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(57) Abstract: A vehicle drive device includes an oil pump that supplies oil to an electric motor; an oil cooler that is arranged on an
oil passage; a bypass oil passage that bypasses the oil cooler; and a control valve that is switched between a first state of regulating
the oil from flowing through the oil cooler and a second state of letting the oil flow to the oil cooler; wherein a control unit keeps the
control valve in the first state when a temperature of the circulating oil is lower than a predetermined value, and switches the control
valve to the second state when the temperature of the circulating oil becomes not lower than the predetermined value; and the control
unit changes a voltage command value v of the electric motor to a value smaller than a voltage command value vd corresponding to
a required output Pd after elapse of a predetermined period PE1 from a time the control valve is switched to the second state.
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DESCRIPTION
VEHICLE DRIVE DEVICE

TECHNICAL FIELD
The present invention relates to a vehicle drive

device.

BACKGROUND ART

A vehicle including an o0il cooler and a bypass oil
passage that circumvents the o0il cooler is conventionally
known. For example, Patent Literature 1 discloses an oil
temperature control device of a vehicle in which an oil
passage connecting an ATF cooler with a warmer function and
the ATF cooler includes a bypass oil passage that
circumvents the ATF cobler, and a switching control valve
that selectively switches o0il passages based on a control
signal output from a control unit is arranged at a branched
portion of the o0il passage and the bypass passage.

The control unit of Patent Literature 1 determines
whether or not the 0il temperature of an automatic fluid
discharged from the ATF cooler with the warmer function
reached a set temperatﬁre set in advance, and outputs a
control signal for communicating the ATF cooler with the
warmer function and the ATF cooler if the o0il temperature
reached the set temperature set in advance and outputs a
control signal for communicating the ATF cooler with the
warmer function and the bypass oil passage if the oil
temperature has not réached the set temperature set in

advance.

CITATION LIST
PATENT LITERATURE
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Patent Literature 1l: Japanese Patent Application Laid-

open No. 2006-207606

DISCLOSURE OF INVENTION
‘PROBLEMS TO BE SOLVED BY THE INVENTION

Even 1f the circulating oil has an appropriate
temperature, the o0il stored in the o0il cooler has a low
temperature. Thus, when the o0il starts to circulate
through the o0il cooler, the low temperature o¢il stored in
the oil cooler flows out. in a vehicle drive device
including an electric motor, when the low temperature oil
stored in the oil‘cooler is supplied and the temperature of
the electric motor changes rapidly, the output of the
electric motor may fluctuate and the drivability may lower.

It is an object of the present invention to provide a
vehicle drive device capable of suppressing the output

fluctuation of the electric motor.

SOLUTIONS TO THE PROBLEMS

A vehicle drive device according to the present
invention includes an o0il pump configured to supply oil to
‘an electric motor and a differential gear through an oil

passage; an oil cooler that is arranged on the o0il passage

" and configured to cool the o0il; a bypass oil passage

configured to bypass the 0il cooler; a control wvalve
configured to be switched between a first state of
regulating the oil from flowing through the 0il cooler and
a second state of letting the o0il flow to the o0il cooler;
and a control unit, wherein the control unit keeps the
control valve in the first state while a temperature of the
0il circulated by the o0il pump is lower than a
predetermined value, and switches the control valve to the

second state when the temperature of the oil circulated by
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the 0il pump becomes not lower than the predetermined value
while the control valve is in the first state, and the '
control unit changes a voltage command value of the
electric motor to a value smaller than a voltage command
value corresponding to a required output of the electric
motor after elapse of a predetermined period from a time
the control valve is switched to the second state.

In the vehicle drive device, it is preferable that the
predetermined period is the duration defined in advance
based on a length of the o0il passage from a downstream side
connecting portion of the oil passage and the bypass oil
passage to the electric motor.

In the vehicle drive device, it is preferable to
include an oil temperature sensor configured to detect a
temperature of the oil supplied from the o0il passage to the
electric motor, wherein the predetermined period is the
duration from a time the control valve is switched to the
second state until the temperature of the o0il detected by
the o0il temperature sensor becomes not higher than a second
predetermined value.

In the vehicle drive device, it is preferable to
include an oil temperature sensor configured to detect a
temperature of the oil supplied from the o0il passage to the
electric motor, wherein the predetermined period is the
duration from a time the control valve is switched to the
second state until a decreasing amount of the temperature
of the oil detected by the oil temperature sensor becomes
greater than a third predetermined value, or from a time
the control valve is switched to the second state until a
decreasing rate of the temperature of the oil detected by
the oil temperature sensor becomes greater than a fourth
predetermined value.

In the vehicle drive device, it is preferable to
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include a temperature sensor configured to detect a
temperature of the electric motor, wherein the
predetermined period is the duration from a time the
control valve is switched to the second state until the
temperature of the electric motor detected by the
temperature sensor becomes not higher than a fifth
predetermined value.

In the vehicle drive device, it is preferable that
when a second predetermined period has elapsed after the
elapse of the predetermined period, the contr6l unit
changes the voltage command value to a voltage value
greater than the voltage value in the second predetermined

period.

EFFECTS OF THE INVENTION

The control unit of the vehicle drive device according
to the present invention changes the voltage command value
of the electric motor to a value smaller than the voltage
command value corresponding to the required output of the
electric motor after elapse of a predetermined period from
a time the control valve is switched to the second stéte.
Thus, the divergence of the actual output of the electric
motor with respect to the required output that occurs when
the low temperature oil stored in the o0il cooler is
supplied is suppressed. The vehicle drive device according
to the present invention has an effect of being able to

suppress the output fluctuation of the electric motor.

BRIEEF DESCRIPTION OF DRAWINGS
FIG. 1 is a flowchart illustrating an operation of a
vehicle drive device according to a first embodiment.
FIG. 2 is a schematic configuration diagram of the

vehicle drive device according to the first embodiment.
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FIG. 3 is a view illustrating a state in which a
control valve is opened in the vehicle drive device
according to the first embodiment.

FIG. 4 is a view 1llustrating an output fluctuation of
an electric motor.

FIG. 5 is a timing chart related to the operation of
the vehicle drive device of the first embodiment.

FIG. 6 is a flowchart illustrating the operation of a
vehicle drive device according to a second embodiment.

FIG. 7 is a flowchart illustrating the operation of a
vehicle drive device according to a third embodiment.

FIG. 8 is a schematic configuration diagram of the
vehicle drive device according to the third embodiment.

FIG. 9 is a schematic configuration diagram of a
vehicle drive device according to a second variant of each

embodiment.

DESCRIPTION OF EMBODIMENTS

A vehicle drive device accofding to embodiments of the
present invention will be hereinafter described in detail
with reference to the drawings. The present invention is
not limited by the embodiments. The configuring elements
in the following embodiments include configuring elements
that can be easily contrived by those skilled in the art
and configuring elements that are substantially the same.

[First Embodiment]

A first embodiment will be described with reference to
FIGS. 1 to 5. The present embodiment relates to a vehicle
drive device. FIG. 1 is a flowchart illustrating an
operation of a vehicle drive device according to a first
embodiment of the present invention, FIG. 2 is a schematic
configuration diagram of the vehicle drive device according

to the first embodiment, FIG. 3 is a view illustrating a
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state in which a control valve is opened in the vehicle
drive device according to the first embodiment, FIG. 4 is a
view illustrating an output fluctuation of an electric
motor, and FIG. 5 is a timing chart related to the
operation of the vehicle drive device of the first
embodiment.

A vehicle drive device 1 illustrated in FIG. 2 is a
drive device for a hybrid vehicle. A vehicle 100 includes
an engine 20 in addition to an electric motor MG as a power
source. Torques output from the engine 20 and the electric
motor MG are output to a drive wheel of the vehicle 100
through a differential gear 6.

The vehicle drive device 1 of the first embodiment is
configured to include an oil pump 2, an oil cooler 3, a
bypass oil passage 4, a control valve 5, and an ECU 50.

