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- DESCRIPTION
Control Device of Vehicle, Vehicle, and Method of Controlling Vehicle

Technical Field

The present invention relates to a contfol device of a vehicle and to a vehicle,
and more particularly to a control device of la vehicle using a hydraulic .pressure
generated by using an electric oil pump and a mechanical oil pump in combination as
well as to a vehicle.
Background Art

Japanese Patent Laying-Open No. 2005-207304 discloses a hybrid vehicle
including an electric oil pump generating a hy_dréuliq pressure and a mechahica.l oil pump
driven by an engine and generating a hydraulic pressure, in which drive force from a
motor is transmitted t6 drive wheels through a hydraulically controlled transmission.

Weight of the eléctric oil pump and power consumption are greatef as hydraulic
pressure generation capability theréof is higher. Accordingly, in the case of a hybrid
vehicle, it is often more advantageous to compensate for the hydraulic p;ressu‘re with fhe
mechanical oil pump by operating the engine when the hydraulic pressure ger}eration

capability is insufficient, rather than to secure sufficient capability of the electric oil

pump.

In such a case, if the electric oil pumpl continuously operates and approaches its
operation limit due to overheat or the like, it is necessary to start the engine and to
actuate the mechanical oil pump. If a shift lever is set to an N (neutral) position,
however, the engine cannot be started and load of the electric oil pump cannot be
mitigated in some cases.

In other words, if the shift lever is set to the neutral position and a shift range is
set to an N range, drive force should not transmit to the wheels, and hence the motor

capable of driving the wheels is in a shutdown state. In the hybrid vehicle that uses the
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motor capable of driving the wheels for starting the engine, accordingly, the motor for

cranking the engine cannot be operated if the shift range is set to the N range.

Disclosure of the Invention
5 : An object of the present invention is to provide a control device of a vehicle and
a vehicle maintaining a running permitted state as long as possible while protecting an
electric oil pump. |
In summary, the present invention is directed to a control deviée of a vehicle, the
vehicle including a drive wheel, a first rotating electric machine generating drive torque
10 ~ for the drive wheel, a hydraulic transnﬁssion_transmitﬁng the drive torque from the first
rotating electric machine to the drive wheel, an electric oii pump generating a source
hydraulic pressure for the hydraulic transmiésioh, an internal combustion engine
operated in order to drive the drive wheel, a meéhan’icaﬂ oil pump rotating upon
receiving mechanical power from the internal combustion engine and generating the
15 - source hydraulic pressure, and a shift lever for switching a shift rarige. The control
device causes the first rotating elecfric machine to stop while the shift lever is set to a
neutral position, and changes the rotation speed of the electric oil pump from .a first
‘rotation speed to a second rotation speed lower than the first rotation speed if a state of
the electric oil pump enters a state where it is not preferable to continue operation at the
20 first rotation speed. | |
Preferably, the control device warns a driver to change a position of the shift
lever from the neutral position to another position if the vehicle satisfies a prescribed
warning condition. The prescribed warning condition includes a condition that the
state of the electric oil pump enters the state where it is not preferable to continue
25 operation at the first rotation speed.
More preferably, the control device sets the vehicle to a running non-permitted
state if the position of the shift lever is not changed from the neutral position to another

position after warning.
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Preferably, the vehicle further includes a second rotating electrié machine )

generating start torque to start the internal combustion engine, and a power split device

l in which three input shafts are mechanicé,lly coupled to a crankshaft of the internal

combustion engine, a rotation shaft of the first rotating electric machine, and a rotation
shaft of the second rotating electric machine respectively. In the power split device,
when rotation of any two input shafts of the three input shafts is set, rotation of
remaining one input shaft is forcibly set. The control device causes the second rotating
electric machine to stop while the shift lever is set to the neutral positi.on and sets the
vehicle to a state where start of the internal combusﬁon engine is not permitted. - -
According to another aspect of the p.resén't invention, the present invention is
directed to a vehicle including a drive wheel, a first rotating electric machine generating
drive torque for the drive wheel, a hydraulic trahsnlilssion transmitting the _dri\?e torque
from the first rotating electric machine to the drive Whéel, an electric oil pump
generating a source hydraulic pressure for the hydraulic transmission, an internal
combustion engine operated in order to drive the drive wheel, a mechanical oil pump
rotating upon receiving mechanical power from the internal combustion engine and

generating the source hydraulic pressure, a shift lever for switching a shift rangé, and a

" control device causing the first rotating electric machine to stop while the shift lever is

set to a neutral position, and changing the rotation speed of the electric oil pump from a

first rotation speed to a second rotation speed lower than the first rotation speed if a

state of the electric oil pump enters a state where it is not preferable to continue
operation at the first rotation speed.

