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(54) [Title of the Invention] Control device for vehicle drive device

(57) [Summary]

[Problem] In a control device for a vehicle drive device furnished with a

drive power source such as an engine and an electric differential unit

having a first electric motor, a second electric motor, and a differential

mechanism, to secure driving torque and to reduce energy loss.
[Means for Solving] When the EV switch is on or when there is an input
limit Win for the power storage device 70, the first electric motor MG1
and the second electric motor MG2 are used together to perform motor
running, limited to where necessary in order to secure high driving

torque (accelerator pedal opening degree = 01) during motor running,
and the securing of driving torque and reduction of energy loss are
achieved by not using the first electric motor MG1 within the range that
running solely by the second electric motor MG2 is possible (the range

until the driving torque reaches the upper limit torque of the second

electric motor MG2).

[Selected Drawing] FIG. 9

e of the driving forque map
under the premise of MGI-
MG2 combined running
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[Scope Patent Claims]
[Claim 1]

A control device for a vehicle drive device, comprising an electric differential unit including a first electric
motor, a second electric motor, and a differential mechanism, the differential state between the input shaft
rotational speed and the output shaft rotational speed being controlled through the control of the operating state
of the first electric motor; and a differential limiting means that limits the differential state of the electric
differential unit,

wherein, during motor running by the second electric motor, when a specific condition is met, the differential
state of the electric differential unit is limited and motor running is performed by the first electric motor and
the second electric motor.

[Claim 2]

The control device for a vehicle drive device according to claim 1,

wherein the specific condition is a condition at high torque demand.
[Claim 3]

The control device for a vehicle drive device according to claim 1,

wherein the specific condition is a motor running forcing region.
[Claim 4]

The control device for a vehicle drive device according to claim 3,

wherein the motor running forcing region is a condition in which an input limit for a power storage device
mounted on the vehicle is present.

[Claim 5]

The control device for a vehicle drive device according to claim 3 or 4,

wherein the motor running forcing region is a condition in which the motor running mode switch is switched
on.

[Claim 6]

The control device for a vehicle drive device according to any one of claims 2 to 5,

wherein, when high torque is required in the motor running forcing region, the differential state of the
electric differential unit is limited and motor running is performed by the first electric motor and the second
electric motor.

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

The present invention relates to a control device for a vehicle drive device that includes a drive power source
such as an engine (internal combustion engine), an electric differential unit having a differential mechanism
and an electric motor, as well as a mechanical transmission unit.

[Background Art]
[0002]

In recent years, from the perspective of the protection of the environment, a reduction in the amount of
exhaust gas discharged from engines installed in vehicles and an improvement in fuel consumption rate (fuel
economy) have been desired, and hybrid vehicles equipped with a hybrid system have been put into practical
use as vehicles that meet such requirements.

[0003]

Hybrid vehicles are equipped with a drive power source such as a gasoline engine or diesel engine, and an
electric motor (for example, a motor generator or motor) that is driven by engine output for power generation
or by electric power of a power storage device, and either one or both of the engine and the electric motor are
used as the running drive power source.

[0004]

In this type of hybrid vehicle, the operating regions (specifically, driving or stopping) of the engine and the
electric motor are controlled based on vehicle speed and accelerator pedal opening level. For example, in a
region where engine efficiency becomes low, such as at start or during low speed running, the engine is stopped
and the drive wheels are driven by the power of the electric motor only. In addition, during normal running,
control is performed such that the engine is driven and the drive wheels are driven by the power of the engine.
Furthermore, at times of high load such as full throttle acceleration, control is performed such that electric
power is supplied from the power storage device to the electric motor and power by the electric motor is added
as auxiliary power to the power of the engine.
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[0005]

In terms of the drive device for a hybrid vehicle, for example, an electric differential unit comprised of a
first electric motor connected to a rotating element of a differential unit, a power distribution mechanism that
distributes to the first electric motor and an output shaft (drive shaft) the output of an engine input to the input
shaft of the differential unit (or combines the output of the engine and the output of the first electric motor and
outputs the combined power to the drive shaft), and a second electric motor connected to the output shaft; a
transmission unit (for example, a stepped transmission) that constitutes a part of the power transmission path
between the electric differential unit and the drive wheels; and a power storage device (for example, a battery)
that can charge generated electric power from the first electric motor or the second electric motor and can
supply electric power to the first electric motor or the second electric motor, are known (for example, see
Patent Documents 1 to 3). In such a vehicle drive device, the electric differential unit operates as a continuously
variable transmission mechanism (electric continuously variable transmission unit) through the control of the
operating states of the first electric motor and the second electric motor.

[Prior art literature]

[Patent Literature]

[0006]

[Patent Literature 1] Japanese Patent Application Publication No. 2008-265576

[Patent Literature 2] Japanese Unexamined Patent Application Publication No. 2005-206136
[Patent Literature 3] Japanese Unexamined Patent Application Publication No. 2005-319924
[Summary of Invention]

[Problems to be solved by the invention]

[0007]

Meanwhile, in the above-described drive device, that is, a vehicle drive device having an engine and an
electric differential unit, motor running that uses only the second electric motor as a drive power source in a
low output region (hereinafter also referred to as “single running”) is performed.

[0008]

In addition, in this type of vehicle drive device, in order to increase the driving torque during motor running,
it is conceivable to limit the differential state of the electric differential unit and to perform motor running that
uses both the first electric motor MG1 and the second electric motor MG2 as drive power sources for running
(hereinafter also referred to as “combined running”). However, in such combined running, as the engine also
rotates, drag occurs, as does energy loss due to the drag resistance, and therefore energy loss occurs if combined
running is routinely used. Therefore, in order to achieve both the securing of driving torque and the reduction
of energy loss, the problem becomes how to delineate the range of combined running and the range of single
running. This point is an unknown matter and is something that has been newly found by the present inventors.
[0009]

The present invention has been made in consideration of such circumstances, and an object of the invention
is to provide control that is capable of achieving both the securing of driving torque and the reduction of energy
loss by limiting the range of combined running in a control device for a vehicle drive device equipped with a
drive power source such as an engine, an electric differential unit, and a mechanical transmission unit.
[Means of Solving the Problems]

[0010]

The present invention assumes a control device for a vehicle drive device comprised of an electric
differential unit including a first electric motor, a second electric motor, and a differential mechanism, the
differential state between the input shaft rotational speed and the output shaft rotational speed being controlled
through the control of the operating state of the first electric motor, as well as a differential limiting means that
limits the differential state of the electric differential unit, and is characterized in that, in such a control device
for a vehicle drive device, during motor running by the second electric motor, when a specific condition is met,
the differential state of the electric differential unit is limited and motor running is performed by the first
electric motor and the second electric motor.

[0011]

In the present invention, rather than routinely using combined running that uses the first electric motor and
the second electric motor, both the securing of driving torque and the reduction of energy loss are achieved by
limiting the range of combined running.

[0012]
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Specifically, for example, the first electric motor and the second electric motor are used together only
when high torque is required, that is, where the accelerator pedal opening degree is equal to or greater than the
predetermined value, and only the second electric motor is used when the accelerator pedal opening degree is
lower than the predetermined value. By using the first electric motor MG1 and the second electric motor MG2
together only when it is necessary in order to secure high driving torque in motor running in such a manner,
energy loss can be reduced compared with an approach in which the first electric motor is also (routinely) used
from a low accelerator pedal opening degree.

[0013]

In addition, in the present invention, the first electric motor and the second electric motor are used together
only in the motor running forcing region, and the second electric motor only is used in other motor running
regions (non-forcing regions). In this case, the motor running forcing region is a condition in which an input
limit for the power storage device is present (a condition in which engine running is impossible), or a condition
in which the motor running mode switch (EV switch) is switched on. Then, by using the first electric motor
and the second electric motor together only when an input limit for the power storage device is present or when
the motor running mode switch is switched on, energy loss can be reduced compared with an approach in
which the first electric motor is (routinely) used together.

[0014]

As described above, according to the present invention, as the first electric motor and the second electric
motor are used together only when necessary, such as when high torque is required or when in a motor running
forcing region, both the securing of driving torque and the reduction of energy loss can be achieved.

[0015]

As a more specific configuration of the present invention, a configuration may be cited in which, when high
torque is required in the motor running forcing region, the differential state of the electric differential unit is
limited and motor running is performed by the first electric motor and the second electric motor.
[Brief Description of the Drawings]
[0016]
[FIG. 1] is a schematic skeleton diagram showing an outline configuration of a drive device to which the
present invention has been applied.
[FIG. 2] is an operation table in a case where the drive device of FIG. 1 performs continuously variable
transmission operation or stepped transmission operation.
[FIG. 3] is a collineation diagram that explains the relative rotational speeds of the respective gear stages in a
case where the drive device of FIG. 1 performs stepped transmission operation.
[FIG. 4] is a diagram that explains the input and output signals of the ECU that controls the drive device of
FIG. 1.
[FIG. 5] is a block diagram that shows the essential portions of the control functions of the ECU that controls
the drive device of FIG. 1.
[FIG. 6] is a shift diagram used for calculating the target gear stage and for determining switches between the
continuously variable control region and the stepped control region.
[FIG. 7] is a conceptual diagram for mapping the boundary between the continuously variable control region
and the stepped control region of FIG. 6.
[FIG. 8] is a diagram showing the shift gate of a shift operation device.
[FIG. 9] is a flowchart showing one example of motor running control executed by the ECU.
[FIG. 10] is a timing chart showing one example of motor running control executed by the ECU.
[FIG. 11] is a diagram showing the map for obtaining the required driving torque during motor running.
[FIG. 12] is a diagram showing the expanded region of motor running.
[FIG. 13] is a schematic skeleton diagram showing an outline configuration of another example of a drive
device to which the present invention has been applied.
[FIG. 14] is an operation table in a case where the drive device of FIG. 13 performs continuously variable
transmission operation or stepped transmission operation.
[FIG. 15] is a collineation diagram that explains the relative rotational speeds of the respective gear stages in
a case where the drive device of FIG. 13 performs stepped transmission operation.
[Detailed Description of the Embodiments]
[0017]

Hereinafter, embodiments of the present invention will be described based on the drawings.
[0018]

<First Embodiment>

- Drive device for a vehicle -

FIG. 1 is a skeleton diagram showing one example of a drive device to which the control device of the
present invention has been applied.

