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CONTROL DEVICE FOR VEHICLE

BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a control device for a vehicle such as a hybrid
vehicle having a plurality of drive sources, for example, and more particularly to measures
for eliminating the adverse effects of temperature variation on vehicle control.

2. Description of the Related Art

[0002] In recent years, demand for improvements in fuel efficiency and reductions in
the amount of exhaust gas discharged from an engine (internal combustion engine) installed
in a vehicle have grown from environmental concerns, and hybrid vehicles installed with a
hybrid system have been put tc practical use as vehicles which satisfy these reguiicinents.

[0003] A hybrid vehicle includes an engine such as a gasoline engine or a diesel engine,
and an electric motor (for example, a motor/generator or a motor) that generates electric
power using engine output, assists the engine output when driven (powered) by electric
power stored in a battery, and so on, and employs one or both of the engine and the electric
motor as a traveling drive source.

[0004] In this type of hybrid vehicle, operating regions (more specifically, driving or
stopping) of the engine and the electric motor are controlled on the basis of a vehicle speed
and an accelerator opening. For example, in a region where engine efficiency is low, such
as during start-up or low-speed travel, the engine is stopped and a drive wheel is driven
using the motive power of the electric motor alone. During normal travel, control is
performed to drive the engine such that the drive wheel is driven by the motive power of the
engine. In a high load region during fully open acceleration or the like, control is
performed to supply electric power to the electric motor from the battery so that the motive
power of the electric motor is added to the motive power of the engine as auxiliary power.

[0005] Conventionally, an automatic transmission that sets an optimum speed-shift
ratio between the electric motor and the drive wheel automatically is installed in a vehicle

such as the hybrid vehicle described above so that the torque and rotation speed generated
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by the electric motor are transmitted to the drive wheel appropriately, in accordance with the
traveling condition of the vehicle (for example, Japanese Patent Application Publication No.
2006-188213 (JP-A-2006-188213) and Japanese Patent Application Publication No.
2005-264762 (JP-A-2005-264762)). A planetary gear-type transmission that sets a gear
stage (a shift stage) using clutches and brakes serving as frictional engagement elements
and a planetary gear device is applied as the automatic transmission. For example, two
brakes are provided as frictional engagement elements, and switching is performed between
a shift stage (a low speed stage, for example) in which a first brake is engaged and a second
brake is disengaged and a shift stage (a high speed stage, for example) in which the second
brake is engaged and the first brake is disengaged. In this case, a so-called
clutch-to-clutch shift for changing the brake combination is performed.

[0006] In a typical hybrid vehicle, the output (torque) of the electric motor is controlied
by adjusting a current supplied to the electric motor. Therefore, when a shift operation is
performed in the transmission while an operation of the electric motor for assisting the
driving force or the like is underway, the output of the electric motor is preferably
controlled such that the shift operation is performed smoothly, without the occurrence of
shift shock.

[0007] Incidentally, in a vehicle having an automatic transmission installed between an
electric motor and a drive wheel, such as the hybrid vehicle described above, the following
problem occurs.

[0008] An alternating current synchronous motor (permanent magnet synchronous
motor) or the like is typically employed as the electric motor, and the temperature of a rotor
magnet in the electric motor varies constantly in accordance with the use condition and the
like of the electric motor. When the rotor magnet temperature varies, the capacity of the
electric motor varies in accordance with the rotor magnet temperature.

[0009] More specifically, when the rotor magnet temperature rises above a reference
temperature (75°C, for example), the magnetic force of the rotor magnet decreases, and as a
result, an actual output torque tends to become smaller than the output torque that is

originally obtained in accordance with a command value relating to the electric motor (the
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output torque that is obtained from a command value corresponding to the reference
temperature). Conversely, when the rotor magnet temperature falls below the reference
temperature, the magnetic force increases, and as a result, the actual output torque tends to
become larger than the output torque that is originally obtained in accordance with the
command value relating to the electric motor (the output torque that is obtained from a
command value corresponding to the reference temperature).

[0010] When a shift operation is performed in the aforesaid automatic transmission in
this situation, the shift operation is performed in the automatic transmission in a state where
an output torque diverging from an appropriate output torque is received from the electric
motor, and therefore the following problems may occur.

[0011] (When the rotor magnet temperature is higher than the reference temperature)

When the rotor magnet temperature is higher than the reference temperature, the actual
output torque of the electric motor decreases, and therefore, when a shift operation is
performed in the automatic transmission in this situation, the torque capacity of the brake
(or clutch) provided in the automatic transmission as a frictional engagement element
becomes excessive in relation to the output torque of the electric motor. In other words, an
engaging force of the brake becomes excessive in relation to the output torque of the
electric motor.  As a result, the respective engaging forces of the brake that is engaged
before the start of the shift operation and the brake that will be engaged at the end of the
shift operation increase beyond an optimum engaging force relative to the output torque of
the electric motor during the shift, leading to a so-called tie-up in which an interlocked state
occurs temporarily in the interior of the automatic transmission. When a tie-up occurs,
shift shock (tie-up shock) is generated in the vehicle during the shift, causing passengers to
experience an unpleasant sensation.

[0012] FIG. 14 shows a motor rotation speed, an output shaft torque of the automatic
transmission, and a brake oil pressure command value of the automatic transmission (the
solid line indicates an oil pressure command value relating to the engagement side brake,
while the broken line indicates an oil pressure command value relating to the

disengagement side brake) when the rotor magnet temperature is higher than the reference
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temperature. As shown in FIG. 14, tie-up shock, during which the output shaft torque of
the automatic transmission decreases rapidly and greatly, occurs at the shift timing.

[0013] (When the rotor magnet temperature is lower than the reference temperature)

When the rotor magnet temperaturé is lower than the reference temperature, the actual
output torque of the electric motor increases, and therefore, when a shift operation is
performed in the automatic transmission in this situation, the torque capacity of the brake
(or clutch) provided in the automatic transmission as a frictional engagement element
becomes insufficient in relation to the output torque of the electric motor. In other words,
the engaging force of the brake becomes too small in relation to the output torque of the
electric motor.  As a result, so-called load slip occurs with respect to the electric motor
such that during the shift, the rotation speed of the electric motor may rise rapidly (race).
When racing occurs in the electric motor in this manner, 2 large load acts on a driving part
and a sliding part of the electric motor, and as a result, the life of the electric motor is
shortened.

[0014] FIG. 15 shows the motor rotation speed, the output shaft torque of the
transmission, and the brake oil pressure command value of the automatic transmission (the
solid line indicates an oil pressure command value relating to the engagement side brake,
while the broken line indicates an oil pressure command value relating to the
disengagement side brake) when the rotor magnet temperature is lower than the reference
temperature. As shown in FIG. 15, the rotation speed of the electric motor rises rapidly at
the shift timing.

[0015] Note that variation in the output torque caused by temperature variation is not
limited to the alternating current synchronous motor described above, and occurs similarly
in an induction-type electric motor. More specifically, in this type of electric motor, an
electric resistance value of a conductor increases as the temperature increases, leading to a
reduction in capacity. In other words, similarly to the case described above, when the
temperature of the electric motor increases beyond a reference temperature, the actual
output torque becomes smaller than the output torque that is originally obtained in

accordance with a command value relating to the electric motor. Conversely, when the
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temperature of the electric motor falls below the reference temperature, the actual output
torque becomes larger than the output torque that is originally obtained in accordance with
the command value relating to the electric motor.

[0016] Furthermore, the output torque varies due to temperature variation in the
internal combustion engine as well as the electric motor. In other words, if the temperature
of the internal combustion engine varies, the output torque also varies, even when an intake
air amount and a fuel injection amount remain constant. More specifically, when the
temperature of the internal combustion engine is low (immediately after a cold start, for
example), the viscosity of a lubricating oil is high, creating agitation resistance and so on
which cause the output torque to decrease. When warm-up of the internal combustion
engine is complete, on the other hand, i.e. when the temperature of the internal combustion
engine is comparatively high, the agitation resistance decreases, leading to an increase in
the output torque.

[0017] In this type of vehicle, the output torque of the drive sources varies according to
temperature (the aforementioned rotor magnet temperature, the temperature of the internal
combustion engine itself, and so on), and therefore situations in which control cannot be
performed appropriately (for example, situations in which a shift operation cannot be

performed appropriately in the transmission) may arise as a result.

SUMMARY OF THE INVENTION

[0018] The present invention provides a control device for a vehicle, which is capable
of eliminating the adverse effects of variation in the temperature of a drive source such as
an electric motor or ambient temperature variation on vehicle control.

[0019] According to the present invention, a control operation is performed to
recognize output torque variation caused by variation in the temperature of a drive source
such as an electric motor or ambient temperature variation, and subject the torque capacity
of a frictional engagement element of a transmission to correction or the like in accordance
with this variation to ensure that problems caused by variation in the output torque do not

arise.
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[0020] A first aspect of the present invention relates to a control device for a vehicle
having an electric motor that outputs a driving force for travel, a transmission that is
provided on a power transmission path extending from the electric motor to a drive wheel
and performs a shift operation by modifying an engagement state of a frictional engagement
element, and a transmission control portion that controls the shift operation of the
transmission. The control device for a vehicle is provided with: a temperature
recognizing portion that estimates or detects a temperature of the electric motor; and a shift
operation correcting portion that corrects a control amount of the shift operation performed
in the transmission by the transmission control portion, on the basis of the temperature of
the electric motor estimated or detected by the temperature recognizing portion.