Preferably, the control device warns a driver to change a position of the shift
lever from the neutral position to another position if the vehicle satisfies a prescribed
warning condition, and the prescribed warning condition includes a condition that the
state of the electric oil pump enters the state where it is not preferable to continue
operation at the first rotation speed.

More preferably, the control device sets the vehicle to a running non-permitted
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state if the position of the shift levef is not changed from the neutral position to another

position after warning.

Preferably, the vehicle further includes a second fotating electric machine
generating start torque to start the internal combustion engine, and a power split device
in which three input shafts are mechanically coupled to a crankshaft of the internal
combustion engine, a rotation shaft of the ﬁrst-fotating electric machine, and a rotation
shaft of the second rotating electric machine fespectively. In the powéf split device,
when rotation of any two input shafts of the three input shafts is set, rotation of
remaining one input shaft is forcibly set. The control device causes the second rotaﬁng
electric machine to stop while the shift lever is set to the neutral position and sets the
vehicle to a state where start of the internal combustion engine is not permitted.

According to yet another éspect of the present invention, the present invention is
directed to a method of controlling a vehicle ihcludiﬂg a drive wheel, a first rotating

electric machine generating drive torque for the drive wheel, a hydraulic transmission

. transmitting the drive torque from the first rotating electric machine to the drive wheel,’

an electric oil pump generating a source hydraulic pressure for the hydraulic
transmission, an internal combustion engine operated in order to drive the drive wheel, a
mechanical oil pump rotating upﬁn receiving mechanical power from the internal
combustion engine and generating the source hydraulic pressure, and a shift lever for
switching a shift range. The method of controlling a vehicle includes the steps of:
determining whether the shift range of the vehicle is set to a neutral range during stop of
the internal combustion engine; and changing the rotation speed of the electric oil pump
from a first rotation speed to a second rotation speed lower than the first rotation speed
if a state of the electric oil pump enters a state where it is not preferable to continue
operation at the first rotatio.n speed.

Preferably, the method of controlling a vehicle further includes the step of
warning a driver to change a position of the shift lever from a neutral position to another

position if the vehicle satisfies a prescribed warning condition. The prescribed warning

4.
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condition includes a condition that the state of the electric oil pump enters the state

where it is not preferable to continue operation at the first rotation speed.

More preferably, the method of éontrblling a vehicle further includes the step of
setting the vehicle to a running non-permitted state if the position of the shift lever is not
changed from the neutral position to another position after warning.

According to the present invention, a running permitted state of the vehicle is

maintained as long as possible, while protecting the electric oil pump.

Brief Description of the Drawings
Fig. 1 is a schematic diagram showing a configuration of a hybrid vehicle
according to an embodiment of the present invention. | | |
Fig. 2 illustrates in detail a conﬁguration'of a main power source 1: and a
transmission 6 in Fig. 1. |
Fig. 3is a nomographic"chart of a single-pinion-type planetary gear mechanism
12 in Fig. 2. | | |
Fig. 4isa nofnographic chart of a gear mechanism constituting transmission 6 in
Fig. 2. S
\ Fig. 5 is a block diagram showing a configuration of a hydraulic pressure control
device 31 in Fig. 2. | | |
 Fig. 6 is a flowchart showing a conﬁguratioh for control executed by a control .-
device (T-ECU) 27 in the embodiment of the present invention.
Fig. 7 is an operational waveform diagram for illustrating an operation in the

embodiment of the present invention.

Best Modes for Carrying Out the Invention
The present invention will be described hereinafter in detail with reference to the
drawings. The same or corresponding elements in the drawings have the same

reference characters allotted, and detailed description thereof will not be repeated.

-5.



10

15

25

WO 2007/086201 PCT/JP2006/324633

[Structure of vehicle]

Fig. 1 is a schematic diagram showing a configuration of a hybrid vehicle
according to an-embodiment of the present invention.

Referring to Fig. 1, the hybrid vehicle according to the present embodiment
includes a main power source 1, an éssist power source 5, a transmission 6, an output
shaft 2, a differential gear 3, and a drive wheel 4.

Torque of main power source 1 is transmitted to output shaft 2, and the torque
is transmitted from output shaft 2 through differential gear 3 to drive wheel 4. |
Meanwhile, assist power source 5 capable of power running control for

outputting drive force for running or regenerative control for recovering energy is
provided and coupled to output shaft 2 with transmission 6 being interpbsed.
Therefore, the torque-transmitted between assist.poxlver source 5 and outpﬁt shaft 2 is
increased/decreased in accordance with a gear ratio set in transmission 6.

