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(57) Abstract: In a hybrid driving apparatus, a planetary gear mechanism (3) having a first rotating element (7), a second rotating
element (4) and a third rotating element (5) is provided, and a first driving power source (ICE) (2), a second driving power source
& MG and a third driving power source MG?2 are linked to the elements of the planetary gear mechanism (3). The speed change ratio
& of the gear mechanism (3) can be altered. A driven member (18) to which the power output from an output element of the gear
mechanism (3) is transmitted is provided. A first power transmission path (9) that connects the second driving power source MGl
to the driven member (18) is provided. A second power transmission path (17) that connects the third driving power source MG2
to the driven member (18) is provided. In this hybrid driving apparatus, at least one of the first power transmission path (9) and the
second power transmission path (17) is provided with a transmission (19).
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HYBRID DRIVING APPARATUS, AND CONTROL METHOD THEREOF

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The invention relates to a hybrid driving apparatus in which a plurality of
driving power sources are power-transmittably linked to rotating elements of a gear

mechanism capable of differential motion and to wheels, and a control method thereof.

2. Description of the Related Art

[0002] In a hybrid vehicle equipped with an internal combustion engine and a
motor-generator as a plurality of driving power sources, it is possible to improve fuel
economy and reduce exhaust gas while making the best of the characteristics of the
engine and the motor-generator. An example of such hybrid vehicles having an internal
combustion engine and a motor-generator as a plurality of driving power sources is
described in Japanese Patent Application Publication No. JP-A-2005-125876.

[0003] The hybrid vehicle described in Japanese Patent Application Publication No.
JP-A-2005-125876 has an engine, a first motor-generator and a second. motor-generator.
Besides, the hybrid vehicle is provided with a power distribution mechanism to which the
engine, the first motor-generator and the second motor-generator are linked. This power
distribution mechanism is made up of a planetary gear mechanism whose sun gear, that is,

a reaction force element, is linked to the first motor-generator, and whose carrier, that is,

' an input element, is linked to the engine, and whose ring gear, that is, an output element,

is linked to a first intermediate shaft. A path from the first intermediafe shaft to axle
shafts is provided with a clutch. On the other hand, the second motor-generator is
linked to a first intermediate shaft gear via a speed reducer. This speed reducer is made
up of a planetary gear mechanism. The second motor-generator is linked to the sun gear
of the planetary gear, and the ring gear thereof is linked to the first intermediate shaft, and

the carrier.thereof is fixed. Furthermore, a second intermediate shaft is linked to the
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first motor-generator, and a path from the second intermediate shaft to the
aforementioned axle shafts is provided with a clutch. Then, by controlling the
engagement and release of the two clutches, the sun gear (reaction force element) or the
ring gear (output element) of the power distribution mechanism can be selectively linked
to the axle shafts. In consequence, a state where the power transmission loss is large,
such as a power circulating state or the like, is avoided, according to the aforementioned
patent application. A hybrid vehicle equipped with an internal combustion engine, a
first motor-generator and a second motor-generator is also described in Japanese Patent
Application Publication No. JP-A-2005-155891.

[0004] However, in the hybrid vehicle described in Japanese Patent Application
Publication No. JP-A-2005-125876, there is a need to improve the power transmission
efficiency in a wider range of the region of running (a control range of the speed change

ratio).

SUMMARY OF THE INVENTION

[0005] It is an object of the invention to provide a hybrid driving apparatus capable
of improving power transmission efficiency over a wide range of the speed change ratio
that is the ratio between the rotation speed of a first driving power source and the rotation
speed of a driven member, and a control method thereof.

[0006] In a hybrid dri\}ing apparatus in accordance with an aspect of the invention, a
gear mechanism having a first rotating element, a second rotating element and a third
rotating element that are linked differentially rotatably is provided. A first driving
power source is linked to the first rotating élement, and a second driving power source is
linked to the second rotating element, and a third driving power source is linked to the
third rotating element. Furthermore, a driven member that transmits power output from
an element of the géar mechanism to a wheel is provided. A first power transmission
path that power-transmittably connects the second driving power source and the second
rotating element to the driven member, and a second power transmission path that

power-transmittably connects the third driving power source and the third rotating
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element to the driven member is provided. In this hybrid driving apparatus, at least one
of the first power transmission path and the second power transmission path is provided
with a transmission.

[0007] Given this, the power transmission efficiency can be improved over a wide .
range of the region of running of the vehicle and, concretely, over a wide range of the
speed change ratio of the driving apparatus.

[0008] In the hybrid driving apparatus, both of the first power transmission path and
the second power transmission path may be respectively provided with transmissions.

[0009] Given this, the control range of the .speed change ratio of the driving
apparatus can be altered in both the case where the second rotating element serves as a
reaction force element and the energy obtained through the regenerative control of the
second driving power source is supplied to the third driving power source and the case
where the third rotating element serves as a reaction force element and the energy
obtained through the regenerative control of the third driving power source is supplied to
the second driving power source. Therefore, the control range of thé speed change ratio
of the driving apparatus where the power transmission efficiency can be improved further
widens.

[0010] Furthermore, the transmission may have a first intermediate rotating member
linked to the second rotating element and the second driving power source, and a second
intermediate rotating member linked to the third rotating element and the third driving
power source. The first intermediate rotating member and the second intermediate
rotating member may be coaxially disposed, and a rotation axis of the first intermediate
rotating member and the second intermediate rotating member, and a rotation axis of the
driven member may be disposed in parallel, and a transmission device that links the first
intermediate rotating member and the second intermediate rotating member to the driven
member may be provided.

[0011] Given this, if the second rotating element serves as an output element, power
output from the second rotating element is transmitted to the first intermediate rotating

member, and power of the first intermediate rotating member is transmitted to the driven
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member via the first driving gear and the first driven gear. On the other hand, if the
third rotating element serves as an output element, power output from the third rotating
element is transmitted to the second intermediate rotating member, and power of the
second intermediate rotating member is transmitted to the driven member via the second
driving gear and the second driven gear. Furthermore, since the rotation axis of the first
intermediate rotating member and the second intermediate rotating member, and the
rotation axis of the driven member are disposed in parallel, the driving apparatus can be
reduced in size in the direction of the rotation axis.

[0012] In the hybrid driving apparatus, the first rotating element, the second rotating
element and the third rotating element making up the gear mechanism may include a sun
gear and a ring gear that are coaxially disposed, and a carrier that supports pinion gears
meshed with the sun gear and with the ring gear so that the pinion gears are rotatable
about own axes thereof and are revolvable.

[0013] Given this, the power transmission‘ efficiency can be improved over a wide
range of the region of running of the vehicle and, concretely, over a wide range of the
speed change ratio of the driving apparatus.

[0014] In the hybrid driving apparatus, the transmission device may be made of a
driving gear provided on the first intermediate rotating member, and a driving gear
provided on the second intermediate rotating member, and driven gears provided on the
driven member, which are respectively meshed with the driving gears,, and the second
rotating element is the sun gear, and the sun gear and the driving gear are coaxially
disposed.

[0015] Given this, the driving apparatus c;ln be further reduced in size in the radial
directions about the rotation axis.

[0016] Furthermore, in the hybrid driving apparatus, the third rotating element may
be the ring gear, and the third driving power source may be provided annularly so as to
surround an outside of the ring gear.

[0017] Given this, since the ring gear of the planetary gear mechanism and the third

driving power source are disposed at the same position in the direction of the rotation
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axis, the driving apparatus can be reduced in size in the direction of the rotation axis.

[0018] Furthermore, in the hybrid driving apparatus, the gear mechanism may be
made up so that the first rotating element serves as an input element, and so that one of
the second rotating element and the third rotating element serves as a reaction force
element and another one of the second rotating element and the third rotating element -
serves as an output element, and so that a speed change ratio between the rotating
element that serves as the input element and the rotating element that serves as the output
element is steplessly alterable by a differential operation of the first rotating element, the
second rotating element and the third rotating element.

[0019] Given this, power of the first driving power source is input to the first rotating
element of the planetary gear mechanism, and one of the second rotatiﬁg element and the
third rotating element serves as a reaction force element, and the other serves as an output
element. Power output from the output element is transmitted to the wheels via the
driven member. For example, in the case where the second rotating element serves as a
reaction force element and the third rotating element serves as-an output element, power
output from the third rotating element is transmitted to the driven member via the second
povifer transmission path. On the other hand, in the case where the third rotating
element serves as a reaction force element and the second rotating element serves as an
output element, power output from the second rotating element is transmitted to the
driven member via the first power transmission path. Besides, the regenerative control
is performed on the driving power source that iakes the reaction torque of the first driving
power source, and regenerated energy is supplied to the driving power source connected
to the rotating element that serves as the output element. The power transmission
efficiency in the case where power of the first driving power source, the second driving
power source and the third driving power source is transmitted to the driven member
changes depending on the speed change ratio of the entire driving apparatus, that is, the
ratio between the rotation speed of the first driving power source and the rotation speed
of the driven member. Then, by selectively switching between a plurality of modes of

the transmission provided on at least one of the first power transmission path and the
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second power transmission path, the control range of the speed change ratio of the
transmission can be altered.

[0020] The hybrid driving apparatus may further have a construction as follows.
That is, the gear mechanism may be made up of a single-pinion planetary gear
mechanism that has a sun gear and a ring gear that are coaxially disposed, and a carrier
that holds pinion gears meshed with the sun gear and with the ring gear. The first
rotating element is the carrier, and the second rotating element is the sun gear, and the
third rotating element is the ring gear. The transmission has a first intermediate rotating
member and a second intermediate rotating member. The first intermediate rotating
memberv is liﬁked to the sun gear, and the second intermediate rotating member is linked
to the ring gear. The first power transmission path is made up by meshing a plurality of
first dri.ving gears provided on the first intermediate rotating member and a plurality of
first driven gears provided on the driven member, .and the second power transmission
path is made up by meshing a plurality of second driving gears provided on the second
intermediate rotating member and a plurality of second driven gears provided on the
driven member. A first transmission provided on the first power transmission path has a
first clutch mechanism that connects one of the plurality of first driving gears t.o one of
the plurality of first driven gears, and a second transmission provided on the second
power transmission path has a second clutch mechanism that connects one of the plurality
of second driving gears to one of the plurality of second driven gears.

Given this, by controlling the first clutch mechanism, the first intermediate rotating
member and the driven member are power-transmittably connected. Similarly, by
controlling the second clutch mechanism, the second intermediate rotating member and
the driven member are power-transmittably connected.

[0021] The hybrid driving apparatus may further have a construction as follows. The
gear mechanism is made up of a double-pinion planetary gear mechanism that has a sun
gear and a ring gear that are coaxially disposed, first pinion gears meshed with the sun
gear, second pinion gears meshed with the first pinion gears and with the ring gear, and a

carrier that supports the first pinion gears and the second pinion gears. The first rotating
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element is the ring gear, and the second rotating element is the sun gear, and the third
rotating element is the carrier. The transmission has a first intermediate rotating
member and a second intermediate rotating member. The first intermediate rotating
member is linked to the sun gear, and the second intermediate rotating member is linked
to the carrier. The first power transmission path is made up by meshing a plurality of
first driving gears provided on the first intermediate rotating member and a plurality of
first driven gears provided on the driven member, and the second power transmission
path is made up by meshing a plurality of second driving gears provided on the second
intermediate rotating member and a plurality of second driven gears provided on the
driven member. A first transmission provided on the first power transmission path has a
first clutch mechanism that connects one of the plurality of first driving gears to one of
the plurality of first driven gears, and a second transmission' provided on the second
power transmission path has a second élutch mechanism that connects one of the plurality
of second driving gears to one of the plurality of second driven gears.

[0022] Given this, by controlling the first clutch mechanism, the first intermediate
rotating member and the driven member are power-transmittably connected. Similarly,
by controlling the second clutch mechanism, the second intermediate rotating member
and the driven member are power-transmittably connected.

