to realize a hybrid drive device that can switch
between each mode and each gear position depending on the vehicle's driving conditions and vehicle
speed range, and that can output sufficient driving force while running the vehicle with high energy
efficiency in various vehicle driving conditions and vehicle speed ranges. Additionally, because each
of these modes and gear stages is achieved by switching the rotational state of each rotating element
of a single differential gear device, the drive transmission system of the hybrid drive device can be
configured simply, making it possible to prevent the device from becoming larger and heavier.
[0040]

Preferably, the apparatus further comprises a separation device that selectively separates the input
member from the second rotating element.

[0041]

According to this configuration, in the first rotating electrical machine drive mode in which the
vehicle is driven only by the rotational driving force of the first rotating electrical machine, the input
member and the second rotating element of the differential gear device can be separated. As a result,
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the rotational driving force of the first rotating electrical machine can be prevented from being
consumed in idling the engine. Therefore, in the first rotating electrical machine drive mode in which
the rotational driving force of the engine is not used, it is possible to improve energy efficiency.
[0042]

Preferably, the device further comprises a second fixing device that selectively fixes the first
rotating element to a non-rotating member.
[0043]

With this configuration, in addition to the above-mentioned continuously variable speed mode and
the two gear stages of the first rotating electrical machine drive mode, it is possible to further realize
two gear stages with different gear ratios in the engine drive mode that transmits the rotational driving
force of the input member to the output member. Therefore, it is possible to realize a hybrid drive
device that can switch between modes and gear stages depending on the vehicle's driving conditions
and vehicle speed range, and that can output sufficient driving force while running the vehicle with
high energy efficiency in various vehicle driving conditions and vehicle speed ranges.

[0044]

Preferably, the three rotating elements of the differential gear device are configured in the order of
rotation speed as the first rotating element, the second rotating element, and the third rotating element.
[0045]

According to this configuration, in the continuously variable speed mode, the rotational driving
force of the input member connected to the engine is transmitted to the first rotating electrical machine
to generate electricity, while the rotation of the input member is continuously changed and the
rotational driving force is transmitted to the output member side to run the vehicle. At this time, the
second rotating electrical machine is powered by the electric power generated by the first rotating
electrical machine, and the rotational driving force of the second rotating electrical machine can
supplement the rotational driving force from the input member. Furthermore, according to this
configuration, in the first rotating electrical machine drive mode, by connecting the differential
restricting device, a direct drive stage can be realized in which the differential gear device transmits
the rotation of the first rotating electrical machine to the output member at the same speed, and by
fixing the first fixing device, another gear stage can be realized in which the differential gear device
changes the speed of the rotation of the first rotating electrical machine and transmits it to the output
member. In addition, according to this configuration, when a second fixing device is further provided
and the engine drive mode is further switchable, by connecting the differential restricting device, a
direct drive stage can be realized in which the differential gear device transmits the rotation of the
input member to the output member at the same speed, and by fixing the second fixing device, a speed
increase stage can be realized in which the differential gear device increases the rotation of the input
member and transmits it to the output member. Therefore, the engine drive mode can be applied to
medium to high vehicle speeds, and by using the increased gear ratio of the engine drive mode,
especially at high vehicle speeds, the engine rotation speed can be kept low while driving, making it
possible to use the rotational driving force of the engine to drive the vehicle with high energy
efficiency.

[Detailed Description of the Preferred Embodiments]
[0046]
1. First Embodiment

First of all, the first embodiment of the present invention will be described with reference to the
drawings. FIG. 1 is a skeleton diagram showing the configuration of a hybrid drive device H
according to this embodiment. In addition, FIG. 1 shows a partially omitted axially symmetrical
configuration. FIG. 2 is a schematic diagram showing the system configuration of the hybrid drive
device H according to this embodiment. In FIG. 2, solid arrows indicate transmission paths for various
types of information, dashed arrows indicate transmission paths for power, and hollow arrows
indicate transmission paths for hydraulic pressure.

[0047]

As shown in FIG. 1, the hybrid drive device H includes an input shaft I connected to an engine E,
an output member O connected to wheels W (see FIG. 2) via an output differential gear device DF, a
first motor-generator MG1, a second motor-generator MG2, and a first planetary gear device P1. Here,
the first planetary gear device P1 has three rotating elements: a rotating element connected to the
input shaft I, a rotating element connected to the output member O and the second motor-generator
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MG@G2, and a rotating element connected to the first motor-generator MG1. The hybrid drive device
H 1s capable of switching between a plurality of modes and the gear stages provided in each mode by
switching the rotational states of the three rotational elements of the first planetary gear device P1. In
this embodiment, the second motor-generator MG2 is connected to one rotating element of the first
planetary gear device P1 via a transmission chain 16, and is connected to the output member O via
the second planetary gear set P2, which functions as a reduction gear. Additionally, each component
of the hybrid drive device H is housed in a drive unit case C (hereinafter simply referred to as "case
C") which serves as a non-rotating member fixed to the vehicle body. In this embodiment, the first
motor-generator MG1 corresponds to the "first rotating electrical machine" in the present invention,
and the second motor-generator MG2 corresponds to the "second rotating electrical machine" in the
present invention. The input shaft I corresponds to the "input member" in the present invention, and
the first planetary gear device P1 corresponds to the "differential gear device" in the present invention.
[0048]

1-1. Mechanical configuration of the hybrid drive device

First, the mechanical configuration of each part of the hybrid drive device H will be described. As
shown in FIG. 1, the input shaft I is connected to an engine E. The engine E is an internal combustion
engine driven by the combustion of fuel, and may be any of various known engines such as a gasoline
engine or a diesel engine. In this example, the input shaft I is connected to an output rotating shaft
such as a crankshaft of an engine E via a damper 11. It is also preferable that the input shaft I is
connected integrally with the output rotary shaft of the engine E, or connected via another member
such as a clutch. In this embodiment, the input shaft I rotates integrally with the output rotating shaft
of the engine E, and so the rotation of the input shaft I is the same as the rotation of the engine E, and
the rotational driving force (torque) of the input shaft I is the same as the rotational driving force
(torque) of the engine E. Therefore, in the following, unless a particular distinction is needed, the
rotation of the input shaft I and engine E will be referred to simply as the rotation of engine E, and
the rotational driving force (torque) of the input shaft I and engine E will be referred to simply as the
rotational driving force (torque) of engine E, as appropriate.

[0049]

The output member O is connected to wheels W (see FIG. 2) via an output differential gear device
DF so as to be able to transmit rotational driving force. In this example, the output member O is
configured by a member that connects the differential case of the output differential gear device DF
and the carrier ca2 of the second planetary gear device P2 and rotates integrally therewith. The output
member O may be a member formed integrally with one or both of the differential case of the output
differential gear device DF and the carrier ca2 of the second planetary gear device P2, or may be
configured as a separate member from these. In this embodiment, the input shaft I and the output
member O are arranged on different axes. In other words, this hybrid drive device H has a two-axis
configuration in which the engine E, first planetary gear device P1, and first motor-generator MG1
are arranged on a first axis coaxial with the input shaft I, and the second motor-generator MG2, second
planetary gear device P2, and output differential gear device DF are arranged on a second axis coaxial
with the output member O.

[0050]

As shown in FIG. 1, the first motor-generator MG1 has a stator Stl fixed to a case C, and a rotor
Rol rotatably supported radially inside the stator St1. The rotor Ro1 of the first motor-generator MG1
is connected to the sun gear sl of the first planetary gear device P1 so as to rotate integrally with it.
The second motor-generator MG2 also has a stator St2 fixed to the case C, and a rotor Ro2 rotatably
supported radially inside the stator St2. The rotor Ro2 of the second motor-generator MG2 is
connected to the sun gear s2 of the second planetary gear set P2 so as to rotate integrally with it. As
shown in FIG. 2, the first motor-generator MG1 and the second motor-generator MG2 are electrically
connected to the battery 21 via inverters 22a and 22b, respectively. The first motor generator MG1
and the second motor generator MG2 are each capable of functioning as a motor (electric motor) that
receives a supply of electric power to generate power, and as a generator (electric power generator)
that receives a supply of power to generate electricity.

[0051]

The battery 21 that supplies power to the first motor generator MG1 and the second motor generator
MG?2 is configured to be rechargeable by an external power source such as a household power source.
That is, although not shown in the figure, the battery 21 is electrically connected to a connector that
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is connected to an external power source, and if the external power source is an AC power source, an
inverter that converts it to DC, and the like, and is configured to be charged by the external power
source. As a result, the hybrid drive device H is configured as a drive system for a plug-in hybrid
vehicle. The battery 21 is an example of a power storage means, and other power storage means such
as a capacitor may be used, or a plurality of types of power storage means may be used in combination.
[0052]

As will be described later, the first motor-generator MG1 and the second motor-generator MG2
each function as either a generator or a motor depending on the relationship between the direction of
rotation and the direction of the rotational driving force. When the first motor-generator MG1 and the
second motor-generator MG2 function as generators, they supply the generated electricity to the
battery 21 to charge it, or supply the electricity to the other motor-generator MG1, MG2, which
functions as a motor, to power it. Furthermore, when the first motor-generator MG1 and the second
motor-generator MG2 function as motors, they are powered by electricity that is charged in the battery
21 or generated by the other motor-generator MG1, MG2 functioning as a generator. The operation
of the first motor generator MG1 is controlled via the MG1 control unit 33 and the inverter 22a in
accordance with control commands from the main control unit 31, and the operation of the second
motor generator MG2 is controlled via the MG2 control unit 34 and the inverter 22b in accordance
with control commands from the main control unit 31.

[0053]

In this embodiment, as shown in FIG. 1, the first planetary gear device P1 is a single-pinion
planetary gear mechanism that is arranged coaxially with the input shaft . That is, the first planetary
gear device P1 has, as rotating elements, a carrier cal that supports a plurality of pinion gears, and a
sun gear sl and a ring gear rl that mesh with the pinion gears, respectively. The sun gear s1 is
connected to rotate integrally with a first rotor shaft 13, which is the rotation shaft of the rotor Rol of
the first motor-generator MG1. The carrier cal is connected to the intermediate shaft 12 so as to rotate
integrally with the intermediate shaft 12. The ring gear r1 is connected to the drive gear 14 so as to
rotate integrally with it. In this way, the first planetary gear device P1 as a differential gear device has
three rotating elements, and in this embodiment, the sun gear sl, carrier cal, and ring gear rl
correspond to “the first rotating element”, “the second rotating element”, and “the third rotating
element” in the present invention, respectively. In the first planetary gear device P1, the three rotating
elements, in order of rotation speed, are a sun gear sl (the first rotating element), a carrier cal (the
second rotating element), and a ring gear rl (the third rotating element).