[0019]
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The drive device 1 in this example is used in an FR (front engine, rear drive) hybrid vehicle and includes an
engine 10 (for example, a gasoline engine) as a drive power source for running. Furthermore, the drive device
1 is arranged on a common axis within a transmission case 1A (hereinafter also referred to as “case 1A”),
which is a non-rotating member attached to the vehicle body, and is comprised of an input shaft 11 connected
to the output shaft (crankshaft) of the engine 10; an output shaft 12; an electric differential unit 20 that is
connected directly to the input shaft 11 or indirectly via a pulsation absorption damper (vibration damping
device), etc., not shown; and a mechanical transmission unit 30 that is connected to the transmission shaft 23,
which is the output rotating member of the electric differential unit 20, and constitutes a part of the power
transmission path between the electric differential unit 20 and the output shaft 12; as shown in FIG. 5, power
from the engine 10 is transmitted to the left and right drive wheels 3 via the electric differential unit 20, the
mechanical transmission unit 30, the output shaft 12, and the differential device (final reduction gear) 2.
[0020]

—Electric differential unit —

The electric differential unit 20 has a first electric motor MG1 and a mechanical mechanism that
mechanically distributes / combines the output of the engine 10 input to the input shaft 11, and includes a
power distribution mechanism 21 which distributes the output of the engine 10 to the first electric motor MGl
and the transmission shaft 23 or that combines the output of the engine 10 and the output of the first electric
motor MG1 and outputs the combined power to the transmission shaft 23, as well as a second electric motor
MG2 which is provided so as to rotate integrally with the transmission shaft 23. The first electric motor MG1
and the second electric motor MG2 in this example are motor generators (rotary electric machines) that
function as electric motors (drive power sources) and which also function as generators.

[0021]

The power distribution mechanism 21 is comprised of a single pinion planetary gear device 22 having a
predetermined gear ratio p0 (for example, 0. 418), as well as a switching clutch CO and a switching brake BO.
The planetary gear device 22 includes, as rotating elements, a sun gear S0, a pinion gear P0, a carrier CAO that
supports the pinion gear PO so that it can rotate and revolve, as well as a ring gear R0 that meshes with the sun
gear SO via the pinion gear PO. When the number of teeth of the sun gear SO is ZS0 and the number of teeth of
the ring gear RO is ZRO0, the above gear ratio p0 is ZS0/ZR0.

[0022]

In this power distribution mechanism 21, the carrier CAO is connected to the input shaft 11, that is, the
engine 10, and the sun gear SO is connected to the first electric motor MG1. In addition, the ring gear RO is
connected to the transmission shaft 23.

[0023]

The switching brake B0 is provided between the sun gear SO and the transmission case 1A, and the switching
clutch CO is provided between the sun gear SO and the carrier CAO. When the switching clutch CO and the
switching brake B0 are released, a differential state is established in which a differential action is produced
that allows the sun gear SO, the carrier CAO, and the ring gear RO to rotate relative to one another, and the
output of the engine 10 is distributed to the first electric motor MG1 and the transmission shaft 23; in addition,
the power storage device 70 (for example, a battery) shown in FIG. 5 is charged by electric energy generated
by the first electric motor MG1 through the use of part of the distributed output of the engine 10. Further, as
the second electric motor MG2 is rotationally driven by the generated electric energy, a continuously variable
transmission state, for example, is established and the rotation of the transmission shaft 23 can be changed
continuously regardless of the rotational speed of the engine 10. That is, the electric differential unit 20
functions as an electric continuously variable transmission in which a gear ratio y0 (the rotational speed of the
input shaft 11 / the rotational speed of the transmission shaft 23) varies in a differential state from a minimum
value yOmin to a maximum value yOmax, for example, in which the gear ratio y0 varies continuously from the
minimum value yOmin to the maximum value yOmax.

[0024]

Meanwhile, when the switching clutch CO is engaged and the sun gear SO and the carrier CAO are engaged
to rotate integrally, a non-differential state in which the three elements constituting the planetary gear device
22, that is, the sun gear SO, the carrier CAO, and the ring gear RO, rotate integrally is established, and the
rotational speed Ne of the engine 10 and the rotational speed of the transmission shaft 23 become equal, and
therefore, the electric differential unit 20 becomes a fixed ratio transmission (stepped transmission state) in
which the gear ratio y0 is fixed at “1”.
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[0025]

In addition, when the switching brake BO is engaged instead of the switching clutch CO, the sun gear SO
enters a non-rotating state (non-differential state), and the ring gear RO is rotated at an increased speed relative
to the carrier CAO, and therefore, the electric differential unit 20 becomes a fixed ratio transmission (stepped
transmission) in which the gear ratio y0 is fixed to a value smaller than “1”, for example, “0. 705”.

[0026]

As described above, in this example, the switching clutch CO and the switching brake BO function as a
differential state switching device that selectively switches the electric differential unit 20 between a
continuously variable transmission state, in which the gear ratio can be continuously varied and the unit
operates as an electric continuously variable transmission, and a fixed ratio transmission state in which the
continuously variable transmission operation is not performed and the variation of the gear ratio is locked, that
is, a state in which the unit can operate as a single stage or multi-stage transmission with one or two types of
gear ratios.

[0027]

The electric differential unit 20 enters a power transmission cutoff state in which power transmission in the
power transmission path inside the electric differential unit 20 is cut off when the switching clutch CO and the
switching brake B0 are released and the first electric motor MG1 is brought into a free rotation state that
generates no reaction torque. On the other hand, when the first electric motor MG1 generates a reaction torque,
or when either the switching clutch CO or the switching brake B0 is engaged, the electric differential unit 20
enters a power transmittable state in which power transmission in the power transmission path inside the
electric differential unit 20 is possible. Then, through the electric differential unit 20 being in the power
transmission cutoff state or the power transmittable state, the entire drive device 1 enters a power transmission
cutoff state or a power transmittable state. However, in this example, as the power transmission path between
the second electric motor MG2 and the drive wheels 3 is never cut off, the second electric motor MG2 is
brought into a free rotation state in order to set the entire drive device 1 to the power transmission cutoff state.
[0028]

The switching clutch CO and the switching brake B0 are hydraulic friction engagement devices commonly
used in conventional stepped automatic transmissions for vehicles, and are configured by a wet multiple-disc
type in which a plurality of friction plates stacked upon one another are pressed by a hydraulic actuator, or by
a band brake in which one or two bands wound around the outer circumferential surface of a rotating drum
have one end tightened by a hydraulic actuator, and are configured so as to selectively connect the members
on both sides in which they are interposed.

[0029]

- Mechanical transmission unit -

The mechanical transmission unit 30 is a stepped automatic transmission having four forward gear stages
and one reverse gear stage, and includes a single pinion first planetary gear device 31, a single pinion second
planetary gear device 32, and a single pinion third planetary gear device 33.

[0030]

The first planetary gear device 31 includes a first sun gear S1, a first pinion gear P1, a first carrier CA1 that
supports the first pinion gear P1 so as to rotate and revolve, as well as a first ring gear R1 that meshes with the
first sun gear S1 via the first pinion gear P1, and has a predetermined gear ratio pl of, for example,
approximately “0. 562”.

[0031]

The second planetary gear device 32 includes a second sun gear S2, a second opinion gear P2, a second
carrier CA2 that supports the second pinion gear P2 so as to rotate and revolve, as well as a second ring gear
R2 that meshes with the second sun gear S2 via the second pinion gear P2, and has a predetermined gear ratio
p2 of, for example, approximately “0. 425”.

[0032]

The third planetary gear device 33 includes a third sun gear S3, a third pinion gear P3, a third carrier CA3
that supports the third pinion gear P3 so as to rotate and revolve, as well as a third ring gear R3 that meshes
with the third sun gear S3 via the third pinion gear P3, and has a predetermined gear ratio p3 of, for example,
approximately “0. 421”.
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[0033]

When the number of teeth of the first sun gear S1 is ZS1, the number of teeth of the first ring gear R1 is
ZR1, the number of teeth of the second sun gear S2 is ZS2, the number of teeth of the second ring gear R2 is
ZR2, the number of teeth of the third sun gear S3 is ZS3, and the number of teeth of the third ring gear R3 is
ZR3, the above gear ratio pl is ZS1/ZR1, the above gear ratio p2 is ZS2/ZR2, and the above gear ratio p3 is
ZS3/ZR3.

[0034]

In the mechanical transmission unit 30 of this example, the first sun gear S1 and the second sun gear S2 are
integrally connected together and selectively connected to the transmission shaft 23 via the second clutch C2,
and in addition, are selectively connected to the case 1A via the first brake B1. In addition, the first carrier
CA1 is selectively connected to the case 1A via the second brake B2, and the third ring gear R3 is selectively
connected to the case 1A via the third brake B3. Furthermore, the first ring gear R1, the second carrier CA2,
and the third carrier CA3 are integrally connected together and connected to the output shaft 12, and the second
ring gear R2 and the third sun gear S3 are integrally connected together and are selectively connected to the
transmission shaft 23 via the first clutch C1.