[0023] The hybrid driving apparatus, when controlling the speed change ratio
between rotation speed of the first driving power source and rotation speed of the driven
member by controlling the speed change ratio between an input element and an output
element of the gear mechanism, may execute a control of the speéd change ratio of the
transmission in parallel with a control of the speed change ratio of the gear mechanism so
as to selectively switch between a plurality of drive modes having different control ranges
of the speed change ratio between the rotation speed of the first driving power source and
the rotation speed of the driven member. Furthermore, the hybrid driving apparatus may
have a mode switching manner selection means for selecting a first mode switching
manner of switching between the plurality of drive modes while keeping constant the

rotation speed of the first driving power source.
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[0024] Given this, the switching between the plurality of drive modes can be

performed while rise in the rotation speed of the first driving power source is restrained.
[0025] The mode switching manner selection means may include means for judging
whether a predetermined output of the first driving power source is high or low, and for
selecting the first mode switching manner based on a result of judgment.
[0026] Given this, the switching between the plurality of drive modes can be
performed while rise in the rotation speed of the first driving power source is restrained.
[0027] Furthermore, the mode switching manner selection means may include means

of selecting a second mode switching manner that has a characteristic of switching

- between the plurality of drive modes while raising the rotation speed of the first driving

power source. The mode switching manner selection means may select the first mode
switchingl manner when the output of the first driving power source is high, and may
select the second mode switching manner when the output of the first driving power
source is low.

[0028] Given this, when the output of the first driving power source is high, rise in
the rotation speed of the first driving power source can be restrained. When the output
of the first driving power source is low, the power transmission efficiency can be further
improved.

[0029] The hybrid driving apparatus may further have a construction as follows. A
first transmission is provided on the first power transmission path, and a second
transmission is provided on the second power transmission pafh. The speed change -
ratio selected by the first transmission and the speed change ratio selected by the second
transmission are different. A third clutch mechanism is provided in one of a place
between the first driving power source and the first rotating element, a place between the
second driving power source and the second rotating element, and a place between the
third driving power source and the third rotating element.

[0030] Given this, it becomes possible to connect one of the first or second clutch
mechanism provided on the first power transmission path or the second power

transmission path respectively, and cut off the clutch mechanism provided on the other
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power transmission path, and select a predetermined speed change ratio by the

transmission provided on the connected one of the power transmission paths, and stop the

first driving power source. Then, if the third clutch mechanism is released, it is possible

to cut off the connected one of the power transmission paths and connect the cut-off one

'of the power transmission paths while keeping the first driving power source stopped, and

select a speed change ratio that is different from the predetermined speed change ratio, by

the transmission provided on the newly connected one of the power transmission paths.
[0031] Another aspect of the invention is a control method of a hybrid driving

apparatus having:

a gear mechanism that has a first rotating element, a second rotating element and a third

rotating element that are linked differentially rotatably;

a first driving power source linked to the first rotating element;

a second driving power source linked to the second rotating element;

a third driving power source linked to the third rotating element;

a driven member that transmits power output from an element of the geér mechanism to a

wheel;

a first power transmission path that power-transmittably connects the second driving

power source and the second rotating element to the driven member;

a second power transmission path that power-transmittably connects the third driving

power source and the third rotating element to the driven member; an(i

a transmission provided on at least one of the first power transmission path and the

second power transmission path. The control method comprises:

the step of judging whether a predetermined output of the first driving power source is

high or low;

the step of performing a control of the speed change ratio of the gear mechanism based

on a result of judgment;

the step of selecting one of a first mode switching manner and a second mode switching

manner based on the result of judgment; and

the step of switching the speed change ratio of the transmission based on a result of
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selection.
[0032] Given this, the power transmission efficiency can be improved over a wide

range of the region of running of the vehicle and, concretely, over a wide range of the

speed change ratio of the driving apparatus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The foregoing and further objects, features and advantages of the invention
will become apparent from the following description of preferred embodiments with
reference to the accompanying drawings, wherein like numerals are used to represent like
elements and wherein:

FIG. 1 is a conceptual diagram showing an embodiment of a power train and a control
system of a vehicle that has a hybrid driving apparatus of the invention;

FIG. 2 is a table showing the working of clutch mechanisms in shift control modes of a
transmission 19 shown in FIG. 1;

FIG. 3 is a flowchart showing an embodiment of a control that can be executed by the
hybrid vehicle driving apparatus of the invention;

FIG. 4 is an alignment chart corresponding to processes executed in the example of the
control shown in FIG. 3;

FIG. 5 is an alignment chart corresponding to processes executed in the example of the
control shown in FIG. 3;

FIG. 6 is a graph showing a relationship between the theoretical transmission
efficiency of power and the speed change ratio of the entire hybrid driving apparatus as a
whole in the hybrid driving apparatus shown in FIG. 1;

FIG. 7 is a graph showing a relationship between the theoretical transmission
efficiency of power and the speed change ratio of the hybrid driving apparatus as a whole
in the hybrid driving apparatus shown in FIG. 1;

FIG. 8 is a conceptual diagram showing another construction example of the power
train and the control system of a vehicle that has a hybrid driving apparatus in an

embodiment of the invention;
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FIG. 9 is a conceptual diagram showing still another construction example of the
power train and the control system of a vehicle that has a hybrid driving apparatus in an
embodiment of the invention;

FIG. 10 is an example of an alignment chart in the embodiment shown in FIG. 9;

FIG. 11 is an example of an alignment chart in the efnbodiment shown in FIG. 9;

FIG. 12 is an example of an alignment chart in the embodiment shown in FIG. 9;

FIG. 13 is an example of an alignment chart in the embodiment shown in FIG. 9; and

FIG. 14 is an example of an alignment chart in the embodiment shown in FIG. 9.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0034] The invention can be used in a vehicle (hybrid vehicle) that has a plurality of
driving power sources, and more concretely, has a first driving power source, a second
driving power source, and a third driving power source. These driving power sources
are power units that generate power to be transmitted to wheels. It is to bé noted herein
that the “pluralify” means plurality in number of pieces. Besides, it is also possible to
use power units of different power generation principles as the plurality of driving power
sources. For example, it is possible that the power generation principle of the first
driving power source and the power generation principle of the second driving power
source and the third driving power source may be different. Examples of driving power
sources of different principles of power generation include an engine, an electric motor, a
hydraulic motor, a fly wheel system, etc. The engine is a power unit that converts
thermal energy into kinetic energy. The electric motor is a power unit that converts
electric energy into kinetic energy. The hydraulic motor is a power unit that converts
energy (pressure, amount of flow) of a fluid (pressure oil) into mechanical energy (torque,
rotation speed). The fly wheel system is a power unit that accumulates kinetic energy
and releases it. Then, a construction is provided such that energy is given and received
between one of the first, second and third driving power sources, and another driving
power source.

[0035] In particular, as the first driving power source, it is permissible to use an
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internal combustion engine that is a power unit that generates thermal energy by burning

fuel and converts thermal energy into kinetic energy may be used. More concretely, as

the internal combustion engine, it is permissible to use a gasoline e;ngine, a diesel engine,

an LPG engine, a methanol engine, etc. On the other hand, as the second driving power

source and the third driving power source, it is possible to use electric motors. The

electric motor is a power unit that converts electric energy into kinetic energy. The

electric motor may be either a direct-current electric motor or an alternating-current
electric motor.  Furthermore, as the electric motor, it is permissible to use a

motor-generator that is equipped with an electric power generating function as well.

[0036] In this embodiment, the first driving power source, the second driving power
source and the third driving power source are linked to a gear mechanism, and more
concretely, to a first rotating element, a second rotating element and a third rotating
element of a planetary gear mechanism. The first rotating element functions as an input
element, and one of the second rotating element and the third rotating element serves as a
reaction force element, and the other one serves as an output element. Specifically,
when power of the first driving power source is input to the input element, and is output
from the output element, one of the second driving power source and the third driving
power source takes the reaction force of the first driving power source. Furthermore, it
is also possible that power of a driving power source other than the driving power source
that takes the reaction force may be transmitted to the driven member. For example, it is
possible that a motor-generator that is the second driving power source may perform a
regenerative control, and the generated electric power may be supplied to another
motor-generator that is the third driving power source to perform a power running
control.

[0037] The transmission is a mechanism capable of altering the speed change ratio
that is a ratio between the input rotation speed and the output rotation speed. A stepped
transmission capable of altering the speed change ratio stepwise (non-continuously), a
stepless transmission capable of altering the speed change ratio steplessly (continuously),

etc. may be used. As the stepped transmission, for example, a selective gear



10

15

20

25

WO 2007/110721 PCT/IB2007/000623
’ 13

transmission, a planetary gear transmission, etc. may be used. On the other hand, as the
stepless transmission, it is possible to use a toroidal stepless transmission, a belt stepless
transmission, etc. The power transmission devices in the embodiment include a gear
power transmission device, a wrapping power transmission device, a traction power
transmission device, etc. It is possible that at least one of a first power transmission
path and a second power transmission path may be provided with a transmission. That
is, one of the power transmission paths may be provided with a transmission, or both of
the power transmission paths may be provided with transmissions. In addition, the two
power transmission paths may be provided separately with transmissions, or the two
power transmission paths may be provided with one common transmission.

[0038] In the embodiment, in the case where the first power transmission path is
provided with a first transmission and the second power transmission path is provided
with a second transmission, the speed change ratio selected by the first transmission and
the speed change ratio selected by the second transmission are different. Furthermore,
in the case where the first transmission and the second trapsmission are provided, it is
also possible to provide a third clutch mechanism in one of a path between the first
driving power source and the first rotating element, a path between the second driving
power source and the second rotating element, and a path between the third driving
power source and the third rotating element.” In the embodiment, the third clutch
mechanism is a mechanism that controls the transmission torque, and is able to connect a
power transmission path extending from the first driving power source to the first
transmission and the second transmission, and cut off the power transmission path
extending from the first driving power source to the first transmission and the second
transmission.

[0039] The first clutch mechanism, the second clutch mechanism and the third clutch
mechanism are mechanisms that control the transmission torque, in other words,
mechanisms that connect and cut off the power transmission paths. It is possible to use,
for example, mesh clutches, electromagnetic clutches, friction clutches, etc. A first

intermediate rotating member, a second intermediate rotating member and a driven
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member are component members that transmit power of the driving power sources to
wheels. These members include rotating shafts (hollow shafts, solid shafts), connecting
drums, gears, etc. Besides, in the embodiment, the case where the output of the first
driving power source is high and the case where the output of the first driving power
source is low indicate a relatively high-low relationship between the outputs of the first
driving power source. A reference value that serves as a boundary between low outputs
and high outputs is a design matter, and may be a fixed value or a variable value.
Furthermore, the rotation axis of each rotating elemc?nt may be disposed either in the
width direction of tfxe vehicle or the longitudinal direction of.the vehicle. The
embodiment is applicable to two-wheel drive vehicles in which power of each driving
power source is transmitted to the front wheels or to the rear wheels alone, and also
applicable to four-wheel drive vehicles in which power of each driving power source is
transmitted both the front wheels and the rear wheels.
EMBODIMENT 1

[0040] Next, the embodiment will be concretely described with reference to the
drawings. FIG. 1 shows an example of the construction of a power train of a vehicle 1.
The vehicle 1 shown in FIG. 1 is a hybrid Vehicie of an FF (front engine, front wheel
drive; front engine-mounted front wheel drive) type. In the vehicle 1 shown in FIG. 1,
an engine 2 that is a type of internal combustion engine, and a motor-generator MG1 ’and
a motor-generator MG?2 are installed as driving power sources. The engine 2 is a power
unit that burns a fuel and converts thermal energy into kinetic energy. The engine 2 has
an intake/exhaust device, a fuel'injection device, etc. The engine output thereof, that is,
the engine rotation speed and the engine torque, can be controlled by, for example,
controlling the degree of opening of an electronic throttle valve, the amount of fuel
injection, the fuel injection timing, etc. Besides, each of the motor-generators MG1,
MG?2 is a rotational device that has both a power running function of converting electric
energy into Kinetic energy, and a regenerative function of converting kinetic energy into
electric energy.