The electric motor MG and the differential gear 6 are
arranged in a case 7. The case 7 is a transaxle case. An
input shaft, a planetary gear train, a speed reducing
mechanism, and the like are further arranged in the case 7.
The torque of the engine 20 is input to the input shaft.
The planetary gear train functions as a power dividing
mechanism that divides the torque of the engine 20, for
example. The speed reducing ﬁechanism, for example,
reduces the speed of the rotation of the electric motor MG
and transmits the same to the differential gear 6.

An oil pan 7a is provided at a lower part of the case
7. 0il 8 is stored in the oil pan 7a. The differential
gear 6 1s arranged at a lower part of the case 7. It is
preferable that at least a part of the differential gear 6
is contact with the o0il 8 stored in the o0il pan 7a. A
strainer 9 is arranged in the o0il pan 7a. The strainer 9
is connected to an oil passage 10. The oil passage 10 is

configured to include a first oil passage 11 and a second
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oil passage 12. The first oil passage 11 connects the
strainer 9 and the o0il cooler 3. The second oil passage 12
connects the o0il cooler 3 and the electric motor MG.

The 01l pump 2 supplies the 0il 8 to the .electric
motor MG and a gear group including the differential gear 6
through the oillpassage 10. The o0il pump 2 is arranged on
the first oil passage 11. The oil pump 2 sucks the oil 8
of the 0il pan 7a through the strainer 9, and discharges
the o0il 8 toward the electric motor MG and the gear group.
The o0il pump 2 is, for example, driven by the rotation of
the engine 20. The oil pump 2 may be an electrical oil
pump.

The 0il cooler 3 is a cooling device arranged on the
0il passage 10 to cool the oil 8. -The oil cooler 3 of the
present embodiment is configured to include an inlet oil
passage 31, a heat exchanging unit 32, and an outlet oil
passage 33. The inlet o0il passage 31 connects the first
0il passage 11 and the heat exchanging unit 32. The outlet
0il passage 33 connects the heat exchanging unit 32 and the
second oill passage 12. The heat exchanging unit 32 carries
out heat exchange between the o0il 8 and the cocling water.
The cooling water supplied to the heat exchanging unit 32
is a cooling water of a hybrid system, for example. The
vehicle 100 includes a water pump 13, a radiator 14, and a
circulating water channel 15. The circulating water
channel 15 is é water channel for circulating the cooling
water through the water pump 13, the radiator 14, an
inverter 16, and the heat exchanging unit 32. The water
pump 13 circulates the cooling water thiough the
circulating water channel 15. The radiator 14 cools the
cooling water. The inverter 16 controls exchange of power
between the electric motor MG and the battery.

Specifically, the inverter 16 converts a DC current from
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the battery to an AC current for driving the electric motor
MG, The inverter 16 also converts the AC current generated
by the electric motor MG to the DC current for charging the
battery. The inverter 16 is cooled by the cooling water
supplied throdgh the circulating water channel 15.

The heat exchanging unit 32 carries out heat exchange
between the cooling water supplied through the circulating
water channel 15 and the oil 8. A heat exchanging oil
passage that connects the inlet o0il passage 31 and the
outlet o0il passage 33 is arranged inside the heat
exchanging unit 32. A heatvexchanging water channel
through which the cooling water supplied through the
circulating water channel 15 flows is also arranged inside
the heat exchanging unit 32. .The heat exchange between the
0il 8 flowing through the heat exchanging oil passage and
the cooling water flowing through the heat exchanging water
channel is carried out. If the oil temperature of the oil
8 is higher than the water temperature of the cooling water,
the oil 8 is cooled by the heat exchange in the heat
exchanging unit 32.

The bypass oil passage 4 bypasses the oil cooler 3.
One end of the bypass o0il passage 4 is connected to the
first oil passage 11, and the other end is connected to the
second ©il passage 12. 1In other words, the bypass oil
passage 4 connects an upstream side in the flowing
direction of the o0il 8 than the o0il cooler 3 in the oil
passage 10 and a downstream side in the flowing direction
of the o0il 8 than the o0il cooler 3 in the o0il passage 10.
That is, the bypass oil passage 4 is an oll passage that
communicates the first oil passage 11 and the second oil
passage 12, and guides the o0il 8 from the first oil passage
11 to the second o0il passage 12 while circumventing the oil

cooler 3. A connecting portion lla of the first oil



10

15

20

25

30

WO 2015/190621 PCT/JP2015/067530

passage 11 and the bypass o0il passage 4 is an upstream side
connecting portion of the oil passage 10 and the bypass oil
passage 4. A connecting portion 12a of the second o0il
passage ;2 and the bypass o0il passage 4 is a downstream
side connecting portion of the 0il passage 10 and the
bypass o0il passage 4.

The control valve 5 is switched between a first state
of regulating the oil 8 from flowing through the o0il cooler
3 and a second state of letting the o0il 8 flow to the oil
cooler 3. The control valve 5 of the present embodiment is
arranged at the inlet oil passage 31. The control valve 5
is an open/close valve, and is switched betweeﬁ a fully-
closed state and a fully-opened étate. The control valve 5
in the fully-closed state closes the inlét 0il passage 31
and disconnects the heat exchanging unit 32 from the first
oil passage 11. 1In other words, the control valve 5 in the
fully-closed state prohibits the flow of the oil 8 in the
inlet o0il passage 31. The fully-closed state of the
control valve 5 is the first state of regulating the oil 8
from flowing through the o0il cooler 3. The control valve 5
in the fully-opened state, on the other hand, opens the
inlet oil passage 31 and communicates the first oil passage
11 and the heat exchanging unit 32. The control valve 5 in
the fully-opened state allows the flow of the 0il 8 in the
inlet o0il passage 31, and allows the oil 8 flowing in from
the first oil passage 11 to the inlet o0il passage 31 to
flow into the heat exchanging unit 32. The fully-opened
state of the control valve 5 is the second state. of letting
the o0il 8 flow to the oil coocler 3.

The ECU 50 functions as a control unit. The ECU 50 of

the present embodiment is an electronic control unit

'including a computer. The ECU 50 has a function of

.carrying out travel control of the vehicle 100. The ECU 50
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calculates a required power, a required acceleration, a
required torque, and the like as required values of the
output to be output by the vehicle drive device 1 based on
an accelerator opening and a vehicle speed. In the present
embodiment, the ECU 50 determines the required output of
the electric motor MG and the engine 20 based on the
required power to be generated in the vehicle 100. The ECU
50 determines an engine required power to be generated by
the engine 20 and a motor required power to be generated by
the electric motor MG. The sum of the engine required
power and the motor reqguired power is the required power of
the vehicle 100.

The ECU 50 determines a motor instruction power P
based on the motor required power. The motor instruction
power P is a command value related to the electric motor MG
for realizing the motor required power. The ECU 50
determines a voltage command value v based on the motor
instruction power P. The voltage command value v is a
command value of the voltage to be applied to the electric
motor MG. The inverter 16 controls a switching element so
as to adjust the vbltage value to apply to the circuit of
the electric motor MG so as to become the voltage command
value v. The inverter 16, for example, performs ON/OFF
control of the switching element so that an effective value
of the voltage to apply to the electric motor MG becomes
the voltage command value v by PWM control.

The ECU 50 controls the engine 20 based on the engine
required powér. The ECU 50 outputs to the engine 20
command values of a throttle opening, a fuel injection
amount, an ignition timing, and the like of the engine 20
to realize the engine required power.

The ECU 50 controls the control valve 5. The control

valve 5 includes an actuator for driving the valve body to
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switch to the fully-opened state or the fully-closed state.
The actuator switches the fully-closed state and the fully-
opened state of the control valve 5 with an electromagnetic
force, for example. When a valve closing command is
provided from the ECU 50, the control valve 5 is switched
to the fully-closed state by the actuator. When a valve
opening command is provided from the ECU 50, the control
valve 5 is switched to the fully-opened state by the
actuator.