[0021] According to this constitution, even when the capacity of the electric motor
varies due to temperature variation in the electric motor itself, a shift operation can be
performed in the transmission in accordance with this situation. More specifically, in the
case of a permanent magnet synchronous motor, the magnetic force of the magnet varies in
accordance with temperature variation. Hence, when the magnet temperature increases,
the output torque tends to fall, and when the magnet temperature decreases, the output
torque tends to rise.  Similarly, in the case of an induction-type motor, the electric
resistance of a conductor varies in accordance with temperature variation. Hence, when
the temperature increases, the output torque tends to fall, and when the temperature
decreases, the output torque tends to rise. When a shift operation is performed in the
transmission with reduced output torque, the torque capacity of the frictional engagement
elements provided in the transmission becomes excessive in relation to the output torque of
the electric motor, leading to the possibility of tie-up shock. Conversely, when a shift
operation is performed in the transmission with increased output torque, the torque capacity
of the frictional engagement elements provided in the transmission becomes insufficient in
relation to the output torque of the electric motor, leading to the possibility of a rapid
increase (racing) in the rotation speed of the electric motor.

[0022] According to the present invention, the control amount of the shift operation

performed in the transmission is corrected in accordance with variation in the output torque
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of the electric motor resulting from temperature variation, and therefore tie-up shock and
racing of the electric motor rotation speed can be avoided.

[0023] The temperature recognizing portion may estimate or detect a temperature of a
magnet provided in the electric motor. In so doing, a shift operation corresponding to the
output torque, which varies in accordance with the magnet temperature of a permanent
magnet synchronous motor, can be performed in the transmission.

[0024] The shift operation correcting portion may correct the torque capacity of the
frictional engagement element during modification of the engagement state of the frictional
engagement element.

[0025] The following method may be used to correct the torque capacity in this case.
The torque capacity of the frictional engagement element during modification of the
engagement state of the frictional engagement element may be corrected such that the
torque capacity decreases as the temperature of the electric motor, estimated or detected by
the temperature recognizing portion, increases above a predetermined reference temperature.
When the engagement state of the frictional engagement element is modified by a supply of
oil pressure, the shift operation correcting portion may reduce the torque capacity of the
frictional engagement element by correcting an oil pressure value supplied to the frictional
engagement element in a decreasing direction.

[0026] Conversely, the torque capacity of the frictional engagement element during
modification of the engagement state of the frictional engagement element may be corrected
such that the torque capacity increases as the temperature of the electric motor, estimated or
detected by the temperature recognizing portion, decreases below the predetermined
reference temperature. 'When the engagement state of the frictional engagement element is
modified by a supply of oil pressure, the shift operation correcting portion may increase the
torque capacity of the frictional engagement element by correcting the oil pressure value
supplied to the frictional engagement element in an increasing direction. Note that here,
the predetermined reference temperature indicates the temperature of the electric motor in a
steady driving state, and is set at 75°C, for example. The reference temperature is not

limited to this value.
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[0027] By correcting the torque capacity of the frictional engagement element in
accordance with the temperature of the electric motor in this manner, tie-up shock and
racing of the electric motor rotation speed can be avoided, enabling an improvement in
practical utility.

[0028] Further, when the frictional engagement element is constituted by an
electromagnetic clutch, the shift operation correcting portion may correct the torque
capacity of the frictional engagement element by correcting a voltage value for activating
the electromagnetic clutch.

[0029] Hence, when the frictional engagement element is constituted by an
electromagnetic clutch, rather than being limited to a frictional engagement element whose
engagement state is modified by an oil pressure supply, similar actions to the various
aspects described above are obtained, and therefore tie-up shock and racing of the electric
motor rotation speed can be avoided.

[0030] In addition to the torque capacity correction operation performed on the
frictional engagement element by the shift operation correcting portion described above, the
following constitution may be employed to perform further correction (additional
correction). Specifically, a frictional contact surface temperature recognizing portion that
estimates or detects a surface temperature of a frictional contact surface of the frictional
engagement element, and a shift operation additional correcting portion that corrects a
command value of the torque capacity of the frictional engagement element during
modification of the engagement state of the frictional engagement element such that the
command value increases as the surface temperature of the frictional contact surface,
estimated or detected by the frictional contact surface temperature recognizing portion,
increases above a predetermined reference temperature, may also be provided.

[0031] Further, a frictional contact surface temperature recognizing portion that
estimates or detects a surface temperature of a frictional contact surface of the frictional
engagement element, and a shift operation additional correcting portion that corrects a
command value of the torque capacity of the frictional engagement element during

modification of the engagement state of the frictional engagement element such that the

8



10

15

20

25

WO 2009/040664 PCT/1IB2008/002900

command value decreases as the surface temperature of the frictional contact surface,
estimated or detected by the frictional contact surface temperature recognizing portion,
decreases below a predetermined reference temperature, may also be provided.

[0032] By correcting the torque capacity command value of the frictional engagement
element in accordance with the surface temperature of the frictional contact surface of the
frictional engagement element as well as correcting the torque capacity of the frictional
engagement element in accordance with the temperature of the electric motor, a shift
operation can be performed in the transmission more accurately and at an optimum torque
capacity. Note that the reason for increasing the torque capacity command value of the
frictional engagement element as the surface temperature of the frictional contact surface
increases above the predetermined reference temperature is that when the surface
temperature of the frictional contact surface increases, frictional resistance upon contact
with the frictional contact surface of a partner side decreases in comparison with a case in
which the surface temperature is low, and as a result, a situation in which the torque
capacity becomes insufficient relative to the output torque of the drive source may arise.

In other words, by increasing the torque capacity command value of the frictional
engagement element, the adverse effects of an increased surface temperature on the
frictional contact surface are eliminated.

[0033] A second aspect of the present invention relates to a control device for a vehicle
having a drive source that outputs a driving force for travel, a transmission that is provided
on a power transmission path extending from the drive source to a drive wheel and performs
a shift operation by modifying an engagement state of a frictional engagement element, and
transmission control portion that controls the shift operation of the transmission. The
control device for a vehicle is provided with: a temperature recognizing portion that
estimates or detects a temperature. of the drive source; and a shift operation correcting
portion that corrects a control amount of the shift operation performed in the transmission
by the transmission control portion, on the basis of the temperature of the drive source
estimated or detected by the temperature recognizing portion.

[0034] In this case, the drive source is an internal combustion engine, and the
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temperature recognizing portion may detect a cooling water temperature or a lubricating oil
temperature of the internal combustion engine.

[0035) The shift operation correcting portion may correct a torque capacity of the
frictional engagement element during modification of the engagement state of the frictional
engagement element such that the torque capacity decreases as the temperature of the
internal combustion engine, estimated or detected by the temperature recognizing portion,
decreases below a predetermined warm-up operation completion temperature.

[0036] Further, the shift operation correcting portion may correct a torque capacity of
the frictional engagement element during modification of the engagement state of the
frictional engagement element such that the torque capacity increases as the temperature of
the internal combustion engine, estimated or detected by the temperature recognizing
portion, increases above a predetermined warm-up operation completion temperature.

[0037] In an internal combustion engine, when the temperature of the internal
combustion engine is comparatively low, for example immediately after a cold start, the
viscosity of a lubricating oil is high, leading to agitation resistance and so on which tend to
cause the output torque to decrease. Following warm-up completion in the internal
combustion engine, on the other hand, i.e. when the temperature of the internal combustion
engine is comparatively high, the output torque tends to rise due to a reduction in the
agitation resistance. This aspect takes these points into consideration such that the torque
capacity of the frictional engagement element is corrected on the basis of a correlation
betwéen the temperature of the internal combustion engine (for example, a temperature
recognized from a cooling water temperature and a lubricating oil temperature) and the
output torque. Hence, with this aspect also, tie-up shock caused when the torque capacity
of the frictional engagement element becomes excessive in relation to the engine output and
racing of the internal combustion engine rotation speed caused when the torque capacity of
the frictional engagement element becomes insufficient in relation to the engine output can
be avoided.

[0038] Further, as well as correcting the torque capacity of the frictional engagement

element in accordance with the temperature of the internal combustion engine itself, an
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aspect in which the torque capacity of the frictional engagement element is corrected in
accordance with the temperature of intake air aspirated into the internal combustion engine
is also within the technical scope of the present invention. More specifically, a third aspect
of the present invention relates to a control device for a vehicle having an internal
combustion engine that outputs a driving force for travel, a transmission that is provided on
a power transmission path extending from the internal combustion engine to a drive wheel
and performs a shift operation by modifying an engagement state of a frictional engagement
element, and a transmission control portion that controls the shift operation of the
transmission. The control device for a vehicle is provided with: a temperature
recognizing portion that detects a temperature of intake air aspirated into the internal
combustion engine; and a shift operation correcting portion that corrects a control amount
of the shift operation performed in the transmission by the transmission controi portion, on
the basis of the temperature of the intake air detected by the temperature recognizing
portion.

[0039] In this case, the shift operation correcting portion may correct a torque capacity
of the frictional engagement element during modification of the engagement state of the
frictional engagement element such that the torque capacity decreases as the temperature of
the intake air detected by the temperature recognizing portion increases above a
predetermined temperature.

[0040] Further, the shift operation correcting portion may correct a torque capacity of
the frictional engagement element during modification of the engagement state of the
frictional engagement element such that the torque capacity increases as the temperature of
the intake air detected by the temperature recognizing portion decreases below a
predetermined temperature.