[0054]

The sun gear sl of the first planetary gear device P1, the rotor Rol of the first motor-generator
MG, and the first rotor shaft 13 are selectively fixed to the case C by a second brake B2. The carrier
cal and the intermediate shaft 12 of the first planetary gear device P1 are selectively fixed to the case
C by the first brake B1, and are selectively connected to the input shaft I via the first clutch CI1. In
other words, the first clutch C1 functions to selectively separate the carrier cal and the intermediate
shaft 12 of the first planetary gear device P1 from the input shaft I. That is, the carrier cal and
intermediate shaft 12 of the first planetary gear device P1 are connected to rotate integrally with the
input shaft I when the first clutch C1 is engaged, and are separated from the input shaft I when the
first clutch C1 is released. In addition, the sun gear s1 of the first planetary gear device P1, the rotor
Rol of the first motor-generator MG1, and the first rotor shaft 13 are selectively connected to the
carrier cal and the intermediate shaft 12 of the first planetary gear device P1 via the second clutch
C2. In other words, the sun gear sl and the carrier cal of the first planetary gear device P1 are
connected to rotate integrally with each other when the second clutch C2 is in the engaged state. In
this embodiment, the first brake B1 corresponds to the "first fixing device" in the present invention,
and the second brake B2 corresponds to the "second fixing device" in the present invention. Also,
the first clutch C1 corresponds to the "separation device" in the present invention, and the second
clutch C2 corresponds to the "differential restricting device" in the present invention.

[0055]

In this embodiment, the first fixing device, the second fixing device, the separation device, and the

differential restricting device are all configured by brakes or clutches as friction engagement elements.

That is, the second brake B2 as the second fixing device frictionally engages the case C with the first
rotor shaft 13, which rotates integrally with the sun gear sl of the first planetary gear device P1. The
first brake B1 as a first fixing device frictionally engages the case C with the intermediate shaft 12,
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which rotates integrally with the carrier cal of the first planetary gear device P1. The first clutch C1
as a separation device frictionally engages the input shaft I with the intermediate shaft 12 which
rotates integrally with the carrier cal of the first planetary gear device P1. The second clutch C2,
which serves as a differential restricting device, frictionally engages the carrier cal with the first rotor
shaft 13, which rotates integrally with the sun gear s1 of the first planetary gear device P1. As these
friction engagement elements, a multi-plate clutch or a multi-plate brake, which are both operated by
hydraulic pressure, can be used. As shown in FIG. 2, hydraulic pressure is supplied to these friction
engagement elements B1, B2, C1, and C2 from the hydraulic control device 35 that operates in
response to control commands from the main control unit 31, and this hydraulic pressure controls the
engagement or release of each of the friction engagement elements B1, B2, C1, and C2. In this
embodiment, for the first brake B1 and the second brake B2, the engaged state corresponds to the
fixed state of the first fixing device and the second fixing device, and the released (disengaged) state
corresponds to the non-fixed state of the first fixing device and the second fixing device. Furthermore,
for the first clutch C1 and the second clutch C2, the engaged state corresponds to the connected state
of the separation device and the differential restricting device, and the released (disengaged) state
corresponds to the disconnected state of the separation device and the differential restricting device.
[0056]

The second planetary gear device P2 is a single-pinion planetary gear mechanism that is arranged
coaxially with the output member O. That is, the second planetary gear device P2 has, as rotating
elements, a carrier ca2 that supports a plurality of pinion gears, and a sun gear s2 and a ring gear r2
that mesh with the pinion gears, respectively. The sun gear s2 is connected to rotate integrally with a
second rotor shaft 17, which is the rotation shaft of the rotor Ro2 of the second motor-generator MG2.
The carrier ca2 is connected to the output member O and the differential case of the output differential
gear device DF so as to rotate integrally with them. The ring gear r2 is fixed to the case C. As a result,
the second planetary gear device P2 functions as a reduction device that reduces the rotation speed of
the second rotor shaft 17 at a constant reduction ratio, outputs it from the carrier ca2, and transmits it
to the output member O and the differential case of the output differential gear device DF.

[0057]

Meanwhile, the driven gear 15 is fixed to the second rotor shaft 17 so as to rotate integrally
therewith. A transmission chain 16 is wound around the driven gear 15 to connect the drive gear 14,
which rotates integrally with the ring gear rl of the first planetary gear device P1, to the driven gear
15. As a result, the drive gear 14 and the driven gear 15 are connected via the transmission chain 16
so that a driving force can be transmitted. Here, the driven gear 15 has a larger diameter than the drive
gear 14. Therefore, the rotation of the ring gear r1 of the first planetary gear device P1 and the drive
gear 14 is reduced in speed and transmitted to the second rotor shaft 17 via the drive gear 14, the
transmission chain 16, and the driven gear 15. In other words, the rotation of the sun gear s2 of the
second planetary gear device P2, the rotor Ro2 of the second motor-generator MG2, and the second
rotor shaft 17 is accelerated via the driven gear 15, the transmission chain 16, and the drive gear 14
and transmitted to the ring gear r1 of the first planetary gear device P1.

[0058]
1-2. Hybrid drive control system configuration

As shown in FIG. 2, the hybrid drive device H includes a main control unit 31 for controlling each
part of the system. The main control unit 31 is connected to an engine control unit 32, an MG1 control
unit 33, an MG2 control unit 34, and a hydraulic control device 35 in a state where information can
be exchanged between them. The engine control unit 32 controls each part of the engine E so that the
engine E outputs a desired rotation speed and torque. The MG1 control unit 33 controls the inverter
22a, thereby controlling the first motor generator MG1 so that it outputs a desired rotation speed and
torque. The MG2 control unit 34 controls the inverter 22b so that the second motor generator MG2
outputs a desired rotation speed and torque. The hydraulic control device 35 adjusts the hydraulic
pressure supplied from an oil pump (not shown) and distributes it to each of the friction engagement
elements B1, B2, C1, and C2, thereby controlling the engagement or release of each of the friction
engagement elements B1, B2, C1, and C2. The engagement and release of the friction engagement
elements B1, B2, C1, and C2 is carried out based on control commands from the main control unit
31.

[0059]
Furthermore, the main control unit 31 is configured to be able to acquire information from sensors
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and the like provided in various parts of the vehicle in order to acquire information on various parts
of the vehicle on which the hybrid drive device H is mounted. In the illustrated example, the main
control unit 31 is configured to be able to acquire information from a battery state detection sensor
Sel, a vehicle speed sensor Se2, an accelerator operation detection sensor Se3, and a brake operation
detection sensor Se4. The battery state detection sensor Sel is a sensor for detecting the state of the
battery 21, such as the charge amount, and is configured by, for example, a voltage sensor or a current
sensor. The vehicle speed sensor Se2 is a sensor for detecting the rotation speed of the output member
O in order to detect the vehicle speed. The accelerator operation detection sensor Se3 is a sensor for
detecting the amount of operation of the accelerator pedal 23. The brake operation detection sensor
Se4 is a sensor for detecting the amount of operation of the brake pedal 24 which is linked to a wheel
brake (not shown).

[0060]

The main control unit 31 uses information acquired by the sensors Sel to Se4 to select a plurality
of modes and a gear position provided in each mode, which will be described later. The main control
unit 31 controls the engagement states of the first clutch C1, the second clutch C2, the first brake B1,
and the second brake B2 via the hydraulic control device 35, thereby switching the mode and gear
position. Furthermore, the main control unit 31 coordinates and controls the operating states of the
engine E, the first motor-generator MG1, and the second motor-generator MG2 via the engine control
unit 32, the MG1 control unit 33, and the MG2 control unit 34, thereby ensuring that the vehicle runs
appropriately according to the selected mode and gear position.

[0061]

Therefore, in this embodiment, the main control unit 31 includes a battery state detection unit 41,
a mode selection unit 42, and a switching control unit 43 as functional units for executing various
controls. Each of these means provided in the main control unit 31 is configured with a central
processing unit such as a CPU as its core component, and functional units for performing various
processes on input data implemented by hardware, software (programs), or both. The main control
unit 31 also includes a memory 44 in which the first switching map 45 and the second switching map
46 are stored.

[0062]

The battery state detection unit 41 estimates and detects the battery state, such as the charge level
of the battery 21, based on information such as the voltage value and current value output from the
battery state detection sensor Sel.

[0063]

The mode selection unit 42 selects an appropriate mode and a gear position for each mode
according to the predetermined control map, depending on the vehicle speed detected by the vehicle
speed sensor Se2, the amount of operation of the accelerator pedal 23 detected by the accelerator
operation detection sensor Se3, and the amount of operation of the brake pedal 24 detected by the
brake operation detection sensor Se4. In this embodiment, the mode selection unit 42 uses either the
first switching map 45 or the second switching map 46 stored in the memory 44 as the control map
depending on the battery state detected by the battery state detection unit 41. Specifically, the mode
selection unit 42 sets the first region where the battery charge amount is relatively high and the second
region where the battery charge amount is relatively low, and uses the first switching map 45 when
the current battery charge amount is in the first region, and uses the second switching map 46 when
the current battery charge amount is in the second region. As an example of such a control map, an
example of the first switching map 45 is shown in FIG. 3, and an example of the second switching
map 46 is shown in FIG. 4. As shown in this figure, in this embodiment, the mode selection unit 42
selects the mode and the gear position according to the vehicle speed and the accelerator opening (the
amount of operation of the accelerator pedal 23). In this embodiment, the hybrid drive device H has
four modes: split mode, parallel mode, first EV mode, and second EV mode, and two switchable gear
stages: low speed gear (Lo) and high speed gear (Hi) for each of the parallel mode and first EV mode.
Therefore, the mode selection unit 42 selects one mode and one gear position from these in
accordance with the control maps (the first switching map 45, the second switching map 46). In
addition to the battery charge level, vehicle speed, and accelerator opening (amount of operation of
the accelerator pedal 23), various other conditions such as the amount of operation of the brake pedal
24, coolant temperature, and oil temperature can also be used as the state of each part of the vehicle
to be referenced when selecting a mode. Details of each mode and gear position, as well as the
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contents of the first switching map 45 in FIG. 3 and the second switching map 46 in FIG. 4 will be
described later.

[0064]

The switching control unit 43 controls the operation of the hydraulic control device 35 according
to the mode and gear stage selected by the mode selection unit 42, thereby engaging or disengaging
the first clutch C1, the second clutch C2, the first brake B1, and the second brake B2, and controls
the switching of the mode and gear stage of the hybrid drive device H.

[0065]
1-3. Operation modes of the hybrid drive device

Next, an operation mode that can be realized by the hybrid drive device H according to this
embodiment will be described. FIG. 5 is an operation table showing the operating states of the
plurality of friction engagement elements C1, C2, B1, and B2 in each mode and gear position. In this
figure, "o" indicates that the frictional engagement element is in an engaged state, and “no mark”
indicates that the frictional engagement element is in a released (disengaged) state. It should be noted
that "(0)" indicates that each friction engagement element may be in either an engaged state or a
released state. FIGS. 6 to 9 show speed diagrams of the first planetary gear device P1, with FIG. 6
showing the speed diagram in the split mode, FIG. 7 showing the speed diagram in the parallel mode,
FIG. 8 showing the speed diagram in the first EV mode, and FIG. 9 showing the speed diagram in the
second EV mode. In these velocity diagrams, the vertical axis corresponds to the rotation speed of
each rotating element. That is, the "0" written corresponding to the vertical axis indicates that the
rotation speed is zero, with the upper side being positive rotation (positive rotation speed) and the
lower side being negative rotation (negative rotation speed). Each of the multiple vertical lines
arranged in parallel corresponds to a rotational element of the first planetary gear device P1. That is,
"s1," "cal," and "r1" written above each vertical line correspond to the sun gear s1, carrier cal, and
ring gear rl of the first planetary gear device P1, respectively.