The ECU 50 controls the control valve 5 based on the
0il temperature of the oil 8. The ECU 50 of the present
embodiment controls the control valve 5 so as to regulate
the 0il 8 from flowing through the 0il cooler 3 while the
temperature of the o0il 8 is lower than a predetermined
value. The vehicle drive device 1 includes an oil
temperature sensor 17 for detecting the temperéture of the
0il 8 supplied from the o0il passage 10 to the electric
motor MG. The o0il temperature sensor 17 of the present
embodiment is arranged at a flow-out port of the second oil
passage 12. The flow-out port of the second 0il passage 12
is connected to an upper part of the electric motor MG, for
example, an upper part of the case of the stator. The oil
8 that flows out from the flow-out port of the second oil
passage 12 runs down after cooling the stator and the rotor
of the electric motor MG, and is stored in the o0il pan 7a.
The oil temperature sensor 17 detects the temperature of
the oil 8 supplied from the second oil passage 12 to the
electric motor MG.

The ECU 50. causes the control valve 5 to be in the
first state (fully-closed state in the present embodiment)
while the temperature of the o0il 8 circulated through the
0il passage 10 by the oil pump 2 is lower than a

predetermined value, and causes the control valve 5 to be
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in the second state (fully-opened state in the present
embodiment) when the temperature of the oil 8 circulated
through the oil passage 10 by the oil pump 2 becomes higher
than or equal to the predetermined value while the control
valve 5 is in the first state. The ECU 50 of the present
embodiment switches the first state and the second state of
the control valve 5 based on the oil temperature detected
by the o0il temperature sensor 17. For example, the ECU 50
causes the control valve 5 to be in the fully-closed state
when the oil temperature of the o0il 8 detected by the oil
temperature sensor 17 at the start of the hybrid system is
lower than the predetermined value, and maintains the
control valve 5 in the fully-closed state while the oil
temperature is not higher than or equal to the
predetermined value. Therefore, while the oil temperature
of the o0il 8 detected by the oil temperatﬁre sensor 17 at
the cold start is lower than the predetermined value, the
control valve 5 is held in the fully-closed state and the
0il 8 is regulated from flowing through the o0il cooler 3.
The ECU 50 switches the control valve 5 to the fully-opened
state so that the o0il 8 flows through the o0il cooler 3 when
the o0il temperature detected by the oil temperature sensor
17 becomes higher than or equal to the predetermined value.
The predetermined value 1s, for example, defined from a
standpoint of suppressing the lowering in the efficiency of
the electric motor MG due to the temperature rise, a
standpoint of suppressing the degradation of the oil 8, and
the like.

When the oil temperature becomes higher than or equal
to the predetermined value, the ECU 50 switches the control
valve 5 from the fully-closed state to the fully-opened
state. The o0il 8 thereby flows from the first oil passage
11 to the second oil passage 12 through the 0il cooler 3,
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so that the oil 8 of high temperature is cooled. When the
0il temperature detected by the oil temperature sensor 17
becomes lower than or equal to a valve-closing temperature,
the ECU 50 switches the control valve 5 from the fully-
opened state to the fully-closed state. The valve-closing
temperature is a temperature lower than the predetermined
value. The valve—cloéing temperature is, for example,
defined from a standpoint of suppressing increase in loss
such as agitation loss of the differential gear 6 caused by
the lowering of the o0il temperature, and the like.

The o0il cooler 3 functions as a storage unit for
storing the o0il 8 when the control valve 5 is closed. When
the control valve 5 is closed, the o0il 8 flows from the
first o0il passage 11 to the second oil passage 12 through
the bypass o0il passage 4. The o0il 8 in the o0il cooler 3 is
retained in the o0il cooler 3 without circulating through
the o0il passage 10, and the like. Thus, the substantial
heat capacity of the o0il 8 circulating the vehicle drive
device 1 becomes small, and the temperature rise of the oil
8 is promoted. As the temperature rise of the oil 8 is
promoted and the agitation loss of the differential gear 6
is reduced at an early stage, the fuel efficiency is
enhanced.

As the temperature of the o0il 8 is raised and the
control valve 5 is opened, the o0il 8 stored in the oil
cooler 3 is added to the o0il 8 circulating the wvehicle
drive device 1. The amount of the o0il 8 circulating the
vehicle drive device 1 thus increases and the substantial
heat capacity of the o0il 8 increases. The temperature rise
of the oil 8 ié thereby suppressed.

FIG. 2 illustrates the flow of the oil 8 of when the
control valve 5 is in the fully-closed state. When the

control valve 5 is in the fully-closed state, the oil 8 fed
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by the o0il pump 2 flows from the first oil passage 11 to
the second o0il passage 12 through the bypass oil passage 4,
as illustrated in FIG. 2. As the control valve 5 1is closed,
the inlet oil passage 31 is blocked. Therefore, the oil 8
is regulated from flowing through the o0il cooler 3. The
0il 8 that flowed in from the bypass o0il passage 4 to the
second oil passage 12 is supplied to the upper part of the
electric motor MG and cools the electric motor MG. The oil
8 that cooled the electric motor MG is stored in the oil
pan 7a of the case 7, and sucked by the oil pump 2 through
the strainer 9. The o0il 8 stored in the oil pan 7a
lubricates the differential gear 6. When the control valve
5 is in the fully-closed state, the o0il 8 stored in the
heat exchanging unit 32 is in a non-temperature rising
state, and thus has a lower temperature compared to the o¢il
8 circulating through the o0il passage 10.

FIG. 3 illustrates the flow of the o0il 8 of when the
control valve 5 is in the fully-opened state. When the
control valve 5 is in the fully-opened state, the o0il 8 fed
by the o0il pump 2 is allowed to flow into the inlet oil
passage 31 from the first oil passage 11, as illustrated in
FfG. 3. The oil 8 that flowed into the inlet o0il passage
31 flows into the heat exchanging unit 32 so as to be
cooled by the heat exchange with the cooling water. The
cooled 0il 8 flows into the second oil passage'12 from-the
heat exchanging unit 32 through the outlet oil passage 33.
When the control valve 5 is in the fully-opened state, the
0il 8 is also allowed to flow through the bypass oil
passage 4. 1In other words, a part of the oil 8 fed by the
0il pump 2 may flow from the first oil passage 11 to the
second o0il passage 12 through the o0il cooler 3, and a
remaining part of the o0il 8 may flow from the first oil

passage 11 to the second oil passage 12 through the bypass
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01l passage 4.

When the control valve 5 is opened in accordance with
the temperature rise of the o0il 8 circulated by the o0il
pump 2, the o0il 8 of low temperature stored in the oil
cooler 3 is supplied from the second oil passage 12 to the
electric motor MG. Thus, a problem in that the output
fluctuation of the electric motor MG occurs arises, as
described below with reference to FIG. 4. FIG. 4
illustrates (a) open/close state of the control valve 5,

(b) o0il temperature T, (c) motor temperature T’, (d) motor
instruction power P, and (e) motor effective power P’. The
0il temperature T is the temperature of the o0il 8 supplied
from the second o0il passage 12 to the electric motor MG.
The motor temperature T’ is the temperature of the electric
motor MG, and is the temperature of the stator, for example.
The motor effective power P’ is the value of the power
actually output by the electric motor MG.

In FIG. 4, the motor instruction power P is set to the
same value (P; =‘Pd) as the required output Pd (motor
required power) of the electric motor MG.

In FIG. 4, the control valve 5 is opened at time 0
based on the temperature of the oil 8 circulated by the oil
pump 2. The o0il 8 stored in the o0il cooler 3 then flows
out to the second o0il passage 12 and starts to flow toward
the electric motor MG. At time t01, the ©il 8 that flowed
out from the o0il cooler 3 reaches the electric motor MG,
and starts to bevsupplied to the electric motor MG. The
0il temperature T thus rapidly lowers at time t01l. The
motor temperature T’ also lowers with the lowering of the
0il temperature T. When the motor temperature T’ lowers, a
resistance value of a copper wire portion of the electric
motor MG lowers. Consequently, the current value that

actually flows to the electric motor MG increases even if
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the motor instruction power P is the same value P; (voltage
command value v of fhe electric motor MG is the same
voltage value vl). 1In other words, even with the same
voltage command value v, the current value that actually
flows to the circuit of the electric motor MG inCreases,
and the current exceeding the target value flows to the
electric motor MG. As a result, divergence occurs between
a value P’',; of the motor effective power P’ after time tO01
and the required output Pd of the electric motor MG. The
motor effective power P’ increases at time t01, and shock
may possibly occur in the vehicle 100 due to the torque
fluctuation.