[0035]

The switching clutch CO, the first clutch C1, the second clutch C2, the switching brake B0, the first brake
B1, the second brake B2, and the third brake B3 are hydraulic friction engagement elements commonly used
in conventional automatic transmissions for vehicles, and are composed of, for example, a wet multiple-disc
type in which a plurality of friction plates stacked upon one another are pressed by a hydraulic actuator, or a
band brake in which one or two bands wound around the outer circumferential surface of a rotating drum have
one end tightened by a hydraulic actuator, and are for the purpose of selectively connecting the members on
both sides in which they are interposed.

[0036]

In the drive device 1 configured as described above, as shown, for example, in the engagement operation
table in FIG. 2, through the selective engagement of the switching clutch CO, the first clutch C1, the second
clutch C2, the switching brake B0, the first brake B1, the second brake B2, and the third brake B3, any one of
the gear stages from a first speed gear stage 1st (first gear stage) to a fifth speed gear stage Sth (fifth gear stage)
is selectively engaged, or alternatively, a reverse gear stage (reverse gear stage) or neutral is selectively
engaged, so that a gear ratio y (y= input shaft rotational speed Nin / output shaft rotational speed Nout) that
changes substantially in geometric progression is obtained for each gear stage.

[0037]

In particular, in this example, the switching clutch CO and the switching brake B0 are provided in the electric
differential unit 20, and by engaging either the switching clutch CO or the switching brake BO, the electric
differential unit 20 can be formed by, in addition to the continuously variable transmission state in which it
can operate as the continuously variable transmission described above, a fixed ratio transmission state in which
it can operate as a transmission having a constant gear ratio. Therefore, in the drive device 1 of this example,
by engaging either the switching clutch CO or the switching brake B0, a stepped transmission is formed by the
electric differential unit 20 that is set in the fixed ratio transmission state and the mechanical transmission unit
30, and by releasing both the switching clutch CO and the switching brake B0, a continuously variable
transmission is formed by the electric differential unit 20 that is set in the continuously variable transmission
state and the mechanical transmission unit 30.

[0038]

For example, when the drive device 1 functions as a stepped transmission, as shown in FIG. 2, by engaging
the switching clutch CO, the first clutch C1, and the third brake B3, a first speed gear stage (1st) having a gear
ratio Yyl whose maximum value is, for example, approximately “3. 357" is engaged, and by engaging the
switching clutch CO, the first clutch C1, and the second brake B2, a second speed gear stage (2nd) having a
gear ratio y2 smaller than that of the first speed gear stage, for example, approximately “2. 180,” is engaged.
[0039]

In addition, by engaging the switching clutch CO0, the first clutch C1, and the first brake B1, a third speed
gear stage (3rd) having a gear ratio y3 smaller than that of the second speed gear stage, for example,
approximately “1. 424,” is engaged, and by engaging the switching clutch CO, the first clutch C1, and the
second clutch C2, a fourth speed gear stage (4th) having a gear ratio y4 smaller than that of the third speed
gear stage, for example, approximately “1. 000,” is engaged. Furthermore, by engaging the first clutch C1, the
second clutch C2, and the switching brake B0, a fifth speed gear stage (5th) having a gear ratio y5 smaller than
that of the fourth speed gear stage, for example, approximately “0. 705,” is engaged.
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[0040]

Meanwhile, by engaging the second clutch C2 and the third brake B3, a reverse gear stage (R) having a gear
ratio YR with a value between that of the first speed gear stage (1st) and the second speed gear stage (2nd), for
example, approximately “3. 209,” is engaged. In addition, for a neutral “N” state, for example, only the
switching clutch CO is engaged.

[0041]

Meanwhile, when the drive device 1 functions as a continuously variable transmission, both the switching
clutch CO and the switching brake B0 are released. As a result, the electric differential unit 20 functions as a
continuously variable transmission, and as the mechanical transmission unit 30 connected in series to the
electric differential unit 20 functions as a stepped transmission, for each of the gear stages of the mechanical
transmission unit 30, that is, the first speed gear stage, the second speed gear stage, the third speed gear stage,
and the fourth speed gear stage, the rotational speed input to the mechanical transmission unit 30, that is, the
rotational speed of the transmission shaft 23, can be changed continuously, and each gear stage is provided
with a continuously variable gear ratio range. Through this, the gear ratios between the gear stages of the
mechanical transmission unit 30 are capable of continuous variation, and a total gear ratio yT for the entire
drive device 1 is obtained continuously.

[0042]

FIG. 3 is a rotational speed relationship diagram that can represent on a straight line the relative relationship
of the rotational speeds of respective rotating elements, whose connected state differs according to each gear
stage, in the drive device 1 that includes the electric differential unit 20 functioning as a continuously variable
transmission or a first transmission unit, and the mechanical transmission unit 30 functioning as a stepped
transmission or a second transmission unit.

[0043]

The rotational speed relationship diagram of FIG. 3 is a two-dimensional coordinate diagram in which the
relative relationships of the gear ratios p of the respective planetary gear devices 22, 31, 32, and 33 are shown
in the horizontal-axis direction and the relative rotational speeds are shown in the vertical-axis direction;
among the three horizontal lines, the lower horizontal line X1 indicates the rotational speed “0,” and the upper
horizontal line X2 indicates the rotational speed “1. 0,” that is, the engine rotational speed Ne of the engine 10
connected to the input shaft 11, and the horizontal axis XG indicates the rotational speed of the transmission
shaft 23.

[0044]

In addition, among the three vertical lines Y1, Y2, and Y3 corresponding to the three elements of the
planetary gear device 22 that constitutes the electric differential unit 20, the vertical line Y1 represents the sun
gear SO corresponding to the second rotating element (second element) RE2, and the vertical line Y2 represents
the carrier CAO corresponding to the first rotating element (first element) RE1. The vertical line Y3 represents
the relative rotational speed of the ring gear RO corresponding to the third rotating element (third element)
RE3, and the spacing between them is determined according to the gear ratio p0 of the planetary gear device
22. That is, when the spacing between vertical lines Y1 and Y2 corresponds to “1,” the spacing between vertical
lines Y2 and Y3 corresponds to the gear ratio pO0.

[0045]

Furthermore, among the five vertical lines Y4, Y5, Y6, Y7, and Y8 of the mechanical transmission unit 30,
the vertical line Y4 corresponds to the fourth rotating element (fourth element) RE4 and represents the first
sun gear S1 and the second sun gear S2 that are connected to each other, and the vertical line Y5 represents
the first carrier CA1 corresponding to the fifth rotating element (fifth element) RES. The vertical line Y6
represents the third ring gear R3 corresponding to the sixth rotating element (sixth element) RE6, and the
vertical line Y7 corresponds to the seventh rotating element (seventh element) RE7 and represents the first
ring gear R1, the second carrier CA2, as well as the third carrier CA3, which are connected to each other. The
vertical line Y8 corresponds to the eighth rotating element (eighth element) RES and represents the second
ring gear R2 and the third sun gear S3, which are connected to each other; the spacing between them is
determined according to the respective gear ratios pl, p2, and p3 of the three planetary gear devices (first to
third) 31, 32, and 33. That is, as shown in FIG. 3, for each planetary gear device (first to third) 31, 32, and 33,
the spacing between its sun gear and its carrier corresponds to “1,” and the spacing between its carrier and its
ring gear corresponds to p.
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[0046]

Expressed using the rotational speed relationship diagram of FIG. 3, in the drive device 1 of this example,
in the electric differential unit (continuously variable transmission unit) 20 shown in FIG. 1, the first rotating
element RE1 (carrier CAQ), which is one of the three rotating elements (elements) of the planetary gear device
22, is connected to the input shaft 11, and in addition, is selectively connected to the sun gear SO, which is one
of the other rotating elements, via the switching clutch CO. Another rotating element, that is, the second rotating
element RE2 (sun gear S0), is connected to the first electric motor MG1, and in addition, is selectively
connected to the transmission case 1A via the switching brake B0. In addition, the remaining rotating element,
that is, the third rotating element RE3 (ring gear RO0), is connected to the transmission shaft 23 and the second
electric motor MG2 so that the rotation of the input shaft 11 is transmitted (input) to the mechanical
transmission unit (stepped transmission) 30 via the transmission shaft 23. At this time, the relationship between
the rotational speed of the sun gear SO and the rotational speed of the ring gear RO is indicated by the oblique
straight line L0 that passes through the intersection of Y2 and X2.

[0047]

For example, when the switching clutch CO and the switching brake BO are released and the system is
switched to the continuously variable transmission state, if the rotation of the sun gear SO indicated at the
intersection of the straight line LO and the vertical line Y1 is increased or decreased through the control of the
reaction torque produced by the power generation of the first electric motor MG1, the rotational speed of the
ring gear RO indicated at the intersection of the straight line LO and the vertical line Y3 is decreased or
increased. In addition, when the sun gear SO and the carrier CAQ are connected by engagement of the switching
clutch CO0, the three rotating elements rotate as a single unit in a locked state, and therefore, the straight line
LO coincides with the horizontal line X2, and the transmission shaft 23 rotates at the same rotational speed as
the engine rotational speed Ne. Furthermore, when the rotation of the sun gear SO is stopped by the engagement
of the switching brake B0, the straight line LO enters the state shown in FIG. 3, and the rotational speed of the
first ring gear RO, that is, the rotational speed of the transmission shaft 23 indicated at the intersection of the
straight line LO and the vertical line Y3, is input to the automatic transmission unit 20 at a rotational speed
which has been increased relative to the engine rotational speed Ne.