[0041] A power distribution device 3 to which the engine 2 and the motor-generators
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MG1, MG2 are power-transmittably linked is provided. The power distribution device
3 is made up of a single-pinion planetary gear “mechanism. Cohcretely, the power
distribution device 3 has a sun gear 4, a ring gear 5 that is disposed coaxially with the sun
gear 4 in so as to surround the sun gear 4, pinion gears 6 meshed with the sun gear 4 and
with the ring gear 5, and a carrier 7 that supports the pinion gears 6 so that the pinion
gears 6 are rotatable about their own axes and also revolvable. In this manner, the sun
gear 4, the ring gear 5 and the carrier 7 are combined so as to be differentially rotatable
relatively to each other.

[0042] The linking structures of the engine 2 and the motor-generators MG1, MG2
to rotating elements of the power distribution device 3 will be described. Firstly, the
carrier 7 is power-transmittably linked to a crankshaft 8 of the engine 2. Besides, an
input shaft 9 that rotates together with the sun gear 4 is provided. The input shaft 9 is
disposed with the crankshaft 8 of the engine 2. The input shaft 9 is provided with a
driven gear 10. On the other hand, the motor-generator MGT1 has a stator 11 and a rotor
12.  The stator 11 is fixed to a casing (not shown). A rotation shaft 13 is linked to the
rotor 12 so that the rotation axis Al of the rotation shaft 13 and the rotation axis B1 of the
input shaft 9 are disposed in parallel. In this embodiment, the rotation axes Al, Bl are
disposed in the width direction of the vehicle 1. Besides, the rotation shaft 13 is
provided with a driving gear 14. The driving gear 14 and the driven gear 10 are meshed
with each other. The driving gear 14 and the driven gear 10 make up a speed reduction
mechanism. Specifically, in the case where torque of the motor-generator MG1 is
transmitted to the input shaft 9, the rotation speed of the input shaft 9 is lower (reduced)

than the rotation speed of the rotation shaft 13. The mdtor-generator MG?2 has a stator

- 15 and a rotor 16. The motor-generator MG2 is made up annularly so as to surround the

outside of the power distribution device 3 (an outside thereof in radial directions about
the rotation axis B1). The motor-generator MG2 and the power distribution device 3 are
disposed between the engine 2 and the motor-generator MG1 in the direction of the
rotation axis of the input shaft 9. The stator 15 is fixed to the casing. Besides, the

rotor 16 is linked to the ring gear 5 so that they rotate together.
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[0043] An input shaft 17 linked to the rotor 16 of the motor-generator MG2 is
provided. The input shaft 17 is formed so as to be hollow. The input shaft 9 is
disposed within the input shaft 17. That is, the two input shafts 9, 17 are relatively
rotatable about the common rotation axis B1. In addition, the input shaft 9 is longer
than the input shaft 17. A counter shaft 18 is provided so as to be rotatable about a
rotation axis C1 that is disposed in paraliel with the rotation axis Al. A transmission 19
is provided between the two input shafts 9, 17 and the counter shaft 18. The
transmission 19 is constructed so as to be able to alter the ratio in rotation speed, that is,
the speed change ratio, between the input shafts 9, 17 and the counter shaft 18. The
transmissidon 19 has a first-speed gear pair 20, a second-speed gear pair 21, a third-speed
gear pair 22, and a fourth-speed gear pair 23. The first-speed gear pair 20 has a
first-speed driving gear 25 and a first-speed driven gear 26 that are meshed with each
other. Besides, the third-speed gear pair 22 has a third-speed driving gear 27 and a
third-speed driven gear 28 that are meshed with each other. The first-speed driving gear
25 and the third-speed driving gear 27 are provided so as to rotate together with the input
shaft 17.

[0044] The first-speed driven gear 26 and the third-speed driven gear 28 are attached
to the counter shaft 18 so as to be relatively rotatable thereto. Besides, the second-speed
gear pair 21 has a second-speed driving gear 29 and a second-speed driven gear 31 that
are meshed with each other. The fourth-speed gear pair 23 has a fourth-speed driving
gear 30 and a fourth-speed driven gear 32 that are meshed with each other. The
second-speed driving gear 29 and the fourth-speed driving gear 30 are linked to the input
shaft 9 so that they rotate together. On the other hand, the second-speed driven gear 31
and the fourth-speed driven gear 32 are attached to the counter shaft 18 so as to be
relatively rotatable thereto. As for the speed change ratios of the counter shaft 18 to the’
input shafts 9, 17, the speed change ratio of the first—épeed gear pair 20 is the largest, and
the speed change ratio of the second-speed gear pair 21 is smaller than the speed change
ratio of the first-speed gear pair 20, and the speed change ratio of the third-speed gear

pair 22 is smaller than the speed change ratio of the second-speed gear pair 21, and the
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speed change ratio of the fourth-speed gear pair 23 is smaller than the speed change ratio
of the third-speed gear pair 22. |

[0045] Next, a clutch mechanism that power-transmittably links the first to
fourth-speed gear pairs 20 to 23 to the counter shaft 18 and cuts them from it will be
described. Firstly, a first clutch mechanism S1 is provided. By this first clutch
mechanism S1, the power transmission state of the first-speed gear pair 20 and the -
third-speed gear pair 22 is controlled. . The first clutch mechanism S1 has a construction
that power-transmittably links either one of the first-speed driven gear 26 and the
third-speed driven gear 28 to the counter shaft 18, or let neither the first-speed driven
gear 26 nor the third-speed driven gear 28 be in a state where power is transmittable to
the counter shaft 18. As the first clutch mechanism S1, it is possible to use, for example,
a meshing clutch such as a dog clutch or the like. In this embodiment, a clutch
mechanism having a synchronization mechanism (synchronizer mechanism) that makes
the rotation speed of the first-speed driven gear 26 or the third-speed driven gear 28 equal
to the rotation speed of the counter shaft 18 is used.

[0046] Furthermore, a second clutch mechanism S2 is provided. By the second
clutch mechanism S2, the power transmission state of the second-speed gear pair 21 and
the fourth-speed gear pair 23 is controlled. The second clutch mechanism S2 has a
construction that power-transmittably links either one of the second-speed driven gear 31
and the fourth-speed driven gear 32 to the counter shaft 18, or let neither the
second-speed driven gear 31 nor the fourth-speed driven gear 32 be in a state where
power is transmittable to the counter shaft 18. As the second clutch mechanism S2, it is
possible to use, for example, a meshing clutch such as a dog clutch or the like. ' In this
embodiment, a clutch mechanism having a synchronization mechanism (synchronizer
mechanism) that makes the rotation speed of the second-speed driven gear 31 or the
fourth-speed driven gear 32 to the rotation speed of the counter shaft 18 is used.

[0047] Furthermore, a backward-trav;al gear train 33 provided between the input
shaft 17 and the counter shaft 18 will be described. Firstly, a backward-travel

intermediate shaft 34 is provided in parallel to the input shaft 17. This backward-travel
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intermediate shaft 34 is provided with a backward-travel intermediate gear 35 so that the
shaft 34 and the gear 35 rotate together, and is further provided with a backward-travel
intermediate gear 36 that rotates relativelsf to the backward-travel intermediate shaft 34.
The backward-travel intermediate gear 36 is meshed with the first-speed driving gear 25.
On the other hand, the counter shaft 18 is provided with final pinion gears 37. A linkage
gear 38 that meshes with the backward-travel intermediate gear 35 and with the final
pinion gears 37 is provided. Furthermore, a backward-travel clutch mechanism SR is
provided. By the backward-travel clutch mechanism SR, the state of power
transmission of the backward-travel intermediate gear 36 with. respect to the
backward-travel intermediate shaft 34 is controlled. The backward-travel clutch
mechanism SR has a construction that power-transmittably links the backward-travel
intermediate gear 36 to the backward-travel intermediate shaft 34, and that causes the
backward-travel intermediate gear 36 to be in a state where power is not transmittable to
the backward-travel intermediate shaft 34. As the backward-travel clutch mechanism
SR, it is possible to use, for example, a meshing clutch such as a dog clutch or the like.

In this embodiment, a clutch mechanism having a synchronization mechanism

(synchronizer mechanism) that makes the rotation speed of the backward-travel

intermediate gear 36 equal to the rotation speed of the backward-travel intermediate shaft
34 is used. Furthermore, an actuator 39 that controls the first and second clutch
mechanisms S1, S2 and the backward-travel clutch mechanism SR is provided. As this
actuator 39, it is possible to use a hydraulically controlled actuator, an
electromagnetically controlled actuator, etc.

[0048] A ring gear 40 that meshes with the final pinion gears 37 is provided. The
final pinion gears 37 and the ring gear 40 make up a final speed reducer. Besides, the
ring gear 40 is constructed so as to rotate together with the differential case 50. The
differential case 50 and wheels (front wheels) 51 are power-transmittably linked to a
drive shaft 52. Furthermore, an electric power supply device that gives electric power to
and receives electric power from the aforementioned motor-genérators is provided. The

electric power supply device 53 has an electricity storage device (not shown) such as a
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secondary battery or the like. As the electricity storage device, a battery or a ‘capacitor
may be used. This electricity storage device and the motor-generators MG1, MG2 are
interconnected via an inverter (not shown). Besides, the electric power supply. device
53 may also be equipped with a fuel cell system (not shown) in addition to the electricity
storage device. The fuel cell system is a system that obtains electromotive force by
reacting.hydrogen and oxygen, and is capable of supplying generated electric power to
the motor-generators MG1, MG2 or charging it into the electricity storage device.
Furthermore, the electric power supply device 53 has an electric circuit that connects the
motor-generator MG1 and the motor-generator MG2. Therefore, electric power can be
given and received directly between the motor-generator MG1 and the motor-generator
MG?2 without passage through the electricity storage device.

[0049] Next, the control system of the vehicle will be described. An electronic
control device 54 as a controller is proﬁded. The electronic control device 54 receives
inputs of detection signals of various sensors and switches and the like, for example, an
acceleration request, a braking request, the engine rotation speed, the rotation speeds of
the motor-generators MG1, MG the rotation speeds of the input shafts 9, 17, the rotation
speed of the counter shaft 18, etc. The electronic control device 54 outputs a signal for
controlling the engine 2, signals for controlling the motor-generators MG1, MG, signals
showing the state of electric power generation, the state of charge, the state of discharge,
etc. of the electric power supply device 53, a signal for controlling the actuator 39, etc.

[0050] In the vehicle 1 shown in FIG. 1, a control is executed in which engine torque
is input to the carrier 7 of the power distribution device 3, and the reaction force of
engine forque is'taken by one of the motor-generators. Concretely, in the case where the
reaction force is taken by the motor-generator MG1 linked to the sun gear 4, the ring gear
5 serves as an output element of the power distribution device 3. On the other hand, in
the case where the reaction force is taken by the motor-generator MG2 linked to the ring
gear 5, the sun gear 4 serves as an output element of the power distribution device 3. In
the case where the motor-generator that takes the reaction force of engine torque rotates

in a normal direction, the motor-generator is subjected to a regenerative control. On the
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other hand, in the case where the motor-generator that takes the reaction force of engine
torque rotates in the reverse direction, the motor-generator is subjected to a power
running control.