To deal with this problem, the ECU 50 of the vehicle

drive device 1 according to the present embodiment corrects

‘the voltage command value v of the electric motor MG to a

small voltage command value (v2) on the low torgque side
than a voltage command value (vd) correspoﬁding to the
required output Pd of the electric motor MG after elapse of
a predetermined period PEl from a time the control valve 5
is switched to the second state, as will be described below
with reference to FIG. 5. The voltage command value (v2)
of after the correction of the present embodiment is a
voltage value that suppresses the divergence between the
required output (Pd) and the actual output (P’) of the
electric motor MG than the voltage command value (vd) of
when the correction is not made, the divergence which
occurs when the o0il 8 stored in the o0il cooler 3 is
supplied to the electric motor MG. The ECU 50 stores a map
indicating a correspondence relatiohship of the motor
instruction power P and the voltage command value vd, for
example, and determines the voltage command value vd from
the motor instruction power P based on the map. According

to the map, for example, the voltage command value vd
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increases in correspondence with the increase in the motor
instruction power P, and the.voltage command value vd
decreases in accordance with the reduction in the motor
instruction power P. The voltage command value vd based on
the map is output to the electric motor MG until elapse of
the predetermined period PEl. After the elapse of the
predetermined period PEl, the voltage command value v2 of
after the correction is output to the electric motor MG in
place of the voltage command value vd based on the map.

The predetermined period PEl is, for example, a
required time from a time the control valve 5 is opened‘
until the oil 8 stored in the oil cooler 3 reaches the
electric motor MG. According to the vehicle drive device 1
of the present embodiment, when the o0il 8 of low
temperature stored in the oil coeler 3 reaches the electric
motor MG, the voltage command value v is corrected to the
voltage value smaller than the voltage command value vd
corresponding to the required output Pd. The voltage
command value (v2) of after the correction is a voltage
smaller than the voltage command value vd based on the map.
The torque fluctuation is thereby suppressed, and the
drivability is enhanced.

FIG. 5 illustrates the motor instruction power P, the
voltage command value v, and the motor effective power P’
of when the motor required power (required output Pd) is
transitioned at a constant value. The predetermined period
PE1l of the present embodiment is the duration from time O
at which the control valve 5 is opened to time t1 at which
the 0il temperature T of the o0il 8 making contact with the
electric motor MG lowers. The predetermined period PEl is
the duration defined in advance based on a length L (see
FIG. 2) of the o0il passage 10 from the downstream side

connecting portion 12a of the oil passage 10 and the bypassv
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0il passage 4 to the electric motor MG, for example. The
required time until the oil 8 flowing out from the oil
cooler 3 flows from the connecting portion 12a through the
second o0il passage 12 and reaches the electric motor MG can
be calculated based on the length L. The predetermined
period PEl is, for example, the required time.

The ECU 50 corrects the motor instruction power P from
an instruction power P; up to the relevant point to an
instruction power P, at time tl, at which the predetermined
period PEl has elapsed. The instruction power P, of after
the correction is a value on the low torque side than the
instruction power P; of before the corréction, that is, the
value on the low torque side than the required oﬁtpﬁt Pd.
The ECU 50 also corrects the voltage command value v
according to the correction of the motor instruction power
P. The voltage command value v2 of after the correction is
a value on the low torgque side than the voltage command
value vl of pbefore the correction, that is, the voltage
command value vd corresponding to the required output Pd.
The magnitude of the voltage command value v2 of after the
correction is smaller than the magnitude of the voltage
command value vd corresponding to the required output Pd.
The divergence of the required output Pd and the motor
effective power P’ is suppressed by correcting the voltage
command value v to the voltage value on the low torque side.
In the present embodiment, the voltage command value v is
corrected to suppress the divergence of the regquired output
Pd and the motor effective power P’ that occurs when the
0il 8 of low temperature that flowed out from the oil
cooler 3 is supplied to the electric motor MG. The
correction amount of the voltage command value v is
preferably a value that does not diverge the motor

effective power P’ from the required output Pd. For
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example, the voltage command value vZ2 of after the
correction is preferably a value that coincides the motor
effective power P’ to the regquired output Pd.

The operation of the vehicle drive device 1 of the
first embodiment will be described with reference to FIG. 1.
The control flow illustrated in FIG. 1 is executed while
the oil pump 2 is circulating the oil 8, for example.

In step S10, the oil temperature T is acquired by the
ECU 50. For example, the ECU 50 acquires the oil
temperature of the oil 8 from the o0il temperature sensor 17.
After stép S10 is executed, the process proceeds to step
S20.

In step S20, whether or not the o0il temperature T is
higher than or equal to a predetermined value o is
determined by the ECU 50. The predetermined value o is a
threshold cil temperature for switchiﬁg the first state and
the second state of the control valve 5. As a result of
the determination of step S20, the process proceeds to step
S30 if determined that the oil temperature T is higher than
or equal to the'predetermined value a (step S20-Y), and the
process proceed to step S10 in the opposite case (step S20-
N) . |

In step S30, the valve opening command is issued by
the ECU 50. The ECU 50 outputs the valve opening command
to the control valve 5. The control valve 5 is opened in
response to the valve opening command to be in the second
state of communicating the first oil passage 11 and the
heat exchanging unit 32. After step S30 is executed, the
process proceeds to step S40.

In step S40, a timer value t is set to 0 by the ECU 50.
The timer value t is a value that counts the elapsed time
from a time the control valve.5 is opened and switched to

the second state. After step S40 is executed, the process
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proceeds to step S50.

In step S50, whether or not the timer value t is
greater than or equal to a first timer value tl is
determined by the ECU 50. The first timer value tl is a
threshold value for determining the elapse of the
predetermined period PEl. If the timer value t is greater
than or equal to the first timer value tl, determination is
made that the predetermined period PEl has elapsed. The
first timer value tl may be defined in advance, for example,
based on the capacity of the second o0il passage 12 and the
discharging ability of the o0il pump 2. As a result of the
determination of step S50, the process proceeds to step S70
if determined that the timer value t is greater than or
equal to the first timer wvalue tl (step S50-Y) and the
process proceeds to step S60 in the opposite case (step
S50-N) .

In step S60, the timer value t is counted up by the
ECU 50. The ECU 50 increments the timer value t, and
increases the timer value t by one. After step S60 is
executed, the process proceeds to step $50.

In step S7Q, whether or not the timer value t is
smaller than or equal to a second timer value t2 is
determined by the ECU 50. The second timer value t2 is a
threshold value for determining whether or not all of the
0il 8 stored in the o0il cooler 3 has flowed out from the
second o0il passage 12 toward the electric motor MG. If the
timer value t is smaller than or equal to the second timer
value t2, determination is made that the oil 8 stored in
the 0il cooler 3 is still being supplied to the electric
motor MG. The second timer value t2 is, for example,
defined based on the capacity of the o0il 8 stored in the
0il cooler 3 and the discharging ability of the oil pump 2.

In the present specification, the duration from a time
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the predetermined period PEl has elapsed until the oil 8
stored in the o0il cooler 3 all flows out from the second
oil passage 12 is referred to as a “second predetermined
period PE2”. 1In FIG. 5, the second predetermined period
PE2 is from time tl to time t2. In step S70, whether or
not the second predetermined period PE2 has elapsed is

determined. If the timer value t is greater than the

second timer value t2, determination is made that the

~second predetermined period PE2 has elapsed. As a result

of the determination of step S70, the process proceeds to
step S80 if determined that the timer value t is smaller
than or equal to6 the second timer value t2 (step S70-Y),
and the process proceeds to step S100 in the opposite case
(step S70-N).