Transmission 6 above can be configured such that the'gear ratio is set to at least
"1". Configured in this manner, in power funning in which torque is outpht from assist
power source 5, the torque output from assist power source 5 can be increased and

transmitted to output shaft 2. Therefore, assist power source 5 can be of low capacity

“or of a small size.

On the other hand; it is preferable to maintain satisfactory operaﬁon éfﬁciency of
assist poWer source'S. Accordingly, for example, if the number of rotations'of output
shaft 2 is increased in accordance with the vehicle speed, the gear ratio is lowered o as
to lower the number of rotations of assist power source 5. Meanwhile, if the number
of rotations of output shaft 2 is lowered, the gear ratio may be increased.

Fig. 2 illustrates in detail a configuration of main power source 1 and
transmission 6 in Fig. 1.

Referring to Fig. 2, main power source 1 includes an internal combustion engine
(hereinafter, referred to as an engine) 10, a motor-generator MG1, and a planetary gear

mechanism 12 combining or distributing torque between engine 10 and motor-generator
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MGI1.

Engine 10 serves as a known power unit outputting power by burning fuel, such

as a gasoline engine and a diesel engine, and engine 10 is configured such that an

operation state such as a throttle position (intake air amount), a fuel supply amount,
ignition timing, or the like can electrfcally be controlled. Engine 10 is controlled, for
example, by an electronic control unit (E-ECU) mainly constituted of a microcomputer.
| Motor-generator MGl is connected t.o a power storage apparatus 15 such as a

battery with an inverter 14 being interposed. For example; a permanént magnet
synchronous motor attaining a function as a motor and a function as a generator may be
used as motor-generator MG1. _ | |

By controlling inverter 14, output torque or regenérative torque of motor-
generator MG1 is appropriately set. In order to control inverter 14, an electronic
control unit (MGI—EC_U) 16 mainly constituted of a microcomputer is provided. It is
noted that a stator (not shown) of motof-generator MG1 is fixed and does not rotate. .

Planetary gear mechanism 12 includes a sun gear 17 which is an external gear, a
ring gear 18 which is an iriternal geér arranged concentrically with respect to sun gear

17, and a carrier 19 holding a pinion gear engaged with sun gear 17 and ring gear 18

‘such that it rotates on its axis and revolves around carrier 19, and planetary gear

mechanism 12 serves as a known gear mechanism attaining a differential action with
these elements serving as three rotation elements. An output shaft of engine 10 is
coupled to carrier 19 serving as the first rbtaﬁon element, with a damper 20 being
interposed. In other words, carrier 19 serves as a power input element of planetary
gear mechanism 12.

In contrast, a rotor of motor-generator MGl is coupled to sun gear 17 serving as
the second rotation element. Therefore, sun gear 17 serves as what is called a reaction
element of planetary gear mechanism 12, while ring gear 18 which is the third rotation
element serves as a power output element of planetary gear mechanism 12. Ring gear

18 is coupled to output shaft (that is, a propeller shaft) 2.
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Meanwhile, in the example shown in Fig. 2, transmission 6 is constituted of a set

of Ravigneaux planetary gear mechanisms. Namely, a first sun gear (S1) 21 and a

second sun gear (S2) 22, each of which is an external gear, are provided. A first pinion

23 is engaged with first sun gear 21, first pinion 23 is engaged with a second pinion 24,
and second pinion 24 is engaged with a ring gear (R) 25 arranged conqent-ﬁcally with
each sun gear 21, 22. ' : . _
| A carrier (C) 26 holds each pinioﬁ 23', 24 such that it rotates on its axis and
revolves around carrier 26. In addition, second sun gear 22 is'engagéd with second
pinion 24. Therefore, first sun gear 21 ahd ring gear 25 constitute a double-pinion-
type planetary gear mechanism together with each pinion 23, 24, and second sun gear 22 -
and ring gear 25 constitute a single-pinion-type planetary gear mechanism together with
second pinion 24. | |
. In addition, a brake B1 selectively fixing ﬁrsf sun gear 21 and a bréke B2

selectively fixing ring Q:_ar 25 are provided. These brakes Bl,. B2 are what is called a
friction engagement apparatus generating engagement force by means of friction force,
and a multiple-disc type eﬁgagemeﬁt apparatus ora band-type engagement apparatus
may be adopted as the brake. These brakes B1, B2 are configured such that‘tdrque
capacity thereof continuously varies in accordance with the engagement force resulting
from the hydraulic pressure. Moreover, a motor-generator MG2 serving as the assist
power source is coupled to second sun gear 22, and carrier 26 is c'ouple.d to output shaft *
2. | | |