[0048]

In the mechanical transmission unit 30, as shown in FIG. 3, through the engagement of the first clutch C1
and the third brake B3, the diagonal straight line L1 passing through the intersection of the vertical line Y8
indicating the rotational speed of the eighth rotating element RE8 with the horizontal line X2 and the
intersection of the vertical line Y6 indicating the rotational speed of the sixth rotating element RE6 with the
horizontal line X1, and the intersection of that diagonal straight line with the vertical line Y7 indicating the
rotational speed of the seventh rotating element RE7 connected to the output shaft 12, indicates the rotational
speed of the output shaft 12 in the first gear.

[0049]

Similarly, at the intersection of a diagonal straight line L2 determined by the engagement of the first clutch
C1 and the second brake B2 with the vertical line Y7 indicating the rotational speed of the seventh rotating
element RE7 connected to the output shaft 12, the rotational speed of the output shaft 12 in the second gear is
indicated, and at the intersection of the diagonal straight line L3 determined by the engagement of the first
clutch C1 and the first brake B1 with the vertical line Y7 indicating the rotational speed of the seventh rotating
element RE7 connected to the output shaft 12, the rotational speed of the output shaft 12 in the third gear is
indicated. Furthermore, at the intersection of the horizontal straight line L4 determined by the engagement of
the first clutch C1 and the second clutch C2 with the vertical line Y7 indicating the rotational speed of the
seventh rotating element RE7 connected to the output shaft 12, the rotational speed of the output shaft 12 in
the fourth gear is indicated.

[0050]

In the first to fourth gears above, as the switching clutch CO is engaged, power from the electric differential
unit 20 is input to the eighth rotating element RES at the same rotational speed as the engine rotational speed
Ne. On the other hand, when the switching brake B0 is engaged instead of the switching clutch C0, as power
from the electric differential unit 20 is input at a rotational speed higher than the engine rotational speed Ne,
at the intersection of the horizontal straight line L5 determined by the engagement of the first clutch C1, the
second clutch C2, and the switching brake BO with the vertical line Y7 indicating the rotational speed of the
seventh rotating element RE7 connected to the output shaft 12, the rotational speed of the output shaft 12 in
the fifth gear is indicated. In addition, at the intersection of the diagonal straight line LR determined by the
engagement of the second clutch C2 and the third break B3 with the vertical line Y7 indicating the rotational
speed of the seventh rotating element RE7 connected to the output shaft 12, the rotational speed of the output
shaft 12 in the reverse gear R is indicated.
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[0051]

The drive device 1 described above is controlled by an ECU (Electronic Control Unit) 100 (see FIG. 4 and
FIG. 5). In addition, the control device for the vehicle drive device of the present invention is implemented
through a program executed by the ECU 100.

[0052]

—ECU—

The ECU 100 is provided with a CPU, a ROM, a RAM, a backup RAM, and an input/output interface, etc.,
and executes the drive control of the engine 10, the first electric motor MG1, and the second electric motor
MG?2, and drive control such as shift control of the mechanical transmission unit 30, through the performance
of signal processing in accordance with a program prestored in the ROM while using the temporary storage
function of the RAM.

[0053]

Signals are input to the ECU 100 from the various sensors and various switches shown in FIG. 4, for
example, a signal indicating the cooling water temperature of the engine 10, a signal indicating the shift
position, a signal indicating the engine rotational speed Ne that is the rotational speed of the output shaft (crank
position) of the engine 10, a signal indicating the rotational speed of the first electric motor MG1, a signal
indicating the rotational speed of the second electric motor M2, a signal commanding the M mode (manual
shift running mode), an air-conditioner signal indicating the operation of the air conditioner, a vehicle speed
signal corresponding to a rotational speed of the output shaft 12, an oil temperature signal indicating the
hydraulic-fluid temperature of the mechanical transmission unit 30, a signal indicating the parking brake
operation, a signal indicating the foot brake operation, a catalyst temperature signal indicating the temperature
of the catalyst disposed in the exhaust passage of the engine 10, a battery temperature signal indicating the
temperature of the electrical storage device 70, an accelerator opening signal (the output signal of the
accelerator opening sensor 201) indicating the operation amount (accelerator opening degree) of the accelerator
pedal, an EV running mode request signal (an on/off signal of the EV switch 202) requesting an EV running
mode, a camera angle signal, a snow mode setting signal indicating the snow mode setting, an acceleration
signal indicating the longitudinal acceleration of the vehicle, an auto cruise mode setting signal for setting the
auto cruise mode, and a vehicle weight signal indicating the weight of the vehicle, etc.

[0054]

In addition, the ECU 100 outputs a drive signal to the throttle motor that operates the degree of opening
(throttle opening degree) of the throttle valve of the engine 10, a boost pressure adjustment signal for adjusting
the boost pressure, an electric air conditioner drive signal for operating the electric air conditioner, an ignition
signal commanding the ignition timing of the engine 10, command signals commanding the operation of the
first electric motor MG1 and the second electric motor MG2, a shift position (operation position) display signal
for operating the shift indicator, a gear ratio display signal for displaying the gear ratio, a snow mode display
signal for displaying that the snow mode is set, an ABS operation signal for operating the ABS actuator that
prevents wheel slippage when braking, an M-mode display signal for displaying that the M mode is selected,
a valve command signal for operating the AT-line-pressure control solenoid valve included in the hydraulic
control circuit 200, a valve command signal for operating the AT solenoid valve included in the hydraulic
control circuit 200 in order to control the hydraulic actuators of the hydraulic friction engagement elements of
the electric differential unit 20 and the mechanical transmission unit 30, a drive command signal for operating
an electric hydraulic pump that is the hydraulic source of the hydraulic control circuit 200, a signal for running
the electric heater, and a signal to the cruise-control control computer, etc.

[0055]

— Explanation of ECU operation —

Before describing the operation of the ECU 100, a shift diagram used for the shift control executed by the
ECU 100 is described with reference to FIG. 6. The shift diagram shown in FIG. 6 is a two-dimensional map
for obtaining the target gear stage, etc., by using the vehicle speed V and the output torque Tout, which is a
drive force-related value, as parameters, and is stored in the ECU 100. In the shift diagram shown in FIG. 6,
an upshift line (shift line) is shown as a solid line, and a downshift line (shift line) is shown as a broken line.
In addition, a region inside a thick line indicates an electric-motor running region (EV running region).
[0056]

In the shift diagram of FIG. 6, a single-dot chain line indicates the determination vehicle speed V1 and the
determination output torque T1 that define the predetermined conditions for determining the stepped control
region and the continuously variable control region, and indicates a high vehicle speed determination line,
which is a series of the determination vehicle speeds V1 that are high vehicle speed determination values, and
a high output running determination line, which is a series of the determination output torque T1 that is the
high output running determination value. Further, the single-dot chain line shown in FIG. 6 is set based on the
relationship (boundary line) between the continuously variable control region and the stepped control region
using the engine rotational speed Ne and the engine torque Te as parameters, as shown, for example, in FIG.
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7. In addition, in the shift diagram of FIG. 6, hysteresis is provided in the determination of the stepped control
region and the continuously variable control region, as shown by the double-dot chain line relative to the
single-dot chain line.

[0057]

Furthermore, the determination between the continuously variable control region and the stepped control
region may also be made based on the relationship diagram of FIG. 7, using the actual engine rotational speed
Ne and the engine torque Te.

[0058]

Next, the main portions of the control functions of the ECU 100 are described with reference to FIG. 5.
[0059]

The ECU 100 includes a switching control unit 101, a hybrid control unit 102, a stepped gear control unit
103, an upshift side gear stage determination unit 104, and an engine control unit 105, etc.

[0060]

The switching control unit 101 includes a high vehicle speed determination unit 111, a high output running
determination unit 112, and an electric path function determination unit 113, and selectively switches the drive
device 1 to either the continuously variable transmission state or the stepped transmission state based on the
vehicle state.

[0061]

The high vehicle speed determination unit 111 determines whether or not the vehicle state of the hybrid
vehicle, for example whether or not the actual vehicle speed V, has entered into a high vehicle speed that is
equal to or higher than the determination vehicle speed V1 (see FIG. 6), which is the preset high speed running
determination value.

[0062]

The high output running determination unit 112 determines whether or not a vehicle state of the hybrid
vehicle, for example whether or not a drive force related value related to the drive force, for example the output
torque Tout of the mechanical transmission unit 30, has become high torque (high drive force) that is equal to
or higher than the determination output torque T1, which is the preset high output running determination value.
[0063]

The electric path function determination unit 113 determines whether or not the vehicle state for setting the
drive device 1 to the continuously variable transmission state, for example, a fault determination condition in
which the functional degradation of the control device is determined, is satisfied, based on the functional
degradation of equipment related to the electric path from the generation of electric energy in the first electric
motor MG1 to conversion of that electric energy into mechanical energy, that is, based on the failure of the
first electric motor MG1, the second electric motor MG2, the inverter 60, the electrical storage device 70, or
the transmission path connecting them, or upon the occurrence of a malfunction (failure) or a functional
degradation or functional disorder as a result of low temperature.

[0064]

The above drive force-related value is a parameter that corresponds one-to-one to the drive force of the
vehicle, and may be not only a drive torque or drive force at the drive wheel 3 but also, for example, an actual
value such as the output torque Tout of the mechanical transmission unit 30, the engine torque Te, vehicle
acceleration, or the engine torque Te calculated from, for example, the accelerator opening degree or the
throttle opening degree (or the intake-air amount, the air-fuel ratio, or the fuel-injection amount) and the engine
rotational speed Ne, or may be an estimated value such as the required drive force as calculated based on the
degree of operation of the accelerator pedal or degree of opening of the throttle.