In step S80, the motor instruction power P and the
voltage command value v are corrected by the ECU 50. The
ECU 50 corrects the value of the motor instruction power P
from the instruction power P; corresponding to the required
output Pd to the instruction power P, of after the
correction. The ECU 50 also corrects the voltage command
value v according to the correction of the motor
instruction power P. The voltage command value v2 of after
the correction is, for example, the voltage value on the
low torque side by a predetermined amount or a
predetermined proportion with respect to the voltage
command value vd corresponding to the required output Pd.
A correction amount Av of the voltage command value v is
determined based on the temperature properties of the
electric motor MG, for example. By way of example, the
correction amount Av is defined based on a correspondence
relationship of the decreasing amount of the oil
temperature T in the electric motor MG and the increasing

amount (or increasing rate) of the motor effective power P’.
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In FIG. 5, the oil temperature T decreases from T; to T, at
time tl when the oil 8 stored.in the 0il cooler 3 reaches
the electric motor MG. The. increasing amount of the motor
effective power P’ corresponding to the lowering of the oil
temperature is assumed as APl with respect to the same
voltage command value v. In this case, the output
fluctuation of the electric motor MG is suitably suppressed
by correcting the voltage command valué v to the voltage
value on the low torque side by the amount of the voltage
value corresponding to the increasing amount APl. The
increasing rate of the motor effective power P’ by the
lowering of the oil teﬁperature is assumed as AP2 with
respect to the same voltage command value v. In this case,
the output fluctuation of the electric motor MG is suitably
suppressed by correcting the voltage dommand value v to the
voltage value on the low torque side by the amount of the
voltage value corresponding to the increasing rate AP2.
Rather than being calculated in accordance with the
required output Pd and the correction amount Av, the
instruction power P, of after the correction may be
calculated based on the map and the like from the required
output Pd without calculating the correction amount Av.
For example, a map indicating the correspondence
relationship of the required output Pd and the instruction
power P, of after the correction may be stored, and such
map may be referred to for determining the.instruction
power P, of after the correction. This is similar for the
voltage command value v. The voltage command value v2 of
after the correction may be determined based on a map
indicating a correspondence relationship of the voltage
command value vd corresponding to the required output Pd
and the voltage command value v2 of after the correction

without calculating the correction amount Av.
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Alternatively, the instruction power P; of after the
correction may be determined regardless of the required
output Pd. In other words, the instruction power P, of
after the correction may be the same value regardless of
the value of the required output Pd. For example, the same
value may always be used for the instruction power P, of
after the correction in the travelling region of light load.
This is similar for the voltage command value v. It is
desirable the correction of the motor instruction power P
and the voltage command value v at least suppresses the
divergence of the required output Pd and the motor
effective power P’ compared to when the correction is not
made by the relevant correction. The ECU 50 may correct
only the voltage command value v without correcting the
motor instruction power P. After the correction of the
motor instruction power P and the correction of the voltage
command value v are carried out in step S80, the process
proceeds to step S5S90.

In step S90, the timer value t is counted up by the
ECU 50. The ECU 50 increments the timer value t and
increases the timer value t by one. After step S90 is
executed, the process proceeds to step S70.

In step S100, the motor instruction power P is
corrected by the ECU 50. After the oil 8 stored in the oil
cooler 3 all flowed out from the second oil passage 12 to
the electric motor MG at time t2, the o0il temperature T
rises. An oil temperature T3 after the rise is lower than
an oil temperature T; of before the control valve 5 is
opened. This is because the 0il 8 is cooled by the oil
cooler 3. The oil temperature T3 is higher than an oil
temperature T, of the second predetermined period PE2, that
is, an oil temperature of while the o0il 8 stored in the oil

cooler 3 is being supplied to the electric motor MG. The
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ECU 50 corrects the motor instruction power P and the
voltage command value v according to the o0il temperature Tj
of after the elapse of the second predetermined period PE2.
A value P3 of the motor instruction power P of after the
elapse of the second predetermined period PE2 is a value on
the low torque side than the required output Pd, and is a
value on the high torque side than the instruction power P,
of the second predetermined period PE2.

A value v3 of the voltage command value v of after the
elapse of the second predetermined period PE2 is a voltage
value on the low torque side than the voltage command value
vd corresponding to the required output Pd, and is a
voltage value on the high tofque side than the voltage
command value vZ2 of the second predetermined period PE2.
That is, when the second predetermined period PE2 has
elapsed after the elapse of the predetermined period PE1l,
the ECU 50 changes the voltage command value v to the
voltage value on the high torque side than the voltage
command value v2 in the second predetermined period PEZ2.
The voltage command value v3 in this case is a voltage
value at which the divergence of the required output Pd and
the motor effective power P’ becomes smaller than either of
the voltage command value vd corresponding to the required
output Pd and the voltage command value v2 of the second
predetermined period PE2. The voltage command value v3 is
preferably the voltage value at which the divergence of the
required output Pd and the motor effective power P’ does
not occur. After step S100 is executed, the present
control flow is terminated.

As deécribed above, the ECU 50 of the present
embodiment corrects the voltage command value v to the
voltage value (voltage command value v2) on the low torque

side than the voltage value (voltage command value vd)



10

15

20

25

30

WO 2015/190621 PCT/JP2015/067530
25

corresponding to the required output Pd of the electric
motor MG at the timing the oil 8 stored in‘the 0il cooler 3
reaches the electric motor MG. The voltage value (voltage
command value vd) corresponding to the required output Pd
is, for example, the voltage value that suitably realizes
the required output Pd at the o0il temperature T; of when
the control valve 5 is opened. The voltage command value
v2 of after the correction is, for example, the voltage
value that suitably realizes the required output Pd at the
01l temperature T, of while the 0il 8 stored in the oil
cooler 3 is being supplied to the electric motor MG. The
correction amount Av of the voltage command value v may
vary according to the temperature of the o0il 8 stored in
the 0il cooler 3. For example, if the temperature of the
0oil 8 stored in the o0il cooler 3 is low, the magnitude of
the correction émount Av of the voltage command value v is
increased so that the voltage command value v2 of after the
correction becomes the voltage value more on the low torque
side than when the temperature of the oil 8 stored in the
01l cooler 3 is high. The temperature of the 0il 8 stored
in the o0il cooler 3 can be calculated, for example, from
the temperature of the cooling water supplied to the heat
exchanging unit 32.

The voltage command value vZ2 of after the correction

is the voltage value that suppresses the occurrence of

. divergence between the required output Pd and the actual

output (motor effective power P’) of the electric motor MG
by the supply of the o0il 8 stored in the o0il cooler 3 to
the electric motor MG more than the voltage command value
vd of when the correction is not made. Thus, according to
the vehicle drive device 1 of the present embodiment, the
output fluctuation of the electric motor MG of when the oil

8 of low temperature stored in the o0il cooler 3 reaches the
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electric motor MG can be suppressed.

In the present embodiment, the elapse of the
predetermined period PEl is determined based on the timer
value t. In this casé, the voltage command value v can be
corrected in a feed forward manner in synchronization with
the change in the o0il temperature T. The optimum
correction start timing of the voltage command value v that
does not cause torque fluctuation can be set in advance
based on the result of adaptive experiments, and the like.

[Second Embodimént]

A second embodiment will now be described with
reference to FIG. 6. In the second embodiment, the same
reference numerals are denoted on the configuring elements
having functions similar to those described in the first
empbodiment, and the redundant description will be omitted.
FIG. 6 is a flowchart illustrating the operation of a
vehicle drive device according to the second embodiment.
The second embodiment differs from the first embodiment in
that the elapse of the predetermined period PEl is
determined based on the oil teﬁperature T detected by the
0il temperature sensor 17.

The control flow illustrated in FIG. 6 is executed
while the oil pump 2 is circulating the o0il 8, for example.
In step $110, the ECU 50 acquires the oil temperature T,
and in step 5120, the ECU 50 determines whether or not the
acquired 0il temperature T is higher than or equal to a
predetermined value a. As a result of the determination,
the process proceedé to step S130 if the oil temperature T
is higher than or equal to the predetermined value o and
proceeds to step S110 in the opposite case.