[0041] In an internal combustion engine, the efficiency with which air is charged into a
cylinder increases, leading to an increase in output torque, as the intake air temperature falls.
Conversely, the air charging efficiency falls, leading to a reduction in output torque, as the
intake air temperature rises. In consideration of this point, the torque capacity of the

frictional engagement element is corrected on the basis of a correlation between the
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temperature of the intake air aspirated into the internal combustion engine and the output
torque. Hence, tie-up shock caused when the torque capacity of the frictional engagement
element becomes excessive in relation to the engine output and racing of the internal
combustion engine rotation speed caused when the torque capacity of the frictional
engagement element becomes insufficient in relation to the engine output can be avoided.

[0042] Note that here, the predetermined intake air temperature is set at 20°C, for
example. With this setting, it is possible to realize a state in which the torque capacity of
the frictional engagement element is set on the small side during summer, when the air
charging efficiency tends to decrease, and the torque capacity of the frictional engagement
element is set on the large side during winter, when the air charging efficiency tends to
increase, for example. The predetermined intake air temperature is not limited to this
value.

[0043] Further, an aspect in which a torque command value relating to an electric
motor is corrected in accordance with the temperature of the electric motor is also within
the technical scope of the present invention. More specifically, a fourth aspect of the
present invention relates to a control device for a vehicle having an electric motor that
outputs a driving force for travel, and an electric motor control portion that drive-controls
the electric motor by outputting a torque command value to the electric motor. The control
device for a vehicle is provided with: a temperature recognizing portion that estimates or
detects a temperature of the electric motor; and a torque command value correcting portion
that corrects the torque command value output by the electric motor control portion, on the
basis of the temperature of the electric motor estimated or detected by the temperature
recognizing portion.

[0044] In this case, the torque command value correcting portion may correct the
torque command value such that the torque command value increases as the temperature of
the electric motor estimated or detected by the temperature recognizing portion increases
above a predetermined temperature.

[0045] Further, the torque command value correcting portion may correct the torque

command value such that the torque command value decreases as the temperature of the
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electric motor estimated or detected by the temperature recognizing portion decreases below
the predetermined temperature.

[0046] According to these specific items, a desired output torque is obtained from the
electric motor at all times, regardless of the temperature of the electric motor, and therefore
traveling stability in the vehicle and a travel performance that corresponds to a driver
request can be obtained.

[0047] In the present invention, a control operation is performed to recognize output
torque variation caused by variation in the temperature of a drive source such as an electric
motor or ambient temperature variation, and subject the torque capacity of a frictional
engagement element of a transmission to correction or the like in accordance with this
varjation to ensure that problems caused by variation in the output torque do not arise.
Hence, the adverse effects of temperature-related output torque variation in the electric
motor or other drive source can be eliminated, and as a result, tie-up shock during a shift

operation and racing of the electric motor rotation speed can be avoided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The foregoing and further features and advantages of the invention will become
apparent from the following description of embodiments with reference to the
accompanying drawings, wherein like numerals are used to represent like elements, and
wherein:

FIG. 1 is a schematic diagram showing a hybrid vehicle according to a first embodiment;

FIG. 2 is a schematic diagram of an automatic transmission installed in the hybrid
vehicle;

FIG. 3 is an operation table of the automatic transmission;

FIG. 4 is a view showing a hydraulic control circuit for controlling the automatic
transmission;

FIG. 5 is a block diagram showing the constitution of a control system such as an ECU;

FIG. 6 is a view showing an example of a map used to calculate a required torque;

FIG. 7 is a view showing an example of a shift map used during shift control;
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FIG. 8 is a view showing a relationship between a rotor magnet temperature and an
output torque of a motor/generator;

FIG. 9 is a flowchart showing procedures of a brake oil pressure control operation;

FIG. 10 is a timing chart showing variation in a motor rotation speed, an output shaft
torque of the transmission, and an oil pressure command value of the brake when the rotor
magnet temperature is higher than a reference temperature;

FIG. 11 is a timing chart showing variation in the motor rotation speed, the output shaft
torque of the transmission, and the oil pressure command value of the brake when the rotor
magnet temperature is lower than the reference temperature;

FIG. 12 is a schematic diagram showing a hybrid vehicle according to a modified
example;

FIG. 13 is a schematic diagram showing a hybrid vehicle according to a second
embodiment;

FIG. 14 is a view corresponding to FIG. 10 in a conventional example; and

FIG. 15 is a view corresponding to FIG. 11 in a conventional example.

DETAILED DESCRIPTION OF EMBODIMENTS

[0049] Embodiments of the present invention will be descrjbed below on the basis of
the drawings.

[0050] (First Embodiment)

This embodiment describes a case in which the present invention is applied to a hybrid
vehicle having two motor/generators and structured as an FR (front engine/rear drive)
vehicle.

[0051] FIG. 1 is a schematic diagram showing an example of a hybrid vehicle HV
according to this embodiment.

[0052] The hybrid vehicle HV includes an engine 1, a first motor/generator MG1, a
second motor/generator MG2, a power distribution mechanism 2, an automatic transmission
3, an inverter 4, an HV battery 5, a differential gear 6, drive wheels 7, a hydraulic control

circuit 300 (see FIG. 4), an ECU (Electronic Control Unit) 100, and so on.
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[0053] The engine 1, the respective motor/generators MG1, MG2, the power
distribution mechanism 2, the automatic transmission 3, and the ECU 100 will each be
described below.

[0054] [Engine]

The engine (drive source) 1 is a conventional power device (internal combustion engine)
that outputs motive power by burning fuel, such as a gasoline engine or a diesel engine, and
is constituted to be capable of controlling operating conditions such as a throttle opening
(intake air amount), a fuel injection amount, and an ignition timing.  Further, the rotation
speed (engine rotation speed) of a crankshaft 11 serving as an output shaft of the engine 1 is
detected by an engine rotation speed sensor 201. The engine 1 is drive-controlled by the
ECU 100.

[0055] [Motor/generator]

The motor/generators MG1, MG?2 are alternating current synchronous motors, and
function as both electric motors (drive sources) and power generators. The
motor/generators MG1, MG2 are connected to the HV battery 5 via the inverter 4. The
inverter 4 is controlled by the ECU 100, and by controlling the inverter 4, the
motor/generators MG1, MG2 are set to perform either regeneration or powering (assist).
Regenerative power generated at this time is charged to the HV battery 5 via the inverter 4.
Further, drive power for driving the motor/generators MG1, MG2 is supplied from the HV
battery 5 via the inverter 4. Note that a secondary battery such as a nickel hydrogen
battery or a lithium ion battery, a fuel cell, or similar is applied to the HV battery 5.
Alternatively, a large capacity capacitor such as an electric double layer capacitor or the like
may be used as a storage device instead of the HV battery 3.

[0056] [Power distribution mechanism]

The power distribution mechanism 2 is constituted by a planetary gear mechanism that
includes a sun gear S21 serving as an external gear, a ring gear R21 serving as an internal
gear disposed concentrically with the sun gear S21, a plurality of pinion gears P21 that
mesh with the sun gear S21 and mesh with the ring gear R21, and a carrier CA21 that

carries the plurality of pinion gears P21 so as to be free to spin and revolve, and performs a
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differential action using the sun gear S21, ring gear R21, and carrier CA21 as rotary
elements.

[0057] The crankshaft 11 serving as the output shaft of the engine 1 is connected to the
carrier CA21 of the power distribution mechanism 2. A rotary shaft of the first
motor/generator MG1 is connected to the sun gear S21 of the power distribution mechanism
2. Aring gear shaft 21 is connected to the ring gear R21 of the power distribution
mechanism 2. The ring gear shaft 21 is connected to the drive wheels 7 via the differential
gear 6. Further, a rotary shaft of the second motor/generator MG2 is connected to the ring
gear shaft 21 via the automatic transmission 3.

[0058] In the power distribution mechanism 2 having the structure described above,
when the first motor/generator MG1 functions as a power generator, power from the engine
1, which is input from the carrier CA21, is distributed to the sun gear S21 side and the ring
gear R21 side in accordance with a gear ratio thereof. When the first motor/generator
MGT1 functions as an electric motor, on the other hand, power from the engine 1, which is
input from the carrier CA21, and power from the first motor/generator MG1, which is input
from the sun gear S21, are integrated and output to the ring gear R21.

[0059] [Automatic transmission]

As shown in FIG. 2, the automatic transmission 3 is a planetary gear-type transmission
including a double pinion-type first planetary gear mechanism 31, a single pinion-type
second planetary gear mechanism 32, two brakes (frictional engagement elements) B1, B2,
and so on, An input shaft 30 of the automatic transmission 3 is connected to the rotary
shaft of the second motor/generator MG2, and an output shaft 33 thereof is connected to the
ring gear shaft (output shaft) 21 (see FIG. 1).

[0060] The first planetary gear mechanism 31 includes a sun gear S31 serving as an
external gear, a ring gear R31 serving as an internal gear disposed concentrically with the
sun gear S31, a plurality of first pinion gears P31a that mesh with the sun gear S31, a
plurality of second pinion gears P31b that mesh with the first pinion gears P31a and mesh
with the ring gear R31, and a carrier CA31 that connects the plurality of first pinion gears

P31a and the plurality of second pinion gears P31b and carries the plurality of first pinion
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gears P31a and the plurality of second pinion gears P31b so as to be free to spin and revolve.
The carrier CA31 of the first planetary gear mechanism 31 is connected integrally to a
carrier CA32 of the second planetary gear mechanism 32. The sun gear S31 of the first
planetary gear mechanism 31 is connected selectively to a housing H serving as a

non-rotary member via the brake B1 such that when the brake B1 is engaged, rotation of the
sun gear S31 is prevented.

