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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a control apparatus for a power transmission system of a hybrid vehicle. More specif-
ically, the invention relates to a technology for alleviating unfavorable effects, on a smooth motion of the hybrid vehicle,
of deterioration of start-up performance of an internal combustion engine, which is caused due to a change in the type
of fuel that is supplied to the internal combustion engine.

2. Description of the Related Art

[0002] There is a power transmission system for a hybrid vehicle in which drive power output from an internal combustion
engine is distributed between a first electric motor and an output member that is connected to drive wheels. When the
vehicle travels using the drive power output from the internal combustion engine, a storage unit is charged with electric
power produced by the first electric motor. The hybrid vehicle is able to travel using a second electric motor as a drive
power source. This type of power transmission system is described in each of Japanese Patent Application Publication
No. 2006-321466 (JP-A-2006-321466), Japanese Patent Application Publication No. 2004-204740 (JP-A-2004-204740),
and Japanese Patent Application Publication No. 2003-262141 (JP-A-2003-262141). With the control apparatus for the
power transmission system according to, for example, JP-A-2006-321466, whether the internal combustion engine
should be stopped or driven is determined based on a required torque and a vehicle speed when the vehicle is in motion.
[0003] Even in an internal combustion engine that is driven using, for example, petrol (hereinafter referred to as
"gasoline"), fuel other than gasoline, for example, biofuel may be used. Accordingly, there has been a demand for
development of a vehicle that is able to travel using multiple types of fuel. Supply of multiple types of fuels having different
characteristics such as volatilities to the internal combustion engine may affect the ease of igniting the fuel in the internal
combustion engine, that is, start-up performance of the internal combustion engine. Ethanol is ignited less easily because
it has a lower volatility than that of gasoline. When ethanol blended fuel, which is formed by blending gasoline and
ethanol at predetermined blend ratio, is burned in the internal combustion engine, as the ratio of ethanol to the ethanol
blended fuel increases, the start-up performance of the internal combustion engine deteriorates more significantly. The
start-up performance of the internal combustion engine is especially significant when the temperature of the internal
combustion engine is low.
[0004] When the start-up performance of the internal combustion engine deteriorates due to a change in the fuel type,
the temperature of the fuel, which is compressed and expanded in the internal combustion engine, needs to be promptly
increased to a temperature, at which the fuel can be ignited, by, for example, promptly increasing the rotational speed
of the internal combustion engine, in order to smoothly start up the internal combustion engine. In this way, the unfavorable
effects of deterioration of the start-up performance of the internal combustion engine on a smooth motion of the hybrid
vehicle needs to be alleviated. As deterioration of the start-up performance of the internal combustion engine proceeds,
the rotational speed of the internal combustion engine at the start-up time needs to be increased. Therefore, the torque
produced by the first electric motor and the torque produced by the second electric motor, which are used to increase
the rotational speed of the internal combustion engine, need to be increased.
[0005] Usually, the rated torque, which is the maximum torque that can be output from an electric motor, decreases
as the rotational speed of the electric motor increases. The control apparatus for the power transmission system described
in JP-A-2006-321466 is not designed with a possibility that the fuel type may be changed taken into account. Therefore,
the control apparatus described in JP-A-2006-321466 does not change the condition for starting up or stopping the
internal combustion engine based on the fuel type. Accordingly, the control apparatus does not change the condition
for starting up or stopping the internal combustion engine, even if the torque produced by the first electric motor and the
torque produced by the second electric motor, which are used to start up the internal combustion engine, need to be
increased due to deterioration of the start-up performance of the internal combustion engine. Therefore, for example,
when the internal combustion engine is started up while the vehicle speed is high, the rotational speed of the first electric
motor and the rotational speed of the second electric motor increase in accordance with the vehicle speed and the rated
torque of the first electric motor and the rated torque of the second electric motor are decreased. Accordingly, the internal
combustion engine is sometimes not started up smoothly because the torque produced by the first electric motor and
the torque produced by the second electric motor, which are used to increase the rotational speed of the internal
combustion engine, are insufficient. This may unfavorably affect a smooth motion of the vehicle.
Japanese Patent Application JP 2007231838 discloses an automatic stop device for an internal combustion engine to
provide improved startability after engine automatic stop.
US Patent Application US 2008/0167788 discloses an engine management system for a hybrid vehicle including a hybrid
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vehicle controller that selects a power source to be one of an electric propulsion system and a combustion engine.

SUMMARY OF THE INVENTION

[0006] The invention provides a control apparatus for a power transmission system of a hybrid vehicle, which alleviates
unfavorable effects, on a smooth motion of the hybrid vehicle, of deterioration of start-up performance of an internal
combustion engine, which is caused due to a change in the characteristic of fuel that is supplied to the internal combustion
engine.
[0007] A first aspect of the invention relates to a control apparatus for a power transmission system of a hybrid vehicle
including an internal combustion engine and an electric motor for driving the hybrid vehicle. With the control apparatus
according to the first aspect of the invention, an operation stop range for the internal combustion engine, which is a
cruise range in which an operation of the internal combustion engine is stopped, is changed based on a characteristic
of fuel that is burned in the internal combustion engine.
[0008] According to the aspect of the invention described above, the operation stop range for the internal combustion
engine, which is the cruise range in which the operation of the internal combustion engine is stopped, is changed based
on the characteristic of fuel that is burned in the internal combustion engine. Therefore, the internal combustion engine
is stopped or started up under a cruise condition that suits the fuel characteristic. Accordingly, even if start-up performance
of the internal combustion engine varies due to variation of the fuel characteristic, unfavorable effects of the variation of
the start-up performance of the internal combustion engine on a smooth motion of the hybrid vehicle is alleviated.
[0009] In the aspect of the invention described above, changing the operation stop range for the internal combustion
engine based on the characteristic of fuel may be narrowing the operation stop range for the internal combustion engine
when start-up performance of the internal combustion engine deteriorates.
[0010] In the aspect of the invention described above, when the operation stop range for the internal combustion
engine is changed, an operation range for the electric motor for driving the hybrid vehicle, which is a cruise range in
which the electric motor is operated, may be kept unchanged.
[0011] In the aspect of the invention described above, when the operation stop range for the internal combustion
engine is changed, an operation range for the electric motor for driving the hybrid vehicle, which is a cruise range in
which the electric motor is operated, may be changed in accordance with the change in the operation stop range for the
internal combustion engine.
[0012] In the aspect of the invention described above, when the operation stop range for the internal combustion
engine is narrowed, the operation range for the electric motor for driving the hybrid vehicle may be narrowed.
[0013] According to the aspect of the invention described above, changing the operation stop range for the internal
combustion engine based on the fuel characteristic is narrowing the operation stop range for the internal combustion
engine when the start-up performance of the internal combustion engine deteriorates. Therefore, in a cruise range in
which it is estimated to be difficult to smoothly start up the internal combustion engine due to deterioration of the start-
up performance of the internal combustion engine, the internal combustion engine is not stopped. As a result, it is possible
to alleviate unfavorable effects of deterioration of the start-up performance of the internal combustion engine on a smooth
motion of the hybrid vehicle.
[0014] Preferably, changing the operation stop range for the internal combustion engine based on the fuel characteristic
is narrowing the operation stop range for the internal combustion engine as deterioration of the start-up performance of
the internal combustion engine due to a change in the fuel characteristic proceeds. As deterioration of the start-up
performance of the internal combustion engine proceeds, a cruise range, in which it is estimated to be difficult to smoothly
start up the internal combustion engine, increases. However, the internal combustion engine is not stopped in such a
cruise range, which makes it possible to alleviate unfavorable effects of deterioration of the start-up performance of the
internal combustion engine on a smooth motion of the hybrid vehicle.
[0015] In the aspect of the invention described above, the operation stop range for the internal combustion engine
may be a cruise range in which the operation of the internal combustion engine is determined to be stopped based on
a vehicle speed.
[0016] In the aspect of the invention described above, the vehicle speed, at which the operation of the internal com-
bustion engine is determined to be stopped, may be lowered when the start-up performance of the internal combustion
engine deteriorates.
[0017] As the vehicle speed increases, the rotational speed of the electric motor for driving the hybrid vehicle increases.
When this electric motor is used to start up the internal combustion engine, as the rotational speed of this electric motor
increases, the torque that is produced by this electric motor and that can be used to start up the internal combustion
engine decreases. However, according to the aspect of the invention described above, the operation stop range for the
internal combustion engine is the cruise range in which the operation of the internal combustion engine is determined
to be stopped based on the vehicle speed. Therefore, the internal combustion engine is not stopped in the vehicle speed
range in which it is estimated to be difficult to smoothly start up the internal combustion engine because the torque
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produced by the electric motor for driving the hybrid vehicle is insufficient due to variation of the start-up performance
of the internal combustion engine caused by variation of the fuel characteristic. As a result, it is possible to alleviate
unfavorable effects of deterioration of the start-up performance of the internal combustion engine on a smooth motion
of the hybrid vehicle.
[0018] Preferably, as deterioration of the start-up performance of the internal combustion engine proceeds, the oper-
ation stop range for the internal combustion engine is narrowed by lowering the upper limit of a vehicle speed range that
corresponds to the operation stop range for the internal combustion engine. In this way, when the vehicle speed is high,
that is, when the torque that is from the electric motor for driving the hybrid vehicle and that can be used to start up the
internal combustion engine is decreased, the internal combustion engine is not stopped. As a result, it is possible to
alleviate unfavorable effects of deterioration of the start-up performance of the internal combustion engine on a smooth
motion of the hybrid vehicle.
[0019] In the aspect of the invention described above, the operation stop range for the internal combustion engine
may be a cruise range in which the operation of the internal combustion engine is determined to be stopped based on
an accelerator pedal operation amount.
[0020] In the aspect of the invention described above, the accelerator pedal operation amount, at which the operation
of the internal combustion engine is determined to be stopped, may be decreased when the start-up performance of the
internal combustion engine deteriorates.
[0021] As the accelerator pedal operation amount increases, the output torque that is required by the hybrid vehicle
increases. When the internal combustion engine is stopped, the output torque is output from the electric motor for driving
the hybrid vehicle. Therefore, when the electric motor for driving the hybrid vehicle is used to start up the internal
combustion engine, the torque that can be used to start up the internal combustion engine, which is calculated by
subtracting the torque used to drive the hybrid vehicle from the rated torque of the electric motor for driving the hybrid
vehicle, decreases as the accelerator pedal operation amount increases. However, according to the aspect of the
invention described above, the operation stop range for the internal combustion engine is the cruise range in which the
operation of the internal combustion engine is determined to be stopped based on the accelerator pedal operation mount.
Therefore, the internal combustion engine is not stopped in the accelerator pedal operation amount range in which it is
estimated to be difficult to smoothly start up the internal combustion engine because the torque produced by the electric
motor for driving the hybrid vehicle is insufficient due to variation of the start-up performance of the internal combustion
engine caused by variation of the fuel characteristic. As a result, it is possible to alleviate unfavorable effects of deteri-
oration of the start-up performance of the internal combustion engine on a smooth motion of the hybrid vehicle.
[0022] Preferably, as deterioration of the start-up performance of the internal combustion engine proceeds, the oper-
ation stop range for the internal combustion engine is narrowed by lowering the upper limit of an accelerator pedal
operation amount range that corresponds to the operation stop range for the internal combustion engine. In this way,
the internal combustion engine is not stopped when the accelerator pedal operation amount is large, that is, when the
torque that is from the electric motor for driving the hybrid vehicle and that can be used to start up the internal combustion
engine is decreased. As a result, it is possible to alleviate unfavorable effects of deterioration of the start-up performance
of the internal combustion engine on a smooth motion of the hybrid vehicle.
[0023] In the aspect of the invention described above, the operation stop range for the internal combustion engine
may be a cruise range in which the operation of the internal combustion engine is determined to be stopped based on
a temperature of the internal combustion engine.
[0024] In the aspect of the invention described above, the temperature, at which the operation of the internal combustion
engine is determined to be stopped, may be lowered when start-up performance of the internal combustion engine
deteriorates.
[0025] Deterioration of the start-up performance of the internal combustion engine proceeds as the temperature of
the internal combustion engine is decreased. However, according to the aspect of the invention described above, the
operation stop range for the internal combustion engine is the cruise range in which the operation of the internal com-
bustion engine is determined to be stopped based on the temperature of the internal combustion engine. Therefore, the
internal combustion engine is not stopped in the internal combustion engine temperature range in which it is estimated
to be difficult to smoothly start up the internal combustion engine because the torque produced by the electric motor for
driving the hybrid vehicle is insufficient due to variation of the start-up performance of the internal combustion engine
caused by variation of the fuel characteristic. As a result, it is possible to alleviate unfavorable effects of deterioration of
the start-up performance of the internal combustion engine on a smooth motion of the hybrid vehicle.
[0026] Preferably, as the temperature of the internal combustion engine decreases, the operation stop range for the
internal combustion engine is narrowed by lowering at least one of the upper limit of the vehicle speed range and the
upper limit of the accelerator pedal operation amount range that correspond to the operation stop range for the internal
combustion engine. In this way, the internal combustion engine is not stopped when the temperature of the internal
combustion engine is low, that is, when the start-up performance of the internal combustion engine deteriorates especially
significantly due to a change in the fuel characteristic. As a result, it is possible to alleviate unfavorable effects of



EP 2 181 008 B1

5

5

10

15

20

25

30

35

40

45

50

55

deterioration of the start-up performance of the internal combustion engine on a smooth motion of the hybrid vehicle.
[0027] In the aspect of the invention described above, the characteristic of the fuel may be determined when the
amount of fuel in a fuel tank provided in the hybrid vehicle increases.
[0028] According to the aspect of the invention described above, the fuel characteristic is determined when the amount
of fuel in the fuel tank provided in the hybrid vehicle has been increased. Therefore, a determination is made not always
but on an as-required basis, which alleviates a load placed on the control apparatus.
[0029] In the aspect of the invention described above, the characteristic of the fuel may be determined when opening
of a lid for a fuel inlet of a fuel tank provided in the hybrid vehicle is detected.
[0030] According to the aspect of the invention described above, the characteristic of the fuel is determined when
opening of the lid for the fuel inlet of the fuel tank provided in the hybrid vehicle is detected. Therefore, a determination
is made not always but on an as-required basis, which alleviates a load placed on the control apparatus.
[0031] In the aspect of the invention described above, the fuel may be gasoline, and the characteristic of the fuel may
be determined by detecting a ratio of ethanol to ethanol-blended-gasoline.
[0032] In the aspect of the invention described above, the power transmission system may include an electric differential
unit which has a differential mechanism that is arranged between the internal combustion engine and a drive wheel, and
a differential electric motor that is connected to the differential mechanism in such a manner that drive power is trans-
mittable between the differential mechanism and the differential electric motor, and in which a differential state of the
differential mechanism is controlled by controlling an operation state of the differential electric motor.
[0033] According to the aspect of the invention described above, the power transmission system includes the electric
differential unit which has the differential mechanism that is arranged between the internal combustion engine and the
drive wheel, and the differential electric motor that is connected to the differential mechanism in such a manner that
drive power is transmittable between the differential mechanism and the differential electric motor, and in which the
differential state of the differential mechanism is controlled by controlling the operation state of the differential electric
motor. Therefore, the internal combustion engine is driven independently of the vehicle speed, that is, the rotational
speed of the drive wheel. As a result, the fuel efficiency of the vehicle is enhanced. Also, idling the differential electric
motor enables the vehicle to travel with the internal combustion engine stopped.
[0034] Preferably, deterioration of the start-up performance of the internal combustion engine means an increase in
the ratio of the mass of ethanol to the mass of the entire fuel. Preferably, a change in the fuel characteristic means a
change in the blend ratio of ethanol to the entire fuel.
[0035] When the rotational speed of the internal combustion engine is increased to start up the internal combustion
engine, preferably, the electric motor for driving the vehicle produces a reaction torque that counters the rotational
resistance of the internal combustion engine.
[0036] In the aspect of the invention described above, the stop range for the internal combustion engine may include
an operation range for the electric motor, which is a cruise range in which the electric motor is operated, and a cruise
range in which both the internal combustion engine and the electric motor are stopped.
[0037] A second aspect of the invention relates to a control method for a power transmission system of a hybrid vehicle
including an internal combustion engine and an electric motor for driving the hybrid vehicle. According to the control
method, an operation stop range for the internal combustion engine, which is a cruise range in which an operation of
the internal combustion engine is stopped, is changed based on a characteristic of fuel that is burned in the internal
combustion engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The foregoing and further features and advantages of the invention will become apparent from the following
description of an example embodiment with reference to the accompanying drawings, wherein the same or corresponding
portions will be denoted by the same reference numerals and wherein:

FIG 1 is a view schematically showing the structure of a shift mechanism that is a power transmission system of a
hybrid vehicle to which an example embodiment of the invention is applied;
FIG 2 is an operation chart showing the relationship between shift operations, which are performed when the hybrid
vehicle power transmission system shown in FIG 1 is made to shift gears in a continuously variable manner or a
stepped manner, and the combinations of hydraulic friction application devices that are applied when the shift
operations are performed;
FIG 3 is a collinear diagram illustrating the relative rotational speed in each gear when the hybrid vehicle power
transmission system shown in FIG 1 is made to shift gears in a stepped manner;
FIG. 4 is a diagram showing signals input in/output from an electronic control unit provided in the hybrid vehicle
power transmission system shown in FIG 1;
FIG 5 is a view showing an example of a shift operation device that is operated to select one of multiple shift positions
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and that is provided with a shift lever;
FIG 6 is a functional block diagram illustrating the main portions of control operations executed by the electronic
control unit shown in FIG 4;
FIG 7 is a graph showing examples of a shift diagram which is stored in advance and used to determine whether
gears of an automatic shift unit should be changed, a switching diagram which is stored in advance and used to
determine whether the shift mode of a shift mechanism should be changed, and a drive power source switching
diagram which is stored in advance, which includes a boundary between an engine-power cruise range and a motor-
power cruise range, and which is used to determine whether the drive power source should be changed, all of the
diagrams being formed on the same two-dimensional coordinate system that uses the vehicle speed and the output
torque as parameters, and FIG. 7 also showing the relationship among the shift diagram, the switching diagram and
the drive power source switching diagram;
FIG 8 is a graph showing a pre-stored relational diagram having a boundary between a continuously variable control
range and a stepped control range, and FIG 8 also being a conceptual diagram for mapping out the boundary
between the continuously variable control range and the stepped control range shown by the broken line in FIG 7;
FIG 9 is a graph showing the relationship between an engine torque and an accelerator pedal operation amount
when gasoline is used as the fuel that is supplied to an engine;
FIG. 10 is a graph showing an example of a drive power source switching diagram that is used to describe a manner
for changing an engine stop range, FIG 10 being mostly the same as FIG. 7 except that FIG. 10 includes a solid
line A’; and
FIG 11 is a flowchart showing a main portion of control executed by the electronic control unit in FIG 4, that is, a
control routine for alleviating unfavorable effects, on a smooth motion of the hybrid vehicle, of deterioration of start-
up performance of the engine, which is caused due to a change in the fuel characteristic.