[0051] In the case where the motor-generator that takes the reaction torque is
subjected to the regenerative coﬂtrol, the generated electric power may be charged into
the electricity storage device, or may be supplied to the other motor-generator to perform
the power running control of that motor-generator. On the other hand, in the case where
the motor-generator that takes the reaction torque is subjected to the power running
control, it is possible that electric power of the electricity storage device may be supplied
to the motor-generator taking the reaction force, or that the other motor-generator may be
regeneratively controlled and the generated electric power may be supplied to the
motor-generator taking the reaction force. Then, in the power distribution device 3, if
the rotation speed of the motor-generator that takes the reaction force of engine torque is
controlled, the ratio between the engine rotation speed and the rotation speed of the
output element can be steplessly (continuously) controlléd due to the differential
operation of the sun gear 4, the ring gear 5 and the carrier 7. That is, the power
distribution device 3 acts as a stepless transmission.

[0052] Next, the control of the transmission 19 will be described. A forward travel
position and a backward travel position that are selectable as control modes of the
transmission 19 will be described. The forward travel position is a position that is used
to generate driving power in such a direction as to move the vehicle 1 forward. In the
forward travel position, switching can be selectively performed among a shift control
mode 1 (1st), a shift control mode 2 (2nd), a shift control mode 3 (3rd), and a shift
control mode 4 (4th). The shift control mode 1 and the shift control mode 3 are shift
control modes each of which is selected when engine torque is to be transmitted from the
ring gear 5 to the input shaft 17. In the case where the shift control mode 1 or the shift
control mode 3 is selected, the reaction torque is taken by the motor-generator MG1.
Concrete description thereof will be given. In the case where the shift control mode 1 is

selected, the first clutch mechanism S1 is engaged to link the counter shaft 18 and the
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first-speed driven gear 26 and cut off the power transmission between the counter shaft
18 and the third-speed driven gear 28. Besides, the second clutch mechanism S2 is
released to cut off both the power transmission of the second-speed driven gear 31 and
the power transmission of the fourth-speed driven gear 32 with respect to the counter
shaft 18. Thus, in the case where the shift control mode 1 is selected as a control mode
of the transmission 19, the torque output from the ring gear 5 of the power distribution
device 3 is transmitted to the counter shaft 18 via the first-speed gear pair 20.

[0053] In the case where the shift control mode 3 is selected, the first clutch
mechanism S1 is engaged to link the counter shaft 18 and the third-speed driven gear 28
and cut off the power transmission between the counter shaft 18 and the first-speed
driven gear 26. Besides, the second clutch mechanism S2 is released to cut off both the
power transmission of the second-speed driven gear 31 and the power transmission of the
fourth-speed driven gear 32 with respect to the counter shaft 18. Thus, in the case
where the shift control mode 3 is selected as a control mode of the transmission 19, the
torque output from the ring gear 5 of the power distribution device 3 is transmitted to the
counter shaft 18 via third-speed gear i)air 2.

[0054] The shift control mode 2 and the shift control mode 4 will be described. The
shift control mode 2 and the shift control mode 4 are modes that are selected when the
engine torque is to be transmitted from the sun gear 4 to the input shaft 9. In the case
where the shift control mode 2 or the shift control mode 4 is selected, the reaction torque
is taken by the motor-generator MG2. Concrete description thereof will be given. In
the case where the shift control mode 2 is selected, the second clutch mechanism S2 is
engaged to link the counter shaft 18 and the second-speed driven gear 31 and cut off the
power transmission between the counter shaft 18 and the fourth-speed driven gear 32.
Besides, the first clutch mechanism S1 is released to cut off both the power transmission
of the first-speed driven gear 26 and the power transmission of the third-speed driven
gear 28 with respect to the counter shaft 18. Thus, in the case where the shift control
mode 2 is selected as a contrél mode of the transmission 19, the torque output from the

sun gear 4 of the power distribution device 3 is transmitted to the counter shaft 18 via the
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second-speed gear pair 21.

[0055] On the other hand, in the case where the shift control mode 4 is selected, the
second clutch mechanism S2 is engaged to link the counter shaft 18 and the fourth-speed
driven gear 32 and cut off the power transmission between the counter shaft 18 and the
second-speed driven gear 31. Besides, the first clutch mechanism S1 is released to cut
off both the power transmission of the first-speed driven gear 26 and the power
transmission of the third-speed driven gear 28 with respect to the counter shaft 18. Thus,
in the case where the shift control mode 4 is selected as a control mode of the
transmission 19, the torque output from the sun gear 4 of the power distribution device 3
is transmitted to the counter shaft 18 via the fourth-speed gear pair 23. Incidentally, at
any of the foregoing forward travel positions, the backward-travel clutch mechanism SR
is released to cut off the power transmission between the backward-travel intermediate
gear 36 and the backward-travel intermediate shaft 34. Thus, in the transmission 19, by
selectively switching among the plurality of shift control modes, the speed change ratio,
that is, the ratio between the rotation speed of the input shaft 9 or the input shaft 17 and
the rotation speed of the counter shaft 18, can be altered stepwise.

[0056] On the other hand, the backward travel position is a position that is used to
generate driving power in such a direction as to back the vehicle 1. In the case where
the backward travel position is selected, the backward-travel clutch mechanism SR is
engaged to link the backward-travel intermediate gear 36 and the backward-travel
intermediate shaft 34. In addition, in the case where the backward travel position is
selected, the first clutch mechanism S1 and the second clutch mechanism S2 are released
to cut off all the power transmissions of the first-speed driven gear 26, the second-speed
driven gear 31, the third-speed driven gear 28 and the fourth-speed driven gear 32 with
respect to the counter shaft 18. Furthermore, in the case where the backward tra\./el
position is selected, the motor-generator MG2 is rotated in the normal direction and is
subjected to the power running control, and the torque thereof is trar;smitted to the final
pinion gears 37 of the counter shaft 18 via the backward-travel gear train 33.

[0057] Incidentally, the rotation direction of the counter shaft 18 in the case where
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the backward travel position is selected is opposite to the rotating direction thereof in the
case where the forward travel position is selected. FIG. 2 shows actions of the first
clutch mechanism S1, the second clutch mechanism S2 and the backward-travel clutch
mechanism SR in various shift control modes. In FIG. 2, “x” shows release of the clutch
mechanism, and “O” shows engagement of the clutch mechanism. In the
above-described manner, torque is transmitted to the counter shaft 18, and then the torque
is transmitted to the wheels via the drive shaft, thus generating driving power. In the
vehicle shown in FIG. 1, the “speed change ratio of the driving apparatus (power train)”
expressed as the ratio between the engine rotation speed and the rotation speed of the
counter shaft 18 can be controlled by executing the control of the speed change ratio of

the power distribution device 3 and the control of the speed change ratio of the

transmission 19.

[0058] Next, a plurality of drive modes used to control the “speed change ratio of the
driving apparatus”, and the switching among these drive modes will be described.
Firstly, each of the drive modes uses a different shift control mode. In this embodiment,
drive modes 1 to 4 can be selectively used. Concretely, when the drive mode 1 is
selected, the shift control mode 1 is used; when the drive mode 2 is selected, the shift
control mode 2 is used; when the drive m(;de 3 is selected, the shift control mode 3 is
used; and when the drive mode 4 is selected, the shift control mode 4 is used. Then, as
manners of switching among the drive modes 1 to 4, a first drive mode switching manner
and a second drive mode switching manner are used.

[0059] Hereinafter, the technical meanings of the first drive mode switching manner

and the second drive mode switching manner will be described with reference to the

flowchart of FIG. 3. Firstly, a signal input to the electronic control device is processed
to determine a target driving power, a target engine output, etc. (step S1). For example,
the target request driving power is determined on the basis of the vehicle speed and the
degree of accelerator operation (acceleration request), aﬁd the target engine output to be
borne by the engine is determined on the basis of the target request driving power.

When the target request driving power is high, the target engine output is a high output.
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When the target request driving power is low, the target engine output is a low output.
Concretely, a target engine rotation speed and a target engine torque in accordance with
an optimal fuel economy curve are determined such that the fuel economy of the engine
reaches an optimal fuel economy level. By controlling the speed change ratio of the
power distribution device 3, the actual engine rotation speed can be brought closer to the
target engine rotation speed. Furthermore, by controlling the degree of opening of the
electronic throttle valve or the like, the actual engine torque can be brought closer to the
target engine torque. In addition, the data needed for performing the processing of step
S1 is arranged in the form of a map and stored in the electronic control device 54
beforehand.

[0060] Subsequently to step S1, it is judged whether or not the target engine output is
high output (step S2). If an affirmative judgment is made at step S2, the first drive
mode switching manner is selected (step S3), and then this control routine is ended. On
the other hand, if a negative judgment is made at step S2, the second drive mode
switching manner is selected (step S4), and then this control routine is ended. The first
drive mode switching manner is a manner in which if the vehicle speed is constant, it is
possible to perform the selective switching among the plurality of drive modes while
keeping the engine rotation speed constant (without chaining it). A concrete example of
the case where the switching among the plurality of drive modes is performed in the first
drive mode switching manner will be described with reference to the alignment chart of
FIG." 4. In the alignment chart of FIG. 4, the horizontal axis shows a positional
relationship among rotating elements in the power distribution device 3, and a positional
relationship among rotating elements in the transmission 19, and the vertical axis shows
the rotation speed and the rotation direction of each rotating element. In the power
distribution device 3, the engine 2 is positioned between the motor-generator MG1 and
the motor;generator MG2. In the transmission 19, the first-speed driving gear 25 and
the second-speed driving gear 29 are disposed at substantially the same position, and
third-speed driving gear 27 and the fourth-speed driving gear 30 are disposed between the

first-speed driving gear 25/second-speed driving gear 29 and the counter shaft 18.
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[0061] The alignment chart in FIG. 4 shows a process of alteration from the drive
mode 2 that uses the shift control mode 2 to the drive mode 3 that uses the shift control
mode 3. Firstly, in the case where the shift control mode 2 is selected, the second clutch
mechanism S2 is engaged as shown in an upper portion in FIG. 4. Besides, the engine 2,
the motor-generator MG1 and the motor-generator MG2 all rotate in the normal rotation
direction, and the counter shaft 18 rotates in the reverse rotation direction. It is to be
noted herein that the normal rotation direction is ‘the rotation direction of the engine 2,
and the reverse rotation direction is the direction opposite to the rotation direction of the
engine 2. In the case where the mode is to be altered from the shift control mode 2 to
the shift control mode 3, the first clutch mechanism S1 is engaged to link the third-speed
driven gear 28 and the counter shaft 18 while the second clutch mechanism S2 is kept
engaged as shown in an intermediate portion in FIG. 4.

[0062] In the case where the third-speed driven gear 28 and the counter shaft 18 are
linked as mentioned above, the engine rotation speed will not change in the process of
linking the third-speed driven gear 28 and the counter shaft 18 provided that the rotation
speed of the third-speed driven gear 28 and the rotation speed of the counter shaft 18 are
equal (synchronized) beforechand. Then, as shown in a lower portion in FIG. 4, the
second clutch mechanism S2 is released. In addition, in the first drive mode switching
manner, it is also possible to perform the alteration from the drive mode 3 to the drive
mode 2, the alteration from the drive mode 1 to the drive mode 2, the alteration from the
drive mode 2 to the drive mode 1, the alteration from the drive mode 3 to the drive mode
4, the alteration from the drive mode 4 to the drive mode 3.

[0063] Next, the second drive mode switching manner will be described. This is a
manner in which when the vehicle speed is constant, alteration from one of the plurality
of drive modes to another is performed while the engine rotation speed is being changed.
A concrete example of the switching of drive modes in the second drive mode switching
manner will be described with reference to the alignment chart of FIG. 5. The alignment
chart in FIG. 5 shows a process of alteration from the drive mode 2 that uses the shift

control mode 2 to the drive mode 3 that uses the shift control mode 3. Firstly, in the



10

15

20

25

WO 2007/110721 PCT/IB2007/000623
26

case where the shift control mode 2 is selected, the second clutch mechanism S2 is
engaged, and the engine 2 and the motor-generator MG1 both rotate in the normal

rotation direction, and the counter shaft 18 rotates in the reverse rotation direction as

- shown in an upper portion in FIG. 5.