[0061] The second planetary gear mechanism 32 includes a sun gear S32 serving as an
external gear, a ring gear R32 serving as an internal gear disposed concentrically with the
sun gear S32, a plurality of pinion gears P32 that mesh with the sun gear S32 and mesh with
the ring gear R32, and the carrier CA32, which carries the plurality of pinion gears P32 so
as to be free to spin and revolve. The sun gear S32 of the second planetary gear‘
mechanism 32 is connected to the input shaft 30, and thé carrier CA32 is connected to the
output shaft 33. Further, the ring gear R32 of the second planetary gear mechanism 32 is
connected selectively to the housing H via the brake B2 such that when the brake B2 is
engaged, rotation of the ring gear R32 is prevented.

[0062] A rotation speed (input rotation speed Nm) of the input shaft 30 of the automatic
transmission 3 constituted as described above is detected by an input shaft rotation speed
sensor 203. A rotation speed of the output shaft 33 of the automatic transmission 3 is
detected by an output shaft rotation speed sensor 204. A current gear stage of the
automatic transmission 3 can be determined on the basis of a rotation speed ratio (output
rotation speed/input rotation speed) obtained from output signals of the input shaft rotation
speed sensor 203 and the output shaft rotation speed sensor 204.

[0063] The automatic transmission 3 is capable of switching between a P range
(parking range), an N range (neutral range), a D range (forward travel range), and so on, for
example, when a driver operates range switching means such as a shift lever.

[0064] In the automatic transmission 3 described above, the gear stage (shift stage) is
set by engaging or disengaging the brakes B1, B2 serving as frictional engagement elements
to a predetermined state (a shift operation performed by a transmission control portions).

The engagement/disengagement states of the brakes B1, B2 of the automatic transmission 3

17



10

15

20

WO 2009/040664 PCT/1IB2008/002900

are shown in an operation table in FIG. 3. In the operation table of FIG. 3, a circle (o)
indicates engagement and a blank indicates disengagement. A triangle (A) indicates that
one of the brakes B1, B2 is engaged and the other is disengaged.

[0065] In the automatic transmission 3 according to this example, the input shaft 30
(the rotary shaft of the second motor/generator MG2) and the output shaft 33 (the ring gear
shaft 21) can be disconnected (a neutral state can be achieved) by disengaging both of the
brakes B1, B2. However, the neutral state can also be achieved in the N range by engaging
either the brake B2 or the brake B1 such that torque is not generated in the second
motor/generator MG2.

[0066] Further, a first shift gear stage (1%) is set by engaging the brake B2 and
disengaging the brake B1. When the brake B2 is engaged, rotation of the ring gear R32 of
the second planectary gear mechanism 32 is fixed, and the carrier CA32, or in other words
the output shaft 33, is rotated at low speed by the ring gear R32, the rotation of which is
fixed, and the sun gear S32, which is rotated by the second motor/generator MG2.

[0067] A second shift gear stage (2"d) is set by engaging the brake B1 and disengaging
the brake B2, When the brake B1 is engaged, rotation of the sun gear S31 of the first
planetary gear mechanism 31 is fixed, and the carrier CA32 (carrier CA31), or in other
words the output shaft 33, is rotated at high speed by the sun gear S31, the rotation of which
is fixed, and the sun gear S32 (ring gear R31), which is rotated by the second
motor/generator MG2.

[0068] In the automatic transmission 3 described above, an upshift from the first speed
(1%) to the second speed (2") is achieved through clutch-to-clutch shift control in which the
brake B2 is disengaged at the same time as the brake B1 is engaged. Further, a downshift
from the second speed (2™) to the first speed (1%) is achieved through clutch-to-clutch shift
control in which the brake B1 is disengaged at the same time as the brake B2 is disengaged.
QOil pressure during engagement and disengagement of the brakes B1, B2 is controlled by
the hydraulic control circuit 300 (see FIG. 4).

[0069] The hydraulic control circuit 300 is provided with linear solenoid valves,

ON/OFF solenoid valves, and so on, and by controlling excitation and non-excitation of
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these solenoid valves, the hydraulic circuit can be switched, as a result of which
engagement and disengagement of the brakes B1, B2 in the automatic transmission 3 can be
controlled. Excitation and non-excitation of the linear solenoid valves and ON/OFF
solenoid valves in the hydraulic control circuit 300 are controlled in accordance with a
solenoid control signal (instructed oil pressure signal) from the ECU 100.

[0070] FIG. 4 shows an outline of the constitution of the hydraulic control circuit 300.
As shown in FIG. 4, the hydraulic control circuit 300 is constituted by a mechanical pump
MP that is driven by the rotation of the engine 1 and pumps oil (automatic transmission
fluid: ATF) to an oil flow passage 301 with a sufficient pumping performance to activate the
brakes B1, B2, an electric pump EP that is driven by an inbuilt electric motor, not shown in
the drawing, and pumps the oil to the oil flow passage 301 with a required minimum
pumping performance for activating the brakes B1, B2, a three-way solenoid valve 302 and
a pressure control valve 303 for adjusting a line oil pressure PL of the oil pumped to the oil
flow passage 301 from the mechanical pump MP and electric pump EP, and linear solenoid
valves 304, 305, control valves 306, 307 and accumulators 308, 309 for adjusting the
engaging force of the brakes B1, B2 using the line oil pressure PL.  In the hydraulic
control circuit 300, the line oil pressure PL can be adjusted by driving the three-way
solenoid valve 302 to control the opening and closing of the pressure control valve 303.
Further, the engaging force of the brakes B1, B2 can be adjusted by controlling a current
applied to the linear solenoid valves 304, 305 to control the opening and closing of the
control valves 306, 307, which transmit the line oil pressure PL to the brakes B1, B2.
Furthermore, in the hydraulic control circuit 300, surplus oil not used to activate the brakes
B1, B2 from the oil pumped by the mechanical pump MP or the electric pump EP and return
oil that is discharged from the pressure control valve 303 after being used to activate the
brakes B1, B2 are supplied to the power distribution mechanism 2 via an oil flow passage
310 as lubricating oil.

[0071] [ECU]

| As shown in FIG. 5, the ECU 100 includes a CPU (Central Processing Unit) 101, ROM
(Read-Only Memory) 102, RAM (Random Access Memory) 103, backup RAM 104, and so
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on.

[0072] The ROM 102 stores various programs, including a program for controlling a
basic operation of the hybrid vehicle HV and a program for executing shift control to set the
gear stage of the automatic transmission 3 in accordance with the traveling condition of the
hybrid vehicle HV, and so on.  The specific content of this shift control will be described
below.

[0073] The CPU 101 executes calculation processing based on various control
programs and maps stored in the ROM 102. The RAM 103 is memory for storing
calculation results from the CPU 101, data input from various sensors, and so on
temporarily. The backup RAM 104 is nonvolatile memory storing data to be saved when
the engine 1 is stopped and so on.

[0074] The CPU 101, ROM 102, RAM 103 and backup RAM 104 are connected to
each other via a bus 106 and connected to an interface 105.

[0075] The aforementioned engine rotation speed sensor 201, a throttle opening sensor
202 for detecting the opening of a throttle valve of the engine 1, the aforementioned input
shaft rotation speed sensor 203 and output shaft rotation speed sensor 204, an accelerator
opening sensor 205 for detecting the opening of an accelerator pedal, a shift position sensor
206 for detecting the position of a shift lever, a vehicle speed sensor 207 for detecting the
vehicle speed of the hybrid vehicle HV, and so on are connected to the interface 105 of the
ECU 100, and signals from each of these sensors are input into the ECU 100.

[0076] On the basis of the output signals from the various sensors described above, the
ECU 100 executes various types of control on the engine 1, such as control of the throttle
opening (intake air amount) of the engine 1, fuel injection control, and ignition timing
control.

{00771 The ECU 100 also outputs a solenoid control signal (brake oil pressure
command signal) to the hydraulic control circuit 300 of the automatic transmission 3. The
linear solenoid valves 304, 305, control valves 306, 307, and so on of the hydraulic control
circuit 300 are controlled on the basis of the solenoid control signal, whereby the brakes B1,

B2 are engaged or disengaged to a predetermined state so as to achieve a predetermined
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gear stage (first speed or second speed).

[0078] The ECU 100 also executes “shift control” and “travel control” to be described
below.

[0079] [Shift control]

First, the ECU 100 calculates an accelerator opening Ac on the basis of the output signal
from the accelerator opening sensor 205, calculates a vehicle speed V on the basis of the
output signal from the vehicle speed sensor 207, and then determines a required torque Tr
on the basis of the accelerator opening Ac and the vehicle speed V by referring to a map
shown in FIG. 6.

[0080] Next, the ECU 100 calculates a target gear stage on the basis of the vehicle
speed V and the required torque Tr by referring to a shift map shown in FIG. 7, determines
the current gear stage of the automatic transmission 3 on the basis of the rotation speed ratio
(output rotation speed/input rotation speed) obtained from the output signals of the input
shaft rotation speed sensor 203 and the output shaft rotation speed sensor 204, and
compares the target gear stage to the current gear stage to determine whether or not a shift
operation is required.

[0081] When the determination result indicates that a shift is not required (when the
target gear stage and the current gear stage are identical, indicating that the gear stage is set
appropriately), the ECU 100 outputs a solenoid control signal (brake oil pressure command
signal) for maintaining the current gear stage to the hydraulic control circuit 300 of the
automatic transmission 3.