[0066]

On the other hand, the letters "E," "MG1," "MG2," and "O" written below each vertical line
correspond to the engine E, the first motor-generator MG1, the second motor-generator MG2, and the
output member O, respectively, which are connected to each rotating element of the first planetary
gear device P1. Also, the "x" indicates a state in which each rotating element is fixed to the case C by
the first brake B1 or the second brake B2. In addition, the arrows placed adjacent to the points
indicating the rotation speed of each rotating element indicate the direction of the torque acting on
each rotating element during normal driving in each mode, with an upward arrow representing
positive torque and a downward arrow representing negative torque. Furthermore, "TE" indicates the
engine torque TE transmitted from the engine E to the carrier cal, "T1" indicates the MG1 torque T1
transmitted from the first motor-generator MG1 to the sun gear s1, "T2" indicates the MG2 torque T2
transmitted from the second motor-generator MG2 to the ring gear r1, and "TO" indicates the running
resistance TO transmitted from the output member (wheel) side to the ring gear r1. The operating
states of the hybrid drive device H for each of the multiple modes and gear stages will be described
in detail below.

[0067]
1-4. Split mode

First, the operating state of the hybrid drive device H in the split mode will be described. The split
mode is a mode in which the rotation of the engine E (input shaft I) is continuously variable and
transmitted to the output member O by allowing the three rotating elements of the first planetary gear
device P1 to rotate freely and controlling the rotation of the first motor-generator MG1. This split
mode corresponds to the continuously variable speed mode in the present invention. As shown in FIG.
5, the split mode is realized when the first clutch C1 is engaged and the second clutch C2, the first
brake B1, and the second brake B2 are released.

[0068]

In the split mode, the first planetary gear device P1 operates to distribute the rotational driving
force of the engine E to the output member O and the first motor-generator MG1. That is, as shown
in FIG. 6, in the first planetary gear device P1, the carrier cal, which is intermediate in the order of
rotation speed, rotates integrally with the engine E. The rotation of the carrier cal is distributed to the
sun gear sl, which is at one end in the order of rotation speed, and the ring gear rl, which is at the
other end in the order of rotation speed. The rotation distributed to the sun gear sl is transmitted to
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the first motor-generator MG1. The rotation distributed to the ring gear r1 is reduced in speed via the
transmission chain 16 and transmitted to the second rotor shaft 17, from there to the second motor-
generator MG2, and also reduced in speed by the second planetary gear device P2 and transmitted to
the output member O.

[0069]

During normal vehicle operation in this split mode, as shown by the solid line in FIG. 6, engine E
is controlled to maintain high efficiency and low exhaust gas emissions (generally in line with optimal
fuel economy characteristics), and outputs forward engine torque TE in response to a control
command from the main control unit 31, and this engine torque TE is transmitted to the carrier cal
via the input shaft I. On the other hand, the first motor-generator MG1 outputs a negative MG1 torque
T1, thereby transmitting a reaction force of the engine torque TE to the sun gear s1. That is, the first
motor-generator MG1 functions as a reaction force receiver that supports the reaction force of the
engine torque TE, and thereby the engine torque TE is distributed to the ring gear r1 on the output
member O side. At this time, by controlling the rotation speed of the first motor-generator MG1
relative to the rotation speed of the engine E, the rotation speed of the ring gear rl, i.e., the rotation
speeds of the output member O and the second motor-generator MG2, are determined. Therefore, by
controlling the rotation speed of the first motor-generator MG1, an electrically variable speed
transmission is realized in which the rotation of the engine E is continuously variable and transmitted
to the output member O.

[0070]

Furthermore, during normal vehicle operation in the split mode, the first motor-generator MG1
generates torque in the negative direction while rotating in the positive direction, thereby generating
electricity. The second motor-generator MG2 then consumes the electricity generated by the first
motor-generator MG1 to power itself, outputting a forward MG2 torque T2 to supplement the engine
torque TE transmitted to the output member O. When the vehicle is decelerating, the second motor-
generator MG2 generates torque in the negative direction while rotating in the positive direction,
thereby performing regenerative braking and generating electricity. Therefore, in this split mode, the
power of the battery 21 is basically not consumed. On the other hand, when the vehicle speed (the
rotation speed of the output member O) increases and the rotation speed of the ring gear rl increases
above a certain level, the first motor-generator MG1 rotates in the negative direction while generating
torque in the negative direction, thereby performing power running, as shown by the dashed line in
FIG. 6. In this case, in order to generate electric power for powering the first motor generator MG1,
the second motor generator MG2 generates torque in the negative direction while rotating in the
positive direction, thereby generating electric power. At such high vehicle speeds, a portion of the
MGTI torque T1 is consumed by the second motor-generator MG2 located downstream of the power
transmission system (on the output member O side) to generate electricity, and the electricity
generated by the second motor-generator MG2 is consumed to power the first motor-generator MG1,
resulting in a power cycle that reduces energy efficiency.

[0071]

Therefore, in this embodiment, as shown in FIG. 4, the split mode is used in the low vehicle speed
range. In the illustrated example, the split mode is used in the range lower than the first boundary line
L1, where the vehicle speed is V1 when the accelerator opening is 0% and the vehicle speed decreases
as the accelerator opening increases. Furthermore, as described above, in the split mode, one motor-
generator is powered by the electric power generated by the other motor-generator, so that the electric
power of the battery 21 is not consumed in principle. Therefore, in this embodiment, the split mode
is not set in the first switching map 45 (FIG. 3) used in the first region where the charge amount of
the battery 21 is relatively high, and the split mode is set in the second switching map 46 (FIG. 4)
used in the second region where the charge amount of the battery 21 is relatively low, so that the split
mode is used when the charge amount of the battery 21 is relatively low. Although detailed
explanation is omitted, this split mode is also used to start the engine E from a stopped state and to
generate electricity when the vehicle is stopped.

[0072]
1-5. Parallel Mode

Next, the operating state of the hybrid drive device H in the parallel mode will be described. The
parallel mode is a mode in which the rotational driving force of the engine E (input shaft I) is
transmitted to the output member O, and is a mode in which two gear stages with different gear ratios
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can be switched when transmitting the rotation of the input shaft I to the output member O by
switching the rotational state of the three rotating elements of the first planetary gear device P1. This
parallel mode corresponds to the engine drive mode in the present invention. In this parallel mode,
the vehicle can be driven solely by the rotational driving force of the engine E, as will be described
later. However, in this embodiment, the rotational driving force of the second motor-generator MG2
is transmitted to the output member O side as necessary to assist the rotational driving force of the
engine E transmitted to the output member O, and therefore this mode is called a parallel mode in
which parallel hybrid driving is performed. As shown in FIG. 5, the parallel mode is provided with
two switchable gear stages: a low speed gear stage (Lo) and a high speed gear stage (Hi). The low
speed gear (Lo) in parallel mode is achieved when the first clutch C1 and the second clutch C2 are
engaged and the first brake B1 and the second brake B2 are released. Further, the high speed gear
(Hi) in parallel mode is achieved when the first clutch C1 and second brake B2 are engaged and the
second clutch C2 and first brake B1 are released.

[0073]

In the parallel mode, unlike the split mode, the first planetary gear device P1 is set to a
predetermined fixed gear ratio, so that the rotation of the engine E is transmitted to the output member
O at a predetermined gear ratio without requiring a reaction force from the motor-generator
(particularly the first motor-generator MG1). Therefore, in the parallel mode, the vehicle can basically
be driven only by the rotational driving force of the engine E. Furthermore, this parallel mode has
two switchable gear ratios, a low speed gear (Lo) and a high speed gear (Hi), and so the gear ratio
when transmitting the rotation of the engine E to the output member O can be selectively switched
depending on the vehicle's running conditions. As will be described later, in this embodiment, the low
speed gear (Lo) corresponds to the second gear in which the rotation of the engine E is transmitted to
the output member O at the same speed while the first planetary gear device P1 rotates integrally, and
the high speed gear (Hi) corresponds to the first gear in which the rotation of the rotating element
(sun gear s1) connected to the first motor-generator MG1 is stopped and the rotation of the engine E
is changed in speed (here, increased in speed) and transmitted to the output member O.

[0074]

As shown in FIG. 7, in the low speed gear (Lo) of the parallel mode, by engaging the second clutch
C2, the first planetary gear device P1 is placed in a directly coupled state in which the carrier cal
rotates integrally with the engine E and the entire first planetary gear device P1 (three rotating
elements) rotates integrally. In other words, the low speed gear (Lo) is a direct-coupled gear in which
the first planetary gear device P1 outputs the engine E at the same rotation speed. Therefore, the
rotation of the engine E is output from the ring gear r1 at the same speed. The rotation of the ring gear
rl of the first planetary gear device P1 is reduced in speed via the transmission chain 16 and
transmitted to the second rotor shaft 17, from there to the second motor-generator MG2, and also
reduced in speed by the second planetary gear device P2 and transmitted to the output member O.
Therefore, in the low speed gear (Lo) of this parallel mode, the rotation speeds of the output member
O, first motor-generator MG1, and second motor-generator MG2 are determined according to the
rotation speed of the engine E.

[0075]

In the low speed gear (Lo) of this parallel mode, the engine E is controlled to output an appropriate
rotation speed and engine torque TE according to the vehicle speed, accelerator pedal position, etc.
In addition, when the engine torque TE transmitted to the output member O is insufficient compared
to the required torque from the vehicle side, the second motor-generator MG2 rotates forward as
necessary and outputs a forward MG2 torque T2 to supplement the engine torque TE transmitted to
the output member O. When the vehicle is decelerating, the second motor-generator MG2 generates
torque in the negative direction while rotating in the positive direction, thereby performing
regenerative braking and generating electricity. On the other hand, the first motor generator MG1 1is
controlled to rotate at a rotation speed determined according to the rotation speed of the engine E
(here, the same speed as the engine E) but not to output rotational driving force. In other words, in
the low speed gear (Lo) of this parallel mode, the first motor-generator MG1 basically neither powers
nor generates electricity. However, if the battery 21 does not have enough power, it is also possible
to have the first motor generator MG1 generate power.

[0076]
As shown in FIG. 7, in the high speed gear (Hi) of the parallel mode, by engaging the second brake
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B2, the sun gear s1, which is at one end of the rotation speed range of the three rotating elements of
the first planetary gear device P1, is fixed to the case C and stops rotating. As a result, the rotation of
the engine E connected to the carrier cal, which is in the middle in terms of rotation speed, is
accelerated and transmitted to the ring gear r1, which is the other end in terms of the rotation speed.
In other words, this high speed gear (Hi) is an increasing speed gear in which the first planetary gear
device P1 increases the rotation speed of the engine E and outputs it. The rotation of the ring gear rl
of the first planetary gear device P1 is reduced in speed via the transmission chain 16 and transmitted
to the second rotor shaft 17, from there to the second motor-generator MG2, and also reduced in speed
by the second planetary gear device P2 and transmitted to the output member O. Therefore, in the
high speed gear (Hi) of this parallel mode, the rotation speeds of the output member O and the second
motor-generator MG2 are determined according to the rotation speed of the engine E. Naturally, the
rotation speed of the first motor-generator MG1, which rotates integrally with the sun gear s1 of the
first planetary gear device P1, is fixed to zero.