DETAILED DESCRIPTION OF EMBODIMENT

[0039] FIG 1 is a view schematically showing a shift mechanism 10 that constitutes part of a hybrid vehicle to which
a control apparatus according to an example embodiment of the invention is applied. As shown FIG. 1, the shift mechanism
10, which functions as a power transmission system according to the invention, includes an input shaft 14, a differential
unit 11, an automatic shift unit 20, and an output shaft 22, all of which are coaxially arranged in tandem inside a
transmission case 12 (hereinafter, simply referred to as "case 12") which is a non-rotating member that is attached to a
vehicle body. The input shaft 14 serves as an input rotating member. The differential unit 11 is either directly connected
to the input shaft 14 or connected to the input shaft 14 via a pulsation absorbing damper (vibration damping device), not
shown. The automatic shift unit 20 is arranged in a power transmission path between the differential unit 11 and a pair
of drive wheels 38 (see FIG 6), and is connected to the differential unit 11 via a transmitting member (transmitting shaft)
18. The output shaft 22 is an output rotating member that is connected to the automatic shift unit 20. The shift mechanism
10 is used in, for example, a FR (front-engine, rear-drive) vehicle in which an engine is longitudinally disposed. The shift
mechanism 10 is provided between the drive wheels 38 and an engine 8 that is an internal combustion engine, for
example, a gasoline engine or a diesel engine, which serves as a drive power source that produces a drive power used
to drive the vehicle. The engine 8 is either directly connected to the input shaft 14 or connected to the input shaft 14 via
a pulsation absorbing damper, not shown. This shift mechanism 10 transmits the drive power from the engine 8 to the
drive wheels 38 via, for example, a differential gear unit (final reduction device) 36 and a pair of axles, in this order,
which constitute part of the power transmission path.
[0040] As described above, the engine 8 and the differential unit 11 are directly connected to each other in the shift
mechanism 10 of the embodiment of the invention. That is, the engine 8 is connected to the differential unit 11 without
provision of a fluid transmission device such as a torque converter or a fluid coupling between the engine 8 and the
differential unit 11. Therefore, for example, when the engine 8 is connected to the differential unit 11 via the above-
mentioned pulsation absorbing damper, it is regarded that the engine 8 is directly connected to the differential unit 11.
Because the configuration of the shift mechanism 10 is symmetric with respect to the axis thereof, the lower portion of
the shift mechanism 10 is not shown in FIG 1.
[0041] The differential unit 11 includes a first electric motor M1, a power split mechanism 16, and a second electric
motor M2. The power split mechanism 16 is a differential mechanism which distributes the drive power output from the
engine 8 to the first electric motor M1 and the transmitting member 18. The second electric motor M2 is provided so as
to rotate together with the transmitting member 18. The first electric motor M1 may function as a differential electric
motor according to the invention. The second electric motor M2 may function as an electric motor for driving the hybrid
vehicle according to the invention. The first electric motor M1 and the second electric motor M2 in the embodiment of
the invention are both so-called motor-generators that also function as generators. The first electric motor M1 functions
as at least a generator (is able to generate electricity) that generates a reaction force, and the second electric motor M2
functions as at least a motor (electric motor) that outputs drive power. The second electric motor M2 serves as a drive
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power source that produces the drive power used to drive the vehicle.
[0042] The power split mechanism 16 mainly includes a single-pinion differential planetary gear unit 24 having a
predetermined gear ratio ρ0 of, for example, approximately 0.418, a switching clutch C0, and a switching brake B0. The
differential planetary gear unit 24 includes rotating elements, that is, a differential sun gear S0, differential pinions P0,
a differential carrier CA0 which supports the differential pinions P0 in such a manner that the differential pinions P0 are
allowed to rotate about their axes and turn around the differential sun gear S0, and a differential ring gear R0 that is in
mesh with the differential sun gear S0 via the differential pinions P0. When the number of teeth on the differential sun
gear S0 is ZS0 and the number of teeth on the differential ring gear R0 is ZR0, the gear ratio ρ0 is expressed as ZS0 /
ZRO. The power split mechanism 16 may function as a differential mechanism according to the invention.
[0043] In the power split mechanism 16, the differential carrier CA0 is connected to the engine 8 via the input shaft
14, the differential sun gear S0 is connected to the first electric motor M1, and the differential ring gear R0 is connected
to the transmitting member 18. The switching brake B0 is provided between the differential sun gear S0 and the case
12, and the switching clutch C0 is provided between the differential sun gear S0 and the differential carrier CA0. Releasing
both the switching clutch C0 and the switching brake B0 enables the three rotating elements of the differential planetary
gear unit 24, that is, the differential sun gear S0, the differential carrier CA0, and the differential ring gear R0 to rotate
relative to each other, thus placing the power split mechanism 16 in the differential mode in which the power split
mechanism 16 performs differential operation. Therefore, the drive power output from the engine 8 is distributed to the
first electric motor M1 and the transmitting member 18. Part of the drive power output from the engine 8, which is
distributed to the first electric motor M1, is used to run the first electric motor M1 to generate electricity. The generated
electricity is stored, or used to run the second electric motor M2. Accordingly, the differential unit 11 (power split mech-
anism 16) functions as an electric differential device. For example, the differential unit 11 may be placed in the so-called
continuously variable shift mode (electric CVT mode) and the rotational speed of the transmitting member 18 is contin-
uously changed even when the engine 8 is operating at a constant speed. When the power split mechanism 16 is placed
in the differential mode, the differential unit 11 is also placed in the differential mode. Accordingly, the differential unit
11 is placed in the continuously variable shift mode in which the differential unit 11 functions as an electric continuously
variable transmission of which the gear ratio γ0 (rotational speed of the input shaft 14 / rotational speed of the transmitting
member 18) is continuously changed within a gear ratio range from a minimum value γ0min to a maximum value γ0max.
When the power split mechanism 16 is placed in the differential mode, the operating states of the first electric motor M1
that is connected to the power split mechanism 16 (differential unit 11) in such a manner that power is transmittable
between the first electric motor M1 and the power split mechanism 16, the second electric motor M2 and the engine 8
are controlled, whereby the differential state of the power split mechanism 16, that is, the ratio between the rotational
speed of the input shaft 14 and the rotational speed of the transmitting member 18 is controlled.
[0044] When the switching clutch C0 or the switching brake B0 is applied, the power split mechanism 16 is placed in
the non-differential mode in which the power split mechanism 16 cannot perform the differential operation. More specific
description will be provided below. When the switching clutch C0 is applied and therefore the differential sun gear S0
and the differential carrier CA0 are connected to each other, the power split mechanism 16 is placed in the locked mode
in which the three rotating elements of the planetary gear unit 24, that is, the differential sun gear S0, the differential
carrier CA0, and the differential ring gear R0 are rotated together, in other words, the power split mechanism 16 is placed
in the non-differential mode in which the power split mechanism 16 cannot perform the differential operation. As a result,
the differential unit 11 is also placed in the non-differential mode. Also, the rotational speed of the engine 8 matches the
rotational speed of the transmitting member 18. Therefore, the differential unit 11 (power split mechanism 16) is placed
in the fixed shift mode, that is, the stepped shift mode, in which the differential unit 11 functions as a transmission of
which the gear ratio γ0 is fixed at 1. When the switching brake B0 is applied instead of the switching clutch C0 and
therefore the differential sun gear S0 is locked to the case 12, the power split mechanism 16 is placed in the locked
mode in which the differential sun gear S0 is not allowed to rotate, in other words, the power split mechanism 16 is
placed in the non-differential mode in which the power split mechanism 16 cannot perform the differential operation. As
a result, the differential unit 11 is also placed in the non-differential mode. The differential ring gear R0 rotates faster
than the differential carrier CA0. Therefore, the power split mechanism 16 functions as a speed increasing mechanism,
and the differential unit 11 (power split mechanism 16) is placed in the fixed shift mode, that is, the stepped shift mode,
in which the differential unit 11 functions as a speed increasing transmission of which the gear ratio γ0 is fixed at a value
less than 1, for example, approximately 0.7.
[0045] As described above, the switching clutch C0 and the switching brake B0 in the embodiment of the invention
function as differential mode switching devices that selectively switch the shift mode of the differential unit 11 (power
split mechanism 16) between the differential mode, i.e., the unlocked mode, and the non-differential mode, i.e., the
locked mode. More specifically, the switching clutch C0 and the switching brake B0 function as differential mode switching
devices that selectively switch the shift mode of the differential unit 11 (power split mechanism 16) between i) the
differential mode in which the differential unit 11 (power split mechanism 16) functions as an electric differential device,
for example, the continuously variable shift mode in which the differential unit 11 (power split mechanism 16) functions
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as an electric continuously variable transmission of which the gear ratio is changed continuously, and ii) the shift mode
in which the differential unit 11 (power split mechanism 16) does not perform the electric continuously variable shift
operation, for example, the locked mode in which the differential unit 11 (power split mechanism 16) does not function
as a continuously variable transmission and the gear ratio is fixed at a predetermined value, namely, the fixed shift mode
(non-differential mode) in which the differential unit 11 (power split mechanism 16) functions as a single-speed trans-
mission having one gear ratio or a multi-speed transmission having multiple gear ratios, which cannot perform the electric
continuously variable shift operation.
[0046] The automatic shift unit 20 is a shift unit that functions as a stepped automatic transmission that is able to
change the gear ratio (= rotational speed N18 of the transmitting member 18 / rotational speed NOUT of the output shaft
22) in a stepwise manner. The automatic shift unit 20 includes a single-pinion first planetary gear unit 26, a single-pinion
second planetary gear unit 28, and a single-pinion third planetary gear unit 30. The first planetary gear unit 26 includes
a first sun gear S1, first pinions P1, a first carrier CA1 which supports the first pinions P1 in such a manner that the first
pinions 1 are allowed to rotate about their axes and turn around the first sun gear S1, and a first ring gear R1 that is in
mesh with the first sun gear S1 via the first pinions P1. The first planetary gear unit 26 has a predetermined gear ratio
ρ1 of, for example, approximately 0.562. The second planetary gear unit 28 includes a second sun gear S2, second
pinions P2, a second carrier CA2 which supports the second pinions P2 in such a manner that the second pinions P2
are allowed to rotate about their axes and turn around the second sun gear S2, and a second ring gear R2 that is in
mesh with the second sun gear S2 via the second pinions P2. The second planetary gear unit 28 has a predetermined
gear ratio p2 of, for example, approximately 0.425. The third planetary gear unit 30 includes a third sun gear S3, third
pinions P3, a third carrier CA3 which supports the third pinions P3 in such a manner that the third pinions P3 are allowed
to rotate about their axes and turn around the third sun gear S3, and a third ring gear R3 that is in mesh with the third
sun gear S3 via the third pinions P3. The third planetary gear unit 30 has a predetermined gear ratio p3 of, for example,
approximately 0.421. When the number of teeth on the first sun gear S1 is ZS1, the number of the teeth on the first ring
gear R1 is ZR1, the number of teeth on the second sun gear S2 is ZS2, the number of teeth on the second ring gear
R2 is ZR2, the number of teeth on the third sun gear S3 is ZS3, and the number of teeth on the third ring gear R3 is
ZR3, the gear ratio ρ1 is expressed as ZS1 / ZR1, the gear ratio p2 is expressed as ZS2 / ZR2, and the gear ratio p3 is
expressed as "ZS3 / ZR3".
[0047] In the automatic shift unit 20, the first sun gear S1 and the second sun gear S2 are connected to each other,
and selectively connected to the transmitting member 18 via the second clutch C2. Also, the first sun gear S1 and the
second sun gear S2 are selectively connected to the case 12 via the first brake B1. The first carrier CA1 is selectively
connected to the case 12 via the second brake B2. The third ring gear R3 is selectively connected to the case 12 via
the third brake B3. The first ring gear R1, the second carrier CA2, and the third carrier CA3 are connected to each other,
and selectively connected to the output shaft 22. The second ring gear R2 and the third sun gear S3 are connected to
each other, and selectively connected to the transmitting member 18 via the first clutch C1. In this way, the automatic
shift unit 20 and the transmitting member 18 are connected to each other via one of the first clutch C1 and the second
clutch C2 which are used to select the gear of the automatic shift unit 20. In other words, the first clutch C1 and the
second clutch C2 function as application devices that change the state of the power transmission path which extends
between the transmitting member 18 and the automatic shift unit 20, i.e., which extends between the differential unit 11
(transmitting member 18) and the drive wheels 38. The state of the power transmission path is changed between the
power transmittable state in which the drive power is allowed to be transmitted along that power transmission path and
the power transmission-interrupted state in which transmission of the drive power along that power transmission path
is interrupted. That is, applying at least one of the first clutch C1 and the second clutch C2 places the power transmission
path in the power transmittable state. Conversely, releasing both the first clutch C1 and the second clutch C2 places
the power transmission path in the power transmission-interrupted state.
[0048] The switching clutch C0, 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 application devices that are used in vehicle stepped
automatic transmissions. The clutches may be wet multiple-disc clutches in which a plurality of stacked friction plates
are pressed together by a hydraulic actuator, and the brakes may be band brakes in which one end of one or two bands
that are wound around the outer peripheral surface of a rotating drum is pulled tight by a hydraulic actuator. Each
hydraulic friction application device selectively connects members, located on both sides of the hydraulic friction appli-
cation device, to each other.
[0049] In the shift mechanism 10 structured as described above, gear is selected from among forward gears from first
gear through fifth gear, reverse gear, and neutral. The desired gear is selected by selectively applying the switching
clutch C0, 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 in the combination shown in the operation chart in FIG. 2. Thus, the gear ratio γ (=rotational speed
NIN of the input shaft / rotational speed NOUT of the output shaft) at each gear is achieved. The ratios between the gear
ratios γ of the adjacent gears are substantially equal to each other. In the embodiment of the invention, the power split
mechanism 16 is provided with the switching clutch C0 and the switching brake B0. The differential unit 11 may be
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placed in the continuously variable shift mode in which the differential unit 11 functions as a continuously variable
transmission. Alternatively, the differential unit 11 may be placed in the fixed shift mode in which the differential unit 11
functions as a transmission having a fixed gear ratio, by applying one of the switching clutch C0 and the switching brake
B0. Accordingly, the shift mechanism 10 may be placed in the stepped shift mode in which the shift mechanism 10
operates as a stepped transmission using the automatic shift unit 20 and the differential unit 11 that is placed in the fixed
shift mode by applying one of the switching clutch C0 and the switching brake B0. Alternatively, the shift mechanism 10
may be placed in the continuously variable shift mode in which the shift mechanism 10 operates as an electric continuously
variable transmission using the automatic shift unit 20 and the differential unit 11 that is placed in the continuously
variable shift mode by keeping both the switching clutch C0 and the switching brake B0 released. In other words, the
shift mechanism 10 is placed in the stepped shift mode by applying one of switching clutch C0 and the switching brake
B0, and placed in the continuously variable shift mode by keeping both the switching clutch C0 and the switching brake
B0 released. The differential unit 11 may also be regarded as a transmission that is switched between the stepped shift
mode and the continuously variable shift mode.
[0050] For example, when the shift mechanism 10 functions as a stepped transmission, one of the gears described
below is selected as shown in the operation chart in FIG. 2. First gear that has the highest gear ratio γ1, for example,
approximately 3.357, is selected by applying the switching clutch C0, the first clutch C1, and the third brake B3. Second
gear that has a gear ratio γ2 lower than that of first gear, for example, approximately 2.180, is selected by applying the
switching clutch C0, the first clutch C1, and the second brake B2. Third gear that has a gear ratio γ3 lower than that of
second gear, for example, approximately 1.424, is selected by applying the switching clutch C0, the first clutch C1, and
the first brake B1. Fourth gear that has a gear ratio γ4 lower than that of third gear, for example, approximately 1.000,
is selected by applying the switching clutch C0, the first clutch C1, and the second clutch C2. Fifth gear that has a gear
ratio γ5 lower than that of fourth gear, for example, approximately 0.705, is selected by applying the first clutch C1, the
second clutch C2, and the switching brake B0. Reverse gear that has a gear ratio γR between the gear ratio of first gear
and the gear ratio of second gear, for example, approximately 3.209, is selected by applying the second clutch C2 and
the third brake B3. When the automatic shift unit 20 is placed in Neutral, all of the clutches C0, C1 and C2 and brakes
B0, B1, B2 and B3 are released.
[0051] However, when the shift mechanism 10 functions as a continuously variable transmission, both the switching
clutch C0 and the switching brake B0 are released as shown in the operation chart in FIG. 2. Thus, when the differential
unit 11 functions as a continuously variable transmission and the automatic shift unit 20, which is arranged in tandem
with the differential unit 11, functions as a stepped transmission, the rotational speed of the transmitting member 18,
that is, the rotational speed that is input to the automatic shift unit 20, which is at one of first gear, second gear, third
gear, and fourth gear, is continuously changed so that gear ratio of each gear is allowed to change continuously.
Accordingly, the gears are changed while the gear ratio is continuously changed. As a result, the total gear ratio γT,
which is achieved by the entire shift mechanism 10, is continuously changed. The ratio of the gear ratio at a gear to a
gear ratio at an adjacent higher gear (i.e., step) is shown in the section "STEP" in FIG.2. As shown in the section "TOTAL"
in FIG.2, the ratio of the gear ratio at first gear to the gear ratio at the fifth gear is 4.76.
[0052] FIG 3 is a collinear diagram that shows, using straight lines, the correlative relationships among the rotational
speeds of the various rotating elements of the shift mechanism 10. The connection states of the rotating elements vary
depending on the selected gear. The shift mechanism 10 includes the differential unit 11 that functions as a continuously
variable transmission or a first shift unit and the automatic shift unit 20 that functions as a stepped transmission or a
second shift unit. The collinear diagram in FIG. 3 is a two-dimension coordinate system in which the abscissa axis
represents the relationship among the gear ratios p of the planetary gear units 24, 26, 28, and 30, and ordinate axis
represents the relative rotational speeds. Among three horizontal lines, the lower horizontal line X1 represents a rotational
speed of zero, the upper horizontal line X2 represents a rotational speed of 1.0, i.e., the rotational speed NE of the engine
8 that is connected to the input shaft 14, and the horizontal line XG represents the rotational speed of the transmitting
member 18.
[0053] Also, the three vertical lines Y1, Y2, and Y3 which correspond to the three elements of the power split mechanism
16 that forms the differential unit 11 represent, in order from left to right, the relative rotational speeds of the differential
sun gear S0 that is regarded as a second rotating element (second element) RE2, the differential carrier CA0 that is
regarded as a first rotating element (first element) RE1, and the differential ring gear R0 that is regarded as a third
rotating element (third element) RE3. The interval between the vertical lines Y1 and Y2, and the interval between the
vertical lines Y2 and Y3 are determined based on the gear ratio ρ0 of the differential planetary gear unit 24. Further, the
five vertical lines Y4, Y5, Y6, Y7, and Y8 for the automatic shift unit 20 represent, in order from left to right, the relative
rotational speeds of the first sun gear S1 and the second sun gear S2 which are connected to each other and which are
regarded as a fourth rotating element (fourth element) RE4, the first carrier CA1 which is regarded as a fifth rotating
element (fifth element) RE5, the third ring gear R3 which is regarded as a sixth rotating element (sixth element) RE6,
the first ring gear R1, the second carrier CA2, and the third carrier CA3 which are connected to each other and which
are regarded as a seventh rotating element (seventh element) RE7, and the second ring gear R2 and the third sun gear