Therefore, transmission 6 described above is configured such that second sun
gear 22 serves as what is called a power input element, carrier 26 serves as a power
output element, a high-speed gear at which gear ratio is higher than "1" is set by
engaging brake B1, and a low-speed gear greater in the gear ratio than the high-speed
gear is set by engaging brake B2 instead of brake B1. Change in the gears is made
based on a running state such as a vehicle speed, requested drive force (or accelerator

position), and the like. More specifically, each gear applying region is defined in

-8-



10

15

20

25

WO 2007/086201 PCT/JP2006/324633

advance as a map (shift map), and the transmission is controlled so as to set any of the

transmitting gears in accordance with the detected operation state. An electronic

control unit (T-ECU) 27 for such control, mainly constituted of a microcomputer, is

provided. .

In the example shown in Fig. '2,' motor-generator MG2 capable of power running
for outputting torque and regeneration for recovering energy is adopted as assist power
source 5 in Fig. 1. For example, a permé.nent magnet synchronous motor may be used
as motor-generator MG2. A rotor of motor-generator MG2 1s _connebted to second
sun gear 22. It is noted that a stator (not. shown) of motor-generator MG?2 is fixed and
does not rotate. In addition, motor-generator MG2 is connected to a baftery 29 with
an inverter 28 being interposed. ' |

An electronic control unit (NIGZ-ECU) 30 mainly constituted of a
microcomputer controls, by controlling inverter 28, ﬁower running and regeneration as
well as torque of mo_to‘r-generatbr MG?2 in each case.

It is noted that battery 29 and electronic control unit 30 may be integrated with -
inverter 14 and battery (power storége apparatus) 15 of motor-generator MG1. In

addition, a plurality of electronic control units shown in Fig. 2 are not necessarily

required. A smaller number of electronic control units or a single electronic control

unit may be provided.

Fig. 3 is a nomographic chart of single-pinion-type planetary. gear mechanism 12 -
in Fig, 2. | |

Referring to Fig. 3, when reaction torque from motor-generator MG1 is input to
sun gear (S) 17 with respect to the torque output by engine 10 and input to carrier (C)
19, torque of magnitude obtained as a result of addition/subtréction of these torques
appears in ring gear (R) 18 serving as the power output element.

Here, the torque rotates the rotor of motor-generator MG1, and motor-
generator MG serves as the generator. In addition, if the number of rotations of ring

gear 18 (the number of output rotations) is constant, the engine speed of engine 10 can

-9.



10

15

20 .

25

.F'ig, 2.

WO 2007/086201 PCT/JP2006/324633

continuously be varied by increasing/decreasing the number of rotations of motor-

generator MG1. Namely, engine 10 can be controlled, for example, to attain an engine

speed at which best fuel efficiency is achieved, by controlling motor-generator MG1.

In addition, as shown with a chain dotted line in Fig. 3, if engine 10 has been
caused to stop during running, motor'-generatorlMGl rotates in a reverse direction.
When motor-generator MG1 is caused to functibn as the motor from that state and
torque in a direction of forward rotation ils oﬁtput, torque in a direction of forward
rotation of engine 10 is applied to engine 10 coupled to carrier '19,' and starting
(motoring or cranking) of engine 10 can tﬁus be achieved by motor-generator MG1. |

Here, the torque in a direction to stop rotatiori of the output shaft is applied to
output shaft 2. Therefore, drive torque for running can be maintained by controlling
the torque output by motor-generator MG2,- and starting of engine 10 can -
simultaneously be perf_ormed smoothly. It is noted "that such a hybrid scheme is
referred to as a mechanical distribution type or a split type. |

Fig. 4 is a nomographic chart of a gear mechanism constituting transmission 6 in

Referring to Fig. 4, if ring gear 25 is fixed by brake B2, low-speed gear L is set
and the torque output by motor-generator MG2 is amplified in accordance with the gear
ratio and then applied to output shaft 2. In contrast, if first sun gear 21 is fixed by
brake B1, high-speed gear H smaller in the gear ratio than low-speed gear Lis set.

The gear ratio at high-speed gear H is also gréater than "1". Therefore, the torque
output by motor-generator MG2 is amplified in accordance with the gear ratio and then
applied to output shaft 2.