[0077]

In the high speed gear (Hi) of this parallel mode, as in the low speed gear (Lo), the engine E is
controlled to output an appropriate rotation speed and engine torque TE according to the vehicle speed,
accelerator pedal position, etc. In addition, when the engine torque TE transmitted to the output
member O is insufficient compared to the required torque from the vehicle side, the second motor-
generator MG2 rotates forward as necessary and outputs a forward MG2 torque T2 to supplement the
engine torque TE transmitted to the output member O. When the vehicle is decelerating, the second
motor-generator MG2 generates torque in the negative direction while rotating in the positive
direction, thereby performing regenerative braking and generating electricity. On the other hand, the
operation of the first motor-generator MG1 is different from that in the low speed gear stage (Lo).
That is, in the high speed gear (Hi), the first motor-generator MGl is fixed to the case C and stopped
so that the rotor Rol does not rotate. Therefore, the first motor-generator MG1 neither powers nor
generates electricity.

[0078]

As described above, in the parallel mode, the vehicle can basically be driven solely by the rotational
driving force of the engine E in both the low speed gear (Lo) and the high speed gear (Hi). At this
time, the second motor generator MG2 only assists the rotational driving force of the engine E as
necessary, and the first motor generator MG1 basically does not perform power running or power
generation. Therefore, in the parallel mode, the energy loss caused by generating electricity using the
rotational driving force of the engine E can be kept small. Therefore, the energy efficiency of the
engine E alone is relatively high when the vehicle is running at high vehicle speeds where the engine
E has relatively little fluctuation in rotation speed or torque.

[0079]

Therefore, in this embodiment, as shown in FIGS. 3 and 4, the parallel mode is used in the medium
to high vehicle speed range where the vehicle speed is relatively high. Furthermore, among these, the
high speed gear (Hi) of the parallel mode allows the vehicle to run while keeping the rotation speed
of the engine E low relative to the vehicle speed, and is therefore used in the high vehicle speed range
where the vehicle speed is high and the accelerator opening is low to medium (requiring relatively
small driving force). On the other hand, the low speed gear (Lo) in the parallel mode can output a
larger driving force than the high speed gear (Hi), so it is used not only in the medium vehicle speed
range but also in the high vehicle speed range where the accelerator opening is large (requiring a large
driving force). In the illustrated example, the parallel mode is used in an area on the higher vehicle
speed side than the first boundary line L1 described above. In addition, in areas where the vehicle
speed is relatively low, the line indicates vehicle speed V2 when the accelerator opening is 0% and
the vehicle speed increases as the accelerator opening increases, and in areas where the vehicle speed
is higher than that, the high speed gear (Hi) of the parallel mode is used in areas on the high vehicle
speed side and low accelerator opening side of the second boundary line L2, which is formed by a
line along the accelerator opening A2. Therefore, the low speed gear (Lo) of the parallel mode is used
in the region on the lower vehicle speed side or higher accelerator opening side of the second
boundary line L2. Furthermore, as described above, in the parallel mode, the vehicle can be driven
with high energy efficiency basically using only the rotational driving force of the engine E, and so
the parallel mode is used above a certain vehicle speed regardless of the charge level of the battery
21. Therefore, a parallel mode is set in both the first switching map 45 (FIG. 3) used in the first region
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where the charge amount of the battery 21 is relatively high, and the second switching map 46 (FIG.
4) used in the second region where the charge amount of the battery 21 is relatively low.

[0080]

1-6. First EV Mode

Next, the operating state of the hybrid drive device H in the first EV mode will be described. The
first EV mode is a mode in which the rotational driving force of the first motor-generator MGl is
transmitted to the output member O, and is a mode in which two gear stages with different gear ratios
can be switched when transmitting the rotation of the first motor-generator MGl to the output member
O by switching the rotational states of the three rotating elements of the first planetary gear device
P1. The first EV mode corresponds to the first rotating electrical machine drive mode in the present
invention. In the first EV mode, as will be described below, the vehicle can be driven solely by the
rotational driving force of the first motor-generator MG1. However, in this embodiment, the
rotational driving force of the second motor-generator MG2 is transmitted to the output member O as
needed, thereby supplementing the rotational driving force of the first motor-generator MG1
transmitted to the output member O. In this way, the first EV mode is a mode in which the vehicle is
driven as an EV (Electric Vehicle) by consuming power from the battery 21 and running solely on
the rotational driving force of the motor generator, and this mode is called the first EV mode to
distinguish it from the second EV mode in which the vehicle is driven solely on the rotational driving
force of the second motor generator MG2, which will be described later. As shown in FIG. 5, the first
EV mode has two switchable gear stages: a low speed gear stage (Lo) and a high speed gear stage
(Hi). The low speed gear (Lo) in the first EV mode is achieved when the first brake B1 is engaged
and the first clutch C1, second clutch C2, and second brake B2 are released. In addition, the high
speed gear (Hi) in the first EV mode is achieved when the second clutch C2 is engaged and the first
clutch C1, first brake B1, and second brake B2 are released. As shown by "(0)" in FIG. 5, in the low
speed gear (Lo) of the first EV mode, the carrier cal to which the engine E is connected is fixed to
the case C by the first brake B1, so the first clutch C1 may be in either an engaged state or a released
state.

[0081]

In the first EV mode, as in the parallel mode, the first planetary gear device P1 is set to a
predetermined fixed gear ratio state, so that the rotation of the first motor-generator MGI1 is
transmitted to the output member O at a predetermined gear ratio. Therefore, in the first EV mode,
the vehicle can be basically driven solely by the rotational driving force of the first motor-generator
MG]1. Furthermore, because the first EV mode has two switchable gears: a low speed gear (Lo) and
a high speed gear (Hi), the gear ratio used when transmitting the rotation of the first motor-generator

MGT to the output member O can be selectively switched depending on the driving state of the vehicle.

As will be described later, in this embodiment, the low speed gear (Lo) corresponds to a first gear
that stops rotation of the rotating element (sun gear s1) connected to the input shaft I (engine E) and
changes the speed of the rotation of the first motor-generator MG1 (here, reduces the speed) before
transmitting it to the output member O, and the high speed gear (Hi) corresponds to a second gear
that transmits the rotation of the first motor-generator MG1 to the output member O at the same speed
while the first planetary gear device P1 rotates integrally with the first motor-generator MG1.

[0082]

As shown in FIG. 8, in the low speed gear (Lo) of the first EV mode, by engaging the first brake
B1, the carrier cal, which is the middle of the three rotating elements of the first planetary gear device
P1 in terms of rotation speed, is fixed to the case C and its rotation is stopped. As a result, the negative
rotation of the first motor-generator MG1, which is connected to the sun gear s1, which is at one end
in terms of rotation speed, is reversed to a positive rotation and transmitted to the ring gear r1, which
is at the other end in terms of rotation speed. At this point, the rotation speed of the first motor-
generator MGl is reduced according to the gear ratio of the first planetary gear device P1 (= number
of teeth of the sun gear / number of teeth of the ring gear) and transmitted to the ring gear r1. In other
words, the low speed gear (Lo) is a reduction gear in which the first planetary gear device P1
decelerates and outputs the rotation of the first motor-generator MG1. The rotation of the ring gear
rl of the first planetary gear device P1 is reduced in speed via the transmission chain 16 and
transmitted to the second rotor shaft 17, from there to the second motor-generator MG2, and also
reduced in speed by the second planetary gear device P2 and transmitted to the output member O.
Therefore, in the low speed gear (Lo) of this first EV mode, the rotation speeds of the output member
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O and the second motor-generator MG2 are determined according to the rotation speed of the first
motor-generator MG1. Naturally, the rotation speed of the engine E, which rotates integrally with the
carrier cal of the first planetary gear device P1, is fixed to zero.

[0083]

In the low speed gear (Lo) of this first EV mode, the first motor-generator MG1 is controlled to
output an appropriate rotation speed and MG1 torque T1 according to the vehicle speed, accelerator
pedal position, etc. At this time, the first motor-generator MG1 rotates in the negative direction and
outputs MG1 torque T1 in the negative direction to power the vehicle. In addition, when the MG1
torque T1 transmitted to the output member O is insufficient compared to the required torque from
the vehicle side, the second motor-generator MG2 rotates forward as necessary and outputs a positive
MG?2 torque T2 to supplement the MG1 torque T1 transmitted to the output member O. On the other
hand, when the vehicle decelerates, one or both of the first motor-generator MG1 and the second
motor-generator MG2 perform regenerative braking and generate electricity. During this regenerative
braking, the first motor-generator MG1 rotates in the negative direction while outputting MG1 torque
T1 in the positive direction, and the second motor-generator MG2 rotates in the positive direction
while outputting torque in the negative direction.

[0084]

As shown in FIG. 8, in the high speed gear (Hi) of the first EV mode, by engaging the second
clutch C2, the first planetary gear device P1 is placed in a directly coupled state in which the sun gear
s1 rotates integrally with the first motor-generator MG1, and the entire first planetary gear device P1
(three rotating elements) rotates integrally with the first motor-generator MG1. In other words, this
high speed gear (Hi) is a direct-coupled gear in which the first planetary gear device P1 outputs the
rotation of the first motor-generator MG1 at the same speed. Therefore, the rotation of the first motor-
generator MG1 is output from the ring gear rl at the same speed. The rotation of the ring gear r1 of
the first planetary gear device P1 is reduced in speed via the transmission chain 16 and transmitted to
the second rotor shaft 17, from there to the second motor-generator MG2, and also reduced in speed
by the second planetary gear device P2 and transmitted to the output member O. Therefore, in the
high speed gear (Hi) of the first EV mode, the rotation speeds of the output member O and the second
motor-generator MG2 are determined according to the rotation speed of the first motor-generator
MGTI. In addition, in the high speed gear (Hi) of the first EV mode, the carrier cal of the first planetary
gear device P1 also rotates at the same speed as the first motor-generator MG1, but because the first
clutch C1 is disengaged, the engine E is stopped and does not rotate.

[0085]

In the high speed gear (Hi) of this first EV mode, as in the low speed gear (Lo) mode, the first
motor-generator MG1 is controlled to output an appropriate rotation speed and MG1 torque T1
according to the vehicle speed, accelerator opening, etc. However, in the high speed gear (Hi), the
first motor-generator MG1 rotates forward and outputs forward MG1 torque T1 to power the vehicle.
In addition, when the MG1 torque T1 transmitted to the output member O is insufficient compared to
the required torque from the vehicle side, the second motor-generator MG2 rotates forward as
necessary and outputs a positive MG2 torque T2 to supplement the MG1 torque T1 transmitted to the
output member O. On the other hand, when the vehicle decelerates, one or both of the first motor-
generator MG1 and the second motor-generator MG2 perform regenerative braking and generate
electricity. During this regenerative braking, the first motor generator MG1 and the second motor
generator MG2 rotate in the positive direction while outputting torque in the negative direction.
[0086]

As described above, in the first EV mode, in both the low speed gear (Lo) and the high speed gear
(Hi), the engine E is stopped and the vehicle is driven solely by the rotational driving force of the first
motor-generator MG1 and the second motor-generator MG2, which are driven using power from the
battery 21. Therefore, in the first EV mode, since no fuel is used to operate the engine E, fuel can be
saved and energy efficiency can be improved by using this mode when there is sufficient charge in
the battery 21. Furthermore, as described above, the first EV mode allows the vehicle to run using
the rotational driving force of both the first motor-generator MG1 and the second motor-generator
MG2, and therefore, as described below, can output a greater driving force than the second EV mode,
which allows the vehicle to run using the rotational driving force of only the second motor-generator
MG?2. On the other hand, if the first EV mode is used at relatively high vehicle speeds in the medium
to high range, a large amount of power will be consumed in a short period of time, causing the charge
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level of the battery 21 to drop rapidly, making it impossible to continue using the first EV mode.
[0087]

As described above, in the first EV mode, the first motor-generator MG1 and the second motor-
generator MG2 are powered to run the vehicle, which consumes a large amount of power from the
battery 21. Therefore, in this embodiment, the first EV mode is set in the first switching map 45 (FIG.
3) used in the first region where the charge amount of the battery 21 is relatively high, and the first
EV mode is not set in the second switching map 46 (FIG. 4) used in the second region where the
charge amount of the battery 21 is relatively low, so that the first EV mode is used when the charge
amount of the battery 21 is relatively high.