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S3 which are connected to each other and which are regarded as an eighth rotating member (eighth element) RE8. The
interval between the vertical lines Y4 and Y5, the interval between the vertical lines Y5 and Y6, the interval between the
vertical lines Y6 and Y7, and the interval between the vertical lines Y7 and Y8 are determined based on the gear ratio
ρ1 of the first planetary gear unit 26, the gear ratio p2 of the second planetary gear unit 28, and the gear ratio p3 of the
third planetary gear unit 30. In the relationships among the intervals between the vertical lines in the collinear diagram,
when the interval between the vertical line corresponding to the sun gear and the vertical line corresponding to the carrier
is expressed by "1", the interval between the vertical line corresponding to the carrier and the vertical line corresponding
to the ring gear is expressed by the gear ratio p of the planetary gear unit. That is, in the coordinate system for the
differential unit 11, the interval between the vertical lines Y1 and Y2 is set to an interval corresponding to 1, and the
interval between vertical lines Y2 and Y3 is set to an interval corresponding to the gear ratio ρ0. Similarly, in the coordinate
system for the automatic shift unit 20, the interval between the vertical line corresponding to the sun gear and the vertical
line corresponding to the carrier is set to an interval corresponding to 1, and the interval between the vertical line
corresponding to the carrier and the vertical line corresponding to the ring gear is set to an interval corresponding to the
gear ratio ρ, at each of the first, second, and third planetary gear units 26, 28, and 30.
[0054] As illustrated in the collinear diagram in FIG 3, the shift mechanism 10 in the embodiment of the invention is
structured so that the power split mechanism 16 (differential unit 11) transmits the rotation of the input shaft 14 to the
automatic shift unit (stepped transmission) 20 via the transmitting member 18 when the first rotating element RE1
(differential carrier CAO) of the differential planetary gear unit 24 is connected to the engine 8 via the input shaft 14 and
is selectively connected to the second rotating element RE2 (differential sun gear S0) via the switching clutch C0, the
second rotating element RE2 is connected to the first electric motor M1 and is selectively connected to the case 12 via
the switching brake B0, and the third rotating element RE3 (differential ring gear RO) is connected to the transmitting
member 18 and the second electric motor M2. The relationship between the rotational speed of the differential sun gear
S0 and the rotational speed of the differential ring gear R0 at this time is shown by the sloped straight line L0 that passes
through the point of intersection of Y2 and X2.
[0055] When the switching clutch C0 and the switching brake B0 are both released, the power split mechanism 16 is
placed in the continuously variable shift mode (differential mode). In this case, when the rotational speed of the differential
sun gear S0, represented by the point of intersection of the straight line L0 and the vertical line Y1, is increased or
decreased by controlling the rotational speed of the first electric motor M1, if the rotational speed of the differential ring
gear R0, which depends on the vehicle speed V, is substantially constant, the rotational speed of the differential carrier
CA0 represented by the point of intersection of the straight line L0 and the vertical line Y2 is increased or decreased.
When the differential sun gear S0 and the differential carrier CA0 are connected to each other by applying the switching
clutch C0, the power split mechanism 16 is placed in the non-differential mode in which the three rotating elements RE1,
RE2, and RE3 rotate together. Therefore, the straight line L0 matches the horizontal line X2, and the transmitting member
18 rotates at the same speed as the engine speed NE. Alternatively, when the rotation of the differential sun gear S0 is
stopped by applying the switching brake B0, the power split mechanism 16 is placed in the non-differential mode in
which the power split mechanism 16 functions as a speed increasing mechanism. Therefore, the straight line L0 is
brought into the state shown in FIG 3, and the rotational speed of the differential ring gear R0 represented by the point
of intersection of the straight line L0 and the vertical line Y3, i.e., the rotational speed of the transmitting member 18, is
input in the automatic shift unit 20. At this time, the rotational speed of the transmitting member 18 is higher than the
engine speed NE.
[0056] In the automatic shift unit 20, the fourth rotating element RE4 is selectively connected to the transmitting member
18 via the second clutch C2, and selectively connected to the case 12 via the first brake B1. The fifth rotating element
RE5 is selectively connected to the case 12 via the second brake B2. The sixth rotating element RE6 is selectively
connected to the case 12 via the third brake B3. The seventh rotating element RE7 is connected to the output shaft 22.
The eighth rotating element RE8 is selectively connected to the transmitting member 18 via the first clutch C1.
[0057] When the switching clutch C0, the first clutch C1 and the third brake B3 are applied, first gear is selected. As
illustrated in FIG. 3, in the coordinate system for the automatic shift unit 20, the rotational speed of the output shaft 22
in first gear is shown at the point of intersection of i) the sloped straight line L1 that is defined by application of both the
first clutch C1 and the third brake B3 and that passes through both the point of intersection of the horizontal line X2 and
the vertical line Y8 which represents the rotational speed of the eighth rotating element RE8 and the point of intersection
of the horizontal line X1 and the vertical line Y6 which represents the rotational speed of the sixth rotating element RE6,
and ii) the vertical line Y7 that represents the rotational speed of the seventh rotating element RE7 which is connected
to the output shaft 22. When the switching clutch C0, the first clutch C1 and the second brake B2 are applied, second
gear is selected. The rotational speed of the output shaft 22 in second gear is shown at the point of intersection of the
sloped straight line L2, which is defined by application of both the first clutch C1 and the second brake B2, and the
vertical line Y7 that represents the rotational speed of the seventh rotating element RE7 which is connected to the output
shaft 22. When the switching clutch C0, the first clutch C1 and the first brake B1 are applied, third gear is selected. The
rotational speed of the output shaft 22 in third gear is shown at the point of intersection of the sloped straight line L3,
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which is defined by application of both the first clutch C1 and the first brake B1, and the vertical line Y7 that represents
the rotational speed of the seventh rotating element RE7 which is connected to the output shaft 22. When the switching
clutch C0, the first clutch C1 and the second clutch C2 are applied, fourth gear is selected. The rotational speed of the
output shaft 22 in fourth gear is shown at the point of intersection of the horizontal straight line L4, which is defined by
application of both the first clutch C1 and the second clutch C2, and the vertical line Y7 that represents the rotational
speed of the seventh rotating element RE7 which is connected to the output shaft 22. When each of first gear, second
gear, third gear, and fourth gear is selected, the switching clutch C0 is applied. Therefore, the rotation having the same
speed as the engine speed NE is transmitted from the differential unit 11, i.e., the power split mechanism 16 to the eighth
rotating element RE8. However, if the switching brake B0 is applied instead of the switching clutch C0, the rotation
having a speed higher than the engine speed NE is transmitted from the differential unit 11 to the eighth rotating element
RE8. Therefore, the rotational speed of the output shaft 22 in fifth gear is shown at the point of intersection of the
horizontal straight line L5, which is defined by application of all the first clutch C1, the second clutch C2, and the switching
brake B0, and the vertical line Y7 that represents the rotational speed of the seventh rotating element RE7 which is
connected to the output shaft 22.
[0058] FIG. 4 shows examples of signals input in (received by) and output from an electronic control unit 40 which is
a control unit that controls the shift mechanism 10 which constitute part of the power transmission system for a hybrid
vehicle according to the embodiment of the invention. The electronic control unit 40 includes a so-called microcomputer
that has a CPU, a ROM, a RAM, an input interface, an output interface, etc. The electronic control unit 40 executes drive
controls such as shift control over the automatic shift unit 20 and hybrid drive control related to the engine 8 and the first
and second electric motors M1 and M2, by processing the signals according to programs prestored in the ROM while
using the temporary storage function of the RAM.
[0059] Various signals are transmitted to the electronic control unit 40 from various sensors and switches shown in
FIG. 4. These signals include a signal indicating an engine coolant temperature TEMPW, a signal indicating a shift
position PSH, a signal indicating a rotational speed NM1 of the first electric motor M1 that is detected by a rotational speed
sensor such as a resolver (hereinafter, referred to as "first electric motor rotational speed NM1") and a rotational direction
of the first electric motor M1, a signal indicating a rotational speed NM2 of the second electric motor M2 that is detected
by a rotational speed sensor 44 (see FIG 1) such as a resolver (hereinafter, referred to as "second electric motor rotational
speed NM2") and a rotational direction of the second electric motor M2, a signal indicating an engine speed NE which is
the rotational speed of the engine 8, a signal indicating a gear ratio combination setting value, a signal indicating a
command to select the M-mode (manual shift running mode), a signal indicating operation of an air-conditioner, a signal
indicating a vehicle speed V that corresponds to the rotational speed NOUT of the output shaft 22 which is detected by
a vehicle speed sensor 46 (see FIG. 1) and a traveling direction of the vehicle, a signal indicating a temperature of the
hydraulic fluid in the automatic shift unit 20, a signal indicating operation of an emergency brake, a signal indicating
operation of a footbrake, a catalyst temperature signal indicating a catalyst temperature, and an accelerator pedal
operation amount signal indicating an accelerator pedal operation amount ACC which corresponds to the amount of drive
power required by a driver, a cam angle signal, a snow mode setting signal indicating a snow mode setting, an acceleration
signal indicating a longitudinal acceleration of the vehicle, an auto-cruise signal indicating auto-cruise running, a vehicle
weight signal indicating a vehicle weight, wheel speed signals indicating wheel speeds, and a signal indicating an air-
fuel ratio A/F in the engine 8. Each of the rotational speed sensor 44 and the vehicle speed sensor 46 is a sensor that
is able to detect not only a rotational speed but also a rotational direction. When the automatic shift unit 20 is in Neutral
while the vehicle is traveling, the traveling direction of the vehicle is detected by the vehicle speed sensor 46.
[0060] The electronic control unit 40 transmits various control signals to an engine output control apparatus 43 (see
FIG. 6) to control the drive power output from the engine 8. These control signals include a drive signal provided to a
throttle actuator 97 that controls the opening amount θTH of an electronically-controlled throttle valve 96 arranged in an
intake pipe 95 of the engine 8, a fuel supply amount signal based on which the amount of fuel supplied into the cylinders
of the engine 8 from a fuel injection device 98 is controlled, an ignition signal that indicates the ignition timing at which
the air-fuel mixture is ignited by an ignition device 99 in the engine 8, and a boost pressure adjusting signal based on
which the boost pressure is adjusted, an electric air-conditioner drive signal based on which an electric air-conditioner
is operated, command signals based on which the electric motors M1 and M2 are operated, a shift position (operating
position) indication signal based on which a shift range indicator is operated, a gear ratio indication signal based on
which the gear ratio is indicated, a snow mode indication signal based on which the fact that the vehicle is being operated
in the snow mode is indicated, an ABS activation signal based on which an ABS actuator that prevents the wheels from
slipping when brakes are applied is actuated, an M-mode indication signal which indicates that the M-mode has been
selected, valve command signals based on which electromagnetically-controlled valves in a hydraulic pressure control
circuit 42 (see FIG 6) are actuated to control hydraulic actuators for the hydraulic friction application devices in the
differential unit 11 and the automatic shift unit 20, a drive command signal based on which an electric oil pump 44 which
is a hydraulic pressure source for the hydraulic pressure control circuit 42 is operated, a signal based on which an electric
heater is driven, and a signal that is provided to a computer used to execute a cruise control.
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[0061] FIG 5 shows an example of a shift operation device 48 that serves as a switching device that is used to manually
select a shift position from among multiple shift positions PSH. This shift operation device 48 is arranged, for example,
at the side of the driver’s seat, and is provided with a shift lever 49 that is operated to select a desired shift position from
among multiple shift positions PSH.
[0062] The shift lever 49 is manually operated to a desired position from among the following positions. These positions
include the park position "Park", the reverse position "Reverse", the neutral position "Neutral", the automatic shifting
forward running position "Drive", and manual shifting forward running position "Manual". When the shift lever 49 is in
Park, the neutral state, in which the power transmission path in the automatic shift unit 20 of the shift mechanism 10 is
interrupted, is achieved, and the output shaft 22 of the automatic shift unit 20 is locked. When the shift lever 49 is in
Reverse, the vehicle is allowed to go in reverse. When the shift lever 49 is in Neutral, the shift mechanism 10 in the
neutral state in which the power transmission path therein is interrupted. When the shift lever 49 is in Drive, the automatic
shift mode, in which the automatic shift control is executed, is achieved. In the automatic shift control, the total gear ratio
γT is changed within a certain range. The total gear ratio γT is determined based on the gear ratio of the differential unit
11 and the gear ratio of the automatic shift unit 20 at each gear. The gear ratio of the differential unit 11 is continuously
changed in a certain range. The gear of the automatic shift unit 20 is selected from among first gear to fifth gear by the
automatic shift control. When the shift lever 49 is in Manual, the manual shift mode (manual mode) is selected to set
so-called shift ranges by restricting the use of the high gear(s) of the automatic shift unit 20 that is (are) used in the
automatic shift control.
[0063] When the shift lever 49 is manually shifted to the selected shift position PSH from among the above-described
positions, for example, the state of the hydraulic pressure control circuit 42 is electrically switched to select one of
Reverse, Neutral and Drive shown in the operation chart in FIG 2.
[0064] Among the positions Park to Manual, each of the positions Park and Neutral is a non-running position that is
selected to stop the vehicle from running. When the shift lever 49 is in Park or Neutral, both of the first clutch C1 and
the second clutch C2 are released, as shown in the operation chart in FIG. 2. That is, each of Park and Neutral is a non-
drive position. When the shift lever 49 is in Park or Neutral, the power transmission path in the automatic shift unit 20 is
placed in the power-transmission interrupted state by releasing the first clutch C1 and the second clutch C2 so that the
transmission of the power through the power transmission path is interrupted and therefore the vehicle is not allowed
to run. Each of Reverse Drive, and Manual is a running position that is selected to cause the vehicle to run. When the
shift lever 49 is in Reverse, Drive, or Manual, at least one of the first clutch C1 and the second clutch C2 is applied as
shown in the operation chart in FIG. 2. That is, each of Reverse, Drive and Manual is a drive position. When the shift
lever 49 is in Reverse, Drive or Manual, the power transmission path in the automatic shift unit 20 is placed in the power-
transmission permitted state by applying the first clutch C1 and/or the second clutch C2 so that the transmission of power
through the power transmission path is permitted and the vehicle is allowed to run.
[0065] More specifically, when the shift lever 49 is manually shifted from Park or Neutral to Reverse, the state of the
power transmission path in the automatic shift unit 20 is switched from the power-transmission interrupted state to the
power-transmission permitted state by applying the second clutch C2. When the shift lever 49 is manually shifted from
Neutral to Drive, the state of the power transmission path in the automatic shift unit 20 is switched from the power-
transmission interrupted state to the power-transmission permitted state by applying at least the first clutch C1. When
the shift lever 49 is manually shifted from Reverse to Park or Neutral, the state of the power transmission path in the
automatic shift unit 20 is switched from the power-transmission permitted state to the power-transmission interrupted
state by releasing the second clutch C2. When the shift lever 49 is manually shifted from Drive to Neutral, the state of
the power transmission path in the automatic shift unit 20 is switched from the power-transmission permitted state to
the power-transmission interrupted state by releasing the first clutch C1 and the second clutch C2.
[0066] FIG 6 is a functional block diagram illustrating the main part of the control operation executed by the electronic
control unit 40. As shown in FIG 6, a stepped shift control unit 54 functions as a shift control unit that changes gears of
the automatic shift unit 20. For example, the stepped shift control unit 54 determines whether the gears of the automatic
shift unit 20 should be changed, based on the vehicle condition indicated by the vehicle speed V and the required torque
TOUT that should be output from the automatic shift unit 20, using the relationships indicated by solid lines and alternate
long and short dash lines (shift diagram, shift map) in FIG. 7 prestored in a storage unit 56. That is, the stepped shift
control unit 54 determines the gear to which the automatic shift unit 20 should be shifted, based on the vehicle condition,
using the shift diagram. Then, the stepped shift control unit 54 executes an automatic shift control so that the automatic
shift unit 20 is shifted to the determined gear. At this time, the stepped shift control unit 54 provides a command to a
hydraulic pressure control circuit 42 to apply and/or release the hydraulic frictional application devices other than the
switching clutch C0 and the switching brake B0 so that the automatic shift unit 20 is shifted to the determined gear
according to, for example, the operation chart in FIG 2.
[0067] When the shift mechanism 10 is in the continuously variable shift mode, that is, when the differential unit 11 is
in the differential mode, a hybrid control unit 52 operates the engine 8 efficiently, and controls the gear ratio γ0 of the
differential unit 11 that functions as an electric continuously variable transmission, by optimizing the ratio between the
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drive power supplied from the engine 8 and the drive power supplied from the second electric motor M2, and optimizing
the reaction force borne by the first electric motor M1 while the first electric motor M1 generates electricity. For example,
the hybrid control unit 52 calculates the target (required) drive power used to drive the vehicle based on the accelerator-
pedal operation amount Acc, which indicates the amount of output required by the driver, and the vehicle speed V;
calculates the total target drive power based on the target drive power used to drive the vehicle and the required value
for charging an electricity storage device; calculates the target drive power output from the engine so that the total target
drive power is output from the engine, taking into account a transfer loss, loads placed on auxiliary machines, an assist
torque supplied from the second electric motor M2, and the like; and controls the engine speed NE and the engine torque
TE of the engine 8 to obtain the target drive power, and controls the amount of electricity generated by the first electric
motor M1.
[0068] The hybrid control unit 52 executes the hybrid control to improve the power performance, the fuel efficiency,
and the like, taking into account the gear of the automatic shift unit 20. During this hybrid control, the differential unit 11
functions as an electric continuously variable transmission to coordinate the engine speed NE and the vehicle speed V,
which are set to operate the engine 8 efficiently, and the rotational speed of the transmitting member 18, which is set
by the gear of the automatic shift unit 20. That is, the hybrid control unit 52 sets the target value of the total gear ratio
γT of the shift mechanism 10 so that the engine 8 operates according to the optimum fuel efficiency curve (fuel efficiency
map, relational diagram). The optimum fuel efficiency curve is empirically determined in advance in a two-dimension
coordinate that uses the engine speed NE and the torque TE output from the engine 8 (engine torque TE) as parameters
so that high drivability and high fuel efficiency are achieved when the vehicle is driven in the continuously variable shift
mode. The optimum fuel efficiency curve is stored in the hybrid control unit 52. For example, the hybrid control unit 52
sets the target value of the total gear ratio γT of the shift mechanism 10 so that the engine torque TE and the engine
speed NE, at which the drive power output from the engine matches the target drive power (the total target drive power,
or the required drive power), are achieved. Then, the hybrid control unit 52 controls the gear ratio γ0 of the differential
unit 11 so that the target drive power is obtained, thereby controlling the total gear ratio γT within a range, for example,
from 0.5 to 13, in which the total gear ratio γT is allowed to be changed.
[0069] At this time, the hybrid control unit 52 supplies the electric energy generated by the first electric motor M1 to
an electricity storage device 60 and the second electric motor M2 through an inverter 58. Therefore, although a large
part of the drive power output from the engine 8 is mechanically transmitted to the transmitting member 18, the other
part of the drive power output from the engine 8 is consumed by the first electric motor M1 to generate electricity. That
is, the other part of the drive power output from the engine 8 is converted into electric energy in the first electric motor