In step S130, the valve opening command is issued by
the ECU 50. The ECU 50 outputs the valve opening command

to the control valve 5. The control valve 5 1s opened in
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response to the valve opening command and communicates the
first oil passage 11 and the heat exchanging unit 32.
After step S130 is executed, the process proceeds to step
S140.

In step S140, whether or not an oil temperature
decreasing amount AT 1is greater than a third predetermined
value X is determined by the ECU 50. In step 5140, whethér
or not the predetermined period PEl has elapsed is
determined. The third predetermined value X is a threshold
value for determining whether the predetermined period PEl
has elapsed and whether the second predetermined period PE2
is continuing. The predetermined period PEl1l of the present
embodiment is the duration from a time the control valve 5
is switched to the second state until the decreasing amount
of the temperéture of the o0il 8 detected by the o0il
temperature sensor 17 becomes greater than the third
predetermined value X. The o0il temperature decreasing
amount AT is calculated with the following equation (1).
The oil temperature T; is the oil temperéture T of when the
control valve 5 is opened, and‘is the o0il temperature T
immediately before the control valve 5 is opened, for
example. The o0il temperature T on the right side of
equation (1) is the oil temperature T detected by the oil
temperature sensor 17, and is newly acquired each time step
S140 is executed, for example.:

AT = T, - T _ (1)

While the oil temperature decreasing amount AT is
greater than the third predetermined value X (step S140-Y),
determination is made that the second predetermined period
PE2 is continuing. That is, the second predetermined
period PE2 is the duration from a time the oil temperature
decreasing amount AT becomes greater than the third

predetermined value X until the oil temperature decreasing
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amount AT becomes smaller than or equal to the third
predetermined value X. As a result of the determination of
step 5140, the process proceeds to step S150 if determined
that the oil temperature decreasing amount AT is greater
than the third predetermined value X (step S140-Y), and
proceeds to step S160 in the opposite case (step S140-N).

In step S150, the motor instruction power P is '
corrected from the instruction power P; corresponding to
the required output Pd to the instruction power P, of after
the correction by the ECU 50. For example, the ECU 50
corrects the motor inétruction power P and the voltage
command value v, similar to step S80 of the first
embodiment. After step S150 is executed, the process
proceeds to step Sl40ﬂ

In step S160, whether or not the oil temperature
decreasing amount AT is greater than a predetermined value
Y is determined by the ECU 50. 1In step S$S160, whether or
not the o0il 8 stored in the o0il cooler 3 all flowed out
from the second o0il passage 12 and the oil 8 that flowed
from the first o0il passage 11 through the o0il cooler 3 is
supplied to the electric motor MG is determined by the ECU
50. In FIG. 5, the c¢il 8 stored in the oil coocler 3 all
flows out from the second oil passage 12 at time t2. The
0il temperature T thus rises. The o0il temperature T3 after
the rise is the value of the o0il temperature T of the oil 8
supplied from the first oil passage 11 to the electric
motor MG through the o0il cooler 3, and is lower than the
0il temperature T; of before the control valve 5 is opened.
If the value of the oil temperature T is T3, the oil
temperature decreasing amount AT satisfies the following
equation (2). The predetermined value Y of step S160 is a
value smaller than the third predetermined value X of step

S140. The third prédetermined value X and the
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predetermined value Y are positive values, respectively.

Y < AT £ X (2)

That is, in step S160, whether or not the second
predetermined period PE2 has elapsed and the cooled o0il 8
that paSsed the oil cooler 3 is Supplied to the electric
motor MG is determined. When the oil temperature is raised
and the oil temperature decreasing amount AT becomes
smaller than or equal to the predetermined value Y, that is,
when the correction of the motor instruction power P and
the voltage command value v based on the oil temperature T
becomes unnecessary such as when the control valve 5 is
closed, negative determination is made in step S160. As a
result of the determination of step S160, the process
proceeds to step S170 if determined that the oil
temperature decreasing amount AT is greater than the
predetermined value Y (step S160-Y), and the present
control flow is terminated in the opposite case (step S160-
N) .

In step S170, the motor instruction power P is
corrected to the value P3; of the motor instruction power P
of after elapse of the second predetermined period PE2 by
the ECU 50. For example, the ECU 50 corrects the motor
instruction power P and the voltage command value v,
similar to step S100 of the first embodiment. After step
S170 is executed, the process proceeds to step S160.

As described above, according to the present
embodiment, the elapse of thevpredetermined period PE1l and
the elapse of the second predetermined period PE2 are
determined based on the detected o0il temperature T. 1In the
control flow illustrated in FIG. 6, the predetermined
period PEl is the duration from a time the control valve 5
is switched to . the second state until the decreasing amount

(0il temperature decreasing amount AT) of the temperature
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of the o0il 8 detected by the o0il temperature sensor 17
becomes greater than the third predetermined value X. The
elapse of the predetermined period PEl and the second
predetermined period PE2 is determined based on the actual
temperature of the o0il 8 supplied to the electric motor MG,
so that the deviation of timing between the timing the oil
temperature T lowers and the timing to start the correction
of the voltage command value v is suppressed.

In determining the elapse of the predetermined period
PE1l, the determination based on the value of the oil
temperature T itself instead of.the 0il temperature
decreasing amount AT may be made. For example,
determination may be made that the predetermined period PEl
elapsed when the temperature of the o0il 8 detected by the
0il temperature sensor 17 becomes lower than or equal to
the second predetermined value. In this case, the
predetermined period PEl is the duration from a time the
control valve 5 is switched to the second state until the
temperature of the oil 8 detected by the oil temperature
sensor 17 becomes lower than or equal to the second
predetermined value. The second predetermined value is
preferably lower than the oil temperature T of immediately
before the control valve 5 is switched to the second state
and higher than the temperature of the oil 8 stored in the
0il cooler 3; The second predetermined value is a value
that can suitably suppress the divergence between the
required output Pd of the electric motor MG and the motor
effective power P’. The second predetermined value is
preferably defined based on the adaptive experiments, and
the like so that determination can be made accurately and
at as an early timing as possible that the oil 8 stored in
the 0il cooler 3 reached the electric motor MG. |

In determining the elapse of the predetermined period



10

15

20

25

30

WO 2015/190621 PCT/JP2015/067530
' 31

PEl, determination based on the décreasing rate of the ocil
temperature T instead of the o0il temperature decreasing
amount AT may be made. The decreasing rate of the oil
temperature T is the oil temperature decreasing amount AT
per unit time, for example. In this determination method,
for example, determination is made that the predetermined
period PEl elapsed when the decreasing rate of the
temperature of the oil 8 detected by the o0il temperature
sensor 17 becomes greater than a fourth predetermined value
X1. In this case, the predetérmined period PE1l is the
duration from a time the control valve 5 is switched to the
second state until the decreasing rate of the temperature
of the oil 8 detected by the o0il temperature sensor 17
becomes greater than the fourth predetermined value X1.
When the o0il 8 stored in the o0il cooler 3 reaches the
electric motor MG, the oil temperature T rapidly lowers.
The timing of fall of the o0il temperature T (time tl of FIG.
5) can be detected by the decreasing rate of the
temperature of the o0il 8. The fourth predetermined value
X1 is, for example, a value of a decreasing rate greater
than the decreasing rate of the oil temperature T that may
occur when the control valve 5 is in the first state. The
fourth predetermined value X1 is preferably defined based
on the adaptive experiments, and the like so that
determination can be made accurately and at as an early
timing as possible that the o0il 8 stored in the o0il cooler
3 reached the electric motor MG. The fourth predetermined
value X1 of the determination based on the decreasing rate
of the 01l temperature T is preferably a value different
from the third predetermined value X of the determination
based on the oil temperature decreasing amount AT.