[0088]

Furthermore, in this embodiment, as described above, if the first EV mode is used in the medium
to high vehicle speed range where the vehicle speed is relatively high, the charge amount of the battery
21 will drop suddenly and it will become impossible to continue using the first EV mode. Therefore,
as shown in FIG. 3, the first EV mode is used in the low vehicle speed range where the vehicle speed
is low. In the illustrated example, two EV modes, namely the first EV mode and the second EV mode,
are used in the range lower than the first boundary line L1, where the vehicle speed is V1 when the
accelerator opening is 0% and the vehicle speed decreases as the accelerator opening increases. As
described above, the first EV mode can output a greater driving force than the second EV mode, and
is therefore used in a range where the accelerator opening is greater than in the second EV mode
(where a relatively greater driving force is required). In the illustrated example, the first EV mode is
used when the accelerator opening is higher than the third boundary line L3, which is a line that
follows the accelerator opening A1l in areas where the vehicle speed is relatively low, and a line that
decreases the accelerator opening as the vehicle speed increases in areas where the vehicle speed is
higher. Moreover, among these, the low speed gear (Lo) of the first EV mode can output a larger
driving force than the high speed gear (Hi), and is therefore used in a range where the accelerator
opening is large. On the other hand, the high speed gear (Hi) of the first EV mode allows the vehicle
to run with the rotation speed of the first motor-generator MG1 kept low relative to the vehicle speed,
resulting in high energy efficiency. Therefore, the high speed gear (Hi) of the first EV mode is used
in a region where the accelerator opening is low (requiring less driving force) compared to the low
speed gear (Lo), and in this case, in a region where the accelerator opening is medium in relation to
the second EV mode. In the illustrated example, the low speed gear (Lo) of the first EV mode is used
in the region where the accelerator opening is higher than the fourth boundary line L4, which is
formed along the accelerator opening A2. In addition, the high speed gear (Hi) of the first EV mode
is used in a region where the accelerator opening is lower than the fourth boundary line L4 and higher
than the third boundary line L3.

[0089]
1-7. Second EV Mode

Finally, the operating state of the hybrid drive device H in the second EV mode will be described.
The second EV mode is a mode in which the first motor-generator MGl is in a non-driving state and
the rotational driving force of the second motor-generator MG2 is transmitted to the output member
O. The second EV mode corresponds to the second rotating electrical machine drive mode in the
present invention. This second EV mode is a mode in which the vehicle operates as an EV (Electric
Vehicle) by consuming power from the battery 21 and running solely on the rotational driving force
of the second motor-generator MG2. To distinguish this mode from the first EV mode described
above, this mode is referred to as the second EV mode. As shown in FIG. 5, the second EV mode is
achieved when the first clutch C1, the second clutch C2, the first brake B1, and the second brake B2
are all in a released state.

[0090]

In the second EV mode, similar to the split mode described above, the three rotating elements of
the first planetary gear device P1 are allowed to rotate freely. However, in this second EV mode,
unlike the split mode, the first clutch C1 is disengaged, and the engine E and input shaft I are separated
from the carrier cal of the first planetary gear device P1. Additionally, the engine E is stopped. In
this state, in the second EV mode, the rotational driving force of the second motor-generator MG2 is
transmitted to the output member O after being reduced in speed by the second planetary gear set P2.
This allows the vehicle to run using only the rotational driving force of the second motor-generator
MG?2. In this case, the rotational driving force of the second motor-generator MG2 is accelerated and
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transmitted from the second rotor shaft 17 via the transmission chain 16 to the ring gear r1 of the first
planetary gear device P1. However, as shown in FIG. 9, in the second EV mode, the rotation of the
ring gear rl of the first planetary gear device P1 causes the carrier cal, which is separated from the
engine E, to rotate freely, and therefore almost no rotational driving force is transmitted to the sun
gear sl connected to the first motor-generator MG1.

[0091]

Therefore, in the second EV mode, the second motor-generator MG2 is controlled to output an
appropriate rotation speed and MG2 torque T2 according to the vehicle speed, accelerator opening,
and the like. In this case, the second motor-generator MG2 rotates in the positive direction and outputs
forward MG2 torque T2 to power the vehicle. Meanwhile, in this second EV mode, the first motor-
generator MG is in a non-driven state and does not power the vehicle or generate electricity. In the
second EV mode, the engine E is stopped and the vehicle is driven solely by the rotational driving
force of the second motor-generator MG2, which is driven using the electric power of the battery 21.
Therefore, in the second EV mode, as in the first EV mode, no fuel is used to operate the engine E.
When there is sufficient charge in the battery 21, this mode can be used to save fuel and improve
energy efficiency. On the other hand, in the second EV mode, the vehicle is driven using the rotational
driving force of only the second motor-generator MG2, and therefore the driving force that can be
output is smaller than in the first EV mode, in which the vehicle is driven using the rotational driving
force of both the first motor-generator MG1 and the second motor-generator MG2. However, like the
first EV mode, when the second EV mode is used at relatively high vehicle speeds in the medium to
high vehicle speed range, a large amount of power is consumed in a short period of time, causing the
charge level of the battery 21 to drop rapidly, making it impossible to continue using the second EV
mode.

[0092]

As described above, in the second EV mode, the second motor-generator MG2 is powered to run
the vehicle, so that a relatively large amount of electric power from the battery 21 is consumed.
Therefore, in this embodiment, the second EV mode is set in the first switching map 45 (FIG. 3) used
in the first range where the charge level of the battery 21 is relatively high, and the second EV mode
is not set in the second switching map 46 (FIG. 4) used in the second range where the charge level of
the battery 21 is relatively low, so that the second EV mode is used when the charge level of the
battery 21 is relatively high. Furthermore, in this embodiment, as described above, if the second EV
mode is used in the medium to high vehicle speed range where the vehicle speed is relatively high,
the charge level of the battery 21 will drop sharply, making it impossible to continue using the second
EV mode. Therefore, as shown in FIG. 3, the second EV mode is used in the low vehicle speed range
where the vehicle speed is low. In the illustrated example, as described above, the first EV mode and
the second EV mode are used in the range lower than the first boundary line L1, where the vehicle
speed is V1 when the accelerator pedal depression is 0% and the vehicle speed decreases as the
accelerator pedal depression increases. The second EV mode can output less driving force than the
first EV mode, so it is used in areas where the accelerator opening is lower than in the first EV mode
(where the required driving force is relatively small). In the illustrated example, the second EV mode
is used on the side of the accelerator opening that is smaller than the third boundary line L3.

[0093]
2. Second Embodiment

Next, a second embodiment of the present invention will be described. FIG. 10 is a skeleton
diagram showing the configuration of a hybrid drive device H according to this embodiment. It should
be noted that, as with FIG. 1, this FIG. 10 also omits some of the axially symmetrical components for
clarity. As shown in this figure, the hybrid drive device H of this embodiment differs from the first
embodiment in that the first fixing device, second fixing device, separation device, and differential
restricting device, which were configured as friction engagement elements in the first embodiment,
are configured as dog clutches as meshing engagement elements, or a combination of a dog clutch
and a one-way clutch. Accordingly, the operating states of the dog clutch and one-way clutch in each
mode and gear position are also different from those in the first embodiment. FIG. 11 is an operation
table showing the operating states of the multiple dog clutches DC1, DC2, DC3 and the multiple one-
way clutches OC1, OC2, OC3 in each mode and gear position in the hybrid drive device H according
to this embodiment. The hybrid drive device H according to this embodiment will be described below,
focusing on the differences from the first embodiment. It should be noted that the points not
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specifically explained are the same as those in the first embodiment.
[0094]

In this embodiment, the separation device is configured by a first dog clutch DC1 instead of the
first clutch C1 in the first embodiment. The first dog clutch DC1 selectively connects or disconnects
the carrier cal of the first planetary gear device P1 and the input shaft I. Although shown in a
simplified manner in FIG. 10, the first dog clutch DC1 is configured to include an input shaft side
gear fixed to the input shaft I and having external teeth formed on its outer circumferential surface,
an intermediate shaft side gear fixed to the intermediate shaft 12 that rotates integrally with the carrier
cal and having external teeth formed on its outer circumferential surface, and a substantially
cylindrical sleeve that is fitted axially slidably onto the input shaft side gear and the intermediate shaft
side gear and has internal teeth formed on its inner circumferential surface. Then, the internal teeth
of the sleeve mesh with the external teeth of both the input shaft side gear and the intermediate shaft
side gear, so that the first dog clutch DC1 is brought into an engaged state, and the input shaft I and
the intermediate shaft 12 are connected. On the other hand, when the sleeve moves axially and the
internal teeth of the sleeve mesh with only the external teeth of either the input shaft side gear or the
intermediate shaft side gear, the first dog clutch DCI1 is released and the input shaft I and the
intermediate shaft 12 are separated.

[0095]

In this embodiment, the first fixing device is configured by a first one-way clutch OCI1 instead of
the first brake B1 in the first embodiment. The first one-way clutch OC1 selectively fixes the
intermediate shaft 12, which rotates integrally with the carrier cal of the first planetary gear device
P1, to the case C. Here, the first one-way clutch OC1 has an outer race connected to the intermediate
shaft 12 so as to rotate integrally with the intermediate shaft 12, and an inner race fixed to the case C.
The first one-way clutch OC1 is configured so that the outer race is allowed to rotate in a positive
direction relative to the inner race, but the outer race is prevented from rotating in a negative direction
relative to the inner race. As a result, the first one-way clutch OC1 functions as a one-way brake that
allows the intermediate shaft 12 to rotate in the positive direction and prevents it from rotating in the
negative direction. Therefore, the first one-way clutch OC1 is engaged when the carrier cal and the
intermediate shaft 12 of the first planetary gear device P1 rotate in the negative direction, and fixes
and stops the carrier cal and the intermediate shaft 12 to the case C. It should be noted that the positive
rotation is a rotation in the same direction as the rotation direction of the engine E, and the rotation
speed in the speed diagrams of FIGS. 6 to 9 is a positive rotation. On the other hand, negative rotation
is rotation in the opposite direction to the rotation direction of the engine E, and is rotation with a
negative rotation speed on the speed diagrams of FIGS. 6 to 9.