While each shift position L, H is steadily set, the torque obtained by increasing
the torque output by motor-generator MG2 in accordance with the gear ratio is applied
to output shaft 2. In a transmission transition state, however, the torque is affected by
the torque capacity in each brake B1, B2 or by inertial torque generated as a result of

change in the number of rotations. The torque applied to output shaft 2 is positive in a
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drive state of motor-generator MG?2, while it is negative in a driven state.

Fig. 5 is a block diagram showmg a configuration of hydraulic pressure control

device 31 in F1g 2.

Hydraulic pressure control device 31 shown in Fig. 5 controls
engagement/release of each brake B 1, B2 in Fig. 2 by applying/releasing the hydraulic
pressure. Hydraulic pressure control device 31 includes a mechanical oil pump 32

rotated by torque TE generated along with rotation of the engine, a drive circuit 40

receiving a rotation speed instruction INEOP from T-ECU 27, an electric oil pump 33

of which number of rotation is controlled by drive circuit 40, check valves 35, 36, and a
hydraulic pressure circuit 34. ' '

- Hydraulic pressure circuit I34'regulates the hydrauiic preésure generated by oil
pumps 32, 33 to a line pressure applies/rele’éses the hydraulic pressure regﬁlat"ed by
assuming the line pressure as the source pressure to/from brake B1, B2, and supphes ol
for lubrication to a not-shown approprlate portion.

Mechanical oil pump 32 is a pump driven by engine 10 and generating the
hydraulic pressure. For éxample, .mechanica.l oil pump 32 is arranged coaxially on the
output side of damper 20, and operates upon receiving tor,qué TE from énginé 10.

Meanwhile, electric oil pump 33 is a pump driven by a motor included in drive
circuit 40. Electric oil pump 33 is attached to an appropriaté poﬁion such as the
outside of a casing (not shown), operates upon receiving electric power from the power -
storage apparatus such as a battery, and g’enefates the hydraulic pressure.

Hydraulic pressure circuit 34 includes a plurality of solenoid valves and a
switching valve or a pressure-regulating valve, and it is configured such that pressure
regulation or application/release of hydraulic pressure can electrically be controlled.

Fig. 5 shows, as representatives, a solenoid valve 37 switching between high/low of the
line pressure in accordance with a line pressure instruction ILP, a switching valve 38
selectively applying the line pressure output by solenoid valve 37 to brake B1, B2, and a

hydraulic pressure switch 39 outputting a hydraulic pressure detection signal PON when
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the line pressure is raised to a threshold value.

On the discharge sidé of each oil pump 32, 33, check valves 35, 36 that open by

the discharge pressure of each oil pump 32, 33 and close in a direction opposite thereto

are provided. These oil pumps 32, 33 are connected in parallel to each other with
respect to hydraulic pressure circuit 34.  Solenoid valve 37 is configured to control the
line pressure to two states: a state where a discharge amount is increased in accordance
with line pressure instruction ILP to raisé the line pressure; and a state to the contrary
where the discharge amount is decreased to lower the line presSure. |

As the hybrid vehicle described abbve includes two power sources of main
power source 1 and assist power source 5, operation at high fuel efficiency generating a
small amount of exhaust gas is performed by utilizing these power sources. Even when
engine 10 is driven, the engine speed of engine 10 is controlled by motor-generator
MGT such that optimal fuel efficiency is attained. In addition, inertial enérgy of the
vehicle is regenerated ‘as electric power in braking. -If motor-generator MG2 is driven

for torque assist, in the state where the vehicle speed is low, transmission 6 is set to low-

| speed gear L so as to increase the forque applied to output shaft 2, while in the state

where the vehicle speed is increased, transmission 6 is set to high-speed’ gear H so as to

“attain relatively lower number of rotations of motor-generator MG2 and reduce loss.

Torque assist at high efficiency is thus carried out.

The hybrid vehicle described above is capable of any of running USing power of
engine 10, running using engine 10 and motof—generator MG?2, and running using only
motor-generator MG2, and the running type is determined and selected based on a drive
request amount such as accelerator position, vehicle speed, or the like.

For example, when the amount of power storage in the battery is sufficient and
the drive request amount is relatively small or when quiet start is manually selected, a
running type similar to that of an electric vehicle using motor-generator MG2
(hereinafter, tentatively denoted as EV running) is selected and engine 10 is stopped.