M1. The electric energy is supplied to the second electric motor M2 through the inverter 58, and the second electric
motor M2 is driven. Thus, mechanical energy is transmitted from the second electric motor M2 to the transmitting member
18. The devices related to the process from generation of the electricity to consumption of the electricity in the second
electric motor M2 constitute an electric path in which part of the power output from the engine 8 is converted into the
electric energy, and the electric energy is converted to the mechanical energy.
[0070] Also, the hybrid control unit 52 has a function as an engine output control unit that executes an output control
over the engine 8 so that the engine 8 generates the required amount of drive power, by outputting at least one of an
instruction for controlling opening/closing of the electronically-controlled throttle valve 96 using the throttle actuator 97,
an instruction for controlling the amount of fuel injected by the fuel injection device 98, and timing at which the fuel is
injected by the fuel injection device 98 and an instruction for controlling timing at which the air-fuel mixture is ignited by
the ignition device 99 such as an igniter, to the engine output control apparatus 43. For example, the hybrid control unit
52 basically executes a throttle control to drive the throttle actuator 97 based on the accelerator-pedal operation amount
Acc according to a prestored relational diagram (not shown). That is, the hybrid control unit 52 basically executes the
throttle control to increase the throttle-valve opening amount θTH as the accelerator-pedal operation amount Acc in-
creases.
[0071] The solid line A in FIG 7 is the boundary between the engine-power cruise range and the motor-power cruise
range. The boundary is used to determine whether the drive power source, which generates the drive power used to
start up and drive the vehicle, should be changed between the engine 8 and a motor, for example, the second electric
motor M2. In other words, the boundary is used to determine whether the cruise mode should be changed between so-
called engine-power cruise mode in which the vehicle is started up and driven using the engine 8 as a drive power
source, and so-called motor-power cruise mode in which the vehicle is driven using the second electric motor M2 was
a drive power source. The pre-stored relational diagram, shown in FIG 7, which includes the boundary (indicated by the
solid line A) used to determine whether the cruise mode should be changed between the engine-power cruise mode
and the motor-power cruise mode, is an example of a drive power source switching diagram (drive power source map)
that is formed of a two-dimensional coordinate system that uses the vehicle speed V and the output torque TOUT which
is a value related to drive power as parameters. This drive power source switching diagram is prestored along with, for
example, the shift diagram (shift map) indicated by the solid lines and the alternate long and short dash lines in FIG 7
in the storage unit 56.
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[0072] For example, the hybrid control unit 52 determines whether the vehicle condition indicated by the vehicle speed
V and the required torque TOUT is within the motor-power cruise range or the engine-power cruise range using the drive
power source switching diagram shown in FIG 7. Then, the hybrid control unit 52 drives the vehicle in the motor-power
cruise mode or the engine-power cruise mode. As evident from FIG 7, for example, the hybrid control unit 52 drives the
vehicle in the motor-power cruise mode in a low output torque TOUT range, that is, in a low engine torque TE range where
the engine efficiency is generally lower than that in a high torque range, or in a low vehicle speed range where the vehicle
speed V is relatively low, that is, a low load range.
[0073] When the vehicle is driven in the motor-power cruise mode, the hybrid control unit 52 executes the control to
suppress drag of the engine 8 that is stopped, and to improve fuel efficiency. That is, when the vehicle is driven in the
motor-power cruise mode, the hybrid control unit 52 controls the first motor M1 so that the first electric motor rotational
speed NM1 is a negative value, for example, the first motor M1 is idling, using the electric CVT function (differential
action) of the differential portion 11, thereby maintaining the engine speed NE at zero or substantially zero using the
differential action of the differential portion 11.
[0074] The hybrid control unit 52 changes the operating state of the engine 8 between the operation state and the
stopped state in order to change the cruise mode between the engine-power cruise mode and the motor-power cruise
mode. That is, the hybrid control unit 52 includes an engine start-up/stop control unit 66 that starts or stops the engine
8. The engine start-up/stop control unit 66 starts up or stops the engine 8, when the hybrid control unit 52 determines
that the cruise mode should be changed between the motor-power cruise mode and the engine-power cruise mode
based on the vehicle state according to, for example, the drive power source switching diagram in FIG. 7.
[0075] For example, as indicated by the movement from a point "a" to a point "b" on the solid line B in FIG. 7, when
the required output torque TOUT is increased due to depression of the accelerator pedal and the vehicle state is switched
from the motor-power cruise range to the engine-power cruise range, the engine start-up/stop control unit 66 supplies
electric power to the first electric motor M1 to increase the first electric motor rotational speed NM1, that is, to cause the
first electric motor M1 to function as a starter. Thus, the engine speed NE is increased, and the engine 8 is started up
in such a manner that the air-fuel mixture is ignited by the ignition device 99 at a predetermined engine speed NE’, for
example, the engine speed NE at which a self-sustained operation of the engine 8 is available. Thus, the hybrid control
unit 52 switches the cruise mode from the motor-power cruise mode to the engine-power cruise mode. In this case, the
engine start-up/stop control unit 66 may promptly increase the engine speed NE to the predetermined engine speed NE’
by promptly increasing the first electric motor rotational speed NM1. Thus, it is possible to promptly avoid a resonance
range in the engine speed range of which the upper limit is an idle speed NEIDL, thereby suppressing occurrence of
resonance when the engine is started up. When operating properly, the second electric motor M2 is allowed to rotate
in only one direction, whereas the first electric motor M1 is allowed to rotate in the forward direction and the reverse
direction. Therefore, the rotational direction of the first electric motor M1 that is the same as the rotational direction of
the second electric motor M2 is regarded as the forward rotational direction of the first electric motor M1. When the
rotational speed NM1 of the first electric motor M1 becomes closer to zero while the first electric motor M1 is rotating in
the reverse direction, the value of the rotational speed increases if the rotational direction (whether the rotational speed
is a positive value or a negative value) is taken into account. Therefore, the first electric motor rotational speed NM1 is
increased.
[0076] As indicated by the movement from the point "b" to the point "a" on the solid line B in FIG 7, when the required
output torque TOUT is decreased due to release of the accelerator pedal and the vehicle state is switched from the
engine-power cruise range to the motor-power cruise range, the engine start-up/stop control unit 66 stops fuel supply
from the fuel injection device 98, that is, cuts off fuel supply, to stop the engine 8. Thus, the hybrid control unit 52 switches
the cruise mode from the engine-power cruise mode to the motor-power cruise mode. In this case, the engine start-up/
stop control unit 66 may promptly decrease the engine speed NE to zero or a value substantially equal to zero by promptly
decreasing the first electric motor rotational speed NM1. Thus, it is possible to promptly avoid the resonance range,
thereby suppressing occurrence of vibration when the engine is started up. Alternatively, the engine start-up/stop control
unit 66 may decrease the engine speed NE by decreasing the first electric motor rotational speed NM1 before fuel supply
is cut off. Thus, the fuel supply is cut off in order to stop the engine 8, when the engine speed NE is the predetermined
engine speed NE’.
[0077] Even when the vehicle is driven in the engine-power cruise mode, the hybrid control unit 52 can perform a so-
called torque-assist operation to assist the engine 8, by supplying electric energy to the second electric motor M2 from
the first electric motor M1 via the electric path, and/or from the electricity storage device 60, and by driving the second
electric motor M2. Therefore, in the embodiment of the invention, the cruise mode in which the both the engine 8 and
the second electric motor M2 are used as the drive power sources for the vehicle is included not in the motor-power
cruise mode but in the engine-power cruise mode.
[0078] Also, the hybrid control unit52 maintains the operating state of the engine 8 using the electric CVT function of
the differential unit 11, even when the vehicle is stopped or running at a low speed. For example, if the state-of-charge
(SOC) of the electricity storage device 60 is reduced and electricity needs to be generated by the first electric motor M1
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when the vehicle is at a standstill, the first electric motor M1 is driven by the engine 8 to generate electricity and the
rotational speed of the first electric motor M1 is increased. Therefore, even if the second electric motor rotational speed
NM2 which is determined by the vehicle speed V becomes zero (or a value substantially equal to zero) because the
vehicle is at a standstill, the engine speed NE is maintained at or above the engine speed at which self-sustainable
operation of the engine 8 is available, by using the differential operation of the power split mechanism 16.
[0079] The hybrid control unit 52 can maintain the engine speed NE at any given value by using the electric CVT
function of the differential portion 11, and by controlling the first electric motor rotational speed NM1 and/or the second
electric motor rotational speed NM2, regardless of whether the vehicle is at a standstill or traveling. For example, as can
be seen from the collinear diagram in FIG. 3, when the engine speed NE is increased, the hybrid control unit 52 increases
the first electric motor rotational speed NM1 while maintaining the second electric motor rotational speed NM2 that depends
on the vehicle speed V.
[0080] A speed-increasing gear determination unit 62 determines whether the gear into which the shift mechanism
10 should be shifted is a speed-increasing gear, for example, fifth gear, according to the shift diagram shown in FIG. 7
prestored in the storage unit 56, based on, for example, the vehicle condition in order to determine which of the switching
clutch C0 and the switching brake B0 should be applied when placing the shift mechanism 10 in the stepped shift mode.
[0081] A switching control unit 50 selectively switches the shift mode between the continuously variable shift mode,
i.e., the differential mode, and the stepped shift mode, i.e., the locked mode, by switching the application/release state
of the differential mode switching devices (C0, B0) based on the vehicle condition. For example, the switching control
unit 50 determines whether to switch the shift mode of the shift mechanism 10 (differential unit 11) based on the vehicle
condition indicated by the required output torque TOUT and the vehicle speed V using the relationship (shift diagram,
shift map) indicated by the broken line and the double-chain dash line in FIG 7, which is prestored in the storage unit
56. That is, the switching control unit 50 determines the shift mode into which the shift mechanism 10 should be shifted
by determining whether the vehicle condition is within the continuously variable control range in which the shift mechanism
10 should be placed in the continuously variable shift mode, or in the stepped control range in which the shift mechanism
10 should be placed in the stepped shift mode. Then, the switching control unit 50 switches the shift mode to place the
shift mechanism 10 into either the continuously variable shift mode or the stepped shift mode based on the result of
determination.
[0082] More specifically, if it is determined that the vehicle condition is within the stepped control range, the switching
control unit 50 transmits a signal, based on which the hybrid control or the continuously variable transmission control is
not permitted, i.e. prohibited, to the hybrid control unit 52. At the same time, the switching control unit 50 transmits a
signal, based on which gears of the automatic shift unit 20 are allowed to be changed, to the stepped shift control unit
54. Then, the stepped shift control unit 54 executes the automatic shift control over the automatic shift unit 20 according
to, for example, the shift diagram shown in FIG. 7 that is prestored in the storage unit 56. For example, the operation
chart in FIG 2 that is prestored in the storage unit 56 shows the combinations of the hydraulic friction application devices,
i.e., C0, C1, C2, B0, B1, B2, and B3, that are selectively applied to change the gears of the automatic shift unit 20. That
is, the entire shift mechanism 10, i.e., the differential unit 11 and the automatic shift unit 20, functions as a so-called
stepped automatic transmission, and is shifted to the selected gear according to the operation chart shown in FIG 2.
[0083] For example, when the speed-increasing gear determination unit 62 determines that the shift mechanism 10
should be shifted to fifth gear, a speed-increasing gear, i.e., a so-called overdrive gear, that has a gear ratio of lower
than 1.0 should be selected by the entire shift mechanism 10. Therefore, the switching control unit 50 transmits a
command to the hydraulic pressure control circuit 42 to release the switching clutch C0 and apply the switching brake
B0 so that the differential unit 11 functions as an auxiliary transmission that has a fixed gear ratio γ0 of, for example,
0.7. On the other hand, when the speed-increasing gear determination unit 62 determines that the shift mechanism 10
should be shifted to a gear other than fifth gear, a speed-decreasing gear or a speed-maintaining gear that has a gear
ratio of equal to or higher than 1.0 should be selected by the entire shift mechanism 10. Therefore, the switching control
unit 50 transmits a command to the hydraulic pressure control circuit 42 to apply the switching clutch C0 and release
the switching brake B0 so that the differential unit 11 functions as an auxiliary transmission that has a fixed gear ratio
γ0 of, for example, 1. In this way, the switching control unit 50 places the shift mechanism 10 in the stepped shift mode,
and changes the operating states of the switching clutch C0 and the switching brake B0 so that the speed-increasing
gear or the speed-decreasing gear (speed-maintaining gear) in that stepped shift mode is selected. Thus, the differential
unit 11 functions as an auxiliary transmission. In addition, the automatic shift unit 20 that is connected in tandem with
the differential unit 11 functions as a stepped transmission. As a result, the entire shift mechanism 10 functions as a so-
called stepped automatic transmission.
[0084] However, if it is determined that the vehicle condition is within the continuously variable transmission control
range in which the shift mechanism 10 should be shifted to the continuously variable shift mode, the switching control
unit 50 transmits a command to the hydraulic pressure control circuit 42 to release both the switching clutch C0 and the
switching brake B0. If both the switching clutch C0 and the switching brake B0 are released, the differential unit 11 is
shifted to the continuously variable shift mode and the entire shift mechanism 10 is shifted to the continuously variable
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shift mode. At the same time, the switching control unit 50 transmits a signal to the hybrid control unit 52 to allow the
hybrid control unit 52 to execute the hybrid control. Also, the switching control unit 50 provides the stepped shift control
unit 54 with a signal to fix the gear at the predetermined gear for the continuously variable shift mode, or a signal to
allow the stepped shift control unit 54 to automatically change the gears of the automatic shift unit 20 according to, for
example, the shift diagram shown in FIG. 7 which is prestored in the storage unit 56. In this case, the stepped shift
control unit 54 executes the automatic shift control by applying or releasing the clutches and the brakes other than the
switching clutch C0 and the switching brake B0 according to the operation chart shown in FIG. 2. When the differential
unit 11 that is shifted to the continuously variable shift mode by the switching control unit 50 functions as a continuously
variable transmission and the automatic shift unit 20 that is arranged in tandem with the differential unit 11 functions as
a stepped transmission, an appropriate amount of drive power is obtained. In addition, the rotational speed that is input
to the automatic shift unit 20, which is at one of first gear, second gear, third gear, and fourth gear, is continuously
changed so that gear ratio of each gear is allowed to change continuously. Accordingly, the gears are changed while
the gear ratio is continuously changed. As a result, the total gear ratio γT which is achieved by the entire shift mechanism
10 is continuously changed.
[0085] FIG. 7 will be described in detail below. FIG. 7 shows the relational diagram (shift diagram, shift map) which
is prestored in the storage unit 56 and based on which whether the gears of the automatic shift unit 20 should be changed
is determined. This shift diagram is formed of a two-dimensional coordinate system that uses the vehicle speed V and
the required output torque TOUT, which is a value related to the drive power, as parameters. The solid lines in FIG. 7
are upshift lines and the alternate long and short dash lines are downshift lines.
[0086] The broken line in FIG. 7 represents the reference vehicle speed V1 and the reference output torque T1 used
by the switching control unit 50 to determine whether the vehicle condition is within the continuously variable control
range or the stepped control range. That is, the broke line in FIG 7 includes both a high vehicle speed determination
line and a high output determination line. The high vehicle speed determination line indicates the reference vehicle speed
V1 which is a predetermined value that is used to determine whether the vehicle is traveling at a high vehicle speed.
The high output determination line indicates the reference output torque T1 which is a predetermined value that is used
to determine whether the value related to the drive power required by the hybrid vehicle is high, for example, whether
the output torque TOUT from the automatic shift unit 20 should be high. Moreover, there is provided a hysteresis range
indicated by the alternate long and two short dash line and the broken line in FIG 7. The hysteresis range is between
the stepped control range and the continuously variable control range. Therefore, the hysteresis effect is produced in
the determination as to whether the vehicle condition is within the stepped control range or the continuously variable
control range. That is, FIG 7 shows a prestored switching diagram (switching map, relational diagram), which includes
the reference vehicle speed V1 and the reference output torque T1, which uses the vehicle speed V and the output
torque TOUT as parameters, and which is used when the switching control unit 50 determines whether the vehicle
condition is within the stepped control range or the continuously variable control range. A shift map that includes this
switching diagram may be prestored in the storage unit 56. The switching diagram may include at least one of the
reference vehicle speed V1 and the reference output torque T1, or may include a prestored switching line that uses the
vehicle speed V or the output torque TOUT as a parameter.
[0087] The above-described shift diagram, switching diagram, drive power source switching diagram or the like may
be stored in the form of a determination expression for comparing the actual vehicle speed V with the reference vehicle
speed V1 and a determination expression for comparing the output torque TOUT with the reference output torque T1
instead of in the form of a map. In this case, the switching control unit 50 places the shift mechanism 10 in the stepped
shift mode, for example, when the actual vehicle speed V (value indicating the vehicle condition) has exceeded the
reference vehicle speed V1. Also, the switching control unit 50 places the shift mechanism 10 in the stepped shift mode
when the output torque TOUT (value indicating the vehicle condition) that should be output from the automatic shift unit
20 has exceeded the reference output torque T1.
[0088] There may be a failure or a decrease in function of electric control equipment, for example, an electric motor,
which is used to have the differential unit 11 function as an electric continuously variable transmission. For example,
there may be a decrease in the function of equipment related to the electrical path from generation of electrical energy
in the first electric motor M1 to conversion of the electricity into mechanical energy. That is, there may be a failure in the
first electric motor M1, the second electric motor M2, the inverter 58, the electricity storage device 60, or the transmission
path that connects these devices with each other. Also, the function of the vehicle may be decreased due to a failure or
low temperature. In these cases, even if the vehicle condition is within the continuously variable control range, the
switching control unit 50 may preferentially place the shift mechanism 10 in the stepped shift mode in order to reliably
keep the vehicle running.
[0089] The value related to the drive power described above is a parameter that corresponds one-to-one with the
drive power required by the vehicle. This value is not limited to the drive torque or drive power required by the drive
wheels 38, but may also be the actual value of, for example, the output torque TOUT from the automatic shift unit 20, the
vehicle acceleration, or the engine torque TE that is calculated based on the accelerator pedal operation amount or the
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throttle valve opening amount θTH (or the intake air amount, the air-fuel ratio, or the fuel injection quantity) and the engine
speed NE, or an estimated value of, for example, the required drive power, the required (target) output torque TOUT from
the automatic shift unit 20, or the required (target) engine torque TE that is calculated based on, for example, the
accelerator pedal operation amount achieved by the driver or the throttle opening amount. The drive torque may be
calculated based on, for example, the output torque TOUT with the differential ratio, the radius of the drive wheels 38,
etc. taken into account, or may be directly detected using, for example, a torque sensor. The other values may also be
calculated or detected in this way.
[0090] If the shift mechanism 10 is placed in the continuously variable shift mode when the vehicle is traveling at a
high vehicle speed, the fuel efficiency is decreased. In order to avoid such a situation, the reference vehicle speed V1