[0096]

In this embodiment, the differential restricting device is configured by a combination of a second
dog clutch DC2 and a second one-way clutch OC2, instead of the second clutch C2 in the first
embodiment. The second dog clutch DC2 selectively connects or disconnects the carrier cal of the
first planetary gear device P1 and the outer race of the second one-way clutch OC2. The inner race
of the second one-way clutch OC2 is connected to rotate integrally with the first rotor shaft 13, which
rotates integrally with the sun gear sl of the first planetary gear device P1 and the rotor Rol of the
first motor-generator MG1. The second one-way clutch OC2 functions to prevent the forward rotation
speed of the sun gear sl of the first planetary gear device P1 from becoming faster than the forward
rotation speed of the carrier cal when the second dog clutch DC2 connects the carrier cal of the first
planetary gear device P1 to the outer race of the second one-way clutch OC2. Although shown in a
simplified manner in FIG. 10, the second dog clutch DC2 is composed of a carrier-side gear fixed to
the carrier cal and having external teeth formed on its outer peripheral surface, a second one-way
clutch-side gear fixed to the outer race of the second one-way clutch OC2 and having external teeth
formed on its outer peripheral surface, and a substantially cylindrical sleeve fitted axially slidably
onto the carrier-side gear and second one-way clutch-side gear and having internal teeth formed on
its inner peripheral surface. Moreover, the second one-way clutch OC2 is configured such that the
outer race is allowed to rotate in a positive direction relative to the inner race, but the outer race is
prevented from rotating in a negative direction relative to the inner race.

[0097]

Then, when the internal teeth of the sleeve mesh with the external teeth of both the carrier side gear

and the second one-way clutch side gear, the second dog clutch DC2 is engaged, and the carrier cal
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of the first planetary gear device P1 and the outer race of the second one-way clutch OC2 are
connected. In this state, the outer race is prevented from rotating in the negative direction relative to
the inner race, thereby preventing the rotation speed of the sun gear s1 from becoming faster than the
rotation speed of the carrier cal. Therefore, the second one-way clutch OC2 enters an engaged state
when the rotation speed of the sun gear s1 of the first planetary gear device P1 becomes faster than
the rotation speed of the carrier cal, causing the sun gear s1 and carrier cal to rotate integrally. On
the other hand, when the sleeve moves axially and the internal teeth of the sleeve mesh with only the
external teeth of either the carrier side gear or the second one-way clutch side gear, the second dog
clutch DC2 is released, and the relationship between the carrier cal and sun gear sl of the first
planetary gear device P1 is not regulated by the second dog clutch DC2 or the second one-way clutch
0C2.

[0098]

In this embodiment, the second fixing device is configured by a combination of a third dog clutch
DC3 and a third one-way clutch OC3, instead of the second brake B2 in the first embodiment. The
third dog clutch DC3 selectively connects or disconnects the case C and the outer race of the third
one-way clutch OC3. The inner race of the third one-way clutch OC3 is connected to rotate integrally
with a first rotor shaft 13 which rotates integrally with the sun gear s1 of the first planetary gear device
P1 and the rotor Rol of the first motor-generator MG1. The third one-way clutch OC3 functions to
prevent the sun gear sl of the first planetary gear device P1 from rotating in the positive direction
when the third dog clutch DC3 connects the case C and the outer race of the third one-way clutch
OC3. Although shown in a simplified manner in FIG. 10, the third dog clutch DC3 is composed of a
case-side gear fixed to the case C and having external teeth formed on its outer peripheral surface, a
third one-way clutch-side gear fixed to the outer race of the third one-way clutch OC3 and having
external teeth formed on its outer peripheral surface, and a substantially cylindrical sleeve fitted
axially slidably onto the case-side gear and the third one-way clutch-side gear and having internal
teeth formed on its inner peripheral surface. The third one-way clutch OC3 is configured such that
the inner race is allowed to rotate in the negative direction relative to the outer race, but the inner race
is prevented from rotating in the positive direction relative to the outer race.

[0099]

Then, the internal teeth of the sleeve mesh with the external teeth of both the case side gear and the
third one-way clutch side gear, so that the third dog clutch DC3 is engaged and the case C and the
outer race of the third one-way clutch OC3 are connected. In this state, the inner race is prevented
from rotating in the positive direction relative to the outer race, and the sun gear sl of the first
planetary gear device P1 is prevented from rotating in the positive direction. Therefore ,the third one-
way clutch OC3 is engaged when the sun gear s1 of the first planetary gear device P1 rotates forward,
fixing and stopping the sun gear s1 and the rotor Rol of the first motor-generator MG1 to the case C.
On the other hand, when the sleeve moves axially and the internal teeth of the sleeve mesh with only
the external teeth of either the case-side gear or the third one-way clutch-side gear, the third dog
clutch DC3 is released, and the sun gear s1 of the first planetary gear device P1 and the rotor Rol of
the first motor-generator MG1 are allowed to rotate freely relative to the case C.

[0100]

The sleeves of the first dog clutch DCI1, second dog clutch DC2, and third dog clutch DC3
described above are operated in the axial direction by hydraulic pressure from the hydraulic control
device 35, which operates in response to control commands from the main control unit 31, similar to
the friction engagement elements B1, B2, C1, and C2 in the first embodiment. That is, also in this
embodiment, the engagement and release of the first dog clutch DC1, the second dog clutch DC2,
and the third dog clutch DC3 are controlled via hydraulic pressure from the hydraulic control device
35. The sleeves of each dog clutch DC1, DC2, and DC3 are operated, for example, by hydraulically
operating a switching member such as a shift fork (not shown) that engages with a recess provided
on the outer surface of the sleeve in the axial direction.

[0101]

In this embodiment, the hybrid drive device H also has four modes: split mode, parallel mode, first
EV mode, and second EV mode, and two switchable gears: low speed gear (Lo) and high speed gear
(Hi) for each of the parallel mode and first EV mode. In this case, the operating conditions of the
hybrid drive device H in each mode and gear are the same as those described in the first embodiment
using the speed diagrams of FIGS. 6 to 9, and therefore will not be described here.
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[0102]

As shown in Figure 11, the split mode is realized when the first dog clutch DC1 is engaged and the
second dog clutch DC2, the third dog clutch DC3, the first one-way clutch OC1, the second one-way
clutch OC2, and the third one-way clutch OC3 are released. The low speed gear (Lo) in parallel mode
is achieved when the first dog clutch DCI1, the second dog clutch DC2, and the second one-way clutch
OC2 are engaged, and the third dog clutch DC3, the first one-way clutch OC1, and the third one-way
clutch OC3 are released. The high speed gear (Hi) of the parallel mode is achieved when the first dog
clutch DCI, the third dog clutch DC3, and the third one-way clutch OC3 are engaged and the first
one-way clutch OC1 and the second one-way clutch OC2 are released. Furthermore, as shown by
"(0)" in FIG. 11, in the high speed gear (Hi) of the parallel mode, the rotation speed of the sun gear
s1 of the first planetary gear device P1 never becomes faster than the rotation speed of the carrier cal,
and the second one-way clutch OC2 never enters an engaged state, so the second dog clutch DC2
may be in either an engaged state or a released state.

[0103]

In addition, the low speed gear (Lo) of the first EV mode is realized when the first one-way clutch
OCl1 is engaged and the second dog clutch DC2, the third dog clutch DC3, the second one-way clutch
0OC2, and the third one-way clutch OC3 are released. Furthermore, as shown by "(0)" in FIG. 11, in
the low speed gear (Lo) of the first EV mode, the rotation speed of the carrier cal of the first planetary
gear device P1 is zero, which is the same as that of the engine E connected via the first dog clutch
DC1, so the first dog clutch DC1 may be in either an engaged state or a released state. The high speed
gear (Hi) of the first EV mode is achieved when the second dog clutch DC2 and the second one-way
clutch OC2 are engaged and the first dog clutch DCI, the third dog clutch DC3, the first one-way
clutch OC1, and the third one-way clutch OC3 are released. The second EV mode is achieved when
the first dog clutch DC1, the third dog clutch DC3, the first one-way clutch OC1, the second one-way
clutch OC2, and the third one-way clutch OC3 are in a released state. As shown by "(0)" in FIG. 11,
in the second EV mode, the rotation speed of the sun gear sl of the first planetary gear device P1
never becomes faster than the rotation speed of the carrier cal, and the second one-way clutch OC2
never enters an engaged state, so the second dog clutch DC2 may be in either an engaged state or a
released state.

[0104]
3. Third Embodiment

Next, a third embodiment of the present invention will be described FIG. 12 is a skeleton diagram
showing the configuration of a hybrid drive device H according to this embodiment. It should be
noted that, as with FIGS. 1 and 10, FIG. 12 omits some of the axially symmetrical components for
clarity. As shown in this figure, the hybrid drive device H of this embodiment is equipped with a
fourth dog clutch DC4 and a fourth one-way clutch OC4 instead of the second dog clutch DC2 and
the second one-way clutch OC2 as the differential restricting device and the third dog clutch DC3
and the third one-way clutch OC3 as the second fixing device in the second embodiment. The other
configurations are the same as those of the second embodiment. Therefore, the hybrid drive device H
according to this embodiment will be described below, focusing on the differences from the second
embodiment.

[0105]

The fourth dog clutch DC4 is a dog clutch that combines the second dog clutch DC2 and the third
dog clutch DC3 in the second embodiment. The fourth one-way clutch OC4 is a one-way clutch that
performs the functions of both the second one-way clutch OC2 and the third one-way clutch OC3 in
the second embodiment described above. Therefore, in this embodiment, the combination of the
fourth dog clutch DC4 and the fourth one-way clutch OC4 constitutes a differential restricting device
and a second fixing device.

[0106]

Although shown in a simplified manner in FIG. 12, the fourth dog clutch DC4 is composed of a
carrier side gear fixed to the carrier cal and having external teeth formed on its outer peripheral
surface, a fourth one-way clutch side gear fixed to the outer race of the fourth one-way clutch OC4
and having external teeth formed on its outer peripheral surface, a case side gear fixed to the case C
and having external teeth formed on its outer peripheral surface, and an approximately cylindrical
sleeve fitted axially slidably onto the carrier side gear, fourth one-way clutch side gear, and case side
gear, and having internal teeth formed on its inner peripheral surface. The fourth dog clutch DC4
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selectively connects or disconnects the outer race of the second one-way clutch OC2 to or from the
carrier cal or the case C of the first planetary gear device P1. The inner race of the fourth one-way
clutch OC4 is connected to rotate integrally with a first rotor shaft 13 which rotates integrally with
the sun gear sl of the first planetary gear device P1 and the rotor Rol of the first motor-generator
MG]1. Moreover, the fourth one-way clutch OC4 is configured so that the outer race is allowed to
rotate in a positive direction relative to the inner race, but the outer race is prevented from rotating in
a negative direction relative to the inner race. As a result, the fourth one-way clutch OC4 functions
to prevent the forward rotation speed of the sun gear sl of the first planetary gear device P1 from
becoming faster than the forward rotation speed of the carrier cal when the fourth dog clutch DC4
connects the carrier cal of the first planetary gear device P1 to the outer race of the fourth one-way
clutch OC4. In addition, the fourth one-way clutch OC4 functions to prevent the sun gear sl of the
first planetary gear device P1 from rotating in the forward direction when the fourth dog clutch DC4
connects the case C and the outer race of the fourth one-way clutch OC4.