[0082) When the target gear stage and current gear stage are different, on the other
hand, shift control is performed. For example, when travel is underway with the second
speed set as the gear stage of the automatic transmission 3 and the traveling condition of the
hybrid vehicle HV changes (the vehicle speed changes, for example) from a point A to a
point B in FIG. 7, for example, the target gear stage calculated from the shift map changes
to the first speed, and therefore a solenoid control signal (brake oil pressure command
signal) for setting the first speed gear stage is output to the hydraulic control circuit 300 of

the automatic transmission 3, whereby the brake B1 serving as a frictional engagement
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element is disengaged at the same time as the brake B2 is engaged. As a result, a shift (a
downshift from 2™ to 1%) is performed from the second speed gear stage to the first speed
gear stage.

[0083] In the map for calculating the required torque, shown in FIG. 6, values obtained
by determining the required torque Tr empirically through experiment, calculation, and so
on are plotted using the vehicle speed V and the accelerator opening Ac as parameters.

This map is stored in the ROM 102 of the ECU 100.

[0084] Further, in the shift map shown in FIG. 7, the vehicle speed V and required
torque Tr are used as parameters, and two regions (a 1% region and a 2" region) for
determining the appropriate gear stage are set in accordance with the vehicle speed V and
required torque Tr. This map is stored in the ROM 102 of the ECU 100. The two regions
of the shift map are defined by a shift line (a gear stage switch line).

[0085] [Travel control]

Through similar processing to that described above, the ECU 100 calculates the required
torque Tr to be output to the ring gear shaft (output shaft) 21 on the basis of the accelerator
opening Ac and the vehicle speed V by referring to the map shown in FIG. 6, and causes the
hybrid vehicle HV to travel in a predetermined travel mode by drive-controlling the engine
1 and the motor/generators MG1, MG2 (the inverter 4) such that a req‘uired power
corresponding to the required torque Tr is output to the ring gear shaft 21.

[0086] For example, in a region where engine efficiency is low, such as during start-up
or low-speed travel, the engine 1 is stopped and power corresponding to the required power
is output to the ring gear shaft 21 from the second motor/generator MG2 via the automatic
transmission 3. During normal travel, the engine 1 is driven such that power
corresponding to the required power is output from the engine 1, and the rotation speed of
the engine 1 is controlled by the first motor/generator MG1 to achieve optimum fuel
efficiency.

[0087] Further, in a case where torque assist is implemented by driving the second
motor/generator MG2, the gear stage of the automatic transmission 3 is set at 1* to increase

the torque applied to the ring gear shaft (output shaft) 21 when the vehicle speed V is low,
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and the gear stage of the automatic transmission 3 is set at 2™ to realize a relative reduction
in the rotation speed of the second motor/generator MG2 and a corresponding reduction in
loss when the vehicle speed V increases. Thus, efficient torque assist is executed. Travel
control is also performed to stop the second motor/generator MG2 and cause the hybrid
vehicle HV to travel on torque (direct torque) transmitted directly to the ring gear shaft 21
from the engine 1 via the power distribution mechanism 2 while a reactive force of the
engine torque is received by the first motor/generator MG1.

[0088] [Brake oil pressure control]

Next, brake oil pressure control, which is a featured operation of this embodiment, will
be described. In brake oil pressure control, oil pressure supplied to the brakes B1, B2 by
the hydraulic control circuit 300 is controiled to cause the brakes B1, B2 to engage and .
disengage.

[0089] In this embodiment, brake oil pressure control is performed on the basis of a
rotor magnet temperature of the second motor/generator MG2.

[0090] A condition for setting a pulse signal serving as an output torque command
value (to be referred to simply as a command value hereafter) relating to the second
motor/generator MG2 is that the rotor magnet temperature reaches 75°C. In other words,
when the rotor magnet temperature is 75°C, the command value is set such that the desired
output torque is obtained from the second motor/generator MG2. More specifically, the
inverter 4 converts a direct current voltage received from a power line into a three-phase
alternating current voltage by performing ON/OFF control (switching control) on a power
semiconductor switching element in response to a switching control signal from the ECU
100, and outputs the converted three-phase alternating current voltage to the second
motor/generator MG2.  As a result, the second motor/generator MG2 is drive-controlled to
generate output torque corresponding to the command value. The command value relating
to the second motor/generator MG?2 is set such that the appropriate output torque required of
the second motor/generator MG2 is obtained when the rotor magnet temperature is assumed
to be 75°C. In other words, as long as the rotor magnet temperature is maintained at 75°C

(a reference temperature), appropriate output torque is obtained from the second
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motor/generator MG2 in accordance with the command value.

[0091] However, the rotor magnet temperature of the second motor/generator MG2
varies constantly in accordance with the use condition and the like of the second
motor/generator MG2. When the rotor magnet temperature varies, the capacity of the
second motor/generator MGZ2 varies in accordance with the rotor magnet temperature.
More specifically, when the rotor magnet temperature rises above the reference temperature,
the actual output torque tends to become smaller than the output torque that is originally
obtained in accordance with the command value relating to the second motor/generator
MG2. Conversely, when the rotor magnet temperature falls below the reference
temperature, the actual output torque tends to become larger than the output torque that is
originally obtained in accordance with the command value relating to the second
motor/generator MG2. FIG. 8 shows a relationship between a divergence width of the
actual output torque relative to the command value and the rotor magnet temperature. As
the rotor magnet temperature increases relative to the reference temperature (75°C in this
embodiment), the actual output torque decreases steadily. Conversely, as the rotor magnet
temperature decreases relative to the reference temperature (75°C), the actual output torque
increases steadily.

[0092] In consideration of these circumstances, in this embodiment the oil pressure
applied to the brakes B1, B2 from the hydraulic control circuit 300 is controlled in
accordance with the rotor magnet temperature of the second motor/generator MG2, More
specifically, as the rotor magnet temperature rises relative to the reference temperature, the
oil pressure applied to the brakes B1, B2 from the hydraulic control circuit 300 during a
shift operation is set steadily lower, and conversely, as the rotor magnet temperature falls
relative to the reference temperature, the oil pressure applied to the brakes B1, B2 from the
hydraulic control circuit 300 during a shift operation is set steadily higher (a shift operation
correction control performed by a shift operation correcting portion).

[0093] To realize this control operation, in this embodiment a rotor magnet temperature
estimation map for estimating the rotor magnet temperature of the second motor/generator

MG?2 is stored in the ROM 102 of the ECU 100. The rotor magnet temperature estimation
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map shows a relationship between a driving history of the second motor/generator MG2, for
example a driving rotation speed per unit time, and an increase in the rotor magnet
temperature, and is obtained by plotting values determined empirically through experiment,
calculation and so on.

[0094] The brake oil pressure control operation will be described below using a
flowchart shown in FIG. 9. A brake oil pressure control operation routine shown in FIG. 9
is executed repeatedly in the ECU 100 at predetermined time intervals (of several msec, for
example).

[0095] First, in a step ST1, a determination is made as to whether or not a shift request
has been issued in relation to the automatic transmission 3. In other words, a
determination is made as to whether or not the timing for performing a shift operation has
arrived while a shift operation is underway in accordance with the shift map shown in FIG,
7. When a shift request has not been issued, a negative determination is made in the step
ST1 and the routine is terminated with no further processing.

[0096] When a shift request has been issued in relation to the automatic transmission 3
such that an affirmative determination is made in the step ST1, the temperature of a rotor
magnet provided in the second motor/generator MG2 is estimated from the driving history
of the second motor/generator MG2 using the rotor magnet temperature estimation map
described above in a step ST2 (a temperature estimation operation performed by a
temperature recognizing portion).

[0097] Next, in a step ST3, a determination is made as to whether or not the estimated
rotor magnet temperature is equal to a predetermined reference value. Note that here, a
determination as to whether or not the estimated rotor magnet temperature is within a
reference range may be made. The reference range is set at £10°C of the reference
temperature (75°C), for example. The reference range may be set arbitrarily.

[0098] When the rotor magnet temperature is determined to be equal to the
predetermined reference value in the step ST3 such that an affirmative determination is
made, a brake oil pressure command value for obtaining a preset reference brake oil
pressure is output to the hydraulic control circuit 300 in a step ST4, and a clutch-to-clutch
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shift is performed by engaging and disengaging the brakes B1, B2 in accordance with the
reference brake oil pressure generated in the hydraulic control circuit 300. In other words,
a clutch-to-clutch shift is performed without performing a brake oil pressure correction
operation.

[0099] On the other hand, when the rotor magnet temperature deviates from the
predetermined reference value such that a negative determination is made in the step ST3,
the routine advances to a step STS, where a determination is made as to whether or not the
estimated rotor magnet temp'erature is higher than the reference value.

[0100)] When the rotor magnet temperature is higher than the reference value such that
an affirmative determination is made, the routine advances to a step ST6, where an output
torque error (negative side error) is detected by recognizing a temperature-affected
divergence amount in the output torque from the relationship between the divergence
amount of the actual output torque relative to the command value and the rotor magnet
temperature, shown in FIG. 8. The routine then advances to a step ST7, where an actual
motor output torque that takes into account this error is calculated. In this case, the actual
motor output torque is calculated by subtracting the divergence amount from the output
torque obtained when the rotor magnet temperature is equal to the reference temperature
(75°C).