[0064] In the case where the mode is to be altered from the drive mode 2 to the drive
mode 3, the first clutch mechanism S1 is engaged while the second clutch mechanism S2
is kept engaged as shown in an intermediate portion of FIG. 5. Thus, at a stage prior to
the linkage of the third-speed driven gear 28 and the counter shaft 18, the third-speed
driven gear 28 rotates in the reverse rotation direction and the counter shaft 18 rotates in
the normal rotation direction as shown by a broken line in the intermediate portion of FIG.
5. Then, as shown by a solid line in the intermediate portion of FIG. 5, the
motor-generator MG2 is controlled to rotate the third-speed driven gear 28 in the normal
rotation direction, and a control of eql_lalizing the rotation speed of the third-speed driven
gear 28 and the rotation speed of the counter shaft 18 is executed. During execution of
the foregoing control, the vehicle speed is constant, and therefore the engine rotation
speed rises as shown by a solid line in the intermediate portion of FIG. 5.

[0065] After that, as shown in a lower portion of FIG. 5, the second clutch
mechanism S2 is released, and the rotation speed of the motor-generator MG1 is declined
to return the engine rotation speed to the engine rotation speed shown in the upper
portion of FIG. 5. In addition, in the second drive mode switching manner, it is also
possible to perform the alteration from the drive mode 3 to the drive mode 2, the
alternation from the drive mode 1 to the drive mode 2, the alteration from the drive mode
2 to the drive mode 1, the alteration from the drive mode 3 to the drive mode 4, and the
alteration from the drive mode 4 to the drive mode 3.

[0066] Next, differences between the first drive mode switching manner and the
second drive mode switching manner will be described with reference to FIGS. 6 and 7.
FIG. 6 is a characteristic graph showing the first drive mode switching manner, and FIG. 7
is a characteristic graph showing the second drive mode switching manner. In FIGS. 6

and 7, the horizontal axis shows the speed change ratio (i), which is the ratio between the
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engine rotation speed and the rotation speed of the counter shaft 18, and the vertical axis
shows the theoretical transmission efficiency. The theoretical transmission efficiency is
the proportion of the power of the engine 2 that is transmitted to the counter shaft 18.
The theoretical transmission efficiency presupposes that electric power is not given or
received between the electric power supply device 53 and the motor-generator MG1 or
MG2.

[0067] The theoretical transmission efficiency is assumed to be 1.0 in the case where
the motor-generator MG1 is stopped. The theoretical transmission efficiency being less
than 1.0 means that the amount of passage of electricity in the electric power supply
device 53 is increased due to conversion of power of the engine 2 into electric energy or
conversion of electric energy into power of a motor-generator, that is, means that the
dependency on electricity of the vehicle 1 as a whole becomes larger (higher). Besides,
in FIGS. 6 and 7, the drive modes 1 to 4 are shown by characteristic curves. The
characteristic curves corresponding to the individual drive modes have an upwardly
convex mountain-shaped characteristic. The mechanical power transmission
efficiencies of at the peaks of the characteristic curves corresponding to the individual
drive modes are all 1.0. In the case where the power running control or the regenerative
control is executed on the motor-generator MGl or MG2, conversion between
mechanical energy and electric energy is performed, and therefore the theoretical
transmission efficiency is less than 1.0.

[0068] With respect to the peak of each drive mode-showing characteristic curve, the
left side region is a region where the motor-generator MG1 rotates in the reverse rotation
direction and is subjected to the power running control, and the right side region is a
region where the motor-generator MG1 rotates in the normal rotation direction and is
subjected to the regenerative control. As shown in FIGS. 6 and 7, the control range of
the speed ‘change ratio (i) is different for each drive mode. Concretely, the control range
of the speed change ratio (i) in the drive mode 2 is a region of the speed change ratio that
is smaller than the control range of the speed change ratio (i) in the drive mode 1.

Besides, the control range of the speed change ratio (i) in the drive mode 3 is a region of
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the speed change ratio that is smaller than the control range of the speed change ratio (i)
corresponding to the drive mode 2. Furthermore, the control range of the speed change
ratio (i) in the drive mode 4 is a region of the speed change ratio that is smaller than the\
control range of the speed change ratio (i) corresponding to the drive mode 3.

[0069] As described above, the transmission 19 is provided in the power
transmission path that extends from the motor-generators MG1 and MG2 to the counter
shaft 18. This transmission 19 controls the ratios between fhe rotation speeds of the
motor-generators MG1, MG?2 and the rotation speed of the counter shaft 18. Therefore,
by selectively switching among the drive modes 1 to 4, the range of selection of the speed
change ratio (i) of the driving apparatus can be expanded and, at the same time, the
amount of mechanical power transmission can be increased and the amount of passage of
electric power can be reduced. Thus, the power transmission efficiency of the entire
driving apparatus improves. Therefofe, the required torques of the motor-generators
MG1, MG2 can be reduced, and the build of the motor-generators MG1, MG2 can be
reduced in size.

[0070] In either the first drive mode switching manner or the second drive mode
switching manner, during the process of altering the drive mode, the first clutch
mechanism S1 and the second clutch mechanism S2 are both engaged. Therefore,
during the drive mode altering process, decline of the torque transmitted to the wheels 51
can be restrained. Therefore, the state of low driving power can be avoided, and
alteration of the drive mode can be smoothly performed. Besides, if the process
proceeds to step S3, the engine rotation speed does not change at the time of altering the
drive mode. Therefore, when the speed change ratio of the driving apparatus is to be
altered, smooth shift feeling can be obtained. Furthermore, in the second drive mode
switching manner, the theoretical transmission efficiency can be kept high as shown in
FIG. 7 regardless of which drive mode is selected. Besides, when the target engine
output is low, the engine rotation speed is also low. Therefore, even if the engine
rotation speed rises in the process of altering the drive mode, the engine rotation speed

changes only in a small width, and the engine rotation speed does not excessively rise,
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and discomfort is not given to the driver.

[0071] In the power train in FIG. 1, the engine 2, the motor-generator MG2 and the
input shafts 9, 17 are coaxially disposed, and the input shafts 9, 17 and the counter shaft
18 are disposed in parallel. Furthermore, the rotation shaft 13 of the motor-generator
MGT is disposed in parallel with the input shaft 9, and the region where the transmission
19 is disposed and the region where the motor-generator MG1 is disposed overlap in the
direction of the rdtation axis. Due to these constructions, the space for arrangement of
component ﬁarts in the direction of the rotation axis can be shortened, and the entire
length can be reduced, thus improving the vehicle mountability. Furthermbre, since the
input shafts 9, 17 and the rotation shaft 13 of the motor-generator MG1 are disposed in
parallel, the entire le;ngth can be further shortened.  Furthermore, since the
motor-generator MG2 is disposed annularly so as to surround the outside of the power
distribution device 3, the space for disposing component parts in the direction of the
rotation axis can be made further compact.

[0072] Furthermore, since thé motor-generator MG2 is provided annularly so as to
surround the outside of the power distribution device 3, the radius of the rotor 16 is large
so that the torque transmitted to the input shaft 17 can easily be made high. Still further,
since the transmission 19 has a parallel-axes type structure, the interaxial distance
between the input shafts 9, 17 and the counter shaft 18 can be made short. Therefore,
even through the rotation shaft 13 of the motor-generator MG1 is disposed in parallel
with the input shafts 9, 17, the vehicle mountability of the entire driving apparatus does
not deteriorate. Besides, since the driven gears 26, 28, 31, 32 are attached to one shaft,
that is, the counter shaft 18, size increase of the build of the apparatus in the radial
directions about the rotation axis can be restrained. This contributes to a further
compact construction of the driving apparatus, and improves the vehicle mountability.
Furthermore, if dog clutches, that is, meshing clutches, are used as the first clutch
mechanism S1, the second clutch mechanism S2 and the backward-travel clutch
mechanism SR, the slip loss as in friction clutches is eliminated, and a compact

construction and a reduced cost can be achieved.
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EMBODIMENT 2

[0073] Next, another example of the construction of the power distribution device 3
will be described with reference to FIG. 8. The power distribution device 3 shown in
FIG. 8 is made up of a double-pinion planetary gear mechanism. Specifically, the power
distribution device 3 has a sun gear 4 and a ring gear 5 that are coaxially disposed, pinion
gears 55 meshed with the sun gear 4, pinion gears 56 meshed with the pinion gears 55
and with the ring gear 5, and a carrier 57 that supports the pinion gears 55, 56 so that they
are rotatable about their own axes and are integrally revolvable. Then, the engine 2 is
power-transmittably linked to the ring gear 5, and the carrier 57 is linked to a rotor 16 of
the motor-generator MG2 and to the input shaft 17, and the sun gear 4 is linked to the
input shaft 9. In FIG. 8, too, the motor-generator MG2 is disposed annually so as to
surround the outside of the power distribution device 3. Other constructions shown in
FIG. 8 are substantially the same as those shown in FIG. 1.

[0074] In the power distribution device 3 in FIG. 8, engine torque is input to the ring
gear 5, and reaction torque can be taken by either the motor-generator MG1 or the
motor-generator MG2. Specifically, in the case where the ring gear 5 serves as an input
element and the sun gear 4 and the motor-generator MG1 serve as reaction force elements,

the carrier 57 serves as an output element. The torque output from the carrier 57 is

‘transmitted to the input shaft 17. On the other hand, in the case where the ring gear 5

serves as an input element and the motor-generator MG2 and the carrier 57 serve as
reaction force elements, the sun gear 4 serves as an output element. The torque output
from the sun gear 4 is transmitted to the input shaft 9.

[0075] In the power train shown in FIG. 3, the switching of the shift control mode
can be executed in the same fashion as in the power train shown in FIG. 1. Specifically,
in the case where the forward travel position is selected and the shift control mode 1 or
the shift control mode 3 is selected, a control in which the reaction force of engine torque
is taken by the motor-generator MG1 is executed. In the case where the forward travel
position is selected and the shift control mode 2 or the shift control mode 4 is selected, a

control in which the reaction force of engine torque is taken by the motor-generator MG2
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is executed. In addition, in the case where the backward travel position is selected, a
control in which the reaction force of engine torque is taken by the motor-generator MG1
is executed. Furthermore, in the case where either the forward travel position or the
backward travel position is selected, the engagement/release controls of the first and
second clutch mechanisms S1, S2 and the backward-travel clutch mechanism SR in the
individual shift control modes are the same as in the power train shown in FIG. 1. In the
case where the power distribution device 3 shown in FIG. 8 is used, the positional
relationships among the rotating elements linked to the power distribution device 3 in the
alignment charts shown in FIGS. 4 and 5 are the same as in the power distribution device
3 shown in FIG. 1. Then, in the power train in FIG. 8, too, the example of the control
shown in FIG. 3 can be executed, and will provide substantially the same effects as the
power train shown in FIG. 1.

[0076] The correspondence relationship between the construction shown FIG. 1 and
the construction of the invention will be described. The carrier 7 can be regarded as a
first rotating element in the invention, and the sun gear 4 can be regarded as a second
rotating element in the invention, and the ring gear 5 can be regarded as a third rotating -
element in the invention, and the power distributjon device 3 can be regarded as a gear
mechanism and a single-pinion planetary gear mechanism in the invention. The engine
2 can be regarded as a first driving power sdurce in the invention, and the
motor-generator MG1 can be regarded as a second driving power source in the invention,
and the motor-generator MG2 can be regarded as a third driving power source in the
invention. The counter shaft 18 can be regarded as a driven member in the invention,
and the input shaft 9 can be regarded as a first power transmission path in the invention,
and the input shaft 17 can be regarded as a second power transmission path in the
invention. The transmission 19 can be regarded as a transmission in the invention.
The transmission 19 is equipped with transmissions that are provided respectively on the
first power transmission path and the second power transmission path.