[0107]

Then, as the internal teeth of the sleeve mesh with the external teeth of both the carrier side gear
and the fourth one-way clutch side gear, the fourth dog clutch DC4 is placed in a first engaged state
in which the carrier cal of the first planetary gear device P1 is connected to the outer race of the
fourth one-way clutch OC4. In this first engaged state, the outer race is prevented from rotating in the
negative direction relative to the inner race, thereby preventing the rotation speed of the sun gear sl
from becoming faster than the rotation speed of the carrier cal. Therefore, the fourth one-way clutch
OC4 is engaged when the rotation speed of the sun gear sl of the first planetary gear device P1
becomes faster than the rotation speed of the carrier cal, causing the sun gear sl and carrier cal to
rotate integrally. On the other hand, when the internal teeth of the sleeve mesh with the external teeth
of both the case side gear and the fourth one-way clutch side gear, the fourth dog clutch DC4 is placed
in a second engaged state in which the case C and the outer race of the fourth one-way clutch OC4
are connected. In this second engaged state, the case C and the outer race of the fourth one-way clutch
OC4 are connected to each other. In this state, the inner race is prevented from rotating in the positive
direction relative to the outer race, and the sun gear s1 of the first planetary gear device P1 is prevented
from rotating in the positive direction. Therefore, the fourth one-way clutch OC4 is engaged when
the sun gear s1 of the first planetary gear device P1 rotates forward, fixing and stopping the sun gear
sl and the rotor Rol of the first motor-generator MG1 to the case C.

[0108]

On the other hand, when the sleeve moves axially and the internal teeth of the sleeve mesh with
only one of the external teeth of the carrier side gear, the fourth one-way clutch side gear, and the
case side gear, the fourth dog clutch DC4 is released. In this released state, the relationship between
the carrier cal and sun gear sl of the first planetary gear device P1 is not regulated by the fourth dog
clutch DC4 and the fourth one-way clutch OC4, and the sun gear s1 of the first planetary gear device
P1 and the rotor Rol of the first motor-generator MG1 are allowed to rotate freely relative to the case
C.

[0109]

In this embodiment, the hybrid drive device H also has four modes: split mode, parallel mode, first
EV mode, and second EV mode, and two switchable gears: low speed gear (Lo) and high speed gear
(Hi) for each of the parallel mode and first EV mode. In this case, the operating conditions of the
hybrid drive device H in each mode and gear are the same as those described in the first embodiment
using the speed diagrams of FIGS. 6 to 9, and therefore will not be described here. The operating
states of each dog clutch and one-way clutch in each mode and gear are basically the same as those
in the second embodiment described above using the operation table in FIG. 11. However, in this
embodiment, the fourth dog clutch DC4 is a dog clutch that combines the second dog clutch DC2 and
the third dog clutch DC3 in the second embodiment. Therefore, the engaged state of the second dog
clutch DC2 in the second embodiment described above corresponds to the first engaged state in this
embodiment in which the fourth dog clutch DC4 connects the carrier cal of the first planetary gear
device P1 and the outer race of the fourth one-way clutch OC4. Furthermore, the engaged state of the
third dog clutch DC3 in the second embodiment described above corresponds to the second engaged
state in this embodiment in which the fourth dog clutch DC4 connects the case C and the outer race
of the fourth one-way clutch OC4. Additionally, the engaged state of either the second one-way clutch
OC2 or the third one-way clutch OC3 in the second embodiment corresponds to the engaged state of
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the fourth one-way clutch OC4 in this embodiment.
[0110]
4. Fourth Embodiment

Next, a fourth embodiment of the present invention will be described. FIG. 13 is a skeleton diagram
showing the configuration of a hybrid drive device H according to this embodiment. It should be
noted that, as with FIG. 1, this FIG. 13 also omits some of the axially symmetrical components for
clarity. As shown in this figure, the hybrid drive device H according to this embodiment differs from
the first embodiment in that it does not include a second brake B2 as a second fixing device. That is,
the hybrid drive device H of this embodiment is configured to include multiple friction engagement
elements, including a first clutch C1 as a separation device, a second clutch C2 as a differential
restricting device, and a first brake B1 as a first fixing device. Consequently, the modes and gears
that the hybrid drive device H can switch between, as well as the operating states of the multiple
friction engagement elements in each mode and gear, are also different from those of the first
embodiment. The hybrid drive device H according to this embodiment will be described below,
focusing on the differences from the first embodiment. It should be noted that the points not
specifically explained are the same as those in the first embodiment.

[0111]

FIG. 14 is an operation table showing the operating states of the plurality of friction engagement
elements C1, C2, Bl in each mode and gear position in the hybrid drive device H according to this
embodiment. As shown in this figure, in this embodiment, the hybrid drive device H does not have a
parallel mode, but instead has three switchable modes: split mode, first EV mode, and second EV
mode, and in the first EV mode, two switchable gears: low speed gear (Lo) and high speed gear (Hi).
The split mode is realized when the first clutch C1 is engaged and the second clutch C2 and the first
brake B1 are released. The low speed gear (Lo) of the first EV mode is achieved when the first brake
B1 is engaged and the second clutch C2 is released. It should be noted that the first clutch C1 can be
in either the engaged or released state. The high speed gear (Hi) of the first EV mode is achieved
when the second clutch C2 is engaged and the first clutch C1 and the first brake B1 are released. The
second EV mode is achieved when the first clutch C1, the second clutch C2, and the first brake B1
are all in a released state.

[0112]

The operating states of the hybrid drive device H in each of these modes and gear stages are the
same as those in the first embodiment, so detailed explanations will be omitted here, but in the first
EV mode, the first motor-generator MG1 and the second motor-generator MG?2 are basically used to
power the vehicle, consuming a lot of power from the battery 21. Similarly, in the second EV mode,
the second motor-generator M2 is basically powered to run the vehicle, so a relatively large amount
of electric power from the battery 21 is consumed. On the other hand, during normal vehicle driving
in the split mode, the first motor-generator MG1 generates torque in the negative direction while
rotating in the positive direction to generate electricity, and the second motor-generator MG2
consumes the electricity generated by the first motor-generator MG1 to power the vehicle, outputting
positive MG2 torque T2 to supplement the engine torque TE transmitted to the output member O.
Therefore, in the split mode, the power of the battery 21 is basically not consumed.

[0113]

Therefore, in this embodiment, when the battery charge level is in the first range, where the battery
charge level is relatively high, the mode selection unit 42 uses a first switching map 45 as shown in
FIG. 15 to select a mode and gear position from among the first EV mode, the second EV mode, and
the split mode, depending on the vehicle speed and accelerator opening (the amount of operation of
the accelerator pedal 23). On the other hand, when the battery charge level is in the second range
where it is relatively low, the mode selection unit 42 selects the split mode (not shown) regardless of
the vehicle speed and accelerator opening (amount of operation of the accelerator pedal 23).

[0114]

Here, the selection of each mode and gear position when the battery charge amount is in the first
range will be described with reference to FIG. 15. First, among the various modes that the hybrid
drive device H according to this embodiment is switchable between, in the first EV mode and the
second EV mode, the vehicle is propelled by powering one or both of the first motor-generator MG1
and the second motor-generator MG2. Therefore, if the first EV mode or the second EV mode is used
in a range where the vehicle speed is relatively high, in the medium to high vehicle speed range, and
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the accelerator opening is relatively high (requiring relatively large driving force), the charge level of
the battery 21 will drop suddenly, making it impossible to continue operating in these modes. As a
result, in this embodiment, the split mode is selected in the medium to high vehicle speed range where
the vehicle speed is relatively high and the accelerator opening is relatively large. In the illustrated
example, the split mode is used in the high vehicle speed/high accelerator depression region of the
first boundary line L1, which is a line that separates regions where the vehicle speed and accelerator
depression are relatively high. In other words, as the vehicle speed increases, the accelerator
depression decreases, and in even higher vehicle speed regions, the accelerator depression gradually
decreases as the vehicle speed increases.

[0115]

Next, in the second EV mode, the vehicle is driven using only the rotational driving force of the
second motor-generator MG2, and therefore the driving force that can be output is smaller than in the
first EV mode, in which the vehicle is driven using both the rotational driving force of the first motor-
generator MG1 and the rotational driving force of the second motor-generator MG2. Therefore, in
this embodiment, the second EV mode is selected in a range where the accelerator opening is
relatively low (where the required driving force is small). In the illustrated example, the second EV
mode is used on the side of the second boundary line L2 where the accelerator opening is lower than
the second boundary line L2, which is a line that follows the accelerator opening Al in areas where
the vehicle speed is relatively low, and in areas where the vehicle speed is higher than that, the
accelerator opening decreases as the vehicle speed increases, and in areas where the vehicle speed is
even higher, the accelerator opening gradually decreases as the vehicle speed increases.

[0116]

The first EV mode can output a larger driving force than the second EV mode, and is therefore
used in a range where the accelerator opening is larger than in the second EV mode. In other words,
the first EV mode is used on the side where the accelerator opening is larger than the second boundary
line L2. Moreover, among these, the low speed gear (Lo) of the first EV mode can output a larger
driving force than the high speed gear (Hi), and is therefore used in a range where the accelerator
opening is large. On the other hand, the high speed gear (Hi) of the first EV mode allows the vehicle
to run with the rotation speed of the first motor-generator MG1 kept low relative to the vehicle speed,
resulting in high energy efficiency. Therefore, the high speed gear (Hi) of the first EV mode is used
in a region where the accelerator opening is low relative to the low speed gear (Lo), and in this case,
in a region where the accelerator opening is medium in relation to the second EV mode. In the
illustrated example, the low speed gear (Lo) of the first EV mode is used in a region where the
accelerator opening is higher than a third boundary line L3 formed along the accelerator opening A2.
Additionally, the high speed gear (Hi) of the first EV mode is used in a region where the accelerator
opening is lower than the third boundary line L3 and the first boundary line L1 and higher than the
second boundary line L2.

[0117]

As described above, when the mode and gear stage are selected by the mode selection unit 42, the
switching control unit 43 controls the operation of the hydraulic control device 35 accordingly to
engage or release the first clutch C1, the second clutch C2, and the first brake B1, thereby controlling
the switching of the mode and gear stage of the hybrid drive device H.

[0118]

In this way, the hybrid drive device H according to this embodiment has three switchable modes:
split mode, first EV mode, and second EV mode, and also has two switchable gears in the first EV
mode: low speed gear (Lo) and high speed gear (Hi). In this configuration, by appropriately switching
between the split mode, first EV mode, and second EV mode, as well as the two gears of low speed
gear (Lo) and high speed gear (Hi) provided in the first EV mode, depending on the vehicle's driving
conditions and vehicle speed range, it is possible to run the vehicle with high energy efficiency while
outputting sufficient driving force in a variety of vehicle driving conditions and vehicle speed ranges.
Furthermore, such switching between modes and gear stages is achieved with a very simple
configuration, in which the rotational state of the rotating elements of a single planetary gear device
P1 is switched by controlling the engagement state of the three friction engagement elements C1, C2,
and B1. As a result, it becomes possible to simplify the drive transmission system of the hybrid drive
device H and prevent the device from becoming larger and heavier.