[0065]

In addition, the above drive torque may also be calculated from the output torque Tout, etc., by taking into
account the differential ratio and the radius of the drive wheel 3, or may be directly detected through the use
of, for example, a torque sensor, etc. The same also applies to the respective other torques, etc. That is, the
high output running determination unit 112 determines the high output running of the vehicle based on a drive
force-related parameter that directly or indirectly indicates the drive force of the vehicle.

[0066]

The upshift side gear stage determination unit 104 determines, in order to determine whether or not to
engage the switching clutch CO or the switching brake BO when setting the drive device 1 to the stepped
transmission state, whether or not, for example, based on the vehicle state and in accordance with the shift
diagram (FIG. 6) described below, the gear stage to be shifted to in the drive device 1 is a gear stage on the
upshift side, for example, the fifth gear stage. This is in order to allow for the switching clutch CO to be engaged
in the first to fourth gears, or to enable the switching brake B0 to be engaged in the fifth gear, when the entire
drive device 1 functions as a stepped automatic transmission.
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[0067]

Then, the switching control unit 101 determines that the drive device 1 is in a stepped transmission control
region for switching the drive device 1 to the stepped transmission state, based on at least one of the high
vehicle speed determination by the high vehicle speed determination unit 111, the high output running
determination (that is, the high torque determination) by the high output running determination unit 112, and
the determination of electric path functional failure by the electric path function determination unit 113, outputs
a signal to the hybrid control unit 102 prohibiting hybrid control or continuously variable transmission control,
and permits the stepped gear control unit 103 to execute the preset shift control for the stepped transmission.
[0068]

At this time, the stepped gear control unit 103 performs the automatic shift control of the mechanical
transmission unit 30 in accordance with the shift diagram shown in FIG. 6. FIG. 2 shows combinations of
operations of the hydraulic friction engagement devices, that is, the clutches C0O, C1, and C2 and the brakes
B0, B1, B2, and B3, which are selected during the shift control at such times; the drive device 1 as a whole,
that is, the electric differential unit 20 and the mechanical transmission unit 30, functions as a stepped
automatic transmission, and gear stages are achieved in accordance with the engagement table shown in FIG.
2.

[0069]

For example, even in the case of a high vehicle speed determination by the high vehicle speed determination
unit 111, a fifth gear stage determination by the upshift side gear stage determination unit 104, or a high output
running determination by the high output running determination unit 112, when the upshift side gear stage
determination unit 104 determines that the fifth gear stage is to be selected, the switching control unit 101
outputs to the hydraulic control circuit 200 a command to release the switching clutch CO and to engage the
switching brake BO so that a gear stage having a gear ratio smaller than 1. 0, that is, an upshift side gear stage
(an overdrive gear stage), is obtained as the entire drive device 1, and the electric differential unit 20 is made
to function as a sub-transmission having a fixed gear ratio y0, for example y0 = “0. 705.”

[0070]

In addition, when the high output running determination by the high output running determination unit 112
is made, or when the upshift side gear stage determination unit 104 determines that the gear stage to be shifted
to is not the fifth speed gear stage, the switching control unit 101 outputs to the hydraulic control circuit 200 a
command to engage the switching clutch CO and release the switching brake B0 so that a gear stage having a
gear ratio of 1. 0 or greater, that is, a reduction side gear stage, is obtained as the entire drive device 1, and the
electric differential unit 20 is thereby made to function as a sub-transmission having a fixed gear ratio y0, for
example y0 = “1.”

[0071]

In this manner, when the drive device 1 is switched to the stepped transmission state based on predetermined
conditions by the switching control unit 101, it is selectively switched so as to become one of two types of
gear stages within such stepped transmission state. As a result, the electric differential unit 20 functions as a
sub-transmission, and the mechanical transmission unit 30 arranged in series therewith functions as a stepped
transmission, whereby the drive device 1 as a whole functions as a stepped automatic transmission.

[0072]

For example, the determination vehicle speed V1 (FIG. 6) is set such that, during high speed running, the
drive device 1 is placed in the stepped transmission state so as to suppress fuel consumption deterioration that
would otherwise occur if the drive device 1 were to be placed in the continuously variable state during high
speed running. In addition, the determination torque T1 (FIG. 6) is set in accordance with the characteristics
of the first electric motor MG1, which, for example, is arranged such that the maximum output of electric
energy from the first electric motor MG1 is made smaller in order to allow for the first electric motor MG1 to
be of a smaller size.

[0073]

On the other hand, when none of the high vehicle-speed determination by the high vehicle speed
determination unit 111, the high output running determination by the high output running determination unit
112, or the electric path function failure determination by the electric path function determination unit 113
occurs, the switching control unit 101 determines that the drive device 1 is in a continuously variable control
region in which the drive device 1 is switched to the continuously variable state, and outputs to the hydraulic
control circuit 200 a command to release the switching clutch CO and the switching brake B0 so that the electric
differential unit 20 is put into the continuously variable state and can perform continuously variable control,
whereby the drive device 1 as a whole is placed in the continuously variable state. At the same time, it outputs
to the hybrid control unit 102 a signal permitting hybrid control, and outputs to the stepped gear control unit
103 either a signal for fixing the gear stage at the predetermined gear stage for continuously variable operation,
or a signal permitting the automatic shifting of the mechanical transmission 30 in accordance with the shift
map of FIG. 6. In this case, automatic shifting is performed by the stepped gear control unit 103 by way of the
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operation of the clutches and brakes shown in the engagement chart of FIG. 2, excluding the engagement of
the switching clutch CO and the switching brake B0.
[0074]

In this way, when the electric differential unit 20, having been switched to the continuously variable state
by the switching control unit 101 based the predetermined conditions, functions as a continuously variable
transmission, and the mechanical transmission 30 disposed in series therewith functions as a stepped
transmission, an appropriate magnitude of driving force is obtained, and at the same time, for each of the gear
stages of the mechanical transmission 30, that is the first gear, second gear, third gear, and fourth gear, the
rotational speed input to the mechanical transmission 30, that is, the rotational speed of the transfer shaft 23,
is varied continuously, so that each gear stage obtains a continuously variable range of gear ratios. Through
this, the gear ratios between each of the gear stages are capable of continuous variation, and a total gear ratio
vT for the entire drive device 1 becomes obtainable in a stepless manner.

[0075]

The hybrid control unit 102 operates the engine 10 in an efficient operating region while varying the
distribution of driving force among the engine 10, the first electric motor MG1, and/or the second electric
motor MG?2 so as to optimize distribution. For example, at the current vehicle speed at that time, the accelerator
pedal operation amount and the vehicle speed are used to calculate the driver’s required output, and the
necessary driving force is calculated from this required output and the charging request value. Furthermore,
the engine speed Ne and the total output are calculated, and based on this total output and the engine speed Ne,
the engine 10 is controlled so as to obtain the engine output, and in addition, the power generation amount of
the first electric motor MG1 is controlled.

[0076]

In addition, the hybrid control unit 102 also executes control while taking into consideration the gear stage
of the mechanical transmission 30, or alternatively issues shift commands to the mechanical transmission 30
for purposes such as improving fuel economy. In such hybrid control, in order to match the engine speed Ne
that allows the engine 10 to operate in an efficient operating region with the rotational speed of the transfer
shaft 23 as determined by the vehicle speed and the gear stage of the mechanical transmission 30, the electric
differential unit 20 is caused to function as an electrical continuously variable transmission. That is, the hybrid
control unit 102 obtains the target value of the total gear ratio yT for causing the engine 10 to operate on an
optimal fuel consumption rate curve that balances drivability and fuel economy during continuously variable
running, and controls the gear ratio Y0 of the electric differential unit 20 so that the target value is obtained,
thereby controlling the total gear ratio yT within the variable range (for example, 13 to 0. 5).

[0077]

At this time, as the hybrid control unit 102 supplies the electric energy generated by the first electric motor
MGT1 to the storage device 70 and the second electric motor MG2 through the inverter 60, the main portion of
the power of the engine 10 is mechanically transmitted to the transfer shaft 23, however, a portion of the power
of the engine 10 is consumed for power generation by the first electric motor MG1 and is converted into electric
energy. This electric energy is supplied through the inverter 60 to the second electric motor MG2 or the first
electric motor MG1, and is transmitted from the second electric motor MG?2 or the first electric motor MG1 to
the transfer shaft 23 of the electric differential unit 20. An electrical path is thereby constituted by the
equipment involved from the generation of this electric energy through to its consumption by the second
electric motor M2, by which a portion of the power of the engine 10 is converted into electric energy and
then converted back into mechanical energy.

[0078]

In addition, the hybrid control unit 102 can perform electric motor running (motor running) by means of the
electrical CVT function of the electric differential unit 20, regardless of whether the engine 10 is stopped or
idling. Furthermore, even when the electric differential unit 20 is in the stepped transmission state (fixed ratio
state) while the engine 10 is in the stopped state, the hybrid control unit 102 can operate the first electric motor
MG and/or the second electric motor MG2 so as to run the electric motor.
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[0079]

In addition, when the EV switch 202 (see FIG. 4) is turned on by the driver, for example, the hybrid control
unit 102 runs the electric motor (hereinafter also referred to as “MG1-MG2 combined running”) in which both
the first electric motor MG1 and the second electric motor MG2 serve as driving force sources for the running.
Furthermore, MG1-MG2 combined running is performed when an input limitation Win to the storage device
70 is present and engine running is impossible. The details of this are described later.