When the drive request amount is increased from that state, for example by
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pressing of an accelerator pedal to a large extent, or when the power storage amount in

the battery is lowered, or when switching from quiet start to normal running is fnanually

. made, engine 10 is started and switching to a type of running using engine 10

(hereinafter, tentatively denoted as E/G running) is made. ‘
In the example above, starting of engine 10 is carried out in such a manner that

motor-generator MG1 is caused to function as the motor and the torque is transmitted

~ to engine 10 via planetary gear mechanism 12, S0 as to carry out motoring (cranking).

Here, if torque is applied to sun gear 17 by'motor-genefator MG] in a direction
of forward rotation thereof as shown in F1g 3, torque in a direction of reverse rotation
of ring gear 18 is applied to ring. gear 18.  Asring gear 18 is coupled to 6utput shaft 2,
the torque generated in starting engine 10 serves as the tofque in a direction of
deceleration of the vehicle. Then, at the time of start of engine 10, the torque is output
from motor-generator MG2 so as to cancel what is (lzalled reaction torque é.s above.

Therefore, at the time of start of engine 10, as a result of increase in the torque

output from motor-generator MG2, torque applied to transmission 6, more specifically’

| torque applied to any brake B1, B2 engaged at that time point for setting the shift

position, is transfti&ely increased.
\ As described above, the -hydraulic pressure of brake B1, B2 is required even at
the time of start of the engine, and naturally, it is further impoﬁaﬁt in starting the vehicle.

Meanwhile, it is possible that the driver leaves the shift lever set in neutral '
position for a long time.  If the shift lever is set to the neutral position and the shift
range is set to the N range, drive force should not transmit to the wheels, and hence the
motor capable of driving the wheels is in the turned off state. Therefore, in the hybrid
vehicle using the motor capable of driving the wheels for starting the engine, the motor
for cranking the engine cannot be operated if the N range is set.

On the other hand, a case in which the accelerator is fully pressed for

acceleration immediately after switching the shift lever from the neutral position to the

drive range is also possible. Therefore, even when the shift lever is in the neutral
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position, a state where the hydraulic pressure is raised to some extent should be kept, so

that the torque of motor-generator MG2 can sufficiently be transmitted to the drive

wheels with good response.

[Control of electric oil pump] ‘

Fig. 6 is a flowchart showing al configuration for control executed by control
device (T-ECU) 27 in the embodiment of the present invention. The processing in the
flowchart is called and executed every 'predefermined time from a prescfibed main
routine or each time a prescribed condition is satisfied. | -

Fig. 7 is an operational waveform Hiagram for illustrating an operation in the
embodiment of the present invention. |

Referring to Figs. 6 and 7, first in the initial state, control device 27 determines
in step S1 whether or.not the vehicle is in EV running (running during engine stop), the
shift lever is set to the neutral position, and the shift ’range is set to the N fange.

If the vehicle ié not in the EV running or the shift range is not set to the N range,
the process proceeds to step S8 and control moves to the main routine. -

Ifit is determined in step S1 that the vehicle is in EV running and the shift range

is set to the N rangé, successively in step S2, provisional determination as to whether

continuous operation of the electric oil pump is non-permitted is made. The condition

for this determination includes, for example, a condition that a time period of continuous

.operation of the electric oil pump exceeds a prescribed time period, a condition that a -

temperature of the electric oil pump (or a terriperature sensed by a thermistor contained
in drive circuit 40 driving the electric oil pump) exceeds a prescribed temperature, and
the like.

Until time t1, the processing in step S1 and step S2 is repeated. Ifit is
provisionally determined at time t1 that the continuous operation of the electric oil pump
is not permitted, the process proceeds to step S3. In step S3, an instruction to reduce
the number of rotations of the electric oil pump is issued and the rotation speed is

reduced from X1 to X2. Then, with decrease in the hydraulic pressure, torque of
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motor-generator MG2 is restricted.  Such torque restriction prevents slip in brake B1

- or B2 in transmission 6.

After the processing in step S3, in step S4, whether a warning should be issued
to the driver or not is determined. For example, the determination condition includes
elapse of a prescribed time period siﬁcé reduction in the number .of rotations of the
electric oil pump at time t1, continued temperature increase around the electric oil pump
in spite of reduction in the number of rbtatiohs, and the like. During a 'period from
time t1 to t2, the processing in step S1 to step S4 is repeated. '

Ifit is determined at time t2 that tﬁe warning condition in step S4 is satisfied, the
process proceeds to step S5 and warning to the driver is issued. For exafnple, a
message stating that "move the shift lever from N positioﬁ to P position" is displayed on
a display screen of a driver's seat along withl alarm sound, voice or the like. In step S6
following step S5, determination as to whether conti’nuous operation of thé electric oil
pump is non-permitted is made.” ‘For example, a temperature condition more strict than
in provisional determination in step S2 may be employed as the determination condition,
and a state that the shift le-ver has ﬁot yet been moved from the neutral position to

another position even after a prescribed time period has elapsed since warning at time t2

'nfay be employed as the determination condition.