[0101] A brake oil pressure correction amount (negative side correction amount) is
determined in a step ST8 in accordance with the calculated actual motor output torque, and
in a step ST9, a brake oil pressure command value is output to the hydraulic control circuit
300 to obtain the corrected brake oil pressure, and a clutch-to-clutch shift is performed by
engaging and disengaging the brakes B1, B2 in accordance with the brake oil pressure
generated in the hydraulic control circuit 300. In other words, a clutch-to-clutch shift is
performed by engaging and disengaging the brakes B1, B2 in accordance with a lower
brake oil pressure than the brake oil pressure used when the rotor magnet temperature is
equal to the reference value.

[0102] FIG. 10 shows the motor rotation speed, the output shaft torque of the automatic

transmission 3, and the brake oil pressure command value (the solid line indicates an oil

26



10

15

20

25

WO 2009/040664 PCT/1IB2008/002900

pressure command value relating to the engagement side brake, while the broken line
indicates an oil pressure command value relating to the disengagement side brake) in this
case. Further, a dot-dash line in the drawing indicates the oil pressure command value
relating to the engagement side brake when the rotor magnet temperature is equal to the
reference value, and a dot-dot-dash line indicates the oil pressure command value relating to
the disengagement side brake when the rotor magnet temperature is equal to the reference
value.

[0103] Thus, an operation to engage and disengage the brakes B1, B2 is performed in
accordance with a lower brake oil pressure than the brake oil pressure used when the rotor
magnet temperature is equal to the reference value. As a result, a tie-up state in the
automatic transmission 3 is avoided, and shift shock (tie-up shock) is prevented. Note that
in FIG, 10, the respective command values of a constant-pressure standby oil pressure and a
sweep oil pressure are both set lower than the reference oil pressure command value as
brake oil pressure command values for causing the brakes B1, B2 to engage and disengage.
For example, every time the rotor magnet temperature increases by 10 degrees relative to
the reference temperature, the command value is corrected such that the constant-pressure
standby oil pressure and sweep oil pressure decrease by 5%. The values described above
are not limited to this example.

[0104] On the other hand, when the rotor magnet temperature is lower than the
reference value such that a negative determination is made in the step STS, the routine
advances to a step ST10, where an output torque error (positive side error) is detected by
recognizing a temperature-affected divergence amount in the output torque from the
relationship between the divergence amount of the actual output torque relative to the
command value and the rotor magnet temperature, shown in FIG. 8. The routine then
advances to a step ST11, where an actual motor output torque that takes into account this
error is calculated. In this case, the actual motor output torque is calculated by adding the
divergence amount to the output torque obtained when the rotor magnet temperature is
equal to the reference temperature (75°C).

[0105] A brake oil pressure correction amount (positive side correction amount) is
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determined in a step ST12 in accordance with the calculated actual motor output torque, and
in the step ST9, a brake oil pressure command value is output to the hydraulic control
circuit 300 to obtain the corrected brake oil pressure, and a clutch-to-clutch shift is
performed by engaging and disengaging the brakes B1, B2 in accordance with the brake oil
pressure generated in the hydraulic control circuit 300. In other words, a clutch-to-clutch
shift is performed by engaging and disengaging the brakes B1, B2 in accordance with a
higher brake oil pressure than the brake oil pressure used when the rotor magnet
temperature is equal to the reference value.

[0106] FIG. 11 shows the motor rotation speed, the output shaft torque of the automatic
transmission 3, and the brake oil pressure command value (the solid line indicates an oil
pressure command value relating to the engagement side brake, while the broken line
indicates an oil pressure command value relating to the disengagement side brake) in this
case. Further, a dot-dash line in the drawing indicates the oil pressure command value
relating to the engagement side brake when the rotor magnet temperature is equal to the
reference value, and a dot-dot-dash line indicates the oil pressure command value relating to
the disengagement side brake when the rotor magnet temperature is equal to the reference
value.

[0107] Thus, an operation to engage and disengage the brakes B1, B2 is performed in
accordance with a higher brake oil pressure than the brake oil pressure used when the rotor
magnet temperature is equal to the reference value. As a result, so-called load slip in the
second motor/generator MG?2 is avoided, and a situation in which the rotation speed to the
second motor/generator MG?2 rises rapidly (races) is prevented. Note that in FIG. 11, the
respective command values of a constant-pressure standby oil pressure and a sweep 0il
pressure are both set higher than the reference oil pressure command value as brake oil
pressure command values for causing the brakes B1, B2 to engage and disengage. For
example, every time the rotor magnet temperature decreases by 10 degrees relative to the
reference temperature, the command value is corrected such that the constant-pressure
standby oil pressure and sweep oil pressure increase by 5%. The values described above

are not limited to this example.
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[0108] According to the embodiment described above, the torque capacity of the brakes
B1, B2 during a shift operation is corrected steadily downward as the rotor magnet
temperature of the second motor/generator MG2 increases above the predetermined
reference temperature, and conversely, the torque capacity of the brakes B1, B2 during a
shift operation is corrected steadily upward as the rotor magnet temperature of the second
motor/generator MG2 decreases below the predetermined reference temperature. Thus,
the control amount of the shift operation performed in the automatic transmission 3 can be
corrected in accordance with variation in the output torque of the second motor/generator
MG?2 due to the effects of variation in the rotor magnet temperature. As a result, the
occurrence of shift shock due to tie-up shock can be prevented. Further, racing of the
second motor/generator MG2 can be avoided, the load on a driving part and a sliding part of
the second motor/generator MG?2 can be lightencd, and the life of the second
motor/generator MG2 can be extended.

[0109] (First Modified Example)

Next, a first modified example of the first embodiment will be described.  Similarly to
the first embodiment, a hybrid vehicle according to this modified example includes two
motor/generators, and is structured as an FR (front engine/rear drive) vehicle.

[0110] FIG. 12 is a schematic diagram showing the hybrid vehicle HV according to this
modified example. In FIG. 12, identical constitutional members to those of the first
embodiment have been allocated identical reference symbols, and description thereof has
been omitted.

[0111] In the hybrid vehicle HV of the first embodiment described above, the rotary
shaft of the second motor/generator MG2 is connected to the input shaft 30 of the automatic
transmission 3, and the power of the second motor/generator MG2 is output to the ring gear
shaft (output shaft) 21 via the automatic transmission 3.

[0112] In the hybrid vehicle according to this modified example, on the other hand, the
rotary shaft of the second motor/generator MG2 is connected to the ring gear shaft 21, and
the power of the engine 1 and the two motor/generators MG1, MG2 is transmitted to the

output shaft 22 (the drive wheels 7) via the automatic transmission 3.
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[0113] The present invention is also applicable to this type of hybrid vehicle HV.

More specifically, in this type of hybrid vehicle HV, the torque capacity of the brakes B1,
B2 during a shift operation is corrected steadily downward as the rotor magnet temperature
of the second motor/generator MG2 increases above the predetermined reference
temperature, and conversely, the torque capacity of the brakes B1, B2 during a shift
operation is corrected steadily upward as the rotor magnet temperature of the second
motor/generator MG2 decreases below the predetermined reference temperature.

[0114] Further, with this type of hybrid vehicle HV, the output torque of the first
motor/generator MG1 is also input into the automatic transmission 3, and therefore the
torque capacity of the brakes B1, B2 is preferably corrected in accordance with the
temperature of a rotor magnet provided in the first motor/generator MG1, similarly to the
first embodiment.

[0115] (Second Modified Example)

Next, a second modified example of the first embodiment will be described. In the
hybrid vehicle HV according to this modified example, in addition to the control for
correcting the torque capacity of the brakes B1, B2 during a shift operation in accordance
with the rotor magnet temperature, as in the first embodiment, the torque capacity command
values of the brakes B1, B2 during a shift operation are also corrected in accordance with a
surface temperature of respective frictional contact surfaces of the brakes B1, B2 (additional
correction).

[0116] More specifically, when the brakes B1, B2 are engaged and disengaged
repeatedly such that the surface temperature of the respective frictional contact surfaces
thereof increases due to the effects of frictional heat and so on, frictional resistance upon
contact with the frictional contact surface of the partner side decreases in comparison with a
case in which the surface temperature is low. As a result, a situation in which the torque
capacity of the brakes B1, B2 becomes insufficient relative to the output torque of the
second motor/generator MG2 may arise.

[0117] In consideration of this type of situation, in this embodiment, the oil pressure

command value relating to the hydraulic control circuit 300 is also corrected such that the
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torque capacity command values of the brakes B1, B2 during a shift operation increase
steadily as the surface temperature of the frictional contact surfaces increases above a
predetermined reference temperature (50°C, for example). Conversely, the oil pressure
command value relating to the hydraulic control circuit 300 is also corrected such that the
torque capacity command values of the brakes B1, B2 during a shift operation decrease
steadily as the surface temperature of the frictional contact surfaces decreases below the
predetermined reference temperature (a torque capacity correction operation performed by
an additional correcting portion).

[0118] Note that in this modified example, a frictional contact surface temperature
estimation map for estimating the surface temperature of the frictional contact surface is
stored in the ROM 102 of the ECU 100. The frictional contact surface temperature
estirnation map shows a relationship between an cngagement/disengageiment operation
history of the brakes B1, B2, for example an engagement/disengagement frequency per unit
time, and an increase in the frictional contact surface temperature, and is obtained by
plotting values determined empirically through experiment, calculation and so on.