[0119]
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5. Other Embodiments

(1) In each of the above embodiments, a configuration has been described as an example in which the
first EV mode as the first rotating electrical machine drive mode is switchable between a low speed
gear (Lo) as a reduction gear and a high speed gear (Hi) as a direct drive gear. In addition, in the
above first to third embodiments, an example has been described in which the parallel mode as the
engine drive mode is provided with a configuration that can be switched between a low speed gear
(Lo) as a direct drive gear and a high speed gear (Hi) as an increased speed gear. However, the
embodiments of the present invention are not limited to these. Therefore, a preferred embodiment of
the present invention is one in which the first rotating electrical machine drive mode is configured to
be switchable between two gear stages, a direct drive stage and an increasing drive stage, or to be
switchable between two gear stages, a reduction stage and an increasing drive stage. Similarly, a
preferred embodiment of the present invention is one in which the engine drive mode is configured
to be switchable between two gear stages, a reduction stage and a direct drive stage, or to be
switchable between two gear stages, a reduction stage and an increasing drive stage. Such a
configuration can be achieved by changing the configuration of the first planetary gear device P1 or
by changing the connection relationships between the three rotating elements of the first planetary
gear device P1 and each part. The configuration of the first planetary gear device P1 can be changed,
for example, from a single-pinion planetary gear mechanism to a double-pinion planetary gear
mechanism.

[0120]

(2) In the first to third embodiments described above, a configuration was described in which the
differential restricting device selectively connects the sun gear sl (first rotating element) and the
carrier cal (second rotating element) of the first planetary gear device P1 as a differential gear device.
However, the differential restricting device can perform the same function as in the above-described
embodiments as long as it selectively connects any two rotational elements of the first planetary gear
device P1. Therefore, for example, one suitable embodiment of the present invention is one in which
the differential restricting device is configured to selectively connect the carrier cal and the ring gear
rl of the first planetary gear device P1.

[0121]

(3) In each of the above embodiments, in all modes, including the split mode as a continuously
variable transmission mode, the first EV mode as a first rotating electrical machine drive mode, and
the parallel mode as an engine drive mode (however, the parallel mode is only applicable to the first
to third embodiments), a configuration has been described in which the second motor-generator MG2
is used as an assist motor, that is, a configuration in which the second motor-generator MG2 transmits
rotational driving force to the output member O to assist the drive force for running the vehicle.
However, embodiments of the present invention are not limited to this. Therefore, one preferred
embodiment of the present invention is to configure the second motor-generator MG2 not to be used
as an assist motor in either or both of the continuously variable speed mode and the first rotating
electrical machine drive mode. In addition, a configuration in which the second motor-generator MG2
is not used as an assist motor in the engine drive mode is also one of the preferred embodiments of
the present invention.

[0122]

(4) In the first and fourth embodiments described above, the first fixing device, the second fixing
device (only in the first embodiment), the separation device, and the differential restricting device are
all configured as brakes or clutches serving as friction engagement elements. Furthermore, in the
above second and third embodiments, an example was described in which the separation device is
configured with a dog clutch as a meshing engagement element, the first fixing device is configured
with a one-way clutch, and the second fixing means and the differential restricting device are

configured with a combination of a dog clutch and a one-way clutch as meshing engagement elements.

However, embodiments of the present invention are not limited to this. That is, the first fixing device
may be preferably configured by a dog clutch as a meshing engagement element, or by a combination
of a dog clutch as a meshing engagement element and a one-way clutch. Moreover, the second fixing
device may also be preferably configured by only a dog clutch as the meshing engagement element.
The differential restricting device may also be suitably configured with only a dog clutch as the
meshing engagement element. Additionally, the separation device may be suitably configured as a
combination of a dog clutch and a one-way clutch as meshing engagement elements, or as a one-way
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clutch alone.

[0123]

(5) In the fourth embodiment described above, an example was described in which the hybrid drive
device H does not have a switchable parallel mode as an engine drive mode. However, embodiments
of the present invention are not limited to this. In other words, the parallel mode can be realized by
engaging the first clutch C1 and the second clutch C2, and releasing the first brake BI, and
transmitting the rotational driving force of the second motor-generator MG2 to the output member O,
and this is also suitable as a configuration that allows switching between the split mode, first EV
mode, second EV mode, and the parallel mode. By switching between these modes, as well as the
two gears of the first EV mode, low speed gear (Lo) and high speed gear (Hi), depending on the
vehicle's driving condition and vehicle speed range, it is possible to run the vehicle with high energy
efficiency while outputting sufficient driving force in various vehicle driving conditions and vehicle
speed ranges.

[0124]

(6) In the hybrid drive device H according to the second embodiment, it is also a preferred
embodiment of the present invention to configure the hybrid drive device H without the combination
of the third dog clutch DC3 and the third one-way clutch OC3 as the second fixing device and without
the ability to switch to the parallel mode as the engine drive mode. In this case, similarly to the fourth
embodiment, it is possible to switch between the split mode, the first EV mode, and the second EV
mode. Furthermore, in this case, it is preferable to have a configuration that can be further switched
to a parallel mode as an engine drive mode that is realized by engaging the first dog clutch DC1, the
second dog clutch DC2, and the second one-way clutch OC2, and releasing the first one-way clutch
OCl1, and transmitting the rotational driving force of the second motor-generator MG2 to the output
member O side.

[0125]

(7) In the above embodiments, an example was described in which the first planetary gear device P1
serving as a differential gear unit was configured as a single-pinion planetary gear mechanism.
However, the embodiments of the present invention are not limited to this, and one suitable
embodiment of the present invention is to configure the first planetary gear device P1 as a double-
pinion planetary gear mechanism. Moreover, the embodiments of the present invention are not limited
to those where the differential gear mechanism is configured as a planetary gear mechanism.
Therefore, it is also one of the preferred embodiments of the present invention to configure the
differential gear device of the present invention using other types of gear mechanisms, such as a
configuration in which a plurality of bevel gears are combined.

[0126]

(8) In each of the above embodiments, the ring gear rl as the output rotating element of the first
planetary gear device P1 is connected to the second rotor shaft 17 via the drive gear 14, the driven
gear 15, and the transmission chain 16 wound around them, and this second rotor shaft 17 rotates
integrally with the rotor Ro2 of the second motor-generator MG2 and is connected to the output
member O via the second planetary gear device P2 that functions as a reduction gear. However, such
a connection relationship is merely an example, and the embodiment of the present invention is not
limited to this. Therefore, for example, one preferred embodiment of the present invention is to
configure the output rotating element of the first planetary gear device P1 and the second motor-
generator MG2 to be directly connected to the output member O without the intervention of a
transmission chain 16, a reduction mechanism, etc. In addition, the connection between the output
rotation element of the first planetary gear device P1 and the second motor-generator MG2 can also
be configured in various ways. For example, one preferred embodiment of the present invention is to
connect them via a transmission belt, gears, a counter gear mechanism, etc.

[0127]

(9) The connection relationships of each member with respect to each rotating element of the
differential gear device and the arrangement of the friction engagement elements with respect to each
rotating element of the differential gear device described in each of the above embodiments are
merely examples, and all configurations other than those described above that can realize the
configuration of the present invention are included in the scope of the present invention.

[0128]

(10) In each of the above embodiments, the battery 21 serving as the power storage means is
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configured to be chargeable by an external power source, and the hybrid drive device H is configured
as a drive device for a plug-in hybrid vehicle. However, the embodiments of the present invention are
not limited to this, and one suitable embodiment of the present invention is to configure the hybrid
drive device H of the present invention as a drive device for a hybrid vehicle in which the storage
means is charged only by a generator or motor-generator as a rotating electrical machine provided in
the hybrid drive device H.
[Industrial Availability]
[0129]

The present invention can be suitably used as a drive device for a hybrid vehicle.
[Brief Description of the Drawings]
[0130]
[FIG. 1] This is a skeleton diagram showing the configuration of a hybrid drive device according to
a first embodiment of the present invention.
[FIG. 2] A schematic diagram showing the system configuration of a hybrid drive device according
to a first embodiment of the present invention.
[FIG. 3] A diagram showing an example of a first switching map according to the first embodiment
of the present invention.
[FIG. 4] A diagram showing an example of a second switching map according to the first embodiment
of the present invention.
[FIG. 5] An operation table showing the operating states of multiple friction engagement elements in
each mode and gear position according to the first embodiment of the present invention.
[FIG. 6] A velocity diagram of the first planetary gear device in split mode according to the first
embodiment of the present invention.
[FIG. 7] A velocity diagram of the first planetary gear device in parallel mode according to the first
embodiment of the present invention.
[FIG. 8] A velocity diagram of the first planetary gear device in the first EV mode according to the
first embodiment of the present invention.
[FIG. 9] A velocity diagram of the first planetary gear device in the second EV mode according to
the first embodiment of the present invention.
[FIG. 10] A skeleton diagram showing the configuration of a hybrid drive system according to a
second embodiment of the present invention.
[FIG. 11] An operation table showing the operating states of multiple dog clutches and one-way
clutches in each mode and gear position according to a second embodiment of the present invention.
[FIG. 12] A skeleton diagram showing the configuration of a hybrid drive device according to a third
embodiment of the present invention.
[FIG. 13] A skeleton diagram showing the configuration of a hybrid drive device according to a fourth
embodiment of the present invention.
[FIG. 14] An operation table showing the operating states of a plurality of friction engagement
elements in each mode and gear position according to a fourth embodiment of the present invention.
[FIG. 15] A diagram showing an example of a first switching map according to a fourth embodiment
of the present invention.
[Description of the Reference Numerals]
[0131]
H: Hybrid drive device
E: Engine
I: Input shaft (input member)
O: Output member
W: Wheel
MGT1: First motor-generator (first rotating electrical machine)
MG?2: Second motor-generator (second rotating electrical machine))
P1: First planetary gear device (differential gear device)
s1: Sun gear (first rotating element)
cal: Carrier (second rotating element)
rl: Ring gear (third rotating element)
CI1: First clutch (separation device)
C2: Second clutch (differential restricting device)
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B1: First brake (first fixing device)

B2: Second brake (second fixing device)
C: Case (non-rotating member)

21: Battery (power storage means)

DCI1:
DC2:
DC3:
OCIl:
0C2:
0OC3:
DC4:
OC4:

First dog clutch (separation device)

Second dog clutch (differential restricting device)

Third dog clutch (second fixing device)

First one-way clutch (first fixing device)

Second one-way clutch (differential restricting device)

Third one-way clutch (second fixing device)

Fourth dog clutch (differential restricting device, second fixing device)
Fourth one-way clutch (differential restricting device, second fixing device)
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[FIG. 2]
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[FIG. 3]
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[FIG. 11]
s D1 | De2|De3| oc1| ocz|ocs
Split mode O
lo | O | O O
Parallel
Mode
Hi | O |[(O)] O O
Lo |(O) O
First EV
Mode
Hi O O
Second EV Mode ( O )

Petitioner EX1005
Toyota v. Bunker Hill IPR2026-00333
84 of 89



(41) JP 2010-36880 A 2010.2.18

[FIG. 12]
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