During a period from time t2 to t3, the processing in step Sl to step S6 is
repeated. Thereafter, at time 3, the process proce_ieds from step S6 to step S7, where
the number of rotations of the electric oil 'purﬁp is set to Orpm and the electric oil pump
enters a stopped state, whereby a state where the hydraulic pressure is not generated is
set. As the hydraulic pressure is released, in step S7, the vehicle is set to a running
non-permitted state (READY-OFF state), and in step S8, control moves to the main
routine.

If the vehicle is set to the running non-permitted state in step S7, the vehicle
remains stopped in the running non-permitted state until the driver performs again the

processing for starting the vehicle using an ignition key switch or the like.
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As described above, as shown in Figs. 2 and 5, the vehicle according to the

present embodiment includes the drive wheel, motor-generator MG2 generatihg drive

torque for the drive wheel, hydraulic transmission 6 transmitting the drive torque from

the motor-generator MG2 to the drive wheel, electric oil pump 33 generating the source
hydraulic pressure for hydraulic tranénﬁssion 6, engine 10 operated in order to drive the
drive wheél, mechanical oil pump 32 rotating ubon receiving mechanical power from
engline 10 and generating the source hydrauﬁc pressure, and the shift lever for switching
a shift range. Control device 27 causes motor-generator MG2 to stop while the shift
lever is set to the neutral position, and ché.nges the rotation speed of electric oil pump 33
from the first rotation speed to the second rotation speed lower than the ﬁrst rotation
speed if a state of electric oil pump 33 enters a state where it is not preferable to
continue operation at the first rotation speed. _

In addition, control device 27 warns a driver to change the shift le\}er from the
neutral position to another position if the vehicle satisfies a prescribed warning condition.
The prescribed warning condition includes a condition that the state of electric oil pump
33 enters the state where it is not pfeferable to continue operation at the first rotation
speed. . | o
\ Moreover, control device 27 sets the vehicle to a running non-permitted state if
the shift lever is not changed from the neutral position to another bositidn after warning.

Preferably, the vehicle further includes motor-generator MG1 genérating start -
torque to start engine 10, and planetary gear 'mechanism 12 serving as a power split
device in which three input shafts are mechanically coupled to the crankshaft of engine
10, the rotation shaft of motor-generator MG2, and the rotation shaft of motor-
generator MG1 respectively. In the power split device, when rotation of any two input
shafts of the three input shafts is set, rotation of remaining one input shaft is forcibly set.
Control device 27 sets the vehicle to a state where start of engine 10 is not permitted, by
stopping motor-generator MG1 while the shift lever is set to the neutral position.

Configured as above, in the present embodiment, if the shift lever is left in the
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neutral position for a long time while the hybrid vehicle is carrying out EV running, a

state allowing start can be maintained as long as possible, while protecting the electric -

ol pump.

In addition, the engine can be st'arted by issuing a warning to the driver, and
overheat of the electric oil pump can Be avoided by switching to the mechanical oil
pump.

Further, failure of the electric oil 'purhp can be prevented by setting the vehicle to
the running non-permitted state. | '

It should be understood that the embodiments disclosed herein are illustrative
and non-restrictive in every respect. The scope of the present invention is defined by
the terms of the claims, rather than the description above,' and is intended to include any

modifications within the scope and meaning equivalent to the terms of the claims.
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CLAIMS

1. A control device of a vehicle, wherein
said vehicle includes
 a drive wheel, _
a first rotating electric machine generating drive torque for said drive wheel,
a hydraulic transmission transmitting the drive torque from said first rotating
electric machine to said drive wheel, '
an electric oil pump generating a sburce hydraulic pressure for said hydraulic
transmission,
an internal combustion engine operated in order to drive said drive wheel,
a mechanical oil pump rotating upon recelvmg mechanical power from said
internal combustion engme and generating said source hydraulic pressure, and
a shift lever for switchirig a shift range, and -
said control.devi.ce_ causes said first rotating electric machine to stop while said
shift lever is set to a neutral po’sitidn, and changes rotation speed of said electric oil
pump from a first rotation speed to a second rotation speed lower than said first rotation
“speed if a state of said electric oil pump enters a state where it is not preferable to

continue operation at said first rotation speed.