The elapse of the second predetermined period PE2 may

be determined based on the rising rate of the oil



10

15

20

25

30

WO 2015/190621 ‘ PCT/JP2015/067530
32

temperature T. When the rising rate of the oil temperature
T becomes greater than a predetermined rising rate after
elapse of the predetermined period PEl, determination is
made that the second predetermined period PE2 has elapsed.
In this case, the second predetermined period PE2 is the
duration from a time the predetermined period PEl has
elapsed until‘the rising rate of the o0il temperature T
becomes greater than the predetermined rising rate.

[Third Embodiment]

A third embodiment will be described with reference to
FIG. 7 and FIG. 8. 1In the third embodiment, the same
reference numerals are denoted on the configuring elements
having similar functions as those described in the first
embodiment and the second embodiment, and the redundant
description will be omitted. FIG. 7 is a flowchart
illustrating the operation of a vehicle drive device
according to the third embodiment, and FIG. 8 is a
schematic configuration diagram of the vehicle drive device
according to the third embodiment. The third embodiment
differs from the first embodiment and the second embodiment
in that the elapse of the predetermined period PEl and the
second predetermined period PE2 is determined based on the
motor temperaturé T’ .

As illustrated in FIG. 8, a vehicle drive device 40
according to the third embodiment is configured to include
a temperature sensor 18. The temperature sensor 18 detects
the temperature of the electric motor MG. The temperature
sensor 18 detects the temperature of the stator of the
electric motor MG, for example. A signal indicating the
detection result of the temperature sensor i8 is output to
the ECU 50.

The control flow illustrated in FIG. 7 is executed

while the oil pump 2 1s circulating the oil 8, for example.
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In step S210, the oil temperature T is acquired by the ECU
50, and in step S220, whether or not the acquired oil
temperature T is higher than or equal to a predetermined
value o is determined. As a result of the determination,
the process proceeds to step S230 if the oil temperature T
is higher than or equal to the predetermined value o and
proceeds to step S210 in the opposite case.

In step 8230, a valve opening command is issued by the
ECU 50. The ECU 50 outputs the valve opening command to
the control valve 5. The control valve 5 is opened in
response to the valve opening command, and communicates the
first oil passage 11 and the heat exchanging unit 32.

After step S230 is executed, the process proceeds to step
S5240.

In step 5240, whether or not a motor temperature
decreasing amount AT’ is greater than a predetermined value
X’ is determined by the ECU 50. 1In step 5240, whether or
not the predetermined period PEl has elapsed is determined.
The predetermined value X’ is a threshold value for
determining whether the predetermined period PE1l has
elapsed and whether the second predetermined period PE2 is
continuing. The secoﬁd predetermined period PE2 is the
duration from a time the motor temperature decreasing
amount AT’ becomes greater than the predetermined value X’
until the motor temperature decreasing amount AT’ becomes
smaller than or equal to the predetermined value X’. The
motor temperature decreasing amount AT’ is calculated with
the following equation (3). The motor temperature T’ is
the temperature of the electric motor MG of when the
control valve 5 is opened, and is, for example, the
temperature detected by the temperature sensor 18
immediately before the control valve 5 is opened. The

motor temperature T’ on the right side of the equation (3)
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is the motor temperature T’ detected by the temperature
sensor 18, and is newly acquired each time step S240 is
executed, for example.

AT = T/ = T/ (3)

The predetermined value X’ is preferably defined based
on the adaptive experiments, and the like so that the
determination can be made accurately and at as early timing
as possible that the o0il 8 stored in the o0il cooler 3
reached the elec¢tric motor MG. As a result of the
determination of step S240, the process proceeds to step

S250 if determined that the motor temperature decreasing

"amount AT’ is greater than the predetermined value X’ (step

S240-Y) and proceeds to step S260 in the opposite case
(step S240-N).

In step S250, the motor instruction power P is
corrected from the instruction power P; corresponding to
the required output Pd to the instruction power P, of after
the correction by the ECU 50. The ECU 50, for example,
corrects the motor instruction power P and the voltage
command value v to a small value on the low torque side,
similar to step S80 of the first embodiment. After step
S250 is executed, the process proceeds to step $240.

In step S260, whether or not the motor temperature
decreasing amount AT’ is greater than a predetermined value
Y’ is determined by the ECU 50. In step S260, whether the
0il 8 stored in the oil‘cooler 3 all flowed out from the
second oil passage 12 and the o0il 8 that flowed from the
first oil passage 11 through the o0il cooler 3 is supplied
to the electric motor MG is determined by the ECU 50. 1In
the present embodiment, whether or not the second
predetermined period PE2 has elapsed is determined based on
the motor temperature T’. The predetermined value Y’ and

the predetermined value X’ are positive values,



10

15

20

25

30

WO 2015/190621 ‘ PCT/JP2015/067530
35

respectively. The predetermined value Y’ of step S260 is a
value smaller than the predetermined value X’ of step $5240.
After the second predetermined period PE2 has elapsed, the
0il temperature T rises and the motor temperature
decreasing amount AT’ reduces. If the motor temperature
decreasing amount AT’ is smaller than the predetermined
value X’ and greater than the predetermined value Y’,
determination can be made that the oil 8 that flowed from
the first oil passage il through the o0il cooler 3 is
supplied to the electric motor MG. When the oil
temperature is raised and the motor temperature decreasing
amount AT’ becomes smaller than or equal to the
predetermined value Y’, that is, when the correction of the
motor instruction power P and the voltage command value v
based on the motor temperature T’ is unnecessary such as
when the control valve 5 is closed, negative determination
is made in step S260. As a result of the determination of
step 5260, the process proceeds to step S270 if determined
that the motor temperature decreasing amount AT’ is greater
than the predetermined value Y’ (step S5260-Y), and the
present control flow is terminated in the opposite case
(step S260-N). ‘

In step S270, the motor instruction power P is
corrected by the ECU 50. The ECU 50 corrects the motor
instruction power P and the voltage command value v,
similar to step S100 of the first embodiment, for example.
After step S270 is executed, the process proceeds to step
S260.

As described above, according to the present
embodiment, the élapse of the predetermined period PEl and
the elapse of the second predetermined period PE2 are
determined based on the detected motor temperature T’. In

the control flow illustrated in FIG. 7, the predetermined
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period PEl1l is the duration from a time the control valve 5
is switched to the second state until the decreasing amount
(motor temperature decreasing amount AT’) of the
temperature of the electric motor MG detected by the
temperature sensor 18 becomes greater than the
predetermined value X’. The deviation of timing between
the timing the resistance value of the copper wire portion
of the electric motor MG lowers and the timing of starting
the correction of the voltage command value v is suppressed
as the elapse of the predetermined period PEl and the
second predetermined period PE2 is determined based on the
actual temperature of the electric motor MG.

In determining the elapse of the predetermined period
PE1L, thé‘determination based on the value of the motor
temperature T’ itself instead of the motor temperature
decreasing amount AT’ may be made. "~ For example,
determination may be made that the predetermined period PE1l
elapsed when the temperature of the electric motor MG
detected by the temperature sensor 18 becomes lower than or
equal to a fifth predetermined value. In this case, the
predetermined period PE1 is the duration from a time the
control valve 5 is switched to the second state until the
temperature of the electric motor MG detected by the
temperature sensor 18 becomes émaller than or equal to the
fifth predetermined value. The fifth predetermined value
is preferably defined based on the adaptive experiments,
and the like so that the change in the motor temperature T/
of when the o0il 8 stored in the o0il cooler 3 reached the
electric motor MG can be determined accurately and at as an
early stage as possible. |

In determining the elapse of the predetermined period
PE1l, the determination based on the decreasing rate of the

motor temperature T’ instead of the motor temperature
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decreasing amount AT’ may be made. The decreasing rate of
the motor temperature T’ is, for example, the motor
temperature decreasing amount AT’ per unit time. In this
determination method, for example, determination is made
that the predetermined period PEl elapsed when the
decreasing rate:. of the temperature of the electric motor MG
detected by the temperature sensor 18 becomes greater than
the fifth predetermined value. In this case, the
predetermined period PEl is the duration from a time the
control valve 5 is switched to the second state until the
decreasing rate of the temperature of the electric motor MG
detected by the temperature sensor 18 becomes greater than
the fifth predetermined value.