[0080]

Here, the input limitation Win of the electrical storage device 70 is set, for example, on the basis of the
battery temperature of the electrical storage device 70 as detected by the battery temperature sensor (see FIG.
4) and the SOC (State of Charge) of the electrical storage device 70. The state of charge SOC is calculated, for
example, based on the integrated value of the charge-discharge current of the electrical storage device 70.
[0081]

The engine control unit 105 executes various controls for the engine 10, including throttle valve opening
control (intake air amount control), fuel injection amount control, and ignition timing control.

[0082]

The ECU 100, in addition to the various controls described above, also executes the “motor running control”
described later.
[0083]

- Shift operating device -

Next, the shift operating device, which is a manual shift operation device, is described with reference to
FIG. 8.

[0084]

In this example, the shift operating device 80 is disposed, for example, beside the driver’s seat, and includes
a shift lever 81 that is operated in order to select from a plurality of types of shift positions.

[0085]

As shown, for example, in the engagement/operation table of FIG. 2, the shift lever 81 is configured so as
to be manually operated in any one of a neutral position in which both the clutch C1 and the clutch C2 are
released and the power-transmission path inside the drive device 1 is interrupted; a parking position “P” for
locking the output shaft 12 of the drive device 1; a reverse-running position “R” for reverse driving; a neutral
position “N” that places the drive device 1 in a non-driving neutral state in which the power transmission path
inside the drive device 1 is interrupted; a forward automatic shift running position “D”; or a forward manual-
shift running position “M.”

[0086]

The “P” position and the “N” position are non-running positions selected when the vehicle is not to be
driven, while the “R” position, “D” position, and “M” position are running positions selected when the vehicle
is to be driven. In addition, the “D” position is also the highest speed running position, and, in the “M” position,
for example, the “4” range through the “L” range are engine braking ranges in which an engine brake effect
can be obtained.

[0087]

The “M” position, for example, is provided adjacent, in the vehicle width direction, to the “D” position at
the same location in the vehicle fore-aft direction, and when the shift lever 81 is operated to the “M” position,
any range from the “D” range to the “L” range is changed in accordance with the operation of the shift lever
81. Specifically, in the “M” position here, an upshift position “+” and a downshift position “—” are provided
in the vehicle fore-aft direction, and when the shift lever 81 is operated to the upshift position “+” or to the
downshift position “—,” the range is switched to any one of the “D” range through to the “L” range. For
example, the five shift ranges of the “D” ranges through the “L” ranges in the “M” position are a plurality of
types of shift ranges having different total gear ratios yT on the high speed side (gear ratio minimum side)
within the variable range of the total gear ratio yT in which automatic shifting of the drive device 1 is possible,
and in addition, limit the shift range (gear stage range) such that the highest speed gear stage available in the
mechanical transmission 30 differs.
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[0088]

In addition, the shift lever 81 is biased by a spring or other urging means so as to be automatically returned
from the upshift position “+” and the downshift position “-” to the “M” position. Further, the shift operating
device 80 is provided with a shift position sensor (see FIG. 4) for detecting each shift position of the shift lever
81, and outputs to the ECU 100 the shift position of the shift lever 81 as well as the number of operations in
the “M” position, etc.

[0089]

For example, when the “D” position is selected by operation of the shift lever 81, the shift state automatic
switching control for the drive device 1 is executed by the switching control unit 101 based on the shift map
of FIG. 6, the continuously variable shift control of the electric differential unit 20 is executed by the hybrid
control unit 102, and the automatic shift control of the mechanical transmission 30 is executed by the stepped
shift control unit 103. For example, during stepped shift running in which the drive device 1 is switched to the
stepped transmission state, the drive device 1 is automatically shifted within the range of the first speed gear
stage through to the fifth speed gear stage as shown in FIG. 2, for example, or, during continuously variable
running in which the drive device 1 is switched to the continuously variable state, it is automatically shifted
within the range of the continuously variable gear ratio width of the electric differential unit 20 and the first
gear to fourth gear stages of the mechanical transmission 30, that is, within the range of the total gear ratio yT
in which the drive device 1 can be shifted. This “D” position is also a shift position that selects the automatic
shift running mode (automatic mode), which is the control mode in which the automatic shift control of the
drive device 1 is executed.

[0090]

On the other hand, when the “M” position is selected by operation of the shift lever 81, the drive device 1
is automatically shifted by the switching control unit 101, the hybrid control unit 102, and the stepped shift
control unit 103 within the range of the total gear ratio yT that is shiftable in each shift range, such that the
upper limit shift stage or upper limit gear ratio of the shift range is not exceeded. For example, during stepped
shift running in which the drive device 1 is switched to the stepped transmission state, the drive device 1 is
automatically shifted within the range of the total gear ratio yT that is shiftable in each shift range, or, during
continuously variable running in which the drive device 1 is switched to the continuously variable state, the
drive device 1 is automatically shifted, within each shift range, based on the continuously variable gear ratio
width of the electric differential unit 20 and the range of shiftable gear stages of the mechanical transmission
30 corresponding to that shift range, that is, within the range of the total gear ratio yT that is shiftable in each
shift range. This “M” position is also a shift position that selects the manual shift running mode, which is the
control mode in which the manual shift control of the drive device 1 is executed.

[0091]

—Motor running control —

The motor running control executed by the ECU 100 is explained with reference to the flowchart of FIG. 9.
The control routine of FIG. 9 is repeatedly executed in the ECU 100 at predetermined intervals (for example,
every several msec through to every several tens of msec).

[0092]

First, in step ST101, it is determined whether or not the EV switch 202 (FIG. 4) is ON; if the determination
result is affirmative (the EV switch is ON), the routine proceeds to step ST105. If the determination result in
step ST101 is negative (the EV switch is OFF), the routine proceeds to step ST102.

[0093]

In step ST102, it is determined whether there is an input limitation Win on the battery device 70; if the
determination result is affirmative, the routine proceeds to step ST105. If the determination result of step ST102
is negative (i.e., no input limitation Win is present), the routine proceeds to step ST103.

[0094]

In step ST103, under the premise of MG2-only running, a torque map corresponding to accelerator opening
level is adopted. Specifically, among the maps shown in FIG. 11, the map Ma for cases where only the second
electric motor MG2 is used is employed; based on the accelerator opening level obtained from the output signal
of the accelerator opening sensor 201 (FIG. 4), the map Ma is referenced in order to calculate the required
drive torque, and MQG2 is drive-controlled based on the calculated required drive torque, thereby executing
motor running through the use of only the second electric motor MG2 (step ST104).
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[0095]

On the other hand, when the determination result in step ST101 is affirmative (the EV switch is ON), that
is, when the driver requests motor running without starting the engine 10, then in step ST105, under the premise
of combined running using the first electric motor MG1 and the second electric motor MG2, a torque map
corresponding to the accelerator opening level is adopted. Specifically, among the maps shown in FIG. 11, the
map Mb for the case where both the first electric motor MG1 and the second electric motor MG2 are used is
adopted.

[0096]

Next, in step ST106, it is determined whether or not the accelerator opening level obtained from the output
signal of the accelerator opening sensor 201 (FIG. 4) is equal to or greater than the combined running
determination value 01; if the determination result is negative (accelerator opening level < 61), the routine
transitions to step ST103 and executes (continues) motor running using only the second electric motor MG2.
[0097]

If the determination in step ST106 is affirmative (accelerator opening level > 01), the routine proceeds to
step ST107. Note that the combined running determination value 01 is set, taking into account the upper limit
allowable torque that the second electric motor MG2 is permitted to output, such that second electric motor
MG@G2-only running can be executed up to that allowable torque upper limit.

[0098]

In step ST107, the rotational speed of the first electric motor MGl is increased so as to raise the rotational
speed of the sun gear SO of the electric differential unit 20 shown in FIG. 1. At this time, as an increase in the
first electric motor MG1 rotational speed causes the engine speed to rise, the intake valve or exhaust valve is
opened during the compression stroke of the engine 10 in order to place the engine 10 in a decompression
state, thereby reducing the drag torque of the engine 10.

[0099]

Next, in step ST108, it is determined whether or not the rotational speed of the sun gear SO, which has been
raised by the first electric motor MG1 (calculated from the output signal of the engine speed sensor (FIG. 4)),
has reached the synchronous rotational speed (the rotational speed of the second electric motor MG2), and
when the rotational speed of the sun gear SO reaches the rotational speed of the second electric motor MG2
(that is, when the determination result in step ST108 becomes affirmative), the clutch CO of the electric
differential unit 20 shown in FIG. 1 is engaged (locked) (step ST109). By engaging the clutch CO in this
manner, the sun gear S0, the carrier CA0, and the ring gear R0 rotate integrally, enabling motor running through
the use of both the first electric motor MG1 and the second electric motor MG2.

[0100]

Then, in step ST110, among the maps shown in FIG. 11, the map Mb for the case where the first electric
motor MG1 and the second electric motor MG2 are used is employed, and based on the accelerator opening
level obtained from the output signal of the accelerator opening sensor 201 (FIG. 4), the map Mb is referenced
to calculate the required drive torque, and the torque of the first electric motor MGl is increased based on the
calculated required drive torque (i.e., the first electric motor MG1 and the second electric motor MG2 are used
in combination), thereby ensuring a high drive torque that corresponds to the high torque demand caused by
the depression of the accelerator pedal.