is set. If the vehicle speed is higher than the reference vehicle speed V1, the shift mechanism 10 is placed in the stepped
shift mode. The reference output torque T1 is set based on, for example, the characteristics of the first electric motor
M1, which are exhibited when the maximum value of the electric energy is appropriately decreased. In this way, when
a large amount of drive power is required to drive the vehicle, a reaction torque from the first electric motor M1 is not
required for an engine torque within a high torque range. As a result, the size of the first electric motor M1 is reduced.
[0091] FIG 8 is a switching diagram (switching map, relational diagram) that is prestored in the storage unit 56. The
switching map uses the engine speed NE and the engine torque TE as parameters, and includes an engine output line
that is a boundary which is used when the switching control unit 50 determines whether the vehicle condition is within
the stepped control range or the continuously variable control range. The switching control unit 50 may determine, based
on the engine speed NE and the engine torque TE, according to the switching diagram in FIG. 8 instead of the switching
diagram in FIG 7, whether the vehicle condition indicated by the engine speed NE and the engine torque TE is within
the continuously variable control range or the stepped control range. FIG 8 is also a schematic diagram used to form
the broken line in FIG 7. In other words, the broken line in FIG 7 is a switching line that is formed on the two-dimensional
coordinate system that uses the vehicle speed V and the output torque TOUT as parameters, based on the relational
diagram (map) in FIG. 8.
[0092] As shown in FIG 7, the high torque range in which the output torque TOUT is equal to or higher than the
predetermined reference output torque T1, and the high vehicle speed range in which the vehicle speed V is equal to
or higher than the predetermined reference vehicle speed V1, are used as the stepped control range. Therefore, the
shift mechanism 10 is placed in the stepped shift mode when the torque from the engine 8 is relatively high and when
the vehicle speed is relatively high. On the other hand, when the torque from the engine 8 is relatively low and when the
vehicle speed is relatively low, namely, when the engine 8 is required to produce a drive power within a regular drive
power range, the shift mechanism 10 is placed in the continuously variable shift mode.
[0093] Similarly, as shown in FIG 8, the high torque range in which the engine torque TE is equal to or higher than a
predetermined reference value TEH, a high speed range in which the engine speed NE is equal to or higher than a
predetermined reference value NEH, and a high drive power range in which the drive power output from the engine,
which is calculated based on the engine torque TE and the engine speed NE, is equal to or greater than a predetermined
reference value are used as the stepped control range. Therefore, the shift mechanism 10 is placed in the stepped shift
mode when the torque output from the engine 8 is relatively high, when the speed of the engine 8 is relatively high, and
when the drive power output from the engine 8 is relatively large. On the other hand, when the torque output from the
engine 8 is relatively low, when the speed of the engine 8 is relatively low, and when the drive power output from the
engine 8 is relatively small, namely, when the engine 8 is required to produce a drive power within the regular drive
power range, the shift mechanism 10 is placed in the continuously variable shift mode. The boundary between the
stepped control range and the continuously variable control range in FIG 8 corresponds to the high vehicle speed
reference line that indicates the values used to determine whether the vehicle is traveling at a high speed and the high
output reference line used to determine whether a high engine torque is required to be output.
[0094] Accordingly, for example, when the vehicle is running at a low or medium speed and when a small or medium
amount of drive power is required to drive the vehicle, the shift mechanism 10 is placed in the continuously variable shift
mode to maintain favorable fuel efficiency. However, when the vehicle is running at a high speed, for example, when
the actual vehicle speed V is higher than the reference vehicle speed V1, the shift mechanism 10 is placed in the stepped
shift mode in which it operates as a stepped transmission. In this case, the drive power output from the engine 8 is
transmitted to the drive wheels 38 along the mechanical power transmission path. Therefore, it is possible to suppress
loss due to conversion between drive power and electric energy, which occurs when the shift mechanism 10 operates
as an electric continuously variable transmission. As a result, the fuel efficiency is improved. When a large amount of
drive power is required to drive the vehicle, for example, when the value related to the drive power, for example, the
output torque TOUT, exceeds the reference output torque T1, the shift mechanism 10 is placed in the stepped shift mode
in which it operates as a stepped transmission. In this case, the drive power output from the engine 8 is transmitted to
the drive wheels 38 along the mechanical power transmission path. Therefore, the shift mechanism 10 is operated as
an electric continuously variable transmission only when the vehicle is traveling at a low or medium speed and when a
small or medium amount of drive power is required to drive the vehicle. Accordingly, it is possible to decrease the
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maximum value of the electricity that should be generated by the first electric motor M1, that is, the maximum value of
the electricity that should be supplied from the first electric motor M1. As a result, it is possible to further reduce the size
of the first electric motor M1 or the vehicle power transmission system that includes that first electric motor M1. From
another perspective, when a large amount of drive power is required to drive the vehicle, more emphasis is placed on
the requirement for the drive power made by the driver than the requirement for the fuel efficiency. Accordingly, the shift
mode is switched from the continuously variable shift mode to the stepped shift mode (fixed shift mode). Thus, the user
can enjoy a change in the engine speed NE due to upshift that is caused when the vehicle is traveling in the stepped
automatic shift mode, that is, a delightful change in the engine speed NE due to gear-shift.
[0095] As described above, the differential unit 11 (shift mechanism 10) according to the embodiment of the invention
is selectively switched between the continuously variable shift mode and the stepped shift mode (fixed shift mode). The
switching control unit 50 determines the shift mode in which the differential unit 11 should be placed based on the vehicle
state, and the differential unit 11 is placed in one of the continuously variable shift mode and the stepped shift mode. In
the embodiment of the invention, the hybrid control unit 52 selects the motor-power cruise mode or the engine-power
cruise mode based on the vehicle state. In order to change the cruise mode between the engine-power cruise mode
and the motor-power cruise mode, the engine start-up/stop control unit 66 starts up or stops the engine 8.
[0096] Basically, gasoline is used as the fuel in the engine 8. However, ethanol and gasoline fuel may be blended
with each other at a predetermined blend ratio. In this case, variation of characteristics such as volatilities of these fuels
may exert unfavorable effects on the start-up performance of the engine 8. In order to alleviate the unfavorable effects
of the fluctuations of the start-up performance of the engine 8 on a smooth motion of the vehicle, for example, an engine
speed acceleration AE, which is a rate of increase in the engine speed NE per unit time when the engine speed NE is
increased to start up the engine, needs to be increased to increase the engine speed NE more promptly as the start-up
performance of the engine 8 deteriorates. In order to increase the engine speed acceleration AE, it is advantageous to
obtain higher torque, which can be used to increase the engine speed NE, from the first electric motor M1 and the second
electric motor M2. However, the rated torque that is the maximum torque which can be output from an electric motor is
lower as the rotational speed of the electric motor is higher. Therefore, when the start-up performance of the engine 8
deteriorates, the first electric motor rotational speed NM1 and the second electric motor rotational speed NM2 are
decreased to increase the rated torque of the first electric motor M1 and the rated torque of the second electric motor
M2 when the engine starts up, or the torques that are produced by the first electric motor M1 and the second electric
motor M2 and that are used for purposes other than engine start-up, for example, traveling of the vehicle, are decreased
to relatively increase the torque that can be used to start up the engine. In this way, it is considered to be possible to
alleviate the unfavorable effects of deterioration of the start-up performance of the engine on a smooth motion of the
vehicle.
[0097] When the start-up performance of the engine 8 deteriorates because ethanol is blended with the fuel in the
engine 8, control for alleviating the unfavorable effects of deterioration of the start-up performance of the engine 8 on a
smooth motion of the hybrid vehicle is executed in consideration of the relationship between the engine start-up per-
formance and the torques that are produced by the first electric motor M1 and the second electric motor M2 and that
are used to start up the engine. Hereafter, this control will be described in detail.
[0098] Referring again to FIG 6, a fuel supply determination unit 80 determines whether the amount of fuel in a fuel
tank 70 of the hybrid vehicle has been increased. This is because, only when the amount of fuel in the fuel tank 70 is
increased, the blend ratio of ethanol to the entire fuel is changed to change the fuel characteristic. More specifically,
whether the amount of fuel in the fuel tank 70 has been increased is determined based on a signal from a fuel gauge
72 that detects the amount of fuel in the fuel tank 70. When the fuel is supplied to the fuel tank 70, a fuel inlet lid 74,
which is used to close a fuel inlet of the fuel tank 70, is opened. Therefore, the fuel supply determination unit 80 may
determine that the amount of fuel in the fuel tank 70 has been increased when the fuel inlet lid 74 is opened.
[0099] The transmitting member 18, the first electric motor M1 and the engine 8 are connected to each other via the
differential planetary gear unit 24. Therefore, when the shift mechanism 10 in the engine-power cruise mode is in the
continuously variable shift mode, a reaction torque that counters the engine torque TE is output from the first electric
motor M1 so that the transmitting member 18 is rotated at a predetermined rotational speed. Accordingly, if the reaction
torque is determined, the engine torque TE is also determined. Therefore, a torque detection unit 82 detects the engine
torque TE based on the reaction torque that is output from the first electric motor M1. More specifically, the torque
detection unit 82 detects an output torque TM1 from the first electric motor M1 (hereinafter, referred to as "first electric
motor torque TM1"), which is the reaction torque, based on a value of an electric current that is supplied to the first electric
motor M1, which is determined based on a control amount that is provided to the inverter 58. Then, the torque detection
unit 82 calculates the engine torque TE based on the first electric motor torque TM1, the gear ratio ρ0, etc. For example,
when the engine torque TE and the first electric motor torque TM1 are not zero and kept in balance, that is, when the
vehicle is in the steady cruise mode, the engine torque TE is calculated by Equation 1. There is a minus sign in the right
side of Equation 1 because the direction of the first electric motor torque TM1 is opposite to the direction of the engine
torque TE. 
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[0100] FIG 9 is a graph showing the relationship between the engine torque TE and the accelerator pedal operation
amount Acc when gasoline is used as the fuel. The shift mechanism 10 is designed in consideration of the fact that the
point indicating the relationship between the engine torque TE and the accelerator pedal operation amount Acc may
change within a permissible variation range in FIG. 9, which is set based on the reference characteristic indicated by a
thick sold line in FIG. 9. When the characteristic of fuel is changed, for example, when ethanol is blended with the
gasoline that is supplied to the engine 8, the point indicating the relationship between the engine torque TE and the
accelerator pedal operation amount Acc deviates from the line indicating the reference characteristic. A fuel change
determination unit 84 stores, in advance, the reference characteristic in FIG 9 as the characteristic that is achieved
when, for example, only gasoline is used as the fuel. If the point indicating the relationship between the engine torque
TE that is detected by the torque detection unit 82 and the accelerator pedal operation amount Acc deviates from the
line indicating the reference characteristic by an amount that falls outside a predetermined range that is set with variations
in, for example, the properties of gasoline taken into account, it is determined that ethanol is blended with gasoline, and
it is determined that the characteristic of fuel is changed. For example, when a predetermined amount of ethanol is
blended with gasoline, the octane number of the fuel tends to increase. If the octane number increases, the ignition
timing in the engine 8 is advanced because knocking is less likely to occur. When the accelerator pedal operation amount
Acc is constant, the engine torque TE becomes higher than the engine torque correlated with the accelerator pedal
operation amount Acc along the line indicating the reference characteristic.
[0101] The relationship between the amount, by which the point indicating the actual relationship between the engine
torque TE and the accelerator pedal operation amount Acc deviates from the line indicating the reference characteristic,
and the characteristic of fuel, that is, the blend ratio of ethanol to the entire fuel, is empirically determined in advance.
A fuel characteristic determination unit 86 stores, in advance, the empirically determined relationship between the fuel
characteristic and the engine torque TE. When the fuel change determination unit 84 determines that the fuel characteristic
has been changed, the fuel characteristic determination unit 86 estimates and determines the fuel characteristic, more
specifically, the blend ratio of the ethanol to the entire fuel, based on the engine torque TE detected by the torque
detection unit 82. More specifically, the fuel characteristic determination unit 86 estimates and determines the fuel
characteristic, more specifically, the blend ratio of ethanol to the entire fuel, based on the deviation of the point indicating
the relationship between engine torque TE and the accelerator pedal operation amount Acc from the line indicating the
reference characteristic. In the description of the embodiment of the invention, the blend ratio of ethanol to the entire
fuel signifies the ratio of the mass of ethanol to the mass of the entire fuel unless otherwise specified.
[0102] When the fuel change determination unit 84 determines that the fuel characteristic has been changed, a stop
range changing unit 88 changes an operation stop range for the engine 8, which is an operation range where the operation
of the engine 8 is stopped, based on the characteristic of fuel that is determined by the fuel characteristic determination
unit 86 and that is burned in the engine 8. More specifically, in the above-described case, when the start-up performance
of the engine 8 deteriorates due to a change in the fuel characteristic, more specifically, due to an increase in the blend
ratio of ethanol to the entire fuel, the stop range changing unit 88 narrows the operation stop range for the engine 8,
that is, the engine stop range. More specifically, in the above-described case, the stop range changing unit 88 further
narrows the engine stop range as deterioration of the start-up performance of the engine 8 due to a change in the fuel
characteristic proceeds.
[0103] FIG 10 is an example of a drive power source switching diagram that is used to describe a manner in which
the engine stop range is changed. FIG. 10 is mostly the same as FIG 7 except that FIG 10 has a solid line A’. As in FIG
7, in FIG 10, the abscissa axis represents the vehicle speed V, and the ordinate axis represents the required output
torque TOUT that is required to be output from the automatic shift unit 20 (shift mechanism 10). The required output
torque TOUT corresponds to the accelerator pedal operation amount Acc, and the required output torque TOUT may be
replaced with the accelerator pedal operation amount Acc in FIG 10. The motor-power cruise range in FIGs. 7 and 10
is a cruise range in which the engine 8 is stopped and the second electric motor M2 is used as the drive power source
that produces drive power to drive the vehicle. Therefore, the above-described engine stop range is a cruise range that
is obtained by combining a cruise range in which neither the engine 8 nor the second electric motor M2 is used as the
drive power source and the vehicle coasts with the above-described motor-power cruise range. If the motor-power cruise
range is narrowed, the engine stop range is also narrowed. In the invention, even if the engine stop range is narrowed,
the motor-power cruise range need not be always narrowed.
[0104] The manner in which the engine stop range is changed will be described in detail with reference to FIG 10.
When the start-up performance of the engine 8 deteriorates due to a change in the fuel characteristic, the stop range
changing unit 88 shifts the boundary between the motor-power cruise range, which corresponds to the engine stop
range, and the engine-power cruise range in FIG 10 so that the vehicle speed V and the required output torque TOUT
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are decreased, that is, the stop range changing unit 88 shifts the boundary from the solid line A to the solid line A’ to
narrow the motor-power cruise range (engine stop range). The manner in which the engine stop range is changed will
be described in a different way with reference to FIG 10. If attention is given to the fact that the abscissa axis in FIG 10
represents the vehicle speed V, the engine stop range that corresponds to the motor-power cruise range in FIG 10 is a
cruise range in which the engine 8 is determined to be stopped based on the vehicle speed V. Therefore, as deterioration
of the start-up performance of the engine 8 due to a change in the fuel characteristic proceeds, the stop range changing
unit 88 lowers the upper limit of the vehicle speed range that corresponds to the engine stop range (motor-power cruise
range) to narrow the engine stop range. For example, in FIG. 10, if the boundary is shifted from the solid line A to the
solid line A’, the upper limit of the vehicle speed range is lowered from VL1 to VL2 on the abscissa axis in FIG 10. If
attention is given to the fact that the ordinate axis in FIG 10 represents the required output torque TOUT, the engine stop
range that corresponds to the motor-power cruise range is a cruise range in which the engine 8 is determined to be
stopped based on the accelerator pedal operation amount Acc that corresponds to the required output torque TOUT.
Therefore, as deterioration of the start-up performance of the engine 8 due to a change in the fuel characteristic proceeds,
the stop range changing unit 88 lowers the upper limit of the range of the accelerator pedal operation amount Acc that
corresponds to the engine stop range (motor-power cruise range) to narrow the engine stop range. For example, in FIG.
10, if the boundary is shifted from the solid line A to the solid line A’, the upper limit of the range of the accelerator pedal
operation amount Acc is lowered from TL1 to TL2 on the ordinate axis in FIG 10.
[0105] If the fuel change determination unit 84 determines that the fuel characteristic has not been changed, the stop
range changing unit 88 does not change the engine stop range.
[0106] The torque detection unit 82, the fuel change determination unit 84, the fuel characteristic determination unit
86,and the stop range changing unit 88 may execute controls independently of a determination made by the fuel supply
determination unit 80. However, preferably, the torque detection unit 82, the fuel change determination unit 84, the fuel
characteristic determination unit 86,and the stop range changing unit 88 execute controls only when the fuel supply
determination unit 80 determines that the amount of fuel in the fuel tank 70 has been increased in order to alleviate a
control load placed on the electronic control unit 40.
[0107] FIG 11 is a flowchart showing a main portion of control executed by the electronic control unit 40, that is, a
control routine for alleviating unfavorable effects of deterioration of the start-up performance of the engine 8 due to a
change in the fuel characteristic on a smooth motion of the hybrid vehicle. This control routine is executed in a considerably
short cycle of, for example, several milliseconds to several tens of milliseconds.
[0108] First, in step (hereinafter, "step" will be omitted) SA1 that corresponds to the fuel supply determination unit 80,
the electronic control unit 40 determines whether the amount of fuel in the fuel tank 70 of the hybrid vehicle has been
increased. If an affirmative determination is made ("YES" in SA1), that is, if it is determined that the amount of fuel in
the fuel tank 70 has been increased, SA2 is executed. On the other hand, if a negative determination is made ("NO" in
SA1), the control routine in the flowchart ends. More specifically, whether the amount of fuel in the fuel tank 70 has been
increased is determined based on a signal from the fuel gauge 72 that detects the amount of fuel in the fuel tank 70.
When the fuel is supplied into the fuel tank 70, the fuel inlet lid 74 of the fuel tank 70 is opened. Therefore, if opening of
the fuel inlet lid 74 is detected, it may be determined that the amount of fuel in the fuel tank 70 has been increased.
[0109] In SA2 that corresponds to the torque detection unit 82, the electronic control unit 40 detects the first electric
motor torque TM1 that is the reaction torque based on a value of an electric current supplied to the first electric motor
M1, which is determined based on the control amount that is provided to the inverter 58, and calculates the engine torque
TE based on the first electric motor torque TM1, the gear ratio ρ0, etc. More specifically, when the engine torque TE and
the first electric motor torque TM1 are not zero and kept in balance, that is, when the vehicle is in the steady cruise mode,
the engine torque TE is calculated by Equation 1.
[0110] In SA3 that corresponds to the fuel change determination unit 84 and the fuel characteristic determination unit
86, the electronic control unit 40 determines whether the point indicating the relationship between the engine torque TE
that is calculated in SA2 and the accelerator pedal operation amount Acc deviates from the line indicating the reference
characteristic in FIG 9 that is stored in advance by an amount that falls outside the predetermined range that is set with