[0077] Furthermore, the input shaft 9 can be regarded as a first intermediate rotating

member in the invention, and the input shaft 17 can be regarded as a second intermediate
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rotating member in the invention, and the rotation axis B1 can be regarded as a “rotation
axis of the first intermediate rotating member and the second intermediate rotating
member” in the invention, and the rotation axis C1 can be regarded as a “rotation axis of
the driven member” in the invention. The gear transmission devices, such as the first to
fourth-speed gear pairs 20 to 23, can be regarded as transmission devices in the invention.
Furthermore, the correspondence relationship between the construction shown in FIG. 8
and the construction of the invention will be described. The power distribution device 3
can be regarded as a gear mechanism and a double-pinion planetary gear mechanism in
the invention, and the ririg gear 5 can be regarded as a first rotating element in the
invention, and the sun gear 4 can be regarded as a second rotating element in the
invention, and the carrier 57 can be regarded as a third rotating element in the invention,
and the pinion gears 55 can be regarded as first pinion gears in the invention, and the
pinion gears 56 can be regarded as second pinion gears in the invention. The
correspondence relationship between the other construction shown in FIG. 8 and the
construction of the invention is the same as the correspondence relationship between the
construction shown in FIG. 1 and the construction of the invention.

[0078] Furthermore, the correspondence relationship between the functional means
shown in FIG. 3 and the construction of the invention will be described. Step S3 can be
regarded as a first mode switching manner, and step S4 can be regarded as a second mode
switching manner, and steps 1 to 4 can be regarded as a mode switching manner selection
means in the invention. Besides, the speed change ratio (i) described with reference to
FIGS. 6 and 7 can be regarded as a “speed change ratio between the rotation speed of the
first driving power source and the rotation speed of the driven member” in the invention,
and the drive modes 1 to 4 can be regarded as a “plurality of drive modes” in the
invention.

EMBODIMENT 3

[0079] Next, Embodiment 3 of the invention will be described with reference to FIG.

9. In the construction of Embodiment 3, the same constructions as those of

Embodiment 1 and Embodiment 2 are denoted by the same reference characters as in
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Embodiment 1 and Embodiment 2. A power distribution device 3 shown in FIG. 9 is

made up of the same double-pinion planetary gear mechanism as in Embodiment 2.
Besides, a transmission 19 shown in FIG. 9 is made up in the same fashion as the
transmission 19 described in conjunction with Embodiment 1. Differences between the
construction of Embodiment 3 and the constructions of Embodiment 1 and Embodiment
2 will be described. The motor-generator MG1 is disposed coaxially with the input
shaft 9. That is, the rotation shaft 13 of the motor-generator MG1 rotates about the
rotation axis B1. A second-speed driving gear 29 constituting the second-speed gear
pair 21, and a fourth-speed driving gear 30 constituting the fourth-speed gear pair 23 are
formed on the rotation shaft 13.

[0080] Besides, in Embodiment 3, a third clutch mechanism S3 is provided in
additioﬁ to the first clutch mechanism S1 and the second clutch mechanism S2. The
third clutch mechanism S3 is a mechanism that controls the transmission torque between
the engine 2 and the transmission 19. Concretely, the third clﬁtch mechanism S3 is able
to power-transmittably link the input shaft 9 and the rotation shaft 13, and to cut off the
power transmission between the input shaft 9 and the rotation shaft 13. In this
embodiment, by controlling the motor-generator 1 or the motor-generator 2, the rotation
speed of the input shaft 9 and the rotation speed of the output shaft 13 can be equalized to
engage or release the third clutch mechanism S3. The third clutch mechanism S3 is
constructed to be controlled by the actuator 39 as in the first clutch mechanism S1 and the
second clutch mechanism S2. Furthermore, in Embodiment 3, a motor-generator MG2
is provided around an outer periphery of the input shaft 17. That is, the motor-generator
MG2 and the power distribution device 3 afe disposed at different positions in the
direction of the rotation axis. Incidentally, in FIG. 9, the backward-travel gear train 33
described in conjunction with Embodiment 1 is omitted.

[0081] In Embodiment 3, component portions similar to those of Embodiment 1 and
Embodiment 2 achieve operation and effects similar to those of Embodiment 1 and
Embodiment 2. In Embodiment 3, by engaging the third clutch mechanism S3 and

raising the transmission torque between the input shaft 9 and the output shaft 13, it is
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possible to execute the controls described in conjunction with Embodiment 1. In this
case, the counter shaft 18 and the second-speed driven gear 31 may be linked to set the
second speed, or the counter shaft 18 and the fourth-speed driven gear 32 may be linked
to set the fourth speed. For example, the control of transmission 19 described in
conjunction with Embodiment 1 can be executed. In Embodiment 3, too, the
relationship betwéen each shift control mode of the transmission 19 and the action of
each clutch mechanism is the same as shown in FIG. 2. Besides, in Embodiment 3, too,
the control shown in FIG. 3 can be executed. In this case, the alignment charts of FIGS.
4 and 5 are applicable. Furthermore, in Embodiment 3, too, the characteristics shown in
the graphs shown in FIGS. 6 and 7 are applicable.

[0082] Next, a control of the transmission 19, a control of the engine 2 and a control
of the motor-generators MG1, MG2 which can be executed in the case where the forward
travel position is selected in Embodiment 3 will be described. Firstly, the control
executed in the case where the shift control mode 1 is selected at the time of starting the
vehicle 1 will be described with feference to the alignment chart of FIG. 10. In the case
where the shift control mode 1 is selected, the first clutch mechanism S1 is engaged, and
the second clutch mechanism S2 is released. Besides, as shown in FIG. 10, the engine 2
rotates in the normal rotation direction,”and the motor-generator MG1 rotates in the
normal rotation direction, and is subjected to the regenerative control to take the reaction
force of engine torque. Besides, the motor-geﬂerator MG?2 is stopped, and the
motor-generator MG2 is subjected to the power running control and a torque in the
normal rotation direction is generated. Specifically, the carrier 57 of the power
distribution device 3 serves as an output element.

[0083] After that, the vehicle speed rises, and the rotation speed of the
motor-generator MG1 declines. When the rotation speed of the motor-generator MG1
becomes equal to the rotation speed that is in accordance with the then-occurring vehicle
speed and the speed change ratio of the second-speed gear pair 21, it is possible to alter
from the shift control mode 1 to the shift control mode 2. Thus, in the case of alteration

from the shift control mode 1 to the shift control mode 2, the first clutch mechanism S1
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and the second clutch mechanism S2 are both engaged, and the motor-generators MG, -
MG?2 are both idled as shown in the alignment chart of FIG. 11. That is, each

motor-generator MG1, MG2 assumes a no-load state where neither power running nor

regeneration is performed. Then, the first clutch mechanism S1 is released, and the

second clutch mechanism S2 is kept in the engaged state, thus establishing the shift

control mode 2. In the case where the shift control mode 2 is established, the

motor-generator MG2 rotates in the normal rotation direction, and is subjected to the

regenerative control to take the reaction force of engine torque, and the sun gear 4 of the

power distribution device 3 serves as an output element. Besides, the motor-generator

MG is subjected to the power running control.

[0084] When, as the vehicle speed further rises following the selection of the shift
control mode 2, the rotation speed of the motor-generator MG2 becomes equal to the
rotation speed that is in accordance with the then-occurring vehicle speed and the speed
change ratio of the third-speed gear pair 22, the first clutch mechanism S1 is engaged.
Specifically, the first clutch mechanism S1 and the second clutch mechanism S2 are both
engaged. Furthermore, the motor-generators MG1, MG2 are both idled as shown in the
alignment chart of FIG. 13. Then, the second clutch mechanism S2 is reléased, and the
first clutch mechanism S1 is kept in the engaged state, thus establishing the shift control
mode 3. In the case where the shift control mode 3 is established, the motor-generator
MG1 rotates in the normal rotation direction, and is subjected to the regenerative control
to take the reaction force of engine torque, and the carrier 57 of the power distribution
device 3 serves as an output element. Furthermore, the motor-genefator MG2 is
subjected to the power running control.

[0085] When, as the vehicle speed further rises following the selection of the shift
control mode 3, the rotation speed of the motor-generator MG1 becomes equal to the
rotation speed that is in accordance with the then-occurring vehicle speed and the speed
change ratio of the fourth-speed gear pair 23, the second clutch mechanism S2 is engaged.
Specifically, the first clutch mechanism S1 and the second clutch mechanism S2 are both

engaged. Furthermore, the motor-generators MG1, MG2 are both idled. Then, the
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first clutch mechanism S1 is released, and the second clutch mechanism S2 is kept in the
engaged state, thus establishing the shift control mode 4. In the case where the shift
control mode 4 is established, the motor-generator MG2 is subjected to the regenerative
control to take the reaction force of engine torque, and the sun gear 4 of the power
distribution device 3 serves as an output element. Furthermore, the motor-generator
MGT1 is subjected to the power running control. Incidentally, in Embodiment 3, too, it is
possible to execute the control of altering from the shift control mode 4 to the shift
control mode 3, the control of altering the shift control modé 3 to the shift control mode 2,
and the control of altering shift control mode 2 to the shift control mode 1.

[0086] Next, an EV run mode (elecotric motor vehicle mode) in which the vehicle 1
runs by subjecting a motor-generator to. the power running control and without
transmission of engine torque to the wheels 51 in Embodiment 3 will be described. In
the where the EV run mode is selected, the third clutch mechanism S3 is released. Then,
for example, the second clutch mechanism S2 can be engaged to link the output shaft 13
and the counter shaft 18, and the motor-generator MG1 can be subjected to the power
running control to generate torque in the normal rotation direction as shown in FIG. 14.
At this time, the first clutch mechanism S1 has been released, and the motor-generator
MG2 and the engine 2 have both been stopped. In addition, in the case where the
vehicle 1 coasts during a run based on the torque of the first motor-generator MG1, the
regenerative control is executed on the motor-generator MG1.

[0087] Another EV run mode in which the vehicle 1 runs by subjecting the
motor-generator MG2 to the power running control and without transmission of engine
torque to the wheels 51 in Embodiment 3 will be described. In this case, the third clutch
mechanism S3 is released. Then, the first clutch mechanism S1 can be engaged to link
the input shaft 17 and the counter shaft 18, and the motor-generator MG2 can be
subjected to the power running control to generate torque in the normal rotation direction.
At this time, the second clutch mechanism S2 has been released, and the motor-generator
MG1 and the engine 2 have both been stopped. In addition, in the case where the

vehicle 1 coasts during a run based on the torque of the second motor-generator MG2, the
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regenerative control is executed on the motor-generator MG2.

[0088] Next, the case of switching between the control of transmitting torque of the
motor-generator MG1 to the wheels 51 and the control of transmitting torque of the
motor-generator MG2 to the wheels 51 will be described. In this case, the
motor-generator that has been stopped is subjected to the power running control, and the
rotation speed of the motor-generator is made equal to the rotation speed that is in
accordance with the then-occurring vehicle speed and the spéed change ratio established
by the engagement of a clutch mechanism, and the clutch mechanism is engaged and the
clutch mechanism that has been engaged is released. Thus, both the shifting between
the first speed and the second speed and the shifting between the third speed and the
fourth speed can be performed with the engine 2 remaining stopped since the third clutch
mechanism S3 has been released in either case of shifting,

[0089] Furthermore, a control of transmitting torques of the two motor-generators
MG1, MG2 to the wheels 51 will be described. In this case, the first clutch S1 and the
second clutch S2 are both engaged, and the third clutch mechanism S3 is released. Then,
the motor-generators MG1, MG2 are both subjected to the power running control, and the
engine 2 is kept in a stopped state. Therefore, the driving power can be raised. Thus,
in Embodiment 3, since it is possible to release the third clutch mechanism S3, torque of
at least one of the motor-generators can be transmitted to the wheels 51 during a state
where the engine 2 has been stopped. Specifically, in the case where torque of a
motor-generator is transmitted to the wheels 51, the driven or dragged rotation of the
engine 2 can be avoided, and therefore decline in the power transmission efficiency can
be restrained. Besides, in the case where torque of one of the motor-generators is
transmitted to the wheels 51, the driven or dragged rotation of the other motor-generator
can be avoided, and therefore decline in the power transmission efficiency can be
restrained. Therefore, even in the case where the vehicle 1 tows another vehicle, a
towing capability comparable to that of a vehicle that has only one driving power source
can be obtained.