[0119] Specifically, in the oil pressure command value correction oi)eration, the surface
temperature of the frictional contact surface is estimated in accordance with the
aforementioned frictional contact surface estimation map (a surface temperature estimation
operation performed by a frictional contact surface temperature recognizing portion), and
every time the surface temperature of the frictional contact surface rises by 10 degrees
relative to the reference temperature, the command value is corrected such that the
constant-pressure standby oil pressure and the sweep oil pressure rise by 2%. Further,
every time the surface temperature of the frictional contact surface falls by 10 degrees
relative to the reference temperature, the command value is corrected such that the
constant-pressure standby oil pressure and the sweep oil pressure fall by 2%. Hence, the
effect of temperature variation in the surface temperature of the frictional contact surface on
the oil pressure correction amount is set smaller than the effect of variation in the rotor
magnet temperature on the oil pressure correction amount. Variation in the surface

temperature of the frictional contact surface may occur more rapidly than variation in the
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rotor magnet temperature, and therefore the former is set smaller than the latter to avoid a
situation in which the torque capacity of the brakes B1, B2 varies greatly and rapidly so as
to deviate from an appropriate value. The values described above are not limited to this
example.

[0120] Further, the respective temperatures of the brakes B1, B2 may differ. For
example, the surface temperature of the frictional contact surface of the engagement side
brake may rise rapidly while the surface temperature of the frictional contact surface of the
disengagement side brake rises slowly. In this case, the respective torque capacity
correction values of the brakes B1, B2 during a shift operation are preferably varied in
accordance with the surface temperatures of the respective frictional contact surfaces.

[0121] Note that the technique of the second modified example may be applied to the
hybrid vehicle HV according to the first modified example.

[0122] (Second Embodiment)

Next, a second embodiment will be described. A hybrid vehicle according to this
embodiment includes two motor/generators, and is structured as an FF (front engine/front
drive) vehicle.

[0123] FIG. 13 is a schematic diagram of the hybrid vehicle HV according to this
embodiment. This hybrid vehicle HV is constituted by a so-called series/parallel hybrid
vehicle. The following brief description of the hybrid vehicle HV will focus on
differences with the first embodiment.

[0124] The hybrid vehicle HV according to this embodiment also includes the engine 1,
the first motor/generator MG1, the second motor/generator MG2, the power distribution
mechanism 2, the inverter 4, the HV battery 5, the drive wheels 7, the hydraulic control
circuit, the ECU 100, and so on.

[0125] Further, the hybrid vehicle HV according to this embodiment does not include
an automatic transmission. Instead, the output torque of the engine 1 and the output torque
of the second motor/generator MG2, which are transmitted via the power distribution
mechanism 2, are output to the drive wheels (front wheels) 7 via a speed reducer 8.

[0126] Further, a boost converter 9 is provided between the HV battery 5 and the
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inverter 4 to boost a battery voltage during power supply to the motor/generators MG1,
MG2 from the HV battery 5.

[0127] In the hybrid vehicle HV of this embodiment, constituted as described above, a
torque command value relating to the first motor/generator MG1 is corrected on the basis of
the rotor magnet temperature of the first motor/generator MG1 (a torque command value
correction operation performed by a torque command value correcting portion). This
operation will be described in detail below.

[0128] A condition for setting a pulse signal serving as a torque command value
relating to the first motor/generator MG1 is that the rotor magnet temperature reaches 75°C
(a reference temperature). In other words, when the rotor magnet temperature is 75°C, the
torque command value is set such that the desired output torque is obtained.

(01291 However, the rotor magnet temperature of the first motor/generator MG1 varies
constantly in accordance with the use condition and the like of the first motor/generator
MG1. When the rotor magnet temperature varies in this manner, the capacity of the first
motor/generator MG1 varies in accordance with the rotor magnet temperature. More
specifically, when the rotor magnet temperature increases, the actual output torque becomes
smaller than the output torque that is originally obtained in accordance with the command
value relating to the first motor/generator MG1. Conversely, when the rotor magnet
temperature decreases, the actual output torque becomes larger than the output torque that is
originally obtained in accordance with the command value relating to the first
motor/generator MG1.

[0130] In consideration of these circumstances, in this embodiment the pulse signal
(torque command value) serving as a command value relating to the first motor/generator
MG1 is corrected in accordance with the rotor magnet temperature. More specifically, as
the rotor magnet temperature rises relative to the reference temperature, the command value
is corrected in a direction for increasing the output torque from the first motor/generator
MG1, and conversely, as the rotor magnet temperature decreases relative to the reference
temperature, the command value is corrected in a direction for reducing the output torque

from the first motor/generator MG1. For example, every time the rotor magnet
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temperature increases by 10 degrees relative to the reference témperature, the command
value is corrected such that the output torque from the first motor/generator MG1 increases
by 5%, and conversely, every time the rotor magnet temperature decreases by 10 degrees
relative to the reference temperature, the command value is corrected such that the output
torque from the first motor/generator MG1 decreases by 5%. The correction amount is not
limited to this example, and may be determined empirically through experiment, calculation,
and so on, for example, sﬁch that an appropriate output torque is obtained without the
influence of variation in the rotor magnet temperature.

[0131] Note that in this embodiment also, a rotor magnet temperature estimation map
for estimating the rotor magnet temperature of the first motor/generator MG1 is stored in
the ROM 102 of the ECU 100. The rotor magnet temperature estimation map shows a
relationship between a driving history of the first moter/gencrator MG1, for example a
driving rotation speed per unit time, and an increase in the rotor magnet temperature, and is
obtained by plotting values determined empirically through experiment, calculation and so
on.

{0132] Hence, in this embodiment, the torque command value relating to the first
motor/generator MG1 is corrected on the basis of the rotor magnet temperature of the first
motor/generator MG1, and therefore an appropriate output torque is obtained at all times
without the influence of variation in the rotor magnet temperature. As a result, traveling
stability in the hybrid vehicle HV and a travel performance that corresponds tQ a driver
request can be obtained.

[0133] A similar command value correction operation may be performed on the second
motor/generator MG2. More specifically, the command value may be corrected in a
direction for increasing the output torque from the second motor/generator MG2 as the rotor
magnet temperature rises relative to the reference temperature, and conversely, the
command value may be corrected in a direction for reducing the output torque from the
second motor/generator MG2 as the rotor magnet temperature falls relative to the reference
temperature.

[0134] (Third Embodiment)
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Next, a third embodiment will be described. In this embodiment, the torque capacity of
the brakes B1, B2 during a shift operation is corrected in accordance with the temperature
of the engine 1.

[0135] More specifically, when the temperature of the engine (internal combustion
engine) 1 is comparatively low, for example immediately after a cold start, the viscosity of a
lubricating oil is high, leading to agitation resistance and so on which tend to cause the
output torque to decrease. Following warm-up completion, on the other hand, when the
temperature of the engine 1 is comparatively high, the output torque tends to rise due to a
reduction in the agitation resistance.

[0136] In consideration of these points, in this embodiment the torque capacity of the
brakes B1, B2 of the automatic transmission 3 is corrected on the basis of a correlation
between the ternperature of the engine 1 (a ceoling water temperaiure detected by a cooling
water temperature sensor and a lubricating oil temperature detected by an oil temperature
sensor) and the output torque.

[0137] More specifically, the torque capacity of the brakes B1, B2 during a shift
operation is corrected steadily downward as the temperature of the engine 1, determined
from the cooling water temperature and the lubricating oil temperature, decreases below a
predetermined warm-up operation completion temperature (for example, a cooling water
temperature of 50°C).

[0138] On the other hand, as the temperature of the engine 1, determined from the
cooling water temperature and the lubricating oil temperature, increases above the
predetermined warm-up operation completion temperature, the torque capacity of the brakes
B1, B2 during a shift operation is corrected steadily upward.

[0139] Hence, in this embodiment, situations in v;fhich the torque capacity of the brakes
B1, B2 becomes excessive relative to the engine output, leading to tie-up shock, or the
torque capacity of the brakes B1, B2 becomes insufficient relative to the engine output,
causing the rotation speed of the internal combustion engine to race, can be avoided.

[0140] Note that the technique employed in this embodiment, in which the torque

capacity of the brakes B1, B2 during a shift operation is corrected in accordance \x}ith the
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temperature of the engine 1, is not limited to the hybrid vehicle HV shown in the
embodiments and modified examples described above, and may be applied to a typical
vehicle having only the engine 1 as a traveling drive source.

[0141] (Fourth Embodiment)

Next, a fourth embodiment will be described. In the third embodiment described above,
the torque capacity of the brakes B1, B2 during a shift operation is corrected in accordance
with the temperature of the engine 1. In this embodiment, on the other hand, the torque
capacity of the brakes B1, B2 during a shift operation is corrected in accordance with the
temperature of intake air aspirated into the engine 1 (an intake air temperature detected by
an intake air temperature sensor).

[0142] More specifically, as the intake air temperature falls in the engine (internal
combustion engine) 1, the efficiency with which air is charged inio a cylinder steadily
increases, leading to an increase in the output torque. Conversely, as the intake air
temperature rises, the air charging efficiency steadily decreases, leading to a reduction in
output torque.

[0143] In consideration of this point, in this embodiment the torque capacity of the
brakes B1, B2 is corrected on the basis of a correlation between the temperature of the
intake air aspirated into the engine 1 and the output torque.

[0144] More specifically, the torque capacity of the brakes B1, B2 during a shift
operation is corrected steadily upward as the intake air temperature falls below a
predetermined reference temperature (20°C, for example).

[0145] As the intake air temperature increases above the predetermined reference
temperature, on the other hand, the torque capacity of the brakes B1, B2 during a shift
operation is corrected steadily downward.