variations in, for example, properties of the gasoline taken into account. If the point indicating the relationship deviates
from the line indicating the reference characteristic by an amount that falls outside the predetermined range ("YES" in
SA3), the electronic control unit 40 determines that ethanol is blended with gasoline and determines that the fuel char-
acteristic has been changed. The electronic control unit 40 estimates and determines the characteristic of fuel, that is,
the blend ratio of ethanol to the entire fuel based on the amount by which the point indicating the relationship between
the engine torque TE calculated in SA2 and the accelerator pedal operation amount Acc deviates from the line indicating
the reference characteristic. For example, if the relationship between the amount, by which the point indicating the actual
relationship between the engine torque TE and the accelerator pedal operation amount Acc deviates from the line
indicating the reference characteristic, and the bland ratio of ethanol to the entire fuel is empirically determined and the
empirically determined relationship is stored in advance, the blend ratio of ethanol to the entire fuel is estimated based
on the stored relationship.
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[0111] If an affirmative determination is made in SA3 ("YES" in SA3), that is, if it is determined that the fuel characteristic
has been changed, the electronic control unit 40 changes the operation stop range for the engine 8, in which the operation
of the engine 8 is stopped, that is, the engine stop range, based on the fuel characteristic that is determined in SA3 and
that is used in the operation of the engine 8. More specifically, the electronic control unit 40 narrows the engine stop
range in SA4, when the start-up performance of the engine 8 deteriorates due to a change in the fuel characteristic, that
is, due to an increase in the blend ratio of the ethanol to the entire fuel.
[0112] If a negative determination is made in SA3, the electronic control unit 40 keeps the engine stop range unchanged
in SA5. SA4 and SA5 correspond to the stop range changing unit 88.
[0113] The embodiment of the invention produces the following effects A1) to A11). A1) The engine stop range that
is the cruise range in which the operation of the engine 8 is stopped is changed based on the characteristic of fuel that
is burned in the engine 8. Therefore, the engine 8 is stopped or started up under the cruise condition that suits the fuel
characteristic. Even if the start-up performance of the engine 8 varies due to the variation of the fuel characteristic, it is
possible to alleviate the unfavorable effects of the variation of start-up performance on a smooth motion of the hybrid
vehicle.
[0114] A2) If the fuel change determination unit 84 makes an affirmative determination, the stop range changing unit
88 changes the engine stop range based on the characteristic of fuel that is burned in the engine 8. More specifically,
the engine stop range is narrowed when the start-up performance of the engine 8 deteriorates due to a change in the
fuel characteristic. Therefore, in the cruise range in which it is estimated be difficult to start up the engine 8 smoothly
due to deterioration of the start-up performance of the engine 8, the engine 8 is not stopped, which makes it possible to
alleviate the unfavorable effects of deterioration of the start-up performance of the engine 8 on a smooth motion of the
hybrid vehicle.
[0115] A3) When the fuel change determination unit 84 makes an affirmative determination, the stop range changing
unit 88 changes the engine stop range based on the fuel characteristic. More specifically, as deterioration of the start-
up performance of the engine 8 due to a change in the fuel characteristic proceeds, the engine stop range is further
narrowed. The cruise range, in which it is estimated to be difficult to smoothly start up the engine 8, increases as
deterioration of the start-up performance of the engine 8 proceeds. However, according to the embodiment of the
invention, in such cruise range, the engine 8 is not stopped, which makes it possible to alleviate unfavorable effects of
deterioration of the start-up performance of the engine 8 on a smooth motion of the hybrid vehicle.
[0116] A4) In the embodiment of the invention, when the engine 8 is started, the first electric motor M1 is rotated at
the higher first electric motor rotational speed NM1 in the same rotational direction of the second electric motor M2 and
the engine speed NE is increased. At this time, the first electric motor torque TM1 and the output torque TM2 from the
second electric motor M2 (hereinafter, referred to as "second electric motor torque TM2") counter the rotational resistance
of the engine 8. Therefore, in order to more promptly increase the engine speed NE to smoothly start up the engine
because the start-up performance of the engine 8 has deteriorated, the first electric motor torque TM1 and the second
electric motor torque TM2, which are used to increase the engine speed NE, need to be increased. However, if the gear
ratio of the automatic shift unit 20 is constant, as the vehicle speed V increases, the second electric motor rotational
speed NM2 increases and the rated torque of the second electric motor M2 decreases. When the engine speed NE is
constant, for example, when the engine speed NE is zero, as the second electric motor rotational speed NM2 increases,
the first electric motor M1 rotates at the higher rotational speed NM1 in the direction opposite to the direction in which
the second electric motor M2 rotates, and the rated torque of the first electric motor M1 decreases as indicated in the
collinear diagram in FIG. 3. The engine stop range is a cruise range in which the engine 8 is determined to be stopped
based on the vehicle speed V. Therefore, in the cruise range in which it is estimated that the first electric motor torque
TM1 and the second electric motor torque TM2, which are used to increase the engine speed NE, are insufficient because
the start-up performance of the engine 8 varies due to variation in the fuel characteristic and it is difficult to smoothly
start the engine 8, the engine 8 is not stopped, which makes it possible to alleviate unfavorable effects of deterioration
of the start-up performance of the engine 8 on a smooth motion of the hybrid vehicle.
[0117] A5) As deterioration of the start-up performance of the engine 8 due to a change in the fuel characteristic
proceeds, the stop range changing unit 88 lowers the upper limit of the vehicle speed range that corresponds to the
engine stop range (motor-power cruise range) to narrow the engine stop range. Therefore, when the vehicle speed is
high, that is, when the first electric motor torque TM1 and the second electric motor torque TM2, which are used to increase
the engine speed NE when the engine starts up, decrease, the engine 8 is not stopped, which makes it possible to
alleviate unfavorable effects of deterioration of the start-up performance of the engine 8 on a smooth motion of the hybrid
vehicle.
[0118] A6) As the accelerator pedal operation amount Acc increases, the required output torque TOUT that is required
to be output from the automatic shift unit 20 increases. In this case, when the engine 8 is started up, the torque that can
be used to start up the engine, which is obtained by subtracting the torque used to drive the vehicle from the rated torque
of the second electric motor M2, decreases as the accelerator pedal operation amount Acc increases. However, the
engine stop range is a cruise range in which the engine 8 is determined to be stopped based on the accelerator pedal
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operation amount Acc. Therefore, in the range of the accelerator pedal operation amount Acc, in which it is estimated
that the second electric motor torque TM2 that can be used to start up the engine is insufficient because the start-up
performance of the engine 8 varies due to variation of the fuel characteristic and it is difficult to smoothly start up the
engine, the engine is not stopped, which makes it possible to alleviate unfavorable effects of deterioration of the start-
up performance of the engine 8 on a smooth motion of the hybrid vehicle.
[0119] A7) As deterioration of the start-up performance of the engine 8 due to a change in the fuel characteristic
proceeds, the stop range changing unit 88 lowers the upper limit of the accelerator pedal operation amount Acc that
corresponds to the engine stop range (motor-power cruise range) to narrow the engine stop range. Therefore, when the
accelerator pedal operation amount Acc is large, that is, when the first electric motor torque TM1 and the second electric
motor torque TM2, which are used to increase the engine speed NE when the engine is started, decrease, the engine 8
is not stopped, which makes it possible to alleviate the unfavorable effects of deterioration of the start-up performance
of the engine 8 on a smooth motion of the hybrid vehicle.
[0120] A8) When the fuel supply determination unit 80 determines that the amount of fuel in the fuel tank 70 has been
increased, the torque detection unit 82, the fuel change determination unit 84, the fuel characteristic determination unit
86 and the stop range changing unit 88 execute the controls. Therefore, these units execute control on an as-required
basis, which alleviates the control load placed on electronic control unit 40.
[0121] A9) According to the embodiment of the invention, when opening of the fuel inlet lid 74 is detected, the fuel
supply determination unit 80 may determine that the amount of fuel in the fuel tank 70 has been increased. In this case,
the torque detection unit 82, the fuel change determination unit 84, the fuel characteristic determination unit 86, and the
stop range changing unit 88 execute the controls on an as-required basis. Therefore, it is possible to alleviate the control
load placed on the electronic control unit 40.
[0122] A10) The shift mechanism 10 includes the differential unit 11 which has the power split mechanism 16 arranged
between the engine 8 and the drive wheels 38, and the first electric motor M1 connected to the power split mechanism
16. In the differential unit 11, the differential state of the power split mechanism 16 is controlled by controlling the first
electric motor M1. Therefore, the engine 8 is driven independently of the vehicle speed V, that is, the rotational speed
of the drive wheels 38, which enhances the fuel efficiency of the hybrid vehicle. Also, idling the first electric motor M1
enables the vehicle to travel with the engine 8 stopped.
[0123] A11) The output characteristic of the engine 8 varies depending on the characteristic of fuel that is supplied to
the engine 8, more specifically, depending on the blend ratio of the ethanol to the entire fuel. However, according to the
embodiment of the invention, the engine torque TE is detected based on the first electric motor torque TM1 that counters
the engine torque TE, and the fuel characteristic, more specifically, the blend ratio of the ethanol to the entire fuel is
estimated and determined based on the engine torque TE. Therefore, it is possible to easily determine the fuel charac-
teristic by detecting the first electric motor torque TM1.
[0124] While the invention has been described with reference to the example embodiment thereof, it is to be understood
that the invention is not limited to the described embodiment or construction. To the contrary, the invention is intended
to cover various modifications and equivalent arrangements. In addition, while the various elements of the described
invention are shown in various example combinations and configurations, other combinations and configurations, in-
cluding more, less or only a single element, are also within the scope of the appended claims.
[0125] For example, deterioration of the start-up performance of the engine 8 proceeds as the temperature of the
engine 8, which is detected as the temperature of a coolant within the engine 8, becomes lower. Therefore, the engine
stop range may be a cruise range in which the engine 8 is determined to be stopped based on the temperature of the
engine 8. For example, a permission to stop the engine 8 is usually given when the temperature of the engine 8 is equal
to or higher than 0°C. However, if the blend ratio of the ethanol to the entire fuel exceeds a predetermined value, a
permission to stop the engine 8 may be given when the temperature of the engine 8 is equal to or higher than 40°C.
When the temperature of the engine 8 is lower than 40°C, the engine stop range may be set to zero. Therefore, a
permission to stop the engine 8 is not given, and the cruise mode is not switched from the engine-power cruise mode
to the motor-power cruise mode. In this case, in the temperature range for the engine 8 in which it is estimated to be
difficult to smoothly start up the engine 8 because the start-up performance of the engine 8 varies due to variation of
the fuel characteristic, the engine 8 is not stopped, which makes it possible to alleviate unfavorable effects of deterioration
of the start-up performance of the engine 8 on a smooth motion of the hybrid vehicle.
[0126] As the temperature of the engine 8 decreases, the stop range changing unit 88 may further narrow the engine
stop range by lowering at least one of the upper limit of the range of the vehicle speed V and the upper limit of the range
of the accelerator pedal operation amount Acc that correspond to the engine stop range. In this case, when the temperature
of the engine 8 is low, that is, when the start-up performance of the engine 8 deteriorates significantly due to a change
in the fuel characteristic, the engine 8 is not stopped, which makes it possible to alleviate unfavorable effects of deteri-
oration of the start-up performance of the engine 8 on a smooth motion of the hybrid vehicle.
[0127] In the embodiment of the invention, the shift mechanism 10 includes the power split mechanism 16, which
serves as a differential mechanism, and the first electric motor M1. However, the invention may be applied to a so-called
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parallel hybrid vehicle in which the first electric motor M1 and the power split mechanism 16 are not provided, and the
engine 8, a clutch, the second electric motor M2, the automatic shift unit 20 and the drive wheels 38 are connected in
tandem with each other. When the engine is started up in such parallel hybrid vehicle, the clutch between the engine 8
and the second electric motor M2 is applied to increase the second electric motor torque TM2. When the reverse drive
power from the drive wheels 38 is available, it is also used to increase the engine speed NE. The clutch between the
engine 8 and the second electric motor M2 is provided on an as-required basis. Therefore, the invention may be applied
to a parallel hybrid vehicle without such clutch.
[0128] When the fuel change determination unit 84 makes an affirmative determination, the stop range changing unit
88 changes the engine stop range. However, because the stop range changing unit 88 changes the engine stop range
based on the fuel characteristic, the stop range changing unit 88 may change the engine stop range independently of
the determination made by the fuel change determination unit 84.
[0129] In the embodiment of the invention, ethanol is blended with the gasoline fuel that is supplied to the engine 8.
However, the main component of the fuel may be light oil or hydrogen. The fuel characteristic is not limited to ethanol-
blended fuel. Therefore, the fuel characteristic determination unit 86 not only estimates the blend ratio of ethanol to the
entire fuel but also estimates and determines the fuel characteristic.
[0130] In the embodiment of the invention, the first electric motor M1 and the second electric motor M2 are included
in the differential unit 11. Alternatively, the first electric motor M1 and the second electric motor M2 may be provided
separately from the differential unit 11.
[0131] In the embodiment of the invention, when the operating state of the first electric motor M1 is controlled, the
differential unit 11 (power split mechanism 16) serves as an electric continuously variable transmission of which the
gear ratio γ0 is changed continuously in a range from the minimum value γ0min to the maximum value γ0max. Alternatively,
the gear ratio γ0 of the differential unit 11 may be changed in a stepwise manner, instead of continuously, using the
differential effect.
[0132] In the shift mechanism 10 according to the embodiment of the invention, the engine 8 and the differential unit
11 are connected directly with each other. Alternatively, the engine 8 may be connected to the differential unit 11 via an
application element, for example, a clutch.
[0133] In the shift mechanism 10 according to the embodiment of the invention, the first electric motor M1 and the
second rotational element RE2 are connected directly with each other, and the second electric motor M2 and the third
rotational element RE3 are connected directly with each other. Alternatively, the first electric motor M2 may be connected
to the second rotational element RE2 via an application element, for example, a clutch, and the second electric motor
M2 may be connected to the third rotational element RE3 via an application element, for example, a clutch.
[0134] In the power transmission path that extends from the engine 8 to the drive wheels 8 in the embodiment of the
invention, the automatic shift unit 20 is arranged immediately downstream of the differential unit 11. Alternatively, the
differential unit 11 may be arranged immediately downstream of the automatic shift unit 20. That is, the automatic shift
unit 20 may be arranged at any position as long as the automatic shift unit 20 constitutes part of the power transmission
path that extends from the engine 8 to the drive wheels 38.
[0135] In the embodiment of the invention, in FIG 1, the differential unit 11 and the automatic shift unit 20 are connected
in tandem with each other. However, the invention may be applicable even in a case in which the differential unit 11 and
the automatic shift unit 20 are not mechanically independent of each other, as long as the shift mechanism 10 has an
electric differential function for electrically changing the differential state and a function for changing gears based on a
principle that differs from a principle of gear shift performed using the electric differential function.
[0136] In the embodiment of the invention, the power split mechanism 16 is a single planetary gear unit. Alternatively,
the power split mechanism 16 may be a double planetary gear unit.
[0137] In the embodiment of the invention, the engine 8 is connected to the first rotational element RE1 that constitutes
the differential planetary gear unit 24 so that the drive power from the engine 8 is transmittable to the first rotational
element RE1, the first electric motor M1 is connected to the second rotational element RE2 so that the drive power from
the first electric motor M1 is transmittable to the second rotational element RE2, and the power transmission path to the
drive wheels 38 is connected to the third rotational element RE3. However, the invention may be applicable to, for
example, a structure in which two planetary gear units are connected to each other at part of rotational elements that
constitute the two planetary gear units; an engine, an electric motor and drive wheels are connected to the rotational
elements of the planetary gear units so that drive power is transmittable among these components; and the shift mode
is switched between the continuously variable shift mode and the stepped shift mode by controlling a clutch or a brake
that is connected to the rotational element of the planetary gear units.
[0138] In the embodiment of the invention, the automatic shift unit 20 is a shift unit that functions as a stepped automatic
transmission. Alternatively, the automatic shift unit 20 may be a continuously variable transmission. Also, the invention
may be applicable to a structure without the automatic shift unit 20.
[0139] In the embodiment of the invention, the second electric motor M2 is connected directly with the transmitting
member 18. However, the position of the second electric motor M2 is not limited to this. For example, the second electric
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motor M2 may be connected to the power transmission path, at any position, from the differential unit 11 to the drive
wheels 38 directly or via, for example, a transmission, a planetary gear unit or an application device.
[0140] In the power split mechanism 16 according to the embodiment of the invention, the differential carrier CA0 is
connected to the engine 8, the differential sun gear S0 is connected to the first electric motor M1, and the differential
ring gear R0 is connected to the transmitting member 18. However, the manner in which these members are connected
to each other is not limited to this. The engine 8, the first electric motor M1 and the transmitting member 18 may be
connected to any of the three rotating elements CA0, S0 and R0 of the differential planetary gear unit 24.
[0141] In the embodiment of the invention, the engine 8 is connected directly with the input shaft 14. However, the
engine need not be connected directly with the input shaft 14. For example, the engine 8 may be operatively connected
to the input shaft 14 via a gear or a belt. In addition, the engine 8 need not be provided coaxially with the input shaft 14.
[0142] In the embodiment of the invention, the first electric motor M1 and the second electric motor M2 are provided
coaxially with the input shaft 14, the first electric motor M1 is connected to the differential sun gear S0, and the second
electric motor M2 is connected to the transmitting member 18. However, these members need not be arranged in this
way. For example, the first electric motor M1 may be operatively connected to the differential sun gear S0 via a gear, a
belt or a reducer, and the second electric motor M2 may be connected to the transmitting member 18 via a gear, a belt
or a reducer.
[0143] In the embodiment of the invention, the automatic shift unit 20 is connected in tandem with the differential unit
11 via the transmitting member 18. Alternatively, a counter shaft may be provided in parallel with the input shaft 14, and
the automatic shift unit 20 may be provided coaxially with the counter shaft. In this case, the differential unit 11 and the
automatic shift unit 20 may be connected to each other via paired counter gears, paired transmitting members that are
a sprocket and a chain, which serve as the transmitting member 18 so that drive power is transmitted from the differential
unit 11 to the automatic shift unit 20.
[0144] The power split mechanism 16 according to the embodiment of the invention is formed of one set of planetary
gear units. Alternatively, the power split mechanism 16 may be formed of two or more sets of planetary gear units, and
may function as a transmission having three or more gears in the non-differential mode (fixed shift mode).
[0145] In the embodiment of the invention, the second electric motor M2 is connected to the transmission member 18
that constitutes part of the power transmission path that extends from the engine 8 to the drive wheels 38. Alternatively,
the shift mechanism 10 may be structured in such a manner that the second electric motor M2 is connected to the power
transmission path, and may be connected to the power split mechanism 16 via an application element, for example, a
clutch, and the differential state of the power split mechanism 16 is controlled by the second electric motor M2 instead
of the first electric motor M1.