The elapse of the second predetermined periocd may be
determined based on the rising rate of the motor
temperature T’. When the rising rate of the motor
temperature T’ becomes greater than a predetermined rising
rate after the elapse of the predetermined period PE1,
determination is made that the second predetermined period
PE2 elapsed. In this case, the second predetermined period
is the duration from a time the predetermined period PE1l
elapsed until the rising rate of the motor temperature T’
becomes greater than the predetermined rising rate.

[First wvariant of‘each of the embodiments described
above]

A first variant of the first embodiment to third
embodiment will now be described. The control valve 5 may
be a flow rate control vaive capable of being controlled to
an arbitrary opening by a duty control, and the like
instead of the open/close valve of being switched to the
fully-opened state or the fully-closed state. When opening
the control valve 5 so that the o0il 8 flows through the oil

cooler 3, the ECU 50 may take an intermediate opening
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between the fully-closed state and the fully-opened state.
The fluctuation in the temperature of the oil 8 supplied to
the electric motor MG is thus alleviated. However, even if
the opening of the control wvalve 5 is controlled, the oil 8
of low temperature stored in the oil cooler 3 may be
supplied to the electric motor MG after the opening of the
control valve 5, and the motor effective power P’ may
diverge from the required output Pd. In such a case, the
voltage command value v is corrected to the voltage value
on the low torque side to suppress the output fluctuation
of the electric motor MG.

The control valve 5 may be opened/closed according to
the temperature of the o0il 8 in contact therewith like a
thermostat instead of being opened/closed according to a
command from the ECU 50. 1In this case, the control valve 5
is preferably arranged to make contact with the oil 8
circulated by the oil pump 2. For example, the control
valve 5 is preferably arranged at the end on the first oil
passage 11 side in the inlet o0il passage 31.

[Second variant of each of the embodiments described
above]

A second variant of the first embodiment to third
embodiment will now be described with reference to FIG. 9.
FIG. 9 is a schematic configuration diagram of a vehicle
drive device according to a second variant of each
embodiment. The control valve is not limited to the
control valve 5 illustrated in each of the embodiments
described above. The control valve may be arranged at a
connecting portion of the bypass o0il passage 4 and the oil
passage 10 as illustrated in FIG. 9. 1In a vehicle drive
device 101 according to the second wvariant, a control valve
19 is arranged at a connecting portion of the bypass oil

passage 4 and the second o0il passage 12. The control valve
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19 is a three-way valve, and is connected to each of the
bypass 0il passage 4, the outlet oil passage 33, and the
second oil passage 12. The control valve 19 can be
selectively switched between a first state and a second
state. The first state of the control valve 19 is a state
of communicating the bypass o0il passage 4 and the second
0il passage 12 and shielding the outlet o0il passage 33 from
the second oil passage 12. The second state of the control
valve 19 is a state of communicating the outlet oil passage
33 and the second oil passage 12 and shielding the bypass
0il passage 4 from the second.oil passage 12. The control
valve 19 includes an actuator for switching the first state
and the second state. The actuator switches the first
state and the second state by an electromagnetic force, for
example. |

The control valve 19 is controlled by the ECU.50. The
ECU 50 keeps the control valve 19 in the first state ahd
regulates the 0il 8 from flowing through the oil cooler 3
while the temperature of the o0il 8 circulated by the oil
pump 2 is lower than a predetermined value. The ECU 50
switches the control valve 19 to the second state and let
the o0il 8 flow to the o0il cooler 3 when the temperature of
the o0il 8 circulated by the oil pump 2 becomes higher than
or equal to the predetermined value while the control valve
19 is in the first state.

The ECU 50 also corrects the voltage command value v
of the electric‘motbr MG to the voltage value on the low
torque side than the voltage command value vd corresponding
to the required output Pd of the electric motor MG after
elapse of the predetermined period PE1l from a time the
control valve 19 is controlled to be switched from the
first state to the second state.

The control valve 19 may be arranged at the connecting
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portion of the bypass oil passage 4 and thé first oil
passage 11 instead of the connecting portion of the bypass
0il passage 4 and the second o0il passage 12. The first
state in this case 1s a state of communicating the bypass
oil passage 4 and the first oil passage 11 and shielding
the inlet oil passage 31 from the first oil passage 11.
The second state is a state of communicating the inlet oil
passage 31 and the first o0il passage 11 and shielding the
bypass 0il passage 4 from the first oil passage 11.

[Third variant of each of the embodiments described
above]

In each of the embodiments described above, the oil
pump 2 may be arranged on the second oil passage 12 instead
of the first o0il passage 11. The number of electric motors
MG is not limited to one. The vehicle drive device 1, 40,
101 may includela plurality of electric motors MG.

The contents disclosed in each of the embodiments and
the variants described above may be appropriately combined

and executed.

Reference Signs List
1, 40, 101 vehicle drive device
oil pump

.01l cooler

2
3
4 bypass oil passage
5, 19 control valve
6 differential gear
7 case

8 oil

10 o0il passage

11 first oil passage

12 second oil passage

17 oil temperature sensor
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18 temperature sensor
31 inlet oil passage
32 heat exchanging unit
33 outlet oil passage
50 ECU (control unit)
100 wvehicle
101 vehicle drive device
v voltage command value
MG electric motor

0oil temperature

T

P motor instruction power

Pd
PE1

required output

predetermined period

PCT/JP2015/067530
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CLAIMS
1. A vehicle drive device comprising:

an oil pump configured to supply oil to an electric
motor and a differential‘gear through an oil passage;

an oil cooler that is arranged on the oil passage and
configured to cool the oil;

a bypass o0il passage configured to bypass the oii
cooler;

a control valve configured to be switched between a
first state of regulating the o0il from flowihg through the
0il cooler and a second state of letting the o0il flow to
the oil cooler; and

a control unit, wherein

the control unit keeps the control valve in the first
state while a temperature of the oil circulated by the oil
pump is lower than a predetermined value, and switches the
control valve to the second state when the temperature of
the oil circulated by the oil pump becomes not lower than
the predetermined value while the control valve is in the
first state, and

the control unit changes a voltage command value of
the electric motor to a value smaller than a voltage
command value corresponding to a required output of the
electric motor after elapse of a predetermined period from

a time the control valve is switched to the second state.

2. The vehicle drive device according to claim 1} wherein
the predetermined period is duration defined in

advance based on a length of the o0il passage from a

downstream side connecting portion of the o0il passage and

the bypass o0il passage to the electric motor.

3. The vehicle drive device according to claim 1, further
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comprising:

an o0il temperature sensor configured to detect a
temperature of the oil supplied from the oil passage to the
electric motor, wherein

the predetermined period is duration from a time the
control valve is switched to the second state until the
temperature of the o0il detected by the o0il temperature

sensor becomes not higher than a second predetermined value.

4. The vehicle drive device according to claim 1, further
comprising:

an oil temperature sensor configured to detect a
temperature of the oil supplied from thevoil passage to the
electric motor, wherein

the predetermined period is duration from a time the
control valve is switched to the second state until a
decreasing amount of the temperature of the o0il detected by
the o0il temperature sensor becomes greater than a third
predetermined value, or from a time the control valve is
switched to the second state until a decreasing rate of the
temperature of the oil detected by the oil temperature

sensor becomes greater than a fourth predetermined wvalue.

5. The vehicle drive device according to claim 1, further
comprising: |

a temperature sensor configured to detect a
temperature of the electric mdtor, wherein

the predetermined period is duration from a time the
control valve is switched to the second state until the
temperature of the electric mdtor detected by the
temperature sensor becomes not higher than a fifth

predetermined value.
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6. The vehicle drive device according to any one of
claims 1 to 5, wherein

when a second predetermihed period has elapsed after
the elapse of the predetermined period, the control unit
changes the voltage command value to a vbltage value

greater than the voltage value in the second predetermined

periocd.
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