[0101]

Here, even when the EV switch is OFF (the determination result in step ST101 is negative), if there is an
input limitation Win on the battery device 70, the region where driving by the engine is possible and the
available drive torque become limited, and therefore running using both the first electric motor MG1 and the
second electric motor MG2 (combined running) may be necessary. That is, when the input limitation Win is
present, the engine 10 cannot be started, and therefore, for example during steep uphill driving, it may become
necessary to secure drive torque by motor running.
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[0102]

Accordingly, in this example, even in such cases, motor running using both the first electric motor MGl
and the second electric motor MG2 is executed. Specifically, when there is an input limitation Win on the
battery device 70 (the determination result in step ST102 is affirmative) and the accelerator pedal depression
amount is large (accelerator opening level > 01), the processing of steps ST107 to ST110 described above is
executed, and running through the use of both the first electric motor MG1 and the second electric motor MG2
is carried out.

[0103]

As described above, in this example, limited to when the EV switch 202 is turned ON or when an input
limitation Win is present on the battery device 70, and when there is a high torque demand (accelerator opening
level > 01), the drive torque produced by the first electric motor MGl assists the drive torque (allowable upper
limit torque) produced by the second electric motor MG2, so that, as shown in FIG. 12, the motor running
region is expanded relative to the normal motor running region (the region indicated by the bold line) (to the
region indicated by the two-dot chain line in FIG. 12), thereby realizing high drive torque at low vehicle speeds.
[0104]

Next, the above described motor running control is specifically explained with reference to the timing chart
of FIG. 10.

[0105]

First, during motor running using only the second electric motor MG2, when the accelerator pedal is
depressed, the increase of the torque of the second electric motor MG2 is started from that time point T1 (the
time at which the accelerator opening level begins to increase). Specifically, the second electric motor MG2 is
drive controlled such that its torque increases to match the required drive torque obtained from the map Ma of
FIG. 11 based on the accelerator opening level.

[0106]

Next, when the accelerator opening level reaches or exceeds the combined use determination value 61
(accelerator opening level > 01), at time point T2, the combined use switching control is started. Specifically,
in order to synchronize the rotational speed of the sun gear SO shown in FIG. 1 with the rotational speed of the
second electric motor MG2, the first electric motor MG1 is increased in speed, and the raising of the rotational
speed of the sun gear SO is started. At this time, even when the accelerator opening level becomes equal to or
greater than the combined use determination value 01, as there is a response delay in terms of the actual drive
torque relative to the required drive torque, the torque of the second electric motor MG2 is increasing.
Furthermore, when increasing the speed of the first electric motor MG1, the engine 10 is placed in a
decompression state in order to reduce the dragging resistance of the engine 10 as described above.

[0107]

Then, through the raising of the rotational speed of the sun gear SO by the first electric motor MG1, when
the rotational speed of the sun gear SO becomes synchronized with the rotational speed of the second electric
motor MG2 at time point T3, the clutch CO of the electric differential unit 20 shown in FIG. 1 is locked
(engaged). Furthermore, the output torque (drive torque) is further increased by keeping the torque of the
second electric motor MG2 constant and increasing the torque of the first electric motor MG1. After this, when
the throttle opening becomes constant at time point T4, the combined use switching control is ended.

[0108]

As described above, according to the motor running control of FIG. 9 and FIG. 10, limited to when specific
conditions are satisfied, such as when the EV switch is ON or when there is an input limitation Win on the
battery device 70 (that is, in a forced motor running region), and when it is necessary to secure high drive
torque by motor running, motor running is performed using both the first electric motor MG1 and the second
electric motor MG2, and in the region where running using only the second electric motor MG2 is possible
(the region in which the drive torque does not exceed the upper limit torque of the second electric motor MG2),
the first electric motor MGl is not used, such that most of the motor running region can be motor running
through the use of only the second electric motor MG2. Accordingly, it is possible to achieve both the securing
of drive torque and a reduction in energy loss. Further, compared with an approach in which the first electric
motor MG1 is used in combination (regularly used) from low accelerator opening levels, this approach can
suppress the energy required for increasing the speed of the first electric motor MG1 and the engine dragging
resistance, and is therefore beneficial from the perspective of fuel economy.
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[0109]

Here, in the motor running control shown in FIG. 9 above, the step ST101 for determining whether or not
the EV switch is ON and the step ST102 for determining whether or not the input limitation Win is present are
executed, however, the present invention is not limited thereto, and it is also possible to execute only one of
the determination steps, that is, the step ST101 for determining whether or not the EV switch is ON or the step
ST102 for determining whether or not the input limitation Win is present.

[0110]

In addition, it is also possible to omit the step ST101 for determining whether or not the EV switch is ON
and the step ST102 for determining whether or not the input limitation Win is present, and, during motor
running through the use of only the second electric motor MG2, when the accelerator pedal is depressed and
the accelerator opening level reaches or exceeds 01, to execute the above mentioned combined use switching
control such that motor running using both the first electric motor MG1 and the second electric motor MG2 is
performed.

[0111]

<Second Embodiment>

Another example of a drive device to which the control device of the present invention is applied is described
with reference to FIG. 13 to FIG. 15.

[0112]

FIG. 13 is a skeleton diagram of the drive device 500 of this example, and FIG. 14 is an engagement table
showing the relationship between the gear stages of the drive device 500 and the combinations of engagements
of the hydraulic friction engaging elements. FIG. 15 is a collineation diagram explaining the shifting operations
of the drive device 500. Note that in the skeleton diagram shown in FIG. 13, only the upper halves of the
electric differential unit 20 and the mechanical transmission 50 are shown.

[0113]

The drive device 500 in this example differs from the above mentioned <First Embodiment> in terms of the
configuration of the mechanical transmission 50. Other configurations, such as the engine 10 and the electric
differential unit 20 (including the first electric motor MG1 and the second electric motor MG?2), are basically
the same as those in the above mentioned <First Embodiment>.

[0114]

The mechanical transmission unit 50 applied in this example is a stepped automatic transmission having
three forward gear stages and one reverse gear stage, and includes a single pinion first planetary gear device
51 as well as a single pinion third planetary gear device 52.

[0115]

The first planetary gear device 51 includes a first sun gear S1, a first pinion gear P1, a first carrier CA1 that
supports the first pinion gear P1 so as to rotate and revolve, as well as a first ring gear R1 that meshes with the
first sun gear S1 via the first pinion gear P1, and has a predetermined gear ratio pl of, for example,
approximately “0. 5327,

[0116]

The second planetary gear device 52 includes a second sun gear S2, a second opinion gear P2, a second
carrier CA2 that supports the second pinion gear P2 so as to rotate and revolve, as well as a second ring gear
R2 that meshes with the second sun gear S2 via the second pinion gear P2, and has a predetermined gear ratio
p2 of, for example, approximately “0. 418”.

[0117]

In the mechanical transmission unit 50 of this example, the first sun gear S1 and the second sun gear S2 are
integrally connected together and selectively connected to the transmission shaft 23 via the second clutch C2,
and in addition, are selectively connected to the case 1A via the first brake B1. In addition, the first carrier
CA1 of the first planetary gear mechanism 51 and the second ring gear R2 of the second planetary gear
mechanism 52 are integrally connected as well as being connected to the output shaft 12, and the first ring gear
R1 is selectively connected to the transfer shaft 23 via the first clutch C1. Furthermore, the second carrier CA2
is selectively connected to the case 12 via the second brake B2.

[0118]

The switching clutch CO, the first clutch C1, the second clutch C2, the switching brake B0, the first brake

B1 and the second brake B2 are hydraulic friction engagement elements commonly used in conventional
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automatic transmissions for vehicles, and are composed of, for example, a wet multiple-disc type in which a
plurality of friction plates stacked upon one another are pressed by a hydraulic actuator, or a band brake in
which one or two bands wound around the outer circumferential surface of a rotating drum have one end
tightened by a hydraulic actuator, and are for the purpose of selectively connecting the members on both sides
in which they are interposed.

[0119]

In the drive device 500 configured as described above, as shown, for example, in the engagement operation
table in FIG. 14, through the selective engagement of the switching clutch CO, the first clutch C1, the second
clutch C2, the switching brake B0, the first brake B1 and the second brake B2, any one of the gear stages from
a first speed gear stage st (first gear stage) to a fourth speed gear stage 4th (fourth gear stage) is selectively
engaged, or alternatively, a reverse gear stage (reverse gear stage) or neutral is selectively engaged, so that a
gear ratio y (y= input shaft rotational speed Nin / output shaft rotational speed Nout) that changes substantially
in geometric progression is obtained for each gear stage.

[0120]

In particular, in this example, the switching clutch CO and the switching brake B0 are provided in the electric
differential unit 20, and by engaging either the switching clutch CO or the switching brake BO, the electric
differential unit 20 can be formed by, in addition to the continuously variable transmission state in which it
can operate as the continuously variable transmission described above, a fixed ratio transmission state in which
it can operate as a transmission having a constant gear ratio. Therefore, in the drive device 500 of this example,
by engaging either the switching clutch CO or the switching brake B0, a stepped transmission is formed by the
electric differential unit 20 that is set in the fixed ratio transmission state and the mechanical transmission unit
50, and by releasing both the switching clutch CO and the switching brake B0, a continuously variable
transmission is formed by the electric differential unit 20 that is set in the continuously variable transmission
state and the mechanical transmission unit 50.

[0121]

For example, when the drive device 500 functions as a stepped transmission, as shown in FIG. 14, by
engaging the switching clutch CO, the first clutch C1, and the second brake B2, a first speed gear stage (1st)
having a gear ratio yl whose maximum value is, for example, approximately ‘“2. 804” is engaged, and by
engaging the switching clutch CO, the first clutch C1, and the first brake B1, a second speed gear stage (2nd)
having a gear ratio y2 smaller than that of the first speed gear stage, for example, approximately “1. 531,” is
engaged.