Claims

1. A control apparatus for a power transmission system of a hybrid vehicle including an internal combustion engine
(8) and an electric motor (M2) for driving the hybrid vehicle, characterized in that:

an operation stop range for the internal combustion engine (8), which is a cruise range in which an operation
of the internal combustion engine (8) is stopped, is changed based on a characteristic of fuel that is burned in
the internal combustion engine (8).

2. The control apparatus according to claim 1, wherein changing the operation stop range for the internal combustion
engine (8) based on the characteristic of fuel is narrowing the operation stop range for the internal combustion
engine (8) when start-up performance of the internal combustion engine (8) deteriorates.

3. The control apparatus according to claim 1 or 2, wherein when the operation stop range for the internal combustion
engine (8) is changed, an operation range for the electric motor (M2), which is a cruise range in which the electric
motor (M2) is operated, is kept unchanged.

4. The control apparatus according to claim 1 or 2, wherein when the operation stop range for the internal combustion
engine (8) is changed, an operation range for the electric motor (M2), which is a cruise range in which the electric
motor (M2) is operated, is changed in accordance with the change in the operation stop range for the internal
combustion engine (8).

5. The control apparatus according to claim 4, wherein when the operation stop range for the internal combustion
engine (8) is narrowed, the operation range for the electric motor (M2) is narrowed.
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6. The control apparatus according to any one of claims 1 to 5, wherein the operation stop range for the internal
combustion engine (8) is a cruise range in which the operation of the internal combustion engine (8) is determined
to be stopped based on a vehicle speed.

7. The control apparatus according to claim 6, wherein the vehicle speed, at which the operation of the internal com-
bustion engine (8) is determined to be stopped, is lowered when start-up performance of the internal combustion
engine (8) deteriorates.

8. The control apparatus according to any one of claims 1 to 7, wherein the operation stop range for the internal
combustion engine (8) is a cruise range in which the operation of the internal combustion engine (8) is determined
to be stopped based on an accelerator pedal operation amount.

9. The control apparatus according to claim 8, wherein the accelerator pedal operation amount, at which the operation
of the internal combustion engine 8 is determined to be stopped, is decreased when start-up performance of the
internal combustion engine (8) deteriorates.

10. The control apparatus according to any one of claims 1 to 9, wherein the operation stop range for the internal
combustion engine (8) is a cruise range in which the operation of the internal combustion engine (8) is determined
to be stopped based on a temperature of the internal combustion engine (8).

11. The control apparatus according to claim 10, wherein the temperature, at which the operation of the internal com-
bustion engine (8) is determined to be stopped, is raised when start-up performance of the internal combustion
engine (8) deteriorates.

12. The control apparatus according to any one of claims 1 to 11, wherein the characteristic of the fuel is determined
when an amount of fuel in a fuel tank provided in the hybrid vehicle increases.

13. The control apparatus according to any one of claims 1 to 12, wherein the characteristic of the fuel is determined
when opening of a lid for a fuel inlet of a fuel tank provided in the hybrid vehicle is detected.

14. The control apparatus according to any one of claims 1 to 13, wherein:

the fuel is gasoline; and
the characteristic of the fuel is determined by detecting a ratio of ethanol to ethanol-blended-gasoline.

15. The control apparatus according to any one of claims 1 to 14, wherein the power transmission system includes an
electric differential unit which has a differential mechanism (16) that is arranged between the internal combustion
engine (8) and a drive wheel, and a differential electric motor (M1) that is connected to the differential mechanism
(16) in such a manner that drive power is transmittable between the differential mechanism (16) and the differential
electric motor (M1), and in which a differential state of the differential mechanism (16) is controlled by controlling
an operation state of the differential electric motor (M1).

16. The control apparatus according to any one of claims 1 to 15, wherein the operation stop range for the internal
combustion engine (8) includes an operation range for the electric motor (M2), which is a cruise range in which the
electric motor (M2) is operated, and a cruise range in which both the internal combustion engine (8) and the electric
motor (M2) are stopped.

17. A control method for a power transmission system of a hybrid vehicle including an internal combustion engine (8)
and an electric motor (M2) for driving the hybrid vehicle, characterized by comprising:

changing an operation stop range for the internal combustion engine (8), which is a cruise range in which an
operation of the internal combustion engine (8) is stopped, based on a characteristic of fuel that is burned in
the internal combustion engine (8).

Patentansprüche

1. Steuergerät für ein Leistungsübertragungssystem eines Hybridfahrzeugs mit einer Brennkraftmaschine (8) und
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einem Elektromotor (M2) zum Antreiben des Hybridfahrzeugs,
dadurch gekennzeichnet, dass:

ein Betriebsstoppbereich für die Brennkraftmaschine (8), der ein wandernder Bereich ist, in dem ein Betrieb
der Brennkraftmaschine (8) gestoppt ist, basierend auf einer Eigenschaft von Kraftstoff geändert ist, der in der
Brennkraftmaschine (8) verbrannt ist.

2. Steuergerät nach Anspruch 1, wobei ein Ändern des Betriebsstoppbereichs für die Brennkraftmaschine (8) basierend
auf der Kraftstoffeigenschaft ein Einengen des Betriebsstoppbereichs für die Brennkraftmaschine (8) ist, wenn sich
ein Anfahrverhalten der Brennkraftmaschine (8) verschlechtert.

3. Steuergerät nach Anspruch 1 oder 2, wobei dann, wenn der Betriebsstoppbereich für die Brennkraftmaschine (8)
geändert ist, ein Betriebsbereich für den Elektromotor (M2), der ein wandernder Bereich ist, in dem der Elektromotor
(M2) betrieben ist, unverändert gehalten ist.

4. Steuergerät nach Anspruch 1 oder 2, wobei dann, wenn der Betriebsstoppbereich für die Brennkraftmaschine (8)
geändert ist, ein Betriebsbereich für den Elektromotor (M2), der ein wandernder Bereich ist, in dem der Elektromotor
(M2) betrieben ist, in Übereinstimmung mit der Änderung in dem Betriebsstoppbereich für die Brennkraftmaschine
(8) geändert ist.

5. Steuergerät nach Anspruch 4, wobei dann, wenn der Betriebsstoppbereich für die Brennkraftmaschine (8) eingeengt
ist, der Betriebsbereich für den Elektromotor (M2) eingeengt ist.

6. Steuergerät nach einem der Ansprüche 1 bis 5, wobei der Betriebsstoppbereich für die Brennkraftmaschine (8) ein
wandernder Bereich ist, in dem der Betrieb der Brennkraftmaschine (8) bestimmt ist, basierend auf einer Fahrzeug-
geschwindigkeit gestoppt zu werden.

7. Steuergerät nach Anspruch 6, wobei die Fahrzeuggeschwindigkeit, bei der der Betrieb der Brennkraftmaschine (8)
bestimmt ist, gestoppt zu werden, verringert ist, wenn sich ein Anfahrverhalten der Brennkraftmaschine (8) ver-
schlechtert.

8. Steuergerät nach einem der Ansprüche 1 bis 7, wobei der Betriebsstoppbereich für die Brennkraftmaschine (8) ein
wandernder Bereich ist, in dem der Betrieb der Brennkraftmaschine (8) bestimmt ist, gestoppt zu werden, basierend
auf einem Beschleunigerpedalbetätigungswert.

9. Steuergerät nach Anspruch 8, wobei der Beschleunigerpedalbetätigungsbetrag, bei dem der Betrieb der Brenn-
kraftmaschine (8) bestimmt ist, gestoppt zu werden, verringert ist, wenn sich ein Anfahrverhalten der Brennkraft-
maschine (8) verschlechtert.

10. Steuergerät nach einem der Ansprüche 1 bis 9, wobei der Betriebsstoppbereich für die Brennkraftmaschine (8) ein
wandernder Bereich ist, in dem der Betrieb der Brennkraftmaschine (8) bestimmt ist, gestoppt zu werden, basierend
auf einer Temperatur der Brennkraftmaschine (8).

11. Steuergerät nach Anspruch 10, wobei die Temperatur, bei der der Betrieb der Brennkraftmaschine (8) bestimmt ist,
gestoppt zu werden, angehoben ist, wenn sich ein Anfahrverhalten der Brennkraftmaschine (8) verschlechtert.

12. Steuergerät nach einem der Ansprüche 1 bis 11, wobei die Kraftstoffeigenschaft bestimmt ist, wenn sich eine
Kraftstoffmenge in einem Kraftstofftank, der im Hybridfahrzeug vorgesehen ist, erhöht.

13. Steuergerät nach einem der Ansprüche 1 bis 12, wobei die Kraftstoffeigenschaft bestimmt ist, wenn ein Öffnen
eines Deckels für einen Kraftstoffeinlass eines Kraftstofftanks, der in dem Hybridfahrzeug vorgesehen ist, erfasst ist.

14. Steuergerät nach einem der Ansprüche 1 bis 13, wobei:

der Kraftstoff Benzin ist; und
die Kraftstoffeigenschaft durch ein Erfassen eines Verhältnisses von Ethanol zu mit Ethanol vermengtem Benzin
bestimmt ist.
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15. Steuergerät nach einem der Ansprüche 1 bis 14, wobei das Leistungsübertragungssystem eine elektrische Diffe-
renzialeinheit, die einen Differenzialmechanismus (16) aufweist, der zwischen der Brennkraftmaschine (8) und
einem Antriebsrad angeordnet ist, und einen Differenzialelektromotor (M1) aufweist, der mit dem Differenzialme-
chanismus (16) derart verbunden ist, dass eine Antriebsleistung zwischen dem Differenzialmechanismus (16) und
dem Differenzialelektromotor (M1) übertragbar ist, und in dem ein Differenzialzustand des Differenzialmechanismus
(16) durch ein Steuern eines Betriebszustands des Differenzialelektromotors (M1) gesteuert ist.

16. Steuergerät nach einem der Ansprüche 1 bis 15, wobei der Betriebsstoppbereich für die Brennkraftmaschine (8)
einen Betriebsbereich für den Elektromotor (M2), der ein wandernder Bereich ist, in dem der Elektromotor (M2)
betrieben ist, und einen wandernden Bereich aufweist, in dem sowohl die Brennkraftmaschine (8) als auch der
elektrische Motor (M2) gestoppt sind.

17. Steuerverfahren für ein Leistungsübertragungssystem eines Hybridfahrzeugs mit einer Brennkraftmaschine (8) und
einem elektrischen Motor (M2) zum Antreiben des Hybridfahrzeugs, gekennzeichnet durch:

ein Ändern eines Betriebsstoppbereichs für die Brennkraftmaschine (8), der ein wandernder Bereich ist, in dem
ein Betrieb der Brennkraftmaschine (8) gestoppt wird, basierend auf einer Eigenschaft von Kraftstoff, der in der
Brennkraftmaschine (8) verbrannt wird.

Revendications

1. Appareil de commande pour un système de transmission de puissance d’un véhicule hybride comprenant un moteur
à combustion interne (8) et un moteur électrique (M2) pour entraîner le véhicule hybride, caractérisé en ce que :

une plage d’arrêt de fonctionnement pour le moteur à combustion interne (8), qui est une plage de croisière
dans laquelle un fonctionnement du moteur à combustion interne (8) est arrêté, est modifiée en fonction d’une
caractéristique du carburant qui est brûlé dans le moteur à combustion interne (8).

2. Appareil de commande selon la revendication 1, dans lequel le changement de la plage d’arrêt de fonctionnement
pour le moteur à combustion interne (8) en fonction de la caractéristique de carburant rétrécit la plage d’arrêt de
fonctionnement pour le moteur à combustion interne (8) lorsque la performance de démarrage du moteur à com-
bustion interne (8) se détériore.

3. Appareil de commande selon la revendication 1 ou 2, dans lequel lorsque la plage d’arrêt de fonctionnement pour
le moteur à combustion interne (8) est modifiée, une plage de fonctionnement pour le moteur électrique (M2) qui
est une plage de croisière dans laquelle le moteur électrique (M2) est actionné, est maintenue inchangée.

4. Appareil de commande selon la revendication 1 ou 2, dans lequel lorsque la plage d’arrêt de fonctionnement pour
le moteur à combustion interne (8) est modifiée, une plage de fonctionnement pour le moteur électrique (M2) qui
est une plage de croisière dans laquelle le moteur électrique (M2) est actionné, est modifiée selon le changement
de la plage d’arrêt de fonctionnement pour le moteur à combustion interne (8).

5. Appareil de commande selon la revendication 4, dans lequel lorsque la plage d’arrêt de fonctionnement pour le
moteur à combustion interne (8) est rétrécie, la plage de fonctionnement pour le moteur électrique (M2) est rétrécie.

6. Appareil de commande selon l’une quelconque des revendications 1 à 5, dans lequel la plage d’arrêt de fonction-
nement pour le moteur à combustion interne (8) est une plage de croisière dans laquelle le fonctionnement du
moteur à combustion interne (8) doit s’arrêter en fonction d’une vitesse de véhicule.

7. Appareil de commande selon la revendication 6, dans lequel la vitesse de véhicule à laquelle le fonctionnement du
moteur à combustion interne (8) doit s’arrêter, est abaissée lorsque la performance de démarrage du moteur à
combustion interne (8) se détériore.

8. Appareil de commande selon l’une quelconque des revendications 1 à 7, dans lequel la plage d’arrêt de fonction-
nement du moteur à combustion interne (8) est une plage de croisière dans laquelle le fonctionnement du moteur
à combustion interne (8) doit être arrêté en fonction d’une quantité d’actionnement d’une pédale d’accélérateur.
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9. Appareil de commande selon la revendication 8, dans lequel la quantité d’actionnement de la pédale d’accélérateur,
à laquelle le fonctionnement du moteur à combustion interne (8) doit être arrêté, est diminuée lorsque la performance
de démarrage du moteur à combustion interne (8) se détériore.

10. Appareil de commande selon l’une quelconque des revendications 1 à 9, dans lequel la plage d’arrêt de fonction-
nement pour le moteur à combustion interne (8) est une plage de croisière dans laquelle le fonctionnement du
moteur à combustion interne (8) doit être arrêté en fonction d’une température du moteur à combustion interne (8).

11. Appareil de commande selon la revendication 10, dans lequel la température à laquelle le fonctionnement du moteur
à combustion interne (8) doit s’arrêter, est augmentée lorsque la performance de démarrage du moteur à combustion
interne (8) se détériore.

12. Appareil de commande selon l’une quelconque des revendications 1 à 11, dans lequel la caractéristique du carburant
est déterminée lorsqu’une quantité de carburant dans un réservoir de carburant prévu dans le véhicule hybride
augmente.

13. Appareil de commande selon l’une quelconque des revendications 1 à 12, dans lequel la caractéristique du carburant
est déterminée lorsque l’ouverture d’un bouchon pour une entrée de carburant d’un réservoir de carburant prévu
dans le véhicule hybride est détectée.

14. Appareil de commande selon l’une quelconque des revendications 1 à 13, dans lequel :

le carburant est de l’essence ; et
la caractéristique du carburant est déterminée en détectant un rapport d’éthanol sur l’essence mélangée à
l’éthanol.

15. Appareil de commande selon l’une quelconque des revendications 1 à 14, dans lequel le système de transmission
de puissance comprend une unité de différentiel électrique qui a un mécanisme de différentiel (16) qui est agencé
entre le moteur à combustion interne (8) et une roue motrice, et un moteur électrique de différentiel (M1) qui est
raccordé au mécanisme de différentiel (16) de sorte que la puissance d’entraînement peut être transmise entre le
mécanisme de différentiel (16) et le moteur électrique de différentiel (M1), et dans lequel un état de différentiel du
mécanisme de différentiel (16) est commandé en commandant un état de fonctionnement du moteur électrique de
différentiel (M1).

16. Appareil de commande selon l’une quelconque des revendications 1 à 15, dans lequel la plage d’arrêt de fonction-
nement pour le moteur à combustion interne (8) comprend une plage de fonctionnement pour le moteur électrique
(M2) qui est une plage de croisière dans laquelle le moteur électrique (M2) est actionné, et une plage de croisière
dans laquelle à la fois le moteur à combustion interne (8) et le moteur électrique (M2) sont arrêtés.

17. Procédé de commande pour un système de transmission de puissance d’un véhicule hybride comprenant un moteur
à combustion interne (8) et un moteur électrique (M2) pour entraîner le véhicule hybride, caractérisé en ce qu’il
comprend l’étape consistant à :

modifier une plage d’arrêt de fonctionnement pour le moteur à combustion interne (8) qui est une plage de
croisière dans laquelle un fonctionnement du moteur à combustion interne (8) est arrêté, en fonction d’une
caractéristique de carburant qui est brûlé dans le moteur à combustion interne (8).



EP 2 181 008 B1

29



EP 2 181 008 B1

30



EP 2 181 008 B1

31



EP 2 181 008 B1

32



EP 2 181 008 B1

33



EP 2 181 008 B1

34



EP 2 181 008 B1

35



EP 2 181 008 B1

36



EP 2 181 008 B1

37



EP 2 181 008 B1

38



EP 2 181 008 B1

39

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2006321466 A [0002] [0005]
• JP 2004204740 A [0002]
• JP 2003262141 A [0002]

• JP 2007231838 B [0005]
• US 20080167788 A [0005]


	bibliography
	description
	claims
	drawings