[0090] Similar to Embodiment 1 and Embodiment 2, Embodiment 3 is constructed
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so that torques of the motor-generators MG1, MG2 are transmitted to the wheels 51 via
the transmission 19. Therefore, since torque is amplified when the rotation speed is
reduced by the transmission 19, the maximum required torques of the motor-generators
MG1, MG2 can be reduced. Furthermore, since the power distribution device 3 and the
transmission 19 are used in combination, the maximum rotation speeds of the

motor-generators MG1, MG2 can be reduced by the control of the speed change ratio of

" the transmission 19.

[0091] Furthermore, in Embodiment 3, the power distribution device 3 and the
transmission 19 are provided, and the speed change ratios of both the power distribution
device 3 and the transmission 19 can be controlled, and the selective switching between
the motor-generator that takes reaction force and the motor-generator that is linked to an
output element can be performed. Therefore, it is possible to restrain so-called powér
circulation, that is, a phenomenon in which the motor-generator that takes the reaction
force of engine torque is subjected to the power running control (particularly in the
reverse rotation direction), and the regenerative control is performed on the
motor-generator that is linked to an output element of the power distribution device 3,
and electric power obtained through the regenerative control is supplied to the
motor-generator that is subjected to the power running control. Therefore, in the case
where power is transmitted from the engine 2 to the wheels 51, decline in the power
transmission efficiency can be restrained. Furthermore, since in FIG. 9, the power
distribution device 3 is made up of a double-pinion planetary gear mechanism, the
motor-generators MG1, MG?2 are separately disposed on opposite sides of the engine 2 in
the alignment charts shown in FIG. 10 and the subsequent figures. Therefore, in the two
cases of one or the other of the motor-generators taking the reaction force of engine
torque, the magnitudes of the reaction torque can be made substantially equal.
Therefore, as the motor-generators MG1, MG2, motor-generators of substantially the
same functions and build can be used.

[0092] Incidentally, in Embodiment 3, the first clutch mechanism S1, the second

clutch mechanism S2 and the third clutch mechanism S3 may be multiplate wet clutches,
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which are a type of friction clutches, or may also be mechanical meshing clutches with
reduced friction loss. Besides, in FIG. 9, it is also possible to dispose the
motor-generator MG2 so that it surrounds the outside of the power distribution device 3
(the outside thereof in radial directions about the rotation axis B1). Furthermore,
although in FIG. 9, the third clutch mechanism that cuts off the power transmission
between the engine 2 and the transmission 19 is disposed between the sun gear 4 and the
transmission 19, it is also possible to dispose the third clutch mechanism between the ring
gear 5 and the engine 2 or between the carrier 57 and the input shaft 17. Such a
construction also achieves substantially the same effects as described above.

[0093] Furthermore, although in FIG. 9, the power distribution device 3 is made up
of a double-pinion planetary gear mechanism, substantially the same operation and
effects as described with reference to FIG. 9 can also be obtained in a vehicle whose
power distribution device 3 is made up of a single-pinion planetary gear mechanism as
described above in conjunction with Embodiment 1 (FIG. 1) if in the vehicle a third
clutch mechanism is disposed between the second-speed driving gear 29 and the sun gear
of the input shaff 9. Furthermore, in the construction shown in FIG. 1, it is also possible
to provide a third clutch mechanism between the engine 2 and the carrier 7 or provide a
third clutch mechanism between the ring gear 5 and the rotor 16 of the motor-generator
MG2. In the case where such a construction is adopted, too, substantially the same
operation and effects as described above with reference to FIG. 9 can be obtained. Still
further, it is also possible to make up the power distribution device 3 shown in FIG. 9
from a Ravigneaux-type planetary gear mechanism. In this case, too, substantially the
same effects as described above can be obtained. Furthermore, the correspondence
relationship between the construction described in conjunction with Embodiment 3 and
the construction of the invention is the same as the correspondence relationship between
the constructions of Embodiment 1 and Embodiment 2 and the construction of the
invention.

[0094] Incidentally, although each of the transmissions shown in FIGS. 1, 8 and 9 is

a stepped transmission capable of switching among the four kinds of different speed
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change ratios stepwise by selectively switching among the shift control modes 1 to 4, it is
also possible to execute the example of the control shown in FIG. 3 in a vehicle that has a
stepped transmission capable of switching among three kinds of speed change stages or
five or more kinds of speed change stages. In this case, shift controi modes
corresponding in number to the speed change stages are selectable. Furthermore, the
example of the control shown in FIG. 3 can also be executed in a vehicle that employs a
stepless transmission as the transmission. Incidentally, although in the foregoing
embodiments, the switching among a plurality of shift control modes can be pefformed
while the forward travel position has been selected, the transmission may also be a
transmission in which the switching among a plurality of shift control modes can be
performed while the backward travel position has been selected.

[0095] While the invention has been described with reference to exemplary
embodiments thereof, it is to be understood that the invention is not limited to the
exemplary embodiments or constructions. To the contrary, the invention is intended to
cover various modifications and equivalent arrangements. In addition, while the various
elements of the exemplary embodiments are shown in various combinations and
configurations, which are exemplary, other combinations and configurations, including

more, less or only a single element, are also within the spirit and scope of the invention.
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CLAIMS

1. A hybrid driving apparatus having:

a gear mechanism having a first rotating element, a second rotating element and a third
rotating element that are linked differentially rotatably;

a first driving power source linked to the first rotating element;

a second driving power source linked to the second rotating element;

a third driving power source linked to the third rotating element;

a driven member that transmits power output from an element, selected from the first
rotating element, the second rotating element and the third rotating element, of the gear
mechanism to a wheel;

a first power transmission path that power-transmittably connects the second driving
power source and the second rotating element to the driven member; and

a second power transmission path that power-transmittably connects the third driving
power source and the third rotating element to the driven member,

wherein at least one of the first power transmission path and the second power

transmission path is provided with a transmission.

2. The hybrid driving apparatus according to claim 1, wherein both of the first powér
transmission path and the second power transmission path are respectively provided with

transmissions.

3. The hybrid driving apparatus according to claim 1 or 2,

wherein the transmission has a first intermediate rotating member linked to the second
rotating element and the second driving power source, and a second intermediate rotating
member linked to the third rotating element and the third driving power source, and

wherein the first intermediate rotating member and the second intermediate rotating
member are coaxially disposed, and

wherein a rotation axis of the first intermediate rotating member and the second
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intermediate rotating member, and a rotation axis of the driven member are disposed in
parallel, and
wherein a transmission device that links the first intermediate rotating member and the

second intermediate rotating member to the driven member is provided.

4. The hybrid driving apparatus according to any one of claims 1 to 3, wherein the first
rotating element, the second rotating element and the third rotating element making up
the gear mechanism include a sun gear and a ring gear that are coaxially disposed, and a
carrier that supports pinion gears meshed with the sun gear and with the ring gear so that

the pinion gears are rotatable about own axes thereof and are revolvable.

5. The hybrid driving apparatus according to claim 4, wherein the transmission device
is made of a'driving gear provided on the first intermediate rotating member, and a
driving gear provided on the second intermediate rotating member, and driven gears
provided on the driven member, which are respectively meshed with the driving gears,
and the second rotating element is the sun gear, and the sun gear and the driving gear are

coaxially disposed.

6. The hybrid driving apparatus according to claim 4 or 5, wherein the third rotating
element is the ring gear, and the third driving power source is provided annularly so as to

surround an outside of the ring gear.

7. The hybrid driving apparatus according to any one of claims 1 to 6, wherein the
gear mechanism is made up so that the first rotating element serves as an input element,
and so that one of the second rotating element and the third rotating element serves as a
reaction force element and another one of the second rotating element and the third
rotating element serves as an output element, and so that a speed change ratio between
the rotating element that serves as the input element and the rotating element that serves

as the output element is steplessly alterable by a differential operation of the first rotating
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element, the second rotating element and the third rotating element.

8. The hybrid driving apparatus according to any one of claims 1 to 7,

wherein the gear mechanism is made up of a single-pinion planetary gear mechanism
that has a sun gear and a ring gear that are coaxially disposed, and a carrier that holds
pinion gears meshed with the sun gear and with the ring gear, and the first rotating
element is the carrier, and the second rotating element is the sun gear, and the third
rotating element is the ring gear, and

wherein the transmission has a first intermediate rotating member and a second
intermédiate rotating member, and the first intermediate rotating member is linked to the
sun gear, and the second intermediate rotating member is linked to the ring gear, and

wherein the first power transmission path is made up by meshing a plurality of first
driving gears provided on the first intermediate rotating member and a plurality of first
driven gears provided on the driven member, and the second power transmission path is
made up by meshing a plurality of second driving gears provided on the second
intermediate rotating member and a plurality of second driven gears provided on the
driven member, and

wherein a first transmission provided on the first power transmission path has a first
clutch mechanism that connects one of the plurality of first driving gears to one of the
plurality of first driven gears, and a second transmission provided on the second power
transmission path has a second clutch mechanism that connects one of the plurality of

second driving gears to one of the plurality of second driven gears.

9. The hybrid driving apparatus according to any one of claims 1 to 7,

wherein the gear mechanism is made up of a double-pinion planetary gear mechanism
that has a sun gear and a ring gear that are coaxially disposed, first pinion gears meshed
with the sun gear, second pinion gears meshed with the first pinion gears and with the
ring gear, and a carrier that supports the first pinion gears and the second pinion gears,

and the first rotating element is the ring gear, and the second rotating element is the sun
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gear, and the third rotating element is the carrier, and

wherein the transmission has a first intermediate rotating member and a second
intermediate rotating member, and the first intermediate rotating member is linked to the
sun gear, and the second intermediate rotating member is linked to the carrier, and

wherein the first power transmission path is made up by meshing a plurality of first
driving gears provided on the first intermediate rotating member and a plurality of first
driven gears provided on the driven member, and the second power transmission path is
made up by meshing a plu’rality of second driving gears provided on the second
intermediate rotating member and a plurality of second driven gears provided on the
driven member, and

wherein a first transmission provided on the first power transmission path has a first
clutch mechanism that connects one of the plurality of first driving gears to one of the
plurality of first driven gears, and a second transmission provided on the second power
transmission path has a second clutch mechanism that connects one of the plurality of

second driving gears to one of the plurality of second driven gears.

10. The hybrid driving apparatus according to any one of claims 1 to 9, wherein, when
controlling the speed change ratio between rotation speed of the first driving power
source and rotation speed of the driven member by controlling the speed change ratio
between an input element and an output element of the gear mechanism, the hybrid
driving apparatus is capable of executing a control of the speed change ratio of the
transmission in parallel with a control of the speed change ratio of the gear mechanism so
as to selectively switch between a plurality of drive modes having different control ranges
of the speed change ratio between the rotation speed of the first driving power source and
the rotation speed of the driven member, and the hybrid driving apparatus has a mode
switching manner selection device that selects a first mode switching manner of
switching between the plurality of drive modes while keeping constant the rotation speed

of the first driving power source.
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11. The hybrid driving apparatus according to claim 10, wherein the mode switching
manner selection device judges whether a predetermined output of the first driving power
source is high or low, and selects the first mode switching manner based on a result of

judgment.