[0122]

In addition, by engaging the switching clutch CO, the first clutch C1, and the second clutch C2, a third speed
gear stage (3rd) having a gear ratio y3 smaller than that of the second speed gear stage, for example,
approximately “l. 000,” is engaged, and by engaging the first clutch C1, the second clutch C2, and the
switching break B0, a fourth speed gear stage (4th) having a gear ratio y4 smaller than that of the third speed
gear stage, for example, approximately “0. 705,” is engaged.

[0123]

In addition, by engaging the second clutch C2 and the second brake B2, a reverse gear stage (R) having a
gear ratio YR with a value between that of the first speed gear stage and the second speed gear stage, for
example, approximately “2. 393,” is engaged. In addition, for a neutral “N” state, for example, only the
switching clutch CO is engaged.

[0124]

Meanwhile, when the drive device 500 functions as a continuously variable transmission, both the switching
clutch CO and the switching brake B0 in the engagement table shown in FIG. 14 are released. As a result, the
electric differential unit 20 functions as a continuously variable transmission, and the mechanical transmission
section 50 arranged in series with this functions as a stepped transmission, whereby for each of the first gear,
second gear, and third gear stages of the mechanical transmission section 50, the rotational speed input to the
mechanical transmission section 50, that is, the rotational speed of the transfer shaft 23, is made continuously
variable, and each gear stage obtains a continuously variable gear ratio width. Through this, the gear ratios
between the gear stages of the mechanical transmission unit 50 are capable of continuous variation, and a total
gear ratio YT for the entire drive device 500 is obtained continuously.
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[0125]

FIG. 15 is arotational speed relationship diagram that can represent on a straight line the relative relationship
of the rotational speeds of respective rotating elements, whose connected state differs according to each gear
stage, in the drive device 500 that includes the electric differential unit 20 functioning as a continuously
variable transmission or a first transmission unit, and the mechanical transmission unit 50 functioning as a
stepped transmission or a second transmission unit. Note that the rotational speeds of the respective elements
of the electric differential unit 20 when the changeover clutch CO and the changeover brake B0 are released,
and when either the changeover clutch CO or the changeover brake B0 is engaged, are the same as in the above
mentioned case.

[0126]

The rotational speed relationship diagram of FIG. 15 is a two-dimensional coordinate diagram in which the
relative relationships of the gear ratios p of the respective planetary gear devices 22, 31, and 32 are shown in
the horizontal-axis direction and the relative rotational speeds are shown in the vertical-axis direction; among
the three horizontal lines, the lower horizontal line X1 indicates the rotational speed “0,” and the upper
horizontal line X2 indicates the rotational speed “1. 0,” that is, the engine rotational speed Ne of the engine 10
connected to the input shaft 11, and the horizontal axis XG indicates the rotational speed of the transmission
shaft 23.

[0127]

In addition, among the three vertical lines Y1, Y2, and Y3 corresponding to the three elements of the
planetary gear device 22 that constitutes the electric differential unit 20, the vertical line Y1 represents the sun
gear SO corresponding to the second rotating element (second element) RE2, the vertical line Y2 represents
the carrier CAO corresponding to the first rotating element (first element) RE1, and the vertical line Y3
represents the relative rotational speed of the ring gear RO corresponding to the third rotating element (third
element) RE3, with the spacing between them determined in accordance with the gear ratio p0 of the planetary
gear device 22. That is, when the spacing between vertical lines Y1 and Y2 corresponds to “1,” the spacing
between vertical lines Y2 and Y3 corresponds to the gear ratio pO0.

[0128]

Furthermore, among the four vertical lines Y4, Y5, Y6, and Y7 of the mechanical transmission unit 50, the
vertical line Y4 corresponds to the fourth rotating element (fourth element) RE4 and represents the first sun
gear S1 and the second sun gear S2 that are connected to each other, and the vertical line Y5 represents the
second carrier CA2 corresponding to the fifth rotating element (fifth element) RES. The vertical line Y6
corresponds to the sixth rotating element (sixth element) RE6 and represents the mutually connected first
carrier CA1 and the second ring gear R2, and the vertical line Y7 represents the first ring gear R1 corresponding
to the seventh rotating element (seventh element) RE7.

[0129]

In addition, as shown in FIG. 13, in the mechanical transmission unit 50, the fourth rotating element RE4 is
selectively connected to the transmission shaft 23 via the second clutch C2 and is selectively connected to the
case 12 via the first brake B1, and the fifth rotating element RES5 is selectively connected to the case 12 via the
second brake B2. The sixth rotating element RE6 is connected to the output shaft 12, and the seventh rotating
element RE7 is selectively connected to the transmission shaft 23 via the first clutch C1.

[0130]

In the mechanical transmission unit 30 of this example, as shown in FIG. 15, through the engagement of the
first clutch C1 and the second brake B2, the diagonal straight line L1 passing through the intersection of the
vertical line Y7 indicating the rotational speed of the seventh rotating element RE7 (R1) with the horizontal
line X2 and the intersection of the vertical line Y5 indicating the rotational speed of the fifth rotating element
RE4 (CA2) with the horizontal line X1, and the intersection of that diagonal straight line with the vertical line
Y6 indicating the rotational speed of the sixth rotating element RE6 (CA1, R2) connected to the output shaft
12, indicates the rotational speed of the output shaft 12 in the first gear.

[0131]

Similarly, at the intersection of a diagonal straight line L2 determined by the engagement of the first clutch
C1 and the first brake B1 with the vertical line Y6 indicating the rotational speed of the sixth rotating element
REG6 connected to the output shaft 12, the rotational speed of the output shaft 12 in the second gear is indicated,
and at the intersection of the horizontal line L3 determined by the engagement of the first clutch C1 and the
second clutch C2 with the vertical line Y6 indicating the rotational speed of the sixth rotating element RE6
connected to the output shaft 12, the rotational speed of the output shaft 12 in the third gear is indicated.
[0132]
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In the first to third gears, as a result of the switching clutch CO being engaged, power from the electric
differential unit 20 is input to the seventh rotating element RE7 at the same rotational speed as the engine
rotational speed NE. On the other hand, when the switching brake B0 is engaged instead of the switching
clutch CO0, as power from the electric differential unit 20 is input at a rotational speed higher than the engine
rotational speed NE, at the intersection of the horizontal straight line L4 determined by the engagement of the
first clutch C1, the second clutch C2, and the switching brake B0 with the vertical line Y6 indicating the
rotational speed of the sixth rotating element RE6 connected to the output shaft 12, the rotational speed of the
output shaft 12 in the fourth gear is indicated. In addition, at the intersection of the diagonal straight line LR
determined by the engagement of the second clutch C2 and the second break B2 with the vertical line Y6
indicating the rotational speed of the sixth rotating element RE6 connected to the output shaft 12, the rotational
speed of the output shaft 12 in the reverse gear R is indicated.

[0133]

Thus, in this example as well, similarly to the case of the first embodiment described above, only when high
driving torque (accelerator opening level > 81) must be ensured during electric motor driving when the EV
switch is ON or when an input limitation Win is present for the battery device 70, electric motor driving is
performed by using both the first electric motor MG1 and the second electric motor MG2, and by refraining
from using the first electric motor MG1 in the range in which single motor driving with the second electric
motor MG2 alone is possible (that is, until the driving torque reaches the upper limit torque of the second
electric motor M32), it is possible to achieve the securing of driving torque as well as the reduction of energy
loss.

[0134]

- Other Embodiments -

In the above examples, a planetary gear automatic transmission having four forward gears (three forward
gears) is used as the mechanical transmission section 30 (50), however, the present invention is not limited
thereto, and a planetary gear automatic transmission having any other number of gears may be applied as the
mechanical transmission unit. In addition, the mechanical transmission unit may also be a belt-type
continuously variable transmission or a toroidal continuously variable transmission.

[0135]

In the above examples, the power split mechanism 21 of the electric differential unit 20 is constituted by
one set of planetary gear devices, however, the present invention is not limited thereto, and the power split
mechanism of the electric differential unit may be constituted by two or more sets of planetary gear devices so
that the power split mechanism functions as a transmission having three or more gears in a fixed ratio state.
[0136]

In the above examples, the present invention has been applied in order to control a vehicle drive device
equipped with a gasoline engine as a driving source, however, the present invention is not limited thereto and
is also applicable to the control of vehicle drive devices equipped with other engines, such as diesel engines.
Furthermore, the present invention is not limited to FR (front-engine, rear-drive) type vehicles, and can also
be applied to the control of FF (front-engine, front-drive) type vehicles and four-wheel-drive vehicles.
[Industrial Applicability]

[0137]

The present invention may be used in a control device for a vehicle drive device that includes a drive power
source such as an engine (internal combustion engine), an electric differential unit having a differential
mechanism and an electric motor, as well as a mechanical transmission unit.

[Description of the Reference Numerals]

[0138]
1 Drive device
10 Engine
11 Input shaft (input shaft of the electrical differential unit)
12 Output shaft (output shaft of the drive device)
20 Electrical differential unit
21 Power split mechanism
22 Transmission shaft (output shaft of the electrical differential unit)
MGl First electric motor
MG2 Second electric motor
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30 Mechanical transmission section
60 Electrical storage device (battery)
100 ECU
201 Accelerator opening sensor
202 EV switch (electric motor drive mode switch)
[FIG. 1] [FIG. 3]
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[FIG. 9] [FIG. 10]
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