2. The control device of a vehicle aécording to claim 1, warning a driver to
change a position of said shift lever from said neutral position to another position if the
vehicle satisfies a prescribed warning condition, wherein

said prescribed warning condition includes a condition that the state of said
electric oil pump enters the state where it is not preferable to continue operation at said

first rotation speed.
3. The control device of a vehicle according to claim 2, setting the vehicle to a
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running non-permitted state if said position of said shift lever is not changed from said

neutral position to said another position after warning. -

4. The control device of a vehicle according to claim 1, wherein

said vehicle further includes

a second rotating electric machine generating start torque to start said internal
combustion engine, and |

a power split device in which three input shafts are mechanicaliy coupled to a
crankshaft of said internal combustion engine, a rotation shaft of said first rotating |
electric machine, and a rotation shaft of said second rotating electric machine
respectively, . |

in said power split device, when rotahlti_on'of any two input shafts of said three
input shafts is set, rotE}tion of remaining one input shaft is forcibly set, and

said control device causes said second rotating electric machine to stop while
said shift lever is set to the neutral position and sets the vehicle to a state where start of

said internal combustion engine is not permitted.

5. A vehicle, comprising:

a drive wheel;

a first rotatirig electric machine generating drive torque for said driQe wheel;

a hydraulic transmission transmitting fhe drive torque from said first rotating
electric machine to said drive wheel,

an electric oil pump generating a source hydraulic pressure for said hydraulic
transmission,;

an internal combustion engine operated in order to drive said drive wheel;

a mechanical oil pump rotating upon receiving mechanical power from said
internal combustion engine and generating said source hydraulic pressure;

a shift lever for switching a shift range; and
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a control device causing said first rotating electric machine to stop while said

shift lever is set to a neutral position, and changing rotation speed of said electric oil

pump from a first rotation speed to a second rotation speed lower than said first rotation

speed if a state of said electric oil pump enters a state where it is not preferable to

continue operation at said first rotation speed.

6. The vehicle according to claifn 5; wherein

said control device warns a driver to change a position of said shift lever from
said neutral position to another position if the vehicle satisfies a prescribed warning
condition, and |

said prescribed warning condition includes a condition that the state of said
electric oil pump enters the state where it is not preferable to continue operation at said

first rotation speed.

7. The vehicle according to claim 6, wherein ‘ _
said control device sets the vehicle to a running non-permitted state if said
position of said shift lever is not changed from said neutral position to said another

position after warning.

8. The vehicle according to claim 5, furth_ér comprising:

a second rotating electric machine geherating start torque to start said internal
combustion engine; and

a power split device in which three input shafts are mechanically coupled to a
crankshaft of said internal combustion engine, a rotation shaft of said first rotating
electric machine, and a rotation shaft of said second rotating electric machine
respectively; wherein

| in said power split device, when rotation of any two input shafts of said three

input shafts is set, rotation of remaining one input shaft is forcibly set, and
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said control device causes said second rotating electric machine to stop while

said shift lever is set to the neutral position and sets the vehicle to a state where start of

said internal combustion engine is not permitted.

9. A method of controlling'a vehicle, the vehicle including
a drive wheel,
a first rotating electric machine genefating drive torque for said drive wheel,
a hydraulic transmission transmitting the drive torque from said first rotating
electric machine to said drive wheel, |
an electric oil pump generating a source hydraulic pressure for said hydraulic
transmission, _ | |
an internal combustion engine operafed in order to drive said drive wheel,
a mechanical oil pump rotating upon receiving mechanical power from said
internal combustion engine and generating said source hydraulic pressure, and
a shift lever for switching a shift range, comprising the steps of
. determining whether the shiﬂ range of the vehicle is set to a neutral range during
stop of said internal combustion engine; and |
\ changing rotation speed of said electric oil pump from a first rotation speed to a

second rotation speed lower than said first rotation speed if a state of said electric oil

‘pump enters a state where it is not preferable to continue operation.at said first rotation -

speed.

10. The method of controlling a vehicle according to claim 9, further
comprising the step of warning a driver to change a position of said shift lever from a
neutral position to another position if the vehicle satisfies a prescribed warning condition,
wherein

said prescribed warning condition includes a condition that the state of said

electric oil pump enters the state where it is not preferable to continue operation at said
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first rotation speed. |

11. The method of controlling a vehicle according to claim 10, further
comprising the step of setting the vehicle to a running non-permitted state if said
position of said shift lever is not changed from said neutral position to said another

position after warning.
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