12. The hybrid driving apparatus according to claim 11, wherein the mode switching
manner selection device is capable of selecting a second mode switching manner that has
a characteristic of switching between the plurality of drive modes while raising the
rotation speed of the first driving power source, and the mode switching manner selection
device selects the first mode switching manner when the output of the first driving power
source is high, and selects the second mode switching manner when the output of the first

driving power source is low.

13. The hybrid driving apparatus according to any one of claims 2 to 10, wherein a
first transmission is provided on the first power traﬁsmission path, and a second
transmission is provided on the second power transmission path, and the speed change
ratio selected by the first transmission and the speed change ratio selected by the second
transmission are different, and a third clutch mechanism is provided in one of a place
between the first driving power source and the first rotating element, a place between the
second driving power source and the second rotating element, and a place between the

third driving power source and the third rotating element.

14. A hybrid driving apparatus comprising:

a gear mechanism having a first rotating element, a second rotating element and a third
rotating element that are linked differentially rotatably;

a first driving power source linked to the first rotating element;

a second driviﬁg power source linked to the second rotating element;

a third driving power source linked to the third rotating element;

a driven member that transmits power output from an element of the gear mechanism
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to a wheel;

a first power transmission path that power-transmittably connects the second driving
power source and the second rotating element to the driven member;

a second power transmission path that power-transmittably connects the third driving
power source and the third rotating element to the driven member; and

a transmission provided on at least one of the first power transmission path and the

second power transmission path.

15. A control method of a hybrid driving apparatus having:

a gear mechanism that has a first rotating element, a second rotating element and a
third rotating element that are linked differentially rotatably;

a first driving power source linked to the first rotating element;

a second driving power source linked to the second rotating element;

a third driving power source linked to the third rotating element;

a driven member that transmits power output from an element of the gear mechanism -
to a wheel;

a first power transmission path that power-transmittably connects the second driving
power source and the second rotating element to the driven member;

a second power transmission path that power-transmittably connects the third driving
power source and the third rotating element to the driven member; and

a transmission provided on at least one of the first power transmission path and the
second power transmission path, the control method comprising:

judging whether a predetermined output of the first driving power source is high or
low;

performing a control of the speed change ratio of the gear mechanism based on a result
of judgment;

selecting one of a first mode switching manner and a second mode switching manner
based on the result of judgment; and

switching the speed change ratio of the transmission based on a result of selection.



WO 2007/110721 PCT/IB2007/000623
47

16. The control method of the hybrid driving apparatus according to claim 15, wherein
in the first mode switching manner, switching between a plurality of drive modes of the

transmission is performed while rotation speed of the first driving power source is kept

constant.

17. The control method of the hybrid driving apparatus according to claim 15 or 16,
wherein in the second mode switching manner, switching between a plurality of drive
modes of the transmission is performed while rotation speed of the first driving power

source is raised.



PCT/IB2007/000623

WO 2007/110721

1/10

oy

[
1S 0g Y
~ 2 1S A
g [ ] N HO
L 1 W M_H )
m/@ LT T L
\lr..i_I_L g7T L_L T 2¢ .
09— gr|9¢ 27 |lem L]
LE T/ P il W4 T 0l
.vl_.l mwl/wl_l Lé mNd._l 0¢ S
7 W L ONv\\mmth 1/ lllwr Y| k:
A Yl LJ .
S T o BT
0l 86 =) = NTKMWI —
e I s UL Y
/ _ dsS H POEU vl
LE mem Q
14
€6~ 66~ - <

| Ol4d



WO 2007/110721

2/10

FIG.2

PCT/IB2007/000623

MODE St S2 SR
DRIVEN
1st GEAR 26 X X
LINKED
DRIVEN
2nd X GEAR 31 X
LINKED
DRIVEN
3rd GEAR 28 X X
LINKED
DRIVEN
4th X GEAR 32 X
LINKED
Rev X X O




WO 2007/110721 PCT/IB2007/000623
3/10 :

FIG.3

INPUT SIGNAL
PROCESSING

HIGH Oly NO
YES
$ 4
Ne FIXED DURING DRIVE Ne CHANGES DURING
MODE ALTERATION DRIVE MODE ALTERATION

Cow )




PCT/IB2007/000623

WO 2007/110721

4/10

L¢ G¢

NOLLYY3ILIY
S —e—— ¢ (AOW109INOD
L4IHS BNIYNd

(@)

(Lnd1no) 8l 0¢ | 6 zom oNg LD
ISYIATY
a3ddols o/////or/::/::// |
TVIWHON N :o::rlfﬂltlltlo (pig)
ISYIATY
aaddois 0111110//////11
TVYINHON M
ISYIATY
a3addols olllllorllllllll
TVYINEON J . U

[ R



PCT/IB2007/000623

WO 2007/110721

5/10

(1nd1no)8l
ISHIAATY

d3ddols
TVINHON

4SY3IA3Y
d3iddols
TVINHON

3SH3IATY
d4ddOols
TVIWHON

L¢ G¢

6¢

0 <) ¢ON

/0

(¢)
ON4 33]7

TN
7

r"r

[ap R

(Pig)

NOLLVHI1TY
J0ON T0HLNOO
14IHS DNIHNA

(PUZ)



WO 2007/110721 PCT/IB2007/000623
6/10

>
O
=
L 1.0
9
Sk
;LLI
L=
iqS
W
T
== /
2 SMALL
< /
o /
l—" 1 1 I3 1 1 L 1 1 1L 1
SMALL LARGE
SPEED CHANGE RATIO i
(=ENGINE ROTATION SPEED/ |
COUNTER SHAFT ROTATION SPEED)
>_
O
0
0 1.0
Sk
pLLl
=
xro
S)Ja / 7 / N
TS DRIVE [ / \DRIVE [ DRIVE
== MODE 4/ / MODE 2 MODE 1
= f 7 -
< SMALL / DRIVE
- / MODE 3
SMALL LARGE

SPEED CHANGE RATIO i
(=ENGINE ROTATION SPEED/
COUNTER SHAFT ROTATION SPEED)



PCT/IB2007/000623

WO 2007/110721

7/10

oy

1g 0S \2
IS A
T— [4* —_ .
g1 L+l P
g—__ | ||_|HJ ﬁ..__HJINm N
— T L1 T

w \I g1 9¢r .I..WN L _ I!.N/

e 8HOT 2T 0l
1 T
s | 07 LV |ﬂ_| /ml g

8 OId



WO 2007/110721 PCT/IB2007/000623
8/10

54

— 7
o~
o
™
ol J
8 o o | o
o < '_J Tl o
L0,
3 & LWM”‘ g
o> RN B
—— L2 &
N o
Y o 47
L N _I L—- B | 5 {\co
r~_ Pl iC
L N | O e
lon . I( i N
M OgJp— D g w& —
™
™
\ Q1 | | o [
o Nﬁjl———-—l[\e—
R o | “ 18 A
MmN o I ~
— N N
mX
— T e
] < N
1-5- f | O
g by
m




WO 2007/110721 PCT/IB2007/000623
9/10

FIG.10

NORMAL

STOPPED

REVERSE

MG1 2(ENQG) MG2
(OUTPUT)

FIG. 11

NORMAL

2ND SPEED
GEAR ENGAGED

STOPPED
REVERSE

MGT1 2(ENG) MG2
(OUTPUT) (OUTPUT)

FIG.12

NORMAL

STOPPEDt
REVERSE

MGI 2(ENG) MG2
(OUTPUT) ~ (oUTPUT)



WO 2007/110721 PCT/IB2007/000623
10/10 :

FIG. 13

NORMAL

STOPPED
REVERSE

MG1 2(ENG) MG2
(OUTPUT) (OUTPUT)

FIG. 14

NORMAL

STOPPED
REVERSE

MG1 2(ENG) MG2
(OUTPUT) (OUTPUT)



INTERNATIONAL SEARCH REPORT

Internatlonal application No

g PCT/1B2007/000623
A. CLASSIFICATION OF SUBJECT MATTER
INV. B60K6/04 F16H3/00 F16H3/72 F16H37/04 B60W20/00
g ADD. F16H61/688 B60W10/10 B60W10/06 B60W10/08
According to International Patent Classification (IPC) or to both national classification and IPC
B. FIELDS SEARCHED
Minimum documentation searched (classification system followed by classification symbols)
F16H B60K B60W
Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Electronic data base consulted during the international search (name of data base and, where practical, search lerms used)
EPO-Internal
C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X EP 1 275 547 A (BAYERISCHE MOTOREN WERKE 1-8,10,
AG [DE]) 15 January 2003 (2003-01-15) 14
the whole document
X US 5 669 842 A (SCHMIDT MICHAEL ROLAND 1,2,4,5,
[US]) 23 September 1997 (1997-09-23) 7,13,14
the whole document
X JP 2005 125876 A (TOYOTA MOTOR CORP) 1-5,7,
19 May 2005 (2005-05-19) 10,14
cited in the application
abstract; figures 1-5
A JP 2005 155891 A (TOYOTA MOTOR CORP) 1-17
16 June 2005 (2005-06-16)
cited in the application
abstract; figures 12,13
Further documents are listed in the continuation of Box C. See patent family annex.
" - - tod d ;
Special categories of clted documents T later ?Iociltlym;ntt pub(ljishetli afterftﬂle ir_ﬂﬁrgaiionalrﬁli?g d';;)tel
*A" document defining the general state of the art which is not or priority datie and not in confilct with the application bu
contidored to begof b agrti oUlor reBvanGe i(;’-:t\?g] :% rl]Jnderstand the principle or theory underlying the
'E" earlier document but published on or after the international *X* document of particular relevance; the claimed Invention
filing date cannot be considered novel or cannot be considered to
L dOC#IT}I]S!]I V\{hlgl’tl ma;t/ tlglqomﬂoubt% l<.)n t;3rior(ijtyt clarlm(s)t r?r involve an Inventive step when the document is taken alone
which is cited to establish the publication date of another s ; . ;
Ghation o it spoca 1635 (a5 Spaciec e e e e e
*(" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P' document published prior to the international filing date but in the art.
later than the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
26 July 2007 06/08/2007
Name and mailing address of the ISA/ Authorized officer
European Patent Office, P.B. 5818 Patentlaan 2
Nll' Z 2321807(?)\1 ““SW"JL‘ Tx. 31 651 I
Tel. (+31-70) 3402040, Tx. aponl, . .
2 Fax: (+31-70) 340-3016 Vogt-Schilb, Gérard

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/1B2007/000623

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

[DE]) 6 May 2003 (2003-05-06)
the whole document

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2005/227803 Al (HOLMES ALAN G [US]) 1-17

13 October 2005 (2005-10-13)

the whole document
A US 6 558 283 Bl (SCHNELLE KLAUS-PETER 1-17

Form PCT/ISA/210 (continuation of second sheet) {April 2005)

page 2 of 2




~em

INTERNATIONAL SEARCH REPORT

Information on patent family men

International application No

PCT/IB2007/000623
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1275547 A 15-01-2003 DE 10133919 Al 23-01-2003
JP 3786627 B2 14-06-2006
JP 2003106389 A 09-04-2003
US 2003013569 Al 16-01-2003
US 5669842 A 23-09-1997 - DE 69702806 D1 21-09-2000
DE 69702806 T2 07-12-2000
EP 0805059 A2 05-11-1997
JP 2005125876 A 19-05-2005  NONE
JP 2005155891 A 16-06-2005  NONE
US 2005227803 Al 13-10-2005 DE 102005015804 Al 03-11-2005
US 6558283 Bl 06-05-2003 WO 0026053 Al 11-05-2000
EP 1126987 Al 29-08-2001

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - claims
	Page 48 - claims
	Page 49 - claims
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - wo-search-report
	Page 61 - wo-search-report
	Page 62 - wo-search-report