[0146] Hence, in this embodiment also, situations in which the torque capacity of the
brakes B1, B2 becomes excessive relative to the engine output, leading to tie-up shock, or
the torque capacity of the brakes B1, B2 becomes insufficient relative to the engine output,
causing the rotation speed of the internal combustion engine to race, can be avoided.

[0147] Note that the technique employed in this embodiment, in which the torque
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capacity of the brakes B1, B2 during a shift operation is corrected in accordance with the
intake air temperature of the engine 1, is also not limited to the hybrid vehicle HV shown in
the embodiments and modified examples described above, and may be applied to a typical
vehicle having only the engine 1 as a traveling drive source.

[0148] [Other Embodiments]

In each of the embodiments and modified examples described above, the present
invention is applied to the hybrid vehicle HV installed with the two motor/generators MG1,
MG?2, but the present invention is not limited thereto, and may also be applied to a hybrid
vehicle installed with a single motor/generator or three or more motor/generators.

[0149] Further, in the first and second embodiments and the modified examples, the
temperature of the motor/generators MG1, MG2 is estimated from the operating history
therenf.and so on, but the temperature may be detected directly using a iemperatuic sensor
or the like. In this case, it is difficult to bring a temperature sensor into direct contact with
the rotor magnet (rotary body) of the motor/generators MG1, MG2, and therefore a
temperature sensor is attached to a stator side, for example, and the rotor magnet
temperature is estimated from the temperature detected thereby. Further, an alternating
current synchronous motor is employed as the motor/generators MG1, MG2, but an
induction-type motor inay be applied.

[0150] Further, in each of the embodiments and modified examples described above,
the frictional engagement elements of the automatic transmission 3 are constituted by the
hydraulic brakes B1, B2, but the present invention is also applicable to a case in which the
frictional engagement elements are constituted by electromagnetic clutches. In this case,
engagement and disengagement are performed by duty-controlling a pulse signal applied to
the electromagnetic clutches, for example, and the engagement and disengagement
operations are controlled by correcting a duty ratio thereof. More specifically, when the
torque capacity of the electromagnetic clutches is to be increased, for example, the duty
ratio is corrected in an increasing direction, and when the torque capacity of the
electromagnetic clutches is to be reduced, the duty ratio is corrected in a decreasing

direction.
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[0151] Further, in each of the embodiments and modified examples described above,

the present invention is applied to a vehicle having the two-forward speed automatic

transmission 3. However, the present invention is not limited thereto, and may be applied
to a vehicle installed with a planetary gear-type automatic transmission having any other
number of shift stages.

[0152] Further, in each of the embodiments and modified examples described above,
the present invention is applied to the hybrid vehicle HV installed with an engine (the
internal combustion engine 1) and an electric motor (the motor/generators) MG1, MG2 as
drive sources, but the present invention is not limited thereto, and in the first and second
embodiments and the modified examples, the present invention may be applied to an
electric vehicle (EV) installed with only an electric motor (a motor/generator or a motor) as

a drive source,
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Claims:

1. A control device for a vehicle, comprising:

an electric motor that outputs a driving force for travel;

a transmission that is provided on a power transmission path extending from the electric
motor to a drive wheel and performs a shift operation by modifying an engagement state of
a frictional engagement element;

a transmission control portion that controls the shift operation of the transmission;

a temperature recognizing portion that estimates or detects a temperature of the electric
motor; and

a shift operation correcting portion that corrects a control amount of the shift operation
performed in the transmission by the transmission control portion, on the basis of ihe
temperature of the electric motor estimated or detected by the temperature recognizing

portion.

2. The control device according to claim 1, wherein the temperature recognizing portion

estimates or detects a temperature of a magnet provided in the electric motor.

3. The control device according to claim 1 or 2, wherein the shift operation correcting
portion corrects a torque capacity of the frictional engagement element during modification

of the engagement state of the frictional engagement element.

4. The control device according to claim 3, wherein the shift operation correcting portion
corrects the torque capacity of the frictional engagement element during modification of the
engagement state of the frictional engagement element such that the torque capacity
decreases as the temperature of the electric motor, estimated or detected by the temperature

recognizing portion, increases above a predetermined reference temperature.

5. The control device according to claim 3, wherein the shift operating correcting portion
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corrects the torque capacity of the frictional engagement element during modification of the
engagement state of the frictional engagement element such that the torque capacity
increases as the temperature of the electric motor, estimated or detected by the temperature

recognizing portion, decreases below a predetermined reference temperature.

6. The control device according to claim 4, wherein the engagement state of the frictional
engagement element is modified by a supply of oil pressure, and

the shift operation correcting portion reduces the torque capacity of the frictional
engagement element by correcting an oil pressure value supplied to the frictional

engagement element in a decreasing direction.

7. The control device according to claim 3, wherein the engagement statc of the frictional
engagement element is modified by a supply of oil pressure, and

the shift operation correcting portion increases the torque capacity of the frictional
engagement element by correcting an oil pressure value supplied to the frictional

engagement element in an increasing direction.

8. The control device according to any one of claims 3 to 5, wherein the frictional
engagement element is constituted by an electromagnetic clutch, and
the shift operation correcting portion corrects the torque capacity of the frictional

engagement element by correcting a voltage value for activating the electromagnetic clutch.

9. The control device according to any one of claims 3 to 8, further comprising:
a frictional contact surface temperature recognizing portion that estimates or detects a
surface temperature of a frictional contact surface of the frictional engagement element; and
a shift operation additional correcting portion that corrects a command value of the
torque capacity of the frictional engagement element during modification of the engagement
state of the frictional engagement element such that the command value increases as the

surface temperature of the frictional contact surface, estimated or detected by the frictional
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contact surface temperature recognizing portion, increases above a predetermined reference

temperature.

10. The control device according to any one of claims 3 to 8, further comprising:

a frictional contact surface temperature recognizing portion that estimates or detects a
surface temperature of a frictional contact surface of the frictional engagement element; and

a shift operation additional correcting portion that corrects a command value of the
torque capacity of the frictional engagement element during modification of the engagement
state of the frictional engagement element such that the command value decreases as the
surface temperature of the frictional contact surface, estimated or detected by the frictional
contact surface temperature recognizing portion, decreases below a predetermined reference

temperature.

11. A control device for a vehicle, comprising:

a drive source that outputs a driving force for travel;

a transmission that is provided on a power transmission path extending from the drive
source to a drive wheel and performs a shift operation by modifying an engagement state of
a frictional engagement element;

a transmission control portion that controls the shift operation of the transmission;

a temperature recognizing portion that estimates or detects a temperature of the drive
source; and

a shift operation correcting portion that corrects a control amount of the shift operation
performed in the transmission by the transmission control portion, on the basis of the
temperature of the drive source estimated or detected by the temperature recognizing

portion.

12. The control device according to claim 11, wherein the drive source is an internal
combustion engine, and

the temperature recognizing portion detects a cooling water temperature or a lubricating
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oil temperature of the internal combustion engine.

13. The control device according to claim 11, wherein the drive source is an internal
combustion engine, and

the shift operation correcting portion corrects a torque capacity of the frictional
engagement element during modification of the engagement state of the frictional
engagement element such that the torque capacity decreases as the temperature of the
internal combustion engine, estimated or detected by the temperature recognizing portion,

decreases below a predetermined warm-up operation completion temperature.

14. The control device éccording to claim 11, wherein the drive source is an internal
combustion engine, and

the shift operation correcting portion corrects a torque capacity of the frictional
engagement element during modification of the engagement state of the frictional
engagement element such that the torque capacity increases as the temperature of the
internal combustion engine, estimated or detected by the temperature recognizing portion,

increases above a predetermined warm-up operation completion temperature.

15. A control device for a vehicle, comprising:

an internal combustion engine that outputs a driving force for travel;

a transmission that is provided on a power transmission path extending from the internal
combustion engine to a drive wheel and performs a shift operation by modifying an
engagement state of a frictional engagement element;

a transmission control portion that controls the shift operation of the transmission;

a temperature recognizing portion that detects a temperature of intake air aspirated into
the internal combustion engine; and

a shift operation correcting portion that corrects a control amount of the shift operation
performed in the transmission by the transmission control portion, on the basis of the

temperature of the intake air detected by the temperature recognizing portion.
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16. The control device according to claim 15, wherein the shift operation correcting
portion corrects a torque capacity of the frictional engagement element during modification
of the engagement state of the frictional engagement element such that the torque capacity
decreases as the temperature of the intake air detected by the temperature recognizing

portion increases above a predetermined temperature.

17. The control device according to claim 15, wherein the shift operation correcting
portion corrects a torque capacity of the frictional engagement element during modification
of the engagement state of the frictional engagement element such that the torque capacity
increases as the temperature of the intake air detected by the temperature recognizing

portion decreases below a predetermined temperature.

18. A control device for a vehicle, comprising:

an electric motor that outputs a driving force for travel;

an electric motor control portion that drive-controls the electric motor by outputting a
torque command value to the electric motor;

a temperature recognizing portion that estimates or detects a temperature of the electric
motor; and

a torque command value correcting portion that corrects the torque command value
output by the electric motor control portion, on the basis of the temperature of the electric

motor estimated or detected by the temperature recognizing portion.

19. The control device according to claim 18, wherein the torque command value
correcting portion corrects the torque command value such that the torque command value
increases as the temperature of the electric motor estimated or detected by the temperature

recognizing portion increases above a predetermined temperature.

20. The control device according to claim 19, wherein the torque command value
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correcting portion corrects the torque command value such that the torque command value
decreases as the temperature of the electric motor estimated or detected by the temperature

recognizing portion decreases below the predetermined temperature.
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